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General Information

Introduction

This Reference Manual helps you understand the measurement techniques
and how to perform the advanced operating features of the [P 3048A
Phase Noise Measurement System.

This chapter contains general information about the HF 3048A Option 301
—- & description, its options, and its specifications.

Software Operation

Software and Documentation Update Service
Software Notice

HP 3043A Description

HP 3048A Configuration

HP 3048A System and Option Specifications
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Software Operation

With the HP 3048A Option 301 Main Menu displayed on your computer,
use the following operating instructions.

1.

Select 2 Main Menu item using one of two methods:
a. Press the first capitalized letter of the item you want.

b. Use the A or 7 keys to move the inverse video box over the item
you want, then press the ENTER 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

ESC (escape) key to return to the previous window.

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

. To abort a measurement, press the CNTL and BREAK keys simuitane-

ously. The measurement will stop and the software will return to the
Main Menu.

. To print a hard copy of a phase noise graph and the parameter

summary, press SHIFT and F4 simultaneously.

. At the Main Menu level, you may press the Q key to exat the HP 3048A

1-2

Option 301 software.
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Software and Documentation Update Service

Software and documentation updates are available to provide the most
current information about the HP 11838A Option 301.

Software Updates

The software supplied with your order is as accurate and up-to-date as
possible at the time of shipment. However, new revisions are released
periodically to correct software bugs and to enhance software operation.
To keep you informed of the most current software status, Hewlett-
Packard now offers a Software Status Bulletin. The Software Status
Bulletin is free-of-charge and will provide you with current information
on software bugs and fixes, software revision levels, and availability of
software updates.

Documentation Updates

Hewlett-Packard has a documentation update service to keep you in-
formed of the most current documentation changes. This service is free-
of-charge and will provide you with documentation changes to correct
errors and to updale hardware or procedural changes.

How to get Documentation Updates

If you want to receive documentation updates, All in the requested
information on the Documentation Update Service card supplied with this
manual and return it to Hewlett-Packard. If the card is not present, send
the information reqested on the next page to:

Hewlett-Packard Company
24001 E. Mission

TAFC-34

Spokane, WA 99200-9990
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Requested Information

Date

Manual part number (on-title page):
Manual print date (on title page):
Software revision date (on software disk label): A _ _ . _ _
Your Company name:

Department:

Name of addressee:

Job title:

Mailing address:

City, State/Province:

Country:

Zip Code:

Phone number:

NOTE

The update service applies only to the product referred to
in this manual.

Software Notice

Use of the manuals and flexible disks supplied for this software product
is strictly restricted to this product only. The software products are
copyrighted with all rights reserved and may not be copied except
for archive storage, to replace a defective copy, or for program error
verification. The software may also be copied to other disk systems, such
as a hard disk drive, for operating purposes.

Resale of the programs in their present form, or with alterations is
expressly prohibited.
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HP 3048A Description

The HP 3048A provides you with a standard process for measuring phase
noise. It allows you to measure sources of many types with a flexible
system configuration.

The HP 3048A Phase Noise Measurement System includes:

e The HP 11848A Phase Noise Interface is an interface specifically
designed for high performance phase noise measurements. The HFP
11848A supports several measurement techniques for phase noise and
AM noise measurements. Built into the interface are the necessary
phase detectors, amplifiers, filters, and switches to measure phase
noise over a frequency range of 5 MHz to 1§ GHz. An input for an
external phase detector outside the above mentioned frequency range
is also provided. Internal sources are provided to allow the test system
to functionally check all of its signal handling cireuits to ensure proper
operation prior to making a measurement,

The HP 3561A Dynamic Signal Analyzer is a Fast Fourier Transform
analyzer with a wide frequency range (125 pHz to 100 kHz). The
HFP 3561A has built-in data averaging capabilities, large dynamic
range, and fast measurement speed to make it ideal for quantifying
demodulated phase noise (noise voltages).

Operator’s Training, an operator’s training course that explains
all of the operating modes and measurement techniques of the
HP 3048A, when each technique is appropriate, and how to analyze
the measured data.
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The HP 3048A reduces the difficulty of making accurate phase noise mea-
surements. The HP 3048A allows you to make phase noise measurements
using a phase detector in a phase-locked loop configuration, a phase
detector without a phase-locked loop, or with an FM discriminator.

Each method allows the measurement results to be plotted as phase noise
(L(f) o S4(f)), or frequency noise (S, (f) or Su( f)) over an offset range
of 1 mHz to 100 kHz (or to 40 MHz with a supported RF Analyzer).

By using an external crystal detector, the HP 3048A can automati-
cally quantify the level of AM noise that could affect a phase noise
measurement.

The HP 3048A allows you to measure and plot the results of noise voltage
measurements.

The test system also allows you to calculate from measured data (from
the Manipulate Results window):

Sigma vs Tau (Allan Variance)
Integrated Noise
2 or 3 Oscillator Comparisons

Spur Listings
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HP 3048A Configuration

The HP 3048A can be configured many different ways to optimize its
operation for specific applications. All configurations of this test system
must include the HP 3048A"s basic components and a desktop computer.
The following information helps you match your applications to the
optimum test system configuration.

HP 3048A Reference Source Options

Option 001 adds the HP 8662A Opt. 003 Synthesized Signal Gener-
ator as a 10 kHz to 1280 MHz reference source.

Option 002 adds the HP 8663A Opt. 003 Synthesized Signal Gener-
ator as a 100 kHz to 2560 MHz reference source

Option 003 adds the HP 11729C Carrier Noise Test Set as a 5 MHz
to 18 GHz down converter to the test system (requires an HF 8662A
Opt. 003 or HP 8663A Opt. 003 as its reference source).

Option 004 adds the HP 11729C Opt. 130 Carrier Noise Test Set as
a 5 MHz to 18 GHz down converter to the test system (requires an
HP 8662A Opt. 003 or HP 8663A Opt. 003 as its reference source).

Option 005 adds the HP §642A Opt. 001 Synthesized Signal Gener-
ator as 100 kHz to 1057 MHz reference source.

Option 006 adds the HP 8642B Opt. 001 Synthesized Signal Genera-
tor as 100 kHz to 2115 MHz reference source.
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HP 3048A Spectrum Analyzer Options

¢ Option 101 adds the HP 3585B Spectrum Analyzer to extend the
test system’s offset measurement range from 100 kHz to 40 MHz.
The HP 3585A/B is required to generate new HIGHDATA.CAL.
HIGHDATA.CAL can be verified and corrected by any supported
RF Analyzer by performing the Noise Flatness test in the HP 30484
Option 301 System Calibration Manual.

Option 110 deletes HP 3561A Dynamic Signal Analyzer from the
test system for replacement by the user. (The HP 3048A will not
operate without the HP 3561A. Option 110 allows a customer-owned
HP 3561A. to be integrated into the HP 3048A. The HP 3561A must
meet its specifications for the HP 3048A test system specifications to
be warranted.)

HP 3048A System Options

» Option 201 adds the 1.6 to 18 GHz Phase Detector to the HP 11848A
Phase Noise Interface for microwave phase noise measurements
without a down converter.

Option 202 adds the System Rack with built-in signal cabling, fan
and power module (includes racking hardware and installation of the
HP 11848A, HP 35614, and any HFP 3048A instrument options).

Option 301 deletes the BASIC system software and adds the IBM)
PC AT/XT compatible system software.

Option 910 adds an extra HP 3048A Manual Set to the system.
This includes the following manuals: HP 11848A Service Manual
(11848-90004), HP 3048A Option 301 Operating Manual (03048-90042),
HP 3048A Option 301 Calibration Manual (03048-90041), HF 3048A
Option 301 Reference Manual (03048-90040), and HF 3048A Op-
tion 301 Installation Guide ((03048-90043).
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Desktop Computers

The HP 3048A Option 301 Software runs on any IBM PC-AT/XT compat-
ible computer using the MS-DOS®) 3,0 or later operating system, The
software requires a minimum of 640 kilobytes of RAM, and a 53-inch 1.2
Mbyte floppy disk drive. An EGA compatible display is required.

Computer Accessories

A General Purpose Interface Bus (GPIB) drive card is required to control
the instruments in the test system, and may be used to control the unit-
under-test (UUT). The HP 3048A Option 301 software supports ornly
iwo GPIB interface cards, the Hewlett-Packard 82335A and the National
Instruments PC-TI/IIA,

Printers/Plotters

¢ Any GRAFPLUS™ supported printer may be used for plotting
graphs and documenting tests.
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Spectrum Analyzers

The addition of any of the following Spectrum Analyzers extends the
offset range to 40 MHz. .9

s HP 3585A/B-20 Hz to 40 MHz Spectrum Analyzer provides Tracking
Generator output needed to generate HIGHDATA.CAL for calibra-
tion of the HP 3048A from 100 kHz to 40 MHz. (All supported spec-
trum analyzers can be used to verify or modify HIGHDATA.CAL.)

o HP 8560A 50 Hz to 2.9 GHz Spectrum Analyzer

« HP 8561B 50 Hz to 6.5 GHz Spectrum Analyzer

e HP 8562A/B 1 kHz to 22 GHz Spectrum Analyzer

+ HP 8568A/B 100 Hz to 1500 MHz Spectrum Analyzer

» HF 8567A 10 kHz to 1500 MHz Spectrum Analyzer
HP 8566A/B 100 Hz to 22 GHz Spectrum Analyzer
HP 71100A/C 100 Hz to 2.9 GHz Spectrum Analyzer

HY 71210C 100 Hz to 22 GHz Spectrum Analyzer
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HP 3048A System and Option Specifications

The HP 3048A System specifications and Option specifications are listed
in table 1-1 and table 1-2 respectively. Specifications describe the in-
strument’s warranted performance. Supplemental characteristics are in-
tended to provide information useful in applying the instrument by giv-
ing typical, but not warranted performance parameters. These supple-
mental characteristics are denoted as “typical,” “nominal,” or “approxi-
mate.”

National Institute of Standards and Technology

Measurement of phase noise is a ratio measurement where both the
numerator (the noise power) and the denominator (the carrier’s power)
of the ratio are measured by the same test system spectrum analyzer(s).
The accuracy of this relative measurement depends on the amplitude
linearity of the spectrum analyzer, The amplitude linearity calibration
of the spectrum analyzer is be traceable to the National Institute of
Standards and Technology (NIST) if the instruments used to perform the
calibration are traceable to NIST.
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Table 1-1. HP 3048A System Specifications (1 of 4)

HP 3048A
System

Specifications

PHASE DETECTOR PORTS

Frequency
Range: 5§ MHz to 1.6 GHz (low-frequency inputs
Aﬁﬂonal Range with Of)ﬁonf;%c:ll: l.gyto FS G%-Iz
(high-frequency inputs) (The frequency range can be
extended with a customer-supplied phase detector or
frequency discriminator.)

Amplitude

Low-Fraguency Inputs | High-Frequency Inputs
Lin Rin Lin Rin

Maximum Signal {dBm) +23 +23 +10 +5

Minimum Signal (dBm) +15 0 +7 +0

Offset Frequency Range
0.01 Hz to 40 MHz for carriers from 95 MHz to 18 GHz
(.01 Hz to 2 MHz for carriers from 5 MHz to 95 MHz
{Assumes addition of 40 MHz spectrum analyzer to the
system, otherwise offset range limited to 100 kHz.)
Accuracy {measurement of all noise and spurious present at
the twe inputs to the phase detector and system
contribution):
+2 dB for 0.01 Hz to 1 MHz offsets
+4 dB for 1 MHz to 40 MHz offsets
In order for the HP 3048A to meet its accuracy specifications,
the following qualifications must be met:
# Source retuun loss »9.5 dB (<2 : 1 SWR)
« Source harmonic distortion <—~20 dB (or a square wave)
# Nonharmonic spurious, except for phase medulation close to
the carrier, =—26 dBe
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Table 1-1. HP 3048A System Specifications (2 of 4)

System Phase Noise and Spurious Responses

(Does not include phase noise and spurious signals
from a reference source.)

frt—

Phase Noise (Z(f}, dB¢/Hz) —

1 10 100 1k 10k 100k 1M FOM 40M
Otfset Frequency (Hz)

System Noise and Spurious Response Increase
with Input Level Decrease

- [ I l l

L Input signal:Z+1S dBM Low Freguency Input
S - 2+7 dBM Louw frequency Input
Y

— -t - — A= — — et e

Degradatlon (dB)

“*— Low frequency Input Ampl{tude Rangs—#

] +5 +1@ 415 +2d

High Fregusncy Input R Input Sigral Lave) (dBm)

Amplitude Range
To determine system noise and spurious response levels, find
the dB degradation at the signal input level from the lower
graph and add to the curves of the upper graph. For example,
if a +15 dBm signal is applied to the Low Frequency L Input
and a +5 dBm signal to the R Input, the degradation is
+10 dB. Therefore, the specified maximum spurious signal
level increases from —112 to —102 dBc at all offset frequencies
and the system’s maximum noise [evel at >10 kHz offset
frequencies increases from —170 to —160 dBc/Hz.
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Table 1-1. HP 3048A System Specifications (3 of 4)

NOISE INPUT PORT

(For use with external phase detector or frequency
discriminator)
Frequency: 0.01 Hz to 40 MHz
Amplitude: 1 Volt peak maximum
Typical Input Impedance: 509; return loss >9.5 dB (<2:1 SWR)
Accuracy: External phase detector or frequency discriminator
measurements calibrated with +1 dB accurate signals.
+2 dB for 0.01 Hz to 1 MHz offsets
+4 dB for 1 MHz to 40 MHz offsets

System Noise and Spurious Responses

A

Noise (dBm/Hz)

1 10 We 1k 10k 100k 1M 10M 40M
Offset Fraguency {Hz)

TUNING VOLTAGE OUTPUT
Voltage Range: =10 volts

Current: =20 mA maximum

Output Impedance: 502 nominal

SOURCE OUTPUT TYPICAL PERFORMANCE
10 MHz Source A

Amplitude: +15 dBm

Tuning: +100 Hz
10 MHz Source B

Amplitude: +6 dBm

Tuning: +1 kHz

350-500 MHz
Amplitude: +17 dBm

400 MHz
Amplitude: —5 dBm
Tuning: Fixed Frequency
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Table 1-1. HP 3048A System Specifications (4 of 4)

Typical Noise and Spur Levels

TYPICAL NOISE QF HP 11848R BUILT-IN SOURCES

PR it ey i i o i
K 18K LaBK
L (f) LdBosHz) va #(Hz]

Power Requirements: Between 190 and 900 VA depending on
options included; 48 to 66 Hz; 100V, 110V, 220V, 240V
(+5%, —10% of line voltage)

Operating Temperature Range: +0°C to +55°C

EML: Satisfies level B of VDE specification 0871

General Considerations: The HP 3048A has low susceptibility
to RFI and mechanical vibration. Care must be exercised
however in making measurements in high RFI or mechan-
ical vibration environments as spurious signals may be
induced in the system.

Warm-up time: The HP 3048A will meet specification 20
minutes after turn-on.

Size: The HP 3048A system is composed of individual instru-
ments that vary in size. Each instrument’s individual speci-
fications should be consulted for its dimensions. The
HP 11848A Phase Noise Interface is approximately 146 H X
425 W X 593 D em (5.7 X 16.8 X 23.3 inches).

Weight: Net weight varies from 31 to 275 kg (68 to 603 lbs)
depending on the options ordered. Shipping weight varies
from 42 to 347 kg (93 to 758 Ibs).
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Table 1-2. HP 3048A System Option Specifications (1 of 9)

HP 3048A
Option
Specifications

The HP 3048A can be ordered with any of several optional
signal generators as a reference source for phase noise meas-
urements. The following specifications address system opera-
tion with these signal generators. The data that follows is in
addition to that given previously under the heading of

HP 3048A System Specifications, Refer to the data sheet for
each signal generator for more complete information on each
model.

OPTIONS 001 OR 002: ADDING THE HP 8662A
OR 8663A SIGNAL GENERATOR

The following data applies only if either the HP 8662A Opt.
003 or 8663A Opt. 003 is used as the reference source to
demodulate the test signal.

Frequency

Range: 100 kHz to 1280 MHz (to 2560 MHz with HP 8663A).!

Resolution: 0.1 Hz, 0.2 Hz: 640 to 1280 MHz, 0.4 Hz above
1280 MHz.

Accuracy and Stability (internal 10 MHz quartz oscillatot):
Aging rate <5 X 10-1?/day after 10-day warm-up (typically
24 hrs in normal operating envirotunent).

EFC: Provides a drift tracking range of =10-% with no degrada-
tion of phase noise ox spurious.

A Measuremants <5 MHz requise extemal phase detetor,
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Table 1-2. HP 3048A System Option Specifications (2 of 9)

Spectral Purity?
Absolute Phase Noise

Frequency Range (MHz)

001t 120 to 160 to 20t 640 to 1280 to
119.9' 159.92 319.9 £39.92 1279.93 2559.94

spec | lyp |spec| typ |spec| typ |spec| typ |spec spec | 1yp
1Hzi -68 -78 -66| -76 -60 -70| -54 -48 -42[ -52
10 Hz| -98|-108[ -96 -90(-100| -84| -94) -78 -72 -82
100 Hz (- 116/ -126 -109:- 119 ~1145 -97|-108| -92|-102
1kHz |- 126| - 132 -1241-130 -125/-112|-119| - 108{- 113
IkHz [-1726,-135 -124|-133 -1271-112|- 121 -106|-115
SkHz|[-128]-138 -126]-136[-120| - 130} -~ 114] - 124} - 108|~ 118
10 kHz |- 132]-138 - 1481 - 1361 - 142| - 131| - 136]-124| - 130 - 18- 124
N0 kHz |- 132]-139 — 148(-136] - 142( - 131| - 136| - 124 - 130]| - 118]- 124

Specificatinns extend up to and including 119 9959999 MHz

25pecilications extend up to ard including 0.1 Hz less than the starting frequency
of the next band

Ispecifications extend up to and including 12799999998 MHz

45pacifications extend up to and including 25599999996 MHz

Typical HP 8662A /8663A Phase Noise
(With DCFM, 10 MHz “A” and EFC tuning)

The absolute phase noise of the HP 8662A and HP 8663A is
dependent on the tuning mode used to control the PLL.

athp] 38480 Corriar: B4D.E+E Hz 23 Mar 1988 18:26:03 - 1@:32:48

w T T T T T

- M —]
L \'ﬁ ]

W, I —— Uaing DCFM

@ i
E ﬂ?u-mg 10 MHz B*

I

r |

I 4
[ Ualng EFC
a

1@a 1K 1aK 18ek
L () CdBe/1DHz1 vs flMzl
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Tabla 1-2. HP 3048A System Option Specifications (3 of 9)

Spurious Signals

Frequency Range (MHz)

120 fo | 160 to | 320 to | 640 to
160 | 320 | 640 | 1280

Spurious nonhay- =100 | -96 | -90 | -84
monically related’ dBc | dBc | dBe | dBc

Subhartmonically re- =702
lated (1/2, 31/2, etc.) none | noné | NONG | ype
Power tine (60 Hz)
related to microphon- -85 | -80 | -75 { =70
ically generatad dBc | dBe | dBc | dBc
(within 300 Hz)®

Harmonlcs =30 dBc

tin the remate mods i 13 posaible to have microprocessar clock-ralated spurious
signals sphced 3 Mz apart at an abaoluta lavel of typlcally 1eas than —145 dBm.

2342 apurs not specified for HP BEA2A carrier fraquencias abéve 850 MHZ.

3 At a £0 Hz line fraquancy, powertina or microphonically relatad spurlous algnals may
be up to 3 dB Righar and appear at offsets A3 high as 1 kHz from tha carrler.

Amplitude
Typical Maximum Qutput Level: +16 dBm

Modulation

Modulation Types: FM, AM (Pulse with the HP 3663A)
FM Deviation

Canter Frequancy {MHz) Maximum Peak Deaviation de FM (kHz)
0.1-120 100
120 - 160 25
160 - 320 50
320 - 640
540 - 1260
1280 - 2560"

*HP BGaAA Option 003 onty

Indicated FM Accuracy: =8% (7% for HP 8663A) of reading
phus 10 Hz (50 Hz to 20 kHz rates).

Input Impedance: HF 8662A: 1k nominal, HF 8663A: 600{.

Maximum Input Level: 1V peak for specified accuracy.

Temperature Range: +15° to 35°C.
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Table 1-2. HP 3048A System Qption Spacifications (4 of 9)

OPTIONS 003 OR 004: ADDING THE HP 11729C
OR 11729C OPT 130 CARRIER NOISE TEST SET

The following data is applicable to using the HP 11729C to
downeonvert the test signal to an IF of between 5 MHz and
1280 MHz for subsequent demodulation using the Low
Frequency phase detector of the HP 3048A system. The

HF B662A Opt. 003 or 8663A Opt, 003 Signal Generators
provide a 640 MHz reference signal for this downcoversion
process. These signal generators also provide a signal of
between 5 MHz to 1280 MHz to demodulate the
downconverted IF noise. The specifications that follow assume
this measurement set-up is used,

Input Requirements
Frequency
Measurement Frequency Range: 5 MHz to 18 GHz in 8
bands, excluding +5 MHz atound band center frequencies.
Band Center Frequencies: 1.92 GHz, 4.48 GHz, 7.04 GHz,
9.60 GHz, 12.16 GHz, 14.72 GHz, 17.28 GHz.
Amplitude
For carrier frequencies <1.28 GHz: —5 dBm minimum to
+23 dBm maximum.
For carrier frequencies >1.28 GHz: +7 dBm minimum to
+20 dBrmn maximum.
Measurement Specifications
Offset Frequency Range
For carriers between 5 and 95 MHz from band centers:
0.01 Hz to 2 MHz, '
For carriers 95 MHz from band center: 0.01 Hz to
40 MHz.
(Assumes addition of 40 MHz spectrum analyzer to the
systern, otherwise offset frequency range limited to
100 kHz.)
System Noise Floor?
Absolute System Noise Floor (dBc/Hz), when used with the
HP 11729C and HP 8662A Option 003 or HF 8663A Option
(03 as the reference source, phase locking via the signal
generator's EFC,

3 Speciiied only with FM off.
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Table 1-2. HP 3048A System Option Specifications (5 of 9)

12
a

I
3

£ &

\ Specification
™

Typi:}~ k\

i —

8

g

Phase Noise (1) dBe/Hz)

5

g

100 1k 10K
Ofttget Frequency (Hz)

Otiset from Carrier (Hz)
1 [ 1w [ 100 [ 1w [ 10k | 100k ] 1m

0.1to See HP 3048A Option 001 or 002,
1280 MYz Absolute Phase Nolse table

1280 to . -53 -103 | -115 | -129
3200 MHz N -43 -108 | -124
2t 47 -109 | -127
5.76 GHz | 87 -104 [ -123

5.76 1o . -105 | -125
8.32 GHz ] -100 | -121

83210 - ~102 | -123

10.88 1o - -100 | -122
13.44 GHz . -118

1344 to . -121
16.0 GHz : -1186

16.0 to - ~119
18.0 GHz : -115
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Table 1-2. HP 3048A System Option Specifications (6 of 9)

System Spurious

System spuricus signals in the HP 3048A Options 003 or
004 arise in three ways. First, from the detection and
baseband signal processing, <—104 dBc for offsets greater
than 0.2 Hz from the carrier. Second, any line-related or
other spurious signals on the HF 8662A or 8663A outputs
are translated to the noise spectrum output. Third, the
downconversion process gives rise to system spurious
signals whose frequency and level are determined by the
relation between the test signal frequency and the band
center frequency. The presence of system spurious signals
does not affect the typical measurement of random noise,
AM Noise Detection

The HF 3048A can be used for AM noise measurements
using ¢ither an external AM detector or the AM detector
built-in to the HP 11725C Option 130 {ordered as Option
004 of the HP 3048A). AM measurements with the

HF 11729C Option 130 can be made with a typical sensi-
tivity of —165 dBc/Hz at a 1 MHz offset.

OPTION 005 OR 006: ADDING THE HP 8642A
OPT. 001 OR 8642B OPT. 001 SIGNAL

GENERATOR

The following data applies only if the HP 8642A Opt. 001 or
86428 Opt, 001 is used as the reference source

Frequency

Range: 100 kHz to 1057.5 MHz (to 2115 MHz with the

HP 8642By

Opt. 001 Stability: «10-°/day aging after 8 days warm-up,

*Measurements <5 MHz require external phase detector,
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Table 1-2. HP 3048A System Option Specifications (7 of 9)

Spectral Purity
Absolute Phase Noise®

carti 55B Phase Noise &5B Phase Noise Floor
er 20 kHz Offset 200 kHz Oftsel
Frequency Band dBc/Hz d8¢/Hz

1057.5 - 2115 —125 —134
528.7 - 10575 —134 ~144
2643 - 5287 —137 -144
1321 - 2643 ~141 —144

86.0 - 1321 —144 —145
33.0- G660 —145 -145
165 - 334 —146 —147
82- 163 =147 -148
41- B2 —148 -149
01- 41 —137 -138
0.1 - 1321 HET -125 —137
* HP 88428 only.

Spurious
Type af Spurlous 0.1 to 10525 MHz | 1057.5 10 2115 MHz'

Output Laval <-+1D dBm -30 dBc —25 dB¢
Output Level =+16 dBm —20 dBc =20 dBc

Subharmonics none —45 dBg;

Nonharmanics, =10 kHz
from the carrier ~100 dBc? —84 dBe

1 HP 86426 only. # Not spocified In HET band,

Typical SSB AM Noise Floor at 200 kHz Offset, +16 dBm
Output Power:

<—157 dBe/Hz, 4.13 to 1057 MHz

«—150 dBe/Hz, 1057 to 2115 MHz

Bspecified emly for de FM <200 kHz,
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Table 1-2. HP 3048A System Option Specifications (8 of %)

Amplitude
Maximuom Output Level:>16 dBm.

Modulation

Modulation Types: FM, AM, Phase, Pulse
FM Deviation

Carrler Fraguoncy Band Maximum Deviation dc Coupled

1057.5 - 2115 3 MHz
§28.7 - 1057.5 1.5 MHz
264.3 - 528.7 750 KkHz
1321 - 2643 ars kHz

66.0 - 13212 187  kHz
3.0 - 602 93.8 kHz
165 - 3. 4689 kHr
8z2- 183 23.4 kMz
41- 8 1.7 kHz
0.i- 41 93.8 kHz
0.1~ 132.1 HET 1.5 MHz

1 HP 88426 only.

T ppxiruen deviktion may be Increasad up to that shown for tha HET tband (0.1 MBz to
1321870 MH2, cattier frbquancy) by selecting deviation larger than the valua shawn
hara, HET band can aian ba salacted with the special function,

FM Accuracy, Rates <100 kHz: +(5% of setting + 10 Hz).
Typical Input Impedance: 600{2 nominal.
Maximum Input Level: 1V peak.

OPTION 101: ADDING THE HP 3585A
SPECTRUM ANALYZER

This option extends the offset measurement range of the

HP 3048A from 100 kHz to 40 MHz. All of the HP 3048A
specifications dependent on an offset measurement range from
100 kHz to 40t MHz are valid with this option.

OPTION 110: DELETING THE HP 3561A
DYNAMIC SIGNAL ANALYZER

This option is provided to allow HP 3361A’s already owned by
the purchaser of the HP 3048A to be used in the system. A
user-supplied HP 3561A included in the HP 3048A system
must be operating properly and meet its specifications for the
HF 3048A SPEciﬁcations to be valid. Note that the HP 3048A
will not operate without an HP 3561A included in the system.
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Table 1~2. HP 3048A System Option Specifications (9 of 9)

COMPATIBLE SPECTRUM ANALYZERS

The HP 3048A is designed to use several Hewlett-Packard
spectrum analyzers to extend the offset range from 100 kHz to
40 MHz. Those spectrum analyzers include the HP 3585A
{(orderable as Option 101 to the HP 30484), the HF 8562A/B,
8566A/B, 8567A, BE6BA /B, 71100A, and 71200A, Automatic
control of each of these spectrum analyzers is provided. The
HP 3048A specifications apply fully when these compatible
spectrum analyzers are included in the system as long as the
spectrum analyzer is operating properly and meets its petform-
ance specifications.

OPTION 201: ADD HIGH FREQUENCY PHASE
DETECTOR

This optien adds a 1.2 to 18 GHz phase detector to the

HP 3048A to extend the carrer frequency of the test signals
that can be demodulated without prior downeonversion by the
systern. All of the HP 3048A spedfications dependent on 2
carrier frequency range from 1.6 to 18 GHz are valid with this
option.

OPTION 202: ADD SYSTEM RACK

This option provides the HP 3048A system and its options
installed in a full size instrument rack. Rack includes a power
modude, all necessary signal cabling, and a pull-out shelf to
use as a work surface, Outside dimensions are approximately
163 H X 61 W X 81 D cm (64 X 24 X 32 inches). The net
weight varies from 191 to 275 kg (418 to 603 Ibs.} depending
on the options installed. Shipping weight vaties from 248 to
347 kg (543 to 758 Ibs).
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Measurement Definitions 2

Introduction

This chapter describes the process of defining a measurement. Details are
given to describe the following Main Menu selections:

Type/Range of Measurement
Parameters

Calibration Technique
Instrument Control

Define Graph

Also included under the Main Menu entry File System, is information
abott Parameter Files.

Parameter Files

Measurement Definilicns 2-1




Type/Range of Measurements

Introduction

The Type/Range of Mensurements window enables you to define:
o The type of measurement you want to make,
» The frequency offset span you want to measure, and

» The minimum number of measurements you want to have taken for
averaging the noise in each segment of the offset span.

Measurement Type

To select the correct type of measurement, you need to determine the
type of noise to be measured and then the technique that best suits the
device and available hardware.
Noise measurements can be categorized as either:

*» Phase Noise Measurements,

» AM Noise Meagurements, ox

» Baseband Noise Measurements.

2-2  Type/Range of Measurements




Procedure
1. Select the Type/Range of Measurement window.

2, Press the softkey to select the measurement type you want the
test system to perform.

- Enter start and stop frequencies, and the number of averages you
want the test system to make.

NOTE

The measurement type that you select determines which
entry fields appear in the Parameters window.

Phase Noise Measurements

Phase Noise Using a Phase Lock Loop. This measurement type is used
to measure the Phase Noise of two sources, a Reference Source and the
unit under test (UUT) source. A phase lock loop configuration is used
to maintain quadrature during the measurement. This requires that one
of the two sources is a VCO with an adequate tuning range to maintain
phase lock between the sources.

Type/Range of Measurements  2-3




HP 113434
ON COMJERTER

UuT

USER'S SHCE
SYSTEM CTRL

REF SOARCE

USER'S SRCE
maNUAL CTRL

L

TIME BRSE

10 MHz 'R’
SYSTEM CTRL

Figure 2-1. Black Diagram of the Phase Lock L.oop Measurement Configuration
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=80
-100 }
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w120 |
-130 |
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-160 |
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-180
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L) [dBe/Hz] ws. f[Hz]
Figure 2-2. PTR Required to Phase Lock a Sodrce.
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Phase Noise Without Using a PLL. This measurement type is used to

measure the residual phase noise of a Two Port (input/output) device.
Two Port devices can be divided into two groups:

¢ Devices that translate the input frequency to a different output fre-
quency, such as frequency rmultipliers and dividers. (The measure-

ment setup for these types of devices requires that two similar devices
be used.)

HP 113488

PHASE SHIFTER

_ MANUAL CTRL |

Quadrature will be established
nanually,

Figure 2-3. Phase Nolse Without Using & Phase Lock Loop
Measurement Setup for Frequency Translator Devices

s Devices that do not translate the input frequency, such as amplifiers
and filters. For these devices, quadrature can often be attained by
introducing the appropriate delay in one of the input paths, as shown
in figure 2-3, or by varying the source frequency. (Note that devices
with large amounts of delay may require measurement of two similar
devices, as shown for frequency translator devices.)
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Phase Noise Using an FM Discriminator Setup This measurement type
measures phase noise of a drifting source by using a frequency discrim-
inator. A delay line of the proper electrical length allows measurements
of noisy sources without needing a reference source.

HP 11242A

PHASE SHIFTER

UISER'S SRCE

Quadrature will be established

nanual 1y.

Figure 2~4. Phase Noise Using an FM Discriminator
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AM Noise Measurements

AM Noise., This measurement type is used to measure the AM Noise on
a signal, as shown in figure 2-5.

HP 11843A

T fil DETECTOR

USER‘S SACE USER'S DEV
MANUAL CTRL MANUAL CTAL

EAL SOURCE

USER’S SRCE -
MANUAL CTRL

Figure 2-5. Block Diagram of the AM Noise Measurement Configuration

AM Noise can contribute to phase noise when a phase noise measure-
ment is made. Phase detectors typically have 20 to 30 dB of AM rejec-
tion. Therefore, the AM Noise level should not exceed the level of the
Phase Noise by more than 20 dB to insure that the AM Noise is not con-
tributing to the phase noise measurement results. AM Noise affects the
results of a Phase Noise measurement using an FM Discriminator much
more strongly. An FM Discriminator implemented with a delay line and
phase detector becomes increasingly sensitive to AM Noise at the rate of

20 dB/decade as the offset frequency decreases below blw }
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To make an AM Noise Measurement, an AM Detector is used to translate
AM Noise to voltage fluctuations. A DC block (HP 3048A Option K21) is
also required to eliminate any DC from overdriving the HP 11848A.

Baseband Measurements

Noise Measurement Using the HP 3561A Only. The baseband noise
measurement measures the noise voltage of a device from .01 Hz to
100 kHz. This measurement type uses the HP 3561A Dynamic Signal
Analyzer to measure the noise voltage directly.

Select the New Mensurement window to begin the measurement. (This
measurement type does not require any measurement calibration.)

NOTE

Connect the signal (noise) source to the HP 3661A INPUT
as shown in figure 2-6, It may be necessary to use a DC
block to enable the HP 3561A to have maximum dynamic
range. The HP 3561A is DC coupled in order to have flat
response below 1 Hz.
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NOIZE SOURCE

RF OUT

Figure 2-6, Bleck Diagram of the HF 3561A Baseband Noise Measurement
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Baseband Noise Measurement measurement type uses the HP 11848A
External Noise Input to direct the Noise Voltage to either the HP 3561A
Dynarnic Signal Analyzer or to a configured RF Analyzer, as shown in
figure 2-7. The RF Analyzer extends the measurement range to 40 MHz.
This mneasurement type also makes the internal LNA and High/Low Pass
Filters within the HP 11848A available for the measurement,

-

NOISE SOURCE “Nmu % 3 [3 EI

RF nuT.,
[

D -

50 Ohm we

Figure 2-7. Block Diagram of the Baseband Noise Measurement
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Range

The defned Start and Stop Frequencies specify the carrier-frequency
offset range that is measured by the HP 3048A.

Averages

The minimum number of averages defined for the measurement deter-
mines the minimum number of noise level measurements the HP 3048A
will make for each segment of the specified offset range. The HP 3048A
actually takes more averages if the minimum number of averages spec-
ified in the Segment table is greater than the number of averages spec-
ified here. (Refer to FFT Segment Table in chapter 5, Advanced Functions,
for further information about minimum averaging.)
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Parameters

Introduction

The Parameters window allows you to define characteristics for the
measurement setup, The defined parameters inform the test system
about the following characteristics:

s Frequency; Carrier Frequency and Detector Input Frequency.

# VCO Tune Port Parameters; Phase lock loop measurements only.

¢ Detector Selection; the HP 11848A’s Phase Detector Inputs.
The HP 3048A uses values from the Parameters window to determine
hardware settings required for the measurement, and for calculations of
various computed output functions (refer to chapter 4). The measure-
ment type selected determines which parameters are required. (The Noise

Measurement Using HP 3561A Only and the Baseband Noise Measurement
types do not require definition of any parameters.)

Phase Noise Using a Phase Lock Loop

Phase Noise Without Using a PLL

Phase Noise Using an FM Discriminator

AM Noise

Noise Measurement Using HP 3561A Only No Parameters required

Baseband Noise Measurement No Parameters requi_red
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Phase Noise Using a Phase Lock Loop

The parameters shown in figure 2-8 are available when you select the
O Phase Notse Using a Phase Lock Logp measurement type.

Main Manu

== Parameters

Carrier Fregquency 10.E+D6 HZ
Detector Input Freg 10.E+06 Hz

V0 Tune Constant .. 100 1 Hz/Volt
Center Veltage of VCO Tune Curve o] Volts
Tune Range of vCO - 2 volts
V0O Tune Port Input Resistance ....-..- 1.E+06 ) Ohm=

—— Press Fl to Select Detector

Low Freq Phase Detector (5 MHz to 1600 MHEZ)
High Freq Phase Detector (1.2 GHZ to 18 GHz)
External Phase/AM Detector

Figure 2-8. Parameters for Phase Noise Using A Phase Lock Loop

Frequency Parameters
Carrier Frequency is the fundamental (center) frequency of the device you
are measuring. The HP 3048A uses the Carrier Frequency entry to:

e Label the Carrier Frequency on the Graph of Results .

e Select the correct bandpass filter for the HP 11729C, when it is
configured in the test systern as a Down Converter.

e Calculate Sigma vs. Tau and S, (f).
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Detector Input Frequency is the frequency of the input signal connected
to the HP 11848A°s phase detector, The Detector Input Frequency is used
to:

¢ Select the appropriate Low Pass Filter (LPF) in the HP 11848A Phase
Noise Interface. For frequencies < 95 MHz, the test system enables
the 2 MHz LPF to eliminate feedthrough of the fundamental signal
and the additive products out of the phase detector. When the 2 MHz
LPF is enabled, the maximum offset frequency the test system can
measure is 2 MHz.

Set the frequency of the Reference Source when the Reference Source
is under system control.

When using an HP 11729C under System Control, the HP 3048A
will derive the correct Detector Input Frequency and enter it into the
Parameters window. If the currently entered Detector Input Frequency
15 less than 95 MHz, and you are allowing the test system to input
the correct Detector Input Frequency by computing the value from a
System Controlled HP 11729C, then the measured offset range will

be limited to 2 MHz. To eliminate this problem, set the Detect Input
Frequency to a frequency greater than 95 MHz.
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Frequency Parameter Considerations

o If the Carrier Frequency defined for the measurement is incorrect,

” the Manipulate Results calculations may be in error. Verify that the

: Carrier Frequency displayed on the Graph of Results is the correct
frequency.

Also, when using an HP 11729C under System Contxol, an incorrect
Carrier Frequency entry can result in an incorrect filter selection.

The HP 3048A changes the Detector Input Frequency and updates
the Parameters window when a Source is under System Control and
a frequency change is required to zero the beatnote. If the change
in frequency changes other parameters such as Peak Deviation for
DC FM, the HP 3048A informs you of the change and allow you to
proceed with the new setting or abort the measurement.

The HP 30484 does not allow a Detector Input Frequency of less than
5 MHz. If you are using an external Phase Detector at a frequency
< 5BMHz, enter the fundamental frequency as the carrier frequency
and 5 MHz for the Detector frequency. (Note that when measuring
frequency < 5 MHz you must filter out the fundamental carrier
external to the HP 11848A.)

VCO Tune Port Parameters

VCO Tune Constant is the resulting frequency deviation of the Voltage
Controlled Oscillator (VCO) for a 1 volt change at its tune port. This entry
must be accurate to within I+ 5% when the HP 3048A is not going to
measure the VCO Tune Constant, The entry must be accurate to within
a factor of 2 when the VCO Tune Constant is going to be measured by
the HP 3048A.
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Center Voltage of VCO Tune Curve is the center voltage of the tuning curve
of the VCO, that is, the voltage required at the tune port input to set the
VCO to the desired carrier frequency for the measurement. A () volt entry
allows the maximum Voltage Tune Range available from the HP 11848A,
Entries other than zero restrict the Voltage Tune Range as described in
table 2-1.

Table 2-1. Maximum Tune Range of VCO

Center Voltage Maximum Tune Range of VCO

<oV +10v

=2V +12v — Center Voltage

Tune Range of VCO is the & peak voltage available to tune the VCO. This
entry along with the VCO Tuning Constant determines the Peak Tuning
Range available.

VOO Tune Constant x Tune Range s Peak Tuning Range

NOTE

Prior to initiating a New Measurement at the HP 11848A
Tune Voltage Qutput port, an output voltage of as high
as +12V may be present at the HP 11848A Tune Voltage
output port from a previous measurement setting. It is
recommended that you wait to connect the VCO's tune
port to the Tune Voltage output until the connect diagram
appears to avoid possible damage to your VCO.

The Tune Voltage Output port on the rear panel of the
HP 11848A provides an inverted output of the tune volt-
age.
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VCO Tune Port Input Resistance is the input impedance of the VCQ's tune
port. This entry must be accurate to within + 5% when the VCO Tune
Constant is not going to be measured. When the Tune Constant is going
to be measured by the HP 30484, the actual value of the VCO Tune Port
Input Resistance is not critical, and an entry of 1E+6 is recommended.
(The HP 11848A drives the tune port through a 50§ series resistor and is
restricted to 20 mA of output current.)

The Peak Tuning Range

The Peak Tuning Range (PTR) is one half of the total (peak to peak) tuning
range defined for the VCO in the Parameters window.

The parameters entry for the VCO Tune Constant, Tune Range of VCO,
and Tune Port Input Resistance are used by the HP 3048A to determine
the PTR for the PLL measurement,

PTR = VCO Tune Constant» (—(Iﬂ-‘-’fﬂw) % Tune Ronge of VCO

Rloaa‘ +50

There are three primary considerations for determining the Peak Tuning
Range (PTR) required for your measurement.

¢ Adequate Drift Tracking

« Sufficient Phase Lock Loop Bandwidth, and

¢ Sufficient Noise Floor Level
These three considerations must be traded-off against one another to
determine the optimum PTR for your measurement. That is to say,
higher PTRs (recommended for initial measurements) ensure adequate

drift tracking and Phase Lock Loop bandwidths (PLL BW) at the expense
of higher noise floors,
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The Peak Tuning Range determines the Drift Tracking Range (20% of

PTR), and the PLL Capture Range (10% of PTR) for the measurement, as
shown in figure 2~9.

Peak Tuning Range (PTR)=: Tune Range of VCO

X VCO Tune Constant
Min. PTR = .1 Hz

Max. PTR = 500 kHz (200 MHz with
an RF Analyzer).

Drift Tracking Range = Allowable Drift During
Medasurement.

Total Peak—to-—Pegk Tuning Range of VCO

System Peak Tuning Range (PTR)

Drift Tracking Range = +20% PTR

i Range =
| £10% PTR

L . i L L

t | !

i
N
Capture :
I
|
]

T
VCQ Source Center Frequency

Figure 2-9. Typical Relationship of Capture Range and
Drift Tracking Range to Tune Range of the VCO Source

Determining the PTR Required for Drift Tracking

The following procedure helps you determine the PTR required to
pravide adequate drift tracking.

1. Observe or estimate the combined drift range of the sources.
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2. If the drift estimate is based on a period of 10 minutes to % hour, use
the drift estimate directly as the PTR required for the measurement.

If the drift estimate is short term (10 seconds to 1 minute), multiply
the drift estimate by 100 to determine the required PTR, A factor of
100 is recomumended to ensure that the test system has sufficient Drift
Tracking range to complete the initial noise measurement. (Refer to
Noise Floor Level in this section for information about reducing the PTR
for subsequent measurements to verify the measurement noise floor.)

. Divide the required PIR by the Tune Range of VCO to determine the
VCO Tune Constant required for the measurement,

NOTE

The PTR can also be modified by changing the Tune Range
of VCO value defined for measurement.

Noise Floor Level

The noise floor available for the measurement can be limited by the
presence of noise at the VCO control port. Narrowing the PTR can reduce
the effect of the control port noise thereby reducing the measurement
noise floor. Figure 2-10 shows the noise floor limits for various PTRs.
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Tuny Range of YCO
Phase Datector Ct

™

hY
N,

B, i S
L(f) [dBe/Hz] wva. f[Hz]
Figure 2-10. Nolse Floor Level Limits for Various PTRs

If you maximized the PTR for your initial measurement to ensure that
the HP 3048A has adequate drift tracking capability to complete the PLL
measurement, it is recommended that you incrementally reduce the PTR
and initiate a new measurement to verify that your Measurement Results
are riot being limited by the Noise Floor of the test system. Continue to
lower the PTR (by reducing the Tune Constant or Tune Range of VCO)
and make new measurements until there is no subsequent reduction in
the measured noise floor, or until the HP 3048A is no longer able to
acquire or maintain phase lock.
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Phase Lock Loop Bandwidth

The PTR also determines the Phase Lock Loop Bandwidth (PLL BW) for
the measurement as shown in figure 2-11.

™

100k

5 //V/

10k_ F:8
D44

PLL Bandwidth (Hz)

L] LI 1 T 1] | L LI "1 B
10 100 1k 10k 100k 1M 10M 100M 1G
Peak Tuning Range (Hz)
= Lag/lead Filter Number
Figure 2-11. Phase Lock Loop Bandwidth as a
Function of the Peak Tuning Range
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The FLL BW requirement for the measurement is a function of the

average noise level of the signal sources. If the average noise level on

the input signals exceeds approximately 0.1 radians RMS outside of the ‘
Phase Lock Loop (PLL) bandwidth, it can prevent the HP 3048A from &
attaining phase lock. Figure 2-12 shows the PTR required to provide an

adequate PLL BW for given average noise levels.

-

1K 10K 100K L1 10M  40M
L{f) [dBe/Hz] vs, f[Hz]

Figure 2-12. Graph Showing Peak Tuning Range Required 1o Provide an
Adequate Phase Lock Loop Bandwidth for Given Average Noise Levels.
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VCO Tuning Linearity

The HP 3048A requires the VCO's tuning curve nonlinearity to not exceed
the limits shown in iigure 2-13 out to £45% of the center voltage defined
for the measurement.

FREQUENCY Frequency Scale iz dependent
CHANGE of VCO on the tuning constant of VCO,

6f4

3,
$ 1.5f,

!

TSR m of TUNE
31, VOLTAGE

DRIFT TRACKING RANGE
6fy

Figure 2-13. VCO Tuning Linearity Required for Phase Lock Loop Measurements

where: fy = The frequency of the beatnote at the Center Voltage.

and: f1 = The + 15% point of the Voltage Tune Range.
f2 = The — 15% point of the Voltage Tune Range.

(6f1 to 1.5f1) and (6f2 1.5f3) are the limits for the = 45% points of the
Voltage Tune Range.
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Measuring the VCO Tune Constant

The following procedure describes the HP 3048A process for measuring
the VCO Tune Constant.

1. The HP 3048A drives the VCO’s tune port to —45%, —15%, +15%,
+45% of the defined Tune Range of VCO and measures the frequency
of the beatnote at each of these settings.

. The +15% frequencies are used to derive the limits for the +45%
frequencies. The HP 3048A requires that at +:45% of the Tune Range
of VCQ's tuning response must be within 1.5 to 6 times the frequency
of the £15% points.

. The HP 3048A verifies that the frequencies measured at +45% of the
Tune Range of VCO are within these computed limits.

NOTE

The VCO Tune Constant must be monotonic and have a
slope other than zero in addition to meeting the linearity
requirements.

4. If the £45% points are within the limits, the test system generates
a curve fit using all 4 points and then determines the slope at the 0
frequency point (f,) or lock point.

Center Frequencies not at Center Voltage
If the center frequency for the measurement (fo) is ot at the specified

center voltage, then the fi and f2 frequencies must be translated relative
to the center frequency offset as well as the £45% limits.
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Detector Selection

The | F1 | softkey in the Parameters window provides selection between the
HP 11848A Phase Detectors. Verify that the selected Phase Detector is:

¢ Within the frequency range of the Detector Input Frequency entered.

e Installed in the HP 11848A Phase Noise Interface. (Option 201 adds
the 1.2 to 18 GHz Phase Detector to the HP 11848A).

Tahle 2-2. Detector Selection for Phase Noise Using a Phase Lock Laop

Required Level (dBm)

Detactor Selectlon

L. Port

R Port

Imernal
5 MHz to 1.6 GHz

41510 123

0to 23

Internal
1.2 GHz 10 18 GHz

4710 410

0to +5

External

As specified for
the detector used

Ag specified for
the detector used
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External Detectors

Using an Externial Phase Detector to measure a device with fundamental
frequency less than 5 MHz or greater than 18 GHz requires special
considerations. The HP 3048A limits the Detector Input Frequency range
to from 5 MHz to 18 GHz. If you are measuring a device that exceeds
the limits of the Detector Input Frequency, enter a frequency of less than
95 MHz for a device with a frequency of less than 5 MHz to enable the
2 MHz LPF, or enter a frequency of greater than 95 MHz for a device
with a frequency greater than 18 GHz to remove the 2 MHz LPF, Also
when measuring frequencies less than 5 MHz you must filter out the
fundamental feedthrough and additive product prior to the HP 11848A
Noise Input. This is necessary to prevent overloading,.
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Enhanced Tuning Range Using a Calibrated DC
FM Source

Enhanced Tuning Range is a method to increase the PIR by using the
total available tuning range of the VCO. The VCOQ must have calibrated
DC FM accurate within to 5% of the indicated deviation, and can accept
input voltages exceeding the calibrated voltage range without damage.

