ManualsPlus.com

INSTRUCTION MANUAL

MODEL 148A
20 MHz
AMIFM/PM GENERATOR

(with Option 001}

© - 1982 - Wavetek

THIS DOCUMENT CONTAINS INFORMATION PRO-
PRIETARY TO WAVETEK AND IS SOLELY FOR IN-
STRUMENT OPERATION AND MAINTENANCE. THE
INFORMATION IN THIS DOCUMENT MAY NOT BE
DUPLICATED IN ANY MANNER WITHOUT THE
PRIOR APPROVAL IN WRITING OF WAVETEK.

SAN DIEGO

8045 Balboa Ave., San Diego, CA 92123
PO. Box 651, San Diego, Calif. 92112
Tel 714/278-2200 TWX 910-335-2007

Manuat Revision 8/82



ManualsPlus.com
WARRANTY

Al Wavetek instruments are warranted against defects in material and workmanship for
a'period of one year after date of manufaciure. Wavetek agrees to repair or replace any
assembly or component {except batteries) found to be defective, under normal use,
during this period. Wavetek's obligaticn under this warranty is limited solely to repairing
any such instrument which in Wavetek’s sole opinicn proves to be defective within the
scope of the warranty when returned o the factory or to an authorized service center.
Transportation to the factory or service center is to be prepaid by purchaser. Shipment
shouid not be made without prior authorization by Wavetek,

This warranty does not apply to any products repaired or altered by persons not author-
ized by Wavetek, or not in accordance with instructions furnished by Wavetek. If the in-
strument is defective as a result of misuse, improper repair, or abnormal conditions or
operations, repairs wilt be billed at cost.

Wavetek assumes no responsibility for its product being used in a hazardous or
dangerous manner &ither alone or in conjunction with other egquipment. High voltage
used in some instrumenis may be dangerous if misused. Special disclaimers apply to
these instruments. Wavetek assumes no liability for secondary charges or consequential
damages and, in any event, Wavetek’s liability for breach of warranty under any contract
or otherwise, shall not exceed the purchase price of the specific instrument shipped and
against which a claim is made.

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



ManualsPlus.com

CONTENTS

SECTION 1 GENERAL DESCRIPTION Page
1.1 THEMODEL148A . . . e 1-1
1.2 SPECIFICATIONS . . . 1-1
1.21 MainGenerator . ... ... 1-1
1.2.11 Waveforms . ... 1-1
1212 OperationalModes .. ... ... ... ... 1-1
1213 ModulationModes .. .. ... ... .. 1-1
1.21.4  FrequencyBange .. ... ... .. ... 1-2
1215  FunctionOQutput (50 . . ... .. ... ... ... 1-2
1.2.1.6  Adjustable Waveform Start/StopPoint ... .. .. ... ... .. 1-2
1.21.7 DCOutputandDCOffset - ... ..., ... ... ... ... ... .. 1-2
1.2.1.8 External Modulation lnput. ... ... ... ... ... .. 1-2
1.21.8  Symmetry .. ... 1-2
12110 SyncOutput (TTL) .. ... 1.2
12111 TriggerandGate . ... 1-2
1.2.1.12 Freguency Precision. . ... ... .. ... oo i-3
1.21.13 Ampiitude Precision .. ... .o 1-3
1.2.1.14  Waveform Characteristics ... ... .. ... ... oL 1-3
1.21.15 ExternalSynclaput. . . ... ... 1-3
1.2.3 Modutation Generator . . ... ... ... ... 1-3
1.2.2.1 Waveforms . . ... 1-3
1.2.22 FrequencyRange .. ... .. ... 1-3
1.22.3  Quiput{B00Q) ... . .. . . 1-3
1.2.2.4  Freguency Modutation(FMINY ... ....... .. ... . ... .. 1-3
1.2.25  Waveform Characteristics .. . ... ... ... ... .. ... ... 1-3
1.2.4  General .. ... 1-3
1.2.3.1 Stabllity {for amplitude, dc offsetand frequency) .. ... ... . .. 1-3
1.2.32 Environmental. .. ... ... ... L. PP 1-3
1.2.8.3  DImensions . . .. .. 1-3
1.2.3.4  Weight. . ... 1-3
1.2.35  POWET ... 1-3
1.3 ITEMSFURNISHED . 1-4
1.4 ITEMSREQUIRED . . . . ... 1-4
1.5 TOOLSANDTESTEQUIPMENT . ... .. ... ... .. . ... . ... .. 1-3

SECTION 2 INITIAL PREPARATION
21 MECHANICAL INSTALLATION ... .. ... .. ... . . .. ... 2-1
2.2 ELECTRICALINSTALLATION .. . .. . . . . .. 2-1
221 PowerConnection. . ... ... .. .. . . .. 2-1
222 SignalConnections . ... ... ... . 2-1
2.3 ELECTRICAL ACCEPTANCECHECKOUT ... ... ... . ...... .. 2-1
2.4 PREPFORRESHIPMENT ... ... ... .. . . . ... . . . ... . .. ... 2-7
2-5 PREPFORSTORAGE .. ... . . 2-7

SECTION 3 OPERATION
3.1 CONTROLSAND CONNECTORS ... .. .. . .. .. .. .. ... ... 3-1
311 MainGenerator . .. 31
3.1.2  ModutalionGenerator . ... ... 3-3
3.1.3 RearPaneiConnector . . ... ... ... ... ... ... ... .. . 3-3

it



ManualsPlus.com

CONTENTS (Continued)

3.2 OPERATION ... . . 33
3.2.1 Continuous Operation . . .. ... ... .. . 3-3
3.22 TrggeredOperatlon . ..., . . . . . - 33
3.23 QGatedOperation ... ... ... ... 3-4
3.2.4 ManualTriggeringand Gating. .. ... ... ... 3-4
3.25 AMOperation ... ... 3-4
3.2.8 FMOperation ... ... . 3-4
327 SweepOperation. ... .. .. e 3-5
3.28 PMOperation ... ... . 35

SECTION 4 CIRCUIT DESCRIPTION

4.1 FUNCTIONAL BLOCK DIAGRAM ANALYSIS ... ... ... .. .. 41
4.2 CIRCUITANALYSIS ... . . . 4-3
425 VCGAmplifier ... .. . 4-3
4,22 SymmetryControl .. ... 4-3
4.2.3 RangeSwitching . ... ... . . . ... 4-3
4.2.4 Capacitance Multiplier .. ... ... ... . o 4-5
4.2.5 Triangie Amplifier ... ... 4-5
426 HysteresisSwitch ... ... ... .. 4-5
427 Diode Gate and Timing Capacitor . . .. ....._... ... ... ... 4-5
4,28 TrangleBuffer . ... ... . 4-6
4.2.9 SignalShaper .. ... ... . ... 4-6
4210 Transconductance Multipliler . ... ... ... . ... ... ... . ... 4-6
4211 Preamplifier. . .. . ... 4-8
4.212 CQutputAmplifier ... .. 4-6
4,213 Sync Amplitier/Square Amplifier .. ... . ... ... .. ... L 4-8
4214 TriggerSignal Limiter ... ... ... . ... 4-8
4215 Trigger LogiciTrigger Amplifier ... ... . e 4-8
4.2.16 BaselineCompensation ... ... ... ... ... . ... ... ... ... 4.9
4.2.17 Modulation Generator and Ramp Generator. . ... ... ... ... 4-9

SECTION 5 CALIBRATION

51 FACTORYREPAIR. .. .. .. .. . i ' 5-1
52 REQUIREDTESTEQUIPMENT ... ... .. .. ... ... ... ..... 5-1
53 REMOVINGGENERATORCOVERS ... ... ... ... .. ... ... .. 5-1
54 CALIBRATION . ... . . 5-1

SECTICN 6 MAINTENANCE

8.1 ROUTINEMAINTENANCE . ... ... .. ... ... ... .. . . ... .. ... 6-1
B.1.1 Cleaning ... .. ... e 6-1
6.1.2 Inspection ... .. ... .. ... 6-1
6.2 REPAIR . . 61
6.2.1 RepairandReplacement. ... ... ... ... ... ... ... 6-1
6.2.2 FactoryBepair .. ... .. ... 8-1
623 Disassembly .. . ... 6-1
8.2.4 Reassembly ... .. 6-1
6.3 TROUBLESHOOTING . ... .. ... . . . ... .. .. 6-2
8.4 TROUBLESHOOTING INDIVIDUALCOMPONENTS . . .. ... ... ... 6-2
6.4.7  Transistor . 6-2



ManualsPlus.com

CONTENTS (Continued)

6.4.2 Dilode. .. .. 6-2
6.4.3 Operational Amplifier ... .. ... .. . .. 8-2
B.44 FETTransistor. . .. ... . e 6-2
B.45 Capacitor ... . ... . 6-2

