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1.1 INTROBUCTION

The Wavetek Models 3003 through 3006 are rugged, |

completely sclid-state Signal Generators covering the freq-
uency range of 001 or 110520 8Hz. Maodels 3004 and
3006 cover the range of 001 to 520 MHz while Models
3003 and 3005 cover the 1 to 520 MHz range. Models
3005 and 2006 offer 100 Hz resolution while on Models
3002 and 3004 the resolution is 1 kHz. The output can be
ampiitude or freguency modulated and the level can be
set between +13 and -137 dBm.

1.1.1 EREQUENCY CHARACTERISTICS

The freguency of the instrument is set via 6 or 7 front-
panel Lever/indicator switches which yield a resolution of 1
kHz or 100 Hz. in addition, ramofe programmers are
available to facititate semi-automatic programming of
frequency and GPIB programming of both frequency and
output level. '

The accuracy of the instrument is based on a orystal-
controlled osciliator that serves as a stable fraquency
reference that enables the instrument 1o provide high-
stabitity signals to an accuracy of 0.001% over its specified
frequency range. This accuracy includes possible errors due
to shert-term drift, long-term drift, incidental FM, and
variations due 1o line voltage changes and femperature
changes. With the FREQUENCY VERNMIER out of the
CAL position, the freguency is accurate to 0.0801% ®10
kHz.

The accuracy of the instrument can be improved by using
either the optional External Reference input. or the
optional High Stability Internal Reference. An Auxilliary
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SECTION
ATI

RF output option is alse available to drive 4 counter. Refer
o Section 1.3 for a listing of options availabe for each
instrument.

1.1.2 MODULATION

These instrumnents also feature both internal and external
AM and FM capabilities. The internal and external sources
can operate independently, or may be used simultanecusly
to produce complex modulation. :

Internal modulation frequencies include 400 Hz, 1000 Hz,
and two preset frequencies between 100 Hz and 10 kHz,
selected by the user.

Modulation is indicated on a front-panel meter calibrated
for fuil-scale readings of 30% and 100% AM, and 3, 10, 30,

. and 100 kHz deviation for FM operation.

1.1.3 QUTPUT LEVEL FEATURES

The output power is indicated on a front-panel meter cali-
brated 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 +13
A4Bm to -137 dBm. A Programmable Attenuator option is
available covering the range of from 0 10 109.9 dB attenu-
ation in .1 dB steps with +13 dBm as the G df reference
level.

The calibrated output of the instrument is leveled to within
+0.75 dB across the complete frequency range of the

instrument.

Reverse power protection is also available as an option.




1.2 SPECIFICATIONS
121 FREQUENCY
RANGE
Model 3006
Maodel 3005
Model 3004
Model 3003 -
READOUT
Models 3005, 3006
Modets 3003, 3004
RESOLUTION
Macets 3005, 3006
Models 2003, 3004

ACCURACY

STABILITY
PROGRAMMABILITY
1.2.2 RF QUTPUT

POWER LEVEL RANGE

LEVEL CONTROL

TOTAL LEVEL ACCURACY

Accuracy Breakdown

IMPEDANCE
SWR

QUTPUT CONNECTOR

1-2
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1 kHz 1o 520 MHz selectable in 100 Hz steps.
1 MHz to 520 MHz selectable in 100 Hz steps.
1 kHz 1o b20 MHz selectable in 1 kHz steps.

1 MHz to 520 MMz selectable in 1 kHz steps. -

7 digit Lever/Indicator switches.
& digit Lever/Indicator switches.

100 Hz
1 kHz

£0.001% after 15 min.

{Typically £0.0002% after 2 hours within 2 months. of
calibration.} (+0.001% +10 kHz when FREQUENCY
VERNIER is not in the CAL position.}

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

Freqguency is programmable via rear-panel input connector
using BCD-coded TTL voitages or BCD-coded contact
closures {negative true fogic).

+13 dBrm 10 -137 dBm {1 V to .03 uVRMS)

Continucusly adiustable in-10 dB steps with an 11 dB
VERNIER. OQutput level is indicated on a front-panel
METER calibrated in volts RMS and dBm,

+13 to -7 dBm +1.25 dB {Typically (.75 dB)
-7 t0 =77 dBm +1.95 dB (Typically £1.25 dB)
-77 t0-137 dBm 275 dB {Typically £1.5 dB)

Flatness {(+13 to -7 dBm} 20.75 dB (Typ 0.5 dB.)
Qutput METER  $05dB
Step Attenuator
+0.5 d8 to 70 dB (0.2 dB catibration error}
+1.0 dB to 130 dB (+0.5 dB calibration error}
5{5 ohms
<1.2 at RF ocutput levels below 0.1 V

Type N




RF| LEAKAGE
1.2.3 SPECTRAL PURITY
HARMONIC OUTPUT

SUB—HARMONICS

NON-~HARMONICS

RESIDUAL AM

RESIDUAL FM

1.2.4 AMPLITUDE MODULATION

FREQUENCY
INTERNAL

EXTERNAL
RANGE
DISTORTION
METER

125 FREQUENCY MODULATION

FREQUENCY
INTERNAL

EXTERNAL
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<1 pV is induced in a two-turn, one-inch diameter loop
which is heid one inch away from any surface. Loop feeds
a b0 ohm receiver, )

< .30 dBe 1 kHz to 1 MHz and 10 MHz 1o 520 MHz
< .26 dBc 1 MHz to 10 MHz

None detectable

Fundamental Non-Harmonic Non-Harmeonic

(MHz) {MHz) . Level (dBc)
below 3 below 3 <80
3 1o 250 3to 280 < -66
3 to 350 3 to 350 < .55

3 to 520 3 to 1000 < -35

< -6B dB_c' in a 50 Hz to 15 kHz post-detection bandwidth.

<200 Hz in & 50 Hz to 15 kHz post-detection bandwidth.
(Typically 100 Hz) <100 Hz in 300 Hz t0 3 kHz post-
detection bandwidth. {Typically 50 Hz.}

NOTE: These specifications apply for a carrier level <+3
dBm. AM is possibie above +3 dBm if the peak output does
not exceed +13 dBm. :

400 Hz, 1000 Hz, and two preset frequencies between 100
Hz and 10 kHz {accuracy = +2%).

DC to 20 kHz (3 dB bandwidth). Input level required ~1
VRMS into 800 O to provide full-scale adjustment with
EXT MOD LEVEL control,

0 1o 90%

<3% to 70% AM. {Typically 1.5% to 30% AM)}
<5% to 80% AM {At a frequency of 1 kHz}

Scales of 30% AM and 100% AM
Accuracy = (2% of fuli-scale reading +5% of METER
reading} at 1 kMz modulation frequency.

Same sources as AM {seé Section 1.2.4)

50 Hz to 20 kHz {1 dB bandwidth} with FREQ VERNIER
in CAL

OHC to 20 kHz {1 dB bandwidth) with FREQ VERNIER not
in CAL

Input level required ~1 VRMS into 600 § to provide full-
scale adjustment with EXT MOD LEVEL control.

1-3




RANGE

DISTORTION
METER
1.2.6 GENERAL,
OPERATING TEMPERATURE

POWER

DIMENSICNS
WEIGHT

1.3 OPTIONS

1.2.1 'RF LEVEL PROGRAMMING

1.3.2 REVERSE POWER PROTECTION

1-4
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010 100 kMHz deviation

2% 10 kHz to 100 kHz deviation. :
<4% 3 kHz to 10 kHz deviation {At a frequency of 1 kMz.)

Scales of 3, 10, 30, and 100 kHz deviation.
Accuracy = £3% of full scale reading at 1 kHz modulation |

fraquency,
L

25 =5°C, ali specifications apply.
25 £15°C, with slight degradation of specifications.

115/230 V £10%, 50 to 400 Hz, 40 VA

30.3 cm wide x 13.4 cm high x 34.9 ¢em long {12 x 5% x
1387,

11.4 kg (25 1b) net
13.6 kg {30 Ib) shipping

Gptions 1A, 4, and 7 are factory instalied; Options 3, §,
and 6 are either factory or field installed. Options avail-
able for each instrument are:

Model 3003
(TAor3}+4+5+6+7
Maodel 3004
{1Aor3ord}+(4or6)+5+7
Model 3005
{(1Aor3ord}+{dorB)+5+7
Model 3006
(TAor3ordy+t{4ors)+7

Option 1A Program Level Range: 0 to 108.9 dB in .1 dB
steps (programmed via rear-panel plug). 0 dB reference is
+13 dBm. Front-panel tevel range: Continuously adjust-
able from +13 dBm to -87 dBm in 10 dB steps plus an 11
dB VERNIER. Reverse power protection is also provided
by this option.

NOTE

For Option 1A, the instrument is calibrated for +12 dBm at
50 MHz like a standard unit, but due to greater losses in
Pregrammahble Attenustors, a calibrated output is
guaranteed only to +12 dBm.

Uption 3 prevents damage to the instrument if DC (100 V
max) or RF (50 W max} voltages are accidentaily applied to
the RF output connector.  (This option is not required
when using Option 1A.)

NOTE

DC protection not included on Models 3004, 3006,



1.3.3 AUXILLIARY RF QUTPUT

1.3.4 EXTERNAL REFERENCE

1.3.5 INTERNAL/EXTERNAL REFERENCE

126 HIGHSTABILITY REFERENCE
Option & is requirad-with Option 6.

¥ Option 6 cannot be instailed, use Model
2102 (see Section 1.4}

1.3.7 LOW LEAKAGE
1.4 ACCESSORIES

Furnished with instrument

Additional Accessories
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Option 4 provndes a leveled {10 dBm) signal available from
a rear-panal BNC connector {normally used to drive a freq-
uency counter). '

Option § provides a rear-panel BNC input for accepting an
external frequency reference. This input is 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 ar 10 MHz with an accuracy of 1 pprm of hatter W|th
a minimum level of 50 mV into a 1 k{2 foad.

Option BA provides a rear-panel BNC input for accepting
an external frequency reference (5 or 10 MHz, 5 1o B
VRMS), which is used to improve the instrument accuracy
from 10 ppm to that of the external source. Option BA
also includes an internal TCXO0 (échuracy =%1 ppm} which

-can be used in ljeu of the external source, and can also. be

used to drive other deviges which require a high stabm‘ry
TTL input.

Option 6 prov&des 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 aisc be used to drive other
devices which require a high stability refarence input. Max-
mum fan-out is four.

Output Freguency ' . B MHz
Quiput Level ' TTL
Temp Stabitity (1 hr warm-up}

aver 10% to 40°C range 0.05 ppm
Aging ' 0.005 ppm/day

0.05 ppm/month
0.3 ppm/year

Typical Querall Accuracy (within
3 months of calibration) ) 0.2 ppm

Option 7 reduces the instrument RFI1 !eakage' by a factor of
10. <0.1 @V is induced in & two-turn, ane inch diameter
isop which is held cne inch away from any surface, Loop
feeds 2 50 chm receiver.

{nstruction Manual
Rear-panel PROGRAMMING plug and pins

Rack Mount Kit, K108

Programmers for single push-button or GPIB control of
selected  frequencies and  output  levels Series 3800,
High-stability freqguency source (5 MHz, T'E'L) useable 1o
drive Option 5, Mode! 2102.

Maduie Service Kit, K004
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2.1 INTRGDUCTION

This section provides complete installation and operating
instructions for the Wavetek Models 3003 through 3006,
The instructions include information on mechanical instal-
lation, electrical instaliation, front-and-rear-panel features,
installation checks and operating procedures.

22 MECHANICAL INSTALLATION ‘

2.2.17 INITIAL INSPECTION

After unpacking the instrument, visually inspect external
parts for damage to» knohs, connectors, surface areas, etc.
The shipping container and packing material should be
saved in case it is necessary to reship the unit.

2.2.2 DAMAGE CLAIMS

i instrument received has been damaged in transit, notify
carrier and either the nearest Wavetek area reprasentative
or the factory in indiana

Retain shipping carton and packing material for the
carriar’s inspection.

The local representative or the factory will immediately
arrange for either replacement of repair of your instrument
without waiting for damage clalm settiements.

www.valuetronics.com

SECTION
PERATION

723 RACK MOUNTING (K108}

CONTENTS (See Figure 2-1),

ITEM aTy PART NO.
A {Insert) 2 ea 1410-00-4650
B (Side) 2 ea 1410-00-5260
C (Screw) 8 ea 2810-17-8108
D (Screw) 4 ea 2810-17-8110
PROCEDURE

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

53 ELECTRICAL INSTALLATION

The instrument can operate from either 115 VAC or 230
VACG supply mains, The rear-nanel AC LINE switch selects
wiich of these operating voltages is being used, and adjusis
the Power Supply accordingly. The Power Supply is
designed to operate over an AC supply frequency range of
50 to 400 Hz,

Instruments are shipped from the factory set up for 116V
operation unless otherwise specified.

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

AC LINE fuse is the correct value for the supply voltage
{see Section 2.5). '

2=1




il

IHT MODULATION

[ﬁ GUTPUT LEVEL

YERNIER

LEVEL

EXT MOUULATION

POWER E LEVEL RF OUTPUT

MODEL 2005 4 SIGNAL GENERATOR

Figure 2-72, front Panel
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2.4 DESCRIPTION OF FRONT PANEL
Refer to Figure 2-2.

M P—.CCUR.ACY lamps indicate the frequency accuracy
of the instrument.

SERNIER indicates £0.001% +10 kHz
“0.001%" indicates 0.001%
YEXT! indicates accuracy of externat source

Typicatty, the lamp wiil flash for a faw seconds after the
instrument is turned on.. Normally, a steady light indicates
that the instrument is phase locked and the frequency
accuracy indicated is valid. A continuously flashing fight
indicates that one or more of the phase-locked fcops s
open.

gy Cever findicator SwiteRes Slect dnd indicate output

frequency.

