
MODELS 3001 /α002

INSTRU CTION MANU AL

SIGNAL GENERATO R

Serial No,

THIS DOCUMENT CONTAINS I NFORMATION PROPR I ETARY TO WAVE TEK . THE INFORMATION IN THIS DOCUMENT
Ι5 NOT TO BE USE D OR DUPLICATED IN ANYMANNER WITHOUT THE PRIOR APPROVAL , IN WR ITING OF WAVΕΤΕΚ -

W.ΑυE: τΙ= κ . ο.,~ . .~
5808 CHURCHMAN , Ρ.Ο. BOX 190

BEECH GROVE, IN 46107
317-7873332

(TOLL FREE OUTSID E INDIANA)
1-800-428-4424 9/83

ManualsPlus.com

https://www.manualsplus.com/


WARR ANTY

All Wavetek instruments are warranteed against defects in mater ial and work
mansh i p for α period of six mon t hs on field equipment or one year on laboratory
equipmen t after date of manufacture . Wavete k agrees to repair or replace any
assemb ly or component (excep t batteries) found to be defective under normal
use during th is period . Wavetek 's obligation under this wa rranty is limited solely
to repairing any such instrument wh ich , in Wavetek ' τ sole opinion, proves to be
defective within the scope of the warranty when returned to the factory ur to
an authorized service cente r . Transportation to the facto ry or se rvice center Is
to be prepaid by purchaser . Sh ipme nashou ld not be made without prior authori-
zation by Wavetek.

Th is warranty does not apply [ο any products repaired ο+ altered by pe rsons
not authorized by Wavetek , or not in accordance with instructions furnished
by Wavetek . If the inst rument is defective as α result of misu se, improper repair,
or abnorm al conditions or operations, rep airs will be billed α2 cost .

Wavetek assumes no responsibility for its product being used in α hazardous or
dange rou s manner either alone or in conjunction with other equipment. High
voltage used in some inst ruments may be dangerous i f misused - Special d is-
claimers apply to these instruments . Wavete k assumes no liability for secondary
charges or consequential da ιnages and, in any event, Wavetek 's liab ility for
breach of warranty under any contract or otherwise shall not exceed the
purchase price ο1 th e specific instrument sh i pped and against wh ich α claim
is made.

Any recommendations m ade by Wavetek fo r use of its products a re based upon
tests believed to be reliable, but Wavetek makes no warranty of the rawlts to be
obtained, This warranty is in lieu of all other warranties, expressed or implied.
and no representative. or person is authorized 2ο represent or assume forWavete k
any liab ility in connection wιth the sale ο1 our products other than set fort h
herein .
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1.1 INTROD UCTIO N

Th e Wavete k M odels 3001/3002 are rugge d , completely
solid-state Signal Generators covering th e frequ ency range
of .001 or 1 to 520 MHz. Th e output can be am plitu d e or
f requ en cy mod ulated , and t h e level can be set between
+13 and -137 dBm.

1 .1 .1

	

FREQUENCY CHARACTERISTICS

The frequ ency of th e instrument is set via 6 front-panel
Lever/Ind icator switches wh ich yiel d α resolu tion of 1 kH z.
In add itio n , remote freq ue ncy programmability is standard .
Se r ies 3900 p rogrammers are availa b le to facilitate semi-
au tomatic or GP IB programming of b oth frequency and
outpu t level .

The accuracy of th e instrument is based on α c rystal-
controlled oscillator th at se r ves as α stable freq uency
reference th at enables th e instrument to provide high
stab ility signals to an accuracy of 0.0017 over its sp ecifie d
freq uency range. Th is accuracy incl udes possi b le errors
due to sh ort term d rift, long term drift, inci dental FM,
and variations d ue to line voltage ch anges an d temperature
changes . With t h e FREQUENCY VERN IER out of t h e
CA L position, t h e freq uency is accu rate to 0.001% -10
kH z.

The accuracy of the instrument can be improved by using
the optional E xternal Reference inp ut or th e option al
I nternal/External R eference or H igh Stability Internal
R eference. An Au xilia ry RE Output option is also avail-
ab le to d rive α counter. (See Section 1 .3, Op tions.)

SECTION
1

GENERAL INFORMATION

1 .1 .2 MODULATION

T hese instruments also feature bot h internal and external
am plitu d e and frequ ency modu lation cap abilities. Internal
mod ulation frequencies of 400 Hz and 1 kHz are standard .
In the FM mode of op eration, p ea k d eviations to 100 kH z
are attainable . In the AM mo de, amp litu de mo d ulation to
90'9. is attainable .

Wit h t h e MODULATION MOD E switch in the AM p osition
an d the MOD ULATION FREQUENCY switch in th e DC
p osition, t h e ou tput am plitu d e can be va r ie d by t h e MODU-
LATION FM/AM control . Th is p rovi d es α reference atten-
u ator for va r iation of α signal level around α specific point
of interest. Th is ope r ation can also en able th e user to
obtain greater than 20 milliwatts of power over por tion s
of t he b an d . Th e freq uency can also be continuously
varied with t h is control over α 100 kH z range.

1 .1 .3

	

OUTPUTLEVEL FREATURES

Th e output p ower is in d icated on α front- p anel meter
cali b rate d in b oth dBm an d VRMS. Α fifteen-p osition,
10 dB /ste p Atteηuator used in conjunction with an 11 dB
VERN IER co n trol pr ovides th e user with α range of +13
dBm to -137 dBm. Two programma b le attenuator options
(1Α and 1 Β), see Section 1 .3 .1) are availa ble .

Th e cali brate d outpu t of each instrument is levele d 2ο
with in ±0 .75 dB across th e comp lete frequency range
of the instrument.

Reverse p ower p rotectio n is also availab le as an option .
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1 .2 SPECIFICATIONS

1 .2 .1 FREQUENCY

RANGE 1 ΜΗτ (Model 30011 or 1 kHz (Model 3002) to 520 MHz selectable in
1 kHz steps.

READOUT 6 digit Lever/Ιηdίεαιοι switches

RESO LUTION Ι kΗ:

ACCURACY All modes (CW. AM and FM) "0.001% after 15 min .
(Τγρ τ0.002% after 2 hours with in 3 months of calibration) . 00 .001%
τ 10 kHz when FREQUENCY VERNIER is not in CAL position, FRE .
QUENCY VERN IER range is τ 5 kHz.)

STABI LITY All modes (CW, AM and FM) < 0.2 ppm/hour
(500 Hz per 10 min when FREQUENCY VERNI ER is not i n CA L
position Ι

PROGRAMMAB I LITY Frequency is programmable via ιαα r -ςιαπ e1 ίιιριιι connector using BCD .
coded TTL voltages or BCD-coded contact closures (negative true logic),

12.2 RF OUTPUT

POWER LEVEL RANGE +13 dΒm το 137 dBm (1io .03μVRM51

LEVEL CONTROL Continuously adjustable in 10 dθ steps with an 11 d8 VERNIER. Output
level is indicated on α front-panel METER cali brated in volts RIMS and
d8m.

TOTAL LEVEL ACCURACY 4 13 to -7 d8m t1,25 d8 (Typ τ0.75 dB)
7 to -77 d9m t 1 .95 dB (Τγρ s:1 .25 d8)
-77 to -137 dBm τ2 .75dB (Τγρ τ1 .5 d8)

Accuracy Breakdown Flatness ί+13 to .7 dBm) +0.75 dB ΙΤγρ τ0.5 d8)
Output METER 10 .5 de
Step Attenuator

τ0.5 d8 το 70 dβ (t0.2 d8 calibration er ror)
'-1 .0 d8 1υ 130 d B (f0-5 dB calibration errorli

IMPE DANCE 50 ohms

SWR "r 1 .2 at RF ουτρυι leνels below 0 1 VRMS

OUTPUT CONNECTOR Τγρe Ν

RFI LEAKAGE < 1 μV is induced in α two-turn, one-inch diameter loop which is h eld
one inch away from any surface. Loopfeeds a 50 ohm receiver .

1 .2 .3 SPECT RAL PURITY

HARMONIC OUTP UT < -30 d8c from 10 to 520 ΜΗτ and from 1 kHz to 1 MHz (Model 3002)
< -26 dOc from 1 to 10 MHz

SUB-HARMONICS None detectable

1-2
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NON-HARMONICS

RESIDUAL AM

RESIDUAL FM

< -65 d8c in α 50 Hz to 15 kHz post-detection bandwidth.

< 200 Hz in 50 Hz to 15 kHz post-detection bandwidth (Τγρ < 100 Hz),
< 100 Η 7 in 300 Hz to 3 kHz post-detection bandwidth (Τγρ < 50 Hz) .

1 .2 .4 AMPLITUDE MODULATION NOTE : These specificatio ns apply fo r α carrier level ά+3 d8m . AM is
possible above +3 dBm if the peak output does not exceed +13 dBm.

FREQUENCY
I NTERNAL 400 Ητ and 1 kHz 15% (Τγρ 13%)

EXTERNAL DC to 20 kHz. (3 dB bandwidth) . Input level required = 10 Vpp into 600
ohms to provide calibrated ?0. modulation control

RANGE 0 to 90%

DISTORTION 3% distortion to 70% AM (5% to ΒΟ% ΑΜ ) at α frequency of 1 kHz
(Τγρ 1 .5% to 30%AM),

MODULATION CONTROL Calib rated from 0 to 90%

ACCURACY ± 15%+5% of reading) at α frequency of 1 kHz

1 .2 .5 FREQUENCY MODULATION

FREQUENCY
INTERNAL 400 Hz and 1 kHz,-5%

E XTERNAL 50 Hz to 25 kHz, (1 dB bandwidth) . Input level requ ired = 10 Vppi into
600 ohms to provide calibrated deviation control .
(DC to 25 kHz when FREQUENCY VERN I ER is not in CAL position.)

DEV IATION PEAK Two hands, 0 to 10 kHz, and 0 to 100 k Ηί

DEV IATION CONTROL Calibrated from 0 to 10 kHz, χ 1 and χ10

ACCURACY 3500 Hz on χ 1 range
45 kH z on 00 range

DISTORTION < 2% (10 kHz to 100 kHz deviation) at α frequency of 1 kH z .
<4% (3 kHz to 10 kHz deviation ) at α frequency of 1 kHz.

1 .2 .6 GENERAL

OPERATING TEMPERATURE 25° C i5°C, all specifications apply
250 C ±15`C, with slight degradation of specifications

POWER 1151230 V -10%, 50 τη 400 Hz, 40 VA

DIMENSIONS 30.3 em wid e χ 13.4 cm h igh χ 34 .9 em long (12" χ 5Υ." χ 13%"1 .

Fundamental
(MHz)
below3

Non-Harmonic
(MHz)
below 3

Non-Harmonic
Level (dRcl
<-60

3 [ο 250 3 to 250 "_ -65
3 to 350 3 to 350 < -55
3 [ο 520 3 to 1000 < -35
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1 .3 OPTIONS

WEIGHT

1 .3 .1

	

RF LEVEL PROGRAMM ING

1 .3 .2

	

REVERSE POWE R PROTECTION

1 .3 .3

	

AUXI LIARY RF OUTPUT

1 .3 .4

	

EXTERNAL REFERENCE

1 .3 .5

	

INTERNAL/EXTERNAL REFERENCE

1 .3 .6

	

H IG H STAB I LITY REFERENCE
Option 5 is required with Option 6.
If Option 6 cannot be installed, use
Model 2102 (see Section 1 .4) .

11 Λ kg (25 lb) net
1315 kg (3D lb) shipping

Options 1 Α, ΙΒ , 4, and 7 are factory installed . Options 3, 5, 5Α . and 6
may be either factory or field installed, Options available for each instru-
ment are-

Model 3001
0A or 1 Βο r 31 ι 4 +(5or5A) +6+7

Model 3002
(1 Αυι 18 οι 3 πr4)+(q or6)+(5 πι 5Α) +7

Option 1 Α Program Level Range : 0 to 109.9 dB in .1 dB steps (pro-
grammed via reαr- ραιιρι plug) . 0 dB reference is +13 d8m. Front-panel
level ra nge : Continuously adjustable from +13 dBm to -97 d8m in 10 dB
steps and an 11 dB VERN I ER . Reverse power protection is also provided
by this option.

Option 18 Program Level R ange : 0 to 90 dB in 10 clB steps (programmed
via rear-panel ρtυη ) , 0 d8 reference is set by frοιι r.-ραπe Ι attenuators. Re-
mole control ο1 CW/ΑΜ mode is alto provided - Front panel level ra nge :
See Section 1 .22. Reverse power protection is also provided by th is
option .

ΝΟΤΕ

F or both Options 1Α and 18, the instruments are calibrated for +13 dBm
at 50 MHz as for α standard unit, but due to greater losses in program.
mαble attenuators, α calibrated output is guaranteed only to +12 d6m.

Option 3 prevents damage to the instrument if RF (50 W mαχ ) or DC
(100 V max, Model 3001 only) voltages are accidently applied to the RF
OUT connector .

Option 4 Provides α leveled (10 dβm) signal available from α rear-pαrωl
BNC connector (normally used το drive α frequency counter) . (ΝΟΤΕ -
1 to 520 ΜΗι only .)

Option 5 provides α rear-panel BNC input for accepti ng an external fr e-
ηυeηεγ reference . This input is used to improve the accuracy of the
instrument from 10 ppm to that of the external source. The exte rnal
source frequency can be 1, 2, 2.5 . 5, α 10 MHz with an accuracy, of
1 Pont or better with α minimum level ο1 50 mV into α 1 kΩ load.

Option 5Α provides σ rear-panel BNC input for accepting an extern al
frequency reference (5 or 10 MHz, .5 to 5 VRMS), which is used to
improve the instrument accuracy from 10 ρρm to that of the exte rnal
source . Option 5Α also includes an internal ΤςΧΟ (accuracy = τ 1 ppml
which can be used in Ιιευ of the εχteιηαΙ source, and can also be used to
drive other devices which requ ire α high sta bility TTL input.

Option Β provides σ h igh stability roar-panel output which can be used
to drive the rear-panel input of Option 5 . Th is high stability TT L output
can also be used to drive other devices which require α h igh stability
reference input. Maximum fan-out is four .
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1 .3 .7

	

LOWLEAKAG E

1 .4 ACCESSOR I ES

Furnished with instrument

	

Instruction Μαιυιαι
Rear - μαηeΙ ΡRΟΓ,RΑ h1ΜΙΝΓ, plug an d loins

Additional Accessories

Πυιμυ t Frequency

	

5MHz
rιι , ιςπα L ιινe Ι

	

i1 L
! ιιιηρ SΤαΑι ilγ (1 h ι warm-top)

ιινιι 1(f" to 40°C ιαιιιμι

	

0.05 μ lιm
Α9~ η9

	

0.005 ρμm!day
0.05ppm lmonth

.3 ρρm( γ eαι
Typical Overall Accu racy (within
3 months nf εαιίΙιία l ιππ}

	

0.2 ρρm

Option 7 reduces the i nstnιιment R F 1 lea kage by α factor of 10 <'01 ςN
is Ιπ dιιεe λ in α twn-turn, one inch diamete r loop wh ich is h eld one rich
away from any surface. Loop feeds α 50 ohm receiver.

Rack Mount Kit . Κ Ι ^,ε

Prog rammers for τ + ,ιg1e push-button or G ΡΙΡ control of selecte d Γ i ,,
quencies and output ΙπνεΙτ . Series 3900 . H igh-stability frequency sou,ce
(5 MHz, TT L ) useab ι e to drive Option 5, Model 2102.
Module Service Kil, Κ004
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2.1 INTRODUCTION

This section provides complete ίη sταΙΙατίπη and operating
instructions fo r the Wavete k Models 3001!3002. The in-
structions include information on m echanical installation,
electrical installation, fro nt and rear ραπcΙ features, instal-
lation checks an d operating procedures .

2.2

	

MECHANICAL INSTALLATION

2.2 .1

	

I NITIAL INSPE CTION

After unpacki ng the instrument, visu ally inspect external
parts for damage to knobs, connectors, surface areas, etc.
The shi pping container and pack ing mate rial should be
saved in case it Is necessary 2ο resh ip the unit,

2.2 .2

	

DAMAG E CLAIMS

If instrument received has been damaged in transit, notify
carrier and either the nearest Wavetek area representative
o r the factory in Indiana.

R etai n shipping carton and packing material for the.
carrie r's inspection,

The local representative or the factory will im mediately
arrange for either replacement or repai r of your instrument.
with out waiting for damage claim settlrments-

22.3

	

RACK ΜρUΝΤΙΝG (Κ 108)

CONTENTS (See Figure 2-1) .

PROC EDURE

Remove the screws from one side panel . Mount items Α
and Β against side panel of the i nstrument and secure with
screws provided . Repeat for other side of u nit . If rack
mount kit is removed from u nit, use sc rews originally
installed in side panels ιο avoid possible i nternal damage.

2.3

	

ELECTRICA L I NSTALLATION

SECTION 2
OPERATION

The Wavetek Models 3001!3002 can operate from either
115 VAC or 230 VAC supply mains . The rear-pane! AC
LINE switch selects which of these operating voltages is
being used , and adjusts the Power Supply accordingly,
The Power Supply is designed to operate over an AC
supply Frequency range ο1 50 1ο 400 Hz .

Instruments are shipped from the factory set up for 115
VAC operation unless otherwise specified .

ΝΟΤΕ

Before operating the instrument, check that the rear-panel
AC L I N E fuse is the correct value for the supply voltage
(see Section 2.51 .

ITEM ΟΤΥ PART NO .

Α ( Ιπτειτ l 2ea 141000-4650
8 1Side) 2 ea 1410-00-5260
C (Screw) 8ea 2810-178108
Π (Screwl Λ ea 9810-178110

ManualsPlus.com

https://www.manualsplus.com/


Figu re 2-1 . Κ108 Rack Moun t

F igu re 2-2 . Fro n t P anel
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2.4

	

DESCRI PTION OF FR ONT PANEL

Refer to Figure 2-2-

(1)

	

ACCUR ACY lamps indicate the frequency acruracy
of t he instrument .

"VERNI E R" i ndicates +0.001% +10 kHz
"0 .001%" indicates "0.001%
"ΕΧΤ" i ndicates accuracy of external source

Typically, the lam p will flash for α few seconds after t he
instrument is turned on Normally, α steady light ind icates
that the instrument is phase-locked and the frequency
accuracy indicated is valid . Α continuously flash ing light
indicates that one or more of the phase-locked loops is
open .

(2)

	

Lover/indicator switches select and indicate output
frequency .

(3)

	

FRED VERN I ER sh ifts output frequency over a 10
kH z range 1 .5 kHz to +5 kHz) .

W ith the FRED VERNI ER in CA L , the instrument
accu racy is 10,001'ί5, When the FRED VE RN I ER is not in
CAL, the Ιη si r ιιme ίιΙ αεευιαεγ is 10.001% +10 kH z.

(4)

	

OUTPUT MLT L R ίπdίεατ es H F output level over α
10 d8 range in VRMS and d8m.

(51 UNLEVELE D la mp lights when the OUTPUT
METER reading is not valid.

(61 OUTPUT Stop Αττεηυατοr controls the RF output
level over α 140 dB range from +10 2ο -130 d 8m in 10 dB
steps. The Αττeπυατοr d ial indicates both dBm and VRMS.

(7)

	

RF OUT provides the RF output signal from the
instrument (type Ν connector) .

(8) OUTPUT VERN I ER controls the RF output level
ove r an 11 dB range.

(9)

	

MODULATION FΜΙΑΜ slider determines the depth
of amplitude modulation or peak frequency deviation
depending on the setting of the MODULATION MODE
switch (when the MOD ULATIO N MODE switch is set to
CW, the FM/AM slider has no function).

(10) MODULATION FRED switch selects the frequency
of the signal used to modulate the RF output . The instru-
ment has i nternal 400 Hi and 1 kHz sources, and α DC
source fo r manual amplitude or frequency control . There
is also provision for an exte rnal modulating signal .

(11) ΕΧΤ MOD ULATION INPUT accepts external modu
listing τί g παΙτ as follows-

ΑΜ

	

DC to 20 k Ι Ιι
FM (FRED VERN I ER in CAL)

	

50 Hz to 25 kHz
FM (F RED VERN I ER not in CAL)

	

DC to 25 kHz

Α 10 Vpp signal into 600 ohms is required for FM/AM
slid er calibration [π be correct. Α smaller i nput voltage.
will ro.sult in proportional calibration ο 1 the FM !ΆΜι
slider, thu s, α 1 Vρρ signal into 600 ohms will result in α
full scale calibration σ1 10% AM, 1 kHz peak deviation
in FΜχ 1, or 10 kH z peak deviation in FMx10.

Ι 121 M ODULATION MODE switch selects CW, ΑΡΑ ,
F Μχ 1, or FMx10 operation .

1131 POWER switch provides AC (rower to Power Supply .

2.5

	

DESCRIPTION OF REAR PANEL

111

	

AC L I NE switch enables unit to operate from either
115 VAC or 230 VAC supply mains.

(2 Ι

	

AC L I NE Fuse (time-delay) ; 1 .0 amp for 115 VAC
operation; 0 .5 amp for 230 VAC operation.

(31

	

AC L I NE Cord provides connection to AC mains via
3 prong p l ug.

(4) PROGRAMM I NG JACK provides connection for
ιΡηιοίe programming υ 1 fr equency.

(51

	

MOD ΤΡ provides convenient connection for moni.
toring amplitu de and/or frequency of internal modu lating
τηιιαΙ .

2.6

	

INSTALLATION CHECKS

Τh ε folinwiηg procedure is used to determine that τhe
instrument is operating properly . Perfo rmance testing aud
calibration Procedures fo r t he instrument are contained in
other sections of this manual . It if is determined that the
u nit is not operating properly, refer to these sections .

2.6 .1

	

TURNON

Verity that the power-transformer pr imary is matched to
the available line voltage, and that the proper fuse is
installed (see Section 2.5) . Turn the POWER switch to ON
One of th e front-panel ACCURACY lamps will indicate
operatio n. No warmup is needed for the following checks .

2- 3
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2.6.2

	

I N ITIAL CO NTROLADJUSTMENT

Set th e instrument front-panel controls as follows :

Lever/ind icator switches

	

010.000
FRED VERN IER

	

CAL
MODULATION MODE

	

CW
MODULATION FREΠ

	

1 kHz
MODULATION FM/AM

	

0
OUTPUT Step	0 d8m
O UTPUT VERN I ER

	

full εω

2.6 .3

	

RF OUTPUT CHECK

Connect the equ ipmen t as shown in Figure 2-4 . The 10
MHz signal should be ^0 .9 Vpp , (Α high-frequency oscillo
scope must be u sed for these checks.)

2.6 .4

	

AM MODULATION CHECK (1000 Hz)

Set the MODULATION MODE switch to AM, Move the
MODULATION FΜ !ΑΜ slider up to its 50% modulation
poi nt. Verify th at the AM envelope d isplayed on the
oscilloscope shows α peak-to-valley voltage d ifference of
-.45 V and α period of 1 msec (see F igure 2-5) .

2.6 .5

	

ΑΜ MODULATION CHECK 1400 Ητ )

Set the MODULATION FRED switch to its 400 Hz
position . Verify that the AM envelope period is 2.5 msec.

2.6 .6

	

FΜχ 1 CHECK

Set the MODULATION MODE switch to FMxt . Move the
MODULATION FM/AM slider up and down, Verify that
oscilloscope shows an FM display (see Figur e 2-6 λ .

2.6 .7

	

FMx10 CHECK

Set the MOD ULATIO N MODE switch in FΜχ 10 and
repeat the above cheεk .

2.6.8

	

MODULATION FM/AM SLID ER CHECK
(FREQUENCY)

Set the FREQ VERNI ER to "0 kH z" While leaving the
MOD ULATION MODE switch in the FMx10 position, set
the MOD ULATION FREQUENCY switch to DC. Verify
that moving the MODULATION FM/AM slider from 0 to
10 kHz shows an increase in frequency an the oscilloscope.

2.6 .9

	

MODULATION FM/AM S L ID ER CHECK
(OUTPUT)

Set the MODULATION MODE switch to AM- Verify that
moving the MOD ULATION FM/AM slider from 0 to 50
shows an increase in output amplitude.

ΝΟΤΕ

The UNLEVELE D light may come on during this test.

2.6 .11

	

FRED VE RNI ER CHECK

Switch th e FREQ VERN I ER out of CAL position, The
.001% tamp shoul d go out, and the VERN I ER lamp should
light. Moving th e VERN I ER from -5 kHz to +5 kHz should
show α slight change in frequency on oscilloscope,

2.7

	

OPERATING PROCEDURE

No preparation for operation is requ ired beyond comple.
ιίοπ of the initial installation chec ks contai ned in Section
2.6- To insure that the instrume nt will perform as stated
in the specifications, the inst rument should have α τωο-ιτοιι 1'
warmup before usi ng.

2.7 .1

	

TURN ON

Turn the POWER switch to ON- One of the f ίοητ - ραηιι
ACCURACY lamps will light, indicating an operating
condition. Α flashing light indicates an unlocked condition.
This shoul d cease in α matter of seconds.

It the unit is ππι going to be used to the extreme limits of
ίιs specifications, it can be used immediately .

CAUTION

When working with active ci rcuits, tra nsceivers, etc. . care
must be used to keep DC voltage or R F power from being
applied to the R F OUT connector, otherwise damage may
occur to the output circuitry of the instru ment.

23 .2

	

FREQUENCY SELECTION

Se lect the frequency desired with the six Lever/indicator
switches on the 1rοη t-ραηαΙ . Α frequency between 1 kHz
(Model 30021 or 1 MHz ΙΜηλe ι 3001) and 520 MHz can
be selected with 1 kHz resolution,

2.7 .3

	

OUTPUT LEVEL SELECTION

Set the OUTPUT Step and VERN IER controls for the
desired ou tpu t level . Th e output is continuously adjustable
over α +13 to .137 d8m range . The RF output equals the
level shown on the Step Α1τεηυαtοr d ial algebraically added
to the METER indication .

2.7 .4

	

AMPLITUDE MODULATION - I NTERNAL

Set the MODULATION MODE switch to AM and the
MODULATION FREQUENCY switch to either 400 or
1000 . Adjust the MODULATION FM/AM slider for the
desired modulation depth.

2- 5
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2.7.5

	

AMPLITUDE MODULATION - EXTERNAL

CA UTION

Input voltages greater than -10 VDC or 10 VRMS should
not be app lied to the ΕΧΤ MOD INPUT connector, or
damage may occur to the instrument.

Set the MOD ULATION MODE switch to AM and the
MOD ULATION FRED switch to EXT. Apply α 10 Vpp
signal into 600 ohms to the ΕΧΤ MOD I NPUT connector,
Th is cali brates the MOD ULATIO N FM/AM slider . The
desired modulation dep th can then be set, The upper
frequency limit of this bφυ t is 20 kH z .

ΝΟΤΕ

When AM modulating, ca re mutt be taken not to exceed
the +13 dBm maximum level or excessive distortion and
an unleveled condition can exist. In some cases, α high %
AM may cause the UNLEVELED light to come on when
the OUTPUT VERN IER control is at minimum. Th is is
caused by "bottoming" of the PIN diode levele r which,
in turn, can cause an increase in distortion. If this is the
case, add 10 dB of fixed attenuation, and turn the OUT-
PUT VERN I ER control toward maximum. The UN-
LEVELE D light should then go out.

2.7 .6

	

FREQUENCY MODULATION - I NTERNAL
Set the M OD ULATION MODE ;Witch to FΜχ l or FMx10
and the MODULATIO N FREQ switch to either 400 or
1000 . Adjust the MODULATION FM !ΑΜ slider to the
desired peak deviation .

2.7.7

	

FREQUENCY MOD ULATION - EXTERNA L

CAUTION

Input voltages t reater th en !10 VDC or 10 VRMS shou ld
not be app lied to th e ΕΧΤ MOD INPUT connector, or
damage may occur to the. instrument,

Set the MODULATION MODE switch to FMxt or FMxl0
and the M OD ULATION FRED switch to EXT. Apply a
10 Vpp signal to the ΕΧΤ MOD I NPUT connector (600
ohms) . This calib rates the M OD ULATION FM/AM slider .
The desired pea k deviation can now no set. For FM modu-
lation, the upper frequency limit is 25 kHz : the lower limit
is 50 Hz with the FRED VERN IER in CA L. or DC with the
FRED VERNI ER not in CAL position.

2.7 .8

	

MODULATION FM/AM SLID ER -AM

Set the MODULATIO N MODE switch to AM and the
MODULATION FREQ switch to DC . Usi ng the ΜQDU-

2- ξ

LΑΤΙΟΝ FM/AM slider, the output amplitude eαη be
varied . 11 also enables more than 20 mW of power to be
obtained over portions of the hand.

2.7 .10 F IitQ VERN IER

When the FRED VERN I E R is in CA L, output frequencies
having an accuracy of τ0,001% may be selected by the
Lever/I nrlicator switches with α resolution of Ι kHz. Wh en
the FRED VERN IER is not in CA L, the selected output
frequency can be sh ifted Σ5 kH z with the FRED VERNI ER
control . The output frequency at the "0" kH z position of
the FRED VERN I ER corresponds closely to the ou tput
frequency in CAL .

2.1 .11 PROG RAMM I NG

Frequency is programmable via a rear-panel input
εσηηeειπι using standard 8Α -2-1 B CD contact clos ure or
TT L 5ίηιιαls, ( Ι ηηί c "ρ" = ορπιι , ,=+ 2 .2 V, Logic "1" -
closed - --:, 0.4 V.) The rear ραηε " PROG RAMM I NG Jack
pins are in parallel with the front panel Lever/I ndicator
switches ; thus, if rear-panel programming is to be imple-
mented, t he front-panel switches must indicate all zeroes .

Example - Το program 130.152 MHz (refer to Figure 27 Ι :
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3.1 INTROD UCTION

Section 32 presents α block diagram analysis to enable the
reader to get α brief overall view of th e operahon of the
entire i nstrument . Sections 3 .3 - 3.16 [οπιαίr ι πυίιι, ιΙιιιυίΙeιΙ
descriptions of each subassembly .

For actual wiring of t he chassis and subassemblies, refer to
the schematics in Section 7 of the manual

3.2

	

OVERALL BLOC K DIAGRAM

The i nstrument is essentially α voltage-controlled oscillato r
to which phase-locked loops and α crystal reference have
been added for the high frequency resolution .

The discussion will fi rst deal with the basic signal generator,
then it will describe how the phase-locked loops provide the
additional accuracy .

The numbers within th e block diagram symbols refer to the
particu la r assem bly in which th e ci rcuit is located.

3 .2,1

	

BASIC SIGNAL GENERATOR

This discussion briefly describes how the RF is generated
and how its frequency is controlled, and also how the signal
is amplified, leveled and amplitude m odulated.

Refer to Figu re 3- Ι for α block diagram π1 the hasic signal
generator without phase locking.

RF GENERATION

The RF output frequency is generated by two UHF
oscillators and α πlThe outputs of the tw, oscillators

are heterodyned in t he mixer . The difference. frequency is
amplified and fed to the Output Am plifier .

The frequencies of these oscillators are controlled by DC
voltages applied to their varactor diodes . The Narrow
Oscillator yields α single frequency, The Wide Oscillator
can be programmed over α range wh ich extends from the
frequency of the. N arrow Oscillator to 520 MHz higher
th en the Narrow Oscdlatorfreηuency .

SECTION 3
THEORY OF OPERATION

RF FREQU ENCY CONTRO L

The RF σιιmυt frequency is determined by programming
the frequ ency of the Wide Oscillator, The Wide Oscillator
is υΙ t ιmαte Ιγ controlled by the front pariel Lever/I nificistor
switches_ Τh e BCD output of t hese switc hes is converted to
do analog voltage which ριοgr αιιι s the oscillator in I MHz
stein, This analog signal can provide approximately 3 MHz
accuracy .

R F AMPLIFICATION AND LEVELI NG

The RF power is ampli f ied by α multi-stage, wide-band
amp8her. T he flit output is maintained by a closed loop,
leveling system around this Output Amplifier.

The leveler includes α monitor diode, an error amplifier
.and α νπΙιαge-να r sable attenuator. The monitor detects
the Peak of the ou tput of the Out put Amplifier . This
detected level is compared [ο α DC reference by the er ror
αηιμ . The output of the error amp is fed 2Ο α PIN diode
(voltage-variable) attenuator, which changes the input level
to the Output Ampli f ier until th e monitored signal pro-
duces α DC level equal to the reference level.

LEVEL CONTROL AND AM

The circuitry fo r controlling the β F output level is d i rectly
related to the above leveling system because changing the
DC revel refe rence changes the RF output level .

Of the 150 ι18 output range, 130 c113 is passive attenuation
The remaining 20 dB is cπηιιπΙΙ "d by changing the level
reference . The OUTPUT VERNI ER has α 10 dB range.
The restraining 10 dB is provided by switching the level
reference rangα , This range switch is provided so that wh en
AM is not required, the Output Amplifier can provide α
εαιιυπ at the, highest possible power.

Since the RF level can be voltage controlled, AM can he
accomplished by applying the modulating signal [ο the
OUTPUT VERNIER. This causes the reference voltage
to th e er ror amp to change at the frequency of the modu-
lating signal . The modulating signal is taken from one of
two internal oscillato rs, α DC voltage, or from an external
source .
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3,2.2

	

PHΑSF-LOCKED Ι OOPS

The basic signal generator discussed in Section :1.21 has α
frequency range of 1 1π 570 MHz, has ;in ιιιιΙΙωιΙ νπΙ t .ιq-
ωhιεh is leveled and adjustable and has the ability to be
amplitude modulated. W it h the above circuitry, however,
the frequency accuracy is only 3 MHz with 1 MHz reso-
lu tion . To ach ieve the desi red 1 kH z resolu tion and .00196
accuracy, the instrument includes five phase-locked loops.

Α down-conversion (Model 3002 only) system enables
the instrument to output Irequcrκies less than 1 ΜΗτ.
Its oprι ration will be covered in Section 3.16.

PLL 1, 2, and4 are used to stabilize the Wide Oscillator and
tune it in 1 kHz steps . The W ide VCO is part of PILL 4.
PLL 1 and 2 cοπνεrτ the Lever/indicator switch setting
to reference frequencies for PLL 4.

PLL 3 and 5 provide stabilization and allow FM operation
The Narrow VCO is part ο1 PLL 3. PLL 5 converts α ιηοd υ -
lating τίgηωΙ fif present) to α re ference 1reμυνπεγ for PLL 3-

Figure 3-2 illustrates the relationship between the five
numbered loops and the basic signal generator

PILL 1

The purpose of PLL 1 is to generate α CW signal which
changes in 1 kHz steps from 10.000 to 9 .001 MHz as the
front-ραrκΙ frequency selector is switched from .000 MHz
to .999 MHz . This signal will b t used as a reference signal
for PLL 4.

Figure 3 .3 shows α simplified bloc k diagram ο1 PLL 1 . It
includes α voltage controlled oscillator capable of fre-

quencies from 9 to 10 MHz, σ phase detecto r, and α =Ν
counter Α sample ο! the output signal from the VCO ά
fed to α programmable countifir . The divisor of the counter
is controlled by the three fro nt-panel "kH z" selector
switches, The output from t he counter is f eel [ο α phase
detector where it is compared to α 1 kHz crystal reference
signal . If the two input signals to the phase detector are not
the same frequency, an error signal is produced This error
voltage corrects the frequency of the VCO until the phase
detector input from the counter is exactly I kHz, See
Section 3,12 for α move detailed expla nation .

PLL 2

The purpose of PLL 2 is to generate α CW signal which
changes in 1 MHz steps from 1448 to 1487 MHz when the
front-panel frequency selector is switched from 001 to 039
MHz. These CW steps are then repeated every 40 MHz
throughout the en tire 1 to 620 MHz range . The use of this
signal !ο control the Wide Oscillator will be discussed in
the description of PLL 4r

3-4

Figure 3-Λ shows α simplified block diagra m ο1 PLL 2.
PLL 7 σμεrαιρs in the same manner as PLL 1 with on,,
εκ cνςιυσπ . T he circuit includes α mixer and band-pass
αιημ f 1ίνι Thr 1 κιιριηι- of this αιk1 ι t ιυπαΙ rαειιιrrγ ιτ to
offset the 1448 to 1487 MHz output from the VCO to
Θ to 47 MHz. Th is offset is necessary in order to make
t he frequency compatible with the programmable counter
and phase detecto r circu its . The other ci rcuits in t his loop
operate the same as those in PLL 1 . In th is case, the pro-
grammable counter is controlled by the three "MHz"
selector switches and the loop reference frequency is I
MHz- For α more complete description, see Section 3.13.