SECTIONT7 PARYS AND SCHEMATICS

71 DRAWINGS .. ... . L o 741
72 ORDERINGPARTS ... o\ oo 7-1
7.3 ADDENDA oo 7-1



ManualsPlus.com



ManualsPlus.com
LIST OF ILLUSTRATIONS

Figure Page
21 Voltage Selector and FUse . . .. . 2-1
2-2 Inftial Setup . . 2-2
341 Controlsand Connectors . . .. 3-1
3-2 o Minimum Trigger Signal - . L 3-2
33 Waveform Start/Stop Examples . .. .. ... .. e 3-4
3-4 Frequency Modulation Nomograph . .. ... .. . 3-5
4-1 Functional Block Diagram . .. 40
4-2 Basic Generator Block and Timing Diagram .. .. ... .. ... 4-1
4-3 VCG Simplified Schematic . . . .. . 4-4
4-4 Simplified Output Amplifier . . ... ... 4-7
51 Suppressed Carrier. . . .. .. . . 5-4
5-2 Modutation Linearization ... . ... .. 5-5
53 CarrierBalance ...... ... .. .. L R P 55
5-4 Auxitiary Generator Calibration Point Location. .. ... . ... ... ... . ... ... ... . ... ... 5-5
5-5 Main Generator Calibration Point Location .. ... ... ... ... .. 5-86
Drawing

0004-00-0178 Instrument Schematic

0102-00-0803 Chassis Assembly

1101-00-0803 Chassis Parts List NOTE

(103-00-0872 Main Board.Schematic . o

0101-00-0872 Main Board Assembly Drawings are in this order af the back
1100-00-0872 Main Board Parts List of the manual.

0102-00-0039 Switch Assemblies

1202-00-0039 Switch Assemblies Parts Lists

0103-00-0811 Auxiliary Board Schematic

0101-00-0811 Auxiliary Board Assembly

1100-00-0811 Auxiliary Board Parts List

0162-00-0040 Switch Assemblies

1202-00-0040 Switch Assemblies Parts Lists



ManualsPlus.com

LIST OF TABLES

Table . Page
2-1 Initial Checkout . . . . 2.2
5-1 TABA AlIGNMENt . . . e 5-2
6-1 FauitIsolation . . . . .. . 6-1
&2 Power SUDRIIES . . . . . &8-3
&-3 Function Generalor LOOD . . .. . .. 6-4
6-4 Qutput Ampiifier .. ... .. ... ... ... P 6-4
6-5 Wavelorm Generator . . . .. .. 6-5
&-6 Triangte Amplifiers ... &6
6-7 Sguare Wave Generator . .. .. . 6-6
6-8 SynC CIrCUIS . . . . 6-7
6-9 VCG Summing Amplifier .. . 6-7
810 VOG CUrrent SOUTCES . . . . . .. 6-7
6-11 VCGAMPITIers . ... . 6-9
612 Capacitance Multipliers . . . .. .. 6-9
6-13 Triger G CUI Y e 6-10
6-14 Modulation Generator. . . .. .. 6-11

6-15 AM, FM,PMGCIrcuits .. ..o 6-12



ManualsPlus.com

SAFETY

Thig instrument is wired for earth grounding via the facility power wiring. Do not bypass
garth grounding with two wire extension cords, plug adapters, etc,

BEFORE PLUGGING IN the instrument, comply with instaliation instructions.

MAINTENANCE may reguire power on with the instrument covers removed. This should
be done only by gualified personnel aware of the electrical hazards.

The instrument power receptical is connected to the instrument safety earth terminal
with a greenfyeliow wire. Do not atter this connection, (Reference:@ or /N stamped in-
side the rear panel near the safety earth terminal.)

WARNING notes cail attention to possible injury or death hazards in subsequent
operations,

CAUTION notes call attention to possible equipment damage in subsequent operations.
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1.1 THE MODEL 148A

Wavetek Model 148A, 20 MHz AM/IFMIPM Generator -

is a precision source of sine, triangle, square, ramp
and pulse waveforms plus dc voliage. The waveforms
may be controlled in symmetry as well as amplitude
and dc offset. A built-in modutation generator can
moduiate frequency, phase and amplitude or modula-
fion may be by an external source.

The generator may be run in continuous mode or trig-
gered for a single pulse or gated for a burst of pulses.
Triggering and gating may be by the Model 148 built-in
moedulation generator or by an external source. The
triggered and gated waveform start/stop point is
selectable from - 90° through + 90°, Start/stop con-
trol plus dc offset control gives haverwave capability.

The main output of waveforms may be attenuated and
offset. A TTL sync puise is available at main generator
frequencies, and the modulation generator waveforms
are availabie at fixed ampiitudes.

Frequency of both the main generator and the
modulation generator can be manually controlied at
the front panel or eiectrically controled by external
voltages.

An external sync input {Option 001) lecated on the
rear panel allows the instrument to be synchronized to
an external signal source.

1.2 SPECIFICATIONS
1.2.1 Main Generator

1.2.1.4 Waveforms

Selectable sine "\ , triangle "\ , square 'L ,
positive square I | negative square r anddc. A
TTL sync puise is provided on a separate output con-
nector, All can be produced with variable symmetry,
amplitude and dc offset.

1.2.1.2  Operational Modes

Continuous: Generator osciliates continuousty at the
selected frequency.
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Exiernal Trigger: Generator is quiescent until trig-
gered by an external signal, then generates one ¢ycle
at the selected frequency,

External Gate: Same as external trigger, except gen-
erator oscillates at the selected frequency for the
duration of the positive state of the external signal
plus the time to complete the last cycle,

Internal Trigger: Same as external trigger, except that
the modulation generator is internally connected to
the trigger input of the main generator.

Internal Gate: Same as external gate, except that the
modulation generator is internaily connected to the
trigger input of the main generator.

1.2.1.3 Moduiation Modes

internal Modulation

Setting a front panel modulation switch in the INT
position routes the selected modulation function from
the modulation amplitude control 1o the selected mod-
ulating circuits of the main generator.

Ampiitude Modulation (AM): v |, A, , "L modu-
fation functions are used in this internal modulation
mode. With modulation amplitude ccw, carrier at
function output is not amplitude moduiated and ap-
proximately half of normal (AM OFF) ampiitude.
Clockwise rotation of modulation amptitude results in
increasing amplitude modulation of the carrier to at
ieast 100% AM.

Freguency Modulation (FM) and Sweep: 11 and
N modulation functions are used to linearly
sweep the main generator frequency. The frequency
dia! sets the lower sweep limit and the modutation
amplitude control determines the upper frequency
limit (not o exceed 2.0 X muitiplier), A sweep set
mode allows precision setting of upper frequency
limit. For frequency deviation, the dial determines the
center freqguency and modulator ™\, , Ny or T
varies the main generator frequency above and below
center by an amount determined by the modulation
amplifude.

11



Phase Modulation (PM). As in Exiernal Modulation.
Amplitude of modulater ~, , A, , T, functions
varies phase up to = 50°.

Extarnal Modulation

A BNC feeds an external signal to the moduiating cir-
cuits when selected by a front panel modulation tog-
gle switch in the EXT position.

Amplitude Modulation (AM).  Exiernal modutating
signals with zero dc component produce suppressed
carrier modulation; i.e., a carrier {at main generator
function output) amplitude of zero. The function out-
put modulated signal has an amplitude sensitivity of
3 volts peak (1.5 Vp into 508) per volt peak in. A car-
rier signal level at the function output can be pro-
duced at a sensitivity of 3Vp (1.5 Vpinto 50Q) per 1 Vp
de component in. Modulating the dc component mod-
ulates the carrier level, Percent modulation {(AM) will
- be the ratio of the peak ac to peak dc ofthe moduiating
signal. Input impedance is >2.5 kil

Frequency Modulation (FM) and Sweep: Sensitivity is
20% of frequency rangefvoit peak. Linear behavior
results only when all instantaneous frequencies call-
ed for fall within the frequency range (2 X multiplier
to 0.002 x multiplier). The instantaneous freqguency
cailed for Is the multiplier and dial setting aitered by
the instantianeous voltage at the modulation input. In-
put impedance is 5 kil

Phase Modulation (PM): Sensitivity Is 10° phase shift/
volt peak. Linear behavior results only when all instan-
taneous transition frequencies called for fall within
the frequency range (2 X multiplier to 0.002 X muiti-
piier).The instantaneous frequencies called for will
depend heavily on the modulation frequency and
waveform. Inoperative at freguency multiplier settings
below 100. Input frequencies roll off at 6 dB/octave
above one half of full range frequency and above
150 kHz. Input impedance is 10 k.