(3} FREQ VERNIER shifts output frequency over a 10
kHz range (-5 kHz to 8 kHz).

With the FREQ VERNIER in CAL, the instrument
accuracy is 0.001%. When the FREQ VERNIER isnotin
CAL, the instrument accuracy is 20.001% +10 kHz.

{4y QUTPUT METER indicates RF output level over a
10 dB range in VRMS and dBm, %AM, or FM deviation,
depending on the METER switch setting.

{5) UNLEVELED iampf lights when the OUTPUT
METER reading is not valid.

(6) METER switch selects measurément of RF output,
internal modulation, or external modulation.

{7) OUTPUT Step Attenuator controls the RF output
level over a 140 dB range from +10 10 -130 dBm in 10 dB
steps. The Attenuator dial indicates both dBm and VRMS.

(8) RF QUT provides the RF output signal from the
instrument {type N connector}.

{9y COUTPUT VERNIER controls the RF output level
over an 11 dB range.

(o) (11 INT/EXT MOD BANGE switches select
amplitude, frequency, or no modulation, and the
appropriate METER range.

'www.valuetronics.com .

{12) (13) INT/EXT MOD LEVEL controls provide
continuous adjustment of % moedulation {AM) and
frequency deviation {FM}.

(14} INT MOD FREQ switch sefects one of four internal
modulation frequericies, 400 Kz, 1000 Hz, A, or B, where
A and B are user-preset frequencies between 100 Mz and 10
kHz. .

{15} EXT MOD INPUT connector (type BNC) accepts
axternal modulating signals (3 VRMS level) as follows:

AM DC to 20 kHz
FM({3) in CALY 50 Hz to 20 kHz
EM ((3) not in CAL) OC 1o 20 kHz

{18) POWER switch provides AC power to Power Supply.

56 BESCRIPTION OF REAR PANEL

Refer to Figure 2-3.

(1} AC LINE switch enables unit to operate from gither
115 VAC or 230 VAC supply mains,

(2)  AC LINE Fuse (time-delay}; 1.0 amp for 115 VAC
operation; 0.5 amp for 230 VAC operation.

(3) AC LINE Cord providas connection to AC mains via
3 prong plug.

(45  PROGRAMMING JACK provides connection for
remote programming of frequency.

(5] MOD TP provides convenient connection for moni-
toring amplitude and/or frequency of internal modulating
signal. :

26 INSTALLATION CHECKS

The following procedurs is used t¢ determine that the
instrument is operating properly. Performance testing and
calibration procedures for the instrument are contatned in
other sections of this manuat. 1f itis determined that the
unit is not operating properly, refer to these sections.

2.8.1 TURN ON

Verify that the power-transformer primary is matched 1o
the available line voltage, and that the proper fuse s
instailed {see Section 2.5}, Turn the POWER switch to ON.
One of the front-panel ACCURACY famps will indicate
operation, No warmup is needed for the following checks.

2=3




PROGREAMMING

WARNING: )

0 PREVEN] ELECTRIC SHOCK, DO NOT

REMOVE COVERS. NO USER SERVICEABLE

PART INSIDE, REFER SERVICING 1O

QUALISIED PERSONNEL

WARNING T -

FOR CORTINUED PROTECTION AGAINST

FIRE HAZARD REPLACE ONLY WITH THE

SAME TYFE AND RAVING OF FUSE @
.

4 &

. ?1gure T R T R

NOTE: MUST BE HIGH-FREGQUENCY

| r
OSCTLLOSCOPE (GREATER THAN 10 MHz) i | ?5
! |
i
; outbur ' VERT&L
i

Figure 2-4. Test Setup

Figure 2-5. Amplitude Modulation Figure 2-6. Frequency Modulation

2-4
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2.6.2 INITIAL CONTROL ADJUSTMENT

Set the Instrument front-panel controls as follows:

Lever/Indicator switches _ 010.0000
FREQ VERNIER CAL
INT MOD RANGE OFF
EXT MOD RANGE : OFF
INT MOD FREQ. N/A
INT MOD LEVEL N/A
EXT MOD LEVEL _ N/A
METER switch OUTPUT
DUTPUT Step G dBm
OUTPUT VERNIER full cw

2.6.3 RF QUTPUT CHECK

Connect the equipme.nt a5 shown in Figure 2-4. The 10

Mz signal-shoutd:be 2-0:3Mpp:-{Ath ighefrequeney-oscilbossm

scope must be used {or these checks.}
2.64 AM CHECK

Set the INT MOD RANGE switch te 100% AM, the
METER switch to !NT MOD, the INT MOD FREQ switch
to 1000, and adjust the INT MOD LEVEL contre! so that
the METER reads 50% AM {halfscale). Verify that the AM
envelope displayed on the oscilioscope has a peaédo-valley
valtage of ~0.45 V, and period of 1 msec {see Figure 2-5).

Set the INT MOD EREQ switch to 400, The peak-to-valley

voltage should still be ~0.45 V, and the period should now
be 2.6 msec. '

Turn the INT MOD LEVEL. control both ways, verifying
that the % AM shown on the METER and the AM envelope
en the scope display rise and fall accordingly. Set the
METER switch to OUTPUT and verify that turning the
INT MOD LEVEL control causes a change in RF output
level.

NOTE
The UNLEVELED lamp may come on during this test.
Return the METER switch to the INT MOD positon.
2.6.5 FM CHECK

Set the INT MOD RANGE switch to 3 kHz FM, Turn the
INT MOD LEVEL control both ways, verifying that an FM
display appears on the oscitloscope (see Figure 2.8).

Repest for INT MOD RANGE settings of 10, 30, and 100
kiHz FM. .

www.valuetronics.com

2.6.6 ATTENUATION CHECK

Set the METER swirch to QUTPUT and the INT MOD
RANGE switch to OFF. Verify that both the QUTPRUT
Step and VERNIER controls vary the amplitude of the
signal disp'iayed on the oscilioscope, and that the QUTPUT
VERNIER varies the METER reading of RF autput level.

2.6.7 FREQ VERNIER CHECK s

Switch EREQ VERNIER out of CAL position.. The .001%
lamp. shouid go out, and the VERNIER tamp should light,
Moving the VERNIER from -5 kHz to +5 kHz should show
a siight change in frequency on oscilloscope:

2.7 OPERATING PROCEDURE

No preparation for = operation is reguired beyond

egmpietion ~aFetheinitial s taliation” chisthks contained i

Section 2.6. To insure that the instrument will perform
as stated in the specifications, the instrument shouid have a
two-hour warmup before using,

2.7.1 TURN ON

Turn the POWER switch to ON. One of the front-panet
ACCURACY lamps will light, indicating an operating
condition. A ftashing light indicates an unlocked
condition. This should cease in a matter of seconds.

i the unit is .not going to be used to the extreme limits of”
its specifications, it can be used immediately.

CAUTION

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

2.7.2 CW OPERATION

With the METER switch set to OUTPUT and the INT and
EXT MOD RANGE switches set to OFF, adjust the cutput
frequency and level to the desired settings. The FREQ
VERNIER should be in its CAL position. -

NOTE

With the FREQ VERNIER in the CAL position, output
frequencies having an accuracy of £0.601% may be selected
by the Lever/indicator switches. When the FREQ
VERNIER is out of the CAL position, the seiected output
fraquency can be shifted =5 kHz with the FREQ VERNIER




control. The output frequency at the "0 kHz" position of
the FREQ VEBMIER corresponds ciosely to the output
frequency in CAL. '

Connect the RF output to the device under test.
2.7.3 INT AM/FM OPERATION

Starting with the basic setup of Section 2.7.2, set the
METER switch to INT MOD, the INT MCD RANGE switch
for. the desired modulation function and METER range, and
the INT MOD FREQ switch for the desired modulation
frequency {400 Hz, 1000 Hz, or pre-set frequencies A or B,
see Section 5.4.8}.  Adiust the INT MOD LEVEL control
for the desired % AM or frequency deviation (read on the
METER scale}. :

2.7.4 EXT AM/FM OPERATION

METER switch to EXT MOD, the EXT MOD RANGE
switch for the desired modulation function and METER
range, and connect the modulating signal {level should be
~1 VRMS for best resclution of the EXT MGD LEVEL
control) to the EXT MOD INPUT connector. Adjust the
EXT MOD LEVEL control for the desired % AM or
frequency deviation (read on METER scalef.

NOTE

At modulating frequencies less that B0 Hz, the METER

may start to “wobble”. in this case, the "peak” Meter-

reading is the valid measurement of % AM or frequency
deviation,

CAUTION

Input voltage greater than +5 VDC or 3.5 VRMS should not
be applied to the EXT MOD INPUT connector, or damage
to the instrument may ocour.

NOTE

When amplitude modulating, care must be taken to not
exceed the +13 dBm maximum level, or excessive distortion
and an unleveled condition can exist. In some cases, a high
% AM may cause the UNLEVELED light to come on when
the QUTPUT VERNIER control is at minimum, This is
caused by “bottoming” of the PIN diode leveler which, in
turn, can cause an increase in distortion. If this is the case,
add 10 dB 'of fixed satteriuation and turm COUTPUT
VERNIER control toward maximum. The UNLEVELED
light should then go out.

2-6
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2.7.5 SIMULTANEGUS INT/EXT MODULATION

Internal and external modulation can be performed simul-
taneously by following the procedure given in Sections
2.7.3 and 2.7.4 with both INT and EXT MOD RANGE
switches active. In this way, FM/FM, FM/AM, or AM/AM
can be accomplished.

NOTE &

The METER switch provides for reading the iﬁternai and
external moduolations separately. The METER will not

show the complex modulation,

2.7.6 PROGRAMMING

Frequency is programmable via a rear-panel input
connector using standard 8-4-2-1 BCD contact closure or

Starting with the basic set-up of Sgction 2.7.2, set the

cosed = =0.4 V.} The rear-panel PROGRAMMING jack -
pins are in paralfel with the front-pansi Lever/Indicator
switches; thus, if rear-panel programming is to. be
implemented, the front-panel switches must indicate all
781088,

Example.- To program 132.4508 Mz {refer to Figure 2-7}:

FREG DIGIT 1 3 2. 4 5 0 8

GND PINS 4 78 " 14 18,20 - 26
PIN ELNCTION
1 NE
2 150 Mbz
A 3 00 MHT
MOD : 100 Me
33 @ Te 5 20 vz
e 3 10 Mk
T w0 MKz
3 0 MMz
10
29 ® ® raveoop o
10 4 MHz
1 2 MHz
510 ® ©
13 300 kHz
1a 400 kM2
7% - @ @ 15 TEQ kHz
- 146 140 ke
7 B0 kMz
i8 2d kHz
17 @ @ 9 20 ke
0 10 Mz
2 g eHz
13 @ @ @ ) 4 ih
3 2 =y
24 oMy
- 3% 3ND
OO ®
27 490 iy
4 I Hr
JlcNoNGa
— 30 hiiet
T g
32 '
HO.0,0 N
34 NI
1% "
38 $0 TH

Figure 2-7, PROGRAMMING Jack Pins



3.7 INTRODUCTION

Section 3.2 presents a block diagram analysis to enable the

reader..t9..get.a. brief-overall-view-of-the-operatien-of-the

Sections 3.3 3.17 contain more
detatled descriptions of each subassembly.

entire instrument,

For actual wiring of the chassis and subassembties, refer to
the schematics in Section 7 of the manual.

3.2 OVERALL BLOCK BIAGRAM

The signal generator is essentially a voltage controiled
oscillator 1o which phase-locked ioops and a crystal
reference have been added for improved accuracy and
resolution.

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

The numbers within the block diagram symbols refer to the
particular assembly in which the cireuit is located.

3.2.1 BASIC SIGNAL GENERATOR

This discussion briefly describes how the RF is generated
and how its frequency Is controlied, also how the signal s
amplified, leveled and amplitude modulated.

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

RF GENERATION

The RF output frequency is generated by two UHF
oscillators and a mixer. The outputs of the twao asciallators
are heterodyned in the mixer. The difference frequency is
amptified and fed to the output amplifier.

The frequencies of these oscillators are controlled by DC
voltages applied fo their varactor diodes. The Narrow

www.valuetronics.com

Osciliator yieids a single T'r"eq-uency. The Wide Oscillator
can be programmed over a range which extends from the
frequency of the Narrow Oscillator to 520 MHz higher than

=~the:Narrow-Oseillator freguengy,

'RF FREQUENCY CONTROL

The RBF output frequency is detéermined by programming
the frequency of the Wide Oscillator, The Wide Qscillator
is ultimately controlied by the front-panel Lever/Indicator
switches. The BCD output of these switches is converted to
an analog voltage which programs the oscillator in 1 MHz
steps. This analog signal can provide approximately 3 MHz
accuracy,

RF AMPLIFICATION AND LEVELING

The RF power is amplified by a muiti-stage, wide-hand
amplifier. The flat output is maintained by a closed-ioop
feveling system around this Output Amplifier,

The Leveler includes a monitor diode, an error amplifier,
and a voltage-variable attenuator. The monitor detects the
peak output of the Output Amplifier. This detected level is
compared to a DC reference by the error amp. The output
of the error amp is fed to a PIN diode {voltage variable)
attenuator which changes the input level 1o the Output
Amplifier until the monitored signal produces a DC level
equal to the reference level,

LEVEL CONTROL AND AM

The circuitry for controlling the RF output level is directly
related to the above leveling system because changing the
DC level reference changes the RF output fevel.

Of the 150 dB output range, 130 dB is passive attenuation.
The remaining 20 dB is controlled by changing the level
reference. The OUTPUT VERNIER has a 10 dB range.
The remaining 10 dB is provided by switching the level
reference range. This range switch is provided so that when

. AM is not required, the Output Amplifier can provide a

carrier at the highest possible power.

3-1
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Since the RF level can be voitage controlled, AM can be
accomplished by aoplying the modulating signal to the
OQUTPUT VERNIER. This causes the reference voltage to
the error amp to change at the frequency of the modulating
signal.  The modulating. signal is taken from either an
internat oscillator or an external source.

