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 WARRANTY

Al Wavetek instruments are warranteed against defects in material and work-
manship for a period of six months on field equipment or one year on laboratory
equipment atter date of manufacture. Wavetek agrees to repair or replace any
assembly or component (except batteries) found to be defective under normal
use during this period. Wavetek's obligation under this warranty is limited solely
to repairing any such instrument which, in Wavetek's sole gopinion, proves 1o be
defective within the scope of the warranty when returned to the factory or 1o
an authorized service center. Transportation to the factory or service center is
to be prepaid by purchaser. Shipmeriashould not be made without prior authori-
zation by Wavetek,

This warranty does not apply 1o any prodicts repaired or altered by persons
rot authorized by Wavetek, or not in accordance with instructions furnished
by Wavetek. If the instrument is defective as a result of misuse, improper repair,
or abnormal conditions or operations, repasrs will be billed at cost.

Wavetek assumes no responsibility for its product being used in a hazardous or
dangerous manner-either alone or in conjunction with other equipment. High
voltage used in some instruments may be dangerous if misused. Special dis-
claimers apply to these instrumants. Wavetek assumes no liability for secondary
charges or consequential damages and, in any event, Wavetek's liabitity for
breach' of warranty under any contract or otherwise shall not exceed the
purchase price af the specific instrument shipped and against which a olaim
is made.

Any recaommeandations made by Wavetek for use of 11s products are based upon
tests believed to be reliable, but Wavetek makes no warranty of the results to be
obtained, This warranty is in lieu ot all other warranties, expressed or implied;
and no representative or person is authorized to represent or assume for Wavetek
any liability in connection with the sale of our products other than set forth
herain.
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1.1 INTRODUCTION

The Wavetek Models 3001/3002 are rugged, completely
solid-state Signal Generators covering the frequency range
of 007 or 1 1o 520 MHz. The output can be amplitude ar
frequency modulated, and the level can be set between
+13 and -137 dBm.

1.1.1  FREQUENCY CHARACTERISTICS

The frequency of the instrument is set via 6 front-panel
Lever/Indicator switches which yield a resolution of 1 kHz.
In addition, remote frequency programmability is standard,
Series 3900 programmers are available to facilitate semi-
automatic or GPIB programming of both frequency and
output level,

The sccuracy of the instrument s based on a crystal-
controlled oscillator that serves as a stable frequency
reference that enables the instrument to provide high
stability signals to an accuracy of 0.001% over its specified
frequency range. This accuracy includes possible errors
due to short term drift, long term drift, incidental FM,
and variations due to line voltage changes and temperature
changes. With the FREQUENCY VERNIER out of the
CAL position, the frequency is accurate to 0.001% =10
kHz.

The accuracy of the instrument can be improved by using
the optional External Reference input or the optional
Internal/External Referance or High Stability Internal
Reference. An Auxiliary RF Output option is also avail-
able to drive a counter. {See Section 1.3, Options.)

SECTION .I
GENERAL INFORMATION

11.2 MODULATION

These instruments also feature both Internal and external
amplitude and frequency modulation capabilities. Interpal
madulation frequencies of 400 Hz and 1 kHz are standard.
In the FM mode of operation, peak deviations to 100 kHz
are attainable. In the AM mode, amplitude modulation to
90% is attainable,

With the MODULATION MODE switch in the AM position
and the MODULATION FREQUENCY switch in the DC
position, the output amplitude can be varied by the MODU-
LATION FM/AM control. This provides a reference atten-
uator for variation of a signal level around a specific point
of interest. This operation can also enable the user to
obtain greater than 20 milliwatts of power over portions
of the band, The frequency can also be continuotsly
varied with this control over a 100 kHz range.

1,13 OUTPUT LEVEL FREATURES

The output power is indicated on a front-panel meter
calibrated in both dBm and VRMS. A fifteen-position,
10 dB/step Attenuator used in conjunction with an 11 dB
VERNIER control provides the user with a range of 413
dBm to -137 dBm. Two programmable attenuator options
(1A and 1B}, see Section 1.3.1) are available.

The calibrated output of each instrument is leveled to
within 10.76 dB across the complete frequency range
of tha instrument.

Reverse power protection is also available as an option.

1-1



1.2 SPECIFICATIONS

1.2.1 FREQUENCY

RANGE

READOUT

RESOLUTION

ACCURACY

STABILITY

PROGRAMMABILITY

12.2 RFOUTPUT
POWER LEVEL RANGE

LEVEL CONTROL

TOTAL LEVEL ACCURACY

Accuracy Breakdown

IMPEDANCE
SWR
OQUTPUT CONNECTOR

RFI LEAKAGE

1.2.3- SPECTRAL PURITY

HARMONIC OUTPUT

SUB-HARMONICS

1-2

1 MHz (Model 3001) or 1 kHz (Model 3002) to 520 MHz selectable in ‘
1 kHz steps.

6 digit Lever/Indicator switches
1 kHz

All modes (CW, AM anid FM) £0.001% after 15 min.

(Typ 10.002% after 2 hours within 3 months of calibration). (20.001%
£10 kHz when FREQUENCY VERNIER is not in CAL position, FRE:
QUENCY VERNIER range s £8 kHe.)

All modes (CW, AM and FM) < 0.2 ppm/hour
(500 Hz per 10 min when FREQUENCY VERNIER iz not in CAL

position. ]

Frequency is programmable via rear-panel inpul connector using BCD-
coded TTL voltages or BCD-coded contact closures (negative true logic)

+13 dBm to -137 dBm (1 tc .03 uyVRMS)

Continuously adjustable in 10 dB steps with an 11 dB VERNIER. Dutput
lwvel is indicated on a front-panel METER calibrated in volts AMS and
dBrn.

13t -7 dBm t1,25d8B (Typ 20.75 dB)
1o 77 dBm +1.86 dB (Typ £1.25 dB)
J7t0-137 dBm +2.76dB {Typ £1.EdB)

Flatness (+13 to -7 dBm) *0.75 dB (Typ 0.5 4B)
Output METER 105 dB
Step Attenuator
5 dB to 70 dB (0.2 dB calibration error)
*1.04dB8 to 130 dB (10.5 dB calibration error)

50 ohms
< 1.2 at BF output levels below 0.1 VRMS
Type N

< 1 pV &= induced in a two-turn, one-inch diameter loop which is held
oneé inch away from any surface. Loop feeds a 50 ohm receiver.

< -30 dBez fram 10 10 520 MHz and from 1 kHz to 1 MHz (Model 3002)
< -26 dBc from 1 to 10 MHz

MNone detectable



NON-HARMONICS

RESIDUAL AM

RESIDUAL FM

1.24 AMPLITUDE MODULATION

FREQUENCY
INTERMNAL

EXTERMAL

RANGE

DISTORTION

MODULATION CONTROL

ACCURACY

1.25 FREQUENCY MODULATION

FREQUENCY
INTERMAL

EXTERMNAL

DEVIATION PEAK

DEVIATION CONTROL

ACCURALCY

DISTORTION

1.2.6 GENERAL

OPERATING TEMPERATURE

POWER

DIMENSIONS

Man-Harmonic

Fundamental Mon-Harmaonic

(MHz} iMHz) Level (dBc)
below 3 balow 3 < -60
3 to 260 3 to 250 < 65
3 to 360 3 10,350 = 65
3t 520 3 1o 1000 = -35

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

< 200 Hz in 50 Hz to 156 kHz post-detection bandwidth {Typ << 100 Hz),
< 100 Hz in 300 Hz to 3 kHz post-detection bandwidth (Typ < B0 Hz),

MOTE: These specifications apply for a carrier level =+3 dBm. AM is
possible  above +3 dBm if the peak output does not exceed +13 dBm.
400 Hz and 1 kHz £5% (Typ 13%)

DC to 20 kHz, {3 dB bandwidth). Input level required = 10 Vpp into BOO
ohms to provide calibrated % modulation control

0 o 90%

3% distortion to 70% AM (6% to 890% AM] at a frequency of 1 kHz
(Typ 1.5% to 30% AM),

Calibvrated from 0 to 90%

t {8% +5% of reading) at a frequency of 1 kHz

400 Hz and 1 kHz, £5%

B0 Hz to 25 kHz, (1 dB bandwidth). Input |evel required = 10 Vpp into
600 phms to provide calibrated deviation control.

(DC 1w 25 kHz when FREQUENCY VERNIER is not In CAL position:)
Twe bands, 0 to 10 kHz, and 0 to 100 kHz

Calibrated from 0 to 10 kHz, x1and x10

+800 Hz oh %1 range
15 kHz on x10 range

< 2% {10 kHz to 100 kHz deviation) at a frequency of 1 kHz.
< 4% (3 kHz to 10 kHz deviation) at a frequency of 1 kHz.

25°C $6°C, all specifications apply
25°C £15°C, with slight degradation of specifications

115/230 'V £10%, 50 10 400 Hz, 40 VA

303 cm wide x 134 cm high x 343 cm long (12" x 5%" x 134"}
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WEIGHT

1.3 OPTIONS

1.3.1

13.2

134

1356

136

1-4

RF LEVEL PROGRAMMING

REVERSE POWER PROTECTION

AUXILIARY RF OUTPUT

EXTERNAL REFERENCE

INTERNAL/EXTERNAL REFERENCE

HIGH STABILITY REFERENCE
OCption b is required with Option 6.
if Option 6 cannot be installed, use
Model 2102 (see Section 1.4).

114 kg (25 1b) net
136 kg (3016} shipping

Options 1A, 18, 4, and 7.are factory installed. Options 3, 5, 5A, and B
may be either factory or field installed, Options available for eagh instru-
ment are:

Model 3001
(MAer1Bar3)+ 4+ (BorBA)+6+7
Maodel 3002
{(1AoriBor3ord) + (4 or6l+ (5o0r5A)+7

Option 1A Program Level Range: 0 to 1099 dB8 in .1 dB steps (pro-
grammed via rear-panel plug)., O dB reference is 413 dBm. Front-panel
level range: Continuously adjustable from +13 dBm to -97 dBm in 10 4B
steps and an 11 dB VERNIER, Raverse power protection is also-provided
by this option.,

Option 1B Prograrm Level Range: 0 to 80 dB in 10 dB steps {programmad
via rear-panel plugl, 0 d8-referenoe (s 58t by front-panel attonustors. Re-
mote comtrol of CW/AM mode s alio provided. Front-panel level ranga:
See Section 1.2.2. Reverse power protection Is also provided by this
aption.

NOTE

For both Dptions 1A and 1B, the instruments are calibrated for +13 dBm
at 50 MHz as for a stendard unit, but due to greater losses in program-
mahle attenuators, a calibrated output is guarantéed only to +12 dBm.

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

Option 4 provides a leveled (10 dBm) signal available from a rear-panel
BNC connector [normally used to drive a frequancy counter]. (NOTE -
1 1o 520 MHz only.)

Option & provides & resr-panel BNC input for accepting an external fre-
guency reference, This mput |8 used to improve the accuracy of the
instrument. from 10 ppm to that of the external source, The external
source frequency can be 1, 2, 2.5, 5, or 10 MHz with an accuracy of
| ppm or better with a minimum level of 50 mV into a 1 kil load.

Option BA provides & rear-panel BNC input for accepting an external
frequency referance {5 or 10 MHz, 5 to & VHEMS), which is used to
improve the instrument accuracy from 10 ppm to that of the external
source. Optien 5A also includes an internal TCXO (accuracy = £1 ppm|
which can be used in lieu of the external source, and can also he used o
drive other devices which regquire a high stability TTL Input,

Option & provides a high stability rear-panel output which can be used
to drive the rear-pangl input of Option 5. This high stability TTL output
can also be used to drive othér devices which require a high stability
reference input. Maximum: fan-out is four




1.3.7 LOW LEAKAGE

1.4 ACCESSORIES

Furnished with instrument

Additional Accessories

Chstpust Freguency 5 MH:z

Chatpat Level TTL
Femp Stability (1 hr warm-up)

over 107 16 40°C range 0.05 ppm

Aging 0.005 ppmiday

0.06 ppm/month

3 ppmfyear

Typical Overall Accuracy {within
3 months of calibratian) 0.2 ppm

Option 7 reduces the Instrument REI leakage by a factor of 10, < 0.1 gV
is induced in a two-tirn, one inch diameter loop which is held ane inch
away from any surtace. Loop Teeds a 50 ohm receiver.

Instruction Manual
Rear-panel PROGRAMMING plug and ping

Rack Moumt Kit, K108

Programmmers for single push-button or GPIB control of selected o
guencies and output levels, Series 3900. High:stability frequency source
(5 MHz, TTL} useable to drive Option 5, Madel 2102,

Module Service Kit, K004



21 INTRODUCTION

Thizs section provides camplete installation and operating
instructions for the Wavetek Models 3001/3002. The in-
structions include information on mechanical installation,
electrical installation, front and rear pane! features, Instal-
lation checks and operating procedures.

2.2 MECHANICAL INSTALLATION
2.2 INITIAL INSPECTION

After unpacking the instrument, visually inspect external
parts for damage to knobs, connactors, surface areas, ete.
The shipping container and packing material should be
saved in case it is necessary ta reship the unit,

222 DAMAGE CLAIMS

If instrument received has been damaged in transit, notify
carrier and either the nearest Wavetek area represantative
ar the factory in Indiana. g

Retain shipping carton —and packing material for the
carrier’s inspection,

The local representative or the factary will immediately
arrange for either replacement or repair of your instrument
without waiting for damage claim settlements.

SECTION 2
OPERATION

2.2.3 RACK MOUNTING (K108)

CONTENTS (See Figure 2-1).

ITEM aTY PART NO.
A {Insart) 2 ea 1410-00-4650
B 1Side) 2 ea 1410-00-5260
C |Screw) 8ex 2810-17-8108
¥ {Screw) & ea ZB10-17:8110
PROCEDURE

Remove the screws from one side panel. Mount items A
and B against side panel of the instrument and secure with
screws provided. Repeat for other side of unit, If rack
mourt kit is removed from unit, use screws originally
installed in side panels to avoicd possible internal damage.

23 ELECTRICAL INSTALLATION

The Wavetek Maodals 3001/3002 can operate from either
115 VAC or 230 VAC supply mains. The rear-panel AC
LIMNE 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 of 50 1o 400 Hz.

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

NOTE
Before operating the instrument, check that the rear-panel

AC LINE fuse is the correct value for the supply voltage
{see Section 2.5).
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24 DESCRIPTION OF FRONT PANEL
Refer to Figure 2-2,

{11} ACCURACY lamps indicate the freguency sccuracy
of the Instrumeant,

"WVERMNIER" indicatas £0.001% +10 kHz
“0.001%"" indicates £0.001%
YEXT indicates acouracy of external source

Typically, the lamp will flash for a few seconds after the
instrument is turned on. Normally, a steady light indicates
that the instrument is phase-locked and the freguency
accuracy indicated is valid. A continuously flashing light
indicates: that one or mora of the phase-locked loops is
apen.

(2} Lever/indicator switches solect and indicate output
frequency.

(3) FREQ VERMIER shifts output frequancy ovar a 10
kHz range {-5-kHz to +5 kHz).

With the FREQ WVERMIER in CAL, the instrument
accuracy e 2£0001%, Whan the FREQ VERNMIER i notin
CAL, the instrumaen! accuracy is 10.001% +10 kHz.

(4]  QUTPUT METER indicates RF output level over a
10 dB range In VRMS and dBm.

(5} UNLEVELED lamp lights when the OUTPUT
METER reading is nat valid,

(6) OUTPUT Step Attenuator controls the RF output
level over a 140 dB range from +10 to -130 dBm in 10 4B
steps, The Attenuatar dial indicates both dBm and VAMS.

(7} RF OUT provides the BF output signal from the
instrument {type N connectar),

(8] OUTPUT VERNIER controls the HF. output level
overan 11 dB range.

8] MODULATION FMAAM slider determines the depth
of amplitude modalation or peak fréeguency deviation
depending on the setting of the MODULATION MODE
switch (when the MODULATION MODE switch is set 1o
CW, the FM/AM slider has no function).

(10) MODULATION FREQ switch selects the frequency
of the signal used to modulate the RF output. The instru-
mant has internal 400 Hz and 1 kHz sources, and 3 DC
source for manual amplitude or frequancy control. There
i$ also provision for an external modulating signal.

(11} EXT MODULATION INPUT accepts external modu
Fating signals as Tollows:

AM DC 1o 20 kHy
FMI{FREQ VERNIER in CAL) 80 Hzto 25 kHz
FM IFREQ VERMNIER not in CAL) DC to 26 kHz

A 10 Vep signal inte 600 ohms is required for FM/AM
slicker  ealibration to be correct, A smaller input voltage
will result in proportional calibration of the FM/AM
slider, thus, a 1 Vpp signal into 600 ohms will result in a
full scale calibration of 10% AM, 1 kHz peak deviation
in FM»1, or 10 kHz peak deviation in FMx10.

(12] MODULATION WMODE =switch selects CW, AM,
FMx1, or FM%10 operation.

(131 POWER switch provides AC power to Pawer Supply.
2.5 DESCRIPTION OF REAR PANEL

{11  AC LINE switch anables unit to operate from either
115 VAC or 230 VAC supply mains.

(2} AC LINE Fuse (timedelay); 1.0 amp for 1156 VAC
operation; 0.5 amp for 230 VAC operation.

12} AC LINE Cord provides connection to AC mains via
3 prong plug.

(4] PROGRAMMING JACK provides connection for
rermole pragramming af freguency.

(50  MOD TP provides convenlent connection for moni-
toring amplitude andfor frequency of internal modulating
stgnal.

2.6 INSTALLATION CHECKS

The following procedure is used to determing that the
instrumment is operating properly. Performance 1esting and
eatibration procedures for the instrument are contained in
ather soctions of this manual. If i1 is determined that the
unit s not operating properly, refer to these sections,

2681 TURNON

Verify that the power-transformer primary is matched 1o
the available ling voltage, and that the proper fuse s
installed (see Section 2.8), Turn the POWER switch to ON.
One of the front-panel ACCURACY lamps will indicate
operation. No warmup is needed for the following checks.

2-3
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262 INITIAL CONTROL ADJUSTMENT

Set the instrument front-panel controls as Tollows:

Lever/Indicator switches 010.000
FREQ VERMIER CAL
MODULATION MODE cw
MODULATION FREQ 1 kHz
MODULATION FM/AM 0
QUTPUT Step 0 dBm
CQUTPUT VERNIER 1 full ew

263 RF QUTPUT CHECK

Connect the eguipment as shown in Figure 2-4, The 10
MHz signal should be ~0.9 Vpp, (A high-fraquency oscillo-
scope must be used for these checks.)

264 AMMODULATION CHECK (1000 Hz)

S8t the MODULATION MODE switch to AM, Move the
MODULATION FM/AM shider up to its B0% modulation
point. Werify that the AM enwvelope displayed on the
oscilloscope shows & peak-to-valley voltage difference of
~ 48 V and a period of 1 misec (see Figure 2-5),

265 AMMODULATION CHECK {400 Hz)

Set the MODULATION FREQ switch too its 400 Hz
position. Verify that the AM envelope period is 2.6 msec.

266 FMx1 CHECK

Set the MODULATION MODE switch to FMx1. Move the
MODULATION FMAAM slider up and down, Verify that
oscilloscope shows an FM display {see Figure 2-6).

26.7 FMx10.CHECK

Set the MODULATION MODE switch to FMx10 and
rapeat the above check.

268 MODULATION FM/AM SLIDER CHECK
{(FREQUENCY)

Set the FREQ VERNIER to "D kHz". While leaving the
MODULATION MODE switch in the FMx10 position, set
the MODULATION FREQUENCY switch to DC. Verify
that moving the MODULATION FM/AM clidar fram 0 1o
10 kHz shows an increase in frequency on the oscilloscope.

2.6.9 MODULATION FM/AM SLIDER CHECK
[OUTPUT)

Set the MODULATION MODE switch ta AM. Verify that
maving the MODULATION FM/AM slider fram O to 50
shows an increase in output amplitude.

NOTE

The UNLEVELED light may come on during this test.

2811 FREQVERNMIER CHECK

Switch the FREQ VERMIER out of CAL position. The
001% lamp should go out, and the VERNIER lamp should
light. Moving the VERMNIER frorm -5 kHz to +5 kHz should
show a slight change in frequency on oscilloscopa,

2.7 OPERATING PROCEDURE

Mo preparation for operdtion s required beyond comple-
tion of the initial installation checks contained in Section
2.6. To Insure that the ingtrument will perform as stated
in the specifications, the instrument should have a two-hour
warmup before using.

2771 TURN ON

Turn the POWER switch 1o ON. One of the frant-panal
ACCURACY lamps will light, indicating an operating
condition, A flashing light indicates an unlocked condition.
This should cease in a matter of seconds.

If the unit is not golng to be used to the extreme limits-of
its specifications, it can be used immediately.

CAUTIONM

When working with active circuits, transceivers, stc., care
must be used to keep DC voltage or RF power from being
applied to the RF OUT connector, otherwise damage may
occur to the output circuitry of the instrument.

272 FREQUEMNCY SELECTION

Sefect the frequency desired with the six Lever/Indicator
switches on the front-panel. A frequency between 1 kHz
(Model 3002) or 1 MHz (Model 3001) and 520 MHz can
b selected with 1 kHz resolution,

273 QUTPUT LEVEL SELECTION

Set the QUTPUT Step and VERNIER controls for the
desired output level, The output is continuously adjustable
over a +13 to -137 dBm rangs. The RF output equals the
leve! shown on the Step Attenuator dial algebraically added
to the METER indication.

274 AMPLITUDE MODULATION — INTERMAL

Set the MODULATION MODE switch to AM and the
MODULATION FREQUENMNCY switch to either 400 or
1000. Adjust the MODULATION FM/AM slider for the
desired modulation depth.
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275  AMPLITUDE MODULATION — EXTERNAL
CAUTION

Input voltages greater than =10 VYDC or 10 VEMS should
not be applied to the EXT MOD INPUT connector, or
damage may aceur to the instrumant.

Set the MODULATION MODE switch to AM and the
MODULATION FREQ switch to EXT. Apply a 10 Vpp
signal into 600 ohms torthe EXT MOD INPUT connector,
This calibrates the MODULATION FM/AM slider. The
desired modulation depth can then be set., The upper
frequency limit of this input is 20 kHz.

NOTE

When AM modulating, care must be taken not 1o sxceed
the +13 dBm maximum level or excessive distartion and
an unieveled condition can exist. In some cases, a high %
AM may cause the UNLEVELED light to come an when
the OUTPUT VERNIER control is' at minimum. This is
caused hy “'bottoming’” of the PIN diode leveler which,
in turn, can cause an increase in distortion. If this i5 the
case, add 10 dB of fixed attenuation, and turn the OUT-
PUT VERNIER control toward maximum. The UN-
LEVELED light should then go out.

278 FREQUENCY MODULATION — INTERMAL

Sat the MODULATION MODE switch to FMx1 or FM=10
and the MODULATION FREQ switch to either 400 or
1000, Adjust the MODULATION FM/ARM slider to the
desired peak deviation.

277 FREQUENCY MODULATION — EXTERMNAL
CAUTION

Input voltages treater than £10 VDC or 10 VEMS should
not be applied to the EXT MOD INPUT connector, or
damage may occur to the instrumant,

Set the MODULATION MODE switch to FMx1 or FMx10
and the MODULATION FREQ switch to EXT. Apply a
10 Ypp signal to the EXT MOD INPUT connector (800
ohms). This calibrates the MODULATION FM/AM slider.
The desired peak deviation can now be sat. For FM modu-
lation, the upper frequency limit is 25 kHe: the lower Limit
is B0 Hz with the FREQ VERMIER in CAL, or DC with the
FREQ YERMIER not in CAL position.

278 MODULATION FM/AM SLIDER — AM

Set the MODULATION MODE switch to AM and the
MODULATION FREQ switch to DC. Using the MODU-
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LATION FM/AM slider, the output amplitude can be
variel. 11 also cnables more than 20 mW of power (o be
ahtaineel over portions of the band.

2.7.10 FREQVERMNIER

When the FREQ VERNIER is in CAL, output freguencies
having an accuracy of t0.001% may be selected by the
Lever/Indicator switches with a resolution of 1 kHz. When
the FREQ VERNIER is not in CAL, the selected output
frequency can be shifted £5 kHz with the FREQ VERNIER
control, The output frequency at the "'0" kHz position of
the FREQ VERMIER corresponds closely to the output
frequency in CAL.

2711 PROGRAMMING

Frequency - is  programmable via a rear-panel input
connector using standard 8-4-2-1 BCD contact closure or
TTL signals, [Logic "0 = open =3 2.2 V, Logic 1=
= 0.4 V.) Tho rear-pancl PROGRAMMING jack
pins are in paralel with the front-panel Lever/Indicator
switchas: thus, it rear-panel programming is to be imple-
mented, the front-panel switches must indicate all zeroes.

closed

Examipls - Te program 130,152 MHz {refer to Figure 2:7):

FREQ DIGIT 1 3 0 1 5 2
GQMD PINS 4 7.8 = 16 18,20 23
CONKRECTION FTH
N.L 1
oo Y 01 e 33 ()
TD:' i
82 5 29 | (39
" 10's ?
1o s 25 (&)
: TP
2 Fi
: 1 @ @
o 13
Thn, v|o ® @
; 15
Wil 16 -
. L7 ]: Lk ] 5
- e ©) ®
02 18
]!
. 2 'O @ ©
000y ey 22
0z 23 5
DA 24 @ @
grourid %5
W.C. 26 - 3l
u-, i 2 IONOCINO
iy i 33 =38
W, TP 35
Figure 2-7. Pin Identification




31 INTRODUCTION

Section 3.2 presents a block diagram analysis to enable the
reader to get a brief overall view of the operation of the
entire instrument. Sections 3.3 - 3.16 contain more detailed
descriptions of each subassembiy.

For actual wiring of the chassis and subassemblies, refer to
the schamatics in Section 7 of the manual.

3.2 OVERALL BLOCK DIAGRAM

The instrument is essentially & voltage-controlled oscillator
to which phase-locked loops and a crystal reference have
been added tor the high freguency resolution.

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

The numbers within the block diagram symbals refer to the
particular assembly in which the circuit is located.

320 BASIC 5IGNAL GENERATOR

This discussion briefly deseribes how the RF is gensrated
and how its frequency is controlled, and also how the signal
iz armplified, leveled and amplitude modulated.

Refer to Figure 3-1 for a bloeck diagram of the kasic signal
generator without phase locking.

RF GENERATION

The RF output freguency i5 generated by two UHF
ascillators and a mixer. The outputs of the two oscillators
are heterodyned in the mixer, The difference frequency is
amplified and fed 1o the Qutput Amplifier,

The frequencies of these oscillators are controlled by DG
voltages applied to their varsctor diodes. The MNarrow
Oscillator yields a single frequency. The Wide Oscillator
can be programmed over a range which extends from the
frequency of the Marrow Oscillator to 520 MHz higher
than the Narrow Oscillator frequency.

SECTION 3
THEORY OF OPERATION

RF FREQUENCY CONTROL

The RF output freguency s determined by programming
the frequency of the Wide Qscillator. The Wide Oscillator
5 ultimately controlled by the front-panel Lever/Indicator
switches. The BCD output of these switches is converted to
an andleg voltage which programs the oscillator in 1 MHz
steps, This analog signal can provide approximately 3 MHz
ACCUTATY .

RF AMPLIFICATION AND LEVELING

The RF power is amplified by a multi-stage, wide-band
amplifier. The flat output s maintained by a closed-loop
leveling system around this Qutput Amplifier.

The leveler includes s monitor diode, an error amplifier
and & voltage-variable attenuator. The manitor detects
the paak of the sutput of the Qutput Amplifier. This
detected level is compared to a DC reference by the orrar
amp, The output of the error amp is fed to a PIN diode
(voltage-variable} attenuator, which changes the input level
to the Qutput Amplifier until the maonitored signal pro-
duces a DC level equal to the reference leval,

LEVEL CONTROL AND AM

The circuitry for controlling the RF output level is directly
related 1o the above leveling system because changing the
0OC tevel reference ehanges the AF output level,

Of the 150 dB output range, 130 dB is passive attenuation
The remaining 20 dB is contralled by changing the level
reference. The OUTPUT YERMNIER has a 10 dB range,
The remaining 10 dB is provided by switching the leval
reference range, This range switch is provided so that when
AM is not required, the Output Amplifier can provide a
carvier al the highest possible power.