PLL 4

The purpose of PLL 4 is to adjust the W ide Oscillator in
1 kHz steps from 1198 MHz 2ο 1718 MHz υ the front-
panel fre quency selector is adjusted from 1 [ο 520-000.

The W " dε Oscillator Iregιιency is offset by mixers 1 and 2
αηλ rίιιιι 1 ιαικd to th e wlerence ifrnm PILL 11 by the phase
(letectm . Α d ίΓ feινπιe in phase οι frequency causes an error
signal to lone the W ide Oscillator u ntil both phase detector
inputs are identical . Now this loop locks on α Particular
freηυeocγ can txst be explained in three stem : 1) phase
lock ing at 40 MHz intervals across the band, 21f phase
locking at 1 MHz intervals, 3) phase lock ing at 1 kHz
Ιπτη rυαh . Figure 3-6 is α simplified block diagram of PILL 4,

To understand locking at 40 MHz intervals, assume
temporarily that the reference frequencies from PILL 1
and PLL 2 are fixed 110 MHz and 1448 MHz respectively).
Fiy ιιιe 3-5 shows the frequencies throughout the loop lot
this d ι sειιςsίοπ. This stop of the PL L 4 expla nation can be
descr ι hed more clearly by considering the entire Wide
ΟsειΙΙα tοι range rather than discussing single frequencies .
The Wide Oscillator covers the range ο( 1198 to 1718 MHz
as the output frequency changes from 0 to 520 MHz
( Figu re 3-5, lines Α and C) .

When ιΙιο Wide Oscillator range is heterodyned in mixe r 1
with 1448 MHz, the d i ffe rence frequency produced ranges
from 250 to 0 to 270 MHz Wigure 3-5, line ΕΙ . This signal
is then mixed with α 40 MHz comb fall harmonics of 40
MHz) in mixer 2 (Figure 33, line F I . Taki ng the difference
between lines Ε avid F yields the repetitive frequency range
of from Π to 20 to 0 ΜΗτ as s hown in line G. Th is signal
is fed to t he phase detecto r .

The reference to the phase detector is 10 MHz, but the loop
will not lock on every 10 MHz output of mixer 2. The only
10 MHz signals which will produce lock are those which
would decrease in frequency if the Wide VCO tried to d rift
higher . Th erefore, at ever y 40 MHz interval of the ou tput
frequency, an input to the phase detector would allow the
loop to lock. Section 3.2 ,1 explains that an analog signal
drives the Wide Oscillator to within three MHz of the
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proper frequency . Therefore, although there are 14 possible
lock points on line G, the only one selected will correspond
to the analog-tuned frequency of the W ide Oscillator . The
unit as described so far is capable of phase. locked output at
0, ΛΟ . 80 . . . 520 ΜΗτ , The following is an explanation of
locking at I MHz intervals .

To allow phase locking at 1 MHz inte rvals . the reference
frequency to mixe r 1 i s made ad j ustable in 1 MHz steps
over α 40 MHz range ( ΙΛ48-1487 MHz) .

If, for example, this reference frequency to mixer 1 were
1449 MHz . th e input range [ο the phase detector would
loo k the same except the entire range would be shifted I
MHz to the right. Lock points woul d then be possible at
output frequencies of Ι , 41, 81 MHz, etc.

Being able to change this reference in 1 MHz steps allows
phase loc king from 0 to 520 MHz in 1 MHz steps.

To provide phase locking in 1 kHz steps, th e PLL 4 phase
detector's reference from PLL 1 ίτ ad j ustable in Ι Is ΙΛτ steps
(10.000 to 9.001 MHz), This causes the Wide Oscillator
frequ ency 2ο change in 1 kHz steps in ord er to keep the
loop locked.

PLL 3

The pu rpose of PLL 3 is to stabilize the Narrow Oscillator
at α frequency of 1198 MHz.

Figure 3-6 shows α simplified block d iagram σ ( PLL 3. T his
loop operates in the same manner as PILL I and PILL 2,
except that it does not require the rise of α programmable
counter. The 1198 ΜΗ: output from the Narrow Oscillator
is combined in α mixer with α 1200 MHz crystal controlled
signal . This produces α 2 MHz difference signal, This signal
is fed to α phase detector where it is compared to α 2 MHz
reference . Any difference i n the input signals will produce
an error voltage which is applied 2ο the Narrow Oscillator
(VCO) to correct the fre.clumncy error

PLL 5

PLL 5 supplies the reference for P ILL 3. Unlike α standard
phase-locked loop, the VCO can he modulated- In AM and
CW, th e VCO is locked on 2 MHz, In the FM mode, the
VCO is modulated, but the loop ignores modulation which
is faster [ban 50 Hz ; thus the cente r froquencv remains
locked .

The loop includes α voltage-controlled oscillator, α divider
for reducing the frequency f rom 2 MHz to Ζ kHz. a phase
detector, and α filter for the phase detector output . If the
variable input to the phase detector deviates from the
reference frequency (slower than 50 H?), the phase.
detector sands, an error signal in the VCO to correct the
frequency .

CRYSTAL REFERENCE

All the re ference frequencies for the ph ase-locked loops
in , deιίνeι 1 Γ rπιη α single 40 ΜΗτ crystal 5οιι (εe by Means
of appropriate multiplication or division .

3.2 .3

	

SUBASSEMBLY DESCR IPTIONS

Τhe overall block diagram discussed in this section describes
basicaρ y how the i nstrument functions as α unit. The unit
is made up of 12 module assem blies and three printed
circuit card assemblies . These cαη be identified in Figure
5-6 . Sections 3 .3 thru 3.17 describe the operation of
each subassembly, The name of the su bassembly describes,
to an extent, th e pr imary function it performs .

3.3

	

C315- METER BOARD

The primary function of this assembly is to provide the
program voltage to the leveler circuit for the RF amplifier .
Ι " also includes the R F πιιιρυ t level METER which αρμr νι rs
dππιιgπ (lie instrument front panel (see Figure 3 Α ) .

3.3.1

	

LEVEL PROG RAM

During CW operation of the instrument, the level program
is controlled by the OUTPUT VERN I ER on the front
panel. The outpu t of this control goes to two range
calibration circuits which convert the voltage fro ιn the
OUTPUT VERNI ER to α voltage level appropriate to drive.
the leveler ci rcuit in the Output Amplifier module.

The "low" ci rcu it provides the program for all ranges of the
denied power output d ial except +10 dBm. At "+10", the
level program is taken from the "high" circuit . Th e "high"
level program enables the full gain capabilities a' the
Output Amplifier to be used when the output is not
αmρΙιιυ de modulated,

3.3 .2 MODUL ATIO N

The modulating signal from assembly C316-2 is applied to
the OUTPU T VERN I ER which ultimately causes the RF
level to change . The leveler in the Output Amplifier does
not cause the RF level to respond linearly to changes n the.
level program voltage. To compensate fo r this, α stage is
in cluded to shape t he modulation signal before it is applied
to the OUTPUT VERN I ER .

3.3 .3 METER

The front- p anel METER is controlled by the level program
when the METER switch is set to OUTPUT. The METER
and its dr iver circuits are cali brated to dis play α reading
correspon ding to the actual RF level from the Output
Am plifier module .

3- ϊ
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3.3.4

	

UNLEVELE D LIGHT

Α light emitting diode is mounted on this assembly and
appears no the front panel η1 IN! ιnstrummι1 . Refer to the
Output Amplifier mικk ιΙe description for an exptaiiation
of the circuit driving this light.

3.4

	

C3162 -MODULATION BOARD

This assembly provides the modulating signals used in the
AM and FM modes. The front-panel ACCURACY lights
and associated circuitry are also on this assembly (see
Figure 3-Θ ) .

3.4 .1

	

MODULATING SIGNALS

The AM or FM modes are achieved by simply routing
essentially the same signal to the appropriate circuitry
by means of the front-panel MODULATION MODE switch-

The front-panel M ODULATION FRED switch selects
one of four sources of modulating frequency, one external
and three internal The ιmemal signal can be selected
from one of two CW oscillators or α m απυαΙΙγ variable
DC control.

The two internal oscillators are amplified/leveled by the
same circuit for simplicity, but separately energized by the
MODULATION FRED switch . The oscillators are twin Τ
oscillators, one is at 400 Hi, the other is at 1 kHz.

3.4_2

	

ACCURACY LIGHTS

The CAL switch on the FREQUENCY VERNIER (or an
input from Option 5 or 5ΑΙ determines which lamp is [it-
If any of the phase-I ncked Ιοορs unlack. the energize d LED
is made to flash by an IC timer activated 4Υ α DC level from
any of the phase locked loops in the instrument

3.5

	

OPS2A- POWER SUPPLY

The DP52A provides DC Power for the rest π1 the
instrument Isee Figure 3-101 .

3.5.1

	

TRANSFORMER & FILTERS

The transformer steos down the line voltage to αρριομηατε
levels for the three circuits . Full wave rectifiers and f ilter
capacitors convert this voltage to DC .

3.5 .2

	

+18 V SUPPLY

The +ΙΘ Vcircuit has α temoeralure+compensated precision
voltage reference. This reference is compared to the output
voltage by an error amplifier which corrects any error in
the output voltage.

35.3

	

18 V SUPPLY

The ~18 V circuit compares the +18 V and -18 V πυ tρυτs
.ιιι11 ΙιιΑλτ ιΙιι " difference in their magnitudes (ο τε rπ

3.5 .4

	

+7,3 V SUPPLY

The -7.3 V ει rευ :t uses α three-terminal adjustable voltage
regιι lator IC to provide α pre- ι egulated +7.3 Vαυτρυι . This
νοΙ 1αφ supplies other voltage regulator: throughout the
ιnstr umeηt .

3.8 DELETED

3.7

	

ΜgW-SWEEP OSCILLATOR

The Μ9W is the origin of the instrument's RF ου [ρυι
frequency, This frequency is generated by hετerοdγn, ηρ
the signals from two higher frequency voltage-controlled
oscillators (see Figure 3-12) .

3.7,1 MIXER

The Ναποω Oscillator applies α signal of 1198 MHz to tηε
mixer. The Wide Oscillator provides between 1199 and
1718 MHz _ The difference (1 520 MHz) is applied to α
wide hand pre-amp and then sent to the Output Am ςNifier,

3.12

	

W IDE OSCILLATOR

The wide range of oscillation is achieved by applying an
απαΙπη signal which is dependent upon the setting of the
Leverilndicatoι iwitches on the instrument's front panel
to varactnr diodes in the tank circuit, An additional signal is
applied to the VCO from the Phase detector in M34 . This ~s
the fine tuning signal which locks the Wide Oscillator on
the proper frequency .

3- 9
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3,71

	

NARROWOSCILLATOR

This oscillator also uses α varactor diode so that the
frequency can be voltage controlled for phaso locking arid
for FM operation .

The coarse modulati ng signal JFM) is applied to the
varactor from the Modu lation Board (C316-2) The fre-
ηυeηεγ π1 th is 0sc ίllator IS further controlled by a "fine
tuning" bias voltage frοιη the Μ33-2 phase detector. The.
deviation can be controlled up to 100 kHz.

3.7 .4 LEVELERS

Th is module contains three RF leveli ng circuits as shown
in the diagram . These maintain α constant amplitude RIF
over the frequency range and with temperature variation .
The output of α peak detector is compared in a constant
DC level . Any error is amplified and applied to a PIN
diode ατ te πιια tοτ in τenes wilh the RV signal .

3.8

	

M10W-6/M10W-8-OUTPUT AMPLI F IER

Model 3001 uses an Μ 1 ΠW-Β Output Amplifier module,
while Model 3002 ιιτp.τ α" ι Μ Ι (1VV 8 .

The main function it[ ιιιe Ρλ 10W-6 and N11OW-8 Output
Amplifier modules is to amplify the RF signal from the.
M9W to α level programmable between -7 and " 13 dBm.
Λ leveler circuit maintains α constant amplitude output
signal over the wide Γregυeιιεγ range . The UNLEVELED
light drive r causes the front panel ligh t to glow when the
levele r circu it exceeds its proper ope rating range (see
Figure 3-13) .

The Μ10W-θ (Model 3002) alsu con tains α switch which
routes the RF output to either the Step Attenudlor or the
Μ l 15 for down -επηνers " ηη -

3.8 .1

	

SWITCH (Μ10W-8)

The switch is normally set to route the output signal to the
Step Attenuator ; however, when the front-panpi "MHz"
Lever/Indicator switches are set to "000." . the logic signal
from the Μ115 into pin 5 of the Μ10W-8 triggers the
switch ( relay Κ 1) and routes the RF sign al to the M115

3.8 .2 AMPLI F I ER

Th is section is α four-transistor . wide band amplifier which
can increase the RF by about 23 dB .

3.8 .3 LEVELER

The leveler uses α peak detector, cl .iterennal amplifier, and
PIN diode attenuator. The peak detecto r 15 fed from the

3-12

RF ιπιιρυι . The resulting level is compared to α DC (or
AM) re! ιιιοηεe by the d i fferential amp which supplies the
ειιπΙιο 1 ειιrrεητ to the PIN diode altenuatoι . If the detected
βF output deviates from the reference level, the signal to
the PIN diode causes t he input to he dec reased or increased.

In addition to providing α flat frequency response, the
leveler allows for electronic control of the RF output
amplitude by varying the OC refe rence . The reference
comes from the Meter Board (C315) .

3.8 .4

	

UNLEVELED L IG HT DRI VER

When the differential amp in the leveler ci rcuit is putting
πυΙ α voltage. which would cause the PIN diode αττεπυατοι
to be at its h igh or low resistance Emit, the leveling circuit
can no longer be effective . These extreme voltage levels,
which are applied to the UNLEVELED light d river, are
adequate to turn on α source of cu r rent for the i ndicator

whίrh app, '. αrτ thinugh the Ι r .,ιηι Ιιαίιί"

3 .9

	

M172 -SWEEP DRIVE/DAC

This module provides two output voltages . One is linear
loom 0 V to -5 V as tile frequency gaps f rom 0 to 39 MHz,
repeating every 40 MHz; the other varies from +7 V -to -8 V
as the frequency goes from 0 to 520 MHz. The second
voltage is shaped to l ίn earize the VCO in the M9W Sweet)
Oscillator

Two digital to analog converter ICs, programmed by the
front-ραπεΙ Lever/Indicator switches, provide the 0 to 520
MHz voltage . This is shaped in the next section of t he mod-
ule. Α third ΠΑC provid es the repeating 0 40 ΜΗτ νοΙtαge .
Since the state of the 20's line depends on the 100*s low-,
the 20's line is inverted when the 100's line is h igh .

The analog ιυηΙη9 signal from the Μ 172 is "shaped" before.
drivi ng the. MgW wide oscillator . The shaper is an inverting
DC απιρ G( ίer which amplifies the input by α smaller factor
tat smαηυι magnitude inputs . Shaping this analog voltage
eompensates tot tile non-linear change in capacitance of the
να rαιτο r (I rides in the. oscillator circuit .
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3.10 M29-2-FM REFERENCE

Th e Μ29-2 is α voltage. to frequency converter, the output
of which is used ατ α Ιιhαsε lork reference in the M33-2 .
Th e module includes α voltage varia ble cu rrent source
which feeds Idetermines the frequency of) α square wave

oscillator (see F igure 3-15) . Zero volts in yields 2 MHz out.

The M29-2 is the VCO for PILL 5. The input to the M29-2
from the phase detector is essentially added to the modu-
lation input. The FREQUENCY VERN I ER voltage is also
added here . (The FREQUENCY VERN I E R input becomes
zero voltswhen the VςΟ is locked)-

3.10 .1

	

CURRENT SO URCES

This ci rcuit provides both α positive and α negative sou rce
of cu rren t . The positive sou rce is refe renced to th e negative
source so that the instantaneous currents in both sources

are equal .

The change in output current is directly proportional to
the change in input voltage to the ci rcuit . The input voltage
may va ry between -5 and 45 volts . The ci rcuit is designed
fo r α ve ry linear graph π1 current out vs. voltage in .

3 .10.2 OSCILLATOR

The square wave output is produced by the combination
of an integrator and α hysteresis switch . The inlegratco
εοηνerττ α square wave to α triangle wave . The triangle
wave causes the hysteresis switch to produce the square
wave which is fed back to the integrator,

The integrator is made up of α cu rrent switch and α
capacitor, The square wave applied to the current switch
causes α square current signal to be applied to the capacitor.

Positive constant current produces an increasi ng voltage
ramp an the capacitor and negative constant current
produces α decreasing voltage ram p. For α square wave
inpu t, therefore, the output is α triangle wave. .

Changing the magnitude of the "currents", by changing
the input voltage to the module, changes the rate at which
th e capacitor charges and discharges to the h yste resis
points, thus changing the frequency of oscillation.

3.11 Μ30.1 -CRYSTAL REFERENCE

This modu le supplies reference frequencies α [ 1 kHz, 2 kHz,
1 MHz, 10 MHz, 40 MHz and its harmonics. 1200 MHz
(from α 120 MHz comb), and 1440 MHz to the phase-
locked loops in the instrument Th ese signals are μιοdυεeά
by α 40 MHz crystal oscillator and α series of d ividers and
multipliers {see Figure

3-14

3.11 .1

	

30 MHi OSCILLATOR

This crystal oscillator is the heart ο1 the accu r acy ο1 the
Γre μιιrιιcγ determining ci rcuits in the ίπτι rυιηeιι t- It ιτ
temperature compensate d for frequency sta bility . Α
varactor diode is in cluded to en able this oscillator to be
phase locked to α high stability reference. Α leveler circuit

causes the oscillator output level to be the same i n all
Μ30-1 modules,

3,11 ,2

	

DI VID ER S

The frequencies below 40 MHz are produced by α se ries
of ΤΤ L cou nters. Α "divide by 4" produces the 10 MHz
output for the phase-locked loop in Optio n 6 or 5A . This
frequency is further divided as shown in F igure 3.16 to
provid e the 1 MHz, 2 kHz, and I kHz outputs.

3.11 .3 MULTIPLI ERS

The 40 MHz CW is fed to α hannonie generator which
produces I he "comb" output .

From the 40 MHz comb, 120 MHz is selected and applied
to another harmonic generator. Α sample of the 120 MHz
εοιιιb output is also fed to α filter which presides the
1440 MHz output

3 .12 Μ31 Α - kHz STEPS

The input to this module is the BCD data from the frοnt-
μαπe Ι "kHz" switches (to the right of the decimal ροίπτ1 .
Tfw πυτρυτ frequency is (10 MHz - Sk kHz ), where Sk ίτ
ι he ηυιηber i ndicated by the kHz switches . If t he frequency
is τρι to 428-333 MHz, for example, the Μ31 Α output is
9.667 MHz. The block diagram of the Μ31Α is shown in
F igu re 3-17 .

3.12.1 VCO

The output frequency is generated by α voltage-εοητιοΙΙαι 1
οκίΙΙαιπι which is tuneable from 9 .001 to 10.000 MHz .

3 122

	

PHASE-LOCKED LOO P

In cluding the VCO in α phase-locked loop permits accurate
programmability.The VCO tuning voltage comes from the
phese!fηcρυeηεΥ detecto r circuit . Α 1 kH z signal from the
Crystal Reference is applied to one input of the phase
detector ( Ιε9) . Α sample of the VCO output is divided by
the programmable divider, and the result is applied to the
other i npu t of the phase detector. Any difference in phase
or frequency in the signals applied to the ph ase detector
inputs produces an error voltage at the phase detector
output, which controls the VCO. The system is stable only
when the phase and frequency error is zero, so that the
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output frequency is phase locked to the 1 kHz reference
signal .

3-12.3 Ρ RΠGΗΑΛ1Λ1 λΓ, LΓ ΓιΙιf Ι D ΓR

In order for the Μ31Α to perform properly . the divi der is
designed to divide the VCO frequency by (10,000 -Sk i
where Sk is the number set on the "kHz" switch es . The
divider counts the number of cycles at its input and puts
out α pulse when the r οιιιιι reaches 10,000 . The starting
count is the number shown on the '"kHz" switches . For
example, if the instrument is set for 222 .500 M117 t this
Circuit Would divide by 9,500 Ιεουητ from 600 to 10,000) .
Therefore, the variable input to the phase detector would
be correct 11 kHzl only it the VCO output were 9,500
ΜΗτ .

3 .12.4

	

UNLOC K INDICATOR
When the phase-locked loop is unlocked, the LED on trip
of the module will light and the front panel ACCURACY
ligh ts will f lash ,

Α window detector man lots the voltage level which is
being fed from the phase detector to the VCO. If the
voltage exceeds the ηποηαΙ υμerati ιιg ιαηgti, μυωeι is
applied to the module light and the flasher circuit on the
Modulation Board.

3,13 Μ32Α -- MHz STEPS

The Μ32Α provides, lot ι hε Μ 34, α reference Γregηeηιγ
which εοιrπτρνη dτ to the setting on the '*MHz" switches
Isee Figure 3-18), The Μ32Α output range is 1448 to 1487
MHz, which repeats itself wit h every 40 MHz change of the
"MHz" switch setting. Any sμεεifir. Μ37Α output rVIATPS to

the "MHz" sw itch sell nit (See) by the ρgιιατίοιι ( Ου tΡια =
(1448 + R) MHz), wh e r e R ίτ the Remainder ο1 dividi ng Sm
by 40 . If the front panel Lever/Indicator switches are set,
for example, to 333 .000, R would be 13 (333 : 40 = Β with
α Remainder of 13), The output of the Λ432Α would then
be 1448 + 13 = 1461 MHz.

3.13.1 VCO

The output of the Μ32Α is produced by α voltage
controlled oscillator . Th is VCO is coarsely turned by the
repeating analog Output o f tho M172 . Fine tuning is the
result of including the VCO in α phase-tcleked loop, In
addition to the VCO, the phase locked loop includes a
phase detector and ριοη rαmm αble divider,

3 .13 .2

	

PROGRAMMABLE DIVIDER

Α sample of the VCO output is mixed with the 1440 MH z
signal from the Crystal Reference producing α diffe rence
frequency ο1 from 8 to 47 MHz, which is then shaped into
TTL pulses and applied to the programmable divider .

3-16

Th e divider counts the falling edges of th e 8-47 MH? input
ριι 1 χe" , reselling eac h time α Count of 47 is reached. The
ι e> αΙ μιιΙςι , is applied to one input of the phase detectoι
By ι : υηι rπιΙίη ; the, 5ία r !ίη g count υ1 the ρrυ(ραιτιπιαΙιΙ -
ιΙινιιΙι " ι , 1 Ιυ " π 11"εονe dίνί5υι call beconpollvd.

fire starting count of the ριοgrαπιπιαb Ιe divider is selected
by α ι ~υd only ηπ eπ>o ry, which is progra mmed to provide
the correct "R" ntormation far each "Sm" setting. This
"R "" ι, then applied [π the programmable d ivider as the
starting count- Thus, as the starting count varies from 0 [ο
39. t he effective div ίsoi varies from 47 to 8.

When the VCO is ru nning at the correct frequ ency, the
programmable divi der reset pulse rate will be I MHz .

3.13.3

	

PHASE DETECTOR

One ίηρυι in the phase detector is the reset pulse from the
program mable divider, T he other input is α 1 MI-Ii f,xed
ια 1, ινιίη τιιςη : ιΙ from thr- Cryτlal ROrre ιιεe, The μΙι ;ιτο
ιΙηιυηιυ , ιιηηαι 1 ί% a voltage detπιιηιηεd by Ι f ιπ d ίΓΓιιreηc ιι Ιι
phase α1 the phase detector inputs, and is used to cancel
any error in the VCO frequency or phase.

If τhπ VCO συΓΡιιι [rerλυenεy is too high, for eχαιιιρΙe., the
phase detecto, ou tput becomes Man? negative, τhιι $

ι ncrεasing th e VCO varactσr diode tuning capacitance and
1οωεrίπq the VςΠ frequency, Ι 1 the VCO frequency is too
low, the ιev εrse occurs . Τhυτ , the loop will tend [ο main
ιαίπ ιero phase or frequency eιιιι r, Α voltage-controlled
attenuarηr between t he phase detector circuit and Ilip
VCΠ keeps the. open loop rider) of the phase locked loop
relatively constant over the programmed frequency range,
allow-ημ th e loop noise to be minimized.

3.13.4

	

UNLOCKED I NDICATOR

When the phase-locked loop is unlocked. the LED on top
of the module will light and the front-panel ACCURACY
lights will f lash .

λ ω, ηεΙπιν ι 1π!ΟCΙπι monitors the voltage level being Υerl
Ι rοπι the phase detector to t he VCO. Ι ! th e voltage exceeds
Ow normal σρειατιηg range, power is applied to th e module
tight α ">d t he flasher circu it on the Modulation Board .

3.14 Μ33-2 - NARROW OSCI LL ATOR LOCK

The Μ33-2 contains the circuits to phase lock the Nar row
0srolarnr in the N19W (FILL 31 and the M29.2 FM
Reference (FILL 51 . As explained in Section 3.2.2 . FILL 5
ρ rιινίλp.s the reference frequency for FIL L 3.

3 .14 .1

	

PHASE DETECTOR FOR FILL 3

This εω ιιη compares

	

the re ference frequency to

	

the
variable 4 ίe ηυcι tεγ which represents the M 9W VCO output,
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If the VCO is too h igh, fo r example, the phase detector
puts out α more positive voltage which is filte red and
inverted by an integrator and apphed to the VCO (Narrow
Oscillator) to lower the frequ ency .

3.14,2 M IXER

The phase detector cannot operate at UH F frequencies,
so the V CO is m ixe d with 1200 MHz CW, Th is p rovides
an offset frequency which is the va riable input to the phase
detector . The deviation ο+ this variable signal from 2 MHz
is precisely t he same as the deviation of the VCO from
1198 ΜΗτ.

3 .14 .3

	

PHAS E DETECTOR FOR PLL 5

This circuit compares the 2 kH z reference from the Μ30.1
to the va riable fre quency which is the Μ29-2 output

d ivided by 1000 so that even when the Μ292 is fre quency
modulated, the variable frequency will remain in the

capture range- of the phase detector . Any frequency
modulation (above 50 Hz) is filtered out by the integrator
filter and τhε error voltage is fed to the Μ29-2 .

3 .14 .4

	

UNLOC K I N DICATOR

Window detectors are fed by the integrator outputs. If the
integrators put out α voltage outside their normal operating
range, the window detectors apply voltage (ο the modu le's
unlock indicator and to the flasher circu it on the Modu-
lation Board .

3.15 Μ34 - WID E OSCI LLATOR LOC K

This modu le p rovides the fine tuning program for the. Wide
Oscillator in the M9W. F igure 3-20 is the block diagram of
the Μ34 . The letters Α thru F relate the signals at the
associated points in the module to the graphs Α thru F in
Figures 3-21 and 3-22 . The Μ34 phase locks the VCO to
1198 MHz p l us the frequency indicated on all six front
panel switches . The frequency offset circuit converts the
frequency of the VCO to α lower frequency which retains
the frequency error information for use by the phase
detector. In addition to the frequency offset circuit and
the phase detecto r, several auxiliary ci rcu its are included.

3.15,1

	

PHASE DETECTOR

The phase detector compares the "offset" VCO frequency
to the reference frequency from the Μ31Α. ( Re fe ι to the
description of the Μ31Α f or α more detaile d description
of this 10.000-9.001 MHz reference .)

The phase detecto r output voltage goes positive or negative
[ο ultimately drive the W ide Oscillator higher or lower in
frequency until both inpu ts 2ο the phase detector are the
same frequency . The integrator serves as α low pass filter
for the phase detector,

3-18

3 .15 .2

	

FRFOUENCY OFFSET CIRCUIT

The VCO errnr information must b. converted to η Ire
quency useable by the phase detector . This conversion

is modo Ιιy ιιιίχνι 1, α 270 MHz low pass filler . ηιίκίτ 2,

and α 10 MHz low pass filter . Re fer to F igures 3-2Λ, 3-21 .

and 3-22 for descriptions of signals.

Mixer 1 heterodynes the VCO frequency with the "MHz

steps" reference frequency (1448 ι R MHz) . The d iffe rence

frequ ency, Ι 1448 + R - VCO Ι, is below 270 MHz. Th is
signal is sent to mixer 2 where it is heterodyned with the
40 MHz comb. For any output frequency, graph D in
F ig ure 3-21 shows only the comb frequency which will
yield the desired output (below 20 MHz) of mixer 2. If the
loop is locked, mixer 2 will produce α 10 MHz d i ffe rence

as shown in F igure 3-21 (assuming the "kHz" switches are
set for 0001 . Fig ur e 3. 22 shows signals Α thru F for α case
when the kHz switch es are not 000.

The f ίιπ~r after mixer 2 blocks all the output, of the mixer
except the. lower frοριια rιcγ signal containing the VCO error
information, When th e unit is unlocked, the filter passes
tip to 20 MHz Ιτο be able to capture over the 20 MHz
range allowed for analog tuning), Once the loop is locked,
t he filter decreases to 10 MH z 1ο further elimi nate phase
locked loop-related spurious signals.

3.15.3

	

AUXILIARY CI RCUITS

The "s μι 9 ιd up circuit" is activate d when the phase locked
loop becomes unlocked . The output of this ci rcuit is sent
to th, M9W to cause the VCO to be tuned faster by the

αΠλΙυί( voltage .

The "unlock - amp monitors both the tuning voltage from
the phase detector and the leveler voltage to detect an
ιιηιοεk p.d condition of the Μ34 . When unlock occurs, it
sends α voltage to the flasher circuit .

The levele r ci rcuit maintains α constant input amplitude
to the phase detector by controlling the amplitude of the
input from t he M9W Wide Oscillator . The i nput to the
phase detector (about 10 MHz) is peak detected and
compa red to α DC reference in the leveler ci rcuit . The
leveler circuit controls α PIN diode attenuator wh ich is
between the V CO input and mixer 1 .

3.16 M115 -DOWN-CONY¬RTER ( MOD EL 3002)

This module ta kes the RE output from the ΜΙΛW-Β (when
the front-panel "MHz" selector switches are set to "DΟΛ .")
and converts it to the proper 1 to 999 kHz output
frequency.

The BCD signals from th e front-panel "MHz" selector
switches are fed into α 13-input NAND gate . (Two ο1 the
inputs a re held high.) This gate determines whether the
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switches a re set for "ODO,", and, if so, triggers α hex
inverter to send out α Ιορίε "true" to the ΜΙΟW-β and
activates the 10 MHz line to the M172and M32A . This
programs the Μ9W for 10 MHz p l us the *7kHz- switch
sαΙ 1 ίιι9, αιιd this s ις lηΙ is led into Ι hα MIOW8 At [his
point, however , the signal is routed to the Μ115 (see
Section 3.8) . where it is mixed with the 10 MHz re ference
τίgηαΙ from the Μ30-1 Crystal Reference . The difference
frequency from this mixing is simply the "kΗτ" switch
setting, and is output back to the Μ 10W-8 and on to the
Step Attenuator .

The Μ115 also contains α 20 d8 attenuation pad for the
input from the Μ10W-8, and an RF amplifier for the
10 MHz reference signal The e ffect of These stages υ to
allow the mixer output In be directly ριοροrτίοηαι to the
outpu t from the ΜΙΠW-8 . The mixer outpu t is Ιheιι fed

FROM
OUTPUT
AMP

3-20

IN

Ιη MHz

OUT

FΗΠΝΤ
PANEL~

;ωιτι dt E

20 DB
PAD

10
MH z
AMP

13

I NPUT
ΝΑΝρ

MIXER [-r _

F igure 3-23 . Μ115 Down Conve rter

i nto α 3-stage ampli fie r with complementary push-pull
output in restore the output to the Proper (-7 to +13 (IRm)
level. Potentiometer R3 and Ir ιmcap C20 fine adju&I file
ηαίπ and frequency response ο1 the module .

If the front panel -MHz- switches are not set to "000
the MI 15 has no function except that the 10 MHz prog , 4,1
line from the switches to the Μ172 and Μ32Α ρα ss ιη
thrisuith the M115,

ΝΟΤΕ

If the MI IS is removed for servicing, the instrument may
still be used ; however, the frequency fangs is reduced from
-001-520 MHz to 1-520 MHz. In this case, pint 1 and 9 ο}
the MI 15 module sock et must Μ jumpered together .

COAX 5W.
ENABLE

ικ rfΖ
<- το
Ι 949ΚΝΖ

ΙηΜΝΖ Ρ Μ L INE
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4.1 I NTRODUCTION

The purpose of the performance tests in the following
sections is to verify that the Signal Generato r meets its
published specifications (Section 1 .2), Individual pe r-
formance tests consist of : the specification to be verified,
the method of testi ng, α list of equ ipment required, and
α detailed test procedure including, in some cases. α
simplified setup drawing . If optional features are i nstalled
in th e instru ment, refer to Section 8 for possible changes
to the perfo rmance test procedure .

Critical specifications for each item of test equ i pment
are listed in Table 4-1 . Recommended Test Equipment.
Except as detailed settings of test equipment apply to
performance lest procedures, all other test equ ipment
operating details are. omitted.

SECTION 4
PERFORMANCE TESTS

The Signal Generator should have its top and botlοιn covers
installed for the performance tests. All of the tests can be
perfo rmed without access to the internal controls. Before
applying power to the Signal Generator, see Section 2 for
details ο1 electrical installation . The line voltage should
tip. maintained at 115 or 230 VAC ""_1096, 50 to 400 Ητ
throughout the tests. The performance test procedures are
bκgιιπ after α τωο . hπιι r minimum warmup of the Signal
Generator in α +20 1ο

+30`.
C ambient temperature range.

Α copy of the Perform ance Test Record (PTR) is provided
at the end of this section for convenience in recording ttιe
performance of the instrument during performance tests-
It can he filled ou t and used as α permanent record for
incoming inspection or it can be used α5 α gu ide for routine
performance testing. The PTR lists the section, test, and
specification limits . All tests refer to this test record .
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TABLE 4-1 . RE COMMENDED TEST EQU I PMENT
FOR PERFORMANCE TESTS

INSTRUMENT

	

CRITICA L REQUI REMENT	RE COMMENDED

(1) Digital Multi meter

	

10 VDC :+_(0.07%R+0.02% FSj

	

Dana 4200

(2) Distortion Analyzer Range : 5 Ητ το >25 kHz ΗΡ334Α

(3) Frequency Counter Range : το 525 MHz ΗΡ5308/5303Β

(4) Function Generator Level : 10 Vpp sine wave i nto 600 ohm load Wavetek 130
Range : >0 .2 Hz to >25 kHz
Distortion : <Ι%

(5) Power Meter R ange : 10 το >520 MHz ΗΡ435Α/8481Α
Input Level : -7 [ο +13tIΝm
Accuracy : +1% F S

(6) Modulation Meter R ange : 5 to >520 MHz AFM 2 Radiometer
R esidual FM : <100 Ητ ( RMS) (quiet room)
R esidual AM : t0.1% ( RMS) (in CW)
AM Accuracy : !(2%R+I%F S)

(7) Oscilloscope R ange . DC to 2 MHz Ι ekτroniκ D10 ί
Sensitivity : 2 V/cm (AC coupled ) 5Α 18Ν/58 ΙΟΝ

(81 Spectrum Analyzer R ange : 1 kHz to 1200 MHz ΗΡ85588/182Τ
Display : 2 dB log and 10 dB log

(9) Precision Attenιιator Pads 10, 20 . 30, and 40 dB Weinschel 50-10
50-20, 50-30
and 50-40

(10) W ideband Amplifier Range: 1 to 520 MHz HP8447D
Gain : 26 dB
I mpedance : 50 ohm

(11) Signal Generator Range : 1 to 520 MHz Wavetek 3000

(12) VSWR Bridge 5 to 525 MHz, 50 ohm Wiltron 60N50
50 dB directivity

(13) Coaxial Short Type Ν female ΗΡ11511 Α

(14) Coaxial Termination 50 ohm Type Ν m ale, 1 .05 SWR ΗΡ908Α

(15) 50 ohm Load ΗΡ11593Α

(16) Loop Probe See F igure 4-6
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42

	

FREQUENCY RANGE AND RESO LUTION TEST

SPECI FICA'ΓΙΟΝ

Model 3002
Model 3001

METH OD

EQUIPMENT

PROCEDURE

4.3

	

FREQUENCY ACCUR ACY TEST

SPE CI F ICATION

METHOD

4-4

1 kH z [ο 520 ΜΙλι ,ιληιι lαΓιΙ e in 1 kHz stops ωιΙ h I kHz resolution
1 MHz to 520 MHz selectable in 1 kHz steps with 1 kHz resolution

Α frequency counter is used 1ο nseasure the frequency range and the
frequency resolution . Each digit of the Lever/I nchcator switches (a total
ο1 56) will be tested ,

1 . Set the instrument controls as follows

F RED VERN I F R

	

CAL
Frequency selector

	

050.000
MODULATION ΜΟΠ F

	

CW
MODULATION FRED

	

N/A
MODUL ATION Γπλ !ηπΛ

	

N/A
OUTPUT VERN IFR

	

Fu ll εω
OUTPUT Step Α lte'υιατα r

	

+10 dOm

2. Connect the front-panel RF OUT connector to the 50 ohm input of
the frequency cnυnler . Set the counter resolution to 100 H? .