1.21.4 Frequency Rangs

0.0002 Hz to 20 MHz in 10 overlapping ranges with
approximately 1% vernier control.

1.21.5 Function Quiput (500)

s, N and "L selectable andvariable to 30V p-p
(158Vp-pinto50Q). mn and wr upto15Vp(7.5Vp
into 500). All waveforms and dc can supply 150 mA

1-2
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peék current and may be attenuated to 80 dB in 20 dB
steps. An additional 20 dB vernier also controis the
waveform amplitudes.

1.2.1.6 Adjustable Waveform Start/Stop Point
Approximately —30° to + 90°.t0 2 MHz (operative on
sine and triangle waveforms only),

1.2.1.7 DG Quiput and DC Ofiset

Selectable through function output (50£1). Controlled
by front panel controls to a minimum of
+14.4 Vde{ £ 7.2 Vdc into 500) with signal peak plus
offset limited to & 15 Vdc (% 7.5 Vdc into 509). DC off-
set and wave form attenuated proportionately by the
60 dB output attenuator.

1.2.1.8 External Modulation input

AM: Sensitivity of 3 Vp out/Vp {(1.5Y into 50Q). Input
impedance is >2.5 k.

FM: Sensitivity of 20% of frequency range/Np. Input
impedance is 5 k.

PM: Sensitivity of 10° phase shift/Vp. Input im-
pedance is 10 kQ.

1.2.1.8  Symmeiry

Symmetry of all waveform outputs is continuously ad-
justable from 1:18 10 19:1. Varying symmetry provides

variable duty-cycle pulses, sawtooth ramps and non-
symmetrical sine waves.

NOTE

When SYMMETRY control is used, in-
dicated frequency is divided by approx-
imately 10.

1.2.1.i0 Sync Output TTL)

TTL level pulse which will drive 10 TTL loads. Fre-
guency and time symmetry are the same as for func-
tion output.

1.2.1.11 Trigger and Gale

Input Range: 1V p-p fo =10V,
Input Impedance: 10 k2, 33 pF.
Puise Width: 25 ns minimum.
Repetition Rate: 10 MHz maximum,

Adjustable triggered signal start/stop point: approxi-
mately —90° to +90° to 2 MHz.



1.2.1.12 Frequency Precision

Dial Accuracy

+{1% of setling + 1% of full range) on X 100 thru
x 1M ranges.

+{2% of setting +2% of full range) on x.01 thru
¥ 10 and X 10M ranges.

Time Symmetry

+0.5% on X 100 thru X 100k ranges and from 0.2 {0
2.0 on dial. :

+ 5% on all other ranges and from 0.02 10 2.0 on dial.

1.2.1.18 Amplitude Precision

Amplitude Change With Frequency
Sine variation less than:

+=0.1 dB thru X 100k ranges;

+0.5 dB on X 1M range;

+3 dB on X 10M range.

Step Attenuator Accuracy
+ 0.3 diBB per 20 dB step at 2 kHz.

1.2.1.14 Wavelorm Characteristics

Sine Distortion
<0.5% on X100 Hz to X 10 kHz.
<1.0% on x.01 to %10 Hz and X 100 kHz ranges.
All harmonics 30 dB below fundamental on X1 MHz
range.
All harmonics 26 dB below fundamental on X 10 MHz
range. :

Square Wave RiselFall Times
At FUNCTION OUT <25 ns for 16V p-p into a 5040 toad.

Triangle Distortion
Odd harmonics within 15% of correct value to 2 MHz.

1.2.1.45 External Sync input {Option 001)

The external sync input reqguires a minimum signal
Jevel of 1 Vp-p and a maximum signal level of 20 Vp-p.
Its input impedance is approximately 2 k2 with 10 pF.
The frequency of the external sync signal must be
within 1% of the 14B8A’s frequency setting.

1.2.2 Modulation Generator
1.2.2.1 Waveforms

Selectable sine 7\, |, triangle \, , sguare ‘L , up
ramp 11 and down ramp N
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1.2.2.2  Freguency Range

Ny, AN, T 0.1 Hz to 100 kHz in three 100:1
ranges.
A1, N Sweep: 0.2 Hzto 200 kHz (2 X setting).

1.2.23  Qutput (6000}

"N, , v and "L arefixed level 10V p-p balanced
about ground. ~1-1and NI\ are fixed level 5 Vp
from 0 1o +5V.

1.2.2.4 Frequency Modulation (FM IN)

Voltage control of modulator frequency with sensitivity
of 20% of range per volt. Input impedance is 5 kil

$.2.2.85  Waveform Characteristics

Sine Distortion
<5%.

Time Symmetry
< 1% from 1 Hz to 10 kHz.
<5% from 0.1 Hz to 100 kMz.

1.2.2 General

1.2.3.1  Stability (for amplitude, dc offset and

frequency)

Short Term:  +0.05% for 10 minutes.
Long Term: =0.25% for 24 hours.
1.2.3.2 Envircnmenial

Temperature Range: 25°C +5°C ambient for spec
operation. 0°C to 50°C ambient for operation. —55°C
to 75°C for storage.

Altitude sea level to 10,000 for operation, Sea level to
40,000 ft for storage.

Relative Humidity: <95% at 25°C and sea level (non-
conhdensing).
1.2.3.3 Dimensions

28.6 cm {11 in.) wide; 13.3cm(5% in.) high; 27.3¢cm
(10%4 in.) deep.
1.2.3.4 Woeight

5 kg (11 Ib) net; 6.6 kg (14%2 Ib) shipping.



1.2.3.5 Power
80 1o 105V, 108 to 126V, 198 to 231V and 216 to 252V
selectable; 48 to 400 Hz; less than 40 watis.

NCGTE

Unless otherwise noted, all specifications
apply from 0.1 to 2.0 on frequency dial
when FUNCTION OUT is at maximum and
504 terminated, with SYMMETRY controf
at OFF. Symmetry and vernier affect fre-
gquency calibration. Maximum possible
asymmetry /s a function of frequency
setting.

1-4
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1.3 ITEMS FURNISHED

Model 148A instruction Manual is furnished with the
Model 148A.

1.4 ITEMS REQUIRED

Coaxial cables with BNC connectors are required, but
not furnished, for the distribution of signals.

1.5 TEST EQUIPMENT AND TOOLS

Recommended test equipment for electrical accep-
tance checkout is described in paragraph 2.3

Recommended test equipment for troubleshooting
and calibration is described in paragraph 5.2.

Only standard tools are required for maintenance and
calibration,



2,1 MECHANICAL INSTALLATION

After unpacking the instrument, visually inspect alf ex-
ternai parts for possible damage to connectors, sur-
face areas, etc. 11 damage is discovered, file a claim
with the carrier who transported the unit. The shipping
container and packing material should be saved in
case reshipment is required.

2.2 EBELECTRICAL INSTALLATION
221 Power Connection
NOTE

Unless otherwise specified at the time of
purchase, this instrument was shipped
from the factory with the power trans-
former connected for operation ona 120 Vac
line supply and with a Y2 amp fuse.

Conversion 1o other input voliages requires a change
in rear panel fuse holder voltage card position and
fuse (figure 2-1) according to the following procedure.

Figure 2-1. Voitage Selector and Fuse

+. Disconnect the power cord at the instrument,
open fuse holder cover door and rotate fuse-pull
to left to remove the fuse.

2. Remove the small printed circuit board and
select operating voltage by orienting the printed
circuit board to position the desired voltage to
the top left side. Push the board firmly into its
module siot.
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3. Rotate the fuse-pull back into the normal posi-
tion and insert the correct fuse into the fuse
hotder. Close the cover door.

4. Connect the ac line cord to the mating connec-
tor at the rear of the unit and the power source.

Card Position input Vac Fuse
100 90 to 105 Y2 amp
120 108 t0 126 Y2 amp
220 198 to 231 Y% amp
240 216 to 252 Y amp

2.2.2 Signal Connections

Use RG58U 508 coaxial cabies equipped with BNC
connectors to distribute signals when connecting this
instrument to associated equipment.

2.3 ELECTRICAL ACCEPTANCE CHECKOUT

This checkout procedure verifies the generator opera-
tion. If a malfunction is found, refer to the Warranty in
the front of this manual. A dual trace, 150 MHz band-
width oscilloscope with X 10 time base magnification,
a 500 load, a coaxial tee and three 50 cables are re-
quired to perform this checkout.

Set up as in figure 2-2 and preset the generator front
panel controls as foliows.