Since the RF level can be voltage controlled, AM can he
accomplished by applying the modulating signal to the
OUTPUT VERMIER. This causes the reference voltage
to the error amp to change at the frequency of the modu-
lating signal. The modulating signal (s taken from one of
two internal osclllators, a DC valtage, or from an externa
source.
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3,22 PHASE-LOCKED LOOPS

The basic signal gensrator discussed in Section 3.2.1 has a
frequency ange of 1 10 520 MHz, has an outpal voltage
which i leveled and adjustable and has the ability to he
amplitude modulated. With the above circuitry, however,
the frequency accurecy It only 3 MHz with 1 MHz reso-
lution, Te schisve the desired 1 KHz resolution and 001%
socuracy, the instrument includes five phase-locked loops.

A down-conversion (Model 3002 only) system enables
the instrument to output frequencies less than 1 MHz.
t1s gperation will be covered In Section 3.16,

PLL 1, 2, and 4 are used to stabllize the Wide Oscillator and
tune it in 1 kHz steps. The Wide VCO is part of PLL 4.
PLL 1 and 2 convert the Lever/Indicator switch satting
to reference frequencies for PLL 4.

PLL 3 and 5 provide stabilization and allow FM aperation.
The Narrow VCO i part of PLL 3. PLL 5 converts a madu-
lating sigial (if present) 1o a relerence frequency Tor PLL 3.

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

PLLY

The purpose of PLL 1 is 10 generate a3 CW signal which
changes in 1 kHz steps from 10,000 to §.001 MHz a= the
front-panel freguency selector is switched from 000 MHz
to 899 MHz. This signal will be used as a reference signal
for PLL 4,

Figure 3-3 shows a simplified block diagram of PLL 1.0t
includes a voltage controlled osciflator capable of fre-
guencies from 9 to 10 MHz, a phase detector, and a +N
countar. A sample of the output signal from the VCO i
fed to a programmable counter. The divisor of the counter
is controlled by the thres front-panel “kHz" selector
switches. The output from the countor s fed to a phase
detector where it is compared to a 1 kHz crystal reference
signal. If the two input shgnals to the phase detector are not
the same frequency. an error signal is produced. This srror
voitage correcty the frequency of the VCOD until the phase
detector input from the countor is exactly 1 kHz. See
Section 3.12 for a more detalled explanation.

PLL2

The purpose of PLL 2 is to generate a CW signal which
changes in 1 MHz steps from 1448 to 1487 MHz when the
front-panel frequency selector i switched from 001 to 039
MHz. These CW steps are then repested evary 40 MHz
throughout the entire 1 to 520 MHz range. The use of this
signal to control the Wide Oscillator will be discussed in
the description of PLL 4,

3-4

Figure 34 shows a simplified block diagram of PLL 2
PLL 2 operates in the same manoer as PLL 1 with one
axception. The circuit includes a mixer and band-pass
amplifier. The ppose of this additional cirenitry is ™
offser the 1448 to 1487 MHz cutput from the VCO to
B 10 47 MHz, This offset s necessary in order to make
the frequency compatible with the programmable counter
and phase detector ciroults. The other eircults In this loop
operate the same as those in PLL 1. In this case, the pro-
grammable counter is controlled by the three “MHz"
stlectaor switches and the loop reference freqguency is 1
MH:z. For a more complete descriplion, see Section 3,13

PLL4

The purpose of PLL 4 is to adjust the Wide Oscillator in
1 kHz steps from 1188 MHz to 1718 MHz as the front
panel frequency selector i$ adjusted from 1 to 520.000.

The Wide Oscillator Trequaonoy is offeet by mixers 1 and 2
and goimpared to the reference (from PLL 1) by the phase
dutector. A differencs 10 phase or frequency causes an arro
signal 1o tune the Wide Oscillator until both phase detectar
inputs are identical. How thiz loop locks on a particular
frequency  can best b explained in three steps: 1) phase
locking at 40 MHz imtervals across the band, 2) phase
locking at 1 MMz Intorvals, 3] phase locking at 1 kMz
intervals. Figure 3-8 Is a simplified block diagram of PLL 4,

To understand locking at 40 MHz intervals, assume
temporarily that the reference freguencies from PLL 1
and PLL 2 are fixed (10 MHz and 1448 MHz respectively)
Figure 3-5 shows the {requencies throughout the loop for
this discussion. This step of the PLL 4 explanation can be
deseribed more claarly by considering the sntire Wide
Oscillator range rather than discussing single frequencies
The Wide Oscillator covers the range of 1198 1o 1718 MH:
as the output frequency changes from 0 to 520 MH:z
(Figure 3-5, lines A and C),

When the Wide Dseillator range 5 hateradyned in mixer 1
with 1448 MHz, the difference frequency produced ranges
tram 250 to 0 ta 270 MHz (Figure 345, line E}. This signal
is then mixed with a8 40 MHz comb (all harmorics of 40
MHz) in mixer 2 (Figure 3-B, line F). Taking the difference
between lines E and F yiglds the repetitive frequency range
of from O 10 20 10 O MHz as shown in line G. This signal
I ted to the phase detector.

The reference to the phase detoctor 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 freguency if the Wide VCO tried to drift
higher. Therefore, at every 40 MHz interval of the output
freguency, an input 1o the phase detector would sflow the
loop to fock. Section 3.2.1 explains that an analog signal
drives the Wide Oscillator to within three MHz of the
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proper. freguency. Therefore, although there are 14 possible
lack points on line G, the only one selected will correspond
to the anologtuned frequency of the Wide Qscillator, The
unit as described so faris capable of phase-locked gutput at
0, 40, BO. . . 520 MHz. The fallawing is an explanation of
locking at 1 MHz intervals.

To aliow phase locking at 1 MHz intervals, the reference
freguency to mixer 1 |5 made adjustable in 1 MHz steps
over a 40 MHz range (1448-1487 MHz}.

If, for example, this reference frequency to miker 1 were
1448 MHz, the input range to the phase detector would
look the same except the entire range would be shifted 1
MHz to the right. Lock points would then be possible at
output frequencies of 1,41, B1 MHz, etc.

Being able to change this reference in 1 MHz steps allows
phase locking from O to 520 MHz in 1 MHz steps.

To provide phase Iocking in 1 kHz steps, the PLL 4 phase
detector’s reference from PLL 115 adjustable in 1 kHz steps
{(10.000 1o 9.001 MHz), This causes the Wide Oscillator
frequency to change in 1 kHz steps in order to keep the
loop locked,

PLL:3

The purpose of PLL 3 is to stabilize the Marrow Oscillator
at a froquancy of 1198 MHz.

Figure 3-6 shows a simplified block disgram of PLL 3. This
loop operates in the same manner as PLL 1 and PLL 2,
except that it does not require the use of a programmabile
counter, The 1188 MHz output frem the Narrow Oscillatar
is combined in @ mixer with a 1200 MHz crystal controlled
signal, This produces a 2 MHz difference signal. This signal
is fed to & phase detector whare it is compared to a8 2 MHz
reference. Any difference in the inputsignals will produce
an error voltage which is applied to the Narrow Oscillator
{(VCO) to correct the frequancy errar.

PLLS

PLL & supplies the reference for PLL 3. Unlike a standard
phase-locked loop, the VYCO can be modulated. In AM and
CW, the VCO is locked on 2 MHz, In the FM mode, the
VEO is modulated, but the loop ignores modulation which
is' faster than 50 Hz; thus the center fraquency remains
locked,

The loop includes a voltage-controlled oscillator, a divider
for reducing the frequency from 2 MHz to 2 kHz, a phase
detector, and a filter for the phase detector output. If the
variable input to the phase detector deviates from the
reference frequency (slower than 50 Hz), the phaze
detactor sends an error signal to the VCO to correct the
frequancy.

CRYSTAL REFERENCE

All the reference frequencies for the phase-locked |oops
are derived fram a single 40 MH? erystal source by maans
of appropriate multiplication or division,

323 SUBASSEMBLY DESCRIPTIONS

The overall block diagram discussed in this section describes
basically how the instrument functions as a unit, The unit
is made up of 12 module assemblies and three printed
circuit card assemblies. These can be identified in Figure
86, Sections 3.3 thru 3.17 describe the operation of
gach subassembly, The name of the subassembly describas,
b an extant, the primary 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 BF amplifier.
It alse includes the RF outpul level METER which appears
through the instrument front panel {see Figure 3.8).

3.2 LEVEL PROGRAM

During CW operation of the instrument, the level program
i3 controlled by the QUTPUT WERNMNIER on the front
panel. The output of this control goes to two range
calibration circuits which convert the voltage from the
OUTPUT VERNIER to a voltage level appropriate to drive
the leveler ¢irguit in the Output Amplifier modoie.

The “low" circuit provides the program for all ranges of the
dented power output dial except +10 dBm, AL “+10", the
level program s taken from the “high®" circuit, The “high’
leval program enabiles the full gain capabilities of the
Output Amplifier to be used when the output s not
arnplitude modulated,

337 MODLULATION

The maodulating signal from assembly ©316-2 is applied to
the OUTPUT YERMNIER 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 in the
level program voltage. To compensate for this, a stage s
included to shape the modulation signal before it is applied
to the OUTPUT VERNMNIER.

333 METER

The frant-panel METER is controlled by the level program
when the METER switch 15 set to OUTPUT. The METER
and its driver circuits are calibrated to display a reading
corrasponding ta the actual RF level from the Output
Amplifier module. '

e
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334 UNLEVELED LIGHT

A light gametting diode s moonted an this assembly and
appears on the front panal of the instrument. Reler to the
Output Amplifier module description Tor an. explanation
of the gireuit deiving this light.

34 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  [ses

Figure 3-9)
341 MODULATING SIGNALS

The AM or FM modes are achisved by simply rouling
essentially the same signal to the appropriate olrewitry
by maans of the front-panel MODULATION MODE switch.

The frant-panel MODULATION FREQ switch salects
ome of four sources of modulating frequency, one external
and thres internal. The intermal signal can be selected
from one of twe CW oscillators or & manuglly voarighle
DC contral

The two internal oscillatars are amplified/leveled by the
same clrcuit for simplicity, but separately energized by the
MODULATION FREQ switch. The oscillstors are twin T
oscillators, one is a1 400 Mz, the other |5 at 1 kHz.

342 ACCURACY LIGHTS

The CAL switch on the FREQUENCY VERMNIER (or-an
input from Option 5 or SA) determines which lamp s lit
If any of the phase-locked loops unlock, the pnorgized LED
s made 1o flash by an 1C timer activated by a DC levol from
any of the phase-locked loops in the instrumem

35 DPS2A — POWER SUPPLY

The DPS2A provides DC power for the rest of the
instrument (see Figure 3-10)

35.1 TRANSFORMER & FILTERS

The transformer steps down the line vollage 1o appropniate
levels for the three circults. Full wave rectifiers and filter
capacitors convart this voltage to DC.

352 +18V SUPPLY

The +18 V circuit has a tomperaturé-compensated precision
voltage reference. This reforence is compared to the output
voltage by an error amplifier which corrects any error in
the output voitage,

353 18 VW SUPPLY

The <18 V circuit compares the +18 V and <18 V outputs
anud holieks 1he difference in their magnitudes 1o rero

.54 +1.3 M SUPPLY

The +7.3 V circuit uses a three-terminal adjustable voltage
requlatar 1C Lo provide a pre-regulated +7.3 V output. This
vollage supplies other voltage regulators throughout the

IErTUment.

36 DELETED

37 MW - SWEEP OSCILLATOR

Thit MW s the origin of the instrument’s RF output
frequency. This frequency is generated by heterodyning
the wignals from twa highar fregquency voltage-controlled
oscillators (ses Figure 3-12)

3.77 MIXER

Tha Marrow Oscillator applies a signal of 1198 MHz to the
mixer. The Wide Osclllator provides betwesn 1199 and
1718 MHz. The difference (1-620 MH2) = gpplied to a
widle hand pre-amp and then sent 1o the Qutput Amplifiee

372 WIDE OSCILLATOR

The wide range of oscillation is achieved by spplying an
analog signal which is dependent upon the sefting of the
Lever/Indicator switches on the instrument’s front panel
to varactor diades in the tank clrouit. An additional signal s
applied 1o the VCO from the phase detector in M34. This s
the fine tuning signal which locks the Wide Oscillator on
the proper frequency,
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373 MNARROWOSCILLATOR

This oscillator also uses a varactor diode so that the
frequency can be voltage controlled for phase locking and
for FM operation.

The coarse modulating sigoal (FM) is applied to the
varactor from the Modulation Board {C316-2), The fre-
quency of this escillator is further controlled by a "fine
tuning’’ bias voltage from the M33-2 phase detector. The
deviation can be controlled up to 100 kHa.

374  LEVELERS

This module containg three RF leveling circuits as shown
in the diagram. These maintain a constant amplitude RF
over the freqguency range and with temperature variation.
The output of a peak detector is compared 10 a congtant
DC fevel. Any error is amplified and applied o a PIN
diode attenuator in series with the RF signal.

38 MIOW-6/MTOW-8 — QUTPUT AMPLIFIER

Model 2007 uses an MIOW-E Outpul Amplifier module,
while Madal 3002 uses an M 1OW-8.

The main function of the MT0OW-6 and M10W-B Output
Amplifier modules s to amplify the RF signal fram the
MOW to a level programmable between -7 and +13 dBm,
A leveler circuit maintains @ constant amplitude output
signal over the wide frequency range. The UNLEVELED
light driver causes the front-panel light to glow when the
leveler gircuit excends (t5 proper operating range (see
Figure 3-13).

The MIDW-B (Model 3002] also contains a switch which
routes the RF output to either the Step Attenuatar or the
M115 for down-convarsion.

38,1  SWITCH (M10W.8)

The switch 15 normally set to route the oatput signal to the
Step Attenuator; howewer, when the front-panel "MHz"
Lever/Indicator switches are set to "'000.", the logic signal
from the M115 into pin § of the M10W-B triggers the
switch {relay K1) and routes the RF signal to the M115.

3.8.2 AMPLIFIER

This section is a four-transistor, wide band amplifier which
can increase the RF by about 23 dB.

383 . LEVELER

The leveler uses & peak detector, differential amplifier, and
PFIN dipde attenuator. The peak detector s fed from the

3-12

RF oufputl., The resulting level is compared to a DC {or
AM) reference by the differential amp which supplies the
contral curreat to the PIN diode attenuator, If the detected
RF output deviates from the reference level, the signal to
the PIN diode causes the input to be decreased or increasec.

In addition to providing a flat frequency response, the
levaler zllows for electronic control of the RF output
amplitude by varying the DC referenge. The reference
comes from the Meter Board {C315).

384 UNLEVELED LIGHT DRIVER

When the differential amp in the leveler circuit is putting
outa voltage which would cause the PIN diode attenuator
to be at its high or low resistance limit, the leveling circuit
can no longer be effective. These extreme voltage levels,
which are applied 1o the UNLEVELED light driver, are
adeguate to twirn on a source of current for the indicator
which appears through the frant panet

39 M172 — SWEEP DRIVE/DAC

This module provides tweo output voltages. One is linear
from OV 1o -5 W as the frequency goes from 0 1o 39 MHz,
repeating every 40 MHz; the other varies from +7 V1o -2V
oz the freguency gogs from 0 to 520 MHz. The second

voltage is shaped to lingarize the VCO in the MO9W Sweep
Oseillaior.

Two digital-tosanalog converler 1Cs, programmed by the
front-panel Lever/Indicator switches, pravide the 0 to 520
MHz voltage. Thiz is shaped in the next section of the mod-
wle, A third DAC provides the repeating 0 - 40 MHz voltage.
Since the state of the 20% line depands on the 1000 line,
the 20° [ine is inveried when the 100% line is high.

The analog tuning signal from the M172 is “shaped” before
driving the MOW wide oscillator, The shaper is an inverting
DC amplifier which amplifies the input by a smaller factor
for smaller magnitude inputs. Shaping this analog voltage
compensates for the nen-linear changa in capacitance of the
varactor dicdes in the oscillatar circuit.
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3.10 M29-2 — FM REFERENCE

The M29-Z is a voltage to frequency converter, the output
of which is used as & phase lock reference in the M33-2,
The module includes a voltage variable current source
which feeds {determines the frequancy of] a sguare wave
oscillator {see Figure 3-15). Zero volts in yields 2 MHz out,

The M29-2 is the VCO for PLL 5. The input to the M28-2
from the phase detector is essentially added to the modu-
lation input. The FREQUENCY VERNIER voltage is also
added here. (The FREQUENCY YERMIER input becomes
zaro volts when the VCO is locked).

3101 CURREMT SOURCES

This circuit provides both a positive and a negative source
af current. The positive source is referenced Lo the negative
source so that the instantaneous currents in both sources
are equal.

The change in output current is directly propertional to
the change in input voltage to the circuit. The input voltage
may vary between -5 and 45 valts. The circuit is designaed
for a very lingar graph of current out vs. voltage in.

3102 OSCILLATOR

The sguare wave cutput is produced by the combination
of an imtegrator and a hysteresis switch, The inlegrato)
converts a square wave to 2 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 @ current switch and a
capacitor, The square wave applied to the current switch
causes A souare currentsignal to be applied to the capacitar,

Positive constant current produces an increasing voltage
ramp on the capacitor and negative constant current
produces @ decreasing voltage ramp. For a squarn wave
input, therefore, the output is a triangle wave.

Changing the magnitude of the “currents’’, by changing
the input veltage to the module, changes the rate at which
the capacitor charges and discharges to the hysteresis
points, thus changing the frequency of oscillation.

3.11 M30-1 —CRYSTAL REFERENCE

This module supplies reference freguencies at 1 kHz, 2 kHz,
1 MHz, 10 MHz, 40 MHz and its harmonles, 1200 MHz
{from a 120 MHz comb), and 1440 MHz to the phase-
locked loops in the instrument, These signals are produced
by @ 40 MHz crystal oscillator and a series of dividers and
multipliars {see Figure 3-16).

3-14

3.11.1 30 MHz OSCILLATOR

This arystal oscillator is the heart of the accuracy of the
frequency  determining circuits in o the instruments 11 1
tempetature  compensated for  frequency stabilivy. A
varactor diode is included to enable this escillator to be
phase iocked to a high stability reference. A leveler circuit
couses the osciblator output level to be the same in all
M30-1 modules.

3.11.2 DIVIDERS

The frequencies below 40 MHz are produced by a series
of TTL counters. A “divide by 4" produces the 10 MHz
autput for the phase-locked loop in Option 5 or BA, Thas
frequency is further divided as shown in Figure 3-16 1o
provide the 1 MHz, 2 kHz, and 1 kHz outputs.

3.11.3 MULTIPLIERS

The 40 MHz CW is Fed to a harmonic generator which
praduces the “comb”™ output.

From the 40 MHz comb, 120 MHz is selected and appliecl
to another harrmonic genarator. A sample of the 120 MHz
comb output is alse fed to a filter which provides the
1440 MHz autput.

3.12 M31A - kHz STEPS

The input to this module is the BCD data from the fromt-
panel "kHz" switches (to the right of the decimal pointh.
The output freguency is (10 MHz — Sk kHz), where Sk is
(he nurmber indicated by the kHe switches, |f the frequency
is sel to 428333 MHz, for example, the M31A output is
9.667 MHz The bleck diagram of the M31A is shown in
Figure 3-17.

3121 VCO

The output freguency is generated by a voltagecontrolled
ascillator which is tuneable from 9.001 to 10.000 MHz

3.12.2 PHASE-LOCKED LOOP

Including the WCO in a phase-locked loop permits accurate
programmability, The VCO tuning voltage comes from the
phase/frequency detector circuit. & 1 kHz signal from the
Crystal Reference is applied to one input of the phase
detector {IC9). A sample of the VCO output Is divided by
the programmable divider, and the result is applied to the
other input af the phase detector. Any difference in phase
or frequency in the signals applied to the phase 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,

3123 PROGRAMMAEBLE DIVIDER

In arder for the M314 to perferm properly. the divider is
designed to divide the VYCO frequency by {10,000 — 5ki
where 5k is the number set on the “"kHz" switches. The
divider counts the number of cycles at its input and prts
out a pulse when the count reaches 10,000, The starting
codnt is the number shown on the "kHz'' switches. For
pxampte, if the instrument is set for 222.500 MHz7, this
gircuit would divide by 9,500 {count from B00 1o 10,000).
Therefore, the variable input to the phase detector would
ke correct {1 kHzl only if the VCOQ output wers 8,500
MHz,

3124 UNLOCK INDICATOR

When the phase-locked loop is unlocked, the LED on top
of the module will light and the front-panel ACCURACY
lighis will Flash,

A window detector monitors the voltage level which is
being fed fram the phase detector to the VCO. IF the
voltage excesds the aormal operating range, power s
applied to the module light and the flasher circuit an the
Madulation Board.

313 M32A - MHz STEPS

The M32A provides, for the M34, a reference Trequency
which corresponds to the setting on the "MHz" switchos
{see Figure 3-18), The M3I2A output range is 1448 1o 1487
MHz, which repeats itsalf with every 40 MHz changs of the
"MHz" switch setting. Any specific M32A outpul relates to
the “MHz" switch setting {Sm} by the eguation (Output =
(1448 + R) MHz), where R is the Remainder of dividing Sm
by 40, If the front-panel Lever/Indicator switches are set,
for example, to 333.000, R would be 13 {333 + 40 = B with
a Remainder of 13), The output of the M324 would then
ha 1448 + 13 = 1461 MHz.

3.13:1 MCO

The output of the M32A iz produced by & voltage
controlled oscillator. This VCO is coarsely tuned by the
repeating analeg output af the M172. Fine tuning is the
result of including the VOO in a phase-locked loop. In
addition to the WCO, the phaselocked loop includes a
phase detector and programmabile divider,

3.13.2 PROGRAMMAELE DIVIDER

A sample of the VCO output is mixed with the 1440 MHz
signal from the Crystal Reference producing a difference
frequency of from B to 47 MHz, which is then shaped into
TTL pulses and applicd to the programmable divider,

3-16

The divider counts the falling edges of the B-47 MH2 input
prutses, resetting each time a count of 47 8 reached, The
riesel pudse 15 applisd 1o one input of the phase detecton
By contralling the starting count of the prograrmmalle
elividion, the ellective divisor cancbe controlled.

Ihe starfing count of the programmable divider 15 selected
by a read only memory, which is programmed to provide
the coreect “RY information for each “Sm™ setting. This
"R s then applied to the programmable divider as the
starting count. Thus, as the starting count varies from 0 to
39, the effective divisor varies from 47 to B,

When the WCO is running at the correct frequency, the
programmahle divider reset pulse rate will be 1 MHz,

3133 FHASEDETECTOR

One input to the phase detector is the reset pulse from the
programmable divider.. The other input is a2 1 MHz fixed
retorenee swnal from the Greystal Referenee. The phase
dhirfeetor orutpuat s 9 valtage determined by the difference
phase at the phase detector inputs, and is used to correct
any errorin the VCO frequency or phase,

I the VCO autput frequeency is too high, for example, the
phase  delector output becomes more  pegative, thus
ingreasing the VEO varacior diode tuning capacitance and
lowering the YCO frequency. 1T the VCO freguency is tan
lowe, the reverse ocours. Thus, the loop will tend to main:
lain zero phase or froeguency error. A voltage-controlled
attenuator betwesn the phase detector circuit and the
VCO keeps the oponsoop gain of the phase-locked loop
refatively constant over the programmed frequency ranoe,
allowing the loop noise to be minimized

3134 UNLOCKED INDICATOR

When the phase-locked loop is unlocked, the LED cn top
of the module will light and the front-panel ACCURACY
Iighvts will trash.

A window defector monitors the valtage: level being foil
lram the phase detector to the VCO. If the voltage exceeds
the normal operating range, power is applied to the module
light and the flasher circuit on the Modulation Board,

374 M233-2 — NARROW OSCILLATOR LOCK

The M33-2 contains the circuits to phase lock the Marrow
Oscillater in the MOW (PLL 31 and the M28:2 FM
Reference (PLL 6). As explained in Section 3.2.2, PLL &
prowvides the reference freguency for PLL 3.

3.14.1 PHASE BETECTOR FORPLL 3

This clrcult compares the reference frequency to the
wariable frequency which represents the MOW VCO output,
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If the VCO is too high, for example, the phase detector
puts out a more positive voltage which s filtered and
inverted by an integrator and applied to the YCO (Marrow
Oscillatar) 1o lower the frequency.

3.14.2 MIXER

The phase detector cannot operate at UHF frequencies,
so the VCO is mixed with 1200 MHz CW. This provides
an offset frequency which is the variable input to the phase
detectar. The deviation of this variable signal from 2 MHz
is precisely the same as the deviation of the VCO fram
1198 MHz.

3143 PHASE DETECTOR FORPLLS

This circuit compares the 2 kHz reference from the M301
to the variable frequency which is. the M29-2 output
divided by 1000 so that even when the M29-2 is frequency
modulated, the variahle frequency will remain in the
capture range of the phase deleclor. Any freguency
moadulation {above 50 Hz) is filtered out by the integrator
filter and the errorvoltage |s fed to the M28-2,

3144 UNLOCK INDICATOR

Window detectors are fed by the integrator putputs. |f the
integrators put out a voltags putsida their normal operating
range, the window detectors apply voltage to the module’s
unlock indicator and to the flasher circuit an the Modu-
lation Board.

3.15 M34 —WIDE OSCILLATOR LOCK

This module provides the fine tuning program for the Wide
Oscillator in the MBW. Figure 3-20 is the block diagram of
the M34. The letters A thru F relate the signals at the
associated points in the module to the graphs A thru F in
Figures 3-21 and 3:22. The M34 phase locks the VCOD 1o
1198 MHz plus the frequency indicated on all six froant-
panel switches. The frequency offset circuit converts the
frequency of the VCO 1o a lower fregquency whish retains
the frequency error information for use by the phase
detector. In addition to the fregquency offset circuit and
the phase detector, several auxiliary circuits are neluded.

3151 PHASE DETECTOR

The phase detector compares the “offset™ VCO frequency
to the reference frequency from the M31TA. {Refer to the
description of the M31A for a more detailed description
of this 10.000 - 9.007 MHz refararca.)

The phase detector output voltage goes positive or negative
to ultimately drive the Wide Oscillator higher or lower in
fraguency until both inputs to the phase detector are the
same frequency. The integrator serves 35 a low pass filter
for the phase detector.
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3162 FREQUENCY OFFSET CIRCUIT

The VCO srror information must be converted to a Tre
quency useable by the phase detector. This conversion
b ol by omixer 1,4 270 MHz low pass filter, mixer 2,
and 8 10 MHz low pass filter. Refer to Figures 3-20, 3-21,
and 3-22 for descriptions of signals.

Mixer 1 heterodynes the VCO freguency with the “MHz
steps reference frequency (1448 + R MHz). The difference
frequency, | 1448 + R — VCO | is below 270 MHz. This
sighal is sermt to mixer 2 where it is heterodyned with the
40 MHz comb. For any output frequency, graph D in
Figure 3-21 shows only the comb frequancy which will
yield the desired output {below 20 MHz) of mixer 2, If the
loop is locked, mixer 2 will produce a 10 MHz difference
as shown in Figure 3-21 {assuming the “kHz'" switches are
sat tor 000, Figure 3-22 shows signals A thru F for a case
when the kHz switches are not 000,

The filter after mixer 2 blocks all the outputs of the mixer
pxeept the lower frequency signal containing the VCO error
information. When the unit i unlocked, the filter passes
up to 20 MHz (to be able to capture over the 20 MHz
range allowed for analog tuning), Once the loop is locked,
the filter decroases to 10 MHz 1o lurther eliminate phase
locked loop-related spurious signals.

3.153 AUXILIARY CIRCUITS

The “specd-up circuit™ is activated when the phase-locked
Inop becomes unlocked, The output of this circuit is sem
to the MOW to cause the VCO to be tuned faster by the
analog voltage.

The “unlock’ amp monitors both the tuning voltage from
the phase detector and the leveler voltage to detect an
unlocked condition of the M34, When unlock occours, it
sends a voltage to the flasher circuit.

The leveler eircuit maintaing a8 constant input amplitids
to the phase deotector by controlling the amplitude of the
inpit from the MOW Wide Oscillator. The input to the
phase detector (about 10 MHz) is peak detected and
compared to a DC reference in the leveler cireuit. The
leveler circuit eontrols 8 PIN diede attenuator which is
between the VCO input and mixer 1.

3.16 M115 — DOWN-CONVERTER (MODEL 3002)

This module takes the RF output from the M10W-8 (when
the frontpanel “MHz" selector switches are set to "000,")
and converts it to the proper 1 to 9989 kHz output
freguency.