3 . Observe. the frequency counter reading. Increase the output frequency
setting in 1 kΗι steps and verify that the trequency counter reading
increases by 1 .00 kH z ι 1 rπιιητ for each step increase from 1 th rough 9
kHz The foregoing procedure verifies the I kHz resolution specification

4 . Repeat the procedure in step 3 tot all other step increases indicated
in the table Wow, beginning with the 10 kHz digits. If the actual counter
frequency increase per step is equal 1ο the allowable increase per step
t1 count for each ο 1 the steps indicated in the table, place α check mark
in th e applicable space on line 1 of the PTR.

5 Set the Lever / Ιnd,cαtor switches [ο 000.001 (Model 3002) or 001 .000
(Model 3001) and verify the low end of th e frequency range .

All modes ICW. AM and FM I --0-001% after 15 minutes.
i=0.001% " 10 kHz when FREQUENCY VERN I ER is not in CA L.)
! FREQUENCY VERNI ER range is i5 kHz .!

Α frequency co unter is used [π measure frequency accuracy . W ith the
F RE G VERN I ER in CA L . all carrier frequencies are derived from α single

LEVER !INDICATOR COUNTER I NCREASE/STEP
SWITCH SETTINGS RESOLUTION (21 COUNT)
050000050.009 100 Hz 1 .00 kHz
050.000,050.090 100 Hz 10 .000 k1λι
050.000-050.900 1 k Ηι 100.0 kHz
050.000-059 .000 1 kH z 1 .000 MI-It
too ow-190 .0ΠΠ 1 ItΗ7 10.000 MHz
020.000-520,000 1 kHz 100-000 MHz
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crystal controlled oscillator . The instrument will be tested at one CW
frequency to νιιίΓγ ι hαΙ t he crystal-εσπi ιοΙΙηd oscillator operates withm
specified limits .

When the FREQ VERN I ER is not in CAL , the carrie r frequencies an ,
derived from α voltage-controlled oscillator in addition to the crystal
controlled oscillator . Frequency accuracy with the FRED VERNIER not
in CA L will be measured by u tilizing DC modulation eq ual to maximu m
peak si ηιιsoidal modulation in both FM modes. The FRED VERN I ER
range will be tested in CW mode.

1 . Set the instrument controls as follows:

F REQ VERNI ER

	

CAL
Frequency selector

	

040.000 MHz
MOD ULATIO N MODE

	

CW
MODULATIO N FREQ

	

N/A
MOD ULATIO N FMiAM	N/A
OUTPUT VERNI ER

	

Full cw
OUTPUT Stop Αιηιηυαιυ r

	

+10dBm

2. Connect the 50 ohm input of the frequency counter to the RF OUT
connector .

3. The counter should read between 39,999.60 and 40,000.40 kHz.
Rxord the counter reading to seven places on line 2 of the PTR .

4_ Set t he ίητι rιιιπeπΓ controls as follows -

FRED VE RN I ER

	

0kHz
Freq uency selector

	

001.000 MHz
M ODULATION MODE

	

FMx1
MODULATION FREQ

	

DC
MODULATION FM /Α RΛ

	

10 kHz

5. The frequency counter should read between 999.99 and 1,020.01 kHz .
Record t he counter reading to six places on line 3 of the PTR .

6 . 5Ρτ the MODULATIO N MOD E to FMx10.

7. The frequency counter should read between 1,089.99 and 1,110,01
kH z. Record the counter reading to six places on line 4 of the ΡΤ R .

θ . Set th e frequency selector to 002.000 MHz.

9. Set the FREQ VERNI ER to +3 kHz, and make α note ο1 the counter
reading in Ητ .

10 . Set the FREQ VERN I ER to 0 kHz, and subtract the frequency
counter reading in Hz from the reading i n step 9, The d iffe rence shoul d be
between 2500 and 3500 Hz. Record the diffe rence on li ne 5 of the PTR.

Ι 1, Set the FREQ VERNI ER to -3 kHz, and subtract the frequency
ro ιι nter reading in Ητ f rom the readi ng at 0 kHz in step 10 . The diffe rence
should be as in step 10- Record the d ifferen ce in Hz on line 6 of the PTR .

4- 5
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4,4

	

FREQUENCY STABI LITY TEST

SPECIFICATION	Allmodes (CW , AM and FMI --' 0 .2 ρρπιΛιουr
(50Λ Ηι per 10 min when FRED VERN I ER is not in CA LJ

METHOD

EQU I PMENT

PROCEDURE

4.5

	

OUTPUT LEVEL ACCURACY TESTS

METHOD

4- 6

The frequency stability is ιτιeαsιιιcιΙ with α frequency counter at the
indicated time inte rvals after α 2-hour-mi nimum warm-up.

1 . Set the instrument controls as follows:

FREQ VERN IER

	

CAL
Frequency selector

	

520.000 MHz
M ODULATION MODE

	

CW
MODULATIO N FREQ

	

Ν ;Α
M ODULATIO N FΜfΑΠλ

	

N/A
OUTPUT VE RN I ER

	

Full rw
OUTPUT Step Ατ t ρηυατπ r

	

(10 dBm

2. Connect th e 50 ohm nput of the frequency counter to the RE OUT
connector,

3. Allow the instrument 1ο warm up for two hours minimum. Record the
f ιΡμιιπιιιγ ειιιιπιρτ ~" α dίη gs to nine places at 15-minute intervals for α one-
how ρeιιυd . The dλfιπνιιειτ ΙιιΑωι"en the Ιιια )( ίιτιιι 11 ι αη(j mπιίmυm leading,
in the one-h our period should not exceed 104 Hz . Record the difference
herwnen the maximum and min imum readings in Hz an line 7 of the PTR .

4 . Set the FRFO VERN I ER to 0 kHz, the MOD ULATION MODE to
FMx1, the MOD ULATION FRED to DC, and the M OD ULATION FM/AM
slider to 10 kHz

5. After α one-minute inte rval, record the frequency coun te r readings [ο
nine places at five-m ίηιιτe intervals for α ten-minute period . The diffe rence
between the ma*im unι and minimum readings in the ten-minute period
should not exceed 500 Hz . Record the d iffe rence between the maximum
and minimum freq uency readings in Hz on line 8 of the PTR.

SP ECI F ICATION

	

Power Level ι -13 to -137 dΒm (1 VRMS To Π Λ3 μVRMSI

Α1[eιιυmοι R αιιgρ-.

	

CυητίιιιιιιιιτΙγ adjustable in 10 dB steps and an 11 d B
VERN I ER . Output level is indicated on α front-panel METER calibrated
in dBm and volts RMS

Total Lυvel Accuracy :

	

11 .25 d8 1+13 το -7 d8m), =1 .95 dB Ι-7 to -77
dBm), "275 dB 1-77 to -137 dβm~ .

Accuracy Breakdown :

	

Flatness ; ±0.75 dB (+13 to -7 dOm), Output
METER ; _-0.5 d8, Ste p Attenuator ; "_0.5 dB τ 0 70 dB (±0.2 dB calibration
error ), _^1 .0 dB to 130 dB Ι±0.5 dB cali bration error)_

The -1 .25 dB level accuracy between +13 and .7 dBm consists of the sυπι
of the output METER error tt0.5 dB) and the flatness 1=0 .75 dBI Both
er rors are measured with α power meter.
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dBm

The output METER er ror is measured at 50 MHz in two 10 dS output
rαπηεs I+ t 3 to +3 λ8m and 11 to -7 dRml.

The f latness is rneas ιι red relative to 50 MHz in 10 MHz steps between 10
and 520 MHz at ι 12, 13, and .7 dBm output levels .

The. level accuracy below -7 d8m depends upon the OUTPUT Step Atten
υατσ r error in addition to the output MET ER error and the flatness .

The OUTPUT Step Attenuato r is α comb ination ο1 pi-pad sections of 10,
20, 30, 30, and 40 dB. These five pi-pads are prog rammed by cams to
provide 0 to 130 d8 of attenuation in 10 dB steps as shown in th e table
below,

+ 10
_-π-
- TO
_- 20 _
_- 30 --
- 40 ~ .
- 5Π __
- 60
- 70
-κπ
- etι
-ιαο
-ιιο
- ι zπ~
-130

20 dB

ϋά

©α

©

s!αίι~ια

30 dB 40 ιΙΝ.10 dB

OUTPUT STEP
MTKNUATOR

POSITION
, ACTIVE STEP ATTENUATOR PADS ίΧ )

Note that no Step Αττeπυατπ r pads are active in the +10 dEl m and 0 dBm
positions . Α leveled PIN diode attenuator reduces the output level by 10
dB in all positions of the OUTPU T Step Αττ eπυατοr below +10 dBm The

output level over the entire range of +13 dBm to 137 d βιπ including ari
11 d B VERN IER is controlled by the PIN leveler system,

The OUTPUT Step Attenu ator er ror is measured by an RE substitution
method . Each υΓ the live pads in the OUTPUT Step Α 2τ eηυαιοι ίτ πιεα
sured at 520 ΜΗτ . The second 30 dB pad and the 40 dB pad are measured
in combi nation with other pads . Α reference output level is set with α
power meter . Α reference t race is obtained with α spectrum analyzer and α
standard attenuatur pad, The standard pad is removed and the OUTPUT
Step Attenuator position to be measured is substituted The spectrum
analyzer trace is returned to the reference level by resetting the output
level . The resulting instrum ent output level is measured and compared to
the origi nal power meter re ference level . Α 26 dB RE amp lifier is required
To boost signal levels below the -60 d8m level .

4-7
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4 .5 .1

	

OUTPUT ME TER ACCURACY TEST

EQUIPMENT

	

ί51

P ROC EDURE

	

1 . Set the ιη sιιυ meηι controls as follows :

4-8

FREQ VERNI ER

	

CAL
Frequency selector

	

050.000
MODULATIO N MODE

	

CW
MODULATIO N F REQ

	

N/A
MODULATIO N F ΛΛ 'ΑΜ

	

N/A
OUTPUT VERN I ER

	

Full cw
OUTPUT Step Αtτeηιια tπ r

	

+10 dBm

2 . Calihrate the power meter and power sensor . Set the power meter
to the +15 dBm raoge, Connect the power sensor to the fron t-panel RF

OUT connecto r . (When reading the power meter, set the range switch so
that the meter Indicates hetween 0 and -5 dBm) .

NOTE :

	

The i ndicated output level of the instrument is equal to the sum
of the output METER reading and the Step Attenuator setting. The
difference between the actual power meter reading and the indicated
output level is the output METER error. For example, the indicated out-
put level is +13 dBm f or an output METER reading of +3 dBm and an
OUTPUT Step Ατιεηυαιο r setting of +10 dBm. If the power meter reading
is +13.15 d8m, t he output ME TER error is +0.15 dB .

3. Adjust the front panel OUTPUT VERNI ER for α +3 dBrin output
METER reading, Οbsεινε the power meter reading and make a note of the
output METER error to the ικ"aiest 0.05 (ΙΒ 1 Υό division) . Continue to
adjust the OUTPUT VERN IER for output METER reading increments of
1 dB between +3 arid .7 dBm, and note the output METER error at each
read i ng. As the test progresses, make α note of the maximum output
METER erro r to the nearest 0.05 d8. The allowable error is -0.5 dB,
Record t he mαχίmιιιη output METER error on line 9 of the PTR .

4 . Set the instrument OUTPUT Step Attenu dtor to 0 dBm and repeat
step 3 above. Record the maximum output METER error on line 10 of
the PTR .

Set ιhe ir ιs ι nrr~ent εοης rοΙ s as ίη $¢ς( ίοη 4.5 .1 .

Ζ . Set the power meter to the +15 dBm range. Connect the power serssor
to the front-panel RE OUT connector-

3. Adjust the trπητ - panel OUTPUT VERN I ER for α +12 dRm power
meter reading.

4. Set the instrument frequency selector in 10 MHz steps between 10
arid 520 MW and observe th e maximum change in the power meter
readin gs from the +12 dBm readi ng in step 3. The maximum allowable
change is 10.75 dB. Record the maxi mum change to the nearest 0.05 αθ
(Υ. division) on line 11 of the PTR.

4 .5 .2 FLATNESSTEST

GΟUΙΡΜΕΝΤ (5)

P ROCEDURE 1
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5. Set the L.evet!Indtcator switches to 050.000 MHz and adjust thi!
OUTPUT VERN i f R for a ε3 d Rm ρηωεr mntef readinrς .

fi . R epeat step 4 Αιυνe εκεεμt observe the maximum change in th ιι ρπωιιι
π,ετει readings from the +3 dBm reading in step 5- Record the maximum
change from the +3 dBm reading to the nearest 0.05 dB on line 12 ot
the PTR .

7. Set the Lever/Indicator switches to 050 .000 MHz and the OUTPUT
Step Attenuator to 0 d8m. Adjust the OUTPU T VERN I E R for α 7 d Β,rι
power meter reading.

Β. Repeat step 4 above except observe the maximum εh αηςςυ in τhσ ροωοι
meter readings from t he -7 dBm reading in stop 7 . Record the maximum
change from the -7 dBm reading to the nearest 0-05 dB on line 13 of
the PTR.

4.5 .3

	

STEP ATTENUATOR ACCURACYTEST

EQUIPMENT

	

(51 (81 (91 (10)

PROCEDURE

	

1 . Set the instrument controls as follows:

FRED VERNIER

	

CAL
Frequency sεΙκι :ιυι

	

520.000
MODULATION MODE

	

ΑΜ
MODULATION FRED

	

DC
MODULATION FM/AM

	

0% AM
ΠυΤΡUΤ VERN I ER

	

Full εω
ΟιιΤΡUΤ Stop Αιτεπυαtπr

	

ΠdBm

2. Set the power meter to the +5 dBm range . Connect the power sensor
to the RF OUT connector,

3. Adjust the OUTPUT VERN I ER control for α +3 d8m power meter
reading.

4 . Disconnect t he Power sensor from the front-panel RF OUT connector.
Connect α standard 10 d8 attenuator pad to the RF OUT connector
Connect the πιι tςιιιτ ο1 the attenuator pad to the spectrum analyzer as
shown in Figure 4-1 .

5. Set the spectrum analyzer to 520 MHz, the bandwidth to 10 kHz, the
frequency span per division to 2 kHz, and the. tuning sta bilizer switch on .
Sat the video filter to 100 Hz and the vertical display to 2 dB per d ίv+sion

6. Use. th e log reference controls to obtain α peak t race one division
below the log reference line ο1 the spectrum analyzer d is play, Center The
trace in the display with fine tuning.

7. Set the OUTPUT Step Αττρ r ιιιι+tοr to -10 dBm,

Β. Disconnect t he 10 dB attenuator pad from the setup and reconnect
the spectrum analyzer to the RF OUT connector.

9. Adjust the MODULATION FM/AM slider to realign the peak of ",h,,
trace one divisio n below the log reference line as in step 6.

Α-9
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4.6

	

HARMONICS TEST

METHOD

E QU I PMENT

PROCEDUR E

4- 10

10 . Disconnect the cable, from the front-panel PIP OUT connector. Con-
elect it,,! power τεηsοι ιιια χιπ ιΙιε OUTPUT $Ιπςι ΑΓΙCιιυαίοι ( η Π dΛιιι .

11 . Observe the diffeencι between the αε tιιαΙ power meter reading and
the +7 dΒm re ference setting in step 3. The difference or error should he
±Ο 7 dB maximum . R ecord the error an line 14 of the PTR.

12- Repeat steps 3 through 11 using the standard attenuator pads and the
inst ru tner ι l OUTPUT Stop Λτ le πιια [οr settings indicated in the, following
table .

Steps 4 and 8

	

Step 7

	

Step 11
Λττeηυαtοr pad

	

OUTPUT Step Αττeπυατοr

	

Record E rror on
{dΒ 1

	

setting (d8m1

	

Line of PTR

20

	

20

	

15
30

	

30

	

16
60

	

δ0

	

17
90

	

90

	

18

NOTE : To test the OUTPUT Step Attenuator below .60 d8m, an RF
amplifier (> 20 dB gainl is required. Insert the amplifier between the
standard αtτεηυαtοι pad and the spectrum analyzer ( F igure 4-1) . T he

allowable er ror for the -90 d8m setting (step 11) is +1 .5 dB . TheOUTPUT

Step Αττp.ηυαtοι can be tested down to the -130 dBm position if α 40 dB
RF amplifier is used and if precautions are taken to properly shield the RF
output from the Instrument proper.

SPECI F ICATIO N

	

<30 λβc frnm -001 to 1 MHz (Model 30021 and 10 to 520 MHz
< , 26 dΒε from 1 to 10 ΜΗτ

Α spectrum analyzer is used to measure h ar monics in the frequency range
of the instrument at 413 and +3 d8m output levels .

ί81

1 .

	

Set the instrument controls as follows :

FRED VERNIER

	

CAL
Frequency selector

	

001 .000 MHz
MODULATION MODE

	

CW
M OD ULATION F REQ

	

N/A
M ODULATION FM/AM

	

N/A
OUTPUT VERN I E R

	

Fu ll εω
OUTPUT Step Attenuaτor

	

+10dBm

2,

	

ςηηηcεt the instrument RF OUT connecto r to the RF input of thp
spectrum analyzer .

3. Set the spectr ιιoι analyzer to measure harmonic distortion for funda-
mental fmguenc ίes heιωcen 1 and 10 MHz . Set the bandwidth to 100 kHz,
the frequency span per division [υ 5 MHz, and the dis play to 10 dB/div .
Locate the zero reference at the left edge of the gτaticule, and ad just the
Il υπλαmeπtαΙ amplitude to th e log reference line (0 d8) in the display.
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4 .

	

Increase the setting of the frequency selector in 1 MHz steps between
ι and 10 ΜΗι while observing the spectrum analyzer display . The h ar-
monics should be ,26 d8 below the fundamental . Record the maximum
harmonic observed ιη the display in dB below the fundamental on line 19
of the PTR ,

5.

	

Set the OUTPUT Step Αιteηυατοr to 0 d Bm, and repeat steps 3 and λ
at the. +3 d8m outpu t level . Record the maximum harmonic observed 6
dB below the fundamental on 1lne 20 of the ΡΤR .

6. On Model 3002, repeat steps 1 through 5 fo r Lever/Ind icator switch
setti ngs between 000.001 and 000.999, incremented in 10 kHz steps . Note
the harmonic levels, but do not record them in the PTR as yet.

7.

	

Set the frequency selector to 10 MHz and t he OUTPUT Step Atienu
ator to +10dBm.

Β .

	

Set the τΠeεΙ rυm analyzer to measure harmonic distortion for funda-
mental frequencies between 10 and 520 MHz- Set the handwi dth 1π 300
kHz and the frequ ency span per division to 100 MHz,

9 . Increase the τeι t ιπg of the frequency selector in 10 MHz steps ! π ~
tween 10 and 520 MHz while observing the spectrum analyzer display.
The harmonics should be >30 dB below the fundamental . Record the
maximum Ιιαίιτιοιιιc ohseινιd in the display in dB hclow the 1ιιη dαmεη tαΙ
on line 21 of the ΡΤR .

10 . Set the OUTPUT Step Attenuator to 0 dBm and repeat steps 7 an d Β
,it the 43 λβm ηυιρυι level. Record the maximum harmonic observed n
dB below the fundamer ι tal οπ line 22 of the PTR.

Fundamental Range
(ΜΗι )

below 3
3to 250
3to 350
3 to 520

Non-harmonic Range
ΙΜΗ7)

below 3
3 to 250
3 το 350
3 to 1000

Nomharmonic leνcl
(dBc)

< -60
< -65
< -55
< -35

Α spectrum analyzer is used to measure the level of non-harmonics at the
maximum specifie d οιιιριι t level of +13 d8m.

4- 1 1

(8)

1 . Set the instrument controls as follows:

FREOVERNI ER CAL
Frequency selector D01 .000 MHz (Model 30011

000.001 MHz I Model 3002)
MODULATION MODE CW

MODULATION FR ED N/A
MODULATION FΜ !ΑΜ N/A
OUTPU T VERN IF R Full εω
OUTPUT Step Attenuator +10 d8m
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2.

	

Connect the RF OUT connecto r to the RF input of the spectrum
analyzer .

3.

	

Set the spectrum analyzer to measure the non-harmonic content of
the output below 3 MHz . Set th e bandwidth to 30 kH z, the frequency
sςιαπ ρρι d ivision to 1 ΜΗ ?, and the display to 10 dB/div . Locate the zero
reference at the left edge of the graticule, and adjust the fundamental to
the log reference line (0 dθ) in the d isplay.

4 .

	

Increase the setting of the frequency selector in 1 MHz steps up to
3 MHz. The non harmonics below 3 MHz should be at least 60 d8 below
the fundamental i<'60 d8εl . Record the maximum ηnη -harmonic rιh-
served in t he display in d0 below the fundamental on line 23 of the ΡΤR .

5.

	

Set the slwctr ι nn αιιαΙγιer to measure the non-harmonic content of
the output between 3 and 250 MHz. Set the bandwi dth to 300 kH z and
the frequency span per d ivision to 100 MHz

6.

	

Increase the setting of the frequency selector in 1 MHz steps between
3 and 10 MHz and in 10 MHz steps between 10 and 520 MHz ιvhi+c
observing the sρeε tπιπι αιιαΙγιρ rdisplay . Use the table below to determine
the maximum non-harmonic level in each of th e frequency ranges shown,
Record the maximum non-harmonic level observed in each range indicated
in the table on the applicable line of the PTR .

<-65 dBc in α 50 Hz to 15 kHz post-detection bandwidth .

Α modu lation mete r operating in AM mode is used to demodulate the
output at the minimum levele r point where AM noise is maximum. Α d is-
to rtion analyzer (operating in level mode) is used to increase the resolution
of the demodulated output of the modulation meter. The syste m is
calibrated at α 10% AM level . The 10% AM is removed and the residual
AM is read in dB below the calibrated 10% AM level . 20 d8 is added to
the reading to relate w5rdual AM to the carrier .

(2) (6)

1 .

	

Set the instrument controls as follows'.

FRED VERN IER

	

CAL
Frequency selector

	

500.000 MHz
MODULATION MODE

	

AM
MODULATION FRED

	

1 kHz
MODULATION FM/AM

	

0%AM
OUTPUT VERN IER

	

-7 dB
OUTPUTStep Αττεπυατη r

	

0 dRm

2 .

	

Connect rha eμιιίριη~η[ as shown in Figure 4-2 .

NON-HARMONIC RANGE
(MHz)

NON-HARMONIC LEVEL
ΙλΒε )

PTR LI NE
NUMBER

3-250 <-85 24
3-350 -'-55 25
31000 <-35 26
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4.9

	

RESIDUAL FM TEST

METHOD

EQUIPMENT

PROCEDURE

3.

	

Set the modulation meter to read %ΑΜ at 500 MHz. Set the RE input
υΙπιηιιαΙιυιι ιιι 10 ιΙβ . ι hι- I F hαιι (1ωιdΙΙι Ιυ 1 400 kΙ It, ΙΙω ιηιινι πνηι�ιιτr
ιπ fart, Ι hε Ιιιηcηυη ;.witch to Ι AM. the meter range switch to 10, αηιΙ if) ;
f ill " ί ΜαηιΙωίd Ι t ι Ιιι 5Π Hi - 15 kHz .

4 .

	

Adjust the MOD ULA f1ON FM/AM control for α modulation meter
reading of 10'tέ AM . ΝΟΤΕ ~ 10% AM is obtained at α full-scale reading of
100 with th e modulation meter range switch set to 10 .

5,

	

W ith the distortion analyzer operating in level mode, rallbrate it for α
D dB meter reading. The system is now calibrated at α reference level 20
d8 below t he career, Since th e modulati ng signal and carrier αmμΙίτιιde τ
are equal at 100% AM . i t follows that α1 10% AM the modulating signal
is 20 dB below the. carrier .

6 .

	

Set the Γι1Π(lI1L A1 ΙπΝ h1 00E τπ EXT.

7 . W it hou t distw hing the ;η s2rυmηπι and modulation meter controls
set the dίτιη r τίιι r ι analyzer to read residual AM . Set the range switch so
that Ιh ι " ιπυω r rcarn Ιι r1 να~c ιι Π αηο it) on read the sesidlill Aft.,
below ι he 0 dB ι- cference level in step 5 Then add 20 dB to the αΙιπνι
reading to obtain ιΙιe rm ίdυα 1 AM below the carrier . (F or example, α 48
t18 residual AM below the 0 d8 refe rence +20 d8 = 68 d8 residual AM
below the carrie ι . or -68 dBc.) The residual AM should be <-65 dΒι
Record the re ιΡdιιαΙ AM in dBc on line 27 of the PTR ,

As many othet carrier frequencies may be tested as desired .

SPECI F ICATION	<200Ητ in α 50 Hz to 15 kHz pnstr.l etectίon bandwidth.
<100 Hz in α 300 Hz ".ο 3 kHz Post detection bandwidth .

Α modulation πιeιοι which is set to read frequency deviation is used to
m easure residual FM . The test is performed at maximum frequency and
output level . The instrument is operated in an FM mode where the residual
FM is greatest .

The residual FM is measured in an environment where the noise level <60
dB relative to 2χ 1(Τ' gbar .

1 .

	

Set the instrument controls as follows :

FRED VERN I ER

	

CAL
F requency selector

	

520.000 MHz
MODULATION MODE

	

FMX110
MOD ULATION FRED

	

ΕΧΤ
MOD ULATION FMIAM

	

0kHz
OUTPUT VERN IE R

	

Full cvv
OUTPUT Step Αrιεηιια tοι

	

+10 dBm

2, Connect th ε RE OUT connector to the 50 ohm RF input of the
modulation meter .

3 .

	

Set the modu lation meter to read FM deviation at 520 MHz. Set the

4-1 1
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4 .10 INT ERNA L MODULATION FREQUENCY TEST

SPECI F ICATIO N

METHOD

EQU IPMENT

PROCED URE

4.11 PERCENT AM ACCURACY TEST

METHOD

4-14

meter range switch to 3 . the RF input attenuation to 20 c1B , the I F band-

width to 1400 4! Ιι , ιΙω ιneter response [π first, and the filter Ιιαικ /ωί d( h

to 50 Hi - 15 k Hz .

4- Measure the average level π 1 t he FM deviation on the modulation
meter ldis regard occasional peaksl . The residual FM shou ld be <200 Hz.

Read the residual FM with the fu nction switch set to +FM and -FM .
Record the greater π 1 the two readings in Ητ on line 28 of the PT R .

As many other frequencies may be tested as desi red

400 Hz and 1 kHz +5 λ̀

Α frcrς uency counter ~s ιιseλ to measu re modulation frequency a, the

inst rument rear-ηατιeΙ MOD ΤΡ . Since the internal 400 Hz and 1 k Ηι

oscillato rs are used for both the AM and FM modes, th is test will suffice

fo r both modes .

1 -

	

Set the instrument controls as follows :

FRED VERN I ER

	

N/A
Frequency selecto r

	

N/A
MODULATION MODE

	

I
MODULATION FRED

	

400 Ητ
MODULATION FΜίΑΜ

	

M id-range
OUTPUT VERN I ER

	

Ν Α
OUTPUT Step Attenuotos

	

WA

2. Connect ιhε low frequency input of the frequency counter to the
MOD ΤΡ ( pin 36 ο ! rear panel PROG RAMM I NG jack .1101) and the cable
shield to ground (pin 25 π 1 J 1011 . (See Figure 2-3 and Schematic 1) .

3 .

	

The πουηιe ί τΙιοιιΙλ read between 380 and 420 Hz . Record the coun-
ter reading on line 29 of the PTR.

4.

	

Set the MOD ULATION FREQcontrol to 1 kfIz .

5. The counter shou ld read between 950 and 1050 Hz, Record the
counter reading on line 30 of the PTR .

SPECI FICATION

	

± Ι5% + 5% of reading) it α frequency of 1 kHz NOTE : Th is specification
applies fo r output limits *+3 d8m . AM is possible above +3 dBm if the
peak of the modu lated output does not exceed +13 d8m.

The %ΑΜ aceuiacy !s measured with α modu lation meter after the fron t-
ραπe Ι MODULATION FΜ !ΑΜ control error, wh ich is τ4%, is subtracted
οιι 1 . The MOD ULATIO N FM/AM sli der accuracy, wh ich consists of ιιιρ
cιητ rοΙ linearity and the modulation scale errors, is measured in terms of
the DC voltage α ( the rear-panel MOD ΤΡ . The calibration of th e voltage
αε ,ο ss the control at maximum position is checked initially .
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The remaining %ΑΜ accuracy, which is ±15% of the read ing + 1% of full
scale), is measured by th e modu lation meter with accurately measu red
voltage applied to the modulation system. The measurement uncertainty
is 2% of the reading + 1% of fu ll scale .

1 .

	

Set the instrument controls as follows:

FRED VERN IER

	

CAL
Frequency selector	520 .000 MHz
M ODULATION MODE

	

CW
MODULATION FRED

	

DC
MOD ULATION FM/AM

	

0%AM
OUTPUT VE RN IER

	

-3 d8
OUTPUT Step Attenuator	0 dam

2.

	

Connect the equ ipment as shown in Figure 4-3. Connect the cente r
cond uctor of the cable between the h igh terminal of the digital mυ12 ί -
meter and the MOD ΤΡ (pin 36 of rear-panel PROG RAMMING jack
J 101) . Connect the cable shield between the low te rminal of the digital
multimete r and ground ( pin 25 of J101) .

3.

	

Set the MODULATION FM/AM slider to its full up position.

4.

	

The digital multimeter should read 5.000 -0.020 VDC. If the voltage
is within limits, continue to step 5. If not, recali brate (Section 5.3 .9).

5. Set the MODULATION FM/AIM slider to 30% AM.

6.

	

The digital multimeter should read between 1 .300 and 1 .700 VDC.
Record the reading on line 31 of the PTR.

7.

	

Set the MODULATION FM/AM slider 2ο 90% AM,

8.

	

The digital m ultimeter should read between 4 .300 an d 4.700 VDC.
Record the reading on line 32 of the PTR. NOTE : This concludes the
MODULATION FM/AM control accuracy test . As many other points may
be tested as desired.

9.

	

Adjust the MODULATION FM/AM slider to 0% AM,

10. Set the modulation meter to read %ΑΜ at 520 MHz. Set the meter
range switch to 100, the RF input attenuation to 10 d 8, the I F bandwi dth
to +_400 Hz, the meter response 2σ fast, the function switch to +AM, and
the filter bandwidth to 50 Hz - 15 kHz.

11 . Adjust the MOD ULATION FM/AM slider fo r α reading of 1 .500
±0.003 VDC on the digital multimeter. Set the MODULATION FRED
switch to 1 kHz and the MODULATION MOD E switch to AM.

12. Make α note of the modu lation meter reading in %ΑΜ . Set the m odu-
lation meter function switch to -AM, and note the modulation meter %ΑΜ
reading as before. Compute the average of th e two readings . The average
%ΑΜ shou ld be between 27.5 and 32.5%. Record the average %ΑΜ to the
nearest 0.5% on line 33 of th e PTR.

4-15
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13 . Set the MODULATION MODE switch to CW and the MODULATIO N
IF R ΕΟ switch to DC .

14 . Adjust the MODULATION FM/AM control fo r α reading of 4.500
10.003 VDC on the digital mulUmeter . Set the MODULATION FREO
switch to 1 kHz and the MOD ULATION MODE switch to AM.

15 . Make α note of the modulation mete r read ing i n %ΑΜ . Set the modu .
lation function switch [ο +ΑΜ and note the modulation mete r %ΑΜ
reading κ before . Compute the average of the two readings . The average
%ΑΜ shou ld be between 84 .5 and 95.5% AM. Record the ave rage %ΑΜ
to the nea rest 0.5% on line 34 of the PTR .

As many ο tiιει points may be tested as desired .

DC 1ο 20 kHz 13 d8 bandwidth), input level requi red - 10 Vpp Into 600
ohms to provide calibrated %ΑΜ cont rol .

The measurement is made with α modulation meter operating in AM mode
and α f unction generator . The function generator supplies an exte rnal sine
wave to amplitude modulate the in strument . The system ά calibrated α 1
δ dB on the modulation meter dB scale Japproximartely 50% AM) . The
extern al modulation frequency is increased from 1 kHz to 20 kHz and the
AM bandwidth is measured as the cheap in dB from the calibration level .

141 16) 17)

1 .

	

Set the instrument controls κ follows :

FRED VERN IER

	

CAL
F requency selector	050 .000 MHz
MODULATION MODE

	

AM
MOD ULATION FRED

	

ΕΧΤ
MOD ULATIO N FM/AM

	

0%AM
OUTPUT VERNI ER

	

+3dB
OUTPUT Step Attenuator	0 dBm

2.

	

Connect the equipment κ shown in Figure" .

3 .

	

Set the modulation mete r to read %ΑΜ at 50 MHz. Set the RIF input
attenuation to 20 dB, the I F bandwidth to Υ400 kHz, the motor response
to last. the function switch to +ΑΜ , the meter range switch to 100, and
the filter bandwidth to 75 kHz.

4 . Set the function generator for α 1 kHz sine wave output and the
attenuator controls for α 10 Vρρ τιηe waveon the oscilloscope .

5.

	

Adjust the FM/AM control for α modulation mate r reading of δ dB
(approximately 50% AM).

6.

	

Mai ntain the 10 Vφ output level and increase the function ρeηerατοι
frequency from 1 to 20 kHz . Observe the modulation meter scale. It
shou ld read between -6 and -9 dB. Note the change in dB from the -6 d3
calibration level .
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7.

	

Repeat steps 4 through 6 with the modulation meter function switch
set to -AM. Note the change i n dB from the -6 dB setting as in step 6 .

8.

	

Record th e larger of the two changes obtained in steps 6 and 7 on
line 35 of the PT R,

3% distortion to 70% AM (5% to 90% AM) at α f requency ο1 1 kHz. Note:
This specification applies for output limits 6+3 dBm. AM is possible
above +3 dBm if the peak of the modulated output does not exceed
+13 dBm.

The measurement is m ade wit h α modulation meter and α distortion
analyzer which measures the disto rtion of the demodulated AM from the
modulation mete r . The measu rement is made at the mi nimum leveler poi nt
where the AM disto rtion is normally worst-case .

(2)(6)

1 .

	

Sσt the instrumen t controls as follows:

FREQUENCY VERNIER

	

CAL
Frequency selector

	

520.000 MHz
MOD ULATIO N MOD E

	

AM
MOD ULATIO N FREQ

	

1 kHz
MOD ULATIO N FM/AM

	

0%AM
OUTPUT VERNI ER

	

-7 dB
OUTPUT Step Αττεηυαtπr

	

0dBm

2.

	

Connect the equipment as shown in Figure 4-2.

3.

	

Set the modulation meter to read %ΑΜ at 520 MHz. Set the RF input
attenuation to 10 de, the IF bandwidth 2ο ±400 kHz, themeter response
to fast, the function switch to +ΑΜ , the meter range switch to 100, and
the filter bandwidth to 50 Hz to 15 kHz.

4. Adjust the MOD ULATION FM/AM slider for α modulation meter
reading of 70% AM . Set the modulation meter function switch to -AM,
and observe the modulation meter reading. Readjust the MODULATION
FM/AM slider until the average of the two modulation meter readings in
+ΑΜ and -AM positions of the modulation meter function switch is equ al
to 70% AM,

5. Calibrate the d isto rtion analyzer and measure the distortion. The
distortion shou ld be less than 3%. Record the distortion on line 36 of
the PTR .

6. Adjust the MODULATIO N FM/AM slider as in step 4 until the
average of the modulation meter readings in +ΑΜ and -AM positio ns
of the modulation function switch is equal to 90% AM.

7. Calibrate the distortion analyzer and measure the distortion. The
distortion should be less than 5% . Record the distortion on line 37 of
the PTR.
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4.14 FM DEVIATION ACCURACY TEST

SPECI FICATION	+-500Hz on FMx1 ran ge ; t5 kHz an FMx10 range.

METHOD

	

The deviation is measured in both FM modes using an inte rnal DC voltage
equal to the peak of the internal si ne wave voltages. Α frequency counter
is used to measure the maximum deviation in both FM modes .

EQUIPMENT

PROCEDURE

4.15 FM BANDWIDTH TEST

SPE CI F ICATION

4- 18

1 .