3.2.2 PHASE-LOCKED LOCPS

The basic signal generator discussed in Saction 3.2.1 has a
frequency range of 1 to 520 MHz, has an output voltage
which is leveled and adjustable, and has the ability to be
amplitude modulatad. With the above cireuitry, however,
the frequency accuracy is only 3 MMz with 1 MHz
resolution. To achieve the desired resolution and accuracy,
the instrument inciudes five phase-iocked loops.

A down-conversion system (Models 3004 and 3066) enables

thie! IRStETIENT To BTN froqUsHeTss Tess thar T MHZ T

operation will be covered in Section 3.17.

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

PL.L 3 and 5 provide stabilization to the Narrow VCO and
allow FM operation. The Narrow VCO is part of PLL 3.
PLL 5 converts a modulating signal {if present) to a
reference frequency for PLL 3. PLL 5 is also used to
program 100 Hz offset steps into the Narrow VCG for 160
Hz resolution {Models 3005 and 3008).

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

PLL T

The purpose of PLL 1 s to generate a CW signal which
changes in 1 kHz steps from 10,000 to $.001 MHz as the
front-panel fraquenecy seiector is switched from .000 MHz
10 .980 MMz This signal will be used as a reference signat
for PLL 4.

Figure 3-3 shows a simplified block diagram of PLL 1. It
includes a  voltage controlled  oscillator  capable of
frequencies from 9 16 10 MHz, a phase detector and a =N
counter. A sampfe of the output signal from the VGO is
fed to a programmable counter, The divisor of the counter
is controlled by the three front-panel kHz selector switches.
The output from the counter is fed to a phase detector
where it is comparad to a 1 kHz crystal reference signai. |If
the two input signals 1o the phase detector are not the
same freguency, an error signal is produced. This error
voltage corrects the fregquency of the VCO until the phase

www.valuetronics.com

detector input from the gounter is exactly 1 kHz. See
Section 3.12 for 2 more detailed explanation.

PLL 2

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 is switched from 001 to 039
MHz. These CW steps are then repdated every 40 MHz
shroughout the entire 1 to 520 MHz range. Use of this
signal to control the Wide Oscillatar will be discussed in the
deseription of PLL 4.

Figure 3-4 shows a simpiified hiock diagram of PLL 2. PLL
2 operates in the same manner as PLL 1 with one
exception. The circuit includes a mixer and band-pass
amplifier. The purpose of this additional cireuit is to offset
the 1448 to 1487 MHz output from the VCO to 8 to 47

CWHE T THIS BHSEtT 16 NEGESEETY TR Ordér o make the

frequency compatible with the programmable countey and
phase detector circuits.  The other circuits in this loop
operate in the same way as those in PLL 1. In this case, the
nrogrammable counter is controlled by the three Mz
selector switches and the loop reference frequency is 1
MHz. For a more complete description, see Section 3.13.

PLL 4

The purpose of PLL 4 is to adiust the Wide Oscillator in 1
kHz steps from 1198 MHz to 1718 MHz as the front-panel
frequency selector is adjusted from 001.000 to 520.000,

The Wide Oscillater frequency is offset by Mixers 1 and 2
and compared to the reference (from PLL 1) by the phase
detector. A difference in phase or frequency causes an
error signal 1o tune the Wide Oscillator until both phase
detector inputs are identical. How this foop locks on a
particular frequency can best be explained in three steps:
1} phase locking at 40 MHz intervals across the band, 2)
phase locking at 1 MHz intervals, 3) phase locking at 1 kHz
intervals. Figure 3-5 is a simplified block diagram of PLL 4.

To understand locking at 40 Mz intervals, assume
temporarily that the reference frequencies from PLL 1 and
PLL 2 are fixed {10 MHz and 1448 MHz respectively),
Figure 3-5 shows the frequencies throughout the loop for
this discussion. This step of the PLL 4 ekplanation can be
described more clearly by conpsidering the entire Wide
Osciltator range rather than discussing single frequencies.
The Wide Oscillator covers the range of 1198 to 1718 MHz
as the output frequency changes from 0 to 520 Mhz
{Figure 3-5, tines A and C),

When the Oscillator range is heterodyned in Mixer T with
1448 MHz, the difference frequency produced ranges from
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250 to 0 to 270 MHz {Figure 3-5, line E). This signal is
then mixed with a 40 MHz comb {(all harmonics of 40 MHz)
in Mixer 2 (Figure 3-5, line F}. Taking the difference
between lines E and F yields the repetitive frequency range
from 0 to 20 to O MHz as shown in line G. This signal is
fed to the phase detector,

The reference to the phase detéctor is 10 MHz, but the ibop
will not lock on every 10 MHz output of Miker 2. The only
10 MHz signals which will produce lock are those which
would decrease in frequency i the Wide VCO tried to drift
highar. Therefore, at every 40. MHz interval of the output
frequency, an input to the phase detector would aliow the
loop to fock., Section 3.2.1 explains that an analog signal
drives the Widd Osciliator- to. within three Mz of the
proper freguency. Therefore, although there are 14
possibie fock points on line G, the only one selected will

correspond _to _the analog-tuned frequency of the Wide
Oscillator. The unit as described so far is capable of phase

lockad output at 0, 40, 8. .. 520 MHz. The followingis
an explanation of jocking at T MHz intervals,

To allow phase tocking at T MHz intervals, the reference
frequency to Mixeér 1 is made adjustable in 1 MHz steps
over a 40 MHz range (1448-1487 MHz).

If, for example, this reference frequency to Mixer 1 were
1449 MHz, the input range to the phase detector- would
look the same except the entire rangs would be shifted 1
MHz to the right. Lock pdints would then be possible at
cutput frequencies of 1, 41, 81 MHz, ete.

Being able to change this reference in 1 MHz steps allows
phase locking from 0 to 520 MHz in T MMz steps.

To provide phase locking in 1 kHz steps, the PLL 4 phase
detector’s reference from PLL 1 is adjustable in 1 kHz steps
{10.000 to 9.001 MHz)., This causes the Wide Oscillator
freguency to change in 1 kHz steps in order to keep the
toop locked.

PLL 3

The purpose of PLL 3 is to stabilize the Narrow Oscillator
at a frequency of 1198 MHz.

Figurs 3-8 shows a simplified block diagram of PLL 3. This
foop operates in the same manner as PLL 1 and PLL 2,
except that it does not require the use of.a programmable
counter. The 1138 MHz output from the Narrow Osciliator
is combined in a mixer with a 1200 MHz crystal contrelled
signal. This produces a 2 MHz difference signal. This signal
is fed to a phase detector where it is compared to a 2 MHz
reference. Any difference in the input signals will produce

3-6
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an esror voltage which is appliied to the Narrow Osciliator
to correct the frequency error.

- PLLS

PLL 5 supplies the reference for PLL 3. Unlike a standard
phase-locked loop, the VCO can be modulated. in AM and
CW, the VCO is jocked on 2 MHz, In the FM mode, the
VCO is modulated, but the lbop ignores modulation which
is faster than 50 Hz; thus the center frequency remains

facked, ' '

The ioop includes a voltage controfled oscillater, a divider
for reducing the frequency from 2 MHz to 2 kHz, a phase
detector, and a filter for the phase detector output, {f the
variable input to the phase detector deviates from the
reference frequency (slower than B0 Hz), the phase

detector sends an _error signal_to the VCO fo correct the .
frequency. ’

Gr Medels 3005 and 3008, the 2 kHz reference”’ {refer to
Figure 3-7) Is replaced by a reference from the 100 Hz
Steps circuit.  This reference is produced by taking a 40
MHz reference signal from the Crystal Reference and .
dividing it by a number (20000-19891) determined by the
100 Hz Lever/Indicator switch.  This divided signal
{2.0000-2.0008 kHz} then becomes the reference for PLL
5; thus the PLL 5 output signal to PLL 3 can be offset from
0 to 900 Hz in 100 Hz steps, and 100 Mz resolution is
accompiished. :

CRYSTAL REFERENCE

All the reference frequenc%es for the phase-locked loops are
derived from a single 40 MHz crystal source by means of-
appropriate multiplication or division.

3.2.3 SQBASSEMBLY DESCRIPTIONS

The overzl block diagram discussed in this section describes
basically how the instrument functions as a unit. The unit
is made up of two printed circuit board assembliss, a power
supply, and 12 (Model 3003}, 13 {Models 3004, 3005}, or
14 {Model 3006) module assembiies. These can be
identified in Figure 5-6. Sections 3.3 thru 3.17 describe the
operation of each subassembly, The name of the
subassembly describes, to an extent, the primary fuction it
performs.,

3.3C315-2- METER BOARD

The primary functions of this assambly are to provide the
program voltage to the Gutput Amplifier leveler circuit
and indicate the RF output amplitude and modulation (see
Figure 3-8). i




2MHz

REFERENCE FROM

LOOP 5.
i 5 &ARROW;
1 4 o E _ &-; osc io
 DET. B FILTER | 31193;&«&-&:;?"“ o 2 PINAL
& TTTT— ¢
LM_QE P
< / MIXER !
2MHz OUT r
; P33 :
B —
. KTAL
INPUT
Figure 3-6. PLL 3
— ——~ARODULATION —
@/AND ‘‘‘‘‘
T RANGE
( T - - 1
3 ® s L !
" ®
§ﬂ~*w—hm,._m_ i I 1.9-2.0 MHz ]
H @
4 ® !
= i veo I»—mmw—wﬂ—— 10 PLL*3
i o | .
el |
f 1 M29-1 |
- — —t
e |
S . i
|- B
} . A ; ’_____m.:'_"_m_"_
i FILTER | 1 oo
g L
{ % R !
- R A A
T BETES roa§ var
2K Hz , ' ] rof
REFEREMCE : an
1 M33-1
Figure 3-7. PLL 5

www.valuetronics.com.

3-7




FROM
CUTPUT AMP ____

[SReveis 7 | ] 4

= HIGH RANGE

LEVEL
CALIBRATION

INT —Fs

. ; 1
L PEAK | | METER ey
EXT——i @ DETECTOR | | DRIVER | |

AMPLITUDE SHA;;;l = |OW  RANGE
MODULATION Eméwfmf\\
INPUT . I
[vERrniter ]
S “UEVEL Ll METER  DRIVER
® ;.'_ ______ P

Figure 3-8,

i

C315~2 Meter Board

LEVEL PROGRAM
TO CUTPUT AMP

EXT MOD IN ==t =

Figure 3-9,

3-8

www.valuetronics.com

i rrEG
| VERNIER|

S

MO TP

\_”M e L AM

Modulation Roard

TO METER 8D



3.3.1 LEVEL PROGRAM

During CW operation of the instrument, the level program
is controtled by the OUTPUT VERNIER on the front
panel, The output of this control goes (¢ two range
calibration circuits which convert the voltage from the
OUTPUT VERNIER to a voltage level appropriate to drive
the leveler circult in the Qutput Amplifier module.

The “low* circuit provides the program for all ranges of the
dented power output dial except +16 dBm. At.”+107, the
leval program is taken from the “high circuit. The “high”
level program -enables the full gain capabilities of the
Qutput Amplifier to be used when the output is not
amplituda modulated.

During amplitude moduiation, the modutating signal from
the Modulation Board is applied to the OUTPUT

VERNIER: which uttimately catises the R level T change: — ~

The leveler in the Quitput Amplifier does not cause the RF
jevel to respond linearly to changes in the level program
voltage. To compensate for this, a stage is included to
shape the modulation signal before it is applied to the
QUTPUT VERNIER,.

3.2.2 METER

The front-pane] METER is controlled by the level program
when the METER switch is set to QUTPUT. The METER
and its driver circuits are calibrated to display a reading
corresponding to the actual RF level from the Cutput
Amplifier module.

When the METER switch is set to aither INT MOD or EXT
MQOD, the METER displays the modulation present {%AM
or FM deviation} on the selected circuit. The METER scale
being read is selected by the front-panel INT
MODULATION RANGE and EXT MODULATION
RANGE switches, '

3. 3.3 UNLEVELED LIGHT

A tight emitting diode is mounted an this assembiy and
appears on the front panel of the instrument.  Refer to the
Qutput Amplifier module description for an explanation
of the circuit driving this light.

3.4 MODULATION BOARD

This assembly provides the modulating signals used in the
AM an¢ FiM modes. The front-panel ACCURACY lights
and associated circuitry are also on this assembly {see
Figure 3-89},

www.valuetronics.com

3.4.1 MODULATING SIGNALS

The AM or FM modes are achigved by simply routing
essentially the same signal tc the appropriate circuitry by -
means of the front-panel RANGE switches.

The fro.nt-pane! INT MODULATION FREQ switch selects
one of four internal modulating frequencies derived fram a
programmable  osciliator. The - INT MODULATION

RANGE switch selects the type of modulation {AM or FM),

and the proper resistor network corresponding to the
selected METER scale. The INT MODULATION LEVEL
coentral adjusts the ammount of modulating signal- fed into
the resistor networks, and so the ammount of modulation -
{%AM or FM deviation} produced. '

An EXT MODULATION INPUT connector is provided for
modulating from an external source. The EXT

MODULATION RANGE and LEVEL controls perform the

same functions as their INT counterparts.

IC4A sums together the INT and EXT AM signals, while
IC4AB sums together the INT and EXT FM signals, enabting
complex (AM/FM, FM/AM, FM/FM, AM/AM) modulation
to be accomplished.

3.4.2 ACCURACY LAMPS

The CAL switch on the FREQUENCY VERNIER {or an
input from Option 5 or BA) determines which lamp is lit.
I any of the phase-locked foops unlock, the energized LED
is made to flash by an IC timer activated by a DC level from
any of the five phase-locked ioops in the instrument,

3.5 DPSZA - POWER SUPPLY

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

3.5.1 TRANSFORMER & FILTERS

The transformer steps down the line voltage to appropriate
tevels for the three circuits. Full wave rectifiers and filter
capacitors convert this voltage to DC. Both the +18 V and
—18 V suppties use protected pass iransistors with integral
current limiting and thermal protection.

