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OPERATING AND SERVICE MANUAL

HP 11729B
CARRIER NOISE TEST SET

SERIAL NUMBERS

This manual applies directly to instruments with
gerial numbers prefized 2435A.

With changes described in Section VII, this man-
ual also applies to instruments with serial numbers
prefixed 23294, 23454, 2412A and 2428A.

For additional important information about gerial
numbers, see INSTRUMENTS COVERED BY
THIS MANUAL in Section I.

Use Appendix A and B for Instruments formerly
known as HP 11729B Low Noise Down Converters.

Appendix A econtains the necessary backdating
information to use this manual with all HP 11729E
Low Noise Down Converters prefixed 2319A and
below.

Appendix B contains an explanation of the H and
K Options used in ordering HP 11729B Low Noise
Down Converters.
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MANUALCHANGES

MANUAL IDENTIFICATION

Model Number; HP 117298
CARRIER NOISE TEST SET Date Printed: - Nov. 1984
: Part Number:  11729-90015

Thig supplement containg important information for correcting manual errors and for adapting manual
to instruments containing improvements made after the printing of the manual

To use this supplement:
Make all ERRATA eorrections
Make all appropriate serial number related changes indicated in the tables below

—  Herial Prefix or Numbet  —m—— Make Mepual Changes —u e Serial Prefix o Number — Make Manual Chonges  ——

2429A 1

¢ NEW ITEM

ERRATA

Sections I through VIII Appendices A through I
In all sections and appendices change “22¢" to “£(f)” and “Sq¢” to “S¢(f)”.

»Page 1-3, paragraph 1-9:
Under Mechanical Options, make the follomng part number changes:
Change “1494-0026" to “1494-0063",
Change “5061-0088" to “5061-9688".
Change “6061-0074" to “5061-9674".
Change “5061-0075" to “5061-0675".

Page 3-21, paragraph 17:
In the eleventh paragraph under paragraph 17 change “to convert the measured phase noise to
single sideband” to “.£ conversion factor”.

kPage 4.5, Step 12:
Change “425" to “625”.

Page 6-13, Table 6-2:
ASC40. Change the part number for A9C40 to the following:
0180-0116 CH1

Page 6-14, Table 6-2:

AGU33. The recommended replacement for A91J33, if it fails, is found in CHANEGE 1.

AQU34. The recommended replacement for AOUSM, if it fails, is found in CHANGE 1.

A10. Change the part number for the Al0 assembly to the following:

1172960086 CD7.
NOTE

Manual change aupplements are revised as often as necessary to keep mannals a3 current and accurate ag possible. Hewlett-Packard
recommends that you periodically request the latest edition of this supplement. Free copies are gvailable from all HP offices. When

requesting copiea quote the manual identification information from your supplement, or the model number and print date from the
title page of the manual.

21 August 1985 | - [b HEWLETT

3 Pages PACKARD

Printed in U.5.A.
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ERRATA (cont’d)

Page 6-14, Table 6-2 (cont’d}.
Add the following to the description for the A10 assembly: ,
(Oxder the following Service Note and resistors if the A0 assembly is replaced Service Note
11729-90001 CD9 and two resistors [8159-0005 CDO0}. The Service Note will explain where the resistors
are to be installed.)

Page 6-20, Table 6-2: J
MP106. Change the part number for MP106 to the following:
5020-8801 CD4.

Page 6-22, Table 6-2:
mP173 [I]plilm 140]. The recommended replacement for MP173, ifitneeds to be replaced is found in CHANGE1.

rPage 6-24, Table 6-2:
MP269 through MP272, The recommended replacements for MP269 through MP272, if they need to be

replaced, are found in CHANGE 1.
MP302, The recommended replacement for MP302, if it needs to be replaced, is found in GHANGE 1.

Page 6-32, Table 6-2;
811, The recommended replacement for 511, if it fsuls is found in CHANGE 1.

Page 6-33, Table 6-2;
W47, Add the following part number and description below W4T:
11729-20095 CD4 CABLE ASSEMBLY (OPTION 140).

Page 72, CHANGE DI:
Add the following before “Delete ADC40™:
Change the part number for A9C4-9, ABC13-20 and A9C23-36 to the follomng
01600576 CD5.

Service Sheet BDI1:
Replace the portion of the Low Pags Filter and Low Noise Amplifier Cirouits (nght gide of service sheet)
with Figure 1. .

LON PASE FILTER ASEEMBLY |

Z
G

DET -

3

#

.

Figure 1. P/0 Low Pass Filter and Low Noise Amplifier Clrcuits




HP 117290B 11729-90015

ERRATA (cont’d]

Page A-1, Appendix A:
Under MANUAL CHANGES change “Table 6-3" to “Table 6-2”.
F  Delete what is now shown: as the addition to the deseription for the A10 assembly.,

»  Add the following as the addition to the description for the A10 Assembly:
If the A10 assembly has to be replaced, there are two different amplifier replacement kits available.
Order 11729-60122 CD% if the prefix of the Carrier Noise Test is 2319A and below; ordex 11729-60123
CD3 if the prefix of the Carrier Noise Test Set is 2328A and above.

Below the addition to the description for the A10 assembly add the following:
Change the part number for MP173 to the following: 1172800006 CD5.

Servige Sheet 7 (Appendix):
B27 and R29. At the output of the +15 VOLT REGULATOR change the value of R27 to *100 Ohme” and the
value of R20 to “42.2 Ohms".

On the upper right side of the achematic, change the voliage above the rectangle with the F inaide to
+2.8V. ‘

Page C-1, Appendix C:
In the third sentence of the first paragraph under NORMALIZATION TO 1 HZ EQUIVALENT NOISE
BANDWIDTH, change ‘Field Effect Transistor (F.E.T.)” to “Fast Fourier Tranaform (F.F.T.)".

GHANGE 1

Page 69, Table 6-2:
AGATE3. Add ABAIES using the following part number and deseription:
9170-0962 CD3 CORE SHIELDING BEAD

Page 6-12, Table 6-2:
ASC4-9, AQEI-')'-ZU and AGC23-35. Change the part numbers for A9C4-9, A9CI3-20 and A9C23-85 to the
following: 0160-4835 CD7

Page 6-13, Table 6-2:
ABC36. Change the part number for A9C36 to the following: 0160-4835 CD7

Page 6-14, Table 6-2:
AIt33. Change the part number and description for A91J33 to the following:
1820-8513 CD7 IC TRANSCEIVER TTL & INSTR-BUS IEEE.-488.

A9U3. Change the part number and description for A9U34 to the following:
1820-3431 CD8 IC TRANSCEIVER TTL 8 INSTR-BUS IEEE-488,

Page 6-22, Table 6-2:
MP173. Change the part number for MP173 to the following: 11729-00053 CD2.

Page 6-24, Table 6-2: .
MP2656. Change the part number for MP266 to the following: 11728-00040 CD7.

» MP269 through MP272. Change the part number and description for MP269 through MP272 to the
following: 2200-0123 CD6 SCREW-MACH 4-40 1.25-IN.-LG PAN-HD POZI

» MP302. Change the part number and deseription for MP302 to the following:
3160-0483 CD6 FAN GRILL

Page 6-32, Table 6-2:
811, Change the part number for 511 to the following: 3101-1973 CD7.

Service Sheet 2 (schematic):
On the ABAIL assembly add a shielding bead at the base of Q2.
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Safety Considerations

SAFETY CONSIDERATIONS

GENERAL

Thils product and related documentation must be
reviewed for familiarization with safety markings
and instructions hefore operation.

This product is a Safety Class I ingtrument (pro-
vided with a protective earth terminal).

BEFORE APPLYING POWER

Verify that the product is set to mateh the avail-
able line voltage and the correct fuse is installed.

SAFETY EARTH GROUND

An uninterruptible gafety earth ground must be
provided from the main power source to the pro-
duct input wiring terminals, power cord, or sup-
plied power cord set.

WARNINGS

Any interruption of the protective (grounding)
conductor (inside or outside the instrument) or
disconnecting the protective earth terminal will
cause a potential shock hazard that could resultin
personal injury. (Grounding one conductor of a
two conductor outlet is not sufficient protection.)
In addition, verify that a common ground exists
between the unit under test and this instrument
prior to energizing either unit.

Whenever it is likely that the protection has been
impaired, theinstrument must be made inoperative
and be secured against any unintended operation.

If this instrument is to be ¢nergized via an auto-
transformer (for voltage reduction) make sure the
commeon terminal is connected to neutral (that is,
the grounded side of the mains supply).

Servicing instructions are for use by service
trained personnel only. To aveid dangerous elec-
tric shock, do not perform any servicing unless
qualified to do so.

Adjustments described in the manual are per-
formed with power supplied to the instrument

while protective covers areremoved, Energy avail-
able at many points may, if contacted, result in
personal injury.

Capacitors inside the instrument may still be
charged even if the instrument has been discon-
nected from its source of supply.

For continued protection against five hazard, re-
place the line fuge(s) only with 250V fuse(s) of the
game current rating and type (for example, normal
blow, time delay, etc.). Do not use repaired fuses or
short circuited fuseholders.

SAFETY SYMBOLS

AN\

Instruction manual symbol: the produet
will be marked with this symbol when it is
necessary for the user to refer to the in-
struction manual (see Table of Contents for
page references).

Indicates hazardous voltages.

Indicates earth (ground) terminal.

l WARNING I

The WARNING sign denotes a
hazard. It calls attention fo a
procedure, practice, or the like,
which, if not correctly performed
or adhered to, could resultin per-
sonal injury. Do not proceed he-
yond a WARNING sign until the
indicated conditions are fully
understood and met.

The CAUTION sign denotes a
hazard. It calls attention to an
operating procedure, practice, or
the like, which, if not correctly
performed or adhered to, could
result in damage to or destruc-
tion of part or all of the product.
Do not proceed beyond a CAU-
TION sign until the indicated
conditions are fully understood
and met.

I CAUTION




General Information HF 117298

HP 11729B

The 500 termination is installed on
the IF OUTPUT port ag shown in
the photograph above.

POWER CABLE

Figure 1-1. HP Model 117298 Carrier Noise Test Sel with Accessories Supplied
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General Information

SECTION I
GENERAL INFORMATION

1-1 INTRODUCTION

This manual containg information reguired to
ingtall, operate, test, adjust and service the Hewlett-
Packard Model 11729B Carrier Noige Test Set.
Figure 1-1 shows the Carrier Noige Test Set with
all of its externally supplied accessories.

The Carrier Noise Test Set Operating and Service
manual has eight sections. The subjects addressed
are:

Section I, General Information
Section II, Installation
Section ITI, Operation

Section [V, Performance Tests
Section V, Adjustments
Section VI, Replaceable Parts
Section VII, Manual Changes
Section VIII, Service

Listed on the title page of thig manual, below the
manual part number, is a microfiche part number.
Thiz number may be used to order 100 x 150 mil-
limetre {4 x 6 inch) microfilm transparencies of
this manual. Each microfiche contains up to 96
photo-duplicates of the manual pages. The micro-
fiche package also includes the latest Manual
Chanpges supplement, as well as all pertinent Ser-
vice Notes.

1-2. SPECIFICATIONS

Instrument specifications are listed in Table 1-1.
These specifications are the performance stand-
ards or limits against which the instrument may
be tested. Supplemental characteristics are listed
in Table 1-2. Supplemental characteristics are not
warranted specifications, but are typical charac-
teristics included as additional information for
the user. Typical system performance when using
the Carrier Noise Test Set with the HP 8662A or
8663A. ig given in Table 1-3.

1-3. SAFETY CONSIDERATIONS

This product is a Safety Class I ingtrument, that
is, one provided with a protective earth terminal.
The Carrier Noizse Test Set and all related docu-
mentation should be reviewed for familiarization

with safety markings and instructions before
operation. Refer to the Safety Conaiderations page
found at the beginning of this manual for a sum-
mary of the safety information. Safety informa-
tion for installation, operation, performance test-
ing, adjustment, or service is found in appropriate
places throughout this manual.

1-4. INSTRUMENTS COVERED BY THIS
MANUAL

Attached to the rear panel of the instrument is a
serial number plate. The serial number ig in the
form: 0000A00000. The first four digits and the
letter are the serial number prefix. The last five
digits are the suffix. The prefix is the same for
identical instruments; it changes only when a con-
figuration change is made to the instrument. The
suffix however, is assigned sequentially and is
different for each instrument. The contents of this
manual apply directly to instruments having the
serial number prefix(es) listed under SERIAL
NUMBERS on the title page.

1-5. MANUAL CHANGES SUPPLEMENT

An instrument manufactured after the printing of
this manual may have a serial number prefix that
is not listed on the title page. This unlisted serial
number prefix indicates that the ingtrument is dif-
ferent from those documented in this manual. The
manual for this newer instrument ig accompanied
by a Manual Changes supplement. The supple-
ment containg “change information” that ex-
plains how to adapt this manual to the newer
inastrument.

In addition to change information, the supple-
ment may contain information for correcting er-
rorsin the manual. To keep the manual as current
and as accurate as possible, Hewlett-Packard
recommends that you periodically request the
latest Manual Changes supplement. The supple-
ment is identified with the manual print date and
part number, both of which appear on the mannual
title page. Complimentary copies of the supple-
ment are available from Hewlett-Packard.

For information concerning a serial number
prefix that is not listed on the title page or in the

1-1




General Information

MANUAL CHANGES SUPPLEMENT (cont'd)

Manual Changes supplement, contact your near-
ext Hewlett-Packard office.

1-6. DESCRIPTION

The Hewlett-Packard Model 11729B Carrier Noise
Test Set is an integral payt of a phase noise mea-
surement system.

With the addition of Option 130 the Carrier Noise
Test Set is capable of detecting the gignal under
test for making AM noise measurements.

The Carrier Noise Test Set can perform the follow-
ing three operations:

— Downconverts the signal under test to 5 MHz
— 1280 MHz

— Phase detects the signal under test against
an external reference signal or against itself,
delayed

— Phase locks the gsignal under test to an exter-
nal reference signal

The Carrier Noise Test Set can be used in two
methods of making phase noise meagurements:

— Phase Detector Method
— Frequency Discriminator Method

The number of drive signals required for the Car-
rier Noise Tesat Set to be completely operational
depends on the phase noise measurement method
uged and the frequency of the signal under test.
The drive signals ave gupplied from an external
RF source.

The following table lists when the drive signals
are required:

Phase Detector

Orive
Sigeals

Method

Fraquency
Biscriminator Method

Frequency Ranga of
Signal Under Test

Frequency Range of
Signal Under Test

10MHz to | 1.2BGHz 1o
1.28 6Hz | 18 GHz

10 MHz fo 18 EHz

Fixed Not X X
640 MH: Needed
Tunable X X Not Needed
5 MHz to

1280 MH=

X = Drive gignal is used.

When uging the Phagze Detector Method the signal
under test is first down-converted to the 5§ MHz to

1.2

HP 11729B

1280 MHz range and then phase detected against
the tunable 5 MHz to 1280 MHz signal. Phase
detecting produces a de signal with simultaneous
ac voltage fluctuations. These ac components are
proportional to the combined phase noise of the
two input signals (the signal under test and the
tunable 5§ MHz to 1280 MHz signal), at rates cor-
responding to the offset frequency from the signal
under test. The phase detected output signal is
also used as an error voltage to keep the signal
under test and the tunable 5 MHz to 1280 MH=
signal in phase guadrature (that is, 90 degrees
out-of-phase).

When using the Frequency Discriminator Method,
the down-converted signal under test iz phase
detected againstitself using an external delay line
and the internal mixer/phase detector. The phase
detected signal ig proportional to the phase noise
on the signal under test. In the Disertminator
Method the signal under test does not have to be
phase locked to an external reference gignal.

The Carrier Noise Test Set accepts test signals
from 10 MHz — 18 GHz, at a level of +7 dBm to
+20 dBm. The broad frequency range is user selec-
table from the front panel (local) or by using the
Hewlett-Packard Interface Bus (remote). When
using the Carrier Noise Test Set in the Phage
Detector Method the controls for acquiring and
maintaining phase lock are user selectable from
the front panel (local) or by using the Hewleti-
Packard Interface Bus (remote).

The Carrier Noise Test Set is compatible with HP-
IE to the extent indicated by the following codes:
8H1, AH1,T5,TEQ, L3, LEQ, SR1, RL1, PP1, DCI,
DTO, and CO. The Carrier Noise Test Set interfaces
with the bus via three-state TTL circuitry. An
explanation of the compatibility code can be found
in IEEE Standard 488 (1978), “IEEE Standard
Digital Interface for Programmable Instrumenta-
tion” or the identical ANSI Standard M(C1.1,

1-7. OPTIONS
1-8. Electrical Options

Option 003. Option 003 has two bandsingtalled, 10
MHz to 1.28 GHz and 1.28 GHz to 3.2 GHz.

Option 007. Option 007 has two bands installed, 10
MHz to 1.28 GHz and 8.2 GHz to 5.76 GHz.

Option 011. Option 011 has two bandsinstalled, 10
MHz to 1,28 GHz and 5.76 GHz to 8.32 GHz.
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Electrical Options {(cont'd)

Option 015. Option 015 has two bands installed,
10 MHz to 1.28 GHz and 8.32 GHz to 10.88 GHz.

Option 019. Option 019 has two bands installed,
10 MHz to 1.28 GHz and 10.88 GHz to 13.44 GHz.

Option 023. Option 023 has two bands installed,
10 MH:z to 1.28 GHz and 13.44 GHz {0 16.00 GHz.

Qption 027, Option 027 has two bands installed,
10 MHz to 1.28 GHz and 16.00 GHz to 18.00 GHz.

Option 130, Option 130 adds AM noise measure-
ment capabilities.

Option 140, Option 140 places all front panel con-
nectors on the rear panel.

1-9. Mechanical Options

The following options may have been ordered and
received with the Carrier Noige Test Set. If they
were not ordered with the original shipment and
are now desired, they can be ordered from the
nearest Hewlett-Packard office using the part
numbers included in each of the following
paragraphs.

Instrument Slide Kit (Option 160). The Carrier
Noise Test Set can be easily removed from the

instrument rack by using the instrument slide kit.
The part number of the slide kit is HP 1494-0026.

Front Handle Kit (Option 907). Ease of handling is
increased with the front panel handles. The Front
Handle Kit part number ia HP 5061-0088.

Rack Flange Kit (Option 908). The Carrier Noise
Test Set can be golidly mounted to the instrument
rack using the flange kit. The Rack Flange Kit
part number is HP 5061-0074.

Rack Flange and Front Handle Combination Kit
(Option 909). This is a unique part which combines
both functions. It is not simply a front handle kit
and a rack flange kit packaged together. The Rack
Flange and Front Panel Combination Kit part
number is HP 5061-0075.

1-10. ACCESSORIES SUPPLIED

The accesgories supplied with the Carrier Noise
Test Set are shown in Figure 1-1,

a. The line power cable is supplied in geveral
configurations, depending on the destination of

General Information

the original shipment. Refer to Power Cables in
Section II of this manual,

b. An additional fuse is shipped only with
instruments that are factory configured for
100/120 Vac operation. This fuse has a 0.5A rat-
ing and is for reconfiguring the instrument for
220/240 Vac operation.

c. A b0 ohm termination is supplied to be con-
nected to the IF OUTPUT on the front panel. With
the 50 ohm termination in place the Carrier Noise
Test Set meeta the requirements of MIL STD 461
RE(2.

NQTE
The 50 ohm termination must be con-
nected to the IF QUTPUT if the IF
OUTPUT is not being used.

1-11. EQUIPMENT REQUIRED BUT NOT
SUPPLIED

For the Carrier Noise Test Set to be completely
operational it will require one or two drive signals
(either a fixed 640 MHz signal or a 5 MHz to
1280 MHz signal or both) that are supplied from
an externzl R¥F source, Critical specifications of
the RF source are in Table 1-4 in this section.

The following table lists the coaxial cables required
to connect the Carrier Noise Test Set to the HP
8662A or 8663A Synthesized Signal Generators.
Also listed are the cables necegsary to connect the
Carrier Noige Test Set to a spectrum analyzer,

Hp Use on Carrler
Part No. Description Noise Test Set

BNCMM-BNCGM)
(24 inches)

B to 1280 MHz
INPUT

11170B

640 MHz IN
FREQ-CONT DC-FM
FREQ-CONT X-05C
NOISE SFECTRUM
<10 MHz OUTPUT
<1 MHz OUTFUT

11170C | BNC(M)-BNC(M)

(48 inches)

1-12. ELECTRICAL EQUIPMENT AVAILABLE

The Carrier Noige Test Set has an HP-IB interface
and can be used with any HP-1B compatible com-
puting controller or computer for automatic systems
applications.

13
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be substituted if it meets or exceeds these critical
specifications.

1-13. RECOMMENDED TEST EQUIPMENT

Tahble 1-4 lists the test equipment recormnmended
for ugein testing, adjusting and servicingthe Car-  Table 1-4 also includes some alternate equipment
rier Noise Test Set. The Critical Specification listings. These alternate instruments are high-
column describes the eszential requirements for lighted in Table 1-5 which also indicates the pos-
each piece of test equipment. Other equipmentcan  gjhle advantages of using them as substitutes.

Table 1-1. Speciflcations (1 of 2}

Electrical
Characteristics

Performance Limits

Conditions

TEST BIGNAL
Frequency Range'

Band Center
Frequencies

10 MHz to 18 GH=

1.92 GHz
4,48 GHz=
7.04 GHz
8.60 GHz
12.16 GH=
14.72 GHz
17.28 GHz

External low-pass filtering may
be required for test signals

<20 MHz and £20 MHz around
band centers

IF OUTPUT
Bandwidth
Level

5 MHz to 1280 MHz
+7 dBm Minimum

AM NOISE DETECTION
(Option 130)
Frequency Range

Input level
AM Noise Floor
Offset from Carrier (Hz)
ik
10k

100k
1M

10 MHz to 18 GHz
0dBm to +158 dBm

AM Noise (dBc/Hz)
—138
—145
—155
—180

At +10 dBrn input level

RESIDUAL NOISE
Offset From Carrier(IHz)

10

100

1k

10k

100k

1M

dBce/Hz
—115
—126
=136
—142
—151
--156

With a <{1.28 GHz input signal

'In eight (8) bands, excluding 45 MHz around band center frequencies.
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Table 1-1. Specifications [2 of 2)

General Information

Electrical
Characteristlcs

Perfarmanca Limits

Conditlons

RESIDUAL NOISE [cont'd)

Offzet From Carrier (Hz)
10
100
1k
10k
100k
1M

With a 10 GHz input signal

GENERAL
Line Voltage

Line Frequency

Power Dissipation
Temperature:
Operating

Weight:
Net

Dimensgions®:
Height
Width
Depth

Remote Operation
(HP-IB)®

IEEE STD 488-1978 Compati-
bility Code: SH1, AH1, T5,TEQ,
13, .E0, SR1, RL1,PP1, DC1,
DT0,Co.

100,120,220 or 240V
(+5%,—10%)

48 to 66 Hz
76 V-A maximum

0 to +55°C

10.4 kg (23 1b.)

99 mm (3.9 in.)
425 mm (16.8 in.)
551 mm (21.7 in.)

ELECTROMAGNETIC
COMPATIBILITY
Electromagnetic
Interference

Conducted and radiated inter-
ference is within the require-
ments of CE03 and RE02 as
called out in MIL-STD 461, and
within the requirements of VOE
0871 and CISPR Publication 11.

*Fur ordering cabinet accessories the module sizes are 3-1/2H, IMW (module width), 20D,

*The Hewlett-Packard Interface Bug (HE-TB) iz Hewlett-Packard’s implementation of IEEE STD 488-1978, “Digital Interface for
Programmable Instrurnentation.” All front panel functions with the exception of the line ewitch are HP-IB programmable.
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Table 1-2. Supplemental Characteristics {1 of 2)

TEST SIGNAL

Level: For test signals >1,28 GHz: +7 dBm to +20 dBm
Typically useable down to —15 dBm with potential
noise floor degradation.

For test frequencies <1.28 GHz: —5 dBm to +10
dBm. Typically usable down to —15 dBm with
potential noise floor degradation; optimal level
from —2 dBm to +3 dBm.

IF OUTPUT

Typically useable to 1500 MHz dependent on the test
frequency.

NOISE SPECTRUM OQUTPUTS

<10 MHz Output (The < 10 MHz Output is amplified by
an internal 40 dB Low Noise Amplifier)

Bandwidth: 10 Hz to 10 MHz. (3 dB BW: 10 Hz to 15
MHz typical.)
Flatness: £1 dB typical, 50 Hz to 10 MH=z

Output impedance: 500 nominal

<1 MHz Ouiput (The < 1 MHz Qutput is a non-amplified

output)

Bandwidth: dec to 1 MHz. (3 dB BW: dc to 1.5 MHz
typical.)
Flatness: + 1 dB typical

Gutput impedance: 6000 nominal

Auxtiiary Noise
Outpwt impedance: 6000 nominal
Bandwidth: dc to 1 MHz typical

PHASE LOCK LOOP FUNCTION
FREQUENCY CONTROL OUTPUTS
Freqg-Gont X-0sc
Gutput level: 210V nominal
NomlInal Outgut Impedance: 1001).

Freg-Cont DC-FM
COutput level: +-1V nominal
NomInal Output impedance: 501}.

Lock Bandwidth Factor: 1, 10, 100, 1k, 10k nominal. (Selec-
table by front panel pushbuttons.)

Loop characteristics: dependent on method of phase lock
{crystal or DC-FM) used and loop VCO chosen.

L.oop Characteristics when using the HP 8662A Elec-

Supplemental characteristics are intended to provide information useful in applying the instrument
by giving typical, but non-warranted, performance parameters.

tronic Frequency Control input for phase locking
with the HP 8662A front panel output at ¢ dBm:

Loop Helding Range (LHR):
:tfdut
107
Loop Bandwidth [LBW}:
HP 11729B LBF x £,
1010
Loop Bandwidth Maxlmum: 2 kHz typical

{(Hz nominal)

= (Hz nominal)

f = frequency
dut = Device under test
I.BF = Lock Bandwith Factor set on 117298

Loop Characteristics when using the HP 8662A dc
FM modulation input for phase locking with the
HP 8662A front panel output at 0 dBm:

Loop He'ding Range [LHR): =+ FM deviation set on HP
8662A (Hz nominal).

Loop Bandwidth (LBW):
(HP 8662A FPD) x HP 11729B LBF nom. _ (Hz

108 nom.)

Laop Bandwidth Maximum: 100 kHz typical.

LBF = Lock Bandwidth Factor set on 117298
FPD = Front Panel Deviation

LOOP TEST PORTS
Loop Test Input:
Source: random noise source, tracking generator, or
sinusoidal input.
Bandwidth: de to 100 kHz typical.
Input level: less than 0.1V peak, typical.
Input impedance: dc coupled, 10 k2 nominal

Loop Test Output:
Bandwidih: de to 100 kHz, typical.
Output level: gain outside loop bandwidth = 1
Output impedance: de coupled, 1 k(2. nominal

AM NDISE DETECTION
(Option 130)
AM Noise Floor (at +10 dBm input level):

Offset From Carrler (427)  Typical AM Neise{dBc/Hz)

1k —147
10k ~152
100k —161
1M —165

1-6
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PHASE LOCK LOOP
FUNCTION (cont'd) Table 1-2. Supplemental Characteristics (2 of 2)

" RESIDUAL NOISE

Offset Carrier
from
carrier | <1.28GHz| 5 GHz 10 GHz 18 GHz
(Hz) (dBc/Hz) | (dBc/Hz) | (dBc/Hz) | (dBec/Hz)

10 —125 —108 —106 =1
100 —133 —120 —116 —109
1k —140 —-130 —125 —119
10k —147 —137 -132 —126
100k —156 —146 —141 —136
1M —160 —148 —142 —137

The following information is supplied to aid the user when configuring the Carrier Noise
Test Set in a system. The system specifications are for the HP 11729B and the HP 8662A.

Also given are the general requirements for an unknown RF source being used with the
HP 11729B.

Table 1-3. System Specifications (1 of 2)

ABSOLUTE SYSTEM NOISE FLOOR
System noise is specified only when the HP 11729B is
used with an HP 8662A Option 003

Phase Datector Method (locking via EFC):
HP 11729B/8662A Absolute System Noise®®
{(dBe/Hz):

(dBc/Hz)

|
L4y

@ = w©
S = o

Band 1 Band 2 Band 3 Band 4
Gifset Gto 1280 1.28103.2 3210 5.78 5.76 10 8.32 L | | | L

from Mz BHz EHz GHz 10 100 Tk 0k 100k 1M
Earrler Offset from Carrier (Hz)

(Hz} Typ. Spoc. | Typ. Spec. | Typ. Spec. | Typ.  Spec Typical HP 11729B/8662A system noise (phase de-

1 -58 48| B3 43| 47 37| 43 -3 tector method, locking via EFC).
10 88 -78| 83 -713¢ 77 67| -713 -63

100 -108 - -1 93¢ 97 -B7 | - - ,
1K 119 _1192 _122 110 | =108 —104 _132 _133 ble HP 8662A signal and therefore total system noise. Use

10k 130 -125 | -128 124 | 127 123 | —125 —129 the system phase noise equation at the end of footnote 3 to
100k | -130 126 | 130 -126 | -130 196 | —129  -195 determine system phase noise when locking via the HP
M | -140 -140 -138 -135 8662A de FM.
*The absolute system phase noise is dependent on the tel;it
signal frequency, therefore, the actual system noise may be
Ot | 832%01080 | 109811304 | 12441160 | 1601180 lower than specified. Since the noise contribution of the HP
from GHz GHz oHz BHz 8662A front panel signal is a function of frequency selected,
the overall system noise may improve for test frequencies
<640 MHz from band centers. For example, for frequencies
over the narrow range of 8.96 to 10.24 GHz, typical aystem
1 40 30| -38 8| 37 27| 35 25 phase noise at a 100 kHz pffset is —134 dBe/Hz. To deter-
10 0 -80| -68 58| -7 57| -65 &5 minethe system phase noise for any test frequency, see the
100 a0 80| 88 -7 | -7 -17| -5 -7 system phase noise equation below,
ik | -102 67 | -100 95| -99 -84 | -97 @2 L L, L
10k -123 119 | 122 -118 | -121 -6 | -119 115 L ayetem = 10 log y T T ——
100k -129 125 | 128 ~126 | -127  -124 | 127 128 (N"x 1010 + 1010 + 1010)
M -134 -132 -1 -128

$SB Phase Noise to Carrier Ratio

Carrier
(Hz) Typ. S8pec. | Typ. Spec. | Typ. Spec. | Typ. Spec.

The HP 8663A O ab where N = center frequency of selected filter/640 MHz
1The 66, ption 003 (operated below 1280 MHz) may L1 = absolute SSB ph ise of the 640 MHz ref-
be used in place of the HP 8662A with no change in system ! :resr?c: signal (lzu;: }aﬁzo)lse oLthe are

Zperformance. . . ] . £2 = absolute SSB phase noise of the 5 to
T‘hese aystem noige floor spemﬁcatmng apply for Ipcku}g 1280 MHz tunable signal (dBe/Hz)
viathe EFC of the HP 8662A erystal oscillator. Locking via L. = residual noise of the HP 117298 (dBe/Hz)
the HP 8662A dc FM changes the phase noise on the tuna- 3 = residual noise
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Tabte 1-3. System Specifications (2 of 2)

Frequency Discriminator Method;

HP 11729B/8662A Sysiem Noise and Sensitivily: In the fre-
quency discriminator mode, the lower limit of the
measurement system sensitivity is set by the noise
contribution of the 11729B/8662A. Typical system
noise contribution of the HP 11729B/8662A is shown
in the table below.

Typical System Noise (dBc/Hz)
Offset {irequency discriminator)

from

1.2610 83210 16010
Carrler (H2) 32 GHz 10.88 GHz 18.0 Ghz

1 54 40 35

10 -84 70 65

100 104 90 -85

1k 116 -102 97

10k -139 -125 -120

100k -149 135 -130

M -149 -135 130

The actual HP 11729B/8662A measurement sensi-
tivity in the frequency discriminator method largely
depends on the delay line {delay time) used. The
longer the delay time, the closer the measurement
sensitivity approaches the system noise limit, The
graph shows the HP 11729B/8662A noise contribu-
tion, and a typically obtainable system sensitivity. A
34 foot section of flexible RF cable (RG 225) was used
as the external time delay element 7 == 50 ns.

Typical Measurement Sensitivity
r=50ns

Typical System Noise Limit ~~
\\

—

0 W0 ik ik 0k
Gffset from Carrier (Hz)

$38 Phase Noise 16 Carrier Ratio

Typical noise contribution of HP 11729B/8662A (frequency
discriminator method) at X-band and typical system sensi-
tivity using a 50 ns delay line discriminator.

Listed below are general requirements for the RF
source when used with the HP 11729B in a system:

640 MHz signal source:
Frequency; 640 MHz +50 ppm.
Level: +1 dBm minimum, +4 dBm maximum.
Frequency coniral: dependent on method of phase lock
chosen.

5 to 1280 MHz tunable source:
Frequency: 5 to 1280 MHz.
Level: 0 dBm +1 dB. Typically usable to -10 dBm
with change in loop bandwidth and system noise
floor.
Frequency control: dependent on method of phaselock
chosen; could require de coupled frequency con-
trolled input accepting +1V or +10V, with neces-
sary deviation dependent on source under test.

Use the following procedure to calculate the Absolute
System Noise Floor of the HP 11729B and an RF
source other than the HP 8662A..

Absolute System Noise Floor (general case):

Measurement system noise floor is dependent on
the RF reference source(s) used. For the frequency
discriminator method, system noise is a composite of
the noise on the multiplied 640 MHz signal plus the
residual noise of the HP 11729B. For the phase detec-
tor method, system noise has the additional noise of
the RF tunable source at the phase detector input.
System noise can be described by

£ L, L3
L

aystern = 10 log (Nzxi‘(ﬁ + 109 + 1_0;’)

where N = center frequency of selected filter/640 MHz

£1 = absolute SSB phase noise of the 640 MHz
reference signal (dBc/Hz)

Lo = absolute SSB phase noise of the 5 to
1280 MHz tunable signal (dBc/Hz)

L3 =residual noise of the HP 11729B (dBc/Hz)
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Table 1-4. Recommended Test Equipment (1 of 3)

General Information

Instrument

Critlcal Specifications

Recommended
Madel

Amplifier

Input Frequency: 640 MHz
Gain: 22 dB
Noise Figure: < 10 dBm

HP 8447E/F

Attenuator

Input Frequency Range: 640 MHz to 1 GHz
Incremental Atienuation: 1 dB steps
Maximum attenuation: 10 dB

HP 355C

Cable (RF)

BNC(m) to BNC(m) (9 inches)

HP 10502A

Cable (RF)

BNC(m) to BNC{m) (24 inches)

HP 11170B

Carrier Noise
Test Set

{There isn’t any substitute instrument for the
Carrier Noise Test Set)

Band Range: 8.32 GHz to 10.88 GHz
IF output bandwidth: 400 MHz
IF output level: +7 dBm

Residual Phase Noise: (Using a 10 GHz Test
Signal)

Offset From Level
Carrler (Hz) (dBc/Hz)
10 - 90
100 —106
1k —-115
10k —127
100k —137
M —137

HP 11729B'

Controller

Minimum controller capability as defined by
IEEE Standard 488-1975 and the identical ANSI
Standard MC1.1: SH1, AH1, T4, TE0, £.2, LEO,
S8R0, RL1, PP, DCO, DTO, and C1-4,26.

Digital
Multimeter

Input Range: 0 to 15 Vdce
Accuracy: £1 mVde

HP 3468A

Function
Generator

Frequency: 1 kHz

Function: sinewave
Amplitude: 500 mVdc to 5 Vdc
DC Offset Capability

HP 3312A

Isolator

Power Input level: +15 dBm
Frequency Input: 10 GHz

HP 0955-0178°

*A = Adjustments; O = Operator’s Checks; P = Performance Tests; T = Troubleshooting

This Carrier Noise Test Set must contain a Band Range that is included in the Carrier Noise Test Set under test.

*UUnder certain conditions an attenuator can be used in place of the isolator. For more information see the AM Noise
Floor Performance Test in Section IV.
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Table 1-4. Recommended Test Equipment (2 of 3)

HP 11729B

Instrument

Critical Specificatians

Recommended
Model

Low Frequency
Spectrum Analyzer

Frequency Range: 0 Hz to 1 kHz
Measurement Range: —75 dBm to 0 dBm
Resolution Bandwidth: 30 MHz

Video Averaging

Video Readout Accuracy; +0.5 dB

HP 3582A
HP 3561A

Low Noise
Oscillator

One Frequency between: 5 MHz and 18 GHz
Amplitude: +10 dBm
AM noise:

Offset From Level
Carrier [Hz) [dBe/Hz)

100k <—155
1M <—-160

MA 86651A°
(M/A Com)

Microwave
Synthesized Source

Freguency Range: 2 GHz to 10 GHz
Amplitude: >+10 dBm

Short term Frequency stability: 1 part in 107
External AM Modulation capability

HP 8340A
HP 8673B

Oscilloscope

Bandwidth: 100 Hz
Vertical Sensitivity: 5 mV/div
AC Coupled

HP 1740A

Power Meter

Accuracy: 0.2 dBm

HP 436A

Power Sensor

Frequency Range: 100 MHz to 10 GHz
Power Range: 0 dBm to 15 dBm

Input Impedance: 500

SWR: < 1.25

HP 8481A

Power Splitter

Input Frequency Range; 400 MHz to 700 MHz
Output tracking: <0.25 dB

HP 11667TA

Power Splitter

Input Frequency: 10 GHz
Output tracking: <0.25 dB

HP 11667A

Power Supply

Voltage Output: +10 Vde maximum

HP 6214B

RF Spectrum
Analyzer

Frequency Range: 1 kHz to 10 MHz
Dynamic Range: —~75 dBm to 0 dBm
Resolution Bandwidth: 100 Hz and 100 kHz
Video Filtering

Marker capability

Reference Level Control

Video Readout Accuracy: + 0.5 dB
Sensitivity: —117 dB

HP 8566A

*A = Adjustments; O = Operator’s Checks; P = Performance Tests; T = Troubleshooting
}Commercial Sources Division, M/A-COM, South Avenue, Burlington, MA 01803
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Table 1-4. Recommended Test Equipment (3 of 3)

Recommended

Instrument Critical Specifications Model

RF Synthesized Auxillary 640 MHz Signal: HP 8662A°
Signal (Opt. 003)
Generator Absolute Phase Noise: HP 8663A°
(Opt. 003}
Offsat From Level
Garrier (Hz) [dBe/Hz)
1 — 54
10 — 84
100 —104
1k —121
10k —145
100k —157
1M —157

Level: >+1 dBm to <+4 dBm
Electronic Frequency Control: + 1 Vde or &+ 10 Vde

RF Output:
Frequency Range: 300 MHz to 700 MHz

Frequency resolution: 10 Hz
Amplitude: —40 dBm to 0 dBm
External AM Modulation capability

Termination 50 ohms BNC HP 11593A

Waveguide UG-135/U to N(f) HP X281C

* A = Adjustments; O = Operator's Checks; P = Performance Tests; T = Troubleshooting

*For one HP 8662A or 8663A to operate with the Carrier Noise Test Set and give the beat phase noise performance, two rear
panel connectors are required. One connector must supply 640 MHz and the other connector must accept the Electronic
Frequency Control signal from the Carrier Noise Test Set. As of April 1984 these two connectors are on the rear panel of each
standard HP 8662A or 8663A. Before April 1984 these two connectors were specified by options HO3 and H12, The HP 8662A
or 8663A option 003 includes testing the phase noise of the 640 MHz signal.

Table 1-5. Recommended Alternate Test Equipment

{nstrument Suggested {nstrument Advantages of
Type Alternate Replaced Alternate

RF Synthesized Signal HP 8663A HP 8662A The HP 8663A is a direct
Generator substitute for the
HP 8662A.

Microwave HP 8673B HP 8340A Less expensive
Synthesized Source

Low Frequency HP 3561A HP 3582A Better Accuracy
Spectrum Analyzer

1-11/1-12
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Installation

SECTION Ii
INSTALLATION

2-1, INTRODUCTION

This section provides the information needed to
ingtall the Carrier Noise Test Set. Included iz
information pertinent to initial inspection, power
requirernernts, line voltage selection, power cables,
interconnection, environtmemt, instrument mount-
ing, storage and shipment.

2-2. INITIAL INSPECTION

WARNING

To avoid hazardous electrical shock, do
not perform electrical tests when there
are signs of shipping damage to any
portion of the cuter enclosure (covers,
panels, displays).

Inspect the shipping container for damage. If the
ghipping container or cushioning materialis dam-
aged, it should be kept until the contents of the
shipment have been checked for completeness and
the instrument has been checked mechanically
and electrically. The contents of the shipment
should be as shown in Figure 1-1. Procedures for
checking electrical performance are given in Sec-
tion IV. If the contents are incomplete, if there is
mechanical damage or defect, or if the instrument
does not pass the electrical performance test, not-
ify the nearest Hewlett-Packard office. If the ship-
ping container is damaged or the cushioning
material shows signs of stress, notify the carrier
as well as the Hewlett-Packard office. Keep the
shipping materials for the carrier’s inspection.

2-3. PREPARATION FOR USE
2-4. Power Requirementis

The Carrier Noise Teat Set requires a power source
of 100, 120, 220 or 240 Vac, +5% to —10%, 48 to 66
Hz single phase. Power consumption ig 75 VA

maximum,
| WARNINGSI

This is o Safety Class I product (that is,
provided with a protective earth termi-
nal)l. An uninterrupiible safety earth
ground must be provided from the main

A 2-5.

power source to the product tnput wiring
terminals through the power cord or
supplied power cord set. Whenever il is
likely that the protection has been im-
paired, the product must be made inop-
erative and be secured against any urnin-
tended operation.,

If this instrument is to be energized via
an external autotransformer, make sure
the autotransformer’s common terminal
ig connected to the neutral (that is, the
grounded side of the mains supply).

Line Voltage and Fuse Seleciion

CAUTION !

BEFORE PLUGGING THIS INSTRU.-
MENT into the mains (line) voltage, be
sure the correct voltage and fuse have
been selected.

Verify that the line voltage selection
card and the fuse are maiched lo the
power source. Refer to Figure 2-1, Line
Voltage and Fuse Selection.,

Fuses may be ordered under HP part
numberg 2110-0001, 1,0A(250V) for 100/
120 Vac aperation and 2110-0012, 0.6A
(250V) for 220/240 Vac operation.

. PFower Cables

BEFORE CONNECTING THIS IN-
STRUMENT, the protective earth ter-
minal of this instrument must be con-
nected to the protective conductor of the
{mains) power cord. The mains plug
shall only be inserted in a socket outlet
provided with a protective earth con-
tact. The protective action must not be
negated by the use of an extension cord
(power cable} without a protective con-
ductor (grounding).
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Power Cables (cont'd)

This instrument is equipped with a three-wire
power cable. When connected to an appropriate ac
power receptacle, this eable grounds the instru-
ment cabinet. The power cable plug shipped with
each instrument depends on the country of desti-
nation, Refer to Figure 2-2 for the part numbers of
power cables available.

QOperating voltage is shown 2-7. HP-IB Address Selection m

in module window. The HP-IB address is switch-selectable through

five miniature slide switches located on the rear

panel of the Carrier Noise Tegt Set. These switches

i id HP-IB
SELECTION OF OPERATING VOLTAGE provide the means to select one of 31 valid

addresses (00 through 30). HP-IB addresses greater

1. Opencover door, pull the FUSE PULL lever and rotate to than 30 (decimal) are invalid. Refer to Table 2-1 for

laft. Remove the fuse. the allowable HP-IB address codes. Listed are the

2. Remove the Line Voltage Selection Card. Position the valid address switch settings and equivalent

card so the line voltage appears at top-left corner. Push ASCIHI character and decimal value. When the

the card firmly into the slot instrument is shipped from the factory, the HP-IB

3. Rotate the FUSE PULL lever to its normal position. Insert address iz preset to 06 (decimal). (In binary, thisis

a fuge of the correct value in the holder. Close the cover 00110.) This preset address is shown shaded in

door. Table 2-1.
| WARNING I
The following procedure describes how to change

To avoid the possibility of hazardous electrical the settings of the HP-IB address switches.
shock, do not operate this instrument at line vol-

tages greater than 126.5 Vac with line frequencies Use a small screwdriver to set the switches to the
greater than 66 Hz lleahage currents at these line desired HP-IB address in binary. The five switches
settings may exoted 3.5 mA) are labeled Al through A5, where Al is the least

significant address bit and A5 is the most signifi-

AFigure 2-1. Line Voltage and Fuss Selection

220/240V 220/240v 100/120V 220/240V
QPERATION OPERATION OPERATION OPERATION

PLUG™: BEV 1071.1953-24507
TYPE 12 PLUG*: NZSS 198/A% C112 PLUG*: NEMA 5-15P FLUG*: NEMA B-15P
CABLE™: HP 8120-2104 CABLE*: HP 8120-1369 CABLE*: 8120-1378 CABLE™: HP §120-0688

220/240v 220/240V 220/240V
OPERATION OPERATION OPERATION

PLUG*: CEEZ-VHI PLUG*: CEE22-V1 PLUG*: BS 1363A
CABLE*: HP §120-1689 CABLE*: HP 8120-1860 CABLE: HF 8120-1351

*The pumber shown for the plug is the industry identifier for the plug only.
The number shown fox the cable iz an HP part number for a complete cable including the plug.

Figure 2-2. Power Gable and Mains Plug Part Numbers
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TalHle 2-1, Allowable HP-IB Address Codes

Decimal | Llsten Talk
Equive- | Addrezse | Address
lent? Char- Ghar-
acier acter A3 Al

5P @

Address Switches:

—
L ]

—
—

—
(%]

—
Ca

pury
-

—ry
L

—_
[+

—_
=~

—
o

-
w

Pt
L]

R3

&3

[ ]
<

M3
on

=]
—_
SRR = T It B N I S I PU P L QTR B T S Y

[ =]
o

M
-

Euk]
-]

<

-

b e P L L R A e Y R P Y o P = e 3 P S Py Py

—L—ld—L...l—L_l_L—l_L—l-.A._L_l_lQOOcccccc

0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
Y
1
0

— || == |o|e|e]lo|ojo|lola|w]lam|l=m]|a|lala|lala
= == |o|olo|of=|=lu|laoo|ojo|=m{a|lalalo|lo|lala | -
=2 0|2 (o|a|=jq ||| |lao|wfa|o|lec|mju|ofa]

30 =

Decimal charactera and the five address switches relate
to the last five hits of both talk and listen addreasea.

2Factory-set address,

HP-IB Address Selection (cont'd)

cant address bit. Sliding the switch downward (as
viewed from the rear of the instrument) “sets” the
corresponding address bit to “1” while sliding the
switch upwards “clears” the bit (bit=0). Setting all
of the address bits to “1” will result in an invalid
HP-IB address (31 decimal). In this case an HP-IB

Installation

address of 30 (decimal) will be stored in memory
once the ingtrument is powered up,

If the HP-IB address is changed when the instyu-
ment ig on the instrument will have to be turned
off then turned on again. This is necessary so the
new address can be read by the microprocessor
and stored in memory.

Along with the five address switches (Al through
A5) there are two other switches. These two
switches are labeled “LO" LISTEN ONLY and
“TO” TALK ONLY. When either the “LO" or
“TO” gwitch 1s set to “1” the Carrier Noise Test Set
becomes either a TALKER ONLY or a LISTENER
ONLY and the HP-IB address is overridden. At
the factory the “LO” and “TQ" swithces are set to
“0”.

2-8. Interconnections

For the HP11729B Carrier Noise Test Set to be
fully operational it hag to be connected, by coaxial
cable, to an RF source. The RF source supplies two
drive signalg egzential to the operation of the Car-
rier Noise Test Set,

The following figures, in Section III OPERA-
TION, show the interconnections to the Caxrier
Noige Test Set:

Figure 3-5 Phase Noise Measurement Setup
(Phage Detector Method)

Figure 3-8 Phase Noige Meagurement Setup
(Digcriminator Method)

Figure 3-9 AM Noige Meagurement Setup

Interconnection data for the Hewlett-Packarxd Inter-
face Bus is provided in Figure 2-3.

2-9. Mating Connectors

HP-IB Interface Connector, The HP-IB mating
connector i shown in Figure 2-3. Note that the two
securing screws are metric.

Coaxial Connectors. Coaxial mating connectors
used with the Carrier Noise Test Set should be 50
ohm Type N and 50 chm BNC male connectors.

2-10. Operating Environment

The operating environment should be within the

following limitations:

Temperature 0 to +55°C

Humidity ........... 5% to 95% relative at 40°C
<4600 metres (15 000 feet)

2-3




R T T R B e e g e A

Installation HP 11729B

SIGNAL GROUND SHIELD=— CONNECT TO
PO TWISTED PAIR WITH 11 ATN AR
PIO TWISTED PAIR WITH 10 SRQ
SHOULD BE GROUNDED | P/O TWI STED PAIR WITH 9 IFC
gEAgTLEE%MmET '5}” PIO TWISTED PAIR WITH 8 NDAC
TWISTED PAIR PIO TWI STED PAIR WITH 7 NRFD
PIO TWISTED PAIR WITH 6 DAV
REN EOl
DIO 8 DI04
DIO7 D103
DIO 6 DIO 2
DIOS DIO1

150 METRIC
THREAD M3,5x 0.6 24-PIN MICRO-RIBBON
(SERIES 57 CONNECTOR

Logic Levels
The Hewlett-Packard Interface Bus Logic Levels are TTL compatible,
i.e., the true (1) state is 0.0 Vdc to +0.4 Vdc and the false (0) state is
+2.5 Vdc to +5.0 Vde.

Programming and Output Data Format
Refer to Section III, Operation.

Mating Connector
HP 1251-0293; Amphenol 57-30240.

Mating Cables Available
HP 10833A, 1 metre (3.3 ft), HP 10833B, 2 metres (6.6 ft)
HP 10833C 4 metres (13.2 ft), HP 10833D, 0.5 metres (1.6 ft)

Cabling Restrictions
1. A Hewlett-Packard Interface Bus system may contain no more than 2
metres (6.6 ft) of connecting cable per instrument.

2. The maximum accumulative length of connecting cable for any
Hewlett-Packard Interface Bus system is 20.0 metres (65.6 ft).

Figure 2-3. Hewlett-Packard Interface Bus Gonnection
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2-11. Bench Operation

The instrument cabinet hag plastic feet and fold-
away tilt stands for convenience in bench opera-
tion, (The plastic feet are shaped to ensure self-
alignment of instruments when they are stacked.)
The tilt stands raise the front of the Carrier Noise
Test Set for eagier viewing of the front panel.

2-12. Rack Mounting

WARNING

The Carrier Noise Test Set weighs 10.4 kg
(23 Ib.), therefore care must be exercized
when lifting to avoid personal infury. Use
equipment slides when rack mounting.

Rack mounting information is provided with the
rack mounting kits. If the kits were not ordered
with the instrument as options, they may be
ordered through the nearest Hewlett-Fackard
office. Refer to the paragraph entitled Machanical
Options in Section L.

2-13. STORAGE AND SHIPMENT
2-14. Environment

The instrument should be stored in a clean, dry
environment. The following environmental limi-
tations apply to both storage and shipment:

—55°C to +75°C
<95% relative at 40°C
15 300 metres (50 000 feet)

Temperature
Humidity

Installation

2-15. Packaging

Tagyging for Service. If the instrument is being
returned to Hewlett-Packard for service, please
complete one of the blue repair tags located at the
back of this manual and attach it to the
instrument.

Original Packaging. Containers and materials iden-
tical to those used in factory packaging are avail-
able through Hewlett-Packard offices. Mark the
container “FRAGILE" to assure careful handling.
In any correspondence refer to the instrument by
model number and full serial number.

Other Packaging. The following general instruc-
tions should be used for re-packaging with com-
mercially available materials:

a. Wrap the instrument in heavy paper or plas-
tic. (If shipping to a Hewlett-Packard office or ser-
vice center, complete one of the blue tags menti-
oned above and attach it to the instrument.)

b. Use a strong shipping container. A double-
wall carton made of 2.4 MPa (350 psi) test material
is adequate.

c. Use enough shock-abgorbing material (75 to
100 mm layer; 3 to 4 inches) around all sides of the
instrument to provide firm cushion and prevent
movement in the container. Protect the front panel
with an appropriate type of cushioning material to
prevent damage during shipment.

d. Seal the shipping container securely.

e. Mark the shipping container “FRAGILE" to
assure careful handling.

2-5/2-6
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Operation

SECTION Il
OPERATION

3-1. INTRODUCTION

This section provides complete operating infor-
mation for the Carrier Noiase Test Set. Included are
general operation instructions: detailed descrip-
tions of each front and rear panel key, connector,
switch and annunciator; information on remote
operation; operator’s checks; and operator’s main-
tenance procedures,

3-2. Local Operation

Information covering local operation of the Car-
rier Noise Test Set is given in two places, namely
detailed panel features and general operating
inatructions.

Detalled Panel Features. Figure 3-1 and Figure 3.2
illugtrate the front and rear panels of the Carrier
Noise Test Set and provide descriptions of each
key, connector, switch and annunciator.

General Operating Instructions. Under general oper-
ating instructions the following topics are
covered:

— Power-on sequences
— Power-on procedure

— Phase noise measurement using the Phase
Detector Method

— Phase noizse measurement using the
Frequency Discriminator Method

- AM noise measurement

3-3. Remote Operation (HP-1B) GEEE)

The Carrier Noise Test Set is capable of remote
operation via the Hewlett-Packard Interface Bus.
Knowledge of local operation is essential for HP-
IB programming since most of the data messages
contain the same keystroke-like sequences. HP-IB

information is presented in the following areas of
thie section:

— A summary of HP-IB capabilities ig provided
in Table 3-3.

— A sumnmary of program codes is provided in
Table 3-4.

3-4. Operator's Checks

Operator’s checks are simple procedures designed
to verify that the main functions of the Carrier
Noige Test Set operate properly.

These procedures require a microwave synthe-
sized source, an RF synthesized signal generator,
a spectrum analyzer, a controller (for HP-IB
checks) and interconnecting cables.

3-5. Operator’s Maintenance

WARNING

For continued protection against fire
hazard, replacethe ine fuse with a 250V
fuse of the same rating only. Do not use
repaired fuses or short-circuited
fusehaolders.

The only maintenance that the operator should
normally perform is the replacement of the prim-
ary power fuse. All other maintenance should be
referred to qualified service personnel.

The primary power fuse is located within the Line
Power Module, Refer to Figure 2-1 for instructions
on how to change the fuse.

If the instrument does not operate properly and is
being returned to Hewlett-Packard for service,
please complete one of the blue tags located at the
end of this manual and attach it to the instrument.
Refer to Section IT for packaging instructions.
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FRONT PANEL FEATURES
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1. PHASE LOCK INDICATOR. The primary pur-
pose of the PHASE LOCK INDICATOR iz to
show when the device under test and the tunable
5 to 1280 MHz source are in phase quadrature
(that is, 90 degrees out of phase). When the
device under test and the tunable 5 {0 1280 MHz
source are in phase quadratere a green LED will
be illuminated in the center of the PHASE
LOCK INDICATOR. When the two sources are
greater than 100 kHz apart a red LED will be
illuminated to the left or right of the green LED.
As the frequency difference decreases all the
LEDs will light up dimly. Finally, as the two
sources approach quadrature the LEDs will
fully light one at a time, from left to right. When
the center green LED is illuminated the two
gources are in phase quadrature,

BAND RANGE. BAND RANGE describes the
range of microwave test signals that can be
input for each of the buttone below FILTER
RANGE. The BAND RANGE chosen must con-
tain the microwave test signal. The BAND
RANGE desired is enabled by pressing the but-
tont below that BAND RANGE.

3. FILTER RANGE. FILTER RANGE deacribes
the range of microwave test signals that can be
accepted by the Carrier Noise Test Set (0.010—
18 GHz).

. BAND CENTER. The broad range of micro-
wave test signals is possible bhecause of a
640 MHz comb generator in the Carrier Noise
Test Set. Through g series of filters certain har-
monics from the comb generator are passed. The

FANIE

. NOISE SPECTRUM <. 1 MHz OUTPUT, This

BAND CENTER frequency of the BAND
RANGE chosen isthe only harmonic(combline)
from the comb generator that is passed. The fil-
ter used for selecting the harmonic is a 200 MHz2
passband filter centered around the combline.

AUX NOISE. This is a female BNC connector
with an output impedance of 600¢). The signal
output is a dec level that is proportional to the
phase difference between the microwave test
gignal and the tunable 5 to 1280 MHz gignal, The
declevel has ac fluctuations directly proportional
tothe phase noise of the microwave test signal, if
the phase noise of the 640 MHz signal and the
tunable 5 to 1280 MHz gignal is less than the
microwave test gignal, The output and an oscil-
loscope can be used as an external quadrature
monitor, because of the direct proportionality of
the de level to the phase difference of the micro-
wave test signal and the tunable 5 to 1280 MH:
signal,

iz a female BNC connector with an output impe-
dance of 600Q. Thizs gutput is useful for measur-
ing the phase noise of the device under test at
offsets from the carrier of de to 1 MHz.

The signal output is a dc level directly propor-
tional to the phase difference between the mic-
rowave test signal and the tunable 5 to 1280
MHz signal. The de level has ac fluetuations
that are directly proportional to the phase noize
of the the microwave test signal, if the phase
noise of the 640 MHz signal and 5 to 1230 MHz
gignal is less than the microwave teat signal.

Figure 3-1. Froni Panel Features {1 of 3)
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FRONT PANEL FEATURES

NOTE
The bandwidth (de to I MHz) is not com-
pletely flat, The 3 db points are at de and
1.5 MH=

7. 5101280 MHz INPUT. This is a female type-N

connector with a 50° input impedance. The fre-
quency of the input signal is 5 to 1280 MHz from
a tunable gource. The frequency of the signal
input ig set to equal the microwave teat signal
minus the BAND CENTER frequency of the
BAND RANGE chosgen. The input level should
be 0 dBm +1 dBm. The uger sets this signal in
phase quadrature (that is, 90 degrees out of
phase) with the microwave test signal. The IF
QOUTPUT is connected to this input, through a
delay line, for the Frequency Discriminator
Method of making a phase nolse measurement.

. MICROWAVE TEST SIGNAL INPUT, This is

a female type-N connector with a 500 input

impedance. This connector is used to connect the
microwave tegt gignal to the Carrier Noise Teat
Set. The input frequency range is 10 MHz to 18
(GHz, The input level should be aa follows:

For test frequencies >1.28 GHz: +7 dBm to +20
dBm (Typically usable down to —15 dBm with
potential noise floor degradation). The optimal
level is +7 dBm to +20 dBm.

For test frequencies <1.28 GHz: ~5 dBm to +10
dBm (Typically usable down to —15 dBm with
petential noise floor degradation. The aptirnal
level ia from —2 dBm to +3 dBm.)

NQISE SPECTRUM < 10 MHz OUTPUT. This
iz a female BNC connector with an output impe-
dance of 500} and 40 dB of gain over the << 1 MHz
OUTPUT, This output is useful for measuring
the phase noise or amplitude (AM) noise of the
device under test at offsets from the earrier of 10
Hz to 10 MHz,

The signal output iz a de level that is directly
proportional to the phase difference between the
microwave test signal and the tunable 5 to 1280
MHz signal. The de level has ac fluctuations

that are directly proportional to the phase noise
of the microwave test signal, if the phase noise of
the 640 MHz signal and the tunable 5 to 1280
MHz =ignal is less than the microwave test
signal.

NOTE
The bandwidth (10 Hz to 10 MHz)} is
not completely flat. The 3 dB points
are at 10 Hz and 15 MHz,

IF OUTPUT 5 to 1280 MHKz. This is a female
BNC connector with an output impedance of
500, The output frequency will be 5 to 1280 MHz.
The exact frequency is the intermediate differ-
ence frequency (IF) from the mixing of the mic-
rowave test aignal and the BAND CENTER fre-
quency of the BAND RANGE chosen. The output
level is +7 dBm minimum.

11. 50 OHM TERMINATION. With the 500 termi-

nation connected to the IF OUTPUT the Carrier
Noise Test Set meets the requirementa of MIL-
STD 461 RE0Z. The IF QUTPUT ia fully useable,
just replace the 50 Ohm termination when the IF
OQUTPUT i& not being used.

HP-1B ANNUNCIATORS. Display the HP-IB
status. The REMOTE annuneciator lights when
the Carrier Noise Teat Set is in the remote mode.
The TALK annunciator lights when the Carrier
Noise Test Set is addressed to talk. The LISTEN
annuneiator lights when the Carrier Noise Test
Bet is addressed to listen. The SRQ annunciator
ligzhts when the Carrier Noise Teat Set is sending
a Require Service message to the controller.

LOCAL. Returns the Carrier Noise Test Set to
local aperation (front panel control) from remote
HP-IB contro) provided that the instrument is
not in Loeal Lockout.,

. MEASUREMENT ANNUNCIATORS. When a

phase noise measurement is selected the PHASE
NOISE annunciator will be illuminated. When
an AM noise measurement iz selected the AM
NOISE annunciator will be illuminated.

Figure 3-1. Front Panel Features [2 of 3)
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15. MODE. Used to select either a phase noise or

e

I‘"“

3
.

18. CAPTURE. When CAPTURE is pressed the

AM noise measurement. AM noise 158 only in-
atalled with Option 130,

. LOCK BANDWIDTH FACTOR. These five
switches partially control the bandwidth of the
phase lock loop, by setting the gain for anumber
of operational amplifiers in the Carrier Noise
Teat Set. Another factor in determing the loop
bandwidth is the frequency of the microwave
test signal or the FM deviation get on the device
under test ox the tunable & to 1280 MHz source.