The Enhanced Tuning Range can be used to decrease the test systems
noise floor when using DC FM. By allowing a larger PTR with the mini-
mum VCO Tune Constant (Peak Deviation) the test system can phase
lock a drifty source without increasing the peak deviation. Enhanced
Tuning Range increases the PTR thereby increasing the Drift Tracking
Range and Capture Range without changing the VCO Tune Constant
(Peak Deviation). This feature allows you to measure a noisy or drifty
source, that would normally exceed the phase lock loops ability to main-
tain phase lock, without increasing the VCO'’s Tuning sensitivity. The
noise floor is limited by sensitivity of the VCO Tune Port, (refer to
12 HP 3048A Noise Floor Limits Due to Peak Tuning Range in chapter 7,
Quick Reference, to see the graphic relationship of noise floor to PTR).

NOTE

You cannot use this feature on a VCQO that does not have
a known Tuning Constant (within + 5%) or if the VCO
could be damaged by applying voltages (Typically + 10
volts) that exceed the Tune Port requirements,
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How do You Enhance the Tuning Range?

The Enhanced Tuning Range allows the test system to use the total VCO
Tuning Range available from a calibrated DC FM Source when defining
the measurement:

e Enter the VCO Tune Constant and the VCO Tune Fort Input Resis-
tance in the Parameters window. These entries must be within & 5%
of their actual values for the measurement to be properly calibrated.
The verification of the Loop Suppression verifies the entered accu-
racy of the VCO Tune Constant, VCO Tune Port Input Resistance,
and Phase Detector Constant.

Enter a Tune Range of VCO that is 5 to 10 times the maximum voltage
required to achieve the peak deviation of the VCO. This artificially
increases the PTR. (The HP 3048A allows the maximum Tune Range
of VCO to be =+ 10 volts).

Choose “Calculate from Expected Tune Constant” in the Calibration
Technigue window. This restricts the test system from measuring the
non-linear VCO Tune Constant.

Verify the Beatnote is less than 10% of the PTR at the Connect
Diagram. This insures that the test system can Zero-Beat the sources
and measure the phase Detector Constant. (Phase Detector Constant
must be entered in the Calibration Technigue window if it cannot be
measured by the test system).
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Considerations with Enhancing the Tuning Range.

¢ The test system is instructed to use a tune range for the VCO that
@ exceeds the calibrated Tune Port input voltage range of the VCO.
Typically a tune range of 5 to 10 volts is entered from the Parameters
window to artificially increase the PTR by 5 to 10 times. This increases
the Drift Tracking Range allowed which is 20% of the PTR enabling
the test system to use the total VCO tuning range available. For
example an HP 8663A with 10 kHz DC FM and 1 volt peak deviation
would normally result in a PTR of 10 kHz and a Drift Tracking Range
of 2 kHz. Any drift greater than 2 kHz the test system would break
lock because the HP 8663A was restricted to & .2 volts at the tune
port and could not track the drift. With Enhanced Tuning applied
the test system would think that the same HP 8663A would have a
PTR of 10 x the peak deviation of 10 kHz, or 100 kHz. This allows a
Drift Tracking Range of 20 kHz and a Capture Range of 10 kHz. Even
though the Enharce Drift Tracking Range exceeds the peak deviation
of the HP 8663A the test system will track the sources until the tuning
range exceeds 20% of the Tune Range of VCO or the VCO fails to
compensate for the drift due to its capabilities. (non-linearity).

NOTE

The test system may apply the full voltage tune range to
the VCO when phase lock is lost.
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¢ When Enhanced Tuning Range is used the test system is unable to
measure the VCO Tune Constant and you must select the “Calculate
from Expected Tune Constant” in the Calibration Technique window,
and enter the exact VCO Tune Constant and VCO Tune Port Input
Resistance in the Parameters window. Normally the test systerm mea-
sures the VCO Tune Constant by applying £ 15 and 45% of the Tune
Range of VCO to the tune port of the VCO. Enhanced Tuning Range
increases the Tune Range of VCO to where 45% of the Tune Range of
VCO would drive the tune port into its non-linear region. This would
create 2 VCO non-linear error message and stop the measurement.

The Verification of the Phase Lock Loop Suppression is recommended
to ensure the validity of the entered VCO Tune Constant and the
Phase Detector Constant.

The beatnote must be within 10% of the PTR to insure that the test
systemn can measure the Phase Detector Constant. The HP 3048A
applies 10% of the Tune Range of VCO to create a beatnote to measure
the Phase Detector Constant.
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Phase Noise Without Using a PLL

The parameters shown in figure 2-14 are available when you select the
Phase Noise Without Using a PLL measurement type.

Main Menu

a Parameters

Carrier Frequency 400,E+6 ] Hz
Datedter Imput Freq 414.05E+6 ] He

—— Press Fl to Select Detector

Low Freq FPhase Detector (5 MHz to 1600 MHE)
High Freq Phase Detector (1.2 GHz to 18 GHz)
External Phase/AM Datector

' Quit

Figure 2-14, Parameters for Phase Noise Without Using a PLL,

Frequency Parameters
Carrier Frequency is the fundamental (center) frequency of the device you
are measuring. The HP 3048A uses the Carrier Frequency entry to:

e Label the Carrier Frequency on the Graph of Results .

¢ Select the correct bandpass filter for the HP 11729C, when it is
configured in the test system as a Down Converter.

» Calculate Sigma vs. Tau and S, (f).
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Detector Input Frequency is the frequency of the input signal connected
to the HP 11848A’s phase detector. The Detector Input Frequency is used
to:

» Select the appropriate Low Pass Filter (LPF) in the HP 11848A Fhase
Noise Interface. For frequencies < 95 MHz, the test system enables
the 2 MHz LPF to eliminate feedthrough of the fundamental signal
and the additive products out of the phase detector. When the 2 MHz
LPF is enabled, the maximum offset frequency the test system can
measure is 2 MHz.

Frequency Parameter Considerations

e If the Carrier Frequency defined for the measurement is incorrect,
the Manipulate Results calculations may be in error. Verify that the
Carrier Frequency displayed on the Graph of Results is the correct
frequency. When computing Sigma of Tau from a result file you
must ensure that the Carrier Frequency in the Parameters window
represents the carrier frequency of the resut file.

Also, when using an HF 11729C under system control, an incorrect
Carrier Frequency entry can result in an incorrect filter selection.

Detector Selection

The % softkey in the Parameters window provides selection between the
HP 11848A Phase Detectors. Verify that the selected Phase Detector 1s:

» Within the frequency range of the Detector Input Frequency entered.

o Installed in the HP 11848A Phase Noise Interface. (Option 201 adds
the 1.2 to 18 GHz Phase Detector to the HP 11848A).
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Table 2-3. Detector Selection for Phase Noise Without Using a PLL

Required Level {dBm)

Detector Selection
L Port R Port

Internal
5 MHz to 1.6 GHz +15t0 +23 0o 423

Internal
1.2 GHz to 18 GHZ +7 0 +10 Oto 45

External As required for As required for
the detector used the detector used

External Detectors

Using an External Phase Detector to measure a device with fundamental
frequency less than 5 MHz or greater than 18 GHz requires special

considerations. The HP 3048A limits the Detector Input Frequency range
to from 5 MHz to 18 GHz. If you are measuring a device that exceeds
the limits of the Detector Input Frequency, enter a frequency of less than
95 MHz for a device with a frequency of less than 5 MHz to enable the
2 MHz LFF, or enter a frequency of greater than 95 MHz for a device
with a frequency greater than 18 GHz to remove the 2 MHz LPF. Also
when measuring frequencies less than 5 MHz you must filter out the
fundamental feedthrough and additive product prior to the HP 11848A
Noise Input, This is necessary to prevent overloading.
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Phase Noise Using an FM Discriminator

Phase Noise Using an FM Discriminator
Main Manu

= Parameters

Carrier Freguency 10.E+6 ] Ha
Datector Input Freadg 10.0006E+6 ] Hz

—— Press Fl to Select Detector

Low Freq Phase Detector (5 MHz to 1600 MH=Z)
High Freq Phase Detector (1.2 GHz to 18 GHz)
External FPhazse Detector

tuit

Figure 2-15. Parameters for Phase Noise Using an FM Digcriminator

Frequency Parameters

Carrier Frequency is the fundamental (center) frequency of the device you
are measuring. The HP 3048A uses the Carrier Frequency entry to:
¢ Label the Carrier Frequency on the Graph of Results.

o Calculate Sigma vs. Tau and S, (f).

NOTE

When loading a result file for calculating Sigma vs. Tau,
the carrier frequency used for the measurement must be
entered in the Parameters window in order to compute
accurate values.
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Detector Input Frequency 1s the frequency of the input signal connected
to the HP 11848As phase detector. The Detector Input Frequency is used

to
o » Select the appropriate Low Pass Filter (LPF) in the HP 11848A Phase
Noise Interface. For frequencies < 95 MHz, the test system enables
the 2 MHz LPF to eliminate feedthrough of the fundamental signal
and the additive products out of the phase detector. When the 2 MHz
LPF is enabled, the maximum offset frequency the test system can
measure is 2 MHz.

¢ Set the frequency of the Calibration Source when the Calibration
Source is under system control,

Frequency Parameter Considerations

» If the Carrier Frequency defined for the measurement is incorrect,
the Manipulate Results calculations may be in error. Verify that the
Carrier Frequency displayed on the Graph of Results is the correct
frequency. When computing Sigma of Tau from a result file you
must ensure that the Carrier Frequency in the Parameters window
represents the carrier frequerncy of the result file.

Detector Selection

The i_%:l softkey in the Parameters window provides selection between the
HP 11848A Phase Detectors. Verify that the selected Phase Detector is:

* Within the frequency range of the Detector Input Frequency entered.

¢ Installed in the HP 11848A Phase Noise Interface. (Option 201 adds
the 1.2 to 18 GHz Phase Detector to the HP 11848A).
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Table 2-4. Datector Selection for Phase Noise Using an FM Discriminator

Required Level (dBm)

Detector Selection
L Port R Port

Internal
5 MHz t0 1.6 GHz 41510 +23 0to 23

Internal
1.2 GHz 10 18 GHz +71t0 +10 Oto +5

External As required for As required for
the detector used the detector used

External Detectors

Using an External Phase Detector to measure a device with fundamental 0
frequency less than 5 MHz or greater than 18 GHz requires special
considerations. The HP 3048A limits the Detector Input Frequency range
to from 5 MHz to 18 GHz. If you are measuring a device that exceeds
the limits of the Detector Input Frequency, enter a frequency of less than
95 MHz for a device with a frequency of less than 5 MHz to enable the
2 MHz LPF, or enter a frequency of greater than 95 MHz for a device
with a frequency greater than 18 GHz to remove the 2 MHz LPF. Also
when measuring frequencies less than 5 MHz you must filter out the
fundamenta) feedthrough and additive product prior to the HP 11845A
Noise Input, This is necessary to prevent overloading.
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AM Noise

The parameters shown in figure 2-16 are available when you select the
AM Npise measurement type.

Main Mepu

— Parcameters

Carrier Fredquency 10.E+6 ] Kz
Detector Input Fred ...... b et beed ety 10.0006E+6 ] Hz

—— Press Fl to Select Detector

Low Freq Phase Detector (5 MHz to 1600 MHz)
High Freg Phase Detector (1.2 GHz to 18 GHz)
External Phase Detector

[ ouit

Figure 2-16. Parameters for AM Noaise

Frequency Parameters
Carrier Frequency is the fundarmental (center) frequency of the device you

are measuring. The HP 3048A uses the Carrier Frequency entry label the
Carrier Frequency on the Graph of Results.
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Detector Input Frequency is the frequency of the input signal connected
to the AM Detector. The Detector Input Frequency is used to:

e Select the appropriate Low Pass Filter (LPF) in the HP 11848A Phase
Noise Interface. For frequencies < 95 MHz, the test system enables
the 2 MHz LPF to eliminate feedthrough of the fundamental signal
and the additive products out of the phase detector, When the 2 MHz
LPF is enabled, the maximum offset frequency the test systern can
measure is 2 MHz.

Frequency Parameter Considerations

e If the Carrier Frequency defined for the measurement is incorrect,
the Manipulate Results calculations may be in error. Verify that the
Carrier Frequency displayed on the Graph of Results is the correct
frequency. When computing Sigma of Tau from a result file you
must ensure that the Carrier Frequency in the Parameters window
represents the carrier frequency of the result file.

Detector Selection

For AM Noise measurement the “External Phase Detector” should be
selected. Pressing the E softkey allows you to change the selected
phase detector. (The inverse video box indicates which HP 11848A phase
detector is defined for the measurement.)
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AM Detector Considerations

When using an AM Detector you should consider:
O o The frequency range of the AM Detector.
» The power level the AM Detector can tolerate.
¢ The sensitivity (Detector Constant) of the AM Detector selected.

e The frequency range and flatness of the DC Block. (The HP 3048A
Option K21 AM Detector is designed specifically for this purpose.)

Table 2-5. AM Detector Considerations

Connector Frequency Range Maximum Level

NOISE INPUT DC to 40 MHz 1V Peak
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Calibration Technique

Introduction

Select the Calibration Technique window to define how calibration will
be done for the measurement. The measurement type you select in the
Type/Range of Measurement window determines the calibration technique
that will be used.

Phase Noise Using a Phase Lock Loop

Phase Noise Without Using a Phase Lock Loop
Phase Noise Using an FM Discriminator

AM Noise

Noise Measurement Using HP 3561A Only

Baseband Noise Measurement
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Calibration for the Phase Noise Using a
Phase Lock Loop Measurement

The window shown in figure 2-17 is available when you select the Phase
Noise Using a Phase Lock Loop measurement type.

Main Menuy l

Calikration Technigue

Press F1 to Select Detector Constant Method

Uze Current Detector Constant 277.7E=3 ] V/Rad
Measure the Detector Constant.

Press F2 {0 S¢lect VOO Tune Constant Method
Use Current Tune Constant ( 106.7 Hz/Volt).

Measure the Tunea Constant.

caloculate from Expected Tune Constant ( 99.995 Hz/Volt}.
Press F23 to Toggle Verification of Loop Suppression

The computed PLL suppression WILL be verified.

Figure 2-17. Calibration Technique for Phase Noise Using a Phase Lock Loop

Introduction

The calibration process for a phase lock loop measurement involves
determining the phase Detector Constant, the VCO Tune Constant, and
verifying the Loop Suppression. The phase Detector Constant is the
sensitivity of the phase detector expressed in volts per radian (V/Rad).
The VCO Tune Constant is the sensitivity of the tuning input of the
Voltage Controlled Oscillator (VCO) expressed in Hertz per volt (Hz/V).
The Loop Suppression verification characterizes the phase lock loop
configured for the measurement and then compares the measured loop
response with a theoretical loop suppression curve.

The Phase Detector Constant
The VCO Tune Constant
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The Phasé Detector Constant

Introduction

The phase detector translates relative phase fluctuations between the two
phase detector inputs to voltage fluctuations. The amplitude of the phase
detector’s output voltage is proportional to the amount of relative phase
fluctuation at its two inputs scaled by and the sensitivity of the detector.
The phase detector’s sensitivity is the phase Detector Constant. The
phase Detector Constant determines the absolute noise floor of the test
system. The accuracy of the Phase Lock Loop measurement is dependent
on the accuracy of the phase Detectoxr Constant.

Use the Current Detector Constant and Measure the Detector Constant are the
two methods available for determining the phase Detector Constant. The

HP 3048A uses the method displayed in inverse video. Press the
softkey to select the desired method.

Table 2-6. Phase Detector Constant Considerations

Calibration Method Considerations

Use the Current Uses the displayed valug (in memory from the last
Detector Constant measurement or from user entry), This method saves
measurement time by eliminating the phase Detector
Calibration from the measuremant process,

Measure the Recommended method 1o ensure measurement accuracy.
Detector Constant
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Parameter Entry Descriptions

Use the Current Detector Constant

When measuring similar devices the Use the Current Detector method
can be used to save calibration time. The HP 3048A assumes that the
frequency and amplitude are identical to the previous measurement in
which the phase Detector Constant was established. In most cases, the
accuracy uncertainty is negligible as long as the power levels are very
close (0.3 dB) to the levels present when the phase Detector Constant
was established.

User entry of the phase Detector Constant (within the range of Accept-
able Values displayed) is possible when the sensitivity of the detector be-
ing used is known, Entering the phase Detector Constant can be helpful
when the test system is unable to measure the phase Detector Constant.
Keep in mind that the accuracy of the measurement is dependent on the
accuracy of the phase Detector Constant, The HP 3048A verifies accuracy
of the entered phase Detector Constant when it’s configured to verify the
Phase Lock Loop Suppression. An Accuracy Specification Degradation
will be reported if the entered phase Detector Constant is in error.

The sensitivity of the phase detector is a function of the input level to the
phase detector. You can estimate the phase Detector Constant directly
from the input power level at the R port of the phase detector; providing
the input level required for driving the L port of the phase detector has
been met. A power meter or a spectrum analyzer can be used to measure
the input level at the R port. Compare the measured R port level to graph
below to estimate the phase Detector Constant, as shown in figures 2-18
and 2-19.
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RF SPECTRUM ANALYZER
OR POWER METER

™

K@ {¥/rad)

o
A
&
Detector Constant

s —15 .02
-120 ~-130 -140 -150 =160 —-170 —180
L Port Signal Laval

w mwmed o 0 Approximate Phase Noise Floor (dBc/Hz)

Appropriate for the
Fhase Detacter f = 10 kHz

Note: This relationship assumes a 9 dB conversion loss in the Phase Detector.
Figure 2-18. Estimate of Phase Detector Constant for a Given R Port Input Level
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The AUX MONITOR port on the HP 11848A Phase Noise Interface
provides an output for monitoring the beatnote, as showr in figure 2-20,
Connecting an oscilloscope to this output port allows the phase Detector
Constant to be estimated from the peak amplitude of the beatnote. The
peak voltage of the sine wave equals the Phase Detector Constant in
V/Rad.

™\ /N

\ /

\ |/

WV

Figure 2-20. Qscilloscope Display of Beatnote
out of the HP 11848A ALUX MONITOR Port
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Measure the Detector Constant

When Measure the Detector Constant is selected, the HP 3048A automati-
cally measures the phase Detector Constant. Measuring the phase Detec-
tor Constant is the most accurate method for calibrating the detector. The
test system calibrates the phase Detector Constant by generating a beat-
note frequency at approximately 10% of the entered Peak Tuning Range.
The maximum Peak Tuning Range the test system accepts is 500 kHz (or
200 MHz if a supported RF Analyzer is configured in the test system).

If the beatnote is less than 1 kHz, the test system measures slope of
the zero crossings to determine the phase Detector Constant. If the
beatnote is greater than or equal to 1 kHz, the test system measures the
beatnote signal’s amplitude of the fundamental and its odd harmonics to
determine the phase Detector Constant, as follows:

Detector Constantoq g, = Slopepeainote
Detector C‘onstantal pHz=H1 —3H; +5Hs - TH7---

where Hy = Peak amplitude of fundomental of beatnote

and Hn = Amplitude of harmonics of beainaile

Considerations for the Phase Detector Constant

The HP 11848A External Noise Input must be attermated as needed
to Hmit the phase Detector Constant to less than 1 Vpk to keep from
overloading the HP 11848A. The beatnote must be DC coupled to the
input for the Phase Lock Loop to operate.

2-46  Calibration Technigque: &N w/PLL




Insufficient power at the L input port on the HP 11848A can cause
excessive conversion loss through the phase detector. In addition, the
beatnote may be compressed causing an incorrect calibration of the phase
Detector Constant,

The input level at the R input port of the HP 11848A determines the
test system’s sensitivity. Amplification of the input signal to the R port
will increase the phase Detector Constant thereby decreasing the test
system’s noise floor,

The Phase Detector Constant cannot be measured if the test system
cannot generate a beatnote of less than 50 kHz (20 MHz for test systems
with an RF Analyzer), or if the sources are injection locking. Also, the
test system cannot measure the phase Detector Constant if the beatnote
deviates too much from a sine wave, or is excessively noisy. In these
cases, you may need to enter the phase Detector Constant using a power
level estimate or from examination of the beatnote.

If the beatnote is less than 1 kHz, and the test system cannot locate three
zero-crossings within the time record of the HP 3561A Dynamic Signal

Analyzer, the test system cannot measure the phase Detector Constant.
In this case, you should abort the measurement, verify all of the entered
parameters and initiate a new measurement.

The recornmended range for the Phase Detector Constant when making
a phase lock loop measurement using the 5 MHz to 1.6 GHz Phase
Detector is 20 mV to 1V. The recommended range when making a phase
lock loop measurement using the 1.2 GHz to 18 GHz Phase Detector is
100 mV to 0.3V, Detector Constants down to 20 mV may work but, proper
operation may be inhibited by dc offsets up to 50 mV,

Adequate isolation must be provided to insure that the injection locking
range is much less than the Phase Lock Loop Bandwidth. Injection
Locking removes or distorts the beatnote from which the phase Detector
Constant is measured.
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The sensitivity of the HP 11848A front panel meter depends on the gain
and attenuation settings within the phase lock circuitry. When the test
system is phase locked, 0 V (certer scale) on the meter indicates that the
sources are tuned to exactly the same frequency. The HP 3048A detects
an out of lock indication when the meter moves off zero more than
+2.5 divisions. The full scale meter voltage is determined from the sum
of the Center Voltage of the VCO Tune Curve (CV) and the Tune Range
of VCO (TRV) entered in the Parameters window and the configuration
of the HP 11848A’s internal attenuator. Table 2-7 shows four possible -
full-scale meter voltages.

Table 2-7. Full-scale Meter Voltages

Full Scale Center Voltage (CV)
Meter Tune Range
Voltage of VCO (TRV)

1 0.2V < CV+ TRV £ 1.2v
2 1.2V < CV + TRV < 24V
5 2.4V < CV 4+ TRV £ 6V
10 6V < CV+ TRV < 12V

Spurs on the input signals to the phase detector must be less than
—26 dBc at offsets greater than the PLL BW. At offsets within the PLL
BW, spurs may increase at 20 dB per decade starting at —26 dBc at the
PLL BW.

Harmenics on the input signals to the phase detector must be less than
—20 dBc or harmonics of a square wave.

Qdd harmonics on the beatnote out of the phase detector must be less
than —10 dBe and even harmonics must be less than —30 dBec.

Source Return Loss less than 9.5 dB (2:1 SWR) may degrade the
performance of the FHP 3048A system.

2-48  Catibration Technigue; ¢N w/PLL




The VCO Tune Constant

introduction

The VCO Tune Constant is the frequency sensitivity of the VCO source
to voltage changes at its control voltage input. This constant is measured
in Hz/V. The HP 3048A uses the VCO Tune Constant along with the
defined Tune Range of VCO and the VCO’s Tune Port Input Resistance to
determine the Peak Tuning Range for the measurement. The Bandwidth
of the Phase Lock Loop, the Lock Capture Range, and the Drift Tracking
Range for the measurement are all derived from the Peak Tuning Range.

As shown previously in figure 2-17, three calibration techniques are
available for determining the VCO Tune Constant for the measurement:
e Use Current Tune Constant
¢ Mecasure the Tune Constant
o Calculate from Expected Tune Constant

The test system uses the method displayed in inverse video on the

computer. To change the method, press the softkey. Table 2-8 lists
tuning characteristics of various VCO source options.

Calibration Technigue: N w/PLL  2-49




Table 2-8. Tuning Characteristics of Various VCO Source Options

VCO Source

VCO Tune
Constant

(Hz/\)

Center
Range
v}

Tune
Range
of VCO (+V)

Input
Rasistance
(ohms)

WMWMH.l»
Technique

HP B8662/3A
EFG
RGFM

BE=9x 1,
FM Deviation

1]
¢

1E+6
1k (8562)
600 (B663)

Measure
Calculate
Calculate

HP 8642A/8

FM Deviation

600

Calculate

HP 86408

FM Deviation

600

Calculate

HP 86568

FM Deviation

600

Calculate

Other Signal Generator
DCFM Calibrated
for 21V

FM Deviation

niﬂ

Calculate

10 MHz Source A
Dlrect
Muitiptied
As a Timebase:
To HP BGB62/3A
To other synthesized
signal generators

10
TE-6 X v,

1TE—-6 X v,

1E—B X,

10
10

10E+ 2+,

1E+6xPTR" = v,

Mensure

10 MHz Source B
Dlrect
Multiplied

As a Timebase:
To HP 8662/3A

To other synthesized
signal generators

100
10E—6xu,

10E—6 % v,

10E— 6% v,

10
10

TE+95v,,
{up to 2.5V max,)

100E 4+ 3 % PTR™ <,

°

Measure

350-500 MHz Source

12ZE+4 &

2

Meaagura

Other User VCO Source

Estimated
within a
factor of 2

See Graph 8

Meaasura

* Limited PTR due to PLL BW limitations,

2-50  Calibration Technique: N w/PLL




Parameter Entry Descriptions

Use the Current Tuning Constant

This calibration method uses the value of the VCO Tune Constant
currently in memory. Selecting this method saves time for measuring
the VCO Tune Constant without any degradation in accuracy, providing,
either the same V(O source is being used or a source with an identical
tuning constant is being used (within £5%).

Measure the VCO Tune Constant

Selecting this calibration method causes the test systern to autormatically
measure the tuning sensitivity and tuning linearity of the VCO source.
Measuring the VCO Tune Constant is the recommended method under
most circumstances for ensuring measurement accuracy. (As noted be-
low, the special case of extending the Tune Range of VCO requires se-
lection of the Calculate from Expected Tune Constant calibration tech-
nique.) The test system cannot measure the VCO Tune Constant for an
entered Peak Tuning Range greater than 500 kHz for test systems config-
ured without an RF Analyzer, and 200 MHz for test systems configured
with an RF Analyzer.

When measuring the VCO Tune Constant, the test system requires that
the VCO Tune Constant defined in the Parameters window be within
a factor of two of the VCO’s actual sensitivity. This approximation is
required in order for the HP 3048A to establish a beatnote. The frequency
response of the VCO source must remain flat (3.3 dB) from dc to the
phase lock loop bandwidth (PLL BW).
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Extending the Tune Range of VCO value as defined on the Paramelers
window to 10V is a valid way to increase the Peak Tuning Range for the
measurement. The VCO source being used in this case must be a signal
generator with a calibrated DC FM input (such as the HP 8662A). When
the tuning range has been extended, select the “Calculate from Expected
Tune Constant” calibration technique for the measurement. Refer to the
“Enhanced Tuning Range” description in the Parameters section of this
chapter for complete details on extending the Tune Range of VCO.

Calculate from Expected Tune Constant

Selecting the Calculate from Expected Tune Constant method causes the
test system to use the entered VCO Tune Constant and VCO Tune Port
Input Resistance that have been entered in the Parameters window. This
method requires that the entered VCO Tune Constant is within 5%
of the VCO’s actual sensitivity. If it is not, the test system reports an
Accuracy Specification Degradation after verifying the Phase Lock Loop
Suppression.

Rin

VOO Tuning Constant = Entered VOO T'uning Constant x T 50

Where : By = VOO Tune Port Tnpul Resistance
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Consideration for the VCO Tune Constant

The VCO's tuning curve must be within the parameters shown in
@ e

FREQUENCY Fraquency Scale is dependent
CHANGE of VCO on the tuning constant of VCO.

4
61,

3f,
* 1.5

o

fy

i
cor |

——
p—

31, VOLTAGE

|
!
~ e

DRIFT TRACKING RANGE

61,
Flgure 2-21. VCO Tuning Response Linearity Requirements of the HP 3048A

When the VCO Tuning Linearity does not meet the requirements of
hgure 2-21, an ERROR message is generated to inform you that the
test system cannot continue. If this happens, you must do one of the
following:

e Inspect the 4 points to determine the source of the non-linearity
(disconnected tune line, drift, wrong DC FM sensitivity, wrong voltage
ture range).

* Restrict the Tune Range of VCO to a portion of the Tuning Curve

“ which is linear.
» Replace the VCO with one having a linear Tune Constant, or
¢ Instruct the test system not to measure the Tune Constant.
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The Loop Suppression Verification

Introduction

Verification of the Phase Lock Loop Suppression insures that the Phase
Lock Loop Bandwidth (PLL BW), the Phase Detector Constant, and the
VCO Tune Constant are all accurate for the measurement. (Note that
the HP 3048A always corrects for the loop suppression whether or not
verification is selected.)

Description

The HP 3048A verifies Loop Suppression before beginning the measure-
ment by closing the phase lock loop and injecting noise into the loop.
The response of the loop is measured and recorded. The loop is then
opened, and a measurement is made of the open loop response. The sup-
pression of the PLL is the difference between the closed loop response
and open loop response to the injected noise. The measured Loop Sup-
pression curve is smoothed and then four points are selected along the
curve including the peak and the -8 dB point. The measured curve is
then compared to the theoretical curve at the four selected points. Fig-
ure 2-22 shows an example of a Loop Suppression curve measured by
the HP 3048A. (For information about interpreting the curve, and using
the 11848A Control selection for troubleshooting this measurement refer
to chapter 5, Advanced Functions under Measurement Mode).
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The amount of adjustment required to fit the theoretical curve to the mea-
sured curve is recorded as the PLL GAIN CHANGE on the Suppression
Graph and the frequency of the Assumed Pole. The Assumed Pole is
a software controlled term used to fit the Adjusted Theoretical loop re-
sponse to the smoothed measured response of the phase lock loop. The
MAX ERROR is the final amount of error existing between the adjusted
theoretical curve and the measured curve of the phase lock loop suppres-
sion. If the PLL GAIN CHANGE or MAX ERROR is greater than 1 dB,
the test system indicates that an Accuracy Specification Degradation has
beert detected. (For information about the appropriate actions to take,
refer to chapter 8 Messages.)

THEORETICAL FND ACTUAL ‘LOOR SUPPRESSION’ FRACTORS
+18 dB | E

PLL GAIN CHNG: B93.E-3
MAX ERROR: 65,36E-2

CLOSED PLL BW: 67.35

PK TUNE RANGE: 145.5

ASSUMED POLE: 2. 46AF+3

DET. CONSTANT: 26].2E-2

VCO CONSTANT:

Figure 2-22_ Example of Loop Suppression Graph
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Considerations for the Loop Suppression
Verification

Verification of the loop suppression may be prevented by excessive noise
close to the carrier, by a large spur within the bandwidth of the PLL, or
by injection locking.

It should be assumed that an indicated Accuracy Specification Degrada-
tion applies at all offset frequencies (both inside and outside of the loop

bandwidth).

If the Detector Constant and VCO Tune Constant are known to be
accurate, the PTR is less than 10 MHz, and the VCO tuning port
bandwidth is greater than PLL BW x 10, then a measurement without
Loop Suppression Verification will be accurate,
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The amount of adjustment required to fit the theoretical curve to the mea-
sured curve is recorded as the PLL GAIN CHANGE on the Suppression
Graph and the frequency of the Assumed Pole. The Assumed Pole is
a software controlled term used to fit the Adjusted Theoretical loop re-
sponse to the smoothed measured response of the phase lock loop. The
MAX ERROR is the final amount of error existing between the adjusted
theoretical curve and the measured curve of the phase lock loop suppres-
sion. If the PLL GAIN CHANGE or MAX ERROR is greater than 1 dB,
the test system indicates that an Accuracy Specification Degradation has
been detected. (For information about the appropriate actions to take,
refer to chapter 8 Messages.)

THEORETICAL AND ACTUAL ‘LOOF SUPRRESSIGN' FRACTORS

+18 dB |

PLL GAIN CHNG: €693.E-3 dB
MAX ERROR: B5.56E-3 o
CLOSED PLL BW: 67.33 Hz
PK TUNE RANGE: 145.5 Hz
ASSUMED POLE: Z.46BE+3 Hz
DET. CONSTANT: 261.8E-3  V/Rad
VCO CONSTRANT:

Figure 2-22. Example of Laop Suppression Graph
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Considerations for the Loop Suppression
Verification

Verification of the loop suppression may be prevented by excessive noise
close to the carrier, by a large spur within the bandwidth of the PLL, or
by injection locking.

It should be assumed that an indicated Accuracy Specification Degrada-
tion applies at all offset frequencies (both inside and outside of the loop
bandwidth).

If the Detector Constant and VCO Tune Constant are known to be
accurate, the PTR is less than 10 MHz, and the VCO tuning port
bandwidth is greater than PLL BW x 10, then a measurement without
Loop Suppression Verification will be accurate.
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Calibration for the Phase Noise Without
Using a PLL Measurement

The window shown in figure 2-23 is available when you select the Phase
Noise Without Using a PLL measurement type,

Main Menu
[__Type/Range of Measurement ‘

Farameters
—= Calibration Techni¢gue

— Press Fl to Select Detector Constant Method

Use Current Detecter Constant 277.7E=3 ] V/Rad
Derive From Measured * DC Peak
Derive From Measured Beat-note

Derive From Double-sided Spur Ampl [ =30 ] 4B
Derive From Single-sided Spur Freq [ 10.E+3 ] Hz

Known Spur Parameters -“W
L]

Figure 2-23. Calibration Technique for Phase Noise Without Using a PLL

Introduction

Calibration of the “Phase Noise Without Using a PLL" measurement type
involves calibration of the phase Detector Constant. The phase Detector
Constant is the sensitivity of the phase detector expressed in V/Rad. The
noise floor (or the maximum sensitivity of the test system) is set by the
phase Detector Constant.

The phase detector translates phase fluctuations to voltage fluctuations.
The amplitude of the phase detector’s voltage output is proportional
to the phase fluctuations at its input and its sensitivity. The detector’s
sensitivity is a function of the power levels at its input. The phase
Detector Constant determines the absolute noise floor of the test system.
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There are several methods available for calibrating the phase Detector

Constant when phase noise measurements are made without using a

phase lock loop. The primary considerations for selecting a calibration

method are measurement accuracy and equipment availability as shown O
in table 2-9.

Table 2-9. Calibration and Measurement Accuracy Comparison

Additional Equipment

Required Accuracy

Technique

Use the Current Detector None S
Constant

Derive From Measured +/— DCJ Phase Shifter or source with
Peak appropriate frequency resolution

Derive From Measured Beat-note| Second RF source

Cerive From Double Sided Spur | Phase Modulator, Audio Source,
and RF Analyzer

Derive From Single Sided Spur | Dirgctional Coupler, RF
Analyzer, and Second RF
Source

* Accuracy depends on which technigue was usaed to determing the Detector Constant in
MEMOry.
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Use the Current Detector Constant

Introduction

This calibration method configures the test system to use the phase
Detector Constant currently in memory. This eliminates the time spent
calibrating the phase Detector Constant. The phase Detector Constant in
memory is the value that was determined by the last measurement made
(unless a stored Parameter file has been loaded). The phase Detector
Constant value appears in the Calibration Technigue window.

The phase Detector Constant is valid for repeat measurements of similar
devices as long as the input power levels remain the same (within
£0.3 dB).

Parameter Entry Descriptions

Entering a Detector Constant

The phase Detector Constant’s value may be changed by keying in
the desired value when “Use Current Detector Constant” is displayed
in inverse video. (Keep in mind that absolute measurement accuracy
depends on the accuracy of the phase Detector Constant.)

Estimating a Detector Constant

An estimate of the phase Detector Constant can be made directly from
the R port input power level. (Providing the power level requirements for
driving the L port of the phase detector are being met.) A power meter or
a spectrum analyzer can be used to measure the power level. Compare
the measured R port level to the following graph to determine the phase
Detector Constant.
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Derive From Measured +/- DC Peak

Introduction

The Derive From Measured 4 /— DC Peak selection configures the test
system to measure the positive and negative peak voltages out of the
phase detector. The measured 4 /— DC Peak voltages out of the phase
detector are averaged to determine the phase Detector Constant (Peak
volts = Detector Constant in V/Rad.)

This method requires a phase shifter, or an RF source capable of tuning
the phase detector through 360° of phase shift to achieve the maximum
and minimum dc voltages. The HP 3048A prompts you to adjust the
phase. One of the advantages of using this method of calibration is that
the phase detector is calibrated using the same equipment used for the
measurement, Manual operation of the equipment may be required.

LINE STRETCHER  UUT

SOURCE [ %]
POWER —
SPUTTER

Figure 2-25. +/— DC Peak Setup Diagram
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Considerations for the Derive From Measured
+/- DC Peak Method

This method for determining the phase Detector Constant provides
more accuracy than an estimated entry but less than the Beatnote,
Double-sided Spur, or Single-sided Spur methods.

The accuracy of the phase Detector Constant using this method depends
upon the power level driving the phase detector. The phase detector
should be operated in its linear region for best accuracy. Very high
input levels are often used to maximize the test system’s noise floor at
the expense of driving the Phase Detector in its non-linear region. The
HP 3048A assumes the phase detector is operating in its linear region
during calibration. If the Phase Detector is operating in its non-linear
region, the phase Detector Constant could be slightly in error (maximum
error is = 1 dB),

Derive From Measured Beat-Note

introduction

The beatnote method for calibrating the phase Detector Constant requires
two signal sources. Usually one source is used only for calibration. The
calibration source is connected to the phase detector in place of one of
the input-signal paths. The output level of the calibration source must
be adjusted to provide exactly the same signal level at the phase detector
input port as will be present during the measurement, The disconnected
signal path should be terminated in 50 ohms to maintain the power level
at the other input port of the phase detector.
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1 Setup

LINE STRETCHER _UUT
SOURCE | ]

o4

2 Measure Input Level

LINE STRETCHER UUT
SOURCE g

POWER
SPLITTER
MEASURE

RF SPECTRUM ANALYZER || POV P&
OR POWER METER

3 Measuring Calibration Constant

LINE STRETCHER _UUT
SOURCE | )

Omk

ADJUST FOR
LEVEL WEASURED
STEP  TWO(2)

4 Restore Setup

LINE STRETCHER _UUT
SOURCE | %]

Sar

Figure 2-26, Setup Block Diagram for Beat-Note Calibration
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Description of the Beatnote Calibration Method

Beatnote Frequencies Less Than 1 kHz

To determine the phase Detector Constant from a beatnote, the calibra-

tion source is adjusted to create a beatnote between the two souxces. For

beatnote frequencies less than 1 kHz the HP 3048A uses the slope of the
beatnote waveform as it passes through the zero crossing as the phase
Detector Constant {or sensitivity of the detector to variations in phase), If
slope of the beatnote waveform differs by less than 10% on two consec-
utive zero crossings, as in a sine wave or a triangle wave, then the soft-
ware’s ability to determine the phase Detector Constant is very good. The
phase Detector Constant is valid for variations in phase up to (.2 radians
(the small angle criteria).

Beatnote Frequencies Greater than 1 kHz

Beatnotes greater than 1 kHz require that the test system determine the
phase Detector Constant by measuring the beatnote fundamental and
its odd harmonics. The odd harmonics of the beatnote are measured to
determine how much the beatnote departs from a sine wave. This mea-
surement corrects the measured amplitude of the beatnote to determine
an accurate phase Detector Constant for non-sinusoidal beatnotes.

If the first odd harmonic is less than —30 dBe, the HP 3048A assumes the
beatnote is a sine wave. The phase Detector Constant is a function of the
amplitude of the fundamental (a sine wave’s peak amplitude is equal to
the phase slope). If, however, the first odd harmonic of the beatnote is
greater in amplitude than —30 dBc but beyond the range of the analyzer
configured in the test system, the HP 3048A incorrectly assumes that
the beatniote is a sine wave. In this case, a small error in the Detector
Constant is introduced (maximum, worst case error is s 1 dB). For
this reason, the beatnote frequency should be less than one third of the
full-scale frequency range of the test system analyzer. (As an example,
the HP 3561A has a maximum frequency span of 100 kHz, thereforé, a
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beatnote frequency of less thar 30 kHz insures that the third harmonic
(90 kHz) can be measured.)

Considerations for the Derive from Measured Beat-Note Method

This method is more accurate than the + /— DC Peak method but not
as accurate as the Single or Double-sided Spur method. The level of the
calibration source and the circuit it replaces must be exactly the same or
the Detector Constant will be in error.

The HP 3048A displays messages to guide you through the manual steps
required for the Beatnote Calibration method.

Since the peak voltage of a sine wave is equal to its slope, the peak voltage
can be used as an approximation of the phase Detector Constant for
sinusoidal beatnotes. The beatnote can be examined with an oscilloscope
using the HP 11848A AUX MONITOR port. This is helpful to confirm
that the phase Detector Constant measured by the test system is correct.

Calibration Technique: PN wio PLL  2-65




Derive From Double-Sided Spur

Introduction

The Derive From Double-sided Spur method is one of the most accurate
Detector Constant Calibration methods available. However, it requires
additional equipment and presents a high level of technical difficulty.

This calibration method requires the generation of modulation sidebands.
The sideband (spur) level relative to the carder lavel (dBc) and the spur
offset frequency must be determined first using an RF spectrum analyzer
or modulation analyzer. You will be required to define the relative level
and offset frequency vahies in the Calibration Technigue window either
during the measurement definition or when you reach the connect
diagram.

The test system measures the phase detector output for the knowr spur
levels and calculates the phase Detector Constant,
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1 Setup
LINE STRETCHER UUT

SOURCE | %]
POWER PRASE
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ATTEN
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3 Verify Isolation
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4 Measuring Calibration Constant
LINE
STRETCHER _UUT
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'
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Figure 2-27. Setup Block Diagram for Double-Sided Spur Calibration
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Description of the Double-Sided Spur Calibration
Method

An RF spectrum analyzer is required to measure the relative difference 0
between the fundamental signal and the spur, A spur level of —20 to

—130 dBe is acceptable, however, levels within the range 26 to 60 dBc

are optimum, The calibration spur can be set at a frequency offset of 1 Hz

to 100 kHz (40 MHz with a supported RF analyzer) however 20 Hz to

50 kHz is recommended.

A modulation analyzer with phase demodulation capability can be used
in place of the RF Analyzer. In this case the sideband levels can be
determined with the following formula.

Peak Phase Deviation
2

Sideband Level in dBe = 20 log1g

NOTE

It is important to insure that the level of the calibration
spurs are greater than the level of any other spurious
signals present in the frequency spectrum. Also, you
should evaluate both sideband calibration spurs to ensure
that they are equal in amplitude. (Any deviation in the
amplitude of the calibration spurs indicates the presence of
AM in the phase modulator.) Modulation Analyzers reject
the AM contribution to the sidebands thus removing any
inaccuracies due to AM.

Ensure that there is at least 20 dB of isolation between the drive circuit to N
the R input port and the L input port of the Phase Detector by measuring 0
the level of the spur at both input ports. (Less than 20 dB of isolation

causes the calibration spur to be correlated out by the phase detector.)
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K_VCQ Method: This is the calibration method selected for determining
the VCO Tune Constant. If “Measure the Tune Constant” is selected,
the VCO Tune Constant is accurately measured by the test system. If the
Tune Constant is not measired, then it is recommended that either the
PLL Suppression is verified, the VCO is a calibrated source, or that the
Turne Constant has been verified in a previous measurement.

K_veco: This is the VCO Tune Constant the test system uses for the
measurement. The accuracy of the VCO Tune Constant determines the
accuracy of the PLL noise measurement for offset frequencies greater than
or equal to the phase lock loop bandwidth. The accuracy of the VCO
Tune Constant is verified if the PLL Suppression is Verified. The VCO
Tune Constant times the Tune Range of VCO determines the Peak Tune
Range (PTR) value for the measurement, The PTR sets the drift tracking
and close-in noise suppression capabilities of the test system.

Loop Suppr: This indicates whether or not the Phase Lock Loop (PLL)
Suppression was verifted. The PLL Suppression verification shows the
accuracy of the phase Detector Constant and VCO Tune Constant.

For all PLL measurements, the test system generates a theoretical loop
suppression correction and applies it to the measured noise data. When
verification of the loop suppression is selected, the test system measures
the suppression of the phase lock loop and compares the measured
suppression to the theoretical suppression. By adjusting the PTR and
the Assumed Pole, the theoretical suppression is fit to the measured
loop suppression. If a significant modification is required, the HP 3048A
notifies you of an Accuracy Specification Degradation.

Acc’y Spec Degrad: This parameter only appears when Verification of the
Loop Suppression is selected and when the theoretical loop suppression
must be modified beyond acceptable limits to match it to the measured
loop suppression. If the indicated Accuracy Specification Degradation
is greater than zero, the VCO Tune Constant or the phase Detector
Constant is in error at an offset frequency near the PLL BW, or some
other problem is effecting the PLL BW, such as injection locking.
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Derive From Single-Sided Spur

Introduction

The Derive From Single-Sided Spur method is a very accurate method
for calibrating the Detector Constant. However, it requires additional
equipment and presents a high level of technical difhculty.

This calibration method requires that an additional signal (representing
the spur) is applied to one of the phase detector inputs, The sideband
(spur) level relative to the carrier level (dBc) and the spur offset frequency
must first be determined using an RF spectrum analyzer. You will be
required to enter the relative level and offset frequency values in the
Calibration Technigue window either during measurement definition or
when you reach the connect diagram,

The test system measures the phase detector output for the known spur
levels and calculates the phase Detector Constant.
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Figure 2-28. Setup Block Diagram for the Single-Sided Spur Calibration Method
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Description of the Single-Sided Spur Calibration
Method

A second RF signal generator and a directional coupler are required to
inject the calibration spur. The calibration spur should be adjusted to
approximately —40 dBc at an offset frequency that can be accurately
measured with the RF analyzer. A spur level of —20 to —130 dBc
is acceptable, however, levels within the range —26 to —60 dBc are
optimum. The calibration spur can be set at a frequency offset of 1 Hz to
100 kHz (40 MHz with a supported RF analyzer) however 20 Hz to 50 kHz
is recomumended.

NOTE

It is important to insure that the level of the calibration
spur is greater than any other spurious signals present in

the frequency spectrum. When the test systemn measures
the calibration spur, the analyzer does a peak search over
a frequency span of two titnes the entered spur frequency.

Ensure that there is at least 20 dB of isolation between the drive circuit to
the R input port and the L input port of the Phase Detector by measuring
the level of the spur at both input ports, (Less than 20 dB of isolation
causes the calibration spur to be correlated out by the phase detector.)
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When the test system measures the calibration spur, the analyzer does
a peak search over a frequency span of two times the entered spur
offset frequency. Once the spur has been located, the level of the
spur is measured and used to calculate the phase Detector Constant.
This method compensates for both the non-linearity and harmonics of
the phase detector. (The HP 3048A informs you when to remove the
calibration spurs.)

Considerations for the Derive From Single-Sided
Spur Method

Requires a RF spectrum analyzer capable of measuring the calibration
spur at the desired carrier frequency.

Calibration is performed under actual measurement setup conditions.

The non-linearity and harmonics of the phase detector are calibrated out.
The relative level (dBc) of the calibration spur must remain the same
when the test system measures the amplitude of the spur as when the

reference measurement was made using the RF analyzer or modulation
analyzer.
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Calibration for Phase Noise Using an FM
Discriminator Measurement

The window shown in figure 2-29 is available when you select the Phase
Noise Using an FM Discriminator measurement type.

Main Menu
Type/Range of Measurement
Parameters

— Calibration Technique

— Press Fl to ZSelect Dizeriminator Constant Method
UIse Current Dizcriminator Constant 277.7E=3 ]

— Known Spur Parameters

Derive From Double-sided Spur Ampl [ =30 ]
Derive From FM Rate & Deviation FM Rate [ 10.E+3 ]

Figure 2-29, Calibration Technigue for Phase Noise Using an FM Discriminator

introduction

The Phase Noise Using an FM Discriminator measurement requires
calibration of the Discriminator Constant in V/Hz. The Discriminator
Constant is the sensitivity of the discriminator to frequency fluctuations.

The HP 3048A offers three methods for determining the Discriminator
Constant. The primary considerations for selecting a calibration method
are measurement accuracy and equipment availability.
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NOTE

!\.

The context of this calibration technique applies directly to
a delay line FM discriminator. These calibration techniques
also apply to other types of FM discriminators.

The FM Discriminator translates the phase fluctuations into frequency
fluctuations. Adjustment of the input frequency or a phase shifter is
required to achieve quadrature. The Discriminator Constant determines
the system’s absolute noise floor for the measurements. Refer to table 2-
10 for a comparison of each calibration techrique.

Table 2-10. Calibration Technique Comparison for FM Discriminator

Additional Equiprment

Technique Required

Accuracy

Use the current Discriminator None
Constant

Derive From Double-Sided Spur | FM or phase modulation Excellent
Generator set at the carrier
frequency

Derive From FM Rate and FM Generator set at the carrier Excellent
Deviation frequency (can be at the IF
frequency if a Down Converter is
being used)

# The accuracy is dependant on which technique was used to determine the Detector
Constant currently in mamory or the constant baing entarad.
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Use Current Discriminator Constant Method

introduction

This calibration method configures the test system to use the Discrimina-
tor Constant currently in memory. This eliminates the time spent calibrat-
ing the Discriminator Constant. The Discriminator Constant in memory
is the value that was determined by the last measurement made (unless a
stored Parameter file has been loaded). The Discriminator Constant value
appears in the Calibration Technigue window.

The Discriminator Constant is valid for repeat measurements of similar
devices as long as the delay and the input power levels remain the same
(within +0.3 dB).

Parameter Entry Descriptions

Entering a Discriminator Constant Value
The Discriminator Constant’s value may be changed by keying in the de-

sired value. (Keep in mind that absolute measurement accuracy depends
on the accuracy of the Discriminator Constant.)
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Estimating the Discriminator Constant

The phase Detector Constant can be estimated directly from the R port
input power level. (Providing the power level requirements for driving
the L port of the phase detector are being met.) A power meter or a
spectrum analyzer can be used to measure the power level. Compare
the measured R port level to the following graph to determine the phase
Detector Constant.