The BCD signals from the front-panel “'MHz" selector
switches are fed into a 13-input NAND gate. (Two of the
inputs are held high.) This gate determines whether the
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switches are ser for “000.", and, If w0, triggers & hex
inverter to sand out a logic “trus™ to the MI10OW-8 and
activates the 10 MHz line o theM172 and M32A, This
programs the MB8W far 10 MHz plus the “kM:z" switch
selting, ond this sepsal o led into the MTOW-E. AL this
point, howsver, the signal s routed to the M1156 (see
Section 3.8), whare it is mised with the 10 MHz reference
signal from the M30-1 Crystel Reference. Tha difference
frequancy. fram this mixing is simply the “kHz" switch
setting, and i outpul back to the MI10W-8 and on 1o the
Step Attenuator

Tha M115 also contoing a 20 dB attonuation pad for the
input from the MIDW-8, and an RF amplifier for the
10 MHz reference signal. The effect of these stages s lo
allow the: mixar output to be directly proportional to the
output from the MIOW.8, The mixer output is then fed
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LT o
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imia 8 Jatage amplifier with complementary  push-pull
aulput 1o restore the output to the proper {-7 to +13 dBm)
level, Potentiomater R3 and trimcap C20 fine adjust the
aain and frequency responss of the modulo,

H the front-panel “MHz'" switches are not set to “000.",
the M115 has no function except that the 10 MHz program
line from the switches 1o the M172 and M32A8 passes
theoudgh the M115,

NOTE

If the M116 is removed for servicing, the instrument may
still ba used; however, the frequency range is reduced from
001-520 MHz to 1-520 MHz. In this case, pins 1 and 9 of
the M116 module socket must be jumperad together,

IKHZ

9a9KHZ

CORX oW,
ENABLE

j -3 1O MHZ PGM LINE
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41  INTRODUCTION

The purpose of the performance tests in the following
sections is To verify that the Signal Generator meets its
published specifications (Section 1.2). Individual per-
formance tests consist of: the specification to be verified,
the method of testing, a list of equipment required, and
a detailed test procedure including, in some cases, @
simplified setup drawing. |f optional features are installed
in the instrument, refer to Section 8 for possible changes
10 the performance test procedura,

Critical specifications for each item of test equipment
are listed in Table 4-1, Recommended Test Equipment.
Except as detalled settings of test aquipment apply to
performance test proceduras, all other test equipment
operating details are omitted.

SECTION 4
PERFORMANCE TESTS

The Signal Generator should have its top and bottom covers
installed for the performance tests, All of the tests can he
perfarmed without aceess to the internal controls. Before
applying powar to the Signal Generator, see Section 2 for
details of electrical installation. The line valtage should
ke maintained at 115 or 230 VAC £10%, 50 to 400 H:
throughout the tests, The perfarmance test procedures are
begun after a twe-haur minimum warmup of the Signal
Generator in-a +20 to +30° C ambient temperature range.

A copy of the Perfarmance Test Record (PTR) is provided
at the end of this section for convenience in recording the
perfarmance of the instrumeént during performance tosts,
It can be filled out and used as a permanent recard for
incoming inspection or it can be used as a guide for routine
performance testing. The PTR lists the section, test, and
specification limits. All tests refer to this test record

4-1



INSTRUMENT

{1} Digital Multimeter
(2} Distortion Analyzer
(3} Frequency Counter

{4} Function Generatar

(5] Power Meter

{6) Modulation Meter

{7} Oscilioscope

(8} Spectrum Analyzer

[9) Precislon Attenuator Pads

{10) Wideband Amplifier

111} Signal Generator

{12) VSWR Bridge

(13) Coaxial Short
{14) Coaxial Termination 50 ohm
{15) 50 ohm Load

(16) Loop Probe

4-2

TABLE 4-1. RECOMMENDED TEST EQUIPMENT
FOR PERFORMANCE TESTS

CRITICAL REQUIREMENT

10 VDC: +{0.07%R+0.02%F5)

Range: S Hzto =25 kHz

Range: to 525 MHz

Level: 10 Vpp sine wave into 800 ohim load
Range: =0.2 Hz to =26 kHz

Distortion: <1%

Range: 10 to =520 MHz

Input Level: —7 to+13 dBm

Accuracy: t1% F5

Range: & to>620 MHz

Residual FM: <100 Hz (RMS) lquiet room)
Residual AM: £0.1% (RMS) [in CW)

AM Accuracy: 2{2%R+1%FS)

Range: DC to 2 MHz
Sensitivity: 2 V/om (AC coupled)

Range: 1 kHz to 1200 MHz
Display: 2 dB log and 10 dB log

10, 20, 30, and 40 dB

Range; 1 to 520 MHz
Gain; 26 dB
Impedance: 50 ohm

Range: 1 10 520 MHz

Bto 525 MHz, 50 ohm
50 dB directivity

Type M female

Type N male, 1.06 SWR

RECOMMENDED
Dana 4200
HP3344A
HP530B/53038

Wavetek 130

HP4354/8481A

AFM2 Radiometer

Tektronix D10/
5A1BN/SB10M

HPESEEB/182T
Weinschel 50-10
50-20, 60-30

and 50-40

HPB4470

Wavetak 3000

Wiltran GONS0

HPT1511A
HP208A
HP115334

See Figure 4-6
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42 FREQUENCY RANGE AND RESOLUTION TEST

SPECIFICATION

Maodel 3002
Model 3001

METHOD

EQUIPMENT

PROCEDURE

4,3 FREQUENCY ACCURACY TEST

SPECIFICATION

METHOD

4-4

' kHz 10520 MH: selpctable in 1 kHz steps with 1 kHz resolutian,
1 MHz to 520 MHz solectoble in 1 kH2z steps with 1 kHz resolution

A freqguency coumter is used to measure the fregquency range and the
frequency mesolution. Each digit of the Lever/Indicator switches (a toral
of 56} will be tested

(3

1. Sat the instrument controls a5 follows

FREQ VERNIER CAL
Frequency selector 050,000
MODULATION MODE Cw
MODULATION FREQ NiA
MODULATION FM/AM L
OUTPUT VERNIER Full g

OUTPUT Step Altenuator +10:dBm

2. Connect the front-panel AF OUT connector to the 50 ohm input of
the frequency counter, St the counter resolution 1o 100 Hz.

3. Dbserve the lfeguency counter reading, Increase the output freguency
setting in 1 kHe steps and verify that the Trequency counter réading
inereases by 1.00 kHz 11 count-for sach step increase from 1 through 8
kHz. The Toregoing procedure verifies the 1 kHz resolution specification

4. Repzat the procedure in step 3 for all other step increases indicated
in the table below, beginnirg with the 10 kHz digits. If the actual counter
frequency increasa per step is equal to the allowable increéase per stop
£1 eount for sach of the steps (ndicated in the table, place a check mark
In the applicable space on line 1 of the PTR.

LEVER/INDICATOR COUNTER INCREASE/STEP
SWITCHSETTINGS RESOLUTION [} COUNTI
050.000-050.009 100 Hz 1.00 kHz
050.000-050.090 100 Hz 10.000 kM=
0s0.006-050.900 1 kHz 100.0 kHz2
050.000-059.000 1:kHz 1.000 MKz
100.001-190.000 1 kHz 10.000 MH:
020.000-520.000 1 kHz 100.000 MHz

5. Sel the Lever/Indicator switches to 000.007 (Mode! 3002) or 001.000
(IModel 3001) and verify the low end of the frequency range.

Al modes (CW, AM and FM) £0.001% after 156 minutes
{(£0.001% +10 kHz whon FREQUENCY VERNIER is not in CAL.)
(FREQUENCY VERNIER range is £5 kHz.)

A frequency counter 15 used to measure froguency accuracy, With the
FRECQ VERNIER in CAL, all carrier traquencies are derived from a single




EQUIPMENT

PROCEDURE

crystal-controfled oscillator, The instrument will be tested at one CW
frequency to serify thal the erystal-controlled escillator aperates within
specified limits.

When the FREQ VERNIER is not in CAL, the carrier frequencies are
derived from a voltage-controlled cscillator in addition to the crystal
controlled oscillator, Frequency accuracy with the FREQ VERNIER not
in CAL will be measured by utilizing DC modulation equal to maximum
peak sinusoidal modulation in both FM modes. The FREQ VERNIER
range will be tested in CW mode.

(3)

1. Set the instrument controls as follows:

FREQ VERNIER CAL
Frequency selector 040.000 MHz
MODULATION MODE cw
MODULATION FREO A
MODULATION FM/AM MN/A
OUTPUT VERMNIER Full cw

CUTPUT Step Attenualar +10 dBm

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

3. The counter should read between 3999960 and 40,000.40 kHz
Record the counter reading to seven places on line 2 of the PTR.

4_ 581 the instrument controls as follows:

FREQ VERNIER 0 kHz
Frequency selegtor 001.000 MHz
MODULATION MODE Fivix1
MODULATION FREQ oc
MODULATION FM/AM 10 kHz

5. The frequency counter should read between 999.89 and 1,020.01 kHz.
Record the counter reading to six places on line 3 of the PTR.

6. Set the MODULATION MODE to FMx10.

7. The frequency counter should read between 1,089.99 and 1,110,010
kHz. Recard the counter reading to six places on line 4 of the PTH,

8. Set the frequency selector to 002.000 MHz,

9. Set the FREQ VERNIER to +3 kHz, and make a note of the counter
reading in Hz.

10. Set the FREQ VERNIER to 0 kHz, and subtract the frequency
counter reading in Hz from the reading in step 9. The difference should be
between 2500 and 3500 Hz. Record the difference on line § of the PTH.

11. Set the FREQ VERMIER to -3 kHz, and subtract the frequency
counter reading in Hz from the reading at 0 kHz in step 10. The difference
should be-as in step 10. Record the difference in Hz on line 6 of the PTR.

4-5



44 FREQUENCY STABILITY TEST

SPECIFICATION

METHOCD

EQUIPMENT

PROCEDURE

45 OUTPUT LEVEL ACCURACY TESTS

SPECIFICATION

METHOD

4-6

All modes [CW, AM and FM] <2 0.2 ppm/hour
(500 Hz per 10 min when FREQ VERMIER s not in CAL.)

The freguency stabibity |5 measured with a frequancy countar at the
indicated time intervals after a 2-hour-minimum warm-up,

3

1. Set the instrument cantrols-as follows:

FREQ VERMIER CaL
Frequency selector 520,000 MHz
MODULATION MODE cw
MODULATION FREQ M/ A
MODULATION FM/AM N A
OUTPUT VERNIER Full cw
QUTPUT Step Attenuator F10 dBm

-k
2. Connect the B0 ohm input of the frequency counter to the RFE QUT
connector,

3. Allow the instrument Lo warm up for two hours minimum. Record the
frequency counter readings to nine places at 15-minute intervals for a one-
hour penad. The difference between the maximum and minimim readings
in the one-hour period should not exceed 104 Hz. Record the difference
hetween the maximum and minimum readings in Hz on line 7 of the PTR,

4. Set the FREQ VERMIER to O kHz, the MODULATION MODE 10
FiMx1, the MODULATION FREQ to DC, and the MODULATION FM/AM
slicler to 10 kHz.

b5, After a one-minute interval, record the frequency counter readings to
nine places at five-minute intervals for 8 ten-minute period. The difference
between the magimum and minimum readings in the ten-minute period
should not excesd 500 Hi. Record the difference between the maximum
and minimum fraguency readings in Hz on line 8 of the PTA.

Power Level: +13 ta-137 dBm (1 VBRMS to 0.03 uVBMS)

Attenuator Range; Continuously adjustable in 10 dB steps and an 11 dB
VERNIER. Dutput level is indicated on a front-panel METER calibrated
in dBm and volts RMS

Total Lovel Accuracy: 21.25 dB {(+13 to -7 dBm), £1.95 dB (-7 to -77
dBm), £2.75 dB (-77 to -137 dBm).

Accuracy Breskdown:  Flatness: 20.75 dB (+13 to -7 dBm), Output
METER; £0.5 dB, Step Attenuator; 0.5 dB to 70 dB {£0.2 dB calibration
error), 1.0 dB to 130 dB (20.5 dB calibration error).

The £1.25 dB leve! sccuracy between +13 and -7 dBm consists of the sum
of the output METER error {10.5 dB) and the flatness {£0.75 dBl. Both
BYTOTS @re measured with 8 power meter,



The output METER erfor is measured at 50 MHz in two 10 dB ourput
ranges (+13 tn +3 dBm and +3 1o -7 dBml.

The flatness is:meastred relative to 50 MHz in 10 MHz steps between 1
and 520 MHz a1 12, 43, and -7 dBm output tevels.

The level accuracy below -7 dBm depends upon the OUTPUT Step Atten:
wator error in addition to the output METER error and the flatness.

The QUTPUT Step Attenuator is 8 combination of pi-pad sections of 10,
20, 30, 30, and 40 dB. These five pi-pads are programmed by cams to
provide 0 to 130 dB of attenuation in 10 dB steps as shown in the table
below,

OUTPUT STEF
ATTENUATOR POSITION

ACTIVE STEP ATTENUATOR PADS (X)

dBm

AL

10 dB | 20 dB | 30 48 | 30 dB | 40 d&

0

= 10

o e

- 30

- 40

=" 51

_EG

o

= i
- H

ER I O R

= 90

=110

i T

=120

-130_

Pd 4 pd pd |
i :-1j=<|><:-:

Mote that no Step Attenuator pads are active in the +10 dBm and 0 dBm
positions. A leveled PIN diede attenuator reduces the output leval by 10
dB in all positions of the OUTPUT Step Attenuator below +10 dBm. The
output level over the entire range of +13 dBm 1o -137 dBm including an
11 dB VERNIER is controfled by the PIN leveler system,

The QUTPUT Step Attenuator error is measured by an AF substitution
methad. Each af the five pads in the OUTPUT Step Attenuatol is mea:
sured at 520 MHz, The second 30 dB pad and the 40 dB pad are measured
in combination with other pads. A reference output level is set with a
power meter, A reference trace is obtained with a spectrum analyzer and a
standard attenuator pad. The standard pad is removed and the QUTEUT
Step Attenuator position 1o be measured is substituted, The spectrum
analyzer trace 15 returned to the reference level by resetting the output
level. The resulting instrument output level is measured and compared to
the original power meter reference level. A 26 dB RF amplifier is raquired
to boost signal levels below the -60 dBm leveal,

|



45,1 OUTPUT METER ACCURACY TEST

EQLHPMENT

PROCEDURE

452 FLATMESS TEST
EQUIPMENT

PROCEDURE

4-8

(5}

1. Set the instrumant contrals as follows:

FREQ VERMNIER CAL
Fregquency selector 050.000
MODULATION MODE cw
MODULATION FREQ /A
MODULATION FM/AM /A
QUTPUT VYERNIER Full cw

QUTPUT Step Attenualar +10 dB8m

2. Calihrate the power meter and power sensor. Set the power meter
to the +15 dBm range, Connect the power sensor 1o the front-panel RF
OUT connector. (When reading the power meter, set the range switch 5o
that the meter indicates between 0 and -5 dBm).

MOTE: The indicated sutput level of the instrument is egual to the sum
of the output METER reading and the Step Attenuator setting. The
difference between thé actual power meter reading and the indicated
output lavel is the output METER error. For example, the indicated out:
put level is +13 dBm for an output METER reading of +3 dBm and an
OUTPUT Step Attenuator setting of +10 dBm. If the power meter reading
it +13.15 dBm, the output METER error is +0.15 dB.

3. Adjust the front-panel OUTPUT WEBMIER for a +3 dBm output
METER reading, Obscrve the power meter reading and make a note of the
cutput METER errar 1o the nearcst 0.05 dB {% division}, Continue to
adjust the OUTPUT VERNIER for output METER reading incremerits of
1 dB between +3 and -7 dBm, and note the output METER errar at each
reading. As the test progresses, make a note of the maximum output
METER error to the ncarest 0.05 dB. The allowable error is 0.5 dB,
Recard the maximam autput METER arrar on line 9 of the PTR.

4. et the instrument QGUTPUT Step Attenuator to 0 dBm and repeat
step 3 above. Record the maximum output METER error on line 10 of
the PTR.

(51
1. Set the instrument controls a5 in Section 4.5.1.

2. 5et the power meter to the +15 dBm range. Connect the power sensor
to the front-panel RF OUT connector.

3. Adjust the tfront-panel QUTPUT VERNIER far a +12 dBm power
meter reading.

4. Set the instrument frequency selector in 10 MHz steps between 10
and 520 MHz and observe the maximum change in the power meter
readings from the +12 dBm reading In step 3. The maximum allowable
change iz £0.75 dB. Record the maximum change to the nearest 0.05 dB
i diviston) on line 11 of the PTH.




453 STEPATTENUATOR ACCURACY TEST

EQUIPMENT

FROCEDURE

5. Set the Lever/Indicator switches to 050,000 MHz and adjust the
OUTPUT VERNIC R For a +3 dBm power mnter reading.

6. Repeat step 4 above ixcept observe the maximum change in the powe
meter feadings 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 of
the PTR.

7. Set the Lever/indicator switches to 050.000 MHz and the OUTPUT
Step Attenuator to 0 dBm. Adjust the OUTPUT VERMIER for & -7 dBm
power meter reading.

8. Repeat step 4 above except observe the maximum change in the power
meter readings from the -7 dBm reading in stap 7. Record the maximum

change from the -7 dBm reading to the nearest 0.05 dB on line 13 of
the PTH.

(5} (8) (9) {10

1. Ser the instrument controls as follows:

FREQ VERNIER CAL
Frequency salecior 520.000
MODULATION MODE AM
MODULATION FREQ bec
MODULATION FM/AM 0% AM
DUTPUT VERNIER Full ew

QUTPUT Step Attenuator 0 dEm

2. Set the power meter to the 45 dBm range. Connect the powear sensol
to the RF OUT connecior,

3. Adjust the OUTPUT VERNIER control for 3 +3 dBm power meter
reading.

4. Disconnect the power sensor from the frant-panel RF OUT connector.
Connect a standard 10 dB attenuator pad to the RF QUT conmactor.
Connect the cutput of the attenuator pad to the spectrum analyzer as
shown in Figure 4-1.

5. et the spectrum analyzer to 520 MHz, the bandwidth to 10 kHz, the
frequency span per division to 2 kHz, and the tuning stabilizer switch on.
Set the video filter to 100 Hz and the vertical display to 2 dB per division

6. Use the log reference contrels to obtain a peak trace ane division
below the log reference line of the spectrum analyzer display. Center the
trace in the display with fine tuning.

7. Set the OUTPUT Step Attenuator to-10 dBm,

B. Disconnect the 10 dB attenuator pad from the setup and roconnect
the spectrum analyzer to the RF QUT connectar.

9. Adjust the MODULATION FM/AM slider to realign the peak of the
trace one division below the log reference line as in step 6.

4-9



46 HARMONICS TEST

SPECIFICATION

METHOD

EQUIPMENT

PROCEDURE

4-10

10. Disconnect the cable from the front-panel RF OUT connector. Con-
nect the power senson oo s the QUTPUT Step Attencator to 0 dBin.

11, Observe the difference betwosn the actual power meter reading and
the +7 dBm reference sotting in step 3. The difference or error should be
+0.7 dB maximum. Rocord the error on lineg 14 of the PTR,

12. Repeat steps 3 through 11 using the standard attenuator pads and the
instrurment OUTPUT Step Attenuator settings indicated in the following
table.

Steps 4 and B Step 7 Step 11
Attenuatar pad OUTPLUT Step Attenuator Recaord Error on
{dB} satting (dBm) Line of PTR

20 20 15

30 -30 16

60 &0 17

=i -80 18

NOTE: To test the QUTPUT Step Attenuator below 60 dBm, an BF
amplifier (> 20 dB gain] is required. Insert the amplifier between the
standard attenuator pad and the spectrum analyzer (Figure 4-1). The
allowable errar for the -90 dBm setting (step 11) is 1.5 dB. The OUTPUT
Step Attenuatar can be tested down to the -130 dBm position if a 40 dB
RF amplifier is used and if precautions are taken to properly shield the RF
autput from the instrument proper,

< .30 dBe from 001 to 1 MHz (Model 3002} and 10 1o 520 MHz
< ZB dBe from 1 to 10 MHr

A spectrum analyzet is used to measure harmonics in the frequency range
of the instrument at +13 and +3 dBm output levels,

(8)

1. Set the instrument controls as follows:
FREQ VERMNIER CAL
Frequency selector 001,000 MHz
MODULATION MODE cw
MODULATION FREQ M
MODULATION FM/AM N/
OUTPUT VERNIER Full cw
OUTPUT Step Attenuator +10 dBm

2. Connect the instrument RE OUT connector to the RF Input of the
spectrum analy rer,

3. Set the spectrum analyzer to measure harmonic distortion for funda-
mental frequencies between T and 10 MHz, Set the bandwidth ta 100 kHz,
the freguency span per division to b MHz, and the display to 10 dB/div.
Locate the zero reference at the left edge of the graticule, and adjust the
fundamental amplitude 1o the log reference line {0 dB) in the display.




4.7 NON-HARMONICS TEST

SPECIFICATION

METHOD

EQUIPMENT

PROCEDURE

4, Inecrease the setting of the freguency selector in 1 MHz steps between
1 and 10 MHz while observing the spectrum analyzer display. The har-
manics should be =26 dB below the fundamental, Record the maxim
harmonic observed in the display in dB below the fundamental on line 19
of the PTR,

5. Set the OLUTPUT Step Attenuator to O dBrm, and repeat staps 3 and 4
at the +3 dBm cutput level. Record the maximum harmonic obhserved in
dB below the fundamental on line 20 of the PTA,

6.  On Model 3002, repeat steps 1 through 5 for Lever/Indicator switch
settings between 000.001 and 000.999, incremented in 10 kHz steps. Note
the harmaonic levels, but do not record them in the PTH as yet.

7. Set the Treguency selector to 10 MHz and the OUTPUT Step Attenu
ator to +10 dEm.

8. Set the spectrim analyzer to measure harmonic distortion for funda-
mental frequencies between 10 and 520 MHz. Set the bandwidth ta 300
kHz and the frequency span per division ta 100 MHz,

8. Increase the setting of the frequency: selector in 10 MHz steps bn
tween 10 and 520 MHz while observing the spectrum analyzer display.
The harmonics should be 30 dB below the fundamental. Record the
maxirmum harmaoiic observed in the display in dB below the fundamental
on ling 29 of the PTR:

10. Set the QUTPUT Step Attenuator to 0 dBm and repeat steps 7 and 8
at the +3 dBm output level. Record the maximum harmonic observed in
dB below the fundamental on line 22 of the PTH,

Fundamental Range Mon-harmonic Range Meon-harmonic level
(MHz) {MHz) {dBc}
below 3 below 3 < -60
3 to 250 3 to 250 <65
310 360 3 to 350 < -B5
310 520 3 o 1000 < -35

A spectrum analyzer is used to measure the level of non-harmonics at the
maximum spacified output level of +13 dBm.

(8}

1.  Set the instrument controls as follows:

FREQ VERNIER CAL

Frequency selector 001.000 MHz (Mode! 3001)
00D.001 MHz (Model 3002}

MODULATION MODE Ci

MODULATION FREQ M

MODULATION FM/AM MA

OUTPUT VERNIER Full ew

OUTPUT Step Attenuator +10 dBm

4-11



FUNDAMEMTAL RAMNGE
(MHz)

3-260

3-350

3-520

4.8 RESIDUAL AM TEST
SPECIFICATION

METHOD

EQUIPMENT

PROCEDURE

4-12

2, Connect the RF OUT connector to the RF input of the spectrum
analyzer.

3. Set the spectrum analyzer to measure the non-harmonic contant of
the output below 3 MHz. Set the bandwidth to 30 kHz, the freguency
span per division to 1 MHz, and the display to 10 dB/div. Locate the rero
reference @t the left edge of the graticule, and adjust the fundamentzl to
the log refergnce line (0 dB) in the display,

4. Increase the sefting of the frequengy selector in 1 MHz steps up to
3 MHz. The nonharmonics below 3 MHzZ should be al least 60 dB below
the fundamental {=Z-680 cBcl. Record the maximuam non-harmonic ob-
served in the display in dB helow the fTundamental on line 23 of the PTR,

5, Set the spectrum analyzer to measure the non-harmonic content of
the output between 3 and 250 MHz. Set the bandwidth to 300 kHz and
the frequency span per division to 100 MHz.

8. Increase the setting of the frequency selector in 1 MHz steps between
3 and 10 MHz and in 10 MHz steps betwoen 10 and 520 MHz whiln
observing the spectrum analyzer display. Use the table below to determine
the maximum non-harmonic lovel in each of the Trequency ranges shown,
Record the maximum non-harmonic level observed in each range Indicated
in the table on the applicable line of the PTH.

NOMN-HARMONIC RANGE  NON-HARMONIC LEVEL PTR LINE

(MHz) {dBel NUMBER
3-250 <55 24
3380 <-hh 25
3-1000 <-35 26

<65 dBoina B0 Hz to 156 kHz post-datection bandwidth,

A modulation meter operating in AM mode s used to demodulate the
output-at the minimum leveler point where AM noise is maximurm. & dis-
tortion analyzer {operating in level mode) is used to increase the resalution
of the demodulated output of the modulation meter. The system 5
calibrated at a 10% AM level. The 10% AM is removed and the residual
AM is read in dB below the calibrated 10% AM level. 20 dB is added 1o
the reading 1o relate residual AM to the carrier.

{2) (8)

1. Set the instrument controls as follows:

FREQ VERNIER CAL
Frequency selector 500.000 MHz
MODULATION MODE A
MODULATION FREQ 1 kHz
MODULATION FM /&M 0% AM
OUTPUT VERNIER -7 dB

OUTPUT Step Attonuatnr 0 dBm

2. Connect the equipmeant as shown in Figure 4-2,




4.9 RESIDUAL FM TEST

SPECIFICATION

METHOD

EQUIPMENT

FROCEDURE

3. Set the modulation meter to read %AM at 500 MHz. Set the RF input
attanuation o 10 B, the 1F bandwidth to 2400 ke, the muastier respons,
to fast, the function switeh 1o FAM, the meter range switch to 10, and 1he
filter bandwidth 1o 50 He — 15 kHz.

4. Adjust the MODULATION FM/AM contral for & modulation meter
reading of 10% AM. NOTE: 10% AM is obtained at a full-scale reading of
100 with the modulation meter range switch set to 10,

B, With the distortion analyzer operating in lavel moda, calibrate it for s
0 dB meter reading. The system is now calibrated at a reference level 20
dB below the carrier, Since the modulating signal and carrier amplitudes
are equal st 100% AM, i1 follows that a1 10% AM the modulating signal
is 20 dB below the carrier,

6. Satthe MODULATION MODE ta EXT.

7. Without disturbing the instrument and modulation meter contrals
set the distortion analyzer to read residual AM, Set the range switch so
that the meter reads between (0 and <10 9B, Fisst, read the rosidoal AR
below the 0 dB reference level in step 5. Then add 20 dB to the abhove
reading to obtain the residual AM below the carrier. (For example, 5 48
dB residual AM below the O dB reference +20 dB = 68 dB. resicdual AM
below the carrier, or -68 dBc.) The residual AM should be <85 dBe.
Record the residual AM in dBeon line 27 af the PTH,

As many other carrier frequencies may be tested as desired,

<200 Hz in a 50 Hz to 15 kHz post-detection bandwidth.,
<100 Hz ina 300 Hz to 3 kHz post-detection bandwidth.

A modulation meter which is set to read frequency deviation is used 1o
measure residual FM, The test is perfarmed at maximum frequaney and
autput 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 leve! <260
dB relative to 2x 10" ubar,

(8

1. Set the instrment controls as follows:

FREQ VERNIER CAL
Fraguency selector 520,000 MHz
MODULATION MODE FMx10
MODULATION FREQ EXT
MODULATION FM/AM 0 kHz
QUTPUT VERNIER Full ow

OUTPUT Step Attenuator +10 dBm

2. Coonget the: AF QUT connactor to the 50 chm RF input of the
modulation meter,

3. Set the modulation meler to read FM deviation at 520 MHz, et the

4-13



meter range switch to 3, the RF input attenuation to 20 dB, the |F band-
width to 1400 kHz, the muter response to-fast, and the filter bancdwidth
to 60 Hz — 15 kHz.

4. Measire the average level af the FM devistion on the modulation
meter |disregard occasional peaks). The residual FM should be <2200 Hz.
Read the residual FM with the function switch set to +FM and -FM.
Record the greater of the two readings in Hz on line 28 of the PTR.

As many other frequencies may be tested as desired,

410 INTERNAL MODULATION FREQUENCY TEST

SPECIFICATION

METHOD

EQUIPMENT

PROCEDURE

4.11 PERCENT AM ACCURACY TEST

SPECIFICATION

METHOD

4-14

400 Hz and 1 kHz +5%
A frequency counter s used 1o measure modulation frequency at the
instrument rear-panel MOD TP, Since the internal 400 Hz and 1 kHz

oscillators are used for both the AM and FM modes, this test will suffice
far both modes.