	

Setthe i nstrum ent controls as follows :

FRED VERN IER

	

0kHz
Frequency selector

	

050.000 MHz
MODULATION MODE

	

FMxt
MODULATION FRED

	

DC
M ODULATION FM/ΑΜ

	

10 kHz on FM scale
OUTPUT VERN I ER

	

Full εω
OUTPUT Step Attenuator	+10 dBm

2.

	

Connect the 50 ohm input of the frequency counter to the RF OUT
connecto r.

3.

	

Read the frequency counter and record the reading to 8 places on

line 38 of the PTR .

4.

	

Adjust the MODULATION FM/AM slider to 0 kHz deviation on the
FM scale.

5.

	

Read the frequency counter and record the reading to 8 places on

	

.

line 39 of the PTR.

Β.

	

Subtract the reading obtained in step 5 from the reading o btained in
step 3. The d iffe rence between the two readings should be between 9.500
and 10.500 kHz. Record thediffere nce in kHz on line 40 of the PTR .

7.

	

Set the M OD ULATION MODE TO FMx10 and adjust the MODU-
LATION FM/ΑΜ slider to 10 kH z deviatio n of the FM scale.

8. Read the frequency counte r and record the reading to β places on
line 41 of the PTR

9 .

	

Adjust the MODULATION FM/AM slider to 0 kHz deviation on the
FM scale.

10 . Read the frequency counter and record the reading to 6 places on
li ne 42 of the PTR .

11 . Subtract the reading obtained in step 10 from the reading obtained

in step Θ . The differe nce between the two readi ngs should be between
95.0 and 105.0 kHz. Record the d iffe rence in kHz on line 43 of the PTR .

External, 50 Hz to 15 kHz, (1 dB bandwidth), input level required = 10
Vpp into 600 ohms to provide calibrated deviation control .
IDC to 25 kHz when FREQ VERN I ER is not in CAL position.)
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METHOD

EQUIPMENT

PROCEDURE

4.16 FM DISTORTION TEST

METHOD

EQU I PMENT

The measurement is made with α modulation meter and α function gene
ιαιηι The (υιιε tιπιι generator αιιΡΠΙίε 5 an external sine Wave to frequency
modulate the instrument . The system is calibrated with α 1 kHz external
strip wave at in indicated deviation 1 dB below the 0 dB reference an the
modulation meter (III scalp (approximately 90 kHz deviation) . Tire ex-
ternal modulation f requency is varied from 1 kH z 2ο 50 H r, and from
1 kH z to 25 kHz, and the FM bandwidth is measured as the change in dB
from the calibrated level.

(4) (6) (7)

1 .

	

Set the in strumen t controls as follows'

FREQUENCY VERNIER

	

CAL
Frequency selector

	

520.000 MHz
M ODULATION MOD E

	

FMx10
M ODULATION FREQ

	

ΕΧΤ
M ODULATION FΜ ;ΑΜ

	

0 ΚΗ 7
OUTPUT VERN I E R

	

ι3 dB
OUTPUT Step Attenuator

	

+1 ο dBm

2.

	

Connect the equipment as shown in Figure 4.3 .

3.

	

Set the modulation meter to read FM deviatio n at 520 MHz. Set the
RF input atten ιιatinn 1π 20 dR, the I F bandwidth to '400 kHz, the meter
response to fast, the function switch [ο 1-FM, the meter range switch to
300, and the filter bandwidth to 75 kHz.

4. Set the function generato r for α 1 kH z si ne wave output and the
αττοηυοτοr controls for α 10 Vpp sine wave on the oscillosco pe.

5. Adjust the MODULATION FM/AM slider for α modulation meter
reading of -1 dS lapμroximately 90 kHz deviation ) .

6.

	

Maintain the 10 Vρςι extern al input level during this step. Slowly
decrease the function generato r frequency from 1 kHz to 50 Hz, and then
slowly increase the frequency to 25 kH z while observing the d8 scale on
the modulation meter. Ι [ shou ld read between 0 and -2 dB . Note the
m aximum change from the -1 d8 refe rence (step 5) to the nearest 0.25 dB .

7,

	

Repeat steps 4 throu gh 6 with the modulation meter fu nction switch
set to -FM . Note. the change from -1 dB re ference as in step 6. R ecord the
la rger of the two changes in dB fin -this step and in step 6) on lin e 44 of
the PTR .

SPECI F ICATION

	

2%ι (10 kH z to 100 kHz deviation) at α f requency of 1 kH z.
4%, (3 kH z to 10 kHz deviation) at α frequency of 1 kHz.

The measurement is made with α modu lation meter and α distortion
analyzer which measures the distortion of the demodulated FM from
the modulation meter. Distortion below 3 kHz deviation increases because
of residual FM noise . The disto rtion at 3 kHz deviation is measured in an
environment where the noise level <60 dB relative to 2 χ 10; μbα r .

(2! (6)

4-14
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PROCEDURE

	

1 .

	

Set the. ίητιιτιmεηι controls as follows :

4.17 IMPEDA NCE TEST

EQUIPMENT

	

(81 0 1)

	

021 (131

4- 20

FRED VERN I ER

	

CAL
Frequency selector

	

520,000 ΜΗτ
ΜΟΠΟLΛ71ΟΝ MODE

	

FMxI
M OD ULATION FRED

	

1 kHz
M OD ULATION FM;A M	3 kHz
OUTPU T VERN I ER	Fu ll εω
OUTPUT Sιep ΑΓte ηιια tτιτ

	

1 10 ι1Βιη

2.

	

Connect the equipment as shown in Figure 4-2.

3.

	

Set the modulation meter to read FM deviation at 520 MHz . Set the
RF input attenuation to 20 dB, the I F bandwidth to χ400 kHz, th e meter
response to fast . the function switch to 4 FM, the meter range switch to 3 .
and the filter bandwidth to 50 Ητ - 15 kHz. The modulation meter
sh ould read approxi mately 3 kHz.

4,

	

Cali brate the distortion analyzer and measure distortion . The distor
tion should be less than 4'y, . Record tile dist ιι r tiοu on line. 45 of the PTR .

5-

	

Set the meter range switch of the modulation meter to 300- Set the
MODULATION MOD E [υ FMx10.

6.

	

Adjust tile MODULATION FM/AM for α reading of 30 kHz deviation
on t he modulation mm ει .

7. Calibrate the. distortion analyzer and measure the distortion . The
distortion sh ould be less than 2% . Record th e distortion on line 46 of
the PTR .

SPECI F ICATION	50ohms. VSWR 1 .2 at RF output levels below 0.1 VRMS.

METHOD

	

The measurement is made with α VSWR bridge and the return loss is dis-
played on α spectrum analyzer . An RF signal from α signal generator is
fad to the input of the bridge . Α reference level is established by shorting
the bri dge output port, The short is replaced by the RF impedance of the
ίπ sτrυmοπι . The signal generator is tuned ιΙτ rπιιghουτ its range and the
ιe ιυιιι loss versus frequency is displayed,

PROCEDURE

	

1 .

	

Set the instrumen t controls as follows:

FREΠ VERNIER

	

CAL
Frequency selector

	

520.000 MHz
MOD ULATION MOD E	CW
MODULATION FREO

	

N/A
MODULATION FM/AM

	

NIA
OUTPUT VERNIER

	

+3 dB
OUTPUTStep Αττεπυαtοι

	

-10 dBm

2 .

	

Use the setup in Figu re 4 .5 . Connect the signal generator to the input
port, the spectrum analyzer to the reflected Output port and the coaxial
short to the device- under-test port of the VSWR br idge .
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SIGNAL GENERATOR

ι

Jay "OK

F igure 4-5 . test Set-up

F igure 4-6 . Loop Pro be

3001/ι002

	

26 d6 4( ιΛΥιΙ([Ε4

F ig ure 4-7 . Test Set-up

ι00ιί ι002

. . &&=lit* Red :

	

1.25 in . din. by
ιι in.

; . Hole :

	

1 .00 in dia . by 0.80 in .
deep .

1. Groove :

	

0.(20 !η vi de 6γ 0 .125
1π 4609 1 .00 1α _°rοει and of rod .

4 . [ου1α 1 Cable : ΓάG-174/0 0.110°
diameter 6γ 19" long . strip
shiel d for 7 in, and tut σ((
shie l d to k 1π length . Strip 1π-
sυ1αt!οη from center cond.ctnr
4 1η. Wind 2 τυtπs of insu lated
canter conductor 1η groove

	

ο (
rod .

	

Solder shie ld to canter con-
ductor, and insulate the so lder
joint .

ί . Wind ηlαε ταρα stemmed the [ω-
turn loop . and arcmand the red

(three plates) .

6. JWC male connector .

SpErIRM ANALYZER

4-21
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3 .

	

Set the signal generator output level to .10 dBm, the mode to CW ,
and ιhε frequency to 250 MHz.

4 .

	

Set the spectrum analyzer to span 0 to 500 MHz and the bandwidth
to 300 kHz. Use the log reference level controls to calibrate the 250 MHz
signal at the lot) line (0 r18 re ference) of the display gr αtίειιΙe .

5 . Disconnect the coaxial short and connect th e device-under-test port
of the VSW R bridge to the Η F OUT connector. Tune the signal generator
throughout the instrument's range and verify that the signal level in the
d is play is 21 dB below the 0 dB reference . Disregard the signal at 520
MHz. Reco rd t he reading in d8 below the reference on line 47 of t he PT R ,

< 1 .0 μV is induced in α two-turn, one i nch diameter loop which is held
one inch away from any surface. Loop feeds a 50 ohm receiver

Α 50 ηΙιιιι receiver consisting of α 26 dB amplifier and α spectrum analyzer
.Ire calil)rate d it α 1 )ι V lονΕ l ιιτιπg th e ίιιsΙηιιηεη t Α too',) probe is Ιhιαι
connected to the nce ίver and the leakage is measured α[ α one-inch dis-
tance from Ore external surfaces of the instrument with the RF OUT
connector termi nated in 50 ohms. Α screen room may be requ ired for
this measurement,

(8) (101 (14) 115) (16)

1 .

	

Set the instrument con trols as follows:

FREO VERN I ER

	

CAL
Frequency selector

	

500.ODO ΜΗι
Λ40DULATION MODE

	

CW
MODULATION FRED

	

N/A
OUTPUT VERNI ER

	

+3 dB
OUTPUT Step Α2τeηυατοr

	

-110 dBm

2.

	

Connect th e equipment as sh own in Figure 4-7 .

3-

	

Set the spectrum analyzer bandwidth to 100 kHz, the scan width to
0.5 MHz/division, the video filter to 100 Hz, the in put attenuation 2ο 0 dθ
and the log refe rence level to 50 (fβm with α 10 dB/division vertical scale.
Cen ter the signal in the display using the center frequency control . Cali-
brate the analyzer for the .107 dBm signal α2 the -31 dBm graticule using
t he log reference controls.

4. Disconnect the RF amplifier from the instrument and connect the
50 ohm coaxial terminal to the R F OUT connector of the instrument
Tigh ten the termi nation to minimize RF leakage.

5. Set the OUTPUT Step Αττeπυατοr to -10 dBm and the OUTPUT
VERN I ER fo r α +3 dBm readingon theoutpu t METER.

6 .

	

Connect the loop probe to the input of the RF amplifie r . Move the
loop probe over the surfaces of the inst rument with the two-turn loop at
α one-inch distance. The signal plus noise should he less than the -107 dBm
reference (step 2) . R ecord the maximum reading in dBm on line 48 of
the PTR .
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PERFORMANCE TEST RECORD

	

5/Ν
MOD EL 3001/3002

	

DATE

4-23

5EC ΤΕS Τ ΜΙΝ [HLri1 5ΥΕ [1 Γ ! : FΙΙΟν MFλ 511RFMEN T ΝΑ %[ Μί]Λ SPECIFICATION L I NE

4 2 ΥRRr Α.SΝι;R CH>CΓί 1

39,999 .6 ι. kit. k112 40.00C_40 k112 2
τ

199.47 kit, Μα 1,320.01 kHz 3

4 .3 FREQ ACCURACY
ι , πΝ4.94 k Ντ Ηα 1,110 .01 kOx

Hz 5
2500 [ιτ

Ηχ
3500 Hit

4

Ητ 104 θχ

4 .4 ΡΑΕQ SΤλΝΓ1 .7ΓΥ
ΙΙχ 500 Ητ Θ

¢Β 9

4 .3 .1 METER ACCURACY dB d B
+0.5 dB

to

Σ D 11

4 .5 .2 ΡΤλΤΝΣ 59 AN .R +0.75 dB 12

18 17

d8 :4

dB 15

4 .5 .3 STEP Art λ000RΑC2 -0 .7 d3 dB +0 . ϊ d8 : ε

de :7

- ι . ;, Ιν dΙι +1 .5 lilt IR

dB ί 9
7ε ιιΗ αν,το dB 2ε

4 .6 MRHOH7C5
d8 21

30 dδ Incr du 22

5:i υιι d "ισ J Ιι ι 1

5 d] J ι "νιι

_

dH
4 .7 ΝΟΝ-ΙLΙRΜΠΝΤCS

55 λπ .1 πeτ. °5

15 d3 ιΙιr",τ dB 26

4 .8 ΑΤSΤο11λΙ . ΑΜ 55 d3 dν;τ λΡ Zi

4,9 RLSTD11A7 . Μ Π τ 221 3χ 2?

3513 ! Ιτ Ε. λ 420 Ιίτ 29

4 .10 ΤN'Τ MOD ΓΑΗίίΣVCΥ . Ι , Ηχ 10110 ιιχ 31

I . ιmr -- -νχ νιω ι .7οπ νΓκ ιι

4 .11

τ7ς7ΑΜ ίοη-πJLι λ lι
4.Τ00 0DC Υί%1 4.700 VDC 32

WλI:YΑΜ SΥSΤΗΥ λCW
ίι .5 : 1 32 .5 % 39

dG .3 Τ 3 π

4 .12 ΑΜ Μ117ιFU77H R m!

3
4 . 1 3 ΑΜ DΤ5170Α110Ν

>

kHz 39

kit, 79

9_. τ_1Π 4Ηι kΠλ ΙΠ.5πο kit, 41)
4 .14 Μ DH9TT770N ACC k ll : < 1

kit. ~ 42

4" . Λ 41Ι . b Ι Ι _

4 .15 Μ ΙςΑνD4:ΤΟΤΙ1 2β 1dθ 44

4 . Ιε Μ I)75 Τ0Α7(0i Ζ 4 1 45

λ 2 Τ 46

' .IT ΤΜΡΡDΑΝίθ 21 d 8 d .-.n λΝ 1,7

4 . ιθ NY] dθχι -ΙΠ7 dlxo 48
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5.1 INTRODUCTION

This section provides information for disassembly . calibra-
tion, and troubleshooting the Wavete k Models 3001/3002
Signal Generators,

Measurements and adjustments will he facilitated by p lacing
the instrument on its r ig ht side, α5 access is required [ο the
top and bottom of the u nit fo r adjustments and test points-

5.2

	

SERVICE INFORMATION

5.2 .1

	

DISASSEMBLY I NFORM ATION

Refer [ο Figure 5- Ι . The side panels form part of the
support for the top and bottom covers, therefore these
covers should be removed before removing either side
panel . The covers and pa nels can be removed as indicated
below.

ΝΟΤΕ

One side panel must remain on th e instru ment to secure
the front-panel assembly to the chassis.

REMOVAL OF BOTTOM COVER - Remove the two rear
feet (Α ) and lift the cover off with α slight rear movement .
Reinstall the cover by reversing the removal μrοε .( Ιιιιe,

REMOVAL OF FRONT-TOP R AIL - The top rail may he
removed to facilitate removal of the Meter Board o r Modu-
lation Board assembly . The rail is removed by removing
the three screws (D) and lifting t he rail upward.

REMOVAL O F SIDE PANEL - Either side panel can he
removed to provide better access by removi ng th e six
sc rews (Ε ) holding the side panel to the i nstrument.

CAUTION

To prevent possible damage when reinstalling side panels,
use only the original screws or equivalent . Longer screws
in the bottom two holes can cause damage to wiring .

5.2 .7

	

MO D ULE SERVICI NG

S ECTION S
MAINTENANC E

REMOVAL OF MODULE - Α module may be removed by
ι emονίιιμ any cables attached to top of the module and
removing the hold-down screw (C) from the bottom- Rock
the module sligh tly while lifting upward to free it 1 rοιη its
chassis socket,

REINSTALLING MODULE - Before installing the mod-
ule, check that all module pins are straight and properly
aligned ; then carefully seat the module p i ns into the chassis
socket . Re place the module hold-down screw (C) to insure
α good ground connection between the module and chassis .
and replace any cables attached to the top of the module.
Module cable connections are shown in F igure 5-6.

ΝΟΤΕ

If α module is replaced with α new module, it will be
necessary to calibrate the phase-locked loop or other
circuits involved (see Table 5-3) .

MODULE PIN NUMBER I NG SYSTEM -The module pins
are numbered as shown in Figure 5-2 . The off-center index
stud prevents the module's b eing plugged i n backwards, and
also provides a method for locating pin 1 .

ΝΟΤΕ

All 16 pins are not requ ired in each module. Only the pins
actually used are installed, but the numbering system
remains the same.
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SIDE VIEW

σ

Ε
υί

Figure 5- l . Π issassembly

CABLE
CONNECTOR --~~ι~ LIP

PCs

	

RETAINING

CONNECTOR

	

~ ~ CLIP

END V IEW

F ig ure 5-3 . Con nector Alignment

INDEX $IUD
υ11 ωπιυι

.OLD-DOWN SCREW.

16 Ι5 11 10 AT 11 10 9
"ι

	

l'i

	

:E

	

Vf :i"

	

pj

	

f)

	

ιy

ιοττοΝ νlιω

Figure 5-4 . Μ 172 Controls

FIN το(ι11

F igure !ι -2 .

	

Modu le P in Numbering System

ο St
a χ 0$ ~°, 8 R 8

ΟΟ Ο Ο

	

ΟΟΟΟΟ
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5.2.3

	

PR I NTED-CI RCU ΙΤ BOARD SE RV ICI NG

PR I NTE D-CI RCUIT BOARD CONNECIORS - When
rei nstalling α cable νοιιηυctυι an α printed-cιιευίτ board ,
be su re the connector is Properly aligned with the board
connector p in s and t hat the connector faces the proper
direction (see Figu re 5-3) .

METER BOARD lC315) REMOVAL - Removal of the
Meter Board assembly requires that the Attenu ator dial,
OUTPUT VERN I ER knob and potentiometer retaining
nut, and front top rail he removed. The Meter Board is
secured to f ront panel by three screws - one through the
front panel ibehind Attenuator dial) and one at each top
comer of Meter Board, Remove these throe screws and dis-
engage all slip-on wire connectors from the Attenuator
mounted switch . The Meter Board assembly can then be
moved toward the rea r until the VERN I ER potentiometer
shah, UNLEVELED Ιιιmρ, and METER case clear the from
panel. The board can then be lifted from the instrument .

The Meter Board is reinstalled by reve rsing the re moval
procedure. When installing the Meter Board, use care not
to damage the UNLEVELED lamp .

MODULATION BOARD (C316-2) REMOVAL - The
Modulation Board assembly can be removed by the fol-
lowing procedu re : Disengage the slip-on connectors from
the six BCD Lever/Indicator switches ; disengage the twelve
pin connector from the Modulation Board; unsolder the
wire from ΕΧΤ modulation connector and remove retaining
nut from the backside of this BNC connector; remove the
black spring-loaded knobs from MODULATION MODE and
FRED switches ; remove the knob from the FREO VER .
N I ER pot shaft ; r emove the front-top rail ; t hen remove one
screw from the top-left corner of the Modulation Board and
one screw from the top-left corner of the Meter Board . Th e
Modulation Board assembly can now be angled until the
switch levers clear the front panel . The assembly then can
be lifted from instrument.

The assembly is reinstalled by reversing the removal
procedure .

ΝΟΤΕ

Wh en Placing connectors on Lever/I ndicator switches,
be sure each connector is on correct switch: the switch
cables break out of the main harness in the same order
that the switches appear.

POWER SUPPLY BOARD REMOVAL - The Power
Supply board and heatsink can be removed by removing the
fou r screws which secu re the printed circuit board to the
instrument rear panel. After removal of the connecting har-
ness, the board can be carefu lly lifted from the instrument .

CAUTION

The Power Supply board may be raised fa r enough to allow
checking of many components with the harnesses still
connected ; however, power must NOT be applied to the
instrument unless t he negative (ground) side of C10 is
connected to the instrument chassis ground and to the
positive (g ro und) side of ς9 liumper wires are sufficient) .

The Power Supply board is reinstalled by reversing the
removal procedure.

5.2 .4

	

RECOMMENDED TEST EQUIPMENT

The test equ ipmen t numbered (1) through (8) in Table 4 1
is recommended for servicing, troubleshooting and call
brating the instrument .

5.3

	

CALIBRATION PROCEDURE

Remove t he instrument top and bottom covers- Allow Tt
two hour ωαrmιιρ period before cali brating.

In genpral, calibration should be performed in the Sequence
given . Rcter ii) fnqυres 5-4, 5-5 and 6-6 for test point and
adjustment locations .

ΝΟΤΕ

All ιπυατυremeηττ are made with reference to ε1ιατυτ
gro und.

5.3 .1

	

+18VO LT ADJUSTMENT

Connect tile. d igital voltmeter to the orange +18 volt line
on Pin 3 of modu le M30 1 . Set +18 V Adi on the Power
Supply to produce +18.00 V-

5 .3-2

	

18 VO LT CHECK

Connect the d igital voltmeter to the yellow -18 volt line
on pin 4 of module M30 1, Set -18 V Adj on the Power
Supply to produce -18.00 V .

5.3 .3

	

+7.3VOLT CHECK

Connect the digital voltmeter to the green +7.3 volt line
on pin 2 of module Μ30-1 . The reading must be +7.3 V
1150 mV .

5.3 .4

	

CRYSTA L FR EQUENCY ADJUSTMENT Μ30-1

Connect α frequency counter with a 50 ohm input to the
instrument RF connecto r . Set the signal generator Lever/
I ndicator switches to α h igh frequency which is withi n the

5-3

ManualsPlus.com

https://www.manualsplus.com/


counter's range, such as 600 MHz. Sol the front-panel
controls as follows :

FREQ VERN I ER CAL
MODULATION MODE

	

CW
MODULATION FRED

	

ΕΧΤ
MODULATION FWAM

	

minimum
OUTPUT VERN IER

	

Full εω
OUTPUT Step Attenuator	+10 dβm
METER FUNCTION

	

OUTPUT

Adjust the Μ30.1 F requency Adjust trimmer (Figure 5-51
for α minimum-frequency indication an the counter, then
carefully turn the Frequency Adjust trimmer clockwise
until the counter indicates the frequency selected by Lever/
Indicator switches . Disconnect the counter from the R F
OUT connector. Α fi nal frequen cy check will be covered in
Section 5.3 .12 .

5.3 .5

	

PHASE-LOCKED LOOP Τ ADJUSTMENTΜ31Α

No adjustment of module Μ31 Α is necessary .

53 .6

	

PHASE-LOCKED LOOP 2 ADJUSTMENTΜ32Α

See F igure 5-5 fo r location of Μ32Α test points and Figure
5ά for adjustment controls . Set the Lever/Indicator
switches to 200.000 MHzand α!1 other front-par ιel controls
as in Section 5,3.4 . Connect α digital voltmeter to Μ32Α
pin 14, and care fully adjust hoth Crystal Reference trinimprs
(Α and Θ) to produce α minimum reading on the voltmeter.
This voltage should be between +0 .5 and +3.0 UDC . Set the
Lever/Indicator switches to 239.000 MHz and note that the
DVM reading is still within the above limits .

Set th e Lever/Indicator switches to 200.000 MHz and
connect the scope vertical input (DC, 1 VJd ιvis ιon) to
Μ32Α pin 15 . Adjust Μ32Α control (Α) for α 0 V scope
indication. Set the Lever/I ndicator switches to 239 .000
MHz and adjust Μ32Α control (Β ) to again produce α 0 V
scope indication .

5.3 .7

	

PHASE-LOCKE D LOOP 3 ADJUSTMENT

PLL 3 consists of two modules : The M33-2 and the M9W.
The test point ά on module Μ33-2 ( Figure 5-5) . while the
adjustment controls are on module ΜgW ( Figure 5ά) . Set
the Lever/indicator switches to 250.000 MHz and all
other front-panel controls as in Section 5.3 .4 . Connect the
scope vertical input (DC, 1 Vidivision) to M33.2 pin 5.
Adjust ΜgW control ID) for α 0 V scope indication.

Set the front-panel controls as follows ;

MODULATION MOD E

	

FMx10
MODULATION FREQ

	

1 kHz

5-4

MODU l ΑΤΙΟΝ FM/ΑΜ

	

Fu ll up

Set the scope νertίρΙ inpu t I0n M33.2 pin 5) for AC 50
ιιιV/dίνίsιυπ . Adjust M9W cυυ 1ιιι1 (C) lot ιπίιιιιιιυιιι (ιυιΙΙ )
indication π1 the 1 kHz sine wave on the scope,

53.8 PHASE -LOCKED LOOP4 ADJUSTMENT

Cal ibrat ιoιι of PLL 4 involves three modules : Μ172, Μ9W,
and Μ34, Test points are located on modules M172 and
Μ34 (see Figure 5-5), while adjustment controls are located
on modules Μ172 and Μ9W (see Figures SA and 5-6) .

Set the Lever/Indicator switches to 250.000 MHz and all
other fiont-ραπe Ι controls as in Section 5.3.4 . Connect α
digital voltmeter to Μ172 pin 1 ; them, adjust Μ172 250
MHz Adi fo r α 0.00 V reading on the voltmeter. The
νο 1 ιηιe ιer may o0w, be disconnected

Cοππeι_t , frequency επιιπτe, to -he RF OUT connector
and εοηιικι . ι t he sεοΛε vertical input (DC, 1 V/division) to
Μ34 pin 8 . Adjust Μ9W control (Α) for 0 τ1 V on the
scope, The counter should indicate α frequency ο1 250

MHz

NOTE

Me to the way the M34 locks on harmonics of 40 MHz. it
is possible to adjust Μ9W control (Α) for 0 V at multiples
of 40 MHz offset from 250 MHz- If this happens, it will be
necessary to readju st M9W control ( Α) several turns to
break lock and relαk at the next multiple of 40 MHz u ntil
0 "1 V can be obtained with α 250 MHz counter reading.

Set the output frequency to 300 MHz and adjust Μ172

300 MHz A d i for 0 τ3 V on the scope with α counter
reading of 300 MHz . R epeat this step . using the applicable
Μ172 Αdj for frequencies of 350, 400, and 450 MHz

Set the Lever/Indicator switches (ο 500.000 MHz, Adjust
Μ 172 500 MHz Adi for α scope reading near 0 V Increase
the Levε>rllndicator switch setting to 520.000 MHz and
ηιιιe the scope indication; then, adjust Μ172 500 MHz
ΛοΙ to give scope Indlcatiom at 500.000 and 520.000
MHz that ate, symmetrical about 0 V .

Set the Lever ji ndιcato r switches to 100.000 MHz and
αdjιιττ Μ172 100 MHz Αλ j fo r 0 τ 3 V on the scope and α
counter reading of 100 MHz- Repeat using the appropriate
Μ 172 Adi for frequencies of 50 and 0 MHz. (Set Lever!
Indicator switches to 001 .000 MHz for 0 MHz adjustment .l

Connect the digital voltmeter to Μ34 p in 14 ( Leveler ΤΡΙ .
Step through the frequency range from 1 to 520 MHz in 10
MHz ττeρτ to find the frequency having the highest leveler
voltage, then adjust M9W control (8) for 0 .0 VDC at this
frequency setti ng.
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5.3 .9

	

PHASE LOCKED LOOP 6 ADJUSTMENT

Adjustment cίιιι tιπΙs fπι I' LL 5 αιπ 1υυα tc ι) off ΜύdυΙαιίυιι
Board C3162 and module Μ29-2 (F igure 5-6), while the
MOD ΤΡ is located tin ιιηιΙer τίιΙιι σΙ (h r εΙιιτ % ίτ Ι F ιgιιιε
5-51 . Connect α frequency counter to the front panel RE
OUT connecto r αηd α d igital voltmeter to

the MOD ΤΡ .
Set the front-panel controls as follows:

FRED VERN I E R

	

0 k 1-Ιι
Frequency selector

	

2.000 MHz
MODULATION MOD E

	

FMx10
MODULATION FRED

	

DC
MODULATION FM'ΑΜ

	

Full up
OUTPUT VERN I ER

	

Full εω
OUTPUT Step Ατιeπιιαιο r	+10dβm

ΝΟΤΕ

Modulation Board C316-2 contains α Size Adj (C) and α
Balance Adj (D) wh ich are factory adjustments . DO NOT
change the settings of these two controls.

Adjust Modu lation Board control (Α) fo r α +5 .00 1 .01 V
reading on the voltmeter. Set the ΜΟDU Ι ΑΤΙΟΝ FM 'AM
slider full down . The voltmeter shou ld indicate 0 V -20
mV. Disconnect the voltmete r from the MOD ΤΡ ,

Adjust Μ29.2 control 1 Β 1tο produce α f requency counter

reading of 2.000 MHz +100 Hz, Set the MODULATION
FM/AM slider full up and adjust M292 control (Al (of a
counter reading of 2.100 MHz i100 Hz .

Set the MODULATION MODE to FΜκ 1 an d adjust Modu-
lation Board control (Β ) for α counter reading of 2.010
MHz ±100 Hz .

5.3 .10

	

METER BOARD CAL I BRATION -C315

To adjust the output METER, the unit must rest on its
bottom surface (normal operating position) . Momentarily
turn off power to the instrument and mechanically ιeιο
the outpu t METER with the front-panel ze ro adjust screw.
The METER needle should bisect the dot at the left end of
the METER scale . Restore power to the instrument and
allow it to stabilize.

Set the OUTPUT VE βN I ER fully εεω : then, adjust Meter
Board pot ( Β ) u ntil the ME TER needle again b isects the dot
at the left end of the METER scale. See F igu re 5-6 fo r the
locations of the Meter Board pots . Set the OUTPUT
VERNI ER completely cω and ad ju st Meter Board pot (Α)
for α +3 dBm ou tput METER reading.

Set the front-panel controls as follows:

FRED VERNI ER

	

CAL
Frequency selector

	

50.000 MHz

MODULATION MODE

	

CW
MODULATION FRED

	

NIA
MODULATION IM/AM

	

minimum
OUTPUT VERN I ER

	

Full ew
OUTPUT Girl) ΑΙιcιιυmιιι

	

ι ΙΟ d8πι

Calibrate the power meter and its thermistor or power
sen sor. Set the power meter to the +15 dβm range ; Then
connect the thermistor or sensor to the instrument RE
OUT connector .

Adjust Meter βπαrd pot I F ) for α +13 dBm power meter
reading. Set the OUTPUT VERN I ER for α -7 dB reading
on the output METER and set the power meter to the +5
d Bm range. Adjust Meter Board pot (ΕΙ for α +3 dBm
power meter reading. Again set th e power meter to th e
+15 dβm range and turn the OUTPUT VERN I ER fully cw .
Repeat th is procedure un til the +13 and +3 dBm power
mclci readings me obtained ωίιΙιπιιι further αλ j ιιs(mεπ t of
Μmει βπαιd pots ( Ε) and IF)-

Set t he OUTPUT Step Attenuator to 0 dB m and the power
meter 1ο the +5 dBm range . With the OUTPUT VERN IER
completely cw, adjust Meter Board pot (C) for α +3 dBm
ρηωε r meter reading. Set the OUTPUT VERNIER for α 6
dBm iααdίη g an the output METER and set the power
meter to the -5 dBm range . Adjust Meter Board pot (Dl for
α -6 dBm power meter reading. Repeat this procedure untsi
the +3 and -6 dBm power meter readings are obtained with-
out further ad justment of Meter Board pots (C) and U.

Set instrument frπη1-panel controls α5 follows:

Frequency selector

	

100.000 MHz
MOD ULATION MODE

	

AM
MODULATION FRED

	

DC
MOD ULATIO N FM/AM

	

Full down
OUTPUT Step Attenuator

	

0dSm

Set the power meter to its 0 dBm range and adjust the
OUTPUT VERN I E R for α -3 dBm readingon power meter.
Set the power meter to the +5 d8m range and slide the
MOD ULATION FM/AM slider fully up . Adjust Meter
Board pot (G) fo r α +3 dBm reading on the power meter.
Τh ίτ tin increase corresponds If, 100'% AM .

5311

	

DOWN-CONVE RSION ADJUSTMENT -Μ115
(MODEL 3002 ONLY)

Set the instrument front-pa nel controls α5 follows :

FRED VERN I ER

	

CAL
Frequency selector

	

001-000 MHz
MODULATIO N MODE

	

CW
MOD ULATION FRED

	

N/A
MOD ULATION FM/AM

	

minimum
OUTPUT VERN I ER

	

Full εω
OUTPUT Step Attenuatoι

	

0dBm

5-5
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Connect α power meter, spectrum analyzer, RE detector,
AC voltmeter, or oscilloscope = accu rate in the. vicinity of
1 MHz , to the ίπτιιυmεητ RE OUT connector. Note the
o utput level reading Set ΙΓιe Lever11 ndicalot switch es to
000,999 MHz, and adjust the M 115 Gain control such that
the output level exactly matches the level noted at 001 .000
MHz .

5,3 .12

	

FINAL FR F ι7 ι-I Γ IJ CYClf ΕCK - Μ301

Connect frequ ency counter to the Instrunhen t RE OUT
connecto r, and set the front-panel controls as specifie d in
Section 5.3-4 . Note the frequency reading on the counter .
If it does not ag ree ωί th the selected frequency with in
accuracy specifications, very carefully adjust the M30-1
Frequency Adjust trimmer (see F ig ure 5-5) u ntil th e
desired frequency is obtained .

5.4 TROUBLESHOOTING

Effective troubleshooting requires α thorough under-
standing of the block diagrams and circuit description
located in Section 3 of this manual; then the Performance
Tests in Section 4 and Calibration Procedures in Section 5
will aid in localizing the trouble symptom to α μαιιίευ t αι
module or PC board. Once this has been accomplished,
the module or board can be replaced, or repairp.d with
aid of the proper schematic and parts layout diagram . In
general, it is preferable to replace α defective module or
PC board assembly .

Equipment troubles are frequently due. simply to improper
control settings ; therefore, before engagi ng in α trouble-
shooting proce dure, be sure front-panel controls are set in
proper operating position, Refer to the operating instruc-
tions in Section 2 of this manual for α complete expla-
nation of each control's function along with typical
o perati ng instructions .

After verifying that the t rouble is not improper setting of
the controls or test setup, make α thorough visual inspec-
tion of the instrument for such οbνίπυτ defects as loose or
missing screws, broken wires, defective module pin sockets,
loose RE cables, and burned or broken ευmριίηεηιs.

After localizing the problem , voltage and resistance checks
will h el p 1οεαtε the (Ιρ (ρc1 ίν p. rοιπςωηeηΙ ,

For troubleshooting purposes, it is permissible to operate
the instrument with any of the plug-in modules or RE
cables removed ; however, the instrumen t should be turned
off when removing or installing modules- If substitu te
modules are availa ble, possibly from another Model 3001
or 3002, this provides an easy method of verifyi ng if α
suspected module ί5 defective.

5-6

RF cables can be disconnected from the module output
rπηηeςιπ(s, and α power meter or spectrum analyzer
connected d irectly to the module connector for power
level or frequency measurements. Fabrication of α short
rοαχ adapter cable, terminated in α mating connector fur
ι tιe modules on one end and α BNC connector on the other,
will facilitate connection of test equ i pment. (The SMC
to BNC adapter cable i n Module Service Kit Κ004 is
designed for this purpose .)

The Γ rηπι-panel ACCURACY lamps together with the four
internal module "unlock indicato r" lamps aid in tr ouble-
shooting phase-locked loop problems . One module in eac h
loop rontains an indicator lamp which lights to indicate
when that loop is unlocked. The lamps indicate only which
loops are unlocked, not which module is at fau lt .

Α problem in the.Ρπωε r Supply may εαιιτe many symptoms
pointing to other areas and shou ld be checked when the
symptom does not clearly i ndicate α sρeelfle problem , Loss
of the -18 V sυιιιιΙσ , 'υ, "χπυ , μίρ , will cause 014,
ACCURACY Ιαιιιμ to flash ; while loss of the +118 V supply
will extinguish all lamps. The +1 Β , 18, and +7.3 V supplies
εο rπρ rse th e ΠΡS2Α Power Supply which forms the rear
ΙιιππιΙ ~, ι ιΙι r. ίι , ". Ιιι-ιιίιειι L ΡιτιΙ"τιιιιαηςε Ο( these 5υρρΙιι? τ is
ίπd ί cπτ r~ ;1 ι rι the Cα l ι dra2'επ Ρrοc~d ιυε .