LINE SWITCH. Applies ac power to the Carrier
Noise Test Set when set to the ON position.

phase lock loop is changed from a second order
loop to a first order loop. The phase lock loop
conaists of a voltage controlled oscillator {the
tunable 5 to 1230 MHz source or the device under
test), a phase detector and loop filter. The phase
detector and loop filter are in the Carrier Noise
Test Set. By changing to a first order loop the
bandwidth of the loop is widened. By widening
the loop bandwidth, acquiring phase quadrature
is made easier. When CAPTURE i& pressed the
LOCK BANDWIDTH FACTOR buitons are
overridden.

Figure 3-1, Front Panel Features (3 of 3)
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1. LOOP TEST PORT IN. If a phase noise

measurement is made within the phase lock loop
bandwidth some of the phase noise will be
suppressed. The LOOP TEST PORT IN connec-
tor lets the vser input a signal to determine the
transfer characteristic of the phase lock loop.
Once the transfer characteristic is known the
amount of noise suppression at any offset within
the loop bandwidth can be determined. The
amount of phase noige suppreasion is then used
to correct the measured phase noige level.

This is a de coupled female BNC connector with
a hominal input impedance of 10k0. The signal
input should be from a random noise source, a
tracking generator or a variable frequency sine
wave source. The input level is typically less
than 0.1 volts peak. The typical bandwidth is de
to 100 kHz.

FREQ-CONT X-OS8C. This output ia to be con-
nected to the frequency conirol input of the
tunable 5 to 1280 MHz source or the device under
teat (whichever is being used as the loop VCO) if
the loop VCO requires £10 volta de for tuning.
When so connected the loop VCO will change
frequency to maintain phase quadrature be-
tween the device under test and the tunable 5 to
1280 MHz: zource.

This is a female BNC connector with an output
impedance of 100¢. The output level is nominal
from —10 volta de to +10 velts de.

3.

HP-1i3 ADDRESS SWITCH. Used to sclect one
of 31 valid HP-IB addresses (00 through 30). The
address is set in hinary with A5 as the most
significant bit and Al as the least significant.
To set a bit, “bit=1", glide the switch down. To
clear a bit, “bit=0", slide the switch up. By set-
ting TALK ONLY “T0” or LISTEN ONLY
“LO” TO “1” the HP-IB address is overriden.
When the address is changed the Carrier Noise
Test et must be turned off then back on. This is
necessary 50 the microprocessor will be aware of
the address change.

. SERIAL NUMBER PLATE. First four digits

5.

6.

and letter constitute the prefiz which defines the
instrument configuration. The last five digits
form a sequential suffix that is unique to each
instrument. The plate also indicates any options
supplied with the instrument.

FUSE. Ordering information is presented in
Section II, Installation.

LINE POWER MODULE. Permits operation
from 100,120,220, or 240 Vac, The number visible
in the window indicates nominal line voltage to
which the instrument must be connected (zee
Figure 2-1). Center conductor is connected to the
chaasis for earth grounding.

7. PULSED BASEBAND. Not available at this

time.

Figure 3-2. Rear Panel Features (1 of 2)
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8. HP-IB CONNECTOR. 24-pin female con-

nector used to connect the Carrier Noige Test Set
to the Hewlett-Packard Interface Bus (HP-IB)
for remote aperation. Connection information is
presented in Section II, Installation.

FREQ-CONT DC-FM. This output is to be con-
nected to the frequency control input of the
tunable 5 to 1280 MHz source or the device under
test (whichever is being used as the loop VCO) if
the loop VCO requires + 1 volt de for tuning.
When so connected the loop VCO will change
frequency to maintain phase quadrature be-
tween the device under test and the tunable 5 to
1230 MHz souxce.

This iz a fernale BNC connector with a nominal
output impedance of 500. The output level is
nominal from —1 volt de to +1 volt de,

10. LOOP TEST PORT QUT. Once a signal has

been input at the LOOP TEST PORT IN con-
nector, this output is connected to a spectrum
analyzer for displaying the phase lock loop
transfer characteristic.

This is a dc conpled female BNC connector with
a nominal output impedance of 1 k(2 The gain
outside the phase lock loop bandwidth is equal to
one.

. 640 MHz INPUT. This is a female BNC connec-

tor with a 50 Ohm input impedance. The input
frequency must be 640 MHz + 32kHz, The input
level must be +1 dBm to 44 dBm.

Figure 3-2. Rear Panel Features (2 of 2)
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OPERATOR'S CHECKS

3-6. OPERATOR'S CHECKS

Description Use the test set-up shown below to verify the front panel controlled functions are being
executed by the microprocessor.

640 MHz] EFC
CONTROLLER HP 117298 QUT IN

CARRIER NOISE 640 MHZ
TEST SET IN

e
‘m g 515 1280 MHz IN

MICROWAVE RF SYNTHESIZED SIGNAL
TEST SIGNAL GENERATOR (TUNABLE
INPUT REFERENCE)

RF SPECTRUM ANALYZER (STEPS 4-10)

MICROWAVE SYNTHESIZED
SOURCE (D.U.T.)

<10 MHz
QUTPUT

(STEPS 11-1§
AND 25-26)

RF QUTPUT
(STEPS 4-21 and 24-26);

I
(STEPS 22-&3);

Figure 3-3. Basic Functional Checks Test Setup

Equipment RF Synthesized Signal Generator ..., HF 8662A
(tunable reference) (Opticn 003)

Microwave Synthegized Source
(D.U.T.)

Computer Controller
RF Spectrum Analyzer HP 8566A

Procedure Microprocessor Checks

1. Turn on and warm up all instruments for 30 minutes before proceeding.

2. Switch the Carrier Noige Test Set to ON and observe the front panel annunciators.
An internal memory check of ROM and RAM is initiated when the Carrier Noize
Test Set is switched on. If the memory system is working properly, all front panel
annunciators will light for approximately 1.5 seconds. This also provides a quick
visual inspection of each front panel annunciator.

If memory failure is detected, no front panel annunciators will light during the 1.5
second time period.
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OPERATOR’S CHECKS

OPERATOR’S CHECKS (cont'd)

Procedure 3. Press the FILTER RANGE buttons and MEASUREMENT MODE button. The
(cont'd) clicking sound verifies the switching control of the microprocessor and the switch
operation.

IF OUTPUT Check
4., Bet the D, U.T. as follows:

Frequency
Amplitude

Set the Carrier Noise Test Set as follows:

Band center
Measurement Mode Phase Noise

Adjust the spectrum analyzer to display the 400 MHz IF OUTPUT (D.U.T. fre-
guency minus BAND CENTER frequency).

NOTE
Present at the IF OQUTPUT will be the IF signal (signal under test
minus the BAND CENTER frequency of the BAND RANGE chosen),
IF harmonics and spurious signals, Any IF harmonics or spurious
signals can be disregarded, The signal with the highest amplitudeis the
desired signal,

The harmonics of the IF signal do not affect the phase noise measure-
ment since the NOISE SPECTRUM QUTPUTS are filtered, The spur-
ious signals may appear as sidebands on the IF signel and as spurs at
the NOISE SPECTRUM OUTPUTS.

Check that the IF OUTPUT level is above the specified limit of +7 dBm minimum.
Record the actual value of the IF QUTPUT frequency and level in Table 3-1.

If the IF QUTPUT frequency and level did not measure within specified limits
check the frequency and power level of the 640 MHz IN signal and the microwave
test signal. If a problem still exists refer to the troubleshooting on Service Sheet 1.

Change the frequency of the D.1J.T to the next microwave test signal frequency
listed in Table 3-1, Change the BAND RANGE on the front panel to the next BAND |
CENTER listed in Table 3-1.

. Measure the IF OUTPUT frequency and level with the spectrum analyzer. Re-
cord the values and repeat the measurement for each of the BAND CENTER
frequencies listed.
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OPERATOR’'S CHECKS

OPERATOR’'S CHECKS (cont'd)

Procedure
(cont'd)

Table 3-1. IF Qutput Check

IF Output Frequency IF Output Level

Microwave
oravay Band Center (MHz) (dBm]

Test Signal

GHz
(GHz) (BHz) Actual Typical Minimum Actual

2.32 1.92 - 400 +7
4.88 4.48 - 400 +7
7.44 7.04 - 400 +7
10.00 9.60 - 400 +7
12.56 12.16 - 400 +7
15.12 14,72 —— 400 +7
17.68 17.28 - 400 +7

Phase Lock Check

11.

12,

Connect the <10 MHz OUTPUT from the Carrier Noise Test Set to the RF spectrum
analyzer.

Set the Carrier Noise Test Set as follows:

Lock Bandwidth Factor
Measurement Mode Phase Noise
Band Range 8.32 to 10.88 GHz

NOTE
If this filter is not included in the Carrier Noise Test Set, select an
available BAND RANGE.

. Set the D.U.T. as follows:

Frequency
Amplitude

The test signal is tuned 400 MHz above the center frequency of the
BAND RANGE selected on the Carrier Noise Test Set

. Set the tunable reference as follows:

Frequency 400 MHz
Amplitude

. Press and release CAPTURE, on the Carrier Noise Test Set, to phase lock the

D.U.T. to the tunable reference.

If the sources do not phase lock (green bar does not remain illuminated on the front
panel phase lock indicator) the tunable reference must be tuned closer in frequency
to the IF frequency (fir= fa.ut. — fband center frequency)- Press CAPTURE while tuning
the tunable reference in 1 kHz steps. Watch the phase lock indicator on the Carrier
Noise Test Set. When the LED'’s on the indicator all light up, reduce the resolution
of the tunable reference by a factor of 10,
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OPERATOR'S CHECKS

OPERATOR'S CHECKS (cont’d)

Procedure
(cont'd)

: NOTE
Connect the spectrum analyzer to the <10 MHz QUTPUT, on the Car-
rier Noise Test Set, if difficulties occur in determining the direction to
tune the tunable reference to aequire phase lock.

The signals displayed on the spectrum analyzer represent the frequency
difference between the two inputs to an internal mixer/phase detector
in the Carrier Noise Test Set. The signals will decrease in frequency to
de when tuning towards phase lock and increase in frequency when
tuning away from phase lock.

Press CAPTURE and tune in this reduced resolution. Watch the red LEDS on the
Carrier Noise Test Set phase lock indicator step through one side of the display - to the
green bar - then to the other side of the display. Again reduce the resolution on the
tunable reference by a factor of 10. Tune in this finer resolution until the green LED iz
illuminated. When the green LED is illuminated release CAPTURE.

Risplay Deviation Check

16. Ifthe Carrier Noigse Test Setis not phase locked perform the phage lock check (steps
11-15).

17. Hold CAPTURE in and increase the tunable reference in 10 Hz steps until the loop

becomes unlocked, Watch the phase lock indicator, the red LEDs should fully light
one at a time and move to the right. When the last LED isilluminated and you tune
further the entire indicator should dimly light.

With CAPUTRE pressed decrease the tunable reference in 10 Hz steps. The dimly
illuminated indicator should change back to the red LEDs one at a time fully
illuminated and moving to the left, When the last LED on the left is illuminated and
you tune further, the entire indicator will dimly light.

. When the last LED on the left or right lights and the tunable reference ig increased
or decreaged further, the indicator should immediately dimly light. If the indicator
goes blank perform the phase lock indicator adjustments in Section V.

AM Mode Check

NOTE
Perform this check only when the AM Noise Option is installed.

19. Set the Carrier Noise Test Set as follows:
Measurement Mode

All other functions
20. Set the D.U.T. as follows:

Frequency
Amplitude




T e T 4 A T T T e 3 T e

HP 11729B Operation

OPERATOR'S CHECKS

OPERATOR'S CHECKS (cont'd)

Procedure 21. AM modulate the microwave test signal at a 1 kFz rate,
{cont'd)
22. Adjust the spectrum analyzer to view the 1 GHz signal and the 1 kHz AM
sidebanda.

23. Adjust the percent of AM modulation s0 that the 1 kHz AM sidebands are 40 dB
below the 1 GHz carrier (approximately a 2% depth)

24. Disconnect the microwave test signal from the spectrum analyzer. Connect t}1e
microwave test signal to the MICROWAVE TEST SIGNALINPUT on the Carrier
Noige Test Set,

25. Connect the <10 MHz QUTPUT, on the Carrier Noise Test Set, to the gpectrum
analyzer,

26. Adjust the spectrum analyzer to view the 1 kHz detected signal. AM MODE is
operating if the 1 kHz signal level is —7 dBm +3 dBm.

HP-IB Address Verification

27. Press and hold the front panel LOCAL key. The LEIY's on the BAND RANGE
select buttons will display the current address in binary.

Example: Figure 3-4 shows the BAND RANGE select buttons displaying the fac-
tory preset address of 06 (00000110).

Figure 3-4. Displaying HP-18 Address

28. Check the address switch setting on the rear panel of the Carrier Noise Test Set to
verify the display on the BAND RANGE zelect buttons is correct.
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OPERATOR’'S CHECKS

OPERATOR’'S CHECKS (cont'd)

Procedure
(cont'd)

Local/Remote Operation Check
29. Set the Carrier Noise Test Set to remote using the following:
Remote 706

30. Press any front panel key except LOCAL to verify that the front panel keys are
disabled.

31. Press the LOCAL key. Thiz switches the instrument out of the remote mode,
NOTE
When the local key is pressed the REMOTE annunciator will turn off,
but the LISTEN annunciator will stay illuminated.

Now press any front panel key to verify the front panel keys are enabled.

Status Byte Check

32. Enter Program 1 into the computer. Insert the correct select code and HP-IB
address, for your Carrier Noise Test Set, into the SPOLL function. The HP-IB
address of the Carrier Noige Test Set is factory preset to 06. The user can select the
HP-IB address by changing the position of the HP-IB address switches on the rear
panel of the Carrier Noise Test Set. (Refer to Section II paragraph 2.7, HP-IB

Address Selection, for further information.)
PROGRAM 1

10 A = SPOLL(###)  (### = Current Carrier Noise Test Set select code
20 DISP A and address.)

30 GOTO 10 Example: 706
7 = Belect code

06 = Address

This program monitors the status byte of the Carrier Noise Test Set and displays the
equivalent decimal value on the computer. The status of the phase lock detector sent
out over HP-IB should agree with the phase lock indicator on the front panel. Table
3-2 defines the status bits and their decimal equivalents for the two phase lock
conditions.

Tabte 3-2. Status Bits and Their Decimal Equivalents for Two Phase Lock Conditions

Phase Status Bits-Binary Computer

Condition Dics | DI07 | DIDG | DIOS | DI04 | DI03 | DIO2 | DIDI Dutput*

unlocked 0 0 0 0 0 1 0 0

locked 0 0 0 0 0 0 1 0
(green Bar)

#1f no other bits are logical one.
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OPERATOR’S CHECKS

OPERATOR'S CHECKS (contd)

Procedure 33. Setthe Carrier Noise Test Set to the phase lock condition (green LED isilluminated
(cont'd) on the front panel phase lock display). For help use the phase lock check (steps
11-15).

. Run Program 1 and compare the number displayed on the computer to the phase
condition of the phase lock indicator on the Carrier Noige Test Set. The computer
displays a decimal 2 when in the phase lock condition.

. Increase the frequency of the tunable reference by 1 MHz. Verify that the unlocked
condition (ved LED adjacent to the left of the green LED) is detected by the
microprocessor. A decimal 4 should be displayed on the computer.

If the number ( 2 or 4) displayed on the computer does not correapond to the phase
lock condition, digplayed on the front panel phase lock indicator, perform the phase
lock indicator adjustment procedures in Section V. Run Program 1 again to verify
the adjustments.
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3-7. GENERAL OPERATING INSTRUCTIONS

WARNING

Before the Carrier Noise Test Set is
switehed on, all protective earth termi-
ntals, extension cords, autotransformers,
and devices connected to the instrument
should be connected to a profective earth
grounded socket. Any interruption of
the protective earth grounding will
cause a potential shock hazard that
could result in personal injury.

CAUTION

Before the Carrier Noise Test Set is
awitched on, it must be set to the same
line voltage as the power source or dam-
age to the instrument may result,

3-8. Turn On

Turn-on Procedure. If the Carrier Noige Test Set is
already plugged in, set the LINE switch to ON.

If the power cable is not plugged in, follow these
instructions.

On the rear panel:

1. Check the line voltage selection card for cor-
rect voltage selection.

2. Check the fuse for correct current rating. The
current rating is printed on the line power
module label.

3. Plug in the power cable.

On the front panel, set the LINE switch to ON.

Turn-on Sequence. The Carrier Noise Test Set per-
forms a quick memory check (ROM and RAM) at
turn-on. During this checl, all front panel annun-
ciators light for approximately 1.5 seconds to
allow a quick visual inspection of each front panel
annunciator. If a memory failure is detected the
front panel annunciators will not light during the
1.5 gsecond time period.

Following the memory check the Carrier Noise
Test Set powers up as follows:

Measurement — Phase Noise
Band Range — Band 1 (0.010—1.28 GHz)
Lock Bandwidth Factor — 100
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NOTE
For the Carrier Noise Test Set to be
operational it may require one or both of
the following drive signals when mak-
ing a phase noise measurement:

- A synthesized 640 MHz signal
- A tunable 5 to 1280 MHz signal

When using the Carrier Noise Test Set to
make an AM noise measurement none
of the drive signals are required.

The number of drive signals required is
dependent on the measurement method
chosen and the frequency of the signal
under test,

The following table lists when the drive signals
are required:

Phaze Detactor
Method

Frequency Range o
Signal Under Test

10MHz | 1.28 GHz
wwiz28 | io1B8GHz
GHz GHz

Fized Not X X
640 MHz | needed
Tunable X X
B to 1280
MH=z
Source

Fraguency
Dlscriminator Method

Frequency Range
of Blgnal Under Test

10 MHz to 18 GRz

Not needed

3-.9. PHASE NOISE MEASUREMENT
3-10. Phase Detector Method
NOTE

The 640 MHz and 5-1280 MH: signals
may come from the following sources:

- Two synthesized sources.

— One synthesized source and one
cavity tuned source.

- Two cavity tuned sources.

Each configuration will have a different
absolute system noise floor, The absolute
system noise floor is a function of the noise
contributions from the 640 MHz signal, 5-
1280 MHz signal and the HP 11729B.
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TUNABLE
5—1280 MHz
SOURCE

'FREQ-CONT
X-OSC OR 2640 MHz
DC-FM IN

oopnoooon | OO0 (e %6 TO 1280

MHz INPUT

oonoo [m} 0
3NOISE SPECTRUM| | MICROWAVE
TEST SIGNAL

<10 MHz OUTPUT
INPUT

HP 117208
CARRIER NOISE| 5—
TEST SETLE

JOUTPUT

SPECTRUM ANALYZER

DEVICE UNDER TEST (D.U.T.)

J OUTPUT

- —

under test.

the beginning of paragraph 3-10

'The FREQ-CONT signal can be connected to the source supplying the 5 to 1280 MHz signal or the device
2Two sources can supply the 640 MHz and 5 to 1280 MHz signals. For important infermation see the note at

3The NOISE SPECTRUM, (<1 MHz or <10 MHz) that is connected to the spectrum analyzer, depends on
the offset of interest and the input impedance of the spectrum analyzer.

Figure 3-5. Interconnections to the Carrier Noise Test Set when making a Phase Noise Measurement
(Using the Phase Detector Method)

Phase Detector Method (cont'd)

To calculate the absolute system noise
floor use the following formula:
£ Lo L3
L oyatem = 10 log (N? X 10" + 10™ + 10)
where

N = center frequency of selected filter/ 640
MHz

L, = absolute SSB phase noise of the 640
MHz reference signal (dBec/Hz)

Lo = absolute SSB phase noise of the 5 to
1280 MHz tunable signal dBc/Hz

L, = residual noise of the HP 117298
(dBc/Hz)

Two synthesized sources with their crystal
time bases connected externally will give
the lowest close in noise floor performance.
When a synthesized source and a cavity
tuned source are used the 640 MHz signal
should come from the synthesized source.
A synthesized source is desired for the 640
MH:z signal since the 640 MHz signal

multiplied to a microwave frequency is the
major contributor to the system noise floor.
If the cavity tuned source selected has a
wide DC-FM bandwidth and Loop Holding
Range this will help to phase lock a drift-
ing source. If two cavity tuned sources are
used the absolute system noise floor close-
in will be degraded but the noise floor
further out will be better.

Figure 3-5 shows the interconnections to the
Carrier Noise Test Set when making a phase
noise measurement.

Be sure the LINE MODULE, on the rear panel,
is set to the availableline voltage. If it needs to
be changed see Figure 2-1 in Section II.

Plug the Carrier Noige Test Set into the avail-
able line supply.

Turn the Carrier Noise Test Set on and allow a
30 minute warm-up before making any mea-
surements.

3-15
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Phase Detector Method (cont'd)

5.

If the microwave test signal is in the range of
0.010—1.28 GGHz go to step 6. If the microwave
test signal is greater than 1.28 GHz follow the
instructions for step 5.

Using a coaxial cable connect the synthesized
640 MHz source to the 640 MHz IN connector
on the rear panel.

Using a coaxial cable connect the FREQ-
CONT X-08C or FREQ-CONT DC-FM, on the
rear panel, to an electronic frequency control
porton either the tunable 5 to 1280 MHz source
or the device under test.

Either FREQ-CONT X-OSC or FREQ-CONT
DC-FM can be used to control the voltage con-
trolled oscillator (VCO) of the phase lock loop.
The output chosen will depend on the control
voltage required for the VCO. FREQ-CONT
X-O5C has an output voltage of — 10 volts deto
+10 volts de. FREQ-CONT DC-FM has an
output voltage of —1 volt de¢ to +1 volt de.
When either output is used the device under
test and the tunable 5 to 12580 MHz source will
be maintained in phase quadrature (thatis, 90
degrees out of phase).

Using a coaxial cable connect the tunable 5 to
1280 MHz gource to the 5 to 1280 MHz IN
connector on the front panel. Be sure the tuna-
ble 5 to 1280 MHz source is set to 0 dBm.

Using a coaxial cable connect the device under
test to the MICROWAVE TEST SIGNAL
INFUT on the front panel,

Using a coaxial cable connect one of the
NOISE SPECTRUM QUTPUTS <1 MHz or
<10 MHz, on the front panel, to a spectrum
analyzer. The <1 MHz QUTPUT is useful for
meaguring phase noise at offsets fromdeto 1
MHz. The <10 MHz QUTPUT is useful for
measuring phase noise at offsets from 10 Hz to
10 MHz and has 40dB of gain over the <1 MHz
OUTPUT. The <<1 MHz OUTPUT has an out-
put impedance of 6000} and the <10 MHz
OUTPUT hag an output impedance of 500,

NOTE
Do not use the <10 MHz NOISE SPEC-
TRUMQUTPUT for test signals £20 MHz
around the BAND CENTER frequency.
High feedthrough signals (mixer sum pro-
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ducts and LO signals) saturate the Low
Noizse Amplifier in the Carrier Noise Test
Set and possibly the spectrum analyzer.

Do not use the <1 MH: NQISE SPE(
TRUM QUTPUT for test signals +6 MHz
around the BAND CENTER frequency.
LO feedthrough may possibly saturate the
spectrum analyzer.

Fortestsignals £ 5 MHz to 10 MHz around
the BAND CENTER frequency the mea-
sured noise level will be 0 dBm to +3 dBm
greater than the actual level, The error is
caused by an impedance change on the
input of the internal Low Noise Amplifier.

For test signals £ 10 MHz to 20 MHz
aroundthe BAND CENTER frequency the
measured noise level will be 0 dBm to +1
dBm greater than the actual level. Again
the erroris caused by an impedance change
on the input of the Low Noise Amplifier.

Therefore, the <1 MHz QUTPUT can be
used for test signals + 5 MHz to 20 MHz
around the BAND CENTER frequency by
subtracting the maximum error amount
from the measured level,

. To select a PHASE NOISE MEASURE-

MENT press the MODE button ,on the front
panel, until the LED opposite PHASE NOISE
ig illuminated,

. Set the LOCK BANDWIDTH FACTOR to

100,

. Select the BAND RANGE that includes the

frequency of the signal under test. For exam-
ple if the frequency of the signal under test ia
10 GHz then the BAND RANGE would be
8.32—10.88 GHz. Select this filter.

. Connect the IF OUTPUT, on the front panel,

to a spectrum analyzer,

NOTE
Present at the IF QUTPUT will be the IF
signal (signal under test minus the BAND
CENTER frequency of the BANDRANGE
chosen), IF harmonics and spurious stg-
nals. The signal with the highest ampli-
tude is the desired signal.

Adjust the spectrum analyzer to determine the fre-
quency of the IF OUTPUT (signal under teat minus
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Phase Detector Method (cont'd)

the BAND CENTER frequency of the BAND
RANGE chosen). Set the tunable 5 to 1280 MHz
source to the frequency read on the spectrum ana-
lyzer. Disconnect the IF QUTPUT from the spec-
trum analyzer.

NOTE
The following applys to those users with
an IF signal of 625 MHz to 655 MHz,

IF signals betweent 625 MHz to 6565 MHz
cauge @ high level spur from one or both
of the NOISE SPECTRUM QUTPUTS.
When setting the reference level on the
spectrum analyzer, during calibration,
use the beat note and not the high level
spur. The high level spur is a mixer pro-
duet from the 640 MHz rear panel input
and the § to 1280 MHz front panel input.
The spur is within the passband of the
NOISE SPECTRUM QUTPUT, so it
does not get filtered out.

For example: with a 635 MHz IF signal
you can expect a 5 MHz high level spur
from the <10 MHz QUTPUT.

14. Calibration. At calibration a reference level is
being set on the gpectrum analyzer. The Car-
rier Noise Test Set’s effect on a given noise
input ig being uszed to get the reference level.
Below is an example of how to set the reference
level on the gpectrum analyzer for making a
phase noise measurement:

a. Increase the tunable 5 to 1280 MHz
gource by 50 kHz. This will produce a 50 kHz
beat note at the NOISE SPECTRUM OUT-
PUTS. Thizs 50 kHz offset is given as an exam-
ple only. A different offset may be required
because of the frequency range of the spec-
trum analyzer or to make it easier to calibrate
with a fagt drifting source.

b. Add 40 dB of attenuation to the tunable
5to 1280 MHz signal.

l CAUTION

Do not set the attenuation any higher
than —30 dBm. =30 dBm or lower is
necessary for a linear calibration.

Operation

¢. Adjust the gpectrum analyzer so the 50
kHz beat note is on the screen and placed at a
convenient veference point, Record the level of
the reference point for use later.

d. This reference point represents the
poweyr in the carvier minus 40 dB.

e. Remove the 50 kHz offset and 40 dB of
attenuation from the tunahle 5 to 1280 MHz
gignal.

f. The gpectrum analyzer i3 now ready to
be used for malking a measurement.

15. Phase Locking. The following discussion des-

cribes two methods for phase locking the
device under test and the tunable 5 to
1250 MHz source.

When the device under test is a synthesized or
very gtable source, phase locking can be accom-
plished using either the FREQ-CONT X-O5C
or FREQ-CONT DC-FM connector and the fol-
lowing procedure, The FREQ-CONT X-O5C or
FREQ-CONT DC-FM connector is connected
to the electronic frequency control input of the
tunable 5 to 1280 MHz source or the device
under test.

The connector chosen will depend on the tun-
ing voltage required by the loop VCO (device
under test or the 5 to 1280 MHz source).

a. Setthe LOCK BANDWIDTH FACTOR
to 100,

b. On the front panel press then releage
CAPTURE.

¢. If phase lock is acquired, a green LED
will be illuminated in the center of the phase
lock indicator, on the left side of the front
panel.

d. If the two sources did not phase lock
proceed as follows. Connect the <I10 MHz
OUTPUT, on the front panel, to a spectrum
analyzer with a 50 Ohm input impedance and
a bandwidth that includes 10 Hz to 10 MH=.
Adjust the spectrum analyzer to view the beat
note. The beat note is the difference between
the tunable 5 to 1280 MHz signal and the mic-
rowave test gignal minus the BAND CENTER
frequency of the BAND RANGE chogen.

3-17
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Phase Detector Method {cont’d)

Hold CAPTURE in while tuning the tunable 5
to 1280 MHz source until a green LED is seen
in the center of the phase lock indicator. The
frequency resolution of the tunable 5 to 1280
MHz source should be <<1/10 of the effective
tuning range of it’s crystal oscillator.

Figure 3-6 shows what the spectrum analyzer
display should look like if the tunable 5 to 1280
MHz source is being tuned in the direction of
phase lock (that is, towards de) or tuned away
from phase lock. Figure 3-7 shows what the
phase lock indicator, on the front panel, should
be like as the two sources get closer to phase
lock. Release CAPTURE and the two sources
should now be phase locked.

e. Ifthedeviceundertest and thetunableb

R i e e e e et i A A S S

HP 11728B

below the lowest offset frequency of interest.
Use the following equation to find the maxi-
mum loop bandwidth for the offset frequency
of interest.

NOTE
Phase noise is suppressed within the phase
lock loop bandwidth.

Nominal

f LBFx K
loop bandwidth = dut X 2o

TR

f= frequency{Hz)
dut= device under test
LBF=LOCK BANDWIDTH FACTOR
K, = The VCO slope in Hz/volt (For the HP
8662A K, equals 10! Hz/volt)

When the device under test is a freerunning
gsource and the loop VCO has a DC-FM feature use
the following procedure.

to 1280 MHz source are still not phase locked
increase the LOCK BANDWIDTH FACTOR

to 1k. Press and release CAPTURE. The two
sources should now be phase locked. If phase
lock was aquired go to step g. If phaselock was
not aquired go to step f.

NOTE

If the HP 8662A is used as the tunable 5 to
1280 MHz source, and the system is locked
using the crystal of the HP 8662A, the 1k
LOCK BANDWIDTH FACTOR may cause
an unstable phase lock loop for microwave
test signals greater than 5 GHz. If the loop
is unstable lower the LOCK BANDWIDTH
FACTOR 10 100. If the loop is still unstable
try locking using DC-FM.

f. If the two sources are still not phage
locked try locking using a loop VCO with a
larger electronic tuning range.

g. Reduce the LOCK BANDWIDTH FAC-
TOR if close-in measurements are desired.
Make sure the phase lock indicator remains
green or stays within the wide section of the
indicator. Iflock is broken, hold CAPTURE in
while tuning the tunable 5 to 1280 MHz source
until the center green LED is illuminated on
the phase lock indicator. When the green LED
isiluminated release CAPTURE. If the green
LED doesn’t stay illuminated increase the
LOCK BANDWIDTH FACTOR and press
CAPTURE to re-enable lock. For accurate
measurements reduce the loop bandwidth to

3-18

h. Connect the FREQ-CONT X-OSC or
FREQ-CONT DC-FM connector to the elec-
tronic frequency control input of the loop
VCO. The connector used will depend on the
tuning voltage required for DC-FM.

Set the loop VCO as follows:
— DC-FM
— 50 kHz deviation
—- Set amplitude to 0 dBm

i, Setthe LOCK BANDWIDTH FACTOR
to 100.

j. Connect the <10 MHz OUTPUT, on the
front panel, to a spectrum analyzer with a 50
Ohm input impedance and a bandwidth that
includes 10 Hz to 10 MHz. Adjust the spectrum
analyzer to view the beat note. The beat noteis
the difference between the tunable 5 to 1280
MHz signal and the microwave test signal
minus the BAND CENTER frequency of the
BAND RANGE chosen.

Hold CAPTURE in while tuning the loop VCO
until a green LED is seen in the center of the
phaselock indicator. The frequency resolution
of the loop VCO should be <1/10 of the effec-
tive tuning range of it’s crystal oscillator.

Figure 3-6 shows what the spectrum analyzer
display should look like if the loop VCO is
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P REF 30.0dBm ATTEN 40 dB Hp REF 30.0dEBm ATTEN 40d8B
10 dB/ 10dB/

START 5.0 MHz STOP 26.0 MHz START 5.0 MHz STOP 25.0 MHz
RES BW 100 kHz VBW 300 kHz SWP 20,0 msec RES BW 100 kHz VBW 300 kHz SWP 20.0 msec

The 5 to 1280 MHz source and device under The 5 to 1280 MHz source and device under
test are 5 MHz from phase lock (quadrature). testare 2.5 MHz from phase lock (quadrature).

REF 30.0dBm ATTEN 40 dB REF 30.0dBm ATTEN 40dB
HP HP !
10 d8/ 10 dB/

START 5.0 MHz STOP 25.0 MHz START 0 Hz STOP 10,0 MHz
RES BW 100 kHz VBW 300 kHz  SWP 20.0 msec RES BW 100 kHz  VBW 300 kHz SWP 20.0 msec

The 5 to 1280 MHz source and device under The 5 to 1280 MHz source and device under
testare 1.25 MHz from phase lock (quadrature). iest are close to phase lock {quadrature).

Figure 3-6. Spectrum Analyzer Displays Used for Acquiring Phase Lock {Quadraturej
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Phase Detector Method (cont'd)

being tuned in the direction of phaselock (that
ig, towards dc) or tuned away from phase lock.
Figure 3-7 shows what the phase lock indica-
tor, on the front panel, should be like as the
two gources get closer to phase lock. Release
CAPTURE and the two sources should now be
phase locked.

If the sources drift out of phase lock repeat the
procedure, then after releasing CAPTURE
immediately increase the FM deviation to 100

kHz. Again be sure the two sources stay phase
locked.

k. If the two sources are still not phase
locked repeat the preceeding step, each time
increasing the FM deviation until maximum
deviation is reached. If maximum deviation is
reached and the two sources still will not stay
locked, repeat step j but this time increase the
LOCK BANDWIDTH FACTOR until the two
sources are phase locked. When the two sour-
ces are phase locked go to step m.

HP 11729B

1. Ifthetwo sources are still not locked try
making the measurement using the Frequency
Discriminator Method.

m. Reduce the LOCK BANDWIDTH FAC-
TOR if close-in measurements are desired. Make
sure the phase lock indicator remains green or
stays within the wide section of the indicator. If
lock is broken, hold CAPTURE in while tuning
the tunable 5 to 1280 MHz source until the cen-
ter green LED is lluminated on the phase lock
indicator. When the green LED is illuminated
release CAPTURE., If the green LED doesn’t
stay illuminated increase the LOCK BAND-
WIDTH FACTOR and press CAPTURE to re-
enable lock. For accurate measurements reduce
the loop bandwidth to below the lowest offset
frequency of interest. Use the following equa-
tion to find the maximum loop bandwidth for
the offset frequency of interest.

NOTE
Phase noiseis suppressed within the phase
lock loop bandwidth.

A solid red bar, 1o the left
of the center green bar,
indicates the signal under
test and the tunable 5 to
1280 MHz signal are not
phase locked and >100
kHz apart.

imimin/

The red LEDs, within the
display, step one atatime
as the signal under test
and the tunabla 5 to 1280
MHz signal approach
quadrature.

With the display all itlum-
inated the signal under
test and the tunable 5 to
1280 MHz signal are<100
kHz apart.

a7 oo

A green LED in the center
of the display indicates
that the signal under test
and the tunable 5 to 1280
MHz signal are in quadra-
ture,

Figure 3-7. Front Panel Phase Lock {Quadrature) Indicator
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Phase Detector Method (cont'd)

Nominal
loop bandwidth = faus X I;OB(F xK,

f = Frequency (Hz)
dut = Device under test
LBF = Lock Bandwidth Factor
K, = The VCO slope in Hz/volt (For the
HP 8662A K, equals 10 Hz/volt)

16. Measurement. With the spectrum analyzer cal-

ibrated and phaselock acquired, a phase noise
measurement may now be made. When mak-
ing a phase noise measurement the following
items must be taken into consideration:

— Set the spectrum analyzer span to cover the
offset frequency of interest.

— Do not change the input sensitivity of the
spectrum analyzer. Changing the spectrum
analyzer input sensitivity between calibration
and measurement decreases the measurement
accuracy. For better accuracy recalibrate on a
lower level calibration signal. See step 14 of
this procedure,

- Select an appropriate resolution bandwidth
for the the chosen frequency span (at least
<1/10 frequency span).

— Because phase noise is a random quantity,
some sort of averaging or video filtering is
desired.

— In general, it is not advisable to take mea-
surements on a portion of the spectrum ana-
lyzer display where the noise level is falling
very rapidly (>20dB per major division). There-
fore, increase the frequency span to where the
offset frequency of interest is in the center of
the spectrum analyzer display.

— It is not recommended to measure noise
levels that are in the bottom 10 dB of the
display.

— In general, if spurious signals are seen
when making a measurement they can be dis-
regarded. Reduce the resolution bandwidth if
necessary to determine the noiselevel near the
spur. Be careful not to measure on a spur.

— With the preceeding considerationsin mind,
a measurement can now be made. Measure
down from the reference point (step 14 ¢.) at
the offset of interest.

Operation

17. Corrections!. Subtract the reference level set
during calibration from the level of the noise
measured at the offset of interest. Sum this
value and the following correction factors.

— Minus 40 dB for the attenuation added duzr-
ing calibration.

— Minus 6 dB for conversion to [ ;.

— Minus 10 log(1.2 x spectrum analyzer reso-
lution bandwidth). This is for normalization
to a 1 Hz noise equivalent bandwidth. The
result is in dB.

— Plus 2.5 dB is the correction for log amplifi-
ers and peak detectors used in an analog spec-
trum analyzer.

— Plus loop noise suppression® at the appro-
priate offget frequency. Only add loop noise
suppression when making a measurement
inside the loop bandwidth.

Below is an example of how to calculate the
correct amount of phase noise:

~67 dBm = measured phase noise.

—10 dBm = reference level set during
calibration.

—40 dB = attenuation added during
calibration.

—6 dB = to convert the measured
phase noise to single
sideband.

-20.8 dB = 10 log (1.2 x spectrum analyzer
resolution bandwidth).

+2.5 dB = if an analog spectrum analyzer
is used.

+20 dB = for loop noise suppression if
the measurement is made
within the loop bandwidth.

—67 dBm — (—10 dBm) +(—40 dB)
+(—6 dB) +(—20.8 dB) +(2.5 dB)
+(20 dB)= —101.3 dBc/Hz

The actual amount of phase
would then be —101,3dBe/Hz.

After applying these correction factors the actual
amount of phase noise is known for the particular
frequency offset.

For a complete explanation of the correction factors see
Appendix C,

‘See Appendix D to determine the phase lock loop transfer
characteristic and the amount of loop noise suppression.
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3-11. Frequency Discriminator Method

1.

Figure 3-8 shows interconnections to the Car-
rier Noise Test Set when making a phase noise
measurement.

Be sure the LINE MODULE on the rear panel
is set to the availableline voltage. Ifit needs to
be changed see Figure 2-1 in Section II.

Plug the Carrier Noige Test Set into the avail-
able line supply.

Turn the Carrier Noise Test Set on and allow a
30 minute warm-up before making any
measurements,

If the microwave test signal is from 0.010—
1.28 GHz go to step 6. If the microwave test
signal is greater than 1.28 GHz follow the
instructions for step 5.

Using a coaxial cable connect a 640 MHz
source to the 640 MHz IN connector on therear
panel.

Using a coaxial cable connect the device under
test to the MICROWAVE TEST SIGNAL
INPUT connector on the front panel.

Connect the IF OUTPUT, on the front panel,

HP 11729B

To selecta PHASE NOISE MEASUREMENT
press the MODE button, on the front panel,
until the LED opposite PHASE NOISE is
illuminated.

Select the BAND RANGE that includes the
frequency of the signal under test. For exam-
ple, if the frequency of the signal under test is
10 GHz then the BAND RANGE would be
8.32-10.88 GHz. Select this filter.

. The LOCK BANDWIDTH FACTOR can be

at any setting.

. Using a spectrum analyzer determine the fre-

quency at the IF OUTPUT (signal under test
minus the BAND CENTER frequency of the
BAND RANGE chosen).

NOTE

A number of signals will be present at the
IF OUTPUT. The signals present will
include the IF signal (signal under test
minus the BAND CENTER frequency of
the BAND RANGE chosen), IF harmonics
and spurious signals. The signal with the
highest amplitude is the desired signal.

Note the frequency for use later. Disconnect

to a spectrum analyzer.

the IF QUTPUT from the spectrum analyzer.

HP 117298
CARRIER NOISE
TEST SET

—
=}

=]

aooooooo
ooooo [ £ h

IF OUTPUT
5TO

1280 MHz

opoooopo RO G

DELAY LINE

5TO 1280 MHz
INPUT

|
) (640 MHz IN

INQISE SPECTRUM
<10 MHz OUTPUT

SPECTRUM ANALYZER

—

MICROWAVE
TEST SIGNAL
INPUT

640 MHz SOURCE

DEVICE UNDER TEST
{D.U.1)

IOUTPUT

Figure 3-8. Interconnections to the Carrier Noise Test Sel When Making a Phase Noise Measurement
(Using the Frequency Discriminator Methed)
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Frequency Discriminator Method (cont'd)
12. Connecta suitable delayline (such as alength

+3 dBm. greater than the actual level.
The error is caused by an impedance

of flexible RF cable) between the IF OUTPUT
and the 5 to 1280 MHz INPUT, on the front
panel. The length of delay line effects the sen-
sitivity of the descriminator. In general, sensi-
tivity increases with cable length. 1.5 ns/foot
is the approximate amount of delay for flexi-
ble RF cable when the cable dielectric is
Teflon.

. Set the tunable 5 to 1280 MHz source to the
following conditions:

Frequency: Same as measured in step 11.

Amplitude: —10 dBm
Modulation: FM 1 kHz rate

. Connect the tunable 5 to 1280 MHz signal to
the input of the spectrum analyzer.

. Set the FM sidebands on the tunable 5 to
1280 MHz signal to a convenient carrier to
sideband ratio. The ratio should be at least
20 dB at a 0.2 kHz rate. Note the difference
between the carrier and sidebands for use later.

. Disconnect the device under test from the
Carrier Noise Test Set and the tunable 5 to
1280 MHz source from the spectrum analyzer.
Connect the tunable 5 to 1280 MHz source to
the MICROWAVE TEST SIGNAL INPUT
connector on the Carrier Noise Test Set. Ena-
ble the 0.010—1.28 GHz BAND RANGE.

. Connect the <10 MHz OUTPUT, on the
Carrier Noise Test Set front panel, to the spec-
trum analyzer.

NOTE

Do not use the <10 MHz NOISE SPEC.
TRUM OUTPUT for test signals 20
MHz around the BAND CENTER fre-
quency. High feedthrough signals (mixer
sum products and LO signals) saturate
the Low Noise Amplifier in the Carrier
Noise Test Set and possibly the spec-
trum analyzer.

Do not use the <1 MHz NOISE SPEC-
TRUM OUTPUT for test signals +5
MHz around the BAND CENTER fre-
quency. LO feedthrough may possibly
saturate the spectrum analyzer.

For test signals 5 MHz to 10 MHz
around the BAND CENTER frequency
the measured noise level will be 0 dBm to

change on the input of the internal Low
Noise Amplifier.

For test signals +10 MHz to 20 MHz
around the BAND CENTER frequency
the measured noise level will be 0 dBm to
+I dBm greater than the actual level.
Again the error is caused by an impe-
dance change on the input of the Low
Noise Amplifier.

Therefore, the<<1 MHz OUTPUT can be
used for test signals +5 MHz to 20 MHz
around the BAND CENTER frequency
by subtracting the maximum error
amount from the measured level.

18. Increase or decrease the frequency of the

tunable 5 to 1280 MHz source until a green
LED is seen in the center of the phase lock
indicator on the Carrier Noise Test Set. The
frequency resolution of the tunable 5 to 1280
MHz source should be <1/10 of 1/7,. 7, is the
time delay caused by the cable connected from
the IF OUTPUT to the 501280 MHzIN. Once
quadrature is established adjust the spectrum
analyzer to position the 1 kHz FM sideband at
the top line on the spectrum analyzer. Note the
level of the 1 kHz sideband for use later.

. Disconnect the tunable 5 to 1280 MHz source

from the Carrier Noise Test Set. Connect the
device under test to the MICROWAVE TEST
SIGNAL INPUT connector on the Carrier
Noise Test Set. Select the proper BAND
RANGE for the frequency of the signal under
test.

. Increase or decrease the length of the delay
line or the frequency of the device under test to
establish quadrature. The frequency resolu-
tion of the device under test should be <1/100f
1/7,. When quadrature is set a green LED will
be illuminated in the center of the phase lock
indicator on the Carrier Noise Test Set.

. Measurement. With calibration completed a

measurement can now be made. When making
a phase noise measurement the following
items must be taken into consideration:

— The operator should be aware that voltage
fluctuations caused by frequency fluctuations
are being measured. Phase fluctuations are
not being measured.

3-23




Operation HP 11722B

Frequency Discriminator Method (cont'd) — Minus 10 log (1.2 x spectrum analyzer reso-

— Set the spectrum analyzer span to cover the
offset frequency of interest.

— Do not change the input sensitivity of the
spectrum analyzer. Changing the spectrum
analyzer input sensitivity between calibration
and measurement decreases the measurement
accuracy. For better accuracy recalibrateon a
lower level calibration signal. See steps 14—18
to recalibrate.

— Select a resolution bandwidth thatis appro-
priate for the chosen frequency span (at least
<1/10 frequency span).

— Because phase noise is a random quantity,
some sort of averaging or video filtering is
desired.

— In general, it is not advisable to take mea-
surements on a portion of the spectrum ana-
lyzer display where the noise level is falling
very rapidly (>20 dB per major division).
Therefore, increase the frequency span to
where the offset frequency of interest is in the
center of the spectrum analyzer display.

— It is not recommended to measure noise
levels that are in the bottom 10 dB of the
display.

— In general, if spurious signals are seen
when making a measurement they can be dis-
regarded. If necessary, reduce the resolution
bandwidth to determine the noiselevel close to
the spur.

— With the preceding considerations in mind,
a measurement can now be made. Measure
down from the reference point (step 18} at the
offset of interest.

. Corrections!, Subtract the reference level set
in step 18 from the measured level. Sum this
result with the following correction factors:

— Minus the carrier to sideband ratio set in
step 15.

— Minus 20 log (fu/1 kHz) dB. This formula
will convert frequency fluctuations at any
offset to L£: dBc. £¢ dBc = 10 log Pssb/Ps
where Pssb is the power density (in one phase
modulation sideband) and Ps is the total sig-
nal power.

lution bandwidth). This is for normalization
to a 1 Hz noise equivalent bandwidth. The
result is in dB.

— Plus 2.5 dB is the correction for log amplifi-
ers and peak detectors used in an analog spec-
trum analyzer.

Below is an example of how to calculate the
correct amount of phase noise:

—67 dBm = measured phase noise.

—10 dBm = reference level set during
calibration.,

—20dB =carrier to sideband ratio setin step
15.

—10dB = 201log (fox/1 kHz) db. This formula
is used to convert frequency fluctuations at
any offset to £ : dBec.

—20.8 dB = 10 log (1.2 x spectrum analyzer
resolution bandwidth).

+2.5 dB =if an analog spectrum analyzer is
used.

—67 dBm — (—10 dBm) +(—20dB) +(—10dB)
+(—20.8 dB) +(2.5 dB) = —105.3 dBc/Hz

The actual amount of phase would then be
—105.3 dBc/Hz.

After applying these correction factors the actual
amount of phase noise will be known at a particu-
lar offset, provided the sensitivity, set-up with the
delay line, is lower than the phase noise of the
device under test.

3-12. AM Measurement (Option 130 only)

1.

Figure 3-9 shows interconnections to the Car-
rier Noise Test Set when making an AM noise
measurement.

Be sure the LINE MODULE on the rear panel
is set to the availableline voltage. Ifit needs to
be changed see Figure 2-1 in Section II.

Plug the Carrier Noise Test Set into the avail-
able line supply.

Turn the Carrier Noise Test Set on and allow a
30 minute warm-up before making any
measurements.

Set the device under test to the frequency of
interest. Measure the power out of the device
under test with a power meter. Note the power

'For a complete explanation of the correction factors see

Appendix C. level for use later.
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HP 117298
GARRIER NOISE
TEST SET
D:' cOQ
_EI =1~

SPECTRUM ANALYZER Slombz| JINPUT

Y4

tNPUT
J L

MICROWAVE
SPECTRUM|] [TEST SIENAL

RF SOURCE

(USED FOR
CALIBRATION
ONLY)

DEVICE UNDER TEST
{0.U.T)

JOU

AM Measurement (Option 130 only) (cont'd)
6.
7.

Figure 3-9, Interconnections to the Carrier Noise Test Set When Making an AM Noise Measurement

Set the RF source to 1 GHz.

Set the power of the RF source to the same
power as that measured in step 5. Use a power
meter to meagure the power,

Connect the RF source to a spectrum analyzer.
Set the displayed RF source to a convenient
reference point on the spectram analyzer.

Amplitude modulate the RF source at a1 kHz
rate. Adjust the AM level so the AM gidebands
are —40 dBe,

NOTE
If the RF source is a non-synthesized
source the modulating rate may have to be
increased. This is so the AM sidebands can
be seen on the spectrum analyzer display.

. Press the MODE button, on the front panel of
the Carrier Noise Test Set, until the LED next
to AM MEASUREMENT is illuminated. No
other Carrier Noise Test Set front panel func-
tiong are used,

. Disconnect the RF source from the spectrum
analyzer. Connect the R¥ source to the MIC-
ROWAVE TEST SIGNAL INPUT connector
on the front panel of the Carrier Noise Test
Set,

. Connect the <10 MHz OUTPUT, on the front
panel of the Carrier Noise Test Set, to the spec-
trum analyzer.

13. Set a reference point with the demodulated 1

kHz gignal on the spectrum analyzer, Note the
reference level for use later.

. Disconnect the RF source from the Carrier

Noise Test Set. Connect the device under test
to the MICROWAVE TEST SIGNAL INPUT
connector on the front panel of the Carrier
Noise Test Set.

. Measurement. With calibration completed a

measurement can now bemade, When making
an AM measurement the following items must
be taken into consideration:

— Set the spectrum analyzer span to cover the
offset frequency of interest.

— Do not change the input sensitivity of the
spectrum analyzer. Changing the spectrum
analyzer input sensitivity between calibration
and measurement decreases themeasurement
accuracy. For better accuracy recalibrate ona
lower level calibration signal. Use steps 5—13
to recalibrate the spectrum analyzer.

— Select a resolution bandwidth thatis appro-
priate for the chosen frequency span (at least
<. 1710 frequency span).

— Because AM noige is a random quantity,
some sort of averaging or video filtering is
desired.
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AM Measurements (Option 130 only) (cont’d) — Minus 40 dB (The carrier to sideband ratio

— In general, it is not advisable to take mea-
surements on a portion of the spectrum ana-
lyzer display where the noige level is falling
very rapidly (20 dB per major division).
Therefore, increase the frequency span to
where the offset frequency of interest iz in the
center of the spectrum analyzer display.

— It is not recommended to measure noige
levels that are in the bottom 10 dB of the
display.

— In general, if spurious signals are seen
when making a measurement they can be dis-
regarded. If necessary, reduce the resolution
bandwidth to determine the noiselevel close to
the spur.

— A measurement can now be made. Measure
down from the reference point set in step 13 at
the offset of interest.

. Corrections?. Substract the reference level in
atep 13 from the measured level. Sum this
result with the following correction factors:

get in gtep 9)

— Minus 10 log (1.2 x specturm analyzer reso-
lution bandwidth). This is for normalization
to a 1 Hz noise equivalent bandwidth. The
result is in dB.

— Plus 2.5 dB is the correction for log amplifi-
ers and peak detectors used in an analog spec-
trum analyzer.

Below is an example of how to calculate the
correct amount of AM noize:

—~67 dBm = measured AM noige.

~10 dBm = reference level set during
calibration.

-40 dB = The carrier to sideband ratiosetin
step 9.

-20.8 dB = 10 log (1.2 x spectrum analyzer
resolution bandwidth).

+2.5 dB = if an analog spectram analyzer is
used.

—67 dBm — (=10 dBm) +(—40 dB)
+(—20.8 dB) +(2.6 dB) =—115.3 dBc/Hz=

The actual amount of AM noise would then

for a complete explanstion of the correction factors see

Appendix C. be —115.3 dBe/He.

Tahle 3-3. HP-IB Message Reference Tahle (1 of 2)

Related
HP-18 Applicable Response Commands | 'Mterface

Message & Controts Functions

Data All Carrier Noise Test Set functions available in local, except AH1,5H]1,
the LINE switch, are bus-programmable, Ts, TEQ,
L3, LEO

The Carrier Noise Test Set has no trigger capability. DTO

The clear message sets the Carrier Noise Test Set to the following DCl
conditiona:
Filter 1 ON
Phase Lock Bandwidth
100 Hz
Phase noise measurement
Capture OFF

Remote mode is enabled when the REN bus control line is true.
However, remote mode is not entered until the first time the Carrier
Noise Test Set is addressed to listen. The front-panel REMOTE
annunciator lights when the instrument is actually in the remote
mode. No instrument settings or functions are changed, but all
front-panel keys except LOCAL are disabled.
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Table 3-3. HP-IB Message Reference Table [2 of 2)

Operation

| HP-iB 4

HP-IB
Meszage

Applicable

Ralatad
Commands | Interface
& Controls | Functlons

Local

Yes

The Carrier Noise Test Set returns to local mode (front-panel
control). Responds equally to the GTL bus command and the front-
panel LOCAL key. When entering local mode, no instrument
settings or functions are changed.

GTL RL1

Local
Lockout

Digables all front-panel keys including LOCAL. Only the controlier
can return the Carrier Noige Test Set to local (front-panel control).

Clear
Lockout
Set
Local

The Carrier Noise Test Set returns to local (front-panel control)
and local lockout is cleared when the REN bus control line goes
false. When entering local mode, no ingtrument settings or
functions are changed.

Pasa
Control
Take
Control

The Carrier Noise Test Set has no controller capability.

Require
Service

(SRQ)

If the SRQ masgk is set (see Table 3-4 HP-IB Program Codes for a
description of @) and one of the following conditions is valid, then
SRQ will be true.

1) Invalid command

2) System in phase lock

3 System out of phase lock

The Carrier Noise Teat Set responda to a Serial Pall Enable (SPE)
bug command by sending an 8-bit byte when addressed to talk. If
the instrument is holding the SRQ control line true (issuing the
Require Service message) bit 7 (RQS bit) in the Status Byte and the
bit representing the condition causing the Require Service message
to be izsued will boath be true. The bits in the Status Byte are latched
but can be cleared by:

1) Removing the causing condition, and

2) reading the Btatus Byte.

The status bit is used in a parallel poll, when enabled, and the SRQ
line is true. The status bit position and the sense of the status bit
(true high or true low) is set by the computer, with the parallel poll
configure message.

FPE,
FPD,
PPC,
FFU

Abort

Yes

The Carrier Noise Test Set stops talking and listening.

IFC T35, TEOQ,
L3,LEO

Complete HP-IB compatibility as defined in IEEE Standard 488 (and the identical ANSI Standard MC1.1) is: SH1,
AH1, T5 TED, L3, LEQ, $R1, RL1, PP1, DC1, DT), CO.
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Table 3-4. HP-IB Program Codes {Alphabetical Order by Gode)

Program

Code Parameter

AM AM noise measurement (Option 130 only)

@ Causes the Carrer Nowse Test Set to accept the next data byte as a binary mask for the status

byte. For example:
ABC

SRQ Mask | X|x/x[x[x|1]1]1]1]

X = Don't care

When position A is set to 1 and the corresponding bit in the status byte becomes 1, then RS in
the status byte and the SRQ line will be 1. Under the preceding condition a serial poll of the status
byte will indicate that phase lock has been broken.

When position B is set to 1 and the corresponding bit in the status byte becomes 1, then RQS in
the status byte and the SRQ line will be 1. Under the preceding condition a serial poll of the status
byte will indicate phase lack.

When position C is set to 1 and the corresponding bit in the status byte becomes 1, then RQS in
the status byte and the SRQ) line will be 1. Under the preceding condition a serial poll of the status
byte will indicate an invalid command has been received.

CA1l = Capture active
CAO0 = Capture inactive

Forces RQS and invalid command bit to zero in the status byte.

Filter Bands
1=FT1 7=FT7
2=FT2 8§=FT8
3=FT3 9=FT9
4=FT410 = FT10
5=FT511=FTI1
6=FTe

Phase Lock Range
1 Hz (1) =LK1l
10 Hz (2) = LK2
100 Hz (3) = LK3
1kHz (4) =LE4
10 kH= (5) = LK5

When addressed to talk the Carrier Noige Test Set will send the current front panel settings in
ASCII mnemonic string.

Phase noise measurement

When addressed to talk the Carvier Noise Test Set will send an ASCII string which contains the
model number of the instrument and software revigsion number,

When addressed to talk the Carrier Noise Test Set will send & gingle byte which is the binary
pattern of the SREQ.

When addressed to talk the Carrier Noise Test Set will send the ASCII mnemonics of the options
installed.
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Table 3-5. Allowable HP-1B Address Codes

Listen Talk Decimal
Addrezs | Addrezs | Equiva-
Ghar- Char- lent!

Al | acter dcter

5P

Address Switches!

-]
on

Al | A3

F o
]

L3 -0 RN I T O I FCT R PN

-
=}

—h
pury

—
M3

pury
L)

—_
o

—
N

—
=~J

ey
[==]

—
L=

]
=]

P
—

]
M

£

e

O[O | O | O P | | P | = [ ]

[y~ ]
[+ ]

]
[=5]

)
-3

[ ]
oo

0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1

Al
]

0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1
]
0
0
0
0
!
0
0
1
1
1
1
1
1
1

sl (olala(lolo|=]|=|lojo|w|w|lo|le|m|a|lofo|a|a|loia]|la|laloljo|a|a|le|e
== x|E|<]lc|d|n]ln|olo|o|z |2 [=|cl-|x|oja|m|o]e|w|=|a
—_
on

0
0
0
0
1
1
1
1
0
¢
0
0
1
1
1
1
0
)
0
0
1
1
1
1
0
0
0
¢
1
1
1

0

W
=

'Decimal characters and the five address switches relate
to the last five bits of both talk and laten addreases,

*Fuetory-oet address.
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Pexformance Tests

SECTION IV
PERFORMANCE TESTS

4-1. INTRODUCTION

The procedures in this section test the instrument’s
electrical performance vsing the specifications of
Table 1-1 as the performance standards. All tests
can be performed without access to the interior of
the instrument. A simpler operational test is in-
cluded in Section III under Basic Functional
Checks.

NOTE
A 30 minute warm-up period is required
before any tests are performed.
Line voltage must be within +5% and
~10% of nominal if the performance
tests are to be considered valid.

4-2. EQUIPMENT REQUIRED

Equipment required for the performance tests is
listed in Table 1-4, Recommended Test Equipment

in Section 1. Any equipment that satisfies the criti-
cal specifications given in the table may be substi-
tuted for the recomiended model(s).

4-3. TEST RECORD

Reaults of the performance tests may be tabulated
on the Test Record at the end of the procedures.
The Test Record lists all of the tested specifica-
tions and their acceptable limits. The results,
recorded at incoming inspection, can be used for
comparison in periodic maintenance and trouble-
shooting and after repairs or adjustments.

4-4. CALIBRATION CYCLE

This instrument requires periodic verification of
performance. Depending on the use and environ-
mental conditions, the instrument should be
checked uging the following performance tests at
least once every year.

PERFORMANCE TESTS

4-5. MEASUREMENT FREQUENCY RANGE, IF OUTPUT BANDWIDTH AND LEVEL

PEFORMANCE TESTS

Specifications Flectrical

Characteristics

Parformance Limits Conditions

TEST SIGNAL
Frequency Range!

Band Center
Frequencies

10 MHz to 18 GHz

External low-pass filter-
ing may be required for
test signals <20 MHz
and +20 MHz around
band centers.

1.92 GHz
4.45 GHz
7.04 GHz
9.60 GHz
12.16 GHz
14.72 GHz=
17.48 GHz

fF QUTPUT
Bandwidth
Level

5 MHz to 1280 MHz
+7 dBm Minimum

f'requency range covered in eight bands, excluding £5 MHz around band center frequencies.
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PERFORMANCE TESTS

MEASUREMENT FREQUENCY RANGE, IFOQUTPUT BANDWIDTH AND LEVEL PERFORMANCE
TESTS (cont'd)

Description This test verifies the frequency range of the Carrier Noise Test Set. A microwave test
gignal ig input to the Carrier Noise Test Set for each BAND BAND; then the down
converted IF OUTPUT i measured on a spectrum analyzer. The IF QUTPUT level is
verified to be within specified limits for each band.

Equipment Microwave Synthesized Source HPF 8340A
RF Spectrum Analyzer HP 8566A
RF Synthesized Signal Generator ... HP 8662A

RF SYNTHESIZED
SIGNAL GENERATOR

HP 117208
CARRIER NOISE 640 MHz
TEST SET IN

D:' goooaoon (o0 O
g

==

smasn O O o§

IF QUTPUT MICROWAVE

5101280 TEST SIGNAL
MHz INPLIT

OUTPUT

MICROWAVE SYNTRESIZED
RF SPECTRUM ANALYZER SOURCE

INPUT I
OUTPUTJ

N

Figure 4-1. Measurement Frequency Range, IF Output Bandwidth
and Level Test Setup

Procedure . Connect the test set up shown in Figure 4-1.

Set the Carrier Noige Test Set as follows:
Band Center Frequency

NOTE

If the unit does not contain a filter with this band center frequency,
select the next available band listed in column £ of Table 4-1.

Set the Microwave Synthesized Source (D.U.T.) as follows:

Frequency
Amplitude

The frequency corresponds fo the microwave test signal shown in Table
4-1 for the band center frequency selected in step 2.




o s e e

HF 11729B Performance Tests

PERFORMANCE TESTS

MEASUREMENT FREQUENCY RANGE, IF OUTPUT BANDWIDTH AND LEVEL PERFORMANCE
TESTS (cont'd)

Procedure 4. Adjust the RF spectrum analyzer to display the 400 MHz IF OQUTPUT.
(cont'd)

NOTE
The IF OUTPUT will have the following signals:

- The IF signal (the microwave test signal minus the band center of the
band range chogen.)