+15

o

K@ (V/rad)

o
(Y]
o
Detector Constant

= 15 .02
=120 -130 -140 =~150 -—-180 —170 —-180

L Port Signal ievel .
la Assumed to b i
e ranumed to be Approximate Phase Noise Floor (dBc/Hz)
Phase Detector f > 10 kHz
Note: This relationship assumes a 9 dB conversion loss in the Phase Detector.

Figure 2-30. Estimate of phase Detector Constant for a Given R Port Input Level

An estimate of the Discriminator Constant (A p)} can be derived from an
estimate of the phase Detector Constant (X ¢).

The following equation converts the phase Detector Constant (I{4) to a
Discriminator Constant (K p).

Kp=2n1Ky
where Iy = Detector Constant
Kp = Discriminator Consiant, and

T = the delay of the discriminator
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Considerations when Using the Current
Discriminator Constant

User entry is potentially the least accurate method for determining the
Discriminator Constant.

This calibration method does not verify accuracy of the. Discriminator
Constant, but relies strictly on the user to ensure Discriminator Constant
validity. (Keep in mind that Discriminator Constant accuracy relates
directly to the accuracy of the measurement and accuracy to within +1 dB
guarantees a measurement accuracy of 2 dB.)

An accuracy degradation may be acceptable when only the relative shape
of a device’s noise characteristics is important rather than the absolute
noise level. In this case, only a crude approximation of the Discriminator
Constant is necessary.

The Discriminator Constant calibration of the delay line discriminator is

valid only to 5—3;;
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Derive From Double-Sided Spur Method

Introduction

The Derive From Double-Sided Spur method is one of the most ac-
curate Discriminator Constant calibration methods available. However,
it requires additional equipment and presents a high level of technical
difficulty,

This calibration method requires the generation of modulation sidebands.
The sideband (spur) level relative to the carrier level (dBc) and the spur
offset frequency must first be determined using an RF spectrum analyzer.
You mwust enter the relative level and offset frequency values either in the
Calibration Techmigue window or when the connect diagram appears.

The HP 3048A measures the spur level at the output of the discrirninator
(Phase Detector) and calculates the Discriminator Constant.
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Figure 2-31. Setup Block Diagram for Double Sided Spur Calibration
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Pescription of the Double Sided Spur Discriminator
Constant Calibration Method

An RF spectrum analyzer is required to measure the relative difference
between the fundamental signal and the spur. A spur level of —20 to
—130 dBc is acceptable, however, levels within the range —26 to —60 dBc
are optimum. The calibration spur should be adjusted to an offset
frequency (FM rate) that can be accurately measured by the RF analyzer
or modulation analyzer. A recommended rate of less than 3= will insure
that the spur is within the flat response region of the discriminator’s
frequency response.

NOTE

It i important to insure that the level of the calibration
spurs are greater than the level of any other spurious
signals present in the frequency spectrum. Also, you

should evaluate both sideband calibration spurs to ensure
that they are equal in amplitude. (Any deviation in the
amplitude of the calibration spurs indicates the presence of
AM in the phase modulator.) Modulation analyzers reject
the AM contribution to the sidebands thus removing any
inaccuracies due to AM.

When the test system measures the calibration spur, the analyzer does
a peak search over a frequency span of two times the entered spur
offset frequency. Once the spur has been located, the level of the spur is
measured and used to calculate the Discriminator Constant. This method
compensates for both the non-linearity and harmonics of the phase
detector.
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Considerations for the Derive From Double-Sided
Spur Method

This method requires an RF spectrum analyzer capable of measuring
the carrier frequency and the modulation side bands or a modulation
analyzer with phase demodulation capabilities,

This method requires a phase modulator capable of generating the
calibration spurs at the desired carrier frequency.

Lvaluation of the modulated spurs are necessary to insure good accuracy.
Uneven sidebands denote amplitude modulation,

The HP 11848A’s front-panel meter can be used as an aid for adjusting
normal quadrature. The meter has a full scale sensitivity of 20 mV with
a 2 mV/Div resclution. The meter reading setting must be within =1
division of center scale for starting a measurement and must remain
within £2 divisions of the center during the measurement.

An FM rate that is greater than — will result in a calibration spur that
is beyond the flat region of the discrimninator’s frequency response.
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Derive From FM Rate and Deviation Method

Introduction

The Derive from FM Rate and Deviation method is very accurate and
is the only fully automated method for determining the Discriminator
Constant. This calibration method requires the application of a frequency
modulated signal to the measurement configuration. The FM rate and
deviation must be determined. You are required to define FM rate and
deviation values either in the Calibration Technigue window or when the
connect diagram appears.

The HP 3048A measures the spur level at the output of the discriminator
(Phase Detector) and calculates the Discriminator Constant,
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Figure 2-32. Setup Block Diagram for the
FM Rate and Deviation Spur Calibration Method
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Description of the FM Rate and Deviation Spur
Calibration Method

The calibration source must have a calibrated FM output. The FM
accuracy of the calibration source must be within 10% to ensure the
required Discriminator Constant accuracy of less than 1 dB. (If the UUT
has a calibrated FM output it can be used as the calibration source.)
In most cases, the UUT will be replaced by a calibration source for
determining the Discriminator Constant. The calibration source output
level must be adjusted to within £0.3 dB of the UUT’s output level.

The FM Deviation must be less than ﬁ to maintain the small angle

criteria. A recommended frequency rate of less than 3+ will ensure that
the calibration spur is within the linear region of the discriminator. (A rate

of greater than 5 is beyond the linear response region. A frequency of

greater than 21—T violates the Small Angle Criteria and produces invalid

results.}

The Derive from FM Rate and Deviation method can be performed either
manually or with system control,

Manual control. If the calibration source is not under system control,
you are required to connect the calibration source, adjust it to the
appropriate settings (the parameters defined for the measurement), and
then adjust its frequency to obtain quadrature when the connect diagram
appears. The connect diagram appears again after the calibration process
is complete to provide connection information for the UUT. The output
level of the UUT must be within £0.3 dB of the calibration source level
to ensure the validity of the Discriminator Constant.
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System Control. The test system can control the calibration source if itis a
supported RF source and has been configured in the System Configuration,
Instrument Address table. The RF source to be used as the calibration
source must also be configured in the Instrument Control diagram.

Calibration under system control require the entry of the FM Rate and
Deviation in the Calibration Technique window. The connect diagram
provides the connection information for the calibration souzce. Once the
calibration source is connected to the test system, the HP 3048A sets
the calibration source o the entered parameters, adjust the frequency
to obtain quadrature, and measures the Discriminator Constant. After
the calibration process is completed the connect diagram appears again
showing the connections for the UUT. The output level of the UUT must
be within £0.3 dB of the calibration sotirce level to ensure the validity of
the Discriminator Constant.

Considerations for the Derive From FM Rate and
Deviation Method

The HP 11848A’s front-panel meter can be used as an aid for adjusting
quadrature. The meter has a full scale sensitivity of 20 mV with a
2 mV/Div resolution. The meter reading must be within 1 division
of center scale for starting a measurement and must remain within £2
divisions of the center during the measurement.
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AM Noise Measurement

The window shown in figure 2-33 is available when you select the AM

Notse Measurement type.
Main Menu

Type/Ranga of Measurement

Parameters

Calibration Technigue

Instrument Contral
pee Calibration Technique

— Press Fl1 to Select Detector Constant Method

Use Current Detector Constant ........[ 277.7E-3 } V/Rad

Known Spur Parameters
Derive From Double-sided Spur Ampl [ -30 1 dBg
Derive From Single-sided Spur Freq [ 10.E+3 ] Hz

Figure 2-33. Calibration Technigue for AM Noise

Introduction

Calibration of the AM Noise measurement type involves calibration of
the AM Detector Constant. The Detector Constant is the sensitivity of
the AM detector being used for the measurement expressed in equivalent
V/Rad. The noise floor (or maximum sensitivity of the test system) is set
by the Detector Constant,

The amplitude of the AM detector’s voltage output is proportional to the
AM noise (modulation) fluctuations at its input and its sensitivity. The
AM detector’s sensitivity is a function of the power level at its input.

Calibration for an AM Noise measurement involves measuring the
relationship between a known signal and the output of the AM detector
being used. There are three methods available for calibrating the AM
Detector Constant. The primary considerations for selecting a calibration

method are measurement accuracy and equipment availability as shown
in table 2-17.
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Table 2-11, Calibration Technique Comparison for AM Noize Measurements

. Equipment
Technique Required Accuracy

L

Use Current Detector Constant Nane

Derive From Double-sided Spur Source with calibrated AM or Very Good
calibrated amplitude
moduiator.,

Derive From Single-sided Spur Directional coupler, BF Very Good
analyzer, RF source.

* Accuracy depends on which technique was used to determing the Detector Constant in
Memary.

Use the Current Detector Constant Method

Introduction

This calibration method configures the HP 3048A to use the Detector
Constant currently in memory. This eliminates the time spent calibrating
the AM Detector Constant. The AM Detector Constant in memaory is the
value that was determined by the last AM Noise measurerment made
(unless a stored Parameter file has been loaded). The Detector Constant
value appears in the Calibration Technique window.

The Detector Constant is valid for repeat measurements of similar devices
as long as the same detector is being used and the input-power levels
remained the same (within £0.3 dB).

2.88 Calibration Technique: AM Noise




Parameter Entry Descriptions

Entering a Detector Constant

The Detector Constant’s value may be changed by keying in the desired
value. (Keep in mind that absolute measurement accuracy depends on
the accuracy of the Detector Constant.)

Estimating the Detector Constant

An estimate of the Detector Constant can be made directly from the
detector’s power level if the detector’s sensitivity is known. A power
meter or a spectrum analyzer can be used to measure the power level.
The graph shown in figure 2-34 can be used to determine the Detector
Constant for an HP 33330C Low Barrier Schottkey Diode Detector when
used with the HP 3048A Option K21 AM Detector filter.

Equivmeont Phase Detector Constont vs. Detector Voltage vs. Input Power
4

30 — e ) o o o o o ] - et +23

.25 +20

.20

19 a:
P

(Detector Constant)

Delector Input Power (dBm)

Approximate Equivalent Phase Detector Constont (V/rad)

02 0

A 15 .z 3 4 5 6 A8 1.0 1.5 2,0
Diode Detector Voltoge {Vdc)

Figure 2-34. Relationship between Detector Constant
and Iinput Power Level for the HP 33330C
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Considerations when Using the Current Detector
Constant

User entry is potentially the least accurate method for determine the
Detector Constant.

This calibration method does not verify accuracy of the Detector Con-
stant, but relies strictly on the user to ensure Detector Constant validity.
(Keep in mind that Detector Constant accuracy relates directly to the ac-
curacy of the measurement and accuracy to within £1 dB guarantees a
measurement accuracy of +2 dB.)

An accuracy degradation may be acceptable when only the relative shape
of a device’s noise characteristics is important rather than the absolute
noise level. In this case, only a crude approximation of the Detector
Constant is necessary.
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Derive From Double-Sided Spur

Introduction

The Derive From Double-Sided Spur method is one of the most accurate
Detector Constant calibration methods available. However, it requires
additional equipment and presents a high level of technical difficulty.

This calibration method requires the generation of modulation sidebands
(AM). The sideband (spur) level relative to the carrier level (dBc) and the
spur offset frequency must first be determined using an RF spectrum
analyzer or modulation analyzer. You are required to define the relative
level and offset frequency values in the Calibration Technigue window
either during the measurement definition or when you reach the connect
diagram.

The test system measures the spur level at the output of the detector and
calculates the Detector Constant.
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Figure 2-35. Setup Block Diagram for the Double-Sided Spur Calibration Method
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Description of the Double-Sided Spur AM Detector
Calibration Techinque

An RF spectrum analyzer or modulation analyzer is required to measure
the fundamental signal and the spur. A spur level of —30 to —60 dBc is
recomumended. (If you are using a supported source that is under system
control to generate the calibration spur, you will be required to enter the
relative amplitude of the spur, An entry of —40 dBc is recommended;
2% AM produces a —40 dBc sideband,) The calibration spur can be set
at a frequency offset of 1 Hz to 100 kHz (20 MHz with a supported RF
analyzer).

NOTE

The HP 3048A expects the UUT to be set to the same
power level as the calibration source prior to beginning the
measurement.

It is important to insure that the level of the calibration spurs is grealer
than the level of any other spurious signals present in the frequency
spectrum. Also, you should evaluate both sideband calibration spurs to
ensure that they are equal in amplitude. (Any deviation in the amplitude
of the calibration spurs indicates the presence of pliase modulation in the
measurement circuit, The HP 3048A's specified measurement accuracy is
maintained as long as the difference in the sideband levels is less than
2 dB, and the average value of the levels is used.)

When the test systemn measures the calibration spur, the analyzer does
a peak search over a frequency span of two times the entered spur
offset frequency. Once the spur has been located, the level of the spur is
measured and used to calculate the Detector Constant.
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Considerations for the Derive From Double-Sided
Spur Method

This method requires an RF spectrum analyzer or modulation analyzer
capable of measuring the carrier frequency and the modulation sidebands
unless a calibrated AM souzxce is being used.

For optimum results, an input power level of +-10 dBm is recommended
for the HP 33330C AM Detector.

Unequal sidebands on the carrier potentially indicate a M component
is present. The presence of @M does not affect the operation of the AM
detector. However, it does make it dificult to measure the amount of AM
by looking at sideband levels. If the amount of AM is known from some
other measurement technique, then the presence of M is unimportant.
If the sidebands are greater than 2 dB a different calibration source should
be used. Variations greater than 2 dB can effect the certainty of the
Detector Constant.

When under system control, the calibration souxce 1s set for an output
level of +10 dBm., If this level setting is not possible on the source you
are using, return to the Instrument Control diagram and select manual
control for the calibration source. This allows you to control the source
level output.

The amplitude value entered in the Calibration Technigue window is used
to derive the percentage of modulation at which to set the calibration
source. If the calibration source does not provide the necessary resolution
for setting the exact percentage derived from the entered amplitude,
the Detector Constant will be in error. It is therefore recommended that
—40 dBc be entered as the amplitude; this value corresponds to a two
percent modulation whiclh is available in all of the supported RF sources.
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Derive From Single-Sided Spur

introduction

The Derive From Single-sided Spur method is a very accurate method
for calibrating the Detector Constant. However, it requires additional
equipment and presents a high level of technical difficulty.

This calibration method requires that an additional signal (representing
the spur) is applied to the input of the AM Detector being used. The AM
sideband (spur) level relative to the carrier level (dBc) and the spur offset
frequency must be determined using an RF spectrumn analyzer. You are
required to define the relative level and offset frequency values in the
Calibration Technigue window during the measurement definition.

The test system measures the spur level at tlie output of the detector and
calculates the Detector Constant.
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Figure 2-36. Setup Block Diagram for the Single-Sided Spur Calibration Method
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Description of the Single-Sided Spur AM Detector
Calibration Method

A second RF signal generator and a directional coupler are required to
inject the calibration spur. The calibration spur should be adjusted to
approximately —40 dBc at an offset frequency that can be accurately
measured with the RF analyzer.

NOTE

The HP 3048A expects the UUT to be set to the same
power level as the calibration source prior to beginning the
measurement.

It is important to insure that the level of the calibration
spur is greater than any other spurious signals present in
the frequency spectrum.

When the test system measures the calibration spur, the analyzer does
a peak search over a frequency span of two times the entered spur
offset frequency. Once the spur has been located, the level of the spur is
measured and used to calculate the Detector Constant. (The HP 3048A

informs you when to remove the calibration spur.)
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Considerations for the Derive From Single-Sided
Spur Method

The power level at the AM detector input must remain the same for both
calibration measurements and the noise measurements, For optimum
results, a power level of +10 dBm is recommended when using the
HP 33330C AM Detector.

This method requires an RF spectrum analyzer capable of measuring the
calibration spur at the desired carrier frequency. Requires a second RF

generator that can be set to an offset frequency of from 1 Hz to 100 kHz
(or 20 MHz if an RF Analyzer is configured in the test system).

Calibration is performed under actual measurement setup conditions.

The non-linearity and harmonics of the AM detector are calibrated out.
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Noise Measurement Using HP 3561A Only

The window shown in figure 237 is available when you select the Noise
@ Measurement Using HP 3561A Only measurement type.

Main Menu
,-‘Type/Range of Measurement

Parameters
Calibration Technigque

Adjust For Amplifier Gain by Subtracting [

Graph of Results
Manipulate Results
System Configuration
Advanced Functions
File System

Quit

Figure 2-37. Calibration Technique for Noise Measurement Using HP 3561A Only

This function is used to offset the plotted measurement data. It com-
pensates for any additional amplifiers or attenuators being used when
making the measurement.

Offsets >0 compensate for known gains.

Offsets <0 compensate for known losses.
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Baseband Noise Measurement

The window shown in figure 2-38 is available when you select the
Baseband Noise Measurement type.

Main Menu

Type/Range of Measurement
Parameters

Calibration Technigue

Adjust For Amplifier Gain by Subtracting [

Graph of Results
Manipulate Results
System Configuration
Advanced Functions
File System

fuit

Figura 2--38. Calibration Technique for Baseband Noise Measurement

This function is used to offset the plotted measurement data. It com-
pensates for any additional amplifiers or attenuators being used when
making the measurement,

Offsets >0 compensate for known gains.

Offsets <0 compensate for known losses.
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instrument Control

Introduction

The Instrument Control diagram specifies what devices are to be used in
the measurement and which devices are to be controlled by the HFP 3048A
through the HP-IB. The measurement type selected in the Type/Range
of Measurement window determines which measurement configuration
appears in the Instrument Control diagram. The Instrument Control diagram
determines what is displayed in the connect diagram at the beginning of
the measurement.

Refer to the HP 3048A Option 301 Operating Manual for directions to
change the configuration to represent the desired measurement setup.
Reference Sources (other than those internal to the HP 11848A) must be
configured in the System Configuration table to appear in the Instrument

Control diagram.) Press the softkey to allow selection of either Manual
or System (HP-IB) control.

Noige Measurement Using HP 3561A Only

Baseband Noise Measurement
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Phase Noise Using a Phase Lock Loop

The diagram shown in figure 2-39 is available when you select the Phase .
Noise Using a Phase Lock Lopp measurement type. &
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i
1
i
H
i
:
*
i
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117254

_r IVETEW CTRL

TIHE BRASE

NOT IN USE f CTAL UOLTAGE

Figure 2-39. Instrument Control Diagram for Phase Noise Using a PLL

Instrument Control Block Description

When configuring the Instrument Control diagram, it is important that the
correct connections are made and that the appropriate device is shown
in each block being used. For the Phase Noise Using a Phase Lock Loop
measurement type, the following blocks will appear in the diagram:

REF. SOURCE: Any of the HP 11848A Internal Sources or any RF sources

defined in the System Configuratton, Instrument Address table can be

placed under Systern Control, Reference Sources other than HP 11848A 0
Internal Sources must be defined in the Instrument Address table as RE

Source, RE Sourcel, or RF Source?, If the Reference Source is the VCO

for the measurement, it can be tuned by either the Control Voltage or via

the Time Base.
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CTRL VOLTAGE: The Control Voltage can be configured to tune the VCO
Source directly (Reference Source or UUT), or to tune the Time Base
when it has been configured to tune the Reference Source. One of the
two sources being measured must be a VCO, either directly or through
the Time Base.

TIME BASE: The Time Base connects directly to the Reference Source.
The Time Base can be either an HP 11848A Internal 10 MHz A or the
10 MHz B Source, or a Users VCO Source under Manual Control.

UUT (Unit Under Test): The test system allows you to specify a USER's
Source, or any of the HP 11848A Internal Sources as a System Controlled
UUT. A UUT can be placed under System Control when the HP-IB
character-string statements are set up in the Instrument Address table,
under the Option column.

DN CONVERTER: The Down Converter is used to down convert the UUT
frequency to a frequency within the frequency range of the Reference
Source. The Down Converter can be either a Users device under Manual
Control or an HP 11729C under either System or Manual Control. (The
HP 11729C must be listed in the Instrument Address table to be under
System Control.)
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Considerations for — Phase Noise Using a Phase
Lock Loop Measurement

When a Parameter file is loaded from the File System, it is possible
that the Instrument Control diagram would subsequently be configured
incorrectly. This oceurs if the Instrument Address table does not contain
an instrument requited by the Parameter file, The HP 3048A then
specifies another instrument currently listed in the Instrument Address
table, or the User’s Source if an appropriate instrument is not listed. (The
Instrument Address table is not stored with the Parameter file.}

Changing the Type/Range of Measurement can change the Instrument Coi-
trol diagram as well as other measurement definitions. [t is recommended
that you verify all measurement definition screens after selecting a new

type of measurement.
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Phase Noise Without Using a PLL

The diagram shown in figure 2-40 is available when you select the Phase
“ Notse Without Ustng a PLL measurement type.

HP 11348

PHASE SHIFTER|-JUUT

/5 SACE |

(=D

Quadrature will be astablished
npnually.

Figure 2-40. Instrument Control Diagram for Phase Noise Without Using a PLL

Instrument Control Block Description

When configuring the Instrument Control diagram, it is important that the
correct connections are made and that the appropriate device is shown
in each block being used. For the Phase Noise Without Using a PLL
measurement type, the following blocks appear in the diagram:

Source: This block defines the signal source to be used for the measure-
ment. Fither an HP 11848A Internal Source, a USER's Source, or any RF
source defined in the System Confignuration, Instrument Address table can
be selected.
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NOTE

When measuring a two-port device, the AM noise contri-
bution of the source can affect the measurement. It is réc-
ommended that a source with low AM noise be used to
ensure good results.

Phase Shifter: When the source frequency cannot be adjusted, a Phase
Shifter is required for achieving quadrature for the residual two port
measurement.

UUT: The UUT blocks allow for either one or two devices to be con-
figured in the measurement paths. The UUT blocks are positioned by

pressing the | U | keyboard key. You must configure a device in both mea-
surement paths when measuring devices that translate frequency or add
large amounts of phase delay. The physical connection of where the UUT
is placed with respect to the Phase Shifter is not important (unless the
two port device to be measured translates the frequency). In this case,
the frequency range of the Phase Shifter needs to be considered.

UUT placement is done only to help visualize the measurement config-
uration and specify a correct connect diagram including UUT’s. UUT
placement has no affect on any facet of system operation.

Quadrature: The test system allows you to specify how quadrature

{90°phase shift) will be set. Pressing the @ or EI key toggles the
quadrature selection between adjustment of the source frequency and the
manual method. (If the source is under System Control and entered in the
Instrument Address table, the frequency adjustment will be automatic.)
The manual method requires a phase shifter (or adjustable line stretcher)
to achieve quadrature.
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Considerations for — Phase Noise Without Using
a PLL Measurement

When a Parameter file is loaded from the File System, it is possible
that the Instrument Control diagram would subsequently be configured
incorrectly. This occurs if the Instrument Address table does not contain
an mmstrument required by the Parameter file. The HP 3048A then
specifies another instrument currently listed in the Instrument Address
table, or the User’s Source if an appropriate instrument is not listed. (The
Instrument Address table is not stored with the Parameter file.)

Changing the Type/Range of Measurement can change the Insfrument Con-
trol diagram as well as other measurement definitions. It is recommended
that you verify all measurement definition screens after selecting a new
measurement type.
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Phase Noise Using an FM Discriminator

The diagram shown in figure 2-41 is available when you select the Phase ‘
Noise Using an FM Discriminator measurement type. &

HF I1248R

PHASE ZHIFTER

HMAMAL CTRL

Quadrature will be established
nanual 1y,

Figure 2-41. Instrument Cantrol Diagram for
Phase Noise Using an FM Discriminator

Instrument Control Block Description

When configuring the Instrument Control diagram, it is important that the
correct connections are made and that the appropriate device is shown in
each block being used. For the Phase Noise Using an FM Discriminator
measurement type, the following blocks appear in the diagram:

UUT: This block defines the signal source to be measured. In most cases U
the UUT source will be a2 USER’s Source under manual control. One of

the FIP 11848A internal sources, or an RF source defined in the System
Configuration, Instrument Address table.
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Phase Shifter: A Phase Shifter is required to achieve quadrature for the
FM Discriminator measurement when the source frequency cannot be
adjusted. Depending on the Quadrature Method selected, the HP 3048A
responds differently. For example, if you specify "Quadrature will be
established by adjusting the source frequency”, you will have to adjust
the frequency of the source to obtain quadrature, (unless the source is
under Systern Conirol}. If “Quadrature will be established manually”
is selected, the HP 3048A expects to acquire quadrature by having you
adjust the phase shift of one path.

Cal Source: This block appears on the Instrument Control diagram when
“Derive from Rate and Deviation” Calibration Process is selected. Either
a users Cal Source under Manual Control or a supported RF Source
under System Control can be selected for the Calibration Source. The
Calibration Source must have a calibrated FM output, Under Manual
Control, the HP 3048A prompts you to connect the Cal Source and apply
modulation, as well as to disconnect it after the calculation process is
complete.

Delay Line: The Delay Line is represented by ™. in the diagram.
A Delay Line is required to decorrelate the UUT’s Phase Noise (FM
DHacrimminator).

(Refer to graph 5 Approximate Sensitivity of Delay Line Discriminator in
chapter 7, Quick Reference for details on required delay lines.}
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Considerations for — Phase Noise Using an FM
Discriminator Measurement

When a Parameter file is loaded from the File System, it is possible
that the Instrument Control diagram would subsequently be configured
incorrectly. This occurs if the Instrument Address table does not contain
an instrument required by the Parameter file. The HP 3048A then
specifies another instrument currently listed in the Instrument Address
table, or the User’s Source if an appropriate instrument is not listed. (The
Instrument Address table is not stored with the Parameter file.)

Changing the Type/Range of Measurement can change the Instrument Con-
trol diagram as well as other measurement defmitions. It is recom-
mended that you verify all measurement definitions after selecting a new
measurement type.
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AM Noise

The diagram shown in figure 2-42 is available when you select the AM
Noise measurement type.

HP 118488

wr AN DETECTOR :
USER’S SACE USER'S DEV ‘
MARUAL CTAL MANUAL CTRL :

Cat. 30URCE

Figure 2-42_ Instrument Control Diagram for AM Noise

Instrument Control Block Description

When configuring the Instrument Control diagram, it is important that the
correct connections are made and that the appropriate device is shown
in each block being used. For the AM Noise measurement type, the
following blocks appear in the diagram:

UUT: This block defines the signal source to be measured. In most
cases, the UUT source will be a LISER's Source under manual control,
The 1P 3048A also allows you to specify one of the HP 11848A internal
sources, or an RF source defined in the Systern Configuration, Instrument
Address table.
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AM Detector: This block specifies the Amplitude Modulation Detector.
In most cases, the AM Detector will be a USER’s device under manual
control (although the test system allows you to specify the HP 11729C
Option 130 as an AM Detector). The HP 11729C Option 130 includes an
Internal AM Detector, The HP 11729C can be controlled marmially, or it
can be under System Control when it has beent entered in the Instrument
Address table. (The HP 11729C should be entered as a Down Converter
in the Instrument Address table.)

Cal Source: This block appears on the Instrument Control diagram when
“Derive from Double Sided Spur” Calibration Process is selected. Either
a users Cal Source under Manual Control or a supported RF source
under System Control can be selected for the Calibration Source. The
Calibration Source must have a calibrated AM output. Under Manual
Control the test system prompts you to connect the Cal Source and
apply modulation as well as disconnect it after the calculation process
is complete.

DC Block:

The HP 11848 A Phase Noise Interface must be de-blocked when using its
NOISE INPUT. The Interface will not tolerate more than 42 mv DC Input
without overloading the LNA, A DC block must be connected in series
after the AM Detector to remove the dec component. A blocking circuit is
not provided with the HP 3048A. A dc block can either be constructed
or purchased. The HP 3048A Option K21 is designed specifically for this
purpose.
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Considerations for — AM Noise Measurement

When a Parameter file is loaded from the File System, it is possible
that the Instrument Control diagram would subsequently be configured
incorrectly. This occurs if the Instrument Address table does not contain
an instrument required by the Parameter file. The HP 3048A then
specifies another instrument currently listed in the Instrument Address
table, or the User’s Source if an appropriate instrument is not listed. (The
Instrument Address table is not stored with the Parameter file.)

Changing the Type/Range of Measurement can change the Instrument Con-
trol diagram as well as other measurement definitions. It is recom-
mended that you verify all measurement definitions after selecting a new
measurement type.
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Define Graph

The window shown in figure 2-43 is available when you select Define-

Graph. ‘

Main Menu

paew Define Graph

Title [BP2048A DEMO: 10 MMz "A" v=.
Minimum X Coordinate
Maximum X Coordinate
Maximum Y Coordinate
Minimum Y Coordinate

— Press Fl1 to Select Graph Type

Single Sideband Phase Noige (dBo/Hz)

Fhase Modulation Spectral Density (dB/Hz)

FM Spactral Density (Hz/Sgrt(HZ))

spectral Density of Fract. Freg. Fluctuations (1/5qrt(Hz})
Noise Figure For 2-Port Devices

Figure 2-43. Define Graph Characteristics

Introduction

The Define Graph window allows you to specify the characteristics shown

in the Graph of Results. The graph title, X axis range, Y axis range, and

graph type are defined in this window. 0

Figure 2-44 shows an example graph plotted from the Graph of Resulis
(demo results were loaded).
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Parameter Entry Descriptions

HP3048A 0EMO: 10 MHz "A" vs. 10 MHz "g"
” . [(HP] 30484 Carrier! 10.E+4 Hg 906790 1424415 - 1d; 413

LCf) [dBcsHz) vs. flHz]
Figure 2-44. Graph of Results Demo Example

Title: This parameter allows you to enter a title for the Results Graph
(up to 56 characters long).

Minimum X Coordinate; This parameter specifies the start value (fre-
quency) for the X axis on the graph. The acceptable limits are 1.E—3 Hz.
to 10.E+9 Hz. This value must be less than the Maximum X coordinate.

Maximum X Coordinate: This parameter specifies the stop frequency

for the X axis on the graph. The acceptable limits are 1.E—3 Hz. to
10.E+9 Hz. This value must be greater than the Minimum X coordinate.
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Minimum Y Coordinate; This parameter specifies the upper limit of the
Y axis. Units for the Y axis are determined by the Graph Type selected.
This value must be less than the Maximum Y coordinate.

Maximum Y Coordinate: This parameter specifies the lower limit of the
Y axis. Units for the Y axis are determined by the Graph Type selected.
This entry must be greater than the Minitnum Y coordinate.

Graph Type Other than AM or Baseband Noise: This parameter specifies
the data type in which the measurement results are displayed.

» Single-sideband phase noise (dBc/Hz). The HP 3048A calculates:
L(f)= i‘%@-, and plots the results in dBe.

» Phase Modulation Spectral Density (dB/Hz). The HP 3048A calcu-
lates: S(f), and plots the results in dB with respect to 1 radian
(Radians, and Degrees).

e FM Spectral Density (Hz/v/Hz). The HP 3048A calculates: 5,(f) =
Ss(f) % f?, and plots the results in Hz (Residual FM).

» Spectral Density of Fractional Frequency Fluctuations (1 /v Hz). The
HP 3048A calculates: Sy(f) = Sg(f) x (E% )? (where v, = carrier
frequency), and plots the results without units.

« Noise Figure for 2-Port Devices. The HP 3048A calculates the noise
figure (NF) = Sa(f) + 174 + Pin, and plots the results as dB/Hz.
Pin is the input power listed in Manipulate Results, under the Input
Pwr (Noise Figure) field.
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Parameter Files

An example of Parameter files that are loaded after you select the File
@ System menu and Load File *.PRM is shown in figure 2-45.

Main Menu
[__TypalRangE of Measurement
— Load File

LASTPRMS . PRM 11/01/90 HPIQ048A DEMO: 10 MHz "A" vs. 10 MHz "B"
HETESTZ1.PRM 10/23/90 HP TEST 8662/63 V5 8662/63 ABSOLUTE NOQISE @ 1270
HFTESTZ0.FRM 10/23/90 | 4P TEST 8662/63 V8 B662/63 ABSOLUTE 640 MHE REF NO
HPTEST19,PRM 10/23/80 HF TEST 8662/63 v 10MHZ REF OUTPUT DCFM 10KHZ FEA
HPTEST18.FRM 10/23/90 | HP TEST B642A/B VY 8662/63 ABS NOISE @ 640 MH=z
HPTEST17 . FRM 10/23/90 | HP TEST 11729C/8662/63 v 11728C/8662/63 ABE NSE
HPTESTL16.FPRM 10/23/90 | HP TEST 11729¢ RESIDUAL NOISE

HPTESTLS ., PRM 10/23/90 HF TEST 10 MHZ B V5 8662/63 10 MHZ REF QUTPUT
HPTEST14.PRM 10/23/90 | HF TEST 10 MHZ A VS 8662/63 10 MHZ REF OUTPUT
HETESTL3.PRM | 10/23/90 | HP #447E NOISE FLOOR USING AN B64ZB

EPTESTL1Z.PRM | 10/23/90 | STABLE RF OSCILLATOR VS SIMILAR REFERENCE SQURCE
HETESTL1.PRM 10/23/90 | RF SYNTHESIZER V& HP 8662/3A USING EFC
HPTESTI10.PRM | 10/23/90 | RF SYNTHESIZER VS HP 8662/3A USING DCFM
HPTESTO9.PRM 10/23/90Q RF SYNTHESIZER V5 HF B662/3A AND 10 MHZ B

Figure 2-1. Example Parameter Files

Introduction

Storing and Loading a Parameter file ensures that the parameter entries
are identical each time a particular measurement is made. Also, it may be
helpful to load and modify an existing Parameter file for making a new
measurement for a similar type of device.
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Description of the Parameter Files

Parameter File Contents

Parameter files contain the calibration constants created in the last
measurement made by the HP 3048A as well as information from the
following menus.

» Type/Range of Measurement
Parameters
Calibration Technique
Instrument Control
Define Graph

¢ Manipulate Results

Advanced Functions

The File System
Each stored file has a name and a corresponding title.

s The file name is used to store, load, or delete files. File names are
limited to eight characters and must have the extension .PRM. An
examnple name is DEFAULT. PRM.

e The file title allows you to provide a description of a file’s contents.
The title is entered in the Define Graph menu, and appears at the top of
the Graph of Results. Titles are limited to 55 characters. An example
title is HP3048A DEMO: 10 MHz “A” vs. 10 MHz “B".

2-118 Parameter Files




Parameter Files Shipped with the HP 3048A
Option 301

When the HP 3048A Option 301 is shipped, it includes the following
predefined parameter files,

e DEFAULT.PRM sets up the HP 3048A to measure the HP T1848A%s
internal 10 MHz sources, 10 MHz “A” vs. 10 MHz “B”. This measure-
ment provides a quick verification of the HP 3048A’s ability to com-
plete a phase noise measurement. (Refer to the HF 3045A Option 301
System Calibration Manual for additional information.)

SPURACCY.PRM, FLATNESS.PRM, and NOISEFLR.PRM are used to

verify the performance of the HP 3048A. These parameter files are
accessed from the Advanced Functions Menu. (Refer to the HP 3048A
Option 301 Systern Calibration Manual for additional information.)

HPTESTXX.PRM fles contain predefined pararneters used to verify
sorme HFP 3048A options. These files also contain example tests used
for measuring the device indicated in the title of the file. The example
tests are provided to aid you in setting up your own measurements.
(Refer to the HP 3048 A Option 301 System Calibration, and Operating
manuals for additional information.)

LASTMEAS.PRM contains the parameters from the last success-
fully completed measurement. It is automatically updated after each
successful measurement and is automatically loaded each time the
HP 3048A Option 301 software is booted-up. (If this file is not present,
the HP 3048A will load the file named DEFAULT.PRM.)

Considerations for Parameter Files

The System Configuration, Instrument Address table is not stored with
the Parameter file; this may cause the Instrument Confrol diagram to be
configured incorrectly. If the control diagram stored in a Parameter file
specifies an instrument not currently listed in the address table, the
Instrument Control diagram will not include the specified instrument .
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Instead, the HP 3048A specifies a similar instrument listed in the current

Instrument Address table, or if an appropriate instrument is not currently
listed, the USER's Source is selected.

How to Manage Parameter Files

Loading a Parameter File
1. From the Main Menu, select File System.
2. Select Load File.

3. Define the path by typing ».PRM,

NOTE

To load a file from a disk drive or subdirectory other than
the one from which the software is being run, precede
the path definition with the drive designation and/or the
directory, for example, A:\FILES\#.FRM.

4, Use the A <7 keys to select the desired Paxameter file and press
ENTER.

Storing a Parameter File

It is recommended that you complete a measurement before storing
the Parameter file. Completing the measurement ensures that all of the
entered parameters are correct. Also, storing the Parameter file after the
measurement has been completed ensures that the correct calibration
constants are stored as well.
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1. From the Main Menu, select File System,

2. Select Store File.

3. Type the file name and the extension .peM.

NOTE

To store a file from a disk drive or subdirectory other than
the one from which the software is being run, precede the
file name with the drive designation and/or the directory,
for example, A:\FILES\DEFAULT.PRH,

4, Press ENTER,

Deleting a Parameter File
1. From the Main Menu, select File Systemn.

2. Select Remove File.

3. Type the name of the file to be deleted and the extension .PRM.

NOTE

To delete a file from a disk drive or subdirectory other than
the one from which the software is being run, precede
the path definition with the drive designation and/or the
directory, for example, A: \FILES\PEFAULT.PRM.

Parameter Files
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4. Press ENTER.
The system will ask you if you want to delete the file.

5. Press Y to delete it.

NOTE

For additional information about managing files, refer to
your MS-DOSR) Marmals.
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Graphic Functions 3

Introduction

The HP 3048A has a number of graphic functions that allow you to
manipulate the results of your phase noise measurements. Each graphic
function and its limitations are described in the following pages. (Also,
refer to chapter 4, Manipulate Results for further information on how to
modify phase-noise measurement results.)

Define Graph
Graph of Results

Cmit Spurs
System Configuration -

Plotter Pens
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Define Graph

The Define Graph window with example data is shown in figure 3-2.

Main Menu

— Deflne Graph

Title [HPIO48A DEMO: 10 MHz "A"™ vz. 10 MHz "B"
Minimum X Coordinate
Maximum X Coordinate
Maximum Y Coordinate
Minimum Y Coordinate

-—— Press Fl to Salect Graph Type

Single Sideband Phase Noise (dBa/HEZ)

Fhase Modulation Spectral Density (dB/Hz)

FM Spectral Density (Hz/Sqrt(Hz))

spectral Density of Fract. Freg. Fluctuations (1/Sgre{Hz))
Noise Figure For 2-Fort Devices

Figure 3-1. Define Graph Window

Introduction
The Define Graph window allows you to specify characteristics for the

Graph of Results, Graph title, minimum/maximum X and Y-axis range,
and graph type are defined in this window.
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Define Graph Characteristics

Title: You may enter a title for the Graph of Results (up to 58 characters
long).

Minimum X Coordinate: This specifies the start value (frequency) for the
X axis on the graph. The acceptable limits are 1T.E—3 Hz. to 1.E+9 Hz.
This value must be less than the Maximum X coordinate.

Maximum X Coordinate: This specifies the stop frequency for the X axis
on the graph, The acceptable limits are 1.E—3 Hz. to 1.E+9 Hz. This
value must be greater than the Minimum X coordinate.

Minimum Y Coordinate: This specifies the upper limit of the Y axis. Units
for the Y axis are determined by the Graph Type selected. This value
must be less than the Maximum Y coordinate.

Maximum Y Coordinate: This specifies the lower limit of the Y axis. Units

for the Y axis are determined by the Graph Type selected. This entry
must be greater than the Minicoum Y coordinate.
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Graph Type (Other than AM Baseband Noise): You may spécify the data
type in which the measurement results are displayed.

3-4

Single-sideband phase noise (dB¢/Hz). The HP 3048A calculates
L(fy= ﬁ‘@, and plots the results in dBe.
Phase Modulation Spectral Density (d B/ H z). The HP 3048A calculates

S4(f) = S4(f), and plots the results in dB with respect to 1 radian
(Radians, and Degrees).

FM Spectral Density (Hz/+/ Hz). The HP 3048A calculates S.(f) =
Se(fy = f ?, and plots the results in Hz (Residual EM).

Spectral Density of Fractional Frequency Fluctuations (1 /v Hz). The

HP 30484 calculates Sy(f) = S4(f) x (L )* (where v, = carrier
frequency), and plots the results without units.

Noise Figure for 2-Port Devices. The HP 3048A calculates the noise
figure (NF) = 54(f) + 174 + Pin, and plots the results as dB/Hz.
Pin is the input power listed in the Manipulate Results display under
Input Pwr (Noise Figure).

NOTE

Graph characteristics can be changed to display all or part
of the measurement results by modifying the X and Y
coordinates entered in the Define Graph window.
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Graph of Results

HP3048A DEMO: t0 MHz "A" vs. 10 MHz "B"
@ [HP1 3048A Carrier: 10.E+6 Hz 9/D6/50 14:4d: 15 - 14:46:31

- T L T T 1 T T
-10
-20 " " >
=40
-850
-40
=70 ! ' .
T OO0 GOSN OO SO0 VPO SRR
-50 : '
-100

Lid i iedr i i iriniedant

iririd

L(§) [dBe/Hzl vs. flHz]

Figure 3-2. Example Graph of Results
Introduction

Select Graph of Results to display measurement results on the computer.

Displayed results may then be printed by pressing the softkey, or
modified by selecting the Define Graph window.

Other modifications to the Graph of Results can be made by selecting the
Graph window. Press the (menu) key to access four graph functions:

O » Marker

» New Graticule
» Plot Data
+ Omit Spurs

Graph of Results  3-5




Marker

This function allows you to read frequency and amplitude of the dis-

played noise or spur level at a discrete point, Access this function as
follows:

1. After measurement results are plotted on the Graph of Results display,
press the [E key to reveal the Graph window.

2. Select Marker,

3. The marker “+” appears at the upper-left slope of the measurement
results. Use the following keys to move the marker:

a. Left/right arrow keys move the marker in 1 point increments.

b. Up/down arrow keys move the marker in 1 segments.

¢. Page up/down keys move the marker in whole segments.

NOTE

Segments are defined in the Advanced Functions window,

4. Frequency and amplitude of the marker is monitored at the bottom
of the display. (To remove the marker, press the key.)
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Marker Resolution

Marker’s resolution is a function of the measurement span defined in
the Advanced Functions window by selecting the FFT Segments and HF
Segments tables. Because each span for a particular analyzer contains the
same number of data points, narrower spans provide better resolution
than do wider spans, Table 3-1 lists the number of data points per span
for supported analyzers.

Table 3-1. Data Points for Determining Marker Resolution

Data Paints Per

Madel Frequency Span

HF 3561A 401
HF 3585A/B 1001
HP 8566A/B 101
HF 8568A/B 1001
HP 71000 1001
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New Graticule

This function draws a new graticule on the computer according to the
coordinates set up in the Define Graph window. If any Noise Spec Lines
have been defined, they will appear on the new graticule, Access this
function as follows:

1. Select Graph of Results.
2. Press the | M [ key to reveal the Graph window.

NOTE

Any displayed measurement results are deleted when the
New Graticule function is used.

3. Select the New Graticule entry. New measurement results may then
be plotted on the computer screen,

Plot Data

This function plots measurement-result data onto the Graph of Results
display. (A hardcopy of the measurement results is printed when you
press the softkey.) More than one set of measurement results may
be plotted on the display. Access this function as follows:

1. Select Graph of Results.

2. Press the key to reveal the Graph window.
Y 4

3. Select the Plot Data entry. The measurement results are plotted onto
the Graph of Results display.

- Multiple noise traces may be plotted on the same graticule by
repeatedly loading measurement results from the disk and invoking
the Plof Data function, or by selecting a new graph type in the Define
Graph window.
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Table 8-5. Status Messages (8 of 11)

Selecting the ENA.,. The HF 3048A is determining if the Low Noise Amplifier is required.

Setting up measurement configuration... The HP 3048A is configuring the instruments
and/or the HP 11B4BA internal paths for the measurement,

Solving for (Osc unknown)... The HP 304BA is computing the noise of a source.

Solving for Osc_A,B,or C...The HP 3048A is computing the noise of each of the sources.

Span too narrow, Cannot integrate... The specified Range of Integration is not great
enough to span a bin of the noise trace.

Action: Increase the specified Range of Integration.
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Manipulate Results 4

Introduction

The HP 3048A has a number of functions to help you interpret your phase
noise measurements. These functions are derived from the data currently
in memmory. (Refer to Chapter 3, Graphic Functions for further information
about modifying phase noise results,

Result Files

Noise 5pec Lines

List of Spurs

Parameter Summary
Sigma vs. Tau

Trace Integration

3 and 2 Ose¢. Comparison
Carrier Freq. Scaling

Input Pwr (Noise Figure)
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Result Files

An example listing of result files is shown in Agure 4-1.

Main Menu
[__Typelﬂange of Measurament
== Directory

HPTESTZ21.RES 11/02/90 gP TEST BE62/63 V5 B662/63 ABSOLUTE NOISE @ 1270
I8610NLY.RES | 11/02/90 | HP 3561a Only Open Input

FMDISCR, RES 11/02/90 FM Discriminator Measurement of HP 86633

BM.RES 11/02/90 AM Detector Measurement of HP 866334

62AVEUTC.RES 11/02/90 HPAG6E3IA ZE45R02301 VS HPBE62C 2603A01819 TEST103
62ZBVSUUT.RES 11/02/890 HPAGG2A 2645A02301 V5 HPBGE63A 2603A016209 TESTLOZ
62BV3G6ZA.RES 11/02/90 HPBEE2ZA 2645A02301 VS HPHE62ZA 2603A01828 TEST101
DEFAULT.RES 11/02/90 HP3048A DEMO: 10 MHz “"AY wvs. 10 MHz "B"

Figure 4-1. Example Result Files

Introduction to Result Files
Result files contain data from a completed noise measurement or com-

putation, and the associated Parameter Summary. Result files are accessed
trom the File Syster menu,
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Description of the Result Files

Always store Result files whenever a permanent record of the results of
a measurement is required, for example, when verifying of performance
tests during calibration, or when performing a “3 Oscillator Comparison.”

The File System

Each file that is stored has a name and a corresponding title.

e The file xame is used to store, load, or delete files. File names are
Jimited to eight characters and must have the extension .RES. An
example name is DEFAULT . RES,

o The file tifle allows you to provide a description of a file’s contents.
The title is entered in the Define Graph menu, and appears at the top of
the Graph of Results. Titles are limited to 55 characters. An example
title is HP3048A DEMO: 10 MHz “A" vs, 10 MHz "B".

Result Files Shipped with the HP 3048A Option 301

When the HP 3048A Option 301 is shipped, it includes the following
result files.

s DEFAULT.RES contains phase noise measurement data for the inter-
nal 10 MHz sources of the HP 11848A, 10 MMz “A” vs. 10 MHz “B”.
This file provides data for experimentation with the Manipulate Results
functions.

o LASTMEAS.RES contains the results from the last successfully com-
pleted measurement. It is automatically updated after each successful
measurement and is automatically loaded each time the HP 3048A
Option 301 software is booted-up. (If this file is not present, the
HIP 3048A will load the file named DEFAULT . RES.)

Result Files  4-3




How to Manage Resuit Files

Loading a Result File

1. From the Main Menu, select File System.
2. Select Load File.

3. Define the path by typing *.RES.

NOTE

To load a file from a disk drive or subdirectory other than
the one from which the software is being run, precede
the path definition with the drive designation and/or the
directory, for example, A:\FILES\*.RES.

4. Usethe A 7 keys to select the desired Result file and press ENTER. Q

Storing a Result File
1. From the Main Menu, select File System.
2. Select Store File.

3. Type the file name and the extension .RES, and press ENTER.

NOTE

To store a file from a disk drive or subdirectory other than
the one from which the software is being run, precede the
file name with the drive designation and/or the directory,
for example, &:\FILES\DEFAULT .RES.
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Deleting a Result File
1. From the Main Menu, select File System.

m 2. Select Remove File.
3. Type the name of the file to be deleted and the extension .RES.

NOTE

To delete a file from a disk drive or subdirectory other than
the one from which the software is being run, precede
the path definition with the drive designation and/or the
directory, for example, &: \FILES\DEFAULT . RES,

4. Press ENTER.

The system will ask you if you want to delete the file.
5. Press Y to delete it.

NOTE

For additional information about managing files, refer to
your MS-DOS?) Manuals.
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Noise Spec Lines

The Noise Spec Lines window is shown in figure 4-2. This window allows
you to place up to 15 specification limit-lines on the Graph of Results for J
visual reference. we

‘z Neoise Spec Lines
x1 (Hz) yl {dBg/Hz) xZ (HZ) y2 (dB¢/Hz)

=30 100.E+3 =80

N
D Lo B O DO~ L e B
it e

Figure 4-2. Noise Spec Lines Window

Placing Specification Lines on the Graph of Results

For example, to draw a line on the Graph of Results that starts —30 dBe
at 10 Hz, and ends —80 dBc at 1 kFlz, you would enter the parameters
shown in figure 4-2.
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List of Spurs

The List of Spurs window with example test Result data is shown in
figure 4-3. Notice the frequency and amplitude of each identifed spur,

~— Main Menu

Typa/Rang — Manipulate Results
Parameter
Calibrati

Noize Sper= Lizt of Spurs

Instrumen
Dafine Gr
New Measuy
Repeat Me
Graph of
Manipulat
Bystam Co

List of 8§
Parameter
Sigma vs.
Trace Int
Zand 3 O
Carrier F
Input Pwr

Freg. (Hz)

Ampl.