5.4 1

	

TROUBLE SHOOTI NG HINTS

Following Γ5 α list σ ( several typical symptoms, accom-
panied fly the possible cause(s) o r α troubleshooting μιΟ-
rεdιιιe . It is assu med the instrument has been properly
calibrated p reviously, and that α warmup period will
ςιιeεαιΙν truubleshouting .

INTERMITTENT OPERATION - Defective module-pin
sockets ο" loose RE cables .

LOIN RF OUTPUT (+10 dBm RANGE) - If power is
10 dβ ίπω on this ra nge, but is correct on the 0 dBm range,
micro-τωη",ch S1 mounted on the Step Attenuator is de-
fective, is not being actuated by the Attenuator shaft, or
α switch wire ιτ disconnected .

LOW OR NO R F- OUTPUT (ANY RANGE) - Defective
Αττεπυατοr or RF cables connecting to input or output of
Α tιeιιυαιω , defective M eter Board, d efective module
ΜΙΟω -4 Β or M9W.

Check t he voltage on pin 15 of module Μ10W-6!8 . W it h the
OUTPUT VERNIER fully clockwise, the voltage should be
approximately as follows: -2 .5 VDC an the +10 d8m range ;
-0 .7 VDC on the 0 dBm range. These voltages Indicate
proper operation of the Meter Board ; while other values,
particularly positive voltages, i ndicate α defective IC or
other problem on the Mete r Board .
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Next, check RF power directly at the ΜΙΟWδ/Θ output .
If it is correct. the ιrηιι 6 Ιe lies in the Attenιι ator or its
RF cables . If the module Μ 10W-6/8 ουtρυ 1 is low, measure
the module Μ9W RF output - this should be approxi-
mately -10 to 11 dB m . Ι 1 this level is cor rect, module
Μ10Wδ/8 ί5 defective ; while if the level is low, Swee.p
Oscillator ΜgW is defective.

OUTPUT MET ER DOES NOT MOVE - If the METER is
pegged at either end of scale . the trouble is probably a
defective component on Meter Boa rd ε315; while if the
METER remains at mechanical zero, the Μr ΤΕ R move-
ment may be open or α Meter Board component may be
defective .

UNLEVELED LAMP ON - βF OUT connector not ter
minated in 50 ohm load, AM percentage set so that peak ο!
modulated output exceeds +13 dBm, defective module
Μ10Wδί8, defective Αιινηυατοr or connecting RF εαbΙστ .

Connect α power meter directly to the ΜIOW -6 8 output .
Set the OUTPUT $Ιπρ ηιιιf VERN I ER controls for α +13
dBm reading on ιhe power rneter at 50-000 ΜΗτ . Step
through the 10 to 520 MHz frequency range in 10 MHz
steps. Α power motor reading of +43 dBm }0 .5 dB with the
UNLEVE LED lam p off indicates proper operation of
modu le M10W-6 ./8 . 11 the Output is correct at MloWr6!8,
but the UNLEVELED lamp is on, the trouble is probably α
defective lamp driver circuit in module Μ10Wδ/Β . With
proper operation of module Μ10W-6/8, connect the power
meter d i rectly to the Step Attenuator output and repeat
the above steps. If the Αττεηυατοι ηιιιηιιι is correct, the
trouble is due to α defective RF cahlk, ηι possibly α poor
ground connection α1 β F ΟU Τ εηππ ecτοι ,

ACCURACY LAMP FL ASHES CONTI NUO USL Y - Α
steady ligh t in CWmode but flash ing in FM modes indicates
α defective Μ29 .2 o r Μ33-2 module . If ιιιe ACCU RACY
lamp flashes in all modes . one or more of the phase-locked
loops is open ; see Ph ase- Locked Loop Troubles below .

ΝΟΤΕ

Above the normal frequency range of the instrument (in
the vicinity of 560 ΜΗτ), it is normal for phase-locked
loop 4 to unlock, causing the ACCUR ACY lamp to flash.

PHASE-LOCKE D LOOP T ROUBLES - An open or on
lock ed loop, indicated by α ligh ted module lam p, can be
caused by α number of factors, including, low AC input
voltage, low DC su pply voltages, improper phase locked
loop DC voltages, an open or sh orted RF cable, or α de-
fective module.

Α defective RF cable or module can have α "chain reaction 11
effect that causes two or more loops to unlock . For
example, loss ο! the 1 kH z signal to module M31A will

cause PLL 1 to unlock ; thu s, module Μ31Α may ηοτ supply
α proper τίgπαΙ 1ο module Μ34, causing PLL 4 to unlock .
F ailu re of the 40 MHz Crystal Oscillator in module Μ 30-1
will cause all loops (υ unlock , since all six reference fre-
quencies will be lost,

Table 51 lists typical RF signal-input levels for eac h of
the phase-locked loops, Those signals having α TTL level
or 1 V level may be measu red with α high-f requency
oscilloscope; the other signals are best measured with α
spec τrιιm analyzer (dBM ), or α 50 ohm detector and εαΙ " -
brated scope ImV)

ΝΟΤΕ

The TT L waveform shown in Table 5.1 is for illustration
of voltage values only, and does not necessarily represent
the observed wave-shape.

PHASE-LOCKED LOOP 1 - Unlocking ο! this loop may
4ς ι . αιιερι1 by α defecηνι. Μ31 Λ, ιποd υΙe Μ30-1 υ,
RF cable connecting Λ430-1 [ο M3)A.

If the Μ31 Α unlock indicator is on, check the 1 kH z signal
.as listed -η Table 5-1 . If the 1 kH z signal is correct, module
Μ3Π 1 is operating property . Check the RF cable between
ΙΠ30- Ι and Μ31Α. If the proper 1 kHz signal is being
applied to the Μ3 ΙΑ , chec k for +7 .3 V on p i n 6, +18 V on
pin 7. and -18 V on pin 8 of Μ31Α. If the in put signal and
DC voltages are correct, modu le Μ31 Α is defective .

PIIΑSF - LOCKE D LOOP 2 - Unlocking of loop 2 can be
εαυτει l by defective modules MI 72, M30 1 . M32A or RE
cables connecting Μ30-1 το Μ32Α.

Connect α digital voltmeter to Μ32Α pin 11 and observe
the readings while stepping through the 200 to 239 MHz
freg ιιency range in 1 MHz steps . The voltmeter reading
should change -02 V per MHz from 0 V at 200 MHz to .7 .8
V at 239 MHz. These voltages i ndicate proper operation
of module Μ172.

Μπι1 ιι 1~ Μ30-1 Can tie checked by measuring the I MHz and
1440 MHz signals directly at the. M30-1 . The levels stpecified
in Τα6Ιει 5-1 indicate proper operation of module M30-1
Ch ιick connecto rs and RF cables connecting M30 I in
module Μ32Α, Check to, ω 1$ V on pin 7, -18 V on pin 8,
and +7 .3 V on ρί r ι 9 of Μ32Α. If all input signals and DC
voltages to module Μ32Α are normal, but the Μ32Α LE D
is on . module Μ32Α is defective-

PHASE-LOCKED LOOPS 3 and 5 - The LED indicator
on module Μ33-2 se rves both PLL 3 and PLL 5. If the
Μ33-2 LE D is on, determine- which loop is defective by
switching the FREQUENCY VERNIER out of CAL
position, If the Μ33-2 LE D goes off, the trouble is in PLL
5; if th e LE D stays on . the τιουb Ιe is in PLL 3.

5-7
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PILL 3 consists of m odules Μ33-2 and M 9W . Ι [ is possible
-

	

iliac PILL 3 can be restored to operation simply by recall-
braτi ng per Section 5.3 .7, and this shoul d be attempted
If αdjυττίπςt Μ9W rππι rπ 1 ( Π ) has no cf frrrl on tin , M33 2
pin 5 voltage, the ρrιι fιΙαm is in module Μ33-2 ; however, if
the pin 5 voltage chαnμas but ph ase loc k cannot be estab-
lished, or if the p i n 5 voltage cannot be set to within 5 volts
of 0 V, the t rou ble is in ιπυdυΙe M9W . Measure the M33 2
(Leveler ΤΡ (pin 14) voltage . If it α +0.5 to 5 VDC, the

~ :?trouble is proba bly in modu le Μ33-2 : however, if it is
c 'ιegreater than 5 VDC, th e trouble is probably in module

M9W or Μ30-1, Check the M30-1 reference trequencies
and M9W output level as shown in Table 5-1 to d etermine
which modu le is defecti ve.

PLL 5 consists of modules Μ29-2 and Μ33-2 . With the
FRED VERN I ER in CA L position, measure the PILL 5
voltage on Μ29-2 pin 6. Ad ju st Μ29-2 control ( Β ) for 0 V
on pin 6. Ι1, wh ile adjusting the M29-2 frorn 1 .9 to 21 MHz
this voltage does nor move, the problem is in modole
Μ 33-2, If T he voltage ad ςι ,sts, but will not stay Ιπεkεd, τhε
trou ble is in modu le Λ129-2

PHASE-LOC KE D LOOP 4 - Unlock ing of Ιυπμ 4 may,
under certain conditions . be caused by problems rinogmaling
in the other loops. Therefore, loops 1, 2, and 3 should be
operating properly before truublesluiciting loop 4 .

Unlocking ο1 PLL 4 can be caused by defective modules
Μ172, M9W, Μ30-1, Μ 31 Α, Μ32Α . Μ 34, πι cnnnecting
RF cables,

Connect α d igital voltmeter to M172 pin 1 . The voltmeter
readi ng should be 0.00 V with the Lever/I ΠdicatOT switches
set to 000 MHz, -2 .5 V at 250 MHz. and -5 .0 V at 500
MHz . Connect the voltmeter to M172 pin 8. The M172
voltmete r readi ng should be +5 2ο +8 V at 000 MHz, 0 V
at 250 MHz, and .6 to 10 V α1 500 MHz. If these voltages
are obtained, module

	

M172 is operating proper ly .

M easure the Wide Oscillator signal at module M9W. The
frequency will be between 1198 MHz and 1718 MHz,
depending upon the. Lever/Indicator switch setting. If ιΙιe
signal level is as speci fied in Table 5-1, module M9W is
probably operating correctly .

Measure the 40 comb line at module Μ30-1 . The 40 ΜΗτ
harmonics from 40 MHz To 280 MHz should tie fairly equal
in amplitude and the level shou ld be as specified in Table
5-1 . This level indicates proper operation of the Μ 30-1
module .

Measu re the 1448 to 1487 MHz signal at module M32A .
The exact frequency is dependent upon the "MHz" switch
setting. If the level is as specifie d in Table 5-1 . the Μ32Α is
operating properly,

5-8

Next, measu re the 10 to 9.001 MHz output of the Μ31Α
modιι le, The <ιυιπυι frequency will he 10.000 MHz with
the "kHz" switches set rn 000, and will decrease το 9.001
ΜΙΙι ωιιΙι fit,- "k ΙΙτ " switehrs sr ι to 999- If the siηnal ΙeνπΙ
is as τl+ec ιf ίed in Table 5-1, mnd,λe M31A is operating
properly,

If the output of each of the above modules is correct, check
the connectors and RF cables connecting modules Μ9W,
Μ31 Α, Μ32Α, and Μ30-1 to module Μ34 . Check for +7 .3
V on pin 2, +18 V on pin 3, and -18V on pinil of module
Μ34 . It all input signals and OC voltages to module Μ34 are
correct, but th e Μ34 module lamp is on, module Μ34 Is
probably defective, but the t roub le could be caused by
module M9W.

Α furt her chec k of the Μ34 can be made by monitoring
Μ34 pin 8 with α λίgίταΙ voltmeter while stepping through
the 10 MHz to 520 MHz frequency range in 10 MHz
steps, The voltmeter reading should be 0 ±3 V; however,
α defective Μ34 may g ίνe ει voitagc rεad ι nq ο1 12 to 16 V.

LL Vf- R:I NDICATO R SWITCHES - Troubles it) the BCD
switch circuits may be caused by α defective switch, α loose
or d ιse ιιgaged switch connector, α broken switch wire, or,
possibly, α defective MI 15 .

Five of the switches utilize four wires plus a ground to
select dειίηηαΙ digits from 0 Through 9. The, 100's MHz
switch uses th ree wires plus ground . since it needs only to -

	

.
select d igits between 0 and 5. Α "BCD Truth Table",
αμμΙί;α1) Ια to each of (1ιe six switches, is given in Table 5-2.

Suspected switch problems can he checked by referring to
Τα b1 ίι 5 2 and the inst rument Wiring Diagram to determine
which modu le pins are grounded for α particular frequency .
For example, to select α frequency of 200.5000 MHz .
Μ172 p i n 3 is grounded by selecting digit 2 on the 100's
MHz switch , and Μ 31Α pins 2 and 4 are grounded by
digit 5 on ι hε 100's kHz switch,

If only the. 10 MHz programming is in er ror , the trouble
may ho α defective IC3 in module Μ115 (Model 3002) .

DOWN CONVER SION

	

T ROUBLES

	

(Model

	

3002)

	

--
Problenιs it, ι he down-εοηνersίοιι circuitry (modules Μ115
and Λ11 Ο1Ν 8) can cause α variety of problems-

If the instrument operates properly from I to 520 MHz,
but not from 1 to 999 kHz, the problem probably lies in
either module Μ115 or M 10W-8 . Ch eck for the TT L
"tυ rη-on" signal at p in 5 of the M10W-8 If the signal is
correct !0 V above 1 MHz, 3 V below 1 MHz), check to
see that the RF signal is being switched to the M115 for
output frequencies below 1 MHz, If the switch is working,
the problem lies in either the M1 15 or α connecting cable .
If the instrument output frequency is 10 MHz higher than
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ττι LOGIC LtVLL

ί Vti1i
Μ 1 Π .ι

Ta ble

ΝΟΤΕ :

	

0 = Wire Gιουηι1e ιι by Switch -
- = Wire NOT Grounded .

5-2 . BCD

Decimal

FREQUENCY SWI TCHE S

BCD Wires
Digit r 4 2 1

ρ ____

2 -_ ρ _

4 _ ρ _ _
:i - ρ - ti
G -00-
7 - 0 0 0

9 η _- Π

Table 5-1 . PHASE-LOCKED LOOP R F -S IGNAL LEVELS

P.L.L . MODULE
INPUT-SIGNAL
FREQUENCY

I NPUT-SIGNAL LEVEL
d8m (mV I

MEASURED
AT

1 Μ31 Λ Ι kllr ΤΤΙ s,"~ Μ301 (W 13)

2 Μ32Α 1 MHz TTL ':' Μ 30-1 (W12)
1440 MHz .12 το , 15 dβm (20 mV), Μ 30-1 4W9)

3&5 Μ33 ,2 1198 MHz ΙΠ υΙΒ rτι ί 3 d8 (150 m V I M9W (W5)
1200 MHz (11 20 comb) 15 dBm i5 d8 (75 mVl Μ 30-1 (W10)
2 kHz TTL ι/ Μ 30-1 (W 11)
1 9 lo 2.1 MHz 1 νπΙι PP ι ,-' Μ29-2 (W7)

4 Μ34 1199 to 1718 MHz -10 ι18m 15 dB (25 mV) M9W (W4)
1448 [ο 1487 MHz 2 d βm'3 dB (200 mV 1 Μ32Α (W8)
40 [η 280 ΜΗτ (40cnmb l -10 dBm ^3 d8 (1 VI Μ 30-1 (W5)
10 το 9.001 MHz TTL Μ32Α (1Ν 14)

ManualsPlus.com

https://www.manualsplus.com/


the prog rammed frequency (fo r examp le . 10.420 MHz
instead of 420 kHz), and the TT L signal at pin 5 of modu le
ΜΣΟW-8 ί5 correct, the switch is not work ing, and the
prob lem lies in the MlOW-8.

It the in st rumen t operates properly from 1 to 999 MHz,
bu t not above 1 MHz, check for the TT L signal at pin 5 of
modu le Μ10W-8. If it is correct, the problem lies In the
Μ10Ν-8 .

If the R F output level from I to 999 kHz is too low, and
cannot be corrected by recaii bretion, the problem lies in
either the M1 15 or α conn ecti ng cable .

MODULATION TROUBLES - The Modulation Board
(C316-2) is the most common cause of modulation
problems, particularly when the modulating signal is lost .
Non-linear amplitude modulation α( higher-audio fre-
quencies f rom an external source may be caused by the
Μ10W-6/8 Output Amplifier.

Set the front-panel controls α5 follows to determ ine
the presence of modulating signal ;

FRED VERN I ER

	

CAL
MODULATIO N MODE

	

AM
MOD ULATIO N FRED

	

400 Hr
MOD U LATIO N FM/AM

	

maximum
OUTPUT VERN I ER

	

Fu ll εω
OUTPUT Step Attenuator

	

0 date

Connect the oscilloscope ve r tical inpu t to the rear-pan el
MOO ΤΡ . The sco pe shou ld display α 10 Vpp sine wave at α
frequency of 400 Hz (2.5 msac period ) . Set the MODU-
LATION FRED switch to 1 kHz. The scope d isplay shou ld
be α 10 Vpp sine wave with α period of 1 msec. If the 10 V
sign als are not obtai ned , check fo r +7,3 V on pin Β . +18 V
on pin 2, and -18 V on pin 2 of the C316-2 Modu lation
Board . If the DC voltages are normal, the Modulation Board
is defective .

AM TROUBLES - Connect the scope vertical input to pin
3 of the C316.2 Modulation Board and check fo r α 10 Vpp

5- 10

sine wave; then, connect the scope vertical input to pin 4 of
Meter Board 0315 and again check for α 10 V sine wave .
Presence of the sine wave at th is point indicates proper
operation of the. Modulation Board and its wi r i ng.

Connect the scope vertical input to pin 2 of Meter Βηα rλ
C315 and check for α sin e wave having an αρςιιοκίmαι e
amplitude of 1 .75 Vpp. If the 1 .75 V signal is not present,
check for +18 V on pin 6 and -18 V on pin 5 of the Meter
Boa rd. Ι Γ th e OC voltages a re normal, Meter Board C315 is
defective or α wire is disconnected from Attenuator switch
St .

Check for α 1 .75 Vpp sine wave an pin 15 of module
Μ10W-618. If the sine wave is normal at th is point, but
amp litude modu lation is a bnorm al, modu le MIOW-6/8 is
defective .

FM 1 ROUBLES - Set the MODULATION MOD E to
FMx10 and check for α 10 Vpp si ne wave on pin 6 ο1
Modulatio n Board C316-2 ; then , connect the scope ve rtical
input 1ο pin 16 of modu le Μ29-2 and again check for α 10
V sine wave . Α 400 Hz or 1 kH z 10 V sine wave at th is
p oin t indicates proper operation of the Modulation Board
and its wi ring.

Remove the RF cable from the top of modu le M29-2, and
chec k for α 1 Vpp 1 .8-2 .1 MHz signal at this connector.
If th is signal is not presen t, check fo r +1 θ V on pin 3 and
-18 V on p in 4 of module Μ29-2 . Ι1 the DC voltages are
normal, FM problems a re caused by α defective module
Μ29-2 If the 1 .92 .1 MHz sign al is present at the Μ29-2
connecto r , FM prob lems are probably caused by α defective
Μ33-2 module .

5.41

	

ASSEMBLY REPLACEMENT

Wh ile in many cases the instrument will work satisfactorily
after simp ly replacing α defective assembly, to maintain
the. high accu racy of wh ich the unit is capab le, assembly
replacement shou ld be followed by calibration of the
affected circuits . Table 5-3 lists each assem bly and the
adjustmen t needed .

ASSEMBLY ADJUSTMENT REQU IRED
REPLACE D IS" ind icated actions in Calibration Procedure)

Tab le 5-3 .
Assemb ly Μ9ω Sweep Oscillator Reset Ph ase-Locked Loops 3 and 4 (5 .31 and 53S)

Replacement M 10W 6r8 Outp ut Amp i ι f ier Recalibrate C315 Meter Board (5 .3 .101

Cali bration
Μ 172 Sweep Drive/DAC Reset Phase- Locked Loop 4 15 .3 .3)
Μ29-2 FM Reference Reset Phase-Locked Loop 5 (5 .3 .91
Μ30-1 Crystal Reference Adjust Crystal F requency (5 .3 .4 and 53.12)
Μ31 Α kH z Steps None required
Μ32Α MHz Steps Adj ust Phos σ -Locked Loop 2 15 .3 .61
Μ33-2 Narrow Osc. Lark Adjust Phase .Locked Loop 3 15 .3 .71
Μ34 Wide Osc, Loc k Set Μ34 pin 14 for +1 .0 VOC 15 .3 .81
MI 15 Down Cοπνοηer Adjust Gain Calibration 15 .3 .111
C315 Meter Board Adjust Meter Board Calibration (5 .3 .10)
C316-2 Modulation Board Adjust Phase-Loc ked two 5 15.39)
DPS2A Power Supply Adjust ±18 V and chec k 7.3 V 15 .3 .1-5 .3 .31
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ι 1 ι OPS2A νοωεΗ

	

SUPPLY
Α - " 1 θ V ADJ
Β --18 V ADJ
ς - FUSE 2 AT

121 NOT USED

(3) M37 AUX RE OUT (OPT 41

(4 Ι Μ40 HIGH STAB REF (OPT 6)

(5) Μ39 ΕΧΤ REF ΙΟΡΤ 5)

(6) Μ30-1 XTAL REF
Α - 1440 ΜΗΖ AUJ
θ - 1440 ΜΗΖ AO.)
ς

	

10 ΜΗΤ_ ΤΡ

171 Μ34 WIDE 05C LOCK
Α - RF ΤΡ
θ - UNLOCK INDICA FOR

ΙΒΙ M9W SWEEP OSC
Α - ωιηε oSC CENT ADJ
σ - ωιηε 05ς ιεν Αε7
ς - NARR OWΟ$[ SWΑΠJ
D- NARROW Π5C I. EV ADJ

IS) M10W4 OUTPUT AMP

110) Μ31 Α KHZ STEPS
Α - UNLOCK IN DICATOR

Ι 11) M172 SWEEP ORIVE:DAC

(121 Μ32Α ΜΗΖ 5ΤΕΡ5
Α

	

ΠΠ0 ΜΗΖ nDJ
Θ - 039 MHZ ADJ
C-UNLOCK INDICATOR

113) Μ33-2 NARROW OSC LOCK
Α-R FTP
Β

	

UNLOCK INDICATOR

(14) Μ29-2 FM REF
Α -2. ι ΜΗΖΑΟ!
Θ - 2 ΜΗΖ AD J

Γ151 Μ35-1 RE CKT BKR ΙΟΥΤ 3)

(161 50130-01 STEP ΑΤ7ΕΝ

(171 C316-2 MOD HOARD
Α - ι5 V AOJ
Β - FΜ κ 1 ADJ
C-SIZE ADJ
D -BAL ADJ

Ι 181 C316 ΜΕ Ι ER 80
Α -METER CA L ADJ
θ - METER ΘΑί. ADJ
C

	

L E VEL Π ΟΘΜ RANGE +3 ADJ
Ο - LEVE L 0 ΟΒΜ RA NGE -7 ADJ
Ε - LEVEL +t0OΒM RANGE r3ADJ
F- LEVEL +-10 ΟΒΜ RA NGE +13 ADJ
G

	

%ΜΟD ΑΠλ

Figu re 5-6α . Model 3001 Top V iew
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(1) DPS2A POWER SUPPLY
ρ - +1Η V ADJ
θ --78 V ADJ
C - FUSE 2 AT

ί21 NOT USED

(3) Μ 115 DOWN CONY
Α -10 ΜΗΖΤΡ
θ - GAIN ADJ

141 Μ40 HIGHSTAB REF (OPT 8)
0R

M37 AUX RE OUT (OPT 41

151 Μ39 ΕΧΤ REF 1ΟΡΤ 51

161 M304 XTAL REF
Α - 1440 MHZ ADJ
Θ - 1440 MHZ ADJ
C- 10 ΜΝ2 ΤΡ

(7) Μ34 WID EOSC LOCK
Α - RΕΤΡ
Θ - UNLOCK INDICATOR

(8) M9WSWEEP OSC
Α - WIDE OSC CENT ADJ
Β - WIDE OSC LEV ADJ
C - NARROW OSC SW ADJ
D- NARROW OSC LEV ADJ

19) M IOWA OUTPUT AMP

(7Ο ) Μ31 Α ΚΗΖ SΤΕΡ5
Α - UNLOCK INDICATOR

(11) M172 SWEEP DRIVE/OAC

(12 Ι M32AMHZ STEPS
Α -ODO MHZ ADJ
Θ - 039 MHZ ADJ
C- UNLOC K I NDICATO R

(131 Μ33-2 NARROW OSC LOCK
Α -R ΕΤΡ
Θ - UNLOCK IN DICATO R

114) Μ29-2 FM REF
Α - 2λ M HZ ADJ
Θ -2 MHZ ADJ

(151 Μ35-2 RF CKT BKR ΙΟΡΤ 3)
OR

Μ37 AUX RF OUT (OPT 41

118) 50130-01 STEP ΑΤΤΕΝ

117) MODULATIO N BOARD
Α - +5 V ΑΠJ
Β - FM χ 1 ADJ
C-SIZE ADJ
Ο - BAL ADJ

F igu re 5-6 b . Mod el 3002 Top V iew

118) C315 METER BD
Α - METER CA L ADJ
θ -- ME 'ΓΕΗ ΒΑ L ADJ
C - LEVEL 0 ΟΒΜ MANGE +3 ADJ
D- LEVE L 0 08M RANGE -7 ADJ
Ε - LEVEL " 10 DβΜ RANGE +.l ADJ
F - LEV EL f10 OHM RANGE +13 ADJ
G -% MOO ADJ
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6.1 INTRODUCTION

This section contains lists of all replaceable parts for the instrument.

For an assembly containing one or more subassemblies, the assembly list appears first, and is followed by the subassembly lists.

The lists appear in the following order.

6.2

	

MANUFACTURERS CODE

The following code is used on the parts lists to identify the manu facturer,

SECTION 6
REPLAC EABLE PARTS

ASSEMBLY PARTS LIST ASSEMBLY PARTS LIST

3001 1010-00-0014 MECH, Β Μ29-2 1216-00-0045

3002 1010-0Ο-0135 PC - Μ29-2 12184D0-1690

CABLE SET -3001 1219-00-0452 Μ30-1 11 14-000024

CABLE SET -3002 1219-00-0453 MECH, L - Μ30-1 1216-00-0076

SHIP KIT -3001 1219-00-0462 MECH. Β - Μ301 1216-00-0077
SHIP KIT - 3002 1219-00-0463 PC Μ30-1 1218-00-0192
CH ASSIS -- 3001 1111-00-0006 Μ31Λ 1114,00 0465

CHASSIS -3002 1111-00-0075 MECH. Θ - Μ31 Α 1216-00-0046
DPS2A 1115-00-0034 PC Μ31 Α 1218-00-1700

PC - DPS2A 1218-00-0252 M32A 1114-00-0469

ΧFMR -01 121"0-Ο421 MECM, Ι . M32A 1218-004)057
L I NE CORD 1219-00-0144 ΜΕCΗ , π - M32A 1216-00-0058

CH ASSIS PLATE 1216-000032 05C CΤL 8D - M32A 1218-00-0027

HARNESS 1219-001Μ28 DIG PGM 8D - M32A 1218-00-0028

F RONT PANEL -3001 1218-00-0031 MIXER - M32A 1219-00-0426
FR ONT PANEL-3002 1216,00-0033 VIDEO AMP - - Μ32Α 1219-00-0440
C315 1110-00-029θ M33-2 1114-00-0482
PC - C315 1218-00-0670 MECH, ι- Μ33-2 1216-00-0089

C316-2 1110-0Ο-0682 MECH, Β - M33Q 1216-00-0090

PC - C316-2 1218-00-0121 Μ34 1114-00-0477

POWER SWITCH 1212-00-0006 MECH, L -Μ34 1216-00-0054
M9W 1114-00-0466 ΜΕCΗ, Β-Μ34 1216-00-0055
MECH, L - M9W 1216-00-0048 LEVELER SO - M34 1218-00-0314
MECH, Θ - M9W 1216-00-0Ο49 PHASE LK BD - Μ34 1218-00-0334

MIXER - M9W 1219-00-0423 WΒ MIX RIAMP -Μ34 1219-Οο-0429

PRE AMP ΜΘW 1719-00-0424 VIDEO MIX ER - Μ34 1219-000430
Μ ι Οω-9 1114-00-0460 VIDEO AMP - Μ34 1219 -OD-0431
MECH, L -M10W-9 1216-00-0081 Μ115 11141Μ-0483
MECH, Β -- M10W "9 1216-000082 MECH, L Μ115 1216-00-0092
M10W-ΙΟ 1114-00-0461 MECH . R -115 1216-00-0093
MECH, L - M10W-10 1216-0Ο-0083 PC, F - Μ115 1218-00-1451

MECH,B M10W- ΙΟ 121600-9084 PC, R - MI 15 .121800-1461
AMP 8D-M10W-9/10 1218-00-0601 M177 1 Ι Ι400-0473
LEV BD - Μ 1 ΟW-9,ι 10 121800-0611 MECH, Β -- Μ172 1216-00 Ο047
Μ29-2 1114-00-0484 PC Μ172 1218-00-1670
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"DR, ΝΑΜΕ , . . . . . . . . . . . . . . . ., . . . . .
CITY

. . . . . . . . . . . . . ST F SCM. ABBR. ΝΑΜΕ , � , � . . . . . . . . . . . . . . . ., CITY . . . . . . . . . . . . . 5Τ FSCM .

fro ALLEM-BRADLEY MILWAUKEE WT 01121 Η-1 ΒΕΧ-ΤΕΚ , IN[. READI NG ΡΑ ΧΧΧΧΧ

MD ANAL05 DEVICES ;λNHR1DGE ΜΑ 24355 Β-Υ ΑAARER Ι YILLIAMSOII BR ISTOL ΡΑ 05690
Α~Ι λRIiOY HART, ΙΜΕ . KET7ERING OR 07858 ΙΕιΑR ! ΒΣιL'ΣΝ65,

INC
. αΕ'XLAND OR 05469

R-Ι ALAN INDUSTRIES CaUMtUS IN 5050 ΑΕϋΜιΥ± 1MSTR1MffNT5, INC . FULLERTa1 CA 73138
Μ( AMERICAN MAGNETICS CARTERVILLE IL 12715 HEL RELDEN CORP , GENEVA IL 70903
Α-Ρ AMERICAN PLASTICRAFT CO . CHICAGO IL 5362 Θ BER ΒΕΤ,G ELECTRONICS NEW CUMBERLAND ΡΑ 22526

AMERICAN ZEΠLER, INC. IRVINE
~L

26806
BG~O

BFRGOUIST
ΙιΕΕ C11 GRWC HARDWARE

MINNEAPOLIS
BEECH GROVE ΊΜ ΧΧΧΧΥΑΒΑε λBACUS PACKAGING [0 . CHICAGO

ΑCΕίΝ ACE INDUSTRIAL HOWR, CAMDEN NJ DIRT ΒIRTCHEk CORP EL ΜΟΝΤΕ [Α 33?δ=
ACT ADVANCE COMPOHENIS . X . CENTERBPOOK [τ 112101, ΒΙυλΡ. ΙΙ VΑk Ι 1Κ SπΝτΑ πκΛ CA 3'5:4
ΑΕ0-Τ ΑΕ5 TFLEPURΣM CORP . SUΜERRIII LLE NJ 24972 BΟKFR BOFIR'S INC.

MINNEAPOLIS
ΜΝ e544,

AD Λ PΡ 'ιίΕίι EAGG PRODUCTS
NEW

F ίΛ!Μ:Ν CT 19505 1w,DR BORDΕN INC. CalIN 8U5 ON .L'283
AER AIA CERAMICS MYRTLE BEACH 5ς 9δ095 ΙΦU B OI1kNS, INC . RI VERSIDE {Α 80294
AER7K ΛΕRΤΕ [Ν INDUSTRIE S SUNNIVALE Ch :1 Β47 BRAUN IIRAUN MFG CO CHICAGO IL 93785
AFE ACCESSORIES FOR ELECTRONICS ΒΑ LΙΙΥΙΝ IREI BREEZE CORPORATIONS, INC, UNION NJ 08404
ARAM ARAN COMPANY λΖUSΑ [Ά 53094 BSCAM Α-SCAN, INC . PHILADELPHIA ΡΑ 321"
him ALPHA INDUSΓtI E S, INC . ΜΑ 17540 85ΗΡ RISROP GRAPHICS, INC . WESTLAKE VILLAGE [Α 34730
ALC ALCO ELECTRONICS PRODUCTS NOR~ΑNDOVEΓ ΜΕ 95146 iιUCK BIUCKEYE STAMPING CC, G,OLUMBUS ON 21604

BUD BUD RADIO, INC . WILLOUϋHBY ΟΝ 71218
AILPI ALL PLASTIίS,iBC . INDIANAPOLIS IN ρ JID FnJRHDY CORP . ΝGRΥΑίΝ. CT α9? '
fiLwT ALPHA METALS, INC JEW CITY NJ %613 RUS M5%4 !fG . ST, LOUIS No 1

ALL
,,

Ν1λΤΜ ΑΜΛΤΟΝ ELΣC H10ΥΕ CO NEW
ΝΝ~Ε CA

ρΙί
[-Α

PARON ΥΙkΕ
AND

[ABLE COW .
CIRCUIT Α55ΕΝΒLΥ CORP

CHICAGO
COSTA MESA

1ί
CA

12δ'?
AND ADVANCED MICRO DEVICES INC . Sυ 34335 5207^

[-D COPHELL DUBILIER ELECT DIV Η[U ΑΓιΙ NJ 14655
ΑMELC AMERICAN ELECTRIC CORDSETS BEMSΣNVILLE IL 0 C-Ε CLINTON ELECTRONICS ROI:X F OFιb IL 54972

6-Η ίUΤίΕR-ΗΑΝΜΕΑ , 1MC . Ν 1LΨ1 1J NEE WT 35841
AMF AMP,

INC
. HARRISBURG PA 00179 C- Ι COMPONENTS .

I
NC . FIDDEF OP.D ΜΕ 17554

ANSLY ANSLEY ELECTRONICS LTD [κT WNSλILLE , (WT ., 2λ C-J TRU 'CINCH E0, GF ;OVΣ VILLAGE IL ί̀ΙίΙ
Γ_ΑΜλΜ [-Κ ~ 1 Κ COMPONENTS, I NC . W,TEFTOΥN ΜΑ 0935:

ANZAC παπΜS-ια S 5ΣΤ.ι ,ΑΙσΑε η!υ τ'f', ί ί4ί Τ C Ν C-L "Ε07-! Ν ', ιΥΑ >ι b ε[ WT .'1` ;"
APIL λΜΡΗΕΝΟΙ CONNECTOR SYSTEMS iR'XIV.ΕΗ Ι*L IAMB ϊ-Μ [-Μ
ΑΡΡ h-P PRODUCTS 'nIHiSPiLLI ON 0 E -W ~ W ' Ν [4 ι 5ΤΕ; Ι C f" WAkH ItiL7EΙi Ρλ

7?7:-

APX ΑΜΡΕRΣΧ ELECTRONIC CORP . SLr 1TEf; S V i L l """ RI 25403 CAE ιήΡΑF', LI)ΜΓΦΝΕΝΤί CORP MEL VILLE MY
ARE ARCO ELECTRIC PRODUCTS SNEίB1V(LlE IN .4652 CUSTOM nCCESSORIES,

INC
. SKOKI " IL ΥΧλΧS

ARIES ARIES ELECTRON ICS CORP , 4Ν CAP CΑMkION CAMBRIDGE MA '127?
APR πΝΝΟ lΟ ENGINEER I NG, [0,

~kk~FF~
IL 94566 CAR [AR[1 INfi ELECTRIC, INC . WE ST HARTFORD CT 7355°

Θt ΟΝΤ ARONAI CORP . ELK GROVE V I LLAGE IL CBLVλ' C ΑΙG . ΕΥλ*{ SYSTEMS, INC . NORTH HAVEN CT Ι6733
ΑRυ-Μ ARROW- Μ CORP CARSON

yτ
~ηΜ 'AfίGΟ R1.4ρΝΙ 1Ν5ϋ DίV NIAGARA FALLS my

λ5ΒΑ6 ASSOCIATED BAG CO . MILWAUKEE [π1130, INC . 1 I R'; Ε"fVILLE IL 05245
ASE ASSOCIATED

SPRING
PISTOL CT 92830 CDC [OMPD?ΕΝΤ DEΘELOPMENT CORP . [AF 5oa [Α ΧΧΧΧΥ

AGE A I RED SPEER ELECTRONICS ST . MARTS ΡΑ 06560 [Ε[Ο CENTRAL COIL CD . 1' ;Α ί Γ_ IN ΧΧΧΧΧ
Λ5Μ ACCURATE SCREW MACHINE CO NJ 51506 CFI CIRCUIT FUNCTIONS IMC. NC W PUf' Γ F F' [Α 3'49σ
flSTID 6STRO INDUSTRIES DAY~TDN

©ι 7λ485
CGW Γι)kΝϊΝύ GL~SS WORKS LUkHING NY

fi ι ?δΙ
1454δ

AT/To ATLANTIC INDI A k ι1 ΒΒΣΡ CO CHICAGO εΗε ιΗεRΒί ELEIT Ρ !Ck PRODUCTS 014ιΣ ±:λΗ 1 ι
ATE AMERICAN TECHNICAL CERAMICS HUNTINGTON SΤΑΤΝ NY ;9990

CHEAP Cffh '-'_ Α S Τ . Ι Νί . Gλ 1 yL N J r

AIR ΑΤΑ COIL ϊ0 . BLOOMINGTON IN ΧΧΧΧΧ CHLhR ϊ 14,άlΣ 5 ':λΗ50Ν CO . J Τ [ Τ,ϊΙΝν IL
Λι 6ΑΤ AIIGAT I WC . λTTLEBORO ΜΑ 9 1.506 [ΗΟΜ C1i0λκ ~ ICS

INC
. WOBURN MA 13565

πυLτ AULT IN[, MINNEAPOLIS ΜΝ 14310
~TFD

CHRYSLER
CORP

. DΕΤβύΙΤ ΜΙ 12204

~GP
ΑUΤΟΜλΤΙ [ [ΟΝΝΕιΤοΡ

[ΟμΡΟΝΕΝ{5
INC . CΟΜΜΑCΚ my 94375

[ΙΜίΟ
εΗπΤΤΙειο PAPER
[ ΙΜ[0 WIRE AND CABLE INC .