- IF harmonics

- And spurious signals

ALL HARMONICS OF THE IF SIGNAL AND ANY SPURIOUS 81G-
NALS CAN BE DISEEGARDED.

Verify the IF OUTPUT level ig within the specified limits in Table 4-1 and record
the actual value.

Adjust the frequency of the D, U.T. to the next microwave test signal frequency
listed in columnn one of Table 4-1. Select the corresponding band center frequency,
on the Carrier Noise Test Set, listed in column two. Verify and record the IF
OUTPUT power level. Repeat this process for each microwave test signal fre-
quency listed in Table 4-1.

If the IF QUTPUT power level did hot measure within specified limits, refer to the
troubleshooting information on Service Sheet 1.

Table 4-1. IF Gutput Level

IF Output IF Outpet

Microwave Band Genter Fraquency Lavel

Test Signal Frequency [MHz) [dBm]
{GHz) [GHz]

Typical Minimum Actual

2.32 1.92 400 +7
4,88 4,48 400 4T
7.44 7.04 400 +7
10.00 9.60 400 +7
12.56 12.16 400 +7
*14.740 14.72 20 +7
*16.00 14.72 1280 +7
*17.30 17.28 20 +7
*18.56 17.28 1280 +7

*Becaure of the power requirementa of the internal mixer, the upper and lower ends of the bands
with ¢enter frequencies of 14.72 GHz and 17.28 (#Hz are verified to be within specified limits. The
comb penerator’s output power 18 lowest at the higher 640 MHz harmonics.
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PERFORMANCE TESTS

4-6. RESIDUAL PHASE NOISE PERFORMANCE TEST (Using a test signal less than 1280 MHz)

Specification

Description

Equipment

Electrical
Characteristics

Offzet From

Carrier dBe/Hz With a </1.28 GHz input
10 H= —115 gignal

100 Hz —126

1 kHz —135

10 kHz= —142

100 kHz —151

1 MHz -156

Performance Limits Cenditions

NOTE
This test does not check the down converting circuitry in the Carrier
Noise Test Set. However, the test requires less equipment than the
residual phase noise test using o 10 GHz test signal.

The Carrier Noise Test Set's residual phase noisefor test signals <1280 MHz, is
verified by connecting a gignal generator’s RF output to a power splitter. The output of
the power splitter supplies the signals for both the MICROWAVE TEST SIGNAL
INPUT and the 5 to 1280 MHz INPUT. Since the microwave test signal and the 5 to
1280 MHz signal axe identical, the phase noise from the gignal generator is canceled by
the mixer/phase detector in the Carrier Noise Test Set. During the residual phasenoise
measgurement the microwave test signal and the 5 to 1280 MHz signal must bein phase
quadrature (that is,90 degrees out of phase). The difference in the lengths of cables A
and B provide a time delay,so at a selected frequency on the signal generator the two
inputs will have a 90 degree phase difference. The Carrier Noise Test Set’s NOISE
SPECTRUM QUTPUTS are measured on a low frequency spectrum analyzer and an
RF spectrum analyzer. Correction factors are added and the residual phase noise is
verified to be below the specified limit.

RF Synthesized Signal Generator HP 8662A (Option 003)
Low Frequency Spectyrum Analyzer

RF Spectrum Analyzer HP 8566A

Power Meter HFP 436A

Power Sensor HP 8482A

Power Splitter HP 11667A

Coaxial Cable A (9 inches) HP 10502A

Coaxial Cable B (24 inches) HP 11170B

50 Termination HP 11593A

The specified lengths of cable A and cable Bin Figure 4-2 are critical for
obtaining phase quadrature.
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RESIDUAL PHASE NOISE PERFORMANCE TEST (Using a test signal less than 1280 MHz) (cont'd)

RF SPECTRUM ANALYZER

LOW FREQUENCY
HP 117298 SPECTRUM ANALYZER

CARRIER NOISE FREQ-CONT

TEST SET X-05C . MHz IN
u:l cooooooo (o0 C's 0 1280 Z
g

§3858388 IMICROWAVE
O TEsT

RF SYNTHESIZED
SIGNAL RENERATOR

=10 MHz
SIGNAL
CUTPUT INPUT

—

BNGC TEE

40 MHz (STEP &), ! POWER METER

QUTPUT

CABLE A 4

e B X CABLE B (STEF 5)_ L _E
POWER POWER

Figure 4-2. Residual Phase Noise Test Setup (Using a test signal of less than 1280 MHz) .

Procedure Calibration

1,
2,

3.

Connect the instruments as shown in Figure 4-2.
Turn on and warm up all instruments in the test setup for 30 minutes.

Set the RF synthesgized signal generator (tunable reference) as follows:

Frequency 639.990 MHz
Amplitude

Set the Carrter Noize Test Set as follows:

Band Range 0.01 to 1.28 GH=
Measurement Mode Phase Noise
Lock Bandwidth Factor Any setting

Measure the power of the tunable reference signal at the end of cable B and adjust
the amplitude of the tunable reference until the power meter reads 0 dBm. Connect
cable B to the 5 to 1280 MHz INPUT on the Carrier Noise Test Set.
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RESIDUAL PHASE NOISE PERFORMANCE TEST (Using a test signal less than 1280 MHz) (cont'd)

Procedure 6.

{cont'd)

Disconnect cable A from the MICROWAVE TEST SIGNAL INPUT on the Carrier
Noise Test Set and terminate cable A with a 50 ohm load. Connect the 640 MHz
signal, from the tunable reference rear panel, to the MICROWAVE TEST SIGNAL
INPUT, on the front panel, of the Carrier Noise Test Set.

Decreasge the amplitude of the tunable reference by 50 dB.

Adjust the RF spectrum analyzer to display the 10 kHz beat note. (The beat note is
the result of mixing the 640 MHz and 639.990 MHz signals). Set the 10 kHz beat note
to a convenient reference point.

Adjust the low frequency spectrum analyzer to view the 10 kHz beat note. If the
gpectrum analyzer has selectable filters, select a flat top filter. f RMS averaging is
available, select approximately 128 averages. RMS averaging smooths out the
noise floor, If RMS averaging is not available the measurement should be made at
an average level on the noige floor, not a peak or valley.

. Set the peak of the 10 kHz beat note to a convenient reference point.

. Disconnect the 640 MHz signal from the MICROWAVE TEST SIGNAL INFUT on

the Carrier Noise Test Set. Disconnect the 50 chm load from cable A and connect
cable A to the MICROWAVE TEST SIGNAL INPUT.

Residual Phase Noise Measurement
12. Increase the amplitude of the tunable reference by 50 dB. Decrease the frequency of

the tunable reference, in 1 MHz steps,until phase lock is acquired (green LED is
illuminated on the phase lock display). The green LED ghould be illuminated when
the tunable reference is around 425 MHz. For details on phase locking see
Section I11.

. Adjust the RF spectrum analyzer to view the noise level at a 10 kHz offset. For the

most accurate measurement use the smallest possible regolution bandwidth. Use
some averaging to smooth out the noise level. Measure the noise level down from
the reference point at 10 kHz. Measure an average noise level, do not measure on a
peak or minimum noise level. Record this noise level (A) along with the spectrum
analyzer's resolution bandwidth setting (B) below. Repeat the measurement and
record for offsets of 100 kHz and 1 MHz.

0ffset from Noise level (A) Resolution Bandwidth (B)
garrier (relztive 1o referenge lavel) [dB) {Hz)

10 kHz
100 kHz
1 MHz
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RESIDUAL PHASE NOISE PERFORMANCE TEST (Using a test signal less than 1280 MHz) (cont'd)

Procedure 14. On the low frequency spectrum analyzer, select a Hanning filter and the normali-

{cont'd) zation to 1 Hz bandwidth (if the spectrum analyzer has these features available). If
the spectrum analyzer does not have the normalization to a 1 Hz bandwidth this
figure will have to be calculated later using the formula at the end of the test.

NOTE
Power line spurs are not specified for the Carrier Noise Test Set. Power
line spurs will appear at power line frequencies and multiples of power
line frequencies. Do not make a noise measurementon a spur; make the
measurement on an average noise level.

. Adjustthe low frequency spectrum analyzer to view the noise level at a 10 Hz offset.
For the most accurate measurement use the smalleat possible resolution band-
width. Use some averaging if required. Measure the noise level down from the
reference point 25 10 Hz. Measure an average noise level, do not measure on a peak
or minimum noise level. Record this noise level (C) in the table below. If the
measurement was not made in a 1 Hz resolution bandwidth, also record the spec-
trum analyzer’s resolution bandwidth setting (D) below. Repeat the measurement
and record for offsets of 100 Hz and 1 kHz.

Offset from Noige level [C) Resnlution Bandwidth {D)
carrier {relative to reference level] [d8) (Hz)

10 Hz

100 Hz

1kHz

. Calculate the Carrier Noise Test Set’s residual phase noige at 10 kHz, 100 kHz and 1
MHz offsets from the carrier, Sum the measured noise level (A) and the 4 correction
factors® as shown below. The normalization bandwidth factor is determined by
putting the resolution bandwidth (B) into the equation below. Verify the residual
phase noise level did not exceed the gpecified limit, as shown at the bottom of each
column.

!For a complete explanation of the correction factors gee Appendix C.
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RESIDUAL PHASE NOISE PERFORMANCE TEST (Using a test signal less than 1280 MHz) (cont’d)

Procedure
(cont'd)

10 kHz

100 kHz

1 MHz

Noige level = A (relative to refer-
ence level)

Normalization to 1 Hz equivalent
noise bandwidth’
—101log (“B" x 1.2) =

Calibration Attenuation (Step 7)
£ conversion factor

Correction for log amplifiers and
peak detectors in analog spec-
trum analyzera.

Total (dBe/Hz)

+2.5dB
< —142

+2.5dB
<—151

+2.5dB
<—156

Refer to Application Note 150-4, HP 50521147, if rdditional information on ¢alibration of apectrum
analyzers for noise measurements is needed.

17. Calculate the Carrier Noise Test Set’s residual phase noise at 10 Hz, 100 Hz and 1 kHz
offsets from the carrier. Sum the measured noise level (C) and the 3 correction factors®
ag shown below. Do not add the normalization to 1 Hz equivalent noise bandwidth
factor, when using a spectrum analyzer with normalization to a 1 Hz bandwidth.
This correction factoris accounted for automatically. Verify the residual phase noise
level did not exceed the specified limit aa shown at the bottom of each column.

100 Hz

1 kHz

Noise level = C (relative to refer-
ence level)

Normalization to 1 Hz equivalent
noise bandwidth'
=10log ("B"x1.2)=

Calibration Attenuation (Step 7)
L eonveraion factor
Total (dBc/Hz)

dB

dB

—50dB
—6dB
«—115

—50dB
-6 dB
<—126

dB
—a80 dB
—6 dB
<—135

for noise measurements is needed,

‘Rafor to Application Note 150-4, HP 5852-1 147, if additional information on calibration of spectrum analyzers

NOTE

If an analog spectrum analyzer was used to measure the noise floor at
10 Hz, 100 Hz, and 1 kHz, add +2.5 d B to the totals above as a correction
for the log amplifiers and peak detectors in the analog spectrum

analyzer.

?For a complete explanation of the correction factors see Appendix C.
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4-7. RESIDUAL PHASE NOISE PERFORMANCE TEST (Using a test signal of 10 GHz)

Specification

Description

Equipment

Procedure

Electrical
Characteriztics

Offzet From
Carrier

Pesformance Limits Conditions

dBe/Hz
10 Hz =90
100 Hz —105
1kHz —115
10 kHz -127
100 kHz —137
1 MHz —137

With a 10 GHz input
signal

NOTE
This performance test is only necessary when the residual phase noise
of the Carrier Noise Test Set is in gquestion.

This test verifies the Carrier Noise Test Set’s residual phase noise specifications using
a 10 GHz test signal. A second Carrier Noise Test Set is required as a reference unit in
this test. Since this test requires a second Carrier Noise Test Set, we recommend that
the phase noise of the other ingtrumentz in the phage noise measuring system be
checked before this test is performed.

During the residual phase noise measurement the microwave test signal and the 5 to

1280 MHz signal must be in phase quadrature (that is 90 degrees out of phase), One

microwave synthesized source supplies the MICROWAVE TEST SIGNAL INPUT to

both of the Carrier Noise Test Sets (device under test and reference). The [F QOUTPUT of

the reference Carrier Noige Tegt Set then supplies the 5-1280 MHz INPUT of the Carrier

Noise Test Set device under test. The Carrier Noise Test Set’s residual phase noise is

meagured on alow frequency spectrum analyzer and an RF spectrum analyzer, Correc-

tion factors are added and the regidual phase noige is verified to be below the gpecified

limit.

Carrier Noise Teat Set HP 117298
(used as reference)

RF Synthesized Signal Generator

Microwave Synthegized Source

Low Frequency Spectrum Analyzer

EF Spectrum Analyzer

Power Meter

Power Sensor

Power Splitter (quantity 2)

Amplifier ‘

1 dB Step Attenuator (quantity 2)

HP 8662A (Option 003)

HP 3582A
HP 8566A

HP 8482A
HF 11667A
HP 8447E/F
HP 355C

Initial Instrument Settings
1. Connect the instruments as shown in Figure 4-3.
2. Turn on and warm-up the ingtruments for 30 minutes.

3. Set both step attenuatorg to maximum attenuation.
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RESIDUAL PHASE NOISE PERFORMANCE TEST (Using a test signal of 10 GHz) (cont'd)

Procedure
(cont’d)

HP 117298
CARRIER NOISE

TEST SET
(REFERENCE UNIT)  [og 1%

C— [ aagoooog |06 0 MICROWAVE SYNTHESIZED
SOURCE

ooooo 0 O O (G-
FouTPuT] T
5 to 1280 MHz

STEP POWER STEP
AMPLIFIER  ATTENUATOR  SPLITTER ATTENUATOR

T,
™~ i
[ I/ LLL\ ) t}:‘\BLE A) POWER

SPLITTER

_mﬂ
MICROWAVE
TEST SIGNAL
INPUT

QUTPUT

G640 MHz N
e "

ouTPuT  (STEP8)

ELECTRONIC FREQ
FREQ. CONTROL 5TO 1280 MHz

MHz  RF SYNTHESIZED INPUT .
SIGNAL GENERATOR [—]

]
[a] : MICROWAVE
(TUNABLE REFERENCE) 'T.;;T SIGNACTNPUT  RF SPECTRUM ANALYZER

CARRIER NOISE <10 MHz

TEST 8ET <1 MHz OUTPUT

BUT)  outeuT

LOW FREQUENCY
SPECTRUM ANALYZER

Figure 4-3. Residual Phase Noige Test Setup [Using a Test Signal of 10 GHz)

4. Set the Microwave Synthegized Soruce as follows:

Frequency
Qutput Level +10 dBm to +20 dBm

5. Set the RF Synthesized Signal Generator (tunable reference) as follows:

Frequency 399.990 MH:z
Qutput Level

6. Set both Carrier Noise Test Sets as followa:

Band Center Frequency ............ 9.6 GHz
Lock Bandwidth Factor
Measurement Mode
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RESIDUAL PHASE NOISE PERFORMANCE TEST (Using a test signal of 10 GHz) (cont'd)

Procedure Power Level Checks
(cont'd) 7.

Digconnect the cable which goes to the 640 MHz IN connector on the rear panel of
the Carrier Noise Test Set device under test. Connect the power sensor to this cable.
Adjugt the step attenuator that is located before the power splitter, supplying the
640 MHz signal, such that the power meter reads between 0 dBm and +3 dBm.
Reconnect the cable to the 640 MHz INPUT, on the rear panel, of Carrier Noise Test
Set device under test.

Disconnect the end of cable A which is connected to the 5 to 1280 MHz INPUT on
the Carrier Noise Test Set device under test. Connect the cable to a power sensor.
Measgure the IF OUTPUT power, Adjust the 1 dB step attenuator located after the
IF OUTPUT of the reference Carrier Noige Test Set until the power meter reads
—1 dBm to 0 dBm. Record the exact power meter reading below.

Reference Carrier Noise Test Set IF OUTPUT power=_._...._ dBm

Spectrum Analyzer Calibration

9. Disconnect cable A from the power sensor. Connect the cable from the tunable
reference output to the power sensor. Adjust the amplitude of the tunable reference
until the power meter reads the power level recorded in step 8. Connect the tunable
reference to the 5 to 1280 MHz INPUT on the Carrier Noise Test Set device under
test.

. Decreage the amplitude of the tunable reference by 50 dB, Adjust the RF spectrum
analyzer to display the approximately 10 kHz beat note. (The beat noteis the result
of mixing the 400 MHz IF (MICROWAVE TEST SIGNAL INPUT minus the band
center of the BAND RANGE chosen) and the 399.990 MHz tunable reference
signal). Set the peak of the 10 kHz beat note to a convenient reference point.

. Adjustthe low frequency spectrurn analyzer to view the approximately 10 kHz beat
note. If the gpectrum analyzer has selectable filters, select a flat top filter. If RMS
averaging 15 available, select approximately 128 averages. RMS averaging
smooths out the noige floor. If RMS averaging ig not available the measurement
should be made at an average level on the noise floor, not on a peak or valley.

12. Set the peak of the beat note to 2 convenient reference point.

Residual Phase Noise Measurement

13. Disconnect the tunable reference from the 5 to 1280 MHz INPUT on the Carrier
Noise Test Set device under test, Reconnect cable A to the 5to 1280 MHz INPUT on
the Carrier Noise Test Set device under test.

. Decrease the frequency of the Microwave Synthesized Sourcein 1 MHz ateps, until
the Carrier Noise Test Set device under test indicates phase guadrature (green LED
ie illuminated on the phase lock digplay.) Details of phase locking are found in
Section IIL
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RESIDUAL PHASE NOISE PERFORMANCE TEST (Using a test signal of 10 GHz) (cont'd)

Procedure 15. Adjust the RF spectrutn analyzer to view the residual phase noiselevel at a 10 kHz

(cont'd) offset from the carrier. For the most accurate measurement, use the smallest
possible resolution bandwidth. Use averaging if required. Measure the residual
phase noige level down from the reference point. Measure on an average phase
noise level, do not measure on a peak or minimum phase noige level. Record the
phase noise level (A) along with the measurementresolution bandwidth (B) below.
Repeat this measurement for offsets of 100 kHz and 1 MHz.

Offset from Halsa leval [A) Resolution Bandwidth {B}
carriar [ralative to reference level} [dB) [ F3]

10 kHz
100 kHz
1 MH:

. On the low frequency spectrum analyzer, select a Hanning filter and the normali-
zation to a 1 Hz bandwidth (if these features are available). If the spectrum ana-
lyzer does not have the feature for normalization to a 1 Hz bandwidth this figure
will have to be calculated later uging the formula at the end of the test.

. Adjustthelow frequency spectrum analyzer to view the residual phasenoiselevel at

10 Hz. Measure the residual phase noise level down from the reference point. Mea-
sure on an average phase noise level; do not measure on a peak or minimum level.

NOTE
Power line spurs are not specified for the Carrier Noise Test Set, Power
line spurs will appear at power line frequencies and multiples of power
line frequencies. Do not make a phase noise measurement on a spur,
make the measurement on an average noise level.

. Record the phase noise level (C) below, If the meagsurement wasnot madeinal Hz
resolution bandwidth, also record the measurement resolution bandwidth (D).
Repeat this measurement at 100 Hz and 1 kHz offsets.

Offset from Noise leve! [C) Resglution Bandwidth (I}
carrigr frelative to reference level) (dB) Hz)

10H=
100 Hz
1kHz

. Calculate the residual phase noise of the Carrier Noise Test Set at 10 kHz, 100 kHz
and 1 MHz offgets from the carrier, Sur the meagured phase noise level (A) and the
4 gorrection factors® listed below. The normalization bandwidth factor is deter-
mined by putting the resolution bandwidth (B) into the equation below. Verify the
residual phase noise level did not exceed the specified limit as shown at the bottom
of each column.

*For a complete explanation of the correction factors see Appendix C.
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RESIDUAL PHASE NOISE PERFORMANCE TEST (Using a test signal of 10 GHz) (cont’d)

Procedure
(cont'd)

10 kHz

100 kKz

1 MHz

Noise level = A (relative to refer-
ence level)

Normalization to 1 Hz equivalent
noise bandwidth’
—10log (“B”x1.2)=

Calibration Attenuation (Step 10)
L ; conversion factor

Correction for log amplifiers and
peak detectors in analog
spectrum analyzer

Total (dBe/Hz)

+2.5dB
<—127

+2.5dB
<—137

+2.56dB
<—137

'Refer to Application Note 150-4, HP 5952-1147, if additional information on calibration of spectrum
analyzers for noise measurements is needed.

20. Calculate the residual phase noise level of the Carrier Noise Test Set at 10 Hz, 100
Hz and 1 kHz offsets from the carrier. Sum the measured phase noise level (C) and
the 8 correction factors® below. Do not add the normalization to a 1 Hz equivalent
noise bandwidth factor, when the spectrum analyzer accounts for this factor auto-

matically, Verify the residual phase noise level does not exceed the specified limit
shown at the bottom of each column.

10 Hz 100 Hz 1 kHz

Noise level = C (relative to refer-
ence level)

Normalization to 1 Hz equivalent
noise bandwidth'
—10log(“D”"x12)=| _____ dB dB dB

Calibration Attenuation (Step 10) —50dB —50dB -50 dB
£; conversion factor —6dB —6dB —6 dB

Total (dBe/Hz) | — <—90 <—106 <-116

'Refer to Application Note 150-4, HP 5952-1147, if additional information on calibration of spectrum
analyzers for noise measurements is needed.

NOTE
If an analog spectrum analyzer was used to measure the noise floor at
10 Hz, 100 Hz and 1 kHz add +2.5 dB to the totals above. This is the
correction factor for the log amplifiers and peak detectors in the analog
spectrum analyzer.

*For a complete explanation of the correction factors see Appendix C.
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4-8. AM NOISE FLOOR PERFORMANCE TEST

Specification

Description

Equipment

Procedure

Electrical
Characteristics Performance Limits Conditions

AM Noise Floor At 410 dBm input level
Offset from AM Noise
Carrier {dBc/Hz)

1 kHz —138
10 kHz —145
100 kH= —156b
1 MHz —160

NOTE

This test, as written, is only a partial verification of the AM Noise floor
specification. The test only verifies the AM noise floor for frequency
offsets of 100kHz and higher. From 1Hz to 100kHz the recommended
low noise oscillator’s AM noise floor is higher than the AM noise floor of
the Carrier Noise Test Set. For a complete verification, an oscillator
with lower AM noise specifications than the Carrier Notse Test Set
would be needed.

The AM noise floor is measured at two offsets from the carrier (100 kHz and 1 MHz) to
verify AM noise detection is performing within limits. A signal generator is used for
calibrating the spectrum analyzer. A low noise oscillator is connected to the MICRO-
WAVE TEST SIGNAL INPUT for the AM noise measurement. The AM noise floor is
observed from the <10 MHz OUTPU'T on a spectrum analyzer.

Microwave Synthesized Source HP 8340A
(with AM modulation)
Spectrum Analyzer HP 8566A
Function Generator HP 3312A
Coaxial to waveguide adapter HP X281A
*Isolator HP 0955-0178
Power Supply HP 6214B
Power Meter HP 436A
Power Sensor HP 8481A
Low Noise Oscillator MA 86651A

*Theisolator stabilizes load effects on the AM noise floor. When an isolator is not available an attenuator pad
may be used., The attenuator pad may be used only if the cutput power of the oscillator is +10 dBm with the
attenuator pad in place, If the measured power is +10 dBm or lower an isolator will have to be used. (See step
5 of the test procedure)

Calibration
1. Connect the equipment as shown in Figure 4-4.

2. Connect +10 Vdc from the power supply to the low noise oscillator. Warm up the
oscillator for 30 minutes.
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e AM NOISE FLOOR PERFORMANCE TEST (cont'd)

Procedure

(cont'd) RF SPECTRUM ANALYZER

MICROWAVE SYNTHESIZED

SOURCE HP 117298
GARBRIER NQISE
TEST SET
§ | 98939882 (000
5] nonaa M 4 D@-(D

AM [oUTPUT INPUT <10 MHz J MICROWAVE

FUNCTION MODULATION OUTPUT] JTEST SIGNAL
GENERATOR INPUT pSTEP 10)

Iou’rPUT
WAVEGUIDE

POWER T0 COAXIAL
SUPPLY OSCILLATOR ADAPTER ISDLATOR

Vour —e—yl | CABLE A

INPUT

|
(STEP 8)) (STEP 9))

Figure 4-4. AM Noise Floor Test Setup

Set the Microwave Synthesized Source as follows:

Frequency
AM modulation

Set the function generator as follows:

Function
Frequency

Set the Carrier Noise Test Set as follows:

Measurement Mode
All other contyols

Measzure the power level of the low noige oscillator at the end of cable A (the end that
connects to the MICROWAVE TEST SIGNAL INPUT). The level should be
approximately +10 dBm. Connect an attenuvator pad at the oscillator’s outputifthe
power level ie above 410 dBm. The value of the attenuator pad selected should
bring the measured power level to 10 dBm. Disconnect cable A from the power
gensor.

Record the power level below.
Low noise oscillator power level
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AM NOISE FLOOR PERFORMANCE TEST (cont'd)

Procedure
(cont’d)

NOTE
The AM noise floor of the Carrier Noise Test Set is specified for a
+10 dBm input level. Using an input signal lower than +10 dBm will
increase the AM noize floor. The noise floor will increase by the arnount
indBthatthe input signal was lowered from +10dBm. As anexample:a
+7 dBm input will raise the AM noise floor by +3 dB.

Becouse our specifications are higher than typical measured values, an
input signal of +5 dBm minimum will typically still measure within
specifications.

Connect the end of the cable from the Microwave Synthesized Source to the power
sensor. Adjust the amplitude of the Microwave Synthesized Source until the power
meter reads the power level recorded in step 6.

Turn the Microwave Synthesized Source to external AM modulation. Connect the
Microwave Synthesized Source to the gpectrum analyzer. Be sure the input fo the
gpectrum analyzer is 50 ochmns.

Adjust the amplitude on the function generator so the sidebands displayed on the
spectrum analyzer are —40 dBec. Disconnect the Microwave Synthesized Source
from the spectrum analyzer and connect it to the Carrier Noige Test Set MICRO-
WAVE TEST SIGNAL INPUT.

. Connect the <10 MHz QUTPUT from the Carrier Noige Test Set to the spectrum

analyzer. Adjust the spectrum analyzer to view the 100 kHz sidebands on the 1 GHz
gignal, Set the peak of the 100 kHz signal to a convenient reference point.

AM Noise Floor Measurement
11. Disconnect the Microwave Synthesized Source from the MICROWAVE TEST

SIGNAL INPUT. Connect the output of the low noise oscillator to the MICRO-
WAVE TEST SIGNAL INFPUT.

NOTE
The oscillator signal should come directly from the resonator with no
amplification stage in between. Under thig condition, itis likely that the
AM noise coming from the oscillator is less than or equalto—155dBe/Hz
at ¢ 100 kHz offset.

12. Measure the noise level down from the reference point at a 100 kHz offset. Record

the AM noise level (A) and resolution bandwidth (B) below. Measure the AM noise
floor at a 1 MHz offset. Record this level with the corresponding resolution band-
width helow.

(tget from Nulse laval [A) Resolution Bandwidth (B)
carrier [relative to reference levet) (dB) (Hz)

100 kHz

1 MHz
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PERFORMANCE TESTS

AM NOISE FLOOR PERFORMANCE TEST (cont'd)

Procedure 13. Calculate the AM noize floor by summing the measured AM noiselevel (A) and the

(cont'd) 3 correction factors® shown below. The normalization bandwidth factor is deter-
mined by putting the resolution bandwidth (B) into the equation below. Verify the
AM noise floor did not exceed the specified limit as shown at the bottom of each
column.

100 kHz 1 MHz

Noige level = A (relative to refer-
ence level)

Normalization to 1 Hz equivalent

noigse bandwidth!
—10log (“B"” x 1.2) =

Calibration Attenuation (Step 8)

Correction for log amplifiers and
peak detectors in analog
gpectrum analyzer +25d4dB +25dB

Total (dBe/Hz) <155 <=160

'Refer to Application Note 150-4, HP 5952.1147, if additional information on calibration
of spectrum analyzers for noise measurements is needed.

® For a complete explanation of the correction factors see Appendix C.
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Table 4-2. Performance Test Record

Hewlett-Fackard Company Test by
Model HF 117208
Carrier Noise Test Set

Serial Number

Results

Tast Description
p Actual

MEASUREMENT FREQUENCY RANGE, IF DUTPUT
BANDWIDTH AND LEVEL PERFORMANCE TEST
IF Qutput Power

Mirowave Band IF Qutput
Signal Center Freq.
(GHz) (GHz) (MHz) Typ.

232 1.92 400
4.88 4.48 400
7.44 7.04 400
10.00 9.60 400
12,56 12.16 400
14.740 14.72 20
16.00 14.72 1280
17.30 17.28 20
18.56 17.28 1280

RESINUAL PHASE NOISE PERFORMANGE TEST [Using 2
<Z1280 MHz Test Signal)

Offset From The Carrier (dBe/Hz) {dBc/Hz)

10 H= - =115

100 Hz [ —126

1 kHz —_ —1356

10 kH= : - —-142

100 kHz - -—151

1 MHz —_— —1566

RESIDUAL PHASE NOISE PERFORMANCE [Using a 10 GHz Test
Signall

Offset From The Carrier {dBc/Hz) {dBc/Hz)

10 Hz —_— —80

100 Hz - =105

1kHz — —1156

10 kHz - =127

100 kHz — —137

1 MHz —_———— —137

AM NOISE PERFORMANCE TEST ‘
Offset From The Carrier (dBe/Hz) {dBc¢/Hz)
100 kHz —_—— —1556
1 MH= - =160
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Adjustments

SECTION YV
ADJUSTMENTS

5-1, INTRODUCTION

This section contains adjustments and checks
that ensure peak performance of the Carrier Noise
Test Set. The instrument should be readjusted
after repair or after failure to pass a performance
test. Allow a 30 minute warm-up period prior to
performing the adjustments unless noted other-
Wise.

To determine which performance tests and adjust-
ments to perform after a repair, refer to the para-
graph entitled Related Adjustments. After the
repair and/or adjustment, performance tests are
usually required to verify performance.

5-2. SAFETY CONSIDERATIONS

Thig gection containg information, cautions, and
warnings which must be followed for your protec-
tion and to avoid damage to the equipment.

Adjustments described in this section
are performed with power supplied to
the instrument and with protective cov-
ers removed. Muaintenance should be
performed only by service trained per-
sonnel who are aware of the hazard
involved (forexample, fire and electrical
shock). Where maintenance can be per-
formed without power applied, the power
should be removed.,

Before the instrument is switehed on, all
protective earth terminals, extension
cords, autotransformers and devices con-
nected to it should be connected to a pro-
tective earth grounded socket. Any inter-
ruption of the protective earth grounding
will cause o potential shock hazard that
could result in personal injury.

Wheneuver it is likely that the protection
has been impaired, the instrument must
be made inoperative and be secured
against any unintended operation.

Only 250V normal blow fuses with the
required rated current should be used.

Do not use repaired fuses or short circu-
ited fuseholders. To do so could cause a
shock or fire hazard.

5-3. EQUIPMENT REQUIRED

Each adjustment procedure contains a list of
required test equipment. The test equipment is
identified by callouts in the test setup diagrams
where included.

If substitutions must be made for the specified test
equipment, refer to Table 14 in Section I for the
minimum specifications. It is important that the
test equipment meet the critical specifications
listed in the table if the Carrier Noise Test Set is to
meet its performance requirements.

5-4, FACTORY-SELECTED COMPONENTS

Factory selected components are identified on the
schematica and parts list by an asterisk (*) which
follows the reference designator. The normal value
or range of the components is shown. The manual
change sheets may provide updated information
pertaining to the selected components. Table 5-1
lists the reference designator, the criteria used for
selecting a particular value, the normal range and
the service sheet where the component part is
shown,

5-5. RELATED ADJUSTMENTS

The proceduresin this section ean be performed in
any order. However, it is advisable to check the
power supply voltages first,

NOTE

The steps within a procedure must be
performed in the order listed.

Table 5-1. Factory Selected Components

Precess of
Selection

Reference | Servige
Designatar Sheet

Ranga of
Values

AT1 1 0dB to | Refer to adjust-

2dB ment 5-9
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ADJUSTMENTS

5-6. POWER SUPPLY ADJUSTMENT

Reference Service Sheet 7

Description The +5.0 Vde power supply is adjusted for 45,000 Vde 20,025 Vde at the 5V Tesgt Point
A'VTP3 using a digital multimeter.

DIGITAL
MULTIMETER

|”‘"“UT WP 117298
CARRIER NOISE

TEST SET

Figure 5-1. +5.0 Vde Power Supply Adjustment Setup
Equipment Digital Multimeter HP 3465A

1. Takeoff the top cover of the Carrier Noise Teat Set. Locate the 5V Test Point ATTP3
Procedure on the power supply board. Turn on the Caxrier Noise Test Set.

2. Connect the digital multitneter to the 5V Test Point ATTP3. Adjust ATR10 (4+5V
ADJ) for a reading of +5.000 Vde £0.025 Vdc on the digital multimetez., 0
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ADJUSTMENTS

5-7. PHASE LOCK INDICATOR ADJUSTMENT
Reference Service Sheet 3

Description The Phase Lock Board is adjusted to calibrate the lock and unlock positions on the
Phage Lock Indicator. If the Phase Lock Indicator does not agree with the status byte,
sent out over HIP-IB, the Phase Lock Board may need adjustment. The adjustments for
the Phase Lock Indicator only need to be made in one BANT RANGE. The Phase Lock
Board is algo adjusted to compensate for de offsets in the switchable gain amplifier and
integrator.

-

840 MHz
CONTROLLER HP 1720 rreq ouT

CARRIER NOISE conT Y

. RF
TEST SET X-08C 640 MHz IN ouT

Dl:l DOCOO000 40 O (it
5. | =erio g iloo ?::go MHz IN
—] ] F
LOOFTEST| AUX NOISE| MICROWAVE SI?{F SYNTHESIZ_I;:_H
PORTINI  (orpp g TEST SIGNAL NAL GENERATOR

'
-/ INPUT RF

ouT
-

MICROWAVE SYNTHESIZED
SOURGE

Figure 5-2. Phase Lock Indlcator Adjustment Setup

Equipment RF Synthesized Signal Generator HP 8662A (Option 003)
Microwave Synthesized Source
Computer Controller
Digital Multimeter HP 34656A
SMC to BNC adapter HP 1250-0831
EBNC to alligator clips HP 8120-1292

Procedure 1. Connect the equipment as shown in Figure 5-2.

2. Turn on and warm up all instruments for 30 minutes before doing the following
adjustments,

Set the Carrier Noise Test Set as follows:

Lock Bandwidth Factor
Measurement Mode Phase Noige
BandRange.........coooiiiiiiiiinniinnn. 8.32 10 10.88 GH=

NOTE
If this BAND RANGE is not included in the Carrier Noise Test Set,
select an available range.
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ADJUSTMENTS

PHASE LOCK INDICATOR ADJUSTMENT (cont'd)

Procedure 4.

(cont'd)

Sat the Microwave Synthesized Source (D.U.T.) ag follows:

Frequency
Amplitude

The test signal is tuned 400 MHz above the BAND CENTER frequency
of the BAND RANGE chosen.

Set the RF synthegized signal generator (tunable reference) as follows:

Frequency
Amplitude

The difference in frequency between the IF signal (D.U.T. frequency
minus the BAND CENTER frequency of the BAND RANGE chosen)
and the tunable reference is called a beat note. By connecting the <1
MHz or <<10 MHz NQISE SPECTRUM QUTPUT to a spectrum ana-
lyzer the approximately 1 kHz beat note can be viewed.

Remove the top cover of the Carrier Noise Test Set. Disconnect the cable to PHASE
LOCK IN (A7J9) on: the Power Supply Board. Connect an SMC to BNC adapter
(HP 1250-0831) to PHASE LOCK IN (A7J9). Attach a BNC to alligator clip
(HP 8120-1292) to the adapter that you just connected to PHASE LOCK IN (A7J9).
Short the alligator clips to simulate a perfect phase lock.

Adjust DSP CNTR (A5R37), on the Phase Lock Board, to center the Phase Lock
Indicator. A green LED should be displayed in the center of the indicator. '

(o

Connect the AUX NOISE OUTPUT, on the front panel, to LOOP TEST PORT IN
on the rear panel. Two red LEDs should appear, one on either side of the center
green LED. If the red LEDs are not illuminated adjust DSP DEV (A5R35) on the
Phase Lock Board until the two red LEDs are visible. For optimum resolution no
more than two red LEDs should be illuminated.

Fine adjust DSP CNTR (A5R37) until the red LEDs have equal intensity on both
sides of the center green LED,

Remove the cable to the LOOP TEST PORT IN connector. Remove the short from
the PHASE LOCK IN connector on the Power Supply Board and reconnect the
original cable (W6) to the PHASE LOCK IN connector.

. Set the LOCK BANDWIDTH FACTOR, on the front panel, to 1.

. Adjust DSP DEV (A5R35), on the Phase Lock Board, until the Phase Lock Indica-

tor displays four (4) red LEDs to either side of center. The indicator may have to be
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ADJUSTMENTS

PHASE LOCK INDICATOR ADJUSTMENT (cont'd)

Procedure shaded to view the LEDas. The Phase Lock Indicator now displays maximum

(cont’'d) display deviation. The D.U.T. and the tunable reference must not phase lock during
the adjustment. If they phase lock while making the adjustment, disconnect the
FREQ-CONT X-Q8C cable, on the rear panel of the Carrier Noise Test Set, then
reconnect.

. Increase the frequency of the tunable reference by 5 MHz to unlock the display. A
red LED should be illuminated to the left of the center green LED. If the red LED is
not illuminated adjust UNLK DSP (ASRS) until the red LED lights.

. Decrease the frequency of the tunable reference by 5.001 MHz.
. Be sure the LOCK BANDWIDTH FACTOR is set to 1.

. Preas then releage CAPTURE to enable phase lock. If phase lock is aquired go to
step 16. If phase lock was not aquired proceed as follows:

The tunable reference must be tuned cloger in frequency to the IF frequency (fir =
faut — fhand center trequency). Press CAPTURE while tuning the tunable reference in
1 kHz steps. Watch the phase lock indicator on the Carrier Noise Test Set. When the
LED’sontheindicator all light up, reduce the resolution of the tunablereference by
a factor of 10,

NOTE
Connect the spectrum analyzer to the <10 MHz OUTPUT, on the Car-
rier Noise Test Set, if difficulties occur in determining the direction to
tune the tunable reference to acquire phase lock.

The signals displayed on the spectrum analyzer represent the frequency
difference between the two inputs to an internal mixer/phase detector
in the Carrier Noise Test Set. The signals will decrease in frequency to
de when tuning towards phase lock and increase in frequency when
tuning away from phase lock.

Press CAPTURE and tune in this reduced resolution. Watch the red LEDS on the
Carrier Noise Test Set phaselock indicator step through one side of the display — to
the green bar — then to the other side of the display. Again reduce the resolution on
the tunable reference by a factor of 10. Tune in this finer resolution until the green
LED ig illuminated. When the green LED ig illuminated release CAPTURE.

. Hold CAPTURE in and increase the tunable referencein 10 Hz steps until the loop
becomes unlocked, Watch the phase lock indicator. The red LEDs should fully light
one at a time and move to the right. When thelagt LED igilluminated and you tune
further the entire indicator should dimly light.

With CAPTURE pressed decrease the tunable reference in 10 Hz steps. The dimly
illuminated indicator ghould change back to the red LEDg one at a time fully
illuminated and moving to theleft. When the last LED on theleftisilluminated and
you tune further, the entire indicator will dimly light.
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PHASE LOCK INDICATOR ADJUSTMENT (cont'd)

Procedure 17. When the last LED on the left or right lights and the tunable reference is increased

{cont'd) or decreased further, the indicator should immediately dimly light. If the indicator
goes blank adjust DSP DEV (A5R35), on the Phase Lock Board, so thelast LED on
the right or left is illuminated. Tune further and the entire indicator should dimly
light.

. If DSP DEV did not need adjustment go to step 19. IFDSP DEV was adjusted repeat
steps 12—17 because the adjustments UNLK DSP and DSP DEV are interactive.

. Set the LOCK BANDWIDTH FACTOR, on the front panel, to 100.

. Press and hold CAPTURE while tuning the tunable reference using a 100 Hz
resolution. Tune until the tunable reference and D.U.T. are phase locked {green
LED). Release CAPTURE. If the display changes to a red LED adjust OFF AD
(A5R34) ,on the Phase Lock Board, to center the display (green LED). If the display
remains centered do not adjust OFF AD.

. Set the LOCK BANDWIDTH FACTOR to 10. If the center green LED stays
illuminated go to step 22. If the center green LED doesn’t stay illuminated repeat
step 20 with a 10 Hz resclution.

. Set the LOCK BANDWIDTH FACTOR to 1. The center green LED should stay
illuminated. If the center green LED doesn’t stay illuminated repeat step 20 with a
1 Hz resolution.

. Usethe following procedure to verify if the adjustment for UNLK DSP is calibrated
correctly:

Enter Program 1 into a computer or controller that runs basic. Insert the correct
select code and HP-IB address, for your Carrier Noise Test Set, into the SPOLL
function. The HP-IB address of the Carrier Noise Test Set is factory preset to 06.
The user can select the HP-IB address by changing the position of the HP-IB
address switches on the rear panel of the Carrier Noise Test Set. (Refer to Section I1
paragraph 2.7, HP-IB Address Selection, for further information.)

PROGRAM 1

10 A = SPOLL(###) (### = Current Carrier Noise Test Set select
20 DISP A code and address.)
30 GOTO 10 Example: 706

T=Select code

06=Address

This program monitors the status byte of the Carrier Noise Test Set and displays
the equivalent decimal value. The status of the phase lock detector sent out over
HP-IB should agree with the phase lock indicator on the front panel, Table 5-2
defines the status hits and their decimal equivalents for the two phase lock
conditions.
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PHASE LOCK INDICATOR ADJUSTMENT (cont'd)

Procedure Table 5-2. Phase Lock and Unlock Status Bils
(cont'd)

Phase Status-Bits-Binary Output
Condition 0i0B | DIOT | DI0G | OIS | DIQ4 | DID3 { DI02 | DIN Decimal*

unlocked | O [ O | O [ O | O [ 1 [0 |0 4

lacked 0 0 0 0 0 0 1 0 2
(green bax)

*If no other bita are logical one.

24. Setthe Carrier Noise Test Set to the phase lock condition (green LED is lluminated
on the front panel phase lock indicator).

25. Run Program 1 and compare the number displayed on the computer to the phase
condition of the phase lock indicator on the Carrier Noise Test Set. A decimal 2 is
displayed when in the phase lock condition.

. Increasethe frequency of the tunable reference by 1 MHz. Verify that the unlocked
condition (red LED adjacent to the left of the green LED) is detected by the
microprocessor. A decimal 4 should be displayed on the computer.

If the number ( 2 or 4) displayed on the computer does not corregpond to the phase
lock condition, displayed on the front panel phage lock indicator, perform steps
12—18 again. Perform steps 28—26 to verify the adjustments.
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5-8. OPTION SWITCH ADJUSTMENT
Reference Service Sheet 6

NOTE
If a filter is added to the Carrier Noise Test Set the inputs to the Option
Switck (81), on the microprocessor board, need to be changed.

Description The five (5) input switch (81), on the microprocessor board, defines the optionsinstalled
in the Carrier Noise Test Set. The switch should only be adjusted when the options are
changed or the switch is being replaced.

Procedure 1. Take off the bottom cover of the Carrier Noise Test Set

2. Unscrew the three Pozidriv screws, on microprocessor board (A9), to access the
component gide of the board.

Locate the five (b) input switch (81) near the front panel. Table 5-3 defines the
switeh positions. The 0 and 1 logic levels are etched on the board on either side of
the switch.,

Table 5-3. Definitlon of Option Switch 51

Switch Input Tatal Number of Bandz in-
Logic Levels the Carrier Noise Test Set

#3

b

- A i i R S SN R = )
mre

MM m oo O RO, OO S S A

0
0
0

1
1
1
1

O -3 Oy O f QO b = =

9 (exceeds capacity)
10 (exceeds capacity)
11 (exceeds capacity)
1
1
1
1

AM iz not ingtalled
AM is installed

0
1
1
1
1

0
0
0
0
X

O b bd b b b bd b b BE bd b bd bd b4 b b4 R

*
A e e e i i e R o

X
t

X =Don't care

4, If afilteris added to the instrument, switch S1 to the corresponding logic levels for
the total number of filters in the Carrier Noise Test Set. ‘
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ADJUSTMENTS

OPTION SWITCH ADJUSTMENT (cont'd)

Procedure 5. Verify that the microprocessor recognizes the change by presging the BAND
(cont’d)

RANGE button of the newly installed filter. The filter switch will click on and the

LED on the BAND RANGE button will light if the microprocessor has acknowl-
edged the new filter.

6. Reinstall the screws on the microprocessor board and replace the bottom cover.
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5-8. ATTENUATOR AT1 SELECTION

Reference Service Sheet 1

Description The attenuator (AT1) is a factory selected component. The purpose of the attenuator is
to guarantee a power level of +26.5 dBm to +28.0 dBm to the comb generator for

optimum operation. These procedures guide you in the selection of the attenuator and
give installation instructions.

SPECTRUM ANALYZER

RF SYNTHESIZED
SIGNAL GENERATOR

(STEPS 4,5 AND 9)

* 640 Mz
IN

F— | oggggesgjec O

B coooo 0 3 o) Q_{_‘)

HP 117298 OUTPUT

CARRIER NDISE
TEST SET

Figure 5-3. Aftenuator Selection Test Setup

Equipment RF Spectrum Analyzer HP 8566A
RF Synthesized Signal Generator HP 8662A (Option 003)
20 dB fixed attenuator SMA (m,f) HP 8493C (Option 020)

Procedure 1. Takeoffthe top cover and the left side panel (as viewed from the front) of the Carrier
Noise Test Set.

Loosen the four (4) screws, on the left side of the instrument, that hold the power
amplifier (A11) in place. The power amplifier should now slide when the cables are
loosened.

Locate the comb generator G1. Loosen the output connector of the comb generator.
Dizconnect W24 from the igolator (ATZ2), then connect the 20 dB attenuator to the
isolator. Connect alow loss microwave cable (semirvigid ox Gortex) from the attenn-
ator to the gpectrum analyzer. Tighten all connectors.

Measure the power level of each 640 MHz harmonic (up to 17.28 GHz), out of the
comb generator G1, with the spectrum analyzer.

If the power level of any comb line is less than —16 dBm continue to step 5.

if the power level of each comb line is —16 dBm or greater the attenuator does not
need to be replaced, therefore do not continue with these procedures.

Remove the attenuator from the isolator. Reconnect the igolator to W24, Connect
the output of the power amplifier assembly (A11) to the 20 dB attenuator. Measure
the power level of the 640 MHz signal with the spectrum analyzer. Record the power
level below.

Power out of Power Arplifier dBm 0 ]
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ATTENUATOR AT1 SELECTION (cont'd)

Procedure
{cont’d)

9.

If the power level iz below +26.5 dBm refer to the troubleshooting information on
Service Sheet 1. (The power, out of the power amplifier assembly (Al1), is too low for
the comb generator to operate.)

If the power level is +26.5 dBin or above, continue with the procedures to replace the
attenuator. Disconnect the 20 dB attenuator from the power amplifier.

Disconnect the attenuator (AT1) from the comb generator G1. If your instrument
does not have an attenuator go to step 7.

Identify the value of the attenuator by locating the 4401 or 4402 number that is
engraved on the attenuator.

4401 iz a 1 dB attenuator
4402 is a 2 dB attenuator

Use the table below to select the attenuator that is required for the output power you
recorded in step 5.

Power out of Power Ampliflar Attenualor Required

Value HP part number

+26.5 dBm to +28.0 dBm No attenuator No part required
+28.0 dBm to +29.0 dBm 1dB HPF 0955-0193
>+29 dBm 2dB HP 0955-0163

Obtain the attenuator required. Connect the attenuator to the power amplifier
(A11) and to the comb generator (G1}. If no attenuator is required, connect the power
amplifier directly to the comb generator.

Measure the output of the comb generator with the spectrum analyzer as in steps 3
and 4. The power level of the harmonics should be —16 dBm or greater.

NOTE
If the power level is correct going into the comb generator but incorrect
at the output of the comb generator, refer to the troubleshooting infor-
mation for the comb generator on Service Sheet 1.

511/5-12
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SECTION VI
REPLACEABLE PARTS

6-1. INTRODUCTION

This section contains information for ordering
parts. Table 8-1 ligts abbreviations uged in the
parts ligt and throughout the manual. Table 6-2
lists all replaceable parts in reference designator
order. Table 6-3 contains the names and addresses
that correspond to the manufacturers’ code
numbers.

6-2. ABBREVIATIONS

Table 6-1 lists abbreviations used in the parts list,
schematicg, and throughout the manual. In some
cases, two forms of the abbreviation are used; one
allin capital letters, and one partial or no capitals.
This occurs because the abbreviations in the paxts
list are always all capitals. However, in the sche-
matics and other parts of the manual, other
abbreviation forms are used with both lower case
and upper case letters.

6-3. REPLACEABLE PARTS LIST

Table 6-1 is the list of replaceable parts and is
organized ag follows:

a, Electrical assemblies and their components
in alpha-nurnerical order by reference designation.,

b. Chassis-mounted parts in alpha-numerical
order by reference designation.

c. Miscellaneous parts.

The information given for each part consists of the
following:

a. The Hewleit-Packard part number,
b. Part number check digit (CD).

c. The total quantity (Qty) in the instrument,
which appears only at the first listing of a partico-
lar part number.

d. The description of the part.

e. A typical manufacturer of the part in a five-
digit code.

f. The manufacturer's number for the part.

6-4. FACTORY SELECTED PARTS (%)

Parts marked with an asterisk (¥) are factory
selected parts. The value listed in the parts list is
the nominal value. Refer to Sections V for infor-
mation on determining what value to use for
replacement,

6-5. PARTS LIST BACKDATING (1)

Parts marked with a dagger (1) are different in
ingtruments with serial number prefixes lower
than the one that this manual applies to directly.
Table 7-1 lists the backdating changes by serial
number prefix. The backdating changes are con-
tained in Section VIL.

6-6. PARTS LIST UPDATING (Change Sheet)

Production changes to instruments made after the
publication of this manual are accompanied by a
change in the gerial number prefix. Changes to the
parts list are recorded by serial number prefix on a
MANUAL CHANGES supplement. Also, parts
list exrors are noted in the ERRATA portion of the
MANUAL CHANGES supplement.

6-7. ILLUSTRATED PARTS BREAKDOWN

Most mechanical parts are identified in Figures
6-1 through 6-7. These figures are located near the
end of the Replaceable Parts table.

6-8. HARDWARE

Both metric and nonmetric screws are used in the
Carrier Noise Test Set.

6-9. ORDERING INFORMATION

To order a part listed in the replaceable parts table,
quote the Hewlett-Packard part number (with the
check digit), indicate the guantity required and
address the order to the nearest Hewlett-Packard
office (see note). The check digit will ensure accu-
rate and timely processing of your order.

To order a part that ig not listed in the replaceable
parts table, include the instrument model number,
instrument serial number, description and function
of the part, and the number of parts required.
Addressa the order to the nearest Hewlett-Packard
office,

6-1
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ORDERING INFORMATION (cont'd)

NOTE
Within the USA, it is better to order
directly from the HP Parts Center in
Mountain View, California. Ask your
nearest HP office for information and
forms for the ‘‘Direct Mail Order
System.”

6-10. RECOMMENDED SPARES LIST

Stocking spare parts for an instrument is often
done to ensure quick return to service after a mal-
function occurs. Hewlett-Packard prepares a “Rec-
ommended Spares” list for this instrument. The

HF 11729B

contents of the list are based on failure reports and
repair data. Quantities given are for one year of
parts support. A complimentary copy of the “Rec-
ommended Spares” list may be requested from
your nearest Hewlett-Packard office.

When stocking parts to support more than one
ingtrument or to support a variety of Hewlett-
Packard instruments, it may be more economical
to work from one consolidated list rather than
gimply adding together stocking guantities from
the individual instrument lists. Hewlett-Packard
will prepare consgolidated “Recommended Spares™
lists for any number or combination of instru-
ments. Contact your nearest Hewlett-Packard
office for details.
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Table 6-1.  Reference Designations and Abbreviations (1 of 2)

REFERENCE DESIGNATIONS

attenuator, isolator]
termination
fan; motor
battery
capacitor
coupler
diode; diode
thyristor; varactor
directional coupler
delay line
annunciator;
gsignaling device
(audible ox visual):
lamp; LED

alternating current
accessory
adjustment
analog-to-digital
audio frequency
automatic
frequency  control
automatic gain

amplitude modula-

amplifier

automatic phase
control

assembly

auxikary

average

American wire

binary coded

beat frequency
oscillator

binder head

breakdown

bandpass

bandpass filter

brass

migecellaneous
electrical part

circulator
electrical connector
(stationary portion);

coil; inductor
meter

mechanical part

electrical connector
(movable portion};
plug
transistor: SCR;
tiode thyristor
resistor
thermistor
switch
transformex
terminal board
thermocouple
test point

ABBREVIATIONS

coefficient

composition
complete
connector
cadmium plate
cathode-ray tube
complementary
transistor logic
continuous wave
clockwise
centimeter
digital-to-analog
decibel
decibel referred
to 1 mW
direct current
degree (temperature
interva)l or differ-
ence}
degree (plane

degree Celsius
(centigrade)

. degree Fahrenheit

degree Kelvin

deposited carbon

detectox

diametey

diameter (used in

parts list)

DIFF AMPL , . differential

am plifier

doubie-pole,
double-throw

electronic data
processing

electrolytic

encapsulated

external

Tarad

fillister head

. . frequency modulation

front panel
frequency
fixed

gram
germanium
gigaheriz
glass
ground(ed)

heterodyne
hexagonal

high frequency
mercury

high
Hewlett-Packard
high pass filter
hour {used in

high voltage
Hertz

integrated circuit
inside diametex

LO ...

irtegrated circuit;
microcircuit
electron tube
voltage regulatox;
breakdown diode
cable; transmission
path; wire

erystal unit (piezo-
electric ©r quariz)

. tuned cavity: tuned

cireuit

internal

kilogram

kilohertz

kilohm

kilovolt

pound

inductance-
capacitance

. light-emitting diode

low frequency
long

limit
linear taper {used
in parts list)

lock washer
low; local oscillator

LOG . .. . logarithmic taper

MET FLM

(used in parts list)
logrithm(ic)
low pass filter
low voltage
meter (distance)
milliampere
maximum
megohm
meg (106} (used

in parts list)
metal film

MET OX .. metallic oxide

MF ...

medium frequeney:
microfarad (used in
parts list)
manufacturer
milligram
megahertz

DSE ..., . double sideband intermediate millihenry
DTL .... diode transistor frequency mho

counter-clockwise logic impregnated minimum
ceramic DVM . digital voltmeter inch minute ({ime)

channel ECL .... emitter coupled incandescent minute (plane

centimeter logic include(s)

. cabinet mount only EMF , ., electromotive force . input
insulation

miniature
millimetey

NOTE
All abbreviations in the parts list will be in upper-case,
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Table 6-1. Reference Designations and Abbreviations (2 of 2)

HP 11729B

modulator

momentary

metal-oxide
semiconductor

mijllisecond

mounting

meter {indicating

device)

millivelt, ac
millivolt, de
millivolt, peak
. millivolt, peak-
to-peak
millivolt, rms
milliwatt
multiplex
mylar
microampere
microfarad
microhenry
micromho
microsecond
microvolt
microvolt, ac
microvolt, de
mijcrovolt, peak
microvolt, peak-
to-peak
microvolt, rms
microwatt
nancampere
no connection
normally closed
neon
negative
nanofarad
nickel plate
normally open

negative-positive-
negative
. negative-positive
zero (zero tempera-
ture coefficient)
. not recommended
for field replace-
ment
not separately
replaceable
nanosecond
nanowatt
order by deserip-
tion

outside diameter
oval head
OP AMPL operational

amplifier

peak (used in parts
list)
. pulse-amplitude
modulation
printed cireuit
pulse-code modula-
tion; pulse-count
modulation
pulse-duration
modulation
pleofarad
phosphor bronze
Phillips
positive-intrinsic-
negative
peak inverse

PH BRZ
PHL
PIN

oscillator
phase modulation
positive-negative-
positive

polystyrene
porcelain
. Ppositive; position(s)
(used in parts list)
position
potentiometer
peak-to-peak
peak-to-peak (used

in parts list)
pulse-position

modulation
PREAMPL ... preamplifier
PRF . ... pulserepetition

frequency

pulse repetition

picosecond

point

pulse-time
meodulation

pulse-width
modulation

peak working
voltage
resistance-
capacitance
rectifier
reference
regulated
replaceable
radio frequency
radio frequency
interference
round head; right
hand '
resistance-
inductance-
capacitance
. rack mount only
root-mean-square
round
read-only memory
rack and panel
reverse working
voltage
scattering parameter
second (time)
second (plane angle)
stow-blow (fuse)
(used in parts list)
silicon controlled
rectifier; serew
selenium
sections
semicon-

superhigh fre-

silicon

silver

slide

. signal{o-noise ratio

single-pole,
double-throw

spring

sphit ring

single-pole,

single-throw
single sideband
stainless steel

standing-wave ratio
syhchronize
T . . timed (slow-blow fuse)
tantalum
temperature

compensating

NOTE

All abbreviations in the parts list will be in upper-case.

MULTIPLIERS

Abbreviation

srmuERgeagNEQS

Prefix

tera
giga
mega 106
kilo 103
deka 10
deci 10—1
centi 10—2
milli 1038
micro 106
nano 109
pico 1012
femto 1015
atto 10—18

Mukltiple

1012
109

time delay
ferminal

thin-film transistor
toggle

threag

through

titanium

tolerance

trimmer

transistor

. transistor-transistor

television
television interference
traveling wave tube
micro (10'6) (used
in parts list)
. microfarad (used in
parts list)
ultrzhigh frequency
unxegulated
ol
voltampere
volts, ac
variable
. voltage-controlled
oscillator

UHF .,

volts, de, working
(used in parts list)
volts, filtered
variable-frequency
oscillator
very-high fre-

volts, peak

volts, peak-to-peak

volts, rms

voltage standing
wave ratio

voltage-tuned
oscillator

vacuum-tube
voltmeter

volts, switched

working inverse
voltage
wirewound
without
yitrium-iron-garnet
characteristic
impedance
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Table 6-2. Replaceable Parts

e, Tl 0000 a0 40000011l 02 ik o b A =

Replaceable Parts

Heference
Designation

Qty

Description

Mir Parl Number

Al
AC1

A5
ATDS2
ATDS3

At

ATHPT
ATHMPZ

ATR1
AtRZ
ATRZ
AlRA
ATRS

A1RE
AR
A1RE
A1RD
MR

AlEl

AlDI
AlU2

ATRDST
A1 X052
A1XDS3

LY
AZC1

AZD51
AZDS2
AZO5Y
AZD54
AZDS5

AZDSE
AZDST
AZDSH
AZD5D
A2D510

aZ0E11
A20312
AZDE13
AZD514
20315

AZDS1E
AZDS1T
AZD518
AZDS14

Az

AZMPY
AZMPZ
AZMPY
AZMPS
AZMPS

AZIMPE
AZMET
AZBP8
AZMPa
AZMP10

11729-80011
0180-2617

1980-0759
1890-0759
18900688

1200-0508

5041-0377
12514458

0E60B=7281
0688-7235
0GOE-T7220
0608=7220
0688=7220

0608- 7220
0E688-7220
0BBE-7220
0Eoe-7220
0B98-7220

SOE0-9436

1826-0655
1826-0276

1260-0507
1200-0507
11724-80004

11723-60007
0iBG=0116

1980 -0665
1990 -0BES
188900865
1880-0565
15090-0665

1890-0665
1990-0655
1990-0BR5
1990 -DE6S
1980 -0565

1990-0665
1990-066%
1990-066S
1990 -0EES
1990 -0EED

19590 -0BES
1950-068%
1990 -0665%
1990 -0665

1281-87322

S041=0252
5041-0252
5041 -0252
5041-0252
5041 -0252

5041-0352
5041-0352
5041-0352
5041-0352
5041-0362
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RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTUR

RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR

LEL-LAMS
LEO-LANP
LEDO-LARF
LED-LANP
LED-LARF

LED-LAME
LED-LAME
LED=LAMP
LED-LAMF
LED=LAMP

LED=-LAMP
LED=LAMP
LED-LAMP
LED-LAMP
LED=LAMP

LEO-LAMP
LED-LANP
LEDLAMP
LED=LARHRP

KEY (AP
KEY AP
KEY LAP
KEY CAR
EEY CAP

KEY CAP FULL 5K
CLIP-CABLE PLUG RTNG-DUAL IMLINE 14 CONT

g19 4% 05U
909 1% .o5u
215 1% .05
215 4% .05
2ig 1% .05

215 1% 05U
215 1% .05u
2i5 1% .05W

F
F
F
F

215 1% 05U F
F
F
F

2i5 1% .05W F

PUSHBUTTON SUITCH P.C.