(31

1. Set the instrument cantrols as follows:

FREQ VERMIER WY
Frequency selector /A
MODULATION MODE M A
MODULATION FREQ 400 Hz
MODULATION FA/AM Mid-range
OUTPUT VERNIER M A

OUTPUT Step Attenuator M/A

2. Cannect the low frequency input of the frequency counter to the
MOD TP [pin 36 of rear-pancl PROGRAMMING jack J101) and the cabin
shield to ground: [pin-25 af 1101). (See Figure 2-3 and Schematic 1}.

3. The counter should read between 380 and 420 Hz. Record the coun
ter reading on line 29 of the PTR.

4, Set the MODULATION FREQ contral 1o 1 kHz,

5. The counter should read between 950 and 1050 Hz., Record the
counter reading on line 30 of the PTA.

+{5% + 5% of reading) at a frequency of 1 kHz, NOTE: This specification
applies for output limits =+3 dBm. AM is possible above +3 dBm if the
peak of the modulated output does not exceed +13 dBm,

Tha %AM accuracy is measured with a2 modulation meter after the front-
patzl MODULATION FM/AM control error, which is 4%, is subtracted
out. The MODULATION FM/AM slider accuracy, which consists of the
gontrol linearity and the modulation scale errors, s measured in terms of
tne OC voltage at the rear-panel MOD TP. The ealibration of the voltage
across the comtrol at maximum position s checked initially.
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EQUIPMENT

PROCEDURE

The remaining %AM accuracy, which is (5% of the reading + 1% of full
scale), is measured by the modulation meter with accurately messured
voltage applied to the modulation systemn. The measurement uncertainty
is 2% of the reading + 1% of full scale.

{1 (8)

1. Set the instrument controis as follows:

FREQ VERNIER CAL
Freqguency selector 520,000 MHz
MODULATION MODE cw
MODULATION FREQ oC
MODULATION FM/AM 0% AM
OUTPUT VERNIER -3 dB

QUTPUT Step Attenuator 0 dBm

2. Connect the squipment as shown in Figure 4-3. Connect the center
conductor of the cable between the high terminal of the digital multi-
meter and the MOD TP (pin 36 of rear-panel PROGRAMMING jack
J101). Connect the cable shield between the low terminal of the digital
multimeter 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, recalibrate (Section 5.3.9).

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

6. The digital multimater should read between 1.300 and 1.700 VDC,
Record the reading on line 31 of the PTR.

7. Setthe MODULATION FM/AM slider to 90% AM,

8. The digital multimeter should read between 4,300 and 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 %AM at 520 MHz. Set the meter
range switch to 100, the RF input attenuation to 10 dB, the IF bandwidth
to £400 Hz, the meter response to fast, the function switch to +AM, and
the filter bandwidth to 50 Hz — 15 kHz.

11. Adjust the MODULATION FM/AM slider for a reading of 1.500
x0.003 VDG on the digital multimeter. Set the MODULATION FREQ
switch to 1 kHz and the MODULATION MODE switch to AM.

12. Make & note of the modulation meter reading in %AM. Set the modu-
lation meter function switch to -AM, and note the modulation meter %AM
reading as before. Compute the average of the two readings. The average
%AM should be between 27.5 and 32.6%. Record the average %AM to the
nearest 0.5% on line 33 of the FTR.
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412 AM BANDWIDTH TEST

SPECIFICATION

METHOD

EQUIPMENT

PROCEDURE
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13, Set the MODULATION MODE switeh to CW and the MODULATION
FREQ switch to DC. 3

14. Adjust the MODULATION FM/AM control for & reading of 4.500
#0.003 VDC on the digital multimeter. Sat the MODULATION FREGQ
switch to 1 kHz and the MODULATION MODE switch to AM,

15. Make a note of the modulation meter reading in %AM. Set the modu-
fation function switch to +AM and note the modulstion maeter %AM
reading as before. Compute the average of the two readings. The average
%AM should be beiween B4.5 and 85.5% AM, Record the average %AM
to the nearest 0.6% an line 34 of the PTR.

As many other poinis may be tested as desired,

DC to 20 kHz {3 dB bandwidth), input level required = 10 Vpp Into 800
ohms 1o provide calibrated %AM contral,

The measurement is made with @ modulation meter operating in AM mode
and a function generator, The function generator supplies an extarnal sine
wave (0 amplitude modulate the instrument. The system is calibrated at
£ dB on the modulation meter dB scale (approximately 50% AM). The
external modulation frequency is increased from 1 kHz to 20 kHz and the
AM bandwidth is measured as the change in dB from the calibration level,

{4) {6} (7)

1. Set the instrument controls as Tollows:

FREQ VERNIER cAL
Frequancy selector 050.000 MHz
MODULATION MODE AN
MODULATION FREQ EXT
MODULATION FM/AM 0% AM
OUTPUT VERNIER +3dB

OUTPUT Step Attenuator 0dBm

2. Connect the equipment as shown in Figure 4-4.

3. Set the modulation mater to read %AM at 50 MHz. Set the AF input
attenustion to 20 dB, the |F bandwidth to £400 kHz, the meter response
to fast, the function switch 1o +AM, the meter range switch to 100, and
the filter bandwidth to 76 kHz.

4, Set the function generator for a 1 kHz sine wave output and the
attenuator controls for a 10 Vpp sine wave on the oscilloscope.

5. Adjust the FM/AM contral for a modulation meter reading of -6 dB
{approximately 50% AM).

6. Maintain the 10 Vpp output level and increase the function generator
frequency from 1 to 20 kHz. Observe the modulation meter scale, It
should read between -6 and -9 dB. Note the change in dB from the -6 dB8
colibration level.
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4,12 AM DISTORTION TEST

SPECIFICATION

METHOD

EQUIPMENT

PROCEDURE

7. Repeat steps 4 through 8 with the modulatign meter function switch
set to -AM. Note the change in dB from the -6 dB setting as in step 6.

8. Record the larger of the two changes obtained in steps 6 and 7 on
Hne 35 of the PTR,

3% distortion to 70% AM (5% to B0% AM) at a frequency of 1 kHz. Note:
This specification applies for output limits = +3 dBm. AM is possible
above +3 dBm if the peak of the modulated output does not exceed
+13 dBm.

The: measurement is made with a modulation meter and a distortion
gnalyzer which measures the distortion of the demodulated AM from the
modulation meter. The measurement s made at the minimum leveler point
where the AM distortion is normally worst-case.

{2} {8}
1. Set the instrument controls as follows:

FREQUENCY VERNIER cCaL

Freguency selector 520.000 MHz
MODULATION MODE AM
MODULATION FREQ 1 kHz
MODULATION FM/AM 0% AM
OUTPUT VERNIER -7 dB

QUTPUT Step Attenuatar O dEBm
2. Connect the equipment as shown in Figure 4-2,

3. 5et the modulation meter to read %AM at 520 MHz, Set the RF input
attenuation to 10 dB, the IF bandwidth to +400 kHz, the meter respanse
to fast, the function switch to +AM, the mster range switch to 100, and
the filter bandwidth ta 50 Hz to 15 kHz.

4. Adjust the MODULATION FM/AM slider for a modulation meter
reading of 70% AM. Set the modulation meter function switch to -AM,
and cbserve the modulation meter reading, Readjust the MODULATION
FM/AM slider until the average of the two modulation meter readings in
+AM and -AM pesitions of the modulation meter function switch is equal
to 70% AM.

b. Calibrate the distortion analyzer and measure the distortion. The
distortion should be less than 3%. Record the distortion on line 36 of
the PTR.

6. Adjust the MODULATION FM/AM slider as in step 4 until the
average of the modulation meter readings in +AM and -AM positions
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 an line 37 of
the PTR.



4.14 FM DEVIATION ACCURACY TEST
SPECIFICATION

METHOD

EQUIPMENT

PROCEDURE

4,15 FM BANDWIDTH TEST

SPECIFICATION

4-18

+500 Hz on FMx1 range; =5 kHz on FMx10 range.

The deviation is measured in both FM modes using an internal DC voltage
equal to the peal of the internal sine wave voltages. A frequency counter
is usad to measure the maximum deviation In both FM modes.

(3

1. Set the instrument controls as follows:

FREQ VERNIER 0 kHz

Frequency selectar 050.000 MHz
MODULATION MODE FMix1
MODULATION FREQ DC
MODULATION FM/AM 10 kHz on FM scale
OUTPUT VERNIER Full ew

QUTPUT Step Attenuator +10dBm

9. Connect the 50 ohm input of the frequency counter to the RF QUT
connactor.

3. Read the frequency counter and record the reading to B places on
ling 38 of the PTH,

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

5. Read tha frequency counter and record the reading to 8 places on
line 29 of the PTH.

6. Subtract the reading obtained in step 5 from the reading obtained in
step 3. The difference between the two readings should be between 4.500
and 10.500 kHz. Record the difference In kHz on line 40 of the PTR.  °

7. Set the MODULATION MODE TO FMx10 and adjust the MODU-
LATION FM/AM slider to 10 kHz deviation of the FM scale.

8. HRead the frequency counter and record the reading to 6 places on
line 41 of the PTR,

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

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

11. Subtract the reading obtained In step 10 from the reading obtained
in step B. The difference between the two readings should be between
B5.0 and 105.0 kHz, Record the difference in kHz on line 43 of the PTR.

External, 50 Hz to 15 kHz, {1 dB bandwidth), input level required = 10
Vpp inta 600 ohms to provide calibrated deviation cantral,
(DC to 25 kHz when FREQ VERNIER is not in CAL position.}




METHOD

= EQUIPMENT

FROCEDURE

416 FM DISTORTION TEST

SPECIFICATION

METHOD

EQUIPMENT

The measurement is made with a modulation meter and a function gene
rator. The function generator supplies an external sine wave to frequency
modulate the instrument. The system is calibrated with a 1 kHz external
sine wave at an indicated deviation 1°dB below the 0 dB reference on the
modulation meter dB scale lapproximately 90 kHz deviation). The ex
ternal mipdulation frequency is varied from 1 kHz to 580 Hz, and from
1 kHz to 25 kHz, and the FM handwidth is measured as the change in dB
from the calibrated level,

{4} 18] (7}
1. Set the instrument controls as follows:

FREQUENCY VERMIER CAL

Freguency selectar 520.000 MHz
MODULATION MODE FMx10
MODULATION FREQ EXT
MODULATIOM FM/AM 0 kHz
OQUTPUT VERNIER +3 dB

QUTPUT Step Artenuator +10 dBm
2. Connect the squipment as shewn in Figure 4-3.

3, 5et the modulation meter to read FM deviation at 520 MHz, Set the
AF input attenuation to 20 dB, the |F bandwidth to £400 kHz, the meter
response to fast, the function switch to +FM, the meter range switch to
300, and the filter bandwidth to 76 kHz,

4. BSet the fupction generator for a 1 kHz sine wave output end the
attenuator controls for a 10 Vpp sine wave on the oscilloscope.

5. Adjust the MODULATIOMN FM/AM slider for a modulation meter
reading of -1 d8 {approximately 90 kHz deviation).

6. Maintain the 10 Vpp external input level during this step. Slowly
decrease the function generator frequency from 1 kHz to 50 Hz, and then
slowly increase the frequency to 25 kHz while observing the dB scale on
the modulation meter. Il should read between 0 and -2 dB. Note the
maximum change from the -1 dB reference (step 5] to the nearest 0.25 dB.

7. Repeat steps 4 through B with the modulation meter function switeh
set to -FM, Note the change from -1 dB reference as in step 6, Record the
larger of the two changes in dB {in this step and in step 6) on line 44 of
the PTRH.

2% (10 kHz to 100 kH:z deviation) at a frequancy of 1 kHz.
4% (3 kHz to 10 kHz deviation) at a frequency of 1 kHz.

The measurement is made with a modulation meter and a distortion
amalyzer which measures the distortion of the demodulated FM fram
the modulation meter. Distortion below 3 kHz deviation increases begause
of residual FM noise. The distortion at 3 kHz deviation is measurad in an
environment where the noise lavel <60 dB refative to 2 x 107 ubar

{2} (&)
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EQUIPMENT
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1.  Set the instrumen! controls as follows:

FREQ VERMIER CAL
Frequency solector 520,000 MHz
MODULATION MODE Fhiix
MODULATION FREQ 1 kHz
MODULATION FM/AM 3 kHz
OUTPUT VERNIER Full cw

OUTPUT Step Attenuator +10 dBm
2. Connect the equipment as:shown in Figure 4-2,

3, Set the modulation meter to read FM deviation at 5620 MHz. Set the
RF input attenuation to 20 dB, the |F bandwidth 1o £400 kHz, the meter
response to fast, the function switch to ¥FM, the meter range switch to3,
and the filter bandwidth to 50 Hz — 15 kHz. The modulation meter
should read approximately 3 kHz,

A4, Calibrate the distortion analyzer and measure distortion, The distor-
tion should be |ess than 4%, Record the distortion an line 45 of the PTR,

5. Set the meter range switch of the modulation meter to 300. Set the
MODULATION MODE o FMx10,

6.  Adjust the MODULATION FM/AM for a reading of 30 kHz deviation
on the madulation meter,

7. Calibrate the distartion analyzer and measure the distortion. The
distortion should be less than 2%, Record the distortion on ling 468 of
the PTH.

50 ahms, VEWR 1.2 at BF output levels below 0.1 VAMS,

The measurément is made with a YSWR bridge and the return loss is dis-
played an a spectrum analyzer. An RF signal from a signal genarator is
fed to the input of the bridge. A reference level is estabiished by shorting
the bridae output port, Thie short is replaced by the RF impedance of tha
instrument. The signal generator is tuned throughout its range and the

return loss versus frequency is displayed.

(8 111 (121 (13)

1. Setthe instrument controiz as follows:

FREQ VERNIER CAL
Frequency seloctor 520,000 MHz
MODULATION MODE cw
MODULATION FREO MiA
MODULATION FM/AM MN/A
OUTPUT VERNIER +3dB

OUTPUT Step Attenuator 10 dBm

2. Use the setup in Figure 4-B. Cannect the signal generator 1o the input
port, the spectrum analyzer to the reflected output port and the coaxial
shart to the device-under-test port of the VSWR bridge.
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Figure 4-5, Test Set-up

5 i Remolite Rod 25 in. dia by
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3. Set the signal generator output level ta 10 dBm, the mode to CW,
and the fregquency 1o 250 MHz.

4. Sot the spectrum analyzer to span 0 1o 500 MHz and the bandwidth
bo 300 kHz. Use the log reterence level controls to calibrate the 250 MHz
signal at the top line (0 d8 reference} of the display graticule.

B. Disconnect the coaxial short and connect the device-under-test port
af the VEWR hridge to the RF OUT connector, Tune the signal generator
throughout the instrument’s range and wverify that the signal level in the
display is 21 dB below the 0 dB reference. Disregard tha signal at 520
MHz. Record the reading in dB below the referance on line 47 of the PTR,

<2 1.0 UV is induced in A two-turn, oneinch diameter loop which is held
one inch away from any surface: Loop feeds a 50 ohm receiver.

A B0 ohm receiver consisting of a 26 dB amplifier and a spectrum analyzer
are calibrated at a1 pV level using the instrament, A loop probe 5 then
connected to the receiver and the leakage is maasured at a one-inch dis-
tance from the external surfaces of the instrument with the RF QUT
connector terminated in 50 ohms. A screen room may be required for
this measuremeant,

{(8) (10} (14} (15) {16}

1. Set the instrument contrals as follows:

FREQ VERNMIER cCAL
Freguency selector &00.000 MH:
MODULATION MODE o
MODULATION FREQ MN/A
OUTPUT VERNIER +3 dB

OUTPUT Step Attenuator -110 dBm
2. Connect the equipment as shown in Figure 4.7,

3. Sgt the spectrum analyzer bandwidth to 100 kHz, the scan width to
0.5 MHz/division, the video filter to 100 Hz, the input attenuation to 0 dB
and the log reference level to -50 dBm with a 10 dB/division vertical scale.
Center the signal in the display using the center frequency control. Cali-
brate the analyzer for the 107 dBm signal at the -31 dBm graticule using
the log reference controls.

4. Disconnect the RF amplifier from the instrument and connect the
50 ohm coaxial terminal to the RF OUT connector of the instrument.
Tighten the termination to minimize RF |eakage.

5. BSet the OUTPUT Step Attenuator ta -10 dBm and the QUTPUT
VERMIER for a +3 dBm reading on the output METER.

6. Connect the loop probe to the input of the RF amplifier. Move the
leop probe over the surfaces of the instrument with the two-turn loop at
a pne-inch distance. The signal plus noise should be less than the =107 dBm
reference (step 2). Recard the maximum reading in dBm on line 48 of
the PTR.




® ' PERFORMANCE TEST RECORD S/N

MODEL 3001/3002 DATE

| SEC TEST MINIMUM SPECLFICATION MEASIIREMENT MAXTMUM SPECIFICATION LINE
i
fyd FREG EANGE ({ 3 CHECE 1
39,999 40 kilz iz &0,000.40 kie 2
995,99 ks iz 1,020,081 kix 3
.3 FREQ ACCURACY
& 1, 084,95 kRz Hz 1,119.01 kHz 4
Hz 5
2500 fix 3500 He
Az L]
Hz 104 Az 1
i PRED STARTLITY
434 i “ Iz 500 _Hz g
B 9
4.5.1 | METER ACCURACY 0.5 dB 5 +0.5 dB =
=11 11
4.5,12 FLATHESS ~0.75 an 1) 40,75 4B 12
4B 13
4% 14
4B 15
oL V| STEE ATT ACCURNGY 0.7 48 4B +0.7 4B 15
4B 17
=1, 508 Al +1.5 dBb 18
48 19
26 A8 down 4B 20
" HICE
4.8 TARMONICE 7 2t
. 30 dB down 4an 13
Al dd ok b 27
a5 dE down i 24
&7 HON-HARMONTCS
55 4R down i 25
15 A8 down ik 6
4B RESTOUAL A4 6% d3 doyn 4B i)
4.9 RESTOUAT M 0= 100 Ha o P
J80 Hz ix 420 Hz 29
&,10 INT MOD FREQUENCY L pr 1030 Bz a0
1. 30 vnG VG 700 e a1
FH/AM CONTROL ACC
£.11 4. 300 woO THa 4,700 VO 3z
” L b |
AH SYSTEM ACCURACY kB E 38X 13
#8405 X, i 95,5 % 4
4,18 AH BANDWIDTH db 1 dg 15
I T ik
413 KM DTSTORTTON
i =X 2
KHz 38
kHz 15
4, 500 kHre KkHz 10,500 iz &0
.16 M DEVTATION AGE
kilz &1
kilz 57
¥5.0 kg kilz LG50 iz 43
4.15 ™ BAXDWIDTH 4 1 dm 44
518 PO DTETORTION ) 4z 43
i i 4 ah
&, 17 TMFEDANCE 21 df dowm a8 47
. .18 HET d8m —107 dim 4B

4-23



5.1 INTRODUCTION

This section provides information for disassembly, calibra-
tion, and troubleshooting the Wavetek Models 3007/3002
Signal Generators,

Measurements and adjustments will be facilitated by placing
the instrumeant on [ts right side, as access is required to the
top and bottom of the unit for adjustments and 1est points.

5.2 SERVICE INFORMATION
5.2.1 DISASSEMELY INFORMATIOMN

Refer to Figure 5-1. The side panals form part of the
support for the top and bottom covers; therefore these
covaers should be removed before removing either side
panel. The covers and panels can be removed as indicated
balow.

NOTE

One side panel must remain on the instrument to secure
the front-pansl assembly to the chassis.

REMOWVAL OF BOTTOM COVER — Remove the two rear
feet (A) and lift the cover off with a slight rear movement.
Reinstall the cover by reversing the removal procedure,

REMOVAL OF FRONT-TOP RAIL — The top rail may be
removed to facilitate removal of the Meter Board or Modu-
lation Board ‘assembly. The rail fs removed by removing
the three screws (D) and lifting the rail upward.

REMOVAL OF SIDE PANEL — Either side panel can be
removed to provide batter access by removing the six
screws (E) holding the side panal to the instrument.

SECTION 5
MAINTENANCE

CAUTION

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

522 MODULESERVICING

REMOVAL OF MODULE — A module may be removed by
remaoving any cables attached to top af the module and
removing the hold-down screw (C) fram the bottom. Rock
the module slightly while lifting upward to free it Trom its
chaszsis socker,

REINSTALLING MODULE — Before [nstalling the mod-
ule, check that all module ping are straight and properly
aligned; then carefully seat the module pins into the ghassis
socket. Replace the module hold-down screw (C) to insure
a geod ground connection between the module and chassis,
and replace any cables attached to the top of the module.
Module cable connections are shown in Figure 5-6.

NOTE

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

MODULE PIN MUMBERING SYSTEM — The module pins
are numbered as shown in Figure 5-2. The off-center index
stud prevents the module's being plugged in backwards, and
also provides a method for locating pin 1.

NOTE
All 16 pins are not required in each module. Only the pins

actually used are installed, but the numbering system
remains the same.

=1
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5.2.3 PRINTED-CIRCUIT EOARD SERVICING

PRINTED-CIRCUIT BOARD COMNECTORS — When
reinstalling a cable comnectar on a printed-circuit board,
ba sure the connector is properly aligned with the board
connector pins and that the connector faces the proper
direction (see Figure 5-3).

METER BOARD (C315) REMOVAL — Remaoval of the
Meter Board assembly reqguires that the -Attenuator dial,
OUTPUT VERNIER knob and potentiometer retaining
nut, and front top rail be remaoved. The Meter Board is
secured to front panel by three screws — one through the
front panal (behind Attenuator dial) and one at each top
comer of Meter Board. Remove these three screws and dis-
engage all slip-en wire connectors from the Attenuator
mounted switch., The Meter Board assemhbly can then he
moved toward the rear until the VERMNIER potentiometer
shaft, UNLEVELED lamp, and METER case clear the fronl
panel. The board can then be lifted from the instrurment,

The Meter Board is reinstalled by reversing the removal
procedura. When installing the Meter Board, use care noi
to damage the UNLEVELED lamp.

MODULATION BOARD (C316-2) REMOVAL — The
Modulation Board assembly can be removed by the fol-
lowing procedure: 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 EXT modulation connector and remove retaining
nut from the backside of this BNC connector; remove the
black springloaded knobs from MODULATION MODE and
FREQ switches; remove the knob from the FREQ VER.
NIER pot shaft; remove the frant-top rail: then remove one
screw from the top-left corner of the Modulation Board and
one screw from the top-left corner of the Meter Board. The
Maodulation Board assembly can now be angled until the
switch levers clear the front panel. The assembiy then can
ba [ifted from instrument,

The assembly is reinstalled by reversing the removal
procedure,

NOTE

When placing connectors on  Lever/Indicator switches,
be sure sach connector is on eorrect switch: the switch
cables brezk out of the main harness in the same order
that the switchas appear.

POWER SUPPLY BOARD REMOVAL — The Power
Supply board and heatsink can be removad by removing the
four screws which secure the printed circuit board to the
imstrument rear panel. After removal of the connmecting har-
riess; the board can be carefully lifted from the instrument.

CALTION

The Power Supply board may be raised far enough to allow
checking of many components with the harnesses still
connected; however, power must NMOT be applied to the
instrument unless the negative {(ground) side of C10 is
connected to the instrument chassis ground and to the
positive (graund) side of C9 {jumper wires are sufficient).

The Power Supply board 1% reinstalled by reversing the
rempwval procedure.

524 RECOMMEMDED TEST EQUIPMENT

The test equipment numbered (1} through (8) in Table 41
is recommended for scrvicing, troubleshooting and cali-
brating the instrument.

53 CALIERATION PROCEDURE

Remoie the instrument top and bottom covers. Allow @
two-hour warmup period before calibrating.

In general, calibration should be performed in the sequence
given. Refer to Figures 5-4, 5-5 and 5-6 for test point and
adjustment |ocatians,

NOTE
All measurements are made with referenee to chassis
ground.
534 +18 VOLT ADJUSTMENT
Connect the digital voltmeter to the orange +18 volt line
on pin 3 of module M30-1. Set +18 V Adj on the Power
Supply to produce +18.00 V.
532 -18VOLT CHECK
Connect the digital volimeter to the yellow -18 volt line
on pin 4 of module M30-1. 561 -18 V Adj on the Power
Supply to produce -18.00 V.,
533 +7T3VOLTCHECK
Connect the digital veltmeter to the green +7.3 volt line
on pin 2 of module M30-1, The reading must be +7.3 V
2150 my.
534 CRYSTAL FREQUENCY ADJUSTMENT M30-1
Caonnect a freguency counter with a 50 ohm input to tha

instrument AF connector. Set the signal generator Lever/
Indicator switches to a high frequency which is within the
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counter's ranpge, such as 500 MHz. Set the front-panel
controls as follows:

FREQ VERMIER CAL
MODULATION MOQDE cw
MODULATION FREQ EXT
MODULATION FM/AM minimum
OUTPUT VERNIER Full ew
QUTPUT Step Attenuator +10 dBm
METER FUNCTION QUTPUT:

Adjust the M30-1 Frequency Adjust trimmer (Figure 5-5)
for a minimum-frequency indication on the counter, then
carefully turn the Fraguency Adjust trimmer clockwise
until the counter indicates the frequency selected by Lever/
Indicator switches. Disconnect the counter from the RF
OUT connector, A final frequency check will be coverad in
Sectlon 5:3.12,

£§35 PHASE-LOCKED LOOP 1 ADJUSTMENT M31A
Neo adjustment of module M31A is necessary.
536 PHASE-LOCKED LOOP 2 ADJUSTMENT M32A

Ses Figure 5-5 for location of M32A test points and Figure
548 for adjustment controls. Ser the Lever/indicator
switches to 200,000 MHz and all other front:panel controls
s in Section 5.3.4. Connect a digital voltmater to M324
pin 14, snd carefully adjust both Crystal Reference trimmaers
{A and B) to produce a minimum reading on the valtmeter.
This voltage should be betwean +0.5 and +3.0 VDC. Set the
Lever/Indicator switches 1o 239000 MHz and note that the
DVM reading s still within the above fimits

Set the Lever/Indicator switches o 200000 MHz and
connect the scope vertical inpun (DC, 1 V/idivision) to
M32A pin 15, Adjust M32A control (A) for a D V scope
indication. Set the Levar/Indicator switches o 239.000
MHz and adjust M32A control (B) to agaln produce a 0 V
scope indication.

53.7 PHASE-LOCKED LOOP 3 ADJUSTMENT

PLL 3 consists of two modules: The M33-2 and the MW,
The test point i on module M33-2 (Figure 5-5), while the
adjustment controls are on module MOW (Figure 5G], Set
the Lever/indicator switches 1o 260.000 MHz and all
other front-panel camrols as in Section §.3.4. Connect the
scope vertical input (DC, 1 Vidivision) to M33-2 pin 5.
Adjust MOW control (D] for 2 O V scope indication.

Set the front-panel controls as Tollows:

MODULATION MODE FMx10
MODULATION FREQ 1 kHz

5-4

MODULATION FM/AM Full up

Sat the scope vertical input fon M33-2 pin 5) for AC, 50
W fdivision, Adjust MOW conteol (C) for minimum {nall ]
incication of the 1 kHz sine wave on the scops,

538 PHASE-LOCKED LOOP 4 ADJUSTMENT

Calibration of PLL 4 involves three modules: M172, MBW,
and M34. Test points are located on modules M172 and
M34 {see Figure 5-5}, while adjustment controls are located
on modules M172 and MOW (see Figures 54 and 5-6).

Set the Lever/Indicator switches to 260.000 MHz and sll
other front-panel controls as in Section 5.34. Connect a
digital voltmeter to M172 pin 1; then, adjust M172 250
MHz Ad] for a 0.00 V reading on the voltmeter. The
valtmeter may now be disconnected,

Connect a frequency counter to the RF OUT connector
and connect the scope vertical input (DC, 1 V/division) to
M34 pin B, Adjust MBW contral (A) for 0 £1 ¥V an the
scope, The counter should indicate a frequency of 250
MHz.

NOTE

Diie to the way the M34 locks on harmonics of 40 MHz, it
is possible to adjust MOW control (A) for 0 V ot multiples
of 40 MHz offset rom 250 MHz. If this happens, it will be
necessary to resdjust MOW control (A) several turns to
break lock and ralock at the next multiple of 40 MHz until
0 +1 V can be obtained with a 250 MHz counter reading.