C Ι NCiNNATI
AL LENDλLE

OR
NJ

?73δ1
ΧΧΧΧ '~AUTOMATION PECKVILLE ΡΑ 13498

AVDFL F ιiSTENEF', 5Υ5, PAF',S I F 'ΡΛΝΥ NJ 19738 C1ΗΟΧ [IRO).COPP CINCINNATI Oil J899;
~t~T~ ΛVΑΝΤΕλ , ΙΝί , SANTA CLAkA [Α :4539 [ΚΙ CTS KNIGHTS, INC . SANDWICH IL 7537ε
ARC ALPHA WIRE EL I ΖARETH NJ ?'-194 ιιπ CLAP?ίί CORP , KT . VERHOM Ν1' 4391 Ι
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ευR CLhROSTAT
MFG

. CO DOVER NH 12697 EDAC Elk, INC . ΙΟΝ M ILLS, Ο[1 ., tt 31781
α[F 1
αεRΜ

C07 LCβA}Τ
~ΝΈVΑ ~l

CANADA

Ca[ι}ατΜ 20:54 ΕΕ[Ο ΕΕCΟ INC . SANTA ANA
ΊΝ

97525
αFχ COLE -FLEX

COW
BABYLON NY 56'S2 ELI-τ ειεεfR Α CUMBERLAND

CLMRK SAN GABRIEL CA 52Q94 ELCO ΕLCO ΙNDUST F ι ?Ε5 ROCKFORD IL 83486
ChLC ϊι1'λl Ειε '.-ΑSΤΕΜΕ Fι PARfiMUS NJ ZLSΡΕ ΣL ίιk,[ COMPONENTS, INC RCCHE 'SΤΣτ; 1964e
[NCF'D CUΗCOR7ι ELEX NEW YOU NY Ι8310 ELE K F' ELECT ϊ kΡΕίιΙΤΕ F'S MILWAUKEE W~
CΝτΗΜ CENτUN10N 1011 is ELF 'i ΕLECI FIO - FL[Χ ΗΕΑΤ INC . RΕύΟΝ F ΙΕιό CT 02128
[α. COLLMER Ι EN:CONINCTGRS INC DβILAS TX ΕLΗΙιΥ ELECI F:ONI G ΗhRίι FλRMINGRALE
CODRS COORS PORCΕLASN [D GOLDEN CO ΕLΝΑ ΕLκι1 CARSON CA
CPKG CREATIVE PEG D I ': INDIANAPOLIS IN 46:03 ELDCP ELECTRO CUBE, ΙΝ6, 5ΑΝ GPBRIΕL CA 14752
CPLRD εοΜΡιετε -FΣΑD?ΝΕ Ε Lεε , ύα , DALLAS Τ% 0^:SB ΕΜ-cm £NEFiSON 4 G1κING, IRC CANTOM

ACRDWί CARDWELL εΟΝDΕΝ"FR CORF' L IHI+ENHURST my 88256 ENRON S 0
CRM ι . f CERMALL Dϊ ϋΕS Τ CONSI[O HOCKEN PA ΕΝΤΗΝ ΕΝΤΗΟΝΕ INC, NEW Ηή 'JEH ϊΤ 0:258
CRTR CORE -TRONICS CRANGε 2?' :4 ΕΡ' ΙΤΚ ΕΡΙΤΕλ; ELECTRONICS ΚΑΝΑΤΑ , ΟΜΤ , [ ΑΙΝΥDΑ tt 37907
[SD[ CONDIT IONING 5Ελ1CΝ [Π F , WA 'i ΝF NJ EF'ΟΧΤ ΕΡΟχΥ ' E CHNCι LOGY , INC . 8I LLERΙCA ΜΑ Ζ3:46
CTC CDMMUNI CAΣIONS X7STOFι Cp:f- 'ΑΝ CΑRLOS CA ETC ΕLΕϊΤFιΟΝΙ C TRONSISTOF: CORP . FL USHING NY 1'_045
CTS CtI ICAGD ΤΣLΕΡΙΣύΝΕ Si5TEi;5 Ci11CAG0 I L 71 "ά0
CTS -Ε CTS OF ELK.HAR T ELΚ.HAF:T IN ί = .̀0 ET F' ERIE TECHNOLOGICAL PRODUCTS ERIE ΡΑ '2982
CTS-F [ .Τ .5 . ΟΕ FAIRτIE RRY FΑΙ RΑΣββΥ IL 714:Φ
CTS-Κ CTS OF ΚΕΕΜΕ PASO ROPLES CA 112'7 Ε'JRDY EVΕREλDY NEW YOR' Κ NY
CTSDR [Τ5 Ο} ΒΕΑΝΕ 9ϊΡΝΕ IN 1123; ΕΥ.ΑΒ ΕΧΑR INTEGRATED SYSTEMS S ΙιΝΗ 'iVALF CA 52063
CTSBV CTS OF RROWHSVILL Ε tRί7WNSV I LιE ΤΥ, 34",63 ??OK ε - τ ιοκ GARDENIA

ΜΆCΥ/AL C .W, ίALRHA i0[7 ΤΗλΜΡΤΟΝ Ph F-λ: THERιMWΣLL PRODUCTS, INC . ε" F:AM INGHAM ΧΧΧΧΧ
DAL BALE TECHNOLOGY CORE, HΑF:TSBALE NY ΧΧΧ +'. λ; r-5 FEDERΑL SCREW CI! Ι [AG'ύ IL 73?34
DATEL ΟΑΤΣι SYSTEMS, I NC, ΜΑΝSF τειΒ ΚΑ 50-21 FAN FΑΝΓίιι-ιR Τ S C0, GRεεNSD, ύRD NC χΧΧΧΧ
DAV ΝλRΕΥ DAVIES MOLTING CO . CHI CAGO IL 72° . . FASTX FASTEi; I4V ., ILL.TOOL WORKS DES ΡιλτΝε S IL 0
DhY'ΤΝ DAYTON ELEϊIFTC [4 . CHICAGO It ίόRϊ

ΓC Ι1
F5{Ri_ H i LD NOLINTA IN '1 ΙΕW Ch 07263

DEL DΕLE 'JAN ΙιΙ '..', EA>T AURORA NY X:i` . ϊ.'Υ F ILM ϊΑ " nC7TURS, INC . PAS S,,iIC NJ 00686
DEN DENNISON ΜFG . [ύ . FRτ+NINGNPH ΜΑ 16'.6 }J τ.G ευ J τ- ' υ ΑΜεRτεh, τΝε , ίΑ}'; Ε fLUFF
DEW DEWIRE FAR

, :ICATINU CORF . LDWELL ΜΑ Ι3(; ί FNWL ΓΕΝΥήL FRAh INONΑH ΜΑ 15801
DG-1RN ιΙ5ιΤβ hΝ fΑ`ADFNA ΓR ίιΚ S FRE [ιΕ F=C'r ; ς Co . hlJNT IHGDON 'J ΑLLEY αΑ
Dτιεε [ιΙL Ε[ ΤRΟΝ ΝΟΙεΙX τ Α Ch 0 FRK FR P K ; ύ FRΑΝλΕΟRτ , GER . it 4 Χ 'ΧΧΧ
DID DIODES, INC. [ ΗATCWU k T9' CA 12 :ιb)
ητΧοΝ ηιΧΟΝ INDUSTRIES IK, BR ΙSIOL R I 04513 FRRNT FERRAR T I ELECTR IC, IN[, COMMACK NY 22119
DK -WR ϋβΝΟ-RARE CΙΙ IC?:GD IL FRTE FA IR. εΙΤΕ F' R UD ΙICTS COR Γ', WAL[λ I LL NY 34899
DLGHT DIAL I [WiT ΒΗΟDΚ.LΥΝ NY 7:ό19 εRιχ FERROϊCUFI DIVISION SAUGΣRTIES NY 02114

DIΕLECTRI C LABORATORIES INC [Α7ΕΝV ΙΑ NY 5°. Ι53 rιπ ΓUΤΑί, ή
°ιΙ. τΗεΜε ίιΕΕΤΑ ΕLECTRONICS MFG CD BEVERLY Kh 00'95 G£ΝΕΡα,L ELECTRI C INDIANAPOLIS IN 74446
[4Ι - ύΥ ίΠΚ10 . .GΗήΐ CENTER 'J I LLE ON 80813 G-H GRAOii'_ι ,

INC
. LA GRΑRG' IL 82073

DΝTCH [ιΟΝΤΕΕΗ , [ ΝL , G- I GEH' ι_ ΙΝςΤR(ΙΚΣΝΤ SEM ICNDTR H I CKS''ViLLF NY 14963
BRA DRAKE MANUFACTURING CO . HARWOO D ΗΕΙ G} ΙΤ 5 I L 7Ι.'44 0-Τ GRAND T-.~.ANSFORNERS GRAND ΜλΕΝ Κ1 0 :459
LHiMYR [c[IRMΣYER ROCKVI LLE IN 73δδ2 GAL GΑLILEO ELECTRO- OPTICS ΘτυΡΡειτ5αε NO 28119
DUPNT ε , ι , τκιF'αΝτ οεΝεκύυRS Ι CD WILMINGTON DE GATES GATES -H(RGY PROD, DEN!JER CO 57S3
Di'MR DYXEER COW, CHATSWORTH CA GPN GIIRE"ιΤ ENGINEERING CO ., INC PHOENIX Α2 Θ2316
Ε-[ ItECTRONIC CRYSTALS KANSAS CITL MO IC:53 ύCΕ GC EL£CTRON[CS RC[ΚF ι7 R[ ι 011?
Ε-Ι ELECTRICAL 7NDUSTRIΣS, INC . MURRAY H I LL N J 2Φ.43 GΙ + τ GHZ DEVICES,

INC
. CHELMS FORD ΜΆ

GLOIι E GLOBC π ΙLWΑ UΚΣΣ WI
Ε-Ν ELέCTRAih I 7ιLμ1D CORP . NINERAL WELLS TX Χ>'χΧΧ GNATR GENERAL ATRONICS CORP . PHILλDELF'ΗΙΑ ΡΑ 07407,
ΕήΤΟΡ ΕΑΤΟΝ CORP . SUNNYVALE CA 34657 ϋΟυ GOUL Iι , ,kC . ST, PAUL MN `5Β57
ΕΒΥ ΕΗΥ COMPANY PHILADELPHIA Ph 725:5 ϋΝΙΕS ϋRΙΕ S FEPROTUCEΣ' NEW ROCHELLE NY 0 1673
ECKDT ECKARDT LABORATORIES ORANGE Ch GRIP GFI IF ' ΝπϊΤΕk [Ο . MARLPORO NJ ΥΥ; χΧ :
ECHO ELECTRI -CORD MFG. CO, INC. WESTFIELD Ρή ΧΧΧΧ GR'.ιΓΟ GRύ '' Ε 'Ο hΡλΝΥ DAYTON ON

G[Ιι - g ι17iFe.-ιΤ, ι PROS, ίΙL κ ς0 . CH ICAGO IL Y'%χ'dΧ
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GWNDA GOWANDA ΕίΕ1 [ORF' GOYMDA NY JUDD JUDD WIRE Dill, [CC TURNERS F ALLS ΜΑ 12703
Ν-Ρ HEWLETT-ΡΑCΚΑR Ιι IND I ANAPOLIS IN 28480 Κ-i KERR1GAN ίΕΥΙ S MFG. CHICAGO I L 73920ΗΑβΤΥ HAβTWELL CORP . PLACENTIA CA 0 Κ-S Κ Ι S ENGINEERING CO . CΗΙCΑ6Ο I L '2376

HEL
LD DΑVΙΕS Ν Μ0llΠΝδ CHICAGO IL

ΚΕΕΝΕ
_P KDI -PYROFILM CORP . ΥΗΙΡΡΑΗΥ NJ i'3388HELI POT ήΝΑΗΕΙΜ CA ΧΧΧΧΧ ΚΕΕΝΣ CORP . NEWARK LIE 52869HEY

HORS
ΗΕ1' ΜΑΝ MFG, CO .
HUGHE S SOLID-STATE PROD

ΥΛϋΑΣ5ΗΑ
NEWPORT BEACH

W
CA
I 28520 ΚΕΝ ΛiMTRDN ELECTRON PRODUCTS NEWPURYPORT ΜΑ -ν;703

HIS ΗΕRΜΑΝ Η . -KITH, INC . ΒRΟΟΚL ΥΝ NY θ3330 KEY KEYSTONE ELECTRONIC CORP . NCR YORK ΗΥ 9 ίΒ33
HI-G ΗΙ-G INC WINDSOR LOCKS CT 0223Ρ KID h; ΙΙιΕΟ , IN C . MEDFORD ΝJ :2126HIT HITACHI AISE RICA, LTD . SAN FRANC ISCO 6Α αΧ ,:τ z KIN h:1F55 ELELT RDN I CS ΓUCΚλΗΟιΕ ΝΥ ?183όΗΑΜLΙΝ LAKE MIL LS vi 12έ1? ΚΝΥΟ κ, ΑΜhΥή OHM JAPAN StHOLISM HOLLINGSWORTH SLDRLS ΤΕ "ιΝ . ΡΟΤΙSΤιΟΝΝ ΡΑ 14726 KRYST κβ 1'ST I NE L PATΣRSON NJ το"5Ι
HOLUB HOLUB D I STRIBUT ING ι0 . ΝΕΥΡΟF : Τ ΚΥ ΧΧ7IΧ

κSTk
KSW

ΚΕS ΤΕβ SOLDER DIV .
Κ5Υ ELECTRONICS

CH ICAGO
BURLINGTON

ΙL
ΗΑ

~,9185
:'673HRMTT HERMETI TE CORP . AVON ΜΑ 04'02 KUL KULKA ELECTRI C CORF', MT . VERNON NY '5382NSD HARRIS CORP . SEMTCDFι , DI) . MEL ΙιOURME FL 2741 J KYCRh KYOCERA ΙΝΤΕkΝΑΤΙΟΝΑι SAN DIEGO

HUD HUDSON TOOL 1 [[IF :τι , NEWARK NJ VC -5
LAMP
ίλιl έ;Ν

ίΑΜΒ INDUSTRIES, INC .
LAUREN MFG ιο ,

PORTLAND
NEW 'ΡΊLΑΙιΕLΡΗΙΑ 3Η 56329HWDW HOYDEN C0 . NEWARK ON

MY
'
-'PL ΙΙΥ)ΡΟ PLk Τ ICE ΙΝC GEOFGL TOWN ΚΥ fd ί ., ;; LΕΥυΕ LEYSE ALUMINUM [0, h: εωΑΝεε ώΙ 20,19HYSOI ΗΥSΟι CORF IH I ιUST F:Y CA 124 :'5 LIT L ITTELFUSE, INC. %εε PLAINΕS Ι L -5915

ΜΙΤ
'f5 ! Ι'lEkID 5' ί ` Τέκ C: P F Ιι FDF ?ι ΜΑ 33 ί5_ LΝΜ'. Τ LINEKAST ;F,, SWITCH [OFF, ΘΟρΙιSΤΟε h ; CT 97918

ίΑΝίΟ
Η'iTRON I CS
INDIANA BG °_ Τ AND :' τι S ςς _

^INELL~S PARK
'41+i AΝAPOLIS

FL
τΝ

2952 . LOCI T LOCT I TE CORP , HEW 1tlG Τ[ιΝ CS ύ5972

τr. τ ILLINOIS C,',"KlT1jR 'NC . r.GF, τGN GRο v F ίι ?4r 4[ ι
ιΡ, ε
ι 5 τ

ιαι ΕιεϊτΡ,ΟΝΙίs, τκς .
LUMINECCENT SYSTEMS, INC

aaF N εLL
LΕΡΑΝΟΝ

Ν "
Νλ

+ ει57
1 ό15ϊICO-R 1CO-RALLY

IN T L DIODE COR P .
P e,LD ALTO
IiAkRISON

CA
MJ 16068

LTRNi: L I TRONFX "Uf E F: ΓΙ ΝΟ CA 5579
ΙΕΦC, 1ΝΑυ5 τ F.τηι ELECTRONIC L~ ΓG NORTH HOLLYWOOD CA 054ό4

Μ-ρ
Μ-λ

ΜΙ[βύΥΓd1Σ ASSΠCί6TES
MILLΕF'. DIAL 1 ΝhΜΣΡLΑΤέ Co .

BURLINGTON
εί ΜΟΝΤ 2

Ηή
[h

1=341
'4072IERC τΝτ " ι ELFC, RESEARCH CORP . BURBι1NK CA 989"° Μ-f MEFEO ELECTRA . INC, ΜORRISTOWN Ν J :??01

INDCP ΙΝΙιUCΤΙίιΕ COΝFONENTS HAUPPAϋGE NY 25159
Μ-0 ΙιΙ U'πίΝΑΤc Α PRODUCTS ΙΜι , SANTA ΑΝΑ CΑ ί {ΧR

τΝηεε τNDUSτRIaI FιειΙ RDΝΤε ι- Ιιωe . iuw YORK NY , ;ο 1 Ι Μ Ρ κΙι.:Fο Γ l ι'- . ττει τΝΓ, ΕαΑτ s γίι; Ι Η r-~ _ ι 22 1
INUFS INDUSTR IAL FASTENERS CORI- , PORT WASHIOGTON NY 349?<

MAIL

ΜΑΝΙ+
NALL ι1F;'i CONTROLS CO,
ΜηΝDε ;

FRANKFORT Iti c " , ύ 1

INDGL
τΝιοκ

INDIANA
INTERLDΚiWH

GENERAL ΚΕΝSΒΕΥ NJ '2 ά5} NARa J, & J . MMROUARDT
CHICAGO
TUTTL I NGΣN, GER , i 1 : fΧΕJ ΡϋκΙιΥ CG, Βυ RιτΝGhκε CA 559°,:

ΙΝΤ INTERSIL , INC. [UΡΕβΤΙΝο [Α 32293 MCMTL MIGRGMETALS, INC ANAHEIM CA 12S5ό
INTEL INTEL CORP ~ΑΝΤΑ CLARA

FA
74619 κCRΕΙ MIC20 ELE?: LTD HONG KONG 11ΙΝΥΕΘ INTERNATIONAL WEDDI NG WHITEHALL Νίι - ΑΜ MID

AMERICA
CHICAGOIRC ΙΝΤFβΝΑΤΙΟΝhl ΡΣςί 57ΑΝίΣ CG ΡΗΙLλ(ιELrNIA ΡΑ 3~6j; ΝΙιC MAIDA UE+1εL Ο ."ΝΕΜ 7 [0 . ΝhΜΡΤΟΝ ι.' Α 91"84IRE[ ΙΝΤ ' L RECT I F IER COW. LOS fύiGELES CA 31411 MDLRS ΗΤΡιΑΝύ ROSS CINCINNATI ΟΗ 5 .""951TSTMP τ sοτεΜ F' kεSFAR ε G . INC . αιΑRιοττΕ Sfτι Lε VA 3 ιΤ ~ : ΜDτι Ηβ Dϋτεί 4οRΥπικ [ί 32 171τΤΤ FΤtΟΝ Ι SΕ ELECTRON I CS ISE ,JAPAN NFL CO MAURICE FFMKLIN LOUVER ED, PROVIDENCE R τ

ΙΝΤ 'L TELEPHONE Ι TELEGRAPH Ν , PALM REACH FL ?>λΥ r M ILK M1LLtN MFG . C0 . KEW YORK ΝΎ ΧίΧΧΥ.ΙΤΤ-ε
JAMES

ΙΤΤ-CANNON
JAMES ELECTPGHICS

FOUNTAIN VALLEY
ί} ΙΙ C λGΟ

CA
IL

7145? ΜΙL5 Ρ M ILITARY SPEC I FICATION YASHINGTON DC 91349
JAN JAN 9ΑRΙιγΑ [tF MF G, ς0, LONG ISLAND [[ΤΥ NY ν98 ι 3

ι 27ιο ΜΙΝ-{
MINIS

ΜΙΝΙ -CτRCU1T5
MINI sl:sr-ros

ίιΡΟΟ),;LΥΝ
NORTH ΑΤΤ L ΕΒΟΙRΟ

Ν"
Mot

15542
vJ316

JJJ~FWC
JEFFERS DU;OIS ΡΑ 9746+
JEFFERSON WIFF AND CABLE WORCΗESTξR ΝΑ 078°3 MINOR M INOR RUBBER CG . BLOOMF IELD NJ 76385

JEW JEWELL ειειΤ R Ιυ ίΝ 5Τ ΜΑΗεΗε sτε R ΝΗ ΜΙΤΕΚ ΝΙΤΕΚ LEXINGTON ΜΑ 0JFD JF D ELECTRONICS BROO P:LYN ΜΥ 738" M1RJW J191 MILLER COMPTON C
A

96304

JH
JFV

5N
JFW ΙΝΙιU5ΤFιΙΕ 5 ΒιΕCΗ OROV ξ IN 5655,- PINK 3M COMPANY OT, PAUL MNJOHhNSON MFG. CORP, ΒΟΟΜΤΟΝ NJ 91293 mm MDNSAHTO COMM . PROD, ύΙι1, PALO ALTO C~ 50522JON ε . F , JP45014 CO, WΑSΣϊλ MN

-4 ο_. NOL MDL " ;,
'
~ACU'JCTS L I SLE -- :"64
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ΗΟRλΠ MORGAN ADHESIVES STOW DH 17451 ΡΗε ΡHILhDELFHIA HANDLE CO . CAMDEN NJ ΧΧ )CO)(
MOSTK Μ05 Τ 1; CORP . CAPΩOLLTON η; 50088 PHILΡ PHILPOTT RUBBER CO . CLEVELAND ON 86510
NOT MOTOROLA SEMI, ?ROD . DIV . INDIANAPOLIS IN 04713 ΡΙ[ ΡΙΗΕR INTERNATIONAL CORP . ARLINGTON ΗΕΙGΗΤ 5 IL 54869
ΜΟϋS MOUSER ELECTRONICS LΑΗ ', Ε S ΙίιΣ 54811
ΜRΜ Μ . ROSS MASON ΙΝ {ιΙΑΝΑF' Ει 1 . Ι5 IN ΡΙΕΖΟ ΡΙΕΖΟ TECHNOLOGIES, INC . ORLANDO FL
Μδ:Ο ΜΙ[R0 SW I TCH ΠΙV, FREEF'O R7 IL 91929 "ιΙ PRECISION LAMP, INC . MT . VIEW Ch 48451
HRRUB
ASN

ΜΑ RΙΟΝ R.UBΒEF; F 'RO D .
ΝίCF;050ΝΙ[5 DIV .

IN ίι 1hN A P Cl L I5
WE) 400TH ΜΆ P

PtSSY ΡLESSEY ERG. SCHILLER PARK IL 55112
(1869 LST I PLASTIC TECHN IQUES, ΓΝC NEW ί:G5ΤΟΝ ΝΙΗ

Μ5Ρ MICRO SEH I CONIιLKTDR CORf', 5 ήΗΤή ΑΜΑ Ch 14551, ?LYCL ΡΟ 'ιΥCLAD L ΑκίΝΑΤΕS SOUTHF I ELD
ΜΤSΒΙ ΜίΤ,U ΕιΙ SΗί ELEC. CORP . UNNTVAL -

~
ΡΕΑΜΑ[[1 ίιΙ V, NEW BRUNSWICK NJ 99742κϋι sσ MULTICOPZ SOLDERS LTD . ϋΕ 51 BL'R'ί NY 03051 ΡΜ1 "kFC Σ51CN MONQLI THICS INC . SANTA CLARA CA 06665HURA nURA YESTBURY NY 32539

ΜURGA MURATA . - G E ORGIΑ ΜΑRΙΕΤίΑ GA 51406 PNSNC PANASONIC
ΜW5 Μή6ΝΕΤ Ν ? R C SUPPLY [0 . CHήTSWORTH CA 51668 POLPH -OLYF' ΗΘSΕ I HSTβ,C0 BRIDGEPORT Ph 98330
MWS -Ρ HWS FRErISION WIRE INNS iCSTLAKE VILLAGE CA mm F'ΟΜΟΝή ELECTRONICS CO.,IN[ PQMONA CA 05276
MYERS ϋ'i EF .S SP R I NG C0, LOGANSPORT IN 9195 δ PREH Ρ RΕΗ !PCR1,NPN GERMANY tt
Ν-Τ ΗήΙΙΟΝ fιL ΤΕL-TROΜ I CG LΑREDO TX ΧΧΧΧΧ PRMD Γ ιΣιΑΜΙύ INDUSTRIES, INC . ΡΗΟΕΝΙ Υ ; - ΑΖ XXXSK
HAT ΝήτΙσΝήΙ_ SEMICUΑU[ Τοβ. CORP SANTA CLARA CA 27014 PRRES F' FιΕ[ Ι SΙύΝ RESISTI'1 Ε ΡRΠΤS ΜΕ 1ιΙΑF'OL Ι 5 Ih
tNx H hT I UNhL CΣRλΜΙΕ [σ TRENTON NJ 76626 PRSLΚ F'T0ST0- L Γ{ ρ; GARFILLD NJ 77386~έVC ΝλΤL [ΟΗ SΕRV. WILLOW GROVE PRO

Ν
ΓRε[Ι5ΙΟΜ 7U8C CO ., ΙΝε NORTH &LEE ΡΑ 8241-s

ΝΙΡΡΟΝ ELECTRIC CO . TOKYO, JAPAN ΥΥ 13324 PENN ΤβΑΜ CORP , BELLFFONT ΡΑ ΧΧΧΧΧ
14. L NATIONAL ENGINEERING LABS INDIANΑF OLIS IN ΧΧΧΧΧ P IStΜ7 F ' Ο'ιΙΕR-ΜΑΤΕ ΙυΟΡ , NACKENSAC i NJ

PYRO PYROF ILM CQ F ι P, ΥΗΙΓΦΑΗΥ NY ΧΧΧΧΧΝεΗια ΝΣΜιο METALS, τΝϊ MANVILLE RI ΡΥΤΤ F'YTTRQN Ι CS ΙΝΙι LιS Τ R ? Ε :, ΙΝε . MONTGONE R T ' VΙ LLE ΡΑ 31924
NEW ΝεΥhRΚ ELECTRONICS INDIANAPOL I S IN

ΧΧΧλΧ
0-c QUALITY COMPONENTS 5Τ . ΜΑΡΥ S ΡΑ 95121

Ν[ΗΝ
NEW HAVEN WIRE I

CABLE
NEW RA'JEk IN R-Ε βΟΒΙSΟΝ ELECTRONICS SAN LU15 DBISPO

4 ICNICON IAΜERICh ) CORP , 5CΗΑιOMBURG TL 55680 R-Ν ROSINSON-NUGENT NEW ALBANY IN 0
HAD ΝΜά CORP . AP, L I NGTDH HE IGHTS IL 600014 β-ΟΝΜ R- ΓΜiΜ IR'JINF 51-64Β

RAF ΡΑF ELECTROH I C ΗDΝε STRAFFORD CTΝΜ[ MAGNUΜ M ;CROWRVE CORF', 5+1ΝΝΥ'.'fl LE CA 592,,' FAWST RA.W STOCK Ytttt ΥΥ
HPC NUCLEONI ς PRODUCTS CO . CANQGA ΡήRΚ [Α 0 RA'( ΑΤΤΗΕΟΝ INDIANAPOLIS IN 49956
ΝRΤΙλ ΝΟε:τΗ1ΑΚΕ ENO, τκC ANTI OCN IL 50638 hYYVC R iY - Ο 'JAC,' Ιι MADISON ΗΙNYLO ΝΥLΟΜΑΤΙϊ MORRISVΙLLE ΡΑ ΧΧ.ΧΧΧ RBRCT RUBBERCPhFT ΥΥΥΥΥ tt
0-G ι7 -Τί -GAGE

INC
. DAYTON OH ΧΧΧΧΧ RCA R ίλ CAMDEN NJ 02774

0-5 ΟΜΝΙ SPECTRA INC, FARMI I iG ί ΟΜ ΜΙ 16179 RCHLK Ρ:CHLOb. CORΡ CHICAGO IL
OAK OAK INDUSTRIES INC, CRYSTAL LAE IL 76854 Ρει ΤιειτhΝCε ΜΙCΑ εα , BROOKLYN NY 08530018 Ι οΗΜττε MFG . ευ . SKGKΙ E IL 44655 RGNCY τΕGΕΝϊΥ Ε:-ΣCTRONICS, INC . INDIANAPOLI S IN
OMEGA OMEGA WI RE Ι CABLE HARLEYSV ILLf ΡΑ ΧΧΧΧΧ
DPTO οΡτο ELECTRONICS INC FT ιΑυΤαRοπιε FL RGR ;OGΣRS CORP . CHANDLER AZ 31745
ΟΡΤβΝ DFTRON INC . CARFpLLTON TX XXXXX RICH =:1[ HCa PL6ST I C [0, CHICAGO I L 06915rB POTTER

AND
BRUMFIELD ΥF'INC[ΤΟΝ IN 77341 RI CHM ": ΙCΗΑRύ5 METAL PRODUCTS WDLCOTT CT 19076Ρ-[ Ε OVi Eβ COMPONENTS Υι)ΟΟLΑΝίι HILLS CA ΧΧΧΧΧ RMC F:ADI C ΜίiΤΕΓ:?AL S COW . [ΗΙ [ΑG0 IL 8256 ί',-Κ

°-Τ
PARKER KALON CORP . CLIFTON NJ Χ. ΧΧΧΧ F01F RMF PRODUCTS INC . RATA'! ΙΑ I L ΧΧΧΥΥ
PENN TUBE PLASTICS CO . CLIFTON HEIGHTS ΡΑ 0 ROCAiI SOCKWE!L IN TL . hΝΑ} EΙΜ [Α 33085Ρ-U PROJECTS UNLIMITED INC . DAYTON ON ΧΧΧΧΧ ROGAN RDGλ N CtWIP , NOFT4HRCι 0Κ IL 86797

Ρ0L ΡΙ1 Γ'OLYPHASE ΙΝSΤβ , C0 . ΒβΙD6ΕΡΟRΤ ΡΑ 0 ROTRΘ ROTR04 INC, W00[ιSTOCR NY 82877PhCTC PACTEC Dill' . PHILADELPHIA Ρή RPBLC REPUBLIC ELECTRONICS CDRP ΡΑΤΤΕΡ,ΟΝ NJ
PAM PSMGTOP DIV. BUR: LINGAME [λ ^3936
PhND ΥANDUIT CORP. TINLEY PARK IL D;383 RSSLL =:US5Ε1ϊ ΟCΕΑΝS ΙΠΕ NY 24324
ΡΑRΑ Τ'ARAR.T F I IC Ι NIιU6T R 1FS NORTHFIEL Iι IL ΧΧΥ.)ο: RNA RDSENTH~L ΤΕ"ΙΙΝΙΚ Ν.λ . PROVIDENCE
PEG PANEL COMPONENT` COPP . BERKELEY CA 00000 S-C 'ΡεετπιτΥ [οΝΝεετbR INDIANAPOL IS ΊΜ 24931
PEC PACTFIC CLEE T F ICOR1 ι CG . GΑΑί'ΣΝΑ CA 80126 S-G ;TANDARU GRίGSBY AURORA IL 92104PEN PEON ENGRur 8 MAA L ιF CG . DβNBORO ΡΑ $- Ι SΥI TCHCRAFT . ΙΝϊ , CHICAGO IL 8238'PFZR FEIΖER ,iH{, NEW YORK ΝΎ 0649? $-S 5Εβ'JIC F 5ιι ,^P LY τ N DIAMλPOLIS IN ΧΧΧΧ±
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ADRR . NAME . . ;, ; . ; ., ; . . . . . . . . . . , . . CΙΤϊ " . ; ; . . . . . . . . . S1 FSCH.