IC 18-DIP-P PKG
IC 78L0%A V RGLTR TO-32

LUR-INT=1MCD
LUr-INT=1HCD
LUM-INT=1HCD
LUM-INT=1HCD
LUM-INT={HED

LUM-INT= 11D
LUM-INT={HCD
LuM-INTe {HED
LUM-INT=1MED
LUM-INT=1HCD

LUM-INT=1HCD
LUM-INT=1HCD
LUM-INT=1HC0
LUM-INT=1HCD
LUM-INT«1HCD

LUM-INT~1HCD
LUM-INT=1RCE
LUM-INT=1HCE
LuM-INT =100

INDICATOR BOARD ASSERBLY

CAPACITOR-FXD &.8UF+-10% JGVIC TA
LED-LIGHT BAR MODULE LUM-INT=3fCD
LED-LIGHT BAR MODULE LUM-INT=3tCD
LED-LIGHT BAR MODULE LUM-INT=201CD

S0CKET-IC 14-CONT DIP-SLOR

TC-0+-100
TCal+-100
Tt=0+-100
TCe0+-104
TE0+-104

TC«0+-100
TC+0+-100
TE=0+-100
TCeO+-100
TC=0+-140

HOUNT

SOCKET-IC 16-CONT DIP-SLOR
SQCKET-IC 16-CONT DIP-5LODR
SKT, STRP 4 CONT
FRONT PANEL KEY AND DISPLAY BOARD

CAPACITOR-FXD 6. 8UF+- 16X JSVOC TA

IF s 2QriA-TIAX
IF=20rA-HAX
IF e 20MA-HAX
IF«20MA-MAX
IF=20M4-MAX

IFe20MA-HAX
IF=20MA-MAX
IF=Z0MA-FIAX
IF = 20MA-MAX
IF=Z0MA-HAX

IF «20MA-MAX
IFa20MA-MAX
IF-20nA-HAX
IFa20MA-HMAX
IFaZOMA-MAX

IF«20MA-MAX
IF«20MA-HAK
IF s 20RA-NAR
IF «20HA-HAR

CONNECTOR S0-PIN M POST TYPE

BVR=5V
BVR=§V
BVR:=5V
BVR:=5V
BYR=GV

BVRGY
BYR=GV
BYR:GY
BYR=EY
BVRaGV

BVR=SY
BYR=GY
BVR=&Y
BVRGY
BYR=5V

BYR=5Y
BVR=5Y
BVR=5Y
EVR=5Y

1/4 FOR LOCK BANCWIDTH SWITCHES
1/4 FOR LOCK SANDWIDTH SWITCHES
174 FOR LOCK BAMDWIDTH SWITCHES
1/4 FOR |LOCY SANDUIDTH SWITCHES
174 FOR LOCK BANDWIDTH SWYYCHES

EEY
KEY
KEY
KEY
EEY

cap
Cap
Lap
TAP
Cap

FOR
FOR
FOR
FOR
FOR

FILTER SUITCHES
FILTER SWITCHES
FTLTER SUITCHES
FILTER SWITCHES
FILTER SWITCHES

11728-80011
DEREGSS1B3SK

HLMP«ZBZ G
HLMP - 2620
LM - 2500

1200-0%08

50410377
1251-4459

C3-1/8-70-6]9R-F
C3-1/8-T0-9Q9R-F
C2-1/8-T0-215R-F
C3-1/8-T0-216R-F
CR-1/8-TQ-2VER-F

£3-1/8-TQ-215R-F
£a-1/8-TQ-215R-F
£3-1/8-TQ-Z15R«F
C3-1/8-T0-215R-F
€3-1/8-T0-21GR-F

5060 -9438

LR3a140
HE7BLOSACP

1200-0807
1266-0807
117729-80004

+1729-60007
L GOQBBSXE0 3582

1990 -DBES
1990 - 0665
1880 - 0B65
1980 - 0665
1930~ 0565

1990 - 0685
19900665
1930 -DEES
1520+0665
1990 -0666

1990- D665
1990-0665
19900865
19900685
1990+0665

1990-0665
1930-0665
195800665
1330 -0865

1251 -5722

5041-0262
5041-0262
5041-0262
5041-0262
5041-0262

2041-0353
041-0353
5041-0352
2041-0302
£041-0352

See introduction to this section fer ordering information

tBackdating information in Section VII




Replaceable Parts HP 11729B

Table 6-2. Replaceable Parts

Reference -
Designation Qty Description Mfr Part Number

KEY LAP FOR FILTER SWITCHES 5041-03%2
KEY €AP FOR FILTER SWITCHES S041-0352
KEY €AP FOR FILTER SWITCHES S041-0352
KEY CAR (FODE) S041-2811
KEY CARP (LOCAL) S041-2812

AZMP1 S041-03%52
AZHPIZ s041-0352
AZRPYZ 5041-0382
AZHR1 4 S041-2011
AZNP1E s041-2012

NETWORK-RES 10-5IPE8.0 OHM X 9 210AEE0
NETWORK-RES 10-SIPES.0 OHM X 9 210AGE0
NETWORK-RES 10-5IPES.0 CHR X & Z210ABBG

AZR1 1810-6397
AZRZ 1810-0387
AZRZ 1810-6397

HOUNT S060-9436
FOUNT 5060-9436
HOUNT 5060 -9436
HOUNT 5060 -9436
HOUNT 5060-9436

FBUSHBUTTON SWITCH
FUSHBUTTON SWITCH
PUSHBUTTON SWITCH
PUSHBUTTON SWITCH
PUSHBUTTON SWITCH

AZE1 5060-9436
A2E2 B060-8436
A2E3 S060-8436
AZE4 BOGG-9436
h2ES 5060-9436

. MOUNT S060-9438
. MOUNT 5060-9436
+ MOUNT 5060 -9436
. MOUNT 5060 -9436
. MOUNT 5060 -9438

PUSHBUTTON SWITCH
PUBHBUTTON SWITCH
PUSHBUTTON SWITCH
PUSHEUTTON SWITCH
PUSREUTTON SWITCH

AZSE B060-9436
A257 5060-9436
A258 5060-9436
AZES 5060-8436
A2510 S060-9436

B I e R | RV N | o O OO o0 et 0 29 40

poD®® PDDDD
OO0 00 [¥ 24 Re e lal [a e ReleNe]

. HOUNT S060-9436
. FDUNT S0E0=9436
. FIOUNT 5060 -9436
. HQUNT 5080-9436
» HOUNT S0G0=-9436

AZEM 50650 - 9436
AzZS12 5060 - 9436
AZE13 5060 -5436
AZSTE 50609436
2515 $060-8436

PUSHBUTTON SWITCH
PUZHBUTTON SUTTCH
PUSHBUTTON SWITCH
PUSHBUTTON SWTTCH
PUSHBUTTON SWITCH

R B BN S B |
Topum

(=1

AZTPY 0360-0535% TERMINAL TEST PRINT PCB ORDER BY DESCRIPTION

AZI! £199-000% RESISTOR-ZERO OHMS 22 AWG LEAD DIA 8158-0005

L=

A3 11729-60004 LOW FASS FILTER BOARD ASSEMBLY 11728-60004
CAPACITOR-FXD 20PF +-5% 200VDC CER 0+-30 0160-4767
CAPACITOR-FXD 330PF +-5% 300VDC HICA 0160-2208
CAPACITOR-FXD 330PF +-S% 300YDC MICA 0160-2208
CAPACITOR-FXD 270PF +-8% 300VDC MICA OM1SF271J0300WVICR
CAPACITOR-FXD Z70PF +-5% 300VDC RICA BHISF271T0300WVICR

A3 RIG0-4767
A302 Gi6D-2208
AZC3 D1GD-2208
AzCa Q140-0210
AZCH 4R-4210

FILTER-LOUW PASS LEADS-TERHS 9135-0174
FILTER-LOW PASS LEADS-TERMS 9135-0174

AZFL1 9135-0174
AJFL2 9135-9174

W R B W

CONNECTOR-RF BHE H PG 50-0dHH 1250-1220
CONNECTOR-RF SHC M PC S0-0HM 1250 -1220
COMNECTOR-RF SMC M P S0-0HM 1250-1220
COMNECTOR-RF SMC M PC 50-0HN 1250-1220
CONNECTOR-RF SMC M PC 50~0HM 1250-1220

AT 1280-1220
A3T2 1280-1220
AT 1260-1220
A3J4 1260-1220
AITS 1250-1220

ARTE 1250-1220 CONNECTOR=RF =MC M PC S0=0HM 1250-1220

AR oda0-1o013 RELAY-REED 1C 250MA ZBYDC SYOC=COIL dva 0asn-1013
IROUCTOR RF-CH-MLD S20NH 10X 91 atr - 0004
INGUCTOR RF=CH-MLD 1.2UM 10% g100=1615
IHDUCTOR RF=CH=MLD GHOWH 10X 9140=-0004
INDUCTOR RF-CH-MLD 82UH 5% .166DX.385LG B140-0238
INDUCTOR RF-CH-HLD 12U 10X . 186DX.385L8 9140-0178

ALY 9140-0094
AdL2 9100-1615
AJLZ 9140-0094
A3L4 §140-0238
AXLS 8140-0178

INDUGCTOR RF-CH-MLD Y30UH 5% .1660X.385LG S100-1638
INDUCTOR RF-CH-HLD 52UH 5% . 1660X. 38506 91400238

AJLE F100-1638
AIL7 9140-023%

19%-IN-ID 2180-0124
195-IN-I0 2190-0124
»195%-IN-ID 2190-0124
195+« IN-1D 2190-0124
A95~IN-1ID 2190-0124

A3MPY 21600124
A3HPZ 2190-0124
ASHPE 21800124
AZHP4 2130-0124
AHPS 2190-01Z4

WASHER-LK INTL
WASHER-LE INTL
WASHER-LEK INTL
WAZHER-LK INTL
WAZHER-LK INTL

LT R g S LI O LF O 00 O [ (=3 (== R ]

185-IN-ID 2180-0124
A95-IN-TO 2190-0124
A9%-IN-I0 2180-0124
A9%-IN-1I0 2190-0124
. 195-IN-1D 2150-0124

AHPE 2120-0124
RINDT 2190-0124
AIHPE 2180-0124
A3nPE 2180-0124
AZHP 10 2190-0124

WASHER-LK INTL
WASHER-LK INTL
WASHER-LE INTL
WATHER-LK INTL
WASHER-LKE INTL

A AAAA

FF N Y

WAZHER-LE TNTL T MO, . 19%-IN-ID Z1sC-0124
WASHER -LE INTL T . 185+IN-ID 2180=0124
NUT-KEX-DBL ~CHAM 10-32-THD .087-IN-THE 2850-0078
HUT=HEX=DRL=CHAM 10=32=-THD , 0G7-IN-THK 2B50-0078
NUT-HEX~GEL~CHAM 10«32-THD ,067-IN- THE Z050-0078

APt 2190-0124
AJNPY 2 2180-0124
AJHPI 3 2050-0078
A3hP1d 2950-0078
ARG 2850-0078

(1=l =i n I T

See introduction to this section for ordering information
tBackdating information in Section VII




HP 11729B

Table 6-2. Replaceable Parts

Replaceable Parts

Reflerenca
Designation

HP Part
Number

Qty

Description

Mfr Part Number

AJMP1G
AZHP17
AZMP1 8
ASMPS
ABHMP20

A3MPZY
AGMP22
AZNMP23
A3tR2d
ARG

AJrP2E
A3MP27
AJNPEE
AdMP29
AZHPI0

AIMPII
AJHPIZ
A3MPE3
AZNP34
AP35

A3R1
AdRZ
AJR3
A3R4
ARG

2950-0078
2950-0078
2950-0078
2950-0078
2050-0078

2950-0078
2950-0078
29%0-0078
2950-c078
11729-20016

A050=-0079
3050-0079
3050-0079
2050-0079
3050-0079

2050-0078
2190-0008
2190-0008
2580-0002
2580-0002

DBAB-720%
0757-0417
Q787-0417
0888-0053
0E58-0089
0§15-0208

2186-0003

11728-60002

0180-2617
0180-2617
D1B0-0578
0160-3830
0160-3830

M BR-HS7T
IE0-0576

1901-0080
1901 -0050
1801 -0050
1901 -0050
1901-0050

1901 -0050
1801 -04540

0490-081E
0490 -0%15

9100-1626
HE0- 1826

2049-6852
5000-9043

0757-0442
0757-0442
b757-0442
0757 -0ans
#100-2514

0757-0438
0757-0458
0757-0280
017570442
0757-0280

(=R ]
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L= [l ) Lk O L) G ga) th

NUT-HEX-DBL -CHAM 10-32-THD ,0B7-IN=THK
NUT-HEX-DBL -CHAM 10=32-THD ,0B7~IN=THK
NUT=HEX-DBL-CHAM 10=32-THD ., 067-IN=THK
NUT -HEX-DBL -CHAM 10=32=THD . 087-IN-THK
NUT-HEX-DBL-CHAM 3G=32-THD ,0&7-IN-THK

NUT -HEX-DBL -CHAM 10=32-THD .067-IN~THE
NUT-HEX-DBL -CHAM 10-32-THD .067=IN=THK
NUT-HEX-DBL-CHAM 10-32-THD .087=IN«THE
NUT-HEX-DBL -CHAM 10-32-THD . CE7=IN=THK
LOW PASS FILTER CAN

WASHER-FL NH ND,
WASHER-FL NM ND,
WABHER-FL NM NO,
WASHER-FL NM NOQ,
WASHER-FL NIt NO.

084-IN-1D . 188-IN-0D
094-IN-ID . 198-IN-0D
084-IN-I0 . 188-IN-0D
024-IN~ID . 182-IN-0D
. 094-IN-10 . 788-IN-0D

WASHER=FL NM NO. .094=IN-ID ,188-IN-0B
WASHER=LK INTL T NO. & .188-IN-ID
WASHER=LK. TNTL T NO. & .188-IN-ID
NUT-HEX=DBL -CHAM §-32-THD .085-IN-THK
NUT-HEX.-DBL -CHAM §-32-THD .085-IN-THK

RESISTOR &7.1 1% 050 F YCe0+-100
RESISTOR 562 1% .i28U F ¥Ce0+-100
RESISTOR 662 1% . 126U F TCa0+-100
RESISTOR 1,9BK 1% 1250 F TC=0+-100
RESIETOR 1, 78K 1% .50 F TC=0+-100
SCREW-MACH M3 X 0.5 14MM=LG FAN-HD
(USED TO FOUNT THE A3 ASSEFBLY TO
YHE PECK)

WAZHER-LK HLCL NO. 4 ,118-IN-ID
[USED TO FMOUNT THE AZ ASSEMBLY TO
THE DECK)

NGT ASSIGNED

PHASELOCK BOARD ASSEMBLY

CAPACITOR=FXD B,BUF+-10% 35VDE TA
CAPACITOR=FXD &,8UF+-10% 35VDC TA
CAPACITOR-FAD ,1UF +-20% 5S0VOC CER
CAPACITOR-FXD SUF +-10% S0vOC MET-POLYC
CAPACITOR-FXD SUF +-10% SOVOC MET-POLYC

CAPACITOR-FXD 470PF +-20% 160vDC CER
CAPACITOR-FXD 1UF +-20% SOVDC LER

DIODE-SWITCHING 2OV 200MA 2NS DO-35
DIODE-SWITCHING 2OV 200MA 2NS DO-35
DIODE-SWITCHING 80V 200MA N5 D0-35
DIODE-SWITCHING 80V ZOOMA 2NS DO-35
DIODE-SWITCHING BOY 200MA 2MS DO-35

DIODE-SUITCHING 8OV 200MA 2NS DO-3%
OICOE-SWITCHING R0V Z00HA 2NS DO-33

RELAY-REED 1A SOOMA 100VDC SVDC-LOIL
RELAY-REED 1A S00MA 100VDC SVDC-2ofL,

INDUCTOR RF=CH-MLD 38UH S% .1860X_385LG
INDUCTOR RF=CH-MLD 3BUH 5% . 180X, 385LG

EXTRACTOR, DRANGE
PIN:P.C. BOARD EXTRACTOR

RESISTOR 10K 1X .12%W F TCa+-100
RESISTOR 10K 1% 125U F TC=D+-100
REBISTOR 10K 1% 125U F TC=0+-3100
RESTSTOR 100K 1% 125U F TCaQw-100
RESISTOR«TRMR 20K 10% C SIDE-ADT 1-TRN

RESISTOR . 11K 1% 1250 F TCeQ+=100
RESISTOR $1.1K 1% 1250 F 7G=0+-100
RESISTOR 1K 1% (125U F TCxO#-100
RESISTOR 10K 1% 1250 F TCe0+=100
RESISTOR 1K t% 1250 F TCxOs-100

Z950-0073
Z050-0078
2950-0074
2830-0072
29500078

2950-0078
2O50-0078
2850-0078
2950-0078
11729-200186

3050-0078
3050-0079
30%0-0078
J0S0-0079
3050-0078

3050-6079
2190-0009
2140-0009
2560 -0002
2580-0002

£3-1/8-TO-51R1-F
C4-1/8-10-562R-F
C4-1/8-T0-582R-F
C4-1/8-TQ=1861+F
0645-0089
0515-0208

2190-000%

117209-60002

DEREGS1BIGK
PEREGE1DISK
D160-0%76
0160-3830
0160-2230

0160-0571
0160-0578

1801-00%0
1801-00%0
1801 =0050
1401-0050
1801-0050

1901 -0p50
18501 -0050

0440-0918
0480-0916

9100-1626
9100-1676

5040 -6853
5000-8043

C4-1/8-T0-1002-F
C4-1/8-TO-1002-F
C4-1/8-TO-1002-F
C4-1/8-T0-1003-F
ETS0L203

Ca-1/8-T0-5111-F
Ca-1/8-10-5112-F
C4-1/8-T0-1001-F
Cd-1/8-TO-1002-F
Ca-1/8-TR-1G01-F

See introduction to this section for ordering information
TBackdating information in Section VII




HP 117298

Replaceable Parts

Table 6-2. Replaceable Parts

Referance Mir Part Number

Gty Description

Desighation

0767-0442
0767-046%
0757-0444
0B58-3162
0757-0200

DEDE-3162
0770421
0757-0443
R757-0465
0698-3154

0757-0455
0757-0438
Q757-0481
0757-0438
0757-0438

Q7570280
0757-0421
0757-0443
0757-0465
0757-045%5

B757-0465
0757-0443
A757-044z
2100-281%
2100-2616

0593-3450
2100-2514
0757-046%
0548-3160
0B45-3160

0757-0442
0E48-3440
075704685
07570280
b757-0401

0E28-0052
Q757 0401
0757-0280
0757-0354

0360-0535
0360-0535
0380-053%
0360-053%
D3I6G-0535

0380-063%
(380-0535
0360-0535

1826-0600
1826-0800
1820-1374
1820-1374
1820-1374

1820-1374
1820-1862
1826-0276
1826-6547
1902-0053
1902-0951
11728-60014

11729-goo0a

(=1 =N = )
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RESISTOR 10K 1% 1254 F TCx0+-100
RESISTOR 100K 1% .125W F TL=0+-100

RESISTOR 1Z.1K 1%
RESIGTOR 46.4K 1%
RESISTOR S.62K 1%

RESISTOR 46.4K 1%

L1280 F TC=0+-100
L1250 F TC=0+-100
125U F TEw+-100

JA2EW F TCnO+-100

RESISTOR 82% 1% 1250 F TCa0+-100
RESISTOR 14K 1% .125W F TC=0+-100
RESISTOR 100K 1% . 1254 F TC=0+-100

RESISTOR 4,22k 1%

L1284 F TC=0+-100

RESISTOR 100K 1% L1250 F TC=0+-100

RESISTOR %, 11K 1%
RESISTOR 62,1k 1%
RESISTOR S.11K 1%
RESISTOR &.81K 1%

AZEW F TC=0+=100
AZ5UW F TC=0+=100
1250 F TE=0+-100
AZ5W F TC=Q+-100

RESISTOR 1£ 1% 1250 F FC=0+-100

RESISTOR 825 1% .1250 F TC=0+-100
RESISTOR 11K 1% 1254 F TLeQ+=100
RESISTOR 100K 1% 1250 F TC=0+-100
KRESISTOR 100K 1% L1250 F TC=0+-100

RESISTOR 100% 1% 125 F TC=0+-100
RESISTOR 11% 1% 1254 F TCe0+-100
RESISTOR 10K 1% ,125W F TC=0+-100
RESISTOR-TRMR 360K 10% C SIDE-ADJ 1-TRN
RESISTOR-TRMR 100K 10% € SIDE-ADJ 1+TRN

PESISTOR 42.2K 1% 125U F TCr0+-100
RESISTOR=TRMR 20K 10% C SIDE-ADJ 1-TRN
RESISTOR 100K 1% 125K F TC.0+-100
RESISTOR 21.6K 1% .128W F TCrO+-100
RESISTOR 31.6K 1% .125W F TC=0+-100

RESISTOR 10K 1% .125W F TC=0+-100
RESISTOR 1896 1% .125W F T(=0+-100
RESISTOR 100K 1% 1250 F TC=0+=100
RESISTOR 1K 1% .128W F TC=0+-100

RESISTOR 100 3% .125W F TC=0+-1C0

RESISTOR 464 1% 1250 F TC=0+-100
RESISTOR 100 1% 1250 F TC=0+-100
RESISTOR 1K 1% 1280 F TC=0+-100

RESISTOR §1.1 1% 1250 F TC=0+=100

TERMINAL TEST POINT PCB
TERMINAL TEST POINT PCO
TERMINAL TEST POINT R(B
TERMINAL TEST POINT PCB
TERMINAL TEST POINT FCB

TERMINAL TEST POINT PCB
TERMINAL TEST POINT PCB
TERMINAL TEST POINT PLB

OF AMF LOW-BIAS-H-IMPD QUAD 14-DIR-P
OF AMP LOW-BYAS-H-IMPD GAD 14-0IR-P
SWITCH ANLG QUAD 16-DIP-F PKG
SWITCH ANLG QUAD 16-DIP-P PRG
SWITCH ANLG QUAD 16-DIR-P PKG

SWITCH ANLG QUAD 16-DIP-P PKG

DCOR GHOS BCD-TO-DEC

78L05A V RGLTR T0-82
IC OP AMP LOW-BIAS-H-IMPD DUAL B-DIP-P
DIORE-ZNR 10V 5% D0-35 PD:.au TC#+. 0758
DIODE-2NR 5.1V S% [0-35 FOr &l TCw+.035%
10U NOISE AMPLIFIER ASSEMBLY

LOW NDISE AMPLIFIER B0ARD ASEEMBLY

C4-1/8-T0=1002-F
£4-1/2-T0=1003-F
C4-1/8-To=1212-F
C4-1/8-TQ-4842-F
Ld-1/8-TO-6B21-F

Ca=1/8-T0-4642-F
Ca=1/8-TO-SELR-F
Ca=1/8-T0-1102-F
C4=1/8-TO-1003-F
C4-1/8-T0-4221-F

Ca-1/8=T0-1003-F
C4-1/8-T0-5111-F
C4-1/8-T0=6M12-F
C4-1/8-70-5111-F
C4-1/8-To=6811-F

£4-1/8-T0-1001-F
£4-1/8-T0-825R-F
€4-1/8-T0=1102-F
€4-1/8-T0=1003-F
£4-1/8-T0=1003-F

C4-1/8-T0=1003~F
ta-1/8-T0-1102-F
-1 /8-TO-1002-F
33260-1-104
33EBU-1-104

Ca-1/8-T0-4222-F
ETO0W203

C4=1/8-T0-1003-F
C4-1/8-T0-3162-F
C4-1/8=TO-3162-F

C4-1/8-TQ=1002-F
£4-1/8-TO-196R-F
C4-1/8-T0-1003-F
£4-1/€-70-1001-F
C4-1/8-T0-191-F

C4-1/8-T0=4640-F
Ca-1/8-T0-101-F

C4-1/8-T0-1001-F
CA-1/8-TO-B1RI-F

ORDER BY DESCRIPTION
QROER BY DESCRIPTION
ORDER BY DESCRIPTION
DROER BY DESCRIPTION
ORDER BY DESCRIPTIGN

ORDER BY DESCRIPTION
ORDER BY DESCRIPTION
GRDER BY DESCRIPTION

TLOT4ACN
TLO74ACN
ADTE1ODIIN
ADTE10OTIN
ADTS10DIIN

AD7510DITN
CDADZ8BE
HETBLOSACR
TLOTZACP
1802-0958
1802-0951
11729-60014

11723-60009

See introduction to this section for ordering information
+Backdating information in Section VII




HP 1172198

Table 6-2. Replaceable Parts

Replaceable Parts

Referance
Degignation

Qty

Description

Mir Part Number

ABA1CT
AGA1C2
ABAIC3
ABAYCA
ABATCS

ABA1CE
ABAICT
ABAICE
ABATCE
ABRIEID

Agalcii
AGAIC12

AGATCR]
AGATCRZ
AGATCRI
AGAICRA
AGATCRS

ABATCRG
ABAICR?

AGATDE

ABATEY
AGATEZ

ABATTY
ABAYT2

ABATMPA
ABATHP2
AGATHP3
AGATMPS
ABATHPS

ABATMPE
ABATHP?
4G4 1MPE
ABATRPS
ABATRRID

ASATRPI
ABATRPY 2
ABATHPY
AGATHP14
ABATHP1S

ABATHPIG
AGATHPYT
ABAIMPIE

ABATQI
ABATN2
AGAIO3
AGATCH
ABAIQE

AGATGE
ABATG?
ABA1AS
ABAI0S
ABAIQI0

ABATRY
ABATR2
ABATR3
ABATR4
AGAIRS

AGAIRE
AEAIRT
AGATRS
ABAIRS
AGAIR1O

0180-3348
0180-3384
0180-3345
01803341

0180-3363
0160-3875
0160-3875
DiB0-3346
GtB0-3228

0180-3347
0160-2437

14010050
1801 =005
1401 -0050
1901 -0050
1401 -0050

1901-00%0
1901-0028

§990-0944

9170-0847
9170-2847

1250-1425
1250-1425

120%-0011
1208-0011
120%5-0011
1205-0037
(360-000%

2180-0003
21890-6003
2190-0003
2180-0009
2180-0124

2180-0134
2300-0139
2a00-0139
2200-0138
2580-0002

2950-0078
29%0-0073
11729-20015

1854-0897
1854-0597
18540587

185304230

1854-0597
1854-0%07
1854-0597
1852-040%
1853-0314

0767-0280
0757-044]
0757-0458
0ERE-2183

HEBE-31 80
Q757-0438
0E08-3445
0757-0422
0757-0415

-3 ~p o b

Ao 0000 [ ===

BIRIRY DWW hb B

o

-~ Th o = oo o~ 0 LD

DD B P P

HOT ABSIGNED

CARACITOR-FXD 100UF
CAPACITOR-FXD 100UF
CAPACITOR-FXD 1500UF
CAPACITOR-FXD 330UF

CAPACITOR-FXD 2700UF

CAPAGITOR-FXD 22PF +-5% 200vDC CER 0+-30
CAPACITOR-FXD 22PF +-8% 200vDC CER 0+-30
CAPACTTOR-FXD &80UF

CARACITOR-FXD 100UF +-20% 10VDS AL

CAPACITOR-FRD 330UF
CAPACITOR-FOTHRU S000PF +80 =20% 200V

DIODE-SWITCHING 80V 200MA 2N3 DQ-35
DICDE-SWITCHING B0V 200HA ZNT D0-35
OIODE-SWITCHING BOY Z200MA 2ZNS DO-35
DIODE-SWITCHING 8GV 200MA 2N5 DO-35
DIODE-SWITCHING 80V ZOOMA 2NS DO-35

DIODE-SWITCHING &)V 200MA 2NS DO-35
DICDE-PLR RECT 400V 75CHA DO-28

LED-RED

CORE - SHIELDING BEAD
CORE-SHIELDING BEAD

CONMECTOR-RF SHC M SGL-HOLE-RR S0-0HM
CONNECTOR-RF SHIC M SGL-HOLE-RR 50-0HM

HEAT ZINK TO-5/T0-39-C5

HEAT SINK TO-5/T0-39-CS

HEAT SINK TO-%/T0-39-C8

HEAT ZINK TQ-1£-C5

TERMINAL-SLDR LUG PL-MTE FOR-#B-SCR

WASHER-LK HLCL NO. 4 .118-IN-ID
WASHER-LK HLCL MG. 4 .115-IN-ID
WASHER-LK HLEL NO. 4 .115-IK-ID
WASHER-LE INTL T NO. 8 .168=-IN-ID
WASHER-LK INTL T HO. 10 .135-IN-ID

WASHER-LK INTL T NO. 10 .195-IN-ID

SCREW-MACH @=-40 .25+IN-LG PAN-HD-POZI
SCREW-MACH 4-40 ,25-IN-LG PAN-HD-POZI
SCREW-MACH 4=40 .25-IN-LG PAN-HD-POZI
NUT -HEX =DBL -CHAH 8-22-THD' L 08%-IN-THK

NUT =HEX=DBL -CHAM 10-22-THD , (67-IN-THE
HUT ~HEX=DEL ~GHAM 10-32-THD ,Q87-IN-THK
COVER LOL NOISE AMPLIFIER

TRANSISTOR NEN 2NS84% SI TO-38 PD=1Y4
TRANSISTOR WPN ZNS843 SI TO=30 PDziu
TRANSISTOR NPN 2N5843 I TO-32 PD=1u
HOT ASSIGNED

TRANSISTOR PNP 2n4858 58I TO-72 PDeZOOMU

TRANSISTOR NPM 2NS943 SI T0-39 FR=11
TRANSISTOR NPN 2NS943 51 T0-39 PD=1)
TRANSISTOR NPN 2NS943 51 TQ-39 PD=14
TRANSISTOR PNP 51 PDa300MY FT=850MHZ
TRANSISTOR PHP 2NZ905A ST TQ-33 PD:=GROMY

NOT ASSIGNED

RESISTOR 1K 4% .1250 F TCaD+-10C
RESISTOR 8.25K 1% 1254 F TC=0+-100
RESISTOR S1.1K X L1254 F TCed+-100
RESISTOR 3.83K 1% 125U F TCe(+-100

RESISTOR 2.37K 1% 125 F TCoO+=100
RESISTOR 1.82K 1% 125l F TCx0#=100
RESISTOR 383 1% .125U F TC=0+=100
RESISTOR @09 % 91250 F TCe0+-100
RESISTOR G171 t% 1250 F TC-0+-100

0180-3348
0180-3384
0160-3345
0160-3344

0190-3383
0160-387%
0160-3875
D190-3245
0180-322%

0180-3347
H60-2437

18071-0050
1801 -0050
1901 -0050
1801-0050
1801-0050

1801=0050
1807 -00Z8

1990-6944

D6-590-85/38 PARYLENE COATED
D6-590-65/38 PARYLENE COATED

1280-1425
1260-142%

1205-0011
1205-0011
1206-0011
1205-0037
0360-000%

2t90-0003
2190-0003
2186-0003
2180-0008
2180-9124

2180-0124
2200-0139
2200-0139
2200-0139
2580 -0002

2850-0078
2950-0078
11729-20015

ZNS843
ZNSE43
ZNE843

ZN4asa

2N5943
ZNGD43
2N5243
2N4209
ZN2E05A

C4-1/8-T0-1091-F
£4-1/8-T0-82%1-F
C4-1/8-TO-5V12-F
C4-1/8-T0-3831-F

C4-1/8-T0-2371-F
Ca-1/8-TO-1621-F
£4-1/8-70-383R-F
C4-1/8-T0-009R-F
Ca=1/8T0«G11R-F

See introduction to this gection for ordering information
TBackdating information in Section VII




Replaceable Parts

Table 6-2. Replaceable Parts

HP 117298

Reference
Desighation

Qty

Description

Mfr Part Number

ABATRYY

ABAIRVE
AGRTRYZ
ABATRYA
ABATRIS

AGATRIE
ABATRTY
ABATRE
AGAIRTS
ABARIRED

pEATRZT
AGATRZZ
BEARES
ABATRZA
ABATRES

ABATRIG
ABATRZT

ABATTP1
ABATTRZ
ABATTRI
ASATTP4

AR
ABFIRZ
AGHR2
AGHPG
ABHPS

ABHPE
KEMPT

A7

4761
a7c2
A703
ATCA
a7cst

ATCR
ATCT
arceT
ATCH
AT

A47C11
AIC12
ATC1S
ATCH4
ATC1S

ATC1E
A7
A7C18

ATER
ATCR2
A7CR3
ATCR4
ATCRS

ATCRS
ATCRY
ATCRE
ATCRY
ATCRY0

ATER
ATCRIZ
ATCRIZ
ATCR1G

0g98-3154
05980085
0757-0420
07570405
075 -0401

0757-0420
0757=0814
0B9F-3153
0767-0246
075720346

V757-1094
Q787-1002
LEog-gaes
DEOD-2a02
0757-1002

0698-343%
0757-0458

03B0-0835
0360-0%35
0360-0535
0360-0535

11728-20087
0824-0077
0824-0077
0824-0077
0824-0077

0824-0077
0624-0077

11729-60013

Q120-3285
0180-3781
0180-3284
0180 -3380
0160-5652

9180-220%
0160-1743
$160-5652
HB0-0116
Gi80-0374

0180-0291
0780-1743
0180-0291
0180-0281
01R0-0423

01800481
D160-4005
0160-3876

1801 =-0158
1801=-0159
1001 =-01549
1901-0158
18010154

1801-0159
1801-0459
1801-0159
1901-0159
1901-0158

1901-0158
1901-015%
1901-0158
1901-0183

(=3 AN LhoohoonoOn ol coo o - = o 0 0 0 O L N - T L= R = =

w Or O =

W = 0 kW

L L L L 2 L L OO LD [FLE SRR R ) £ oF A ah L G N G

RESISTOR 4.22K 1% 1280 F TCe0+-300
RESTISTOR 2.61K 1% 1250 F TCx0+-100
RESISTOR 750 1% .125W F TC=0+-100
RESISTOR 162 1% 1250 F TCx0+-100
RESISTOR 100 1% .125W F TCx0+-100

RESISTOR 750 1% 1254 F TLa0+-100
RESIETOR 511 1% ,SW F TCa0+-100
RESISTOR 3.83K 1% 1254 F TCx0+-100
RESIETOR 10 1% 4280 F TC=0+=100
RESIGTOR Y0 T% 1250 F TC=0+-100

RESISTOR 1.47K 1% 1250 F TC-0+-100
RESISTOR 1.8 1% .5 F TC=Q»-100
RESISTOR €.81 1% 1284 F TC=0=-100
RESISTOR B.81 1% .125W F TC=0+-300
RESISTOR 61.9 1% .50 F TC=0+-100

RESISTOR 32,3 1% .125U F TC=Q+-100
RESISTOR &1,1K 1% _125W F TC=0+-100

TERNINAL TEST POINT PCB
TERMINAL TEST POINT PCB
TERMINAL TEST POINT PCH
TERMINAL TEST POINT PCB

AMPLIFIER HOUSING

SCREW-TPG 4-40 ,3212-IN=LG PAN-HD-POZI
SCREW-TPG 4-40 ,212<IN-LG PAN-HD-POZIL
LCREW-TPG 4-40 ,312-IN-LG PAN-HO-POZL
SCREU-TRG 4-40 . 312<IN-LG PAN-HD-POZI

SCREW-TPG #4-40 ,312-IN-LG PAN-HD-POZI
SCREWL=TPG 4-40 ,312-IN-LG PAN-HD-POZI

POWER SUPPLY BOARD ASSEMELY

CAPACTTOR-FXD ELEC 1200UF SQVOC
CAPACITOR=-FXD BS00UF +75-10% J0VDC AL
CAPACITOR-FXD 015F+75-10% 15VDC AL
CARPACITOR-FXD 1800UF +100-10% 30VRC AL
CAPACITOR-FXD 2.2UF +-20% S0VDC CER

CAPACITOR-FXD .33UF+-10% 35VDC TA
CAPACITOR-FXD . tUF+=10% 35VDC TA
CAPACITOR-FXD 2.2UF +-20% SOVDC CER
CAPACITOR-FXD 6, 8UF+-10% 35VDC TA
CARPACITOR-FXD 1QUF+-10K 20VDC TA

CAPACITOR=-FXD 1UR+-10% 35YDC TA
CAPACITOR=FXD L 1UF+-10% 3SYDC TA
GAPACITOR=FAD TUF+-108 3EVOC TA
CAPACITOR=FXD 1UF+-10% 3SVOC TA
CAPACITOR-FAD 10O0UF+30-10% 25VDC AL

CAPACITOR=FXD 1OUF+-20% ZSVDC TA
CAPACTTOR=FXD 1UF +-20% 10QV0C CER
CAPACTTOR=FXD 47RF +-20% 200V0C CER

DINDE-PUR RECT 400V 7%0MA DO-41
DIODE-PUR RECT 400V 7SG6HA DO-41
DIODE-PUR RECT 400V 750rlA DO-41
DIODE-PUR RECT 400V 750MA DO-41
DIODE-PUR RECT 400V 750MA DQ-41

DIQDE-FUR RECT 400V 750M4 DO-41
DICDE-PLR RECT 400V 750MA DO-41
DICDE-PWR RECT 400V 750MA [O-41
DICDE-PLR RECT 400V 750rA DO-41
DICDE=PUR RECT 400V 7E0MA DO-41

DICDE-PWR RECT 400V 7%0fA DO-41
DIODE-PUR RECT 400V 780MA DO-41
DIODE-PWR RECT 400V 7S0MA DO-41
DICDE-PWR RECT 400V 730MA 00-41

Car1/8-T0-4221-F
CA-1/8-T0-2611-F
CA-1/8-T0-751-F
Ca-1/8-T0-16ZR=F
Cd-1/8-TD=101-F

£4-1/8-T0=751-F
6757-0814
C4-1/8-T0-3831-F
Cé-1/8-TQ-10R0-F
C4-1/8-TO-10R0-F

C4~1/8-TO-1471-F
0757-1002
0648 -§a22
oees-5322
0757-1002

G4-1/8-T0-38R3-F
C4-1/8=To-5112-F

ORDER BY DESCRIPTION
QORDER BY DESCRIPTION
ORDER BY DESCRIPTIGN
ORDER BY DESCRIPTION

11729-20087
0624-0077
0624-0077
0524-0077
0624-0077

0624-0077
0E24-0977

1172a-60013

Q180-3285
01B0=3284
D1BD-3264
0180-3280
0160-5652

150D334X9035A2
15001 0AXG0A5A2
0160-5852

1500E85K90:3582
1500 108X90 2082

150D105X00 3542
15001 04%30 3542
1500105X80 3542
15001 05X803542
01B0=0423

p1B0=04a81
G160-4005
E0- 2876

1901 -0159
1901-0159
1901-0158
1901=-0158
1901-0158

1901=0158
1801-9158
1901-0158
18010158
190140158

1901-0158
1901 ~0158
1801-0159
1861-0159

See introduction to this section for ordering information
+Backdating information in Section VII




HP 1172198

Table 6-7. Replaceable Parts

Replaceable Parts

Reference
Designation

Qty

Description

Mfr Part Number

1990-0678
1390-0673
1990 -0678
1980-0673

2110-0202
2110-0002
2110-0055
2110-0012

1200-0508
1251-347%
1261-7165
1261-7727
12%0-0836

1250-0836
1250-0836
1250-0835
12500835

9100-1641

12514459
Z110-0269
#110-0268
2110-0269
2110-0263

2110-0289
2110-0269
2110-0269
2110-0288

1854-0244
1884-0244
1884-0244

0757-0250
0698-3447
0757-0401
0757-0288

DEag-3155
0757-0422
06898=3155
0757-0403
Z100-323%

0699-3442
0698-3154
0B98-3445
0757-04H1
0757-0ae0

Q7570401
07%7-0280
0698-3443
0828-3447
06883447

DESE-3447
0757-0280
0757-0260
0757-0280
0757-0260

0648-3360
0754-0033
DE9R- 3350
0754-0033

0360-0535
0360+ 0535
0360~ 0535
0360 -0535
0360 -0535

L=l

- B3O -

—= == B3 RS BB L D

(=1

CcCcOooWm

oo oo

= O L

Wby = -

WD Do

OO GOOd Wikl bh OO

LED-LAMP LUM-INT=800UCD IF r30MA-HMAX
LED-LAMP LUM-IN7«B0OUCD IF»30MA-MAX
LED-LAMP LUM-INT=800UCD IF~30MA-MAX
LED-LAMP LUM=TNT«800UCD IF«30MA-NAX

FUSE .&BA 260V TD 1.25X.25 UL
FUSE 2A 250Y NTD 1.325X.25 W
FUSE 4A 250V NTD 1,28X.25 UL
FUSE .%A 250V NTD 1,28X.26 UL

SQCKET-IC 14-CONT DIP-SLDR
CONNECTOR 10-PIN [ POST TYPE
CONNECTOR 26-PIN M POST TYPE
CONNECTOR- 7 PIN

CONNECTOR-RF SHC M PC SO-0HH

f
il
f
CONNECTOR-RF SAC f PC S0-QHRA
CONNECTOR-RF SAC H PC 80-0HM
CONNECTOR-RF SHC H PC S0-QHR
CONNECTOR-RF SHC H PC S0-OHR

INDUCTOR RF-CH-MLD 240UH 5% . 1660X, 395LG

CLIP-CABLE PLUG RTNG-OUAL INLINE 14 CONT
FUSEHOLDER-CLIP TYPE.250-FUSE
FUSEHOLOER-CLIP TYPE.250-FUSE
FUSEHOLOER-CLIP TYPE.250-FUSE
FUSEHOLDER=CLIP TYPE.250-FUSE

FUSEHQLDER-CLIP TYPE.250-FUSE
FUSEHQLDER-CLIP TYPE.25D-FUSE
FUSEHQLDER-GLIP TYPE.250-FUSE
FUSEHOLDER-CLIP TYPE._Z2S0-FUSE

NOT ASSIGNED

THYRISTOR-5CR VRRM=400
THYRISTOR-SCR VAR =400
THYRISTOR-SCR VRRM=400

NOT ASEIGNED

RESISTOR 1K 1% 125U F TC=0+=-100
RESISTOR 422 1% 12580 F TC=0+-100
RESISTOR 100 1% .125W F TC=0+-100
RESISTOR 9.089K 1% .1258W F TC=0+4-100

RESISTOR 4.64K 1% .128W F TC=0+-100
RESISTOR 20% 1% 1286 F TC=0+-100
RESISTOR 4.54K 1% 1250 F TC=0+-100
RESIZTOR 121 1% 125U F TC=0+-100
RESISTOR-TRMR S0 20% C TOP-ADT 17-TRN

RESISTOR 237 1% 1250 F TCe0+-100
REZTISTOR & 22K 1% 1250 F TCa0+-100
RESISTOR 348 1% 1250 F TCe0+-100
RESISTOR 100 1% 1250 F TCe0+-100
RESISTOR 1K 1% _125W F TCad+-100

RESISTOR 100 1% 1250 F TC«0+-100
RESISTOR 1K 1% .125W F TC=d+-100
RESISTOR 287 1% 1280 F TC=0+-109
RESISTOR 422 1% 125U F TC=0+-100
RESISTOR 422 1% .128W F TC=0+-100

RESISTOR 422 1% 1254 F TC=0+-100
RECISTOR 1K 1% 1250 F TC=0+=100
REGISTOR 1K 1% .1254W F TC=0+-100
REGISTOR 1K 1% 1250 F TCeQ+-100
RESISTOR 1K 1% .12%W F TC=0+-100

REBISTOR 16.6 1% .GW F TC=0+-100
REGISTOR 33 S% 2W MO TC=0+-200
REGISTOR 16,6 1% .SW F TC=0+=100
RESINTOR 33 5% 2W MO TC=0+-200

TERMINAL TEST POINT PCB
TERMIMAL TEST POINT PCB
TERMINAL TEST POINT PCB
TERMINAL TEST POINT FCB
TERMINAL TEST POINT PCB

1990-0678
1990-0678
1990-0678
1990-0678

313.500
312002
312004
2110-0012

1200-0508
1251-3475
1261-716%
1261-7727
1260-0936

1250-0836
12500836
12500835
12500835

2100=-1841

1251 =4455
2110-0268
2110-0263
Z110-0268
2110-0262

2110-0269
Z110-0269
Z110-0269
2110-0269

526000
S2600D
526000

C4-1/8-70-1001-F
C4-1/8-T0-422R-F
C4-1/8-70-101-F

WMF4CT /8-TO-9091 -F

Ca=1/8-T0-4641-F
Ca=1/8-T0-909R-F
Ca=1/8=T0r4841-F
Cd=1/8=TO=121R-F
2100-3289

C4-1/8=TQ=237R-F
C4-1/8-T=4221-F
C4-1/8-TQ-348R-F
C4-1/8-T0=101-F

C4-1/8-TQ~1001=F

C4-1/8-T0-101-F

Cd-1/8-10-1001-F
Ca=1/8-T0-2878-F
Ca=1/8-TO-422R-F
CA-1/8-TO-422R-F

C4-1/8-T0-422R-F
C4-1/8-T0-1001-F
C4-1/8-TO-1001-F
C4-1/8-T0-1001-F
C4~1/8-TO-1001-F

0898-3390
0784-0033
0688 -3380
0764-0033

ORDER BY DESCRIPTION
ORDER BY DESCRIFTION
ORDER BY DESCRIPTION
ORDER BY DESCRIFTION
ORDER BY DESCRIPTION

See introduction to this section For ordering information
tBackdating information in Section VII




Replaceable Parts

Table 6-2. Replaceable Parts

HP 117298

Retference
bDesignation

HP Part
Number

Qty

Deseription

Mfr Part Number

A8

AST
ARJ2
ABI3

ABHP1
ABNPZ
ABHPY
ABNPS
ABHRE

AGHPE
AGHRT
ARMPE
AgHP9
ABHPID

ASHPH
AgHP12
ASFIP13

aot

ASC1
ABC2
ASC3
ASC4
ASCS

ASCE
ASCT
AdCE
Asce
A9C10

A9CH
ADC1Z
ASC13
AQCT 4
ABC1G

ASC1E
A7
ASCTR
ASCTY
ASC20

ASC2
ASC22
AQC23
ASC24
ASC2S

AGC2E
AQC27
AGC2E
ASC2A
ABC30

ABCE1
ABCE2
ASE33
ABL34
ASC3S

1902-0969
1802- 0644
1902-0963
1890%-0451
1802=1340

1802-086%
19802~-0858
1402-0858

1251-13865

11 726-80012

12515615
1251-3283
1200-0508

0320-0643
03B0-0643
0515-00%4
0515-0054
GE535-0004

1535-0004
1261-4458
1630-1088
1630-1083
2180-0017

2180-0017
2180-0018
21480-0018

11724-8008%

0180-2207
01B0-2E20
D180-2620
(11600576
01B0=0576

MED-0S76
Q1BR-0576
Q1680-09576
0160-0576
0180-0374

0180-0374
0160-0127
0160-0576
0160-0876
0160-0576

D1E0-0578
G160-0576
0160-0576
0160-0576
01600576

180 -1745
018C-0116
0180-0576
D160=0575
0160-0%76

0160-0576
0160-0576
0160-0576
0160-0576
P1G0-0576

BiB0-0R76
01G0-RETE
Q160-0576
0160-0576
0e0-0576

o s U OF e RN | =3
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DIOOE-ZNR 20V 5% DO=35 PD=. 40 TCz+. 0I5%
DIODE-ZNR INSREIE 30V 5% PDaSW TC=+2OHY
DIODE-ZNR tEY SX DO-35 PD=, 44 TL=+, 088X
DIODE-JNR §,1V 5% DO-35 PD=.4l TC=+,038%
DIQDE-ZNR 1MG256B 18V E% POaGW IR=GOONA

DIQDE-ZNR 20V &% DO-35 PD=. 44 TC=+,082%
DIODE-ZNR 10V &% DO-36 PO=, 44 TG=+,075%
DIDDE-ZNR 10V ©% DD=3% PD=, 4 TG=+,075%

CONNECTOR-PC EDGE ZZ=-CONT/ROW Z-ROWES

HP-T8 INTERCONNECT BOARD AZIERBLY

CONNEZTOR 34-PIN IV POST TYPE
CONNECTOR 24-PIN F MICRORIBEON
SQCKET-IC 14-CONT DIR-SLLCR

STANDGFF-HEX .255-IN-LG 6-32THD
STANDOFF-HEX .255-IN-LG 6-32THD
SCREW-MACH M3 X 0.5 10MM-LG PAN-HD
ECREW-MACH M3 X 0.5 10MM-LG PAN=-HD
NUT-HEX DEL-CHAM H3 X 0.5 2, 4MH=THK

HUT-HEX DHL-CHAH M3 X 0.5 2. 4HM=THK
CLIP-CABLE PLUG RTNG=DUAL TNLINE 14 {ONT
CLEVYIS 0.070-IN W SLT: G.434-IN PIN CTR
CLEVIS €.070=IN W SLT: 0.454-IN PIN CTR
WASHER-LK HLCL WO, & .168-IN-ID

WASHER=LK HLCL HO, & ,1468-IN-ID
WASHER-LE HLLL HO, 4 ,115-IN-ID
WASHER-LE HLCL NQ. 4 .11%-IN-ID

HMICROPROCESZOR BOARD ASSEFBLY

CAPACITOR-FXD 100UF+-10% 10VDC TA
CAPACTTOR-FXG 2.2UF+-10% S0VOC TA
CARPACITOR-FAD 2, 2UF+-10% SOVDC TA
CAPACITOR-FXD . TUF +-20% S0VDC CER
CAPACITOR-FXD . 1UF +-20% SGVDC CER

LAPACITOR-FXO .1UF +-20% SOVDC CER
CAPACITOR-FXD 1UF #-20% 50VDC CER
CAPACITOR-FXO .1UF +-20% 50VOC CER
CAPACITOR-FKD 1UF +-20% 50VDC CER
CAPACITOR-FXD i0UF+=10% 20VDC TA

CAPACITOR<FXD 10UF+=10% 20VDC TA

CAPACITOR=FXD 1UF +-20% ZSVOC CER
CAPACITOR-FXD 1UF +-20% SOVDC CER
CAPACITOR=FXD . 1UF +=30% SOVDC CER
CAPACITOR=FXD _1UF +-20% SOVDRC CER

CAPACITOR=FXD .1UF +-20% S0VGC CER
CARACITOR-FXD .1UF +-20% 50VOC CER
CAPACTTOR-FXD . 1UF +-20% 50VOC CER
CAPACITGR-FXD . 1UF +-20% SOVDC CER
CARACITOR-FXD IUF +-20% S0vDC CER

CAPACITOR-FXD 1.5UF+-10% 20VDOC TA
CAPACITOR-FXD 6.8UF+-10% 35vDC Ta
CAPACITOR-FXD .1UF +-20% S0vBC CER
CAPACITOR-FXD . 1UF +-26% 50vVDC CER
CAPACITOR-FXD . 1UF +-20% 50VOC CER

CAPACITOR-FAD AUF +-20% SOvDC CER
CAPACITOR-FAD 1UF +-20% SOVDC CER
CAPACTTOR-FXD | 1UF +-20% S0vDC CER
CARACITOR-FXD {UF +-20% SOVDC CER
CARPACITOR-FXD . 1UF +-20% SOVOC CER

CAPACITOR-FXD .IUF +-20% BOVDC CER
CAPACITOR-FXD .\UF +-20% SOVDG CER
CAPACITOR-FXD .1UF +=20X SOVDC CER
CAPACITOR-FXD 1UF +-20% 50VDC CER
CAPACITOR-FXD . 1UF +-208 S0vBC CER

1902-0359
1902-0544
1902-0963
1802-0951
1NS3558

1902-0965
1902-0958
1902-0968

12811365

11729-60012

1251-561%
1851-3283
1200-0508

ORDER BY DESCRIPTION
GROER BY DESCRIPTION
0515-0054
0515-0054
ORDER BY DESCRIPTION

QRQER BY DESCRIPTION
1261-4459
ORDER BY DESCRIPTION
ORDER BY DESCRIPTION
2190-0017

2180-0017
2180-0019
2189-0019

11729-50083

15001074801 0R2
D2R2ES) BOK
D2R2GS1BSOK
0160-0576
0160-0576

0160-0578
p1B0-0576
01600576
DIEQ-0576
15601 06X902082

15001 0EX9020B2
Q189-0127
9160-0576
0160-0%76
0160-0%76

0160-0576
0180-0576
0160=0576
0160=0576
0160-0576

1500185X902082
150NERSXI0ISEZ
B160-0576
D1G0-0576
DiB0-0576

01600576
0160-0576
0160-0576
0160-0576
NE-0578

0160-0576
0160-0578
0160=-0578
0160-0576
0IB0-0578

See introduction to this section for opdering information
tBackdating information in Section VIJ




HP 11729B

Table 6-2. Replaceable Parts

Replaceable Parts

Reference
Designation

Qty

Description

Mir Part Number

ABCEG
ACIT
ASCIR
aggagT
ABCAY

ASCR1

ABDE1
ABDER

AST1
A8T2
rg13t
ARI4

AgL1

AGFR1
AgHP2
ASHP3
ASHP4
AGMPS

ASHPE
ASMPY

ASRY
AER2
ABRY
AQR4
ABRG

ADREG
A9R7
ASRS
AZRS
ASR10

ASRYY
ABRYZ
ASRY3
ASR14
ASR1S

ABRTE
Ao0R17T

AG51
AQS2

A3TP1
43TP2
A8TF3
AQTRY
AATPS

AITPE
A9TR7

Agy
Aglz
A3U3
Azla
AdUS

ASUE
ASLT
AdUG
ASUS
ASUTO

ASUTY
AGUI2
ASU1 2
Agd
ASUNG

01e0-0576
O180- 2620
0180=2620
0160-0571
0180=2617

18010376

18500654
1880-0654

1261-5615
1261-733%
1251-8967
1281-4438

gi00-1626

G361-0009
B361-0009
0361-0009
S040-1497
5040-1497

5040-1497
(340-0944

1510-0279
1810-0279
DEOE-00R4
1810-0270
0757-0280

1810-0278
0757-0199
0757-0199
07%7-0464
0757-0454

1810-0274
1810-0279
1810-0273
0757-0442
1810-0268

0757-0290
oegs-7212

Ne1-2126
3or-2172

0350-0535
0360~0535
03600535
0360 -053%
0380-0535

0360-0535
0360-0535

1820-1212
1820-2548
1€18=-1768
11728-80003
1820-2624

1820-2081
1820-1198
1826-1218
1820-1218
1820-1246

1820-1423
1826-0138
1820-1730
18261720
1BZE-0175

oo o

W0k =

-
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CAPACITOR-FXD 1UF +-20% SOVDC CER
CAPACITOR-FXD 2, 2UF+-10% S0VDC TA
CAPACITOR-FXD 2, 2UF+-10% B0VDC TA
CAPACITOR-FAD 479PF +-20% 100v0QC CER
CAPACITOR-FAD G, SUF+-10% I5Y0C TA

DIODE-GEN PRP 3&Y 50MA DO-3%

LED-LAMP LUM-INT=5000C0 IF=50TIA-RAX
LED-LAMP LUM-INT=500UCD IF=S0TIA-TIAX

CONNECTOR 3&4-PIN H POST TYPE
CONNECTOR

CONN=POST TYPE .1060-PIN-SPCE 28-CONT
COMMECTOR 50-PIN W POST TYPE

INDUCTOR RF-CH-HLD 385UH 5% . 1660X, 38506

RIVET-SEHITUR DVH 123 OYA .188LG
RIVET-SEHITUR OVH .123 DIA .188LG
RIVET-SEHITUR DVH .125 DfA . 188LG
HINGE-MOLDED
HINGE -MOLDED

HINGE-MOLDED
INSULATOR-IC NYLON BLACK

NETUQRK-RES 10-5IP4, 7K OHM X 9
WETWORK-RES 10-33P4,7K OHH X 9
RESISTOR 2,1%K 1% 1250 F TC=0+-100
NETWORK-RES 10-5IP4.76 OHF X 9
RESISTOR 1K 1% (1250 F TC=Q+-100

METWORK -RES 10-5IP4, 7K OHM X 9

RESISTGR 21.5K 1% .125W F TC«0+-100
RESISTOR 21.5K 1% 1250 F TCa0+-100
RESISTCR 90.9K 1% .125W F TC=0+-100
RESISTOR 909K 1% 1250 F Toe0+-100

NETWORK-RES 10-3IP4.7K GHM X 8
NETWORK -RES 10-3IP4.7K GHM X 3
NETWORK-RES 10-5IP470.0 OHM X &
RESISTOR 10K 1% 125K F TCxO+-100
NETWORK-RES 8-STF10.0k OHM X &

RESISTOR B, 19K 1% 125 F TCw0+=100
RESISTOR 100 1% .05 F TCa0+-100

SUITCH-5L §-3PDT DIP-SLIDE-ASSY . 1A
SWITCH-TGL DIR-RKR-ASEY SPDT 054 30VDC

TERMINAL TEST POINT RCE
TERMINAL TEST POINT PEE
TERMINAL TEST PUINT PCE
TERFINAL TEST POINT PCH
TERHIWAL TEST PQINT PCH

TERMINAL TEST PQINT PCH
TERMINAL TEST POINT PCH

IC FF ¥TL LS J-K MEG-EDGE-TRIG

IC-82891A P HPIB

IC CMOS 16384 (16K) STAT RAM 150=NG 3-5
EPRON

IC-mPU; CLK FREQ:=ZMHEZ, EWHANCED &EOO0

IC NHOS

IC INV TTL LS HEX 1-INP

IC DCDR TTL LE 3=TO-8-LINE 3-IWP
IGC DGOR TTL LS 3~TO-8-LINE 3-INP
IC DGDR TTL L5 3-TO-8-LINE 3-INP

IG MV TTL LE MONMOSTBL RETRIG DUaL
IC COonPARATOR GP QUAD 14-DIP-F PKG
IC FF TTL LS D-TYPE POS-ECGE-TRIG GO
IC FF TTL LS D-TYPE POS-EDGE-TRIG £omrt
IC COMPARATOR GP DUAL 14-DIP-F PKG

0180-0576
D2R2GS1B50K
D2R2GS1B30K
01B0-0571
DBRBGS1BISK

19061-0376

HLMP-6204
HLMP~B204

12515615
1251-7335
12518967
12514428

2100-1626

ORDER EBY DESCRIPTION
QROER BY DESCRIOTION
ORDER Y DESCRIVTION
§040- 1497
§040-1487

5040- 1497
0340 -0544

210A472
210A472
Ca-1/8-To-2181-F
210A472
Ca=1/8-TO-1001-F

2104472

Ca=1/8-T0=2152-F
Ca=1/8-TO~2152-F
C4-1/9-T0-0082-F
C4-1/8-TH-0002=F

2104475

210472

219a471
C4-1/8-FO=1002~F
1810-0269

MF4L1/8-T0=B191 -F
C2-1/8-TQ=1C0R~F

301-2126
Hei-2172

ORDER BY DESCRIFPTION
ORDER BY DESCRIFTION
ORDER BY DESCRIFTION
ORDER BY DESCRIPTION
OROER BY DESCRIPTION

ORDER BY DESCRIPTION
ORDER BY DESCRIPTION

EN74LS112AN

1820-2549

UPOA4EEL-1 {PER HP DUG)
11728-80003

1820-2624

MCE3AZIR

SH74LS04N
GN74LT138N
SN74LT13BN
SR7ALE1 38N

SN74LEY 23N
LM33oN
EN74L52 TN
SH7ALEETIN
LR31 4N

%ee introduction to this section for ordering information
tBackdating information in Section VII




Replaceable Parts HP 117298

Table 6-2. Replaceable Parts

Retference I
Designation Qty Description Mfr Part Number

PAL-ADRZ, DECODER 11729-80002
IC GATE TTL LS NAND QUAD 2-INP SNTALS0ON
IC DRVR TTL LS LINE DRVR OCTL SN74LEZ44N
IC DRVE TTL PRPHL HY DUAL 1820-2973
DRVR TTL PRPHL Hy OUAL 1820-2973

11728-80002
1820-1187
1820-2024
1820-2973
1820-2973

— Ll A

DRVR TTL PRPHL HY DUAL 1820-2973
ORVR TTL PRPHL HY DUAL 1820-2573
INV TTL LS HEX 1-INP SN74LS04N
ORVR TTL LS LINE DRYR QCTL SN74LE244N
FF TTL LS D-TYPE OCTL SNTHLEITIN

1820-24873
1820 -2873
1B20-1189
1820-2024
1820-1858

[

FF TTL LS D-TYPE OCTL SNTALE3TIN
FF TTL LS D-TYPE OCTL SHT4LE3TTN
OrRVR TTL LS LINE DRVR OCTL SNT4LEZA4N
DRVRE TTL PRPHL HY DUAL 1820-2073
DRVR ¥TL PRPHL HY DUAL 1820-2973

18201858
1820-1B58
1820=2024
1820-2973
1820-2B73

=] D0

DRVR TiL PRPHL HY DUAL 1820-2473
DRVR TTL LS LINE DRVR OCTL SNTALE244N
RCVR TTL LS BUS OCTL ENTS181N
RCVR TiL LS BUS OCTL SN75160N
DRVR TTL, LS LINE DRVR OCTL SN74, 5244N

1820-2973
1820-2024
18292483
18292485
1820-2024

TRANSCETVER TTL L& BUS OCTL 1820-2075
TRANSCEIVER TTL L5 BUS OCTL 1820-2075
TRANSCEIVER T7L L3 BUS DCTL 1820-207%
GATE TTL LS NAND QUAD Z-INP SN74LS0ON
FF TTL LS D-TYPE POS-EDGE-TRIG SHTALET4AN