Centrol _ Pasition
FrequencyDial ... ... .. ... ... .. .. .. 2.0
FREQ MULT (bottom row of switches) ... .. .. .. 10K
VERNIER .. oW
SYMMETRY . ............ .. e OfFF
DCOFFSET .. . ... ... . i OFF
FUNCTION (bottom row of switches) . ... ... .. L
TRIGSTART/STOP ... .. ... .. . ... ... .. 0° CAL
ATTENUATION ... . ... ... ... .. .. 2010
AMPLITUDE ... . . cw
FREQ/PERIODMULT . ... ... ... 101K
FREQ/PERIOD VARIABLE . ... ... ... ... ... cw
FUNCTION (modulation generator) ... ....... av;



MOD AMPLITUDE .. ... .. . L cew
MODULATION Switches ... ... .. ... . ... OFF
ModeSwitch ... ... ... ... CONT
TRIGGERLEVEL ... ... .. . .. ... . .. 10 o'clock
POWER ... ... ..., ... ..., T ON

Perform the steps in table 2-1. Only approximate
values are required to verify operation,

OSCILLOSCOPE

MODEL 148A

£

FUNCTION

500
LOAD

Figure 2-2. Initial Setup

24 PREPARATION FOR RESHIPMENT

To return the instrument to Wavetek or an authorized
service center, suitable packing material should be
used.

If the original packing materials were saved, pack the
instrument in the same manner as it was received,
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When using packing materialg, other than the original
packing, use the following guideiines when packing
the instrument.

1. Wrap the instrument in plastic packing material.

2. Use a double-wail shipping container that is
made from 350-Ib test materiai.

3. Protect all sides with shock-absorbing material
to prevent instrument movement within the con-
tainer.

4.  Seal the shipping container.

5.  Mark FRAGILE on the shipping container.

When returning an instrument always attach a tag
that states the reason the instrument is being return-
ed (i.e., repair or calibration} and a detailed descrip
tion of the specific problem,

25 PREPARATION FOR STORAGE

The instrument should be stored in a clean, dry en-
vironment. The following limitations apply to both
storage and reshipment.

Temperature: - 55°C 1o 75°C,

Relative Humidity: Not to exceed 95% at 25°C and
sea level (non-condensing).

Altitude: Sea teve! to 40,000 ft.

Table 2-1. Initial Checkout

Step Control Position/Operation

Observation

1 | FUNCTION
o v .

2 |ATTENUATION

3 |AMPLITUDE
4 {DC OFFSET Rotate cw. Return to OFF.
5 1SYMMETRY Rotate cw. Return to OFF.
8 |FREQ MULT

7 | FREQ VERNIER Rotate cow. Return cw,

Rotate to all positions. Return

Rotate cow. Return to 2010.

VIRV T
7.5 Vp. DC is OV.

are 15V pp, ., 1w are

Waveform amplitude is successively 15,1.5,0.15
and 0.015V p-p.

Rotate cow. Return to 12 o'clock. | Cew decreases ampiitude.

Cew of 0 gives negative offset; cw of O gives
positive offset. Clipping occurs when offset +
waveform peak amplitude exceeds =+7.5V.
OVERLOAD LED lights when clipping occurs.

Frequency decreases to 2 kHz. Cow of control
midpoint gives 1:19; cw gives 19:1,

Rotate to all positions. Returnto 10K, | Freguency is 2 X each setting.

Frequency decreases slightly when turned cow
{~ 1% of range).

Setupthe generatorasin figure 2-3. Trigger on channel 2 and observe channe! 2 (MODULATION GENERATOR QUT).

8 | MODULATION Rotate to ali . positions.
GENERATOR to v
FUNCTION

2-2

Return

o, N, L are 1OV pp 1, NN give
2 kHz, 5 Vp ramp; SWP SET gives 5 Vdc.
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Tabie 2-1. Initial Checkout (Continued)

Step

Control

Position/Operation

Cbsearvation

10

FREQIPERIOD
MULTY

FREQ/IPERIOD
VARIABLE

Observe both channels.

iR

12

13
14
15
16

17

Mode

TRIGGER LEVEL

Mode

Mode

TRIGGER LEVEL

TRIG START/STOP

Mode

Rotate to all positions. Return to

1011K.

Rotate ccw, Return to 12 o'clock.

INT GATE.

Rotate throughout its range,

EXT GATE.

INT TRIG.

Rotate throughout is range.

Rotate throughout its range.

EXT TRIG.

Set up the generator as in figure 2-4.

18

19

20

21

22

23

24

25

Mode

AM

MOD AMPLITUDE

AM

FM/SWP

MOD AMPLITUDE

FM/SWP

FREQ MULT

CONT.

INT.

Rotate throughout its range.

EXT: return to OFF.

INT.

Rotate throughout its range.

EXT; return to OFF.

100,

Frequency is approximately the value to the
right of the detent mark.

Freguency decreases o approximately 10 Hz
when full cow.

The number of waveform cvcles in each gated
“burst’” varies with the trigger level.

Gated waveforms the same as with INT GATE.

The relative position of the waveform on each
channel shifts (indicates the change in trigger
level). :

The waveform start/stop point varies from - 90°
to +90°.

Triggered waveform.

Ch1 waveform amplitude varies with instanta-
necus amplitude of Ch2 waveform,

Amount of modulation increases through 100%
when cw. If waveform clipping occurs, OVER-
LOAD LED will light.

Ch1 waveform is suppressed carrier type. Ampli-
tude varies with instantaneous amplitude of Ch2
waveform.

Ch1 frequency varies with instantanecus ampli-
tude of Ch2 waveform.

Amount of modulation increases when cw.

Ch1 frequency varies with instantaneous ampli-
tude of Ch2 waveform,.
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Table 2-1. Initial Checkout {Continued)

Step Controi Position/Operaticn Observation
26 Dial 1.2; set scope for 2 or 3 cycles;
sync scope on line and fine tune
generator frequency for steble pat-
tern,
27 |PM INT.
28 | AMPLITUDE cw.
29 |MOD AMPLITUDE | Rotate throughout s range. Phase or position of Ch1 waveform varies with
instantaneous amptitude of Ch2 waveform.

The following procedure verifies that the 148A with option 001 will synchronize to a master signal source.
Set up as in figure 2-5, leave master signal source disconnected, and preset the generator front panel controls as

follows: :
Control Position
Freq Dial 0.1
FREQ MULT 10M
FUNCTION
Mode Selector CONT
SYMMETRY OrF
DC OFFSET OFF
MODULATION:
AM OFF
FM/SWP OFF
PM (0) OFF
ATTENUATION 0dB
AMPLITUDE As desired
30 | VERNIER Rotate as needed Set frequency for 1 .00t MHz

Set master signal source

to0 1.0100 MHz, 1 Vp-p sine wave,

31

Connect master signal source
to EXT SYNC IN

Counter reading 1.0100 MHz (or stable
Lissajous figure),

If master signal source is a synthesizer, a counter may be used to verlfy synchronization. Otherwise, use a 1.1

Lissajous figure.

Set master signal source

to 990.0 kHz.

32

Counter reading 0.9900 MHz (or stable Lissajous
figure).

24
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OSCILLOSCOPE

OS8CILLGSCOPE

MODEL 148A MODEL 148A
CH CH H CH
EXT  MODULATOR EXT MODULATOR cH <
TRIG 12 MOD ouT
ouT & ®
@ N ¢ % |FUNCTION T INg @ p | FUNCTION T
ouT ‘ ouT ‘
Figure 2-3. Second Setup Figure 2.4. Third Setup
MASTER :
SIGNAL
SOURCE SCOPE
@ —— e s o
l (OPTIONAL )
EXT. SYNG IN e SETUP
(REAR PANEL)
148A o—
WITH COUNTER
OPTION 001)
0.——..

50{t TERMINATION

Figure 2.5. Fourth Setup

2-5
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34

CONTROLS AND CONNECTORS

The following item numbers are keyed to figure 3-1,

311

Main Generator

Frequency Dial — The frequency control of the
main generator. The setting on this dial
muitiplied by the FREQ MULT 42 setting is the
basic output frequency of the generator at the
FUNCTION OUT 6 and SYNC OUT 7 BNCs,
The FREQ VERNIER 12 and, in some cases,
the modulation generator also affect the main

generator frequency.

Mode Switch — This outer switch selects the
operating mode of the main generator as follows:

a. EXT GATE Mode — The main generator is
quiescent until a proper gate signal is applied
atthe EXT TRIG INBNC 43 and then outputs
the selected signal for the duration of the gate
signal, plus the time to complete the last cycle
generated.

ManualsPlus.com

SECTION 3

OPERATION

b. EXT TRIG Mode — Same as for EXT GATE
mode, except the main generaior output is
one cycle of selected signal only,

¢. CONT Mode — The output signal is continuous.

d. INT TRIG — Same as for EXT TRIG mode, ex-
cept the trigger signa!l is appiied internally by
the modulation generator,

e. INT GATE — Same as for EXT GATE, except
the gate signal is applied internally by the
modulation generator,

TRIGGER LEVEL Control — This inner control
is a continuously variable adjustment of the trig-
ger circuitry firing point. When full ccw, a posi-
tive going pulse at approximately — 7.5V is re-
guired for triggering (see figure 3-2). In the full
cw position, a positive going pulse at approxi-
mately + 7.5V or more positive voltage is re-
quired for triggering. In the GATE modes, the
generator wilt run continuously when the control
is cw of 12 o'clock.