5Υ5 5ΥSϊ0Η INTERNATIONAL, INC. SCUTH ΗΕΝΙ' IN 32436
Τ-Ε THOMAS I BETTS Τ'~RITAH NJ 59 ;:α
Τ- Ι TEXAS TNSTRUHENTS DALLι1G TX 01295
ΤΑΡ .'" ' 1F"[ F'RODUεI$, INC t#t δΤ is
τϊFί TACONIC PLASTIC ΡΕΤΕR9['υΓία NY 59635
ΤΕ[: ΤΣΚί 6ι0αΙΧ Ιί1Π 16Η ήΓiΙL Ι5 IN 80009
ΤΕΚή TINA ΡΣ :[ ι 1ι1Ι CΤ, INC . ED ί LEH POINT Ν'ϊ 50050
ΤΕ[: ΝΤ TEL?,ΗΙΤ ι;δΙπΝFΟΕΙ+ NJ
TILE TELέ -fF[: ϊΟRΡ , E-> ;' GIOVE VILLAGE τι , zF i,YY
'" Ει- ΤΕLΕίιϊΝϊ ΓίείhΥS ΗλWΤΗΩFΝε CA ! 19Τ2
TF Ι T :F ΙΗιιυSτR τ FI ηΙ +: : RαιιτΝG ΝεηDα+$ I L 53933

TNHc-i 1HCRHOSET ΙΝβίήΝή f'0LIS ίΝ
TN F; THCRnAιLDY ί0, ίι 9ίLΑ 'ά. TX, 1 ϊ 10-
Τ[H:S TINU W. --K AND CABLE ιτωιςτΗΝατ LΝ ~Χ :τΧΧ

T10 T INMEF ti ήN ΡΡρΒU[Τ$ ; I rC . [; Ι 4i`:Αίδι ON ϊs5sτ.
ΤΚΝ 7ECHNICAL WIRE ϊRAW+τ1RD Hi ;Χ7,
ΙLΝϊ TELOίi?Γ ii l'A1R 1 ήϊιJΗ", FCACN Α 044:;
TI-St 1 ΤΙί$ΗΥ ittkt it
ΤΟπι ΤΟΚϊι ή,ηΕΝ h~ ιί S'"' ΟΛ 1Ε I LTop'. α TOR COR9 . VΑΝ Η 'J 'i : =Α νΧ` ΧΧΤR. ;;- TRIAD-Uτ 3Αυ Ιιί ι,' . r L ι 'αΤΙΝύΤ Dί? ι
TRI1'ti TR[ί'ΝΥΧ INDUSTRIES ΙΝύΙΑΝh ?OLIS τΗ

ΤRΑΝέΝί CO ., INC . ΓτΟdιΕ 'i πλ 5Τ '9 .
ΓβU`!1 WALKS TPJARC IONG Ι ' L ηϊ1D CITY Νϊ '?1 ά5

ΉΒΛ
TRW CΑΡΑΓ 1ΤΟτι DIV . 0"'I:'ικ L ί NB 944Ι 1

Τ TOSHIBA ή8' ΤίΙ[Λ ?ίλί WAY HE NJ }0000
ΤΟSΝ?. ΤUSαΝτ " ι INC, ΤLιι $ΟιΙ ~( J966α
τ+rL Τεί;' τs ταΝ LABS WήυςιΤΝ [ιή - ι α
ΤWϊ~; ΤWΑΥ [ οε;F'hi:Y ΙΝΙιΙΑΝ3Ρ :, L Ι S .
τΥΤί, . rtT0u ιυkF ι λRΙ1λΕε . 1Ι
iJ- Γ_ UΝτιΕ~4ή' t ύN F v'.
4L ~, r UHOc;4[ Ι fEf S LAB . ,ΣΕ ; . ΗΙϊΑGΟ :ί 0
UNGA": UΝΙΟί1 Ch RFI DE L 'UMfΠIQENIS SΕέΣΝι'I LL E ί.f_ i_1 ης.
0cl-". UNITED Xhl-COH
UNI C UNΙr"0RF JR ι i16C ι :4 ,., 9
UΝΙΤ
USE G

UΝΙΤFιΟίιΕ CORP, WήτΓΟΤΟΑΗ +ιr 1^969
LιSΕ[ r' fill , :AF' ΝΙΓί °. ;Α ϊ324 ι

IJSHRS
UτΚ

USN FήcΤεΝϊR DIV .
UNII¬;9 ί", Ιι 17 .

iΗΕΙ-10Ν
Ι 1 Τ ' Τ'ΕΡ ϊdskbΥ "ά nkF ~ A,

Θλϊ U n[Τ "C τΝC, Νλ FιΥιήΝυ Ι'C ίGH1$ "'.ύ 'P170
VACD VhCO ΡfιΟΒUCΤς ς0 . ιιίιy, i ?iIι FOD[', ΙΕ '90ίΙ
YAP, uARAD ΥNE εΑfΑε l τοR τιτν , SANT~ πίίΝΙ CΑ CA '6ε54
Vh4 ίι VήR 1 - ι :0 . 71-)Ε=:
VhRC VARG $ΕΝΙ[ONDUC IOR ΙΝι: I;AGLANIι TX
UCTRΝ ','ECίRCN! ίλFΟΗΑΤΟRΙε~ .', Ηε . 'rιΙΙί,ΒΛί G "Τ :'902
4 ELC F ' VELCRO USA INC NEW ΤΟk[: 4Υ 1115ά,

v19CH
VICTOk[r ti INC [Lϊ'1[L ΑΝτι 311
V ISUAL ςΟΝΝ ¬'Lή '(Α DEL FfY Ch 5ί7ί9

ULI ER ι' L . I ER: ΕΝ6ΙΝΕξίtΙΝ6 CυF;T' bt1FDANK ' Α 012.6
VLTRs VΟιΤRελ Mil τλ
UDN5- VDNΝέGUI HARDWήRT τ 'ΝτιΙλfl ήί ' ίιι IS 'i J λΣλΧ 'ι ;
'U8N VERN I TRON CORP . ϋFΕΑΤ ΝΕCΚ ;Ρ fΥΣΧΥ.
ntr ιι ϊ ':ΙΕ 4=αΝΙτ .°. . ίΝϊ , ει ϊ ϊι '>=c _ ,

ι .1'' ι

Α8Ββ . NAME . . . . . . . . . . . . . . . . . . . . . . . CITY. . . . . . . ; ; ; � , 5Τ

5-Τ 5ΝcΚΕ5 TARϊΙΑΝ BLOOMINGTON IN

S8E STANFORD ΑΡΡL[ED ENG SAN TA ειΑRΑ CA
SαGE SAGE LABDRhTURIES, INC . ΘΑΤΙC ΝΑ
SURD SΑΥΡΟSλ ENG INEERS LTD . AL1ON, ΙΦήΝΤ°, U,[. It

SCDE SCANΩE [ιΙ V Ι 5Ι0Ν EL ΝΟΝΤΕ CA
SCC STACKTOLE CARBON CO . $Τ . HAR'Υ , ΡΑ
SEX SIL I COΝIX INC . SANTA CLAR6 [Α
SEΑST Sεh$ τε;ΟΝ HFG . [σ . GLεκDήιε CIA
S
SEίβ

SεεαR INC. 4ε$τυοαιι NJ
SEALECTRO COW . HAHARONECK Ν1'

~M 3εΝτεεΗ ΝΕυΒΟβΥ ΡΑfi Κ [Α
SE Χ SΕΝΤΕΧ DAYTON OH
~ST SEN001EC INC COLUHDUS ON

SIGMA INSTRUKENTS BRAINTREE ΝΑ
SGS-A SGS- ATεS CONP ΕLΕτ $ΎΑ AGRAT'τ ΒήΙΑΝ "_ έ , tL

ITALY
SHAM StNHROC=; F IήST1CS Ι RUBDΕR ΙΝίQλΝΑΡΟLΙS IN
SHOW Ι .Ε , Ε . S[ΗhίΗιυ EDEN PRAIRIE ΝΝ
SΗΚΝκ $1 ;Αr,1,sAN τ 1 ι r; :f, ι :ήΕΝί '~ XlSΙ [πή , ΕΝGΙ .λΝίι ΥΕ

SIR:kE SHURE PRO-1 . Ιίίϊ . C'1ΑίiGΤοκ IL
SΙΕΝ SIEHEM5 ΙSΕL ίΝ NJ

S I6PT
ιιΙ6ΝΕΤΙ C' ςοΡΡΟΙτήΤ70ί1
SΙΟΝ.1 ΡLASTRONI CS

. tιΝιίΓί
ΙιΕΑ ''FURF

:ήιί.

ΜΊ
SINCR SINCLA.A έ RUSI ;, ΙΝ[: 5T . LOUIE ΜΟ
'SK,' HOCK (IRTY'L PROD . [ilk' . 6ci HYDE F41 Ν1'
SLCGN S I LICGM ϋεΗΣΒΑί INC GΑΗΙΙιΕΝ αΒΟ';Ε CA
Sιτ $ύιττ RΓJΝιΗτ[παυΑ +;ε DIV . Ρα R Τ SALεRNa FL
SAT[ sιrHτrr τΝ F, NEW ΑίeήΝν IN
$ΝST F 5_ ΗSΟει ΤtiCτ+ ΝΟιϊ:δ'Υ CO °ΕήΤΤίΙ
Sαή F Τ r. Τιτε υf ίιτΕ AU, ΙΝε ; τι ;Τ F οίΙ_ Ε Gε Ffι
sΩι l τί G SOUR I AU ιιm FJI.t :'.ι CA
SOUT ; J19THCO FASTENERS ί" E F I ΡΑ
5Γ'Ε :F'ΕϊΙΤ;ΟL ίι~Υ' ΤΓιΝ ON
SP[( GFECtT;41H Cο 'NTROt_ . INC . = ίί Ιέ"VλΙΕW ΡΑ
SfF'RD SPECIALTY FRODL[Tr ίΜ D ΙΑΝΑΡΟLΙS IN
SPF SFf ιhSε lc FLEC'Tk IC C INDIANAPOLIS ΙΝ
SST) _S[f['F? τ [,'; INC, ςι fFΕΓd Ι ΝΟ [Α
'PST FEϊTr:n ΙΤ^ΙΡ CalT ;t£ Ν GRDUε
SPY :;FICA,-L0 INC 'CACHTREE CITY 66
5IS

C'
1 01 -H, ϋίΑΤΕ Sί:ΙΓΙΤΙFίε frUN iG οΝΕΕ '!!' ΙΙ - L. Σ PA

SIC SτL τ rnΗ τr:ANS τ STOF. [αRΡ cΗέΙ _ Ν$ΣΟ Rυ
STUFΕ S Τίι-ι 141 "$ + FIESSΣIι άΠϊL ιΕΗε τ [ ιlσιιΝ ΡΑ
5ΤΙ "ΕΝΙ CΝΟΤΤ: T ECHNOLOGY _NC ', TURRT FL
SΤλΣΕ S Τήτ;Σ F ήSi ΕΗΣ[',5 HIP, FL MONTE CA
SIR GTET1rf Ε R TFIUSH ϊ0 . C~'ENOV IA NY
S
SULL

STΕCL S ΘLΕΕ Ι ΝDΙΑΡΙήΡΟLΙ$
SULLINS FLSCT'rΩN I C'> CΟβΡ '-; ΑΝ HhRCO$ CA

5ΥίRϋ
5Λ?:ONDURG CERAt1IC3 >ή+;ΟΝΙ+URς ΡΑ
GT[ SΥL+,'ΑΝΙΑ W~ITHAN ΝΑ

S~
N ϊ 1'Ν1 F.ΟελΣ C INSTRt1HENTS λΡίιΙ $0 Ν 1 L

SYHTC $vN1hI CΟί '' . CLEVELAND ΟΝ
:ΥΝΤΚ ''"ΝΕΒΤΕ t ; it
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ΑΒΒΩ . ΝΑΝΕ ., . . . ., ., . . � , . ���� ST FSCN.

V4Η ?ΙΝ ΡΙΤRΑΜ9 ιε , ΙΝ[, BRIDGEPORT [Τ 9527!~
Υ - : WCLLS -1-E C7 ΓMNICS SOUTH BFi!D IN 14329
W- Ι WΑ1λ[ ΙΙΛ ; ΙΝΙιΙή "lή , ΙΝ [, Τ1Ε CΗ GROVE IN 34204
WnG Υ ",h λΙ : Ρ - , , URIC CORP , 5 Τ , LOU IS ΗΟ 63477
4 Β8Η λ+ήFή S ΙΙ FΙΣΙ.ΑΥ 3 ELECT . Υ 8ΒΑ 5Η IN IS542
ΥΕ [t . ωF ϊr,~ss~F ι CO . . INC . CHIr ήGO IL 91?8?
WkPFΙϊ υ1 . Η , ΡΓ; ϊt Ι i τ ίΝΓιί aF :I4 α!'J HIi_W,ii1 Λ Fl Υ 1
WiTn N l" ' Ι ;t ΓΟΠΝ ΕΙ cΓΙ '~ Ι ? πΤί OH
W([ L Fi U01:EF IE I .iι ENG I tFc. [P.ΙΝ& WAFCF fEI Ίi ΗΑ ι .̀.D20
WL('R Υή L ΙιΟγ, Cλ ICA60 IL K,219
WMHG F1,N : BERG Η9[ Λ'. ήW Α 'ι NY
WNSt 4E INSCNEL ENGI NEER ING GA ί 7H:.F.SBURG MD ^3459
WM21Q WίΝ.'LET; ΝFr, CH ICAGO IL 09109
Ylit 4 Ι 'tE RESEARCH CORP SΑΝΤή ANA [Α
ΥΓ{GΡΑ W . R, GRACE ΑΗ [ε CO, F'Ot iFII ΜΟήΝΟλ;C FiFιξ I1,S Ν[ :7? ί 0

RGN DIV .
050 WAVE7L6 SAN D1fG0 [Α 3330
NSTN Wc7OM ιί0Ν Fi1Ν_NTS ARCRBALD PA ?4{λ5
Χ -ΝRO ;-IfICRO
:ΕΝ ϊ ro ΙΤΝ RADIO COMP , C Η ICAύ U 1L 6i177
ZER0 ZERO ΝhNLιFAC ΤUR IΝG ί0 . WPM* CA 98376
ΖΙΕ Z Ι E d i 1 h rfFG, [t4i^ . λίιΗΝΤ 'σ I SCO NY ?"963
PT ΖΙΡϊ'ERTl1E I NG, [ Ο . LΟΙ: MULES CA ύ?24 ύ
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ΤΕΚ

PARTS LIST

WΑΑνΕΤΕΚ
PARTS LIST

τιτιε
ΠΟ L Γ: ΓΝ .1 πίι

TITLE
$Οι . OF N .3002

ωΠν[τΕΕ Nn .

F ΠGE 1 1

ΑΕδΕΜΝ4 Υ ΝΟ.
Ι 1Λ10-Οο 0 ι 35

CAM : 1

4.'ιSΕΜπιΥΝΟ .

	

REV
Ι :'1 ί - 0 " > ππι Λ

	

Ι
η

3001-S1111,1111

REV
Η

α[ε [ΗΕΝ Cε τιεητ ι,rιητοβα rΛΝτ Ο-τrruc ί ιπυ πf< ι r.-HΓ r.r :_«πrτ - MI
.1-11 πα ~ ωπνr τεκ Ro . οτΥ -'

Λοι ΓΙΙηΑ9 1!, 300 . 300 Ι - 4A!- W- Τ 1111-ΠΟ 0006
Α07 II Wf ' ΠιιΙ η "Λα 0', W ω 1 1 11 .1 Οςι η 44 l .

Ι . ono Ι

Ι . λΠ (
Λ03 Ο U ΤΓΛΙΙ πΝ F . λΙ 10ω 9 ΝΣύυ 9 ω [ ι , .4-00 0460 ', .000
π04 FN R[Γ,Μ29-1 4,4- Υ- Ι !1 ί 4-00-746 4 l . Γι00 Ι

An Χτ' Αί βΕΓ. Μ30- L M30-1 ω-Ι 1114-00-ο024
!

1 . ΟΠπ
Roe. κΙΙ 7 ^'r EFS .M .11Π Μ3ΙΑ ω- τ ιιια οο οπ65 1 .000

ηπ7 ΜΡτ 5ιί:^7 . Μ37π χ3^π W-1 1114-00-0469 1 .000

ΠΟΟ "1πρRΙ 1ΙJ ΕΙ ! Π_ Ι -$ ιΜ33-2 Μ ,13 - 7 W Q 1114-00-04Α7' 1 .000

AD,? WIDE USE: _r.,M34 Μ'34 W - Ι 1114-00-0477 Ι .ΟΛΟ
At 0 SWP ΙΙπν /1ιπ C .Μ 17 ; Ι Μ17:' ω- Ι 1114-00-047 :1 1 .000

Π9Ο 6πΟ L[Κ1'.-50η1 ωχ ,10 Γι1 FΙτ WE 1.719-000457 1 .000

π99 SHIP KIT,1001 W--1 1219-00-0462 1 .ΟCΛ

ί 1 Ι 1- 00-0075 1 .000

L114 00-0466 1 .000

1114-00-0461 1 .000

1114-00-0464 1 .000

1114-00 0024 1 .000

ί114-00 -1) 46',t 1 . Οο0

1114-ύ0 0469 1 .CΟΛ

111400-Λ462 1 .000

1114-00 0471 1 .000

1114 00 0473 1 .000
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This section contains all schematics for the instrument . A
schematic index is given in Section 7 .3 .

l.

	

72

	

SCHEMATIC NOTES

The following notes and abbreviations φrtain to all sche-

SYΜBOLNOTES

---ξ

	

Coaxial jack

CοαχΙιΙ ρΙυg

-~ Coaxial caw

Denotes DC voltage reading unless otherwise
specified .

Denotes high-impedance crystal detector
reading in volts unless otherwise specified .

Denotes 50 ohm crystal detector rea
volts unless otherwise specified .

Signal or voltage source .

Connects to indicated signal or
source .

Arrow indicates clockwise rotation of

ampere
alte rnating cu rrent
capacitor
counte rclockwise
diode
continuous wave
clockwise
decibel
dB referred to carrier
dB re ferred to 1 mW
dB referred to 1 mV
direct current

indicating device, lamp
farad
front panel
henry
hertz
integrated circuit

IF
J
Κ
kHz
kΩ
kV
kW
L
Μ

MHz
ΜΩ

mA
mH
mV

mW
μ F

MA
μΗ

matics . Additional notes pertaining to specific schematics
are included on each schematic if required.

Un less otherwise noted, resistor values an given in ohms,
capacitor values are given in pF, and Inductor values are
given in pH.

ABBR

S ECTION
SCHEMATICS

, .
accessible without removing module cover .

VIATION COD E

interm ediate frequency Ω ohm
jack OC αρτοτουρΙeι
relay Ρ plug
kilohertz Ρ peak
kilohm PIP peak-to-peak
kilovolt pF picotarsd
kilowatt a transistor
inductor R resistor
meter RF radio frequency
megahertz RMS rootτηeαπ- τgωια
megohm R . P . rev panel

milliamφre $ switch
millihenη Τ transformer
mί l livolt Τ . Ρ . test point
mil liwatt V volt

microfarad VA voltampeτe
microamφre ω watt
microhenη X crystal

ding in Factory adjusted part .

,_ Denotes a front-panel device .

ί ~ ι ι. . .. F1 Denotes α rea r-panel device .
voltage ..

ι C , ι C~ Denotes α printed circuit board adjustment
or accessible modu le adjustment .

wiper .
Denotes an internal modu le adjustment not
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7.3

	

SCHEMATIC I NDEX

The'schematics appear in the following order .

ASSEM B LY

	

NAME

3001

	

Wiring Diag ram
3002

	

Wir ing Diag ram
DP52A

	

Power Supply
Μ30-1

	

Crystal Reference
C316-2

	

Modulation Board
Μ29-2

	

FM Reference
Μ31 Α

	

kHz Steps
Μ33-2

	

Nar row Oscillator Lock
Μ172

	

Sweep Drive/DAD
Μ32Α

	

MHz Steps
Μ34

	

W ide Oscillator Lock
M9W

	

Sweep Oscillator
C315

	

Mete r Board
ΜΙΟW-9

	

Output Amplifier
Μ10W-10

	

Output Amplifie r
Μ115

	

Down Converter

Printed ci rcuit board layouts, where applicable, are shown opposite their corresponding schematics.
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8.1 INTRODUCTION

Th is section contains descriptions of engineering updates as

well as co rrections to any errors in the manu al . Also in this

section is the necessary Inform atio n to document the

options wh ich have been ordered with the instrument .

8.2 MANUAL CHANGES

Wavetek 's product improvement prog ram incorporates
thn lαtπτΙ ΡΙπεΓrπη i ι'. dι 'νο(πμmιιΙΙ s if)10 1 Ι 1 ι " t ι ` ιιιοιιιιιιιαιι ": : ι,

rap idly as λοναΙηρχmΡηι and testing perm it . Due to the

SECTION 8
MANUA L C HANG ES & OPTIONS

ηιπε " , :η lr.rr,1 to ι1ι.r. ιιτteη l tnd nrinl thχττ" ίητ l ηιcτ.ηπ

Manuals, it is not α' ωαγ5 μυτsι hΗ lπ include the changes ~ ι ,

the οιιeίηαΙ ηιίπ lίη g, Change information, it any. appears

al 4Ιιe ι,,r ιd πΙ thiε τeεΓι9π,

8.3 OPTION S

R,fnr ιιι

	

αι : Γίίιυ 1,3 for α list π1 the options availab le-. wilt,

this instrument.The option λ(ωιιmeηταtίοη includes th ι ,

operation, theory of operation , m ai ntenance, replaceable

I . .$$ I-, 1" ι

	

ιιιιΙ "χΙωυ mhι : ι .
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INTRODUCTION

This factory installed option requ i res α number ο 1 changes
to the standa rd signal generator, anti provides r emote p ro-
gramming of the RF level . front-panel RF level ιιιηι r οΙ ,
and reverse-μπινer prnter ι ion .

Remote programming is accomplished ν 't α the rear panel
connector using Β-4 2 1 BCD contact closu res or TTL
signals to cover t he range of from 0 to 109.9 dB in 0 .1 dB
steps with +13 dBm as the 0 d8 refe rence point .

Fron t-panel level cont rol is continuously adjustable from
+13 dBm to -97 cIBm (110 d8 range) in 10 dB steps plus
10 dB vernie r .

Reverse-power protection is Provided try t his option to
prevent damage to the instrument if DC (100 volts m nxl

RF LEVEL PROG RAMM ING

or RF (50 ω max) voltages are in advertently applied to
the signal generato r RF OUT connector .

ΝΟΤΕ

DC Protection is not included on Model 3002.

OPTION 1A

Opt an 1 Α removes the standard Step Attenuatnr and
Meter Board from the signal generator, and adds α P ro-
g ramn ιable Step Attenuwnr, Μ41 Α -1 Attenuatur Driver
modu le, 8005 Meter Board , and Β004 Level Program
Board .

Due to the slight "insertion loss" and change in flatness
caused by ad dition of the Programmable Atτenuator to the
signal generator, it will not b e possi ble to obtain +13 dBm
output on all frequencies ; therefore, the maximum cali
brαιed output is +12 dBm when Option 1 Α : τ installed .

8/1 Α -?
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SPECI FICATIONS

PROTECTION CI RCUIT

FRFOUENCV βΑΝGΕ

INSERTION LOSS

T R I P TIME

RF TRIP VOLTAGE

MAXIMUM RF

DC BLOCK I NG VOLTAGE

RF LEVEL PROGRAMM I NG

MAXIMUM CAL IBRATED OUTPUT

FRONT-PANEL RANGE

REMOTE PROG RAMM ING RANGE

r; /IA-2

ACCURACY (EACH 1Ο dΒ SI LP)

SWITCH ING SPEED

I MPEDANCE

FLATNESS

Ι ι , ι 57Π ΜΙ Ι :" ( ηΠ Ι ι " ι ύ7Π ΑΛΙ Ιι on Μιιλι" 1 ΖΠ071

< 0.2 dB

< 2 msec

4 .5 to 5 .5 volts 10 .5 W)

50 W

100 volts max (Ν!Α on ΜολcΙ 3002)

+12 dBm (-891 V RMS)

ςιιιιιίιιιιι ,ι e: Ιν ιπ l j ιι ;ιη lt Ι "" ( .r,ιπ ι 1 71 ι 1βιη In ι 1-' ι 1βη (11Π ( iR range_/ .

Adjustable in 0.1 (Ιβ steps from +13 ι tβιη to 96 .6 dΒm 1109.9 λΒ
ιαημe ; 0 d β reterrnce = +13 λβm) .

10 LIB ι 0,1 ι 1 Ι3

10 dB steP ι ~3 nlsec ΙτγρίεαΙ ) ; ί 6 msec (maximum)

50 nhm ISWR <

	

Ι -3)

+ 75 dB

at)
90
ιύσ

PIN #

5
2 &5
14

CONNECTION

Ground

5 1 .2
569 Λ .9

13
1π & Ι3

2 1 ΙΟ do ^Ο ~J ε".Ο ας. _Ο3 2 ΙΟ dB
4 4 10 dS
5 Θ 10 do rv0 ''+~Ο τΟ =0 c0
6 1 1 d8
i 2 1 do σΟ ~Ο Gς ίΟ
8 4 1 d8

Ι -Ο

9 Θ 1 d8 ^Τ_S
1Ο 1 3.1 do
11 2 3.1 dB Level Program Plug
12 4 9.1 d8
0 8 3-1 do
14 ; ισΟ do
ι 5 - -

Table 1 . Rear- Panel P rogranxl ι i ng

Do R-P . P INS no R, P . P : 4% Do 4 . Ρ . P INS
ΑΤ'ΕΝ GROUNCEO ATTLN GROUNDED Α-ΤFΝ GROUNDED

σ None
ΙΟ 2 1 Ε. CA 10
20 3 2 τ 0.2 ΙΙ
30 2&3 3 6&7 0 "3 10 δ 11
4C 4 4 α 12
50 2 &4 5 fi δΡ. 12
60 3 Β 4 5 788 ιτ
7C 2,3, δ 4 7 6, λ ΙΟ , 11 . & 12
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OPERATING INSTRUCTIONS

F RONT-ΡΛΝ [L 01' Ι It .A f ION

Front panel operation remains basically ιhe same as for α
standard instrument, except the standard ιΙ 3 dβιη in 137
dBm range is changed ίο + 13 dΒm to -97 dBm .

When f ro nt-panel operation is employed, any remote
programming connected to the rear-panel LEVEL PRO-
GRAM plug is automatically d isabled .

REMOTE PROG RAMM ING

ΝΟΤΕ

Set the front-ραηe1 Step Atienuator in the REMOTE
position , then, connect ιernu te-p ίogrammsng BCD switches
or TT L signals to -he signal generator rear-ραπαΙ LEVE L
PROGRAM

ρΙιιq "α shown in ΤιιΙ >Ιι 1 Α mating μιυ 9 i".
furnished with εαεη ιπtt "υιηυητ ,

For example, to program an ατ te πιι tιιί"+ υ 1 106 .5 dB,
pins 14, 1, 8, 10 . and 12 of the LEVEL PROGRAM nher
must be grounded , then to reduce the attenuation by fi dβ
(i .e . 100.5 dB), ground +s removed from pins 7 and Β .
(Note that 0 dB reference point is + 13 d8m.)

REVERSE POWER PR OTECTION CI RCU IT

1f an external RF voltage of approximately 6 VRMS or
more is accidentally applied to the inst rument's R F OUT
connector, an internal switch in th e Programmable Αttεπ -
uator in series with the RE output will open . This prevents
damage to the instrument's Aτtenuator or Output Am pli-
f ίer, This open switch will be indicated by α (lash ing ηΥ the
UNLEVELED lam p on the front panel . Once the switch
is t r i pped, it will latch in the open position and remain
open υη t ίΙ rese ι . Α combination of α bad mismatch, h igh
output level (0 .1 V 1, and changing frequency can also cause
the Protection Circ ιιί t to tri p.

After removing the RF signal causing the overload, the
switch can be reset by momentarily turning the front-pan el
AC POWER switch of f .

ΝΟΤΕ

Normal operation of the UNLEVELE D lamp is α steady
glow if instrument is unlevele d . Ι 1 the RE circuit breaker
is tripped while the instrumen t is unleveled, the UN-
LEVELED lamp will vary in intensity instead of flashing
on and off .

CIRCUIT DFSCRIPTION

{1e Ιιτ so ill,! ΟμΙιππ 1 Α block ι lιαηrαm αηλ the αςιf ι rοt ιιί ;ιι r
,ιΙιι " υι . ιιιί", is, $φ : Ιίιιιι Γι Ιι > follow the είιcιιίΙ ίιι"ηιιιι . ιt ιιπ
contained in this section.

REVERSE POWER PROT ECTION CI RCUIT

Th e Reverse Power Protection ci rcuitry is located ' π τι""'
Prngcαmmab le Attenuatnr and in Anenuato r Drive module
Μ41 Α -1, With the instrument's AC POWER switch , tιιωρο
ο" (, ι tιe Ριηιeεtίοη Circuit internal relay, in se ries with τηe
RF output, is in its normally open position . This prevents
dαιηα ge to the Attenuator or Output Amplifier if reverse
power is inadvertently applied to the RE OUT connector
while instrument is not in use. As soon as AC ρπωει ιs
applied to the instrument, the επm ρα rατοr, IC E , will com
pare the RE monitor voltage to α fixed reference voltage π`
aμμrox ίmatety 5 volts, As long as the monitor voltage is;
! :"". ". 1f ιυι ίι.^ r ί ν <ιΙ 1 Γ""" "" ,r π:, " ιη r πιηιηα rαtιχ υιιΙΙιιιι will
ο, αι a-, " πχ ιηαιιίιγ ι ί ', νr,; Ιτ . Γι is ιιπ s ίΙίνε output turn - n
relay dr ίver 01, which energizes the Protecliorι Cιιεπί "
,class, thus completing t he RF output circuit .

Τfιυ ςιιι s ίιίνπ output from ICI also turns no 02, ι h �"
efδ:κt ι vely grounding pin 7 of timer IC5 ινhίεh ι cπιe"αιι" -
ατ His αslahle oscillator, Wit h Pin 7 grounded . me ιίιιιer ~ τ
inoperative and its output at pin 3 is "h igh" . The "ι , ίgf ι "
πυιηιιι from IC5 turns off 03 and thus prevents the curreετ
ΙΙιία, to ιh ι " Ιιπηι ραηι" 1 ONE ΓVrI ΓΠ Ιαιηη .

If all external RE signal exceeding 6 VRMS is aρpl ίed :ο
she instrument's RF OUT co nnector , the RF mon ίlur
voltage will go above 5 volts . This will prodice a negative
οιιτοιι t from ICI, and the feedback provided by ιηε nega
ιίνe latch diode and resistor will latch IC E in this state . The
ηι gative output from ICl will turn off relay drive, 01 and
cause the Protection Circuit relay to return to its normal!v
υςιρπ ςιπs6tίπις t hereby removing the external RF τίη ,"α '
from the Αtιαπυαtπr circuitry.

Th e ι " ρηαΙίνρ output from com μarator ICl also turns off
02, thus removing the ground from p i n 7 of timer IC5,
ωh ιε h allows the timer to oscillate. The output at ρί r ι 3
of Ις5 then varies between 0 and +7 volts As the output
sωηιgs down toward 0 volts, 03 turns on and Supplies

curieηt to the front panel UNLEVELED lamp, then, as
the output rises towards +7 volts . 03 turns off and prevents
current flow. This on/off cycle of 03 causes the UN-
LEVELED lamp to flash .

Th e εοmρα rατυr can be υηΙσιιΙι ed by mnrnentanly r:
moving AC power to the instrument after the εxternx
RF signal is removed-

8/ Ιι.-
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FRONT-PANEL RFLEVEL CONTROL

When Option 1Α is installed, the RF ou tput level is adjust-
able over α range of 110 dB (+13 dBm to -97 d8m) as
follows: The output can be reduced 10 dB by level program
relay Κ2 on Meter Board 8005 ; the P rogrammable Atten.
uator provides another 90 dB ο1 attenuation in 10 dB steps;
and the OUTPUT VERNIER provides continuous adju st-
ment of the output level over α 10 dB range. These combine
to provi de α total attenuation ο1 110d8 ..

As shown in the block diagram, front-panel RF level
control involves the Meter Board, Αττσηυατοι Driver
module Μ41 Α-1, and the Programmable Attenu ator . With
the front-panel BCD switch (Attenuator dial) in any
position exce pt REMOT E, Meter Board relay Κ 1 will be
energized; thus the OUTPUT VERNI ER will be connected
to the +10 dBm/0 dBm level ci rcuitry .

ΝΟΤΕ

For clarity, quad 2-input "or" gate, 1C4, is shown in the
block diagram η α SPOT relay. W it h the BCD switch in any
position except REMOTE, this circuit is de-energized;
therefore, the 80-40-20-10 BCD switch output is applied
directly to Attenuator Driver module Μ41Α-1 .

Assume the front-panel Attenuator dial is set for an output
of -70 dBtn (80 dB total attenuation ) . The BCD switch
grounds the "80" wire, which applies ground to p in 13 of
ROM IC3 in the Μ41Α-1 . The "10", "20", and "40"
inputs to the ROM remain "high ". Th is turns on the
appropriate FET switches to activate the 10 c1B, 20 dB,
and 40 dB pads in the Programmable Attenuator . Α "high "
on ROM pin 3 de-onσrgizes Meter Board relay Κ2, thus
selecting 0 dBm program voltage for the Output Amplifier.
Therefore, 0 d8m output from the Output Amplifier
attenusted 70 dB by the Programmable Attenuator resu lts
in an output of -70 dBm, as selected by the front-panel
Attenuator dial .

ΝΟΤΕ

+10 dam output is equivalent to the "0" BCD switch
position, 0 dBm corresponds to the "10" BCD position,
and -10 dBm is th e "20" BCD position, etc . The BCD
number indicates the total attenuation in the unit, in-
cluding the +10 dB/0 dB position ο( relay Κ2 and the
Prog rammable Attenuator active pads.

REMOTE RF LEVEL PROGRAMM I NG

In addition to the Meter Boa rd , Atte nuator Driver module,
and Prog rammable Αtteηυατοι , remote level programmi ng
also requires α Level Progra m Board and rear-panel p l ug
as shown in the block diagram .

With front-panel BCD switch (Attenuator d ial) set to the
REMOT E position, IC4 is energized and the Attenuator
Driver module input is switched from the front- panel
BCD switch to the 80-40-20-10 BCD input f rom the rear.
panel LEVEL PROGRAM plug. In the Attenuator d ial
REMOTE position, Meter Board relay Κ 1 is de-energized,
thereby disabli ng the OUTPUT VERN IER and replacing it
with th e "combined modu lation/level program outpu t"
voltage f rom the Level Program Board.

Basically, the rear-panel 80-00-20-10 BCD input determines
whether Meter Boa rd relay Κ 2 selects +10 dBm or 0 dBm
program voltage, and also which Prog rammable Attenuator
pads (if any) a re activated .

The negative voltage applied across the OUTPUT
VERN IER control is also applied to α voltage d ivider
network in the "1 dB Program Select" circuit . The Β-4-2-1
BCD input from the rear-panel plug activates FETswitches
to select voltage points on the d ivider network corre-
sponding to the 1 dB steps. These voltage points are, in
turn, con nected across anoth er voltage divider in the
"0.1 d8 Program Select" circuit, Then, rear-ραne1 . θ-.4-.2-.1
BCD input activates more FET switches to select voltage
points on this divider which co rrespond to 0.1 dB steps.
The output of the FET switches is con nected through
Meter Board relay Κ1 to the +10 dBm/0 dBm level
circuitry .

MAI NTEN ANCE

No cali bration or maintenance should be required fo r th is
option, other tha n that described in previous sections of
this manual for calibration of the Meter Board. However,
if α malfunction of some k ind should ma ke it necessary to
repair the boards, they can be safely probed with α high
i mpedan ce probe such as α scope or OVM . Α logical
troubles hooting procedure of isolating the fault shou ld
be followed. The integrated circuits, which are most vul-
nerable to accidental shorts, are all in sockets for easy
replacement.
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ΝΟΤΕ : Progτaτmιable Attenuator is
Α-Ι SODA90-CP; W-Ζ PIN 3010-50-0003 .
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GENE RAL INFORMATION

This factory-instal led opt ion requ ires
the addition of α Programmab le
Attenuator and Μ42 Attenuator Dr ive
module to t he stand ard signa l generator ,
and provid es remote programming of the
RF leve l via the rear-p anel input
connector using 8-4-2-1 BCD contact
c losu res or ΤΤ I, signa l s . The level
programmin g range covers 0 to 90 dB in 10
dB steps . The 0 dB reference point is
set to the desired leve l by t he
instrument front-panel attenuato rs .
Remote se lection of CW or ΑΜ mode is
also prov id ed by a switch-contact
closure or α ΤΤL signal .

Reverse-power protect ion is a lso
provided by t his opt ion to prevent
damage to the instrumen t if DC (100 f
max) or RF (50 W αιαχ ) vol tages are
inadvertently applied to the instrumen t
BE OUT connector .

NOTE

DC protection i s not i ncl uded on
Model 3002,

Due to t he s l ight " insertion loss" and
change in flatness caused by addition
of the Progr ammable Attenuator to the
instrument, i t will not be possible to
obtain +13 dBm output at all
f re qu encies, therefore, the maximum
ca librated ou tpu t is +12 dBm when
Option 1Β is installed .

Table 8/ ΙΒ-1 li sts instrumen t
specif ications whic h are additions to
or deviat ions from the specificat ions
given in Section I of the instrument
instruction manual .

Re fe r to F igu re 8/} Β-2 for location of
added ιοαιρυηeπεs .

OPERAT I NG I NSTRUCT I ONS

Front-Panel Ope rat ion

OPTION 1B

RF LEVEL PROG R AMM I N G

Front-panel operation remains basica lly
the same as for α standard inst rument,
except that the max imum calib rated
output is +12 dBm. Howeve r , any
exte rna l RF level programming must be
removed or the fron t-panel indicated
υυιρυ t level. will be incorrect . Also,
the externa l CW/ΑΜ programmin g must he
set to AM in order for the front-ρanel
MODE switch to functi on properly .

REMOTE PROGRAMMI NG

S i x wires are required to connect the
remote programming switc hes or ΤΤΙ .
s ignals to the rear-panel PROGRAMING
p l ug (see Figure 8/1Β-1) : four are
used f o r level pr og ramming, one f or
mode sel ect ion (CW or AM), and one is
common (ground) .

	

8-4-2-1 BCD swi tch
closures or TTL signals are used to
select the attenuator 10 dB steps over
α range o f 0 to 90 dB as shown 1η Tab le
8/1Β-2 .

After the programming switches have been
connected to the rear-panel PROGRAMING
p lu g, the 0 dB re ference point is set
to the des ired value by the front-panel
a ε tenuators ; then, the 10 dB steps are

8/1 Β-1
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insetted as needed by c losing the
appropriate remote progr amming
switches . If remote CW/ΑΜ mode
se lection in to be used , the 1 ιια [ rυιηυιι t
front-panel MODE switch mu st be placed
1η the AM posit ion . C losing the remote
ςΗ/ΑΜ switch selects CW mode, wh i le
opening the switch se lects AM mode .
The instrument MODULATION FREQ switch
may be placed in any position as
required .