3.5.2+18 V SUPPLY

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

(S
1
W
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Figure 3-10. DPS2A Power Supply

Pigure 3-11 is deleted
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3.5.3 ~18 V SUPPLY

The —18 V circuit compares the +18 V and 18V outputs
and holds the difference in their magnitudes to zero.

3.5.4 +7.3V SUPPLY
The +7.3 V circuit usss a three-terminal adjustable voltage
reguiator 1C to provide a pre-regulated +7.3 V output. This

voltage supplies other voltage regulators throughout the
instrument.

3.6 DELETED

3.7 MOW - SWEEP GSCILLATOR

The MOW is the origin of the instrument’s BF output
frequency.  This frequency is generated by heterodyning
the signals from two higher frequency voltage controtled
ascillators {ses Figure 3-12),

3.7.2 MIXER

The Narrow Qscillator applies a signal of 1198 MHz 1o the
mixer. The Wide Oscillator provides between 1194 and
1718 MMz,  The difference {1-520 MHz) is applied to a
wide band pre-amp and then sent to the Qutput Amplifier.

3.7.2 WIDE OSCILLATOR

The wide range of oscillation is achieved by applying to
varactor diodes in the tank circuit an analog signal which is
dependent upon the setting of the frequency switches on
the instrument’s front panel. An additionat signat is applied
to the VCO from the phase detector in PLL 4. This is the
fine tuning signal which locks the Wide Oscillator on the
proper frequency.

www.valuetronics.com

3.7.3 NARROW OSCILLATOR
This oscillator also uses a varactor diode so that the
frequency can be volitags controiled for phase locking and

tor Fi operation.

The coarse modulating signal (FM} is applied to the

“varactor from the Modulation Board. The frequency of this

oscillator is further controlied by a “fine tuning” bias
¥ N

voltage from the phase detector. The deviation can be

controlied up to 100 kHz,

In CW mode on Models 3005 and 3008, the 100 Hz steps
are programmed through PLL 3, and thus into the Narrow
Oseillator {see Section 3,14},

3.74 LEVELERS

..This.module conrains.three BE leveling circuits.as.shown in

Figure 3-12. These maintain a constant amplitude RF over
the frequency range and with temperature variation. The
output of a peak detector is compared to a constant oC
level. Any error is amplified and applied to a PIN diode
attenuator in series with the RF signal.

3.8 M10W-8/M10W-8 - QOUTPUT AMPLIFIER

Models 3003 and 3005 use an M10W-§ Output Ampiifier
module, while Models 3004 and 3006 use an M10W.8,

The main function of the M10W-6 and MT0W-8 Output
Amplifier modules is to amplify the RF signal from the
MOW to & level programmable between -7 and +13 dBm.
A leveler circuit maintains a constant amplitude output
signal over the wide frequency range, The UNLEVELED
light driver causes the front-panel light to glow when the
leveler cirucit exceeds 1ts proper opérating range {see Figure
3-13).

The M10W-8 also contains a switch which routes the RF
cutput to either the Step Attenuator or the M115 for
down-conversion {(Models 3004 and 3006).

3.8.1 SWiTCH {M10W-8}

The switch is normally set 1o route the output signal to the
Step Attenuator; however, when the front-panel “"MHz"
selector switches are set to “000.", the logic signal from the
M115 into pin & of the M10W-8 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 RE by about 23 dB.
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3.8.3 LEVELER

The leveler uses a peak detector, differential ampiifier and
PIN diode attenuator, The pesk detector is fed from the
fF cutput. The resulting level is compared to a DC {or
AM} reference by the differential amp which supplies the
control current to the PIN diode attenuator. | the
detacted R¥ output deviates from the reference level, the
signal to the PIN diode causes the input to be decreased or
increased.

in addition to providing a. flat frequency response, the
leyeler aliows for electronic control of the RF output
amplitude by varying the DC reference. The referance
comes from the Meter Board.

32.84 UNLEVELED LIGHT DRIVER

When the differentiagl amp in the leveler circuit is putting

out a voltage which would cause the PIN diode attenuator
to be at its high or iow resistance. limit, the leveling circuit
can ne longer be effective. These extreme voltage levels,
which are applied to the UNLEVELED light driver, are
adequate to turn on a source of current for the indicator
which appears through the front panel.

3.9 M172 - SWEEP DRIVE/DAC

This module provides two output voltages. One is linear
from 0V to -5 V as the frequency goes from O to 38 MHz,
repeating every 40 MHz; the other varies from +7 V1o -8 V
as the frequency goes from 0 1o 520 MMz, The second
voltage is shaped to linearize the VCO in the MOW Sweep
Oscillator.

Two digital-to-analog converter {Cs, programmed by the
front-panel Lever/Indicator switches, provide the 0 to 520
MHz voltage. This is shaped in the next section of the mod-
ule. A third DAC provides the repeating O - 40 MHz voltage.
Since the state of the 207 line depends on the 100' line,
the 20' line is inverted when the 100's tine is high.

The analeg tuning signal from the M172 is “shaped’’ before
driving the MOW wide oscillator, The shaper is an inverting
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DC amplifier which amplifies the input by a smatler factor
for smalier magnitude inputs. Shaping this analog voltage
compensates for the non-lingar change in capacitance of the
varactor diodes in the osciliator circuit.

3.10 M29-1 - FM REFERENCE

The M29-1 is a voltage to frequency converter, the output
of which. is used as a phase lock refergnce in the M33-1.
The module includes a voltage variable current source
which feeds {determines the frequency of} a square wave
oscillator {see Figure 3-15), Zero volts in yields 2 MHz out.

The M28-1 is the VCO for PLL 5. The input to the M28-1
from the phase detector is essentially added to the
modulation input. The FREQUENCY VERNIER voltage is-
aiso added here {VERNIER input becomes zero volts
when the VCO is locked).

73161 CURRENT SOURCES

This circuit provides both a positive and a negative source
of gurrent. The positive source is referenced to the
negative source so that the instantanecus currents in hoth
sources are equal.

The change in output current is directly proportional to the
change in input voltage to the circuit. The input voltage
may vary between —5 and +5 voits. The eircuit is designed
for a very linear relationship of current-out vs voltags in.

3.10.2 OSCILLATOR

The square wave output is produced by the combination of
an integrator and a hysteresis switch, The integrator
converts a square wave to a 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 square current signal to be applied 1o the capacitor.

Positive constant current produces an increasing voitage
ramp on the capacitor and neégative constant current
produces a decfeasing voltage ramp, For a sguare 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 st which the
capacitor charges and discharges to the hysteresis points;
thus the frequency of osciliation changes.

3,11 M30-1/M30-4 - CRYSTAL REFERENCE

Models 3003 and 3004 use an M30-1 Crystal Reference
moduie, while Models 3005 and 3006 use an M30-4.

3-13
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This module supplies reference frequencies at 1 kHz, 2 kHz
(M30-Toniyi, 1 MHz, 10 MHz, 40 MHz and its harmonics,
1200 MHz {from 120 comb), and 1440 MHz to the phase
locked loops in the instrument. These signals are produced
by a 40 MHz crystal osciliator and a serigs of dividers and
multipliers (see Figure 3-16).

3.11.1 40 MHz OSCILLATOR

This. crystal oscillator is the heart of the accuracy of the
frequancy determining cdircuits in the instrument. It is
temperature compensated. for frequency stability, A
varactor diode is included to snable this oscillator to be
phase locked to a high stability raferance. A leveler circuit
causes . the oscillator output level to be the same in all
M30-1/4 moduies. ' '

Crystal Reference is applied to one input of the phase
detector {1C2}. A sample of the VCO output is divided by
the programmable divider, and the result is applied to the
other input of 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 detsctor out-
put, which controls the VCO. The system is stabie only
when the phase and frequency error is zero, so that the
ocutput frequency is phase locked to the sl kHz reference

signal.

3.12.3 PROGRAMMABLE DIVIDER

In arder for the M31A 1o perform properly, the divider is
designed to divide the VCO frequency by (10,000-8k)
where Sk is the number set on the “kHz" switches. The
divider counts the number of cycies at its'input and puts

-Rut a nulse when_the.count reaches. 10,000, The starting....

3112 DIVIDERS

The frequencies below 40 MHz are produced by 2 series of
TTL counters. A “divide by 4 produces the 10 MHz
output for the phase-locked loop in the optional high
stability reference. This frequency is further divided as
shown in Figure 3-16 to provide the reference ourputs.

3.11.3 MULTIPLIERS

The 40 MHz CW is fed to a harmonic generator which
procudes the “comb’” output.

From the 40 MHz comb, 120 MHz is selected and applied
t¢ another harmonic generator, A sample of the
120 MHz comb output is also fed to a filter which
provides the 1440 MHz output.

3.12 M31A - kHz STEPS

The input to this module is the BCD data from the three
front-panel “kHz" switchas {to the right of the decimal
point}. The output frequency is (10 MHz— Sk kHz), where
Sk is the number indicated by the kHz switches. If the
frequency is set to 333.333 MHz, for example, the M31A
output is 9.667 MHz, The block diagram of the M31A is
shown in Figure 3-17.

3121 Ve

The output frequency is generated by a voltage controiled
oscillator which is tuneable from 9.001 to 10.000 MHaz.

3.12.2 PHASE LOCKED LOOP
fncluding the VCO is a phase-locked loop permits acctirate

programmability. The VCO tuning voltage comés from the
phase/frequency detector circuit. A 1 kHz signal from the

3-16
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count is the number shown on the “kHz' switches. For

-example, if the instrument is set for 222,500 MHz, this

circuit would divide by 8.500 (count from 6500 to 10,000):
Therefore, the variabie Input to the phase detector would”
be correct (1 kHz) only if the VCO output were 3,500
MHz,

3124 UNLOCK INDICATOR

When the phase-locked loop is untocked, the LED on top of
the module will light and the front-panel ACCURACY
tamps will fiash.

A window detector monitors the voitage level which is
being fed from the phase detector to the VCO. If the
voltage axceeds the normal operating range, power is
applied to the module light and the flasher circuit on the
Modulation Board.

3.13 M324 - MHz STEPS

The M32A provides, for the M34, a refarence frequency
which corresponds to the setting on the “"MHz" switches
{ses Figure 3-18). The M32A output range is 1448 1o 1487
MHz, which repeats itself with every 40 MHz change of the
frequency switchaes. Any specific M32A output relates to
the “MHz" switch setting {Sm) by the equation [Qutput =
{1448 + R} MHz), where R is the Remainder of dividing Sm
by 40, If the front-panel is set, for example, for 333.000,
R would be 13 {333.000 < 40 = 8 with a Remainder of 13).
The output of the M32A would then be 1448 +13 = 1481
Mz,

3131 veo

The output of the M32A s produced by s voltage
controfled oscillator.  This VCO s coarsely tuned by the
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repeating ansalog output of the M172. Fine tuming is the
result of inciuding the VCO in a phase-docked loop. In
addition to the VCO, the phase-locked loop inciudes a
phase detector and programmable divider.

3.13.2 PROGRAMMABLE DIVIDER

A sample of the VCO output is mixed with the 1440 MHz
signal from the Crystal Reference producing a difference
fraquency of from B to 47 MHz, which Is then shaped into
TTL pulsas and applied to the programmable divider.

The divider counts the falling adges of the 8-47 Mrz input
pulses, resetting each time a count of 47 is'reached. The
reset pulse is applied to one input of the phase detactor,
By controliing the starting tount of the programmable
divider, the effective divisor can be controiled.

The starfing €ourt ot the programmable divider s selectad =

by a read only memory, which is programmed to provide
the correct “"R” information for each "Sm’ setting, This
R is then applied to the programmable divider as the
starting count . Thus, as the starting count varigs from 0 to
39, the effective divisor varies from 47 to 8.

When the VCO is running at the carrect frequency, the
programmable divider reset puise rate will be T MHz.

3.13.3 PHASE DETECTOR

One input to the phase detector Ts the reset pulse from the
prograrnmable divider, The other input is a 1 MHz fixed
referance signat from the Crystal Reference. The phase
detector cutput is a voltage determined by the difference in
phase at the phase detector inputs, and is used to correct
any error in the VCO frequency or phase:

If the VCO output frequency is too high, for example, the
phase detector output hecomes more negative, thus
increasing the VCO varactor diode tuning capacitance and
fowering the VCO freguency. |f the VCO frequency is too
fow, the reverse occurs. Thus, the loop will tend to
maintain  zero  phase  or  freguency  error. A
voltage-controlied attenuator between the phase detector
circuit and the VCO keeps the cpen-loop gain of the
phase-locked foop relatively constant over the programmed
frequency range, allowing the loop noise to be minimized,

3.13.4 UNLOCKED INDICATOR
When the phase-locked loop is unfocked, the LED on top of

the module will fight and the front-panel ACCURACY will
flash.

3-18
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A window detector monitors the voitage fevel being fed
from the phase detector 1o the VCO. If the voltage excesds
the normal operating range, power s applied to the module
light and the flasher circuit on the Modulation Board.