1820-207%
1820-2075
V820-2075
1820-1147
1820-1112

oF G b I L=

DRVR TTL PRPHL HV DUAL 1820-2873
DRVE TTL PRPHL HV DUAL 1820-2973
DRVR TTL PRPHL Hv DUAL 1820-2973
INV TTL LS HEX 4-INP SN74LE04N
ENCDR TTL L& SN7ELET 48N

1820-2073
1820-2073
1820-2973
1820-1199
18201851

ENCDR TTI, L% EN74ALE143N
OR¥E TTL LED DRVE HEX 1-INP DR2EsoN
[RYR TTL LED DRVR HEX 1-INP DreenoN
DRVR TTL LED DRVR HEX 1-INP DHEBRaN
DRVR TTI. {ED DRVE HEX 1-Tup DHEsnaN

1820-1851
1820-1587
1920-1587
18201587
18201587

[ T - L e

BFR TThL NON-INV HEX 1-INP ENT7407N
HUXR/DATA=SEL TTL LS 2-TO~1-LINE QUAD ENT4LEIEIN
LCH TTL L5 4=ATT SHP4LEITON
ORVE TTL PRPH|, WY DUAL t826-2972
IC DRYR TTL PRPHL HV DUAL 1820-2973

1820 -08EL
1920-1470
1820-144%
1920-2973
1820-2873

—_—

1820-2073 1 IC DRVR TTL PRAHL HY DUAL 1820-2473
1820-2973 IC DRYR TTh PRPHL HY DUAL 1820-2873

1200-0567 SOCKET-TIC E8-CONT DIP DIP-GLDR 1200-0567
1200-0654 SOCKET-IC 40-CONT DIF DIR-5LOR 1200-0854

1813-0130 HTAL-CLOCK-0SCTLLATOR 16-MHZ 0. 0%% TTL 1813-1130

AlD 11729-60064 IF AMPLIFIER ASSEMBLY 11720-80064
ATOFLY #135-0174 FILTER-LOW PASS LEADS-TERMS B135-0174

SHA FEMALE CONNECTOR 1250-1887
Sria FEAALE CONNECTOR 1250-1887

A0 1260-1887
AlQT2 1280-1887

wvian A

S BMM=LG PAN-HO 0%1%-0104
% BMM=LG PAN-HD 0%1%-0104
% 8MM=1.G PAK-HD 0%1%-0104
S BMM=LG PAN-HD 0%1%-0104
5 Brr=LG PAN-HD Q51%-0104

A10MP1 05150104
ATOMF2 0515+0104
AT0MP3 0515-0104
A10MP4 95150104
A10MFS 0515-0104

SCREL-MACK M3
SCREW=HACK M3
SCREL=MACH F3
SCREW-HACKE M3
SCREW-MACH ri3

m 00 m o

5 @MM=LG PAN-HD 0515-0104
5 BNM-LG PAN-HD 0515-0104
.5 8HM-LE PAN-HD 0515-0104
.4 BHH-LE PAN-HD 0515-0207
.4 BMM-LG PAN-HD 0515-0207

A10MPE Q515-0144
AT0MPT7 0515-0104
A10HFE 0515-0104
Al0HPa 051 5-0207
A10MPID 0515-0207

SCREUW=MACH K3
SCREW=HMACH M3
ESCREW-HACH H3
SCREW-HACH H2
SCREW-MACH M2

== === ] OO0 0

B> Ry O 0 0

See introduction to this section for ordering information
tBackdating information in Sectlon VII




HP 11729B Replaceable Paits

Table 6-2. Replaceahle Parts

Reterence

Dasignation Qty Description Mir Part Number

4 BMM-LG PAN-HD 0515-0207
4 8MM-LG PFAN-HD 0515-0207
BMH-LG FAN=HO Co15-0207
GMM=LG PAN-HD G515=007
BHMN=LG PAN-HD 0515-0207

A410MPY1 AB15-0207
AlQHPI2 0815-0207
ATORR 3 Q515-0207
AlOMP14 0515-0207
A1ORP S 0515-0207

SCREU-HACH 12
SCREW-HACH 12
SCREW-MACH M2
SCREW-MACH M2
SCREW-MACH M2

e
oSS S o

SCREW-MACH MZ
SCREW-MACH MZ
SCREW-MACH M2
SCREW=MACH M2
SCREI-PACH P22

A1QMP1E 0515-0207
AOFRT 0815-0207
AQFP1G 0615-0207
AlOMRI S 0515-0276
ATOHRZO 0815-0278

EMM=LG PAN=HD 0%15-0207
BMM~LG PAN=HD J515-0207
GRM=LG PAN=-HD 0815-0207
arirl-LG 90-DEG-FLH-HD 0%81%-0276
&rrl-LG 90-DEG-FLH- KD 0815-0276

(===l

6MM-LG 80-DEG-FLH-HD 0815-0276
8rir-LG &0-DEG-FLH-HD 0815-0276
BMK-LE S6-DEG-FLH-HD 0515-0276
8hr-LGE 90-DEG-FLH-HD 0515-0276
grif-LG 99-DEG-FLH-HD 0515-0276

ATONPA 05150276
AlONPRZ 05150276
AOMP2: 0515-0276¢
AlOMP24 0515-0276
ATOHPZS 0515-0278

SCREW-FACH M2
SCREW-MACH 12
SCREW-MACH 2
SCREW-MACH M2
ECREU-MACH Mz

a4 gn O E P Bk B B P B3 PO DD

PO D T e o
=i == e N )

ATQMR2ZE 0515-0276
AlQre27 0515-0276
Alomeza 0515-0276
ATOME2E 05150278
ATOMP3D 0515-0278

SCREW=HACH M2
SCREW-HACH H2
SCREW-HACH H2
ECREW-HACH N2
SCREW-HACH HZ

8HM-LG 80-DEG-FLH-HD 0515-0276
BHM-LG 90-DEG-FLH-HD 0515-0178
BrM-LG 80-DEG-FLH-HD 0B1S-0178
BHM-LG 90-DEG-FLH-HD 05156-6278
BRM-LG 90-DEG-FLH-HD 0515-0276

LN N o O oy
P i
ocCoOooo

Ml 3.1-frl-I0 2180-0584
frt 3, 1-mr1-I0 2140-0584
rrl 3,1-AM-I0 2180-0584
M 3, 1-mM-10 21480-0534
Mr 3. 1-H0-10 2180-0584

AlOMPR 2180-0584
ATOHPR2 2180-0584
ATOHPIS 2180-0584
ATOMP34 2180-0584
ATOHPES 21900584

WASHER-LK HLCL
YASHER-LK HLCL
WASHER-LK HLCL
WASHER-LX HLCL
WASHER-LK HLCL

ooooo

MM &, 1=HM-I0 21o0-0584
MM 3.1 ~RR=I1 2180-0584
MM Z_1=HH-ID 21800584
MM 2, 1<MM=TD 2190-0654
MM 2. 1-Mp-I0 2190-0854

WABHER-LK HLEL
WASHER-LK HLEL
WASHER-LK HLCL
WASHER =LY HLTL
UASHER=LK HLEL

AT0MP36 2V80-0584
ATDRP37 2190-0584
ATDRPIR 2180-0584
A10RP29 2180-0654
AlORP4D 2190-0654

[vly]
rifs
[y §]
Firl
Fifi

ATDFP4Y 2180-0654
A10MPA2 2190-6654
A10MP42 2180-0654
a10rpPa4 2180-0654
ATOMP4S Z180-0654

L1-p-I0 2190-0684
. 1-RR-I0 2190-0654
L 1-pn-I0 £190-0654
L 1=Fir-I0 21900664
1R I0 2190=0854

WASHER-LK HLCL
WASHER <LK HLCL
LWASHER =LK HLCL
WASHER =LK HLCL
WASHER =LK HLCL

NJI‘UMNN hahd ) G GF - Gl L D b
[=N =R N=1=] oo OO o

ALQFP4G 2180-0654 i ]
AtOrP47 21830-0654
ATOMP4S 2180-0554
ATORP4S 3050-1066

ATORPSD 3050-1066

WASHER =LK HLCL
WASHER =LK HLCL
WASHER =Lk HLCL
WASHER=FI, MTLG
LiASHER=FL RTLC

Z
H
H
2
2
H
2
2.1-hr=I0 ¥180-0654
fr 2, 1-rH-10 F190-0664
Fif g 1-rir=-10 2150-0664
MR 2. 28-0M-10 INE0-1066
2
2
F3
3
2
4
F3
z
2

QOGN ithththln RSO T oo OoOQO

cCoOooOo

fM 2. 28-1M-10 J050-1068

HH
firl
4l
fir
Fir

ATOHPS 501086
Aldnps2 3050 = 1086
A1OHPSS F050-1066
A1OMPS4 30501086
A1ORPSS F050=1086

WASHER-F|, MTLE
WASHER-FL RTLC
WASHER-FL RTLC
WASHER-FL MTLC
WASHER-FL RTLC

&8-fn-I0 A050-1066
28-rn-I0 0s0-1088
28-An-I0 3050-1066
28-An-I0 3050-1068
28-1n-1I0 3080-1068

. 28-AM-1ID 3080-1088
WAZHER-FL HTLC MR 2, 28-HR-I0 3050- 1066
WASHER-FL MTLLC fiM 2, 25-MR-I0 3060- 1088
GCOVER IF AfR 11729-00032
HOUSING IF AHR 11729-20049

AlOHPEE 2050+ 1066
ALOMPST 3050=1088
AlOMPSE 20501068
AlDHPSE 11728-00032
ATOHPED 11725-20042

WASHER-FL MTLC fiF

Fa Mo Bb B B R R [ I R ]
L= =2 =] === ==

m WAoo oo coocooo

ATOMPSY 03680-0374
AIOMPE2 -
ATOMPET 05150284 SCREW-MACH M2 ¥ 0.5 200M-LG PAN-HD 0515-0264
0515-0284 1 SCREW-MACH M3 X 0.5 J0HR-LG PAM-HD 0545-0264
{USED TO MOUNT IF AMPLIFIER TQ THE DECK,)
2180-0003 WASHER-LK HLCL NO. 4 .115=IN-ID £180-0003
(USED) TO HOUNT IF AHPLIFIER TO THE DECK. )

TERMINAL-SLOR LUG PL-ATG FOR-#4-5CR 9-120

Al 11728 -60016 POUER AMPLIFLER ASSEHBLY 1172260016
(INCLUDES ATTENUATOR PAD AT1 IF NEEDED)

ATTHRY 11729-00034 GASKET 11720-00034
LIRY 11729-00034 GASKET 11728-00034
ATIMP3 DREQ-DEES ER DIVISION 90 -0665

0E15-0054 SCREW-MACH M3 & 0.5 10MM-LG PAN-HD 0515-0054

(USED 70 MOUNT POWER amP TO DECK)
2190-0003 WASHER-LK HLCL NO. 4 .115-IN-ID 21480-0003
(USED TO MOUNT POWER AtP 1O DECK)
3050-010% WASHER-FL MTLC NO. 4 _125-IN-ID 3080-0105
[USED TO MOUNT POWER AMP TO DECK)

See introduction to this section for ordering information
*Backdating information in Sectlon VII




Replaceable Parts HP [1729B

Table 6-2, Replaceable Parts

Reference
Designation

Qty Description Mir Part Number

MISCELLANEQUS
0960-0443 LINE MODULE-FILTERED 09600843
(FART QF W1, QOES HOT INCLUDE C1i)

0255-0163 ATTENUATQR-GOAXTAL DB +-.308, DC TO 0955-0153
0855-0158 COAXIAL ATTENUJATOR - 108 0a55-01 58
05850178 TSCLATOR FREQ RANGE: § T0 '8 GHZ; VSUR 0955-0178
1159324 BNC TERHINATIGN 115924

G0 -026E FAN-THAX 36-CFH &-16Y0C 3160-0266
DIE0-406% CAPACITOR-FXD . IUF +-20% 250VAC(RNZ) 0166- 4065

1906-0531 DIODE-CT-RECT 200V 15A 1906-0231
11728=60053 CRYSTAL DETECTOR (QPT, 130 ONLY) 11739-60053

Z110-0001 FUSE 1A 280V NTD 7.35X.25 UL atzoe!
{FOR 100V TC 120V AC INPUT)
Z110-0012 FUSE .5A 250V NTD 1.25X.35 UL 210-0012
(FOR 220V TO 240V AC INPUT)

FILTER-BANDPASS SMA FEM-TERNE (B4GHHZ) 9i36-018e
CABLE TIE .062-1,75-DIA ,184-UD NYL 1400-0440
FILTER-BANDRPASS SHA FEM-TERME (1.92GHI) 8135-0186
FILTER-BANCRASS SHA FEM-TERNMS (4. 48GHZ) 89]28-0178
FILYER-BANDPASS SHA FEM-TERNE (7. 04GHI) 8135-179

S13%-018%
1400-0449
9135-0188
9135-0178
913-0175

FILTER-BANDPASS SHA FEM-TERMS (8,60GHZ) a135-0180
FILTER-BANDPASE SHA FEM-TERMS (12.16GHZ) 2350151
FILTER-BANDPASE SHa FEM-TERMS (14, TEGHZ) Q50152
FILTER-BANCPASS SHA FEM=TERRS (17.28GHZ) 2135-0183

9135-0180
8135-0181
2135-0162
8135-0163

COrB GENERATGR 0955-0182

MODULE-MOTOR SPEED CONTROL FOR FAN 3.431.036.01
ECREW-MACH M2.% X 0.45 20MA-LG 0815-0587

(USED TO FMOUNT GZ)
NUT-HEX DBL-CHAM HMZ.5 X 0.45 2MM-THK ORDER BY DESCRIPTION
(USED TO FOUNT &2)
WASHER-LK HLCL NO, 4 _115-IN-ID 2190=-0086
(USED TO FQUNT GZ)
WASHER-FL WTLG 2.5 MM 2.78-AR-I0 3050-0890
(USED TQ FIQUNT G2)

0855-0182
3160-0310
0515-0807
05350008

2180-0086

(=1 -3 [ ) G OO 4 (= RE R e Lo M

30500890

12500102 COMNECTOR-RF BNG FEN EGL-HOLE-FR S0-0HM 1250-0103
12500102 CONNECTOR-RF BNC FEM SGL-HOLE-FR 50-0HM 125040103
12500102 CONNECTOR-RF BAC FEM SGEL-HCLE-FR 90-0HM 12%0-0103
1250-0102 CONNECTOR-RF BHC FER SGL-HOLE-FR S0-0HR 1260-0102
11729-60030 BUTPUT CONN ASSY 11729-60030

11723=80030 OUTPUT CONN ASEY 11729-60030
NOT ASSIGNED
1280-0102 CONNECTOR-RF BNC FER SGL-HOLE-FR S0-0HR 1250-0102
1260-0102 CONHELTOR-RF BMC FEFM 3GL-HGLE-FR SC-QHH 1250-0102
1250-0102 CONNECTOR-RF BNC FEM SGL-HOLE-FR 50-0HM 1260-0102

1260-0102 CONNECTOR-RF BNC FEM 3GL-HOLE-FR 50-0HM 1250-0102
1250-0102 CONNECTOR-RF BNC FEM SGL-HOLE-FR GO-0HM 1250-0102

1250-1285 CONMECTOR-RF SriA I UNATLR S0-0HN 1250-1295
(OPTION 1405 REAR PANEL CONNEGTORS)

Seo introduction to thiz section for ordering infermation
+Backdating information in Section VII

*Indicates factory sclected valuwe
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HP 117298 Replaceable Parts

Table 6-2. Replaceable Parts

Reference

Designation Description Mfr Part Number

This page intentionally left blank.




Replaceable Parts HP 11729B

Table 6-2. Replaceable Parts

Reference L.
Designation Qty Dascription Mir Part Number

COVER-TOP ASEY 5060 -9835
COV-BOTTOR ASSY S0R0-0847
COVER SIDE 0G0 -0876
COVER SIDE 0G0 -9876
STRAP HANOLE 18 IN. S060-9904

B060-9835
S0E0-9847
SUG0-2076
S0E0-9878
S060-2204

W0 0 e 2

STRAP HANDLE 18 IN. 060 -0804
STRAP, HANDLE, CAP-REAR 5040-7220
STRAP, HANDLE, CAP-REAR 5040-7220
STRAP, HANDLE, CAP-FRONT 50407219
STRAP, HANDLE, CAP-FRONT 5040-7218

S0E0-9804
S040-7220
S040-7220
5040-7219
5040-7219

FOOT (STANDARD) 5040-7201
FOOT (STANDARED) 50407201
FOOT (STANDARD) 50407201
FOUT(ETANDARD) 5040-7201
TILT STAND 557 1480 -1345

5G40~ 7201
5040-72017
S040-7207
S040=720%
14680= 1345

TILT STAND 55T 1460 -1345
FOOT, REAR 50407221
FQOT, REAR 5040-7221
FOOT, REAR 50407221
FOOT, REAR 50407221

1450 - 1345
5040 = 7221
5040~ 1221
5040~ 7221
B040=7221

SCREW-FMACH B-32 ,312-IN-LG PAN-HD-POZI 2380-0195
SCREW-MACH B-32 ,312«IN-LG PAN-HD-ROZI 2360-0145
SCREW-MACH B-32 ,312-IN-LG PAN-HD-POZI 2360-01495
SCREU-MACH B-32 ,312-IN-LG PAN-HD-POZI 2380-0145
SCREW-MACH 10-32 .5-IN-LG %2 DEG GRDER BY DESCRIPTION

2360=0195
2350-0195
2360-0185
2360-0195
2620-0118

tnaooo [ RN (L= e e ] WAo = =W

SCREL-MACH 10-32 .5-IN-LG 92 DEG CRDER BY DESCRIPTION
SCRELI-MACH 10-32 .5-IN-LG 82 DEG CRDER BY DESCRIPTION
SCREL-MACH 10-32 .5-IN-LG 82 DEG ORDER BY DESCRIPTICN
HAGNETIC SHIELD 11725-00028
MAGNETIC SRWIELD 11724-00028

2680-0118
2680-0118
2680-0118
11728-00028
11728-00028

— —= N Ao

117249-00011 COVER IN3ULATOR 11725-00011

L]

NOT ASSIGNED

%ee introduction to this section for ordering information
tBackdating information in Section V1I
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HP 11729B HReplaceable Parts

'\
r
i

P/O MP1

MP21 TOP LEFT
MP22 TOP RIGHT Mr13
TYPICAL MP23 BOT LEFT

FOUR PLACES ~ MP24 BOT RIGHT

Figure 6-1. External Mechanical Parts




Replaceable Parts HP 11729B

Table 6-2. Replaceable Parts

z?eesfi‘éﬁlri?fn Qty Description Mir Part Number

Er-LE FAN-HD 0515-0055
GMM-1.G PAK-HD BE15-G05S
ghM=LG PAN-HD Q518-0055
BMM=LG FAN-HLD 0815-00%5
§Mt=LG FAN=HD 0515-00%%

0%15-0058 ECREW-MACH N3
0815-0055 SCREW-MACH 12
0515-0055 SCREW-MACH 32
0515-0085 SCREW-MACH 32
0515-0058 SCREW-MACH 32

G -LG PAN-HD 0515-00%8
GHR-LG PAN-HD 0515-0055
Brr-LG PAN-HD 0515-0065

+115-IN-10 2160-0003

0815-0055 SCREW-MACH M3
0515-008% SCREW-MACH H3
0%1%-00%% SCREW-MACH M3

> P

ol

2190-0003 WASHER-LK HLCL
. 125-IN-1D 2050-0108
125-IN-ID 3050-0105
125-IN-ID 050-010%
S325-IN-ID 0-010%
L125=IN-ID 2050-0105

UASHER-FL HTLE
LUASHER=FL HTLE
WASHER-FL. MTLC
WASHER-FL HTLC
WASHER-FL MTLC

2050-010%
3050-0105
3050-010%
3050-0105
S080-010%

,125-IN-ID 30%0-0108
L 125-IN=ID 30%0-010%
125+ IN-10 J050-010%

3050-010%
3050-0105
3050-0105

WAEHER-FL HTLC
WASHER-FL HMTLG
WASHER-FL MTLG
NOT ASSIGNED

@ T T TN
L S BB -

SCREW-FACH M3 X 0.5 BHMM-LG S0-DEG=FLH-HD 0816-0076

125« JN-TD 0E0-C105
L125-TH=10 3080-0105
L1256-IN-ID 3050-H10%
,125-IN-ID 3080-0105
,126=IN-ID 080-0105

0515-0076

3050-0105
3050-0105
2050-0105
a050-010%
3050-010%

WASHER-FL ATLL
WASHER-FL HITLC
WASHER-FL MTLC
WASHER-FL ATLE
WASHER-FL RTLC

L 135-IN-ID 2150-0003
V115-IN-1D 2180-0003
L115-IN-I0 2199-0003
135-IN-ID Z2180-0003
L115-IN-ID . 2150-0003

WASHER-LK HLCL
WASHER-LK HLCL
LASHER-LE HLEL
WASHMER=LK HLCL
WASHER =X HLCL

2150-000%
2180+-0003
2180-0003
2180-0003
2180-0003

P T A N S

SCREW=MACH M2 X 0.5 EHN-LG PAN-HD 0515-0055
SCREM-MACH M2 X 0.5 BMM-LG PAN-HD 05150085
SCREW-FACH H3 X 0.5 BMM=LG PAN-HD 0B15-0056
SCREW-MACH H3 X 0.5 BMM-LE PAN-HD 0%15-0055
SCREW-MACH M3 X 0.5 BMM=LS PAN-HD D515-00%%

DE15-0058
DS15-005%
0515-0055
0518-0085
0515-005%

FRAFE REAR FOD 11725-20020
FRONT FRAME 11729-20071
SIDE STRUT LEFT 11728-20030
SIDE STRUT RIGHT 11729-20099
TRIM:SIDE S001-p438

11724-20030
11728- 2007
11728-20020
11728-20088
S001-0438

~@RM-ad OO oDn @OaRmer OO @O O

TRIM:SIDE S001-0438
TRIM, TOP 5040-7202
SUPPORT STRUT 11728-00029
LECK MAIN 11728-00055
ECREW-MACH B=32 .375-IN-LG 190 DEG 2510-01585

$001-0438
5040-7202
11729-0002%
11729-00055
2810-019%

ECREL-MACH B=32 .275-IN-L5 100 DEG 2510-0123
SCREL-MACK &=-32 .375-IN-LS 100 DEG 25100183
SCREW-MACK &-32 .375-IN-L& 100 DEG 251040195
SCREW-MACK 8=3Z .25-IN-LG 106 DEG QRDER BY DESCREPTION
ECREW=MACH 2=32 _28-IM-L5 100 DEG QRPER BY DESCRIPTION

2510-013%
2510-0195
2%10-013%
2510-0132
2510-0192

ECREW-MACK 8-32 .25-IN-LG 100 DEG ORDER BY DESCRIPTION
SCREL-MACK 8-32 ,25-IN-LG 100 DEG ORDER BY DESCRIPTION

2510-0192
2510-0192

o D D W D ErnlN R = BN |

NOT AZSIGNED

See introduction to this section for ordering infermation
tBackdating information in Section VII




HP 11729B Replaceable Parts

MP118

MP104 MP110

MPSg B

MPa4 P ~
MP112 vl .

—MP101
MP3G
I MP91

MP100
MP95
— MPAD

Figure 6-2. Chassis Paris




Replaceable Parts

Table 6-2. Replaceabls Parts

HP 117298

Reference
Designation

Qty

Description

Mir Part Number

0515-0219
11728-20044
11728-20044

£190-998%
2980-0132

2950-0064
2196-0104
2180-0104

2880-0122
G515-0443
0515-0443
2180-0017
2186-6017

3050-013%
3GS0-0138
E050-01 05
11723-00027
1172200030

J050-0105
3050-010%
2190-0003
2190-0003
2180-0003

o

oo 0 Fo R ]

00 40 0 mom

SCREW=MACH M3 ¥ 0.5 BHN-LG 90-DEG-FLH-HD

ORDER BY DESCRIPTION

FPACER DECK 5UP
SPACER DECK SUP

WASHER-LK INTL T 1/2 IN ,50B-IN-ID

NUT-HEX-DBL -CHAN 7/16-28-THD .094=IN-THK

MNUT-HEX-DBL-CHAM 1/2-28-THD _125-IN-THK
WASHER-LK INTL T 7/16 IN .439=IN-ID
WASHER-LK INTL T 7/16 IN _439-IN-ID

NUT-HEX-DEL -CHAM 7/16-28+THD .034-IN-THK
SCREW-MACH M4 X 0,7 J0MH-LG PAN=HD
SCREW-MACH M4 X 0.7 Z0MM-LG PAN-HD}

WASHER-LK HLCL NO.
WASHER=LK HLCL NO.

WABHER-FL MTLC NO.
WASHER-FL MTLC NO.
WASHER-FL MTLC NO,
FRONT PANMEL RIGHT
DRESS PANEL RIGHT

WASHER-FL FTLC NO.
WASHER-FL MTLC NO.
WASHER-LK HLCL NO.
WASHER-LK HLCL NO.
WASHER-LK HLGL NO.

168-IN-1ID
A68-IN-ID

.172-IN-ID
L172-IN-ID
.128-IN-ID

SIDE (QPTICN 140)

. 12%-IN-10
. 12%-IH-I0
115-IN-1D
A15-IN-ID
118-IN-1ID

11 724-20044
11725-20044

2190-0068
ORDER BY DESCRLPTION

CRCER BY RESCRIPTION
2180-0104
2130-0104

ORCER BY DESCRIATION
0815-0443
0815-0443
2180-0017
2180-0017

3050-0134
2050-01349
3050-0105
11729-00027
11728-00030

I0S0-0105
3080-010%
2180-0003
2180-0003
2140-0003

0515-0054
B515-0054
0515-0054
0810-1148
0510-1148

SCREW-MACH M3 X 0.S 10MR-LG PAR-HD
SCREW-FACH [13 10MM=LE PAN=HD
SCREW-MACH M3 10MM=LG PAN=HD
RETAINER-PLISH TQ=ZHFT EXT
RETAINER-PUSH Q-SHET EXT

0515«0054
0G15-0054
0515-0054
0Gi0=1148
0510-1148

0.
0.

LR e S |

ORDER BY DESCRIPTION
ORDER BY DESCRIPTION
2180-0654
2180-0654
5040 -68583

M-LG PAN-HD
M-L& PAN-HD
2. 1-MH-10
2.1-Mn-1I0

SCREW=MACH M2
SCREW=MACH M2
WASHER =LK HLCL
WASHER =LK, HLCL
LIGHT PIPES

0515-0214
0515-0214
2180-0654
2180-0654
5040-6888

X
X
ON
ON
X
X

3
g
KB
KE-T
0.4 EH
0.4 &M
0 Hl
0 Hr

2.0 H
2.0 H

A Ghon — —

50406888
11728-00018

50406-6888
11728-00016

LTEHT PIPES
THZERT FILH
0510-1148

a510-1148 RETAINER-FLUSH OW KB=TO-5HFT EXT

0515-0054 SCREW-MACH M3 X 0.5 10MM-L& PAN-HD 0515-0054

2150-0903 WASHER=LK HLCL NO. 4 .115-IN-ID 2180-0003

3050-010% WASHER-FL ATLC NO. 4 ,125-IN-ID 3080-010%
11724-00002
11728-00010
11728-20042
Ti20-1254
14728-00022

SUB PANEL FRT LS

FRT PNL LEFT 8

WINDOW, FRONT

NAMEPLATE 312-IN-W0 .54-IN-LG AL
FRT PNL CENTER B

11729-00002
11729-00010
11729-20042
7120-125%4

11729-00022

11728-00004
19728-00003

5UB PANEL CENTER
5UB PanEL FRT RB

11749-00004
11759-00003

NOT ASSIGNED

See introduction to this section for ordering information
tBackdating information In Section VII
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HP 11729B Replaceable Parts

MPi46 MP140  MP152
MP147  MP141

MP180  MP192
MP191 MP183 MP194

MP220

MP221

MP195
MP196
MP197
MP211
MP206
Mpz01

m:m
207
MP20225

Figure 6-3. Frant Panel Parts




Replaceable Parts

Table 6-2. Replaceable Parts

HP 11729B

Refarence
Desighation

Qty

Description

Mfr Part Number

11728-00017
11729-00043
0E15-0145
051%-0145
2200-0121

FREN e e = ]

FAMEL REAR
SCREW-MACH
SCREW-HACH
BCREW-NMACH

SCREW-HACH

PANEL REAR (OPTION 140)

0.5 BMM=LG D0-DEG-FLH-HD
0.5 8MN-LG 90=PEG-FiH-rD
t125-IN-LG PAN-HD-POZI

128-IN-LG PAN-HD-POZI

11728-00017
11729=-00048
QROER BY DESCRIPTION
DRUER BY DESCRIPTION
ORDER BY DESCRIPTION

ORDER BY DESCRIATION

2apn-a1t
2209-01
2300-0131
0515-0055
05150055

ORDER BY DESCRIPTION
ORDER BY DESCRIPTION
D515-0065
bS15-005%

SCREW-MACH
SCREW-HACH
SCREL-MACH
SCREW-HACH

L $25-IN-LG PAN-Hp-POZI
L $25-IN-LG PAM-HD-ADZI
ErM-LG PAN-HD
EHH-LG PAN-HD

0000 B B fu

G515-0055
0515-00565
D&15-0055
DE15-0055
bE15-0104

SCREW-HACH
SCREW-MACH
SCREW-HACH
SCREW-HACH
SLREW-HACH

GrF-LG PAN-HD
BHM-LGE PAN-HD
EMF-LG PAN-HD
BrF-LG PAN-HD
arir-LG PAN-HD

0515-0005
J815-0055
0515-0055
08150035
05150104

p= === O D= - .

[

0515-0104
05890-6076
0580-0076
0580-0076
0580-0076

SCREW-HACH 0.5 2rM-LG PAN=-HD

NUT-HEX-PLSTC LKG 4-40-THD ,143«IN=THK
HUT=HEX-PLSTC LKG 4-40-THD ,143-IN-THK
KUT=HEX-PLETC LKG 4-40-THD .142-IN-THK
NUT-HEX-PLSTC LKG 4-40-THD . 143-IN-THK

0Gtg-0104
0590-0076
0580-0078
0590-0076
0590-0076

—_— s

2190-0068
2190-0068
2190-0068
2190-00E8
2190-0068

L505-IN-ID
.505-IN-ID
.505-IN-ID
.505=IN~I0
.505-IN-10

21890-00568
21490-9968
2180-0068
2180-0068
2180-0068

WASHER-LK JINTL T 1/Z IN
WASHER-LK INTL T 1/2 IN
WASHER-LK JNTL T 1/3 IN
WASHER-LK INTL T 1/2 IN
WASHER-LK INTL T 1/2 IH

6960-0006
B950-0006
11729-80001
11728-80001
11728-80001

BA50-LOLE
BaBL-RO0E
11728-B00M
11728-800C1
11729-80001

PLUG-HOLE DOQME-HD FOR ,25-0-HOLE STL
PLUG-HOLE DOME-HD FOR ,25-D-HOLE 5TL
SPACER FAN
SPACER FAN
SPACER FAN

11729-80001

ORDER BY DESCRIPTION
ORDER BY DESCRIPTION
1200-1103

1200-1103

11728-80001
0535-0004
(535-0004
1200-1103
1200-1103

SPACER FAN

HUT-HEY DBL-CHAM M3 ¥ 0.5 2. 40N=THK
NUT-HEX DBL-CHAM MZ X 0,5 2Z_4MM=THK
EHIM (FOR HP-TB ADDRESS SWITCH)
SHIM (FOR HP-TIB ADDRESZ GWITCH)

1200-1103

1200-1104
11728-20045

ORDER BY DESCRIPTION
ORDER BY DESCRIPTION

1200-1103
1200-1104
11728-20045
2950-0054
2250-0054

SHIM (FOR HP-IB ADORESS SWITCH)
BEXEL-CONNECTOR(FOR HPIB ADDRESS SWITCH)
FAN GUARD

NUT-HEX-DEL-CHAM 1/2-2&-THD .12%-IN-THK
NUT-HEX-DBL-CHAM 1/2-2&-THD .128-IN-THK

it I C Lo b 0D & OO o} o 0o 00 O3 1R R ER R

ORDER BY DESCRIPTION
OROER BY DESCRIPTION
2180-0003
2190-0003
2190-0003

2850 -0054
2950-0054
2190-0003
2100 -0ony
2180-0003

NUT~HEX -DBL-CHAM 1/2-26-THD | 125-IN-THK
NUT-HEX-DBL-CHAM 1/2-26-THD | 12%-IN-THK
WABHER-LK HLCL NO. 4 ,11%-IN-1D
WASHER-LK HLCL NO. 4 ,115-IN-I0
WASHER-LK HLEL NO. AE-IN-ID

oGO O = =

WT0-010%
2050-0105

WASHER-FL MTLC NO.
WASHER-FL MTLE MO.

305C-0105
2050-0105

Aes-IN-1ID
126-IN-I0

2180-0003
ORDER BY DESCRIFTION

21890-0003
2950-0054

WASHER-LE HLGL NO. 16-IN-TD
NUT-HEX-DBL-CHAM 1/8-28-THD |, 12%-IN-THK

- m

NOT ASSIGNED

See intraduction to this zection for ordeting Information
tBackdating information in Section VII
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HP 117298 Replaceable Parts

MP285

MP303
MP286

MP319
W20

Fiqure 6-4. Rear Panel Parts




Replaceable Parts HP 117298

Table 6-2. Replaceable Parts

Refarence HP Part

Designation Number Qiy Description Mfr Part Number

NUT-CAP 4-40-THD ,25-IN-THK .25-A/F BRS ORBER BY DESCRIPTION
NUT-CAP 4-80-THD .25-IN-THK .25-A/F BRS GRDER BY DESCRIPTION
SCREW-MACH 4-40 2-IN-LG PAN-HD-POZI ORGER BY DESCRIPTION
NUT-HEX-PLETC LKG 4-40-THD _143-IN-THK 0580-0076
WASHER-LK HLCL NO. 4 ,115-IN-ID 2180-0003

0590-007%
05900075
2200-0129
0590-0076
2190-0003

L115-IN-10 2190-0003
168-IN-ID 2180-0017
.168-IN-10 2190-0017
168-IN-10 2189-9017
+168-IN-ID 2190-0917

2180-0003
2180-0017
2190-0017
2180-0017
2180-0017

UASHER=LK HLCL KO.
UASHER=LK HLEL NO.
WASHER=LK KLCL NO.
WASHER =LK HLCL NO.
WASHER =LK HLCL NO.

.168-IN-ID 2180-0917
AE8-IN-ID 2140-0917
IN-0D 3050-0660
IN-QD 3050-0660
IN-G0 3056-0660
I
Ii
I

Z1ao-0m?
2190-0017
z056-0660
30500660
2050-0660

WASHER-LK HLEL NO.
WASHER-LK HLTL NO.
WASHER-FL MTLC NQ.
WAEHER-FL MTLC NO.
WASHER-FL. FTLL NO,

A82-IN-ID .
J182-IN-1I0 .
_182=IN-I0 .

N-00 3050~0660
W-00 3050-0660

2050-0B60
3050-0660
3050-0660
{515-0053
0515-0053

WASHER-FL HTLLC WO,
WASHER-FL HTLC NO.
WASHER-FL NMTLC ND. £ .182-IN-ID .5-IN-0D 3050- 0660
SCREW-TIACH M4 X 0.7 10MM=LE PAN-HD D515-0053
SCREW-FACH M4 X 0.7 10MM=LE PAN-HD 0515-0053

JAB2=IN-I0 .

o 00 O 0 00 0 Ok O 3 S0

g-

G-

8-

ABZ=IN-TD . 5-
8-

g

B RN bk BB RO WO O

0515-0053 SCREU-MACH M5 ¥ 0.7 1CHM-LG PAN-HD 0515-0053
NOT ASSIGNED
SCREW=HACH H&
SCREL=MACH R4

0515-0443

7 20MM-LG PAN-HD 0515-0443
0515-0083 7

X 0.
X 0.7 100r-LG PAN-HD 0815-0053
0515-0053

0570-121%

11729-20043
11729-20043
11729-20046

SCREW-MACH M4 X 0.7 10RM-LG PAN-HD 0515-0053
THD=ROD 4-40 UNC-2A 12-IN-LG BRS 0sT0-121%
SWITCH SUPPORT (FOR 51 70 §7) 11728-20043
SWITCH SUPPORT (FOR 51 TO §7) 11724-20043
SUPPQRT HAR 11726-20048

11728-2002%
11728-20029

SUPPORT COAX SWITCH (FOR 58 AND 58) 11 728-20028
SUPPORT COAX SWITCHM (FOR S8 AND 54) 11729-20028

o LN CR R =] ] oo

NOT ASSIGNED

Se¢ introduction to thie section for ordering information
tBackdating information in Section VII
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MP272, 373, 374
MP366, 367, 368

Flgure 6-5. Switch Assembly Mechanical Parte




HP 11729B

Replaceable Parts

Table 6-2. Replaceable Parts

Reference Qty

Description Mir Part Number

Designation

HRa3n
HP&431
MPazz
HPaRd
P44

nP435
MP436
HP437
nP433
nP&3a

FiR4an
MPA4Y
HP44Z
HP443
RP4as

HR44%
FR446
rip447
1P443
MP44g

HPAS0
HP45Y
LT
HP453
HP454

HP455
MPA5E-
MESED
Maaet T
mpagzt

MAseat
mPagat

11728-20021
11 728-00020
0515-0064
2180-0003
0515-00%4

BE15-00%4
0S18-00%4
0515-00%4
DS15-00%4
0515-00%4

0515-0054
0515-0054
0515-0054
0515-0054
0515-0054

0515=0104
0815-0104
0%1%-008
B51%-0208
051%-0104

BE15-0104
0E15-0104
0815-0104
0S0-010%
UE15-0104

0g15-0104
DE15-0104
0515-0088
0515-D085

0515-0085
0515-0085

) A i L i

[ R =) Ah 4 L] O O B e B R ] R IENIEN I RN |

HEAT ZINK
DUCT AlR
SCREL-MACH M3 X ©

WASHER =LK HLCL NO.

SCREW-MACH M3 X O

SCREW-MACH M3
SCREW-HACH M2
SCREW-MACH M3
ECREW-HACH M3
SCREL-MACH M3

O MW
[ = = -

SCREW-MACH 13
SCREW-MACH 13
SCREW-MACH 13
SCREW-MACH 13
SCREW-MACH h3

SCREW-RACH 13
SCREW-HACH R3
SCREW-MACH 3
SCREW=-MACH M3
SCREL=MACH M3

OO0 M 3 T el bl fal
== oo oo o OO0 0
GREMm R AR A AN 4N Ln SN N ghoon

SCRELW-MACH M3 %
SCREL-MACH M3 X
SCREW-MACH M3 X

WABHER-FL MTLEC NG.

SCREW-MACH M3 X 0
SCREW-MACH M3 X 0
SCREW-MACH M3 X O
SCREW-MACH ta X 0
SCREW-MACH M4 X 0

SCREW-FACH H4 X
SCREW-FMACH 14 X @

.5 16MM-LG PAN-HD
4 .115-IN-ID
10MM-LG PAN-HD

10MM-LG PAN-HD
10MM-LG PAN-HD
10MM-LG PAN-HD
10MM-LG PAN-HD
10MM-LE PAN-HD

RN g

10MM=Liz PAN=-HD
10MM=Li5 PAN-HO
10MM=1G PaN=HD
10MM=1.G PAN=HD
10MM-LG PAN=HD

2MM-LG PAN=HD
2MH-LG PAN-HD
14r1-LG PAN-HD
14M1-LG PAN-HD
AMi-La PAN-HD

aMi-LG PAN-HD
aMM-LG PAN-HD
8MM-LG FAN-HD
4 ,125-IN-1ID

5 8HM-LG FAN-HD

.5 8MM-LG PAN-HD
.5 EMM=LG RAN-HD
J7 10RM=LG
.7 10MM=LG

.7 10MR=LG
.7 10RR=LG

11722-20021
11723-00020
0515-0004
Z2120=-0003
0515-0054

0515-0054
0515-0054
0515-0054
0515-0054
0515-0054

05150054
0515-0054
0515-0054
05150054
051%5-0054

0515-0104
0515-0104
0515-0208
0515-0208
0515-0104

0515-0104
0515-0104
0515-0104
I050-0105
0535-0104

05150104
0515-0104
0515-0085
DE15-0085

B515-0085
0515-0085

3050-010%
3080-010%
3050-010%

L125=IN-T0
125+ IN=TD
125-IN-ID

WASHER-FL MTLC NO.
WASHER-FL MTLC NO.
WASHER-FL MTLE NO.

MPAES 3050-0105
MPaGs 3050-0105
rP4GT 3050-0105

3050-010%
30586-0105
3050-0105

WASHER-FL MTLC HO.
WASHER-FL MTLEC NO.
WASHER-FL MTLC NO.

A26-IN-I0
A25-IN-ID
A26-IN-ID

HRr458 J050-0105
1P459 I050-0105
1R470 3050-010%
MR471 -

MP49G 2190-0003 2180-0063

WASHER-LK HLCL NO. 4 .115-IN-ID

350-010%
360-010%
2180-0003
21480-0003
2200-0139

WASHER-FL MTLC HO.
WASHER-FL MTLC NO.
WASHER-LK HLCL HO. 4 .11%-IN-I0
WASHER-LK HLCL NO. 4 ,11%-IN-ID
SCREW-FACH 4-40 .28-IN-LG PAN-HD-POZT

185-IN-10
185-IN- 1D

rPagy 3050-0105
rP4og 3050-0105
mMPage 21900003
HPSH0 21890-0003
MPS01 2200-0134

Ahpph bR BRAR

2200-0139
B040-0170
5040-0170
0515-0104
2190-0043

SCREW-FHACH 4-40 ,28-IN-LG PAN-HD-POZI
GUIDE; PLUG-IN PC BOARD

GUIOE: PLUG-IN PC BOARD

SCREW-FIACH N3 X 0.5 8FF-LG PAN-HD
WASHER-LX HLCL NO. & ,11%-IN-ID

MP502 2200-0139
MPS03 5040-0170
MPS04 5040-0170
MPS0S 0515-0104
MPS0G 2190-0003

O OODERREE LAOXERTD O O@O@D BEEAEE b 00

MPSa 7 3050-0105 WASHER-FL RTLC NO. 4 ,12%-IN-ID 3050-010%
MPS0 8-

MPES NOT ASSIGNED

See introduction to this section for ordering information
+Backdating information in Section V1I




HF 11729B _ Replaceable Parts

MP438—443

MP483, 485, 487,
489. 491, 493

MP431

MP504

il
/ MP503

e ol A Pl
. T ,..,ﬁ-"/ i MP455—460
Mpass P N P

! MPdgS-420 2
MP471 ! =

MP453

MP451
MP480

—= _- 2 ' MP497|

MP479 ey
Mp449/ . MP439, 500 498

MP473
MPEOT, 502

MPA61-—464

Figure 6-6. Power Supply and Low Noise Amplifier Mechanical Parts
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Table 6-2. Replaceable Parts

Reference
Designation Oty Description Mir Part Number

SCREW-MACH M MH-L& PAN-HD 0515-0104
SCREW~MACH M MM-LG FAN-HD 05150104

0R15-0104 3 X 0.% 8
3 X 0.5 8

SCREW-MACK M3 X 0.5 8MH-LG PAN-HD 0515-0104
3 X 0.5 8
3 X 0.5

0515-0104
0515-p104
0515-0104
0515-0104

SCREW-MACH M MM-LG PAN-HD 0515-0104
SCREW-MACH M 8MH-LG PAN-HD p5i5-0104

SCREL-MACH M3 X 0.5 8MM-LG PAN-HD DHiG-0104
WASHER =LK HLCL NO. L115-IN-I0 2t20-0Cc03
WASHER-LK HLEL NO. 4 .115-IN-ID 2180-0003
WASHER-LK HLEL NG. 4 .115-IN-ID 2190-0003
WASHER-LK HLCL NG. 4 .11%-IN-ID 2100-0003

«115-IN-ID 2190-0003
«115-IN-ID 2190-0003
125-IN-1ID 2050-0145
125-IN-1I0 080-0105
L128-IN-ID 2050-010%

0515-0104
2190-0003
2190-0003
21900003
2190-0003

WASHER-LK HLEGL NG.
WASHER-LK HLECL WO.
WASHER-FL MTLEC NG,
LHASHER=Fl, MTLC MO.
WASHER=FL MTLGC NO.

21900003
2180-0003
050-010%
3050-010%
3050-0108

L ko

.125-IN-I0 3050-010%
128=-1IN-T0 30%0-010%
.125=-IN-1D 30%0-010%

WASHER-FL MTLC NO.
WASHER-FL HTLC NG.
HASHER-FL MTLC NG

3050-0105
3050-0105
3050-0105

Lol o] oo ;oo 0o 00 O 0 0 00 00 a0

LR

HOT ASSIGNED

See introduction to this section for ordering information
rBackdating information in Sectien VII




HP 11729B Replaceable Parts

MP572, 573, 574
MP586, 567, 568

Figure 6-7. AQ Assembly Mechanical Parts




Replaceable Parts HP 117298

Table 6-2. Replaceable Parts

Reference

Designation Qty Description Mir Part Number

DBE72-60142 SWITCH ASSEFBLY SPT 0867260142
08672-B0142 SWITCH ASSEFBLY &PT 0RE72-80142
08672-80142 SWITER ASEEMBLY SPT 0BE72-B0142
08872-60142 EWITCH ASSEMBLY SPT 02E72-B0142
08672-60142 SWITCH ASSEMELY SRT PEETZ-R0142

08EB72-80142 SWITCH ASSEMBLY SPT PEETZ-B0i42
GBE72-60142 SWITCH ASSERBELY SPT REE72-00142
0BBTZ-50142 SWITCH ASSERELY SPT 0BE72-G0142
(BE7Z-B0142 SWITCH ASSEMBLY SPT 0BG72-60142
3101-2634 SWITCH-RKR SUBMIN DPDT 5A 250VAL SPD-LUG 301-2634

(PART OF W)

3101-1873 EWITCH-5L 7-1A DIP-SLIDE-ASSY (1A SOVOC 3N01-1973
[HP-IB ADODRESS SWITCH)

8100-4333 TRANSFORMER-POLER 9100-4332
0515-0148 SCREW-HACH M4 X 0.7 S0MM-LG PAN-HD 0516-0146
(USED T& HOUNT T1)
2180-0017 WASHER-LK HLCL NO. B .168-IN-ID 2190-0017
(USED TO MOUNT T1)
3050-0139 WASHER-FL MTLC NO. 8 .3172-IN-ID Js0-0139
(USED TD MOUNT 1)

IC ¥ RGLTR TO-2 LH320K-16
IC-Lnzze 1826-0877
IC 781% ¥ RGLTR TO-3 T81EKC

IC ¥ RGLTR TO-3 LB317K

MICROWAVE MIXER 0855-0181
SCREW-fIACH ¥3 X 0.5 10MR-LG PAN-HD 0515-0054
(USED TO FQUNT US)
WASHER-FL ATLC NO. 4 ,125-IN-ID 3050-0105
(USED TO MOUNT US)
WASHER-LK HLCL NO. 4 ,115-IN-ID 2190-0003
(USED TO MOUNT UB)
NUT-HEX DEL-CHAT H3 X 0.5 2, 41M-THy QROER BY DESCRIPTION
{USED TO MOUNT US)
POWER-SPLITTER 2-WAY WITH B0 OHR SHA 0955-0176
SCREW-HACH M3 X 0.5 251N-LG PAN-HD 05150065
(USED TO MOUNT US)
WASHER-LK HLCL NO. 4 ,11%-IN-TIO0 2190-0003
(USED TO MOUNT Ug)

1826-0169
1626-0677
1826-0202
1826-0422
0855-0181
0515-0054

3050-010%
2180-0003
0535-0004

0885-0176
0515-0065

o o® ) O P ~lwhdooom

2180-0003

0a55-0177 MIKER (FHAEE DETECTOR) GRRG-0177
0515-0065 0 SCREW-MACH MZ X 0.5 2501M-LG PAN-HD RE1E-R0BD
(UBED TO MOUNT U7)
2190-0003 WASHER-LK HLCL HO. 4 ,11%-IN-TD 2190-0003
(USED TO HOUNT U7)

11728-60031
1400-0031
0815-0054
2190-0003
3050-0105
GS35-0004

CABLE ASSEMBLY (INCLUDES 510 & Al2) 11729-60031
CLARP-CABLE .375-0IA .5-4D NYL 1400-0031

SCREW-MACH M3 X 0.5 10MH-LG PAN-HD 0515-0) 64

WASHER-LK HLCL MO, 4 .11%-IN-ID 2190-0943

WASHER-FL MTLL NO, 4 ,125-IN-ID H0-0105

HUT-HEX DBL-CHAR M3 X 0.5 2, 40001-THK ORDER 8Y DESCRIPTICN

11724-800%8
117248-60020
11728-80024
11725-6005S
11729-60036

CABLE ASSEMELY 11720-600%8
CABLE ASSEMBLY 11729-60020
CABLE &40 1172980024
CABLE ASSEMELY (OPT. 130 ONLY} 11729-60056
CABLE ASSEMALY 11729-60036

11728-80034
11729-20072

CABLE ASSEMELY 11729-60034
CABLE ASSEMBLY (SINGLE FILTER OPTIONS; 11729-20072
ISOLATOR T& FILTER)
CABLE AESEMBLY 11728-50017
CABLE AGSEMBLY 1728-60028

11728-60017
11729-6002%

CABLE ASSEMBLY HT25-E0027
CABLE ASSEHBLY 11725-60054
CABLE ASZEMBLY 11724-60018
CABLE ASZEMBLY 11726-80023
CABLE ASSEHMBLY 11725-80053

11729-60027
11720-50054
11729-60018
11729-60023
11729-500%0

ot 40D Lh W ~1 R ~F O Gy 0 D o O OF =3 OF M

See introduction to thiz section for ordering information
+Backdating information in Section VII
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Table &-2, Replaceable Parts

Replaceable Parts

Reference
Designation

Qty Description

Mir Part Number

11728-60057 CABLE ASSEFBLY
11728-60022 CABLE ASSEMALY
1172060032 CABLE ASSEMALY
117ew-80035 CRBLE ASSErBLY
11 728-60012 CABLE ASSEMBLY

NOT ASSIGHED

CABLE ASSEMBLY

CABLE ASSY (OPT, 130 OMLY)
CABLE ASSEMELY

CABLE ASSEMBLY

11728-60025
11729-20038
11729-20028
08672-20157

QB&T2-20157
117292007
f120-1372
1250-1249
11728=-60044
1400-0510

CABLE ASSEFBLY

CABLE ASSEFBLY

ASSERELY-CABLE (POLER CABLE)
ADARTER-COAX RTANG F=SHA F-5HA

CABLE AZSY(FOR IF, POWER & LOW NDISE AWP
CLAMP-CABLE .15-DIA .BZ-LD NYL

1172920074
03672-20157
MTE9-20070
08672-20157
11729-20070

CABLE ASSERBLY
CABLE ASSEMBLY
CABLE ASSEMBLY
CABLE ASSEMBLY
CABLE ASSEMBLY

[ T ] LR NI Y B

DeE72-20157
M729-2G070
08672-20157
11728-20070
UgE72-20157

CABLE ASSEHBLY
CABLE ASSERBLY
CABLE ASSEMELY
CABLE ASBEMALY
CABLE ASSEMBLY

RO T Y

N26-20070 [ 5 CABLE ASSEMBLY
11729- 200688 CABLE ASSEMELY
NOT ASSIGNED
HOT ASSIGNED
HOT ASSTGHED

11 728- 20066 CAELE ASSEMELY

11728-20060 CABLE ASEEMBLY

MOT AZSIGHED

117129=80080 CABLE ASSERBALY

11729-80050 CABLE ASSEMBLY (HP-IB INTERCONNECT TO
MICROPRACESSOR)

11729-80053 CABLE ASRY (CABLE FROH HICROPROCESSOR TO
SWITCHES)

1400-0619 CABLE CLAMP-HFEL . 312-0DTA ,5-uD
0815-0054 SCREW-MACH M3 X 0.5 1QMM-LG PAN-HD
11728-60045 CABLE ASSEMBELY

1400-0611 CLAMP-FL-CA 1-uD

11729-50052 CABLE ASSEMELY (FROM NICROPROCESSOR

) TQ FRONT PANEL)

1400-0613 CLAMR-FL-CA 1-uD

11729- 600G CABLE ASSEMBLY

11729-60082 CABLE ASSEMBLY (OPYION 140: B4OMMZ IN)

1729-60077 CABLE AZSEMELY (OPTION 140; LOOP TEST
PCRT QUT)

11729-60073 CABLE ASSEMALY (OPTION 1 AUX NOTSE)
T1723-80075 CABLE ASSERBLY (OPTICN + NOISE
SPECTRUM =1MHZ)

11729-80081 CABLE AGSEMBLY (ORPTION IF OUTPUT)
H1729-80080 ;ABLE ASSEMBLY (QRTION 5 TO 12BOMMZ
N)

11729-8007% CABLE ASSEMELY (ORTION FREQ-CONT
A=0SC)

11729-60074 CABLE ASSERBLY (GRTION i FREQ-CONT
DC«FM)

11720-60078 CABLE AZZEMBLY (OPTION LOOR TEGT
PORT IN}

11729-60079 CABLE ASSEMBLY (OPTION NOLEE
SPECTRUM <10MMZ )

11Tza-20074 CABLE ASSEMBLY (OPTION AIZROWAVE
TEST SIGNAL INPUT)

11729-60057
11729-60022
11729-B0032
11729-6003%
1729460033

1172960025
11729-20028
11720-20028
DEETZ-20157

Qeg72-20157
11 729-20070
81201278
1250-1249
11729-60044
1400-0510

11728-20070
0gB72-20157
11729-20070
08672-£0157
11728-20070
UsE72-20157
11728-20070
08672-20157
V172820070
0B8E72-20157

117 H=20070
14 F2a-20068

11°729-20008
11720-20069

11729-60060
H1729-600E0
11729-E0Q58
§400-0619
D515-0054
11726-60045
CFec-8
11729-60052
CFCC-8
11729-0081
11723-60082
11723-60077
11728-60073
1172080076
11728-50081
11728-60080

11728-60075

11729-80074
11 725-60078
11728-80079
11729-20074

See introduction to this section for ordering information
tBackdating information in Section VII




Replaceable Parts

Table 6-3, Code List of Manufacturers

HP 117298

Manufacturer Name

Address

Zip Code

BUEHLER GEER NACHFOLGER GMEH
NIPPON ELECTRIC G

ANY SATISFACTORY SUPPLIER
ALLEN=BRADLEY CO

TEXAS INSTR ING SEMICOND CRIPNT DIV
FERROXCUBE CORP

HMOTOROLA SEMICONDUCTOR PRODUCTS
RICHCD PLASTIC CO

FAIRCHILO SEMICONDUCTOR DIV
MEPCO/ELECTRA CORY

ANALDG DEVICES INMC

CORNING GLASS WORKS (BRAODFORD)
SIEMENS CORP

NATIONAL SEMICONDUCTOR CORP
HEWLETT-PACKARD CO CORPORATE HQ
RCA CORP SOLID STATE DIV
HERCO/ELECTRA CORP

BOURNS INC TRIMPQT PROD DIV
SPRAGUE ELECTRIC COQ

ELECTRO MOTIVE CORP

LITTELFUSE INC

ZIERICK MFG €O

NURNBERG
TOKYD

MILLAUKEE
DALLAS
SAUGERTIES
PHOENIX
CHICAGD
MOUNTAIN VIEW
MINERAL WELLS
HORLIOGD
BRADFORD
TSELIN

SANTA CLARA
PALO ALTO
SOMERVILLE
5AN DIEGO
RIVERSIOE
NORTH ADAMS
FLORENGE

DES PLAINES
AT KISCO
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Manual Changes

SECTION VI
MANUAL CHANGES

7-1. INTRODUCTION

This section contains manual change instructions
for backdating this manual for Carrier Noige Test
Sets with serial number prefizes lower than 2435A.
This section also containg ingtrument modifica-
tion suggestions that are recommended toimprove
the performance or reliability of yvour Carrier
Noise Test Set.

7-2. MANUAL CHANGES

To adapt this manual to your instrument, refer to
Table 7-1. Make all of the manual changes listed
opposite your instrument’s serial number or prefix.
The manual changes are arranged in ascending
alphabetical order but should be performed in the
sequence shown in the table. For example, Change

C should be done before Change B and Change B
before Change A.

If your instrument’s serial number or prefix is not
listed on the title page of this mnanual or in Table
7-1,it may be documented in a geparate MANUAL
CHANGES supplement. For more information
about serial numbers, refer to INSTRUMENTS
COVERED BY MANUAL in Section .

Table 7-1. Manual Changes hy Serial Number

Make Manual Changas

2329A D,C,BA
. 2345A D,C.B
2412A D,C
24284, D

Serfal Prefix or Number

MANUAL CHANGES

7-3. MANUAL CHANGE INSTRUCTIONS
CHANGE A
Table 6-3;

ATF1 was originally 2110-0012. However, the part lizted in the table is the recornmended replacement.

Therefore, no manual change is suggested.

Delete ASC39.

AS9J3 was originally 1251-5771, However, the part listed in the table is the recommended replacement.

Therefore, no manual change is suggested.

Delete A9R1Y.
Service Sheet 4:

Replace the component locations photograph with Figure 7-1.
Delete the rc delay network between U45-pin 15 and U11B-pin 10. Connect U45-pin 15 to UIl-pin 10.

Service Sheet 5;

Replace the component locations photograph with Figure 7-2.

Service Sheet 6:

Replace the component locations photograph with Figure 7-3.




Manual Changes ' HF 11729B

MANUAL CHANGES

CHANGE B ‘ I ‘
Table 6-3:
ATC5 wags originally 0180-0291. However, the part listed in the table is the recommended replacement

Therefore, no manual change ig suggested.

A7C8 was originally 0180-0197. However, the part listed in the table is the recommended replacement.
Therefore, no manual change is suggested.

Service Sheet 7 (schematic):
The value of C5 was originally 1 xF. However, the value shown is correct. Therefore, no manual change

is euggeeted

CHANGE C
Table 6-3:

Change the part number for ABMP1 to the following: 11729-20023 CD8,

Change the part numbers and descriptions for MP461—464 to the following: 0624-0212 CD0 SCREW-
TPG 6-32 .375-IN-LG 82 DEG.

Change the part number for MP113 to the following: 11729 00005 CD4.

Change the part number for MP108 to the following: 11729-20014 CD7.

CHANGE D
Table 6-3:

A9 wag originally 11729-60008. However, the part number listed in the table is the recommended
replacement. Therefore, no manual change is suggested. .
Delete A9C40,

Delete A9L1L.

Service Sheet 4:
Replace the component locations photog‘raph with Figure 7- 4

Service Sheet 5:
Replace the component loeatmne phetegraph with Figure 7-5.

Service Sheet 6:
Replace the component locations photograph with Figure 7-6.
Delete A9C40 (lower right side of the A9 assembly).
Delete A9L1 (lower right side of the A9 asgembly).
Delete the —15V connection to Service Sheet 7 (lower left side of the AD assembly).

Service Sheet 7
Delete the —15V connection to Service Sheet 6 (right side of schematic).
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SECTION Vi
SERVICE

8-1. INTRODUCTION

This section contains information for trouble-
shooting and repairing the Carrier Noise Test Set.
Included are troubleshooting tests, schematic and
block diagrams, and principles of operation.

8-2. SERVICE SHEETS

The foldout pages (Service Sheets) in the last part
of this section are a block diagram (BD1) and
schematics (1 through 7).

8-3. Block Diagrams

Block Diagram 1 (BD1)} is an overall block dia-
gram that breaks the instrument into functional
gectiong, If serves as an index o the gchematic
Service Sheets and as a starting point for trouble-
shooting.

8-4. Schematics

Service Sheets 1 through 7 consist of assembly
schematic diagrams, Symbols uged in the sche-
matic diagrams are defined in Table 8-2, Sche-
matic Diagram Notes,

8.5. SAFETY CONSIDERATIONS
8-6. Before Applying Power

Verify that the instrument is set to match the
available line voltage and that the correct fuse is
installed. An uninterrupted safety earth ground
must be provided from the main power gource to
the instrument input wiring terminals, power
cord, or supplied power cord set,

8-7. Safety

Pay attention to WARNINGS and CAUTIONS.
They must be followed for vour protection and to
avoid damage to the equipment.

Maintenance described herein is performed
with power supplied to the instrument and
with protective covers removed. Such main-
tenance should be performed only by service-
trained personnel who are aware of the

hazards involved (for example, fire and elec-
trical shock). Where maintenance can be per-
formed without power supplied, the power
should be remouved.

Any interruption of the protective (ground-
ing) conductor (inside or outside the instru-
ment) or disconnection of the protective earth
terminal will create a potential shock hazard
that could result in personal injury, Ground-
ing one conductor outlet is not sufficient.
Whenever it is likely that the protection has
been impuaired, the ingtrument must be made
inoperative (that is, secured against unin-
tended operation).

If this instrument is to be energized via an
outotrangformer, make sure that the auto-
transformer’s common terminal is connected
to the earth terminal of the power source.

Capacitors inside the instrument can still be
charged even if the instrument is digcon-
nected from its source of supply.

Make sure that only 250 volt fuses with the
required rated current and of the specified
type (normal blow, time delay, etc.) are used
for replacement. Do not use repaired fuses or
short-circuited fuse-holders. To do so could
create a shock or fire hazard.

8-8. RECOMMENDED TEST EQUIPMENT

Test equipment required to maintain the Carrier
Noise Test Set is lizted in Table 1-4. Equipment
other than that listed may be used if it meets the
listed eritical specifications.