Set the output frequency to 300 MHz and adjust M172
300 MHz Ad| Tor O £3 V on the scope with a counter
reading of 300 MHz, Repeat this step, using the applicable
M172 Ad] for frequencies of 350, 400, and 450 MHz

Sat the Lever/Indicator switches 1o 500,000 MHz, Adjust
M172 500 MHz Adj for a scope reading near OV, Increase
the Lever/Indicator switch setting to 520.000 MHz and
nole the scope indication; then, adjust M172 500 MH=
Ad] to glve seope indlcations a1 600.000 and $20.000
MHz that are symmetrical about 0 V.,

S#t the Lever/Indicator switches to 100.000 MHz and
adjust M172 100 MHz Adjfor 0 23 V' on the scope and a
counter reading of 100 MHz. Repeat using the appropriale
M172 Adj for frequencies of 50 and 0 MHz. (Set Lever/
Indicator switches to 001.000 MHz for 0 MHz adjustment.}

Connect the digital valtmeter to M34 pin 14 (Levelar TF|
Step through the freguency range from 1 to 5820 MHz in 10
MHz steps to find the frequency having the highest leveler
voltage, then adjust MBW control (B) for +1.0 VDC at this
freguency setting.




538 PHASE-LOCKED LOOP & ADJUSTMENT

Adstment contrals for PLL 5 are focotod on Modulotion
Board C316-2 and module M29-2 (Figurz 56), while the
MOB TP is located oo under side of the chassis (Figure

5-6). Connect a frequency counter to the front-panel RF
OUT connector and a digital voltmeter to the MOD TP.

MODULATION MODE cw
MODULATION FREQ A
MODULATION FR/AM et g
QOUTPUT VERNIER Full cw
QUTPUT Step Adtenuator LD dBm

Set the front-panel controls as follows:

FREQ VERMIER 0 kHz
Frequency selector 2000 MHz
MODULATION MODE FiMx10
MODULATION FREGQ DC
MODULATION FM/AM Full up
OUTPUT VERNIER Full ew
OUTPUT Step Attenuator +10 dBm

MOTE

Modulation Board C316-2 contains a Size Adj (C) and a
Balance Adj (D] which are factory adjustments. DO NOT
change the settings of these two controls,

Adjust Modulation Board control (A) for a +5.00 £.01 V
reading on the voltmeter. Set the MODULATION FM/AM
slider full down. The voltmeter should indicate O W 20
m¥. Disconnect the valtmeter from the MOD TP,

Adjust M29-2 control (B) to produce a frequency counter
reading of 2.000 MHz +100 Hz. Set the MODULATION
FM/AM slider full up and adjust M29-2 contral (&) for a
counter reading of 2,100 MHz £100 Hz.

Set the MODULATION MODE to FMx1 and adjust Madu-
lation Beard contral (B) for a counter reading of 2.010
MHz 2100 Hz,

53.10 METER BOARD CALIBRATION — C315

To adjust the output METER, the unit must rest on its
bottom surface [normal operating position). Momentarily
turn off powsr to the instrumont and mechanically zero
the output METER with the front-panel zero 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 VERNIER fully cow; then, adjust Meter
Board pot (B} until the METER needle again bisects the dot
at the left end of the METER scale, See Figure 5-6 for the
locations of the Meter Board pots. Set the QUTPUT
VERNIER completely cw and adjust Meter Board pot (A}
for a +3 dBm output METER reading.

Sat the front-panel controls as follows:

FREQ VERMIER CAL
Frequency selector 50.000 MHz

Calibrate the power meter and its thermistor or power
sensor, Set the power meter to the +15 dBm range; then
connect  the thermistor or sensor to the instrument RF
OQUT connector, i

Adjust Meter Board pot (F) for a +13 dBm power meter
reading. Sat the OUTPUT VERMIER for a -7 dB reading
an the output METER and set the power meter to the +5
dBm range. Adjust Meter Board pot (E} for a +3 d8m
power megter reading. Again set the power metar to the
+156 dBm range and turn the OUTPUT VYERMNIER fully cw,
Repeat this procedure until the +13 and +3 dBrm power
meter readings are obtained withoul further adjustment of
Meter Board pots (E) and (F).

Set the QUTPUT Step Atternuator to 0 dBm and the pows
meter to the +5 dBm range. With the QUTPUT VERNIER
completely cw, adjust Meter Board pat (C) for a +3 dBm
power meter reading. Set the OUTPUT YERMIER for a .6
dBm reading on the output METER and set the power
meter to the -6 dBm ranga. Adjust Meter Board pot (D] for
a <6 dBm power meter reading. Repeat this procedure until
the +3 and -6 dBm power meter reéadings are obtained with-
out Turther adjustment of Meter Board pots (C) and (D).

Set instrument front-panel contraols as follows:

Frequency selector 100.000 MHz
MODULATION MODE AM
MODLULATION FREQ oC
MODLULATION FM/AM Full down
OLTPUT Step Attenuator 0 dBm

Set the power meter to its O dBm range and adjust the
QUTPUT VERNMIER for & -3 dBm reading on power meter,
Set the power mater to the +5 dBm range and shide the
MODULATION FM/AM slider fully up. Adjust Meter
Board pot (G) for a +3 dBm reading on the power meter.
This dB incraase corresponds 1o T00% AM,

5311 DOWN-CONVERSION ADJUSTMENT —M115
(MODEL 3002 ONLY)

28l the instrument front-panel controfs as follows:

FREGQ VERNIER CAL
Fraguaney selector 001.000 MH:
MODULATION MODE cw
MODULATION FREQ NA
MODULATION FM/AM minirmum
QUTPUT YERNIER Full ow
CUTPUT Step Attenuator 0 dBm

5=5



Connect a power meter, spectrum analyzer, RF detector,
AC voltmeter, or oscilloscope — accurate in the vicinity of
1 MHz — to the instrument RF OUT connector. Mote the
output level reading. Set the Lever/Indicator switches to
000.999 MHz, and adjust the M115 Gain control such that
the output level exactly matches the |level noted at 081.000
MHz,

5312 FINAL FREQUENCY CHECK — M30-1

Connect freguency counter to the Instrushent AF QUT
connector, and set the front-panel controls as speeified In
Section 5.3.4. Note the frequency reading on the counter.
If it does not agree with the selected frequency within
securacy specifications, very carefully adjust the M30-1
Frequency Adjust trimmer (see Figure 558} until the
dasired frequency is abtained.

54 TROUBLESHOOTING

Effective troubleshooting requires & thorough  wnder-
standing of the block diagrams and circuit description
|ocated in Section 3 of this manual; then the Performance
Tests in Section 4 and Calibration Procedures in-Section &
will aid in localizing the trouble symptom to a particular
module or PC board, Once this has been accomplishad,
the module or board can be replaced, or repaired with
gid of the proper schamatic and parts layout diagram, In
general, it is preferable 1o replace a defective module or
PC board assembly.

Equipment troubles are frequently due simply 1o improper
control settings; therefore, before engaging in a trouble-
shooting procedure, be sure front-panel controls are set in
proper operating position. Refer to the operating instruc-
tions in Section 2 of this manual for a complete expla-
nation of each control’s function aleng with typical
operating instructions,

After verifying that the trouble is not improper setting of
the controls or test setup, make a thorough visual inspec-
tion of the instrument forsuch obwious defects as loose or
missing screws, broken wires, defective module-pin sockets,
loose RF cables, and burned or broken companents,

After localizing the problem, voltage and resistance checks
will help focate the defective companent,

Faor troubleshooting purposes, it is permissible to operate
the instrument with any of the plugin modules or RF
cables removed; however, the instrumeant should be turmed
off when removing or installing modules. If substitute
modules are available, possibly fram anether Mode| 3001
or 3002, this provides an easy mathod of verifying if a
suspected module is defactive.

5-6

RF cables can be disconnected from the module output
connectors, and a power meter ar spectrum  analyzer
connected directly to the module connector for power
level or frequeéncy measurements, Fabrication of a short
coax adapter cable, terminated in a mating connector for
the madules an one end and 8 BNC connector an the other,
will facilitate connection of test equipment. (Tha SMC
te BMNC adapter cable in Module Service Kit K004 is
designed for this purpose.)

The front-panel ACCURACY lamps together with the four
internal module "unlock indicator’™ lamps aid in trouble-
shooting phase-locked loop problems. One module in each
loop contains an indicator lamp which lights to indicate
when that loop is unlocked. The lamps indicate only which
|oops are unlocked, not which maodule is at fault,

A problem in the Power Supply may cause many symptoms
pointing to other areas and should be checked when the
symptom does not clearly indicate a specific problem, Loss
ol the -1B WV supply, for sxample, will cause the
ACCURACY laimp to flash; while loss of the +18 V supply
will extinguish all lamps, The +18, -18, and +7.3 V supplies
comprise the DPS24 Power Supply which forms the rear
pangl cof the instrument, Performance of these supplies is
indicated in the Calibration Procedure:

54.1 TROUBLESHOOTING HINTS

Following is & list of several typical symptoms, accom-
partied by the possible causels) or a troubleshooting pro-
cocdure, It is assumed the instrument has been properly
calibrated previously, and that a warmup period will
precede troubleshooting.

INTERMITTENT OPERATION - Defective module-pin
sockets or loase RF cables,

LOW RF OQUTPUT {+10 dBm RAMNGE} — If power is
10 dB low on this range, but is carrect on the 0 dBm range;
micro-switch 51 mounted on the Step Attenuator is de
fective, is not bkeing actuated by the Attenuator shaft, or
a switch wire is disconnected.

LOW OR NO RF QUTPUT (ANY RANGE) — Defective
Attenuator or AF cables connecting to input or output of
Attenualor, defective Meter Board, defective module
MTOW-6/8 or MOW.

Chack the voltage on pin 15 of module M10W-6/8. With tha
OUTPLT VERNIER fully clockwise, the voltage should be
approximately as follows: -2.5 VOC on the +10 dBm range;
0.7 VDC on the O dBm range. These voltages indicate
proper operation of the Meter Board; while other values.
particularly positive voltages, indicate a defective IC or
other problem on the Meter Board.




MNext, check RF power directly at the MTOW-6/8 output.
If it is correct, the trouble Hes in the Attenuator or its
RF cables, If the moduls MTOW-6/8 output is low, measure
the medule M9 RF output — this should be approxi-
mately -10 to 11 ¢dHBm, 1 this leval is correct, module
MTOW-6/8 is defoctive; while if the level & low, Sweep
Oscillator MOW iz defective.

QUTPUT METER DOES NOT MOYE — |f the METER is
pegged at either end of scale; the trouble is probably a
defective component on Meter Board ©315; while if the
METER remains at mechanical zera, the METER move-
ment may be open or & Meter Board component may be
defective,

UNLEVELED LAMP ON — RF QUT connector not ter-
minated in 50 ohm load, AM percentage set so that peak of
modulated output oxceeds +13 dBm, defective module
MI1OW-6/8, defecrive Artenuator or connecting RF cablas.

Connect a power meter directly to the M1DW-G/8 output,
et the QUTPUT Stop and VERNIER controls for a +13
dBm reading on the power meter at 50.000 MHz. Step
through the 10 to 520 MHz frequency range in 10 MHz
steps. A power meter reading of +13 dBm +0.5 dB with the
UMLEWVELED lamp off indicates proper operation of
module M1OW-B/8. If the output is correct at M10WG/8,
but the UNLEVELED lamp is on, the trouble is probably a
defective lamp driver circuit In module M10OW-8/8. With
proper aperation of module M1DW-8/8, connect the power
meter directly to the Step Attenuator outputl and repeat
the above steps. If the Attenuator output is cofrect, the
trouble is due to a defective RF cable or possibly a poor
ground connection at RF OUT connector.

ACCURACY LAMP FLASHES CONTINUOUSLY — A
steady light in CW maode but flashing in FM modes indicates
a defective M29-2 or M33-2 module. If the ACCURACY
lamp fiashes in all mades, ane or more of the phase. ocked
loops is open; see- Phase-Locked Loop Troubles below,

NOTE

Above the normal freguency range of the instrument (in
the vicinity of 560 MHz), it is normal for phate-locked
loop 4 to unlock, causing the ACCURACY lamp to flash,

PHASE-LOCKED LOOP TROUBLES — An open or un-
locked loop, indicated by a lighted module lamp, can be
caused by a number of factors, including: low AC Input
voltage, fow DC supply voltages, improper phaselocked
loop DC voltages, an open or shorted RF cable, or a de-
fective module,

A defective RF cable or moduls can have a “chain-reaction’”
effect that causes two or more loops 1o unlpek. For
example, loss of the 1 kHz signal to module M314 will

cause PLL 1 to unlock; thus, module M3 1A may not supply
a proper signal 1o module M34, causing PLL 4 to unlock.
Failure of the 40 MHz Crystal Oscillator in module M30-1
will cause all loops to unlock, since all six reference fre-
quencies will be Tost,

Table 51 lists typical RF signal-input levels for each of
the phase-locked loops. Those signals having a TTL level
or 1 W level may be measured with a high-frequency
oicilloscope; the ather signals are best measured with a
spactrim analyzer (dBm), ar 5 50 ohm detector and cali-
bratod scope (mV), )

NOTE

The TTL 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 of this loop may
be paused by a defective module M3ITA, module M30-1 o
R cable conmecting M30-1 to M231A4.

If the M31A unlock indicator i5 on, check the 1 kHz signal
as listed in Table 5-%, If the 1 kHz signal is correct, module
M30-1 is operating properly. Check the RF cable between
M30-1 and M3ITA, If the proper 1 kHz signal is being
applisd to the M314, check for +7.3 Vonpin 6, +18 V on
pin 7, and -18 ¥V on pin 8 of M31A_ | the input signal and
DC voltages are correct, module M31A s defective.

PHASE-LOCKED LOOP 2 — Unlocking of loop 2 can be
caused by defective modules M172, M30:1, M324 or RF
cables connecting M30-1 to M324.

Connect a digital voltmeter to M32A pin 11 and observe
the readings while stepping through the 200 1o 239 MH:z
frequency range in 1 MHz steps, The valtmeter reading
should change -0.2 V per MHz from 0 V a1 200 MHz 10 -7.8
V at 238 MHz. These voltages indicate proper operation
of module M172.

Module M30-1 can be checked by measuring the 1 MHz and
1440 MHz signals directly ar the M30-1, The levels specified
in Table 51 indicate proper operation of module M30:1
Check connectors and RF cables connecting M30-1 ta
module M324, Check for +18 V on pin 7, -18 ¥ on pin 8,
and +7.3 V on pin & of M324. 11 all input signals and DC
voltages 1o module M32A are normal, but the M32A LED
is on, module M32A is defective.

PHASE-LOCKED LOOPS 3 and 5 — The LED indicator
on module M33-2 serves both PLL 3 and PLL 5. If the
M33-2 LED is on; determine which loop is defective by
switching the FREQUENCY VERNIER out aof CAL
position, If the M33-2 LED goes off, the trouble is in PLL
5.1 the LED stays on, the trouble s in PLL 3.
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PLL 3 consists of modules M33-2 and MBW. It iz possible
that PLL 3 can be restored to operation simply by recali-
brating per Section 5.3.7, and this should be attempted.
It adjusting MW contral (1) has no effect on the M33.2
pin 5 voltage, the prables is inmedole Ma3-7: however, if
the pin & voltage changes butl phase lock cannot be estab-
lished, or if the pin 5 voliage cannot bo set to within 5 volts
of OV, the trouble is in module MW, Measure the M33-2
Leveler TP {pin 14) voltage. If it is +0.5 to § VDC, the
trouble is probably in meodule M33-2; however, if it is
l_greater than b VDC, the trouble is probalilv in module
MOW or M30-1, Check the M30-1 reference frequencies
and MOW output level as shown in Table 5-1 to determine
which module is defective,

PLL & consists of modules M29-2 and M33-2, With the
FREQ VERNIER in CAL position, measure the PLL &
voltage on M29-2 pin 6. Adjust M29-2 control (B for OV
an pin 6. If, while adjusting the M29-2 fram 1.9 to 2.1 MHz
this voltage does not move, the problem is in module
M33-2, If the voltage adjusts, but will not stay focked, the
trouble is in module M29-2

FHASE-LOCKED LOOP 4 — Unbocking of loap 4 may,
under cartain conditions, be caused by problems originating
in the other loops. Therefore, loops 1, 2, and 3 shouid be
operating properly before troubleshooting loop 4.

Unlocking of PLL 4 can be caused by defective modules
MI72, MW, M3D—1, M314A, M3Z24, M34, or cannecting
RF cables,

Connect a digital valtmeter to M172 pin 1. The valtmeter
reading should be 0,00 V with the Lever/Indicator switches
set to 0OO MHz, -2.5 W at 250 MHz, and -5.0 ¥V at 500
MHz. Connect the yoltmeter to M172 pin 8 The M172
voltmeter reading should be +6 to +B Y at 000 MHz, 0 V
at 250 MHz, and -6 to <10 V at 500 MHz, If these voltages
are ohtained, module M172 is operating properily.

Measure the Wide Oscillator signal at module MSW. The
frequency will be between 11898 MHz and 1718 MHz,
depending upon the Lever/Indicator switch setting. 1T the
signal fevel is as specified in Table 51, module MW is
probably aoperating correctly,

Measure the 40 comb line at module M30-1. The 40 MHz
harmonics from 40 MHz 1o 280 MHz should be fairly ciual
in amplitude and the level should be as specified in Tahle
5-1. This level indicates proper operation of the M30-1
madule,

Meaasure the 1448 to 1487 MHz signal at module M324,
The exact frequency is dependent upon the “MHz" switch
setting. If the level is as specified in Table 5-1, the M32A is
operating praperly,
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Mext, measure the 10 to 9.001 MHz output of the M31A
maodiule, Thae output frequency will be 10.000 MHz with
the “kHz" switchez set to 000, and will decrease 1o 9.001
W with the “kHz™ switches seroto 993, 1F the signal lewnl
is as specified in Table 5-1, module M31A s operating
praperly,

If the output of each of the above modules 1s carrect, check
the connectors and RF cables connecting modules MBW,
M314, M32A, and M30-1 to module M34. Check for +7.3
M on pin 2, +18 V an pin 3, and 18 V on pin 4 of module
M34. If all input signals and DC voltages to module M34 are
carrect, but the M34 module lamp 5 on, module M34 s
probably defective, but the trouble could be caused by
rmodule MSW,

A further check of the M34 can be made by monitoring
M34 pin 8 with a digital 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,
a defective M34 may give a valtoge reading ot 12 to 16V

LEVER/INDICATOR SWITCHES — Trouldes in the BCD
awitch circuits may be caused by a defective switch, a loose
ar disengaged switch connector, a broken switch wire, or,
possibly, 8 defective M115,

Five of the switches wtilize four wires plus a ground to
select decimal digits from 0 through 8. The 1005 MHz
switch uses three wires plus ground, since it needs only to
select digits between O and & A& “BCD Truth Table"™,
applicable Lo each of the six switches, is given in Table 5-2.

Suspected switch problems can be checked by referring to
Table 52 and the instrument Wiring Diagram to determing
which module pins are grounded for 8 particular frequency.
Far example, to select a frequency of 200.5000 MHz,
MI172 pin 3 is grounded by selecting digit 2 on the 100%
MHz switch, and M31A pins 2 and 4 are grounded by
digit & on the 100" kHz switch.

If oty the 10 MHz programming is in error; the trouble
may he a defective [C3 in module M116 (Model 3002).

DOWN-CONVERSION TROUBLES (Model 3002)
Froblems in the down-canversion circuitry {modules M115
and M10W-8) can cause a variety of problems.

If the instrument operates properly from 1 to 520 MMz,
but rot from 1 1o 992 kHz, the problem probably lies in
either module M115 or MI10OW.B. Check for the TTL
“turn-on’ signal at pin & of the M10W-B. If the signal is
correct (0 Y abowe 1 MHz, 3 V below 1 MHz), check to
see that the RF signal is being switched to the M116 far
output frequencies below 1 MHz. If the switch is working,
the prablem lies in either the M115 ar a connecting cabile,
If the instrument output frequency is 10 MHz higher than
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Table b-1. PHASE-LOCKED LOOP RF-STGNAL LEVELS
INPUT-SIGMNAL INPUT-STGMNAL LEVEL
MODULE FREQUEMCY dBm (mV]
M31A ke TTLY
M3za 1TMHz TTEA
1440 MHz T2 to -15 dBm (20 mV)
M33.2 1198 MHz A0 dBm 13 dB (150 m W)
1200 MHz {120 comb) -15dBm 5 dB (75 mVy)
2 kHz TTL W
1.9t0 21 MHz 1 wolt pp
134 11898 to 1718 MHz -1 dBm 25 dB (26 mV)
1448 to 1487 MH: 2 dBm *3 dB (200 mV)
40 to 280 MHz (40 combl -10dBm =3 dB (1 V)
10 1o 9.001 MHz FH:
Min., 2 Vpp
280 Min.
¢( Max 0.4
TTL LOGIC LEVEL
Table 5-Z. BCD FREQUENCY SWITCHES
Decimal BCD Wires
Digit 8421
|:} ey e
1 - - =1
£ - = ) =
3 - =01
g - - =
5 -0 =10
B - 00 =
7 =000
8 0 - - -
g 0==10
MOTE: 0O =Wire Grounded by Switch.
— =Wire NOT Grounded,

MEASURED
AT

M30-1 (W3]

M30-1 (W12
M30-1 {W9)

MOW (W5}
M30-1 (W10)
M30-1 (W11
M2g-2 (W7)

MW {W4)
M3Z2A (WE)
M30-1 (WE)
M3za (Wid)
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the programmed frequency (for example, 10.420 MHz
instead of 420 kHz}, and the TTL signal at pin & of module
MTOW-8 s correct, the switch is not working, and the
problem lies in the M10W-8.

If the instrument operates propedy from 1 to 989 MHz,
but not above 1 MHz, check for the TTL signal at pin 5 of
module MI10W-8. If it is correct, the problem lies in the
M10W-8.

If the BF output level from 1 to 999 kHz'is too low, and
cannot be corrected by recalibration, the problem lies in
gither the M115 or a connecting cable.

MODULATION TROUBLES — The Modulation Board
{C3168-2) is the most common cause of maodulation
prablems, particularly when the modulating signal is |ost,
MNon-linear amplitude modulation at higher-audio  fre-
quencles from an external source may boe caused by the
M10W-6/8 Output Amplifier.

Set the front-panel controls as follows to determine
the presence of maodulating signal;

FREQ VERNIER CAL
MODULATION MODE A
MODULATION FREQ 400 Hz
MODULATION FM/AM maximum
QUTPUT VERNIER Full cw
QUTPUT Step Attenuator 0 dBm

Connect the oscilloscope vertical input to the rear-panel
MOD TP. The scope should display a 10 Vpp sine wave at g
frequency of 400 Hz (2.5 msec period). Set the MODU-
LATION FREQ switch to 1 kHz. The scope display should
be a 10 Vpp sine wave with a pericd of 1 msec. |f the 10V
signals are not obtained, check for +7.3 V onpin B, +18 V
on pin 2, and -18 V on pin 2 of the C316:2 Modulation
Board. If the DC voltages are normal, the Modulation Board
is defective,

AM TROUBLES — Connect the scope vertical ilput to pin
3 of the C316-2 Modulation Board and check for a 10 Vpp

ASSEMBLY
REPLACED
Table 5-3.
Assembly
Replacement

Caljbration

2-10

MSW Sweeap Oscillator
MI10W-6/8 Qutput Amplifier  Recalibrate C315 Meter Board (5.3.10)
M172 SBweap Drive/ DAL
M23-2 FM Raferance
M30-1 Crystal Rafarence
M1 4 kHz Steps

MI2A MHz Stepes

M33-2 Narrow Osc. Lock
M348 Wide Osc, Lock
M115 Down Canvarter
C315 Meter Board
C316-2 Maodulation Bosrd
DPS2A Power Supply

sine wave; then, connect the scope vertical input to pin 4 of
Mater Board C315 and again check for a 10 V sine wave,
Fresence of the sine wave at this point indicates proper
operation of the Modulation Board and its wiring.

Connect the scope vertical input to pin 2 of Meter Board
C315 and chock for a sine wave having an approximato
amplitude of 1.75 Vpp, If the 1,76 V signal is not present,
check for +18 V on pin 6 and -18 V on pin § of the Meater
Board, IT the DC voltages are normal, Meter Board C315 i
defective or a wire | disconnected from Attenuator switch
21

Check for & 1.75 Vpp sine wave on pin 15 of module
MI10W-6/8. |f the sine wave |5 normal at this point, but
amplitude modulation s abnormal, module M10W-8/8 s
defective,

FM TROUBLES - Set the MODULATION MODE 1o
FMx10 and check for a 10 Vpp sine wave on pin 6 of
Modulation Board C316-2; then, connect the scope vertical
fnput to pin 16 of module M29-2 and again check for a 10
V osine wave. & 400 Hz or 1 kHz 10 V sine wave at this
point indicates proper operation of the Madulation Board
and its wiring.

Remove the RF cable from the top of module M29-2, and
checlk for a 1 Vpp 1.8-2.1 MHz signal at this connector.
If this signal is not present, check for +18 V on pin 3 and
-18 V on pin 4 of module M28.2. |f the DC voltages are
narmal, FM problems are caused by a defective module
M29-2. If the 1.9:2.1 MHz signal is present at the M29-2
connector, FM problems are probably caused by a defective
M33-Z madule,

542  ASSEMBLY REPLACEMENT

While in many cases tha instrument will work satisfactorily
after simply replacing a defoctive assembly, to maintain
the high accuracy of which the unit is capable, assembly
replacerment should be followed by calibration of the
gffected circuits. Table B-3 lists each assembly and the
adjustrment neaded,

ADJUSTMENT REQUIRED
[Ses indicated ssctions in Colibration Procedure)

Reset Phase-Locked Loops 3 and 4 (5.3.7 and 5.3 .8}

Reset Phasa-Locked Loop 4 {5.3.8)

Resetr Phase-Locked Loop & (65.3.9)

Adjust Crysial Frequency (5.3.4 and 5.3.12)
MNane required

Adjust Phase-Locked Loop 2 (5.3.8)

Adjust Phase-Locked Loop 3 (5.3.7)

Sot M34 pin 14 for +1.0 VDC (5.3.8])
Adijust Gain Calibration (5,311}

Adjust Matar Board Calibration (5.3.10)
Adijust Phase-Locked Loop 5 (5.3.8)
Adjust 18 V and check 7.3 V {5,3.153.3]
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(1} DPSZA POWER SUPPLY
A—+1B Y Al

B-8v ARl
G— FUSEZ AT
{21 NOT USED

{31 M37 AUX RF OUT (OPT 41

{4 MAD HIGH STAR REF (OPT 6)
{5) M39 EXT REF LOPT &)

{B) MZ0-1 XTAL REF
A — 1440 MHZ ADJ

B — 1440 MHZ AD
C--10 MHZ TP

I71. M34 WIDE.OSC LOCK
A_RFTP
B — UNLOCK INDICATOR

{81 MAW SWEEP OSC

A —WIDE OSC CENT ADJ

B —WIDE OSC LEV A0

¢ — NARROW QSC 5W ADJ
O — MNARROW OSC LEV ADJ

19 MI0WS QUTPUT &MP

{10} M31A KHZ STEPS
A = UNLOCK INDICATOR

(11 M172 BWEEP DRIVE/DAC

(121 M3Za MHZ STEPS

A - 000 MHZ ADd

B — 030 MHZ ADJ

C— UNLOCK INDICATOR

[13) M332 NARROW QSC LOCK

A—FRF TP
B - UNLOCK INDICATOR

(14) M29-2 FM AEF ]
A =21 MHZ ADJ
8~ 2 MHZ ADJ

(15] M35-1 RF CKT BKR [OPT 3}
{16) BO130-01 STEP ATTEN

1171 C316-2 MOD BAOARD
A—+5 W ADJ
B-FM=x1ADJ

C—SI1ZE ADJ

O—BAL ADJ

[18) C31hMETER BD

A~ METER CAL &fx]

B - METER BAL &ADRJ

C —~ LEVEL © DBM RANGE +3 ADJ
D — LEVEL O DBM RANGE -7 ADJ
E— LEVEL +10 DBM BANGE +3 ADJ
F — LEVEL +10 DBM RANGE +13 AD
G~ % MOD AR

ATV RRAY

Figure 5-Ba.

Model 3001 Top View
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(1} DPSZA POWER SUPPLY
A =+18V ADJ
8—--18V ADd
C— FUSE 2 AT

[2) NOT USED

(3] M115 DOWN CONV
A —10MHZ TP
B — GAIN &DJ

{4} M40 HIGH STAB REF [OPT G)
OR
M3IT ALUX RF OUT 1OFT 4}

(5} M3I2 EXT REF {OPT &I

{6} M30-1 XTAL REF
A = 1440 MHZ ADJ

B — 1440 MHZ ADJ
C— 10 MHZ TP

{7) W34 WIDE Q5C LOCK
A — RF TF
B = UNLOCK INCHCATOR

(8) MOW SWEEP OSC

A — WIDE Q5C CENT AB
B— WIDE O&C LEV ADJ

C— NARROW O5C 5W AD.
0D = NARROW OSC LEV ADJ

(9} M10W-8 QUTPUT AMP

(10) M31a KHZ STEPS
A = UNLOCK INDICATOR

(11) M172 SWEEP DRIVE/DAC

{12} M32A MHEZ STEPS

A — DD MHZ ADJ

B — 038 MHZ AD.