3.14 M149 - 100 Hz STEPS

The M14% 100 Hz Steps moduie enables 100 Hz resoiution
on Models 3005 and 3606.. The module T essentially a
programmable +N cdunter which produces a reference
signal for .PLL 5 from a reference input from the M30-4
Crystal Heferencs,

The 40 MHz comb signal from the M30-4 is arnplified and
fed into the programmable counter which divides the signal
by [(20000—H) where H is the 180 Hz iLever/indicator
switch setting,  For example, if the front-panel switch
setting were 214.6127, the counter would divide by 18893

SEREO00T DN 0T M By T8993 ields aTcolinter

output of 2.0007 kHz. The counter output is then used as
the reference for PLL B, and thus ultimately the PLLL 3
reference and Narrow Oscillator are offset (shifted} by
700 Hz,

NOTE
BDue to the manner in which the 100 Hz steps offset to the
Narrow Oscillator is obtained, the exact offsets for each

100 Hz Lever/indicator switch setting are as follows:

100 Hz SWITCH SETTING OFFSET (Hz) ERROR (Hz)

3 Q00,0000 0.0000

1 100.0050 0.0050
2 200.0200 0.0200
3 300.0450 0.0450
4 400.0800 0.0800
5 500.1250 - 0.1250
8 600.1801 0.1801
7 700.2451 0.2451
8 800.3201 0.3201
9

900.4052 0.40562
Mote that the maximum error is kess than 6.5 Hz.

On Maodel 30086, at frequencies below 40.5 kHz, the fixed
error introduced by the 160 Hz digit may cause the sutput _
frequency accuracy to not meet its .001% specification;
howaever, the actual output frequency may he determined
within 001% by adding the error from the above st to the
selected cutput frequency.

When the FREQUENCY VERNIER is not in its CAL
position, PLL b is disabled, and the M148 has effectively




3.15.2 MIXE

no funection {100 Hz resolution is not obtainable with the
FREQUENCY VERNIER notin CALJL

3.15 M33-1- NARROW OSCILLATOR LOCK

The M33-1 contains the ¢ircuits to phase fock the Narrow
Oscillator in the MOW (PLL- 3) and the M28-1 FM
Reference {PLL 5}. As explained in Section 3.2.2, PLL B
provides the reference frequency for PLL 3.

3.16.1 PHASE DETECTOR FORPLL3

This circuit compares the reference frequency - to the
variable frequency which represents the MOW Narrow
Oscillator output. f the frequency is too high, for
exampie, the phase detfector puts oul a morg positive
voltage which is filtered and inverted by an integrator, and
applied to the Narrow Cscillator to lower the frequency.

The phase detector cannot operate at UHF frequencies, so

the Narrow Oscitlator signal is mixed with 1200 MHz CW..

This provides an offset frequency which is the variable
input to the phase detector. The deviation of this variable
signal from 2 MHz is precisely the sama as the deviation of
the VCO from 1198 MHz.

3.156.3 PHASE DETECTOR FOR PLL 5

This circuit compares the 2 kHz reference from the M30-1
Crystal Reference {or the M1489 100 Hz Steps module} to
the variable frequency. which is the M28-1 output divided
by 1000. The variable frequency is divided by 1000 so that
even when MZ3-1 is frequency modulated, the variable
fregquency will remain in the capture range of the phase
detector. Any freguency modulation {above 50 Hz) is
filtered out by the intregrator filter, and the error voltage is
fed to the MZ29-1.

3.15.4 UNLOCK INDICATOR

Window detectors are fed by the integrator outputs. !f the
integrators put out a voitage outside their narmal operating
range, the window detectors apply voitage to the module’s
untock indicator and to the flasher circuit on the
Maodulation Beard.

3.16 M34 - WIDE OSCILLATOR LOCK

This module provides the fine tuning program for the Wide
Oscillator in the MOW. Figure 3-21 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 3-22 and 3-23. The M34 phase locks the Wide
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Osciflator to 1188 MHz plus the frequency indicated on all
six front-pane! switches {discounting the 100 Hz switch on
Models 3005 and 3006 which affects the Narrow
Oscillator),  The freguency offset circuit converts the
frequency of the VCO to a lower frequency which retains
the frequency error information for use by the phase
detector. In addition to the frequency off-set circuit and
the phase detector, several auxillary circuits are inciuded,

&

3.16.1 PHASE DETECTOR

The phase detector gompares the “offset” Wide Cscillator
frequency to the reference frequency from the M31A.
(Refer to the description of the M31A for a more detailed
description of this 10.000 - 8.001 MHz reference.}

The phase detector output voltage goes positive or negative
to ultimately drive the Wide Oscillator higher or lower in

. frequency_until _both inputs to the phase detector are.the . . ...

same freguency., Thé integrator serves as a fow pass filter
for the phase detector.

3.16.2 FREQUENCY OFFSEY CIRCUIT

The Wide Qscillator error information must be converted to
a frequency useable by the phase detector. This conversion
is made by mixer T, a 270 MHz low pass filter, mixer 2. and
a 10 MHz low pass fitter. Refer to Figures 3-21, 3-22and
3-23 for descriptions of signais.

Mixer 1 hetzrodynes the Wide Oscillatar frequency with the
“MHz steps’’ reference frequency (1448 + R MHz). The
difference frequency, | 1448 + R -~ WO |, is beiow 270
MHz. This signal is sent to mixer 2 where it is heterodyned
with the 40 MMz comb, For any output frequency, graph
D in Figure 3-22 shows the comb freguency which will
yield the desired cutput (below 20 MHz} of mixer 2. If
PLL 4 is locked, mixer 2 will produce a 10 MHz difference
as shown in Figure 3-22 (assuming the “kHz' switches are
set for 000}, Figure 3-23 shows signals A thru F for a case
when the kHz switches are not 000.

The filter after mixer 2 blocks all the cutputs of the mixer
except the lawer frequency signal containing the Wide
Oscillator error information. When the unit is unlocked,
the filter passes up to 20 MHz {10 be able to capture over
the 20 MHz range allowed for analog tuning). Once PLL 4
is locked, the filter decreases to 10 MHz to further
eliminate phase-focked-toop-related spurious signais.

3.16.3 AUXILLARY CIRCUITS
The “speed-up circuit’’ is activated when the phase-focked

loop becomes unjocked, The output of this circuit is sent
to the MOW to cause the Wide Oscillator to be tuned faster
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M34 Wide Oscillator Lock
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by the analog voltage.

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

The leveler gircuit maintains a constant input amplitude to
the phase detector by controlling the amplitude of the
input from the MOW Wide Oscillator.  The input to the
phase detector ({about 10 MHz) is peak detected and
compared to & DC reference in the leveler circuit, The
leveler eirucit controls a PIN diode attenuator which is
between the Wide Qscillator input and mixer 1.

3.17 M115 — DOWN-CONVERTER

The M115 Down-Converter extends the low end of the
frequency range of Models 3004 and 3006 to 1 kHz. The

ATEHIE ke e RE sutpt From the MTOWIETWRaR the

front-panel “MHz" selector switches are set to "000.") and
converts it to the proper 1 to 999 kMz cutput frequency.

The BCD signals from the frontganel “MHz” selector
switches are fed into a 13-input NAND gate. {Two of the
inputs are held high.} This gate determines whether the
switches are set for “000.7, and, if so, triggers a hex
inverter to send out a legic “true” to the M10OW-8 and
activate the 10 MHz line to the M22 and M32A.- This
programs the MOW for 10 MHz plus the “"kHz" switch

setting, and this signal is fed into the MTOW-8. A1 this
point, however, the signal Is routed to the M115 (see
Section 3.8) where it is mixed with the 10 MHz reference
signal from the Crystat Referaence.  The difference
fraquency from this mixing is simpiy the “kHz" switch
sefting, and is output back to the M10W.8 and on to the
Step Attenuator.,

The M115 also contains a 20 dB attenuation pad for the
input from the M10W-8, and an RF ampifiier for the 10
MHz reference signal. The effect of these stages is to allow
the mixer du?put 1o he directly proportional to the output
from the M10W-8. The mixer output is then fed into a
3stage amplifier with complementary push-pull ocutput to
restorg the output to the proper {7 to +13 dBm) level
Potentiometer R3 and trimcap C20 fine adjust the gain and
frequency response of the module.

If the front-panel "MHz"" switches ara not set to “‘0G0.", _
the W T15 has ro function except that the 1O MHz program

tine from the switches 1o the M22 and M32A passes
through the M115,

NOTE

If the M115 is removed for servicing, the instrument may
still be used; however, the freguency range is reduced from
.001-520 MHz to 1-520 MHz. In this case, pins 1 and 9 of
the M115 module socket must be jumpered together.

e
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M115 Down-Converter
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4.1 INTRODUCTION

The purpose of the performance tests in the following
sections s to verify that the Signal Generator meets its
published  specifications  (Section  1.2), Individual
performance tests consist of: the specification to be
verified, the method of testing, a list of equipment
required, and a detalled test procedure inciuding, in some
cases, & simplified setup drawing. |f optional features are
instatled in the instrument, refer to Section 8 far possible
changes to the performance test procedure.

Critical specifiactions for sach item of test equipment are
iisted in Table 4-1, Recommended Test Equipment. Excent
as detailed, settings of test equipment apply to performance
test procedures. All other test equipment operating details
are omitted.

www.valuetronics.com

The Signal Generator should have jtg top and hettom covers
installed for the performance tests, All of the tests can be
performed without access to the internal controls, Before
applying power to the Signal Generator, see Section 2 for .
details of electrical installation. The line veltage should be
maintained at 115 or 230 volts £10%, 50 to 400 Hz
throughout the tesis. The performance test procedures are
begun after a two-hour minimum warmup of the Signal
Generator in a +20 to +30° C ambient temperature range.

A copy of the Performance Test Record (PTR) is provided
at the end of this section for convenience in recording the
performance of the Signal Generator during performance
tests. It can Dbe filled out and used as a permanent record
for incoming inspection, or it can be used as 2 guide for
routing performance testing, The PTR lists the section,
test, and specification limits, All tests refer to this record. |




INSTRUMENT

{1} Digital Multimeter
{(2) Distortion Analyzer
{3) Freguency Counter

{4} Function Generator

TABLE 4-1. RECOMMENDED TEST EQUIPMENT

-FOR PERFORMANCE TESTS

CRITICAL REQUIREMENT

10 VDC: £{0.07%R+0.02%FS}

Range: B Hz to >28 kHz

Range: to 525 MHz

Level: 10 Vpp sine wave into 600 ohm load

Range: 0.2 Hz to 225 kMz
Distortion: <{1%

RECOMMENDED
Dana 4200
HP334A
HP5308/5303B

Wavetek 130

{5} Power Meter

{8) Moduiation Meter

{7} Qscilloscope

{8) Spectrum Analyzer

{G} Precision Attenuator Pads

(10} Wideband Amplifier

(11} Signal Generator

{12} VSWR Bridge

{12} Coaxial Short

{14} Coaxial Termination 50 ohm

{15} BO ohm Load

(16) L.oop Probe
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Range: 10 to >520 MHz
Input Level: ~7 to +13 dBm
Accuracy: 1% FS

Range: 5 to >»B20 MHz

Residuat FM: <100 Hz {(RMS) {guiet room)
Residuat AM: £0.1% (RMS) {in CW)

AM Accuracy: H{2%B+1%FS)

Range: DC to 2 MHz
Sensitivity: 2 V/em {AC coupled)

Range: 1 kHz to 1200 MHz
Display: 2 dB logand 10 dB {og

10, 20, 30, and 40 dB

Range: 1 to 620 MHz
Gain: 26 dB
Impedance: 50 chm

Range: 1 to 520 MHz

5 to 525 MHz, 50 ohm
50 dB directivity

Type N female

Type N mafe, 1.058 SWR

HPA3BA/8481A

AFMZ Radiometer

Tektronix D1G/
EATBN/SBT0N

HP8568B/182T
Wainsche! 50-10
50-20, 50-30

and 50-40

HP8447D

Wavetek 3001

Wiltron 80N50

HPT1511A
HPSOBA
HP11583A

See Figure 4-5
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4.2 FREOQUENCY RANGE AND RESOLUTION TEST

SPECIFICATION MEN FREC MAX FREQ _ RESOLUTION
Model 3006 1 kHz 520 MHz 100 Hz
Mode! 3005 1 MHz 520 MHz 100 Hz
Modei 3004 1kHz 520 MMz 1 kHz
Model 3003 1 MH?. 520 MHz 1 kHz
METHOD '
A frequency counter is-used to measure frequency range and resolution. Each digit
of the Lever/Indicator switches (a total of 56 or 66, depending on the instrument
being tested) will be tested: :
EQUIPMENT {3
PROCEDURE 1. Set the instrument controls as follows:
i.ever/Indicator switches 050.0000
- EREGMERBNIER s v G
INT MGOD FREQ N/A
INT MOD LEVE_L NA
INT MOD RANGE OFF
EXT MOD LEVEL N/A
EXT MOD RANGE OFF
METER switch OuUTPUT
OUTPUT Step Attenuator - +10 dBm-
QUTPUT VERNIER full CW
NOTE: The. Lever/Indicator switch settings will be given for Models 3005 and
3006. if a Model 3003 or 3004 is being tested, ignore {the last (100 Hz) digit.
2. Conngct the front-panet RF QUT connector to the 50 ohm input of the fre-
gquency counter. Set the counter resolution to 10 Hz (Models 3805, 3008} or
100 Hz {(Models 3003, 3004).
3. Step through each Lever/Indicator switch digit and verify that the actual counter
frequency increase per step is equal to the allowable increase per step =7 count (see
following table],
LEVER/INDICATOR COUNTER INCREASE/STEP
SWITCH SETTINGS RESGLUTION {+ 1 COUNT)}
0540.0000-050.0008 10 Hz 100.0 Hz
050.0000-050.0090 100 Mz 1.00 kHz
050.0000.:050.0900 100 Hz 10.00C kHz
050.0000-050.2060 1 kHz 100.0 kHz
0650.0000-089.0000 1 kHz 1.000 MHz
100.0000-180.0000 1 kHz 16.000 MHz
020.0000-520.0000 1 kHz 100,000 MHz
4. Verify the instrument frequency range by setting the Lever/indicator switches
to the minimum and maximum speeified frequencies and noting the frequency
counter readings,
5. If both the resolution (step 3) and range {step 4) are correct, place 2 check mark
-~ in the appropriate space on line 1 of the PTR.
dd
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4.3 FREQUENCY ACCURACY TEST.