8-9. SERVICE TOOLS, AIDS AND
INFORMATION

8-10. Pozidriv Screwdrivers

Many screws in the Carrier Noise Test Set appear
to be Phillips types, but are not. To avoid damage
to the screw slots, Pozidriv screwdrivers should be
uged. HP 8710-0899 is the No. 1 Pozidriv. HP 83710
0900 is the No. 2 Pozidriv.
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8-11. Tuning Tools

For adjustments requiring non-metalic tuning
tools, use the HP 8710-0033 blade tuning tool or the
HFP §710-1010 (JFD Model No. 5284) hex tuning
tool, For other adjustments an ordinary small
screwdriver or suitable tool is sufficient. No mat-
ter which tool is used, never force any adjustment
control,

8-12. Heat Staking Tools

The pushbutton switches on the front panel have
small plastic pins protruding from the back. These
tabg fit through holes in the front panel printed

HF 11729B

circuit boards (Al and A2) and are melted down to
hold the switch in place. Thig proceas is known as
heat staking. The heat staking tool is a standard
soldering iron with a special tip attached.

8-13. Hardware

Both Unified National (inch) and metric screws
are uged in the Carrier Noise Test Set,

8-14. Maintenance

Hewlett-Packard recommends the dust that may
accumulate ingide the Carrier Noise Test Set to be
blown out periodically.

Table 8-1. Etched Circuit Soldering Equipment

[tem Use

Specification

Item Recommendad HP Part No.

Soldering, Wattage: 35W

Heat Staking

Soldering Tool

Tip Temp.: 300—440°C
(735—825°F)

Ungar No. 135 8690-0167
Ungar Division
Eldon Ind. Corp.

Compton, CA. 90220

Soldering Tip Soldering,

Unsoldering

*Shape: Chisel

*Ungar PL113 8690-0007

Soldering Tip Heat Staking

Shape: Cupped

HP 5020-8160 or modified
Ungar PLI11

5020-8160

De-Solder To remove
Aid molten solder
from connection

Suction Device

Soldapullt by Edsyn Co.,
Van Nuys, CA 91406

8690-0060

To remove
excess flux from
soldered area
before applica-
tion of protec-
tive coating

Rosin (flux)
- Solvent

Muat not dissolve etched
cireuit bage board.

Freon TF 8500-0232

8090-0607

Rosin (flux core, high tin
content (63/37 tin/lead),
18 gauge (AWG) 0.040 in.
diameter preferred.

Component
replacement,
Circuit Board
repair wiring

*For working on eircuit hoards: for general purpose work, use No. 555 Handle (8690-0261) and No. 4037 Heating Unit 47% — 56% W
(HF 8690-0006); tip temperature of 850 — 900°F; and Ungar No. FL113 %" chisel tip.
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Table 8-2. Schematic Diagram Notes [1 of 8)

Test point symbols. Stars are numbered or lettered for easy correlation Intexconnection information,

of schematic diagrams, procedures, and locator illustrations.

Arrow connecting star to meas-

urement point signifies no
measuring aid provided.

Assembly part number

Assembly name

Assembly designation

N\

Star shown connected to
circuit signifies measuring aid
(metal post, circuit pad, ete.}
provided.

Number indicates
pin of socket (X A2).

Stage name lsinia

A2 DC REGULATOR ASSY (08708~ 60007)

SERIES
P REGULATOR W,

>
N

P

S

N

Q1

—_——-

;

\Y/

Plug-in connection information.
Socket designation for A2 assembly.

By

Circled letter indicates circuit
path continues on another
schematic diagram. Look for
same circled letter on service
sheet, indicated by adjacent
bold number {3, in this
example).

J3 not mounted
on assembly AZ2.

ASSEMBLIES ARE ABBREVIATED FULL

IS AIR1
COMPLETE A% SHOWN

REFERENCE DESICHATIONS WITHIN OUTLINED | e = o o)

"{ CLUDES ASIENBLY NUMBER, +g, R1 OF ASSEMBLY &l
DESIGMATIONS OF OTHER COMPONENTS ARE

DESIGHATION IN-

4

80 pF

Circuit board common
Dagger indicates

circuit change. See
section VIL

Conducting connection
to chassis or frame,

Asterisk indicates factory

REFERENCE DESIGNATION

G-

Non-plug-in
eonnection
information,
Solder point
named,

Connector symbols within the

NO PREFIX

A2 ASSY

borderlines of circuit assemb-

lies signify connections to the
assembly which are separate from
those made through the integral
plug part of the assembly.

Cl
Gl
Rl

NOT ASSIGNED

selected components, {See

section V).

Value selected for best operation.
Value shown is average or most

commonly selected value,

Wire color code, Code used (MIL-STD-681) is the
same as the resistor color code. First number
identifies the base color, second numbex the wider
stripe, and the third number the narrower stripe.

Example:

denotes white base, yellow
wide stripe, violet narrow stripe.

Reference designators deleted
by circuit changes are listed
here.

List of all the reference desig-
nations on the diagram.

Assembly reference designator(s).

Large numbers in lower right
corners of schematic diagrams
are service sheei numbers.
They are provided for con-
venience in tracing inter
connections.
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Table 8-2. Schematic Diagram Notes (2 of 8)

SCHEMATIC DIAGRAM NOTES

Asterisk denotes a factory-selected value. Value shown is typical.

Dagger indicates circuit change. See Section VII,

Tool-aided adjustment. O Manual control.
Encloses front-panel designation,

Encloses rear-panel designation.

Circuit assembly borderline.

Other assemnbly borderline.

Heavy line with arrows indicates path and direction of main signal.

Heavy dashed line with arrows indicates path and direction of main feedback.

Indicates stripline (i.e., RF transmission line above ground).

Wiper moves toward cw with clockwise rotation of control (as viewed from shaft ox
knob).

Numbered Test Point
measurement aid provided.

Encloses wire or cable color code. Code used is the same as the resiztor color code.
First number identifies the base color, second number identifies the wider stripe,
and the third number identifies the narrower stripe, e.g., denotes white base,
vellow wide stripe, violet narrow stripe.

A direct conducting connection to earth, or a conducting connection to a sfructure
that has a similar function (e.g., the frame of an air, sea, or land vehicle),

A conducting connection to a chassis or frame.

Common connections. All like-designation points are connected.

Letters = off-page connection, e.g., (AKX
Number = Service Sheet number for off-page connection, e.g., { 2

Number (only) = on-page connection.
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Table 8-2. Schematic Diagram Notes (3 of 8}

SCHEMATIC DIAGRAM NOTES

Indicates multiple paths represented by only one line. Letters or names identify
individual paths. Numbers indicate number of paths represented by the line.

Coaxial or shielded cabie.

Relay. Contact moves in direction of arrow when energized.

Indicates a pushbutton switch with a momentary (ON} position,

Indicates a PIN diode.

Indicates a current regulation diode.

Indicates a voltage regulation diode.

Indicates a Schottky (hot-carrier) diode.

Multiple transistors in a single package—physical location of the pins is shown in
package outline on schematic.

Identification of logic families as shown (in this case, ECL).

Indicates an opto-isolator of a LED and a photoresistor packaged together. The
resistance of the photoresistor is a function of the current flowing through the LED.
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Table 8-2. Schematic Diagram Notes {4 of 8)

DIGITAL SYMBOLOGY REFERENCE INFORMATION

Input and Output Indicators

Implied Indicator—Absence of polarity indicator (see below) implies that the
active state is a relative high voltage level. Absence of negation indicator {see
below) implies that the active state is a relative high voltage level at the input or
output.

Polarity Indicator—The active state is a relatively low voltage level,

Dynarmic Indicator—The active state is a transition from a relative low to a
relative high voltage level,

Inhibit Input—Input that, when active, inhibits (blocks) the active state outputs of
a digital device.

Analog Input—Input that is a continuous signal function (e.g., a sine wave).

Polarity Indicator used with Inhibit Indicator—Indicates that the relatively low
level signal inhibits (blocks) the active state outputs of a digital device.

Output Delay—Binary output changes state only after the referenced input (m)
returns to its inactive state {m should be replaced by appropriate dependeney or
function symbals).

Open Collector Qutput—Output that must form part of a distributed connection.
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Table 8-2. Schematic Diagram Notes (5 of 8)

DIGITAL SYMBOLOGY REFERENCE INFORMATION
Input and Qutput Indicators (Cont'd)

Threestate Output-—Indicates outputs that can have a high impedance (dis-
connect) state in addition to the normal binary logie states.

Combinational Logic Symbols and Functions
AND—AIl inputs must be active for the output to be active.
OR—One or more inputs being active will cause the output to be active,

Logic Threshold—m or more inputs being active will cause the output to be active
(replace m with a number).

EXCLUSIVE OR—Qutput will be active when one (and only one}input iz active.

m and only m—Output will be active when m (and only m) inputs are active
(replace m with a number).

Logic Identity-—Qutput will be active only when all or none of the inputs are active
(i.e., when all inputs are identical, output will be active).

Amplifier—The output will be active only when the input is active (can be used
with polarity or legic indicator at input or output to signify inverasion).

Signal Level Converter—Input level(s) are ditferent than output levei(s).

Bilateral Switch—Binary controlled awitch which acts as an on/off switch to
analog or binary signals flowing in both directions. Dependency notation should
be used toindicate affecting /affected inputs and outputs. Note: amplifier symbol
(with dependency notation} should be read to indicate unilateral switching.

K=Y Coder—Input code (X) is converted to output code (Y) per weighted values or a
table.

(Functional The following labels are to be used as necessary to ensure rapid identification of
Labels) device function.

MUX Multiplexer—The putput iz dependent only on the selected input.
DEMUX Demultiplexer—Only the selected output is a function of the input.

CPU Central Processing Unit

PIO Peripheral Input/Output

SMi Static Memory Interface




Service HP 11729B

Tahie 8-2. Schematic Diagram Notes (6 of 8)

DIGITAL SYMBOLOGY REFERENCE INFORMATION

Sequential Logic Functions

Monostable—Single shot multivibrator. Qutput becomes active when the input
becpmes active. Output remains active (even if the input becomes inactive) for a
period of time that is characteristie of the device and/or circuit.

Oscillator—The output is a uniform repetitive signal which alternates between the
high and low state values. If an input is shown, then the output will be activeif and
only if the input is in the active state,

Flip-Flop—Binary element with two stable states, set and reset. When the flip-flop
is set, its outputs will bein their active states. When the flip-flop is reset, itz outputs
will be in their inactive atates.

Toggle Input—When active, causes the flip-flop to change states.

Set Input—When active, causes the flip-flop to set.

Reset Input—When active, causes the flip-flop {o reset.

J Input—Analogous to set input.

K Input—Analogous to reset input.

Data Input—Always enabled by another input (generally a C input—see Depen-
dengy Notation), When the Dinput is dependency-enabled, a high level at D will set
the flip-flop; a low level will reset the flip-flop. Note: strictly speaking, D mputs

have no active or inactive states—they are just enabled or disabled.

Count-Up Input—When active, increments the contents (count) of a counter by
“m"” counts (m is replaced with a number}.

Count-Down Input—When active, decrements the contents (count) of a counter by
“m™ counts (m is replaced with a number).

Shift Right (Down) Input—When active, causes the contents of a shift register to
shift to the right or down “m" places (m iz replaced with a number).

Shift Left (Up) Input—When active, causes the contents of a shift register to shift to
the left or up “m"” places (m is replaced with 2 number).

NOTE

For the four functions shown above, if m Is one, it is omitted.

{Functional The following functional labels are to be used as necessary in symbol build-ups to
Labels) ensure rapid identification of device function.
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Table 8-2. Schematic Diagram Notes (7 of 8)

DIGITAL SYMBOLOGY REFERENCE INFORMATION
Sequential Logic Functions (Cont'd)

Counter—Array of flip-flops connected to form a counter with maedulus m (m is
replaced with a number that indicates the number of states: 5 CNTR, 10 CNTR,
ete.).

Register—Array of unconnected flip-flops that form a simple register or latch.

Shift Register—Array of flip-flops that form a register with internal connections
that permit shifting the contents from flip-flop to flip-flop.

Read Only Memory—Addresaable memory with read-out capability only.

Random Access Memory—Addressable memory with read-in and read-out
capability.

Dependency Notation

Address Dependency—Binary affecting inputs of affected outputs. The m prefix is
replaced with a number that differentiates between several address inputs, indicates
dependency, or indicates demultiplexing and multiplexing of address inputs and
outputs. The m auffix indicates the number of ceils that can be addressed.

Gate (AND) Dependency—Binary affecting input with an AND relationship to
those inputs or outputs labeled with the same identifier. The m is replaced with a
number or letter (the identifier).

Control Dependency—Binary affecting input used where more than a simple AND
relationship exists between the C input and the affected inputs and outputs (used
only with D-type flip-flops).

OR Dependency—Binary affecting input with an OR relationghip to those inputs or
outputs labeled with the same identifier. The m is replaced with a number or the
letter (the identifier).

Free Dependency—Binary affecting input acting as a connect switch when active
and a disconnect when inactive. {Jsed to control the 3-state behavior of a
J-state device,

NOTE

The identifier (m) is omitted if it is one—that is, when there is only one dependency
relationship of that kind in a particular device. When this is done, the dependeney
indicator itself (G, C, F, or V) is used to prefix or suffix the affected (dependent) input
or cutput.
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Table 8-2. Schematic Diagram Noies (8 of 8]

DIGITAL SYMBOLOQGY REFERENCE INFORMATION

Miscellaneous

IT Schmitt Trigger--Input characterized by hysterisis; one threshold for positive
going signals and a second threshold for negative going signals.

Active Active State—A binary physical or logical state that corresponds to the true state of
an input, an output, or 2 function. The opposite of the inactive state.

Enable Enabled Condition—A logical state that occurs when dependency conditions are
satisfied. Although not explicitly stated in the definitions listed above, functions

are azsumed to be enabled when their behavior iz described. A convenient way to
think of it 15 as follows:

A function becomes active when:
# it is enabled (dependency conditions—if any—are satisfied)
* and its external stimuls (e.g., voltage level) enters the active state.
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SERVICE SHEET BD1
OVERALL FUNCTIONAL BLOCK DIAGRAM

PRINCIPLES OF OPERATION

General. The HP Model 11729B Carrier Noise
Test Set performs four (4) major tasks:

* Up converts an external reference signal
® Down converts the signal under test

® Phase detects the signal under test and a
reference signal

® Phase locks the signal under test to a
reference signal

These four operations allow the Carrier Noise Test
Set to be used as an integral part of a phase noise
measurement systern. With Option 130 installed,
the Carrier Noige Test Set has AM noise mea-
surement capabilities. The Carrier Noize Test Set
accepts test signals from 10 MHz—18 GHz, at a
level of +7 dBm to +20 dBm.

For the Carrier Noise Test Set to be completely
operational it requires one or two drive signals (a

fixed 640 MHz gignal and/or a tunable 5 MHz to
1280 MHz signal) that are supplied from an exter-
nal RF source.

The following discussion describes the purpose of
Service Sheets 1-6.

Service Sheet 1—Reference Up-Conversion,
Test Signali Down-Conversion and Phase
Detecting Circuits

Service Sheet 1 hag all the circuitry necessary to
up-convert the reference signal, and down-convert
and phase detect the signal under test.

The signal under test (10 MHz--18 GHz) is down-
converted to 5§ MHz—1280 MHz. For test signals
from 5 MHz—1280 MHz down-converting is not
required. To achieve the down-converted signal a
fixed 640 MHz signal is up-converted to micro-
wave frequencies by being input to a comb genera-
tor (step recovery diode multiplier). The comb
generator outputs harmonics of the 640 MHz sig-
nal. One of the harmonics is selected with a pass-
band filter. The filter is user gelectable from the
front panel (local) or by using the Hewlett-Packard
Interface Bus (remote). The harmonic selected is
mixed with the signal under test. The result pro-

Service

duces a down-converted gignal under test from 5
MHz—1280 MHz. The resulting signal {or direct
tegt signal from 5 MHz—1280 MHz) is input to a
mixer/phase detector along with a tunable 5 to
1280 MHz gignal. The end product is a dc signal
with ac components directly proportional to the
phase detected difference batween the signal under
test and the tunable 5 MHz—1280 MHz signal.

All circuitry necessary for AM detecting the signal
under test, to make an AM noise measurement,is
on Service Sheet 1,

Service Sheet 2—Low Pass Filter and Low
Noise Amplifier Circuits

The dc signal from the mixer/phase detector on
Service Sheet 1 is filtered and output for connec-
tion to a spectrum analyzer.

The Low Noise Amplifier amplifies the filtered
signal so it can be seen on a laboratory spectrum
analyzer.

Service Sheet 3—Phase Lock Circuits

With some methods of making a phase noise mea-
surement, the signal under test and the tunable 5
MHz—1280 MHz signal must stay in phase quadra-
ture (that is, 90 degrees cut-of- phase). A phaselock
Ioop is used to maintain this phase relationship.

Phase lock loops consist of the following three
components;

— A Voltage Controlled Oscillator (VCQO)
— A Phase Detector
— A Loop Filter

The VCO of the phase lock loop can be either the
external RF source supplying the tunable 5 MHz—
1280 MHz signal or it can be the device under test.
The other two components of the phase lock loop
are supplied by the Carrier Noise Test Set. The
phase detector is shown on Service Sheet 1.

The loop filter circuitry for controlling the phase
lock loop bandwidth iz shown on this Service
Sheet. The main input to the Phase Lock Circuits
is from the mixer/phase detector through a low
pass filler (on Service Sheet 2). The signal from the
mixer/phase detector is input to a series of ampli-
fiers with variable gain. The gain (loop band-
width) iz user gelectable in local (front panel) or
remote (HP-IB) by selection of the Lock Band-
width Factor. The signal from the mixer/phasge

3-11
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SERVICE SHEET BD1 (cont’'d)

detector is processed through the series of amplifi-
erg and the following signals are output:

— FREQ CONT DC-FM
— FREQ CONT X-0SC

These two signals are supplied to control the fre-
quency of the VCO. The signal chosen will depend
on the tuning voltage reguired by the VCO, FREQ-
CONT X-O8C hag an output voltage of +10 Volts
de. FREQ-CONT DC-FM has an output voltage of
+1 Volt de. When locked, the VCO will now track
these control signals.

A CAPTURE control is supplied to widen the loop
bandwidth, when first trying to acquire phase
lock. The CAPTURE control causes the gain of the
amplifiers to be fixed. The CAPTURE control
overrides any gain that was set by the Lock
Bandwidth Factor,

The LOOP TEST PORTS are used to characterize
the frequency response of the phase lock loop, This
characterization determines how much the loop
guppregses noise at different frequency offsets
from the signal under test.

Service Sheet 4—Data Input Circuits

Service Sheet 4 shows how data is input to the
Carrier Noige Tegt Set. The data can be input
uging the front panel or Hewlett-Packard Inter-
face Bus (remote). All necessary circuitry for
encoding the front panel keys and interfacing
with the microprocessor in local is documented on
Service Sheet 4,

Service Sheet 5—Data Processing Circuits

Service Sheet 5 contains the mieroprocessor, ROM
and RAM, Information entered into the Carrier
Noise Test Set is processed by this circuitry.

Service Sheet 6—Switch and LED Control
Circuits

Data is entered in local or remote (HP-IB). Next it
is processed by the circuitry shown on Service
Sheet 5, then output to the circuitry shown on
Service Sheet 6. Service Sheet 6 consiats mainly of
data latches and drivers. The data cutput from
Service Sheet 5 is available to all latches in paral-
lel, The data in the latches is used to control the
filter switches and front panel LEDs.
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TROUBLESHOOTING

The troubleshooting procedures are referenced to
the Block Diagram by a hexagon with a check-
mark and a number inside

For example, </1>

Test Equipment

Digital Multimeter

Microwave Syrithesized Source

Oscilloscope

Spectrum Analyzer

Power Meter .............. P

RF Synthesized Signal Generator.. . HP 8662A
(Option 003)

HP 3456A
HP 8340A
HP 1740A
HP 8566A.

AM SWITCH OPERATION </1>

The following troubleshooting will help to isolate
an AM switch problem to the Microprocessor Cir-
cuits or the Reference Up-conversion, Test Signal
Down-conversion and Phage Detecting Circuits.

AM .Swltch Drive Circuitry Verification

1. Removethetop cover of the Carrier Noise Test
Set,

2. Locate the AM switch., The switch on the far
right next to the [F amplifier (A10), as viewed
from the front, is the AM switch.

Verify +24 volts is on pin 2 (center pin of the
switch). If the voltage is correct, proceed to
step 4. If the voltage is incorrect, ingpect the
switch wiring, then if necessary troubleshoot
the power supply circuitry on Service Sheet 7,

Monitor the voltage on pin 3 (top pin of the AM
switch) while pressing the MODE switch re-
peatedly on the front panel. The voltages meas-
ured should change as follows:

MODE

AN Switch

AM

Phase Noige

pin 1
pin 2

+0.7V
+23.8V

+23.8V
+23.8V
+0.7V

pin 3 +23.8V

5. Ifthe voltages measured are correct proceed to
step 6. If the voltages are incorrect, check the
wiring to the switch or the AM switch circuitry
on Service Sheet 6. :
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SERVICE SHEET BD1 (cont'd)
AM Switch Verification

6. Check the operation of the AM switch. The
proper operating conditions of the AM switch
are listed below:

A clicking sound can be heard when the
MODE switch on the front panel i repeatedly
pushed.

The AM modulation on a microwave test sig-
nal input can be viewed from the <10 MHz
output when the AM noise measurement mode
is enabled.

MICROWAVE FILTER SWITCH
OPERATION <7z>

The following troubleshooting will help to isolate
a microwave filter switch problem to the Micro-
processor Circuits or the Reference Up-conversion,
Test Signal Down-conversion and Phage Detect-
ing Circuits.

NOTE
Before starting to troubleshoot be sure
to confirm that the 640 MHz IN signalis
640 MHz +32 kHz at a level of +1 dBm
minimum.

Microwave Filter Switch Drive Circuitry
Verification

1. Removethetop cover of the Carrier Noise Test
Set.

Locate the microwave switch that is not prop-
erly operating. The group of switches for
bands 2 through 8 are located on the left side of
the instrument ag viewed from the front. The
switches for bands 2 through 8 are setup con-
secutively from left to right.

The switch for band 1 ig located on the right
side of the instrument as viewed from the
front. If there are two (2) switches on the right
side, the switch located closest to the side of
the instrument is the switch for band one (1),

Verify that +24 volts is on pin 2 (the center pin
of the switch in question).

If the voltage is corvect, proceed to step 4. [f the
voltageis incorrect, ingpect the ewitch wiring,
then if necessary troubleshoot the power
supply circuitry on Service Sheet 7.

Monitor the voltage on pin 3 (top pin of
switch). Select the button on the front panel

Service

that controls the band in question. Select
another band to switch out the band in ques-
tion. The voltages measured should change as
follows:

Microwave Bands 2-8 Band 1

Filter
Switch

Selected | Not Selected | Selected | Not Selectod

+23.8V
+23.8V
+0.7V

+23.8V
+23.8V
+0.7V

+0.7V
+23.8V
+23.8V

pin 1 +0.7V
pin2 | +23.8V
pin3 +23.8V

Ifthe voltages measured are correct proceed to
step 6. If the voltages are incorrect trouble-
ghoot the wiring to the switch or the micro-
wave filter switch circuitry on Service Sheet 6.

Microwave Filter Switch Verification

6. Properoperation of the microwave filter awitch
is listed below:

Input a microwave test signal at a frequency
of 400 MHz above the BAND CENTER fre-
quency of the BAND RANGE in question. The
level of the microwave teat signal in band one
should be 0 dBm. In bands 2-8 the level should
be +10 dBm,

Observe the IF OUTPUT, on the front panel,
with a spectrum analyzer. A 400 MHz IF sig-
nal ghould be geen if the band is operating
properly.

AM NOISE DETECTOR </3>
{Option 130 Only)

The following troubleshooting will isolate an AM
Notse Detector problem to either the Reference Up-
convergion, Tegt Signal Down-convergion and
Phase Detecting Circuits or the Low Pass Filter
and Low Noige Amplifier circuits, Usge the follow-
ing test conditions to verify that the AM Noise
Detector is operating properly:

1. Connecta10GHzsignal atalevel of +10dBm
to the MICROWAVE TEST SIGNAL INPUT
connector on the front panel.

Push the MODE button until the AM LED is
illuminated.

Disconnect cable (W5) from the AM-DET (J2)
connector on the Low Pags Filter Board As-
sembly. Connect a multimeter to the end of
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SERVICE SHEET BD1 (cont'd)

cable (W5). Set the multimeter to volts de. The
voltage on the multimeter should read typi-
cally —0.8 volts de.

Push the MODE button so the PHASE NOISE
LED iz illuminated. The multimeter should
now read { volts de.

If these voltages are correct troubleshoot the
Low Pass Filter Circuits on Service Sheet 2. If
these voltages are incorrect, disconnect the
AM detector (CR2) from the AM switch (59).
Measure the power out of port one (1) of the AM
switch. The power measured should be >>+9.5
dBm.

If the measured power is correct check the AM
detector and associated wiring, If the mea-
sured power iz incorrect, refer to AM switch
operation,

{F INPUT TO LOW PASS FILTER </+>

The following troubleshooting will isolate an
IF problem to either the Reference Up-con-
version, Test Signal Down-conversion and
Phase Detecting Circutts or the Low Pass Fil-
ter and Low Noise Amplifier circuits.

1. Set the following initial conditions:

Carrier Noise Test Set

BAND CENTER FREQUENCY: 9.6 GHz*
LOCK BANDWIDTH FACTOR: 10 kHz
MODE: Phase Noise Meagurement
Disconnect cable from frequency control
(X-08C or DC-FM) on the rear panel.

Microwave Source (See critical specifications in
Section I)

FREQUENCY: 10 GHz (CW)*
LEVEL: +10 dBm
MODULATION: Off

ALL OTHER FUNCTIONS: Off

Tunable 5 to 1280 MHz Source (See critical spec-
ifications in Section I)

FREQUENCY: 400,01 MHz (CW)*

LEVEL: 0 dBm

MODULATION: Off

ALL OTHER FUNCTIONS: Off
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Verify that the voltage out of the IF port on the
U7 mixer (Phase Detector) is 0.25 Vpp into 50
ohma.

If the voltage is correct troubleshoot the Low
Pass Filter and Low Noise Amplifier Circuits.
If the voltage is incorrect, troubleshoot the
Reference Up-conversion, Test Signal Down-
convergion and Phage Detecting Circuits.

PHASE LOCK DETECTOR SIGNAL <{{/5>

The following troubleshooting will izolate a Phase
Lock Detector Signal problem to the Low Pass
Filter and Low Noise Amplifier circuits or the
Phage Lock Circuits.

1. Connect a 10 GHz* signal at a level of 410
dBm to the MICROWAVE TEST SIGINAL

INPUT connector (J6) on the front panel.

Connect a 400.1 MHz* signal at a level of —-40
dBm to the 5to 1280 MHz INPUT connector on
the front panel.

On the front panel select the BAND RANGE
with aBAND CENTER frequency of 9.6 GHz*.
Enable Phase Noise Meagurement MODE and
a Lock Bandwidth Factor of 100.

On the Low Pass Filter Board Agsembly dis-
connect cable (W10) at LNA (J4).

On the A7 Power Supply Board Assembly dis-
connect cable (Wé) to the PHASE LOCK IN

connector J9.

Connect cable W6 to a spectrum analyzer.
Measure the power of the 100 kHz beat note.
The power should be —48 dBm typical.

If the power is correct troubleshoot the Phase
Lock circuits on Service Sheet 3. If the poweris
incorrect troubleshoot the Low Page Filter and
Low Noise Amplifier circuits on Service
Sheet 2,

BANDWIDTH CONTROL

The following troubleshooting will isolate a band-
width control problem to either the Microproces-
sor Circuits or the Phage Lock Circuits.

*[Jse the following procedure if the 9.6 GHz BAND CENTER
frequency is not installed:

Select an available BAND RANGE.

Set the microwave source to 400 MHz above the BAND
CENTER frequency of the BAND RANGE zelected.

The tunable 5 to 1280 MHz source is left set to 400.01 MHz.,
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SERVICE SHEET BD1 (cont’d)

On the A9 Mieroprocessor Board Assembly moni-
tor the TTL logic levels at J2 pins 4,6 and 8 while
changing the Lock Bandwidth Factor on the front
panel, The TTL logic levels should be as shown
below;

Lock Bandwldth Factor

A3 Microprocessor Board
10 [ 106 | 1k | 10k

0 0|0 1
0 1 1 0
1 0 1 0

J2 pin 4
J2 pin 6
J2pin 8

Ifthe logiclevels areincorrect troubleshoot the A9
Microprocessor Board Assembly, If the logic lev-
els are correct troubleshoot the Phage Lock
Circuits,

CAPTURE CONTROL {J/7>

The following troubleshooting will isclate a Cap-
ture Control problem to either the Microprocessor
Circunits or the Phase Lock Circuits.

On the A9 Microprocessor Board Assembly moni-
tor the TTL logic level at J2 pin 10 with the CAP-
TURE button, on the front panel, pressed and
released.

The logic level should be:
Capture released = 1
Capture pressed = 0

If the logic level is incorrect troubleshoot the
Microprocessor circuits, If the logic level is correct
troubleshoot the Phase Lock Circuits.

OUT-OF-LOCK CONTROL

The following troubleshooting will isolate an Qut-
of-Lock Control problem to either the Micropro-
cessor circuits or the Phase Lock cireuita.

1. Connect a signal of 10 GHz* at a level of +10
dBm to the MICROWAVE TEST SIGNAL
INPUT connector on the front panel.

Connect a signal of 400 MHz* at a level of 0
dBm tothe 5—1280 MHz INPUT connector on
the front panel.

On the Carrier Noise Test Set gselect the BAND
RANGE with a BAND CENTER frequency of

Service

9.6 GHz*. Press the MODE button to enable a
phase noise measurement. Select a LOCK
BANDWIDTH FACTOR of 100,

Press and releage CAPTURE, on the Carrier
Noise Test Set, to phase lock the microwave
source (D.U.T.) to the tunable 5 to 1280 MHz
source,

If the sources do not phase lock (green bar does
not remain illuminated on the front panel
phase lock indicator) the tunable 5 to 1280
MHz gource must be tuned closer in frequency
to the IF frequency (fir = four — foand conter
wroqueney). Preas CAPTURE while tuning the
tunable 5 to 1280 MHz source in 1 kHz steps.
Watch the phase lock indicator on the Carrier
Noise Test Set. When the LED's on the indica-
tor all light up, reduce the resolution of the
tunable 5 to 1280 MHz source by a factor of 10.

NOTE
Connect the spectrum analyzer to the
< JOMHz QOUTPUT, onthe Carrier Notse
Test Set, if difficulties occur in determin-
ing the direction to tune the tunable 5 to
1280 MHz source to acquire phase lock.

The signals displayed on the spectrum
analyzer represent the frequency differ-
ence between the two inputs to an inter-
nal mixer/phase detector in the Carrier
Noise Test Set. The signals will decrease
in frequency to de when tuning towards
phase lock and increase in frequency
when tuning away from phase lock.

Press CAPTURE and tune in this re-
duced resolution. Watch the red LEDS
on the Carrier Noise Test Set phase lock
indicator step through one side of the
display - to the green bar - then to the
other side of the display. Again reduce
the resolution on the tunable 5 to 1280
MHz source by a factor of 10. Tune in
this finer resolution untilthe green LED
is illuminated. When the green LED iz
tluminated release CAPTURE.

*Use the following procedure if the 9.6 GHz BAND CENTER
frequency ia not installed:

— Belect an available BAND RANGE.

— Set the microwave source to 400 MHz above the BAND
CENTER frequency of the BAND RANGE selected.

— The tunable 5 to 1280 MHz source is left set to 400 MHz.
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SERVICE SHEET BD1 (cont'd)

5.

6.

On the A9 Microprocessor Board Assembly
monitor connector 42 pin 12 with a multime-
ter. The microwave source and the tunable 5 to
1280 MHz souxce should be phase locked.
When phase locked 5 volts de should be mea-
sured at J2 pin 12,

Now increase the tunable 5 to 1280 MHz source
by 500 kHz. The microwave source and the

7.
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tunable 5 to 1250 MHz source should no longer
be phaselocked. Measure the voltage at J2 pin
12 again it should be 1 volt de typically.

If the voltages measured at J2 pin 12 were
found to be incorrect, troubleshoot the phase
lock circuits. If the voltages were correct,
troubleshoot the microprocessor circuits,
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NOTES
1. IN THE STANDARD 117298 THERE ARE SEVEN
FILTERS AND SWITCHES INSTALLED. WITH A
SINGLE FILTER OPTION THERE IS ONE FILTER
INSTALLED BETWEEN THE ISOQLATOR AND THE MIXER.
THIS SWITCH IS INSTALLED FOR OFTION 130
ONLY. WITH A STANDARD 44728B THE
MICROWAVE TEST SIGNAL IS CONNECTED
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MAY OR MAY NOT BE AN ATTENUATOR PAD
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Figure 8-1. Overail Functional Block Diagram
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SERVICE SHEET 1
REFERENCE UP-CONVERSION, TEST SIGNAL DOWN-
CONVERSION AND PHASE DETECTING CIRCUITS

FRINCIPLES OF OPERATION

General

Service Sheet 1 provides the circuitry for converting a 10 MHz to 18
GHz microwave test signal down to 5 to 1280 MHz. Test signalg of 5
to 1280 MHz do not have to be down converted. These signals are
input directly to the I¥ amplifier.

The 640 MHz IN reference signal enters the Carrier Noise Test Set
from the rear panel. The level of this signalis>+1 dBm. This signal
is filtered, amplified, and attenuated (if necessary) to assure a +27to
+28 dBm level required to drive the comb generator. The comb
generator is basically a step recovery diode, Its outputis a series of
signals that are spaced 640 MHz apart. An isolator prevents signals
from being reflected back to the comb generator. A microwave
bandpass filter is selected via prograrm or front panel control to pass
one of the comub lines, This comb line is then mixed with the miere-
wave signal under test (entered from the front panel) to produce an
intermediate frequency (IF) between 5 and 1280 MHz, The IF gignal
is amplified and fed through a power splitter. One output of the
power splitter goes to the front panel IF QUTPUT connector. The
other output provides one input to a mixer/phase detector. The
mixer/phase detector compares the IF signalto areference signal of
the same frequency from an external RF source to detect the phasze
difference.

640 MHz Bandpass Filter

The purpose of this filter is to reduce any 10 or 20 MHz reference
spurs and reduce the broadband noise from the 640 MHz IN signal.
The ingertion loss is approximately 2 dRB.

Power Amplifier Assembly and Attenuator Pad

After the bandpass filter, the 640 MHz signal goes into the All
Power Amplifier Assembly. The power amplifier boosgts the signal
level to a minimum of +26.5 dBm. A level between +26.5 and +28
dBm is required to drive the comb generator. A 1or 2 dB attenuatoy
pad is inserted, if necessary, to acheive the +27 to +28 dBm level to
properly operate the comb generator.

Comb Generator and Isolator

The next item in the chain is comb generator G1. The comb genera-
tor is a step recovery diode and uses the 640 Miz input signal to
generate a series of harmonics extending beyond 18 GHz.

The comb generator is followed by anisolator. The isolator provides
2 50 ohm match to the output of the comb generator preventing comb
lines rejected by the following band pass filters from reflecting back
into the comb generator. The isolator exhibits low insertion loss
above 6 GHz. Below 6 GHz the insertion loss can be aghirhas6or§
dB. This is not a problem, however, because the cornb lines at lower
frequencies have the most power,

SERVICE SHEET 1 (cont'd)

Microwave Switches and Band
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SERVICE SHEET 1 (contd)

Microwave Switches and Bandpass Fliters

Following the isolator is a series of microwave switches and band-
pass filters. There is a microwave switch associated with each filter.
A standard Carrier Noise Test Set has 7 switches and 7 filters.
Depending on the instrument option number, fewer switch-filter
gections may exist.

The filters select one comb line (harmoniec of 640 MHz) and reject all
others. Rejected frequencies are attenuated at least 30 dB below the
selected comb line. The insertion logs through the filter bank is5dB
or less.

Microwave Mixer (U5)

The output from the microwave bandpass filters goes to the RF port
of the raicrowave mixer. The signal level must be a least —20 dBm.

In bands 2 through 8, the microwave test signal provides the LO
drive signal to the mixer. It should be at least 7 dBm, but measure-
ments may also be done with input levels as low as ~10 dBm with
some potential degradation of the noige floor.

The microwave test signal is mized with the comb line to produce an
IF (difference frequency), which goes to the IF amplifier. The IF
frequency is between 5 and 1280 MHz. The ingertion lozs of the
microwave mixzer is 14 dB or less. The lowest acceptable signal out of
the mixer is —38 dBm.

Inband 1, the microwave test signal bypasses the microwave mixer
and goes to the IF amplifier directly. The optimum microwave test
signal level is 0 dBm (instead of greater than 7 dBm, needed for
bands 2 through 8.) Slightly degraded phase noise performance
occurs with greater than 2 or 3 dBm into the microwave test signal
port because of the action of the limiters ingide the IF amplifier.

IF Amplifier Assembly

The IF amplifier boosts the signal level up to at least 14 dBm. This
signal drives the LQ port of the mixer/ phase detector. The fre-
quency into the amplifier ranges from 5 to 1280 MHz.

Power Splitter and Mixer/Phase Detector

The output of the IF amplifier goes to a power splitter. The purpose
of the power splitter is to provide an IF output to the front panel.
This output is identical in level to the other signal coming out of the
splitter, which drives the LO port of the mixer/phase detector. This
level ig specified to be at least +7 dBm.

Overall Functional
Block Diagram
SERVICE SHEET
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SERVICE SHEET 1 (cont'd)

The RF input to the mixer/phase detector, 5 to
1280 MHz, iz entered via the front panel. For mea-
surements, the typical level is 0 dBm; for calibra-
tion, a lower level signal is used. The lower level
signal is used during calibration so the Low Noise
Amplifier i3 not overdriven. In phase noise mea-
surement mode (Phase Detector Method), the mixer
phasge detects the RF and LO signals and outputs a
de signal. This de¢ output from the IF port of the
mixer/phase detector has the baseband noise
superimposed on it.

The output of the mixer/phase detector goes to the
A3 Low Pagg Filter Board Assembly, covered on
Service. Sheet 2. The signal is then output {o the
A5 Phase Lock Board Assembly, covered on
Service Sheet 3. :
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AM Option (Option 130)

The AM option (Option 130) measures AM noizge
instead of phase noise. This option bypasses the
microwave mixer and takes the microwave test
gignal directly into an AM detector. The output of
the detector goes into the A3 Low Pasg Filter
Board Assembly, shown on Service Sheet 2.

TROUBLESHOOTING

Troubleshooting procedures are listed on the
schematic.

Test Equipment

Microwave Synthesized Scurce HF &340A
RF Synthesized Signal Generator ... . HP 8662A

{Option 003)
Power Meter

Oscilloscope HP 1740A
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FL1
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1 Thege ere Identical cables and are located balow FL2-FLE 130} OPT 130)

2 {AT1 may ar may not e inszalied betwesn A1 and G
3 (grandard Unit, For a standard Unit W48 is connected to port 2 of sQ)

The hardware used to mount the following assemblies to the deck, is listed
under each assembly in the replaceable paris :ist in Seetion VI

A3, A0, AT1 LIS, U8, U7

Figure 8-2. Reference Up-Gonversion, Test Signal Down-Conversion and Phase Detecting Assembly Component Locations
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NOTES
. IN THE STANDARD HP 14729B -

THERE ARE SEVEN FILTERS
AND SNITCHES INSTALLED.
WHEN A SINGLE FILTEA OPTION
15 ORDERED THE FILTER IS
INSTALLED NITHOUT A SNITCH
ONE END OF THE FILTER IS
CONNECTED TO US ARD THE
OTHER SIDE IS5 CONNECTED
T0 AT2 THROUGH WB. THE
FILTER ORDERED FOR THE
OPTION WILL HAYE THE SAME
DESIGNATOR AS A STANDARD
UNIT, FOR EXAMPLE:

FL.L6E HAS A CENTER

FREQUENCY QF 9.B0 GHz. -

. SEE SECTION 5 FOR
SELECTING ATH.

. THE IF OUTPUT IS8 FULLY
USEABLE. INSTALL THE
50 2 TERMINATION WHEN
THE IF OUTPUT 1§

NOT BEING USED.

¥ FACTORY SELECTED COMPONENTS

FERENCE DESIGNATIONS

NQ PREFIX

AT§, 2.3

CR2

FLi-B

61

Je, 5. 6. 8,
13-16

5i-9

us-7

H3-5, 14, 12,
14-17, 23-
27.29-49, 54
88, 59, 80, 65

BACK VIEW
TERMINALS PORY

MICRONAYE SWITCHES

3 10

FRONT VIEW

b
o

INITIAL COMDITIONS

WHEN THE FOLLOWING CONDITIONS ARE SET THE
YOLTAGE AND POWER LEVELS, AS SHOWN ON THE
SCHEMATIC, BECOME VALID. THESE LEVELS ARE
A USEFUL TQOL FOR TROUBLESHGOTING.

HP_ 17298

#¥BAND CENTER FREGUENCY - 8.6 BHz

LOCK BANDWIDTH FACTOR ~ 10 kHz

MODE - PHASE NQISE MEASUREMENT
DISCONNECT CABLE FROM FREQUENCY CONTROL
(X-0SC OR DC-FM] ON REAR PANEL.

MICROWAVE SOURCE

{SEE CRITICAL SPECIFICATIONS IN SECTION 1)
FREGUENCY - £0 GHz (CW)

LEVEL - +10 dim

MODULATION - OFF

ALL OTHER FUNCTIONS ~ OFF

TUN%QLE 5 10 iaagMHE SQUHCS
EE C CAL 5P A § IN SECTION 1)

¥FREGUENCY - 400.0{0MHz
LEVEL - 0 dBm (-4C dBm WHEN

CHECKING <30MHz OUTPUT ON FRONT PANEL)
MODULATION - OFF

ALL OTHER FUNCTIONS - OFF
PHASE LOCK THE WMICROWAVE S0URCE TO THE
TUNABLE 6 TO 12B0MHz SOURCE. SEE SECTIDN III,
PHASE LOCKING, 1IF YDU NEED HELP.

¥If THE §9.6GHz BAND CENTER FREQUENCY IS NOT
AYATLABLE, SELECT AN AVAILABLE BAND AANGE.
THE MICROWAVE SOURCE FREGUENCY MINUS THE BAND
CENTER FREQUENCY OF THE BAND RANGE SELECTED
WILL DETERMINE THE TUNABLE 5§ TO 1280MHz
SOURCE FREGUENCY,

1

Figure 8-3. Reference Up-Conversion, Test Signal Down-Conversion

and Phase Detecting Circuits Schematic Diagram
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SERVICE SHEET 2
LOW PASS FILTER AND LOW NOISE AMPLIFIER CIRCUITS

PRINCIPLES OF OPERATION

General

Service Sheet 2 consists of the Low Pass Filter Board Assembly and
the Low Noige Amplifier Assembly. The primary input to Service
Sheet 2 is the IF gignal from the mixer/phase detector, which is
located on Service Sheet 1.

l.ow Pass Filter Board Assembly

General. The low pass filter assembly contains 2 low pass filters: a
15 MHz filter and a 1.5 MHz filter. R1 and C1, located at the input to
the 15 MHz filter, appear as 50 ohms to high frequency signals.
Relay K1 separates the AM-DET input from the IF input. The sepa-
ration is needed because of noise that may be added to an AM noise
meagurement from the IF input,

15 MHz Filter. This is a Chebyshev low pass filter (thatis, it has good
attenuation near cutoff at the expense of allowing ripple in the
passband). This filter is flat to 10 MHz. The 3 dB corner frequency
occurs at approximately 156 MHz.

6000 is used for the auxiliary noise and the 1.5 MHz filter so as to not
interfere with the 50 ohm match between the 15 MHz filter and the
low noise amplifier.

1.5 MHz Filter, This filter is a five element Chebyshev filter. It ig flat
to 1 MHz and the 3 dB point is at 1.5 MHz. The 1.5 MHz filter
removes any unwanted mixer products (such as LO feedthrough)
that may have passed through the 15 MHz filter,

Low Noise Amplifier Assembly

General. The Low Noise Amplifier Assembly consists of a pre-
amplifier and a power amplifier, The pre-amplifier provides most of
the voltage gain and the power amplifier provides most of the cur-
rent gain for the assembly. The low noise amplifier has one primary
input and one output: both are 501,

Pre-amplifier. The input stage of the low noise amplifier takes a
signal and amplifies it with a cascode input stage consisting of Q1
and Q2. This stage drives Q3, which is a voltage follower to buffer
the output of Q1. Feedback is applied from the output of Q3 to the
base of Q2 to allow the input of the amplifier to look like 50 ohms.

El and E2 (on the base of Q1 and @5, respectively) prevent oscilla-
tions around 600 MHz.

Between Q3 and Q5, there is a long signal path that is somewhat
inductive. C71is physically located halfway along this path. It peaks
the frequency response that would otherwizge be lost because of the
inductance of the path, thus flattening the gain beyond 20 MHz,
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SERVICE SHEET 2 (cont'd)

Power Amplifier. Transistors Q5 and Q86 operate similarly to the
cascode amplifier of Q1 and Q2.

Q7 and Q9, the beginning of the output stage of the power amplifier,
are driven by the diode chain. For ac purposes, the inputs to Q7 and
Q9 are identical, Q7 and Q9 are both voltage followers and drive
their regpective output transistors @8 and Q10, R26 provides the
proper output impedance for the circuit. It wag selected so the output
looks like 50 ohms.

TROUBLESHOOTING

The following information is supplied to assist in troubleshooting
the Low Noise Amplifier,

Test Equipment

Microwave Synthesized Source HFP 8340A

RF Syntheszized Signal Generator HP 5662A (Option 003)
Spectrum Analyzer

Oscillogcope HP 1740A

Digital Multimeter HP 3456A

1. Connect a 640 MHz specturally pure signal to the 640 MHz rear
panel input,

Connecta 10 GHz synthesized signal at alevel of +10 dBmto the
MICROWAVE TEST SIGNAL INPUT connector on the front

panel.

Connect a 400.1 MHz synthesized signal at a level of —40 dBm to
the 5—1280 MHz INPUT connector on the front panel,

Set the Carrier Noise Test Set as follows:

Measurement mode FPhase Noige
BAND RANnEE v vvvnrnnrenrenrnns 8.32 to 10.88 GH=z

Remove the top cover of the Carrier Noise Test Set.

Disconnect the input cable (W10) to the Low Noise Amplifier.
Connect an SMC(m) to BNC (f) adapter to the cable (W10).
Connect a BNC cable from the adapter to a spectrum analyzer.

Verify that there is a 100 kHz beat note, Adjust the spectrum
analyzer display to measure the level of the 100 kHz beat note.

Theinput power level to the Low Noise Amplifier should be: —48
dBm typical

If the power level measured ig below the typical value, trouble-
shoot the Low Pass Filter on Service Sheet 2. If the measured
power is cotrect, go to step 8.
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SERVICE SHEET 2 (cont'd)

8.
9.

Reconnect the input cable (W10) to the Low Noise Amplifier.

Connect the output connector (J2) on the Low Noise Amplifier to
a spectrum analyzer. Measure the output power of the Low
Noise Amplifier. The output power should be 40 dB higher than
the input power,

The output power level of the Low Noise Amplifier should be as
follows: —8 dBm typical

'If the output power level measured is the typical value the Low
Noise Amplifier if operating properly. If the measured power is
incorrect go to step 10.

. Turn off the Carrier Noizse Test Set. Connect an SMC () 50 ohm

termination to the output connector (J2) of the Low Noise

Amplifier.

. Removethe six screws that hold the Low Noise Amplifier board

in the houging. Pull the Low Noise Amplifier hoard out of the
housing. Place an insulating surface under the board to keep it
from shorting out. Turn the Carrier Noise Test Set on.

. Measure the voltage peak-to-peak at TP1 and TP4 using an

oscilloscope set to AC coupling. The voltage measured should be
as follows:

TP1 = 155 mVpp

TP4 = 255 mVpp

Use the voltages measured to isolate the failure to a particular
section of the Low Noise Amplifier.

. Disconnect the input cable to the Low Noise Amplifier. Use the

following table of transistor base voltages to isolate the failure
on the Low Noise Amplifier.

Transistor Base Voltage

Ql +7.6 Vde
Q2 +56.1 Vde
Q3 +14.7 Vde
Qo +14.0 Vde
Q6 +3.9Vde
Q7 +13.9 Vde
Q8 +13.1 Vde
Q9 +11.1 Vde
Q10 +11.0 Vde

Down-Conversion and Phase Detecting Circuits

Reference Up-Conversion, Test Signal
SERVICE SHEET
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J1-16 are maunted on the opposite side of this assermbly

Figure 8-4. Low Pass Filter Board Assembly Gomponent Locations
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Figure 8-5. Low Noise Amplifier Assembly Gompanent Locations
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PHASE LOCK CIRCUITS
PRINCIPLES OF OPERATION

Gieneral

The Ab Phase Lock Board Assembly is a four-stage amplifier that amplifies
the output of the mixer/phase detector (see Service Sheet 1), The amplifier has
two stages of fixed gain and two stages of switchable gain.

The outputs from this assembly, labeled FREQ-CONT DC-FM and FREQ-
CONT X-O8C, go to the rear panel of the instrument. The difference in the two
outputs is the FREQ-CONT X-OS5C {(£10V) is a factor of 10 volts more than
FREQ-CONT DC-FM (£1V).

input Amplifier

The input stageis UZA. Thizis a fixed gain stage. Operational amplifier UZA
has a gain of 10. This stage sums various inputs to the phase lock circuit,
among them a DC offset signal and LOOP TEST signal, When the tunable 5 to
1280 MHz signal and the device under test are phaselocked, the DC offzet has
no effect. When they are out of lock, the DC offset ultimately shows up on the
front panel ag an out of lock indication. The DC offset signal is injected by a
variable resistor connected to the +15V supply. The unlocked display adjust-
ment (R5, UNLK DSP) is set to light the red LED, which iz adjacent to the
center green LED on the front panel indicator, when an out of lock condition
OCCUrs.

Switchable Gain Amplifier

Second stage amplifier U2B is the first switchable gain stage. CMOS switches
control the gain of this stage by switching input resistors in and out of the
circuit. The feedback resistor, R25, is fixed. (Gain is equal to minus the value
the feedback resigtor divided by the value of the input resistor.) In the second
stage the gain can be switched by a factor of 100. The lock bandwidth factor
that is selected on the front panel determines the switching factor. For a lock
bandwidth factor of 1, the net gain of the second stage is 0.068 (R25 divided by
R19). For a lock bandwidth factor of 10, the net gain i .681 (R25 divided by R18
and R19in parallel). For any of the other lock bandwidth factors, the net gain
iz 6.81 (R25 divided by R17 plus the output impedance of U2A [175 chms]).
When the CAPTURE button on the front panel is pressed, the second stage
amplifieris set to a fixed gain of 1.61 (R25 divided by R20 and R19in parallel),
regardless of the lock bandwidth factor setting.

The third stage, U2C, is also a switchable gain stage. The third stage adjusts
the gain for lock bandwidth factors that remain constant in the second stage.
For lock bandwidth factors of 1, 10 and 100, the gain of the third stage iz a
constant 0.1 (R41 divided by R29). For a lock bandwidth factor of 1000, the
gain iz 1 (R41 divided by R28 and R29 in parallel), and for a lock bandwidth
factor of 10 000, the gain iz 10 (R41 divided by R27 plus the out impedance of
U2B [175 ohms]). When the CAPTURE button on the front panel is pressed,
the third stage amplifieris setto a fixed gain of 1 (R41 divided by R2% and R32
in parallel), regardless of the lock bandwidth factor setting,

Integrator

This is the fourth stage of the amplifier. The integrator provides high DC gain
but a gain of 1 for frequencies higher than 0.2 Hz. Capacitors C4 and C5 are
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switched in or out of the fourth stage depending on whether or not
the front panel CAPTURE key is pressed. If CAPTURE is pressed,
these capacitors are removed from the circuit. The DC gain s then 1.
In addition, pressing CAPTURE also changes the gain of the
second and third stages to a fixed gain regardless of the lock band-
width factor setting. An additional CMOS switch is provided for the
second and third stages for the capture signal, When CAPTURE is
released, the CMOS switches connect C4 and C3 into the circuit to
form an integrator with the fourth stage amplifier. With the addi-
tion of C4 and C5, the phase lock loop ig switched from a first order
éololp to a second order loop. The characteristics of this loop are as
ollows:

The second order loop has two poles (break points). The first pole
has gain increasing from .15 Hz to 0 Hz at 12 dB/octave. The
second pole has gain decreasing from .15 Hz to infinity at 6
dB/octave,

The second order loop forces the output of the mixer/ phase detec-
tor to be zero volts to maintain phase quadrature (that is, 90
degrees out of phase) between the device under test and the tuna-
ble 5 to 1280 MHz source.

Fast Charge Circuit

The fast charge circuit tracks the voltage coming out of the fourth
stage (U2D) while the CAPTURE key is depressed. It precharges
capacitorg C4 and C5 to the same voltage as the output of U2D.
When CAPTURE iz released and the capacitors are switched into
the circuit, a long time delay is not required to charge the capacitors
because they are already precharged to the correct voltage level.

Capture Control

Comparator, When CAPTURE is pressed, the microprocessor sends
a OV capture signal to the A5 Phase Lock Board Assembly. This
signal goes to comparator ULA, which controls relays K1 and K2,
These relays switch C4 and C5 out of the circuit when CAPTURE is
pressed,

Out-of-Lock Detector. The out-of-lock detector monitors the output
of the input amplifier (U2A). It produces an output of either +5V or
0V, depending on the voltage of the signal that it is sampling. If the
signal is within the lock range (+ a few tenths of a volt around 0
Vde), it outputs +5 volts denoting phaselock. If the signal is outside
of that range, it cutputs 0 volts, indicating the out-of-lock detection.
This signal goes to the A9 Microprocessor Assembly for processing.
The signal is used for out-of-lock detection over HP-IB (remote
operation).

Display Drive. The output of the input amplifier (U2A) goes to the
display drive eircuit, which drives the front panel phase lock indica-
tor. The display center adjustment (R37, DSP CNTR) centers the
phase lock indicator for quadrature (0V from the mixer/phase detec-
tox). The display deviation adjustment (R35, DSP DEV) adjusts the
gain of amplifier UlB and sets the phase lock indicator range to
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cover the rvange of the amplified signal fr{
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mines the gain of the switchable gain amplifi
switches are read by the microprocessor. Thel
sets CMOS latch U7. The output of that late

riate CMOS switches for the corresponding lo

Otiset Voltage Source

The offset voltage source consists of a +5V

gource. VR2drops the—15V supply down to —5
supply down to +5V. The +5V and =5V signals
are connected to variable resistor R34, whic
voltage adjustment for the switchable gain a
of the offset adjustment iz to compensate fo
accumulate in the amplifier stages. The ana
volt supplies give an added layer of regulatil
precise voltage — this leggens the effect dued
circuit changes that might cause the plus and g
to change slightly. Because the out-of-lock ing
cige voltage, it iz driven by these power suppl

A1 Indicator Board Assembly

The Indicator Board Assembly takes an anals
to control an LED display.

R1and R2 get the voltage at which the LEDs o4
of Ul will turn on. One LED is set to turn {
increase on pin 5 of Ul. The resistors connects
LEDs allow those LEDs to be diymmer than
resistors in parallel.

U2is a+5voltregulator. +15 voltsizginputto |
volts iz output.
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Test Equipment

Function Generator
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Connect the following test set up as shown.
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cover the range of the amplified signal from the mixer/phase
detector,

Butfer, The buffer drives the LOOP TEST PORT QUT signal. This

signal ig used to characterize the loop transfer function of the phase
lock loop (if required).

Bandwidth Control

The front panel setting of the lock bandwidth factor switches deter-
mines the gain of the switchable gain amplifier. These front panel
switches are read by the microprocessor, The microprocessor then
sets CMOS latch U7. The output of that latch actuates the approp-
riate CMOS switches for the corresponding lock bandwidth factor.

Offset Voltage Source

The offset voltage source consists of a +5V regulator and a —5V
source. VR2 drops the ~ 15V supply down to —5V; U8 dropsthe +15V
supply down to +5V. The +3V and —5V signals go into resistors that
are connected to variable resistor R34, which provides the offset
voltage adjustment for the switchable gain amplifier. The purpose
of the offget adjustment is to compensate for any dc offsets that
accumuiate in the amplifier stages. The analog plus and minus 5
volt supplies give an added layer of regulation to provide a more
precise voltape — this lessens the effect due to line changes and
circuit changes that might cause the plus and minus 15 volt supplies
to change slightly. Because the out-of-lock indicator requires a pre-
cise voltage, it is driven by these power supplies.

A1 Indicator Board Assembly

The Indicator Board Assembly takes an analog voltage and uges it
to control an LED display.

Rl and R2 set the voltage at which the LEDs connected to the cutput
of Ul will turn on. One LED ig set to turn on for each +0.3 volt
increase on pin § of Ul. The resistors connected in parallel with the
LEDs allow those LEDs to be dimmer than the LEDs without the
resistors in parallel.

UZ2is a5 voltregulator. +15 voltsis input to U2 and aregulated +5
volts is output.

TROUBLESHOOTING

The following procedure will help toisclate a proble'm, onthePhage
Lock Board, to a particular stage on the schematic.

Test Equipment

Function Generator HP 3312A
Oszcilloscope HP 1740A

Connect the following test set up as shown.

SERVICE SHEET 3 (cont'd)
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Figure 8-7. Phase Lock Board Troubles

Set the function generator as follows:

Wave form: Sine wave
Frequency: 100 Hz
Level: Minimum

Set the Carrier Noise Test Set as follows:

Measurement Mode: Phase Noise
Lock Bandwidth Factor: 1

Turn the Carrier Noige Tegt Set off an

On the A3 Low Pass Filter Assembly d
the IF input connector J1, Connect an
J1.

On the A5 Phase Lock Board Assemb)

Connect the function generator to LO(
rear panel. Turn the Carrier Noise Teg

On the oscilloscope set the coupling ¢d
AC.

Adjust the level of the function generd
channel one of the oscilloscope.

On the ogcilloscope set channel two to

Connect channel two to Test Point ]
Board. Adjust the volts/division to vief

Adjust the DC offset on the function
display on channel two,

. Measure the typical peak-to-peak volts
and 4,on the A5 assembly for Lock Ban
The Lock Bandwidth Factor keys are
pare the meagured voltages to the typid
following table.
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Figure 8-7. Phase Lock Board Troubleshooting Test Setup

Set the function generator as follows:

Wave form: Sine wave
Frequency: 100 Hz
Level: Minimum

Set the Carrier Noise Test Set as follows:

Measurement Mode: Phase Noige
Lock Bandwidth Factor: 1

Turn the Carrier Noise Test Set off and remove the top cover.

On the A3 Low Pass Filter Assembly disconnect cable W11 from

::Ihe IF input connector J1. Connect an SMC short to connector
1.

On the A5 Phase Lock Board Assembly put a short across A5C4.

Connect the function generatorto LOOP TEST PORT IN on the
rear panel. Turn the Carrier Noise Test Set on.

On the oscilloscope set the coupling control, for channel one to
AC.

Adjust the level of the function generator for 5Vpp as read on
channel one of the oscilloscope.

On the oscilloscope set channel two to DC coupling.

Connect c}mannel two to Test Point 1 on the A5 Phase Lock
Board. Adjust the volts/division to view the channel two input.

Adjust the DC offset on the function generator to center the
display on channel two.

- Measure the typical peak-to-peak voltages at Test Points 12,3

and 4,on the A5 assembly, for Lock Bandwidth Factors 1 and 10
The Lock Bandwidth Factor keys are on the front panel. Com-
pare the measured voltages to the typical voltages shown in the
following table.

Compare the measured vol
in the following table.

Capture Button

Pressed

. Using channel one set the

mVpp.

. Bet the LOCK BANDWID

100.

. Connect channel two to

Board. Observe channel t
volts/divigion to view the o

. Adjust the DC offset on &

display on channel two.

. Meagure the typical peak-t;

and 4,on the A5 assembly,

1k and 10k. The Lock Band
panel. Compare the measu
shown in the following tab

With a Lock Bandwidi
from Test Point 4 may
highest gain setting.

Lock Bandwidth Factar

100
1k
10k

‘ L.ow Pass Filter a
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17. Using a multimeter measury
Typical Peak-to-Peak Voltages on the A5 assembly. Make
TURE button, on the front
ASTP1 | ABTP2 | ADTP3 | ARTP4 button released. The voltags
ing table.

Lock Bandwidith Factor

1 5V | 0.34V | .04V |0.034V
10 Y 3.4V | 034V | 0.34V

Typical Voltages

11. With CAPTURE pressed,on the front panel, measure the peak- AS5TES
to-peak voltages at Test Pointz 1,2,3 and 4 on the AD assembly. ASTP6
Compare the measured voltages to the typical voliages shown
in the following table.

Typical Paak-to-Peak Voltages

Capture Bution
ASTPT | ASTPZ | AGTP3 | AGTP4

Pressed 5V v 8V v

. Using channel one set the level of the funetion generator to 100
mVpp.

. Set the LOCK BANDWIDTH FACTOR, on the front panel, to
100,

. Connect channel two to Test Point 1 on the A5 Phase Lock
Board. Observe channel two on the oscilloscope. Adjust the
volts/division to view the channel two input.

. Adjust the DC offset on the function generator to center the
display on channel two.

. Measure the typical peak-to-peak voltages at Test Points 1,2,3
and 4,0n the AS assembly, for Lock Bandwidth Factors of 100,
1k and 10k. The Lock Bandwidth Factor kevs are on the front
panel. Compare the measured voltages to the typical voltages
shown in the following table.