C— UNLOCEK INDICATOR

113) M33.2 NARROW OSC LOCK
A —RFTP
B—UNLOCK INDICATOQR

(14) M28-2 FM REF
A —2.1 MHZ ADJ
B—2MHZ ADJ

{15) M35.2 RF CKT BKR (OPT 3}
OR
M3T AUX RF OUT {GPT 4]
{18} 50130-01 STEP ATTEN

(17) MODULATION BOARD
A—+bV ADJ

B—-FMx1aD)
C —S8IZE ADJ
D—BAL ADJ

Figure 5-6b. Model 3002 Top View

1Bk C31EMETER BD

A —METER CAL ADJ

B~ METER BAL ADJ

G — LEVEL 0 DBM RANGE +3 ADJ
D — LEVEL 0 DBM RANGE -7 ADJ

E — LEVEL +10 DBEM RANGE +3 ADJ
F — LEVEL +10 GEM RANGE +12 ADJ
G —®%MOD ADJ

=15



6.1 INTRODUCTION

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

SECTION 6
REPLACEABLE PARTS

For an assembly containing ona or more subassemblies, the assembly list appears first, and is followed by the subassembly |ists,

The lists appaear in the following order.

ASSEMBLY

3001

5002

CABLE SET — 3001
CABLE SET — 3002
SHIP KIT — 2001
SHIP KIT — 3002
CHASSIS — 2001
CHASSIS — 3002
DPS2A

PC — DPS2A
XEMR — DPS2A
LINE CORD
CHASSIS PLATE
HARNESS

FRONT PANEL — 3001
FRONT PAMNEL — 3002
C315

PC— G316

ca162

PC — 03162
POWER SWITCH
MW

MECH, L — Maw
MECH, B — MoW

MIXER — MBW
PREAMP — MOW
MI10W-0

MECH, L — MI10W.9
MECH, B — M10W-3
MI10W-10

MECH, L — M10W-10
MECH, B - M10OW-10
AMP BD — M10W-S/10
LEV BD — M1OW-S/10
Mzg-2

PARTS LIST

101 0-00-0014
1010-00-01356
1218-00-0452
1218-00-0453
1218-00-0462
1219-00-0463
111 1-00-0006
111100-0075
11 15-00-0034
1218-00-0252
1219-D0-0417
1219-00-0744
1216-00-0032
1219-00-0428
1216-00-0031
1216-00-0033
1110-00-02596
1218-00-0670
1110-00-0682
1218-00-0121
1272-00-0006
1114-00-0466
1216-00-0048
1216-00-0048
1219-00-0423
1219-00-0424
1%14-00-0460
1216-00-0081
1216-00-00B2
1114-00-0461
1216-00-0083
1216-00-00B4
1218-00-0601
1218-00-0611
1114-00-0464

62 MANUFACTURERS CODE

ASSEMBLY

MECH.B - M29-2
PC — M23-2

M30-1

MECH, L — M30-1
MECH, B — M30-1

PC - M30-1

MITA

MECH, B — M314

PC ~ M314

M324

MECH, L — M324
MECH, B — M32A
O05C CTL BD — M324
DIG PGM BD — M324
MIXER — M3ZA
VIDED AMP — M32A
M33-2

MECH, L — M33-2
MECH, 8 — M33-2
M34

MECH, L — M34
MECH, B — M34
LEVELER BD — M24
PHASE LK BD — M4
WE MXR/AMP — 34
VIDED MIXER — M34
VIDEQ AMP — M34
M115

MECH, L - M118
MECH, B — M115
PC, F — M115

PC. R - M115

M172

MECH, B - M172

PC — M172

The following code is used on the parts lists to identify the manufacturer.

PARTS LIST

1216-00-0045
1218-00-1690
1114-00-0024
1216-00-0076
1216-00-0077
1218-00-0152
1114-00-0455
1216-00-0048
1218-00-1700
1114-00-0469
1216-00-0087
1216-00-D068
1218-00-0027
1218-00-0028
1218-00-0426
1219-00-0440
1114-00-0482
1216-00-0089
1216-00-0060
1114000477
1218-00-0054
1216-00-0088
1218-00-0314
1218-00-0334
1215-00-0429
1219-00-0430
1219-00-0431
1114-00-0463
1216-00-0092
1216-00-0093
1218-00-1451
1218-00-1461
1114-00-0473
1216-00-0047
1218-00-1670
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ALLEN-BRADLEY

ANALDG DEVICES

ARRON HART, INC.

ALAN IHDESTRIES
ANERICAN MABHETICS
r’rh'ET'IEhH PI.J’c‘.iTIEHﬁFEI ci.

NERTCAM ZETTLER, INC,
ﬁBi'iU".i PACKAGING CO,
ACE INDUSTRIAL HDWR.
ADVANCE CONPOMENTS, INC

EFUREN CORP

hEHTEtI INDUSTRIES
ACCESSORIES FOR ELECTRONICS
AHAN CONPANY

ALPHA INDUSTRIES, INC,
A.CO ELECTRONICS PRODUCTS

ALL PLASTIES,INC.

ALPHA METALS, INC

ARATOR ELEC HIWE CO
ADUANCED HICRO DEVICES IMC.

AMERICAN ELECTRIC CORDSBETS

AKPy THC.
ANSLEY ELECTROMICS LTD

ADANS-RUSSELL ,ANIAC DIV
ANPHENOL COMMECTOR SYSTENS
h-P PROTUCTS

AMPEREX ELECTRONIC CORF,
ARCO ELECTRIC PRODUCTS
ARIES ELECTROMICS CORP,
ARHOLD ENGINEERING CO.
AROKAT

hRAON-N_CORP
ASSOCIATER G (D,
ASSOCIATED SPRING
AIRCO SPEER ELECTRONICS

ATLANTIC IWEIH RUBBER CO
AMERICAN TECHNICAL CERAMICS

HTH mlL 0.

AT e

M.ITEIHHTIE COMNECTOR, IMC.
AUTOMATION COMPONENTS
AVREL FASTERER SYS,

y INC,
ALFIIA VIRE

EITTII"II'I‘"‘“{“

HILWAUKEE
CAMBRIDGE
KETTERING
COLUMDUS
CARTERVILLE
CHICAGD
IRVINE

CHICAGD
ANDEN

L
HORTH ANDOVER

INDIANAPOLIS
JERSEY CITY
HEW HAVEN
SUNNYVALE

BENSENVILLE

HARRISBURG
DOUNSYILLE, ONT.,

CARADS
EURLIRGTON
BROADVIEN
PAINESVILLE
SLATERSVILLE
SHELBYVILLE
FRENCHTOWN

KARENG(
ELK GROVE VILLAGE
CARSON

CHICAGD
HUNTINGTOM STATN
BLOOWINGTON
ATTLEBORD
RINNEAPOLIS
CONBACK
PECKVILLE
PARSLFPANY

DANTA CLARA
ELIZABETH

NJ

STITFIFT T Z[EREIFAEREERR

-
Fam

78413
34335

0oy

(-

i PR M SR e TR

Tl bge Lo Lo Lo Lot Lo Lo B T
i -

H'MEII#I#."'I'.IIII'II‘|1¢

BEI—TEL Imr
BARKER 1 WILLTAMSOM
BEARIHGS

d IEJ
BECKNAH INSTRUNENTS, INC,
BELIEN CORP,
WERG ELECTRONICS
BERG

QuIST
IEECH GROVE HARDWARE
BIRTCHER CORP
BIVAR INC
BOKER'S TNC.,
BORDEN INC,
BIRHS, INC,

IRAUK AFG CO
EI}EEEE CMEMHTIDHE; IRC,
BISHOP GRAPHICS, IHC,

DARON WIRE AND CABLE CORP,
CIRCUIT ASSERELY CORP
CORMELL DUBTLIER ELECT DIV
CLINTON ELECTROWICE
EUTLEH—HIHHEH-. t“tl
COAPONENTS . INE.

TR /CINCH

C L K CONPOMENTS, INC.
E‘Eﬂ?ﬂ_ﬁl PV,

_ﬂ

C-¥ INDUSTRIES

CAPAR COMPONENTS CORP
EI..ISTI]H ACCESSORIES, TWC.

CARLING ELECTRIC
CABLEMAVE SYSTENS, M.
CARBORUNI INSUL D3V
CORCOR, THC.

LCORPOSENT DEVELOPHENT CORP.
CENTRA. COIL CO,

£IFHZL!IT FUNCTIONS INC,
GRNING GLASS WORKS

EJ-EF[HT ELECTRICAL PROTNCTS

CHERPLAST, INC,

CHARLES LARSON CO.
CHORERICS INC.

Uﬂ'f..l_EFr CORP,

CHATTIELD PAPER
E%HIHEU HIR’E ANDI CABLE INC,
15 HI-!IEIT51 INC,

CLAIREX CORP,

EITTI!III‘FIIIIFF
READING

CLEVELAND

FULLERTON

GENEVA
T
BEECH GREVE
EL HONTE
SAHTA Al
HINNEAPOLIS
COLURBUS
RIVERSIDE
CHICAGD

UNION
PHILATELFHIA
MEGTLAKE VILLAGE
COLUMBUS
MILLOUGHBY

HORYALK
5T, LOUIS
CHICAGD
COSTA NESA
HEWARE
ROCKFORD
HILWAUKEE

KILNALREE

BARRINSTER
HELVILLE
GRORTE
CHHBHIBEE
HE'T HMTFﬂRIl

L[ %FT‘IHLLL

WIIL
NEWEURY PK
CORNING
NAUKEGAN

WAYNE
STERLING
WOBURN

DETROIT
CINCINNATI
ALLENDALE
CINCINHATI
SANDWICH
KT, VERRGH
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CLAROSTAT Wrh. CO
COTLCRART
CRILF
COLE-FLEX CORF.
CALBARK CORP

0 FACTEMER
LONCORD ELEX

CENTURTON
COLLNER SENTCONDUCTORS INC
CODRS PORCELATN L0
CREATIVE PEG DIV

CONPLETE -READING ELEC,TO,
CARDWELL COMDENSER CORP
CERMALLDY

CORE-TRONICS

CONDITIONIHG SEAICHDTR DUS
COMMUNTCATIONS XISTOR LORP
CHICAGD TELEFHONE SYSTEHS
ET5 OF ELKHART

C:TeSe OF FAIRBERRY

€15 OF KEENE

C15 OF BERWE

LTS OF BROWNSVILLE

.M

DALE TECHNOLOGY CORP,
DATEL SYSTENS, INC,
HARRY DAVIES MOLDING CO.
BAYTON ELECTRIC CO,
DELEVAN BIYV.

BEANISOR 556, £0,

BEWIRE FABRICATING CORF.
BI6I TRAN €0

DILECTRON

BIDDES, TN,

DIYOR INDUSTRIES IHC,
BAKD-HARE

UIALIGHT

DIFLECTRIC LADORATORIES THC
DELTA ELECTRONICS WFG CO
UTHCO-GRAY

DOHTECH, INC,

DRAKE MANUFACTURING CO.
LORMEYER

E,1,INIPONT DEHENOURS | CO
DYNEER CORF.

ELECTRONIC CRYSTALS
ELECTRICAL IMDUSTRIES,INC.

ELECTRA/ATTLAND CORP.
EATOH CORF

EBY COMPANY

ECKARDT LABDRATORIED
ELECTRI-CURE MFG. €O IHC

EITT..'|I+1I1‘I‘+IF

IHII TANAFOLTS
DALLAS
LINBENHURST

WEET COMSHOHOCKER
CRANGE

AT HE

SAH CARLDS
CHICAGD
ELKHART
FAIRBERRY
PASD ROBLES

EAST ALRDRA
FRARTNGHAR
|OWELL
PASAILHA

HOHROVIA
CHATSWORTH

BEVER
CERTERVILLE
HARMOOD HEIGHTS
ROCKVILLE

WILKIAGTOH
CHATSRORTH
WANGAS CITY
HURRAY HILL

HINERAL NELLS
SUNNYVALE
FHILADELFHIA
(EANGE
WESTFLIELD

FSIA.

12677
20294
B635E
ERE

[e31d

A§Z03
02358

BG4
29734

HH"""‘{‘? RS R SRR AN NSRS N
EDAC, IHLC.

EECG, THC.
FLECTRA
ELCO TNDUSTRIES

FLDRE COKPONENTS, INC
ELECT EXPEDITERS
ELECTRO-FLEX HEAT INC.
ELECTRONIC HARD

ELNA

ELECTRO CURE, INC,
EMERSON § CUNIHNG, INC

ENTHOME THC,

EPITEX ELECTRONICS

EFIXY TECHMOLOGY, INC,
ELECTRONIC TRANSISTOR CORP.

ERIE TECHNOLOGICAL PRODUCTS

EVEREADY
Eth IﬂTEE%&TEn SYATENS

7 LOK
THERRUELL PRADUCTS, INC,
FEDERAL SCREW
FAMCOURT 1 OO,
FASTEX DIV, ILL.TOOL WORKS
FATRCHILY
FILK CAPACITORS, THC.
FLTT? ANERTCA, IHC,
FENMAL
FREGEFICKS .
FRAKD

FERRANTL ELECTRIC, INC,

FAIR RITE PROMUCTS CORF.
FERROXCUBE DIVISION
FUTARA

GENERAL ELECTRIE

GRATHILL, INC,

GEN'L THSTHUWENT SEMICMOTR
GRAND TRANSFURNERS

GALILES ELECTRO-OPTICS
GAIES EMERGY PROD,

GILBERT ENGIMEERING CO,,INC
GC ELECTRONICS

EHI[IEEJIEE& INC,

GINERAL ATRDWICS CORF,
GOUED,

thE .
GRIES REFRODUCER
GRIFMAGTER £,
CROVE COHPANY

GUDEEROD BROS, SILK CO,

E‘Inllilliilllill
DM MILLE, ONT..

CANADA
SANTA ANA
CUMBERLAND
ROCKFORTD
ROCHESTER
RILWALKEE
JLOOMF TELD
FARMINGDALE

CARSOiR
SAN BABRIEL
CANTOR

MEW HAVEH

KANATE 5 INT , CARADA
BILLERICA
FLUSHING

ERIE

NEW YORK
SUNNYVALE
GARDENTA
FRAHINGHAM
CHICAGO
GREENGBORD

DES FLAINES
HOLINTATH VIEW
PAS SALC

LAKE BLUFF
FRANINGHAR
HUNT THGOGN UALLEY
FRANRFORT, GER,

CORRACK

WALLKILL
SAUGERTIES

TRDIANAPDLLS
LA GRANGE

HICKSVILLE
GEAND HAVER
STURBRIDGE
DEWVER
PHOENTX
ROCKFORD
CHELRSFORD
HILMAUKEE
FHILADELFHIA
5T, PAUL
NEW ROCHELLE
HARLEORD
DAYTOR
CHICAGD

FSCH.
J1val

§7525

§3486
17648

G272
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GOWANDA ELEX CORF
HEWLETT -PACKARD
RARTWELL CORP,

BAVIES H MOLDIHG
HELIPOT

HEYHAN MFG, CO,

HUGHES SOLID-STATE PROD
HEKKAM H. SHITH, IMC.
HI-G INC

HHHEHI ARERICA, LTI

IN
HOLLINGSWORTH SLDALS TERH.

HOLUR DISTRIBUTING CO.
HERMETITE CARF,
HARRTS CORF, SEMICOR, DIV,

HUDGON TOOL & DIE €0,
AOWDEN C0.

HYDRD PLASTICE IHC.
HYSOL CORP

HTERID SVCTERS

HYTROMICS

INDIANA BOLT AND HUT CO.
ILLINOIS CAPACITOR INC.
ICO-RALLY

INTL BIODE CORP,
INDUSTRIAL ELECTRONIC EWG
INT“L ELEC. RESEARCH CORP,

IMDUCTIVE CORPONCNTS
INBUSTRIAL ELECTRONIC HiwWR.

IWDUSTRIAL FASTENERS CORF,
THDTAHA GENERAL
INTERLOK/WN | PURDY CO,
INTERSIL, ENC,

TNTEL CORE

IHTEHHP]TIBHH. HEBEING
INTERNATIONAL RESISTANCE CO
INT“L RECTIFIER CORP,
ISOTEAF RESEARCH, IMWC.

I5€ ELECTROMICS

INT'L TELEFHDHE & TELEGRAPH
TTT-CANNOH

JARES ELECTROMILS
JhH_HARDWARE WFG. CO,
JEFFERS

JEFFERSON NIRE AND CABLE
JEWELL ELECTRICL INST
JFD ELECTRONICS

JFW INDUSTRIES

JUHANSON MFG. CORP,

E.Fy JOHWSON CO,

EITTI IR AR R AR NN N]

GONANDA
THDTAMAPOLTS
PLACENTIA
CHICAGD
{HAHETH
NAUIKEEHA
NEWFORT BEACH
EROOKL TN
WIKDSOR LOCKS
58N FRANCISCO

LAKE MILLS
FOTTSTONN

NEWPORT
AN
HEL BOURKE

NENARK
NENARK
GEDRGE TOWH
INDUSTRY
BEDFORD
FINELLAS PARK
INDIANAPOLIS
HORTON GROVE
FALE ALTO
HARRISON
HORTH HOLLYWODD
BURBAME

HAUPFALGE
HEW YORK

PORT WASHIEGTOM
KEASHEY

BURL INGHHE
CUPERT IO

SANTA CLARA
WHITEHALL
PHILADELFHIA
LOS RHGELES
CHARLOTTESVILLE
1SE , JAPAN

W. PALH BEACH
FOUNTAIR YALLEY
CHICAGD

LONG TSLAND CITY
IUEOIS

WORCHESTER
NANCHESTER
BRODKL YN
BEECH fiROVE
BOONTEN
WASELA

FECH,
28480
9

LLEa e
28320

50
G288
Ee
lsﬂ.

14728

LaELes
4302
27814

U575

AREER
12403

33758

'’
74344

14050
05444
PBY7E

i)
F7oLl

34792
72804
Il

32273

LA

LEYGE
LIT

WEi|‘||‘“‘l+"+lli1llililill

JUDD BIRE DIV, ECC
KERRIGAH LEWIS WFG.

K & 5 ENGINEERING CO.
KBI-PYROFILA CORF,

KEENE CORF,

HENTRON ELECTRON PRODUCTS

REYSTONE ELECTRONIC CORP,
RIDCH, INC,

KINBE ELEETR‘WIEE
EABATA DHH

RETSTINEL

KESTER SOLDER DIV,
KSM ELECTRONICS
KULKA ELECTRIC CORF,
K YDCERA THTERRATIDRAL
LAHE TMDUSTRIES, INC.
LAUREN HEG £0,

LEYSE ALURTHUM CO,
LITTELFURE, INC.
LIREMASTER SHITCH CORP,
LOCTITE CORP,

LR ELECTROMICS, INC.
LURINEGCENT SYSTEHS, IHC
LITROHEX

HICROMAVE ASSOCIATESR
RILLER DIAL § WAREFLATE CO,
MEFCE ELECTRA. INC.
ILLURTHATED PRODUETS IHC,

MICRD FLASTICE INLC.
AALLORY CONTROLS GO,
HARTIEX

Ji B A MARGUARDT

HICROMETALS, IHC
AICR0 ELEY LIT

HIE AMERICA

HALDA GEVELOPRENT CO.
HIDLAND ROSS

HOBUTEC

HAlRICE FHni'!HLlii LOUVER CO.
HILLEN MFG, CQ,
HILITnF“I’ :F’EEIFIE&TIDH
KINT-CIRCHIT

RINT 5% STEHE

HINOR RUBEER CO.

HITEK

Jills MILLER

38 CONPANY

HONSARTO COMMy PROD. DIV,
KOLEE TRODUCTS

I:ITIT-i*IIII"I‘I‘IIII
TURMERS FALLS

HEWBERYFORT

NEW TORK
HEDFORT
TUCKAHOE
JAPAN
FATERSOA
CHICAGD
BURLIHGTGH

T, VERMON
Sl IIIEED
POR

TLAR
HEW PHILﬁIIELPHll’t

KEWAREE
0E5 PLAINES
Y0NS TACK
REWIHGTOM
HORKELL
LEHANDN
CUPERT THOD
BURLINGTON
CL HOMTE
KORRISTOWN
SAHTA AHA

CHATSRIRTH
FRANKFORT
CHICHEE
TUTTLINGEN; GER.

BHAHETH
HONG. KOMO
CHICAGD
HAMETON
CINCINWATT
HERMALK
PROVIDENCE
el YORK
WASHINGTON
DRODKLYHR
NORTH ATTLEEDRO

BLOGHF TELD
LEXTRGTON
CORPTOM
5T, PALL
PALO ALTO
LISLE

;6311

‘??ﬂl
FARRX

N
w201
R8278
LR}

12856

91784
7951
k5 b1
X0
B1349
15542
50316
76305
0
95304

Si52e
ITTEY
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HORGAN ABHESIVES

MOSTE CARE.

MOTOROLA SEMI. PROD. DIV,
HOUSER ELECTRONICS

H. ROSS RASOM

HICHD SWITCH DIV,

HARION RUBBER PROD,
HICROSONICS DIV,

HICRD SERICONDUCTOR CORF,
HETSUBISHI ELEC. CORP,
HLHHTIEHFE SOLDERS LT,

HUFWﬁ -GEORGTA

AAGNET WIRE SUPTLY CO,

HW5 PRECISION WIRE THMIS
NTERS SPRING CO,

HATIONAL TEL-TRONICS
NATIONAL SEMICORDUCTOR CORP
HATIONAL CERANIE CO

HATL CAM SERV,

NIPPON ELECTRIC CO,
HATIONAL ENGIMEERING LABS

HEHED HETALS, IMC
HEWARK ELECTRONICS

HEW HAVEN WIRC i CAELE
NICHICON (ANERICA) CORP,
HiE CORP.

HAGHER RICRIWNAVE CORF.
HUCLEOWIE PRODUCTS CO,
WORTHLAKE ENG, INC
NILORATIC

OFTI-GAGE TNC,

DHKT SPECTRA INHLC.

DAk THDUSTRIES IHC.
DHHITE MFG. CO,

OREGA WIRE § CABLE
or1a ELEETRUHIEE INC
DFTROM

POTTER !IH'[I BRUBFIELD
FOWER CONPORERTS
PARKER KALON CORP.
FENN_TUBE PLASTICS Ci.
PROJECTS UNLIAITED IMC.
PALYPHASE TMSTR, CO,
PACTEC DIV,

PAOTOR DIV,

PANIUTT CORP:
PARMETRIC THOUGTRIES
PANEL _COMPOMENTS CORP.
PACIFIC ELECTRICORD CA.
PENN ENGRG & MAMUF CO,
PELIER, INC

cITTIIIIIIIIII“f

STOM
CARROLLTON
IHDIANAPDLIS
LARESIIE
INDIANGPOLIS
FREEPURT
THOTANAPOLTS
WEYHOUTH
SANTA ARA
SUNNTVUALE
WESTBURY

WESTRURY
HARIETTA
CHATSWRTH
BESTLAKE VILLAGE
LOGARSPORT
LAREDD

SANTA CLARS
TRENTON
WILLOW GROVE
TORYD, JAPAN
INDTANAFOLIS

HAHVILLE
INDIANAPOL IS

HEW HAVEM
SCHAIMBURG
ARLINGTON HE1GHTS
SURATVALE

CANDGS PARE
ANTIOCH
HORAISVILLE

DAY TOH
FARMIHGTOH

PRINCETON
HOODLAND HILLS
CLIFTON

ELIFTON HEIGHTS
DAYTON

BRITGEFORT
PHILAZIEL PHIA
BURLINGANE
TINLEY PARK
NORTHF TELD
PERKELEY
GARTENN
DAREORD

HEW TORK

HiH£‘|‘+il+l?+r‘¢llliiil111

PHILADELPHIA HAHDLE CO.

PHILPOTT RUBBCR CO.
PIHER INTERNATIOMAL CORP.

PIEZ0 TECHNDLOGIES, IWC.
PRECTSIMH LAMNP, INC.
PLEGHEY ENG,

PLASTIC TECHMIGUES, INT
FOLTCLAD LAHINATES
FERNACEL DIV,

PRECISIOR MOMOLITHICS INC,

PANASONIC

FOLYPHASE INGTR,CO

FOMONA ELECTRONICS €O INC
PREH VERT,HEH

CIRAKID IHBUSTEIEE. INC,
PRECISION RESTSTIVE FROTS
PRESTO-LICK

FRECTSION TURE £0., IHC
PENM TRAN CORP,

PENER-HATE I:I]H'i".

PYROFILM CORF.

PYTTRONILS IMDUSTRIES, TMC.
QUALTTY COWPONENTS

ROBISON ELECTRONICS
ROBINSON-HUGENT

A -THa

RAF ELEETR[}HIE HIKE

RAM STOCK

FATTHEDH

RAY-0-VAC/ Ty

EUBEEF![‘.HHFT

A

RICHLOK CORP

KELIANCE MICA T0.

#EGENCY ELECTRONICS, IHC.

ROBERS CORF,

RICHCO PLASTIL [0,
RICHARDS HETAL PROBUCTS
RADIO KATERIALS CORP.
FHF FRODUCTS THE.
ROCKWELL INTL.,
ROGAN '
ROTRON THC,

REFUBLIC ELECTRONICS CORP

RUSSELL
ROSENTHAL TECHNIE,N.A,
SPECIALTY CONHECTOR
STANTIARD GRIGSHY
SHITCHRAFT, INC.,
SERVICE SUPPLY

trT?llllililillli
CANDEN

CLEVEL AT
ARLINGTON HEIGHTS
ORLARDO

HT. VIEW
SCHILLER PARK

HEW DOSTOM
SOUTHFIELD

HEW_BRUNSWICK
SANTH CLARA

BRIDGEPORT
OFH:

I'EIZIIHF‘I].IE
GARFIELD

NORTH WALES
BEL | EFONT
HACKEHEACK
WHIFPANY
HONTGONERYVILLE
8T, BARYS

GAN LUTS DRISPD
HEW ALBANY
IRVINE
STR&FFORD

agye
IHDIANAFOLTS
HADTS0H

$35E3

CAMDEN

CHICAGD

EROOKLYTH
INDTARAPOLTS

CHANDLER
CHICAGD
ROLCOTT
CHICAGD
BATAVIA
ANAHETH
NORTHERDOK
0005 TOCK
PATTERSOM

OCEARSIDE
PROVIDENCE
IRDTANAPOLTS
HLRORA

CHICAGD
INITAHAPOLTS



T
=y |

(1BER,

5T
ShHE

SAGE
SATRO

SCBE

HHE‘!I-FFIJII*Iffililllllli

SHRKES TRRZIAN
STANFORD APPLIED ENG
SAGE LARDRATORIES, INC,
SAYROSA ERGIMEERS LT,

SCAMBE BIVISION
STACKFOLE CaAREOR CO,
SILICORIA TMC.
SERSTROB HF6. CD.
SECOR INC.