Figure 3-1. Conirols and Connectors




TRIGGER LEVEL

cow = CONTROL = T"
A
——K-_
) VAW
~ 7.5V Rva v

Trigger signal must be a positive go-
ing signal exceeding the TRIGGER
LEVEL setting.

Figure 3-2. Minimum Trigger Signal

3-2

MODULATION Switches -— These three switches
(AM, FMISWP and PM} set the type of modulation
of the main generator (ampiitude, freguency or
phase} and select the source of modulation
signals as either internal from the modulation
generatororexternalatthe EXTMOD INBNC 41.
Each switch has an OFF position for no moduta-
tion. When the AM switch is set {0 INT, the main
generator amplitude and attenuation are
automatically 50% of normal to prevent over-
modulation. When the AM switch is set to EXT,
the main generator amplitude is automatically
fixed at zero to allow suppressed carrier operation.

OVERLOAD Indicator — LED lights if 7.5
peak voliage into 504 (output amplifier limits) is
exceeded.

ATTENUATION Switch — This swiich selects
the attenuation range of the FUNCTION QUT &
signal. The inner AMPLITUDE control is a ver-
nier that sets the waveform amplitudes between
the two values indicated by the ATTENUATION
switch. The dc offset is attenuated to the value
clockwise of the position selected. v |, Vv
and "Li are variable to 30V p-p (15V p-p into
50Q). n and w arevariableto 15Vp (7.5 Vp
into 50Q). Waveforms and dc can suppiy 150 mA
peak current. When the AM MODULATION
switch is set to INT or EXT, the ATTENUATION
and AMPLITUDE controls are affected. (Refer to
item number 3.}

FUNCTION QUT (500) Connector — This BNC
is the waveform (or dc) output of the main
generator.

SYNC QUT (TTL) Connector — This BNC is the
output of a TTL pulse at the main generator fre-
quency, synchronous with the FUNCTIONOQUT &

i0

14

12

i3
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signal in frequency and waveform symmetry.

The TTL pulse will drive 10 TTL loads.

FUNCTION Switch — This switch selects the
primary waveform (or dc} output of the main
generator at the FUNCTION OUT BNC: sine
(), triangle ( \v ), square { " ), positive
halfsquare( . )andnegativehalisquare( r ).

TRIG STARTISTOP Control — This inner con-
trol sets the main generator waveform start and
stop point. it applies only to the "\, and N/
waveforms, io the trigger and gate modes and to
waveforms less than 2 MHz. Range is 0 £90°. A
0° CAL detent ensures standard waveiorms that
start and stop at 0°.

DC OFFSET Control — This control offsets the
main generator output waveform vertically fromits
normal position and, when FUNCTION switch 8
is in DC position, controls polarity and voltage of
dc output. Offset range is 0 = 14.4Vdc {£7.2
Vdc into 50Q). An OFF detent ensures zero off-
set. DC offset and waveform are attenuated by
the ATTENUATION control 8, but not by the
AMPLITUDE control 8. Waveform peak voliage
plus dc offset is limited to X 15V (2 7.5V into
500). ‘

SYMMETRY Control — This control varies the
symmetry of the waveforms (normally 50% duty
cycle), Symmetry range, half cycie to half cycie,
is 19:1 to 1:19. An OFF detent ensures 1:1 (50%)
symmetry. When SYMMETRY control is used,
main generator frequency is divided by 10.

EXT MOD IN Connector — This BNC recelvas
the external modulation signal. This signal is ap-
plied to the modulating circuits when a MODU-
LATION switch & is in the EXT position.

FREQUENCY MULT Switch — Thisouter switch
selects one of ten frequency multiptiers for the
dial 1 setting.

VERNIER Control - This inner control.is a fine
adjustment of the frequency dial 1 setling.

EXT TRIG IN Connector - This BNC receives
the external trigger and gate signals. These
signals are applied to the trigger and gate cir-
cuits when the mode switch 2 isin EXTTRIG or
EXT GATE positions. Refer to paragraph 1.2 for
trigger signal requirements. The TRIGGER LEVEL
control 2 selectively accepts trigger and gate
signals for the trigger and gate circuits.
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CONTROLS AND CONNECTORS

The following Itemn numbers are keyed to figure 3-1.

311

Main Generator

Freguency Dial — The frequency control of the
main generator. The setting on this dial
multiplied by the FREQ MULT 42 setting is the
basic output frequency of the generator at the
FUNCTION QUT & and SYNC OUT 7 BNCs.
The FREQ VERNIER 42 and, in some cases,
the modulation generator also affect the main
generator frequency.

Mode Switch - This outer switch selects the
operating mode of the main generator as follows:

a. EXT GATE Mode — The main generator is
quiescent untit a proper gate signal is applied
atthe EXTTRIGINBNC 48 andthenoutputs
the selected signal for the duration of the gate
signal, pius the time o complete the last cycle
generated.
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~ SECTION
OPERATIO

b. EXT TRIG Mode — Same as for EXT GATE
mode, except the main generator output is
one cycie of selected signal only.

c. CONT Mode — The output signat is continucus.

d. INT TRIG — Same as for EXT TRIG mode, ex-
cept the trigger signal is applied internally by
the modulation generator,

e. INT GATE — Same as for EXT GATE, except
the gate signal is appiied internaily by the
modulation generator.

TRIGGER LEVEL Contro! — This inner control
is a continuously variable adjustment of the trig-
ger circuitry firing point. When full ccw, a posi-
tive going puise at approximately — 7.5V is re-
quired for triggering (see figure 3-2). In the full
cw position, a positive going pulse at approxi-
mately + 7.5V or more positive voltage is re-
quired for triggering. In the GATE modes, the
generator will run continuously when the control
is cw of 12 o'clock.

. B TR
HODULATION ey 3
L] EetEal

186

1LATION GENERATOR n

L L ATTERUATION f68)

11 10 17 9

FuMETION
LuUY
50

ié 8 7 &

Figure 3-1. Controls and Connsctors




COW e

!

1

TRIGGER LEVEL
GCONTROL L

— 7.5V e
VAN Trigger signal must be a positive go-

ing signal exceeding the TRIGGER
LEVEL setting. :

Figure 3-2. Minimum Trigger Signal

MODULATICON Switches — These three switches
(AM, FM/SWP and PM) set the type of modulation
of the main generator {amplitude, freguency or
phase} and select the source of modulation
signals as either internal from the modulation
generatororexternalatthe EXTMOD INBNC $1.
Each switch has an OFF position for no modula-
tion. When the AM switch is set to INT, the main
generator amplitude and aitenuation are
automatically 50% of normal to preveni over-
modulation. When the AM switch is set to EXT,
the main generator amplitude is automatically
fixed at zero o allow suppressed carrier operation.

OVERLOAD Indicator — LED lights if £7.5
peak voltage into 500 (output amplifier limits) is
exceeded.

ATTENUATION Switch - This switch selects
the atienuation range of the FUNCTION QUT &
signal. The inner AMPLITUDE control is a ver-
nier that sets the waveform ampliudes between
the two vaiues indicated by the ATTENUATION
switch. The dc offset is attenuated o the value
clockwise of the position selected. "\v , v
and "L are variable to 30V p-p {15V p-p inio
50Q). . oand 1r arevariableto 15Vp (7.5 Vp
into 50@). Waveforms and dc can supply 150 mA
peak current. When the AM MODULATION
switch is setf 1o INT or EXT, the ATTENUATION
and AMPLITUDE controls are affected. (Refer to
iterm number 3.)

FUNCTION OUT (500) Connector — This BNC
- i the waveform (or dc) output of the main

generator. -

SYNC QUT (TTL) Connector — This BNCisthe

output of a TTL pulse at the main generator fre-
quency, synchronouswiththe FUNCTIONQUT &

i0

11

i2

13

ManualsPlus.com

signal in f{equéncy and waveform symmetry.
The TTL puise will drive 10 TTL loads.

FUNCTION Switch — This switch selects the
primary waveform {or dc) output of the main
generator at the FUNCTION OUT BNC: sine
( ™\ ), triangie { v ), sguare ( M, ), positive
halfsquare( . )andnegativehalfsquare( +r ).

TRIG STARTISTOP Control — This inner con-
troi sets the main generator waveform start and
stop point. It appiles only to the ™, and "\
waveforms, to the trigger and gate modes and o
waveforms less than 2 MHz. Hange is 0 £ 80°. A
0° CAL detent ensures standard waveforms that
start and stop at 0°.