Reverse Power P rotect ion

internal swi tch 1π series with the ΑΣ
outpu t will open . This prevents damage
[ο the in strumen t's Atte nuatoτ or
Output Amplifier . This open switch
will be indicated on the front pa nel by
the flashing of the UNLEVELED ligh t .
Once the switc h Is trip ped, it will
latc h in the open position and remain
open unt il reset . Also, α combination
of α high mismatch , high output leve l
(over .1 V) and chang in g frequency can
cause the c ircu it breaker to trip .

Af ter removing the RF signal cau si ng
the overload , t he switch can be reset
by, momentar ily turnin g the front-pane l
AC POWER switch to the OFF position .

ΝΟΤΕ

Νοπηα 1 operation of th e UNLEVELE D
light is α steady glow if t h e
i n st rument is unleveled . I f th e
c i rc ui t brea ker is tri pp ed wh ile
the i n strume nt is un leveled , the
UNLEVELED lig h t will vary i n
i ntensity instea d of flas hi ng on
and off .

8/1Β -2

Output Protection

Wit h the inst rumen t's AC POWER switc h
III Ιιιι OFF, Ιιοιι Lt ion, the Protection
Ci rcuit in te rna l relay, in series wit h
the RF output, 1α in its normally open
posit ion . This prevents damage to the
attenuators or Ou tpu t Ampl ifier 1Ρ
reve r se RF power is inadvertent ly
app l ied to the RF OUT connector while
instrument is not . in u se . As soon as
AC power is app l ied to t he instrument,
Ι C2 Π 1 w il l compare t he ΑΣ mon itor
vo ltage at J201 to α fixed reference
vo ltage of approximately 5 vol ts .

	

As
long as the RF monitor vol tage i s less
than the 5 vo l t reference, the ou tput
of IC201 will be approximately +17
vo lts . This positive out put from IC201
turns on the re lay driver, Q201, which
ene rgizes the Protection Circuit re lay,
t hus completing the RF o utput circuit .

The posi tive output fr om I C201 also
turn s on Q202 ; thus eff ectively
grounding pin 7 of ti me r IC202 whic h
operates as an astable oscillator .
With p i

n
7 gro,inded, the timer in

inoperative . and its outpu t, pin 3, is
high . The high output from IC202 turns
off Q213 and thus prevents any current
flow to the f ront-pane l UN LEVELED lamp .

If an ex terna l ΑΣ signa l exceed ing

	

6
VRMS Is app l ied to t he instrument's ΑΣ
OUT connector ,

	

the RF mon itor voltage
at 3201 will go above 5 vo l ts .

	

This
will produce α negative output from
I C201, and the feedbac k provided by
CR202 and R211 will latc h IC201 in this
state .

	

The negat ive ou tpu t from IC201
will turn off relay driver Q201 and
cause the Protection Circuit relay to
return to its normally open
position , thereby remov ing the external
RF s igna l from the Attenuator
circ u itry .

The negative output from IC201 a l so
turns off Q202, t hus removing the
ground on pin 7 of timer IC202, which
allows the timer to operate as an
α sta ble oscillator . The ou tput on p in
3 of iC202 then varies between 0 and +7

if an exte rnal RF vo l tage o f
approximately 6 VRMS or more is
acciden ta lly app lied to the
instrumen t's RF OUT connector , an

C IRCU I T D ESC R I P T I ON

The Opt ion 1 Β overall Schematic
contained 1η th is sectio n s hould be
used to follow t he c ircuit description
given below .
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vo lts . As the ou tput swings down
toward 0, Q213 turns on and s upp l ies
c ιι rτent to the front-pane l UNLEVELED
lamp ; then, as the output rises toward
+7 vo lts, Q213 again tu rns o ff and
prevents current flow to the UNLEVELED
lamp . This on/off cycle of Q213 thus
causes the UNLEVELED lamp to flash .

Wit h the inst rument's MODULATION MODE
switc h set to its AM p osit ion , mode
select relay Κ201 enables remote
selection of ei ther CW or Μ1 modes .

Q212 is an inverter which contro ls relay
d r ive r Q211 . Wit h the base o f Q212
(J 101 p in 30) grounded, Q2 Ι 2 is turned
off ; therefore, Q241 is turned on and
effect ive ly grounds one sid e of Κ201 's
coil . Th is en e r gizes Κ201 and opens
its con tacts to place t he inst rument in
its CW mode .

Wit h relay Κ201 in its de-energized
(normally c losed) pos i t ion , modu lat ion
s ignals (DC, 400 Hz, 1 kH z, or EXT .)
from the Modulation Board are app lied
through t he relay con tacts to the Meter
Board where they are combined wi th
level programm ing vol tage to produce
amplitude modulation of the Output
Amp lifier outpu t . When K201 is
energized, its contacts open ; t hus,
modu lat ion signals are removed from the
Meter Board and instrument is 1π `he CW
mod e .

RF Level Programming

The Programmable Attenuator	contains
one 10 dB section and four 20 dB
sect ions ; however , two of the 2 ρ dB
sections are wired together to provide
40 dB of attenuation .

	

The resu l t ing
four attenuator pads (10 dB, 20 dB , 40
dB , and 20 dB) can be combined in 10 d B
step s to give attenuation ra nging from

0 to 90 dB. The positive termin al of
each attenuator section i s connected to
+27 vol ts DC ; then , each attenuatoτ
pad is activated when required by
grοιιηιί iτιg its negat ive terminal thr ough
one of four identical inverter/divider
transistor c ircuits .

attenuat ion will be activated as
fo ll ows . The base of Q204 is gr ounded
direct ly . The base of Q206 is gr ounded
through CR205, and the base o f Q208 is
grounded t hr ou gh CR206 . This turns off
inverters Q204, Q206, and Q208 whic h
t urns on dr ivers Q203, Q205, and Q207,
respectively . The dr ivers ground the
negative terminals o f the 20 dB , 40 dB,
and 20 dB attenuator pads through 8226,
Α227, and 8228, respectively .

Note that CΑ2Π5 and CR 206 are
forward-biased and conduct only when
the "8" wire is grounded . If the "4"
wire or "2" wire is grounded, the
diodes are reverse-b iased and do

	

not
conduct .

MA I NTEN ANCE

If α malf unction occur s, the trouble
can be l ocalized and repaired with the
a id of the c ircuit desc ription and
sch ematic .

No preventative maintenance is required
for the ΑΣ Level Programming option ;
however , periodic testing is
recommended to insure proper operation
of the programming and the P rotect ion
Circuits .

The leve l programming can be checked
wit h the following procedure :

ΝΟΤΕ

8/1Β - 3

For examp le, to insert 10 dB of
Af ter the external RF s igna l is attenuation, the "1" wire (J 101 pin 26)
removed , IC201 can be unlatched by is grounded by α contact closure or TTL
momentarily removing AC powe r fr om the signal . This turns off inverter Q210
instrument . whic h the n turn s on driver Q209 and

grounds the negative terminal ο £ the 10
CW /λ11 Mode Se lection dB pad through R229 . If the "8" wire

(J101 pin 29) is grounded, 80 dB of
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Α power meter can be used to
-check the RF level over α range
of 0 to 30 dB ; whereas, α
spect rum analyzer is re qu ired to
chec k the entire 0 to 90 dB ra nge .

With α power meter or spectrum
ana lyzer connected to the instrument RF
OUT connector, set the front-panel
attenuators for α convenίent're ference
on the power meter or ana lyzer with
remote programming set for 0 dB; then
step through remote programming in 10
d B steps from 0 to 90 dB . The ou tput
should be wit hin accuracy
specif ications as given for this
option .

The f ollowing procedure is recommended
to insure proper operation of the
Protection C ircu it . The top cover must
be removed fr om the in strument .

With instrument operat ing normally at
100 MHz 1η the CW mode, connect α 50 R
detector to the instrument RF OUT
connector a nd set output level to +5
dBm . Moni tor the detector DC output on
α su itab le osc illoscope .

Circuit r y in Attenuatoτ Dr iver Μ42 is
checked by pushing the momentary switch
located on top of t he module . Thi s
switch lowers the tr ip level of the
module . While hold ing the swi tch
closed, use the front-panel OUTPUT
VERNIER to slowly increase output level
un ti l the Protection Circui t

	

trips .
Th is causes the UNLEVELED lamp to
flash, and the oscilloscope to go to
zero .

The circuit can be reset by momentarily
turning the AC POWER switch o ff .
Perform the same test α [ 500 MHz . At
100 MHz , the protection circuit should
trip at +7 .5 dBm _+1 dB ;

	

whereas,

	

at
500 MHz , it should trip at an out put
level of +10 .5 dBm +2 dB. Additional
tests can be performed as desired . For
example, VSWR and insertion loss can be
checked in the same manner as any
pass ive device . Al so, if available, α
high-power RF-s igna l source, set for an

8/1Β- 4

outpu t of s li ght ly over 0 .7 W, can be
used to ve r i fy Protection Circuit
operation .

SCFλ FMATIC AND P ARTS L I ST

The Option 1 Β Schematic and applicable
Parts Lists a r e inc luded 1π this
section .
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FREQUENCY RANGE

I NSERT ION LOSS

TR I P TIME

RF TRIP VOLTAGE

MAX RF

DC BLOCKI NG VOLTAGE

RF Level Programming

POWER LEVEL

IMPEDANCE

FLATNESS

TABLE 8/1 Β-1 . SPEC I FICAT I ONS

PROGRAMMED RANGE

ACCURACY EACH STEP

StiITCH ING - SPEED

1 to 520 MHz ( .001 to 520 MHz on 3002Β )

<0 .2' dB

<2 msec

4 .5 to 5 .5 volts (0 .5 W)

50 W

100 volts max (N/A on 3002)

The maximum calib rated output is +12 dBm
( .891 VRMS) when Option 1 Β is installed

0 to 90 dB i n 10 dBsteps ; 0 dB reference
point is set to desired value by the
instrument front-panel Attenuators .
E .g ., if 0 dB reference is set to O d βm,
then range is 0 dBm to -90 dBm . if 0
dB reference is set to -5 ρ d βm, then
range is -50 dBm to -14ρ dBm.

10 dB +0 .1 dB

10 dB step : Typ .
Μαχ .

50 ohm (SWR < 1 .3)

+0 .75 dB

ε
3 msec
6 msec
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TABLE ΙΙ/1 Β-2 REMOTE PROGRAMM I NG

- = Switch open or HI TT L signal
Χ = Switch closed or LO TTL signal

(R .P . p i n is gro unde d ) .

90 do
FROGRAMMA67F

;

	

FROM ΜΙΟω-6 ---I

	

jj ΑΤΓΕΝUλΤΟR ~- RF out

REAR-PANELPROGRAMMING
JACK

ΑΜ

CW

33 ιι ι. τι ιι
moo

Common 29 G 0Dι' ιο ~ 7.3 V

π Ι ι~̂ τγ

υ 2π

	

τι 8F-1 ale(

11 4ι

	

17 0 ED 3 ισ

43 ιι ι. π ί(

9 Ο ισ ιι (ί

S ΟΟΟό
Ι GAGA (DAO

F igu re 8/1Β-2 . Bloc k Diagram

8/1Β-6

Ρ 1 υ9 Connections

	

,Figu re 8/1 Β-1 .

ΝΟΤΕ : Programmable
A tteτιuator is Α-Ι
SODA90-CP; W-Z PIN

1
1 --~ι 3010-50-0003

R .P . PIN

BCD W I RE

29

8

28

4

27

2

26

1

30

0 d8 - - - -

10 - - - Χ

20 - - Χ _

30 - - Χ Χ

40 - Χ - -

50 - Χ - Χ

60 - Χ Χ -

70 - Χ Χ Χ

80 Χ - - -

90 Χ - - Χ

CW Χ

ΑΜ -
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INTRODUCTION

Option 3 is α circuit breaker in the RF output system Of
the instrument, Th is prevents damage to the RF output
syste m in the event that large RF signals are fed into the
signal generator while testing α tιasnceiver . In addition to
the RF protection , the option contains α DC block whic h
will prevent damage to the Aτtenuatnr if the RF output is
connected to α εί rειι l ι operatin g at a DC potential .

This information applies to all 3000 Series instruments
except Models 3002, 3004, and 3006 . For these
instruments the Μ35.1 is replaced by Μ35-2 . which permits
operation from .001 to 520 MHz, butdoes not include DC
blocking. All other specifications, operating instructions,
and descriptions apply.

SPE CI F ICATIONS

ΝΟΤΕ

Frequency R ange

	

1 to 520 MHz
Insertion Loss'

	

<.2 ιΙ8
VSWR"

	

-' 1 1! ι
Tri p Ti me

	

< 2 msec
RE Trip Level

	

" ,7 W
Max RF

	

50W
OC Blocking Voltage

	

100Volts

' This loss is calibrated out when the option is installed in
the signal generator .

' χ The V SWR π1 the generator is increased to <t .25
when this option is installed .

OPER ATING I NSTRUCTIONS

If an external RE voltage of approximately 6 VRM$ or
more is accidentally applied to the instrument's RE output
connector, an inte rnal switch in series with th e RE Output
will open . Th is prevents damage to the instrument's
Attenuator or Output Am plifier . This open switch wilt be
indicated on the front panel by the flash ing of τhη
UNLEVELED ligh t . Once the switch is tripped, it will
latch in the open position and remain open until reset .
Also, α combinatio n π1 α high mismatch , high output level
(ove r Τ V) and changing frequency can cause the circ uit
breaker to trip.

OPTION 3

REVERSE POWER PROT ECTION

After rοιτιονίηη the RF signal causing the overload , ιh ι~
switch can be reset by Momentarily turning the front-vanpi
AC P OWER switch off

NOTE

Normal operation of the UNLEVELED light is α steady
glow if the inst rument is u nleveled. If the circuit breaker is
tripped while the instru ment is unleveled , the
UNLEVELE D light will vary in intensity instead of Γιατhm η
on and o ff .

THEORY OF OPERATION

F ιηυrr 3!3-1 rs α block dωgrαιιί ο ( the RF circuit breaker .
Th is block diagram, along wit h the Μ35-1 Schematic,
should be used 1π follow the i nformation contained in this
τeεΓ ' ιιη

With the instrument's POWER switch set to the OFF
ρο sit~ ηη , relay Κ 1 ;τ in its normally open position . This
ρ rενεπιτ any damage to the instrument whale it is not in
use, As soon as AC power is applied to the i nstrument. ICI
will ιηm ιιπίe IN- νιιΙ 1αηε from R F monitor CRT In α ΓίχινΙ
reference voltage ο1 approximately 5 V . As long as The
οιιτπιιt of the monitor is less than the 5 V refe rence νπΙτα4c,
the οιι tςιυ [ of ICI will be approximately +17 V, This ροs-
ίιίνΡ ιιιιιςιιι t from ICI turns on the relay d river, Ql . This
energizes relay Κ 1, thus completing the RF output circuit

The positive output from ICI also turns on ο2. This
effectively grounds p i n 7 of timer IC2, which is bei ng
οfιΗιαιeιΙ as an astable oscillator . With pin 7 grounded, the
timer is inoperative, and its output, pin 3, is h igh. The
high output from Ιε2 turns off 03, This prevents any
cu rrεm flow to the front-panel UNLEVELED light.

Ι+ an external RF signal exceeding 6 VRMS is αμςλίeλ ε,
the ιιιτι rυmeητ ' τ RE output connector, the ill from
mοmbir ιhοde CR I will go above 5 V, This will ριοdιιε~
α negative output from ICI . The positive 1eed hac4.
Provided by R 7 will latch ICI in this state . The negatl νe
ουιιπιι from ICI will turn off relay driver 01 This causes
relay Κ 1 TO return to its normally open position, removinη
the "εετηαΙ RF τίηηαΙ from The i nstrumen t,

ManualsPlus.com

https://www.manualsplus.com/


The negative output from IC1 also turns off 02, thus
removing the sh ort on pin 7 of tim e r IC2 . This allows the
timer to operate ας an ατ t αΙιΙπ ι>sειΙΙαΙο r, The οιι f ΙιιιΙ , pin 3
π 1 Ις2, then varies between 0 a nd 7 volts . Thm causes 03,
the LF D driver, to τιιιιρΙγ ιααrπηι inlermitten r ly in the
έ rπη t- panel UNLEVE I ED light, causing it to flash .

After the RF overload i5 remπν.λ , Ις 1 Call be nnilMhcd by
momenta r ily removing AC power from th e insturmenl .

OPERATION CHECK

The following procedure is recommend ed to insure propp.i
operation of the protection d evice . The top cover must be
removed from the i n strumen t .

With the instrumen t operating normally in th e CW mode,

set the ουτρυτ level to 1 5 dβm. Connect α 50 ohm detector
to the output of the signal generator- The DC output of
t he detecto r should be monitored on α suitable
oscilloscope. Set the output frertuency to 100 MHz .

The circuitry in the Μ35-1 is checked by pushing the
momentary switch located nn ιπςι of Ιιω module- This
switch lowers the t r ip level of the module . While holding
down the swkch , slowly ricrea τ e t he output οΙ lhv unit
using the OUTPUT VERN I ER u ntil t he Μ35-1 trips . Τh ίτ

causes the circuit break e r to open and latch , t he
UN LEV ELE D ligh t to flesh, and the detected output
displayed oil the η s ειΙΙοsrπυe to go to zero . ihe circuit
breaker can then hπ reset by momentarily ηιηηim η t h e AC.
POWER switc h off . The Μ35-1 shoul d have tripped at 17.5
dBm tl d8 . Perform t h e same rest at 500 MHz. It shou ld
then trip at all output level οι 410.5 dβm α2 d0 .

8/3-2

'J2

Fig ιι re 8/3-1 . β l ο c " Πίαη r ασ

The above procedure, while not α complete performance
ch eck , ι 5 considered adequate for most applications-
Λι 1 ι 1 ίιιιιιι ;ιΙ Ιο s1 τ r ιιιι Ιιι " ριr ι (πrm ικ 1 οαλrtsirr! ι 1 F<κ rικ : ιιης 9 π ,
insertion loss and VSWR can he checked in the same

manner ω . ιυιν Ιια "mνπ device . Also, if αναίΙαΙιΙο , . ι high
power RF ~ ίΓριαΙ s ιιιιrr ο., set. far an outpu t of slightly ιινπι .1

W ran be ιιωd in verify circu it breaker operation,

MAINTENANCE

The only m αίηιρηαηce for the AF circu it brea k er is perndic

t π sιίηη in ί " ^,ιι r ε -ts πρε rατίοπ . If α malfunction πε c ιι r" , σ
trouble can he localized and repaired with the aid of the
t hewy of operation and the schematic . If the problem is α
defective m0nrrο r diode, ca r e should be observed to keep
lead Ιρηρι 1, αηλ position the same as the original diode .

Option 3 can be facto ry or field installe d

	

The fοΙΙιιωπιρ
procedu re shou ld b e followed for field i nstallatio n . Install
the Μ35- Ι module in the location shown in Figu re 813-2
and seειιπ" vi ι h the 6-32 hold-dπωη screw . Remove
the Ιιυπι

	

RF rιιιΙί "tιί cal λ e, 1ιν 1

	

αηd " eμιαεe with Wl Α
and W1 β which will route the RF ou tput signal Ιh r ιι th e

M351 mηιΙιιί e

R π t ηιιυιι , in, ιηπd ιιΙ e should be tested by the pToceduirt
de ι ., λὶ d πι ί7ρειατίοπ Check .

OPTION 3 FI ELD INSTA LL ATION KIT

ιtι

Γ
,

ί ourvur
/ΤΟ rRON7't-4NrL
l R!- ΟdΤΟυΓ 6ΟΝΝ(6

ΤΟ-ξ)

ΤΟ F40Nr-~N6L
<iNLrVrL L laNr

ΟΤy ΓιΓ SΓΓi ΙΡΤΙΟΝ PA R T NO

1 R F C ί r ειιί t B reaker Module M35 1
1 RF Cable WIA
Ι RF Cable WIB
1 6 .32 κ 5!16 Screw 2810-17-6105
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Figure 8/3-2 . fop V iew . Ri Circuit Brea ker Location
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INTRODUCTION

This option provides α constant amplitude Au xiliary RF
Output signal at the rear panel of the signal gen erator .

The amplitude 1-10 dBm) of th is signal is sufficient to
drive most frequen cy counters, This auxiliary signal does
not contain amplitude modulation ; h owever . it does
contain frequency modulation.

This factory-installed option entails changing the M9W
Oscillator to an M9W-1, th e addition of an Μ37 Amplifie r
module, harnessi ng, and additional cabling to the rear
panel . The addition and operation of this option has no
effect on the operation or specifications of the signal
generator.

SPECIFICATIONS

Frequency Range

	

1 to 520 MHz

Level -10dBm -.5 d8 (70 mV)

Harmonic output

	

25 d8c from I to 620 MHz.

OPERATING INSTRUCTIONS

To use the Auxiliary RF Output, disconn ect the 50 Ω
termination on the rear panel and connect α frequency

counte r or other mon itoring device with α 50 Ω coaxial
cable. The Auxiliary RF Output cab le should be kept as
short as possible . The output is controlled by α rear-panel
on/off switch.

IMPORTANT

When not is use, te rminate the Auxiliary RF Output with
the 50 Ω terminator supplied.

ΝΟΤΕ

Although the reverse isolation of the Auxiliary RF Output
is approximately 30 dB, α signal that ί5 coupled into the

OPTION 4

AUXI LIA RY RF OUTPUT

Auxiliary RF Output could be coupled to the main RF
output on the instrument's front panel. For example,
sub-harmonic signals at α counte r's input can be coupled
through the instru ment and applied [ο the device under
test .

ΝΟΤΕ

If Option 4 is used on Model 3002, 3004, or 3006, it will
function normally from I to 520 MHz, However, at
frequency settings of 1 to 999 kHz, the Auxiliary AF
Output frequencies will range from 10.001 to 10.999 MHz.

CIRCUIT DESCRIPTION

The Μ37 module contains α wide band amplifier, monitor
diode, error amplifier, and voltage va riable attenuator.

The input signal to the Μ37 module is fed thru the VVA to
amplifier ICI .

	

The approximate gain of the amplifier is 13
dB from 1 to 520 MHz- The monitor diode, CR2, detects
the output from the wide band amplifier . This detected
level is compared to α DC refe rence by the error amp. IC2.
The output of the error amp is fed to the PIN diode (VVA)
αττeπυατοι which changes the inpu t level to the wide band
amplifier until the monitored signal produces α DC level
equ al to the reference level- Th is refe rence level is adjusted
by R 5, theOutput Level control,

The output impedance is provided by the resisto r, R2,
connected between the monitor and the RF output
connecto r .

MAINTENANCE

The only maintenance for the Auxiliary RF Output is a
periodic check of the output level. If α malfunction occurs,
α trouble can be localized and repaired with the aid of the
theory of operation and the schematics. The Μ37
Schematic is included in th is section. The M9W/M9W-1
Schematic is located in Section 7 of this manual .
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ΝΟΤΕ : ΟΝ/OFF switch is C- Κ 7101 ΡΝ
Wavetek P/N 5106-00-0009

Figure 8/4-1 . Add itional Wiring
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GENERAL INFORMATION

Option 5 Includes the circuitry necessa ry to enable the
instrument to be driven by an exte rn al reference frequency,
thus improving the accuracy of the signal generator. The
reference input requirements are as follows :

FREQUENCY - 1, 2, 2.5, 5, or 10 MHz

ACCURACY -within 1 ppm of above frequencies.

LEVEL RANGE - 50 mV to 5 V (RMS)

IMPEDANCE - 1 kiiohm

INSTALLATION

To add this option to the inst rument, fi rst remove top and
bottom covers as explained in Section 5.2 of this manual .
The module plugs into the open socket adjacent to the
Μ30-1/4 (refer to F igures 5-5 and 5-6) . The additional RF
cables connect the Μ39 to the Μ30-1/4 and the instrument
rear panel .

OPERATION

When an extern al signal is connected2ο the rear-panel BNC
connector, the instrument is ready to use with increased
accuracy . The front-panel ACCURACY lights should
Indicate "EXTERNAL" unless the FREQUENCY
VERN I ER ίs ουτ οf the CAL position .

THEORY OF OPERATIO N

The purpose of this circuit is 2ο phase lock the Crystal
Reference in the i nstrument to α h igher accuracy reference.
The circuit functions include: "ph ase detection" to

OPTION 5

EXTERNAL REFERE NCE

Compare the variable frequency to the reference and supply
α reference voltage, "harmonic generation" to allow the
external reference to be any ο1 several frequencies, "unlock
i ndication" to tell the operator when this loop is unlocked,
and "reference monitoring" to disengage this loop from this
i nstrument wh en the refernce input is disconnected .

Refer to Figure 815-1 for α block diagram of the ci rcuit .

PHASE DETECTION

The reference (10 MHz) inpu t to the phase detector is
supplied from an extern al source via the harmon ic
generator. The signal is fed through e pai r of inverters to
make the signal level more compati ble with the phase
detector. The variable (10 MHz) signal from the voltage
controlled oscillator is fed through Inverte rs for the same
reason. The ph ase detector output is filtered by an
integrator ci rcuit and applied to α varacto r diode in the
oscillator in the Crystal Reference module . The 40 MHz
oscillator frequency is divided by four and fed to the phase
detecto r. Α certain voltage to the VCO will tune the
variable input to the phase detector to the exact frequency
of the reference input.

	

If the variable input frequency
shifts high or low, the phase detecto r output voltage
changes and tunes the va ractor oscillator in the opposite
direction, thus keeping the variable input locked to the
reference input.

UNLOCK INDICATION

The integrator output (phase detection ci rcuit) is fed to e
window detecto r. When this tuning voltage goes outside
the normal operating range (too positive or negative), α DC
voltage is applied to both an L ED on top of the module and
to the flasher circuitry in the Modulation Board assembly
to cause the front-panel ACCUR ACY light to flash.
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The extemal reference is fed into α circuit which gen erates
harmonics. The output is fed to α 10 MHz filter to
elim inate undesi red harmonics . This signal is then fed to an
amplifier with automatic gain control .

The AGC circuit includes α detector and α eomparator. The
detector p roduces α DC level proportional to the RF signal
level. This Is then "compared" to α DC reference . The
eomparator output is applied 2ο the AGC i nput of the
amplifier to complete the AGC loop . If the amplifier
output level starts to change lincrease, for example), the
detecto r output changes (goes more positive) and the
eomparator output changes the voltage (more negative) on
the AGC input to the amplifier. The gain of the amplifier is
thus changed (dec reased ), and the output returns
(decreases) to its original level .

REFERENCE MONITOR

This circuit monitors the amplitude of the 10 MHz
reference by looking at the detector output in the AGC
ci rcuit of the 10 MHz amplifier stage, This level is
compared to α fixed DC level. When the reference falls
below α level necessary to drive the phase detector, the
eomparato r switches three transistors which eliminate the
tuning output to the V GO and also prevent the unlock
indicator from b eing activated.

SCHEMATICS AND PARTS LISTS

I ncluded in this section is α schematic diagram of the Μ39
module and corresponding parts list. The instrument
Wiring Diagram (Schematic 1 (η Section 7) shows the
incorporation of this option into the Instrument.
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EXTERNAL ΚΕFΕΚΕΝΓE
Μ39
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INTROD UCTION

Option 5Α includes the ci rcuitry necessary to enable the
instrument 2ο be driven by an extern al refe rence frequency,
and also provides an internal refe rence from α temperature-
compensated crystal oscillator (ΤCΧΟ ) . The accuracy of
the instrument may be improved by using either the
inte rn al o r external reference . In add ition, the internal
TCXO may be used as α reference for other instruments,

The ci rcuitry fo r Option 5Α i ncludes the Μ 153 Internal/
Extemal Reference modu le and two RF cable assemblies .
To install Optio n 5Α , remove the instrument top a nd
bottom covers (refer to instruction manual Section 5.2)
and p lug module Μ 153 into the open modu le socket next
to the Μ30-1/4 Crystal Reference module . Install the
modu le hold-down screw underneath the instrument
chassis. Connect the RF cable assemblies as; shown in
Figure 8/5Α-1 .

OPERATION

OPTION 5A

INTERNAL / EXTERNA L REFERENC E

When the Ιπt/Ext switch an top of mod ule Μ153 is in the
"Int" position, the instrument is phase locked 2ο the
TCXO in the Μ153 and the instrument accuracy is !1 ppm
( .0001%) . Th e TCXO signal is also outpu t at the rear-panel
connector for use in driving other devices .

When the Μ 153 switch is in the " Εχτ" position, the
i nstrument is phase locked to the extemal source . If no
external source is present . Option 5A is non-functional,
and the instrument accuracy is returned to the standard
(±10 ppm (.001%)).

The front-panel ΕΧΤ ACCURACY lamp will light when the
inst rument is phase locked 2ο either the external source o r
the internal TCXO.

WARM-UP TIME

When the instrument ί 5 turned on from α cold start, the
front-panel ACCURACY indicator may flesh, indicating
an unlocked cond ition. As soon as the ACCURACY
indicator stops flash ing, the instrument is warmed up and
has an accuracy of i1 ppm. The warm-up time is typically
less than 5 minutes at 25° C amb ient temperature .

THEORY OF OPERATION

Refer to Figure 8/5Α-2 .

ΝΟΤΕ

If the front-panel FRED VERN IER is not in its CA L
position , Option 5A is non-functional .

The purpose of option 5Α is to phase lack the Μ30-1/4
Crystal Reference to α higher accuracy reference . The
option ci rcuit ry is contained in the Μ 153 Internal/External
Reference modu le, and includes α tuned amp lifier , α phase
detector, α filter, α compa rator, α reference mon itor, and α
TCX0.

8/5Α-1

SPECI FICATIONS

I NTERNAL
Frequency Accuracy t1 ppm
Temperature Range 25° i5° C
Aging 1 ppm/yea r
Stability <0.2 ppm/h our afte r

3 hour warm-up
(Typically afte r 2
hour warm-up)

Reference Output 10 MHz TTL
EXTERNAL

Frequency Accuracy Equal [ο
exte rn al source

External Input
Frequency 5 or 10 MHz
Accuracy ±1 ppm

Input Level ΤΤ L or .5 to 5 VRMS
into 2 kohm (sine
or square wave)

INPU T/OUTPUT CONNECTO R Rear-panel BNC

I NSTALLATION
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Wh en the Μ153 switch is set to "Ιπ t", the TCXO is
energized. The TCXO output is input to α phase detector,
the other input of which is derived from the Μ30-1/Α
Crystal Reference, which serves as th e VCO in the phase-
locked loop . Any d ifference in frequency or phase
produces an error voltage which corrects the Μ30-1/4
Crystal Reference frequency to keep it phase locked to the
TCXO.

When the M1 53 switch is set to "Ext", the tuned amplifier
is energized and the TCXO is turned off. The tuned
amplifier accepts the extern al reference signal, amp lifies it
(If the extern al reference is 5 MHz, the tuned amplifier
converts it to 10 MHz), and inputs it to th e phase detecto r.
The phase-locked loop then operates in the same ma nner as
it did for the TCXO, and the Μ30-1/4 C rystal Reference is
phase locked to the external reference source.

Ι( the extern al reference is not with in accuracy
specifications, the phase-locked loop will not be able to
lock onto the extern al signal . When this occurs, the
comφra τor senses the excessive error voltage from th e
phase detector and activates the module and instrument
unlock indicators.

If the M1 53 switch is set to "Εχτ" but no (or insufficient)
external signal is available, the reference monitor senses the
condition and disables the phase-locked loop .

CA LI BRATION

Tank circuit L4/C12 Is broad-tuned α[ the factory, and
shoul d requ ireno adjustment.

An adjustment trimmer is provided on the TCXO to adjust
the 10 MHz reference frequency. This adjustment should
be performed at 3 to 6 month Intervals to compensate fo r
aging of the TCXO .

To adjust the TCXO frequency, first ensure the instrument
has been turned off for at least 3 hours and has stabilized
in α - 25' C ambient temperature. Remove the instru-

ment's top cover and the Ml 53 . module cover. Set the
ins/Εχί switch to "Ins" and connect α frequency counter
to the rear-panel REF IN/OUT connecto r . (Ensure that
the counter is properly warmed up and has at least 0.1 ppm
αεευιυεγ with 1 Hz resolution at 10 ΜΗτ . " Turn the
instrument on and adjust the TCXO Frequency Adju stment
to 10.000000 MHz ± the offset indicated on the calibration
tag adjacent to the Frequency Adjustment. ( Example-
If th e tag reads "Fred Set at 25° -3.0 Hz", adjust the
frequ ency to 9.999997 MHz) . This adjustment should
be performed within 5 m i nutes after turn-on. Replace the
module and instrument covers .

TROUBLESHOOTING

If the

	

M153 unlock indicator is lit, the fault may be in the
Μ153, but may also be in the Μ30-1/4 Crystal Reference
module or in the external source . If either the M30-1/4 or
the external source is not within its prescri bed specification
limits, the MI 53 may not be able to accomplish phase lock,
and the unlock indicator will light. If the unlock occurs
only when the Μ153 switch is set to "Ext", suspect the
external source or the tuned ampl ifier in the Μ153. If the
unlock occurs only when the Μ153 switch is set to "Ιητ",
recali brate the TCXO . If the unlock occurs in both switch
positions (with external source present), the problem is
probably

	

α

	

defective

	

M153

	

or an out-of-specification
M30-1/4 .

Calibrate the Μ30-1/4 as follows: Check the DC voltage
prese nt on p i n 11 of module Μ153. This is the PLL correc-
tion voltage. The unlock indicator will light when this
voltage exceeds - t4 V, If the instrumen t is unlocked
after α 5 minute warm-up period, i mmediately set the PLL
correction voltage to .3 .5 V using the Μ301/4 Frequency
Adjust. If the Inst rument becomes unlocked after 15
m inutes, allow the instrument 2ο warm up until it has been
on for at least 2 hours and set the PILL correction voltage
to +3 .5 V .

ΝΟΤΕ

It may be necessary to repeat the above procedure several
times i n order to phase lock the Μ30-1/4 at all tempera.
tures. Do not adjust the Μ30-1/4 Frequency Adjust for
0 V, since this cou ld produce an unlocked condition at
extreme temperatures .

8/5Α-3
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INTRODUCTION

Option 6 provides α high-stability rear-panel output which
can be used to drive the rear-panel input of Option 5. Th is
highstability TTL output can also be used to drive other
devices which requ ire α high-stab ility reference input .
Maximum fan-out is four .

SPECI FICATIONS

-Output F requency

	

5MHz

Output Level

	

TTL

Temp Stability (11 hr . warm-up
over 10° to 40° C range.

	

0.05 μριη

Aging 0.005 pρmlday
0.05 ppmJmo.
0.3 ppmly r .

Typical Overall Accuracy
(within 3 months of calibration)

	

0.2 ppm

OPERATION

OPTION 6

H IG H-STAB I L ITY R EFERENCE

Option 5 (External Referencel is necessary for driving α
Wavetek 3000 Series instrument with this H igh Stability
R eference . The instrument Wiring Diagram (Schematic 1)
and the instrument Top View (Figure 5-6 shows the
incorporation of this option into the unit . The necessary
ci rcuitry is housed in the Μ40 module.

An RF cable takes the High Stability Reference output
(5 MHz) to α rear-panel BNC connector. Another cable
connects th is output to the External Reference i nput of
Option 5, th us referencing the instrument's Crystal
Reference to the H igh Stability Reference .
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I NTRODUCTION

Option 7 provides for α reduction in RF leakage such th at
less tha n 0.1 μV is induced in α two-turn, one inch diameter
loop (feeding α 50 St receiver) held one inch away from any
surface, when the instrument is developing 30 mVRMS or
less into α 50 Ω termination .

An alternate method of detection is to place α paging
receiver with .2 μV sensitivity (such as Motorola A04FNC
in α ΤΕΚ-69 fixt ure connected to the instrument RF OUT
connector) 6 inches in front of the in strument with the
instrument OUTPUT STEP ATTENUATOR set at
minimum and the instrument frequency set to that of
the paging receiver .

The paging receive r IF test point is monitored with an AC
voltmeter, and should chan ge less than 0-5 dB.

OPERATION

There is no change in operation from the standard
instrument.

CI RCU IT DE SC R IPTION

OPTION 7

LOW LEAKAGE

F or Option 7, the standard M9W Sweep Oscillator is
replaced with an M9W-2. The operation of the M9W.2 is
identical to the M9W: the difference is additional shieldin g
and filtering in the M9W-2. Also, additional shiel ding,
filtering for the PROG RAMM I NG jack i nputs, filtering for
ιΙιρ LEVEL PROG RAM jack inputs ifor Option IA) . and
an AC line filter are added to the rear panel of th e
instrument,

MAINTENANCE

ΝΟΤΕ

If Option 4, Auxilliary RF Output, is also installed, the
Sweep Oscillator is an M9W-3.

No calibration or maintenance should be required for this .
option other than that described in previous sections of
this manual .

8/7-1
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OPTION 7
LINE CORD
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