SPECIFICATION

METHOD

-~ Al modes (CW, AM and FM) +0.001% after 15 minutes. £0.001% +10 kHz when

FREQUENCY VERNIER is not in CAL position. {FREGUENCY VERNIER range
is =5 kHz.}

A frequency _counfer is used to measure frequency accuracyg. With the FREQ
VERNIER in CAL position, all carrier frequencies are derived from a single crystal-
controlled oscillator, The instrument will be tested at one GW frequency to verify
that the crystal-controlied oscitlator operates within specified Himits.

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

EQUIPMENT

PROCEDURE

www.valuetronics.com

“'mode.

{3)

1. Set the instrument controls as follows:

Laver/Indicator switches 040.0000
FREQ VERNIER CAL
INT MOD FREO N/A

INT MOD LEVEL i N/A

INT MOD RANGE QFF
EXT MOD LEVEL A
EXT MOD RANGE OFF
METER switch QUTPUT
QUTPUT Step Attenuator +10dBm
OUTPUT VERNIER full cw

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

3. The counter should read between 39,999 80 and 40,000.40 kHz, Record the
counter reading to seven places on line 2 of the PTR,

4. Set the FREQ VERNIER control to 0 kiz.  The frequency counter should read
hetween 39,089.60 and 40,010.40 kHz. Record the counter reading to 7 places on
line 3 of the PTR, :

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

6. Subtract the frequency counter reading in Step 4 from the reading in Step 5.
The frecuency difference should be between 2660 and 3500 Hz, Record the differ-
ence online 4 of the PTR.

7. Set the FREQ VERNIER to -3 kHz and subtract the frequency countar reading

from the reading at 0 kHz in Step 4. The difference should be a5 in Step 8. Record
the difference in Mz on line 5 of the PTR.
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4.4 FREQUENCY STABILITY TEST

SPECIFICATION

METHOD

EQUIPMENT

PROCEDURE

All modes (CW, AM, and FM} <0.2 ppm/hour
{500 Hz per 10 min when FREQ VERNIER is not in CAL position.}

The frequency stability is measured with a frequency counter at the indicated time
invervals after a 2 hour minimum warmup.

1. Set the instrument controls as follows:

Lever/indicator switches ' 520.0000

FREQ VERNIER CAL
INT MOD FREQ N/A
INT MOD LEVEL N/A
INT MOD RANGE o OFF
EXT MOD LEVEL N/A

e EXTMOB: RANG B rsroessomm o i e N
METER switch ' QUTPUT
QUTPUT Step Attenuator +16 dBm
QUTPUT VERNIER full W

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

3. Allow the instrument to warm up for two hours minimum. Record the fre-
quency counter readings to nine places at 15-minute intervals for a one-hour
period. The difference between the maximum and minimum readings in the one-
hour period should not exceed 104 Hz. Record the difference between the max-
imum and minimum readings in Hz on line § of the PTR.

4, Set the front-panel FREQ VERNIER TO 0 kHz. After & one-minute interval,
record the frequency counter readings to nine places at five-minute intervals for a
ten-minute period. The difference between the maximum and mintmum readings in
the ten-minute period shouid not exceed 500 Mz, Record the difference hetween
the maximum and minimum frequency readings in Mz on line 7 of the PTR,

4.5 OUTPUT LEVEL ACCURACY TESTS

SPECIFICATION

METHOD

4-6
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Power Level: +13 to -137 dBm (1 V 10 0.03 uV)

Attenuator Rangs: Cohtinuous!y adjustable in 10 dB steps and an 11 dB VER-
NIER. Qutput level is indicated on a front-panel METER calibrated in dBm and
volts RMS,

Toral Level Accuracy: *1.25 dB {+13 to —7 dBm), £1.95 dB (-7 to —77 dBm},
£2.75dB {—77 to =137 dBm}

Accuracy Breakdown: Flatness; £0.75 dB (+13 to —7 dBm), Qutput Meter; £0.5
dB, Step Attenuator; £0.5 dB to 70 di {20,2 dB calibration error), 1.0 dB to 130
dB {£0.5 dB calibration error},

The £1.25 dB level accuracy between +13 and —7 dBm consists of the sum of the
output METER error (+0.5 dB} and the flatness (+0.75 dB). Both errors mea-
sured with a power meter,




The output'METER error is rﬁeasured at 50 MMz in two 10 dB output ranges {+13
to +3 dBm and +3 to :7 dBm}.

The flatness is measured relative to B0 MMz in 10 MHz steps between 10 and 520
MHz at +12, +3 and -7 dBm output levels.

The tevel accuracy below -7 dBm depends upon the OUTPUT Step Attenuator error
in addition 1o the output METER error and the fEatnes_s.

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

www.valuetronics.com

QUTPUT STEP

ATTENUATOR POSTTION ACTIVE STEP ATTENUATOR PADS {X)
@_@ e b S TR s s | so an
+ 10

8]

- 10 *
- 20 ) X
- 30 X
- 40 ' *® X
- 5 . bid be
- KO- bid pie
- 70 X : ® X
~- 80 X 5 X
~ 90 X % ¥
~100 % ps x
-110 X W X pd
-120 X 5% pid X
-130 ’ S X b pie X

Note that no Step Attenuator pads are active in the +10 dBim and 0 dBm positions.
A leveled PIN diode attenuator reduces the output level by 10 dB in all positions of
the QUTPUT Step Attenuator below +10 dBm. The output level over the entire
range of +13 dBm to -137 dBm including an 11 dB VERNIER is controlied by the
PIN feveler system.

The OUTPUT Step Attenuator error is measured by an RF substitution methaod.
Fach of the five pads in the QUTPUT Step Attenuator is measured at 520 MHz.
The second 30 dB pad and the 4C dB pad are measured in combination with other
pads. A reference output level is set with a power meter. A reference trace is
ohiained with a spectrum analyzer and a standard attenuator pad. The standard
pad is removed and the GUTPUT Step Attenuator position to be measured is sub-
stiduted,  The spectrum analyzer trace i returned to the reference level by rs-
setting 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
required 10 boost signal levels below the -60 dBm level.
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4.5.1 QUTPUT METER ACCURACY TEST

EGUIPMENT

PROCEDURE

4.5.2 FLATNESS TEST
EQUIPMENT

PROCEDURE

4-8
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(5)

1. &et the instrument controls as follows:

- Lever/indicator switches 050.0000
FREQ VERNIER CAL
INTMOD FREQ N/A
INT MOD LEVEL N/A
INT MOD RANGE OFF
EXT MOD LEVEL N/A
EXT MOD RANGE OFF
METER switch QUTPUT
QUTPUT Step Attenuator +10 dBm
OUTPUT VERNIER full ew

w20 Calibrate the power meter and powsr seRsST. Set th power meter 1o the +15

dBm range. Connect the power sensor o the front-panel RF QUT connector.
{When reading the power meter, set the range switch so that the meter indicates
between 0 and -5 dBm.}

NOTE: The indicated cutput level of the instrument is equal te the sum of the
output METER reading and the Step Attenuator setting. The difference between

the actual power meter reading and the indicated output level is the output METER

srror. For exampie, the indicated output level is +13 dBm for an cutpyr METER

reading of + 3 dBm and an QUTPUT Step Attenuator setting of +10 dBm. I the

power metar reading is +13,15 dBm, the output METER error is +0.15 dB,

3. Adjust the front-panel QUTPUT VERNIER for a +3 dBm output METER
reading. Observe the power meter reading and make s note of the output METER
error to the nearest 0.05 dB (% division), Continue to adjust the QUTPUT VER-
NIER for output METER reading increments of 1 dB between +3 and -7 dBm, and
note the output METER error at each reading, As the test progresses, make a note
of the maximum output METER error to the nearest 0,05 dB. The allowable error
s £0.5 dB. Record the maximum output METER error on line 8 of the PTR.

4, Set the instrument QUTPUT Step Attenuator to O dBm and repeat step 3
above. Record the maximum output METER error on line § of the PTH.

(8)
1. Set the instrument controls as in Section 451,

2. Set the power meter to the +15 dBm range. Connect the power sensor to the
front-pane! BF QU connector.

3. Adjust the front-panel CUTPUT VERNIER for 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 is £0.75 dB. Record the
maximum changs to the nearest 0,05 dB {% division} on line 10 of the PTR,



. Set the Lever/Indicator switches to 050.0000 MHz and adjust the QUTPUT
VERNIER for a +3 dBm powsr meter reading.

6. Repeat Step 4 above except observe the maximum change in the power meter
readings from the +3 dBm reading in Step & Record the maximum change from
the +3 dBm reading to the nearest 0.05 dB online 11 of the PTR.

7. Set the Lever/indicator switches to 050.000 Mkz and the OUTPUT Step Atten-
uator to O dBm. Adjust the GUTPUT VERNIER for a -7 dBm power meter reading,

9. Repeat Step 4 above except observe the maximum change in the power meter
readings from the -7 dBm reading in Step 7. Record the maximum change from the
-7 d8m reading to the nearest .05 dB on line 12 of the PTR.

4.5,3 STEP ATTENUATOR ACCURACY TEST

EQUIPMENT

.. .PROCEDURE

www.valuetronics.com

(5) {81 {8) (10)

1. Set the instrument controls as follows: . e

tLever/Indicator switches 520.0000
FREQVERNIER CAL

INT MOD FREQ N/A

INT MOD LEVEL N/A

INT MOD RANGE : OFF
EXT MOD LEVEL N/A

EXT MOD RANGE OFF
METER switch ' QuUTPUT
OUTPUT Step Attenuator 0 dBm
QUTPUT VERNIER full ow

2. Set the power meter to the +5 dBm range. Connect the power sensor 1o the BF
OUT connector.

3. Adjust the QUTPUT VERNIER control for a +2 dBm power meter reading.

4, Disconnect the power sensor from the front-panel RF QUT eonnector. Connect
a standard 10 dB attenuator pad to the BF OUT connector. Connect the output of
the attenuator pad to the spectrum analyzer as shown in Figure 4-1.

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

6. Lise the jog reference controls to obtain a peak trace one division below the iog
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.

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

9, Adiust the OUTPUT VERNIER control to realign the peak of the frace one
division below the log saference fine as in step 6.

4-9




4.6 HARMONICS TEST

SPECIFICATION

METHOD

EQUIPMENT

PROCEDURE

4-10
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- 10, Disconnect the cable from the front-panel RF QUT connector. Connect the

power sensor and set the QUTPUT Step Attenuator to 0 dBm.

11. Observe the difference between the actual power meter reading and the +2
dBm reference setting in step 3. The difference or error should be £0.7 dB max-
imum, Record the etror on line 13 of the PTR.

12. Repeat Steps 3 through 11 using the standard attenuator pads and the én_strw
ment QUTPUT Step Attenuator settings indicated in the following table,

Steps 4 and 8 “Step 7 Step 11

Attenuator pad QUTPUT Step Attenuator Record Error on

{dB} setting (dBm) Line of PTR

10 —-10 13

20 20 14

30 -3¢ 15

60 —60 16
L T v 8

NOTE: To test the OUTPUT Step Attenuator below -20 dBm, an RF amplifier
{>20 dB gain) is required. Insert the 26 dB wideband amplifier hetween the
standard attenuator pad and the spectrum analyzer {Figure 4-1). The allowable
etror for the —90 dBm setting {Step 11} is 1,5 dB. The QUTRUT Step Attenuator
can be tested down to the 130 dBm position if a 40 dB RF amplifier is used and if
precautions are taken to property shield the RF output from the instrument proper,

<30 dBc from 1 kMz to 1 MHz (Models 3004, 3006}

- <26 ¢Bc from 1 to 10 MHz

< -30 dBe from 10 to 520 MHz

A spectrum analyzer 1s used to measure harmenics in the frequency rangs of the
instrument at +13 and +3 dBm cutput levels,

{8}

1. Set the instrument controls as follows:

Lever/indicator switches 001.0000
FREQ VERNIER CAL

INT MOD FREQ N/A

INT MGD LEVEL N/A

INT MOD RANGE OFF

EXT MOD LEVEL N/A

EXT MOD RANGE OFF
METER switch CUTPUT
QUTPUT Step Attenuator +10 dBm
GUTPUT VERNIER full ew

2. Connect the spectrum analyzer to the instrument RF QUT connactor.

3. Set the spectrum analyzer to measure harmonic distortion for fundameantal
frequencies below 10 MHz. Set the display to 10 dB/div, Locate the zero reference
at the left edge of the graticule and adjust the fundamental amplitude to the log
reference line {0 dB} in the display,



4,7 NON-HARMONICS TEST

SPECIFICATION

METHOD

EQUIPMENT

PROCEDURE
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4. increase the Lever/indicator switch setting in 1 MHz steps up to 10 MHaz.
Record the maximum harmonic level observed (should be <-26 dBc) on line 18 of

the PTH.

5. Sef the QUTPUT Step Attenuator to 0 dBm and repeat steps 3 and 4. Record
the maximum harmonic level observed on line 19 of the PTR.

§. On Models 3004 and 3008, repeat steps 3,4 and 5 for Lever/Indicator switch
settings. between 0000010 and 000.9990, incremented in 10 kHz steps. Note the

harmonic levels, but do not record them in the PTR as yet:

7. Set the front-panel frequency selector to 10 MHz and the QUTPUT Step Atten-
uator to +10 dBm.

8. Set the spectrum analyzer to measure the harmenic distortion of the instrument
for fundamental frequencies between 10 and 520 M#z, :

g. Increase the setting of the front-panel Lever/Indicator switches in 10 MHz steps

-between--10-and-520:MHz while-ebserving=the-spectrum=-analyzer-digplay:-The=

harmonics should be >30 dB below the fundamental. Note the maximum har-
monic level observed in the display, and record the greater harmonic level observed
in Step 6 and Stap 9 for an QUTPUT Step Attenuator setting of +10 dBm on line
20 of the PTR.