DC OFFSET Control — This control offsets the
main generator output waveform vertically from its
normal position and, when FUNCTION switch 8
is in DC position, controis polarity and voltage of
de output. Offset range is 0 £14.4Vde (£7.2
Vde into 50). An OFF detent ensures zero off-
set. DC oftset and waveform are attenuated by
the ATTENUATION control 8, but not by the
AMPLITUDE controt 8. Waveform peak volitage
plus de offset is limited to 15V (£ 7.5V into
500). '

SYMMETRY Control — This control varies the
symmetry of the waveforms {normaily 50% duty
cycle). Symmetry range, half cycle 1o half cycle,
is 19:1 to 1:19. An OFF detent ensures 1:1 {50%)
symmetry. When SYMMETRY control is used,
main generator frequency is divided by 10.

EXT MOD IN Connector -— This BNC receives
the external modulation signal. This signal is ap-
plied to the modulating circuits when a MODU-
LATION switch & is in the EXT position.

FREQUENCY MULT Switch — Thisouter switch
selects one of ten frequency multipliers for the
dial 1 setting.

VERNIER Control — This inner control is a fine
adjustment of the frequency dial 1 setting.

EXT TRIG IN Connector — This BNC receives
the external trigger and gate signals. These
signals -are applied to the trigger and gate cir-

.. cuits when the mode switch 2 isin EXTTRIG or

EXT GATE positions. Refer 1o paragraph 1.2 for
trigger signal requirements. The TRIGGER LEVEL
control 2 selectively accepts trigger and gate
signals for the trigger and gate circulis.



3.1.2 Modulztlon Generator

i4 FUNCTION Switch — This swiich selects the
waveform output of the modulation generator.
Qutputis at the OUT BNC connector 46 and is
aiso available internally to the main generator.
Waveforms are sine ( /), triangte { \v ),
square ( "L ), ramp up (.~1-1) and ramp down
{IN\). A SWP SET detent holds the OUT BNC at
AMPLITUDE control 14 level; used 1o set upper
sweep frequency.

MOD AMPLITUDE Control — This inner con-
trol attenuates the modulation generator signal
that is internally fed to the main generator when
modulating. !t has no effect during internal trig-
gering or gating and it has no effect on the
OUT 16 signal.

15 FREQ/PERIOD MULT Switch — This outer switch
{with ranges given in both frequency and period)
selects the modulation generator frequency/
period range.

VARIABLE Control — This inner control sets
the frequency/period within a range.

18 OUT (6000} Connsctor - This BNC is the
modulation generator waveform output: sine
( v ), triangle ( /\/ ) and square { ., ) fixed
level 10V pp (BY p-p into 800() waveforms
balanced about ground and ramp ( 11, NS)
fixed level 0 to + 5 Vp waveform.

17 FMING k) Connector — This BNC is theinput

for frequency modulation of the modulation
generator. Sensitivity is 20% of frequency range
per volt in,

3.1.3 FRear Panel

EXT SYNC IN (Option 001) — This BNC (not

iflustrated) requires a minimum signal level of 1 Vp-p

and a maximum signal level of 20 Vp-p. Its input im-

pedance is approximately 2 kQ with 10 pF. The fre-

quency of the external sync signal must be within 1%
- of the 148A’s frequency setting.

3.2 OPERATION

For convenience, the generator operation has
been grouped in seven basic modes, from. which
many variations and combinations are possible.
The following paragraphs give basic switch posi-
tions for each mode and requirements and sug-
gestions for operation.

The basic modes of operation are;

a. GContinuous — A continuous output signal.
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b. Triggered — One cycle of waveform for each
trigger signal.

¢c. Gated — A “burst” of waveforms for the dura-
tion of each gate signal.

d.  AM — The instantaneous amplitude of the out-
put signat varies with the instantaneous ampli-
tude of the modulation signal.

e. FM — The instantaneous frequency of the out-
put signal varies with the instantaneous ampli-
tude of the modulation signal.

f. PM — The instantaneous phase of the output .
signhal varies with the instantaneous amplitude of
the modulation signal.

g. DC — The dc output can be set from + 15 Vdc
to ~ 156 Vde (+ 7.5 Vdc to — 7.5 Vde into 50Q).

3.2.1 Continucus Opseration

When setting up the generator, it is advisable to ob-
serve the output on an oscilloscope. Connect FUNC-
TION OUT to the scope input using a 504 cable and &
500 load. For continuous waveform output, select a
basic waveform at the desired frequency. Ensure the
modulation switches are set to OFF and the mode is
set to CONT. The ocutput amplitude can be as great as
15V p-p; atienuate as desired.

NOTE

For best waveform quality, use the AT-
TENUATION SWITCH for gross attenua-
tion, then use the AMPLITUDE controf for
fine attenuation.

The waveform may be skewed to the left or right using
the SYMMETRY control; e.g., making a ramp { -1 )
from a triangle { /\, ) waveform.

NOTE

The output frequency is divided by 10 when
the SYMMETRY control is switched from
the OFF position.

The dc level of the waveform may be varied with the
DC OFFSET control, but waveform clipping canoccur,

NOTE

Waveform clipping will ocour (OVERLOAD
LED will light), unfess waveform amplitude
Is decreased so that waveform plus offset
is less than 7.5 volts at the waveform peak,

3.2.2 Triggered Operation

In triggered operation, there is one cycle of output for
each trigger signal input, For triggered operation, first

3-3



set up the generator for continuous operation (refer to
paragraph 3.2.1). The main generator may be trig-
gered internally by the modulation generator or trig-
gered by an external source. |f an unmoduiated
waveform is being output, the modulation generator is
free to give the desired triggering freguency and
should be selected as the trigger source. Use any
modulation generator waveform as the trigger. Set the
modulation generator freguency for the desired trig-
ger freqguency and sync on the moduiation generator
output.

NOTE

1. Trigger frequency must be slower than
the output waveform freguency.

2. The MOD AMPLITUDE control has no
effect in INT TRIG and INTGATE modes.

Hotate the TRIGGER LEVEL control to obtain a good
trigger. If the waveform start/stop point is to be other
than zero degrees, set the TRIG START/STOP control
as required. (See figure 3-3.) Haverwaves can be set
up using start/stop control and dc offset control,

0° + 45° +80°
270° 0°
OV e e 4 — — . s
180°
HAVERSINES

Figure 3-3. Waveform Stari/Stop Examples

If external triggering is to be used, connect a repeti-
tive signal with a positive going transition of greater
than one volt to EXT TRIG IN using a 500 cable. Adjust
the TRIGGER LEVEL control for proper triggering.

3.2.3 Gated Operation

in gated operation there is a “burst” of waveforms
lasting the duration of the gate pulse plus the time re-

- quired to complete the iast cycle of waveform started.
Set up ag for triggered operation {refer to paragraph 3.2.2)
and select a “‘trigger” signal whose duty time gives
the desired waveform burst.

3-4
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3.2.4 Manual Triggering and Gating

The TRIGGER LEVEL control can also be used for
manually triggering or gating the generator. For
manually triggering (single cycles), the generator
mode should be EXT TRIG with no external signal in-
put at the EXT TRIG IN connector, Each time TRIG-
GER LEVEL is rotated cw through mid-position, one
triggered cycte will be generated. in EXT GATE mode,
the generator runs continuously as long as the TRIG-
GER LEVEL is cw of mid-position.

3.2.5 AM Operation

in amplitude medulation, the instantaneocus amplitude
of the output signat varies with the instantaneous
amplitude of the modulation signal.

NOTE

The output waveform will be clipped (OVER-
LOAD LED will light) if any instantaneous
amplitude greater than =15 volts
(= 7.5 volts into 50Q) is produced.

Set up the generator as for continucus operation
(refer to paragraph 3.2.1). Switch to internal or exter-
nal amplitude modutation. if internal, note that the car-
rier {main generator waveform) mean amplitude is
decreased to half. This is to prevent clipping (over-
driving the output amplifier) when the carrier ampli-
tude is modutated (increased and decreased} by
another signal. Set the modulation generator fre-
quency to a lower frequency than the main generator
and sync the scope to the modulation generator output.
Set the modulator amplitude for a desired percentage
of amplitude modutation (G togreaterthan 100% range)
and sei the main generator ATTENUATION and
AMPLITUDE controls for a desired amplitude of
modulated waveform. If external modulation is
selected, observe that the carrier {(main generator
waveform) amplitude drops to zero {null). This is for
suppressed carrier mode of amplitude modutation.
Connect the modulator OUT (800%) to the EXT MOD
IN with a coaxial cable. Set the maln generator
ATTENUATION and AMPLITUDE controls for adesired
amplitude of suppressed carrier waveform, For best
resuits when using an external modulation signal at
EXT MOD IN, maintain as near as convenient a 5 Vp
amplitude (which does not exceed 5 Vp): then use the
main generator ATTENUATION and AMPLITUDE con-
trols. An external source may also be used for reguiar
AM operation, rather than suppressed carrier opera-
tion, by supplying a dc component aiong with the ac



modulating signal (observing 5 Vp limit) to set the car-
rier level.