SEALECTRO CORF.
SERTECH

SEATER

SEMSOTEL INC

olbHs INSTRUMENTS
SG5-ATES COWP ELET 5P4

SHRROCE FLASTICS § RUBDER

LL.E(E, SCHADGW
SHACERAR IHSTRURENTS

GHURE BROS, LHC.
STENEHS

SIGHETICS CORPORATION
SI0KA PLASTRONICS
STHCLAIR & RUSH, INE.
BTOCK DRIVE BROD, DIV,
RILICON GENERAL INC
SOLITRON/MICROUAYE DIV,
EARTEC IHC,

SEMSOR TECHMDLOGY CO
STATE G THE AGTa TAC

SOURTAU
GOUTHECO FASTEMERS
PECTRO

g8 L
GPECTRUR CONTROL, NG,
SPECIALTY PRODUCTS
SPRAGUE ELECTRIC 0O,
SFERTER INC,
SPECTRA-STRIP
SPYRAFLO IHC
SOLTH BTATE SCTENTIFIL
SILICON TRAHSISTOR CORF
STAMTART PRESSED STLEL
JEHICHRTR TECHNOLDGY IHT
STARE FASTENERS
STETTHER TRUSH €O,
STEEL SRLED
SULLINS ELECTRONICS CORF
SALONBURG CERAHICS
GTE SYLUAKIA
SYNTROWIC IHSTHJFFHTE
“fHTHE LOR

SYHERTEN

EIT?‘I IERENER NN

BL.OONTNGTON
SANTA CLARA

HATIC
ALTON, HANTS, UyK

EL HOWTE

ST« KARYG
SANTA CLARR
BLEHEALE
WESTWOOD
HAMARDNECK
HEWEURY PARK
DATTON
COLUKEUS
BRATNTREE
AORATE BRIAMIE,

1TALY
IHBIﬂHﬁPﬂLlS
EDEN PRATRIE
CifEStinm, ENGLAHD
VARG TON
TRELIN
EHRHT S ALE
DEAREGRH

5T, LOUIS

HEW HYTE FARE
GARDEH GROYE
FORT SHLERRTD
HEW ALBANT
CEATTLE

STOTE COLLEGE
Ui IR S
LESTER

DAYTON
FAIRVIEN
INDLANAPOLIS
INDIARAFDLIS
EUPERT T8O
GARTEEN GROVE
FERCHTREE CITY
HONTRORERTUILLE
CHEI.MSFORD
JEMKIMTORY
STUART
SOUTH EL MONTE
CAZEROVTA
THDIANAPEL TG
SiH  MARCOS
SARINBURE
Wil THAH
ANDTSON
E%EUEL&HE

i

7F-'H|F-
TERHT
TELE
TELHT
TFl

THRET
THE:
TIRzS
TIH
THM
{LHE
TLSEY
TOk]
TORCD
TRH=17

TRIT®

TRHSH
TRU
TR
TSHEA
TUEHE
L
THET
TiT0N
i
AT
HE AR

I e

URIL
INIT
UGELD
1Ty
HTE

AT
VACD

NﬁﬁElnlnulnn}Hnn

STSCON INTERMATIONAL, IWC.

THUNAS & BETTS
TEYAS INSTRUMENTS
TAPE PRODUCTS, INC
TACOHIC PLASTIC
TEETRONT

TEKA FROBUCTS THC,
TECKHIT

TELETIFE CORF.
TELEBVNE SELAYS

T4F THDUSTRIES DIV,

THERKBSET

THERARLLOT €O,

TIREE WIRE AHD CABLE

TIRNERMEN PROTUCTS, I8,

TECHRICAL WIRE

IELDHTF ALTAIR
TILERY

TORG AHERITH

TOR CORE,

TRIND-UTRAD D31,

TRIONYY INBUSTRIES

TRAASEAE Clae INC.,

WALDES TRUARE

TR CAPACTTOR BIY,

TOSHIEA ARERICA THE

THSOHTS , THE,

TEL-VISTON LABS

THAT ChHPARYT

TIT0H - LORP,

UHIVERSAL CORPORERTD

URDERSLTTERS LAB. SREC.

UMTOH CARBIDE COMFONENTS

URITED CHEMI-COH
URILORF

UNITRODE CORE,

USECD THY,

USH FAGTEMER DIV,
UHITRALE DTY,

UALTEL INC,

VACD PRODUCTS CO.
VARADYHE fﬁPﬂEITDH DIy,
YAR[-L £

UARD JEHIEBhBUEFDH LRC

VECTRON LAEORATORTES, IHL,

VELCRO USH THE
VICTOREER IHC

VISUAL COMK

VLIER EHGINEERING CORP.
UOLTREY

VDHED ] hARDWARE
VERKITROR CORP,
VIEWSONIES. THE.

EIT“’I'FFFII‘FFJII

SOUTH BEND
RAGRITAN
DALLAG
3Ly
PETERILURG

INDTANATILIS

COLLEGE FOINT
CRANFORD

ELE GROVE VIELAGE
HAWTHORME
ROLLING MEATONS

THDBTARAROLTS
IALLAS
CINCIHHA]
CEEVELARD
LAl ORD
Labths ELALH
RitEy

SROKIE

Vb WS
HERT THGT O
IHDIHHh”ﬂLIE
REWLE

LONG TSLAMD CITY
IGALLALA

HATHE

TUCS0H

WeLICON A
TRUTANARTLTS
MILNALKEE

LS AEELES
CRICAGT
GREEHVTLLE

RHGE

WA TERT ONH

UiE TS

SHELTON

UPPER DIfREY

HARTLARD HOIGHTS

HORTHIROOK

SANTA HOMICA
=R

GARLAND
HIIFMAE K

HEW TORK
CLEVEL A
PLATA DEL REY
EURBAMK
Thx:
IROTANARTLTS
BREAT MECE
B5sET

FSCH.

32474
Wi
01295

u7688
9
36050

EREEX
11532
S8733

ERA
0
571G

Q4729
12767

IIE?K
ta17a
7051
26574
05375

27802
11153

36789
P8 e
AAARA
ARRRK
EEAEHE



HﬁH‘E#lll#llillllill#llllII-I-

UTTRANON, INC.

WELLS ELECTROWICS
WAULTER THDIAR, INC,
WAGHCR CLECTRIC GOk,
WARAGH RELAY § ELECT.
WECKESSER €Oy v INC,

W H.BRADT TN PROG 1Y
WEITHAN i
WANEFTELD EMGBINEERING
WALDON

WM. BERG

METNSCHEL ENGINEERTNG
WINZLER HFG

WIFE RESEARCH CORP

W, R, GRACE AN CD. FOLYFIE
REH DIV,

WAVETEK

WESTON CORPOHENTS
§-HICKD

TEMITH RADIO CORP,
TERD HANLFACTURIHG CO.
ZIERICK WG, CORT.
ZIPPERTUEING, Cd,

Eil[.lunnnlrr

BRIDGEFORT

SOITH GEMD
FEECH GROVE

CINCINHATE
WAKEFIELD
CHICAGD
ROCKAWAT

Gh T THERSBURG
CHICAGD

SAETH AHA
ROAROKE RAFING

St DIEGD
FRCHBALD

CHICALD
BUREANE
ADUNT KISCO
LOS AWGELES




- - 1
REFEREMUE NEGIRMATORID FART DERCRIFTION DRIG-MEGR- PART-MO | HFAR WAVETER MO. | @TY |
A CHASS i 5 200 L0 MHAS W=T 1111 =-00=-0004 1000
Aol EEE S ) M W LUEA B0 04k v | ‘
[ L] OUTFUT ARF«MLOW? HiOW- 93 W-I 1 LI 400 D440 1 at0n
g ] FM REF.M27-2 HIE-U W-1 L114-0bh-0444 L 00
ALY HTAL REF .M30-1 M3G-1 W-I 111 4-00—002 L. 000 |
e EHZ STEFS«HILA M3LA W=7 111400 04465 L. 000
Aoz HHZ STEPL. H3A HASA W-1 1118=00-044% L 00y
fiela] HARRDW O L=, s35-0 B W1 1114-00-04£7 1.000
RO WIDE DSC LE,MZ4 M4 -1 113 4=00-0477 1. 00
Wi SWP DRVSDAC M1 M1ZF =1 1ELA=00-0a7] 1,000
Lkl CABLE K11, 3001 WXZOOL KTT | -1 1215000452 1000
ATS BHIF KIT, 3601 30 =RHTF% 11 -1 LZ21P—00-0460 1.0
WAVETEK AN ety b . {
PARTS LIST o= |
REFERENTCE IRATORE FART PESCREFTION 5F IR EG-MFGR-PART--HNO HMFGR WAVETEE MO, ary. |
Aol CHARBETS, 3007 5 T B T BRTEE 1133-00-007S 1,000
ADZ . SHP ORI, MYY MY W—-T 1114-00-04484 1.000
A3 OUTPUT AMP , H1GW=-50 Hi0W-15 W1 1114=-00-0441 1, 000
Bl d FH REF HI9~2 Mig-2 W-1 1114000444 1,000 |
Al XTHL TEF  HE0-1 M- M=T 1104-000024 1,000
Ads KHZ STEFPS.HI1A LRET W1 1LL4--00-044% LoD
A | HHZ STEPG.MI2A M3ANs W1 1114-00-048% 1. 000
ADE NARRDW OG0 LK, H33- 2 R~ R | 1114000442 L. 000
AT WITE OSC LK.MA4 H34 W-3 111 4-00- 0477 1,000
AL1G SWP DRUSDAG HL72 Hyra Wi 1 L114-00-0473 14000
ALl BOWN-CUTR 41 15 Hil5 W+1 1114--00= 0543 Ly 00
AFE | CABLE K1T.3002 WEIOOD2-KTT L'EN | 1217 =G0-0453 1.000 |
A7R BHIE KIT,3000 IOR-BHIFRYT M-1 1 219=D0~0446E (T
i} RAh : ! : o
WAVETEK S6L GEN;3002 Lo10-Soent s i
PARTS LIST FAGE: 3




SECTION 7
e SCHEMATICS

L
. 7.1 INTRODUCTION matics. Additional notes pertalning to specific schematics
i are included on each schematic if required.
- This section contains all schematics for the instrument. A
schamatic indeéx is given in Section 7.3. Unless otherwise noted, resistor values are given in ohms,
capacitor values are given in pF, and Inductor values are
L 7.2 SCHEMATIC NOTES given jn zH,

The following notes and abbreviations pertain to all sche-

SYMBOL NOTES
¢ ¥ Dnnur.m DC voltage reading unless otherwise ——a_ Coaxial jack
specified.
=====» Coaxial plug
1 = Denotes high-impedance crystal detector
J g reading In volts unless otherwise specified. =————=o Coaxial cable
| Denotes 5O shm erystal detector reading in e Factory adjusted part.
¥ volts unless otherwise specifisd, —_—
LEVEL. | Denates a front-panal device.
| ——0i£ Signal or voltage souree. SSages e’
. L el | Denotes a rear-panel device.
_ Connects o indicated signal or voltege ST K
A { erger  Denotes a printed circuit board adjustment
L == oraccessible module adjustment.
| r%——— Arrow Indicates clackwise rotation of wiper.
C'.‘ EIIE ) Denotes an internal module adjustment not
U 'm0 "%/ accassible without removing module cover,
ABBREVIATION CODE
B A ampare IF intarmediate frequency LY ahm
AC alternating current J jack oc opto-coupler
c capacitor K relay P plug
cocw counterciockwise kHz kilohertz p pealk
L CR diods kD kilohm pp pask-to-pask
cw continuous wave kv kilovolt pF picofarad
oW clockwise kW kilowatt Q transistar
dB decibal L inductor R resistor
8 dBe dB referred to carrier M meter RF radio frequency
dBm  dB referred to | mW MHz  megahertz RMS root-mean-squara
dBmV d8 referred to 1 mV M megohm R.P. rear panel
- 3] direct currant mA milliampere ] switch
Ds indicating device, lamp mH millihenry 1 transformer
F farad my millivalt T.P. test point
] F.P. front panel mW il lfwatt v volt
H henry uF microfarad VA  voltampere
Hz hertz KA microampera w watt
Ic integrated circuit uH microhenry x erystal



7.3 SCHEMATIC INDEX
Tha'schematics appear in the following order.
ASSEMBLY

3001
3002
DPS2ZA
M30-1
C316-2
M29.2
M31a
Ma3-2
M172
M3zA
M34
Maw
C315
M10W-9
Miow-10
M115

NAME

Wiring Diagram
Wiring Diagram
Power Supply
Crystal Reference
Meadulation Board
FM Reference

kHz Steps

Marrow Oscillator Lock
Sweep Drive/DAC
MHz Staps

Wide Oscillator Lock
Sweep Oscillator
Meter Board

Cutput Armplifier
Output Amplifier
Down Conwverter

Printed circuit board layouts, where applicable, are shown opposite their corresponding schematics,

7-2
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8.1 INTRODUCTION

This section containg descriptions of engineering updates as
well as corrections to any errors in the manual. Alsoin this
section is the necessdry information to document the
optians which have been ordered with the instrurment,

8.2 MANUAL CHANGES
Wavetek’s product improvement program incorporales

the latest elnctrondc cloveloprmeris o Thess nstoomenis gs

rapidly as developement and testing permit. Due to the

SECTION 8
MANUAL CHANGES & OPTIONS

time eecuired o deadiment anck print thess instracton
manuals, 1t 15 not always pessiblz to include the changas
the original printing, Change intormation, it any, appears
at the and of this section,

8.3 0OPTIONS
Refer 1o Seation 1.3 for a list of the options available with
this instrument. The option documantation includes the

operation, theary of operation, maintenance, replaceabls

Phart s est sl scherpaties
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INTRODUCTION

Thiz factory-installed option requires a number of changes
to the standard signal generator, and provides remote pro-
gramming of the BF level, front-panel RF level control,
and reverse-power protectian,

Remate programming is accomplished wvia the rear-panel
connector using B4-2-1 BCD contact closures or TTL
signals to cover the range of from 0 10 109.2 B in 0.1 dB
steps with +13 dBm as the O dB reference point.

Front-panel level contral is continuously adjustable from
+13 dBm to -97 dBm {110 dB range) in 10 dB steps plus
10 dB vernier,

Reverse-power protection s provided by this option to
prevent damage to the instrument f DC (100 velts max)

OPTION 1A

RF LEVEL PROGRAMMING

or RF {50 W max] voltages are inadvertently applied 1o
the signal generator RF OUT connector.

NOTE
DC protection is not included on Model 3002,

Option 1A removes the standard Step Attenuator and
Meter Board from the signal generator, and adds a Pro-
grammable Step Attenuatar, M41A-1 Attenuatar Driver
module, BOO5 Meter Board, and BOD4 Level Program
Board.

Due to the slight “insertion loss™ and change in flatness
caused by addition of the Programmable Attenuator 1o the
sigrial generator, it will not be possible to obtain +13 dBm
output on all frequencies; therefore, the maximum cali
brated output is +12 dBm when Option 14 is instalied.

8/1A-1



SPECIFICATIONS

PROTECTION CIRCLIT

FREQUENCY RANGE

INSERTION LOSS

TRIP-TIME

AF TRIP VOLTAGE

MAXIMUM RF

DC BLOCKING VOLTAGE

RF LEVEL PROGRAMMING

B/1A-2

MAXIMUM CALIBRATED OUTPUT

FRONT-PANEL RANGE

REMOTE PROGRAMMING RANGE

ACCURACY (EACH 10 dB 5TEF)

SWITCHING SPEED

Voro B M LG0T 1o Z20 Mz an Model 30021

<D2dB

< 2 msec

4.5 to 5.5 volts (0.5 W)
50 W

100 valts max (N/A on Madel 3002)

+12 dBm (891 VRMS)
Coantiniiomly i|||.i||'i'.'!|]'||ﬂ fram 413 4Bm tn 87 dBm “ 10dR -":'II'I!.]I'!!'.

Adjustable in 0.7 oB steps from +13 dBm 1o -86.6 dBm {108.9 dB
range; 0 dB reference = +13 dBml.

1008 L1001 di2

10°dB step: < 3 msec (typical); < 6 msec (maximum)

IMPEDANCE 50 ohm (SWR- 1.3}
FLATMESS t75dB
Table 1. Rear-Panel Praogramming

OB R.P. PINS [ R.B. PINS ] R.P. PINS
ATTEN GRAUMDED ATTEN GROUKDED ATTEN GROUNDED

0 Hong

10 2 1 6 il 10
20 3 Fd 7 el 11
30 2 53 . &7 B3 10 811
aa 4 4 8 [P 12
&0 2 &4 5 6 &4 05 10°8 12
60 184 -3 T A8 0.& 11 & 12
i P (o 7 L s - 7 ¢ T
BO 5 B a B8 13
90 265 9 Bk 0.9 10-& 13
100 -7 =

PIN 4 CONNECTION

i Ground

2 1 1048

3 2 10dg

i 4 10 o8

5 B 10 dB

B RS

7 2 0 b

a 4 1 4B

9 g 1de

14 140.1 4B

11 2 0.1dB Leval Program Plus

12 4-0.1 dB =

13 8 0.1 48

11 1 100 4B

15 =




OPERATING INSTRUCTIONS
FRONT-PANEL OPEIATION

Front-panel operation remains basically the same as fora
standard instrument, except the standard +13 dBm to 137
dBm range is changed 10 413 dBm to -87 dBm.

NOTE

When front-panel operation is employed, any remaote
programming connected to the rear-panel LEVEL PRO-
GRAM plug is automatically disabled.

REMOTE PROGRAMMING

Set the front-panel Step Attenuator 1o the REMOTE
position; then, connect remote-programming BCD switches
or TTL signals to the signal generator rear-panel LEVEL
PROGRAM plug as shown in Table 1. A mating plog is
furnished with cach nstrument,

For example, to program an attenuation of 106.5 d8,
pins 14, 7, B, 10, and 12 of the LEVEL PROGRAM plun
must be grounded, then to reduce the attenuation by & dB
{i.e. 100.5 dB), ground is removed from pins: 7 and 8.
{Mote that 0 dB reference point is +13 dBm.)

REVERSE POWER PROTECTION CIRCUIT

If an external AF voltage of approximately & VAMS or
more is accidentally -applied to the instrument’s BF OUT
connector, an internal switch in the Programmable Atten-
uator in series with the RF cutput will open. This pravents
damage to the instrument's Attenuator or Output Ampli-
fier, This opern switch will be indicated by a flashing of the
UNLEVELED lamp on the front panel. Once the switch
is tripped, it will latch in the open position and remain
open until reset, & combination of a bad mismatch, high
output level (0.1 V), and changing frequency can also cause
the Pratection Circuit to trip.

After removing the RF signal causing the overload, the
switch can be reset by momaentarily turning the front-panel
AC POWER switch off,

NOTE

Mormal operation of the UNLEVELED lamp iz a steady
glow if instrument is unleveled. If the RF circuit breaker
is tripped while the instrument i unleveled, the UN-
LEVELED lamp will vary in intensity instead of flashing
on and off.

CIRCINT DESCRIPTION

Teler o thie Option: 1A bilock diagram and the approprian
achuengitios in Seetion 6 (oo follow the gircant information

cantained in this section.
REVERSE POWER PROTECTION CIRCUIT

The Reverse Power Protection gircuitry is located in the
Pragrammable Attenuator and in Attenuator Drive module
M4148-1, With the instrument’s AC POWER switch furned
off, the Protection Circult internal relay, in series with the
RF output, is in its normally open position. This prevents
damane: to the Attenuator or Output Amplifier if reverse
power s inadvertently applied 1o the RF OUT connector
while instrument is not in use. As soon as AC power s
applied to the instroment, the comparatar, 1C1, will com-
pare the RF monitor voltage to a fixed reference voltage of
approximately 5 wolts, As long as the monitor voltage s
fesn- e v Bowaly referpnen thon eomparator Qutpun wail
Beoapproammateby, VBT woats, Thas positive oatput turns o
relgy driver 11, awhich energizes the Protection Circui
relay, thus completing the RF autput cirouit,

The poesitive outpul from ICT also turns on OF, 1hus
affectively grounding pin 7 of timer €5 which opeats
at-ancastable oscillator, With pin 7 grounded, the timer
inoperative and its output at pin 3 is “high’’. The “high”
output from ICE turns off Q3 and thus prevents the currpnt
Mevww rer thoe Trant panel LUINLEVE L ED lamp.

IT an external RFE signal exceeding 6 VBMS is applied o
the instrument’s RF OUT connector, the BF monitor
woltage will go above 5 walts, This will prodice a negative
outout from 1C7, and the feedback provided by the neoa
tive fateh diode and resistar will lateh 1C7 in this state, The
neqative output from IC1 will turn off relay driver Q1 and
cause the Protection Circuit relay to return to its normally
apen position, thereby removing the external RF signa
from the Attenuator circuitry.

The negative output from comparator 1C1 also turns off
02, thus: removing the ground from pin 7 of timer ICH,
which allows the timer Lo oscillate. The output at min 3
of 1C5 then varies between 0 and +7 volts. As the output
swings: down toward 0 wvolts, 03 turns on and supplies
current to the front-panel UNLEVELED lamp; then, as
the output rises towards +7 volts, O3 turns off and prevents
current flow. This onfoff cyele of O3 causes the UN-
LEVELED tamp to flash.

The gomparator can be unlalched by momentarily re

maoving AC power 1o the instrument after the external
RF signal is removed.

8/18-3
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FRONT-PANEL RF LEVEL CONTROL

When Option 1A is installed, the RF output level is adjust-
able over & range of 110 dB (+13 dBm to -897 dBm) as
follows: The output can be reduced 10 dB by level program
relay K2 on Meter Board BOOS; the Programmable Atten-
uator provides ancther 80 dB of attenuation in 10 dB steps;
and the OUTPUT VERNIER provides continuous adjust-
ment of the output level over a 10 dB range. These combine
to provide a total attenuation of 110 dB.

As shown in the block diagram, front-panel BF leve|
contral involves the Meter Board, Attenuator Driver
module M41A-1, and the Programmable Attenuator. With
the front-panel BCD switch [Attenuator dial) in any
position except REMOTE, Meter Board relay K1 will be
energized; thus the QUTPUT YERNIER will be connected
to the +10 dBm/0 dBm lavel circuitry,

NOTE

For clarity, quad 2-input “or” gate, IC4, is shown in the
block diagram es a SPDT relay. With tha 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 M41A-1.

Assume the front-panel Attenuator dial Is set for an output
of -70 dBm (80 dB total attenuation). The BCD switch
grounds the “BO" wire, which applies ground to pin 13 of
ROM IC3 In the M41A-1. The "107, “20", and "40"
inputs to the ROM remain “high'. This turns on the
appropriate FET switches to activate the 10 dB, 20 dB,
and 40 dB pads in the Programmable Attenuator. A “high"
on ROM pin 3 de-gnargizes Meter Board relay K2, thus
selecting 0 dBm program voltage for the Qutput Amplifier.
Therefore, 0 dBm output from the Output Amplifier
attenuated 70 dB by the Programmable Attenuator results
in an output of -70 dBm, as selected by the front-panel
Attenuator dial.

NOTE

+10 dBm output is equivalent to the “0" BCD switch
position, 0 dBm corresponds to the “10" BCD pasition,
and -10 dBm iz the “20" BCD position, etc. The BCD
number indicates the total attenuation in the unit, in-
cluding the +10 dB/0 dB pesition of relay K2 and the
Pregrammable Attenuator active pads.

8/1A-4

REMOTE RF LEVEL PROGRAMMING

I addition to the Meter Board, Attenuator Driver module,
and Programmable Attenuator, remote level programming
alsa requires a Level Program Board and rear-panal plun
as shown in the block diagram.

With front-panel BCD switch (Attenuator dial) set to the
REMOTE position, |C4 is energized and the Attenuator
Driver module input is switched from the front-panel
BCD switch to the B0-40-20-10 BCD input from the reat-
panal LEVEL PROGRAM plug. In the Attenuator dial
REMOTE position, Meter Board relay K1 is de-energized,
thereby disabling the OUTPUT VERMNIER and replacing it
with the “combined modulation/level program output®
voltage from the Level Program Board.

Basically, the rear-panel B0-40-20-10 BCD input determines
whather Meter Board relay K2 selects +10 dBm or 0 dBm
program voltage, and also which Programmable Attanuator
pads (if any) are activated.

The negative wvoltage applied across the OQUTPUT
VERMIER control is slso applied to a voltage divider
network in the "1 dB Program Select” circuit. The B-4-2-1
BCD input from the rear-panel plug activates FET switches
1o select voltage points on the divider network corre-
sponding to the 1 dB steps. These voltage points are, in
trn, connected across another voltage divider in the
“0.1 dB Program Select” circuit. Then, rear-panel ,8-4.,2-.1
BCD input activates more FET switches to select voltage
points on this divider which correspond to 0.1 dB steps.
The output of the FET switches s connected through
Meter Board relay K1 to the +#10 dBm/0 dBm level
circuitry. .

MAINTENANCE

Mo calibration or maintenance should be reguired for this
option, other than that described in previous sections of
this manual for calibration of the Meter Board. However,
if @ malfunction of some kind should make it necessary to
repair the boards, they can be safely probed with a high
impedance probe such as a scope or DVM. A logical
troubleshooting procedure of isolating the fault should
be followed. The integrated circuits, which are most vul-
nerable to accidental shorts, are all in sockets for easy
replacement.
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GENERAL INFORMATION

This factory-installed option reguires
the addition of a Programmable
Attenuator and M42 Attenuator Drive

module to the standard signal generator,
and provides remote programming of the

RF level wvia the rear-panal dinput
connector using B8-4-2-1 BCD contacr
closures or TTL signals, The level

Pprogramming range covers 0 to 90 dB in 10

dB steps. The 0 dB reference point is
set to the desired level by the
instrument front-panel attenuators.

Remote selection of CW or AM mode -1s
also provided by a switch=contact
glosure or a TTL signal,

Eeverse-power protection is also
provided by this option to prevent
damage to the instrument if DC (100 W
max) or RF (50 W max) wvoltages are
inadvertently applied to the instrument
RF OUT connector.

NOTE

DC protection is not included on

Model 3002,

Due to the slight "insertien loas" and
change in flatness caused by -addition
of the Programmable Attenuator to the
instrument, it will not be possible to
obtain +13 dBm ourput &t all
frequencies, therefore, the maximum
calibrated output 4s +12 dBm when

Option 1B is installed.

OPTION 1B
RF LeveL PROGRAMMING

Table 8/1B-1 lists instrument
specifications which are additions to
or deviations from the specifications
gilven dn Section 1 of the instrument
instruction manual.

Refer to Figpure §i/1B-2 for location of
added components,

OPERATING INSTRUCTIONS
Front=Panel Operation

Front=panel operation remains basically
the same as for a standard instrument,
except that ‘the maximum calibrated
autput 1s +12 dBm. However, any
external RF level programming must be
removed or the front-panel dndicated
output level will be incorrect. Also,
the external CW/AM programming must be
set to AM in order for the front—ﬁanel
MODE switch to function properly.

REMOTE PROGRAMMING

S8ix wires are required to connect the
remoe programming switches or TTL
signals to the rear-panel  PROGRAMMING
plug (see Figure 8/1B-1): four are
used for Ilevel programming, one for
mode selection (CW or AM), and one is
common  (ground). B=4-2-1 BCD switch
closures or TTIL signals are used to
select the attenuator 10 dB steps over
a range of 0 to 90 dB as shown in Table
8/18-2,

After the programming switches have been
connected te the rear-panel PROGRAMMING
plug, the 0O dB reference point is set
to the desired value by the front-panel
attenuators; then, the 10 dB steps are

8/1B-1



inse¥ted as needed by

closing the
appropriate remote programming
switches, If remote CW/AM mode
salection is to be used, the instrument
front-panel MODE switch must be placed
in the AM position. Closing the remote
CW/AM switch selects CW mode, while
opening the switch selects AM mode,
The instrument MODULATION FREQ switch
may be placed in any position as
required.

Reverse Power Protection

1f an external RF voltage of
approximately 6 VEMS or more is
accidencally applied to the
ingtrument's RF OUT connector, an
internal switeh in series with the RF
output will open. This prevents damage
to the instrument's Attenuator or
Output Amplifier. This open switeh
will be indicated on the front panel by
the  flaghing of the UNLEVELED 1light.
Once the switeh is tripped, it will
lateh in the open position and remain
open until reset. Also, a combinacion
of a high mismatch, high output level
(over .1 V) and changing frequency can
cause the circuilt breaker to trip.

After removing the RF signal causing
the overload, the switch can be reset
by.momentarily turning the front-panel
AC POWER switch to the OFF position,

NOTE

Normal operation of the UNLEVELED
light is a steady glow if the
instrument is unleveled. If the
circuit breaker is tripped while
the instrument is unleveled, the
UNLEVELED 1light will wvary in
intensity instead of flashing on
and off,

CIRCUIT DESCRIPTION
The Option 1B overall Schematic
contained 4in this section should be

uged to follow the circult description
given below,

8/1B-2

Cutput Protection

With the instrument’s AC POWER switch
in tew  OFF  position, the Protection
Circuit internal =relay, in series with
the RF output, 1s in its normally open
position., This prevents damage to the
attenmatora or Output Amplifier 1F
reverse RF  power is inadvertently
applied to the RF OUT connector while
instrument 1is not. in use. As scon as
AC power is applied to the instrument,
IC201 will compare the RF monitor
voltage at J201 to a fixed reference
voltage of approximately 5 wolts. As
long as the RF monitor voltage is less
than the 5 velt reference, the output
of IC201 will be approximately +17
volts., This positive output from IC201
turns on the relay driver, Q201, which
energizes the Protectien Circuic relay,
thus completing the RF output cirecuit,

The positive output from IC201 alsoc
turng on Q202; thus effectively
grounding pin 7 of timer IC202 which
operates as an astable oscillactor.
With pin 7 grounded, the timer is
inoperative, and its output, pin 3, is
high. The high output from ICZ202 turns
off Q213 and thus prevents any current
flow to the front-panel UNLEVELED lamp.