10. Set the instrument QUTPUT Step Attenuator to  dBm and repeat Steps 8 and
g at the +3 dBm output level, Note the maximum harmonic tevel observed, and
record the greater harmonic evel observed in Step 6 and Step 10 for an QUTPUT
Step Attenuator setting of 0 dBm on line 21 of the PTR.

Fundamental Range Non-harmonic Range MNon-harmenic  lavel
(MHz) (MHz) (dBe)
below 3 below 3 : < -B0
310 250 3 to 250 < -8B
3 to 350 3 10 350 < -55
3to 520 310 1000 < -35

A spectrum analyzer is used to measure the jevel of nonharmonics in the frequency
range of the instrument at the maximum specified output level of +13 dBm,

{8)
1. Set the instrument controis as follows:

Lever/Indicator switches 001.0000

FREQ VERNIER CAL

INT MOD FREQ N/A

INT MOD LEVEL - N/A

INT MOD RANGE OFF Py
EXT MOD RANGE N/A

EXT MOD RANGE OFF

METER switch OUTPUT

QOUTPUT Step Attenuator +10dBm

QUTPUT VERNIER full cw
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2. Connect the front-panel_ RFE OUT connector to the RE input of the spectrum
analyzer,

3. Set the spectrum analyzer to measure the non-harmonic content of the instru- |
ment output between O and 3 MHz. Set the bandwidth to 30 kHz, the frequency :
span per division 10 1 MHz, and the display to 10 dB/div. Locate the zero refer- :
ence at the left edge of the graticule, and adjust the fundamental to the'log refer- |
ence line {0 dB} in the display. :
4. On Madels 3004 and 3008, set the Lever/Indicator switches to 000.0010 and
increase the Lever/Indicator switch setting in 10 kMHz steps up to 1 MHz while :
observing the spectrum analyzer. On all models, increass the satting of the Lever/
Indicator switches in 0.1 MMz steps between. 1 and 3 MHz, The non-harmonic
below 3 MHz should be 80 dB beiow the fundamental. Record the maximum non-
harmonic observed in the display bzlow 3 MMz in dB below ths fundemental on
line 22 of the PTR,

5. Set the spectrum analyzer to-measure the non-harmonie ¢ontant oF B8 1Ry
ment output between 3 and 250 MHz, Set the bandwidth to 300 kMz and the
frequency span per division to 100 MHz,

§. Increase the settings of the Lever/Indicator switches in 1 MMz steps between 3

and 10 MHz, and in 10 MHz steps between 10 and 620 MHz while observing the

spectrum analyzer display. - Using the tabie below, record the maximum non-
~ harmonic level observed in 2ach range on the applicable line of the PTR.

FUNDAMENTAL RANGE NON-HARMONIC RANGE NON-HARMONIC LEVEL  PTR LINE
{MiHz) {MiHz) {dBc) NUMBER
3-250 3250 ' < 65 23
3.350 3-350 < .55 24
3-520 31000 <35 25

4.8 RESIDUAL AM TEST
SPECIFICATION 7 _ < -6b dBcin a 80 Hz to 15 kHz post-detection bandwidth.

METHOD A modulation meter operating in AM moade is used to demodulate the instrument
output at the minimum leveler point where AM noise is maximum. A distortion
analyzer {operating in level mode) is used to increase the resciution of the demod-
ulated output of the modulation meter. The system is calibrated at a3 10% AM
level. The 10% AM is removed and the residual AM is read in dB below the cali-
brated 10% AM level. 20 dB is added to the reading to relate the residual AM to

the carrier,
EQUIPMENT ' {2) (6}

1 PROCEDURE 1. Set the instrument controds as follows:
Lever/Indicator switches 500.6000
FREQ VERNIER ' CAL
INT MOD FREQ 1T kiHz
INT MUOD LEVEL 10% METER reading
INT MOD RANGE 30% AM
EXT MOD LEVEL N/A
EXTMOD RANGE OFF
METER switch INT MOD
OQUTPUT Step Attenuator 0dBm
DUTPUT VERNIER —7 dB

o 412
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2. Connect the equibment as shown in Figure 4-2.

3., Set the modulation meter to read %AM at 500 MHz. Set the RF input atten-
uatian to 10 dB8, the IF bandwidth to 2400 kHz, the meter response to fast, the
function switch to +AM, the range switch to 10 and the fiiter bandwidth to 50
Hz—15 kHz.

4, Adjust the front-panel INT MCD LEVEL control for a modulation meter
reading of 10% AM. NOTE: 10% AM is obtained at a full-scale reading of 100
with the modulation meter range switch setto 10.

5. With the distortion analyzer operating in level mode, calibrate it for a 0 dB
meter reading. The systerm is now calibrated at a reference level of -20 dBe. Since
the modulating signat and carrier amplitudes are equal at 100% AM, it follows that
at 10% AM the modulating signal is -20 dBe. -

5. Set the front-pane! INT MOD RANGE centrol to OFF.

4.9 RESIDUAL FM TEST

SPECIFICATION

METHOD

ECQUIPMENT

PROCEDURE
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7. Without disturbing the instrument or modulation meter controls, set the dis-

tortion ahalyzer to read residual AM. Set the range switch so that the meter
reads between O and —10 dB. First, read the residual AM below the 0 dB ref-
erence level in Step 5. Then add 20 dB to the above reading to obtain the residual
AM below the carrier, (For example, 2 38 dB residual AM below the 0 dB reference
+20 dB = 58 dB residual AM below the carrier.) The residual AM should be <-65
dBc. Record the residual AM in dBc on line 26 of the PTR. ' '

As many other carrier frequencies may be tested as desired.

<100 Hz in a 300 Hz to 3 kHz post-detection bandwidth.
<200 Hz in a B0 Hz to 15 kHz post-detection bandwidth.

A modulation meter which is set to read frequency deviation is used to measure
residual FM, The test is performed at maximum frequency and output level,

The instrumant is operated in an FM mode where the residual FM is greater.

The residual FM is measured in an enviroment where the noise level <50 dB
relative to 2x107% ubar, :

{6}

1. Set the instrument controls as follows:

Lever/Indicator switches ' 520.0000

FREQ VERNIER CAL

INT MOD FREQ N/A

INT MOD LEVEL N/A

INT MOD RANGE OFF

EXTMOD LEVEL N/A .

EXT MOD RANGE 100 kHz deviation
METER switch QuUTPUT
QUTPUT Step Attenuator +10 dBm
QUTPUT VERNIER full cw

2. Connect the front-panel RF OUT connector to the 50 ohm RF input of the
modulation reter,

413



3. Set the modulation meter to read FM deviation at 520 MHz. Set the range
switch to 3, the RF input attenuation to 20 dB, the IF bandwidth to +400 kHz,
the meter response to fast, and the filter bandwidth to 50 Hz-15 kHz.

4. Measure the average level of the FM deviation on the modulation meter and -
disregard occasional peaks. The residual FM should be <200 Hz. Read the residual
FM on the modulation meter with the function switch set to +FM and the —~FM posi-
tions. Record the greater of-the two readings in Hz on line 27 of the PTR,

7

As many other frequencies may be tested as desired.

4.10 INTERNAL MODULATION FREQUENCY ACCURACY TEST

SPECIFICATION:

400 Hz and 1 kHz £29% (plus two user-preset frequencies)

A frequency counter is used 1o measure modulation frequency at the instrument

4.11 PERCENT AM ACCURACY TEST

SPECIFICATION

METHGCD

EQUIPMENT

PROCEDURE
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METHOD
~ rear-panel MQD TP, Since the internal 400 Hz and 1 kHz oscillators are used for
both. the AM and FM modes, this test will suffice for both modes, NOTE: Internal
frequencies A and B are set by the user; therefore, no performance test is given for
EQUIPMENT {3)
PROCEDURE 1. Set the instrument controls as follows:

Lever/Indicator switches MN/A
FREQ VERNIER N/A

INT MOD FREQ ) 400 Hz
INT MOD LEVEL mid-range
INT MOD RANGE 30% AM
EXT MOD LEVEL } N/A

EXT MOD RANGE . OFF
METER switch N/A
QUTPUT Step Attenuator N/A
CUTPUT VERNIER N/A

2. Connect the low frequency input of the frequency counter to the MOD TP {(pin
36 of rear-pansl jack J10T7) and the cable shield to ground {pin 25 of J?O‘l} {See
Figure 2-3 and Schematic 1.)

3. The counter should read between 382 and 408 Hz. Record the counter reading
on line 28 of the PTR,

4. Set the front-panst INT MOD FREQ control to 1 kHz.

5. The counter should read batween 880 and 1020 Hz. Record the counter reading
en line 29 of the PTR.

#(2% of full-scale reading +5% of METER reading) at a frequency of 1 kHz. NOTE:
This specification applies for output imits <+3 dBm. AM is possibie above +3 dBm
if the peak of the modulated output does not exceed +13 dBm.

The %AM accuracy is measured in both AM ranges with a modulation meter.

{8)

1. Set the instrument controls as follows:



Lever/Indicator switches 520.0000

FREQ VERNIER : CAL

INT MOD FREQ 1 kHz

INT MOD LEVEL 30% METER reading
INT MOD RANGE 100% AM

EXT MOD LEVEL N/&

EXTMOD RANGE o OFF

METER switch INT MOD

QUTPUT Step Attenuator . 0 dBm

QUTPUT VERNIER —3 dB

Connect the moduiation meter input 1o the instrument RF QUT connector. Set the
moduiation meter to read %AM at 520 MMz, Set the range switch to 100%, the RF
input attenuation to 10 dB, the IF bandwidth to $400 kHz, the meter response to
tast, the function switch 1o +AM and the filter toc 200 kHz.

3. With the METER reading exactly 30% AM, make a note of the modulation meter
Feading in %AM. “Set the modulation meter function switch to —AM, and note the
moduiation meter %AM reading as hefore. Compute the average of the two readings.
The average %AM should be between 26.5 and 33.5%. Record the average %AM to
the nearest 0.5% on line 31 of the PTR.

4. Repeat the above procedure for the settings given in the table below. As many
other points may be tasted as desired.

INT MOD RANGE MOD METER FILTER INST METER MOD METER READING PTR
AND READING {MIN) (MAX)
MOD METER RANGE

100% AM ' 200 kHz 0% 83.5% 96.5% 32
30% AM 75 khz 10% - 8% 12% 33
30% AM 75 kHz 20% 17.5% 22.5% 34

412 AM BANDWIDTH TEST

SPECIFICATION External, DC 1o 20 kHz (£3 dB bandwidth), input level required ~1 VRMS into
600 ohms to provide full-scale adjustment with EXT MQD LEVEL control.

METHOD The measurement is made with a moduiation meter operating in AM mode and a
function generator. The function generator supplies an external sine wave to ampli-
tude modulate the instrument. The system Is calibrated at —6 dB on the modu-
ulation meter dB scale (approximately 80% AM). The external modulation fre-
guency is increased from 1 kHz to 20 kHz and the AM bandwidth is measured
as the change in dB leve! from the calibration fevel.

EQUIPMENT {4) {6)

PROCEDURE 1. Set the instrument controls as follows:
Lever/Indicator switches 050.0000
FREQ VERNIER CAL
INT MOD FREQ N/A
INT MOD LEVEL N/A
INT MOD RANGE OFF
EXT MOD LEVEL full cow

4-1h
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EXTMOD RANGE 166% AM

METER SWITCH EXT MOD
QUTPUT Step Attenuator 0 dBm

CUTPUT VERNIER _ +3 dB

2. Connect tha equipment as shown in Figure 4-3.

3. Set the modulation meter to read %AM at 50 MMz, Set the RE ngut attenuation
to 20 dB, the IF bandwidth to £400 kHz, the meter response to fast, the function

switch 1o +AM, the range switch to 100% and the filter bandwidth to 200 kHz.

4. Set the function generator for g 1 kHz sine wave output and the attenustor
conirels for a 1 VRMS sine wave on the oscilloscope., i

5. Adjust the front-panel EXT MOD LEVEL control for a moduiation meter reading
—6 ¢B {approximately 50% AMYJ, )

413 AM DISTORTION TEST

SPECIFICATION

METHOD

EQUIPMENT

PROCEDURE

4-16
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6. Maintain the 1 VRMS output level and increase the function generator frequency

from 1 to 20 kHz. Observe the modulation meter scale. 1t should read between —3
and —8 dB. Note the change in dB from the —6 dB calibration level.

7. Repeat Steps 4 through 6 with the modulation metar function switch set to —AN.
Note the change in dB from the —6 setting as in Step 8,

8. Record the larger of the two dB changss obtained in Steps 6 and 7 of line 35 of
the PTR.

3% distortion to 70% AM (5% 1o 80% AM) at a frequency of 1 kHz. NOTE: This
specification applies for cutput limits < +3 dBm. AM is possible above +3 dBm if
the peak of the madutated output does not exceed +713 dBm,

The measurement is made with a modulation meter and a distortion analyzer whish
measures the distortion of the demodulated AM from the modulation meter, The
megsuremeant is made et the minimum leveler point where the AM distortion is
normally worst-case.

(2} {8

. Set the instrument controls as foliows:

Lever/Indicator switches ' 520.0000
FREQVERNIER CAlL

iNT MOD FREOQ 1 kHz
INT MOD LEVEL full cew
INT MOD RANGE 100% AM
EXT MOD LEVEL N/A

EXT MOD RANGE OFF
METER switch INT MCD
QUTPUT Step Attenuator 0 dim
QUTPUT VERNIER : —7 dB

2. Connect the equipment zs shown in Flgure 4.2,

3. Setthe modulation meter to read %AM at 520 MHz. Set the RF input attenuation
to 10 dB, the IF bandwidth to £400 kHz, the meter response to fast, the function:
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4 4d FINDEVIATION ACCURACY TEST

SPECIFICATION
METHOD

EGUIPMENT
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switch to FAM, the range switch to 100% and the filter bandwidth to 50 Hz to
15 kHz. '

4. Adjust the front-panel INT MGD LEVEL contro! for a modulation meter reading

of 70%. Set the modulation meter function switch to —AM, and observe the mod-
ulation meter reading, Readjust the INT MOD LEVEL control untii the average of
sha modulation meter readings in the +AM and —AM positions of the function switch
is equal to 70% AM.