3.2.6 FM Operation

In FM operation, the instantaneous frequency of the

output signal varies with the instantaneous amplitude
of the modulating signal.

NOTE

The output frequency moduiation will not
be linear when the instantaneous
modulated frequency exceeds these range
fimits.

Upper Limit. 2.0 X FREQ MULT

Lower Limit: 0.001 x Upper Limit

Set up the generator as for continuous operation
{refer to paragraph 3.2.1). The freguency setting will
be the center frequency from which the modutated
signal will vary. Swiich to internal or external FM
maodulation. If internal, set the modulation generator
frequency as desired and sync on the modulation
generator signal. Set the moduiation amplitude for the
amount of modulation desired. Because the main
generator is limited in frequency range {iimited to ap-
proximately the dial range for any given multiplier set-
ting), the main generator frequency dial and the
modulation amplitude control must be balanced to
stay within that range. The range is shown in figure 3-4
as the QUTPUT FREQUENCY FACTCR, which, when
muttiplied by the FREQ MULT setting, gives the actual
output frequency. Example 1 shows the cutput being
swept over the full frequency range when the main
generator frequency diai is set at midpoint {1.0), the
MOD AMPUITUDE control set at midrange and the
modulation signai is a balanced waveform { N\, , A,
or T, ); that is, the moduiation generator voitage
swings both positive and negative. If the MOD
AMPLITUDE controt is rotated toward cow, the
voltage swing decreases and the angle subtended in
the nomograph decreases. If the MOD AMPLITUDE
controt is rotated toward MAX, the angle subtended
would overshoot the OUTPUT FREQUENCY FACTOR
range, indicating that saturation is likely.

3.2.7 Sweep Operation

For sweep operation, set up the generator for con-
tinuous operation {refer to paragraph 3.2.1}. The fre-
quency setting will be the iower frequency of the con-
tinuously varying (or swept) frequency. Switch
FM/SWP 1o internal or external modulation as desired.
If internal set the modulation generator FUNCTION
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CUTRUT
MAIN DIAL MOD EXT FREQUENCY
SETTING AMPLITUDE MODRIN FACTOR™
2.0 MAX BV - 002
1.8+ ~—~-4<f 2
16—+ 4
EXAMPLE 1 A
1.4 e \ ﬁ— 6
1.2+ ' 8

002-& MAX N 2.0

*Multiply by FREQ MULY for actual ocutput.

Figure 3-4. Frequency Modulation Nomograph

switch to SWP SET, monitor the FUNCTION OUT with
a counter or oscilloscope and vary the MOD
AMPLITUDE control for exactly the upper frequency
desired. Note that the main generator is limited in fre-
quency range {limited tc approximately the diai range
for any given multiplier setting). Select either /11 for
sweep up or for sweep down. Select the sweep
rate desired. Keep in mind the /1/1 andf\]\ frequen-
cles are double the indicated freguencies on the
FREQ/PERIOD control.

Example 2 shows the output being swept from the
bottom of the range to midrange by setting the main
dial fully cw and the VERNIER fully ccw for absolute
bottem of the range. The MOD AMPLITUDE control
was left at midrange and the ramp (/4 ) waveform
used as the modulator. The ramp is a positive going
only waveform. Had a balanced waveform been used,
the angle subtended would have included the dotted
line and resulted in saturation. If an external modula-
tion signal is to be used, the EXT MOD IN values in the
nomograph indicate the signal level required for the
desired results.
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3.2.8 PM Operation

In PM operation, the instantaneous phase of the out-
put signal varies with the instantansous change in
amplitude of the modulating signal. The change in
phase is made by changing the frequency of the
generator until the correct phase angle change is
made. The modulation circuit differentiates the modu-
fation signal; that is, its output is proportional to the
rate of change of modulation signal amplifude. This
voltage is fed io the main generator in exactly the
same manner as the FM voitage is. The voltage effects
a change in frequency and, in the case of a step func-
tion modulation, for example, exists only long enough
to cause the desired phase shift. Typically, tess than
one cycle is required to change the phase. When the
phase angle is increased, the frequency increases 1o
achieve ii. When the phase angle is decreased, the
frequency decreases to achieve it. The frequency re-
quired to change the phase also depends upon the
modulation freguency and waveform.

NOTE

The output phase will not be linearly modu-
lated when the instantaneous transition fre-
quencies required to effect the phase
change exceed these range fimits.

Upper Limit: 2.0 X FREQ MULT
Lower Limit: 0.001 x Upper Limit

Nominally, the phase of the main generator is shifted
ten degrees for each volt of instantaneous modulation
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signal. When the main generator is set above a range
midpoint, the modulation signal begins to lose its ef-
fectiveness. The effect is that the input signal is rolling
off at 8 dB/octave due o form factor limitations of the
input differentiator. This effect also occurs for
modulation signal frequencies above 150 kHz.

Set up the generator as for continuous operation
{refer to paragraph 3.2.1). Select a range so that the
frequency dial can be set at midpoint or beilow (for
linear operation) and switch to internal or external
phase medulation,

NOTE

There is no PM operation for frequency
multipliers of 100 or less.

if internal, set the modulation frequency as desired. (f
other than sine waveform is selected, greater than
150 kHz modulation frequencies are possible and the
effective roll off must be considered.) Set the modula-
tiorn amplitude as desired. Full range is S5 Vp and
phase shift is 10° per 1 Vp.

NOTE

Because the initial phase reference no
longer exists when the phase shifts, phase
shift measurement will not be possible with
an oscilloscope alone. To measure the
phase shift, an additional circuit such as a
phase modulator will be necessary 1o
establish a phase angle baseline.
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4,1 FUNCTIONAL BLOCK DIAGRAM ANALYSIS

This section describes the functions of major circuit
elements and their relationship to one another as
shown in figure 4-1, functional block diagram, and
figure 4-2, basic generator and timing diagram.
Paragraph 4.2 provides further descriptions relafing
circuit blocks to schematics in section 7.

As shown in figure 4-1, the main generater VCG
(Voltage Control of Generator frequency) summing
amplifier receives inputs from the frequency dial, ver-
nier, FM and PM switches which produce a sum cur-
rent. The PM input is provided with a passive differen-
tiator which produces a voliage propertional to the
rate of change of the instantaneous voltage of the
modulating signal.

The VCG summing amplifier is an inverting ampilifier
whose output voltage is used to controt a complemen-
tary current source and current sink. For symmetrical
output waveforms, the currents are eguai and directly
proportional t¢ the algebraic sum of the VCG inputs.
The diode gate, contrclled by the hysteresis switch,
switches either the current source or sink to the timing
capacitor seiected by the frequency multiplier con-
trol. When the current source is switched in, the
charge on the capacitor wilt rise linearly producing
the positive-going triangle slope. Likewise, the current
sink produces the negative-going triangle siope.

The triangle amplifier is a unity gain amplifier whose
output is fed to the hysteresis switch and to the
triangte buffer. The hysteresis switch is a bistabie
device operating as a window detector with limit
points set to the triangle peaks. When the hysteresis
switch cutput is + 2V, the triangle rises to the +1.25V
iimit, and the hysteresis switch goes fo —2V. This
swiiches currents at the diode gate and the negative-
going triangle slope is started. When the triangle
reaches the —1.25VY limit, the hysteresis switch will
switch back to positive, repeating the process. As
shown in figure 4-2, this repetitive process resuits in
the simuitaneous generation of & square wave and a
triangie wave at the same frequency.

The cutput frequency is determined by the magnitude
of the capacitor selected by the frequency multiplier
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selector and by the magnitude of the currents sup-
plied to and removed from it. Since the currents are
lingarly proportional to the sum of VCG inputs, so will
be the output frequency. The capacitance multiplier
provides the bottom four frequency ranges.

When the variable symmetry control is rotated, it first
reduces the current sink by a factor of 19, making the
negative-going triangte slope 19 times longer than
normal. This resuits in an unsymmetrical waveform
output and a frequency division by 10. Continued rota-
tion gradually increases the current sink and reguces
the current source in such a way that the period for
the triangle to complete one cycle remains constant.
This action produces continuously variable symmetry
of the output waveforms over & 1:19 to 19:1 range
while frequency remains constant at one-tenth of dial
and muitiplier settings.

The inverted square from the hysteresis swiich is fed
to the sync amplifier, where it is buffered and con-
verted to a TTL level ouiput, and to the sguare
amplifier, where (if sguare or pulse functions are
selected) a buffered square is sent to the signal
shaper for conditioning.

The triangie buffer provides the +1.28 triangte suffi-
cient drive for the signa! shaper and presenis a small,
constant load on the irlangle amplifier.