(dBc)

18]
120
1a¢
240

-102.6
=118.08
-113.8
-127.04

Advanced 360
File Syst‘:— 420 -129.78
Quit 480 -135.16
540 =137.96
860 -140.24

~132.26

Fl -~ List To Printer

Figure 4-3. List of Spurs Window

The List of Spurs contains the frequency and amplitude values of up to

200 spurs which can be listed to a printer by pressing the softkey. The
HP 3048A marks all detected spurs (which can be re-definied to appear on
the computer screen in another color by using the Plotter Pens window
unider System Configuration).

The criteria for marking spurs is a function of the measurement BW
and how much the spur projects out of the noise. For offset frequencies

<100 kHz, the amount a spur must project above the noise level to
be marked as a spur is a function of the number of averages taken. All
marked spurs are displayed at their true level. Only the marked spurs
are shown in the List of Spurs. Table 4-1 shows how much a spur must
project out of the noise to be marked.
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Tahle 4-1. HP 3048A Spur Marking Criteria

Required Amount Spur
Must Project Qut of
Naise to be Marked

Offset Number of
Fregquency Averages

=4 30 dB

410 <8 17 dB
01 Hz to 100 kHz

810 <30 12 dB

>30 6 dB

=100 kHz to 40 MHz NA 4 dB

Considerations for the List of Spurs

There can be a maximum of 200 spurs listed, all are between the start
and stop measurement range, If more than 200 spurs occur within this

range, the measurement should be reduced to a subset of the initial
measurement range.

4-8 List of Spurs




Parameter Summary

Main Menu

—= Paramater Summary

Meaz. Type FHASE LOCK LOOF K_VC0O Method: MEASURED
S5tart Freg 10 Hz

S5top Freg 100.E+3 H=z K_veo r 114.8 Hz/ Velt
Min. Aves : 4 Loop Suppr. : VERIFIED

Carrier Freg: 10.E+6 Hz Clogd PLL BW: 123.5 Hz

Det. In Freg: 10.0005E+5 Hz Fk Tuna Rnga: 222.3 HzZ

Entered Kvco: 100 Hz Aszumed Pole: L.B21lE+3 Hz

Center voltg: 0 Volts uUuT + 10 MHz fAf, SY¥5, VCO
Tune Range : 2 Volts Ref. Srce : 10 MHz ‘Bf, S8YS

Ph. Detector: 5 T0 1600 MHz Ext. Tmbase : NOT IN USE

K_phi Method: MEASURED Dn Converter: NOT IN USE

K_phi : 269.5B=3 V/Rad HP1L1848A LNA: IN

Fl= List To Printer

Figure 4-4. Parameter Summary Window

Introduction

The Parameter Summary window shown in figure 4-4 lists parameters
defined for a measurement.

The Parameter Summary is automatically stored and recalled with the
Result fle, It is recommended that you include a hard copy of the
Parameter Summary with every graph that you output to help evaluate
the measurement results; press the softkey to list the Parameter
Summary to the printer.
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Parameter Entry Descriptions

The following pages give a brief description of each entry in the Parametér
Summary window.

Meas. Type: This parameter identifies the Measurement Type defined
in the Type/Range of Measurement window. The Measurement Type deter-
mines which calibration methods are available and the parameters that
are required.

Start Freq: This parameter is the minimum offset frequency defined
for the measurement in the Type/Range of Measurement window. This
frequency is not necessarily the minimum frequency that is plotted on
the Graph of Results. The minimum plotted frequency is set in the Define
Graph window.

Stop Freq: This parameter is the maximum offset frequency defined
for the measurement in the Type/Range of Measurement window. This
frequency is not necessarily the maximum frequency that is plotted on
the Graph of Results. The maximun plotted frequency is set in the Define
Graph window.

Min. Aves: This is the minimum number of measurement averages
used for the FFT Segments during the measurement. The smoothing of
measured data within the FFT Segments is proportional to the square
root of the number of averages. For instance, increasing the muwmber of
averages by a factor of 4 causes the results displayed on the graph to be
smoothed by a factor of 2.

The FFT Segment table also specifies the minimum number of averages
for each segment based on measurement time vs. computation time and
plot time. The number of averages used by the system for a particilar
segment is the greater of the two specified minitnum average values.
(Smmoothing for RF Analyzer segments is a function of the Video BW
specified in the HF Segment table.)
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Carrier Freq: The Carrier Frequency is used only for labeling the Graph of
Results, and for the calculation of S,(f) and oy (r) when the HP 11729C
Down Converter is not being used.

If the Down Converter is defined to be under System Control in the
Instrument Control Diagram, the Carrier Frequency is used to select
the proper HP 11729C band as specified in the System Configuration,
Instrument Address table. The HP 3048A also determines the correct
IF frequency out of the Down Converter as determined by the Carrier
Frequency and HP 11729C band setting.

Det. In Freq: This is the input frequency to the phase detector as
defined for the measurement. It is normally the same value as the Carrier
Frequency when a Down Converter is not being used.

If a Down Converter is being used for the measurement, the Detector In-
put Frequency is the IF output frequency from the Down Converter. The
Detector Input Frequency determines which phase detector can be used.
At frequencies between 1.2 and 1.6 GHz, either of the internal phase de-
tectors can be used, If the Detector Input Frequency is <95 MHz, then
the 2 MHz LPF is enabled after the phase detector and the maximum
offset frequency that can be measured is 2 MHz.

Entered Kvco: This is the VCO Tune Constant defined for the measure-
ment in the Parameters window. The tune constant must be estimated to
within a factor of 2 of the actual value to optimize the measurement when
the HP 3048A is configured to measure the VCO Tune Constant.

If the Calibration Technique, Calculate from Expected Tune Constant is
selected, the entry must be accurate to within + 5% (with respect to the
voltage applied to the tune port of the VCO). The VCO tune port input
resistance is accounted for in a separate entry.
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Center Voltg: This is the voltage defined for tuning the VCO to the
center of its tuning curve, or to the carrier frequency desired for the
measurement. The value of the Center Voltage determines the range of
the Tune Voltage possible.
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Figure 4-5. HP 3048A Tune Range of VCO Limits Relalive to
the Center Voltage of the VCO Tune Curve,

Tune Range: This is the defined Tune Range of VCO through which
the test system may tune the VCO around the Center Voltage. The VCO
output must not change in amplitude by greater than 1 dB, show any
reversal in frequency tuning, or be susceptible to damage within the
defined Tune Range around the Center Voltage.
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For the HP 3048A to measure the VCO Tune Constant accurately, the
VCO must tune monotonically across + 45% of the Tune Range of VCO
around the Center Voltage, and the slope must not go to zero. If the VCO
Tune Constant is not measured by the test systemn, the VCO must tune
to within + 10% of the Tune Range of VCO around the Center Voltage
using the defined VCO Tune Constant.

To protect the VCO from possible damage, the Tune Voltage output port
should not be connected to the VCO’s input port until the Instrument
Control diagram is displayed,

Ph. Detector: This is the Phase Detector that was selected for the
measurement. (For AM and Baseband Noise measurements, the External
Phase/AM Detector must be selected in the Parameters window,)

K_phi Method: This is the calibration method selected for determining
the phase Detector Constant. (For descriptions of each method for
determining the phase Detector Constant, refer to Calibration Technigue
in chapter 2 Measurement Definitions.)

K_phi: This is the phase Detector Constant (sensitivity of the phase
detector) used for the measurement. The accuracy of the phase Detector
Constant is verified if the PLL suppression is verified. The accuracy
of the phase Detector Constant determines the accuracy of the noise
mneasurement.

The phase Detector Constant value, along with the Low Noise Amplifier
(LNA) In/Out parameter, determines the HP 3048A System noise floor
exclusive of the reference source. The phase Detector Constant can be
used to approximate the phase detector's R port input level (refer to
graph 1 Approximate HP 3048A Phase Noise Floor vs. R Port Signal Level in
chapter 7, Quick Reference).
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K_VCQ Method: This is the calibration method selected for determining
the VCO Tune Constant. If “Measure the Tune Constant” is selected,
the VCO Tune Constant is accurately measured by the test system. If the
Tune Constant is not measired, then it is recommended that either the
PLL Suppression is verified, the VCO is a calibrated source, or that the
Turne Constant has been verified in a previous measurement.

K_veco: This is the VCO Tune Constant the test system uses for the
measurement. The accuracy of the VCO Tune Constant determines the
accuracy of the PLL noise measurement for offset frequencies greater than
or equal to the phase lock loop bandwidth. The accuracy of the VCO
Tune Constant is verified if the PLL Suppression is Verified. The VCO
Tune Constant times the Tune Range of VCO determines the Peak Tune
Range (PTR) value for the measurement, The PTR sets the drift tracking
and close-in noise suppression capabilities of the test system.

Loop Suppr: This indicates whether or not the Phase Lock Loop (PLL)
Suppression was verifted. The PLL Suppression verification shows the
accuracy of the phase Detector Constant and VCO Tune Constant.

For all PLL measurements, the test system generates a theoretical loop
suppression correction and applies it to the measured noise data. When
verification of the loop suppression is selected, the test system measures
the suppression of the phase lock loop and compares the measured
suppression to the theoretical suppression. By adjusting the PTR and
the Assumed Pole, the theoretical suppression is fit to the measured
loop suppression. If a significant modification is required, the HP 3048A
notifies you of an Accuracy Specification Degradation.

Acc’y Spec Degrad: This parameter only appears when Verification of the
Loop Suppression is selected and when the theoretical loop suppression
must be modified beyond acceptable limits to match it to the measured
loop suppression. If the indicated Accuracy Specification Degradation
is greater than zero, the VCO Tune Constant or the phase Detector
Constant is in error at an offset frequency near the PLL BW, or some
other problem is effecting the PLL BW, such as injection locking.
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Without specific information about the source of the problem, it should be
assumed that the accuracy specification for the Graph of Results at all off-
sets has been degraded by the Accuracy Specification Degradation value.
That is to say, the specified accuracy of the HP 3048A becornes +(2 dB
+ the Accuracy Specification Degradation) for frequencies of 0.001 Hz to
1 MHz, and £(4 dB + Accuracy Specification Degradation) for frequen-
cies from greater than 1 MHz to 40 MHz. To minimize an Accuracy Spec-
ification Degradation, identify and eliminate the probable cause, then
initiate a New Measurement with Loop Suppression Verification selected.

Closd PLL BW: This is the predicted Phase Lock Loop Bandwidth (PLL
BW) for the measurement. The predicted PLL BW is based on the
predicted Peak Tuning Range (PTR) as shown in figure 4-6. (Note that
the predicted PLL BW value is not adjusted when the PTR is adjusted as
a result of an Accuracy Specification Degradation.)
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Figure 4~6. Phase Lock Loop Bandwidth Relative 1o the Peak Tuning Range.
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Pk Tune Rnge: Thisis the Peak Tuning Range (PTR) for the measurement
determined from the VCO Tune Constant and the Tune Range of VCO,
This is the key parameter in determining the PLL properties, the Drift
Tracking Range, and the ability to phase lock sources with high close in
noise.

The PTR value displayed should be approximately equal to the product
of the VCO Tune Constant times the Tune Range of VCO. This will
not be the case when a significant Accuracy Specification Degradation,
is detected ( > 4 dB) by the Loop Suppression Verification. For Accuracy
Specification Degradations of >4 dB, the PTR and Assumed Pole are
adjusted when the theoretical loop suppression is fit to the smoothed
measured Loop Suppression. In these cases, the test system displays the
adjusted PTR.

Any time the PTR must be adjusted by more than 1 dB (as indicated
by an Accuracy Specification Degradation of greater than 0 dB) it is an
indication that the phase Detector Constant or the VCO Tune Constant
will be in error at frequency offsets near the PLL BW, or that the PLL BW
is being affected by some other problem such as injection locking.

Assumed Pole: This is the frequency of the Assumed Pole required to
adjust the theoretical loop suppression to match the stmoothed measured
Loop Suppression. The Assumed Pole frequency is normally much
greater than the PLL BW.

If the Assumed Pole is adjuisted to a frequency of less than 10 x PLL BW,
peaking in the PLL suppression is indicated. For PLL BWs less than
20 kHz, an Assumed Pole of less than 10 x PLL BW indicates a delay
or phase shift in the VCO Tune Port. For PLL BWs greater than 20 kHz,
the Assumed Pole may be adjusted to less than 10 x PLL BW to account
for phase shifts in the HP 118484,
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UUT: This indicates the device defined as the UUT for the measurement,
and how it is being controlled. The UUT cannot be one of the sources
listed in the Instrument Address table. You may, however, select one of
the HP 11848A internal sources as the UUT.

Ref. Srce: This indicates the device defined as the Reference Source for
the measurement, whether or not it is the VCO, and how it is being
controlled.

Ext, Tmbase: Thisindicates whether or not an External Timebase is being
used, and whether it is the VCO for the measurement. (Note that the
HP 11848A 10 MHz A and 10 MHz B internal sources can only be operated
under system control.)

Dn Converter:  This indicates whether or not a Down Converter is being
used in the measurement. If the Down Converter being used is an
HP 11729C, an indication is made as to whether it is under system or
manual control.
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HP11848A LNA: This indicates the state of the Low Noise Amplifier
(LNA) on the HY 11848A Phase Noise Interface. The LNA is conhgured
either In or Qut depending on the output-power level of the phase
detector. Along with the phase Detector Constant, the LNA configuration w

(In or Qut) determines the HP 3048A System Noise Floor, exclusive of the
reference source,

Constant

K@ (¥/rad)

Detector

5 .02
=120 =130 -140 -—-150 ~160 -170 ~180

L Fort Signal Level . U
Approximate Phase Noise Floor (dBc/Hz)
f= 10 kHz

Figure 4=7. HP 3048A Noige Floor Relative to the Phase
Detector Constant and LNA Confiquration
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Figure 4-8. Sigma vs. Tau Window

“ Introduction

The Sigma vs. Tau function calculates fractional frequency deviation (o)
as a function of averaging time or measurement time (7) over the range
of 7 permitted by the available phase noise data. This function also
calculates the time jitter over the time interval (7). These calculations
require that parameters N, T, and f;, (cutoff frequency) be specified.

s N is the number of frequency averages used to compute the mean
frequency for the calculation of o.

o T is the total time period (dwell plus samples).

s 7 (tau) is the averaging time selected (sample time, measurement
time).

“ e Cutoff Fr. (f,) is the measurement system bandwidth.
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Allan Variance is the fractional frequency deviation versus the averaging
time when N = 2 and T = 7. This section describes the process used
by the HP 3048A to calculate the Allan Variance.

Softkey Descriptions
List to Printer: Press the softkey to print a hard copy of the results.

y/(Allan Var): Press the| F3 | softkey to calculate v/Allan Var when r and
fy, are specified, N is set equal to 2 and T is set equal to T automatically,

*Omit Spurs: Press the softkey to calculate /Allan Var excluding
the spur contributions for the specified entries.

Plot: Pressthe|F7 |softkey to plot the calculated / Allan Var on a Sigma

versus Tau graph. While the graph is displayed, press the softkey
again to plot the time jitter versus Tau graph. The softeky can be used

to switch between the two graphs. Press to return to the Sigma
vs. Tau window.
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Description of Sigma vs. Tau and Time Jitter

The following equations define fractional frequency deviation versus
averaging time.
1 N

— 1N _
(N, T = {—— SV, - =Y 7)?
g_j( 3 aT:fh) N__lh:l( h N’; k)

frn = noise bandwidth
Y= AV/UO = fractional frequency deviation

< > = infinite time average

Y, = average frequency over Kth time interval of length T (as would be determined
by a high resclution counter) = 1o tekT Y(1)dt = (txtr) 2(tx)

T Jty PETT
The following equation defines Time Jitter.

Time jitter = vV AllanVariance x 7
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Allan Variance !

David Allan of the National Buréau of Standards (now the National
Institute of Standards and Technology) recognized that o %(7) is also a
function of N and T for some noise processes. Therefore, he proposed
the following:

Let N=2, T = 1, Allan Variance = 03(2, 77 ) = 0'3(1', )

— 2
(o2(r, i) = (Fh =Y

Cutler? has shown that:

(2, T, 7, ) = s S Sy SR 1 - Sl o

where : Sy(f) = —,,L:rscb(f)

D. W. Ailarn, “Statistics of atomic frequency standards,” Proc. IEEE, vol. 54, pp. 221-230,
February 1966.

L. Cutler and C. Searle, “Some aspects of the theory and measurement of frequency
fluctuations in frequency standards,” Proc. IEEE, vol. 54, pp. 135-154, February 1966.
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This equation is numerically integrated in the HP 3048A software.
The lower limit of integration, 0, is replaced by the minimum offset
frequency for which there is data in memory (fmir). Because arbitrarily
low frequency data is not available, the maximum possible 7 for which

o(r, fr) can be computed is Tar = _Sfrlm_

The upper limit of integration (f3) is specified by the user based on the
actual bandwidth of the system in which he tests or uses the particular
device for which oy (7) is being calculated.

Depending on the dominant slope of the phase noise at offsets 1 decade
above and below 51;, the maximum value of 7 for which an accurate
computation of ¢ can be made and can be chosen as shown in table 4-2.

Table 4-2. Siope versus Maximum Tau

Description Slope of L( f) Maximum 7 for
or So(f) data 10 fmin

—50 dB/decade

Random Walk Freq. | —40 dB/decade N
lofmin

Flicker Frequency —30 dB/decade e
Sfmin

White Frequency —20 dB/decade < e

Sfmin

Flicker Phase —10 dB/decade < e As appropriate* * *

5fmt'n.

White Phase 0 dB/decade < L As appropriate™**
- Sfmin

* Calcutation not recommended. Will not be accurate unless there is a region of shallower
siope below the 50 dB/decade region.

> Systemn Default.

*** For White Phase and Flicker Phase which depend on fh, the user must specify the graph
output vatue.
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NOTE

Frequency f; is specified as the measurement system
bandwidth to minimize computation time. You may wish
to determine the smallest f; for a given 7 that will provide
accurate results.

Confidence Check on an HP 3048A Calculation of o,(7)
Table 4-3 shows the relationship of £{f) to Allan Variance for a power

low-noise process. Using this table, an estimate of o,(7) can be made
directly from a phase noise plot.

Table 4-3. Relation of L£(f) to Allan Variance

Description Slope of £(f) oy(r) =
(dB/decade)

White Phase 0 %fégﬁ{h ot

\/L(f)f (21884 tn(nr))
Flicker Phase ~10 7 EE50, T

White Freguency —20 VEUM? -4

Yo

1.665~/L(f)f3 -0

Yo

Flicker Frequency -30

Random Walk Freq. —40 3E3ENI %

Vo

T =measurement time, y = Av/v,, v, = carrier frequency, f = modulation rate
or offset frequency, f;, = noise bandwidth.
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Trace Integration
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Figure 4-9. Trace Integration

Introduction

The Trace Integration function integrates the selected noise type between
specified start and stop frequencies resulting in the Integrated Noise or
the rms modulation in a frequency band.

The HP 3048A computes the value of the definite integral between two
specified frequencies provided continuous data exists between those fre-
quencies. The integration is computed on the noise data currently in
memory. The computation is only as accurate as the measurement data
being evaluated. (The Evaluating the Results chapter of the HP 3048A Op-
tiont 301 Operating Manual provides help in verifying your measurement
results.

The Trace Integration function allows you to include or omit the detected
spurs in the calculation, Detected spurs are not integrated as noise, but
they are included in the calculation as discrete power additions.
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Softkey Descriptions

List to Printer: Press the softkey to print a hard copy of the Definite
Integral Results,

Evaluate: Press the softkey to initiate the Definite Integral solution.

*Omit Spurs: Press the softkey to initiate the Definite Integral
solution without the addition of the spuxs. This will solve for noise power
and will not include the contribution of marked spurs. The results will
be preceded by an asterisk (*).

Data Type: Pressthe softkey to select the result type for the Definite
Integral.

Parameter Entry Descriptions

Data Type
Data types depend on the Measurement Type defined in the Type/Range

of Measurement menu.

Phase Noise
L{f): Single-sideband phase noise. Selecting £(f) instructs the
system to solve [ J{Z §_ﬂig_). df in dBc.

Spectral density of phase fluctuations. Selecting Sg{f) in-
structs the system to solve f fff S4(f) df in dB with respect
to 1 radian, radians, and degrees.
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AM Noise
M(f):

Spectral density of frequency fluctuations. Selecting S, ( f)
instructs the system to solve f fff Ss(f) % f2 df in Ha
{Residual FM).

Spectral density of fractional frequency fluctuations.
Selecting S,(f) instructs the system to solve

/ ;12 Ss(f) > (;% )2 df (without units), where v is the car-
rier frequency.

Single-sideband AM noise. Selecting M(f) instructs the
system to solve [ 1{2 M(f) df in dBc.

Baseband Noise

So(f):

Spectral density of noise voltage in dB with respect to 1 Volt.

Selecting 5,( f) instructs the system to solve [ J‘; 25.(f) df
in dBv.

Start Freq. (in Hz)

The system allows you to enter a start frequency within the range of the
measured data.

Stop Freq. (in (Hz)

The system allows you to enter a stop frequency within the range of the
measured data.
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Description

How Does the HP 3048A Compute Integrated Noise?

The software routine begins by storing the marked spurs within the spec-
ified start and stop frequency range. The marked spurs are then removed
from the noise data. (A linear connection is made between the data points
in the area where each spur was removed.) The remaining measured
noise data is converted to noise power and integrated between the spec-
ified start and stop frequencies. When the integration is complete, the
marked spurs are added to the integrated noise as discrete powers. The
Definite Integral sohation is then displayed for the Data Type selected.
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The Definite Integral Value is computed by the HP 3048A using the
following summation:

b
ZGpower(f,-) X HZ/BE?"L

i=a

fi = frequency from ‘a’ (start) to ‘b’ (stop)

Bin = Anglyzer span resolution.

Sa )
1071
Gpower(f,) = |: 5 ] for L(f).

Sallfi)
= [10 10 } for Sgp(f).
[mfff«f_') % f}] for Su(f).

i X (mf—;_)z] for Sy(f).

carrier freg.

-10}\_{1('011] for M{f).

'105"%&] for Su(f).
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Considerations for Trace Integration

If the following contitions are not met, the system will display the
message Unable to calenlata.

# There must be measurement result data in memory for the system
to solve the Definite Integral.

s Any gaps (missing data) between the specified start and stop
frequencies will prevent the system from solving the Definite
Integral. The system cannot solve the Definite Integral over
non-contiguous data.

» The start and stop frequencies must both be entered and within
the measurement data’s range.

¢ The stop frequency must be at greater than the start frequency.
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Figure 4-10. 3 and 2 Oscillator Comparison Window

3 Oscillator Comparison

The 3 Oscillator Comparison determines noise level for each of three
similar sources or devices. This comparison is useful when a reference
source with a known lower noise level is not available for a direct
comparison and is the only practical way to determine the exact noise
level of state-of-the-art sources.
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Description

The 3 Oscillator Comparison computes the noise level of three sepa-
rate devices by measuring them in pairs (A vs. B, A vs. C, and
then B vs. C). To achieve accurate results, cach of the three mea-
surements must be performed under the same conditions (frequency,
measurement range, and segment definition). The test system com-
putes the noise level of each device by comparing and analyzing the
measurement results for each of the three noise measurements. The
HP 3048A stores the computed noise level for each of the three devices
in separate Result files.

The following expressions are used to evaluate the three devices.

Avs B=X X = The results of device A vs. B without spurs.
Avs. C=Y Y = The results of device A vs. C without spurs.
Bvs.C=14 Z = The results of device B vs. C without spurs,

Therefore:

A={X+Y-7Z)2 Noise of Qsc A = The result of device A only.
B=(X+2Z-Y)/2 Noise of Ose B = The result of device B only.
C=(Y+Z-X)/2 Noise of Osc C = The result of device C only.

Measurement Uncertainty

To insure accurate results, the noise levels of the three devices should
be within 3 to 6 dB of each other at the frequency offsets of interest,
Computation uncertainty increases when the phase noise differs by more
than 3 dB between the three devices. A minimum of 20 averages, defined
in the Type/Range of Measurement menu, is recommended when making
the noise measurements. A good test to use for verifying the validity of
the noise measurements before performing the 3 Oscillator Comparison
is to check that the combined level of the two lowest measurements is
greater than or equal to the level of the highest measurement.
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Parameter Entry Descriptions

” Source Files for Computation

Main Menu

Type/Rang Manipulate Results
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* Uged only for Z Oscillator comparisen.
** Usad only for 3 Oszeillator comparison.

Figure 4-11. Source Files for Computation Window

Known noise of Osc¢ A: This parameter is not used for 3 Oscillator
Comparisor.

Noise of A vs. B. . .: Fllename of the A device vs. B device Result file.
Noise of A vs. C...: Filename of the A device vs. C device Result file.
Noise of B vs. C. . .: Filename of the B device vs. C device Result file,

When +.RES is entered, a window with the list of Result files appears
for your selection. To load a file from a disk drive or sub-directory other
than the one from which the software is being run, precede the file name
with the drive designation and/or the directory. An example of this is
A:\Files\#.RES.
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Destination Files for Results
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Figure 4-12. Destination Files for Results Window

Noise of Osc A: Filename of the Result file to be created for calculated
noise of the A device.
Noise of QOsc B: Filename of the Result file to be created for calculated
noise of the B device.
Noise of Osc C: Filename of the Result Ale to be created for calculated
noise of the C device.

If a duplicate filename exists, you are given the option of overwriting that
file. To store a file to a disk drive or sub-directory other than the one from
which the software is being run, precede the file name with the drive
designation and/or the directory. An example of this is A: \Files\*.RES,
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How to Make a 3 Oscillator Comparison

1.

Measure the noise of the three devices. Measure them in pairs and
store the results in three separate files: A vs. B, Avs. C, and B vs. C.
(Refer to the Result Files section in this chapter for information about
storing result files.)

NOTE

Each of the three noise measurements MUST BE made
with identical measurement parameters (frequency, mea-
surement range, segment definition, and so forth). The cal-

culation cannot be made if the measurement parameters
differ.

. Select the 3 and 2 Oscillator Comparisons functions from the Manip-

ulate Results menu.

3. Select Source Files for Computation.

4. Enter the Result filename for each pair of devices measured. When

entering the filenames, be sure that device “A” in “A vs. B” is the
same device A" as in “A va. C” and o on.

5. Press ESC to return to the previous window.

6. Select Destination Files for Results.

. Enter the filennames of the Result files to be created for the calculated

noise of each device.
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NOTE

The filename is limited to eight characters and the exten-
sion .RES. It is helpful to associate the device with the
result file name using the serial number; for example,
SER#0001 . RES.

8. Press ESC to return to the previous window.
9. Select 3 Oscillator Comparison.

10. The HP 3048A will now display a message indicating it is performing
the computations.

11. When the computations are complete, select the File Functions menu
to access the Result files.

12. Load the appropriate Result file.

13. Select the Graph of Results menu to display the calculated noise.

Considerations for the 3 Oscillator
Comparison

Unmarked spurs can cause erroneous results for the 3 Oscillator Com-
parison. Marked spurs are automatically stripped out during the compu-
tation, unmarked spurs are not. Unmarked spurs prevent the test sys-
tem from performing a proper subtractiont since spurs cannot be sub-
tracted on a power basis. Observe the measurement results to insure that
a minimum of unmarked spurs are present around the offsets of interest.

The number of unmarked spurs within the measurement can be reduced
by either reducing the measurement bandwidth, or by increasing the
number of averages specified in the Type/Range of Measurement menu and
in the FFT and RF Segment tables.
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2 Oscillator Comparison

The 2 Oscillator Comparison determines the actual noise level of the unit
under test (JUT) by subtracting the known noise level of the reference
device. (This procedure is nearly identical to the 3 Oscillator Comparison,
except that only one measurement from a pair of devices is necessary.)

Description

The 3 Oscillator Comparison must first be done to determine the noise level
of the reference device. Once a known reference level is established, the
HP 3048A subtracts the reference noise from the measurement results.
The 2 Qscillator Comparison is valid only if the Measurement Definition
parameters and the segment table parameters are kept the same for the
Reference device versus the UUT noise measurement as they were when
the Reference device was measured using the 3 Oscillator Comparison.

Measurement Uncertainty

The noise level of the two devices should be within 3 to 6 dB of each other
at the frequency offset of interest. The amount of uncertainty increases
when the phase noise differs by more than 3 dB. Also, a minimum of 20
averages defined in the Type/Range of Measurement menu is recommended
when measuring the devices.
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Parameter Entry Descriptions

Source Files for Computation

Main Menu

Type/Rang Manipulate Regults

Parameter

Calibrati Nolse Spec Lines

Instrumen| List of Spurs

Define Gr| Parameter Summary

New Measu| 8ig 3 and 2 Osc. Comparisons

Repeat Me| Tra I
— Source Files for Computation

Known neise of QOsc A |
Noise of A va. B . . [
Noise of A va. ¢ . . |
Noise of B ve, ¢ ., . |

* Used only for 2 Oscillator comparison.
** Used only for 3 Oacillator comparison.

Figure 4-13. Source Files for Computation Window

Known ngoise of Ose A: Filename of the Result file for the Reference de-
vice with known noise.

Noise of A vs, B .. : Filename of the Reference device with known noise
versus the Unit-Under-Test (UUT)

Noise of A vs. C. . : This parameter is not used for 2 Oscillator Compar-
ison

Noise of B vs. C. . .: This parameter is not used for 2 Oscillator Compar-
150N

When *.RE5 is entered, a window with the list of Result files appears
for your selection. To load a file from a disk drive or sub-directory other
than the one from which the software is being run, precede the file name
with the drive designation and/or the directory. An example of this is
A:\Files\*_ RES,
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Destination Files for Results

— Main Menu

Type/Rang Manipulate Results

Parameter

Calibrati Nolse Spec Lines

Instrumen List of Spurs

Defina Gr Parameter Summary

New Measu| Sig 3 and 2 Osc. Comparisons
Repeat Me Tra

Destination Fileas for Results

Noige of Q3¢ A . . [
Noise of Osc B . . |
Noise of Ozc ¢ . . |

* Used for 2 Oscillator compariseon.

Figure 4-14. Destination Files for Results Window

Noise of Osc A: This parameter is not used for 2 Oscillator Comparison
Noise of Osc B: Filename of the Result file to be created for calculated
noise of the Unit-Under-Test (UUT).

Noise of Os¢ C: This parameter is not used for 2 Oscillator Comparison

If a duplicate filename exists, you are given the option of overwriting that
file. To store a file to a disk drive or sub-directory other than the one from
which the software is being run, precede the file name with the drive
designation and/or the directory. An example of this is A:\Files\* RES.
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How to Make a 2 Oscillator Comparison

1. Measure the Reference device, with known noise, against the UUT
and store the results. (Refer to the Result Files section in this chapter
for information about storing result files. )

NOTE

This noise comparison MUST BE made with identical mea-
surement parameters (frequency, measurement range, seg-
ment definition, and so forth) used in the measurements
to determine the Reference device. The calculation cannot
be made if the measurement parameters differ.

. Select the 3 and 2 Oscillator Comparisons functions from the Manip-
ulate Results menu.

. Select Source Files for Computation. Q‘

4. Enter the Result flename for the Reference device and for the
Reference device versus the UUT.

. Press ESC to return to the previous window.
6. Select Destination Files for Results.

. Enter the filenames of the Result file to be created for the calculated
nwise of tle UUT.

NOTE

The hlename is lirnited to eight characters and the exten-
sion .RES. It is helpful to associate the device with the
result file name using the serial number; for example,
SER#0Q01 .RES.
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8. Press ESC to return to the previous window.
9. Select 2 Oscillator Comparison.

10. The HP 3048A will now display a message indicating it is performing
the computations,

11, When the computations are complete, select the File Functions menu
to access the Result files.

12. Load the appropriate Result file.
13. Select the Graph of Results menu to display the calculated noise.

Considerations for Making a 2 Oscillator
Comparison

Unmarked spurs can cause erroneous results for the 2 Oscillator Com-
parisort. Marked spurs are automatically stripped out during the compu-
tation, unmarked spurs are not. Unmarked spurs prevent the test sys-
tem from performing a proper subtraction since spurs cannot be sub-
tracted on a power basis. Observe the measurement results to insure that
a minimum of unmarked spurs are present around the offsets of interest.

The number of unmarked spurs within the measurement is lowered by
reducing the measurement bandwidth, or by increasing the number of
averages specified in the Type/Range of Mensurement menu and the FFT or
HF Segment tables.

2 Ose. Compar.  4-41




Carrier Frequency Scaling

Main Menu

Type/Rang Manipulate Results
Paramatar

Calibrati| HNoize Spec Lines
Instruman List of Spurs

Carrier Freq. Scaling
[=:cale data to new carrier fregq defined as: 10.E+6 Hz * [

2ystem Co Input Pwr {Noise Figure)
Advanced

File Syst
Quit ,

Figure 4-15. Carrier Frequency Scaling Window

As shown in Agure 4-15, you may enter a value to Scale data to new carrier
freq defined as: The carrier frequency scaling function allows you to plot
results based on frequency changes in the carrier, and to plot the noise
of the measured source to a translated frequency. The catrier frequency
“10.E+6 Hz", in this example, is the defined carrier frequency from the
Parameters menu and is shown on the same line opposite the field for
entering the scale factor. The scale factor can be any number greater than
zero. Entering a factor-of-2 doubles the frequency, a factor-of-3 triples the
frequency, and so on. A number less than one corrésponds to a scaling
to a lower carrier frequency.

Plots made after the scale factor has been entered indicate noise for the
scaled frequency. Noise levels increase for scale factors > 1 and decrease
for factors < 1.
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Input Power (Noise Figure)

— Main Menun

Typa/Rang Manipulate Results
Parameter
Calibrati[ﬂdﬂoise Zpec Lines I
Instrumen| List of 3purs

Input Pwr (Boise Figure)
[=:nput power at amplifier . . . [

System Co Input Pwr (MNoise Figure) I

Advaneed
File 3yst
Quit |

Figure 4-16. Input Power {Noise Figure) Window

As shown in figure 4-16, you may enter a value for the Input power at
amplifier. This value is used to create Noise Figure for 2-Port Device plots.
Enter the power level of the signal entering the unit under test (UUT).

You may need to change the graph scaling in the Define Graph window
to accomunodate for the Noise Figure data. The Noise Figure data is
calculated as follows:

Novse Figure = 55 + 174 dB + Input Power at Ampli fier

OR
Noise Figure = L(f) + 177 dB + Input Power at Ampli frer

(Where S; is the standard data type stored/maintained by the HP 3048A.)
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Advanced Functions 5

Introduction

The Advanced Functions window allows you to manipulate the test system
or to customize a measurement using the extended capabilities provided
by the HP 3048A. These functions are recommended to be used only by
those who understand how the measurement and the test system are
affected. Refer to the following pages for details:

EFT Segments

HF Segments
11848A Control
Real-time Monitor
Measurement Mode
Carrier Type

Spur Accuracy Test
Noise Flatness Test

Internal Noise Floor
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FFT Segments

= FFT Segments
Time

Plotted Range (Bz) Meazured Range (Hz) Min Aves BW (Hz) Rec. (=zeaa)

1 1 0.010 400,000

10 1 0.095 40.000

L00 5 G.955 4.000

500 30 3.819 1.000
1.E+03 30 4.774 Q.800
10.E+03 95.485 0.040
100.E+403 954.850 0.004

10.E-03
1

10

100

500
1.E+03
10.E+403

1

10

100

500
1.E+03
10.E+03
100.E+03

LI T N Y T AR N N Y O A A B |

Figure 5-1. FFT Segments Window

Introduction

Measurement frequency spans or segments for the HP 3561A Dynarnic
Signal Analyzer are defined in the FFT (Fast Fourier Transform) Segment
window, as shown in figure 5-1. The HP 3048A makes measurements by
analyzing one segment of frequency data at a time. Up to 15 segments
can be defined in the segment table. Use the FET Segment table for
frequencies up to 100 kHz, and use the RF Segment table for frequencies
above 100 kHz.
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Description

The Default FFT Segment Table Values

The default FFT Segment table shown if figure 5-1 provides an optimum
set of values for most noise measurements. These values should be
used the first time a new measurement is made to guarantee that any
measurement problems are not due to a re-defined FFT Segment table.

Storing the FFT Segment Table

FFT Gegment table data is stored whenever a Parameter file is stored.
Consequently, whenever a Parameter file is loaded, FFT Segment table
data is set to the values previously stored.

Modifying the FFT Segment Table

Changes made to the FFT Segment table do not affect measurement
accuracy, but may cause gaps in the Graph of Results if the segments
do not cover a continuous frequency range. Also, changes can result in
measurement times that are longer than necessary. Whenever the FFT
Segment table is modified, a New Measurement is recommended.

Directions

1. Move the inverse-video box to the entry area you want to change.

. Type in the FFT Segment data and press the key.

2
3. When any entry area is deleted and the inverse-video box moved, the
whole row of data is also deleted.
- BW (bandwidth) and Time Rec (time record) are automatically calcu-
lated when the Measured Range data is entered.
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Considerations for Modifying the FFT Segment Table

There is a trade-off between measurement resolution and time, To
increase measurement resolution in either frequency or amplitude, you
must be willing to accept longer measurement times. It may be possible,
however, to minimize the increase in measurement time and still get the
increased measurement resolution over a specific portion of the graph by
decreasing the resolution for other portions of the graph.

Plotted and Measured Ranges

The Measured Range entries in the FFT Segment table defines the measure-
ment bandwidth (BW) of each segment. The spacing of the data points
for a measured range is deterrmines by the number of data points per
frequency span. Refer to table 5-1 to determine the HP 3561A data point
spacing.

Table 5-1. Table of Data Points for HP 3561A

Data Points Per Intervals Per Data Point
Frequency Span. Frequency Span Spacing

401 400 Freq. Span == 400

The Plotted Range entries define what portion of the measured data willbe
plotted on the Graph of Results. The Plotted Range can be the same as or
can be a subrange of the Measured Range within the following limitation:

Measured Range
100

Minimum Plotted Frequency =
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Considerations for Changing the Measured Range

Due to the possible steepness of the slope of the phase noise curve, spurs
are not marked for offset frequencies less than 10% of the Measured
Range.

Measured Range
10

Minimum Averaging

For f <

Spurs are not marked.

The Minimum Average value designates the minimum number of mea-
surements the HP 3048A makes for a given Measured Range. The values
entered in the FFT Segment table may or may not be used depending on
the number of averages specified in the measurement definition. (Refer
to Type/Range of Measurement in chapter 2 for further information about
defining the minimum number of averages for the measurement.) The
actual number of averages used is the larger of the two averages specified.

For example, if the measurement definition specifies 4 as the number of
averages, and the FFT Segment table specifies 30 as the minimum number
of averages for a given Measured Range; the HP 3048A uses 30 averages
as the number of averages for that range.

Considerations for Changing the Minimum Number of Averages

The default Minimum Average values have been selected so that the
measurement time for each Measured Range is approximately equal to
the time it takes to process and plot the data taken during the previous
measurement.

Increasing the number of Minimum Averages reduces the scatter of

points around the true noise; however, it may also increase the time it
takes to complete the measurement.
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The following equations are used to calculate measurement time using
the number of averages.

For HP 3561A Spans < 5 kHz:
Time Record Length
2

Measurement Time = (1+Number of Avg) x

For HP 3561A Spans > 5 kHz:
Measurement Time = Num. of Avg. x 60msec

Bandwidth

The Bandwidth (BW) is automatically set by the HP 3048A to the
appropriate value for each Measured Range. Bandwidth is determined
by the Frequency Span setting of the HP 35614, and is approximately
equal to 1% of that setting, (Note, this value is not the same as display
resolution which is 0.25% of the span setting).

Time Record Length

The Time Record length (Time Rec) is also determined by the HP 3561A
Frequency Span and cannot be set independently. Time Record length
is the approximate time it takes the analyzer to measure and record
data for one measurement of the Measured Range. Table 5-1 shows the
relationship between span, record lengths, and display resolution for the
HP 3561A.
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Table 5-Z. Frequency Spans, Time Record
Lengths, and Display Resclution for the HP 3561A

Frequency | Time Record Display Frequency | Time Record Display
Span (Hz) | Length (Sec.) | Resolution (Hz) Span (Hz) | Length (Sec.) | Resalution (HZ)

100 000 0.004 260 32 12,8 0.08
50 000 0.008 125 25 16.0 0.0625
25 000 0.016 62.5 20 20.0 0.05
20 000 0.020 50 16 25.0 0.04
12 500 0.032 .25 10.0 40.0 0.025
10 000 0.040 25 8 50.0 .oz
§ 250 0.064 15.625 6.4 62,5 0.016
5000 0.080 12.5 5 800 0.0125
4 000 Q100 10 4 100.0 6.0
3125 0.128 7.812% az 125.0 0.008
2 500 0.160 6.25 160.0 0.00628
2000 0.200 5 2 200.0 0.005
1250 ¢.320 3.125 1.6 250. | 0.004
1000 0.400 2.5 325 0.0032
800 0.500 2 1* 400. 0.0025
§25 0.640 1.5625 0.8 500. 0.0020
500 0.8 1.25 625, Q.0018
400 1.0 1 1000. 0.001
250 1.6 0.625 1250, 0.0008
200 2.0 0.5 1562.5 0.00064
160 25 0.4 . 2500. 0.0004
125 3.2 03128 3925. 0.00032
100 4.0 0.25 6250. 0.00064
80 5.0 0.2 8125 0.000128
50 8.0 0.125 15625. 0.000064
40 10.0 0.1 38062.5 0.0000256

* Zero start only
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NOTE

Time Record length is only the time used for the actual
data recording and does not include time needed by the
frequency analyzer for processing the acquired data. The
processing time for the HP 3561A is constant (approx-
mately 60 milliseconds) regardless of the data recording
time. Since the HP 3561A processes data from the pre-
vious measurement during the time it is recording new
data, the constant processing time (60 milliseconds) sets
the minimum cycle time for each measurement.

Display Modes

Approximately 100 milliseconds of additional time is required if the w
HP 3561A is in the Normal Display mode. The Display mode is changed

by the HP 3048A as the sweep time is lengthened. Table 5-2 shows
frequency spans where the Display mode changes:

Table 5-3. Display Modes

HP 3561A Span Display Mode Comments

< 1kHz Normal Display Mode| HP 3561A displays new data in time and
frequency domain after every FFT.

> 1kHz Fast Display Mode | HP 3561A displays averaged FFT and last
time racord after all data is taken.

< 5 kHz 50% Overlap Mode | Data recording time is reduced by a factor
of 2 after the first time record.
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Changing the FFT Segment Table

Example for Decreasing Measurement Time

The default FFT Segment table can be modified to speed-up the measure-
ment by performing the following procedure.

1. Delete the first two lines in the defanlt FFT Segment table.
2. Change the first entry under Plotfed Range to 1.
The resulting FFT Segment table shown below decreases measurement

time by 2 minutes and still provides measurements to 1 Hz minimum
frequency offset.

Plotted Measurad Hinimum Time Record
Range (Hz} Ranga (Hz) Averages BW (Hx) (Sec.)

1 100 +] 100 5 10 4,000
100 560 100 500 30 3.81%8 1.000
500 1E+3 300 1E+3 30 4.774 BOO
1E+3 10E+3 4] 10E+3 100 85.485 040
10E+3 10CE+3 0 100E+2 100 254,850 004

NOTE

A drawback when using this technique is the limit placed
on marking spurs. For this example, spurs below 10 Hz are
not marked. The HP 3048 A does not mark spurs within the
first 10% of the measurement span.
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Decreasing Measurement Time for Measuring .1 Hz Offsets

The entries shown in the following FFT Segment table provides a
decrease in measurement time for measuring down to .1 Hz minimum
offsets. In this example, spurs < 1 Hz are not matked.

Plotted
Ranga (Hz)

Tima Rocord
(Bec.)

Minimum
hverages BW (Hz)

Maasured
Range (Hz)

10E~3 = 100E-3 1 010
1 - 10 1 095
10 = 100 5 (B85 4,000
100 - 500 B0 3.819 1.000
500 1E+3 30 4,774 LB500
1E+3 4 10E+3 100 95.4856 040
10E+3 100E+3 160 954 _850 -004

400 000
40,000

Example for Measuring .001 Hz Offsets

The FFT Segment table shown below demonstrates how the frequency
offset range can be extended down to 0.001 Hz. These changes increase
the measurement time to approximately 5 hours for a measurement using
4 averages.

Plotted
Range (Hx)

001 -
064 -
1 -
10

100

S00

1E+3
10E+3

064

1

10

100
500
AE+3
10E+3
100E+3

Measured
Bange (Hz)

¢

064

0
a
100
500
0
0

064

Minimuom
Averages BW (Hz)

1 001
1 i Ratde)
10 1 .05
00 855
500 3.81%
1E+3 4.774
10E+3 55485
100E+3  10Q 254.850

Time Record
(5ac.)

6250.000
400,000
44,000
4,000
1.000
800
040
004
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Example for Increasing Measurement Resolution

The FFT Segment table shown below demonstrates how measurement
resolution can be increased by dividing a Measured Range into several
parts. In this example, the default Measured Range (0 to 10E+3 Hz) is
divided into three ranges (1E+3t0 2E+3, 2E+3 to 3E4-3, and 0 to 10E-+3).
This changes the bandwidth from 95,485 to 9.548 Hz over this range up
to 3 kHz, Since the new bandwidth is less than 60 Hz, the 60 Hz spurs
become visible on the plot. (The default Measured Range will not resolve
spurs spaced less than 96 Hz apart in this band.)

Flottad Maasured Rinimym Time Record
Range (Hx) Range (Hz) Averages BW {(Hz} (Bec.)

1 .010 400,000
1 -09% 40.000
= .855 4,000
20 3.819 1.000
30 4,774 800
30 9.548 400
30 5.548 V400
100 95.48% 040
100 054,850 Q04

10E=3
1

10
100
500
1E+3
ZE+3
JE+3
TQE+3

1 Q
10 0
100 Q
500 100
1E+3 500
ZE+3 1E+3
3E+3 2R3
10E+3 0
100E+3 @

[ [ LI I R B |

NOTE

The consequence of using changes shown in this example
is an Increase in measurement time of approximately 30

seconds.
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Example for Increasing Measurement Resolution
at Specific Frequencies

The FFT Segment table shown below is configured to cause the HP 3048A .9
to measure and plot the phase noise of a signal at specific offsets from

the carrier frequency. This technique generally gives better resolution for

each unique point analyzed, but the measurement may take longer due

to the smaller bandwidth at each offset frequency. The segments can be

either contimious, or separated into isolated segments.

Flottad Maaszured Minimum Time Record
Range (Hz} Range (Hz) Averages BN (Hz) (See.}

S00E-3
5

50
500
SE+3
S0E+3

i 010 400,000
1 .08s 40 . 000
& 113 &, 000
20 9.548 400
100 95.485 040
100 956,486 Q40

SO00E-3
5

50
500
EE+3
QOE+3

[ T

NOTE

The maximum number of Measured Ranges that can be
defined for the FFT Segment table is 15.

The maximum offset frequency that can be specified in the
FFT Segment table is 100 kHz. '
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HF Segments

Main Mernu
rType/Range of Meazurement
— HF Segments

Plotted Range (Hz) Measured Range (Hz) Min Aves BW (Hz) VBW (Hz) Swp Time

100.E+3
500, E+3
5.E+6

500.B+2
5.E46
+0.E+6

B00_E+3 3.B+3 10 20
5.E+6 10.E+3 30 20
40.E+6 30.E+3 100 20

Figure 5-2. HF Segment Window

Introduction

The HP 3048A measures one segment of frequency data at a time. Each
segment is defined in a segment table. There are two segment tables.
Use the Fast Fourier Transform (FFT) table for frequencies from .001 Mz
to 100 kHz, and use the HF Segment table for frequencies above 100 kHz.
Up to 10 segments can be defined in the HF Segment table.

HF Segments 5-13




Description

The Default HF Segment Table Values

The default HF Segment table shown in figure 5-2 provides an optimum
set of values for most noise measurements from 100 kHz to 40 MHz. The
default HE Segment table values should be used the first tirme a new
measurement is made. This guarantees that any measurement problerns
are not due to a re-defined HF Segment table.

Storing the HF Segment Table

HF Segment table data is stored whenever a Parameter file is stored.
Consequently, whenever a Parameter file is loaded, the HI Segment table
data is set to the values previously stored.

Modifying the HF Segment Table

All fields in the HF Segment table can be user defined however, all values
entered must reflect available settings for the particular RF analyzer you
are using. The accuracy of the measurement results is dependent on the
values defined in the HF Segment table.