NOTE
With o Lock Bandwidth Factor of 10k the output
from Test Point 4 may be elipped since this is the
highest gain setting.

Typital Peak-to-Peak Vallages

Lock Bandwidth Factor
ASTP1 | AGTP2 | ADTP3 | ADTP4

100 0.1V | 0.68V |0,068V |0.068V
1k 0.1V | 0.68V | 0.68V | 0.68V
10k 0.1V 1068V | 68V | 6.8V

Low Pass Filter and Low Noise Amplifier
Circuits A3, A6, AGA1
SERVICE SHEET
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17. Using a multimeter measure the voltage at Test Points 5 and 6,
on the A5 agsembly. Make one measurement with the CAP-
TURE button, on the front panel, pressed and then with the
button released. The voltages should be as shown in the follow-
ing table.

Typical Voitages Capture Prassad | Capture Released

ASTPS 5V <0.8V
ASTP6 <0.8V 5V

sl Yl v PP S il gy

HP 11729B
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PRINCIPLES OF OPERATION

General

The A% Microprocessor Board Assembly receives data from the A2 Front Panel Key
and Display Board Assembly (local) or from HP-IB (remote).

Local inputs use the following circuits:
a. keyboard encode,
b. keyboard debounce circuit, and
¢. peripheral interface adapter (PTIA).

The PIA manages local operation and monitors the out-of-lock signal from the A5
Phase Lock Board assembly.

Remote inputs use the following circuits:
a. HP-IB management line transceiver,
b. HP-IB data line transceiver, and
¢, HP-IB interface.

The HP-IB interface manages remote operation.

Keyboard Encode

The A2 Front Panel Key and Display Board Assembly consists of 16 keys, Key-
board encode U4b, U46 and U39 are connected to these keys in such a way that it
becomes a 1-of-16 priority encoder. Inputs to U45 and 1)46 are active low. When a
key is pressed, the corresponding signal line goes to OV. U45 and 146 sense the line
and encodeg it to a binary number.

Keyboard Debounce Circuit

U11B adds a 21 ms delay to ensure that a key has been depressed instead of a
momentary spike that iz being detected. If a key is held for 21 ms, the output of
flipflop U40B goes high. U6 pin 40 (CAl) acts as a flag. If there is a high signal on
this line, the peripheral interface adapter informs the microprocessor that a key has
been pressed.

Qut-of-Lock Debounce Circuit

Thig circuit detects either a negative going edge (lock to out-oflock) or pogitive
going edge (out-of-lock to lock). In addition, it informs the microprocessor (via the
PIA) of the change in condition, A change is detected immediately when the signal
goes from lock to ont-of-lock. When the signal goes from out-of-lock to lock, Ul1A
causes 8 9.7 ms delay before clocking the results to the peripheral interface adapter,
which notifies the microprocessor of the change. When the microprocessor is
informed of a change in state, it re-enables the circuitry by enabling U6 pin 14
(PB4), which causes flip-flop U40A to reset U53. The microprocessor then looks fora
signal of the opposite sense on the input to U53. U6 pin 15 (PB5) keeps track of the
signal sense that the microprocessor is expecting.

Peripheral Interface Adapter (PIA)

The P1A, U6, manages the exchange of information between the front panel and
the microprocessor. Lines PB4-6 control the out-oflock debounce circuitry, Line
PB7, which drives the capture signal on the A5 Phase Lock Board assembly, is
activated when the CAPTURE key is pressed. Lines PA(Q-3 and PA7 read the

Wbl e oo

SERVICE SHEET 4 (

keyboard encode cireu
pressed. Lines PA4-6 g

HP-1B Management

Thesge transceivers allg
(DIO1-8) and the hand
HP-IB management li
and the HP.IBE data Ui

HP-IB Interface

HP-IB interface 12 m4
the microprocessor ang
of flow of information
1J34.

Remote inputs to the
encoded control and da
to the instrument via
The control lineg are 14
allow the controller to
and impart other appr
lines are labeled DA

chronous control infon
(controller) and the lisy
for a more detailed exp
labeled DIO1 through I

DAT
NOT VA

LISTENER

NOT READ
MRFL}

L

NDAC MO

Start with the talker waiting
indicating it is ready.

When the listener is ready, Nf
D101 tirough D108 and sets O

NRFD than goes low (true) and

the data (or ignored it) by reld
data is accepted),

The talker sats DAV high (falg

{NOTE that if ATN is true, all
whether they are talkers, listg
to do with handshaking. If A

Figure 8-11. Simplified HP-1
and One
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keyboard encode circuits to monitor when a front panel key is being
pressed. Lines PA4-6 generate the filtex ranges.

HP-IB Management Transceiver and Data Line Transceiver

These transceivers allow bi-directional signal flow on the data lines
(DIO1-8) and the handshake lines (DAV, NRFD, and NDAC). The
HP-IB management line transceiver manages the handshake lines
and the HP-IB data line transceiver manages the data lines.

HP-IB Interface

HP-IB interface 172 manages the exchange of information between
the microprocessor and the HP-IB. 1J2 alao determines the direction
of flow of information through bi-directional transceivers U33 and
1734,

Remote inputs to the Carrier Noise Teat Set are in the form of
encoded control and data information. Control information is input
to the ingtrument via five control lines and three handshake lines.
The control lines are labeled ATN, SRQ, REN, IFC and EOQIL They
allow the controller to gain the Carrier Noise Tegt Set’s attention
and impart other appropriate control information. The handshake
lines are labeled DAV, NRFD, and NDAC. They provide asyn-
chronous control information for data transfer between a talker
{controller) and the listener (Carrier Noise Test Set). See Figure 8-11
for a more detailed explanation of handshake lines. Data lines are
labeled DIO1 through DIGS.

DATA DATA
NOT VALID NOT VALID

DATA
VALID | |
LISTENER
LISTENER
NOT READY

READY
LISTENER

NRFD NOT READY
ACCEPTED

LISTENER | LISTENER
NDBAC NOT ACCEPTED NOT ACCEPTED

Start with the talker waiting for the listener to release NRFD (not ready for data)
indicating it is ready,

When the listener is ready, NRFD goes high {false). The talker then places valld data on
D101 through D108 and sets DAV (data valid) low (true),

NAFD then goes low {true) and the talker waits for the listener to indicate it has accepted
the data (or ignored it} by refeasing the NDAC (not data accepted) 1o a high (false, ie.,
data is accepted),

The talker sets DAV high (false) and again waits for the listener 1o release NRFD.

{NQTE that if ATN is true, all instruments on the bus must handshake regardless of
whether they are talkers, listeners, or bystanders. Being in remote or local has nothing
to da with handshaking. (f ATN is false, they onfy handshake if addressed).

Figure 8-11. Simplified HP-iB Handshake between a Talker [Computer Controfler)
and One Listener Carrier Noise Test Sefj
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TROUBLESHOOTING USING SIGNATU

NOTE
Run the following tests in the sequern

Test Equipment
Signature Multimeter

Address Decoding Check

Purpose. To verify the microprocessor can
transfer that address to the selected chip.
decoded at the chip.

Setup. Turn the Carrier Noige Test Set off a
cover. Locate the A9 Microprocessor Board
that hold the board in place. The A9 assemb]
board laying parallel to the bottom of the in

Connect the signature analyzer Timing Pod

1. START/ST/SP to SAST1 (A9TP4)
2. STOP/QUAL to SAST1 (A9TP4)
3, CLOCK to SACLK (A9TP3)

4. GND to GND (A9TP1)

Set the signature analyzer controls as follo

Connect a jumper cable between NFREER]
(A9TP1). Turn the Carrier Noise Test Set on

NOTE
The test setup conditions for the Add
Check are the same for Service Sh
therefore signatures may be taken ¢
all three service sheets.

Connect the signature analyzer’s probe to 1
Table 8-3 and verify the signatures.

Disconnect the signature analyzer and
NFREERUN (A9TFP5) and GND (A9TP1).

ROM Operation Check

Purpose, To verify that the microprocessor ¢
in ROM and then execute that code.
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TROUBLESHOOTING USING SIGNATURE ANALYSIS

NOTE
Run the following tests in the sequence listed.

Test Equipment

Signature Multimeter HP 5005B

Address Decoding Check

Purpose. To verify the microprocesgor can generate an address,
transfer that address to the selecied chip. The correct address is
decoded at the chip.

Setup. Turn the Carrier Noise Test Set off and remove the bottom
cover, Locate the A9 Microprocessor Board. Remove the 3 screws
that hold the board in place. The A9 assembly is the Printed Circuit
board laying parallel to the bottom of the instrument.

Connect the signature analyzer Timing Pod as follows:

1. START/ST/SP to SAST1 (A9TP4)
2. STOP/QUAL to SAST1 (A9TP4)
3. CLOCK to SACLK (A9TP3)

4. GND to GND (A9TP1)

Seat the signature analyvzer controls as follows:

Falling edge (2)
Rising edge (1)
Rising edge (1)

Connect a jumper cable between NFREERUN (A9TP5) and GND
(A9TPL), Turn the Carrier Noise Test Set on.

NOTE
The test setup conditions for the Address Decoding
Check are the same for Service Sheets 4,5 and 6,
therefore signatures may be taken concurrently on
all three service sheets.

Connect the signature analyzer’s probe to the points indicated in
Table 8-3 and verify the signatures.

Digsconnect the signature analyzer and the short between
NFREERUN (A9TP5) and GND (A9TP1).

ROM Qperation Check

Purpose. To verify that the microprocessor can read the data stored
in ROM and then execute that code.

2 o kTl A L AT

SERVICE SHEET 4 (cont'd)
Table 8-3. Slgnatures for Verifying Address Decoding

Pin uz

L]

9
10
21 0003
22 0003
23 9668
24 0003
35 Uuvu
36 FFFF

Setup. Set thediagnostic switch A9S2 (right §
the ROM test position shown below.

Riagnostic ROM Test
Switch 52 Logic Level

Loeate the 8 Red LEDs between U27 and U28
are numbered D0-D7 with D7 being the LEL
portion of the microprocessor board assembl

Turn the Carrier Noise Test Set on fo reset tH
Check the pattern of the flaghing LEDs to see

ROM Paszzeg Test — DS remains on and all £
and off. This verifies that the address and
ROM and the microprocessor are working.

ROM Fails Test — Db remains on and all the o
Thiz signifies that the address and data b
Check for short circuits.

RAM Operation Check
Purpose. To verify that the RAM is operatio

Setup. Set the diagnostic switch A952 to t
shown below,

Diagnostic RAM Test
Switch 82 Logic Level
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1ce listed.

05B

1 generate an address,
The correct address is

1nd remove the bottom
1. Remove the 3 screws
ly is the Printed Circuit
1gtrument.

" as follows:

Falling edge (2)

Riging edge (1)

Rising edge (1)

'UN (A9TF5) and GND

L.

ddress Decoding
heets 4,5 and 6,
concurrently on

; the points indicated in
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Table 8-3. Signatures for Verifying Address Decoding

Pin uz . U6

8 —_

q —_
10 ‘ —
21 0003
22 0003
28 ' 9668
24 - 0003
35 - guuu
36 — FFFF

Setup. Set the diagnosticswitch A9S2 (right side of A9 agsembly) to
the ROM test position shown below.

Diagnosttc ROM Tast
Swilch 82 Loglc Level

Locate the 8 Red LEDs between U27 and U28. The individual LEDs
are numbered DO-D7 with D7 being the LED clogest to the hinged
portion of the microprocessor board assembly.

Turn the Carrier Noise Test Set on to reset the instrument.

Check the pattern of the flashing LEDs to see ifROM passes the test.

ROM Passes Test — D5 remains on and all the other LEDs flash on
and off. This verifies that the address and data busses between
ROM and the microprocessor are working.

ROM Fails Test — D5 remains on and all the other LEDs remain off.
This signifies that the address and data busses have a problem.
Check for short circuits.

RAM Operation Check
Purpose. To verify that the RAM is operational.

Setup. Set the diagnostic switch A982 to the RAM test position
shown below.

Diagnostic RAM Test
Switch 52 Logic Lavel

SERVICE SHEET 4
Turn the Cartier No

Check the pattern of
RAM Passes Test —

- the counting sequeny

can access RAM pro

RAM Fails Test — |
sequence. This sho
may be faulty.

Turn the Carrier No

Signature Analysig

Purpose. The Microp
of data from the Mic
and the HP-IB Inter

1. START/ST/SP 1

3. CLOCK to B8ACT
4. GND to GND (A

Set the signature ax

1. Function: Signa
2. Polarity: Clock .
Start. .
Stop ..

Set the Diagnostic

Diagnastic
Switeh 52

Turn the Carrier
the signature anal
and verify the sig

The test sef
Test are the
fore signat
three servit
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Turn the Carrier Noise Test Set off then on to reset the instrument, Table 84, Signatures for Verlfying Wi

Check the pattern of the flashing LEDz to see if RAM passes the test. Input/Output Operatio

RAM Passes Test — D4 is on and DO-D3 count, all LEDsturn on then
the counting sequence repeats. This verifies that the microprocessor
can access RAM properly.

Pin

22
RAM Fails Test — D4 is on but D0-D3 do not go through counting 28
sequence, This shows that the RAM or the control lines to the RAM 24
may be faulty. 26
Turn the Carrier Noise Test Set off, g;
29
30
Purpose, The Microprocessor runs a program to verify transmigsion a1
of data from the Microprocessor to the Peripheral Interface Adapter 32
and the HP-IB Interface, 33
Connect the signature analyzer Timing Pod as follows: gg
1. START/ST/SP to SAST2 (AITPE) 39
2, STOP/QUAL to SAST2 (A9TP6)
3. CLOCK to SACLK (A9TF3)

4. GND to GND (A9TPI)

Signature Analysis Test — Microprocessor and I/0 Check

Set the signature analyzer controls as follows:

1. Function: Signature

2. Polarity: Clock Falling edge (2)
Rising edge (1)
Falling edge (2)

Set the Diagnostic Switch A952 as follows:

Diagnnstic Signature Analysis
Switch 52 Test Logic Level

Turn the Carrier Noise Test Set on to reset the diagnostic. Connect
the signature analyzer’s probe to the points indicated in Table 8-4
and verify the signatures.

NOTE
The test setup conditions for the Signature Analysis
Test are the same for Service Sheets 4, 5 and 6, there-
fore signatures may be taken concurrently on all

three service sheets.
Phase Lock Circuits
A1l, A5, P/O AT
SERVICE SHEET
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Table 8-4, Signatures for Verifying Microprocessor and
Input/Quiput Bperation

2 UG Pin UG Disconnect the signature analyzer timing pod.

- 22 Reset the Diagnostic Switch A952 to the normal
— 23 operation position shown as follows:

24
26 Ofagnostic Normal Operation
27 Switch 52 Logic Lavel
28
29
30
23]
32
33
35
26
39
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Figure 8-12. Indigator Board Assembly Component Locations
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Figure 8-13. HP-iB Interconnect Board Assembly Component Locations
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Figure 8-14. Front Panel Key and Display Board Assembly Compenent Locations
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NOTES

1. SEE TABLE B-2 FOR SCHEMATIC
DIABRAM NOTES.

h

e P~ 18 |INTERFACE e, + REFER TO SECTION 7 FOR
¢ BACKDATING INFORMATION,

50 12 e, . 28 o D101
0119 180 |~28 | REFERENCE DESIGNATIONS
181 :gbm NO PREFIX
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182 430 W2 50, 52,
53
183 T i
184
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o 0107
IB6 -4

D108/
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Ti/NRY 4
T2/NR2 J
T

TRANSISTOR AND
INTEGRATED CIACUIT

PART NUMBERS
REFERENCE PART
DESIGNATION NUMKBER

1820-2649
1820-2081
1820-1198
1820-1423
1820-2483
1820-2485
1820-1197
1820-1112
1820-18514
1B20-066B
1820-1470
1620-1445

e INS TRUMENT INTERFALE

]
PERIPHERAL
™ INTERFAGE ADAPTER

Il

(- - B T B S L )

FACTORY INTEGRATED CIRCUIT
>USE YOLTAGE AND
ONLY GROUND CONNECTIONS
REFERENCE PIN
DESIGNATION NUMBER
u2 - 4?

Ug 20
H

14
7

-
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LLLLLLLLL

u7, 34, 40, 51

16

B
=11, 20
- 10
20
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Uid, 45, 46,
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vas

us4

<BEEEEE

. N
E_PBS. THAN
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Figure 8-16. Data Input Circuit Schematic Diagram
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SERVICE SHEET 5
PRINCIPLES OF OPERATION

Gieneral

The data processing cireuits provide the timing, calculation, and control for the
Carrier Noige Test Set. The microprocessor executes the instructions stored in ROM
(Read Only Memory). Data is exchanged between the microprocessor and other
cireuits on the A9 Microprocessor Board Assembly via the data bus (D0-D7). Cir-
cuits are enabled to respond to the data on the data bus by control signals. These
control signals are derived from the address bus by the address decoders. ata
values that must be stored are placed in the RAM (thatis, Random Access Memory
also known as read-write memory).

Microprocessor

Microprocessor U5 controls the functions of the instrument by executing the
instructions stored in ROM.

The data bus (D0 through D7) consists of eight bidirectional lines that are used to
transfer 8-bit positive-true data bytes to and from the microprocessor. The micro-
processor reads data from ROM AND RAM, the PIA (local) or the HP-IB interface
(remote). Information on the data bus is buffered as it enters or leaves the
Microprocessor.

The address bus (A0 through Al5) consists of sixteen unidirectional lines that
tranefer an address from the microprocessor to the peripheral interface adapter,
HP-IB interface, ROM, RAM and the address decoders.

Interrupt request (IRQ at pin 8) and fast interrupt request (FIRQ at pin 4)areused to
interrupt program execution, IRQ detects an interrupt from the HP-IB interface.
FIRQ detects an interrupt from the peripheral interface adapter. Nonmaegkable
interrupt (NMI at pin 2), which is active low, is connected to +5V. Therefore, it is
always inactive.

The halt signal (HALT at pin 40), which is active low, is connected to +aV.
Therefore, the microprocessor is never halted by this signal,

An external 4 MHz clock signal is connected to the microprocessor via pin 38
(EXTAL). An internal divide-by-4 circuit is used to develop the 1 MHz system clock
E (pin 84). The XTAL signal line is grounded because external timing is used.

The reset gignal (RESET at pin 37) is used to start the microprocessor from a
power-down condition. When RESET is active (low), the microprocessor becomes
inactive.

The memory ready signal input to the microprocessor (MRDY at pin 36) is con-
nected to +5 volts to enable the 1 MHz system clock rate.

The read/write signal (pin 32) controls the direction of data transfer on the data
bus. When the microprocessor is available to accept data, this signal is high,
indicating that the microprocessor is in the read state. When data is being trans-
ferred out onto the data bus, this signal is low, indicating that the microprocessor is
in the write state.

L Y, ATAT A
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SERVICE SHEET 5 {cont'd)
ROM and RAM

The ROM (Read Only Memory
alzo known as read-write
Mieroprocezgor. ROM U4 sto
iz nzed for temporary storage
and data calculations.

16 MHz Clock and 16 MHz {

The 16 MHz clock is the maste
bly. Ita frequency is crystal co
to U1, a divide-by-4 circuit.
places — pin 3 (CLOCK) of th
of the microprocessor.

The microprocessor has an i
verts the 4 MHz to 1 MHz. Th
(E) and provides clocking fo
circuitry.

Reset Circuit

The reset circuitry signals t
sequence. A reset gignal, ge

ment, initializes the micropro
The instrument does a RAM

Address Decoders

U16is a programmable arra
the input levels to Ul6 it is u
circuits or test points:

U4 ROM

1738 Data Buffer
U356 Data Buffer
Tezt Point SAST2

1716 is also used to enable
further decoding of the add
circuits,

Address Switch

Address switch S11 consists
sets the HP-IB address of thi
labeled Al through Ab set ¢
gignificant bit. For the deci
allowable addresses are 0-30.
shipped from the factory. T

instrument to listen only or ¢
position. These switches are

HP-1B Address Buffer

UB2is a tri-state buffer. Itis
to determine the setting of t
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SERVICE SHEET 5 (cont'd)
ROM and RAM

The ROM (Read Only Memory) and RAM (Random Access Memory-
also known as read-write memory) provide the memory for the
Microprocessor. ROM U4 stores the program information. RAM U3
is used for temporary storage of keyboard and HP-IB information,
and data calculations.

16 MHz Clock and 16 MHz Clock Divider

The 16 MHz clock is the master clock for the Microprocessor Assem-
bly. Its frequency is crystal controlled. The output of the clock is fed
to Ul, a divide-by-4 circuit. The 4 MHz output of Ul goes to two
places — pin 3 (CLOCK) of the HP-1B interface and pin 38 (EXTAL)
of the microprocessor.

The microprocessor has an internal divide-by-four circuit that con-
verts the 4 MHz to 1 MHz, This 1 MHz signal is output on U5 pin 34
(E) and provides clocking for the Carrier Noise Test Set’s digital
chreuitry.

Reset Circuit

The reset circuitry signals the microprocessor to begin the restart
sequence. A reset signal, generated during power-up of the instru-
ment, initializes the microprocessor from the power-down condition.
The instrument does 2 RAM test and a ROM test at power-on.

Address Decoders

Ul6is a programmable array logic integrated circuit. Depending on
the input levels to U16 it is used to enable the following integrated
circuits or test points:

U3 RAM
37 Data Buffer
U35 Diagnostic Switch Buffer

U4 ROM

U38 Data Buffer
736 Data Buffer
Test Point SASTZ

116 is also used to enable address decoders US-1J10. US-U10 do
further decoding of the address lines to enable other integrated
circuits.

Address Switch

Address switch S11 consists of seven miniature slide switches, It
sets the HP-IB address of the Carrier Noise Test Set. The switches
labeled Al through A5 set the address in binary. Al is the least
significant bit. For the decimal equivalent of the binary setting,
allowable addresses are 0-30. The HP-IB address is set to 6 when itis
shipped from the factory. The switches labeled LO and TO sef the
instrument to listen only or talk only, respectively, when in the “1”
position. These switches are factory set to “0”.

HP-IB Acddress Bufter

18215 a tri-state buffer, Itis read by the mieroprocessor at power-up
to determine the setting of the address switch.

SERVICE SHEET 5 (cont'd)
Diagnostic Switch and Diagnostic S

Diagnostic switch 32 consists of four rd
the operation of the ingtrument upon

normal operation or it can be set to ru
analysis diagnostics. An interpretatio
defined in the table below. Settings not

Swilch

32

Undefined
RAM Test
ROM Test
Signature Analysi

Normal Operation

The microprocessor reads the diagnost]
to determine whethey or not diagnostic

TROUBLESHOOTING USING SIGN

NOTE
Run the following tests in the 3

Test Equipment

Signature Multimeter HP 5005B

Address Decoding Check

Purpose. To verify the microprocesso
transfer that address to the selected ch
decoded at the chip.

Setup. Turn the Carrier Noise Test Sef
cover. Locate the A9 Microprocessor H
that hold the board in place. The A9 as

board laving parallel to the bottom of ¢

Connect the signature analyzer Timing

1. START/ST/SP to SAST1 (A9TP4)
2. STOP/QUAL to SAST1 (A9TP4)
3. CLOCK to SACLK (A9TP3)

4. GND to GND (ASTP1)

Set the signature analyzer controls as
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Diagnostic Switch and Diagnostic Swlich Buffer 1. Function: Signature
2. Polarity: Clock

Diagnostic switch S2 consists of four rocker switcheg which define
the operation of the instrument upon power-up. 82 can be set for
norma) operation or it can be set to run RAM, ROM, or signature
analysis diagnostics. An Interpretation of the switch positions is
defined in the table below. Settings not shown are undefined.

Switch
The test setup conditions for 4

Check are the same for Seru
therefore signatures may be 1
all three service sheets,

Befinition
3 z

Undefined

Connect the signature analyzer’s pro
RAM Test Table 8-5 and verify the signatures.

ROM Test Tahle 8-5. Signatures for Verify

Signature Analysis Test

Normal Operation

The microprocessor reads the diagnostic switch buffer at power-up
te determine whether or not diagnostics should be run.

TROUBLESHOOTING USING SIGNATURE ANALYSIS

1
2
3
4
]
6
7
8

NOTE
Run the following tests in the sequence listed.

Test Equipment
Signature Multimeter HP 50058

Address Decoding Check

Purpose, To verify the microprocessor can generate an address,
transfer that address to the selected chip and the correct address is
decoded at the chip.

Setup. Turn the Carrier Noigse Test Set off and remove the bottom
cover, Locate the A9 Microprocessor Board. Remove the 3 screws
that hold the board in place. The A9 agsembly is the printed circuit
board laying parallel to the bottom of the instrument.

Connect the zignature analyzer Timing Pod as follows: 0003

1. START/8T/SP to SAST1 (A9TP4) . , .
3. CLOCK to SACLK (A9TP3)
4. GND to GND (ASTP1) ROM Data Check
. Purpose. To verify ROM operation ang
Set the signature analyzer controls as follows: ROM.
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1. Function: Signature Connect the gignature analyzer Timing P

2. Polarity: Clock Falling edge (2)
Rising edge (1) 1. START/ST/SP to SASTL (A9TP4)

11 9. STOP/QUAL to A9U4 pin 20
Rising edge (1) 3. CLOCK to SACLK (A9TP3)

Connect a jumper cable between NFREERUN (A9TP5) and GND 4. GND to GND (A9TF1)
(A9TPL). Set the signature analyzer controls as fol
NOTE 1. Function: Signature

The test setup conditions for the Address Decoding 2. Polarity; Clock

Check are the same for Service Sheets 4,5, and 6,

therefore signatures may be taken concurrently on

all three service sheets.

Connect the signature analyzer’s probe to the points indicated in
Table 8-5 and verify the gignatures.

Tabie 8-5. Signatures for Verifying Address Decoding
Table 8-6 and verify the signatures.

=
=

v ta usz

Table 8-6. Signatures for Verifying ROM Oper3

0000 .
P763 and Oztz Stored in ROM,

0003 i U4 U36
8484
- P254 726U
FFFF FE4F 5A48
— 4PCC THUP
AT7A2 ACa1
108P 8C84
5342 8C22
1100 42PU
0108
052A
726U
5A48
THUP

1
2
3
4
5
&
7
8
9

AC41
8Ca84
8C22
42P1]
1HG6H

0F62
HE6AA
a2 0003 0pop
5HC4

Turn the Carrier Noige Test Set off.

Turn the Carrier Noise Test Set off. Disconn

ROM Data Check the jumper.

Purpose. To verify ROM operation and the data contents stored in

ROM. DATA INPU
P/O A1, P/O A2, P/Q A7, P/O
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Connect the signature analyzer Timing Pod as follows: ROM Operation Check

1. START/ST/SP to SAST1 (A9TP4) Purpose, Verify that the microy
2. BTOP/QUAL to A91J4 pin 20 the data stored in ROM and
3. CLOCK to SACLK (A9TP3) code.
4. GND to GND (A9TP1)

Setup. Set the diagnostic swite
Set the signature analyzer controls as follows: of A9 asgembly) to the ROM te

1. Function: Signature below.

2. Polarity: Clock Falling edge (2)
Rising edge (1) Diagnostic Switch 82
Rising edge (1)

Leave the jumper connecteci between ‘NFREERUN’ (A9TP5) and
GND (A9TP1). Turn the Carrier Noise Test Set on.

Connect the signature analyzer’s probe to the points indicated in Locate the 8 Red LEDs between
Table 8-6 and verify the signatures. individual LEDs are numbere
being the LED closest to the hin

Table 8-6. Signatures for Verifying ROM Operaion microprocessor board assembly

and Data Stored in ROM. Turn the Carrier Noige Test S
4 036 u37 instrument.

Check the pattern of the flaghi;

Pa54 726U 72617 ROM passes the test
FF4F 5A48 | 5A48 P '

4PCC THUP THUP ROM Pasges Test — D5 remaid
ATA% AC41 AC41 other LEDs flash on and off. Thi
108P 8C84 8C84 address and data busses betwel
5342 ‘ 822 8Ca2 microprocesgor are working.

1160 42P17 42P1F i ]
0108 1HEH ROM Fails Test — D5 remains oy

052A - LEDs remain off. This signifies
961 1HEH . and data busses have a problem

5 A48 42PU c’ircuits.

THUP gggi Turn the Carrier Noize Test Set

s AC4L RAM Operation Check
8084 7THUP . \
8C22 5A48 Purpose. To verify that the R

42PU ) ) .
1H6H Setup, Set the diagnostic switch

test position shown below.

0FG2
HE6AA Olagnostic Switch 82
OPQP

SHC4

Turn the Carrier Noise Test Set off. Disconnect the Timing Pod and
the jumper.

Turn the Carrier Noise Test Sef
DATA INPUT CIRCUITS instrument.
P/O A1, P/O A2, P/O A7, P/O A8, P/O A9
SERVICE SHEET 828
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SERVICE SHEET 5 (cont'd)
ROM Operation Check

Purpose, Verify that the microprocessor can read
the data stored in ROM and then execute that
code.

Setup. Set the diagnostic switch A882 (right side
of A9 assembly) to the ROM test position shown
helow,

Diagnostic Bwitch 52 ROM Test Loglc Level

0

1
0
0

Locate the 8 Red LEDs between U27 and U28, The
individual LEDg are numbered DQ-D7 with D7
being the LED closest to the hinged portion of the
microprocessor board assembly,

Turn the Carrier Noise Test Set on to reset the
instrument.

Check the pattern of the flashing LEDs to zee if
BOM passes the test.

ROM Passes Test — D5 remainzg on and all the
other LEDs flash on and off This verifies thatthe
address and data busses between ROM and the
microprocessor are working.

ROM Failg Test — D5 remains on and all the other
LEDs remain off. Thie gignifies that the address
and data busses have a problem, Check for short
circuits,

Turn the Carrier Noise Test Set off.

RAM Operation Check
Purpose, To verify that the RAM is operational.

Setup. Set the diagnostic switch A952 to the RAM
test position shown below.

Biagnostic Switeh 52 RAM Test Logic Level

Turn the Carrier Noise Test Set on to reset the
instrument.

828
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Check the pattern of the flashing LEDs to see if
RAM passes the test,

RAM Passes Test — D4 15 on and D0-D3 count, all
LEDsg turn on then the counting sequence repeats,
This verifies that the microprocessor can access
RAM properly.

RAM Fails Test — D4 is on but D0-D3 do not go
through counting sequence. Thiz shows that the
RAM or the control lines to the RAM may be
faulty.

Tuarn the Carrier I\Toiae Test Set off.

Signature Analysis Test — Microprocessorand
Data Transfer

Purpose. The Microprocessor runs a program to
verify the functional operation of ROM, RAM, and
the data buffers.

Connect the signature analyzer Timing Pod as
follows:

1. START/ST/SP to SASTS (A9TP6)
2. STOP/QUAL to SAST2 (A9TP6)
3. CLOCK to SACLK (A9TF3)

4. GND to GND (A9TP1)

Set the signature analyzer controls as follows:

1. Funection: Signature
2. Polarity: Clock Falling edge (2)
ERising edge (1)

Falling edge (2)
Set the Diagnostic Switch A9S2 as follows:

Signature Analysis

Diagnostic Switch 52 Test Logic | evat

Turn the Carrier Noise Test Set on to reset the
diagnostic switch.

Conneet the signature analyzer’s probe to the
points indicated im Table 87 and verify the
signatures.

NOTE
The test setup conditions for the Signature
Analysis Test are the same for Service Sheets
4, 5 and 6, therefore signatures may be taken
concurrently on all three service sheets.
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SERVICE SHEET 5 (cont'd)

Table 8-7. Signatures for Verifying Microprocessor, ROM, RAM and Data Buffer Operatlon

U4 U16 uig U36

— URU1 0000 URHU1L
UouUs 56CC 1CP1
FsAH UHUL ouUPs
6C04 HO083 6300
034P — F109
Fa51 675A 43P0
56CC - 775H
HO033 U46P CAB5
675A naen UBH3
U46P - —
P8CF — UsHa
4771 U46P CAS85
AFTU — 775H
— 6754 43P0
6U22 - F109
068C HO83 6800
PaeC UHU1 ouPa
866F 56CC
F3F3

W 00 -1 O N oo G0 ba

Turn the Carrier Noise Test Set off and disconnect
the Timing Pod,

Reset the Diagnostic Switch A982 to the Normal
Operation position shown below:

Dlagnostic Switch §2 Normal Operation Logic Level
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NOTES

1. REFER TO TABLE B-2 FOR
SCHEMATIC DIAGRAM NOTES,

4+ REFER 7O SECTION 7 FOR
BACKDATING INFORMATION.

REFERENCE DESIGNATIONS
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SERVICE SHEET 6
PRINCIPLES OF OPERATION

General

The switch and LED control circuits perform the following functions:
a. decode addresses of latches,
b. load data from data bus into latches, and
c. drive front panel LEDs.

Address Decoders
Address decoders U9 and U10 decode the LED driver latches,

Switch Driver Enable Latch

The switch driver enable latches prevent several relays from changing simultan-
eously at power-on. The +24V supply is designed to switch only a few relays at once.

At power-up, the switch driver enable latches U13 and 14 are set to 0, thus
disablng the switch relay drivers, Even though the switch relay driver latches can
power-up in random condition, the switch relay drivers are forced off because of
these secondary latches. The microprocessor then setg the switch relay driver
latches to some orderly condition, After that is done, the microprocessor enables the
switch relay drivers one at a time. Once all the relay drivers are turned on, the
enable latches are left alone. They are left in g state 80 that the relay drivers can
respond to the other control lines.

Switch Relay Driver Latches

Latches U25 and U26 store data for the relays. These latches turn on and off in
response to inputs from front panel keys or HP-IB.

Switch Relay Drivers

These drivers generate the current sinks to
switches (see Service Sheet 1).

activate the relays in the microwave

Diagnostic LED Latch

U27 drives DS1 and D82. The individual LEDs within D81 and DS2 are numbered
D0-D7. D7is closest to the hinged portion of the Microprocessor Board Assembly.
The LEDs that correspond to the four most significant bits (D4-D7) indicate the
setting of the diagnostic switch, Refer to Principles of Operation on Service Sheet 5
for an explanation of the diagnostic switch. An interpretation of the LEDzis shown
in the following table.

Diagnostic Normal Indigation

RAM Test D4 is on and DO-D3 count,then all the LEDs turn on and the

sequence repeats.

ROM Test D5 is on and all others flagh.

Signature Analysis D4 and D5 are on and all others are dim,

ROM-D5 iz on then all others turn on.

RAM-D4 is on then ail others turn on.

Option switch-D7 is on and the setting of the Option switeh is
shown in binary.

Self Test (power-up)

HEWUATI ot o ey

SERVICE SHEET 6

Multiplex Switch D

These circuits are
instrument.

Option Switch

The option switch is s
of the options that are
(in binary) the numH
switch indicates whe
system can handle up
other than 1 through
switch ig set to hand
that can be installed
tion of the instrume
option switch must
number of bands. Yo
HP-IB) as many band
the switch is set for 6.
will never get the sev
Adjustment in Sectio
Switch settings.

LED Driver/Latches

These latches drive t
play Board assembly,

TROUBLESHOOTIN

Run the follow

Test Equipment
Signature Multimeter

Address Decoding C
Purpase. To verify th

transfer that address t4
decoded at the chip.

Setup. Turn the Carrie
cover. Locate the A9

that hold the board in g
board laying parallel td

Connect the signature 4

1. START/S8T/SP to 84
2. 3TOP/QUAL to SAS
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SERVICE SHEET 6 (cont'd)

Multiplex Switch Drivers and Multiplex Sense Detect Circult

These ¢ircuits are not used in the current configuration of the

instrument,.

Option Switch

The option switch is set at the factory to inform the microprocessor
ofthe options that aye in the instrument. Switches 1 through 4 define
(in binary) the number of bands that are in the systemn. The fifth
switch indicates whether or not the AM option is installed. The
gystem can handle up to 11 bands. If the switch is set to any number
other than 1 through 11 (decimal), the microprocessor agsumes the
switch ig get to band 1, Eight (8) bands are the maximum number
that can be installed in the Carrier Noise Test Set. If the configura-
tion of the instrument is ever changed to add or delete a filter, the
option switch must be changed so that it shows the maximum
number of bands, You can only call up (from the front panel or
HP.IB) as many bands as the switch 1s set to allow. For example, if
the switch is set for 6.bands and you really have seven bands, you
will never get the seventh band. Refer to the Filter Option Switch
Adjustment in Section V for a complete description of the Option
Switch settings.

LED Driver/Latches

These latches drive the LEDs on the A2 Front Panel Key and Dis-
play Board assembly.

TROUBLESHOOTING USING SIGNATURE ANALYSIS

NOTE
Run the following test in the sequence listed.

Test Equipment

Signature Multimeter HP 50058

Address Decoding Check (using a falling edge clock trigger)

Purpose. To verify the microprocessor can generate an address
transfer that address to the selected chip and the correct address is
decoded at the chip.

Setup. Turn the Carrier Noise Test Set off and remove the bottom
cover. Locate the A9 Microprocessor Board. Remove the 3 screws
that hold the board in place. The A9 agsembly is the printed circuit
board laying parallel to the bottomn of the instrument.

Connect the signature analyzer Timing Pod as follows:

1. 8TART/ST/8P to SAST1 (ASTP4)
2. STOP/QUAL to SAST1 (A9TP4)

SERVICE SHEET 6 (cont’d)

3. CLOCK to SACLK (A9TP3)
4. GND to GND (A9TP1)

Set the signature analyzer controls as 4

1. Function: Signature
2. Polarity: Clock

Connect a jumper cable between NFRE
(A9TP1).

Connsct the signature analyzer's probd
Table 8-8 and verify the signatures.

NOQTE
The test setup conditions for thd
Check are the same for Service
therefore signatures may be tak
all three service sheets.

Tabie 8-8. Signatures Verlfying Add
a Falling Edge Glock

ug U0

UuuuU|uuuy
FFFF | FFFF
8484 | 8484

CFHU| -—
P763 | 0003
ACET | 0003
AHO2 | 0008
Cé45 | 0003

— 0003
6464 | 0003
919F | 0003

Address Decoding Check Using a Ris

Purpose. To verify the address decoding
early memory cycle before the data is tr

Setup. Change the controls on the signa
Polarity; Clock

Connect the signature analyzexr’s probe
Table 8-9 and verify the signatures.

Turn the Carrier Noise Test Set off. Disc
the jumper.
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SERVICE SHEET 6 (cont’d)

3. CLOCK to SACLK (ASTP3)
4. GND to GND (ASTP1)

Set the signature analyzer controls as follows:

1. Function; Signature
2. Polarity: Clock Falling edge (2)
Rising edge (1)

Rising edge (1)

Connect a jurnper cable between NFREERUN (A9TP5) and GND
(A9TF1).

Connect the signature analyzer’s probe to the points indicated in
Table 8-8 and verify the signatures.

NOTE
The test setup conditions for the Address Decoding
Check are the same for Service Sheets 4, 5 and 6,
therefore signatures may be taken concurrently on
all three service sheets.

Table 8-8. Signatures Verifying Address Decoding Using
a Faliing Edge Clock Trigger

ug u10 ua7 v4a u49

[RRELGEDRLO B1010)
FFFF | FFFF
8484 | 8484

CFHU| -—
Pr63 | 0003
ACE7 | 0003
AH92 | 0003
Ce45 1 0003
— 0003
6464 | 0003

919F | 0003

Address Decoding Check Using a Rising Edge Clock Trigger

Purpose, To verify the address decoding of those chips that have an
early memory cycle before the data is transfered.

Setup. Change the controls on the signature analyzer as follows:
Polarity: Clock Riging Edge (1)

Connect the signature analyzer’s probe to the points indicated in
Table 8-9 and verify the signatures.

Turn the Carrier Noise Test Set off. Disconnect the Timing Pod and
the jumper.

SERVICE SHEET 6 (cont'd)

Table 8-9. Signatures Verif
Decoding Using A Rising Edpe

Uia ua7 u48

Uuuu
FFF¥
8484
0000
SHSP
7415
H3H9
4069
3HAS
UsAY

ROM Operation Check

Purpose. Verify that the microprocesso
ROM and then execute that code.

Setup. Set the diagnostic switch A9S2(
the ROM test position shown below.

Diagnostic Switch 52 | RDM Test

Locate the 8 Red LEDs between U27 an
are numbered D0O-D7 with D7 being th
portion of the microprocessor board as

Turn the Carrier Noise Test Set on to
Check the pattern of the flaghing LEDs

ROM Passes Test - D5 yemains on ang
and off. This verifies that the addreg
ROM and the microprocessor are work

ROM Fails Test — D5 remains on and 4
This signifies that the address and d
Check for short circuits.

Turnh the Carrier Noige Test Set off.

RAM Operation Check
Purpose. To verify that the RAM is op

Setup. Set the diagnostic switch ASS
shown on the next panel.
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SERVICE SHEET 6 (cont'd)

Table 8-9, Sipnatures Verifying Address
Decoding Using A Rising Edge Clock Trigger

Ut u47 49 Uso

uuuu
FFFF
8484
0000
9H3P
74U5
H3FH9
469
3HASR
UGAP

ROM Operation Check

Purpose. Verify that the microprocessor can read the data stored in
ROM and then execute that code.

Setup. Set the diagnostic switch A952 (right side of A9 aggembly) to
the ROM test position shown below.

Diagnostic Switch 82 | ROM Test Logic Level

0

1
0
0

Locatethe 8 Red LEDs between 127 and U28. The individual LEDs
are numbered D0-D7 with D7 being the LED closest to the hinged
portion of the microprocessor hoard assembly.

Turn the Carrier Noise Test Set on to reset the instrument.

Check the pattern of the flashing LEDs to see if ROM passes the test.

ROM Passes Test — D5 remains on and all the other LEDs flagh on
and off. This verifies that the address and data busses between
ROM and the microprocessor are working.

ROM Fails Test — D5 remains on and all the other LEDs remain off.
This signifies that the address and data busses have a problem.
Check for short circuits.

Turn the Carrier Noise Test Set off.

RAM Operation Check
Purpose. To verify that the RAM is operational.

Setup. Set the diagnostic switch A9S2 to the RAM test position
shown on the next panel.

SERVICE SHEET 6 (cont’d)

Diagnestic Switch 52

Turn the Carrier Noige Test Set on to reset the
Check the pattern of the flashing LEDs to see if

RAM Passes Test — D4 is on and DO-D3 count, 2
the counting sequence repeats. This verifies that
can access RAM properly.

RAM Fails Test — D4 is on but D0-D3 do not g
sequence. This shows that the RAM or the conty
may be faulty.

Turn the Carrier Noise Test Set off.

Signature Analysis Test — Microprocessor 8

Purpose, The Microprocessor rung a program to
sion of data from the Microprocessor to the outy
tion of the relay circuitry is tested.

Connect the signature analyzer Timing Pod as

1. START/ST/SP to SAST2 (A9TP6)

2. STOP/QUAL to SAST2 (A9TP6)

3. CLOCK to SACLK (A9TP3)

4. GND to GND (A9TP1)

Set the signature analyzer confrols as follows:
1. Function; Signature

2. Polarity: Clock

Set the Diagnostic Switch A952 ag follows:

Diagnostic Switch 52 Signature Analy

Turn the Carrier Noise Test Set on to reset the

Data Processing
P/O A
SERVIC]
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Signatures Verifying Address
,ing A Rising Edge Clock Trigger

u47 U4 49 us0

microprocessor can read the data stored in
rat code,

switch A952 (right side of A2 aggembly) to
awn helow.

82 ROM Test Logic |eval
0

1
0
0

wween U27 and U28. The individual LEDs
h D7 being the LED closest to the hinged
sssor board assembly.

"est Set on to reset the instrument.

ashing LEDs to see if ROM passes the test.
eroains on and all the other LEDz flash on
.at the address and data busses between
sssor are working.

1ains on and all the other LEDs remain off.
iddress and data busses have a problem.

‘est Set off.

he RAM is operational.

c switch A9S2 to the RAM test position

I PROCESS/ING SIRCUITS
SHr S0F7

SERVICE SHEET 6 (cont'd)

Diaghostic Switch 82 | RAM Test Logic Level

Turn the Carrier Noise Test Set on to reset the ingtrument.
Check the pattern of the flashing LEDs to see if RAM passes the test.

RAM Pagses Test— D4 is on and D0-D3 count, all LEDs turn on then
the counting sequence repeats, This verifies that the microprocessor
can access RAM properly.

RAM Fails Test — D4 is on but D0-D3 do not go through counting
sequence, This shows that the RAM or the control lines to the RAM

may be faulty.
Turn the Carrier Noise Test Set off.,

Signature Analysis Test — Microprocessor and Relay Circuitry

Purpose. The Microprocessor runs a program to verify the transmis-
sion of data from the Microprocessor to the output ports. The opera-
tion of the relay circuitry is tested.

Connect the signature analyzer Timing Pod as follows:

1. START/ST/SP to SAST2 (A9TP6)
2. STOP/QUAL to SAST2 (A9TP6)
3. CLOCK to SACLK (A9TP3)

4. GND to GND (A9TP1)

Set the signature analyzer controls as follows:

1. Function: Signature

Falling edge (2)
Rising edge (1)
Falling edge (2)

Set the Diagnostic Switch A9S82 as follows:

Biagnostic Switch 82 Signature Analysis Test Logic Level

Turn the Carrier Noise Test Set on to reset the diagnostic switch.

Data Processing Circuits
P/O A8, P/O A9
SERVICE SHEET
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SERVICE SHEET 6 (cont'd)

Connect the signature analyzer’s probe to the points indicated in Table 8-10 and verify the
signatures.

NOTE
The test setup conditions for the Signature Analysis Test are the same for
Service Sheets 4,5, and 6, therefore signatures may be taken concurrentlyon
all three service sheets.

Table 8-10. Signatures Verifying Microprocessor and Relay Circuitry Operation [1 of 3)

mns3 ut4 u1g uzo u21 uzz Uz23

- — HP61 H10U K10U
80CF apav FFCO
9130 21380 2F86
7007 7097 3139
HU34 3964 28HI
581C 1758 366F
8A80 3A80 —

HPCF HPCP ' Co74
F471 F76F AHFC

— - SHFS8

—_ . 2077
FFC2 6C97 F206

HUH9 HUH9
586A S86A
Pa2F CoCT
2133 P409
PPF? FPF7
1P1U 1P1U
1953 3Caz

D 00 -1 S O R S0 B
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SERVICE SHEET 6 (cont’d)
o Table 8-10, Signateres Verifying Microprocessor and Relay Circuitry Dperation (2 of 33

Uzs U26 uz7 u29 U3 U3t 38 u4

3
=

Ha344 3819 79C0 2077 UHU1
UFSF 673F — 9130
8130 8130 9130 7097
8A90 8A90 8A090 8AB0
F4U9 28H1 — HPCP
HP&1 2F86 — HUHY
HUHS | HUH9 | HUH®? 586A
PPF7 PPF7 PPF7 PEF7
41H18 H10U - 1P1U
- — — UBH3
F5H3 3494 — CA95
1F1U 1Py 1P1U 776H
H86A HBEA 586A 43F0
AB5P HUC9 — F109
09AA 2077 - 6800
HECP HPCP HFPCP OuUPr9
7097 7097 7097 1CP1
65C41 AHFC - U585

G0 ~3 3 N e 00 o

Tahle 8-10. Signatures Verlfying Microprocessor and Relay Circuitry Operation [3 of 3)

u42 U44 u47 u48 U4 Ust 355 Libe

— — —_ - — §73F
—- 9130 | 9130 { 9130 | 9130
09AA | — — — -
1415 | 7097 | 7097 | 7097 | 7097
P49 | — - - —
H946 | 8A90 | 8A%0 | 8AD0 | BAD0
46UP - — —
7A83 | HPCP | HPCP | HPCF | HPCP
§73F - - — —
992C {HUHS | HUH9 [HUH9 | HUH9
8494 — -
— 586A | 536A | bB6A | GBBA

Turn the Carrier Noige Test Set off. Disconnect the Timing Pod.
Reset the Diagnostic Switch 82 to the normal operation position shown as follows:

Diagnostic Switch §2 Normnzal Operation Loglc Level
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SERVICE SHEET 7 —— S A7 Jof 2
POWER SUPPLY CIRCUITS

PRINCIPLES OF OPERATION

General

The Carrier Noise Test Set requires four power supply voltages:
+24V, +15V, +5V, and —~15V. The transformer supplies all the
secondary voltages for the power supply. The gecondary is wound as
one coil and is center tapped. All the power supplies take the same
form. They have a full-wave bridge rectifier that consists of 2 rectify-
ing diodes, a fuse, filter capacitors, a voltage regulator, an overvol-
tage protection circuit, and an indicator thatlights when that power
supply is on.

+24V Power Supply

The output of theé voltage regulator is dependent on the reference
voltage which is set with R11 and R12.

The overvoltage protection circuit consists of a zener diode (VR2)in
series with a standard rectifying diode (CR9). When the voltage
across VR2 exceeds the threshold of 30 volts, the zener diode turns
on. CR11 protects against any reverse voltages that may be applied
or negative voltages that may get on the supply line. Tt protects not,
only the power gsupply but algo any circuits that may beconnected to
the +24V gupply.

The +24V supply runs the A6 Low Noise Amplifier Aszsembly and |

all the microwave switches ( see Service Sheet 1),

+15V Power Supply

The overvoltage protection cireunit congists of R14, R15, VRS, and
Q3. The zener diode (VR3) begins to conduct if the voltage exceeds
the threshold of 16 volts. Enough current is drawn through R15 to
cause the SCR (Q3) to begin conducting. This blows the +15 volt
supply fuse. It may also blow the fuse of any other supply that might
have gotten connected to the 15V supply, CR12 protects against
negative voltages,

The +15V supply is used for circuits on the A5 Phage Lock Board
Assembly.

An analog +5V supplyis created by dropping the +15V through R27
and R29. This voltage is used for the A10 IF Amplifier Agsembly.

Switch and LED Control Circuits
P/O A2, P/O A9
SERVICE SHEET

Service

SERVICE SHEET 7 (cont'd)

+5V Power Supply

The +5V supply has a 2-diode recti
tion. It uses a large TO-3 dual recti
part of the heat sink assembly,

The voltage regulator is adjustable.
reference is set by R9, CR8, R10, and
mentR10iz provided to set the regulal
to +5V, which is necessary for the dif

The overvoltage protection circuit is g
used for the +15V supply.

The +5V supply is the digital supply
only on the A9 Microprocessor Asse

-15V Power Supply

Following the 2 diode rectifier is an
protection circuit for the entire insty
circuit protects againstincorrectline

example, if high voltage, such as 22
plugged in when the line card is sef
120V, this circuit will cause the fuse (H
any voltage above 150 Vrms appears
to the transformer, this cireunit will
begin conducting. This, in turn, blo
fuse.
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Service

SERVICE SHEET 7 (cont'd) — 5 47 2¢f 2,

+5V Power Supply

The +5V supply has a 2-diode rectifier configua-
tion. It uses a large TO-3 dual rectifier, which is
part of the heat sink assembly.

The voltage regulator is adjustable. The voltage
reference is set by R9, CR8, R10, and R13. Adjust-
ment R10 is provided to set the regulator very close
to +5V, which is necessary for the digital circuits.

The overvoltage protection circuitis similar to one
used for the +15V supply.

The +5V supply is the digital supply and is used
only on the A9 Microprocessor Assembly.

~15V Power Supply

Following the 2 diode rectifier is an overvoltage
protection circuit for the entire instrument. This
circuit protects against incorrectline voltages, For
example, if high voltage, such as 220 or 240V, is
plugged in when the line card is set for 100V or
120V, this circuit will cause the fuse (1) to blow. If
any voltage above 150 Vrms appears on the input
to the trangformer, this circuit will cause Q4 to
begin conducting. This, in turn, blows the main
fuse.

HFP 117298

The overvoltage protection circuit for the —15V
gupply is similar to the one used for the +24V

supply.

The—15V supply provides voltageto the A5 Phase
Lock Board assembly and the fan.

TROUBLESHOOTING

As an aid in troubleshooting the Power Supply
typical input voltages to the voltage regulators
have been placed on the schematic. The voltages
are dependent on the line voliage.

Test Equipment

Digital Multimeter HF 3456A

The tolerance of each of the voltage regulators is
shown in the following table.

Voltage Regulator | Voltage Tolerance

—15V £ .5V
+ 5V 4+ .26V
+15V £ .5V
+24V £.5V

Ul T4
U2 TP3
U3 TP2
U4 TF1




HP 117298 e £-23
THT 1o F/

A7 ASSEMEBLY

«{(:R1, Ul -4, T1 and MP430
are not part of the A7 assembly)

g

(Cirkiint Side). L
-

Figure 8-23. Power Supply Board Assembly Component Locations
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- TB! IS8 NOT SEPARATELY REPLACEABLE; 17 I%
PART OF A12.

. 1.0A 250Y FOR 400V TO 120V AC INPUT,
0.54 250Y FOR 220V TO 240V AC INPUT,

K30 . CHASSIS GROUND_ IS BROUGHT ONTO THE PC
—5—@{EF M2 BOARD THROUGH THE SCRENS MOLDING THE BOARD

w52 . THIS GROUND 1S USED TO REDUCE NOISE IN
THE POWER SUPPLY.

. THIS IS A TIME DELAY FUSE.

REFER TQ SECTION 7 FOR
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HP 11726R Appendix A

APPENDIX A

Manual Changes Required For Use With HP Low Noise Down Converters

INTRODUCTION
This appendix contains manual change instructions for backdating this manual for use
with HP Low Noise Down Converters with serial prefixes 2319A and lower,

MANUAL CHANGES
To adapt this manual to your instrument make the changes listed in Section VII (Backdat-
ing) and Appendix A.

Table 6-3:
Add the following to the description for the A3 assembly:

When ordering assembly A3, order Service Note 11729B-90002 to retrofit the

11729B to accept the A3 assembly. The Service Note can be ordered from the

nearest Hewlett-Packard Sales Office.
Delete A3K1
Delete A3R4,5
Delete AGAI1CR7
Change AGA1R4 to 0698-0083 CD8 RESISTOR 1.96k 1% .125W F TC=0+100
Delete A7C17
Delete A7C18
Delete A7L1
Change ATR27 to 0698-3620 CD5 RESISTOR 100 5% 2W MO TC=04-200
Change ATR29 to 0698-3397 CD3 RESISTOR 42.2 1% .5W F TC=0£100
Add the following to the description for the A1Q assembly:

When ordering assembly Al0, order Service Note 11729B-90001 to retrofit the

11729B to accept the A10 aggembly. The Service Note can be oxdered from the

nearest Hewlett-Packard Sales Office.
Change the part number of W42 to the following:

11729-20027 CD2 CABLE ASSEMELY
Change the part number of W47 to the following

11729-20041 CDO CABLE ASSEMBLY
Add the following information to the description for MP 431:

When replacing MP 431 order the following hardware to mount MP 431:
05150145 CD7 FLATHEAD MACHINE SCREW 0.5 QUANTITY 2
30500891 CD7 FLAT WASHER QUANTITY 2
21900003 CD8 SPLIT LOCK WASHER QUANTITY 2
05350004 CD9 HEXNUTS0.5 QUANTITY 2

Block Diagram 1
Replace BD1 with Figure A-2 in this Appendix.

Service Sheet 1
Replace 8§51 with Figure A-3 in this Appendix.

Service Sheet 2
Replace 832 with Figure A-4 in this Appendix.

Service Sheet 3
Replace the portion of 883 with Figure A-1 in this Appendix.




Appendix A Fr5. A/ HP 11729B
syr /of/

MANUAL CHANGES (cont'd)
: NOTE
Replace the text and schematics for Service Sheets 4 through 6 only if your
instruments prefix is 2314A and below. Whether or not the text and schematics
for Service Sheets 4 through 6 are being replaced, replace Service Sheet 7 with

Figure A-12 in this Appendix.

Service Sheet 4
Replace the text for Service Sheet 4 with the following text and replace the component

locator photograph and schematic with Figures A-6 and A-7.

N43
1 .Il'—ﬁ'g

PHASE LOCK ]
DETECTOR ]
SIBNAL  wg |

2

To0E"TESTT Ywzo
i PORTS | !

P/D
J4

1 P
ING !\9

P/0
A
L 30 —d

P/0
CAPTURE w52

Figure A-1. P/0 Service Sheet 3 Phase Lock Circuits Schematic Diagram
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FI& A-2
St S F

NOTES

IN THE STANDARD HP 147288 THERE ARE SEVEN
FILTERS AND SWITCHES INSTALLED. WITH A
SINGLE FILTER OPTION THERE IS ONE FILTER
INSTALLED BETWEEN THE ISOLATOR AND THE MIXER.
THIS SWITCH IS5 INSTALLED FOR OPTION 430
ONLY. WITH A STANDARD HP 147288 THE
MICRONAVE TEST SIGNAL IS CONNECTED
DIAECTLY TO THE SECOND MICROWAYE SWITCH
AT THE FIRST MIXER,

. TH1S SWITCH IS INSTALLED FOA OPTION 430
ONLY. WITH A STANDAAD HP 417298 THE
SIGNAL DUT OF THE MIXER (PHASE CETECTOR)

IS CONNECTED OIRECTLY YO THE LOK PABS
004 FILTER.

AUX HUI . THIS IS A FACTORY SELECTED COMPONENT.
THERE MAY OR MAY NOT BE AN ATTENUATOR
<1 HH PAD INSTALLED.

INECTION)

PHASE LOCK CIRCUITS

BANOWIDTH ~
FREG CONT
CONTROL LDC-FR (t1v} |

SWITCHABLE -
RATOR |
AMPLIFIER | FREG CONT
AHPLFIEH ; I X-D5C _[+10¥)

CAPTURE CAPTURE
CONTROL

DISPLAY
DRIVER

Ib-*—-———-** BUFFER I

QUT-O0F-LOCK | QUT-0F-LOCK
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1

Figure A-2. Overall Functional Block Diagram
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NOTES

IN THE STANDARD HP 3147288
THERE ARE SEVEN FILTERS
AND SWITCHES INSTALLED.
WHEN A SINGLE FILTER OPTION
15 ORDERED THE FILTER IS
INSTALLED WITHOUT A SWITCH,
OME END OF THE FILTER IS
CONNECTED TO U5 AND THE
OTHER SIDE 1S CONNECTED
T0 AT2 THROUGH WB. THE
FILTER ORDERED FOR THE
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UNIT, FOR EXAMPLE:
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LOCK

REFERENCE DESIGNATIONS

N0 PREFIX

AT4,2.3
CR2
FLi-8

B{

J2, 5. 6. B,
13-16

Si-9

us-7

W3-5, 14, 12,
14-17, 23~
27, 29-48, 51
59, 55, 60, 65

BACK VIEW
TERMINALS ORTS

MICROWAVE SWITCHES
FRONT VIEN

10
20O
30
40
50

de

INITIAL CONDITIONS

WHEN THE FOLLOWING CONDITIONS ARE SET THE
VOLTAGE AND PONER LEVELS, AS SHOWN ON THE
SCHEMATIC, BECOME VALID, THESE LEVELS ARE
A USEFUL TOOL FOR TROUBLESHOOTINE,

HP 147288

WBAND CENTER FREQUENCY - 9.6 BHz

LOCK BANONIDTH FACTOR - 10 kHz

MODE - PHASE NOISE MEASUREMENT
DISCONNECT CABLE FROM FREGUENCY CONTROL
(X-0SC OR QC-FM) ON REAR PANEL.

MICROWAVE SOURCE

TEEE CRITICAL SPECIFICATIONS IN SECTION 1)
KFRAEGUENCY - 40 GHz [CW)

LEVEL - +i0 dBm

MODULATION - OFF

ALL OTHER FUNCTIONS - OFF

TUNAE%E § 10 12%%HHZ SDURCF
RITICAL SPECIFICATIONS IN SECTION 1)
#FREQUENCY - 400.040MHz

LEVEL - O dBm (40 dBm WHEN

CHECKING <i0OMHz QUTPUT ON FRONT PANEL)
MODULATION - OFF

ALL DTHER FUNCTIONS - OFF

PHASE LOCK THE MICROWAVE SOURCE TO THE
TUNABLE 5 TO 1200MHz SOURCE. SEE SECTION III,
PHASE LOCKING, IF YDU NEED HELP.

%IF THE 8.B6GHz BAND CENTER FREQUENCY 1S NOT
AVAILABLE, SELECT AN AVAILABLE BAND RANGE,
THE WiCROWAVE SOURCE FREGUENCY MINUS THE BAND
CENTER FREQUENCY DF THE BAND RANGE SELECTED
WILL DETERKINE THE TUNABLE 5 TO 1280MHz
SOURCE FREBUENCY.

1

Figure A-3. Reference Up-Conversion, Test Signal Down-Conversion,

and Phase Detecting Circuits Schematic Diagram
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SET RF SOURCE
LEVEL TO -404dB

12N

wa2 VY4  (STANDARD UNIT]

FACTORY
¢ USE

ONLY

500

NOISE SPECTRUM |

<10 MHz

i. REFER T0 TABLE B-2 FOR
SCHEMATIC OIAGRAM NOTES.

REFERENGCE DESIGNATIONS

NG PREFIX

AB

JI, 3,4
WG, B, 9-11,

c1
Ds1
Ji,2

13, 22, 30,
48

ABA1

AZAtL
Ci-5
Ji-6
Li-7
R1-3

ga-114
CA4-6
£1.2
@i-3, 5-10
A2-27

TH4-4
DELETED: ABA1Ci, ABAYR{

TRANSISTOR AND
INTEGRATED CIRCUIT
PART NUMBERS
REFERENCE PART
DESIGNATION NUMBER
ABA!
ai-3, 6-8
85, 9, 10

1B54-0587
1863-0430

TROUBLESHQOTING
SEE SERYICE SHEET 1

FOA INITIAL CONDITIONS
FOR TROUBLESHOOTING

=

A3, A6, ABA{

Figure A-4. Low Pass Filter and Low Noise Amplifier

Schematic Diagram
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SERVICE SHEET 4

PRINCIPLES OF OPERATION
General

The A9 Microprocessor Board Asgsembly receives data from the A2 Front Panel Key
and Display Board Assembly (local) or from HP-IB (remote).