1f an external RF signal exceeding 6
VEMS is applied to the Iinstrument's RF
OUT connector, the BF monltor wvoltage
at J201 will go above 5§ wvolta. This
will produce a mnegative owtput from
1C201, =and the feedback provided by
CR202 and R211 will latch IC201 in thia
state, The negative output from IC201
will turn off relay driver G201 and
cause rthe Protection Circuit relay to
return to its normally open
position, thereby removing the exteérnal
RF signal from the Attenuator
circultry.

The negative output from IC201 also
turns off 0Q202, thus removing the
ground on pin 7 of timer IC202, which
allows the timer to operate as an
astable oscillator. The output on pin
3 of 1C202 then varies between 0 and +7
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volts, Az the output swings down
toward 0, 0213 turns on and supplies
current to the front-panel UNLEVELED
lamp; then, as the output rises toward

turns off and
UNLEVELED

+7 wolts, 0213 again
prevents current flow to the

lamp. This on/off cycle of 213 thus
causes the UNLEVELED lamp to Elash.

After the extermal RF 'signal is
removed, IC2Z01 can be unlatched by

momentarily removing AC power from the
instrument.

CW/AH Mode Selection
Wicth the instrument's MODULATION MODE
swiltch set to 4tz AM position, mode

select relay K201 enables remote
selection of either CW or AM modes.

Q212 is an inverter whichcontrols relay
driver 0211. With the base of 0212
(J101 pin 30) grounded, Q212 is turned
off; therefore, Q211 is turned on and
effectively grounds one side of K201 's
coil, This energizes K201 and opens
its contacts to place the instrument in
its CW mode.

With relay K201 in its de-energized
(normally closed) position, modulation
signals (DC, 400 Hz, 1 kHz, or EXT.)
from the Modulation Board are applied
through the relay contacts to the Meter
Board where they are combined with
level programming wvoltage to produce
amplitude modulation of the Output
Amplifier  output. When K201 is
enargized, its contacts open; thus,
modulation signals are removed from the
Meter Board and instrument is in “he CW
mode.

RF Level Programming

The Programmable Attenuator contains
ome 10 dB section and four 20 dB
sections; however, two of the 20 dB
sectiong are wired together to provide
40 dB of attenuation, The resulting
four attenuator pads (10 dB, 20 dB, 40
dB, and 20 dB)} can be combined in 10 dB
steps to give attenuation ranging from

0 to 90 dB. The positive terminal of
each attenuator section is connected to
+27 volts DC; then, each attenuator
pad is activated when required by
grounding its negative terminal through
one of four identical inverter/divider
transistor circuits.

For example, ‘to insert 10 dB of
attennation, the "1" wire {J101 pin 26)
is grounded by a contact closure or TTL
aignal, This turns off inverter Q210
which then turns on driver Q209 and
grounds the negative terminal of the 10
dB pad through R229, If the "8" wire
(J101 pin 29) is grounded, 80 dB of
attenuation will bhe activated as
follows, The base of Q204 is grounded
directly. The base of Q206 is grounded
through CR205, and the base of Q208 is
grounded through CR206., This turns off
inverters Q204, 0206, and Q208 which
turns on drivers Q203, 205, and 4207,
respectively., The drivers ground the
nepative terminals of the 20 dB, 40 dB,
and 20 dB attenuator pads through R226,
R227, and R228, respectively.

Hote that CR205 and CR206 are
forward-biased and conduct only when
the "B" wire is grounded, If the 4"

wire or "2" wire 1is grounded, the
diodes are reverse-biased and do not
conduct. »

MAINTENANCE

If a malfunction oceurs, the trouble
can be localized and repaired with the
aid of the ecircuit description and
schematic.

No preventative maintenance is required
for the RF Level Frogramming option:
however, periodic testing is
recomnended to insure proper operation
of the programming and the Protection
Circuits.

The level programming can be checked
with the following procedure:

NOTE

8/1B-3



A power meter can be used to
:check the RF level over a range
of 0 to 30 dB; whereas, a
spectrum analyzer is required to
check the entire 0 to 90dB range.

With a power meter or spectrum
analyzer connected to the instrument RF
OUT commector, set the front-panel
attenuators for a convenient reference
onn the power meter or analyzer with
rempte programming set for 0 dB; then

step through remote programming in 10
dB steps from 0 to 90 dB. The output
should be within accuracy
specifications as given fer this
option.

The following procedure is recommended
to 1insure proper operation of the
Protection Circuit. The top cover must
be removed from the instrument.

With instrument operating normally at
100 MHz in the CW mode, connect a 50 §
detector to the instrument RF OUT
comnector and set output level ta 45
dBm. Monitor the detector DC output on
a sultable oscillescope.

Circuitry in Attenuator Driver M42 is
checked by pushing the momentary switch
located on top of the module. This
switch lowers the trip level of the
module. While holding the switeh
closed, use the front-panel OUTEUT
VERNIER to slowly increase output level

until the Protection Circuit  trips.
This causes the TUNLEVELED lamp to
flash, and the oscilloscope to go Lo
zero, 3

The eircuit ecan be reset by momentarily
turning the AC  POWER switeh off.
Perform the same test at 500 MHz. At
100 MHz, the protection circuit should
trip at +7.5 dBm *1 dB; whereas, at
500 MHz, it should ctrip at an output
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
passive device., Alseo, if available, a
high-power RF-signal source, set for an

8/1B-4

output of slightly over 0.7 W, can be
used to verify Protection Circuit
operation.

SCHEMATIC AND PARTS LIST

The Option IR Schematic and applicable
Parts Lists are included i1n this
secbion.
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TABLE 8/1B-1.

Output Protection

FREQUENCY RANGE

INSERTION LOSS

TRIP TIME

RF TRIP VOLTAGE

MAX RF

OC BLOCKING VOLTAGE
RF Level Programming

PONER LEVEL

PROGRAMMED RANGE

ACCURACY EACH STEP
SWITCHING-SPEED

IMPEDANCE
FLATHESS

SPECIFICATIONS

1 to 520 MHz (.001 to 520 MHz on 3002B)
<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 calibrated output is +12 dBm
(.891 VRMS) when Option 1B is installed

0 to 50 dB in 10 dB steps; 0dB reference
point is set to desired value by the
instrument  front-panel Attenuators,
E.g., if 0 dB reference is set to 0 dBm,
then range is 0 dBm to -90 dBm. 1if 0
dB reference is set to -50 dBm, then
range 1s -50 dBm to =140 dBm.

10 dB +0.1 dB

10 dB step: Typ. < 3 msec

Max. < 6 mser
50 ohm (SWR < 1.3)

40,75 dB

8/1B-5



TABLE 8/1B-2 REMOTE PROGRAMMING

R.P. PIN # 29 282l g6 38
BCD WIRE 8 4 2 1
0 dB - - - =
10 - - - X
20 - - bt -
30 - - X X
40 - X - -
50 - b - X
60 - X X -
70 - A X X
80 X - - -
a0 b - - X
CW X
AM "
- = Switch open or HI TTL signal
X = Switch closed or LO TTL signal
(R.P. pin is grounded).
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INTRODUCTION

Option 3 is a circuit breaker in the RF outpul system of
the instrument. This prevents damage to the RF output
system in the event that large RF signals are fed into the
signal generator while testing @ trasnceiver. In addition to
the RF protection, the option contains a DC block which
will prevent damage to the Attenuatar if the RF output is
connected to a circlit operating at a DT potential.

NOTE

This information applies to all 3000 Series instruments
except Models 3002, 3004, and 3006. For these
instruments the M35-1 is replaced by M35-2, which permits
operation from .007 to 6520 MHz, but does not include DC
blacking. All other specifications, operating instructions,
and descriptions:apply.

SPECIFICATIONS

Frequency Range 1 to 520 MHz
Insertion Loss™ <.21d8
VSWR**® <115
Trip Time < 2 msec
RF Trip Level ~JW
Max AF HOW
DC Blocking Voltage 100 Volts

* This loss is calibrated out when the option is installed in
the signal generator,

** The VSWR of the generator is increased to <1.25
when this option is installed.

OPERATING INSTRUCTIONS

If an external AF valtage of approximately & VAMS or
more-is accidentally applied 1o the instrument’s RF output
connector, an internal switch in series with the RF output
will open. This prevents damage to the instrument's
Attenuagtor or Qutput Amplifiar. This open switch will be
indicated on the front panel by the flashing of the
UNMLEVELED light, Once the switch s tripped, it will
latch in the open position and remaln open until reset,
Also, a combination af a high mismatch, high output level
{over .1 V) and ¢hanging freguency can cause the circuit
breaker to trip

OPTION 2

REVERSE POWER PROTECTION

Afrer removing the RFE signal causing the overload, the
switch can be reset by momentarily turning the front-panal
AC POWER switch off.

NOTE

Normal aperation of the UNLEVELED light is a steady
giow if the instrument is unleveled, If the circuit breaker is
tripped  while the instrument is unleveled, the
UNLEVELED light will vary in intensity instead of flashing
on and off.

THEQRY OF QPERATION

Figurs 8/3-1 is:a block giagram of the BF eircuit breaker,
This block diagram, along with the M35-1 Schematic,
should be used to follow the information contained in this
section.

With the instrument’s POWER switch set to the OFF
positian, relay K1 is in its normially open position. This
prevents any damage to the instrument while it is not in
use, Assoon @s AC power is applied to the instrument, 1C1
will compare the yoltage from BF monitor CR1 tooa Tised
refererice voltage of approximately 5 V. As long as the
output of the monitor is less than the 5V reference voltage,
the output af IC1 will be approximately +17 . This pos—
ive output from [C1 turns on the relay driver, Q1. This
energizes relay K1, thus completing the RF output circuit

The: positive output from IC1 also tutns on Q2. This
effectively grounds pin 7 of timer IC2, which is being
aperated a5 an astable oscillator. With pin 7 grounded, the
timer is inoperative, and its output, pin 3, is high. The
high output from 1C2 turns off Q3, This prevents any
current flow to the front-pansl UNLEVELED light.

I¥ an external RF signal exceeding 6 WRMS is applied to
the instrument’s RF output cannector, the output from
manitor diode CR1 will go above 5%, This will produce
a negative outpul from IC1.  The positive feedback
provided by RY will latch |C1 in this state. The negative
atlput fram 1C1 will turne off relay driver 071, This causes
refay K1 1o return to its normally open position, removing
the external BF signal from the instrument,

g8/3=1



The negative output fram 1C1 also turns off QZ, thus
removing the short on pin 7 of timer 1C2. This allows the

timer 1o operate-as an astable oscillator, The ootput, pin 3
ot |CZ, then varies batween 0 and 7 volts, Thiz causes O3,
the LED driver. 1o supply eurrent intermittently o the
front-panel UNLEVELED light, causing it to tlash.

Afrer the BF overload is removed, |G can be unlatched by
momentarily removing AC power from the insturment,

OPERATION CHECK

The following procedure is recommended 10 insure proper
aparation of the protection device. The top cover must be
removed from the instrument.

With the instrument operating normally in the CW mode,
cat the output level to +5 dBm. Connect a 50 ohm detector
to the output of the signal generator. The DC output of
the detector should be monitored on a suitable
oscilloscope. Set the output frequency to 100 MHz.

The circuitry in the M35-1 is checked by pushing the
momentary switch located on top of the module. This
switeh lowers the trip level of the module. While holding
down the switch, slowly increase the output of the unit
using the QUTPUT VERMIER until the M35-1 trips. This
calses the cireuit breaker to open and latch, the
UNMLEVELED light to flash, and the detegted output
displayed on the oscilloscope ta go to zerp.  The circuit
breaker can then be reset by momentarily tuening the AC
POWER switch off. The M35-1 should have tripped at +7.5
dBm +1 dB. Perfarm the same test at 500 MHz. |t should
then trip at an autput level of +10.5 dBm £2 dB.

| .
BE NPT

The above procedure, while not 2 complete performance

check, s considered adeguate for most applications.
Aedditiomal tests con be performedd s desired. For cxample,
insertion lossoand VSWR can be checked in the same
manner as any passive deviee,  Also; if available, o high

povweer BF signal souree, set for an output of slightly over . f
W can be used (o verify gireuit breaker operation,

MAINTENANCE

The only maintenance for the RF circuit breaker is periadic
testing (o in its oparation,
trouble can be |localized and repaired with the aid of the
theory of operation and the schematic. |f the problem isa
defective monitor diode, care should be observed to keep
lead length and position the same as the original diode.

SLE |f a malfunction Gours, 2

Option 3 can be factory or field installed. The following
procedure should be Followed for fiald installation. Install
the M35-1 maodule In the location shown in Figure 8/3-2
and secure awith the 6-32 hobd-down screws,  Remove
tha frontpanel BE autpusl cable, W and roploce with WA
and W1RB which will reute the RF output signal thru the
M35 madule

Before use, the module should be tested by the procedure
detailed m Operation Check,

OPTION 3 FIELD INSTALLATION KIT

oTY DESCRIPTION PART NOD
1 RF Circuit Breaker Madule M351
1 RF Cable Wia
1 RF Cahle WiB
1 6/32 x B/16 Screw ZB10-17-61056

2
T DA TP
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Figure 8/3-1.
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. Figure B/3-2. Top View, Rf Circuit Breaker Location
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INTRODUCTION

This option provides a constant amplitude Auxiliary RF
Qutput signal at the rear panel of the signal ogenerator.
The amplitude (-10 dBm] of this signal is sufficient to
drive maost frequency counters. This auxillary signal does
not contain amplitude modulation; however, it does
cantain frequency modulation,

This factory-installed option entails changing the MOW
Qsclllator to an MOW-1, the addition of an M37 Amplifier
module, harnessing, 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 MH:

Level -10 dBm £.5 dB (7O mV)

Harmanie autput 25 dBe from 1 to 520 MHz.

OPERATING INSTRUCTIONS

To use the Auxiliary RF Output, disconnect the 50 £
termination on the rear panel and connect a frequency
countar or other monitoring device with a 50 £ coaxial
cable. The Auxiliary AF Output cable should be kept as
short as possible. The output is controlled by a rear-panel
on/off switch.

IMPORTANT

When not is use, terminate the Auxiliary RF Output with
the 50 {1 terminator supplied.

NOTE

Although the reverse isolation of the Auxiliary RF Output
is approximately 30 dB, a signal that iz coupled into the

OPTION 4

AUXILIARY RF OUTPUT

Auxiliary RF Output could be coupled to the main RF
output on the jnstrument’s front panel. For example,
sub-harmonic signals at & counter’s input can ba coupled
through the instrument and applied to the device under
test.

NOTE

If Option 4 is used on Model 3002, 3004, or 3006, it will
function normally from 1 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 M37 module contains a wide band amplifier, monitor
diode, error amplifier, and voltage variable attenuator,

The input signal to the M37 module is fed thru the VWA to
amplifier 1C1, The approximate gain of the amplifier is 13
dB from 1 to B20 MHz. The monitor diode, CR2, detects
the output from the wide band amplifier. This detected
level is compared to a DC reference by the errar amp, |C2,
The output of the error amp is fed to the PIN diode {VVA)
attenuator which changes the input level to the wide band
amplifier until the monitored signal produces a DG level
equal to the reference level. This reference level js adjusted
by RB, the Qutput Level control,

The output jmpedance |s provided by the resistor, R2,
connected between the monitor and the RF output
connector,

MAINTENANCE

The only maintenance for the Auxiliary RF Qutput is a
pericdic check of the output level. |f a malfunction oceurs,
a trouble can be localized and repaired with the aid of the
theary of operation and the schematics. The M37
Schematic is included in this section. The MIW/MEW-1
Schematic is located in Section 7 of this manual,

8/4-1
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GENERAL INFORMATION
Option 5 includes the circuitry necessary to enable the
instrument to be driven by an external reference frequency,

thus improving the accuracy of the signal generator. The
reference Input requirermants are as follows:

FREQUENCY -1, 2, 2.5, 5, or 10 MHz

ACCURACY - within 1 ppm of sbove frequencies.

LEVEL RANGE - 50 mV to 5V (RMS5)

IMPEDANCE - 1 kilohm

INSTALLATION

To add this option to the instrument, first remove top and
bottom covers as explained in Sectlon 5.2 of this manual.
The module plugs into the open socket adjacent to the

M30-1/4 (refer to Figures 5-5 and 56). The additional RF
cables connect the M39 to the M30-1/4 and the instrument

rear panel,

OPERATION

Whan an external signal is connected to the rear-panel BNC
connector, the instrument is ready to use with increassd
accuragy. The front-panel ACCURACY lights should
indicate “EXTERMNAL" wunless the FREQUENCY
VERMNIER is out of the CAL position,

THEORY OF OPERATION
The purpose of this circuit is to phase lock the Crystal

Refarence in the instrument to a higher accuracy reference,
The circuit functions include: “phase detection” to

OPTION 5

EXTERNAL REFERENCE

compare the variable frequency to the reference and supply
a roference voltage, “harmonic generation”™ to allow the
external reference to be any of several frequencies, "unlock
indication” to tell the oparator when this loop is unlocked,
and *‘reference monitoring”™ to disengage this loop from this
instrument when the refernce input |5 disconnected.

Retfer to Figure 8/5-1 for a block diagram of the circuit.
PHASE DETECTION

The reference {10 MHz) input to the phase detector is
supplied from &n external source via the harmonic
generator. The signal is fed through & pair of Inverters to
make the signal level more compatible with the phase
detector. The variable (10 MHz) signal from the voltage
controlled ascillator is fed through inverters for the same
reasan. The phase detector output is filtered by an
imtegrator circuit and applied to a varactor diode in the
oscillator in the Crystal Reference module. The 40 MHz
oscillator frequency is divided by four and fed to the phase
detector. A certain voltage to the VCO will tune the
variable input to the phaze detector to the exact frequency
of the reference Input. If the wvariable input frequency
shifts high or low, the phase detector output voltage
changes and tunes the varactor oscillator In the opposite
direction, thus keeping the variable input locked to the
reference input.

UNLOCK INDICATION

The integrator output (phase detection circuit) is fed to a
window detector. When this tuning voltage goes outside
the normal operating range {too positive or negative), a DC
voltage is applied to both an LED on top of the module and
to the flasher circuitry In the Modulation Board assembly
to cause the front-panel ACCURACY light to flash.

8/5-1



HARMONIC GENERATION

The external referance |s fed into a cirouit which generates
harmonics. The output is fed to a 10 MHz filter to
eliminate undesired harmonics. This signal Is then fed to an
amplifier with automatic gain control.

The AGC circult includes a detector and a comparator. The
detector produces a DC level proportional to the RF signal
level. This Is then “compared” to a DC reference. The
comparatar output is applied to the AGC input of the
amplifier to complete the AGC loop. |If the amplifier
output level starts to change {increase, for example), the
detector output changes (goes more paositive) and the
comparator output changes the voltage (more negative) on
the AGC input to the amplifier. The gain of the amplifier Is
thus changed (decreased), and the output returns
{decreases) to its original level,

8/5-2

REFERENCE MONITOR

This circuit monitors the amplitude of the 10 MH:z
reference by looking at the detector output in the AGC
circuit of the 10 MHz amplifier stage. This level is
compared 1o a fixed DC level. When the reference falls
below & level necessary to drive the phase detector, the
comparataor switches three transistors which eliminate the
tuning output to the VCO and also prevent the unlock
indicator from being activated,

SCHEMATICS AND PARTS LISTS

Included in this section s @ schematic diagram of the M39
module and corresponding parts list.  The instrument
Wiring Diagram (Schematic 1 in Sectlon 7) shows the
ingorporation of this option into the instrument.
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INTRODUCTION

Option 5A includes the circuitry necessary ‘to enable the
instrument to be driven by anexternal referance frequency,
and also provides an internal reference from a temperature-
compensated crystal osclllator (TCX0), The accurscy of
the instrument may be [mproved by ﬁsing gither the
internal or external reference. In addition, the internal
TCX0O may be used as a reference for other instruments,

SPECIFICATIONS

INTERNAL
Frequency Acctiracy 1 ppm
Temperature Range 25° 45° ¢

Aging 1 ppm/year
Stability =0.2 ppm/hour after
3 hour warm-up

[ Typically after 2

hour warm-up)

Reference Output 1M0OMHz TTL
EXTERMNAL
Fraquency Accuracy Equal to

external source
External Input

Frequency Bor 10 MHz
Accuracy 1 ppm
input Level TTLor 5to B VAMS

Inte 2 kohm (sine

Or squara wave)

INPUT/OUTPUT CONNECTOR Rear-panal BNC
INSTALLATION

The circuitry for Option BA includes the M153 Internal/
External Referance module and two RF cable assemblies,
To install Option BA, remove the instrument top and
bottom covers (refer to instruction manual Section 5.2)
and plug module M153 into the open moduls socket naxt
to the M30-1/4 Crystal Reference module. Install the
module hold-down screw underneath the instrument
chassis. Connect the RF cable assemblies as shown in
Figure B/5A-1.

OPTION 54

INTERNAL/EXTERNAL REFERENCE

OPERATION

When the Int/Ext switch on 1op of module M153 is in the
“Int"" position, the instrument it phase locked ta the
TCKQ in the M153 and the instrument accuracy is £1 ppm
(.0001%). The TCXO signal is also output at the rear-panel
connector for use in driving other devices.

When the M153 switch is in the “Ext" position, the
instrumeant |5 phase locked to the external source. If no
external source is present, Option BA is non-functional,
and the instrument accuracy is retlrned to the standard
(10 ppm (.D01%)]).

The front-panel EXT ACCURACY lamp will light when the
instrument is phase locked to either the external source or
the internal TCXO,

WARM-UP TIME

When the instrument is turned on from a cold start, the
front-panel ACCURACY indicator may flash, indicating
an unlocked condition. As soon as the  ACCURACY
indicator stops flashing, the instrument is warmed up and
has an accuracy of £1 ppm. The warm-up time is typically
less than 5 minutes at 26° C ambient temperature,

NOTE

If the front-panel FREQ VERNIER is not in its CAL
position, Option 5A is non-functional.

THEORY OF OPERATION
Refer to Figure 8/54-2.

The purpose of Option BA is to phase lock the M30-1/4
Crystal Reference to a higher accuracy reference. The
option circuitry is contained in the M153 Internal /External
Reference module, and includes a tuned amplifiar, a phase
detector, a filter, a comparator, a reforence monitor, and a
TCXO.

8/5A-1
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Whan the M153 switch iz set to “Int”, the TCXO is
Energized_ The TCXO output is input to a phase detector,
the other input of which is derived from the M30-1/4
Crystal Reference, which serves as the VWCO in the phase-
locked loop. Any differonce in freguoncy or phaso
produces an error voltage which corrects the M30-1/4
Crystal Reference frequency to keep it phase locked to the
TCXO, :

When the M153 switch is set to "Ext", the tuned amplifier
is energized and the TCXO is torned off. The tuned
amplifier socepts the external reference signal, amplifies it
{If the external reference 5 § MHz, the tuned amplifier
converts it to 10 MHz), and inputs it to the phase detectar,
The phase-locked loop then operates in the same manner as
it did for the TCXO, and the M30-1/4 Crystal Reference is
phase locked to the external reference source.

If the external refarence is not within accuracy
specifications, the phase-locked loop will not be gble 1o
lock onto the external signal. When this occurs, the
comparator senses the excessive error voltage from the
phase detector and activates the module and instrument
unlock indicators,

If the M153 switch s set to “Ext" but no (or insufficiant)
axternal signal is available, the reference monlior senses the
condition and disables the phase-locked loop.

CALIBRATION

Tank circuit L4/C12 Is broad-tuned at the factory, and
should require no adjustment,

An adjustment trimmer is provided on the TCXO to adjust
the 10 MHz reference frequengy. This adjustment should
be performed at 3 to 6 month Intervals to compensate for
aging of the TCXO.

Ta adjust the TCXO frequency, first ensure the instrument
has been turned off for at least 3 hours and has stabilized
in'a ~ 25" C ambient temperature. Remove the instru-

ment’s top cover-and the M153- module cover., Set the
Int/Ext switch to “Int" and connect a freguency counter
to the rear-panel BEF IN/OUT cannector. (Ensure that
the counter is properly warmad up and has at least 0.1 ppm
accuracy  with 1 Hz resolution at 10 MHz.} Turn the
instrument on and adjust the TCXO Frequency Adjustment
to 10,000000 MHz £ the offset indicated on the calibration
tag adjacent to the Frequency Adjustment. (Example—
If the tag reads “Freg Set at 25° -3.0 Hz", adjust the
frequency to 9.999997 MHz). This adjustment should
be performed within 5 minutes after turn-on. Replace the
module and instrument covers,

TROUBLESHOOTING

If the M153 unlock indicator is lit, the fault may be in the
M153, but may also be in the M30-1/4 Crystal Reference
module or in the external source, If either the M30-1/4 or
the external source is not within its prescribed specification
limits, the M153 may not be able to accomplish phase lock,
and the unlock indicator will light, If the unlock occurs
anly when the M153 switch is set to "Ext"”, suspect the
external source or the tuned amplifier in the M1563, If the
unlock occurs only when the M153 switch is set to “Int",
recalibrate the TCXO. If the unlock oceurs in both switch
positions {with external source present), the problem s
probably a defective M1B3 or an out-of-specification
M30-1/4.

Calibrate the M30-1/4 as follows: Check the DC voltage
present on pin 11 of module M153. This is the PLL carrec-
tion wvoltage. The unlock indicator will light when this
voltage exceads ~ %4 V. If the instrument is unlocked
after a 5 minute warm-up period, immediately set the PLL
correction voltaga to -3.6 V using the M30:1/4 Frequency
Adjust. If the Instrument becomes unlocked after 15
minutes, allow the Instrument to warm up unti] it has been
on for at least 2 hours and set the PLL correction voltage
to+3.5 V.

NOTE

It may he necessary to repeat the above procedure several
times in order to phase lock the M30-1/4 &t all tempera-
tures. Do not sdjust the M30-1/4 Frequency Adjust for
0 V, since this could produce an unlocked condition at
extreme temperaturas.

8/5A-3
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INTRODUCTION

Option 6 provides a high-stability rear-panel output which
can be used to drive the rear-panel input of Option 5. This
high-stability TTL output can also be used to drive other
devices which reguire a high-stability reference input.
Maximum fan-out is four,

SPECIFICATIONS

‘Output Frequency 5MHz

Qutput Level TTL

Temp Stability (1 hr, warm-up

over 10° 10 40° C range. 0.05 ppm

Aging 0.006 ppm/day
0.05 ppm/mo.
0.2 ppm/yr.

OPTION B

HIGH-STABILITY REFERENCE

Typical Overall Accuracy
(within 3 months of calibration) 0.2 ppm
OPERATION

Qption 5 (External Reference) is necessary for driving a
Wavetek 3000 Series instrument with this High Stability
Reference. The instrument Wiring Diagram (Schematic 1)
and the instrument Top Wiew (Figure 5-6 shows the
incorporation of this option into the unit. The necessary
gircuitry is housed in the M40 module.

An RF cable takes the High Stability Reference output
{5 MHz} to a rear-panel BNC connector. Another cable
connects this output to the External Refersnce input of
Option 5, thus referencing the instrument’s Crystal
Reference to the High Stability Reference.

8/6-1
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INTRODUCTION

Option 7 provides for a reduction in AF leakage such that
less than 0.1 gV is induced in & two-turn, one inch diameter
loop (feeding & 50 {3 receiver) held one inch away from any
surface, when the instrument s developing 30 mVRMS or
less into & 60 £} termination.

An alternate method of detection is to place a paging
receiver with .2 uV sensitivity {such as Motorola AQ4FNC
in 8@ TEK-68 fixture connected 1o the instrument RF OUT
connector] 6 inches In front of the instrument with. the
instrument OUTPUT STEP ATTENUATOR set at
minimum and the instrument frequency set to that of
the paging receiver,

The paging receiver |F test point is monitored with an AC
voltmeter, and should change less than 0.5 dB.

OPERATION

There is no change in operation from the standard
instrument.

OPTION 7

LOW LEAKAGE

CIRCLIT DESCRIFTION

For Option 7, the standard M3W Sweep Oscillator is
replaced with an MOW-2. The operation of the M2W-2 s
idemtical to the MOW: the difference is additional shielding
and filtering in the M8W-2. Also, additional shielding,
filtering for the PROGRAMMING jack inputs, filtering for
the LEVEL PROGRAM jack inputs {for Option 1A), and
an AC line filter are added to the rear panel of the
instrument,

NOTE

if Option 4, Auxilliary RF Output, is also installed, the
Sweep Oscillator is an MI9W-3,

MAINTENAMNCE
Mo calibration or maintenance should be required for this

aption ather than that described in previous sections of
this manual.

8/7-1
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OPTION 7
LINE CORD
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