Changing the HF Segment table can cause gaps in the Graph of Results if
the segments do not cover a continuous frequency range. Also, changes
can result in a longer than necessary measurement time, Whenever the
HF Segment table is modifed, a New Measurement is recommended,

Directions

1. Move the inverse-video box to the entry area you want to change.

2, Type in the HF Segment data and press the key.
3. When any entry area is deleted and the inverse-video box moved, the

whole row of data is also deleted.
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Congiderations for Modifying the Segment Table

There is a trade-off between the measurement resolution and time. To
increase measurement resolution in either frequency or amplitude, you
must be willing to accept longer measurement times. It may be possible,
however, to minimize the increase in measurement time and still get the
increased measurement resolution you need over a specific portion of the
graph by decreasing the resolution for other portions of the graph.

Plotted and Measured Ranges

The Measured Range entries in the HF Segment table define the frequency
range that the spectrumn analyzer actually sweeps for each segment. The
spacing of the data points for a measured range is determines by the
number of data points per frequency span. Refer to table 5-4 for a list of
supported RF analyzers and their data point spacing.

Table 5-4. Table of Data Points for Supported RF Analyzers

Analyzer Data Points Per Intervals Per Minimum Range
Model Frequency Span | Frequency Span of integration

HP 3585A/B 1001 1000 Freq. Span +— 1000
HP B562A 601 €600 Freq. Span < 600
HP 8566A/B 1001 1000 Freq. Span +— 1000
HP B568A/B 1001 1000 Fraq. Span -+ 1000
HP 71000 801 800 Freq. Span = B00
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The Plotted Range entry defines what portion of the measured data will be
plotted on the Graph of Results. The Plotted Range can be the same as or
can be a subrange of the Measured Range within the following limitation:

Measured Range
100

Mimmum Plotted Frequency >

Considerations for Changing Measured Ranges

Due to the possible steepness of the slope of the phase noise curve slope,
spurs are not marked in the first 10% of the Measured Range.

Measured Range
10

spurs are not marked.

For f «

Bandwidth

The Bandwidth (BW) sets the appropriate value for each Measured
Range. Bandwidths defined in the HF Segment table should not exceed
those specified in the default HF Segment table, but the bandwidths
can be of finer resolution if desired. Bandwidths should typically be
1 XHz, 3 kHz, 10 kHz, 30 kHz, and so forth. These bandwidths are
available on all supported RF analyzers. However, if your particular
RF analyzer supports other bandwidths, they can be used. (Refer to your
RF Spectrum Analyzer’s Operating and Service manual for a list of the
available bandwidths.)

NOTE

A Bandwidth greater than 3 kHz should not be used in a
segment including 100 kHz.
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Video Bandwidth

For accurate noise measurements, the Video Bandwidth entry (VBW)
should be defined using the following equation. Remember that a smallex
video bandwidth provides more smoothing of the noise but requires
increased sweep time to maintain full accuracy on spurs.

Resolution Bandwidth

Video Bandwidth <
1deo Bandwidth < 300

Sweep Time

The defined Sweep Time value {Swp Time) for each segment affects the
accuracy of the measurement results more than any other parameter in
the HF Segment table. The following procedure can be used to decrease
the Sweep Time below the spectrum analyzer's normal setting for the
specified frequency span, resolution bandwidth, and video bandwidth,
and maintain measurement accuracy.

1. Connect a CW signal to the RF analyzer input.

2. Set the RF analyzer to the Measured Range (span), Bandwidth, Center
Frequency to CW, and Video Bandwidth specified for the segment.
(The RF analyzer will select an appropriate default Sweep Time
setting.)

3. Position the marker to the peak of the input signal and note the level
of the signal.

HF Segments 5-17




4. Begin decreasing the Sweep Time and note the change in the signal
level for each change from the level in step 3. To maintain adequate
measurement accuracy, the signal level should not change by more N
than 0.3 dB. Enter the resulting value in the HF Segment table. Q
Typically, the sweep time can be reduced by a factor of 2 or more
from the value set by the analyzer.

NOTE

The HP 3048A makes accurate measurements even though
the RF analyzer may be indicating that it is being oper-
ated in an uncalibrated condition, as long as the above
procedure has been used to verify the response.
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11848A Control

— Main Menu

Type/Range of Measurement

Parameters

calibration Technique

Instrument Centrol

Define Graph

New Measurement 11848Aa Control ——
Repaat Me — Adva

Graph of DACS/GAINS, etc.
Manipulat| FFT 3| K/L/5 Switches
Zyatem Co| HF Se| Toggle Overload
Advanced 11848 Clear out Qf Lock
File Syst Real- Preget

Quit Maaszu
carri
Spur Accuracy Test
Noise Flathezs Test
Internal Noize Floor

Figure 5-3. 11848A Control Window

Introduction

As shown in figure 5-3, the 11848A Control function gives the user direct
and arbitrary control of the programmable circuits and switches in the
HP 11848A Phase Noise Interface through the computer and over HP-IB.
Refer to the following pages for details:

DACS/GAINS, etc
K/L/S Switches
Toggle Overload, Clear Qut of Lock, and
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NOTE

If HP 11848A settings are changed by the user, it is possible
for the measurement results to not be valid until a New
Measurement is performed,

Also, it may be possible to damage external equipment
connected to the HP 11848A as a result of changing the
settings within it.

The 11848 A Control function is useful for setting up special measurement
conditions to assist in diagnosing a suspected interface problem, and
to show the signal path configuration. It is also used during System
Calibration. (Refer to the HP 3048A Option 301 System Calibration Manual

for the System Calibration procedures.)

The operation of this function is coupled to the block diagram of the
HP 11848A. The block diagram with accompanying notes is presented on
a foldout in the back of this section. (The theory of operation for the block
diagram of the HP 11848A, as well as a description of the HP 11848As role
in making a phase noise measurement, can be found in the HP 118484
Service Manual.)
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DACS/GAINS, etc.

— Main Menu

Parameters
Calibration Technigue DACL: 1.000 Volts
Instrument Control DACZ: 5.100 Velts
Define Graph DAC3: 0.005 Valts
New Measurement GAIN1: 8 4B
Repeat Mer— Adva GATNZ: 18 dB
Graph of GAINI: 20
Manipulat FFT & ATTENL: 0.

system Lo HF 3e ATTENZ: 1.
Advanced 11848 ATTEN3: 0

File Syst Real- HEF (H):

Quit Meazsu LPF {F):

carri LAGLEAD:

Spur Accuracy
Nolse Flatnes
Internal Noise Floor

D Type/Bange of Measurement — DACS/GAINS, etc. m——7

Figure 5-4. DACS/GAINS, etc. Window

Introduction

As shown in figure 5-4, the DACS/GAINS, efe. window allows you
to control various settings in the HP 11848A Interface. Use the block
diagram foldout at the end of this section as you make entries into the
DACS/GAINS, efc. window. Also, refer to table 5-3 for a description of
each circuit control.

Manipulating Rotary Switches HPF and LPF

The HPF (H) and LPF (F) switches are rotary switches. (These switches
are located at the bottom center of the block diagramy). Only one position
can be selected at a time for each switch. To move the rotor to a position,
type in the desired position in the DACS/GAINS, efc. window.
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Table 5-5. List of Circuit Controls for the HP 11848A (1 of 2)

Control

Description

Acceptable
Values

DACH

Digital to analog converter summed into
the summing amplifier for PLL Tune
Voltage and Center Voltage.

—12.75 0 12.75V in 50
mv steps.

Digital to analog converter that controls
coarsé Frequency Set voitage for the
HP 11848A internal VCOs.

0 te 12.75V in 50 mV
steps.

Digital 10 analog converter that controls
fine Frequency Set voltage for the
HF 11848A internal VCOs.

Oto 25 mVvin 1 mVv
steps,

First programmable amplifier in the PLL
circuit path of the HP 11348A.

dtoc 28dBin 4 dB
steps.

Second programmable amplifier in the
FLL circuit path of the HP 11848A.

610 20dBin 2 dB
steps.

Programmable amplifier in the
< 100 kHz path prior to the selectable
Low Pass Filters.

% (2.4,10,20)"

Programmable attenuator at the output of
the HP 11848A rear-pansl Tune Voltage
Qutput port.

® (1,0.5,0.2,0.1)

Programmable attenuator within the PLL
gircuit path of the HP 11848A prior to the
Sumnting Junction.

X (1,05

Programmable attenuator at the output of
the HP 11848A front-panel Tune Voltage
Qutput port,

% (1,0.5,0.2,0.1)

*
These values are the mullipliers for the available gain and attenuation settings.
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Table 5-3. List of Circuit Controls for the HP 11848A (2 of 2)

Control

Bescription

Acceptable
Values

H SWITCH
NUMBER:

Programmable rotary switch that switches
i the High Pass Filter paths.

0 through 7

F SWITCH
NUMBER:

Programmable rotary switch that switches
the Low Pass Filter paths.

0 through ©

LAG-LEAD
FILTER:

Programmable filter that selects the poles
and zeros of the PLL circuit path.

0 through 7

SELECTED "K'
SWITCHES:

Programmable swilches represented by a
K and shown in Preset state on the Biock
Diagram. Entry of a8 switch number
cauges that switch to toggle to the
opposite state from that shown in Block
Diagram.

SELECTED 'L’
SWITCHES:

Programmable switches represented by
an L and shown in Preset state on the
Block Diagram, Entry of a switch number
causes that switch to toggle to the
opposite slate from that shown in Block
Diagram.

SELECTED 'S’
SWITCHES:

Programmable swilches represented by a
5 on the Block Diagram. Entry of a
switch number causes that switch 10
toggle to the opposite slate from that
shown in Block Diagram.
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K/L/S Switches

F— Main Menu

Type/Range of Measurep=— K/L/% Switches
Parameters
Calibration Teachnique Kl:
Inatrument Control K2:
Define Graph Ki-4:
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Spur Accu
Nolse Flatneszs Tezt
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Figure 5-5. K/L/S Switches Window

Introduction

As shown in hgure 5-5, the K/L/S Switches window allows you to control
the K, L, and S switches in the HP 11848A Interface. The K, L, and S
switches will either toggle to an opposite position, or toggle to another
position in the ganged array, or toggle to another position in the rotary
switch.
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K Switches

All K switches are set according to the position shown in the block
diagram, which is indicated by a preset state of 0" in the K/L/S Swrtches
window. Enter a switch setting of “1” to cause the switch to toggle to the
opposite position from that shown in the block diagram. Switches K8
and K9 toggle together, and switches K11 through K14 toggle together.

L Switches

All L switches are set according to the position shown in the block
diagram, which is indicated by a preset state of “0” in the K/L/5 Switches
window except for switches L3 through L6, which is a ganged array set
to L3, as indicated by the preset state of “3”, Enter a switch setting of “1”
to cause the switch to toggle to the opposite position from that shown in
the block diagram.

S Switches

All S switches are set according to the position shown in the block
diagram, which is indicated by a preset state of 0" in the K/L/S Switches
window except for switches S5 through 58, which is a ganged array set
to 58, as indicated by the preset state of “8”. Enter a switch setting of "1”
to cause the switch to toggle to the opposite position from that shown in
the block diagram.
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Toggle Overload, Clear Out of Lock, and
Preset

The Toggle Overload and Clear Out of Lock functions clear the Overload
and Qut-of-Lock Flip-Flops as indicated by the respective front-panel
annunciators (assuming, of course, that the overloading or lock-breaking
condition has been removed).

The Preset function sets all circuits in the HP 11848A to their preset
condition, as shown in the block diagram.
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HP 1184BA PHASE NOISE INTERFACE (W7t !

o ETECTO
Block Diagram Notes A4 pHGEE_E
WICROWAVE
PHABE DETECTOR
_(0PTION 281
R

1. Switches on tihe Block Diagram are shown in
their HP-IB preset state. At Interface turn-on
with no controller connected. the power-up state Ji2
is the same as the HP-IB preset state except: D

a. ATTEN 1 is set to an open-circuit
(non-programmable) state. and RF PHASE DETECTOR
b. the switches of cluster S5 through S8 are b6 R
all open. & .:‘

57 L

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

33.5 kHz

67 kHz

. The transfer function of Lag-L.ead Network 1 is
as foliows:

E7 kHz

T T INPUT FROM
| HP3585A ]
(TRACKING_GENERATOR,

3.35 «kHz

To this transfer function is added a
programmabile lag-lead with the following poles
and zeros:

Lag-Lead|  Pole Zero | wenuation | | SPECTRUM ANALYZER

Number | Freguency Frequency TERMINATE 500

4.82 Hz 8.95 Hz 6 dB
8.01 Hz 40.1 Hz 14 dB
9.17 Hz 115.9 Hz 22 dB
9.68 Hz 306 Hz 30aB
9.95 Hz 784 Mz 38 dB
9.95 Hz 1.985 kHz 46 dB
995Hz | 5.00 kHz 54 0B AUX MONITOR
9.95 Hz 12.58 kHz 62 dB l
5. The transfer functions of Lag-Lead Network 2
on A4 and the Lag-Lead Network on A3 are
. Assemblies A6, A8, and A9 are controlied as both as follows:

follows:
3.35 kHz

NI R W - O

Control Line 20 ¢B

.

Li7 32.5 kHz

L18
L17,L18

. The passband gain of the High-Pass Filters is 2
(as measured from TP17 to the respective filter
output). The gain settings of the GAIN 3
amplifier and attenuator include the passband
gain of the High-Pass Filters.
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Real-time Monitor

Main Menu

Type/Range of Measurement
Parameters
Calibration YTechnigue
Instrument Control

— Real-time Monitor

HFF Cutoff: 10.E+3 Hz LPF Cutoff: 100.E+3 Hz
Start Freq: 10.E+) Hz Stop Fregq: 100.E+3 Hz

Marker Freg: 42.5E+3 He
Noise Ampl: -164 dBe/Hz
Spur Ampl: =134.2 dBc

Fl-Read Marker Fi4=-Select Segment F5~Closea PLL F8-Take 3weep

Nojze Flatnezz Test
Internal Noise Floor

Figure 5-8. Realtime Monitor

Introduction

The Real-time Monitor function allows you to perform single-point and
real-time evaluations of the meastired noise. This function allows you to
select specific spans and filters for the analyzers and the HP 11848A In-
terface to more closely evaluate the noise spectrum. Using the analyzer’s
marker function, the HP 3048A. reads the frequency and amplitude of a
single point and returns the value normalized to a 1 Hz bandwidth for
L), Su(9), S, (f), Sy(f) and an unnormalized spur value. (The type of
noise being measured is determined in the Define Graph menu.)
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Softkey Descriptions

Read Marker: Press the softkey to display the frequency and
corrected amplitude of the point indicated by the marker on the FFT or
RF Analyzer. (The analyzer on which the marker is being read is defined
by the frequency segment being used.)

Select Setment: Press the softkey to increment, or the key

and the softkey to decrement the frequency segment to be measured
as defined in the current FFT or HF Segment tables.

Close PLL: Press the | Fs | softkey to perform all of the system checks that
ensure phase lock of the source,

Take Sweep: press the softkey to perform a sweep of the selected
frequency segment as defined in the current FFT or HF Segment Table.
The measurement will be taken exactly as a regular swept measurement
but only for the frequency range of the selected segment.

High and Low Pass Cutoff

The High-pass and Low-pass cutoff frequencies are selected as follows.

HPF Cutoff: Pressthe key toincrease or the key and the [ H jkey
to decrease the High-Pass Filter in the HP 11848A Phase Noise Interface.
These HPFs are in decade steps and are designed to permit increased
sensitivity of the HP 3561A Dynarnic Signal Analyzer by filtering out
undesired regions of the broadband noise.

LPF Cutoff: Pressthe| L |key to increase or the key and the L |key

to decrease the Low-Pass Filter in the HP 11848A Phase Noise Interface.
These LPFs are in decade steps and are designed to permit increased
sensitivity of the HP 3561A Dynamic Signal Analyzer by filtering out
undesired regions of the broadband noise.
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NOTE

' When the Take Sweep softkey is pressed, the High-pass
and Low-pass filters are reset to correctly correspond to
the defined frequency segment.

How to Use Real-time Monitor

Evaluating a Single Offset Frequency

1. Press the softkey to increment or the key and the

softkey to decrement the frequency segment. The segments are those
currently defined in the FFT and HF segment tables.

. Press the | F8 | softkey to take a sweep. This will set up the HP 11848A
Interface, autorange the analyzer, measure the frequency segment,
hold the averaged display, and place the analyzer in local,

NOTE

Real-titme Monitor allows the user to manipulate the front
panel controls of the analyzer. After the HP 118484 is set
up, the analyzer’s bandwidthe is changed to other than the
one set up bye the Take Sweep softkey, the Read Marker
function WILL NOT return accurate data.

” 3. Place the analyzer’s marker at the desired frequency.

4. Press the softkey to read and display the value of the marker,
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Evaluating Phase Fluctuations as a Function
of Time

Real-time noise measurements can be useful for evaluating noise tran-
sients or device sensitivity to mechanical or electrical stimulation. Contin-
uous Real-time display of the noise measurement can be made by turning
off the averaging function of the analyzer or by setting the analyzer for
repeat display or continuous sweep.

NOTE

The user is responsible for setting the front-panel controls
on the analyzer for Real-time Noise measurements. If the
analyzer's bandwidth is changed to other than the one set
up by the Take Sweep softkey, the Read Marker function
WILL NOT return accurate data.

1. Press the softkey to increment or the key and the

softkey to decrement the frequency segment. The segments are those
currently defined in the FFT and HF segment tables.

2. Pressthe softkey to take a sweep. This will set up the HP 11848A
Interface, autorange the analyzer, measure the frequency segment,
hold the averaged display, and place the analyzer in local.

For a Continuous Display

On the HP 3561A, press and .
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For a Repeat, Averaged Display

On the HP 3561A, press |AvG | [Aws | | DEFINE NUMAVGS |, key in the
number of averages and press | ENTER . Again on the HP 3561A, press

| SELECT SETUP | and | REPEAT DISPLAY |, this will set up the HP 3561A for a
continuous display with the entered number of averages. RF analyzers
can be set up for continucus display using a similar process.

NOTE

When the Read Marker function is used in an RF analyzer
segment, the marker should be within the frequency
ranges defined in the Plot Ranges of the RF Segment
Table. If the RF analyzer’s marker is not within the correct
range, it is necessary to use Select Segment to re-define
the segment and the Take Sweep function to correctly set
the RF Analyzer.

To Display the Noise in the Time Domain
on the HP 3561A

1. Press the softkey to increment or the key and the

softkey to decrement the frequency segment. The segments are those
currently defined in the FFT and HF segment tables.

2. Press the softkey to take a sweep, This will set up the HP 11848A
Interface, autorange the analyzer, measure the frequency segment,
hold the averaged display, and place the analyzer in local.

’ 3. On the HP 3561A, press |avG |, | oFf |, [ nexTTRACE ], | FoRMAT], and
‘ This will display the time record on the HP 3361A display.
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Figure 5-7. Measurement Mode Window

Introduction

The Measurement Mode window, as shown in figure 5-7, allows you to
select between three operating modes for making measurements:

e Normal
s Trouble Shoot

o Ignore Qut Of Lock

5=34 Measurement Mode




Description

Normal Test Mode

The Normal test mode is the default operating condition for the

HF 3048A.. The Normal test mode configures the test system to perform
each measurement in the minimum time and with the minimum amount
of operator assistance.

Troubie Shoot Mode

The Trouble Shoot test mode is helpful for trouble shooting the mea-
surement but it does require more operator assistance than the Nor-
mal test mode. For example, the test operator is shown the phase lock
loop suppression curve and is required to verify the curve during the
measurement

Phase Lock Loop Suppression

Conhguring the HP 3048A in the Trouble Shoot Mode causes the software
to display the PLL Suppression Curve plot, as shown in figure 5-8, when
it is verified during measurement calibration. The plot appears whether
or not an accuracy degradation occurs. The error message ACCY. DEGRADED
appears below the vco CORSTANT value, shown in figure 5-8, if an accuracy
degradation occurs.

The PLL Suppression verification must be selected in the Calibration
Technigue window prior to the measurement in order for verification to
occur. (Refer to Calibration Technique in chapter 2, Measurement Definitions
and Parameter Summary in chapter 4, Manipulate Results for details about
the PLL Suppression verification.)
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THEORETICAL AND ACTURL ‘LOOP SUPPRESSION’ FACTORS

+18 dp [

FLL GAIN CHNG: 693.E-3 dB
MAX ERROR: €5.36E-2  dB
CLOSED PAL BY: 67.35 Hz
PR TUNE RRNGE: 145.5 Hi
ASSUMED POLE: Z.466E+3 Hz
DET. CONSTANY: 261.8E-3 V/Rad
YCO CONSTANT: 81.12 Hz/V

Figure 5-8. HP 3048A Example Display of
the Phase Lock Loop Suppression Curve.

PLL Suppression Parameters

The following measurement parameters are displayed along with the PLL
Suppression Curve,

PLL GAIN CHANGE: This is the amount of gain change required to fit the
Theoretical Loop Suppression curve to the measured loop suppression.
A PLL Gain Change of greater than 1 dB creates an accuracy degradation
(AccY. DEGRADED) error. If an accuracy degradation is detected, the amount
of error is determined from either the PLL Gain Change or the Maximum
Error, which ever is larger. The degradation itself is 1 dB less than the
greater of these.

MAX ERROR: This is the measured error that still exists between the
the measured Loop Suppression and the Adjusted Theoretical Loop
Suppression. The four points on the Loop Suppression graph marked
with arrows (ranging from the peak down to approximately —8 dB) are
the points over which the Maximum Error is determined. An error of
greater than 1 dB results in an accuracy degradation.
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CLOSED PLL BW: This is the predicted Phase Lock Loop Bandwidth
for the measurement. The predicted PLL BW is based on the predicted
PTR. The Closed PLL BW will not be adjusted as a result of an accuracy
degradation. If an accuracy degradation is detected, the amount of error
is determined from either the PLL Gain Change or the Maximum Exror,

which ever is larger, The degradation itself is 1 dB Jess than the greater
of these.

PEAK TUNE RANGE: This is the Peak Tuning Range (PTR) for the
measurement determined from the VCO Tune Constant and the Tune
Range of VCO. This is the key parameter in determining the FPLL
properties, the Drift Tracking Range, and the ability to phase lock sources
with high close in noise.

The PTR displayed should be approximately equal to the product of the
VCO Tune Constant times the Tune Range of VCO. This is not the
case when a significant accuracy degradation is detected ( > 4 dB) by
the Loop Suppression Verification. In this case, the PTR and Assumed
Pole are adjusted when fitting the Theoretical Loop Suppression to the
smoothed measured Loop Suppressiorn, and the test system will display

the adjusted PTR. If the PTR must be adjusted by more than 1 dB, as
indicated by an accuracy degradation of greater than 0 dB, the Phase
Detector Constant or the VCO Tune Constant is in error at frequency
offsets near the PLL BW, or the PLL BW is being affected by some other
problern such as injection locking.

ASSUMED POLE: This is the frequency of the Assumed Pole required
to adjust the Theoretical Loop suppression to match the smoothed
measured Loop suppression. The Assumed Pole frequency is normally
much greater than the Closed PLL BW. An Assumed Pole frequency
of less than 10 x PLL BW is an indication of peaking on the PLL
Suppression curve. For PLL BWs less than 20 kHz, an Assumed Pole
of less than 10 » PLL BW indicates a delay or phase shift in the VCO
Tune Port. For PLL BWs greater than 20 kHz, the Assumed Pole may
be adjusted to less than 10 % PLL BW to account for phase shifts in the
HP 11848A.
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DET. CONSTANT: This is the phase Detector Constant (sensitivity of the
phase detector) used for the measurement. The accuracy of the Phase
Detector Constant is verified if the PLL suppression is verified. The
accuracy of the phase Detector Constant determines the accuracy of the
noise measurement.

The phase Detector Constant value, along with the LNA In/Out pa-
rameter, determines the HP 3048A System noise floor exclusive of the
reference source,

VCO CONSTANT: This is the VCO Tune Constant used for the measure-
ment. The accuracy of the VCO Tune Constant determines the accuracy
of the PLL noise measurement for offset frequencies in segments where
the entire plotted frequency range is less than the PLL BW =+ 4. The ac-
curacy of the VCO Tune Constant is verified if the PLL Suppression is
Verified. The VCO Tune Constant times the Tune Range of VCO deter-
mines the Peak Tune Range (PTR) value for the measurement. The PTR
sets the drift tracking and close-in noise suppression capabilities of the
test system. _

Ignore QOut Of Lock Mode

The Ignore Out Of Lock test mode enables all of the troubleshoot mode
functions, plus it causes the HP 3048A. to not check for an out-of-lock
condition before or during a measurement. This allows you to measure
sources with high close-in noise that normally would cause an out-of-
lock. condition and stop the measurement. When Ignore Out Of Lock is
selected, the user is responsible for monitoring phase lock, This can be
accomplished using an oscilloscope connected to the HP 11848A AUX.
MONITOR port to verify the absence of a beatnote and monitor the dc¢
output level.
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Defining Measurement Mode

¢ From the Advanced Functions menu, select Measurement Mode,

e Use the A 7 keys to step through the choices until the desired
Measuremnent Mode is displayed in the window.

e Press the key to return to the Advanced Functions menu.

Considerations for the Measurement Mode
Function

The Measurement Mode functions, like use of all Advanced Functions can
change the outcome of the measurement. It is sometimes left to the user
to ensure measurement validity when changes to the default functions
have been made. Remember the following;:

¢ When Ignore Out Of Lock is selected, the test system does not verify
the phase lock of the measurement. The user must ensure that the
measurement maintains phase lock during the measurement.

¢ Any changes entered into the 11848A Control screen can effect the
measurement results or even the ability of the test system to complete
the measurement.
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Carrier Type

~— Main Menu

Type/Range of Measurement
Parameters

Calibratieon Technique

Inztrument Control

Define Graph

New Measurement Carriar Type
Repeat Me—— Advanc

Graph of Carrier Type
Manipulat FFT Seqg
Fystem Co| HF Segm
Advanced 11848a Control

File 5yst| Real-time Monitor
Quit Measurement Mode
Carrier Type

Spur Accuracy Test
Noize Flatness Test
Internal Noise Floor

Figure 5-9. Carrier Type Window

Introduction

The Carrier Type function configures the HP 3048A to measure a Contiru-
ous Wave (CW) carrier or a Pulsed carrier. The CW selection is the default
Carrier Type. All measurements except pulse modulated measurements
and some special cases should be made using the CW mode. The Pulsed
mode is frequently useful in special cases for measurements on CW Car-
riers when the user wants to control the Low Noise Amplifier (LNA)
selection.
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Description

Pulse Modulated Carriers

When a pulse modulated carrier is input to the phase detector, the Pulsed
Carrier Type should be selected to configure the test system to display
the LNA Toggle window each time the decision to switch the Low Noise
Amplifier in or out must be made. The user is responsible for choosing
the correct state for the Low Noise Amplifier (LNA). To detexmine if the
LNA should be in or out, connect an oscilloscope to the AUX. MONITOR
port on the HP 11848A when the Connect Diagram appears. If the AUX.
MONITOR port output level is less than 0.5 Vpk with the LNA In, leave
the LNA switched in and proceed with the measurement. If the AUX.
MONITOR port output is greater than 0.5 Vpk and there is significant
clipping of the noise waveform with the LNA In, toggle LNA Qut then
proceed with the measurement. (In the case of pulsed measurements,
clipping of narrow spikes at each edge of the pulse is acceptable (Refer
to Figure 5-10.) Note that the HP 3048A’s sensitivity (noise floor) is
degraded by 20 dB when the LNA is out.

Defining Carrier Type

¢ From the Advanced Functions menu, select Carrier Type.

o Usethe A v7 keys td step through the choices until the desired Carrier
Type is displayed in the window.

o Press the | ESC | key to return to the Adwvanced Functions menu,
y
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Consideration for the Pulsed Carrier Function

When the Pulsed carrier function is selected and a phase noise measuze- '
ment is being made, other than the phase lock loop type, the user is re- .@
sponsible for zero beating the sources and maintaining quadrature during
the measurement. Zero beat is accomplished by manually adjusting the
frequency of one of the sources so the beatnote frequency falls within the
capture range for the system ( < 10% of PTR). For quadrature, monitor
the de level out of the HP 11848A AUX, MONITOR port with an oscillo-
scope. If the LNA is switched out, the dc level seen on the scope must
be less than or equal to 20% of the Detector Constant value, If the LNA
is switched in, quadrature must be maintained so that the LNA does not

_cause severe clipping.

Figure 5-10. Oscilloscope Display of Maximum Acceptable Clipping O
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Spur Accuracy and Noise Flatness Test,
and Internal Noise Floor

Refer to the HP 3048A Option 301 Phase Noise Measurement System ~ System
Caltbration Manual for detailed information about these tests.
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System Configuration

Main Menu

Type/Range of Measurement
Parameters
Calibration Technigue
Inztrument Control
Define Graph
New Measurement
Repeat Measurament
— System Configuration

Instrument Addresses
11729C Filter Specs
Flotter Fens
Text Colors
Load Config
Store Config

Figure 6-1. Systermn Configuration Window

Introduction

The System Configuration window, as shown in figure 6-1, allows you
to modify the Instrument Address table, enter HP 11729A filter specifi-
cations, modify the plotter pens, Load or Store the Configuration file,
and change the computer screen colors. Refer to the following pages for
details:

instrument Addresses

HP 11729C Filter Specifications

Plotter Pens

Load, and Store System Configuration File
Text Colors
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Instrument Addresses

Main Menu

F— Instrument Addresses

Instrument Model Address  Serial # / Option

FFT Analyzer 3561A 712
RF Analyzer
Interface 118484 720 2924A00450
Signal Sree 1 BEEZA 719
Signal Szce 2 USER'S 707 | FRLOMZ;AP15.5DM;FM;M4
Dawn Converter 11729C 706 H33
Freg Counter
DVM

Function Gen.

Figure 6-2. Instrument Address Table

Introduction

The Instrument Addresses window, as shown in figure 6-2, allows you to
set up a table of supported test system equipment to be controlled by the
computer over HP-IB (GPIB). The table verifies which instruments are on
the bus and whether or not their HP-IB addresses are responding. Option
information and HP-IB mnemonic commands may also be entered into
the Instrument Address table.

Test system equipment must be configured into the Instrument Adedress J
table for it to appear in the Instrument Control diagram. Also, the
maximum offset frequency the test system measures is determined by

the presence of an RF analyzer configured into the Instrument Address

table.
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Table 6-1 shows a list of instruments that are supported by the HP 3048A
software. Refer to the following pages for details:

FFT Analyzer

RF Analyzers

Interface ..

Signal Sourges (with phase noise performance graphs)
Down Converters

Frequency Counters

Digital Voltmeters

Function Generators

Additional Equipment

Table 6-1. Supported Instruments

Name Model

FFT Analyzer HP 36G61A

RF Analyzer HP 3585A/B, B560A, Bb610, 8562A
HP 8566A/B, B5E7A, B56BA/B, 71000

Interface HF 11848A

Signal Source HP 8662A, 8B663A, B642A/8, 86568, B657A/B
Down Convertar HP 11729C

Frequency Counter HP 5343A, 5384A, 5385A, 5386A, 5316A/B
Digital Volimeter HP 3478A

Function Generator | HP 3325A/B, KP 8304A

System Configuration




FFT Analyzer

‘The HP 3561A Dynamic Signal Analyzer is the only Fast Fourier Trans-
form (FFT) analyzer that can be used with the HP 3048A, No measure-

ment can be made without the HP 3561A.
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RF Analyzers

Using an RF analyzer extends the test system’s measurement offset range
to 40 MHz, RF analyzers also allow the use of a wider Peak Tuning Range,
up to 200 MHz maximurm. Most free-running sources (RF or microwave)
require an RF analyzer.

The basic consideration for choosing an RF analyzer is the frequency
range for secondary uses. The HP 3048A supports the RF analyzers listed
in table 6-2.

Description

Configure an RF analyzer by entering its model number and HP-IB
address into the Instrument Address table in the RF Analyzer entry area.
The instrument’s option number may also be entered.

Connect the RF analyzer’s 50 ) Input to the SPECTRUM ANALYZER port
of the HP 11848A Phase Noise Interface.

NOTE

If an RF analyzer is not connected to the HP 11848A, the
spectrum analyzer output rmust be terminated in 50 {2 .

The test system generates a2 100 kHz calibration tone to calibrate the
RF analyzer to match the HP 3561A prior to a new measurement. An
error message is displayed if the calibration factor measured during KF
analyzer Calibration is > 5 dB.
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Table 6-2. Supported RF Analyzers

Model Frequency Range Other Considerations

HP 3585A/B 20 Hz 1o 40 MHz Allows complete generatien of calibration
files, Synthesized LO, Tracking Genarator

HF B5E0A, Varies with modsl Must verify calibration data by performing
HP 85618, the Noise Flatness Performance Test.

HP 8562A, Synthesized LOs. Although these analyzers
HP 8566A/B, tannot gensrate New HIGHDATA.CAL

HP 8567A, = 100 kHz, the Cal Data is verified and/or
HP 8588A/8, corrected by performing the Noige Flatness
HP 71000 Test.

Considerations When Using an RF Analyzer

Entries into the HF Segment table may need to be changed depending
upon the RF analyzer configured to the test system. Refer to chapter 5,
Advanced Functions for indormation about the HF Segment table.

The test system is limited to a Peak Tuning Range of less than 500 kHz
without an RF analyzer configured. Sources with high rates of drift and
microwave sources may be difficult to measure without an RF analyzer.

Calibration tones required for Single-Sided Spur and Double-Sided Spur
calibration of the phase Detector Constant are limited to less than 100 kHz
without an RF analyzer.

Performance Tests are limited to 100 kHz offset without an RF analyzer.
The Noise Flatness performance test is only required when a supported
RF analyzer is used.

The HP 11848A spectrumn analyzer output must be terminated with a
50 £ impedance. When an RF analyzer is not used, this port must be
terminated into 50 §2 .
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To optimize sweep time, the standard RF Segment Table sets the RF
analyzer to a faster sweep speed than it would set for itself forcing the
UNCAL light on, This will not affect the test system accuracy. The user
can modify the RF Segment Table to use sweep speeds that will not
cause the UNCAL condition, but measurement times will be substantially
longer with no improvement in noise measurement accuracy and only a
slight, 0.3 dB, improvernent in spur measurement accuracy.
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Interface

The HP 11848A Phase Noise Interface is the only interface that works
with the HP 3048A. @

NOTE

Any HP 11848A Phase Noise Intetface with a serial pre-
fix of 2380A or below must have —BA entered in the
Instrument Address table’s Serial#/Option cohunn.
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Signal Sources

Introduction

Signal sources are supported by the HP 3048A to automate the measure-
ments. The sources can be configured to set the output frequency, ampli-
tude, and modulation over HP-IB. The type of measurement to be made,
the carrier frequency, output level, source drift, and noise level to be
measured determine which signal source best suits the application,

This section describes the signal sources supported by the HP 30484, the
required parameter entries for configuring them, and their performance.

Description

Configure a signal source by entering its model number and HP-IB
Address into the Instrument Address table in the Sigral Source 1 entry
area. (If more than one signal source is needed, use the Signal Source 2
entry area.) The instrument’s serial and/or option number may also be
entered.

The configured signal source may then be set up in the Instrument
Control diagram. The signal source may be under Manual or System
Control.

The test system controls a User’s Source after you enter the appropriate
HP-IB string output statement into the Instrument Address table under
the serial#/0ption column; UsER must be entered into the Model column.
This allows the test system to set the source’s frequency, output level,
and modulation (if any). Any HP-IB controlled source can be set up
under System Control. (For example, if an HP 8642B was designated
as “User’s,” the following command string would be used to preset the
instrument and set it to 100 MHz at 16 dBm: PP;FR100MZ; AP16DBHM, Refer
to the operating manual provided for the signal source being used to get
the appropriate HP-IB commands.)

Signal Sources  6-9




Verify that the Detector Input Frequency is correctly entered in the
Parameters window. This entry sets the output frequency of a supported
system controlled signal source.

Verify that the correct Parameters are entered for the signal source, when
the signal source is also the VCO for a PLL measurement.

The application and the performance of the device being measured
determines the selection of the signal source. Each of the signal sources
supported by the HP 3048A has different qualities, as shown in table 6-
3. For example, the HP 8662A has better phase noise performance close
to the carrier than the HP 8642A, yet the HP 8642A has greater DC FM

capabilities and a lower noise floor at offsets greater than 20 kHz from
the carrier,

6-10 Signal Sources




Table 6-3. Supported Signal Sources

Model

Frequency
Range

Maxirmum
Qutput Level

Maximum FM

Peak Deviation

Comments

HP 2862A

10 kHz
10
1280 MHz

> +13 dBm
{typ. +16 dBm)

200 kHz at
640 to
1280 MHz

Tuning with DC FM
EFC, or 10 MHz A/B

HP 8663A

100 kHz
to
2560 MHz

= +16 dBm
{typ. 419 dBm)

400 kHz at
1280 to
2560 MHz

Tuning with DG FM
EFC, or 10 MHz A/B

HP B642A

100 kHz
10
1057.5 MHz

> +16 dBm
{typ. +19 dBm)

1.5 MHz at
528.7 MHz t0
1057.5 MHz

Tuning with DG FM

HP 8642B

100 kHz
to
2115 MH=z

= 16 dBm
{typ. -+-19 dBm)

3 MHz at
1057.5 to
2115 MHz

Tuning with DG FM

HF 86568

100 kHz
to
920 MHz

> +13 dBm
{typ. +15 dBm)

98 kHz

Tuning with DC FM

HP 8657A

100 kHz
to
1040 MHz

> +13 dBm
{typ. 415 dBm)

Tuning with DG FM

HP 86576

100 kHz
to
2060 MHz

> +13 dBm
{typ. +15 dBm)

Tuning with DC FM

HP 11728C
with
HP BGG2/3

5 MHz

in HP

3048A
0

18 GHz

= +7 dBm
{typ. +13 dBm}

Tuned by HP 8663A
HP 8662A, EFC,

10 MHz A

or DC FM
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Considerations When Choosing a Signal
Source

HP 8662A/HP 8663A Performance

HFR 8662~3A with 18 kHz DCFM, 18 MHz A, and EFC. (w~p Spursl
[hpl 3848AF Carrier: B4A.E+6 Hz 23 Har 19688 11:24:15 — 11:31:81
| Frequency Rangs (MHz)

180 1o A 1280 to
Rk R £39.9 2585

Iy |spec | wp
1Hz| -88] -78) -65) -76 -50) -70 -5 4] -
Mz} -98)- 108 -96]- 106 90— 100] -8¢f —0u

100 Hz |- - - - = 118(- 103[- 114
TkHz | - 126] - - - - - = 118[-125
IkHz| - 126} - 135 - - - 118]- 127} -
5kHz |~ 13- « 120~
10%Hz - 142 - - -13 |-
Q0KHz 139}~ 142( - 148 - 436 - 142 [ - 131] -

ondetng i1 3 417 1y e thr sdurtime feoguens o

e finfinig 127

L tf) [dBc-Hz] vs fI[Hz1]

Figure 6-3. Graph of HP 8662A/8663A with EFC, DC FM, and 10 MHz A
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Tuning the HP 8662A or HP 8663A

The HP 8662A or HP 8663A can be used as the VCO in a phase lock loop
using three different configurations. These configurations have different
tuning characteristics and different levels of noise performance. The
HP 8662A and HP 8663A have the best noise performance when tuned
with EFC (electronic frequency control).

EFC, shown in figures 64 and 6-5, tunes the internal HP 8662A/63A
internal 10 MHz Reference Time Base. The mternal tume base tunes
approximately 0.05 Hz/V over £10 V at 10 MHz. To calculate the VCO
Tune Constant using EFC, multiply 0.05 Hz by the 10 MHz multiple of
the output frequency. For example, if the output is set to 900 MHz the
VCO Tune Constant would be:

90 x 0.05 Hz =45 Hz/V

Using the full Tune Range of VCO +10V would result in a Peak Tuning
Range of 45 Hz, (The internal time base t{ypically has a tune constant
greater than 0.05 Hz/V.) Tuning with the EFC input will not degrade
the noise performance of the HP 8662A/63A. The noise performance is
specified for this mode,
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INSTRUMENT CONTROL FOR PLL MEASUREMENT
DN CONUERTER
NOT IN USE

MANUAL CT

REF S0URCE

| sdn
SYSTEM CTRL

TINE BASE

HOT IN USE — CTRL vOLTAGE

i

F1- System/Manual Control E- EFC/DCFM

Figure 6-4. EFC Control Voltage

Center Uolt: 0.00 UV VERIFY BERATNDTE ¢ 1 MHz Tune Range: 1.00 V

USER’S SACE

oF OuT e

Fl - Proceed F3 - Center Ucltage ESC - Abort

Figure 6-5. EFC Connect Diagram
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DC FM, shown in figures 6-6 and 6-7, can also be used to tune the
HP 8662A/63A. DC FM provides wide peak tuning range for measux-
ing sources that have high close-in noise or spurs, or that drift. DC FM
degrades the noise performance of the HP 8662A/63A. The noise perfor-
mance of the HP8662A/63A is unspecified in DC FM mode. The graph in
figure 6-3 shows typical performance.

Table 6-4. Maximum Peak Deviation for the HP 8662/63A

Center Maximum Peak Center Maximum Peak
Frequency Daviation Frequency Deviation
{MHz) DC Mode (kHz) {MHz) DC Mode (kHz)

0.110 120 100 320 to 640 100
120 to 160 25 640 to 1280 200
160 to 320 50 1280 to 2560 400

INSTRUMENT CONTROL. FOR PLL MEASUREMENT

HP 11848A
DM CONUERTER

uuT NOT IN USE
USER’S SRCE
MAHUAL CTRL

REF SOURCE : $

B44ZA
SYSTEM CTRL

TIME BASE

NOT IN USE —[cTRL uoLTaGe

F1- $ystem/Manual Control &- EFC/DCFH

Figure 6-6. DC FM Control Voltage
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Center Uolt: 0.00 U UERIFY BEATNOTE ¢ 1 MHz Tune Range: 1.00 V

USER’S SRCE

RF ouT

11348A

F1 = Proceed F2 - Center Uoltage ESC - Abort

Figure 6-7. DC FM Connect Diagram

10 MHz A, shown in figures 6-9 and 6-10, can be used as an external
time base for the HP 8662A/63A to increase the tuning capability. The
phase noise performance of the HP 11848A 10 MHz A is better than DC
FM yet slightly worse than the internal reference for the HP 8662A/63A.
10 MHz A has a 10 Hz/V tuning constant and can be tuned over 10V,
To calculate the VCO Tune Constant at the output frequency multiply
10 Hz by the 10 MHz multiple of the output frequency. For example, if
the output is set to 900 MHz, the VCO Tune Constant would be:

90 x 10 Hz = 900 Hz/V

Using the full Tune Range of VCO 10V would result in a Peak Tuning
Range (PTR) of 9 kHz.
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The amount of tuning allowed at the external reference input to the
HP 8662/63A is restricted to a =25 ppm deviation and by the HP 3048A
PLL bandwidth. 10 kHz is the maximum PTR allowed when tuning the
external reference. Using the maximum tuning graph shown in figure 6-
8, determine the maximum PTR allowed at the time base and restrict the
Voltage Tune Range so it will not exceed that range. The PTR is the Tune
Constant of the reference time base multiplied up to the carrier frequency
times the Tune Range of VCO.

For example, 10 MHz B VCO Tune Constant:

100 Hz 2 GHz 100 Hez _ 20 kHz
v X owmH: = v X0 =T

Peak Tuning Range:
20 !{/Hz % 0.5V =10kHz = Maz PTR

{The graph in figure 6-8 only applies to the HP 8662A/63A. Similar
graphs must be determined for other signal sources when tuning their
references.)

2.5MHz

&
&
,f_')

4
250kHz &

Y

MAX PTR ALLOWED

Ky o
¢ &
/<3 ~

é(;
P

Peck Tuning Range(PTR)

T T T T T T I T
10MHz 100MHz 1GHz 10GHz  100GH=z

Carrier Frequency

Figure 6-8. Graph of Maximum External Reference Tuning
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NOTE

The diagrams in figures 6-9 and 6-10 show the 10 MHz ‘/
A front-panel output connected to the Time Base input of
the HP 8662A/63A. This output is at 416 dBm and over
drives the Time Base input if not attenuated. The correct
input level to the HP 8662A/63A external Time Base is 7 to
10 dBm. The HP 11848A provides a rear-panel 10 MHz A
output of +7 dBm designed to be used for this application.

INSTRUMENT CONTROL FOR PLL MEASUREMENY

HP 113484
BN CONVERTER

uuT NDT 1IN USE

USER'S SRCE
MANUAL CTRL

REF SOURCE i $

8442A
SYSTEH CTRL

TIME BASE

CTAL UDLTAGE

F1- Systes/Manual Control  E- EFC/DEFM

Figure 6~9. Time Base Control Voltage Using 10 MHz A ‘
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Center Uolt: 0.00 UV VERIFY BEATNOTE { 1 MHz Tune Range: 2.00 U

USER’3 IRCE

RF QUT

118488

F1 - Proceed F& - Center VUpltage ESC - Abhort

Figure 6-10. 10 MHz A Time Base Connect Diagram

10 MHz B, shown in figures 6-11 and 6-12, has a tuning constant of
100 Hz/V and can be used as an external tirme base. However, 10 MHz B
has little advantage over 10 MHz A due to the restriction for maximum
PTR discussed previously. Because 10 MHz B has a wider tuning range,
it also has a higher noise level.
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IMSTRUMENT CONTROL FOR PLL MEASUREMENT

i HF 11848
DN EBNVERTER !

uuT HOT IN USE

USER’'S SRCE
MANUAL CTRL

1

REF SOURCE

S442R
SYSTEH CTRL

TIME BOSE

—{ CTRL VOLTAGE

F1- Systen/Manual Control E- EFC/DCFH

Figure 6-11. Time Base Control Voltage Using 10 MHz B ./

Eenter Uolt: 0.00 U VERIFY BEATNOTE < 1 HHz Tune Range: 2.00 U

USER’S SRCE

AF aUT w4

112430

Fl - Proceed F8 - Center Ualtage ESC - dbort

Figure 6—12. 10 MHz B Time Base Connect Diagram
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HP 8642A Performance

HP TEST 2E42RA-E ¥S. ZEEZ2-E2 ABS MOISE & 648 MH=
thpl 3B4BH Carrier: G48.E+E Hz 28 Aug 1987  14:22:59 — 14:28:34

Canler §88 Phaza Nolse §38 Phase Hoies Floor
Fraquancy Band ] ::x Dfset 200 kHz Ditsm
efHz dBefHz
10575 - 2116* -125 -134
§28.7 - 10576 -134 —144
264.3 - 6287 -137 -144
1321 - 2643 =141 —144
B6.0 - 1321 =144 -145
330- 860 —145 ~145
16.6 - 330 —148 —147
8.2- . ~147 ~148
41~ . ~148
0.1~ X -137
0.1 - 132.1 HET
* HP B8428 only

L if) [dBcsHz1 wa fI[Hzl

Figure 6-13. Graph of HP 8642A Noise Performance
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Tuning the HP 8642A/B

Table 6-5. Maximum Peak Deviation for the HP 8642A/B

Carrier Maximum
Frequency Devlation
(MHz) DC Coupled

0.110 132.1875 (HET) 1.5 MHz
0.1 to 4.130859 93.8 kHz
4.130860 to 8.261718 11.7 kHz
8.261719 to 16.523437 23.4 kHz
16.523438 to 33.046875 46.9 kHz
33.046876 to 66.09375 93.8 kHz
66.093751 to 132.1875 187 kHz
132.187501 to 264,375 375 kHz
264.375001 t0 528.75 750 kHz
528.750001 to 1057.5 1.5 MHz
1057.500001 to 2115 (8642B) | 3 MHz

"

HET band will not be set under systerm con-
trol. it must be manually set by the user. Man-
ually enter a deviation larger than that shown
in the table abova to instruct the HP 8642 to
use the HET band.
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HP 8656B Performance

HP 8656B ws. 8662A — 648 REFEREMCE using °“SEB DCFM

' o [hpl 304BA Carrier: B48.E+6 Hz 9 Jun 1888 14:-41:38 - 14:49:54

T T T rTT T T TT g5R PHASE NOISE (in CW mode),
' H 20 kHz ofiset from carrier:
0.1 1o 123.5 MHz <—114 dBg/H=
123.5 to 247 MHz <-126dBc/Hz.
247 {o 494 MHz <-120dBc/Hz.
494 to 990 MHz «<~114 dBc/Hz.

[ [ 4

1K 18K 1 aBK
L f)1 [dBcsHz1l w= f[Hz]

Figure 6-14. Graph of HP 8656B Noise Performance

Tuning the HP 8656B

Table 6-6. Maximum Peak Deviation for the HP 86568

Center Maximum Peak
Frequency Deviation
{MHz) DC Mode (kHz)

0.110 1235 99
123.5 to 247 50
247 0 494 99
494 to 990 99
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HP 8657A Performance

HP 8E57A w=. BGEGE2A - E48 REFERENCE using “S5? DCFM
thpl 3848A Carrier: G48.E+6 Hz 9 Jun 188 @3:34:55 — B9:43:11

Carrier SSE p-Noise
Frequency 20 kifz Offeet

0.1 to 130 MHz <-124 dBc/Hz
130 to 260 MHz <-136dBc/Hz
260 to 520 MHz <-130 dBe/Hz
520 o 1040 MHz <-124 dBc/Hz

£ (f) [dBcsHz1l vs fI[Hz1]

Figure 6-15. Graph of HP 8657A Noise Performance

Tuning the HP 8657A

Table 6~7. Maximum Peak Deviation for the HP 8657A

Center Maximum Peak
Frequency Deviation
{MHz) DC Mode (kHz)

0.110 130 99
130 to 260 50
260 to 520 29
520 to 1040 99
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HP 11729C Performance

Q HFP TEST 11723C-2EE2-62 WS. 11729C-8B82~-E23 ABS HNSE

[hpl 30488 Carrier: 2.1167E+9 Hz 28 Aug 1887 13:B8:21 - 13:14:55
LN B Ottsel trom Garrier {Hz)

1 [ w J100 T o ] 1ok Jook] 1%

L AL Ses HP 30484 Optian (01 or 002,
1260 MHz Absoiute Phase Noise table .