Local inputs use the following circuits:
a. keyboard encode,
b. keyboard debounce circuit, and
e. peripheral interface adapter (P1A).

The PIA manages local operation and monitors the out-of-lock signal from the A5
Phase Lock Board assembly.

Remote inputs use the following cirenits:
a. HP-IB management line transceiver,
b, HP-IB data line transceiver, and
c. HP-IB interface.

The HP-IB interface manages remote operation.

Keyboard Encode

The A2 Front Panel Key and Display Board Assembly consists of 16 keys.
Keyboard encode U46, U47 and U40 are connected to these keys in such a way that
it becomes a 1-of-16 priority encoder. Inputs to U46 and U47 are activelow. When a
key is pressed, the corresponding signal line goes to 0V, U46 and U47 sense theline
and encodes it to a binary number.

Keyhoard Debounce Circuit

U12B zdds a 21 ms delay to ensure that a key has been depressed instead of a
momentary spike that is being detected. If a key is held for 21 ms, the output of
flip-flop U41B goes high. U7 pin 40(CA1) acts as a flag. Ifthereis a highsignalon
this line, the peripheral interface adapter informs the microprocessor that a key has
been pressed.

CQut-oi-Lock Debounce Circuit

This circuit detects either a negative going edge (lock to out-oflock) or positive
going edge (out-of-lock to lock). In addition, it informs the microprocessor (via the
PIA) of the changein condition. A changeis detected immediately when the signal

goes from lock to out-of-lock. When the signal goes from out-of-lock to lock, U12A

causes a 9.7 ms delay before clocking the results to the peripheral interface adapter,
which notifies the microprocessor of the change. When the microprocessor is
informed of & change in state, it re-enables the circuitry by enabling U7 pin 14
(PB4), which causes flip-flop U41A to reset U53. The microprocessor then looks for a
signal of the opposite sense on the input to U53. U7 pin 15 (PB5) keeps track of the
signal sense that the microprocessor is expecting.

Peripheral interface Adapter (PIA)

The PIA, U7, manages the exchange of information between the front panel and
the microprocessor. Lines PB4-6 control the out-of-lock debounce circuitry. Line
PR7, which drives the capture signal on the A5 Phase Lock Board assembly, is
activated when the CAPTURE key is pressed. Lines PA0-3 and PA7 read the

SERVICE SHEET 4 (cont’q
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SERVICE SHEET 4 (cont'd)

keyboard encode circuits to monitor when a front panel key is being
pressed. Lines PA4-6 generate the filter ranges.

HP-IB Management Transceiver and Data Line Transceiver

These transceivers allow bi-directional signal flow on the data lines
(DI01-8) and the handshake lines (DAV, NRFD, and NDAC). The
HP-1B management line transceiver manages the handshake lines
and the HP-IB-data line transceiver manages the data lines.

HMP-IB Interface

HP-IB interface 173 manages the exchange of info;'mation between
the microprocessor and the HP-IB. U3 also determines the direction
of flow of information through bi-directional transceivers U34 and
U35.

Remote inputs to the Carrier Noise Test Set are in the form of
encoded control and data information. Control information is input
to the instrument via five control lines and three handshake lines.
The control lines are labeled ATN, SRQ, REN, IFC and EOL Tl'_ley
allow the controller to gain the Carrier Noige Test Set’s attention
and impart other appropriate control information. The handshake
lines are labeled DAV, NRFD, and NDAC. They provide asyn-
chronous control information for data transfer between a talker
(controller) and the listener (Carrier Noise Test Set). See Figure A-§
for a more detailed explanation of handshake lines. Data lines are
labeled DIO1 through DIOS.

DATA DATA
NOT VALID NOT VALID

DATA
VALID I L
LISTENER
READY

T READY

NAFD NOT READY NOT READ
LISTENER

ACCEPTED

LISTENER h LISTENER
TED
NDAC NOT ACCEPTED | NOT ALCEP

Start with the talker waiting for the listener to release NRFD (not ready for data)
indigating It is ready.

When the listener is ready, NRFD goes high (false). The talker then places valid data on
D161 through D108 and sets DAV (data valid) low (true).

NRFD then goes low (true) and the talker waits for the listener to indicate it has aceepted
the data (or ignored it) by releasing the NDAC (not data accepted) to a high (false, i.e.,
data is accepied).

The talker sets DAV high (false) and again waits for the listener to release NRFD,

(NOTE that if ATN is true, all instruments an the bus must handshake regardless of
whether they are talkers, listeners, or bystanders, Being in remote or local has nothing
to do with handshaking. If ATN is false, they only handshake if addressed).

Figure A-5. Simplified HP-iB Handshake between a Talker [Computer Centroller}
gnd Dne Ligtener [Carrier Noige Tesi Set]

SERVICE SHEET 4 (cont'd)
TROUBLESHOOTING USINC
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SERVICE SHEET 2 (cont'd)

TROUBLESHOOQTING USING SIGNATURE ANALYSIS

NOTE
Run the following tests in the sequence listed.

Test Equipment
Signature Multimeter

HP 50058

Address Decoding Check

Purpose. To verify the microprocessor can generate an address,
transfer that address to the selected chip. The correct address is
decoded at the chip.

Setup. Turn the Carrier Noige Test Set off and remove the bottom
cover. Locate the A9 Microprocessor Board. Remove the 3 screws
that hold the board in place. The A9 assembly is the Printed Circuit
board laying parallel to the bottom of the instrument.

Connect the signature analyzer Timing Pod as follows:

1. START/ST/SP to SAST1 (A9TP4)
2. STOP/QUAL to SAST1 (A9TP4)
3. CLOCK to SACLK (A9TF3)

4. GND to GND (A9TP1)

Set the signature analyzer controls as follows:

Falling edge (2)
Rising edge (1)
Rising edge (1)

Connect a jumper cable between NFREERUN (A9TP5) and GND
(A9TP1). Turn the Carrier Noise Test Set on.

NOTE
The test setup conditions for the Address Decoding
Check are the same for Service Sheets 4,5 and 6,
therefore signatures may be taken concurrently on
all three service sheets.

Connect the signature analyzer’s probe to the points indicated in
Table A-1 and verify the signatures.

Disconnect the signature analyzer and the short between
NFREERUN (ASTPS) and GND (A9TP1).

ROM Operation Check

Purpose. To verify that the microprocessor can read the data stored
in ROM and then execute that code.

SERVICE SHEET 4 (cont'd)
Table A-1. Signatures for Verliying Address

8

9
10
21
22
23
24
35
36

Setup. Set the diagnostic switch A9S
the ROM test position shown below.

Diagnostic ROM Test
Switch 52 Logic Level

Locate the 8 Red LEDs between U28 ;
are numbered D0-D7 with D7 being
portion of the microprocessor board

Turn the Carrier Noige Test Set on i4
Check the pattern of the flashing L.EI]

ROM Paases Test — D5 remaing on =
and off. This verifies that the add
ROM and the microprocessor are wo

ROM Failg Test — D5 remains on ang
Thig signifies that the address and
Check for short circuifs.

RAM Operation Check
Purpose. To verify that the RAM is ¢

Setup. Set the diagnostic switch A
shown below.

Diagnostic RAM Test
Switch B2 Logle Lavel
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SERVICE SHEET 4 (cont'd)

Table A-1. Signatures for Verifying Address Decoding

Pin U3 W7

8 -

2 —_
10 -
21 0003
22 0003
23 9668
24 — 0003
36 - uuugou
36 — FFFE

Setup. Set the diagnostic switch A952 (right sidé of A9 assembly) to
the ROM test position shown below.

Diagnostic ROM Test
Switch 52 Logic Level

Locate the 8 Red LEDs between U28 and U29, Theindividual LEDs
are numbered D0-D7 with D7 being the LED closest to the hinged
portion of the microprocessor board asgembly.

Turn the Carrier Noise Test Set on to reget the instrument.
Check the pattern of the flashing LEDag to gee if ROM passes the test.

ROM Passes Test — D5 remains on and all the other LEDs flash on
and off. This verifies that the address and data busses between
ROM and the microprocessor are working.

ROM Fails Test — D5 remains on and all the other LEDs remain off.
This signifies that the address and data busses have a problem.
Check for short circuits.

RAM Operation Check
Purpose. To verify that the RAM is operational.

Setup. Set the diagnostic switch A952 to the RAM test position
shown below.

Diagnostic RAM Test
Switch §2 Logic Level

SERVICE SHEET 4 (cont'd)

Turn the Carrier Noise Teet Set off then
Check the pattern of the flaghing LEDs t4

RAM Pagses Test — D4 ison and DO-D3 ¢
the counting sequence repeats. This verif
can access RAM properly.

RAM Fails Test — D4 iz on but D0O-D2 d
sequence. This shows that the RAM or tt
may be faulty.

Turn the Carrier Noise Test Set off.

Signature Analysis Test — Microproc

Purpose. The Microprocessor runs a prog
of data from the Microprocessor to the Pe
and the HP-IB Interface.

Connect the signature analyzer Timing

1. START/ST/SP to SAST2 (A9TFPG)
2. STOP/QUAL to SASTZ (A9TF6)
3. CLOCK to SACLK (A9TF3)

4. GND to GND (A9TFP1)

Set the signature analyzer controls as fo

1. Function: Signature
2, Polarity: Clock

Diagnostic Slgnature Analysils
Swiich 82 Test Logic Level

Turn the Carrier Noise Test Set on to res

Connect the signature analyzer’s probe
Table A-2 and verify the signatures.

NOTE
The test setup conditions for the
Test are the same for Service Shed
fore signatures may be token o
three gservice sheets.

Low Pass Filter and Low |}
Circuit




SERVICE SHEET 4 (cont'd)

Turn the Carrier Noige Test Set off then on to reset the instrument,
Check the pattern of the flashing LEDs to see if RAM passes the test.

RAM Passes Test — D4 is on and DO-D3 count, all LEDs turn on then
the counting sequence repeats. This verifies that the microprocessor
can access RAM properly.

RAM Fails Test — D4 is on but D0-D3 do not go through counting
sequence. This shows that the RAM or the control lines to the RAM
may be faulty.

Turn the Carrier Noise Test Set off.

Signature Analysis Test — Microprocessor and I/0 Check

Purpose. The Microprocessor runs a program to verify transmission
of data from the Microprocessorto the Peripheral Interface Adapter
and the HP-IB Interface.

Connect the signature analyzer Timing Pod as follows:

1. START/ST/SP to SASTZ (A9TP6)
2. STOP/QUAL to SAST2 (A9TP6)
3. CLOCK to SACLK (A9TP3)

4. GND to GND (A9TP1)

Set the signature analyzer controls ag follows:

1. Function; Signature
2. Polarity: Clock Falling edge (2)
Rising edge (1)
Falling edge (2)

Set the Diagnostic Switch A9S2 as follows:

Diagnostic Signature Analysis
Switch 82 Test Loglc Levet

Turn the Carrier Noise Test Set on to reset the diagnostic switch.

Connect the signature analyzer’s probe to the points indicated in
Table A-2 and verify the signatures.

NOTE
The test setup conditions for the Signature Analysis
Test arethe same for Service Sheets 4.5 andé, there-
fore signatures may be taken concurrently on all
three service sheets,

Low Pass Filter and Low Noise Amplifier
Circuits A3, A6, AGA1
APPENDIX A

Appendix A

SERVICE SHEET 4 (coni'd)

Tahie A-2. Signatares for Verifying

Input/Qutput Operat

u3

Pin

23
23
24
26 |
27
28
20
30
21
32
33
35
36
39
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SERVICE SHEET 4 (cont'd) éo

Table A-2. Stgnatures for Verifying Microprocessor and
Input/Output Operation

U3 u7 Pin u7 Disconnect the signature analyzer timing pod.

- 22 Reset the Diagnostie Switeh A982 to the normal
— gi operation position shown as follows:

26
27
28
29
30
31
32
33
35
35
39

Magnostic Normz| Cperaticn
Switch 52 Logie Level
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Appendix A

NOTES

1. SEE TABLE B-2 FOR SCHEMATIC
DIASRAM NOTES,

REFERENCE DESIGNATIONS
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Figure A-7. Data Input Circuits Schematic Diagram
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Service Sheet 5

Replace the text for Service Sheet 5 with the following text and replace the com-
ponent locator photograph and schematic with Figures A8 and A-9.

SERVICE SHEET §
PRINCIPLES OF OPERATION

General

The data processing circuits provide the timing, caleulation, and control for the
Carrier Noise Test Set. The microprocessor executes the instructions stored in ROM
(Read Only Memory). Data is exchanged between the microprocessor and other
circuits on the A9 Microprocessor Board Assembly via the data bus (D0-D7). Cir-
cuits are enabled to respond to the data on the data bus by control signals. These
control signals are derived from the address bus by the address decoders. Data
values that must be stored are placed in the RAM (that is, Random Access Memory
also known as read-write memory).

Microprocessor

Microprocessor U6 controls the functions of the instrument by executing the
instructions stored in ROM,

The data bus (DO through D7) consists of eight bidirectional lines that are used to
transfer 8-bit positive-true data bytes to and from the microprocessor. The micro-
processor reads data from ROM AND RAM, the PIA (local) or the HP-IB interface
(remote). Information on the data bus is buffered as it enters or leaves the

microprocessor.

The address bus (A0 through A15) consists of sixteen unidirectional lines that
transfer an address from the microprocessor to the peripheral interface adapter,
HP-IB interface, ROM, RAM and the address decoders.

Intexrupt request (IRQ at pin 3) and fast interrupt request (FIRQ at pin 4) areused to
interrupt program execution. IRQ detects an interrupt from the HP-IB interface.
FIRQ detects an interrupt from the peripheral interface adapter. Nonmasgkable
interrupt (NMI at pin 2), which i active low, is connected to +5V. Therefore, it is
always inactive.

The halt signal (HALT at pin 40), which is activelow, is connected to +5V. Therefore,
the microprocessor is never halted by this signal.

An external 4 MHz clock signal is connected to the microprocessor via pin 38
(EXTAL). An internal divide-by-4 circuit is used to develop the 1 MHz system clock
E (pin 34). The XTAL signal line is grounded because external timing is used.

The reset signal (RESET at pin 37) is used to start the microprocessor from a
power-down condition. When RESET is active (low), the microprocessor bhecomes
inactive.

The memory ready signal input to the microprocessor (MRDY at pin 36€) is con-
nected to +5 volts to enable the 1 MHz system clock rate.

The read/write signal (pin 32) controls the direction of data transfer on the data
bus. When the microprocessor is available to accept data, this signal is high,
indicating that the microprocessor is in the read state, When data is being trans-
ferred out onto the data bus, this signal is low, indieating that the microprocessor is
in the write state.

A-L0

SERVICE SHEET 5 (

ROM and RAM

The ROM (Read Only
also known as read-
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ROM and RAM

The ROM (Read Only Memory) and RAM (Random Access Memory-
also known as read-write memory) provide the memory for the
Microprocessor. ROM U3 stores the program information. RAM U4
is used for temporary storage of keyboard and HP-IB information,
and data calculations.

16 MHz Clock and 16 MHz Clock Divider

The 16 MHz clock is the master clock for the Microprocessor Asgem-
bly. Its frequency is crystal controlled. The output of the clock is fed
to U1, a divide-by-4 circuit. The 4 MHz output of Ul goes to two
places — pin 3 (CLOCK) of the HP-IB interface and pin 38 (EXTAL)
of the microprocessor.

The microprocessor has an internal divide-by-four circuit that con-
verts the 4 MHz to 1 MHz. This 1 MHz signal is output on 176 pin 34
(]?}) and provides clocking for the Carrier Noise Test Set’s digital
circuitry.

Reset Circult

The reset circuitry signals the microprocessor to begin the restart
sequence. A reset signal, generated during power-up of the instru-
ment, initializes the microprocessor from the power-down condition.
The instrument does a RAM test and a ROM test at power-on.

Address Decoders

U 17.is aprogrammable array logicintegrated circuit. Depending on
the input levels to U17 it is used to enable the following integrated
circuits or test points:

U3 ROM

1739 Data Buffer
{37 Data Buffer
Test Point SAST2

Ul7 is also used to enable address decoders U9-Ul1l. U9-U1ll do
further decoding of the address lines to enable other integrated
circuits,

U4 RAM
138 Data Buffer
136 Diagnostic Switch Buffer

Address Switch

Address switch $11 consists of seven miniature slide switches. It
sets the HP-IB address of the Carrier Noise Test Set. The switches
labeled Al through A5 set the address in binary. Al is the least
significant bit. For the decimal equivalent of the binary setting,
allowable addreszes are 0-30. The HP-IB address is set to 6 when it is
shipped from the factory. The switches labeled LO and TO set the
instrument to listen only or talk only, respectively, when in the “1”
pogition. These switches are factory set to “0”,

HP-IB Address Buffer

U338 is a tri-state buffer. It is read by the microprocessor at power-up
to determine the setting of the address switch.
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Diagnostic Switch and Diagnos

Diagnostic switch 52 consists of f
the operation of the instrument

normal operation or it can be set
analysiz diagnostics. An interpreg

‘defined in the table helow. Setting

Switeh

3 2
0 0 Undefined

RAM Test
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Connect the signature analyzer Tij
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4. GND to GND (A9TPI1)

Set the signature analyzer controls
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Diagnostic Switch and Diagnostic Switch Buffer

Diagnostic switch 82 consists of four rocker switches which define
the operation of the instrument upon power-up. S2 can be set for
normal operation or it can be set to run RAM, ROM, or signature
analysis diagnostics. An interpretation of the switch positions is
defined in the table below. Settings not shown are undefined,

i
Switch

Definition
3 ?

010 Undefined
RAM Test
EOM Test
Signature Analysig Test

Normal Operation

The mic:mprocessor'reads the diagnostic switch buffer at power-up
to determine whether or not diagnostics should be run.

TROUBLESHOOTING USING SIGNATURE ANALYSIS

NOTE
Run the following tests in the sequence listed.

Test Equipment

Signature Multimeter HP 5005B

Address Decoding Check

Purpose, To verify the microprocessor can generate an address,
transfer that address to the selected chip and the correct address is
decoded at the chip.

Setup. Turn the Carrier Noise Test Set off and remove the bottom
cover. Locate the A9 Microprocessor Board. Remove the 3 screws
that hold the board in place. The A9 assembly is the printed circnit
board laying parallel to the bottom of the instrument,

Connect the signature analyzer Timing Pod as follows:

1. START/ST/SP to SAST1 (A9TP4)
2. BTOP/QUAL to SAST1 (A9TP4)
3. CLOCK to SACLK (ASTF3)

4. GND to GND (A9TP1)

Set the signature analyzer controls as follows:

SERVICE SHEET 5 (cont'd)

1. Function: Signature
2. Polarity: Clock

Connect a jumper cable hetwe
(A9TP1).

The test setup conditio
Check are the same fd
therefore signatures

all three service sheets

Connect the signature analyz
Table A-3 and verify the signa

Table A-3. 8ignatures

U4 us

=
=

1
2
3
4
b
6
7
8
9

0003

Tuxn the Carrier Noise Test Sef

ROM Data Check

Purpose. To verify ROM operafi
ROM.
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Connect the signature analyzer Timing

R age 1. START/ST/SP to SAST1 (A9TP4)
Rising edge (1) 2. STOP/QUAL to A9U4 pin 20
3. CLOCK to SACLK (A9TP3)

Connect a jumper cable between NFREERUN (A9TP5) and GND 4. GND to GND (ASTP1)
(A9TP1). . Set the signature analyzer controls ag

NOTE 1. Function: Signature
The test setup conditions for the Address Decoding 2. Polarity: Clock
Check are the same for Service Sheets 4,5, and 6,
therefore signatures may be taken concurrently on
all three service sheets.

Connect the signature analyzer’s probe to the points indicated in Leave the jumper connected :betwegn
Table A-3 and verify the gignatures. GND (A9TP1). Turn the Carrier Noise

Connect the signature analyzer’s prol

. d
Table A-3. Signatures for Verifying Address Decoding able Ad amd verify the signaturss.

Ui 19 | v3s
- v ! V Table A-4. Signatures for Verifying ROM ¢
- 0000 and Data Stored in ROM

- P63
0003 Pin U5 uaz

7260

HA4S8
THUP
AC4l

8C84

8022

42P17

Robwomaoo s -

-
=]

50058

bt
(21 I+ N

dress,
*p8S 18

[ e o]
[T 1=+ - |

attom
Crews
arcuit

2
g

0000

BB

0003 —

B

2
3
4
5
8
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
23
24
25

[~
2

Turn the Carrier Noise Test Set off.

Turn the Carrier Noise Test Set off. Di

ROM Data Check ;
" the jumper.

Purpose, To verify ROM operation and the data contents stored in
ROM.

‘ P/O A1, P/O A2, P/Q £
p-10
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SERVICE SHEET 5 (contd) S#7 & 0F7

Connect the signature analyzer Timing Pod as follows:

1. START/ST/SP to SAST1 (A9TP4)
2. STOP/QUAL to A9U4 pin 20

3. CLOCK to SACLK (A9TP3)

4. GND to GND (A9TFP1)

Set the signature analyzer controls as follows:

1. Function: Signature

2. Polarity: Clock Falling edge (2)
Rising edge (1)
Rising edge (1)

Leave the jumper connected between ‘NFREERUN’ (A9TP5) and
GND (A9TP1). Turn the Carrier Noise Test Set on.

Connect the signature analyzer's probe to the points indicated in
Table A-4 and verify the signatures.

Table A-4. Signatures for Verifying ROM Operation
and Data Stored in ROM

us 37 uss

P2b4 726U 726U
FF4F 5A48 HA48
4PCC THUP THUP
ATAZ2 AC4] AC41
108P 8Ca4 8C84
5342 8C22 8C22
1100 42PU 42P1
0108 1H6H
052A -
72617 1H6H
5A48 42PU
THUP sCa2
- 80584
AC41 AC41
BC84 THUF
8C22 5A48
42PU
1H6H

062
HEAA
OPQP

5HC4

Turn the Carrier Noise Test Set off. Disconnect the Timing Pod and
the jumper.

Data Input Circuits
P/O A1, P/O A2, P/O A7, P/O AB, P/O A9
APPENDIX A

p- 19
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Appendix A

SERVICE SHEET 5 {cont'd)

ROM Operation Check

Purpose. Verify that the micropro
the data stored in ROM and the
code.

Setup. Set the diagnostic switch A
of A9 aggsembly) to the ROM test
below.

Diagnostic Switch 32 ROM T

Locate the 8 Red LEDs between U4
individual LEDs are numbered
being the LED closest to the hinge
microprocessor board assembly.

Turn the Carrier Noise Test Set
instrument.

Check the pattern of the flashing
ROM passes the test.

ROM Passes Tegt — D5 remains
other LEDs flash on and off, This
address and data busses betwee
microprocessor are working.

ROM Fails Test — Db remainsg on 4
LEDs remain off. This signifies {
and data busses have a problem.

circuits.

Turn the Carrier Noige Test Set o
RAM Operation Check
Purpose. To verify that the RAM

Setup. Set the diagnostic switch A
test position shown below.

Diagrosti Switch 52 RAM

Turn the Carrier Noige Test Set
ingtrument.

A-10
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SERVICE SHEET 5 (cont'd) SA7 & of 7

ROM Operation Check

Purpose. Verify that the microprocessor can read
the data stored in ROM and then execute that
code,

Setup. Set the diagnostic switch A982 (right aide
of A9 assernbly) to the ROM test position shovwn
below.

Diagnostic Switch §2 ROM Test Logic Level

0

1
0
0

Locate the 8 Red LEDg between 128 and U29. The
individual LEDs are numbered D0-D7 with D7
being the LED closest to the hinged portion of the
microprocessor board assembly.

Turn the Carrier Noise Test Set on to reset the
instrument,

Check the pattern of the flashing LEDs to ges if
ROM passes the test.

ROM Passes Test — D5 remains on and all the
other LEDs flash on and off. This verifies thatthe
address and data busses between ROM and the
microprocessor are working.

ROM Fails Test ~— D5 remains on and all the other
LEDs remain off. This signifies that the address
and data busses have a problem. Check for short
circuitg,

Turn the Carrier Noise Test Set off,
RAM Operation Check
Purpose. To verify that the RAM is operational.

Setup. Set the diagnostic switch A982 to the RAM
test position shown below,

Diagnostic Switch 52 RAM Test Logic Leval

Turn the Carrier Noise Test Set on to reset the
insh-ument.

A-10

Check the pattern of the flaghing LEDs to see if
RAM passes the test.

RAM Passes Test — D4 is on and D0-D3 count, all
LEDs turn on then the counting sequence repeats.
This verifies that the microprocessor can access

RAM properly.

RAM Fails Test — D4 is on but D0-D3 do not go
through counting sequence, This shows that the
RAM or the control lines to the RAM may be
faulty.

Turn the Carrier Noige Test Set off.

Signature Analysis Test — Microprocessor and
Data Transfer

Purpose. The Microprocessor runs a program to
verify the functional operation of ROM, RAM, and
the data buffers.

Connect the signature analyzer Timing Pod as
follows:

1. START/ST/SP to SAST2 (A9TP6)
2. STOP/QUAL to SAST2 (A9TP6)
3. CLOCK to SACLK (A9TP3)

4. GND to GND (A9TP1)

Set the signature analyzer controls as follows:

1. Function: Signature
2. Polarity: Clock Falling edge (2)
Rising edge (1)

Falling edge (2)
Set the Diagnostic Switch A982 as follows:

Signature Analysis

Dizgnostic Switch 52 Tast Loglc Laval

1

1
0
0

Turn the Carrier Noise Test Set on to reset the
diagnogtic switch.

Connect the signature analyzer's probe to the
points indicated in Table A-5 and verify the
signatures,

NOTE
The test setup conditions for the Signature
Analysis Test are the same for Service Sheets
4, 5 and 6, therefore signatures may be taken
concurrently on all three service sheets.
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SERVICE SHEET 5 (contd) .S#7 7e¢F7

Table A-6. Signatures for Verifying Microprocessor, ROM, RAM and Data Buffer Dperation

U5 u17 u1g u37

— UHU1 0000 UHU1
Usus — BeCC iCP1
F5AH - UHU1 119)
6C04 — HO83 6800
034P 1HCU - F109
Fasl 0000 1HCU 675A 43P0
56CC — FeoF - 775H
HO083 U4ep 4732 U46F CA95
675A 675A 7939 UBH3
U46P HOS3 4A99 -

P8CF 56CC Usus USH3
4771 F351 — CA95
AF7U 034P 0000 Ti5H
— 6C04 - 43P0
622 F5AH 2PCl1 F109
068C PUFP 1HCU 6800
PésC U713 1HCU OUPH
866F 411F —

FaFs 7989 -

Usus 4C46
4A09 3A56
4732 1HCU
F69F
UsH3
CA95
T75H
43P0
F109
6300
0UP9
1CP1
HU1

Oz -3 T3 O b Q0 by

Turn the Carrier Noise Test Set off and disconnect
the Timing Pod.

Reset the Diagnostic Switch A982 to the Normal
Operation position shown below:

Oiagnastic Switch 52 Normal Oparation Lagic Laval

A-11/A-12
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Appendix A

i. REFERA T0

NOTES
TABLE B-2 FOR

SCHEMATIC DIAGRAM NOTES,

AEFERENC
NO PREFIX

STGNATIONS
AS

§
W50, 54

Ci3-24

A8

Ji. 3

TRANSISTOR AND
INTEGRATED
PART NUMBERS

ClAcuIT

REFERENCE
DESIGNATI

PART
NUMBER

uin
yig, 33, 36
U3z, 38

igap-4212
1848-4768
14728-80003
1820-2624
1820~1199
1820-1246
1826-017%
11729-80002
1920~-4197
i820-2024
1820-2075

INTEGRATED CIRCUIT
YOLTAGE AND
GROUND CONNECTIONS

REFERENCE
DESIGNATIO

PIN
N NUMBER

UL g
L4, 17
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]

+85v - 16
+5v
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+5V
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NC
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Figure A-8. Data Processing Gircuits Schematic Diagram
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Service Sheet6 - SHT / of 7

Replace the text for Service Sheet 6 with the following text and replace the com-
ponent locator photograph and schematic with Figures A-10 and A-11.

SERVICE SHEET 6
PRINCIPLES OF OPERATION

General

The switch and LED control circuits perform the following functions:
a. decode addresses of latches,
b. load data from data bus into latches, and
¢. drive front panel LEDs.

Address Decoders .
Address decoders U10 and Ull decode the LED driver latches.

Switch Driver Enable Latch
The switch driver enable latches prevent several relays from changing simultan-
eously at power-on. The +24V supply is designed to switch only a few relays at once.

At power-up, the switch driver enable latches Ul4 and Ul5 are set to 0, thus
disabling the switch relay drivers. Even though the switch relay driver latches can
power-up in random condition, the switch relay drivers are forced off because of
these secondary latches. The microprocessor then sets the switch relay driver
latches to some orderly condition. After that is done, the microprocessor enables the
switch relay drivers one at a time. Once all the relay drivers are turned on, the
enable latches are left alone. They are left in a state so that the relay drivers can
rezpond to the other control lines.

Switeh Relay Driver Laiches
Latches U26 and 1J27 store data for the relays. These latches turn on and off in
regponse to inputs from front panel keys or HP-IB.

Switch Relay Drivers
These drivers generate the current sinks to activate the relays in the microwave
switches (see Service Sheet 1).

Dilagnostic LED Latch

128 drives D81 and D82. The individual LEDs within DS1 and D52 are numbered
DO0-D7. D7 is closest to the hinged portion of the Microprocessor Board Assembly.
The LEDs that correspond to the four most significant bits (D4-D7) indicate the
setting of the diagnostic switch. Refer to Principles of Operation on Service Sheet b
for an explanation of the diagnostic switch. An interpretation of the LEDsis shown
in the following table.

Diagnostic Normal Inditation

RAM Test D4 is op and DO-D3 count, then all the LEDs turn on and the

seguence repaats.
D5 iz on and all others flash.
D4 and D5 are on and all others are dim.

ROM-D5 is on then all others turn on.
RAM-D4 is on then all others turn on.
Option awitch-D7 is on and the setting of the Option switch is

ROM Test
Signature Analysis
Salf Test (power-up)

shown in binary.

SERVICE SHEET 6 (con

Multiplex Switch Drivers

These circuits are not us
instrument.

Option Switch

The option switch is set at
ofthe options thatareint
(in binary) the number o
ewiteh indicates whether,
system canhandleuptol
other than 1 through 11 (d
switch is set to band 1. Ei
that can be installed in th
tion of the instrument is ¢
option switch must be ¢l
number of bands. You cg
HP-IB) ag many bands as
the gwitch is set for 6 ban
will never get the seventh
Adjustment in Section V
Switch settings.

{.ED Driver/Latches

These latches drive the L
play Board assembly.

TROUBLESHOOTING

Run the following

Test Equipment
Signature Multirneter ...

Address Decoding Ched

Purpose. To verify the
transfer that address to
decoded at the chip.

Setup. Turn the Carrier

cover. Locate the A9 Miq
that hold the board in pla
board laying parallel to t

Connect the gignature a

1. START/ST/SP to A4
9. STOP/QUAL to SAST




ce the com-
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=vice Sheet b
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m and the
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SERVICE SHEET 6 (contd) — 547 RoF 7

Multiplex Switch Drivers and Multiplex Sense Detect Circuit

These circuits are not used in the current configuration of the .

instrument.

Option Switch

The option switch is set at the factory to inform the microprocessor
of the options that arein the instrument. Switches 1 through 4 define
(in binary) the number of bands that are in the system. The fifth
gwitch indicates whether or not the AM option is installed. The
system can handle up to 11 bands, If the switchis set to any number
other than 1 through 11 (decimal), the microprocesgor agsumes the
gwitch is set to band 1. Eight (8) bands are the maximum number
that can be installed in the Carrier Noise Test Set. If the configurs-
tion of the instrument is ever changed to add or delete a filter, the
option switch must be changed so that it shows the maximum
number of bands. You can only call up (from the front panel or
HP-IB) as many bands as the switch is set to allow. For example, if
the switch is set for 6 bands and you really have seven bands, you
will never get the seventh band. Refer fo the Filter Option Switch
Adjustment in Section V for a complete description of the Option
Switch gettings.

LED Driver/Latches

These latches drive the LEDs on the A2 Front Panel Key and Dis-
play Board agsembly.

TROUBLESHOOTING USING SIGNATURE ANALYSIS

NOTE
Run the following test in the sequence listed.

Test Equipment
Signature Multimeter .............. HP 50058

Address Decoding Check (using a falling edge clock trigger)

Purpose. To verify the microprocessor can generate an address
transfer that address to the selected chip and the correct address is
decoded at the chip.

$etup. Turn the Caxrier Noise Test Set off and remove the bottom
cover. Locate the A9 Microprocessor Board. Remove the 3 screws
that hold the boaxd in place. The A9 assembly is the printed circuit
board laying parallel to the bottom of the instrument.

Connect the signature analyzer Timing Pod as follows:

1. START/ST/SP to SAST1 (A9TP4)
2. STOP/QUAL to SASTI (A9TP4)

Lok e AT i T o i il

SERVICE SHEET 6 (cont'd)

3. CLOCK to SACLK (A9TP3)
4, GND to GND (A9TP1)

Set the signature analyzer contr

Connect a jumper cable betwes
(A9TP1).

Connect the signature analyzer
Table A-6 and verify the signat

N
The test setup condition.
Check are the same for
therefore signatures ma
all three service sheets.

Table A-6. Signatures Verifying A
Gloc

Pin u1o m U14

1 |[UUUuUjuuuy| -
2 FFFF | FFFF | —
d 8484 | 8484 —
4 |CFHU -

5 F763 | 0002 —
10 | ACE7 | 0003 —a
11 | AH92 | 0008 | 0003
12 C645 | 0003 _—
13 - 0003 —
14 6464 | 0003 -
15 919F | 0003 —

Address Decoding Check Usi

Purpose. To verify the address d
early memory cycle before the d

Setup. Change the controls on t
Polarity: Clock ...........

Connect the signature analyze
Table A-7 and verify the signa

Turn the Carrier Noise Test Set
the jumper.
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3. CLOCK to SACLK (A9TP3)
4. GND to GND (A9TP1)

Set the signature analyzer controls as follows:

1. Function: Signature ......ooooivnviiiinrrsraannaacaanns Normal
2, Polarity: Clock ......coviveeriirmmmnnreninnaass Falling edge (2)
LY R Rising edge (1)
LY ¢ P Riging edge (1)

Connect a jumper cable between NFREERUN (A9TP5) and GND
(A9TP1).

Connect the signature analyzer’s probe to the points indicated in
Table A-6 and verify the signatures.

NOTE
The test setup conditions for the Address Decoding
Check are the same for Service Sheets 4, 5 and 6,
therefore signatures may be taken concurrently on
all three service sheets.

Table A-6. Signatures Verifying Address Decoding Using a Falling Edge
Clock Trigger

Pin uio m U4 s tas 49 Us0 Us1

1 |[Uvuu|uuuy| — — | ooos | 0003 | 0008 | 0003
2 | ¥FFF |FFFF| — — - - — —
3 | 8484 | 8484 | — - - — — —-
4 |CFHU| — - — — - - —

b P763 | 0003 — — - - - -
10 AC87 | 0003 - - - — - e
11 | AHS92 | 0003 | 0003 | 0003 — - — -
12 C645 | 0002 — — - —_ - —
13 — 0003 - - - — - -
14 6464 | 0003 — — - -_ — —
15 918F | 0003 - - - — - -

Address Decoding Check Using a Rising Edge Clock Trigger

Purpose. To verify the address decoding of those chips that have an
early memory cycle before the data is transfered.

Setup. Change the controls on the signature analyzer as follows:
Polarity: Clock ...oivviiiiiiiinnciannns Rising Edge (1)

Connect the signature analyzer's probe to the points indicated in
Table A-7 and verify the signatures.

Turn the Carrier Noise Test Set off, Disconnect the Timing Pod and
the jumper.

el LAk ST W Ry b llivmil e i il i o S

SERVICE SHEET 6 (cont'd)
Table A-7. Signature
Decoding Using a Risin
Pin i U48
1 |{UUUU| H3H9
2 |FFFF| —
3 8484 | —
5 0000 | —
10 |9H3P | —
11 | 7405 | —
12 |H3HS | —
13 | 4089 | —
14 {3HAS| —
15 |UsAP| —

ROM Operation Check

Purpose. Verify that the micropr
ROM and then execute that code

Setup. Set the diagnostic switch
the ROM test position shown bel

Biagriostic Switch82 | R

e QO By

Locate the 8 Red LEDs between
are numbered D0-D7 with D7 be:
portion of the microprocessor bo

Turn the Carrier Noige Test Set
Check the pattern of the flashing

ROM Paszges Teat — D5 remaing
and off. This verifies that the
ROM and the microprocessor ar

ROM Fails Test— Db remains on
This signifies that the address
Check for short circuits.

Turn the Carrier Noise Test Set

RAM Operation Check
Purpose. To verify that the

Setup. Set the diagnostic sewite
shown on the next panel.
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Table A-7. Signatures Verifying Address
Necoeding Using & Rising Edge Clock Trigger

U ust U5t

uuuu
FFFF
8484
0000
9H3P
74U5
H3HY
4U69
SHAS
UsAR

ROM Operation Check

Purpose. Verify that the microprocessor can read the data stored in
ROM and then execute that code.

Setup. Set the diagnostic switch A9S2 (right side of A9 assembly) to
the ROM test position shown below.

Diagnostic Swilch 82 | ROM Test Logic Leval

0

1
0
0

Locate the 8 Red LEDs between U28 and U29. The individual LEDs
are numbered D0-D7 with D7 being the LED closest to the hinged
portion of the microprocessor board assembly.

Turn the Carrier Noise Test Set on to reset the instrument.
Check the pattern of the flashing LEDs to see if ROM passes the test.

ROM Pasgses Test — D5 remains on and all the other LEDs flash on
and off. Thig verifies that the address and data busses between
ROM and the microprocessor are working.

ROM Fails Test — D5 remains on and all the other LEDs remain off.
This signifies that the address and data busses have a problem.
Check for short circuits.

Turn the Carrier Noise Test Set off.

RAM Operation Check
Purpose, To verify that the RAM is operational.

Setup. Set the diagnostic switch A932 to the RAM test position
shown on the next panel.

A-1d
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SERVICE SHEET 6 (cont’d)

Diagnostic Switch 52 RAM Test Logic Leve

Turn the Carrier Noise Test Set on to reset the
Check the pattern of the flashing LEDs to see if I

RAM FPasses Test — D4 is on and D0-D3 count, a
the counting sequence repeats. This verifies tha
can access RAM properly.

RAM Fails Test — D4 is on but D0-D3 do not g
sequence. This shows that the RAM or the cont;
may he faulty.

Turn the Carrier Noise Test Set off.

Signature Analysis Test — Microprocessor a

Purpose. The Microprocessor runs a program to
sion of data from the Microprocessor to the outy
tion of the relay cireuitry is tested.

Connect the signature analyzer Timing Pod a8

1. START/ST/SP to SAST2 (A9TP6)
2, STOP/QUAL to SAST2 (A9TP6)
3. CLOCK to SACLK (A9TP3)

4. GND to GND (A9TP1)

Set the signature analyzer controls as follows:

Set the Diagnostic Switch A952 as follows:

Diagnostic Switch §2 Signatura Anaty

Turn the Carrier Noise Test Set on to reset the

Data Processin
P/OA
APP
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Dizgnostic Switch 52 | RAM Test Loglc Lavel

Turn the Carrier Noise Test Set on to reset the instrament.
Check the pattern of the flagshing LEDs to see if RAM passes the test.

RAM Passes Test — D4 is on and D0-D3 count, all LEDs turn on then
the counting sequence repeats. This verifies that the microprocessor
can access RAM properly.

RAM Fails Test — D4 is on but D0-D3 do not go through counting
gequence. This shows that the RAM or the control lines to the RAM
may be faulty.

Turn the Carrier Noise Test Set off.

Signature Analysis Test — Microprocessor and Relay Circuitry

Purpose. The Microprocessor runs 2 program to verify the transmis-
gion of data from the Microprocessor to the output ports. The opera-
tion of the relay circuitry is tested.

Connect the signature analyzer Timing Pod as follows:

1. START/ST/SP to SAST2 (A9TP6)
2. STOP/QUAL to SAST2 (A9TP6)
3. CLOCK to SACLK (A9TP3)

4. GND to GND (A9TP1)

Set the signature analyzer controls as follows:
Falling edge (2)
Rising edge (1)
Falling edge (2)

Set the Diagnostic Switch A952 as follows:

Blagrostic Switch 32 Signature Analysls Test Logic Lavel

Turn the Carrier Noigse Test Set on to reset the diagnostic switch.

Data Processing Circuits
P/O A8, P/O AS
APPENDIX A
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Appendix A

SERVICE SHEET 6 {cont’

Connect the signature anal
gignatures,

The test setup cond.
Service Sheets 4,5,a
all three service she

Table A-B. Signatures

uig B4

woo0o =3 S O dx O b =

U46P -

675A S0CF
HO383
Us85
56CC HU34

THCU
Ha344
1HCU

79C0
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SERVICE SHEET 6 (contd) - 5477 & o¥ ¥

Connect the signature analyzer’s probe to the points indicated in. Table A-8 and verify the
signatures.

NOTE
The test setup conditions for the Signature Analysis Test are the same for
Service Sheets 4,5, and 6, therefore signatures may be taken concurrentlyon
all three service gheets,

Table A-B. Signatures Verifying Microprocessor and Relay Circultry Operation (1 of 3)

u1g U4 15 u21

U46P —_ -
675A S0CF 8037
BH023 9130 9130
U585 7097 7097
56CC HU34 3964
— 581C 1758
— 2A90 23A90
—_ HPCP HPCP
- F471 F76F
1HCU - -
H344 —
1HCU FF(C2 6C97
— HUHY | HUHS
79C0 526A 586A
PY2F Coct
2188 P409
PPEY PEFT
11U 1P1U
1858 3C32

w00 -3 O O oo OO DD
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SERVICE SHEET 6 (contd) - s#7 7¢f 7

e Table A-8. Signatures Verifying Microprocessor and Relay Circuitry Operation (2 of 3)

=
=

Uz6 uz7 u2s U3o U3 u3z 139

H344 3819 79C0 28H1 UHU1
UF5F 673F - 9130
9130 9130 9130 7097
BA90 8A80 BAS0 8A80
F4U9 28H1 - HPCP
HPé61 2186 — HUH9
HUHS | HUHS | HUHS 586A
PPF? PPF7 PPE7 PPF7
4H18 H10U — 1P1U
- — - UsH2
F5H3 3494 — CA95
1Py 1P1U 1PV 775H
H86A 586A 586A 43P0
ABGP HUCH - F109
09AA 2077 — 6800
HPCP HFCP HPCP ouUPs
7097 7097 7097 1CF1
5C41 AHFC - U585

<= o ) IS o I

o pt tek et et bk pel b e
W OO0 -3 O U7 b QO b

Tahle A-B. Signatures Verifying Microprocessor and Relay Circuitry Operation {3 of 3]

Pin v4s u4a U449 uso sy US6

1

2 — 9130 | 9130 | 9130
3 0SAA — —

4 1415 7097 | 7087 | 097
5 F4U% | — - — -
6 H946 | 8A90 | 8AS0 | BA90 | BASO
8 46UP | — — -
10 7A83 | HPCP | HPCP | HPCP | HPCP
11

12

13

14

673F - — s -
992C |HUH9 |HUH? |HUHS (HUH2
8494 - -
-_ 586A | 586A | DB6A | HBBA

Turn the Carrier Noise Test Set off. Disconnect the Timing Pod.
Reset the Diagnostic Switch S2 to the normal operation position shown as follows:

Diagnostic Switch 32 Normal Operation Logic Level

A-15/A-16
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Appendix A

NOTES
- . SEE TABLE B~2 SCHEMATIC DIAGRAM NGTES,

. TB1 IS NOT SEPARATELY REPLACEABLE; IT IS
PART DF A12.
. 4.0A 250V FOR 400V TO 120V AC INPUT,
0.5A 250V FOR 220V TO 240V AC INPUT.
. DHASSIS GROUND_IS BROUGHT ONTO THE PC
gaAgEAEHHDUGH THE SCREWS HOLDING THE BDARD

THIS GROUND IS USED TO REDUCE NOISE IN
THE POWER SUPPLY.

REFERENCE DESIGNATIONS
NO PREFIX

+1BY 205V
2.0A na7

+i

1B26-0473
1884-0224

Ui
P/0
K 52 +15Y BOTTOM VIEW

4 INPUT ouTRUT o2

+5Y
{1 M4

(¢ O
INPUT GND o1

uz, 4 U3
M4 BOTTOM VIEW BOTTOM VIEW

3 OUTPUT 3 GND
L e ouTRUT SR -
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Figure A-12. Power Supply Circuits Schematic Diagram
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APPENDIX B
Options Used To Order HP Low Nolise Down Converters

The following diascussion describes the H and K options that were used for ordering the HP
Low Noise Down Converter.

The H option indicates the number of bands (switches) that are inatalled.

HO1 — Two band operation
Option HO1 has band K01 and one of the other bands (K03 through K27)
installed. With option HOI one filter is installed; band KO0l does not
require a filter.

HO02 — Two band operation
Option HO2 has two bands of K03 through K27 installed. Band K01 isnot
available with option H02. With this option two filters are installed.

H03 — Three band operation
H04 — Four band operation
HO05 — Five band operation
HO06 — Six band operation
HO7 — Seven band operation
H08 — Eight band operation

For options HO3 through HO8, the number in the option may or may not
indicate the number of filters that are installed. The difference is caused
by the fact that band K01 does not require a filter.

The K option indicates which bands are installed.

K Option Harmonic of 640 MHz Center Frequengy GHz

Ko — 010-1.28 (band range)
K03 Third 1.92
Ko7 Seventh 4.48
Kii Eleventh 7.04
K15 Fifteenth 9.60
K19 Nineteenth 12.16
K23 Twenty-third 14.72
K27 Twenty-Seventh 17.28

Depending on which H options are installed, the number of filters and switches may beless
than what is shown on Service Sheet 1. The switches and filtexs will have the same
reference designations as those on Service Sheet 1.

For example:
If the switch and filter options were H02,K07,K11 then the reference designators would be
the following:

82 and FL3 are the reference designators for one switch and filter (K07).
83 and FL4 are the reference designators for the other switch and filter (K11).

The control wires associated with 82 and 53 will be different from those on Service Sheet 1.
The switch, whosze filter has the lowest center frequency, will have control wires for band
one (BA1, NBA1). Any other switches will be assigned control wires in ascending order,
according to the filter center frequency.

Option H30 gives the instrument AM noise measurement capabilities and is the same ag
option 130 as shown on Service Sheet 1.

Switch S8 is installed for option K01 only.
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APPENDIX C

Phase Noise Measurement Correction Factors

Once the phase noise measurement system is set up, calibrated and the signal at the
NOISE SPECTRUM OUTPUT is measured on a spectrum analyzer, correction factors are
added to express the output in terms of £ Lis defined as follows:

P power density (in one phase modulation gideband)
f =

total signal power

This appendix explaing the correction factors, that are summed with the measured noise
level to give the actual amount of phase noise.

NORMALIZATION TO 1 HZ EQUIVALENT NOISE BANDWIDTH

A gpectrum analyzer's resolution bandwidth is not necessarily equivalent to the noise
bandwidih, It iz poeeible for a gpectrum analyzer to have a resolution bandwidth which
equals the noise bandwidth, The Field Effect Transistor (F.E.T.) spectrum analyzer is one
example where the resolution bandwidth of the gpectrum analyzer equals the noise hand-
width. The noise bandwidth is defined as the bandwidth of an ideal rectangular filter
having the same power responsge as the actual IF filter in the spectrum analyzer. The
definition of £ rrequires normalization of the gingle sideband phase noige to an equivalent
1 Hz noise bandwidth. For a first approximation, most Hewlett-Packard spectrum analyz-
ers have a noise bandwidth approximately 1.2 times the nominal 3 dB resclution band-
Evidi‘:ih sp&tting. Therefore the regolution bandwidth multiplied by 1.2 is the equivalent noise
andwidth.

The equivalent noise handwidth is expressed ags a 1 Hz equivalent noige bandwidth by
using the relationship shown below:

Correction factor to convert the spectrum analyvzer's resolution bandwidth to a 1 Hz
equivalent noise bandwidth = 10 log ((BW X 1.2)/1 Hz).

where: BW ia the regolution bandwidth in Hz that the spectrum analyzer is set to during
the mesasurement.

Therefore, the resolution bandwidth used to make the phase noise measurementis normal-
ized to a 1 Hz equivalent noise bandwidth by the following equation:

Correction factor to convert the spectrum analyzer's resolution bandwidth to a 1 Hz
equivalent noise bandwidth = 10 log (BW X 1.2).

The 1 Hz equivalent noige bandwidth correction is then subtracted from the meagured
noise level.

This correction factor is for Hewlett-Packard spectrum analyzers only. If another spectrum
analyzer is being used, the noise bandwidth of that spectrum analyzer will have to be
determined. The 1 Hz equivalent noise bandwidth can then be calculated, for the resolution
bandwidth being used to make the phase noise measurement.

NOTE
For best accuracy, the equivalent noise bandwidth should be measured.
Hewlett-Packard has an application note that describes how to measure the
equivalent noise bandwidth. To receive the application note order AN 150-4
using part number HP 5952-1147.
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CALIBRATION ATTENUATION

The response of the system (Mixer/Phase Detector, Low Pass Filter and Low Noise Ampli-
fier) is calibrated before each phase noise measurement. The 5 to 1280 MHz input is offset
from the frequency of the IF output (signal under test minus the center frequency of the
Band Range chosen). This produces a beat note signal at the NOISE SPECTRUM OUT-
PUTS,. From this beat note signal, the mixer/phase detector constant K¢ is determined. K¢
is the slope of the sine wave at the zero crossings.

Attenuation is added during the calibration process to avoid overloading the Low Noise
Amplifier (LNA) or the baseband spectrum analyzer. The LNA is designed to amplify
lower level gignals, not high level beat notes. Also, best accuracy is obtained if the spectrum
analyzer settings are not changed during calibration and measurement. This can be
accomplished by setting the attenunation, so the noise floor will be in the upper portion of
the spectrum analyzer dizplay.

The amount of attenuation added in the R path (5 to 1280 MHz signal) of the mixer/phase
detector is translated to the output. Thus, the attenuation applied to the 5 to 1280 MHz
input reduces the mixer/phase detector output by that amount. After calibration the
attenuation is removed and a noise measurement is made. The amount of attenuation
added during calibration must be subtracted from the measured noise level.

£ CONVERSION FACTOR

Two signals at identical frequencies and nominally 90 degrees out of phase (known as
phase quadrature) are input to the mixer/phase detector. At quadrature, the output spec-
trumn of the mixer/phase detector is the sum of the inputs, which is filtered out, and a de
gsignal with a small fluctuating ac voltage. The small fluctuating ac voltage is lineaxly
proportional to the fluctuating phasge difference between the input signals.

The mixer/phase detector has a conversion factor, K¢ that is called the phase detector
congtant. This K¢ factor is the ratio of the ac voltage fluctuations, out of the mixer/phase
detector, and the phase fluctuations between the two signals input to the mixer/phase
detector.

A beat note condition is set up during calibration for use in determining the K¢ phase
constant or V peak. The value of K¢ is equal to the slope of the sine wave output from the
mixer/phasge detector when a beat note is present. The slope of a sine wave at the zero
crossings is equal to the peak amplitude of the signal. A spectrum analyzer measures the
root mean square value of a signal instead of the peak amplitude. The equation “V peak =
V2 ¥ V rms” is used to correct the spectrum analyzer reading. The preceding equation
expressed logarithmically to correspond to the power readings on the spectrum analyzeris
as follows;

10log(Vpear)? = 1010g(v/2 Vims)?
= 10log Vimg? + 10 log (/2)2
= 10log Vyg2 + 3 dB

The logarithmically expressed equation shows that the spectrum analyzer display is 3dB
less than the peak signal. Since £ 7is the ratio of the power in one phase modulation side
band to the power in the carrier, 3 dB is subtracted from the noise power level on the
spectrum analyzer display.

When the two inputs to a mixer arein phase quadrature and the sum product is filtered out,
the mixer operates as a phase detector. All energy in the phase modulated sidebands is
detected by the mixer. The detected phase modulation sidebands represent the phase
modulation on the test signal (to within 0.2 dB) when the following condition is met:

The snergy in the phase modulation sidebands of the reference signal, is atleast ‘
15 dBm lower, than the energy in the phase modulation sidebands of the test
signal. ‘
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NOTE :
When the noise of the reference signal is less than 15 dB below the test
signal, the measurement error will have to be determined. To determine the
measurement error, use the following formula:

°Cref — £ dut]
10

error (dB) = 10log [1 + antilog

£ ref = noise power of the reference
£ qut = noise power of the device under test

The error has been tabulated in the following table for several values of the
notse power differences.

Laut — Lref (dB) 0 1 2 3 4 5 10 15
correction (dB) 30 (25 |21 |18 |15 12|04 | 02

The output of the mixer is then the spectral density of the phase modulation sidebands on
the test signal frequency which is called S¢f. A more familiar quantity is the ratio of the
energy in one phase modulating sideband to total power in the test signal, £ ;. To convert
from S¢f to £ we use the following equation:

Ls=1/2 S¢f
Therefore another 3 dB is subtracted from the measured noise power level.

Thetotal £¢conversionfactoris—6dB.Forthe r£fconversionfactorsubtract6dB from the
measured noise level,

CORRECTION FOR LOG AMPLIFIERS AND PEAK DETECTORS IN ANALOG
SPECTRUM ANALYZERS

The spectrum analyzer’s detection system is optimized for sine waves; for noise measure-
ments gome corrections must be made. In most analog spectrum analyzers there is a log
amplifier followed by a peak detector. A peak or envelope detector used to measure random
noise results in a reading lower than the true rms value of the average noise (typically
about 1.05 dB lower). The log shaping tends to amplify noise peaks less than the rest of the
noise signal, resulting in a detected signal which is smaller than its true rms value. The
correction for the log display mode combined with the detector characteristics gives a total
correction for Hewlett-Packard analog spectrum analyzers of 2.5 dB. The correction of 2.5
dBis added to any random noise measured in the log display, For spectrum analyzers other
than those made by Hewlett-Packard, the correction factor for the log amplifier and peak
detector will have to be determined.

FREQUENCY DISCRIMINATOR CORRECTION FACTOR

The frequency discriminator method outputs a voltage variation proportional to the fre-
quency deviations of the signal under test. The proportionality of the discriminator output
changes linearly with frequency offsets from the carrier. Calibration is performed at one
modulating frequency to find the sensitivity of the discriminator. The discriminator output
is then normalized for all modulating frequencies with the following equation:

Correction to convert frequency fluctuations at any offset to L= —20 log (fort/feal)
where:
o f.q1 18 the modulating frequency used to calibrate the frequency discriminator.

f,er 1s the modulating frequency where the phase noise information is desired (offset
frequency from the carrier).
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FREQUENCY DISCRIMINATOR CORRECTION FACTOR (cont'd)

After the frequency discriminator is calibrated at one frequency (fq)) and the phase noise
information is measured at the desired offset frequency from the carrier (f,£), the correction
factor is calculated. Insert the calibration frequency (f;o1) and the modulating frequency
offset (f,¢) into the above equation. Sum this quantity with the measured noise level.
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APPENDIX D

Phase Lock Loop Characterization

A Phase Lock Loop forces the voltage controlled oscillator (VCO) to phase-track the
reference for frequency offsets less than the bandwidth of the Phase Lock Loop. This
tracking inside the phase lock loop bandwidth results in suppression of phase noise at the
output of the phase detector. This property normally limits a phase noise measurement to
offsets from the carrier greater than the loop bandwidth. However, the Carrier Noise Test
Set enables the Phase Lock Loop to be characterized. When the phase lock loop is charac-
terized the bandwidth of the phase lock lcop and the amount of noise suppression within
the phase lock loop can be determined.

The Carrier Noise Test Set’s Loop Test Port Input allows a signal—for example, a random
noise source, a tracking generator or a variable frequency sine wave—to be applied to the
loop. Then, by measuring the response of the loop to the signal being input, the transfer
characteristic of the phase lock loop can be determined. During characterization, the VCO
and reference remain locked and in quadrature; that is, the loop is characterized in the
same state that it was in during the phase noise measurement.

The characterized phase lock loop yields two important pieces of information, the phase
lock loop bandwidth and the amount of noise suppression within the phase lock loop. The
loop bandwidth designates the offset frequencies for which an uncorrected phase noise
measurement can be made. The measured loop noise suppression versus offset frequency is
used to correct the value of noise measured on the device under test, when the measurement
was made inside the loop bandwidth.

PROCEDURE

The following discussion describes two methods for determining the loop transfer charac-
teristic of the phase lock loop.

Use the following procedure when the signal input at the LOOP TEST PORT IN connector
is from a random noise source or a tracking generator:

1. Calculate the nominal loop bandwidth using one of the following formulas. The for-
mula used will depend on the method used for phase locking.

LBF X fg,
1010

nominal loop bandwidth =

(Using the 10 MHz crystal
oscillator, that drives the
640 MHz reference, for
phase locking. The crystal
must have a tuning range
of one (1) part in 107 Hz.)

LBF X FM peak deviation
103

nominal loop bandwidth =

{Using the DC-FM of the
5 to 1280 MHz tunable
source for phase locking)

LBF = Lock Bandwidth Factor
fiut = Frequency of device under test
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With the nominal loop bandwidth known it will be easier to set the controls on the spectrum
analyzer to view the loop transfer characteristic.

2. When determining the loop transfer characteristic, the loop must be in the same
condition it was in when the phase noise measurement was made. For example, the loop
should be locked and in phasge quadrature; the Lock Bandwidth Factor must be set to the
same position it was set to during the phase noige measurement.

3. Using a random noise source or tracking generator, input a signal at the LOOP TEST
PORT IN connector, on the rear panel of the Carrier Noise Test Set. Adjust the inputlevel,
80 the front panel phase lock indicator displays the center green LED with a red LED on
either side.

4, Connectthe LOOP TEST PORT OUT connector, on the rear panel of the Carrier Noise
Test Set, to a spectrum analyzer with an appropriate frequency range and bandwidth.
Adjust the spectrum analyzer controls, such as frequency span, to view the loop transfer
characterigtic. The nominal loop bandwidth, calculated in step 1, should give a good
indication of where to set the frequency span.

5. Determine the amount of noise suppression using the following example:

Figure D-1 shows a typical phase lock loop transfer characteristic, with a
bandwidth of about 90 Hz. At a 10 Hz offset, the loop suppresses the noise 20
dB. Prior to adding the signal, the device under test yielded a noise mea-
surement of —90 dBc¢/Hz at 10 Hz. The loop noige suppression correction is
added to this number, yielding the actual phase noise of the device under
test at a 10 Hz offset:

measured noise level: —90 dBc/Hz
loop suppressed noise: 420 dB

actual noise level: —70 dBe/Hz

10 dB/division

i 1 1 |
50 75 100 125
Frequency (Hz)

Figure D-1. Typical Phase Lock Loop Filter Transfer Characteristic
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PROCEDURE
Use the following procedure when the signal input at the LOOP TEST PORT IN connector
is from a signal source that does not track the spectrum analyzer.

1. Calculate the nominal loop bandwidth using one of the following formulas. The for-
mula used will depend on the method used for phase locking.

LBF X 3,

nominal loop bandwidth =
1010

(Using the 10 MHz crystal
oscillator, that drives the
640 MHz reference, for
phase locking, The crystal
must have a tuning range
of one (1) part in 107 Hz.)

LBF X FM peak deviation
108

nominal lcop bandwidth =

{(Using the DC-FM of the
5 to 1280 MHz tunable
source for phase locking)

LBF = Lock Bandwidth Factor
faut = Frequency of device under test

With the nominal loop bandwidth known it will be easier to set the controls on the spectrum
analyzer to view the loop transfer characteristic.

2. When determining the loop transfer characteristic, the loop must be in the same
condition it was in when the phase noise measurement was made. For example, the loop
should be locked and in phase quadrature; the Lock Bandwidth Factor must be set to the
same position it was set to during the phase noise measurement.

3. Using the signal source, input a signal at the LOOP TEST PORT IN connector, on the
rear panel of the Carrier Noise Test Set. Adjust the input level, so the front panel phase lock
indicator displays the center green LED with a red LED on either side.

4. Connectthe LOOP TEST PORT OUT connector, on the rear panel of the Carrier Noise
Test Set, to a spectrum analyzer with an appropriate frequency range and bandwidth.

5. Plot the loop transfer characteristic by taking point to point readings starting at 0 Hz
and going out to the loop bandwidth limit. The offset from point to point is up to the user,
The spectrum analyzer may have to be adjusted each time a reading is taken for best
accuracy.

6. Determine the amount of noise suppression using the following example:

Figure D-1 shows a typical phase lock loop transfer characteristic, with a
bandwidth of about 90 Hz. At a 10 Hz offset, the loop suppresses the noise 20
dB. Prior to adding the signal, the device under test yielded a noise mea-
surement of —90 dBc/Hz at 10 Hz. The loop noise suppression correction is
added to this number, yielding the actual phase noise of the device under
test at a 10 Hz offset:

measured noise level: —90 dBce/Hz
loop suppressed noise: +20 dB

actual noise level: —70 dBe/Hz