. E4
5. Caiibrate the distortion analyzer and measure the distartion. The distortion
should be less than 3%. Record the distortion on line 36 of the PTR,.

8. Adjust the front-panet INT MOD LEVEL control as in Step 4 until the average
of the modulation meter veadings in the +AM and —AM positions of the function
switch is equal to 90% AM. '

- 7. Calibrate the distortion analyzer and measure the distortion. The distortion

should be less than 5%.. Record the distortion on line 37 of the PTR.

+39% of full-scale reading at 1 kHz modulation frequency.

The FM deviation is meas{xred i all FM ranges with a modulation meter.
(&)

1. Set the instrument controls a.s fotlows:

Lever/Indicator switches 050.0000

FRED VERNIER ' 0 kHz
INT MOD FREQ 1 kHz
INT MOD LEVEL full cow
INT MOD RANGE 3 kHz EM
EXT MOD LEVEL ' N/A

EXT MOD RANGE OFF
METER switch INT MOD
CUTPLUT Step Attenuator +10 dBm

OUTPUT VERNIER full cw

2 Connect the input of the modulation meter o the instrument AF QUT con-
nector.

3. Set the modulation meter to read FM deviation at 50 MHz. Set the range switch
to 3, the RF input attenuation to 20 dB, the |F bandwidth to +400 kiHz, the meter
response to fast, and the filter to 3 KHz,

4. Adjust the INT MGD LEVEL coatrol for a METER reading of exactly 1 kHz
deviation. The modulation meter should read an actual deviation of between 910

and 1000 Hz. Record the modulation meter reading on line 38 of the PTR.

5. Repeat Steps 3 and 4 for all settings in the table below. As many other points
may be tested as desired.
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INT MOD RANGE
AND
MOD METER RANGE

3 kHz

10 kHz

10 kHz

30 kHz

30 kHz

100 kHz

100 kiMz

415 FM BANDWIDTH TEST

SPECIFICATION

EQUIPMENT

PROCEDURE

MOD METER FILTER INST METER MOD METER READING (Hz) PTR

3 khHz
15 kHz
15 kHz
15 kHz
15 kHz
75 kiHz
75 kHz

www.valuetronics.com

READING {MIN) {(MAX) LINE
2 kHz 1810 2090 39
3 kHz 2700 3300 40
g kHz 3706 8300 41
10 kHz 9100 10,200 42
20 kHz 19,100 20,900 43
30 kHz 27,000 33000 44
90 kHz 87,000 93,000 45

External, 50 Hz to 25 Hz {1 dB bandwidth), input level required 2 1 VRMS into 600
ohms to provide full-scale adjustmant with EXT MOD LEVEL contrel. {DC to 25
kHz when the FREQ VERNIER is not in CAL position.}

T R B ASUTeMERT IS TAd WITR B Fodulsto meter sRd a FunCHGA ganarator - T

function generator supplies an external sine wave to frequency modulate the output
signal.  The system is calibrated with a 1 kMz external sine wave at an indicated
deviation 1 dB below the 0 dB reference on the modulation meter dB scale {approx-
imately 90 kHz deviation). The axternat moduiation frequency is varied from 1 kHz
to B0 Mz, and from 1 kHz to 25 kHz, and the FM bandwidth is measured as the

change in dB level from the calibrated level. '

{4} {6) (7)

1. Set the instrument controls as follows:

Lever/indicator switches 520.0000
FREQ VERNIER CAL

INT MOD FREQ N/A

INT MOD LEVEL . N/A

INT MOD RANGE OFF
EXTMOD LEVEL Tull cow
EXT MOD RANGE 100 kHz FM
METER switch EXT MOD
QUTPUT Step Attenuator +10 dBm
QUTPUT VERNIER -7 dBm

2. Connect the equipment as shown in Figure 4-3.

3. Set the modulation meter to read FM deviation at 520 MH.. Set the RF input
attenuation to 20 dB, the IF bandwidth to #400 kHz, the meter response to fast,
the function switch to +FM, the meter range switch to 100 kHz, and the filter
bandwidth to 200 kHz,

4. Set the function generator for a 1 kHz sine wave outpur and the attenuator
controls for a 1 VRMS sine wave on the oscilioscope,

5, Adjust the front-panel EXT MOD LEVEL contral far s modulation meter reading
of —1 dB {approximately 80 kHz deviation).

6. Maintain the 1 VBMS external input level during this step. Stowly decrease the
function generator frequency from 1 kHz to 50 Hz, and then slowly increase the
frequency to 25 kHz while ohserving the dB scale on the modulation meter, It



4.15 FM DISTORTION TEST

SPECIFICATION

METHOD

PROCEDURE

4.17 IMPEDANCE TEST
SPECIFICATION

METHQD

www.valuetronics.com

should read between O and -2 dB. Note the maximum change from the -1 dB
referance (Sten B to the nearest 0,256 dB.

7. Repeat Steps 4 through 6 with the modulation meter function switch set to —FM.
Mote 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 8} on line 45 of the PTR.

29% {10 kHz to 100 kHz deviation) at a frequency of 1 kHz
4% (3 to 10 kiz deviation) at a frequency of 1 kHz

The measurement is made with a modulation meter and a distortion analyzer, which
messures the distortion of the demodulated FM from the modulation meter. Dis-
tartion below 3 kHz deviation increases because of residual FM noise, The distortion
at 3 kiHz deviation is measured in an environment where the noiss level is <(60 dB
relative to 2x 10 uhar,

1. Set the instrument controls as follows:

Lever/indicator switches 520.0000

FREQ VERNIER ' CAL

INT MOD FREQ 1 kHz

INT MOD LEVEL : 3 kHz METER reading
INT MOD RANGE 10 kHz FM

EXT MOD.LEVEL N/A

EXT MOD RANGE OFF

METER switch INT MOD

OQUTPUT Step Attenuator C+10dBm

OUTPUT VERNIER full cw

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

3. Set the modulation meter to read FM deviation at 520 MHz, Set the RF input
attenuation 10 20 dB, the {F bandwidth to £400 kHz, the meter respoense 1o fast, the
function switch to +FN, the meter range switch to 10 kHz and the filter bandwidth
o BO Hz—15 kMz, The moduiation meter should read approximately 3 kHz.

4. Calibrate the distortion analyzer and measure distortion. The distortion should
be less than 4%.

5. Repeat Steps 3 and 4 for FM deviations up to 10 kHz, The distortion at all points
should be less than-4%. Record the worst-case distortion on line 47 of the PTR.

6. Repeat steps 3, 4, and b for FM deviations of between 10 and 100 kHz, The
distartion at ail points should be less than 2%, Record the worst-case distortion on
line 48 of the PTR. '

50 ohms, VSWR 1.2 at BF output levels below 0.1 VRMS,

The measurement is made with a VSWR bridge and the return loss is displayed on a
spectrum analyzer. An RF signal from a generatar is fed to the input of the bridge.
A reference level is established by shorting the bridge outpur port. The short is
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EQUIPMENT

PROCEDURE

4.18 RFi TEST

SPECIFICATION

METHOD

EQUIPMENT

PROCEDURE
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replaced by the RF impedance of the instrument. The signal generator is tuned from
1 to 520 MHz and the returr {oss varsus frequency is displayad,

8 (11 (12 (13)
1. Set the instrument controls as follows:

Lever/Indicator switches 520.0000

k4
FREQ VERNIER CAL
INT MCD FREQ N/A
INTMOD LEVEL N/A
INT MOD RANGE OFF
EXT MOD LEVEL N/A
EXT MOD RANGE OFF
METER switch QUTPUT
OQUTPUT Step Attenuator ‘ ~10 dBm

CUTPUT VERNIER +3 dB

2. Connect the equipment as shown in Figure 4-4, Connect the signal gensrator to

the input port, the spectrum analyzer to the reflected output port, and the coaxial
short to the device-under-test port of the VSWR hridge,

3. Set the signal generator output level to —10 dBm, the mode to CW and the freg-
uency to 250 MH:z.

4. Set the spectrum analyzer to span O to 500 MHz and the bandwidth to 300
kHz. Use the log reference level controls 1o calibrate the 250 MHz signal at the top
fing {0 dB reference) of the display graticule,

5. Disconnect the coaxial short and connect the device-under-test port of the VSWR
bridge to the front-panet RF OUT connector.  Use the signal generator frequency
selector to tupe from 1 to 520 MHz and verify that the signal level in the display is
21 dB below the O dB reference. Disregard the signal at 520 MHz. Record the
reading in dB below the reference on line 49 of the PTR.

<1.0 uV is induced in a two-turn, cne-inch diameter loop which is held one inch
away from any surface {loop feeds a 50 ohm receiver),

A B0 ohm recelver consisting of a 26 dB amplifier and a spectrum analyzer are
calibrated at & 1 uV level using the instrument. A loop probe is then connected to
the receiver and the leakage Is measured at a one-inch distance from the external
surfaces of the instrument with the RF OUT connector terminated in 50 ohms., A
screen roormn may be required for this measurement.

85 (10) (14) (15} (16)

1. Set the instrument controls as follows:

Lever/indicator switches 500.0000
FREQ VERNIER CAL
INT MOD FREQ N/A
INT MOD LEVEL N/A
INT MOD RANGE OFF
EXT MOD LEVEL N/
EXT MOD RANGE OFF
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Figure 4-&, Test Set-up

1. Rexolite Rod:

11 in.
2. Hole: 1.00 in dia.
deap.

3. Groove:

4, Coaxial Cable:
diameter by 18"
shield for 7 in,

sulaticn from

LY 4n, Wind

1.25 in. dia. by
by C.80 in.

0.120 in wide by 0,125
in deep 1.00 in from end of rod.

(RG~-174/U) 0,110"
long.
cand
shield to % in length.

centar

2 turns of
center conductor in
vrod. Solder shield to center con-

Strip
cut off
Strip in-
conductor
insulatead

groove of

duector, and insulate the sclder
ioint.

5, Wind mylar tape around the two-
+rurn loop, and around the rod
{three places).

6. BNC mals counector.

Figure 4-5, Loop Probe
421



METER switeh © QUTPUT
OUTPUT Step Attenuator ' —110 dBm
OQUTPUT VERNIER +3dB

2. Connect the equipment as shown in Figure 4-6.

3. Set the spectrum analyzer bandwidth to EOG kHz, the scan width. to 0.5 Mitz/
div, the video filter to 100 Hz, the input attenuation to 0 dB, and the log reference
level to —50 dBm with a 10 dB/div vertical scale. Center the signal in the display
dsing the center frequency control, Calibrate the analyzar for the M%D"i dBm signal

at the ~-31 dBm graticute using the log reference controls. '

4. Disconnect the RF amplifier from the instrument and connect the 50 ohm
coaxial termination to the instrument RF QUT connector. T:ghten the termination
to minimize RF leakage,

5. Set the instrument QUTPUT Step Attenuator to —10 dBm.

6. Connect the loop probe to the mpui of the RF amplifier. Maove the Ioop probe

ROVEF e TUTTaces o the instriiment With the two-tuin loop at & one-inch distance,

The signal plus noise shouid be less than the —107 dBm reference. Record the max-
imum reading in dBm.on line 50 of the PTR.

3003-30086 26 ¢B RF AMPLIFIER SPECTRUM ANALYZER-

RF dut

4~22

|
1
:
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Output .

L . RF Input

LOOP PRO o8E

Figure 4-6, Test Set-up



PERFORMANCE TEST RECORD

DATE

S/N

MODELS 3003 THROUGH 3008

MAXTHUM SPECIFICATION

TEST MINIMUM SPECTIFICATION MEASUREMENT LINE
FREQ RANGE/RES et e ( ) (10 G R—— e M
FREQ ACCURACY 39,999,60 kiz Why 140, 00040 ki 2
19,4959.50 iz Ltz F40,010,40 ki
2500 Hz i 3300 Hz 4
By 5
FRED STABILITY e e s Uz 1104 1 6
Bz 500 Hz I
METER ACCURACY -0.% 48 aE. oS dB 8
48 9.
PLATNESS 0,75 ¢B an | +0.75 dB i
i3 il
¢B 12
STEP ATT ACCURACY 0.7 dB dn [ +0,7 4B 13
' 43 4
4R 15
48 i
-3 5 B gt | ki3 odb 17
HARMON S35 die ET e 18
J B 19
~30 dBe Al | e s e 20
4B i
NON-HARMONICS =60 ¢ 13 Al [ e e 2
~65 d Be d e 73
-85 dBo a3e 4
=135 diic d e 15
SDUAL AM -65 dlic I et 28
RESTOUAL FM  } e Hy L2001 21
INT MOD FREG ALC 397 Hx iy 14008 Ha 28
940 iz 110240 iz 19
\ N,
% AM ACCURACY 26, 5% v 133,52 3l
83.5% O T S 32
8% O M 33
175k ¥ _Ean.5% 34
AM OBAMDWIDTH ) —memmeeee—ee 43 il 335
AM ODISPORTION | e e 16
P A 7
P DEV ACCURACY 910 H# e | 109D e 38
1910 i 1z, 2090 Hz 19
2700 Yz dy 13900 iz 40
8700 11z we 19300 He 4l
9100 liz e b g son il ¥
19,100 iz He | 20,0900 iz 4%
27,000 Bz I 133,000 le ih
87,000 iz e | 91,000 He 45
M EANDWIDTL N — Al 3.8 46
FH DISTORTION ] e o o
e b A 4
THPABANCE ~21 B Al | 44
KIE L - 107 dim 50
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