1280 1n | 52 103 [-116 | -129
$200 Mz | 2 93 |-108 | -128
3210 47 97 | -108 | 127
5.76 GHz a7 &7 [-104 |23
5760 [ a2 93 | 105 | 125
8.32 GHe - 83 |-100 { 121
83210 L —40 ~-102 | -123
10.88 GHz 0 rTy
10.88 1o -38 ~100 | ~122
1344 6Hr . 28 118

13.44 10 L -37 -121
16.0 GHz = Ty

6.0 10 .| 35 -118
0.0 GHz - 118
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Figure 6-16. Graph of HP 11729C Noise Performance

The HP 11729C Carrier Noise Set shown in figures 6-17 and 6-18, when
used with an HP 8662A or HP 8663A, is a very good reference source
with a frequency range of 100 kHz to 18 GHz. For a complete description
of the HP 11729C, refer to Down Converters later on in this chapter.
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INSTRUMENT CONTROL FOR PLL MEASUREMENT

DN CONVERTER
T 11729C

USER’S SRACE SYSTEM CTRL
HANUAL CTRL

REF SOURCE

B442A
SYSTEN CTRL

TIME BASE

HOT IN U..E.-! : CTRL VOLTAGE

F1- Systew/Manual Control E- EFC/DCFM

Figure 6-17. HP 11729C/HP 8662A with EFC Control Voltage ‘

Center Volt: 0.00 U UERIFY BEATNOTE { @ Mz Tune Range: 1.00 V

'—l-‘uTES’T w 11729C 4 nu-r-l—

USER'S SRCE

SF QuT 4
I

F1 - Proceed F8 - Center Unltage ESC - Rbort

Figure 6-18. HP 11729C/HP B662A Connect Diagram
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Down Converters

Down Converters are used to translate the frequency of a source to a
lower frequency that is compatible with tuneable low noise reference
sources, The HP 3048A supports any manually controlled down con-
verter, including the HP 11729C which is also supported under System
Control.

This section describes how to configure a down converter into the test
system, specifically the HP 11729C.

Description

The HP 3048A can be configured to operate with a down converter
under Manual or Systern Control. Typically down converters translate
the frequency of the UUT to a lower frequency, The critical parameter
to the HP 3048A test system is phase detector input frequency. Since
down conversion is done prior to the phase detector, the test system is
essentially measuring a lower frequency source. When downconverting
a signal by mixing against a local oscillator, the noise of the UUT is
translated to the IF without any change in the noise level except for added
noise due to the LO. When manually controlling the down converter,
you must input the down converted frequency (IF) as the Detector Input
Frequency in the Parameters window. If the Detector Input Frequency
is less than 95 MHz, the test system automatically enables the 2 MHz
Low Pass Filter internal to the HP 11848A Interface. With the 2 MHz LPF
enabled, the measured offset range is limited to 2 MHz,
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The Carrier Frequency entered in the Parameters window should reflect
the correct UUT frequency so the graphic display of the Carxier Frequency
is correct, The entered Carrier Frequency is used:

s To label the graph, and

¢ To derive the cotrect frequency band selection and Detector Input
Frequency for a system controlled HP 11729C.

HP 11729C Carrier Noise Test Set

The HP 11729C is the only down converter fully supported under
System Control. When configured under Systermn Control the system
automatically selects the correct comb line filter on the HP 11729C and
determines the correct Detector Input Frequency from the entered Carrier
Frequency.

Detector Input Frequency = |Carvier Frequency — Center Prequency of Comb Line

The HP 11729C creates a series of comb line frequencies based on a
640 MHz reference. These comb lines have specified band-pass filters
centered on multiples of 640 MHz up to a 17.28 GHz comb line. If non-
standaxd filters are configured in the HP 11729C, they can be specified in
the System Configuration window under 11729C Filter Specs. The 640 MHz
reference can be provided externally or internally (self oscillation), Self
oscillation mode is an unspecified reference source without voltage
control. Typically the HP 11729C uses the specified 640 MHz output of
the HP 8662A Option 003 or the HP 8663A Option 003 as a reference for
the comb line generator. The HP 8662A/63A used with the HP 11729C
provides a low noise, specified microwave VCO reference.
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HP-IB address switches are located on the rear of the HP 11729C and are
typically set to 06.
To configure the HP 11729C into the Instrument Address table enter:
“11720¢" into the Medel column,
“706" (if appropriate) into the address column.

“130” into the Option column, if the HP 11729C includes option 130,
the AM Detector.

Return to the Systermn Configuration menu and select the 11729C Filter
Specs window to define optional special filters for the HP 11729C, The
default filters shown in figure 6-19 correspond to the standard HP
11729C.
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- Main Meny ——-—-—

Type/Range of Measurement

Parameters

Calibration TecF/= 11729C Filter Specs

Instrument Cont

Define Graph 2z

New Measurement 3

Repeat Measurem 7
— System Configurat] 11
153
Instrument Addrezse 19
11729C Filter Specs 23
Plotter Pens 27
Text Colors
Load Config
Store Config

1.28E+09
1.92E+09
4.4BE+09
7.C4E+09
9.6E+09
12.16E+09
14.72E+09
17.285+09

&40 MHz
640 MHz
640 MHz
640 MH=z
&40 MHz
640 MH=z
640 MH=z
640 MHz

E e A

AnnnnAann

Figure 6-19. HP 11729C Filter Specifications
Window, Standard Bands (Comb Lines)

[

System Control is established for the HP 11729C in the Instrument Control
diagram after the HP 11729C has been propetly defined in the Instrument

Address table. Press the E’] key until the configured down converter is

displayed in the Instrument Control diagram. Then press the key to
activate System Control.

Parameters enter the correct Carrier Frequency into the Parameters
window to enable the test system to select the correct band filter and to U
determine the appropriate Detector Input Frequency.
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Considerations When Using a Down
Converter

Absolute System Noise Floor

The HP 11729C measurement system noise floor is dependent on the
signal source(s) used as a reference. System noise for the phase detector
method is a composite of the noise on the multiplied 640 MHz reference,
the residual noise of the down converter, and the noise of the RF
tunable source at the phase detector input (front-panel noise of the
HP 8662A/8663A). For the frequency discriminator method, system noise
is a composite of the noise on the multiplied 640 MHz signal plus the
noise of the HP 11729C and the discriminator circuit noise. System noise
can be described by:

Coystem = 10 log[(N? x 10T + (10T) + (105))

This equation is valid to 100 kHz offsets. At 1T MHz and above, the first term does not
contribute due to the SAW filter in the HP 11726C.

where N = center frequency of selected felter /640 M Hz
L; = absolute SSB phase noise of 640 M Hz ref. signal (dBc/Hz)
Lo = absolute SSB phase noise of 5 to 1280 M Hx vef. signal (dBec/Hx)
L3 = restdual notse of the HP 11729C (dBe/H:)

Specified Noise

The HP 11729C, when used with the HP 8662A/63A Option 003, provides
a specified 640 MHz reference with EFC. Although the HP 11729C can
be used in the self-oscillation mode the phase noise performance is not
guaranteed. Refer to figure 6-20.
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10 100 1K 10K 100K

L(f) [dBe/Hz] wvs. f[Hz]

| m—HP 11729C WITH 840MHz REF HP B8662A(0PT 003)
—=-=-— HP 11729C WITH SELF O5C S5SCALE TO 840 MHz

Figure 6-20. 640 MHz Noise Floor of
HP 11729C/8662A va. 11729C Self Oscillation
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DC FM vs, EFC or 10 MHz A/B

Making measurements using a PLL requires that one of the sources being
measured is a VCO. A VCO can be used to track or tune at the Carrier
Frequency or at the down converted (IF) frequency. In both cases a
variety of block diagrams can be used.

Tuning the UUT can be done directly to phase lock the UUT to the
reference source, as shown in figures 6-21 and 6-22, Although this
technique is acceptable it is not common due to hardware constraints at
high frequencies.

INSTRUMENT CONTROL FOR PLL HEASUREMENT

: HP 11842A

DN CONUERYTER

147296
SYSTEN CTRL

HAHUAL CTHL

REF SOURCE

24420
SYSTEM CTRL

TIME BASE ;

]
|

Fi- Sustem/Manual Control E- EFC/DCFH
Figure 6-21. UUT Control Voltage
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Center Volt: 0.00 V UERIFY BEATNOTE ¢ 1 HMHz Tune Range: 1,00 U

_I_. sest i 11729C ¢ mrat—

USER’'S ERCE

FH IH RF OUT L)

118480 M B_

S50 Qhm =

F1 - Procead F8 - Center Unltage ESC - Abort w

Figure 6-22_ Tuning the UUT Connect Diagram

Tuning the down converter reference (HP 11729C 640 MHz input) also
tunes the Carrier Frequency. You must scale the VCO Tune Constant
directly to the Carrier Frequency. The HP 11729C, when used with the
HP 8662A with EFC control to measure a 10 GHz soutrce, will fune the
comb line about =500 Hz.

10GH:z y 0.05 Hz
10 MH: Vv

10 Gz
10 M Hz»

O'Di’H’t = Estimated Tune Constant of Time Base ‘

10V = Tune Range of VOO
500 Hz = Peak Tuning Range

x 10V =500 Hz

= fatio of Carrier Frequency to Time Base
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Using the HP 11848A internal 10 MHz A source as the time base for the
HP 8662A. (as shown in figures 6-23 and 6-24) extends the tuning of the
640 MHz reference, thereby increasing the amount of tuning at the carrier
frequency. Refer to the Tuning Characteristics table in chapter 7, Quick
Reference for guidelines when tuning with 10 MHz A.

INSTRUMENT CONTROL FOR PLL MEASUREMENT

HP 11848Q
DN CONVERTER

uuT 11729¢
USER’S SRCE SYSTEM CTRL

MANUAL CTRL

REF SOURCE

24420 |
SYSTEM CTRL

TIME BASE

- :

Fi- Systen/Manual Control E- EFC/DCFM
Figure 6-23. EFC Control Voltage Tuning with HP 8662A 640 MHz Reference
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Center Uolt: 0.00 U UERIFY BERTNOTE < 1 HHz Tune Ranga: 1.00 V¥

+UTIBT IN 11729 1.F. OUT “l_

USER’S SRCE

RF QUT y
I

F8 = Canter Uoltage ESC - Afort

Figure 6-24. EFC Tuned 640 MHz Reference Connect Diagram

w
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Tuning the Reference HP 8662A or HP 8663A using the EFC or an
external tunable reference oscillator such as 10 MHz A or 10 MHz B has a
maximum allowable PTR. If the PTR exceeds this limit, then DC FM must
be used to tune the reference source. The maximwn PTR allowed with
EFC or an external reference oscillator is shown in figure 6-25. Figures
6-26 and 6-27 show the DC FM method of tuning the reference source,

2.5MHz

X
&

4
&
o

250kHz

MAX PTR ALLOWED

@
«\5&%

éc.;

Feak Tuning Range{PTR}

T T T T T T T T
10MHz 100MHzZ 1GHz 10GHz 100GH?

Carrier Frequency

Figure 6-25. Graph of Limits for Maximum Peak Tuning Range Using EFC

Cown Converters 637




INSTRUMENT CONTROL FOR PLL MEASUREMENT

: HP 11848A
DN CONVERTER ;

adl USER‘S DEV

USER'S SACE MANUAL CTRL
MANUAL CTRL

REF SOURCE

TIME BASE

NOT IN USE f CTRL YOLTAGE

Fi- Sustem/Manual Control E- EFC/DCFM
Figure 6-26. DC FM Reference Source Control Voltage

Center Volt: 0.00 VY UERTFY BEATHOTE ¢ 1 MHz Tune Range: 2.00 U

|-+ 1u DOWN CONUERTER g\c

SER’S SACE

H’F(JI.IT1

F1 - Proceed F8 - Center Uoltage ESC - Abort

Figure 6-27. Reference Source Tuning Connect Diagram
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AM Measurements Using the HP 11729C Option 130

For AM Noise measurements, refer to chapter 3 in the HP 30484
Option 301 QOperating Manual to the section titled “AM Noise Using an HP
11729C",

Considerations When Using the HP 11729C

The HP 11729C configured in the HP? 3048A cannot measure frequencies
within 5 MHz of the selected comb line frequency.

The HP 11729C typically causes the measured noise to tip up close to
40 MHz offset. This is due to the parametric amplification of noise by the
step recovery diode.

Spurs are not specified for the HP 11729C.
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Frequency Counters

The HFP 3048A supports several frequency counters. A frequency counter
can be used to zero-beat the sources and measure the VCO Tune
Constant. Using a frequency counter decreases the time the test system
takes to find the beatnote, determine the VCO Tune Constant, and
zero-beat the signal sources.

The following frequency counters are supported:

e HP 5343A » HP 5384A
o HP 5385A o HP 5386A
» HP 5316A » HP 5316B

Description

The frequency counter is not shown in the Instrument Control diagram or
in the Connect Diagram.

Connect the frequency counter to the HP 11848A Aux Monitor port.
If you also want to use an oscilloscope to monitor the Phase Detector
Output, use a tee adapter to connect both the oscilloscope and the
frequency counter to the HP 11848A Aux. Monitor port.

Connect the test system’s HP-IB to the Frequency Counter and verify
that the test system recognizes it in the Instrument Address table.

Considerations when using a Frequency
Counter.

Counters cannot tolerate signal sources with large amounts of drift or
erratic noise. If an error message occurs indicating that the system cannot
zero the beatnote or measure the VCO Tune Constant, remove the
frequency counter from the Instrument Address table.
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Digital Voltmeters

The HP 3048A supports only the HP 3478 A Multimeter (DVM) for making
the DC voltage measurements normally done by the HP 3561A Dynamic
Signal Analyzer. A supported digital voltmeter reduces measurement
time,

Description

The time required for making a measurement is reduced by using a
DVM in place of the voltage measuring capability of the HP 3561A.
Measurements such as the £DC Peak (Phase Detector) calibration and
verify beatnote, Qut of Lock, and Overload can be done more quickly
with the DVM.,

Connect the DVM to the HP 11848A Phase Detector Qutput through a
BINC tee adapter at the To 3561A Input. The HP 3561A and the HP 3478A
are connected in parallel and both have high-impedance inputs. The
measurement results are not affected by having the DVM connected at
this point.

Connect the DVM to the HP-IB.

Considerations When Using a Digital
Voltmeter

Using a common ground on the DVM (not isolated) may cause a ground
loop, thereby increasing line spurs.

Digital Vollmeters  6-41




Function Generator

The HP 3325A/B Function Generator, and the HF 89204A Multifunction )
Synthesizer are the only function generators supported by the HP 3048A. &
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Additional Equipment

The following is a list of additional equipment that may be useful with the test

systermn.

Modulation Analyzers
HF 8901A/B
HP 8902A

Accessory Kits
HP 11826A
HP 11826B
HP 11826A

Power Meters
HP 436 or HP 438

Power Meter Sensors
Various HIP Maodels

AM Detector
HP 333300

AM Detector Filter
HP 3048A Option K21

Attenuators
HF 8493
HP 8494
HP 8495

150 kHz to 1300 MHz
150 kHz to 1300 MHz

RF Fhase Noise Accessory Kit

Microwave Phase Noise Accessory Kit

RF and Microwave Phase Noise
Accessory Kit

Limits depend on power sensor
used with power meter,

Frequency ranges depend
on model,

10 MHz to 26 GHz, P max = +23 dBm
Low Barrier Schottkey Diode

1Hz to 40 MH=
Positive and Negative Detector Polarity

Series of fixed attenuators
1 dB step attenuator
10 dB step
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Amplifiers
HF 3048A Option K22

Dual RF Amplifier

HF 8447A
Preamp

HF 84470
Preamp

HF 8M47E
Amplifier

Phase Shifter
HP 11609A Option K08

0° Power Splitters

MCL ZF5C-2-5
MCL ZAPD-21
Merrimac FDM-27-10G

Couplers

MCL ZFDC-20-5
MCL ZFDC-10-2
NARDA 422716

DC Blocks
HP 3048A Option K23
NARDA 4563

NARDA 562
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Specified Phase Noise

9 dB gain, NF Typically < 7 dB
5 to 1500 MHz

Output Power > 15 dBm
20 dB gain 0.1 to 400 MHz
NF < 5 dB, output power > 6 dBm
26 dB gain 0.1 to 1300 MH=
NF < 8.5 dB, output power > 7 dBm
22 dB gain 0.1 to 1300 MHz
NF < 11 dB, output power > 15 dBm

Packaged line stretcher
2510 3.4 ns variable delay

14 to 1500 MHz
500 MMz to 2 GH=
1.5t0 18 GHz

0.1 to 2000 MHz, 19.5 dB coupler
10 to 1000 MHz, 10.75 dB coupler
1.7 to 26.5 GHz, 16 dB coupler

DC blocking filter for noise measurements

on power supplies
Inside/Outside DC block

500 MHz to 18 GH=
Noise Suppressor

10 MHz to 12.4 GHz




Load and Store System Configuration File

Changes made to any System Configuration function are not stored on disk
memory unless you select Store Config. All System Conhguration data
resides in the file DEFAULT.CFG. If you want to load the last stored System
Configuration file, select Load Config.
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Text Colors

Main Menu

Type/Range of Measuremnent
Parameters
Calibration Technique
Instrumant Centrol
Define Graph
New Measurement
Repeat Measurement
{—— 8ystem Configuration
Instrument Addresses
11729C Filter Specs
Plotter Pens Text Coloprs
Taxt Colors
Load <Config Border Calors
Store Config Mani Colozrs

Highlight Colors
First Letter Color

Figure 6-28. Text Colots Window

select the Text Colors function you want to change and then press the
key until the color displayed on the monitor is to your satisfaction.
As with other Systemn Configuration functions, the modified Text Colors
must be stored in order to have them appear when the computer is
booted.
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Quick Reference

5
6
7
8
9

Approximate HP 3048A Phase Noise Floor vs.
R Port Signa! Level

HP 3048A Phase Noise Floor and Region of
Validity of L(f) = 5@

Phase Noise Level of Various HP Sources

Increase in Measured Noise as Reference Source Noise
Approaches UUT Noise

Approximate Sensitivity of Delay Line Discriminator
AM Calibration

Voltage Controlled Source Tuning Requirements
Tune Range of VCO vs. Center Voltage

Tuning Characteristics of Various VCO Source Options

10 Peak Tuning Range Required Due to Noise Level

11 Phase Lock Loop Bandwidth vs. Peak Tuning Range

12 HP 3048A Noise Floor Limits Due to Peak Tuning Range
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1 Approximate HP 3048A Phase Noise Floor vs. R Port Signal Level

o
O

[N

K@ (V/rad)

.06

1.035

5 .02
-120 -130 —140 -150 -160 -—-170 —180

Detector Constant

Approximate Phase Noise Floor (dBc/Hz)
f= 10 kHz

L Port Signol Level Is Assumed to be Appropriote for the Phose Detector

Description

The sensitivity of the HP 3048A Phase Noise Measurement System can
be improved by increasing the signal power at the R input port of the
Phase Detector in the HP 11848A. The graph shown above iltustrates the
approximate noise floor of the test system for a range of R input port
signal levels from —15 dBm to +15 dBm. The diagonal line on the left
side indicates the approximate sensitivity for offsets greater than 10 kHz
without the test system’s low noise amplifier out of the signal path. The
right diagonal line indicates the sensitivity with the amplifier in the signal
path. These estimates of sensitivity assume the signal level at the L port is
appropriate for either the microwave or the RF mixer that is used (+7 dBm
or +15 dBm, respectively). The approximate phase Detector calibration
Constant K4 that results from the input signal level at the R port is
shown on the right side of the graph. (Refer to Calibration Technigue in
chapter 2, Measurement Definitions for more information about calibration
of the phase Detector Constant.)
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EXAMPLE
Estimating The Phase Noise Floor
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Use Current Tune t 106.7 Hz/Volt).
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2 HP 3048A Phase Noise Floor and Region of Validity of L(f) = »‘%ﬂ

50 L e B B 8 e LA i 0 et ot i e s e e e e
40
30|
20 |
10f
D o
~10
~20 e
~30 [ AN
“oF Z - of Validity of 2 (f)=2Z 3
-60 F ]
=70
-8
-90 k
-100 |
-110
-120 F
—130
~140 |
-150 |
—160 |
-170 |
~-180 At
ol

L(f) [dBc/Hz] wvs.

Description

Caution must be exercised when L(f) is calculated from the spectral den-
sity of the phase fluctuations, S, (f), because of the small angle crite-
rion. The —10 dB/decade line is drawn on the plot for an instantaneous
phase deviation of 0.2 radians integrated over any one decade of offset
frequency. At approximately 0.2 radians, the power in the higher order
sidebands of the phase modulation is still insignificant compared to the
power in the first order sideband which ensures the calculation of L{f) is
still valid. As show in the graph above, below the line, the plot of £(f)
is correct; above the line, L(f) is increasingly invalid and S, (f) must be
used to represent the phase noise of the signal. (S (f) is valid both above
and below the line.) When using the L(f) graph to compute S, (f), add
3 dB to the offset Level.

Se(f) =2{L(f))
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3 Phase Noise Level of Various HP Sources

o —

10 100 1K 10K ™ 10M  40M ‘

L0 [dBesHz] vs. f[Hz]

Description

The graph shown above indicates the level of phase noise that has
been measured for several potential reference sources. Depending on the
sensitivity that is required at the offset to be measured, a single reference
source may suffice or several different references may be needed to
achieve the necessary sensitivity at different offsets. (Refer to Signal
Sources in chapter 6 System Configuration for complete specifications of
HP 3048A supported sources.)
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EXAMPLE
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4 Increase in Measurad Noise as Reference Source Noise
Approaches UUT Noise

in Measured MNoise

Due to Reference Noise {dB)

P,

S~

_-"""'-.

o
o
O
l
L
£

01 2 3 4 5 10 15
Amount UUT Noise Exceeds Reference Noise (dB)

Description

The graph shown above demonstrates that as the noise level of the
reference source approaches the noise level of the UUT, the level
measured by the HP 3048A (which is the sum of all sources affecting
the test system) is increased above the actual noise level of the UUT.
(Refer to Selectinng a Reference in chapter 3, Signal Source Applications of the
HP 3048A Option 301 Operating Manual for further information about the
noise contribution of sources.)
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5 Approximate Sensitivity of Delay Line Discriminator

50 (—
a0 f
ok
20 |
10 f

0 b

—-10F

-0 F

=30

—40

-850 F

~60

=70 F

-8a

I1{)!:' 1K
L) [dBe/Hz] vs. f[Hz]

Description

The dependence of a frequency discriminator’s sensitivity on the offset
frequency is obvious in the graph shown above. By comparing the
sensitivity specified for the phase detector of the HP 3048A to the delay
line sensitivity, it is apparent the delay line sensitivity is “tipped up” by
20 dB/decade beginning at an offset of 51=. The sensitivity graphs indicate
the delay line frequency discriminator can be used to measure some fypes
of sources with useful sensitivity. Longer delay lines improve sensitivity,
but eventually the loss in the delay line will exceed the available powex
of the source and cancel any further improvement. Also, longer delay
lines limit the maximum offset frequency that can be measured. (Refer to
Calibration Technique in chapter 2, Measurement Definitions, for delay line
restrictions. )
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EXAMPLE

AT PORT "L"

AT _PORT '"R”

POWER

\ SPLITTER @
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Coax Delay Line (RGS5) ==

8 dB Loss/50 foot
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e
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6 AM Calibiation

Equivalent Phase Detactor Constant vs. Detector Veltage ve. Imput Power
AD

T SRS P & +23 w

.25 w—— — - +20
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-
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&
¥
F
=
o
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o
2
-]
E
8
&
&

B A5 2 3 4 5 B 8 1.0
Disde Detector Valtage (Vde)

Description

The AM detector sensitivity graph shown above is used to determine
the equivalent phase Detector Constant from the measured AM Detector
input level or from the diode detector’s dc voltage. The equivalent phase
Detector Constant (phase slope) is read from the left side of the graph
while the approximate detector input power is read from the right side
of the graph. (Refer to Calibration Technique in chapter 2, Measurement
Definitions for information about determining the AM Detector constant.)
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EXAMPLE

HP 3048A
OPT K21
AM DETECTOR
FILTER

HP 33330D
DETECTOR

40.5 V Diode
Detector Voltage

MEASUREMENT
RESULT

Kain Neny

calibration Technique
Inatrusent control
CalibTetion Teckniqus

=~ Preas Pl to S¢i4ct Detector Conatant method

[bae current Gatector comatant]........| 100.2-3 | v/Rea 4
Encown Spur Parama .

Tar.
Derive Froa Doubje-sided Spur Ampl | =30 ] dBc
Derive From 3ingle-sided Spur Preq | 10.E+3 ) Hx
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7 Voltage Controlled Source Tuning Requirements

Peak Tuning Range (PTR) = Tune Range of VCO
X vCO Tune Constant
Min., PTR = .1 Hz

Max. PTR = 500 kHz (200 MHz with
an RF Analyzer).

Drift Tracking Range = Allowable Drift During
Measurement.

Total Peak-to-Peak Tune Range of VGO

System Pegk Tuning Range {PTR)

Drift Tracking Range = +20% PTR

| Capture [
Range =

' +10% PTR !

(s N

| §

| |
-~

f
VCO Source Center Frequency

Description

The tuning that range the HP 3048 A actually uses to maintain quadrature
is limited to a fraction of the peak tuning range (PTR) to ensure the tuning
slope is well behaved and the VCO Tune Constant remains accurate.
After phase lock is established, the test system monitors the tuning
voltage required to maintain lock during calibration. If the tuning voltage
exceeds 10% of the peak tuning range during system calibration, the
HP 3048A stops the procedure and informs the user that the source needs
to be retuned before the measurement can begin. If the tuning voltage
exceeds 20% of the PTR during the measurement, the test system again
informs the user and requests the oscillator be retuned or the problem
be otherwise corrected before proceeding with the measurement. These
limits have been found to guarantee good results. (Refer to the Calibration
Technigue and Parameters sections in chapter 2, Measurement Definitions
for a description of the test system’s requirements when making a PLL
measurement.)
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EXAMPLE

10 MHz UUT
SOURCE

Expected Peak Drift Range

100 H

Z

\

\

N

s\] ”

Required Peak Tuning Range{PTR) Peak Drift X

I Beatnote

MEASUREMENT RESULT

. Muln Henu ——j

Paramstars

carrier Prequancy .......
Datector Input Praq

VCO Tunw Constant ....

Cantsr voltage of Veo

Tune Range of ¥0O ...,

VCO Tune Port Input Resistanca

Louze ] Ha /
10,£46 | Hr

100 ) Hesvolt
0 ] volts
10 1 volta

10
100 Hz X 10
1 kHz

10 MHz B
VCO Tune Constant

1,046 ] onen’ g

—— Press F1 to Seisct

EF Freg Phsss batactor] (5 MH: to 1600 MEz)
Hlgh Frag Phase Detector (1.2 GHz to 1B GEz)

External Fhase/AM Datactor

N

Required

Tune R
ofvoa ¥ = PTR/TC

= 1 kHz/100 Hz

10V
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8 Tune Range of VCO vs. Center Voltage

7,
o

A
.
/ i
/]

10

/)

7
g}

=5 -2 =1=30.35 1 2

Tune Range of VOO (Volts)

Center Voltage of VOO Tune Curve {Volts)
| Center Voltage | + | Tune Range of VCO | < 12V

Description

The graph shown above outlines the minimum to maximum Tune Range
of VCO which the HP 3048A provides for a given center voltage. The
Tune range of VCO decreases as the absolute value of the center voltage
increases due to hardware limitations of the test system. (Refer to
Parmneters in chapter 2, Measurement Definitions for further information
about the Tune Range of VCO.)
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EXAMPLE

Max 7V

Tune Range Of VCO

Min 2V

Center Vcoltage of
‘VCO Tune Curve (Volts)

’— Hnin Hemu -—-—[

carrler Frequency .... [
Datactor Input Freg N 0-gse 1Kz
VCO Tune Canstant N 100 ] Hz2svelt
center Voltage of ¥CO Tune Cu I 5 ] Volts Acceptoble Entry
Tune Range of VCO N 7 ] VOIS et
VCO Tone Part Input Resiatance [ 1.B+6 ] Ohms 2\/ tO 7V

10.E+6 ] He

— Prass Fl to Select Detector

5w _Freq Phass Datector (5 Miz to 1600, MHz)|
High Preq Phame Datactor (1.2 GHz to 13 GH2)
Extatnal Phaga/AM Detector
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9 Tuning Characteristics of Various VCO Source Options

. VCO Tune Center Tune Input
VCO Source Carrier Constant Range Range ‘Resistance
Freq. (HzV) W) of VCO (£V) (ohms)

Calibration
Technique

HP 8662/3A
EFC Uy S5E—-9 %y, 1E+ 8 | Measure
DCFM FM Deviation 1k (8662) | Calculate

600 (8663) | Calculate

HP 8642A/B FM Deviation 600 Calculate

HP §6408 FM Deviation 600 Calculate

HP 86568 FM Deviation 600 Calculate

Other Signat Generator
DCFM Calibrated FM Deviation Rin Calcutate

for 1V

10 MHz Source A
Direct 10 10
Muitiplied 1E-6X1w, : 10

As a Timebase: Measure
To HP 8662/3A 1E~BXuw, 10E+9+v,
To other synthesized

signal generators 1E— 62X, 1E4+ 6 x PTR" + v,

10 MHz Source B
Direct 100 10
Multiplied 10E—6 X v, 10

As a Timebase: Measure
To HP 8662/3A 10E—-6x v, 1TE+9+v,,

(up 10 2.5V max.}

To other synthesized
signal generators MWE—BX v, 100 E + 3 x PTR"
350-500 MHz Source 12E+ 86 2 Measure
Estimated
Other User VCO Source within a See Graph 8 Measure
factor of 2

* Limited PTR due to PLL BW limitations.

Description

The table shown above lists tuning parameters for several VCO source
options. (Refer to Parameters in chapter 2, Measurement Definitions for
further information on tuning sources.) Example A on the next page uses
an HP 8662A as the signal source.
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EXAMPLE A

HP 8662A REAR PANEL

ool
[E-_E_,-i nRlai]e]ale]

(e ]e]
o0

ru.xnu-nu——«w—r Vo = 100 MHz

PaTametors

carrier Frequency . .. 100,206 | 1z k)
Datector Input Freq 100.5+6

Kz .
VOO Tuna Constant . E2/UOLE o i
canter Veltage of VCO Tung Curve - o | valts | SE - 9 X 1 OO E6
Tuna Rangs of vcD Volta

WO Tune Port Input Resiatance .. - Chma
—— Prees Fl to Selact

atector (T MHz to Le00 #iz)| j
Tireetor {2 Mz £ 100 Win) Tune Port Resistance

it
External Phase/AH Detector

Maln Mena

— calibration Technique

— Prasa Fl to Salect Dutactor Hathod

Li].7] n 277.7E-3 ] V/Rad

= Presp P2 to Jalect V&0 Tuha Conatant Method ———
Usg Cuzre (. 106.7 Hz/valt). . Refer To Chapter 2z
[Hapauce =gm * . .
Calculate from Expected Tune Constant { 499%.975B-3 Hz/Volt). CO[Ibf'CItIOﬂ Technique

=— Press F1 to Toggla VYarification of Loop Supprassion FOr Detoils Oﬂ Deter’-—

mining the VCO
Tune Constant

The computed PLL supprassion be varified.
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9 Tuning Characteristics of Various VCO Source Options {continued)

: VCO Tune Tune Input
CFa'rrier Constant Range Resistance
ed- (Hz/V) of VCO (V) (ohms)

Calibration

VCO Source Technique

HP 8662{3A
EFC Vo SE-9x v, 10 1E+6 Measure
DCFM FM Deviation 10 1k (8662) | Calculate

600 (8663) | Calculate

HP 8642A/B FM Deviation 10 600 Calculate

HP B640B i FM Deviation 10 600 Calculate

HP 868568 FM Deviation 10 600 Calculate

Other Signal Generator
DCFM Calibrated FM Deviation 10 Ry Caiculate
for 1V

10 MHz Source A
Direct 10 10
Multiplied 1TE—-6 X, 10

As a Timebase: ) Measure
To HP 8662/3A TE—-86Xw, 10E+ 9+,
To other synthesized

signal generators 1E-6xu, 1E+6xPTR" =+ v,

10 MHz Source B
Direct 100 10
Multiplied 10E — 6 X v, 10

As a Timebasé: Measure
To HP 8662/3A MWE -6 X1, 1E+9+v,,

(up to 2.5V max.)

To other synthesized

signal generators 10E - 6Xu, 100 E + 3 x PTR"

350-500 MHz Source 12E+ & 2 Measure

Estimated .
Other User VCO Source within & See Graph 8 Measure
factor of 2

* Umited PTR due to PLL BW limitations.

Description

The table shown above lists the tuning parameters for several VCO source
options. (Refer to Parameters in chapter 2, Measurement Definitions for
further information on tuning sources.) Example B on the next page uses
an HP 8642A as the signal source.
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EXAMPLE

HP 8642A

D oo
===

| |
O%H

o

=
i o [ T T J e

[ i [ [ (]
(oo

o [ | n o [
AL

[}

L YT 2Y)

f unu.u-nu ———|

wr 2

carrier Fragquancy ..

Dutector Input Freq

VOO Tune Conatant

Canter Yoltage of

fune Rarga of VCO .. .
VCO Tune Port Input Remistance .

—— Fréds Fl %o Select

High Freq Phiise Datector (1.2 GHz to LB GHz)
Bxternal FPhane/AN Detactor

o

~~

Main Menu
— Ccalibration Technique

— Prass F1 to Select

Use Current Dgtaector Constant

— Presa F2 to Select VOO Tune

277.78-3 ] V/Rad

Mathod

Usa Current Tune Constant ( 106.7 Hz/Valt).

MNempurs the Tuna Consatant.

Calculate from Expected Tuna ConaLant 499 975E=-3 N/ VGlt
- Prass F) to Toggla Verification of Loop Suppressicn

The computed PLL suppression be verified,

WILL

| i VO

900 MHz
Peak FM Deviation

Tune Port Resistance

Refer To Chapter 2
Colibration Technique
Enhanced Tuning Ranges
For Details On Deter—
mining the VCO

Tune Constant
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C Y

"

10 100 1K 10K 100K M 10M  40M
Ly [dBesHz] vs. f[Hz]

Description

The graph shown above provides a comparison between the typical
phase noise level of a variety of sources and the minimum tuning
range that is necessary for the test system to create a phase lock loop
of sufficient bandwidth to make the measurement. Typically, sources
with higher phase noise require a wider Peak Tuning Range. These
sources are usually designed with a wider tuning range in order to meet
their application requirements. (Refer to the PLL section of Parameters in
chapter 2, Measurement Definitions for further understanding of the Peak
Tuning Range requirements.)
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EXAMPLE

FREE-RUNNING RF GSCILLATOR VERSUS HP 854 N

Sg 1ho] B Larrioes s»:r:-f He : L Apr 1967 |‘5,zu.u B-Bls‘a:la:—_r_ 800 kH =z Required

. Expected Noise
Level Of UUT

i
[ 180 I 1
L) faBo HIY ve fOH2]

Hain ¥ana ——|
L 800 kHz PTR
carriar Frequancy 640, E+6 yf _——

Detactor Input Praq BAD. B+
YCO T Capstant .. 160, B+3
Yoo Tume Comment 3 Tune Range Of VCO
Tune Ranga of VCO L]
VCO Tune Pert Input Resiptance .. . 00

— Prass Fl to Selact

[y pres ehess Betector (2 sz ko toog et Tune Range Of VCO

External Phasa/AN Detector

Quick Reference 7-23




1 1 Phase Lock Loop Bandwidth vs. Peak Tuning Range
M

100k

rd

10k

1k

10: /

4

0/ /
f L4

PLL Bandwidth (Hz)

B I A [ A e s S N N A
A ] 10 100 1k 10k 100k 1M 10M 100M 1G w

Pegk Tuning Range (Hz)
+ Lag/lLead Filter Number

Description

The graph shown above illustrates the closed Phase Lock Loop Band-
width (PLL BW) chosen by the test system as a function of the Peak
Tuning Range of the source. Knowing the approximate closed PLL BW
allows you to verify that there is sufficient bandwidth on the tuning port
and that sufficient sotxce isolation is present to prevent injection locking,.
(Refer to Parameters in chapter 2, Measurement Definitions for a descrip-
tion of the Peak Tuning Range requirements.) Example A describes the
observed injection locking that takes place.
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EXAMPLE A
OBSERVED INJECTION LOCKING

Lowest Beatnote Frequency
Without Injection Locking

N
\ 1/

I \V/ | A4

40 Hz 180 Hz 1120 Hz

77

Required PTR for
Observed Injection
Locking. PLLBW
Must Be 4 X BW
of Injection Locking

4 X 40 = 160 Hz PLLBW
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maadh

Phase Lock Loop Bandwidth vs. Peak Tuning Range (continued)

™

100k

o/

10k -

-

1k 2L

: /7

1
0=/ A
f x

/

“

PLL Bandwidth {Hz)

T T | L | L] | L LI LI L T 1
10 100 1k 10k 100k 1M 10M 100M 1G
Peak Tuning Range (HMz)

* Lag/Lead Filter Number

Description

The graph shown above illustrates the closed Phase Lock Loop Band-
width (PLL BW) chosen by the test system as a function of the Peak
Tuning Range of the source. Knowing the approximate closed PLL BW
allows you to verify that there is sufficient bandwidth on the tuning port
and that sufficient source isolation is present to prevent injection locking.
(Refer to Parameters in chapter 2, Measurement Definitions for a descrip-
tion of the Peak Tuning Range requirements.) Examnple B describes the
frequency response of the VCO tune port.
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EXAMPLE B

FREQUENCY RESPONSE OF THE VCO
TUNE PORT VCO Tune Port BW

M' 0 a8 :L
dB

AN
100 10k
FREQUENCY

FHASE DEGREE

Max EFC BW For
The HP B8BB2A
is =~ 1KHz
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Tune Range of VCO
Phase Detector Constant

oy,
.
Y

A

[,

B
.
o
T,
N\

\,
T ———, e

10 100 1K 10K T0M  40M
L(f) [dBe/Hz] wvs. f[Hz]

Description

‘The graph shown above illustrates the equivalent phase noise at the Peak
Tuning Range entered for the source due to the inherent noise at the
HP 11848A Tune Voltage Output port. (A Tune Range of VCO =10 V
and phase Detector Constant of 0.2V/Rad is assumed.)
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EXAMPLE

r Maln

Menu ﬁ-—-—-ﬁ-——-—'

carrisc fr
Datwctor I
VCO Tunm G
Center Yal
Tune Range

aquancy .. . 540, B46
nput Freq . £40, K45
'onstant, .. . 12.5K+3
tage of Voo . o
of VOO ..., . 0

VOO Tuna Port Input . 500

—— Prems F1

to Select

Fhass 5 XHr to 1600 MHz

High Freq e Detector {1,2 GHz €o 18 GHz
octor

External

T
Phace /AN Dot

go 1h03 A Cursiory GALESE Ha 20 fuo 1082 14:22:59 - 1420134

HP TEST BE42A/B VE. BEE2/E3 ABE NOISE B B4D MA;

12.5 kHz/v X 10V
= 125 kHz PIR

— UUT Measurement
Results

5 L

LI R R TR T
L1 taBooNz) vE FIMZD

Approximate System
Noise Floor For
125 kHz PTR
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Messages 8

introduction

The HP 3048A displays messages to aid you during the measurement
process. These messages are grouped into four categories:

Error: Numbered error messages are listed in numerical order in table 8-1
and unnumbered error messages listed in alphabetical order in table 8-2.

Reference: Reference messages are listed in numerical order in table 8-3.
Warning: Warning messages are listed in alphabetical order in table 8-4.
Status: Status messages (prompts and updates) are listed in alphabetical

order in table 8§-5.

Numbered Error Messages
Unnumbered Error Messages
Reference Messages
Wathing Messages

Status Messages

Messages 8-1




Table 8-1. Numbered Error Messages (1 of 17)

Signal level entering the Noise Input port of the 11848A exceeds 1 Volt peak.

Action: Press R to retry. If the overload condition was transient, the HP 3048A proceeds
with the measurement. If Error 1 occurs again, reduce the signal level at the NOISE
INPUT port on the HP 11848A.

If an HP 11729C is being used to make an AM measurermernt, insert & 20 dB (50 {2) pad in
the NOISE INPUT signal path. The pad should be connected directly to the HP 11848A.

Loop suppression peak exceeds 10 dB. To proceed without verifying the
loop suppression press P. Excessive peaking ¢an be caused by various conditions.
Continuing with the measurement without verifying loop suppression may result in
measurement accuracy degradation at offget frequencies within a decade

of the PLL bandwidth.

NOTE
The SOURCE OUT port on the rear-panel of the HP 3561A must be
connected to the N OISE‘ INPUT port on the rear panel of the HP 118484,

Excessive loop suppression peaking is generally caused by one of three conditions. Each
condition produces a somewhat different response of the loop suppression curve. The lpop
suppression curve is displayed on the HP 3561A after the test systern has completed the
loop suppression characterization. Figure 8«1 illustrates the typical curve response for
each of the three conditions,

Action: If the loop suppression peak for your measurement exceeds 10 dB (Error 2),
pbserve the [oop suppression curve displayed on your HP 3561A. Then refer to the
following condition described for the curve in figure 8-1 that most closely resembles the
curve displayed on your HP 3561A.
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Table 8-1. Numbered Error Messages (2 of 17)

2 RANGE: 28 oBvY STATUS: PAUSED
, B:TIMECR)
{cont’d) -

START: B Sec $TOP: 4 wien
X1 B.8D@R8 Sec ¥i-59.48 mvolt

1. Narrow Modulation Bandwlidth

T RgﬂﬁE: 20 dBv STﬂguS: PAUSED
ATMRTH SORTCHIE + Me“g> RMS: £S5
.

BUr 5 Hz ETOF: B BAG Wz

2. Large Spur on input Signal.

RANGE: 22 aBY STATUS: FAUSED
AIMATH SERT{M1~2 - ME~2) RMS: 2§

Al

START: a8 Hz BH: 5 Hz ETOFt z @88 Hz
Xi 225 Hz T: 18.28 dB(vs

3. High Noise on Input Signal

Figure 8-1. HP 3561A Display of Loop Suppression Curves.
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Table 8-1. Numbered Error Messages (3 ot 17)

1. Narrow Modulation Bandwidth

A broad peak on a relatively clean loop suppression curve occurs when the modulation
bandwidth of the VCO's tune port is not wide enough to provide adequate phase margin
for the test system’s phase lock loop (PLL). The VCO's modulation bandwidth (the upper
trequency limit of the VCO's tuning port) should be greater than approximately ten times
the PLL bandwidth set for the measurement. PLL bandwidth is shown as a function of the
Peak Tuning Range (PTR) in figure 8-2. (The PTRH for the measurement is determined by
multiplying the VCO's Tune Constant by its Tune Range of VCO.)

/

—
I~
I

st
i
-
2
=
o
=
o
o
—
—
o

T T 1 T T T T T LI LI UL
100 1k 10k 100k 1M 10M 100M 1G
Peak Tuning Range (Hz)
+ Log/lLead Filter Number

Figure 8-2, Phase Lock Loop Bandwidth as a Function of
the Peak Tuning Range of the Measurement,
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Table §-1. Numbered Error Messages (4 of 17)

2

(cont'd)

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

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

Use a different VCO source with greater modulation bandwidth.

Decrease the PLL bandwidth to 1/10 the VCO’'s modulation bandwidth by decreasing
the Peak Tuning Range (FTR) for the measurement. Use figure 8-2 to determine

the PTR required. The PTR can be reduced by decreasing the Tune Range of VGO
value entered. Divide the required PTR by the VGO's Tune Constant to determine the
appropriate Tune Range of VCO 1o enter. (Keep in mind that reducing the PTR limits
the test system'’s Frequency Drift Tracking Range for the measurement. For further
information about changing the PTR, refer to Changing the PTR in chapter 3 of the
Operating Manual.)

If you do not know the modulation bandwidth for your YOO source, you can determine
it by locating the 3 dB rofl-off frequency of the VCO tune port. The following steps
describe a procedure for determining the modulation bandwidth.

a. Connect a tracking generator cutput (such as the HP 3585A/8) 1o the tuning input
port on your VCQ.
b. Set the tracking generator output to sweep the audio spectrum.
. Connect the BF output from your VCO 10 a modulation analyzer (such as an
HP 8901A).
- Set the modutation analyzer to measure FM,
. Connect an audio spectrum analyzer to the MODULATION QUTPUT on the
HP B901A.
. Increase the frequency spectrum of the tracking generator, if necessary, until
the 2 dB roll-off frequency can be seen on the audio analyzer's display. The
3 dB frequency should be > ten times the PLL bandwidth for the measurement.

The modulation bandwidth of a VCO can also be determined using the Bessel Null
tachnique. Apply a series of audio frequencies to the tune port of the VCO. Observe the
VCO's output signal on an BF spectrum analyzer and adjust the audio modulation level
for the first carrier null. Calculate the VCO's modulation sensitivity at each medulation
frequency using the level and frequency of the audio signal at the null setting. Plot the
modulation sensitivity versus the audio frequency to determine the modulation bandwidth.
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Table 8-1. Numbered Error Messages (5 of 17)

2

(cont'd)

2. Large Spur on Input Signal

A sharp peak on an otherwise correct loop suppression curve is evidence of a large

spur (typically > —40 dBc) near the phase lock loop (PLL) bandwidth of the measurement
{within a factor of two), Press P to continue with the measurement. The measurement
results may not be totally accurate it the noise graph will provide you with the offset
frequency and approximate level of the spur. (Chapter 6, Evaluating Measurement Results
in the Operating Manual provides information that helps you isolate the spur source).

If you are not able to reduce the spur level to < —40 dBc, it may be possible to make an
accurate noise measurement by changing the FLL bandwidth. Measurement accuracy is
only affected by spurs > —40 dBc that are within a factor of 2 of the PLL bandwidth.

The PLL bandwidth is shown as a function of Peak Tuning Range (PTR) in figure 8-2,
{The PTR for the measurement is determined by multiplying the VCO's Tune Constant
by the Tune Range of VCO entered for the measurement. For further information about
changing the PTR, refer to chapter 3, Changing the PTR in the Operating Manual

3. High Noise on Input Signal

NOTE
Be sure that SOURCE OUT on the rear panel of the HP 3561 A 15 connected
to NOISE INPUT on the rear panel of the HP 118484,

A noisy loop suppression curve is caused when one or hoth of the input signals has

noise near the smail angle line at offsets near the phase lock loop (PLL) bandwidth. For
information about verifying the noise level and recommended actions for compensating for
a high noise level, refer to chapter 2, Evaluating Noise Above the Small Angle Line in the
Operating Manual.

Unable to detect the presence of a heatnote.

Action:

1. Check to be sure that the correct Phase Detector 1s selected in the Parameters
window,

2. Check sources to verify the frequency of each output signal.

3. Check for a beatnote. (A procedure for tuning the beatnote to within the Capture
Range for the measurement is provided in the Checking the Beatnote section of each
Phase Lock Loop measurement exarple in chapter 3 of the Operating Manual. An
oscilloscope connected to the HP 11848A AUX MONITOR port can be helpful for
monitering and zeroing the beatnote.)
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Table 8-1. Numbered Error Messages (6 of 17)

UUnahle to close the Phase Lock Loop.

Action: There are several possible conditions that can prevent the test system from being
abla to close the phase lock loop. These conditions and the actions recommended for
verifying them are listed below in the order of probable cayse.

1. The test system is not able to tune the beatnote to within the capture range set for
the meastirement. This possibility is minimized by carefully following the Checking
the Beatnote procedure in each measurement example in chapter 3 of the Operating
Manual.

If an oscilloscope is available, you will find that connecting the scope to the AUX
MONITOR port on the HP 11848A allows you 10 continuQusly monitor the beatnote
throughout the measurement. By abonting this measurement and reinitiating a New
Measurement, you can observe the beatnote as the HP 3048A attempts to close the
phase lock loop (a message will appear on tha display to let you know when this is
happening). The beatnote frequency, as seen on the scope, should decrease and
then go to zero (dc). Watching the beatnote's response as the test system attempts to
adjust it o 0 Hz can provide clues about tuning problems that may exist.

. The beatnote drifted beyond the HP 3048A's capturé range before the test system was
able to acquire lock, For further information on verifying the frequency stability of the
beatnote, refer to chapter 3, Tracking Frequency Drift in the Operating Manual.

. The VCO Tune Constant enered for the measurement was not within a factor of 2 of
the actual VGO Tune Constant, and the HP 3048A wag not configured to measure tha
tune constant for verification. For details on verifying the VCO Tune Constant, refer to
chapter 3, Estimating the Tuning Constant in the Operating Manual.

. The Peak Tuning Range set for the measurement is > 10 MHz and is causing the
1ap dynamics 10 be non-inear. When this condition exists, the non-linear response
of the heatnote as the test system attempts to close the phase lock loop can often be
seen oh an oscilloscope connected to the AUX MONITOR port on the HFP 11848A.

. One of the sources is being injection locked as the HP 30484 is tuning the beatnote 10
0 Hz. (Refer to chapter 3, Minimizing Injection Locking in the Operating Manual for
recommended actions.)

. The modulation bandwidth of the VCO source's tuning port is not wide enough to
provide adequate phase margin for the test system’s phase lock loop (PLL). The
VCO's modulation bandwidth (the upper frequency limit of the VCQ's tuning port)
should be greater than approximately ten times the PLL bandwidth set for the
measurement. PLL bandwidth is shown as a function of the Peak Tuning Range (PTR)
in figure 8-3. (The PTR for the measurement is determined by multiplying the VCO's
Tune Constant by its Tune Range of VCQ)

Numberaed Error Messages  8-7




Table 8-1. Numbered Error Messages (7 of 17)

4

{cont’d)

44

/|

/

PLL Bandwidth {Hz)

|3 | [ ] LI LI | LI L | | [ | [ |
1 10 100 1k 10k 100k 1M T0OM 100M 1G
Peak Tuning Range (Hz)

* Lag/lead Filter Number

Figure 8-3. Phase Lock Loop Bandwldth as a Function of
the Peak Tunihg Range of the Measurement.

It the modulation bandwidth of the VCO source you are using is not at least 10 times

greater than the PILL bandwidth for the measurement, there are generally three possible
actions you can take,

» Increase the modulation bandwidth of the VGO source. If the VCO source is 2 bread-
board or prototype oscillator, it may be possible to make the component changes
necessary to provide sufficient modulation bandwidth.

= Use a different VCO source with greater modulation bandwidth,

« Decrease the PLL bandwidth to 1/10 the VCO's modutation bandwidth by decreasing
the Peak Tuning Range (PTH) for the measurement. Use figure 8-3 to determine
the PTR requirgd. The PTR can be reduced by decreasing the Tune Range of VCOQ
value entered. Divide the required FTR by the VCO’s Tune Constant to determine
the appropriate Voltage Funing Range to enter. (Keep in mind that reducing the PTR
limits the test system’s Frequency Drift Tracking Bange for the measurement. For
further information about changing the PTR, refer to chapter 3, Changing the PTR in
the Operating Manual )
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Table 8-1. Numbered Error Messages {8 of 17)

4

{cont'd)

If you do not know the modulation bandwidth for your VCO source, you can determine it
by iocating the 3 dB rofi-off frequency of the VGO tune port. The following steps describe a
procedure for determining the modulation bandwidth.

a. Connect a tracking generator output (such as the HP 3585A/B) to the tuning input port
on your VCO.
b. Set the tracking genetator output to sweep the audio spectrum.
. Connect the RF output from your VCO to a modulation analyzer (such as an
HP 8801A).
. Set the modulation analyzer 10 measure FM. ‘
. Connect an audio spactrum analyzer to the MODULATION GUTPUT on the
HP 8901A,
. Increase the frequency spectrum of the tracking generator, if necessary, until the 3 dB
roll-off frequency can be sean on the audio analyzer's display. The 3 dB frequency
should be > ten titmes the PLL bandwidth for the measurement.

The modulation bandwidth of a VCO can also be determined using the Besset Null
technique. Apply a series of audio frequencies 1o the tune port of the VCO. Observe on
an RF spectrum analyzer and adjust the audio modulation level for the first carrier null.
Calculate the VCO's modulation sensitivity at each audic frequency using the level and
frequency of the audio signal at the null setting.

7. The noise on one or both sources exceeds the small angle limit. For information about
verifying the noise level and recommended action, refer to chapter 3, Evaluating
Noise Above the Small Angle Line in the Operating Manual. For information about
measuting sources with high close-in noise, refer to the Ignore Out of Lock section of
chapter 5, Measurement Mode in the HP 3048A Option 301 Reference Manual.

Measured VCO peak tuning range exceeds 500 kHz/200 MHz, The Feak Tuning
Range limit for the test system is 500 kHz {or 200 MHz if an RF analyzer is configured
in the test system). The Peak Tuning Range is the product of the VCO Tune Constant
multiplied by the Tune Range of VCO. (If the test system measures the VCO's Tune
Constant, it will use the measured value 10 compute the Peak Tuning Range for the
measurement.)

Action: Reduce the VCO Tune Range entered for the VCO sourge you are using, of
select a VGO source with a lower Tune Constant. ‘

Unable to establish quadrature. Qcecurs when source is under System Control
and the test system is unable 1o acquire quadrature. The test system atfempts to
acquire gquadrature at the beginning of the measurement and after it has completed a
measuremen segment if quadrature was lost at any time while the sagment was being
measured.

Action: Manually adjust for guadrature by adjusting the source frequency {(or the Phase
Shifter if one iz being used). Adiust for center scale on the HP 11848A Quadrature Meter.
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Measured beatnotes depict non-linear VGO tune constant. (Srror 7 only occurs
when the software has been contigured to Measure the Tune Constant.)

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

Tune Range of VGO = 10V
Center Voltage of VCO Tune Curve = OV
Contro! Voltage Settings = —4.5V, — 1.5V, +1.5V, +4.5V.

Refer to chapter 2, Parameters in the Reference Manual for test system VCO linearity
requirements.

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

Action:

1. This efror occurs if a Tune Range of VCOQ £10 volts has been defined for a source
with calibrated DC FM, and the software is configured to Measure the VOO Tune
Constant rather than to Calculate it. Refer to chapter 2, Parameters in the Reference
Manual for details on extending the Tune Range of VGO for calibrated DC FM.

. If Interval 2 (described above) > 1, and Interval 2 > 3, then:
Beduce the value entered for the Tune Range of VCO and then start a New
Measurement.

. I there appears to be too little or no change between the measured frequency values
(Intervals 1, 2, and 3 = 0} then :

+ Check the Control Veoltage cable connections,

» Verify that the VCO's tuning is enabied,

e Perform the Estimating the Tuning Constant procedure provided in chapter 3
of the Dperatin% Manual to verifty the tuning response of the VGO and check that
the entered VGO Tune Constant is within a factor of 2 of the actual value.
Refer to chapter 2, Paraneters in the Reference Manual for Tune Constant
linearity requirements.
Verify that the beatnote is tuned to within the Capture Range for the
measurement.
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7

{cont'd)

4. If the Frequency Intervals vary greatly and are considerably larger than expected for
the tuning range of the the VCOQ, then:
= Check for erratic frequency drift of the beatnote. (Beatnote stability is directly
ralated to the frequency stability of sach signal source used in the measurement.)
5, If all four measured frequencies are 0 Hz, then:
« Check for injection locking. Refer to Mintmizing Injecon Locking in chapter 3, of
the Operating Manual for further information.

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

Action: Verily the presence of the beatnote signal. (Refer 1o the Checking the Beatnote
procedure provided in each Phase Lock Loop measurement example in chapter 3 of the
Operating Manual } If you are making a Phase lock loop measurement, be sure the VGO
Tune Constant value entered for the measurement is within a factor of 2 of the actual
value. Refer to Calibration Process in chapter 2 of the Reference Manual for information
about the baatnote calibration technigua.

The calibration spur could not be found. The HF 3048A was unable to detect a spur
within a factor of 2 of the entered spur frequency.

Action;
1. Check that the correct spur frequency was entered.
2. Verify the output signa! from the spur source.
3. Increase the spur level up to but not exceeding a maximum of —20 dBe¢.

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

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

Action: Chack the harmonic content of the two input signals to the Phase Detector. All
even harmonics must be below —20 dBe to guarantee good symmetry of the beatnote
waveform. If possible, increase the PTR to »10 kHz so that the beatnote is »1 kHz. The
HP 3048A then measures the fundamental and its harmonics. {1 kHz beatnote system
measures slope of sinuseid.)
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DC offset too large. Waveform does not cross 0 volis. This error occurs when the
test system is measuring the phase Detector Constant and ane of the following conditions
exist:
1. The dc offset is greatar than the peak beatnote voltiage due 10 a large do ofiset or a
fow beatnote level,
2. The beatnote frequency is much lower than expected and only the top or bottom
portion of a sine wave peak is actually measured.

Action:

1. Observe the beatnote on the time record of the HP 3561A or on an oscilloscope
connected 1o the AUX MONITOR port of the HP 11848A.
Verify that the beatnote amplitude is corract for the signal levei at the R input port
on the HP 11848A. Figure 8~4 shows the relationship between the beatnote level
and the fevel at the R input port.

7 .6

BEATMOTE LEVEL AT AUX
MONITOR PORT (¥pkl

BEATHNOTE LEVEL OM HP3561A

-37

-15 -2 +3 +15

R PORT SIGNAL LEVEL (dBm)

Figure 8-4, Beatnate Level Relative to the Signal Level at the R Port.

2. Verify that the phase detector DC offget is < 50 mV.

3. If the software wag not configured to measure the VCO Tune Constant, verify that the
entered value is within a factor of 2 of the VCO's actual Tune Constant. A procedure
for veritying the VCO's Tune Constant is comtained in Estimating the Tuning Constant
in chapter 3 of the Operating Manual.

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

Action: When the test system measures the phase Detector Constant, the beatnote
frequency should be set 1o approximately 10% of the Peak Tuning Range (FTR) set for
the measurement. If it is not, verify the VCO Tune Constant and Tune Range of VCO
entered for the measurement. A procedure for evaliating the tuning sensitivity of the VCO
is provided in Estimating the Tuning Constant in chapter 3 of the Operating Manual.

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

Action: Chserve the beatnote on the HP 3561A display or with an oscilloscope connected
to the AUX MONITOR port on the HP 11848A
1. Verify that the beatnote amplitude is correct for the signal level at the R input port
on the HP 11848A. Figure 8-5 shows tha relationship between the beatnote level
and the leve! at the R port.
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Figure 8-5. Beatnote Level Relative to the Signal Level at the R Port.
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14

{cont'd)

2. Verify that the Phase Detector DC offset is < 50 mV. If the dc¢ offset is within this limit
and the beatnote level is < —23 dBV (< 0.1 Vpk at AUX MONITOR port), increase the
beatnote lavel, if possible, by increasing the signal level at the R port. If the beatnote
lavel cannot be increased sufficiently it may be necessary 10 decrease the dc offset by
changing the carrier frequency.

Detector Constant < 0.02 V/Rad. The measurad phase Detector Constant was below
the test system's 20 mV limit.

Action: Observe the beatnote on the HF 3561 A display or with an oscilloscope connected
o the AUX MONITOR port on the HP 11848A. Verify that the beatnote amplitude is
carract for the signal level at the R input port on the HP 11848A. Figure 8-6 shows the
refationship between the beatnote level and the level at the R port. I necessary, increase

the signal level at the R port and verify that the signal level at the L port is = -+15 dBm

(> -7 ddBm for the 1.2 GHz 1o 18 GHz Phase Detector).
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Figure 8-6. Beatnote Level Relative to the Signal Level at the R Port.
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Detector Constant > 10 V/Rad. The measured phase Detector Constant exceeded the
test system’s 10 V limit.

Action: An internal phase detector cannot produce a beatnote large enough to result in a
= 10 Virad detector constant. Therefore, this message should only ocour with an external
detector with gain. To reduce the detector constant, ingert a 10 or 20 ¢B pad belween the
external detector and the noise input.
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Figure 8-7. Beatnote Level Relative to the Signal Level at the R Port.

Measured tune range of the VCQ is less than 0.2 Hz. The test system was
probably unable to cause-a beatnote,

The Tune Range of VCO is measured in this case as:

2 » entered Tune Range of VCO x measured VCO Tune Constant

Action: f the expected tune range of the VCO source is much latger than 0.2 Hz:
1. Check the Control Voltage cable connection,
2. Verify that the VCO source’s tuning capability is enabled.
3. Verify the VCO's tuning response by performing the procedure provided in Estimating
the Tuning Constant in chapter 3 of the Operating Manual.
4. Perform the procedure for adjusting the beatnote frequency to within 10% of the
Pegak Tuning Range (FTR) set for the measurement. (The procedure for adjusting
the beatnote is provided in the Checking the Beatnote portion of each measurement
example in chapter 3 of the Operating Manual.
I the expected tuning range of the VGO source is near 0.2 Hz;

1. Ingrease the tuning ranae, if possible, by increasing the Tune Range of VCO value
entered for the measurement.
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The system perceives that the signals from the two sources differ by more
than 15% of the total tuning range. The sources may be re-tuned 1o reduce
the beatnote frequency. Or the VCO Tune Range may be adjusted.

Onee the test system has measured the VCO Tune Constant, it is able to predict the
Control Valtage necessary to phase lock the loop. If the tuning range required for lock
is = 15% of the Peak Tuning Range (FTR), The test systermn may not be able to pull
the sources inte lock, and will have very fitle tuning range (= 5% of PTR) left for drift
tracking.

Action:

1. Tune the center frequency of one or both sources to adjust the beatnote to within
the Capture Range set for the measurement. As you adjust the beatnote frequency
toward 0 Hz, you may find it helpful o manually decrement the analyzer's span set-
ting. (A complete procedure for adjusting the beatnote is provided in the Checking the
Beatnote portion of each Phase Lock Loop measurement exampla in chapter 3 of the
Operating Manual.)

. If necessary, change the Center Voltage value entered for the VCO to reduce
the initiaf beatnote frequency, or incréase the entered Tune Range of VCO to provide
a larger Peak Tuning Range {PTR). (Details on adjusting the PTR are provided in
Changing the PTR in chapter 3 of the Operating Manual.)

Unable to detect presence of HP 3561A noise source.
Check cabling and HP 3516A Noise Source Function.

Action: Verify that the HP 3561A rear-panel “Source Qut” port is connected to the
HP 11848A rear-panel “Noise Input” port.
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The currently defined measurement has not been properly calibrated. Run
‘New Measurement’ to calibrate.

Action: Select New Measurement 1o allow the HP 3048A to calibrate the measurement.

System attempted to set (instrument) to (=) MHz. Test will be aborted.

Action: Verify that the Parameters defined for the measurement are correct and that the
source’s frequency range is adequate.,

Entered carrier frequency cannot be tested. Press Abort.

Action: Verify the carrier frequency. i the frequency is correct, verify the HP 1172%C filter
table in the Instrument Addresses table.
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Random noise obscures waveform. The test system is unable to measure the
Datector Constant due to an erratic waveform. This error occurs during the phase Detector
Constant calibration,

Action: Observe spectrum of beatnote and evaiuate with respect to small angle criterion
for expected PLL BW.

Beatnote not expected at frequency.

Action: Observe the beatnote at the connect diagram. Verify that it is less than 5% of
the Peak Tune Range. Verity that the VGO is properly funed by the voltage output of the
HP 11B48A. Verify that the VCO Tune parameters are correct in the Parameter menu.
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Cannot use the specified Tune Constant. The VCO Tune Constant was set to zero because
the last New Measurement was aborted,

Action: Define a method for determining the VCO Tune Constant other than use the current Tune
Constant. Then select New Measurement

External Timebase not allowed with Internal Source.
Action: Bedefine the timebase in the Instrument Confrol menu.

Files not created using identical segments, The 2 Osciltator Comparison or the 3 Oscillator
Comparison can only be performed using data acquired from identical segments and measurement
spans.

Action: Remeasure the devices. Do not change any segment table entries or measurement
definitions between measurements.

Insufficient data files for 3 Oscillator Comparison. Less than three Result files were found.
Action: Store a Result file for each of the three measurements to ba compared.

Insufficient data files for 2 Qscillator Comparison. Less than two Besult Files were found,

Actlon: Slare a Result file for each of the two measurements to be compared. (Note that these
files cannot be Identical, they must be distinct measurements).

Internal sources may not he used to drive the high frequency detector. The HP 11848A
internal oscillators can not be used as the input for the 1.2 to 1.8 GHz phase detector.

Action: Define a differant source or phase detector.

No test-instruments defined. Measurement initiated with an empty Configuration file.
Action: Define the equipment being used in the Instrument Addresses table,
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‘10 MHz A' and internal ‘400 MHz Osc./VCO’ are mutually exclusive. 10 MHz A
cannot operate while one of the 400 MHz Oscillators is on.

Action: Redefine the source selections in the Instrument Control diagram.

3561A Noise Source not functioning or not connected 1o 11848A. The HP 11848A can
not detect the required noise source for this setup.

Action: Verify that the HP 11848A’s rear-panel noise input is connected to the HP 3561A's
SOURCE QUT and attempt to re-run the test,

Peak tuning range exceeds Hz. The maximum Peak Tuning Range is 500 kHz (or 200 MHz
when using a configured RF analyzer).

Action: Reduce the Peak Tuning Range by reducing the Control Voltage or Tune Constant of VCO
value defined for the VCOQ source in the Parameters window.

Plot range is not within span range. A Plotted Range has been defined that is not within the
Measuremernt Range specified In the segment tables.

Action: Define each of the Plottad Ranges in the segment table 50 they ate each within the
Measurement Ranges definad in the table.

Range limits must be in ascending order. A segment has been defined with a lower limit
greater than the upper limit.

Action: Redafine the segment range 50 that the upper limit is greater than the lower limit.

Source specification is invalid and must be corrected. The HP 3048A has detected an
error in the Instrument Control diagram.

Actiom: Check the Imstrument Control diagram for accuracy and compatibiiity with other
parametars defined for the measurement.

The currently defined measurement has not been properly calibrated. Select New
Measurement to calibrate. The phase Detector Constant or Tune Constant of VCO has not
been calibrated.

Action: Check that the appropriate calibration method has been defined in the Calibration
Technique window. Select New Measurement to initiate calibration.

The frequency of the Internal 400 MH2 Osc. cannot be tuned. The test system cannot
obtain quadrature since the HP 11848A internal 400 MHz oscillator cannot be tuned.

Action: Use a tunable source or manually adjust quadrature using a phase shifter or line stratcher.
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Unable to calcutate. The HP 3048A was unable to perform the selected calculation.

Action: Check the parameter entry data to make sure it is compatible with the selected
calculation. For further information, refer to the HP 3048A Option 301 Reference Manual,

chapter 4, Manipulate Results.
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Establish quadrature manualty.

Action: Manually adjust the source frequency or the phase shifier to attain quadrature
{within £1 division of center scale on the HP 11848A’s Quadrature Meter). If the meter

is pegged, connect an oscifloscope or voltmeter to the AUX MONITOR port on the

HP. 11848A and then adjust the source frequency or the phase shifier o decrease voltage
level until the level can be observed on the quadrature meter.

WARNING: FM Deviation of (instrument) changed from ___to ___ Hz. In order
o zero the beatnote, the HP 3048A had to change the center frequency of the source.
As a result, FM deviation must be adjusted 10 within the limits of the source at the new
frequency. Note that a reduced Tune Constant (deviation) will result in a narrower Peak
Tuning Range (PTR) for the measurement.

Action; If the narrower PTR is adequate for the measurement, proceed. If the resulting
PTR will not provide sufficient Capture and Drift Tracking Ranges for the stability of the
signal sources, you may need to select a different VCO source with a greater tuning range.

i your VCO source is an HP 8642A/B and the carrier frequency for the measurement
is < 123 MHz, the following steps will enable you to increase the tuning range of the
HP 8642A/B.

1. Configure the mstrument Control diagram for manual control of the HP BG42A/B.

2. Select the HP 8642A/8 MET Band for 1.5 MHz maximum deviation. Note that the
increase in deviation causes an increase in theé HP 8642A/B's noise level as well.

8-22 Reference Messages




Table 8-3. Retarence Messages (2 of 7)

Cause FIRST/SECOND calibration PEAK voltage.

Action: Adjust the frequency of the source, or adjust the phase shifter to get either a
positive or negative peak voltage reading using the Marker function on the HP 3561A.

To ensure that you have adjustad to the maximum peak sefting, adjust 1o slightly

beyond the maximum peak and then back to it. (The peak voltage setting can also be
determined using a voltmeter or oscilloscope connected to the AUX MONITOR port on the
HP 1184BA.) When the peak setting has been attained, press P.

When you ara prompted to cause the second calibration peak, adjust to a maximum peak
of the opposite polarity using the same technique.

NOTE
For this calibration technique to be most accurate, the two signal paths to
the HP 11848A Phase Detector should be well matched (=10 dB return lpss)
and the R port level should be at least & dB below the L port level. If you
are not able to aftain o frue peak sefiing, you will have to use a different
caltbration technique.

Apply modulation to carrier. Either a double-sided spur or medulation of the same
type as is being measured.

Action: Apply the modulation type required for your measurement. Apply angle
modulation for a Phase Noise without PLL or FM discriminator measurement, or apply
amplitude modulation for an AM measwrement. Engure that the modulation is applied
at a level that will enable the HP 3048A to readily detect it above the noise of the
device-under-test. The following maximum limits should also he observed.

» Double-sided spur < —20 dB

* AM < 10% (—26 dB)
The offset frequency of the spur should be between 1 Hz and 50 kHz (or between 1 Hz
and 20 MHz if an RF analyzer is configured in the 1est system).

Apply calibration spur to carrier. A single-sided spur is expected.

Action: The spur is typically generated by combining a signal near the frequency of the
device-under-test (UUT) with the UUT output. This can be done using a power splitter or a
directional coupler.

Turn on the spur signal source and note the amplitude of the spur signal relative to the
amplitude of the UUT. The spur level should be high enough to be readily observable
above the noise of the UUT on a spectrum analyzer. The spur level should not exceed
—20 dBc relative to the UUT amplitude.
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Remove the calibration spur. If the spur signal is not removed, it will appear in the
measurement and could affect the measurement results.

Action: Disconnect or turn off the spur source without disturbing the frequency or
amplitude settings of the source.

NOTE
If you want to determine the frequency and amplitude of you spur source,
leave the source connected and turned on during the measurement. The spur
signal should appear in your measurement results. Note, however, that a
large spur signal can prevent the test system from having the full d;,vnamw
range necessary to make a valid noise measurement.

Oftset the source and reference signals by at least 1 Hz and not more than
50 kHz/1 MHz/20 MHz. The test system requires that two different signals be applied 10
the input ports of the HP 11848A°s Phase Detector. The frequencies of the two sources
must differ as follows:

s With RF Spectrum Analyzer In System, phase detector input frequency <95 MHz,
QOffset Range: 1 Mz to 1 MMz

« With RFF Spectrum Analyzer in System, phase detector input frequency >95 MHz,
Offset Range: 1 Hz to 20 MHz

« Without RF Spectrum Analyzer in System, Offset Range: 1 Hz 10 50 kHz

Action: Adjust the frequency of the unit-undertest (UUT) to offset it from the reference
source frequency.

If the UUT ¢annot be adjusted to create a frequency offset that is within the offset
range specified above, substitute a different source for the UUT. Adjust the substitute
source for the same power level as the UUT source it is replacing. Terminate any pons
in 505} that are not connected during the substitution. Reconnect the UUT source after
the calibration is completed.

Remove the beatnote and connect the test system for noise measurement.

Action: Readjust the unit-undertest (UUT) to the frequency of the reference source
or reconnect UUT.

Phase lock has heen lost. Select Proceed to attempt to re-lock the loop. This
message can be caused by any one of the following conditions.

1. Frequency drift > 25% of the Peak Tuning Range.
2. A phase transient > 0.25 radians.
3. Out-of-Lock detector set by search oscillator,
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9

{cont’d)

Action: Press P to cause the test system to attempt to relock the loop and re-measure
the frequency segment. If the soffware is unable to relock the loop, Error 4 will be
displayed, refer to Error 4 for recommended actions. (Note that this error is most typically
caused by frequency drift of one of the sourcas. It this condition persists, it may be
necessary to increase the Peak Tuning Range for the measurement.)

The LNA of the HP 11848A is currently IN/QUT. This message only appears if the
Carrier Type “Pulsed” has been selected. The HP 304BA avaluates the total noise from the
FPhage Detector to determine whether the Low-Noise-Ampiifier (LNA) should be switched IN
or OUT. The LNA is normally switched in to provide the maximum measurement sensitivity
for the test system.

If the HP 3048A determines that the noise level frorn the Phase Detector will overload
the LNA, the LNA is switched out. When the LNA is switched out, the test system’s
measurement sensitivity is degraded by 20 1o 30 dB depending on the offset frequency, i
you are measuring a device that has a very low neise level (near the test systern’s noise
floot) this degradation may affect the measurement results.

Action: Under most condition it is recommended that you proceed with the decision made
by the HP 3048A, Toggling the LNA IN when the HP 3048A has determined it should be
switched QUT can cause the noise from the Phase Detector to be compressed and the
measurement results 10 be inaccurate.

There are certain conditions when you may want 10 toggle the LNA OUT, however.

1. When Pulse Mode is enabled. If the Phase Detecter de offset is > 5 mVdc, the test
system may not detect that the noise level is high enough to overload the LNA.

2. To duplicate the exact conditions that existed for a previous measurement where
the LNA was switched out.

3. When you are performing the System Noise Floor Test and you want to evaluate
the test system’s noise floor without the LNA In the measurement path.

If the HP 3048A has decited to switch QUT the LNA and you are concerned about
measurement sengitivity, you may want 10 further evaluate the decision. Connect an
oscilloscope to the ALLX Monitor Port on the HP 11848A. Observe the LNA output and
toggle the LNA IN. it the peak output level exceeds —0.5V or +1V, the noise may be
clipped or compressed so the measurements must be made with the LNA QUT. If the
neige is not significantly ¢lipped, the measurement may be made with the LNA IN,

Reference Messages 8-25




Table 8-3. Reference Messages (5 of 7)

The LNA of the HP 11848A has been bypassed. This will result in a
degradation of the fest system noise floor. The HP 3048A evaluates the total
noise from the Phase Detactor to determine whether the Low-Noise-Amplifier (LNA)
should be switched IN or OUT. The LNA is normally switched in to provide the maximum
measurement sensitivity for the test system.

If the HP 3048A determines that the noise level from the Phase Detector will overload
the LNA, the LNA is switched out. When the LMA is switched out, the test system's
measurement sensitivity is degraded by 20 to 30 dB depending on the offset frequency. It
you are measuring a device that has a very low noise level (near the test system’s noise
floor) this degradation may affect the measurement resuits.

Action: Froceed with the measurement. When the measurement is complete, evaiuate
the results 1o determine the pogsible causes of the high noise level at the Phase Detector
output. A few possible causes are:

1. A large spur (= —40 dBe) on one of the input signals.

2. A high noise pedestal on one of the sources.

3. Spurs at the output of the Phase Detector.

To determine whether bypassing the LNA has affected your noise measurement resuits,
compare your resulis to the noise floor provided by the HP 3048A when the LNA is
OUT. Use the phase Detector Constant vaiue measured by the HP 3048A to determing
the tes! system’s noige floor with the LNA OUT from the Approximate HF 3048A Phase
Noise Floor vs R Port Signal Leval (refer to chapter 7, graph 1) graph. If it appears that
your measurement may have been limited by the test system’s noise floor with the LNA
bypassed, it may be necessary 10 take one of the following actions to prevent the ENA
from being switched out.

1. Reduce the phase Detector Constant by reducing the signal level into the R port of
the Phase Detector. Then restart a New Measurement.

2. Suppress the noise and spurs at the Phase Detector output by incrgasing the Phase
Lock Loop (PLL) bandwicth. The PLL bandwicth is increased by increasing the Peak
Tuning Range (PTA) for the measurement. Details on increasing the PTR are provided
in Changing the PTR in chapter 3 of the Operating Manual.

If you want to further evaluate the LNA decision, abort the measurement and access the
Advanced Functions window, Select the Carrigr Type "Pulsed” and then start a Repeat
Measurement. When the LNA decision is displayed again, connect an oscilloscope to the
AUX Monitor port or the HP 11848A. Observe the LNA ouiput and toggle the LNA N, If
the peak output level exceeds —0.5V or +1V, the noise may be clipped or compressed
50 the measurements must be made with the LNA QUT. If the noise is not significantly
clipped, the measurement may be made with the LNA IN.

A comparison of theoretical and actual PLL suppression indicates a
degradation of the accuracy specified for the HP 11848A. The Phase Lock Loop
(PLL) Suppression ig verified by measuring the actual loop suppression at frequencies
near the predicted PLL bandwidth. This message is displayed when the measured 100p
suppression differs from the theoretical by > 1 dB.
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Table 8-3. Reference Messages (6 of 7)

12 | Action:
(cont'd)
1. The key factor for having a good maitch between the measured loop suppression

and the theoretical is the accuracy of the phase Detector Constant and the
VCO Tune Constant. Abort the measurement and verify that these calibration
constants are accurate.

a. Verify that the VCO Tune Constant entered for the measurement is within a
factor of 2 of the VCO’s actual tuning constant. (A procedure for evaluating
the sensitivity of your VCO is provided in Estimating the Tuning Constant in
chapter 3 of the Operating Manual.) ,

. Verify the phase Detector Constant by connecting an oscilloscopa to the AUX
MONITOR port on the HP 11848A. The peak vollage at the AUX MONITOR port
should equal the phase Detector Constant measured by the test system.

. If the calibration constants are accurate, begin 2 New Measurement and proceed to
the hardware Connect Diagram. Observe the beatnote signal on the HP 3561A using
the Checking the Beatnote procedure provided in each PLL measurement example in
chapter 3 of the Operating Manual.

a. Verify that the beatnote signal is sinusoidai (or triangular if the input signals are
square waves or if the levels of both input signals are > +15 dEm).

b. Verify that all even harmonics are < —30 dBc on the beatnote and < ~20 dB¢ on
the input signais.

¢. Check for injection locking.

d. Check for noise that exceeds the smalt angle line. (Refer to Evaluating Noise
Above the Small Angle Line in chapter 3 of the Operating Manual for a
procedure )

3. If the beatnote signal meets the preceding tests, proceed with a New Measurement,

a. If the measured curve does not match the theoretical because it is noigy, press
F35 to proceed with the measuremsnt using the theoretical PLL suppression data.
The accuracy of the measurement results will be unverified but the results may
help you to identify the source of the problem.

. If the measured curve does not maitch the theoretical baecause i has high
peaks and the Accuracy Dlegradation is < 2 dB, press F1 to proceed with the
megsurement using an adjusted PLL suppression. The accuracy of the results will
be degraded by 2 dB within a decade of the PLL bandwidth 1or the measurement.
Figure 8-8 shows PLL bandwidth relative to the Peak Tuning Range (PTR) set
by the VCO source. (Refer to chapter 2 in the Reference Manual for funther
information about the PTR.)
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Table 8-3. Reference Messages (7 of 7}

12

{cont’d)

¢. If the Accuracy Degradation is =2 dB, perform steps 1. and 2. again very
carefully, pay close aftention to the accuracy of the calibration constants and
injection locking. It the Accuracy Degradation is still »2 dB, ** press F1 to
proceed with the adjustment to get an approximate noise measurament for use in
further troubleshooting the problem.

M

100k 7

. vk
7

10k

/|

L

PLL Bardwidth (Hz)

LI LI LINEJ LIS LI} LI LI LI LI LI
A 1 10 100 1k 10k 100k 1M 10M 100M 1G
Peak Tuning Range ({Hz)

» Log/Lead Filter Number

Figure 3-8, Phase Lock Loop Bandwidth Relative to the Peak Tuning Range.

Establish a beatnhote less than or equal to () Hz. System perceives that sources
are not within 5% of the defined Peak Tuning Range. Since the Reference Source is
under manual control, the user is required to establish zerobeat.

Action: Mzanually adiust the Reference Source to acquire a beatnote on the analyzer
(on oscilloscope if corrected to the HP 11848A any monitar port) of less than or equal

10 the specified frequency.
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Table 8-4. Warning Messages (1 of 2)

Calibration AM Rate changed... This warning informs the user of an automatic changs in
AM rate for the Calibration Source. The message occurs at test time to inform the user that
some parameters have changed.

Catibration FM DEV changed from... This warning informs user of an automatic change in
FM Deviation for the Reference Oscillator or Calibration Source. The message occurs at test
time to inform the user that some parameters have changed.

Calibration FM Rate changed from... This warning informs user of an automatic change in
FM Rate for the Reference Oscillator or Calibration Source. The message ocours at test time
to inform the user that some parameters have changed.

Currently stored caldata files will be overwritten. This ¢an be circumvented by
using another disk... If data disk includes files LOWDATA CAL& HIGHDATA CAL, they will be
overwriiten. New calibration data may be recorded on a separate, initiglized disk if it is desired to
retain old caldata files.

Entered VCO Tune Const. changed from... This waming informs user of an automatic
change in the VCO Tune Constant for the Reference Oscillator or Calibration Source. The
message occurs at test time 1o inform the user that some parameters have changed.

RF Analyzer accuracy worse than 5 dB. This warning appears during the calibration of
an RF analyzer. The difference in amplitude measuraments between the HP 3561A and the RF
analyzer is 5 dB when measuring the same 100 kHz calibration tone.

Action: Verify the proper operation of the RF analyzer and HP 3561A using the appropriate
calibration procedures discussed in their own calibration manuals.

Specified test-span not encompassed by currently defined segments... The user tried
to pertorm a measurement for which his segment table does not contain defined segments.

Action: Check the Plotted Ranges in the segment table againgt the offset frequency range
specified for the test.
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Table 8-4. Warning Messages (2 of 2)

The data in this RESULT FILE is not compatible with the ¢current GRAPH TYPE.
Plotting this data may give unexpected results.

Action: Press P 1o proceed or A to Abort.

{instrument) is not rasponding...

Action: Check that the correct HP-IB addresses have been entered into the Instrument Addresses
table. Also check that the instrument is connected via HP-IB, and that its power is OM.
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Table 8-5. Status Messages (1 of 11)

Acceptable ‘'Tuning Range’ for this ‘Center Voltage': The HP 2048A has automatically
adjusted the Voltage Tune Range for the VCOQ 1o within acceptable limits. This is often due to the
Tune Voltage Bange limitation impesed by a Center Tune Voitage that is not equal t0 zero volts.

10 z

7

4 )
o o

i

=10 -5 -2 —=-1=-50.5 1 2
Center Voltage of VCO Tune Curve (Volts)
| Center Voltage | + | Tune Range of VCO | < 12V

Tune Range of VCO (Volts}

Figure 8-9. HP 3048A Tune Range of VCO Limits
Relative to the Center Voltage of the YCO Turie Curve.

ADJUST 3585A TRACKING GENERATOR FOR MAXIMUM LEVEL... The level from the tracking
generator is inadequate for the measurement.

Action: Turn the HP 3585A/B tracking generator knob fully CW and verity that the tracking
generator output is connected to the correct HP 11848A Input.

Apply modulation to carrier... This is required for the Single Sided and Double Sided Spur
and FM Rate and Deviation calibration technigues.

Action: Apply the modulation signal to the carrier.
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Table 8-5. Status Messages (2 of 11)

Approx internal noise floor (LNA in, Offsets > 10 kHz: dB¢/Hz... The Detector Constant
and LNA determing the System Noise Floor.

o

K@ {V/rad)

o
[
O

Cetector Constant

3 02
-120 -130 -140 -150 -—-180 -~170 —180

L Part Signol Lavel . .
k mmmed to e Approximate Phase Noise Floor (dBc/Hz)

Frase. Datactor f= 10 kHz

Figure 8-10. Approximate HP 3048A Phase Noise Floor vs R Port Signal Level.

Automatically establishing quadrature... The test system is establishing quadrature.

Beatnotes: 1, 12, {3, f4... Beatnote frequencies for —45%, —15%, +15%, and +45% of the
Tuning Range around the Center Voltage are shown in conjunction with the non-linear Tuning
Constant error.

Action: Correct the Tuning Constant error by finding a linear region in the center of the VGO
Tuning Curve (Refer 1o Error Message 7).
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Table 8-5. Status Messages (3 of 11}

Calibrating the RF Level of HP XXXXX... The test system measures the amplitude of a
100 kHz tone with both the RF analyzer and the HP 3561A. This insures consistency between the
two analyzers at 100 kHz.

Cause FIRST calibration PEAK voltage... During calibration of the Phase
Detector, the user is required 10 adjust the dc output of the phase detector to its maximum
and minimym peak.

Action; Adjust frequency or phase angle to drive the phase detector output 1o the positive or
negative peak.

Cause SECOND calibration PEAK voitage... During calibration of the Phase Detector, the
user is reqguired to force the de output of the phase detector 1o its maximum
and minimum peak.

Action: Adjust frequency or phase angle to drive the phase detector output to the
opposite peak,

Checking for HP3561A Noise Source... The noise source is being tested for proper output
level uging the Performance Test technique described in the HP 3561A Service Manual. The HP
3048A also checks path attenuation in the HP 11848A.

Checking for overload... The test system verifies that an overload condition does not exist
when using an AM detector,

Checking the PLL... The test system verifies that it is still phase locked,

Closing the Phase Lock Loop... This message notifies the user that the test system is in the
process of closing the phase lock loop.
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Table 8-5. Status Messages (4 of 11)

Crunch... The HP 3048A is performing an integration. Depending on controller speed and limits
of integration this may take several minutes.

CURRENT (cal path) (PLEASE BE PATIENT)... This message indicates that a calibration
path in HP 11848A is being characterized. This takes approximately 3 minutes.

Determining Presence of a Beat Note... The HP 3048A is checking the Peak Détector for a
de voltage indicating a beatnote,

Establish quadrature manually... The HP 30484 is unable to automatically establish
quadrature.

Action: If pessible, manually adjust frequency or phase to achieve quadrature
(0 £ 1 division on HP 118484 interface Quadrature Meter),

Setting 785 Hz. heatnote... The HF 11848A internal 10 MHz sources are offset by 785 Hz
during spur calibration (Spur Accuracy Test} to prevent extraneous signals from appearing when
Phase Modulation sidebands are impressed on 10 MHz source.

Evaluating flatness of measured noise segments... The HP 3048A informs the user that an
svaluation is in progress.

Einding spurs... The HP 3048A is searching and recording the amplitude and frequency of the
spurs within the data currently in memory.

Finding the calibration spur... The HP 3048A s measuring and recording the calibration spur
level.
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Table 8-5. Status Messages (5 of 11)

Generating theoretical loop suppression... The HP 3048A is fitting the theoretical response
generated from the calibration data and entered parameters 10 the measured response of the loop
suppression.

LAG/LEAD... Indicates which Lag/Lead number is currently switched in during the functional
check.

Manipulating FFT data... The HP 3048A is removing the spurs and processing the data from
the selected Result Files.

Manipulating RF data... The HP 3048A is removing the spurs and processing the data from the
selected Result Files.

Marker not within defined measurement span... The Marker position for the currently
defined span in Noise Monitor Mode is outside of the Plotted Range specified in the Segment
table.

Action: Move the Marker or select the appropriate span and press TAKE SWEEP. If the
appropriate SPAN i5 not available in the Segment table, the table must be modified 10 include
the desired Plotted Range.

Measuring PLL suppression... When Verification of the Loop Suppression is selected, the test
system locks the phase lock loop, injects noise into the loop, and then measures the response of
the lcop.
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Table 8-5. Status Messages (6 of 11)

Measuring reference trace... This message indicates that a reference path for a transfer
function measurement is in progress (Functional Checks).

Measuring the Phase Detector Constant... Measuring the phase Detector Constant is part
of measurement calibration.

NO MARKED SPUBS FOUND IN SPECIFIED RANGE... The HP 3048A was unable 1o detect
any spurs in the specified range.

No Measurement Calibration is needed for the following measurement type: Noise
Measurement Using HP3561A only, and (Baseband Noise)... Calibration Technique is not
applicable for the measurement type selected.

NON-CLEARABLE SRQ EXISTS ON... The computer is unable to clear an SRC on an
instrument. {Often caused by placing the HP 3561A into free-run, auto trigger mode.)

Action: Abon the measurement and press PRESET on the HP 3561A.

Offset the source and reference signals by at least 1 Hz and not more than 1 or 20
MHz, or 100 kHz. Press proceed when ready... This is & prompt for the beatnote
calibration method.

Action: Adjust the sources to obtain an offset frequency of > 1 Hz and < 100 kHz
(or 20 MHz if an BF analyzer is being used).

One moment please... The HP 3048A is averaging the data taken for the low frequency spans.

Phase Det. Constant: Momentary display of the phase Detector Constant determined in the
measurement calibration.
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Tabie 8-5. Status Messages (7 of 11)

Phase lock has been lost. Press ‘Proceed’ to attempt to re-lock the loop... Phase lock
was lost during the Phase Lock Loop measuremeant,

Action: Press P to proceed (if you want to continue the measurement), or A 10 abort.

PLEASE BE PATIENT... The test system is in the process of making a 1 Hz Low Pass Filter
calibration which takes approximately 3 min.

Plotting curve-fit corrections... This message informs the user that the HP 3048A is
processing the curva-it corrections.

Preparing for calibration,.. The test system is being preset for calibration.

Pre-setting HPXOOO(X. .. The HP 3048A is setting up the spacified instrument.

Pre-setting INTERNAIL ... The HP 3048A is setting up the HP 11848A Internal Oscillator.

RANGE 1S UNACCEPTABLE... The specified measurement range has a Start Frequency
greater than or equal to the Stop Frequency.

Action: Re-define the Measurement Range.
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Table 8-5. Status Messages (8 of 11)

Selecting the ENA.,. The HF 3048A is determining if the Low Noise Amplifier is required.

Setting up measurement configuration... The HP 3048A is configuring the instruments
and/or the HP 11B4BA internal paths for the measurement,

Solving for (Osc unknown)... The HP 304BA is computing the noise of a source.

Solving for Osc_A,B,or C...The HP 3048A is computing the noise of each of the sources.

Span too narrow, Cannot integrate... The specified Range of Integration is not great
enough to span a bin of the noise trace.

Action: Increase the specified Range of Integration.
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Table B-5, Status Messages (9 of 11)

SYSTEM QOPERATING IN PULSE MODE, ESTABLISH QUADRATURE VIA AUX.
MONITOR PORT... The Carrier Type “FPulsed” was selected and the HP 3048A cannot verify
quadrature or establish quadrature automatically.

Action: Use a de-coupled oscilloscopa connected to the HP 11848A Aux Monitor Fort 10 achieve
quadrature (dc). Refer to Carrier Type in chapter 5, Advanced Functions for information on
establishing quadrature with a pulsed measurement.

Taking (RF_Model) sweep... This message indicates that the test system is perorming a
measuremeant,

Taking HP 3561A sweaep... This message indicates that the test system is performing a
measuremeant.

TEST PATH: REFERENCE PATH... Indicates which HP 11848A internal path is being used
for a reference measurement in a transfer fun¢tion measurement.

The LNA is currently (infout) When the Carrier Type “Pulsed” is selected in the Advanced
Functions window, a “Toggle LNA” key appears in some windows 1o allow the user to select
between having the LNA in or out. If the HP 3048A decides to switch OUT the LNA and you

are concerned aboul measurement sensitivity, you may want to further evaluate the decision,
Connect an oscilloscope to the AUX Monitor Port on the HP 11848A. Observe the LNA output
and toggle the LNA IN. If the peak oulput level exceeds —0.5V or 41V, the noise may be clipped
or compressed so the measurements must be made with the LNA QUT. If the noise is not
significantly clipped, the measurement may be made with the LNA IN.

The LNA of the HP11848A has been bypassed. This will result in a degradation of
the system noise floor. This is a status message indicating a high input level into HP 11848A,
If you want to further evaluate the LNA decision, abort the measurement and access the Advanced
Functions window. Select the Carrier Type "Pulsed” and then start @ Repeat Measurement. When
the LNA daecision is displayed again, connect an oscilloscope to the AUX Monitar port or the

HP 1184BA. Observe the LNA output and toggle the LNA IN. If the peak output level exceeds
—0.5V or +1V, the noise may be clipped or compressed 50 ihe measurements must be made with
the LNA OUT. If the noise is not significantly clipped, the measurement may be made with the
LNA N,

The plotted data was derived from Two-oscillator or Three-oscillator comparison...
This message is shown as the parameter summary for & result that was computed, not measured,
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Table 8-5. Status Messages (10 of 11)

Timed-out setting { ) on the... The HP 3048A attempted to address an instrument, but the
instrument did not respond.

Action; Access the Instrument Addresses table and and confirm that the correct HP-IB address
have been entered and that the instrument is responding.

Timedt;out reading the ()... The HP 3048A attempted to address an instrument but it did not
respond.

Action: Access the Instrument Addresses table and confirm that the correct HP-IB address have
been entered and that the instrument is responding.

Unahle to Automatically Zero Beat the sources. Establish a beatnote less than or
equal to () Hz... The HP 3048A was unable to adjust the beatnote to within 5% of the Peak
Tuning Range.

Action: Adjust the source frequency until the beatnote is within 5% of the PTR.

Unable to integrate over non-contiguous data... Segments of the data are missing within
the specified Integration Range.

Action: Verify the Segment table ranges and remeasure the device across the entire desired
integration range.

VCO Tune Constant: This message momentarily displays the measured VCO Tune Constant.

Verifying phase Jock... The HP 3048A is verifying phase lock.
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Table 8-5. 5tatus Messages (11 of 11}

Verifying Quadrature... The HP 3048A is checking the dc level out of the Phase Detector.

Verifying system configuration.., The HP 30484 is checking for a response from the
instrumeants entered in the Instrument Addresses table.

Verifying zero-beat... The HP 3048A is checking that the beatnote is within 5% of the Peak
Tuning Range,

Zero beating sources... The HP 3048A is automatically tuning the VCO to create a beatnote
that is within 5% of the Peak Tuning Range.
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accuracy degradation, 5-35
accuracy degradation,

am noise, 2-90
accuracy of HP 3048A, 4-15
accuracy specification degradation, 2-52 2-55 4-14
accuracy,

of calibration technique, 2-58
accy degraded,

error message, 5-35
additional equipment, 6-43
additive products,

from phase detector, 2-14
adjusted theoretical loop suppression, 5-36
advanced funciions,

11848A control, 519

carrier type, 5-40

FFT segments, 5-2

HF segments, 5-13

introduction, 5-1

measurement mode, 5-34
Allan, 4-20
Allan variance,

description of, 4-20
Allan David,

of the NBS (NIST), 4-22
AM calibration,

equivalent Ky, 7-12

graph of equivalent Ky, 7-12
AM detector, 2-8 6-43
AM detector constant, 2-87
AM detector constant,

in memory, 2-88




AM detector filter, 2-89 6-43
AM detector input level, 7-12
AM detector sensitivity, 2-87
AM detector,
AM noise, 2-112
considerations, 2-39
frequency range, 2-39
HP 33330C, 2-94 2-98
non-linearity and harronics, 2-98
power level, 2-39
sensitivity, 2-39 7-12
setup diagram, 2-92 2-96
AM measurements,
using the HP 11729C, 6-39
AM noise measurements, 2-7
AM noige,
accuracy, 2-88
AM detector, 2-112
cal source, 2-112
calibration technique, 2-87
calibration technique comparison, 2-88
de block, 2-112
diagram for double-sided spur level, 2-92
fluctuations, 2-87
instrument control, 2-111
offset frequency, 2-7
parameters, 2-37
using current detector constant, 2-90




AM rejection, 2-7
AM sensitivity, 2-87
AM,
present in the phase modulator, 2-67 2-80
amplifiers, 24 6-44
amplitude linearity,
of spectrum analyzer, 1-11
amplitude of harmonics from beatnote, 2-46
amplitude,
of AM detector output, 2-87
of beatniote wio PLL, 2-63
analyzer,
HP 3561A is the only, 64
assumed pole, 2-55
assumed pole,
measurement mode, 5-37
parameter sumrnary, 4-16
Attenl 2 3,
HP 3048A control, 5-22
attenuators, 6-43
attenuator,
programmable, 5-22
AUX Monitor port, 2-65 5-41
AUX Monitor port,
on HP 11848A, 640
AUX Monitor,
oscilloscope display, 2-45
port, 2-45




averages,
defined in the, 4-37
minimum number of, 2-11
specified in segment table, 2-11
averaging, 5-5
averaging time, 4-21
axis X and Y range, 2-114

bandpass filter,
for HP 11729C, 2-13 2-31
bandwidth,
for each measured range, 5-16
for HF segment table, 5-16
for phase lock loop, 2-54
HE video, 5-17
in FFT segment table, 5-6
measurement, 4-37
of phase lock loop, 2-21
of test systemn, 4-23
phase lock loop, 2-22 5-37
PLL graph, 7-24
reducing the measurement, 4-36
tuning port, 2-56
bandwidth video, 4-10
baseband measurements, 2-8
baseband noise measurement, 2-10 2-100
beatnote frequency,
falls within capture range, 5-41




beatnote,
amplitude, 2-46
amplitude w/o PLL, 2-63
calibration, 2-63
calibration technique, 2-46
calibration w/o PLL, 2-63
decrease time to find, 6-40
detector constant w/o PLL, 2-63
deviates from sine wave, 2-47
established for the HP 3048A, 2-51
for calibrating, w/o PLL, 2-62
frequencies less than 1 kHz, 2-63
frequency generated by test system, 2-46
from test system, 247
greater than 1 kHz, 2-63
less than 1 kHz, 2-47
may be compressed, 2-47
method for calibrating w/o PLL, 2-62
monitoring, 2-45
must be dc coupled, 2-46
non-sinusoidal, 2-63
odd harmonics, 2-46
odd harmonics w/o PLL, 2-63
of phase lock loop, 2-46
oscilloscope display of, 2-45
peak amplitude, 2-45
removes or distorts, 2-47
setup diagram, 2-63
third harmonic w/o PLL, 2-65
verify absence of, 5-38
verify quickly with DVM, 6-41
verify that it is less than, 2-2§
block diagram of HP 118484, 5-20




C

11729C filter specs, 6-29
11729C filter specs,
window, 6-30
. Seatla, 4-22
cal data,
is verified, 6-6
cal source,
AM noise, 2-112
w/FM discriminator, 2-109
calculate from expected tune constant, 2-28 4-11
calculation,
of s,(f) and o, (1), 4-11
calibrated dc FM,
for the VCQ, 2-27
calibration constant,
for double-sided spur w/FM discriminator, 2-80
measured for single-sided spur AM noise, 2-96
measuring, 2-63
measuring for, 2-92
calibration data, 1-10
calibration factor,
measured during, 6-5
calibration files, 6-6
calibration methods, 4-10
calibration source,
and FM accuracy, 2-85
connection information, 2-86
under system control, 2-86
calibration spur deviation,
indicates AM presence, 2-67 2-80
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calibration spur,
beyond flat region, 2-82
injection for single-sided method, 2-71
measured by test system w/o PLL, 2-69
set at a frequency offset, 2-67
single-sided AM noise calibration, 2-96
test system measures for w/o PLL, 2-73
to be correlated out, 2-67 2-71
use an RF analyzer, 2-98
used to calculate detector constant, 2-73
w/FM discriminator, 2-80
within linear region of discriminator, 2-85
calibration spurs,
from phase modulator, 2-82
calibration technique,
wiFM discriminator, 2-74
comparison for AM noise, 2-88
derive from double-sided spur, 2-66 2-79
derive from single-sided spur, 2-70
directory, 2-40
for AM noise, 2-87
for beatnote wfo PLL, 2-63
for double-sided spur AM detector, 2-92
for VCO tune constant, 2-51
introduction, 2-40
of beatnote, 2-46
wio PLL, 2-57
with PLL, 2-41
calibration techniques,
for tune constant, 2-49
calibration tone,
for RF analyzer, 6-5




calibration,
setup diagram for double-sided spurs, 2-67
capture range,
for the test system, 5-41
llustration, 2-18
carrier frequency scaling, 4-42
carrier frequency,
AM noise parameter, 2-37
defined for measurement w/o PLL, 2-32
for graph of resuits, 4-11
in parameters window, 6-28
PLL parameter, 2-13
wio PLL, 2-31
with an FM diseritninator, 2-34
carrier noise set, 6-25 6-28
carrier noise test set,
reference source options, 1-7
carrier type,
advanced functions, 540
defining, 5-41
introduction, 5-40
center frequencies,
not at center voltage, 2-24
center voltage,
defined for the measurement, 2-23
for tuning VCQ, 4-12
of VCO tune curve, 2-16 2-48
parameter summary, 4-12
vs tune range of VCO, 7-16
circuit controls,
for HP 11848A, 5-22
clear out of lock 11848A control, 5-26
clipping, 5-41
closed PLL bandwidth,
parameter summary, 4-15
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closed PLL BW,
measurement mode, 5-37
color,
of plotted spurs, 3-9
of plotter pens, 3-9
colors,
for computer monitor, 6-46
comb line flter, 6-28
compression,
of beatnote, 247
computation uncertanty, 4-32
computers, 1-9
computer screern,
detected spurs, 4-7
computer text colors, 6-46
computers,
accessories, 1-9
disk drives, 1-9
configuration file,
load and store, 6-45
continuous wave,
to measure a, 540
control voltage tuning EFC, 6-35
control voltage,
DC FM reference source, 6-38
for UUT, 6-33
in instrument control diagram, 2-103
input voltage changes, 249
to tune the VCO source, 2-103
using 10 MHz A, 6-18
using 10 MHz B, 6-20
conversion loss,
at L port, 247
coordinates X and Y for graphs, 3-3
couplers, 644
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coupler,
used in single-sided spur diagram, 2-96
used in single-sided spur wi/o PLL, 2-71
current detector constant, 2-43
current detector constant,
w/o PLL, 2-59
Cutler L., 4-22
cutoff frequency, 4-19
CW,
carrier type, 540
to measure a, 540

D

D. W. Allan, 4-22
DACL-3, .
11848A control, 5-22
DACs,
for HP11848A, 5-21
darnage,
to external equipment, 5-20
data points,
per span, 3-7
data,
can be stored, 44
for noise figure is calculated, 4-43
in memory, 4-23
noised measured, 4-14
plot measurement results, 3-8
processed by HP 3561A, 5-8
recording time, 5-8
scaled to new carrier frequency, 4-42
David Allan,
of the NIST, 4-22
de blocks, 6-44

1




de block,
AM noise, 2-112
frequency range and flatness, 2-39
maximum dynamic range, 2-8
Option K21, 2-8
DC FM capabilities, 6-10
DC FM connect diagram, 6-16
DC FM reference source,
control voltage, 6-38
DC EM sensitivity, 2-53
DC BM source,
decrease test system noise floor, 2-27
enhanced tuning range, 2-27
to enhance tune range of VCO, 2-28
DC FM vs EEC or 10 MHz A/B, 6-33
DC EM,
in HP 8662/63A, 6-15
dc output level monitor, 5-38
DC BM deviation (refer to VCO tune constant), 2-15
DEFAULT.PRM file, 2-118
defme graph, 2-114 3-2
degradation,
of accuracy specification, 2-52 2-55
degradation specification accuracy, 4-14
delay line discriminator, 2-77 7-10
delay line,
allows measurements, 2-6
longer to improve sensitivity, 7-10
sensitivity, 7-10
w/FM diserimninator, 2-109
delay,
and input power levels, 2-76
of FM discriminator, 2-77
derive from double-sided spur,
calibration technique, 2-66 2-79




derive from measured +/- de peak,
wlo PLL, 2-61
derive from single-sided spur,
calibration technique, 2-70
destination files, 4-34 4.39
detector constant, 4-13
detector constant,
accuracy, 2-60 4-13 4-14
accuracy w/o PLL, 2-62
beatnote w/o PLL, 2-62
calculated from level of spur wio PLL, 2-73
calibrating w/o PLL, 2-58
cannot be measured, 2-43
carmot be measured if, 2-47
considerations, 2-60
error w/o PLL, 2-63
estimating, 2.-59 2-89
for AM, 2-87
for non-sinusoidal beatnotes, 2-63
from a beatnote w/o PLL, 2-63
incorrect calibration of, 2-47
measure, 2-42
measurement mode, 5-38
recommended range, 2-47
use current, 2-42
with PLL, 2-42
detector input frequency, 2-32 2-33 4-11
detector input frequency,
AM noise, 2-38
for PLL, 2-14
formula, 6-28
sets frequency of source, 6-10
using an FM discriminator, 2-35
wlo PLL, 2-32
with FM discriminator, 2-36




detector selection,
AM noige, 2-38
w/o PLL, 2-32
with FM discriminator, 2-35 2-36
with PLL, 2-25
detector,
harmonics on input signals, 2-48
input signal spurs, 248
linear region for best accuracy, 2-62
non-linear region w/o PLL, 2-62
power level driving, 2-62
requires a phase shifter, 2-61
deviation frequency fractional, 4-21
deviation,
in amplitude of calibration spurs, 2-67 2-80
device comparison,
(refer to 2 osc. compar.), 4-37
{refer to 3 osc. compar.), 4-31
diagnosing,
measurement conditions, 5-20
digital to analog converter, 5-22
digital voltmeters, 641
diode detector,
HP 33330C, 2-89
direct comparison, 4-31
directional coupler, 2-71 2-96
discriminator constant accuracy, 2-77,2-85
discriminator constant,
double-sided spur, 2-80
encure validity of, 2-56
estimating, 2-77
formula, 2-77
fully automated method for determining, 2-83
in V/Hz, 2-74
use current method, 2-76
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discriminator delay, 2-77
discriminator sensitivity,

(refer to discr. constant), 2-74
diseriminator’s frequency response, 2-82
display modes,

of the HP 3561A, 5-8
display resolution,

for the HP 3561A, 56
dividers, 2-4
DN conv,

down converter, 2-103
documentation update service, 1-3
documentation,

extra manuals Option 910, 1-8
double-sided spur AM detector,

calibration method, 2-92
double-sided spur calibration, 2-67 6-6
double-sided spur calibration,

description, 2-67

diagram w/FM diseriminator, 2-80

w/FM discriminator, 2-79
double-sided spur discriminator constant, 2-80
double-sided spur level,

AM noise, 2-92
double-sided spur,

calibration technique for AM noise, 2-91

calibration technique w/o PLL, 2-66

considerations for, 2-69
down converter, 6-3
down converters, 6-27
down converter reference,

example of, 6-34

tuning, 6-34
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down converter,
configured in test system, 2-13 2-31
considerations, 6-39
IF frequency, 4-11
parameter summary, 4-17
source control, 2-103
drift, 2-53
drift tracking, 5-38
drift tracking range, 4-16
drift tracking range,
for peak tune range, 5-37
illustration, 2-18
increases, 2-29
increasing the, 2-27
drift tracking,
consideration for PTR, 2-17
estimate for PLL, 2-19
of the test system, 4-14
to complete the PLL measurement, 2-20
drifting source, 2-6
drifty noise or spurs, 6~15
DVM,
common ground, 6-41
to verify beatnote out of lock overload, 6-41
dynamic range,
de block enables, 2-8
dynamic signal analyzer,
Option 110, 1-8
to measure noise voltage, 2-8 2-10

E

EFC (electronic frequency control), 6-13
EFC control voltage illustration, 6-14
EFC control voltage tuning, 6-35

EFRC tuned 640 MHz reference, 6-36
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electronic frequency control (EFC), 6-13
enhanced tuning range,
using a calibrated DC FM source, 2-27
entered kyC'O,
parameter summary, 4-11
erratic noise, 6-40
CITOT message,
accy degraded, 5-35
eITOr,
accuracy specification degradation, 2-52 2-55
at frequency offsets near PLL BW, 5-37
system cannot continue, 2-53
eval of sigma, 4-21
expected,
tune constant calculated from, 2-52
external detectors,
for PLL measurement, 2-26
wio PLL, 2-33
with FM discriminator, 2-36
external equipment,
damage, 5-20
external phase detector, 2-26 2-38
external reference tuning, 6-17
external time base,
10 MHz B, 6-19
external timebase,
parameter summary, 417

F

F switch number, 5-23
fast display mode, 5-8
Fast Fourier Transform (FFT), 5-2
feedthrough,

filter out, 2-26 2-33 2-36
FI'T (Fast Forier Transform), 5-2

17




FFT analyzer, 6-3
FFT analyzer,
HP 3561A is the only, 6-4
instrument address table, 6-4
FFT segment table,
affects graph of results, 5-3
bandwidth, 5-6
changing the, 5-9
data is stored, 5-3
decrease measurement time, 5-9
determines measurement time, 5-6
increase measurement time, 5-10
maximum offset frequency, 5-12
measured range, 54
measurement resolution, 511
minimum averages, 3-2
FFT segment time,
decrease measurement time, 3-10
FFT segment,
default vahies, 5-3
display modes, 5-8
FFT segments,
frequency range of, 5-2
introduction, 5-2
maximum number of, 5-2
minimum averages, 4-10
f1 (cutoff frequency), 4-19
file system,
loads parameter file, 2-104
result files, 4-2
files loading results, 4-4
fites storing results, 44

18 Index




hiters, 24
filter selection,
using an HP 11729C, 2-15
w/o PLL, 2-32
flter comb line, 6-28
filter lag-lead, 523
flicker frequency, 4-23 4-24
flicker phase, 423 4-24
FM accuracy,
of the calibration source, 2-85
FM descriminator,
with 2 delay line, 2-7
with a phase detector, 2-7
FM deviation, 2-83
FM deviation (refer to VCO tune constant), 2-15
FM discriminator,
calibration technique, 2-74
delay, 2-77
phase detector selection, 2-36
phase noise measurement, 2-6
phase noise using an, 2-34
translates phase fluctuations, 2-75
FM peak deviation maximum, 6-11
FM rate, 2-83
FM rate and deviation,
calibration diagram, 2-84
calibration w/FM discriminator, 2-83
FM spectral density, 2-116
FM spectral density graph, 34
foldout, 5-27
fractional frequency deviation, 4-19 4-21
frequency analyzer,
for processing data, 5-8
frequency counter, 6-3
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frequency counters,

description, 6-40

instrument address table, 6-40

maodel numbers, 6-40
frequency deviation fractional, 4-19
frequency discriminator method,

system noise, 6-31
frequency discriminator sensitivity, 7-10
frequency fluctuations,

w/FM discriminator, 2-75
frequency offsets, 4-32
frequency offset range, 5-10
frequency offsets,

near the PLL BW, 4-16
frequency ranges, 4-37
frequency range,

of signal sources, 6-11
frequency scaling, 4-42
frequency sensitivitiy,

of the VCO source, 2-49
frequency span,

of HF 3561A, 5-6
frequency spans or segments, 52
frequency,

dividers, 2-4

multipliers, 2-4

translator devices, 2-4
function generator, 6-3
function generator,

HP 3325A/B, 6-42

instrument address table, 6-42
fundamental feedthrough,

filter out, 2-26 2-33 2-36
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G

gain change PLL, 5-36
gainl-3,
3048A control, 5-22
gains,
for HP11848A, 5-21
GPIB card, 1-9
GPIB control, 6-2
graph coordinates X and Y, 3-3
graph of results,
affected by FFT segment table, 5-3
affected by HF segment table, 5-14
change plotter pens, 3-9
gaps in, 5-3 5-14
marker for, 3-6
omit spurs, 3-9
specification lines, 4-6
graph of results window, 3-5
graph scaling, 4-43
graph title, 3-3
graph type, 3-, 23-4, 2-114
graph type,
other thart AM noise or baseband, 2-116
graph,
phase modulation spectral density, 3-4
single-sideband phase noise, 3-4
spectral density, 3-4
spectral density of fractional frequency fluctuations, 3-4
graph VCO tuning characteristics, 7-20
graphic functions,
introduction, 3-1
graticule new, 3-8
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H

h switch number, 5-23
harmonics,
compensated for w/o PLL, 2-69
odd of beatnote, 2-446
odd on input signals to phase detector, 2-48
of AM detector, 2-98
of phase detector are calibrated out, 2-73
of the phase detector, 2-80
on input signals to phase detector, 248
het band, 6-22
HF segment table,
affects graph of results, 5-14
bandwidth, 5-16
default values, 5-14
description, 5-14
for frequencies above, 5-13
introduction, 5-13
measured range, 5-15
modifying, 5-14
storing, 5-14
sweep time, 5-17
high frequency (HF) segment table, 5-13
high pass filter paths, 5-23
HP 11729C,
down converter, 6-27
filter switches, 6-29
neise performance, 6-25
spurs not specified, 6-39
system control, 6-30
with HP 8662/3 signal source, 6-11
HP 11848A circuit controls, 5-22
HP 11848A control,
advanced functions, 5-19
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HP 11848A interface, 1-5
HP 11848A LNA,
parameter surmmary, 4-18
HP 11848A,
ALIX Monitor port, 640
block diagram, 5-20
DACs/gains, 5-21
intetface, 6-8
HP 3048A, 1-1
HFP 3048A. Option K21, 2-8
HP 3048A,
configuration, 1-7
description, 1-5
measurements, 1-6
noise and region of validity £(f), 7-4
noise floor vs R-port signal level, 7-2
reference source options, 1-7
sensitivity can be improved, 7-2
spectrumn analyzer options, 1-8
system options, 1-8
system specifications, 1-11
HP 3325a,
function generator, 6-42
HP 33330C,
AM detector, 2-94
low-barrier Schottkey diode detector, 2-89
HP 3561A dynamic signal analyzer, 1-5
HP 35614,
d¢ coupled for flat response, 2-8
display modes, 5-8
display resolution span and record length, 5-6
Dynarnic Signal Analyzer, 5-2
Fast Fourier Transform Analyzer, 6-4
processes data from, 5-8
table of span record length and resolution, 5-7

Index
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HP 3585A/B,

RF analyzer, 6-6
HP 5316A,

frequency counter, 6-40
HP 53168,

frequency counter, 6-40
HP 5343A,

frequency counter, 6-40
HP 5384A,

frequency counter, 6-40
HP 5385A,

frequency counter, 6-40
HP 5386A,

frequency counter, 6-40
HP 71000,

RF analyzer, 6-6
HP 8566A/B,

RF analyzer, 6-6
HP 8567A,

RF analyzer, 6-6
HP 8568A/B,

RF analyzer, 6-6
HP 86424,

noise performance, 6-21
HF 8642ZA/B,

signal source, 6-11
HP 86568,

noise performance, 6-23

signal source, 6-11
HP 8657A,

noise performance, 6-24
HP 8657A/b,

signal source, 6-11




HP 8662/63A,
10 MHz B, 6-19
Option 003, 6-28
peak deviation, 6-15
time base input, 6-18
HP 8662A,
signal source, 6-11
HP 8662A HP 8663A,
noise performance, 6-12
HP 8663A,
signal source, 6-11
HP 8904A,
multifunction synthesizer, 6-42
HP-1B address switches,
on HP 11729C, 6-29
HP-IB control, 6-2
HP-IB,
11848A control, 5-19
instrument control, 2-101
HPF rotary switches, 5-21

IF frequency,
of the down converter, 4-11
ignore out of lock, 5-38
injection locking, 2-47 2-56 4-14 4-16 5-37
injection locking,
to prevent, 7-24
input power (noise figure), 4-43
input resistance,

O VCO tune port, 4-11
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instrument address table,
FFT analyzer, 64
frequency counter, 6-40
function generator, 6-42
interface, 6-8
introduction, 6-2
RF analzyer, 6-5
signal sources, 6-9
voltmeters, 6-41
instrument addresses,
system configuration, 6-2
instrument control, 2-101
instrument control,
AM noise, 2-111
FM discriminator, 2-108
phase noise using PLL, 2-102
wfo PLL, 2-105
instrument parameters, 2-12
integration,
lower and upper limit of, 4-23
interface, 6-3
interface problem, 5-20
interface,
HP 11848A, 1-5 6-8
instrument address table, 6-8
interval of length, 4-21
isolation, 2-47
isolation,
of power splitter w/o PLL, 2-69
of R and L port for single-sided method, 2-71
of R and L port w/o PLL, 2-67
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K

K switches,
11848A control, 5-25
K/L/S switches, 5-24
Ky, 7-12
Ky (refer to phase detector constant), 2-42
K é method,
parameter summary, 4-13

Ky,

parameter summary, 4-13
kV [Hz/V] (refer to VCO tune constant), 2-15
ky C'O method,

parameter sununary, 4-14
kyCO,

parameter summary, 4-14

L

L port,
convetrsion loss, 2-47
insufficient power at, 247
isolation wlo PLL, 2-67
of phase detector, 2-43
1. switches,
11848A control, 5-25
L(f), 2-1163-47-4
L. Cutler, 4-22
lag-lead flter, 5-23
line filter comb, 6-28
line stretcher,
to measure input level, 2-63
used in single-sided spur w/o PLL, 2-71
linear region,
for best accuracy, 2-62
of FM discriminator, 2-85




linearity,
of VCO source, 2-51
list of spurs, 4-7
LNA toggle, 541
LNA,
it or out affects noise floor, 4-18
LNA:is configured in or out, 4-18
load configuration file, 6-45
load parameter files, 2-118
loading result files, 44
loop suppression verification, 2-54
loop suppression,
adjust the theoretical, 4-16
beyond acceptable limits, 4-14
considerations, 2-56
parameter summary, 4-14
theoretical, 4-16
theoretical suppression is ft, 4-14
vetification of PLL, 2-28
verifying, 2-41
loop suppression theoretical adjusted, 5-36
low noise amplifier, 5-41
low noise amplifier (LNA) selection, 5-40
low pass filters, 5-22
low pass filter,
for PLL, 2-14
LPF rotary switches, 5-21

M

main menu,
access, 1-2
quit, 1-2
manipulate results,
introduction, 4-1




manual control,

w/FM discriminator calibration, 2-85
marked spurs, 4-37
marker,

for graph of results, 3-6

how to remove, 3-6

resolution, 3-7
max error,

measurement mode, 5-36
maximum acceptable clipping, 5-42
maximum offset frequency, 6-2
maximum X coordinate, 3-3
maximum Y coordinate, 3-3
measure the detector constant,

with PLL, 2-46
measure,

VCO tune constant, 6-40
measured data,

smoothing of, 4-10
measured noise,

as reference source noise, 7-8
measured range,

in FFT segment table, 5-4

in HF segment table, 5-15

himitation, 5-4 5-15
measurement accuracy, 317
measurement accuracy,

and the calibration technique, 2-58
measurement averages, 2-11
measurement bandwidth, 4-36 4-37
measurement bandwidth,

for marking spurs, 4-7
measuremnent calibration, 5-35
measurement conditions,

to assist in diagnosing, 5-20
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measurement data, 44
measurement definitions,

directory, 2-1
measurament mode,

max error, 5-36

advanced functions, 5-34

assumed pole, 5-37

closed PLL BW, 5-37

considerations for, 5-39

defining, 5-39

det constant, 5-38

peak tune range, 5-37

PLL gain change, 5-36

VCO constant, 5-38
measurement range,

extended with RF analyzer, 2-10

start and stop frequencies, 2-11
measurement resolution,

example to increase, 5-12

FFT increase, 5-11
measurement results,

accuracy, o-14

plot data, 3-8

plotted as phase noise, 1-6
measurement segments, 4-37
measurement software, 1-5
measurement span, 3-7
measurement time,

decrease, 5-9

FFT increased by, 511

from FFT segment table, 5-6
measurement type, 2-2 4-10
measurement vncertanty, 4-32
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measurement,

bandwidth, 54 5-15

customize a, 5-1

parameters defined for, 4-9

resolution, 54 515

time, 54 5-15
measuring calibration constant, 2-63
measuring calibration constant,

for double-sided spurs, 2-67
messages,

reference, 8-22

status, 8-31

unnumbered error, 8-19

warning, 8-29
meter,

HP 11848A sensitivity of, 2-48

on HP 118484, 2-48

voltages on HP 11848A, 2-48
microwave VCO reference, 6-28
minimum averages,

for FFT segments, 4-10

in FFT segment table, 5-5
minimum, X coordinate, 3-3
minimum Y coordinate, 3-3
mixer sensitivity (refer to phase detector constant), 2-42
mixing, 6-27
modulated spurs,

insure accuracy, 2-82
modulation analyzers, 6-43
modulation analyzer,

to monitor sideband spur, 2-66
modulation side bands, 2-82
modulation sidebands,

AM noise calibration, 2-94

calibration method requires, 2-91
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MS-DOS®E),

operating system, 1-9
multimeter, 6-41
multipliers, 2-4

N

n (nuinber of frequency averages), 4-19
National Bureau of Standards (NBS), 4-22
National Institute of Standards and Technology (NIST), 1-11 4-22
National Instruments,
GPIB card, 1-9
new graticule, 3-8
new measurement,
after modifying FFT segment table, 5-3
after modifying HF segment table, 5-14
to begin a measurement, 2-8
noise bandwidth, 4-21
noise data,
measured, 4-14
noise figure (input power), 4-43
noise figure data,
i5 calculated, 4-43
noise figure,
for 2-port devices, 2-116
for 2-port device plots, 4-43
noise flatness test, 543
noise flatness,
performarnce test, 6-6
noise floor level,
about reducing PTR, 2-19
consideration for PTR, 2-17
fllustration, 2-20
information about, 2-19
limits for various PTR's, 2-20




noise floor offsets,
greater than 20 kHz, 6-10
noise floor,
@ decreased by DC FM source, 2-27
' determined by LNA in or out, 4-18
for HP 11729C, 6-31
maximium sensitivity of, 2-87
of test systern, 2-57 5-38
of the test system, 2-42
peak tuning range, 7-28
self-oscillation illustration, 6-32
vs R-port signal level for HP 30484, 7-2
w/FM discriminator, 2-75
noise input,
from HP 11848A, 2-46
noise level,
displayed, 3-6
of signal sources, 2-22
of the reference device, 4-37
of two devices, 4-37
noise levels,
increase for scale factors, 4-42
of the three devices, 4-32
neise measurements, 4-31
noise measurement accuracy, 5-38
noise measurement,
baseband, 2-100
using HP 3561A only, 2-99
using the HP 3561A only, 2-8
validity, 4-32
Noise measuraments,

Q baseband, 2-8
b, optimum set of values, 5-3
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noise performance,

for HP 8662/63A, 6-13

of HP 11729C, 6-25

of HP 8642a, 6-21

of HP 8656b, 6-23

of HP 8657a, 6-24
noise power, 4-28
noise spec lines, 4-6
noise suppression,

of the test system, 4-14
noise voltage, 2-10
noise voltage,

of a device, 2-8

use the HP 3561A, 2-8
noise,

erratic, 6-40

formula for, 6-31

high close-in, 6-15

high close in, 4-16

smoothing, 5-17
noise close-in, 5-38
non-linearity,

compensated for w/o PLL, 2-69

of AM detector, 2-95

of phase detector w/o PLL, 2-73
normal display mode, 53-8
normal test mode, 5-35
number of averages, 4-10
number of averages,

spur marking, 4-8
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0

odd harmonics,
of a beatnote w/o PLL, 2-63
offset frequencies,
of the PLL noise measurement, 4-14
offset frequency ranges, 4-37
offset frequency values,
for AM noise calibration, 2-95
offset frequency,
maximum, 4-11 6-2
measured by test system, 2-38
measured by test system w/o PLL, 2-32
minimum, 4-23
sensitive to AM noige, 2.7
spur marking, 4-8
test system measures, 2-35
offset range,
and number of averages, 2-11
extended by, 1-10
frequency, 5-10
is limited to, 2-14
omit spurs, 4-20
omiit spurs,
from graph of results, 3-9
operating manual,
Option 910, 1-8
operating system,
ms-dos, 1-9
operator’s training, 1-5
Option 001, 1-7
Option 002, 1-7
Option 003, 1-7
Option 004, 1-7
Option 005, 1-7
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Option 006, 1-7
Option 101, 1-8
Option 110, 1-8
Option 130,
AM detector, 2-112
AM measurements with HP 11729C, 6-39
Option 201, 1-8
Option 202, 1-8
Option 201,
adds a phase detector, 2-32
adds phase detector, 2-35
phase detector selection, 2-25
Option 910, 1-8
Option K21,
AM detector, 2-39
de block, 2-8 2-112
oscillator comparisons, 1-6 4-31
oscillator comparison,
2 sources, 4-37
3 sources, 4-31
oscilloscope,
to monitor phase detector, 6-40
used to examine beatnote w/o PLL, 2-65
out of lock,
verify with DVM, 6-41
output level maximurm, 6-11
overlap mode, 5-8
overload,
verify with DVM, 6-41
overloading,
prevent, 2-26 2-33 2-36




P

parameter file,

considerations for the, 2~107

is loaded from, 2-104

storing FFT segment table data, 5-3

storing HF segment table data, 5-14
parameter files,

loading and storing, 2-117
parameter summmary,

acc’y spec degrad, 4-14

assumed pole, 4-16

carrier freq, 4-11

center voltg, 4-12

closed PLL BW, 4-15

det. in freq, 4-11

DN Converter, 4-17

entered kyC0, 411

ext. tmbase, 4-17

HP 11848A LNA, 4-18

introduction, 4-9

Ky, 413

Ky method, 4-13

kvyCO, 4-14

ky CO method, 4-14

loop supr, 4-14

meas. type, 4-10

min, aves, 4-10

ph. detector, 4-13

pk tune range, 4-16

ref, srce, 4-17

start freq, 4-10

stop freq, 4-10

tune rnge, 4-12

UUT (unit under test), 4-17
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parameters,

entered for signal source, 6-10
introduction to, 2-12

peak deviation (refer to VCO tune constant), 2-15
peak deviation,

for HP 8662/63A, 6-15
maximum for HP 8642a/b, 6-22
maximum for HP 8656b, 6-23

maximum in d¢ mode, 6-15
maximum of HP 8657a, 6-24

peak deviation maximum, 6-11
peak phase deviation, 2-67
peak search,

for locating spur AM noise calibration, 2-96
to locate spur AM noise, 2-92

peak tuning range,

38

can be modified, 2-19
defimition, 2-17

determined by, 2-49
determines drift tracking range, 2-18
example, 6-17

for measuring sources, 6-15
for PLL measurement, 2-17
formula, 2-17

formula for, 2-16

graph, 2-22 7-22

graph of, 7-28

increased for calibration, 2-52
maximum HP 11720C, 6-37
measurement mode, 5-37
noise floor, 7-28

parameter summary, 4-16
required, 7-22

to phase lock a source, 2-4
using DC FM source, 2-27
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peak tuning range wider, 6-5
peak volts,
out of the phase detector, 2-61
peaking,
on the PLL suppression curve, 5-37
performance tests, 6-6
phase demodulation, 2-67 2-82
phase detector constant,
accuracy, 2-604-134-14
accuracy wio PLL, 2-62
beatnote wi/o PLL, 2-62
calibrating w/o PLL, 2-58
cannot be measured if, 2-47
congiderations, 2-60
converted to discriminator constant, 2-77
error w/o PLL, 2-63
for non-sinusoidal beatnotes, 2-63
from a beatnote w/o PLL, 2-63
incorrect calibration of, 2-47
measure, 2-46
recommended range, 2-47
wio PLL calibration, 2-57
phase detector method,
system noise, 6-31
phase detector sensitivity (refer to phase detector constant), 2-42
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phase detector,
+ /- peak voltages w/o PLL, 2~61
additive products, 2-14
amplitude and sensitivity, 2-42
calibration constart, 7-2
constant, 2-41 2-54
constant with PLL, 2-42
eliminate feedthrough of fundamental, 2-35 2-38
external for AM noise, 2-38
harmonics on input signals, 2-48
input frequency, 2-10 2-25 2-32 2-35 4-11
input level, 2-43
input signal spurs, 2-48
L port, 2-43
linear region for best accuracy, 2-62
monitor with oscilloscope, 6-40
non-linear region w/o PLL, 2-62
non-linearity, 2-80
odd harmonics on input signals, 2-48
Option 201, 1-8 2-35
output power level, 4-18
parameter summary, 4-13
power level driving, 2-62
prevent overloading, 2-26 2-33 2-36
r port, 2-43
requires a phase shifter, 2-61
selection, 2-25
selection wig PLL, 2-32
selection with FM discriminator, 2-36
sensitivity, 2-43 5-38
use current constant, 2-59
voltage output, 2-57
with PLL system control, 2-15




phase detectors,
AM rejection, 2-7
external w/o PLL, 2-33
phase deviation,
instantaneous, 7-4
phase fluctuations, 2-57
phase fluctuation,
between two detector inputs, 2-42
phase fluctuations,
w/FM discriminator, 2-75
phase lock circuitry,
gain and attenuation of, 2-48
phase lock loop bandwidth,
consideration for PTR, 2-17
phase lock loop suppression, 2-43 5-35
phase lock loop,
and noise floor, 2-20
bandwidth, 2-21 2-22 2-47 2-54 5-37 7-24
bandwidth illustration, 2-21
beatnote, 2-46
increase ability to maintain lock, 2-27
instrument control, 2--102
measurement, 2-3
phase noise using a, 2-13
suppression, 2-54
suppression parameters, 5-36
VCO tuning linearity, 2-23
phase lock sources, 4-16
phase lodk,
monitored by user, 5-38
phase modulation spectral density, 2-116
phase modulation spectral density graph, 34
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phase modulation,
present in an AM noise calibration, 2-94
present in measuxement circuit, 2-92
phase modulator,
AM present in the, 2-67 2-80
-for double-sided spur calibration, 2-67
for double-sided spur w/FM discriminator, 2-80
to generate calibration spurs, 2-82
phase noise level, 4-37
phase noise level,
of a variety of sources, 7-22
phase noise measurement, 1-1
phase noise,
at offsets, 4-23
detector selection w/o PLL, 2-32
high close in, 4-16
intexface port, 2-45
of various HP sources, 7-6
residual, 24
using a FM discriminator, 2-34
using a phase lock loop, 2-3 2-13 2-102
using an FM discriminator, 2-6
without using a PLL, 2-4 2-31 2-105
phase shifter, 644
phase shifter,
for tuning phase detector, 2-61
w/FM discriminator, 2-109
wio PLL, 2-106
phase slope (refer to phase detector constant), 2-42
PLL bandwidth closed, 415
PLL gain change, 2-55
PLL gain change,
measurement mode, 5-36
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PLL suppression curve, 5-35
PLL suppression,

verified, 4-14
PLL,

bandwidth, 5-37

bandwidth graph, 7-24

circuit path, 5-22

gain change, 5-37

suppression parameters, 5-36
plot data,

orito graph of results, 3-8
plotter pens,

color, 3-9
pole,

adjusted when the, 4-16
pole assurmned, 5-37 4-16
ports,

of phase detector, 2-43

power level,
at AM detector input, 2-98
of phase detector, 4-18
power meters, 6-43
power meter,
to measure power level of detector, 2-89

tndex 43




power splitters, 6-44
power splitter,
FM rate and deviation spur calibration, 2-84
for double-sided spur w/FM discriminator, 2-80
isolation wio PLL, 2-69
to get beatnote w/o PLL, 2-63
used for double-sided spur calibration, 2-67
used for single-sided spur wfo PLL, 2-71
preset 11848A control, 5-26
printers/plotters, 1-10
prm (parameter) files, 2-118
programmable amplifier, 5-22
programmable circuits and switches, 5-19
PTR (peak tuning range), 4-16
PTR,
can be modified, 2-19
definition, 2-17
determines drift tracking range, 2-18
for PLL measurement, 2-17
formula, 2-17
using DC FM source, 2-27
pulse modulated carriers, 5-41
pulse modulated measurements, 540
pulsed carrier,
to measure a, 5-40
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Q

quadrature method selected, 2-109
quadrature,
adjust frequency to obtain, 2-86
calibration w/FM discriminator, 2-82
established manually, 2-109
maintaining, 5-41
to maintain, 7-14
wlo PLL, 2-106
quick reference,
directory, 7-1

R

r port,
amplification of input signal, 2-47
input level, 2-47
input power level, 2-59
input power levels, 2-77
isolation w/o PLL, 2-67
of phase detector, 2-43
phase detector constant estimate, 2-44
setup diagram, 2. 44
to estimate detector constant, 2-59
rack test system,
Option 202, 1-§
random walk frequency, 4-23 4-24
real-time monitor, 529
record length,
note, 5.8




ref source,
instrument control, 2-102
PLL, 2-102
reference device,
known noise level of, 4-37
reference messages, §-22
reference noise,
va. ULIT noise, 7-8
reference source options, 1-7
reference source,
parameter summary, 417
under PLL system control, 2-14
with a lower noise level, 4-31
reference source tuning, 6-37
reference tuning external, 6-17
relation of £(f) to Allan variance, 4-24
residual phase noise, 2-4
resistance,
input VCO tune port, 4-11
resolution counter, 421
resohition of measurement, 5-4 5-15
resolution,
FFT increasing measurement, 5-11
meassurement may take longer, 5-12
of marker, 3-7
result hles, 4-2
result file,
for calculating sigma vs tau, 2-14 2-32 2-34
used to calculate sigma vs tau, 2-32
result files,
description of, 4-2
for each source, 4-31
result files loading, 4-4
result files storing, 4-4
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return loss, 2-48
RF analyzer, 6-3
RF analyzer segments, 4-10
RF analyzer,
considerations, 6-6
description, 6-5
extends measurement range, 2-10
instrument address table, 6-5
supports other HF bandwidths, 5-16
RF analyzers,
model rumbers, 6-6
RF calibration source, 2-63
RF source, 2-102 6-3
RF¥ sources,
that is signal sources, 69
rotary switch, 5-24
rotary switches,
HPF and LPF, 5-21

S

s switches,

11848A control, 5-25
scale data,

to new carrier frequency, 4-42
scaling,

of carrier frequency, 4-42
Schottkey diode detector, 2-89

Index
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Searle C., 4-22
segement table,

FFT measurement resolution, 5-11
FFT minirnurn averages, 5-5
HF sweep time, 5-17

segemnt table,

FFT determines measurement time, 5-6

segment table,

48

FFT affects graph of results, 5-3
FFT bandwidth, 5-6

FFT data is stored, 5-3

FFT default values, 5-3

FFT display modes, 5-8

FFT measured range, 54

FFT changing the, 59

FFT decrease measurement time, 59 5-10
FFT increase measurement tire, 5-10
FFT increasing resolution, 3-11
FFT specifying offsets, 5-12

HF, 5-13

HF affects graph of results, 5-14
HF bandwidth, 5-16

HF measured range, 5-15

HE default values, 5-14

HEF description, 5-14

HF for frequencies above, 5-13

HE modifying, 5-14

HEF storing, 5-14

number of HF segments, 5-13
specifies number of averages, 2-11
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segments,
FFT, 5-2
graph of results marker, 3-6
minimum averages, 4-10
smoothing for RF analyzer, 4-10
selected 'K’ switches, 5-23
selected ‘L’ switches, 5-23
selected ‘5’ switches, 5-23
self-oscillation mode, 6-28 6-31
sensitivity,
AM detector, 7-12
delay line, 7-10
frequency discriminator, 7-10
of HP 11848 A meter, 2-82 2-86
of HP 3048A system, 7-2
of phase detector, 2-57 5-38
of the VCO source, 2-49
of VCO source, 2-51
service manual,
Option 910, 1-8
sideband levels,
formula for, 2-67
sideband spur level,
AM noise, 2-91
sideband spur,
wlo PLL, 2-66
sidebands,
unequal, 2-94
sigma vs tau,
Allan variance, 16
calculating from result file, 2-14 2-32 2-34
description of, 4-21
is being computed, 4-22
note, 4-22
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sigma vs. tau,
introduction, 4-19
sigma,
evaluation of, 421
Ty (T)r
calculation of, 4-11
signal analyzer dynamic,
Option 110, 1-6
signal generator,
reference source options, 1-7
signal level,
at r input port, 7-2
signal path configuration, 5-20
signal path termination, 2-62
signal sources, 6-3
signal source,
parameters, 6-10
to be used, 2-105
signal sources,
instrument address table, 6-9
introduction, 6-9
model numbers, 6-11
sine wavae,
beatnote deviates from, 2-47
zero crossing for beatnote w/o PLL, 2-63
single-sideband phase noise, 2-116
single-sideband phase noise graph, 3-4
single-sided spur AM detector,
calibration technique, 2-96
single-sided spur calibration, 6-6
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single-sided spur,
calibration diagram, 2-96
calibration technique for AM noise, 2-95
calibration technique w/o PLL, 2-70
measuring w/o PLL, 2-71
setup diagram, 2-71
slope versus maximum tau, 4-23
slope dominant, 4-23
small angle criteria, 2-85
small angle criterion,
refer to region of validity £( f), 7-4
snu (f), 2-116 34
software operation, 1-2
software status bulletin, 1-3
software,
copying, 1-4
copyright, 1-4
defective disks, 1-4
measure sources, 1-5
notice, 1-4
resale, 1-4
update service, 1-3
sofware,
windows, 1-2
source comparison,
(refer to 2 osc, compar.), 4-37
(refer to 3 osc. compar.), 4-31
source control PLL, 2-102
source fles,
2 oscillator comparison, 4-38
3 oscillator comparison, 4-33
computation, 4-33 4-38
computation window, 4-33 4-38
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source options,

tuning characteristics, 7-18

tuning characteristics of various, 2-50
source return loss, 2-48
source,

calibrated, 4-14

comparisons, 4-31

result files, 4-31

to be used, 2-105

wio PLL, 2-105

zero beat, 5-41
solrCces,

internal to the HP 11848A, 4-17

internaloperated by system control, 4-17

phase lock, 4-16

with high close in noise, 5-37
specification degradation, 2-52 2-55 4-14
specification lines,

on the graph of results, 4-6
specifications,

are listed, 1-11

supplemental, 1-11
specified noise, 6-31
spectral density of fractional frequency fluctuations, 2-116
spectral density of fractional frequency fluctuations graph, 3-4
spectrum analyzer,

Option 101, 1-8

output of HIP 11848A, 6-6
“spectrum analyzer” phase detector cutput, 6-5
spectrum analyzers,

extends measurement range, 1-10
sphi {f), 2-116 34
spur accuracy test, 5-43
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spur calibration,
double-sided w/o PLL, 2-67
uses a power splitter, 2-67
spur Jevel,
displayed, 3-6
measured, 2-67 .
measured by test system, 2-95
measuring for single-sided spur w/o PLL, 2-71
spur levels,
wio PLL, 2-66
spur list, 4-7
spur listings, 1-6
spur marking criteria, 4-8
spurs,
cannot be subtracted on a power basis, 4-36
drifty, 6-15
high close-in, 6-15
maxdimum number of, 4-8
not specified for HP 11729C, 6-39
omdt from graph of results, 3-9
on input signals to phase detector, 2-48
spurs unmarked and marked, 4-37
start and stop frequencies, 2-11
start frequency,
minimum offset, 4-10
status messages, 8-31
stop frequency,
maxirnum offset, 4-10
store configuration file, 6-45
store parameter files, 2-118
storing result files, 4-4
suminary,
of parameters, 4-9
supported instruments, 6-3
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suppression parameters, 5-36
suppression phase lock loop, 5-35
sweep time,
for HF segment table, 5-17
switches K/L/S,
11848 A control, 5-24
switches,
KLand 5, 5-23, 5-25
rotary HPF and LPF, 5-21
3y(f), 2-116 34
sy(f).
calculation of, 4-11
system bandwidth, 4-19
system configuration,
11729C filter specs, 6-30
instrument addresses, 6-1, 6-2
systern control,
activate, 6-30
for the HP 11729C, 6-30
of the calibration source, 2-86
to generate calibration spur AM noise, 2-92
system noise,
for frequency discriminator method, 6-31
for phase detector method, 6-31
formula, 6-31

T

t (total time period), 4-19
tau (averaging time), 4-19
test file, 2-104
test mode,
normal, 5-35
trouble shoot, 5-35
test result fles, 4-2
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test system,
absolute noise floor w/FM discriminator, 2-75
and tune range of VCO, 2-29
@ beatnote of less than 50 kHz, 2-47
beatnote wfo PLL, 2-63
calculates sigma vs tau, 1-6
cannot measure detector constant, 2-43
description, 1-5
drift tracking, 4-14
equipment, 6-3
generates a beatnote frequency, 2-46
manipulate measurement, 5-1
maximum offset frequency measured, 2-38
measures calibration spur, 2-92
measuxes calibration spur w/o PLL, 2-69
measures for calibration spur w/o PLL, 2-73
measuxes for spur levels w/o PLL, 2-66
measures offset frequency, 2-35
measures spuir level for AM noise, 2-91
noise floor, 2-20 2-42 2-57
noise floor decreased, 2-47
noise floor determined, 5-38
noise floor w/o PLL, 2-62
noise formula, 6-31
noise suppressior, 4-14
offset range extended, 6-5
oscillator comparisons, 1-6
phase lock of, 2-48
rack Option 202, 1-8
restricted from measuring non-linear VCO tune constant, 2-28
sensitivity determined by input at r port, 2-47
specifications, 1-11
spur listings, 1-6
uses VCO tune constant, 4-14
zero crossing measured, 2-46
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tests,
spur accuracy and noise flatness, 5-43
text colors, 6-46
theoretical loop suppression adjusted, 5-36
third harmonic,
of beatnote w/o PLL, 2-65
three oscillator comparison, 4-31
time base input,
of HP 8662/63A, 6-18
time base,
control voltage using 10 MHz A, 6-18
control voltage using 10 MHz B, 6-20
in instrument control diagram, 2-103
time for measurement, 5-4 5-15
time interval, 4-21
time record length, 5-6
timne record length,
note, 5-8
timebase,
external, 4-17
title of graph, 3-3
title,
for graph of results, 2-115
toggle overload 11848A control, 5-26
trace integration, 4-25
tracking generator, 1-10
training,
for software operator, 1-5
triangle wave,
zero crossing for beatnote w/o PLL, 2-63
trouble shoot test mode, 5-35
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tune constant,
calculate from expected, 2-52
defined for the measurement, 4-11
formula for, 2-52
measure the, 2-51
measuring, 2-24
use the current, 2-51
fune port,
input resistance, 2-17 4-11
input voltage range, 2-29
tune range of VCO, 2-16
tune range of VCO,
and test system, 2-29
enhanced by DC FM source, 2-27
extending, 2-52
from the HP 11848A, 2-16
illustration, 2-18
limits, 4-12
maximum, 2-16
mintmum and maximum, 7-16
to achive peak deviation of VCO, 2-28
to determine peal tuning range, 2-49
used to determine PTR, 217
vs cenler voltage, 7-16
tune range,
parameter summary, 4-12
tune voltage output port, 5-22
tune voltage output port,
on the rear panel, 2-16
tuning characteristics,
of various source options, 7-18
of various VCO sources, 2-50
tuning constant,
using DC FM, 2-27
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tuning curve,
center of, 4-12
illustration of, 2-53
tuning linearity of VCO, 2-53
tuning linearity,
of VCO source, 2-51
tuning port bandwidth, 2-56
tuning range of VCO,
for phase lock loop, 2-3
tuning range,
enhanced by using DC FM source, 2-28
tuning sensitivity (refer to VCO fune constant), 2-15
tuning sensitivity, '
of VCO source, 2-51
tuning the down converter, 6-34
tuning the reference source, 6-37
tuning voltages,
complex, 7-14
two oscillator comparison, 4-37
two port device, 2-4
two port devices,
noise figure, 2-116
two-port device,
when measuring, 2-106
type/range of measurement,
introduction, 2-2
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U

unable to calculate, 4-30
unable to integrate over non-contiguous data, 4-30
uncal light, 6-6
unit under test,
parameter summary, 4-17
unmarked spurs, 4-37
unmarked spurs,
cause erroneous results, 4-36
unnumbered error messages, 8-19
update service for HP 11838a, 1-3
use current discriminator constant, 2-76
user’s source, 2-105
user’s source,
signal source, 6-9
using current detector constant,
AM noise calibration, 2-90
using HP 3561A only,
for noise measurements, 2-99
UUT noise, 7-8
UUT source, 2-108
UUT,
AM noise, 2-111
character string, 2-103
control voltage, 6-33
parameter summary, 4-17
phase noise level of, 4-37
tuning, 6-33
wiFM discriminator, 2-108
wio PLL, 2-106
with PLL (unit under test), 2-103
UUT’s phase noise, 2-109
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Vv

ViHz,
descriminator congtant, 2-74
VCO constant,
measurement mode, 5-38
VCQ control port,
noise at, 2-19
VCO output, 412
VCO peak deviation,
from tune range of VCO, 2-28
VCO source,
sensitivity of the, 2-49
VCO sources,
tuning characteristics, 2-50
VCO tune constant, 2-41 2-54
VCO tune constant,
calculate from expected, 2-52
defined for the measurement, 4-11
determined in three ways, 2-49
determining the, 4-14
enhanced by using DC FEM source, 2-28
formula for, 2-52
introduction, 2-49
measure the, 2-51
measuring, 2-24
to determine peak hining range, 2-49
use the current, 2-51
used to determine PTR, 2-17
with PLL, 2-15
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VCO tune port resistance,
to determine peak tuning range, 2-49
VCO tune port,
delay or phase shift in, 4-16
input resistance, 2-17 2-28 4-11
VCO tuning characteristics, 7-18
VCO tuning curve,
llustration of, 2-53
VCO tuning linearity, 2-53
VCO tuning linearity,
description for PLL, 2-23
illustration, 2-23
VCO,
as the reference source, 4-17
calibrated DC FM, 2-27
in a phase lock loop, 6-13
must tune monotonically, 4-13
protect from possible damage, 4-13
tune range extended, 2-52
used to track/tune carrier, 6-33
vga,
display, 1-9
video bandwidth,
formula, 5-17
in HF segment table, 4-10
voltage controlled oscillator,
tune constant, 2-15
voltage controlled source,
graph of tuning requirements, 7-14
tuning requirements, 7-14
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voltage fluctuations, 2-57
voltage output,

of AM detector, ?-87

of phase detector, 2-57
voltage range,

calibrated with DC FM, 2-27
voltage,

for tuning VCO, 4-12
voltmeter, 6-3
voltineters,

description, 6-41

insirument address table, 6-41

w

warning messages, 8-29
white frequency, 4-23 4-24
white phase, 4-23 424

X

X and Y coordinates,
for graphs, 3-3

X and Y-axis range, 3-2

X axis range, 2-114

X coordinate, 2-115

Y

Y and X-axis range, 3-2
Y axis range, 2-114
Y coordinate, 2-116
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Z

zaro a beatnote,

with PLL system control, 2-15
zero beat,

the sources, 541
zZero crossing,

in a sine or friangle wave, 2-63

of beatnote wlo PLL, 2-63

test system measures, 2-46
zero crossings,

within time record, 2-47
zero-beat,

signal sources, 6-40

the sources for PLL, 2-28

63