HYSTERESIS

-2

Figure 4-2. Basic Generator Biock
and Timing Diagram




The signal shaper contains switching elements and a
diode array for signal conditioning the buffered
triangte and square inputs into the various waveforms
controlled by the function switch. The selected
waveform is the carrier (+Y) input o the franscon-
ductance multiplier, an integrated circuit, four-
guadrant multiplier.

The modulation {(+ X} input is a positive dc from the
control amplifier when the AM switch fs off, providing
a fixed gain reference for the multiplier. Qutput cur-
rents from the multiplier are applied to the summing
node of the preamplifier for conversion to an inverted
voltage signal.

The preamplifier output is then attenuated by the front
panel amplitude control and fed to the cutput ampiifier
summing node along with the dc offset control. The
output ampiifier is an inverting amplifier whose outpuf
is fed into step attenuator and then to the function
output connector. The attenuator consists of a
distributed network having 50Q output impedance.
This network provides attenuation in 20 dB (1/10)
steps to 60 dB.

For continuous operation of the basic function
generator loop (bold path in figure 4-1), the trigger
amplifier must maintain a positive level above the
mest positive charge on the integrating capacitor in
order to reverse bias the start/stop diode. Thus, in
continuous mode the trigger logic senses the con-
tinuous controf line from the front panel mode selec-
tor and holds the inverting trigger ampiifier input low.

Intriggered and gated modes the trigger amplifier out-
puts some level below the posilive peak charging
level, and the start/stop diode is forward biased to
sink the current source and prevent the timing
capacitor from charging to the positive peak. This
stops waveform generation and holds the triangle out-
put at some dc level called the trigger baseline. The
trigger baseline is the level where a triangle, and thus
sine, waveform starts and stops when triggered or
gated.

The normal trigger baseline is zero volts, analogous to
0® phase of a sine or triangle waveform. The trigger
start/stop control offsets the trigger amplifier output
and can change the baseline for starting and stopping
a sine or triangle waveform from its negative peak
{—980°) to its positive peak {+ 80°). At the exireme
positive peak level setting though, the diode is again
reverse blased and generator operation goes con-
tinuous, independent of generator mode.

4.2
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While the integrating capacitor is being held from
charging, the start/stop diode must sink the current
source, which has a magnitude varlable with VCG in-
puts. Therefore, a compensation is necessary 1o the
voltage level output by the trigger amplifier in ovder to
maintain a constant baseline level as VCG inputs, cur-
rent source magnitude and forward voltage drop by
the start/stop dicde are varied. The baseline compen-
sation circuit measures the forward voltage across a
diode piaced in the current source and injects an off-
setting current inte the trigger amplifier to maintain an
equal voltage differential between the baseline level
and trigger amplifier output.

The trigger logic determines that after a waveform
starts, it always stops at a complete cycle and at the
same phase angle at which it started. The trigger logic
receives a trigger stimuius from the signal limiter and
latches the trigger amplifier output positive, aliowing
the generator loop to run. When the negative peak of
the last cycle is reached (just one cycle in trigger
mode}, the square from the hysteresis switch latches
the trigger amplifier back to its previous level. The In-
tegrating capacitor will charge back io the trigger
baseline where the start/stop diode once again for-
ward biases.

The generator mode switch sets the gated control line
to determine whether the trigger logic is 1o latch the
generator on for one cycle of for the duration of the
rigger stimuius,

The modulation generator board contains the power
supplies, the moduiation generator and various
swiiching elements to controi the source and type of
modulation and triggering signals to the main
generator,

The modulation generator is an integrated circuit
source of sine, triangie and square waveforms, whose
frequency is controtlable by front panel muitiplier
switch, variable control, and external voltage at the
FM IN input. The triangle and square are applied to a
ramp generator consisting of a batanced modulator
and buffer amplifier to produce ramp waveforms. A
modulation waveform or & SWP SET dc level issentto
the function buffer via the front panel function selec-
tor.

The function buffer oufput is sert to the modulation
output (600Q) connector, the generator mede switch
for an Internal irigger and gate stimulus, and the
amplitude buffer after being attenuated by the front
panel amplitude control. The amplitude buffer output
goes to the AM, FM and PM switches *“internal” posi-
tions. The EXT MOD IN connector provides a connec-



tion for an external signal to the switches “"external”
positions. '

The FM and PM switches provide VCG inputs. The A
switch controls the contirol amplifier and thus the
transconductance muitiplier. When AM is off, the con-
trot amplifier produces a positive dc level giving the
multiplier a fixed gain. With internal AM, the dc com-
ponent from the contral amplifier is cut in half, halving
the output ampliude to prevent output clipping when
modulating. The selected modulation waveform rides
on the dc. The ac (modulation sighal) has a peak vaiue
eqgual in magnitude to the dc level when the modula-
tion amptitude controt is maximum, making the sum of
moduiator and carrier signals equal to the maximum
output capability of the output amplifier, and the differ-
ence equal to the zero output level, which is 100%
modulation. Then, by varying the modulation signal; a
variable 0 10 100% AM of the carrier {main generator)
signal is produced. With external AM, the dc compo-
nent is switched to 0 Vde, resulting in zero amplitude
ouiput, and bipolar signal inputs at the EXT MOD IN
connector will produce suppressed carrier {(4d-guadrant)
modulation.

4.2 CIRCUIT ANALYSIS
424 VCG Amplifier

Figure 4-3 is a simplified schematic of the VCG cir-
cuitry. The value of a resistor “'R” Is & k) and supplies
are =15 Vdec. Ut is connected as a summing
amplifier to sum the VCG inputs. A top of range input
produces 1 mA through the feadback resistor resulting
in —5 Vdc at the output of U1.

The negative input of U4 is held at the output level of
U1 by controlling the current through Q2 as a feed-
back. One half the output of U1 is buffered by U3 and
applied to the wiper of the variable symmetry control.
The negative input of U2 is held at 0 Vdc by controlling
the current through Q1 as a feedback. As long as the
variable symmetry control is off, the two R/2 resistors
have equal voltage across them and an equal current
through them as through U1 feedback and there is no
current at the output of U3, Since an equal current
exlists in the entire resistor string from + 1o — suppiy,
the result is a positive control voltage relative 1o the
negative supply at U8 + input and a negative control
voltage with respect to the positive supply at U5 + in-
put, each of which is proportional to the sum of the in-
puts to U1.

Similarly, U5 and U6 establish feedback by regulating
current through FETs, producing a voltage drop
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across series resistors {o the supplies equal to the
control voltages. The FET currents will be switched at
the dicde gate Into a timing capacitor to produce the
triangle waveform,

4.2.2 Symmetry Control

Let the source of Q2 be ~ 5 Vdc, the wiper of the sym-
metry control, — 2.5 Vdg, and the source of Q1, 0 Vdc.

. The output of U3 will have no current, each R/2 resis-

tor will have 1 mA, and generator frequency wili be at
maximum of the range. Open the symmetry switch
and set the potentiometer to its slectrical center. The
output of U3 is still at an equipotential point, but now
the total resistance with 5 Vdc across it has changed
from R to 10R. Thus, current will drop to 100 pA and
output frequency will drop to one-tenth of range. If the
potentiometer is rotated, current wili flow in U3 output
to maintain the wiper at -~ 2.5 Vde. When the potentio-
meter is ccw, the wiper is at the positive direction and
the upper R/2 will have 2.5V across it with a current
source of 1 mA. But the lower R/2 is in series with 9R,
which puts 2.5V across 18 X the normal resistance.
Now the current sink will have one-nineteenth the
magnitude of the current source. The output waveform
for this condition is shown in figure 4-3.

42,3 Range Switching

For frequency ranges assoclated with multiplier posi-
tions of 100 and 1K, main boarg schematic, sheet 1,
the value of the current source and current sink setting
resisiors R326, R38, R48 and R330 is 5 k&, which pro-
vides integrating current sensitivity of 200 pA per volt
of external FM input, With the timing capaciiors of 1
and 0.1 uF, plus the bulk of the top range timing capa-
citor and the stray capacitance of the multiplier switch,
the generator produces the calibrated ouiput fre-
guency for these ranges. In the {op range (multiplier
position of 10M), the current setting resistors are
paralieted with resistors of one-ninth the value, caus-
ing both current sources to run at ten times the usual
current, resulting in 2 mA per volt of external FM input.
When this current is used with the nominal ~90 pF
timing capacitor (fixed vatue plus strays), the top
range of frequencies result. For the next three ranges
down (muliiplier positions 1M, 100K, 10K}, the norninal
timing capacitor is the fixed top range capacitor plus
strays (i.e., ~ 90 pF) plus the switched vaiues (11 pF,
910 pF, 0.01 wF). These result in joint timing
capacitors of 101 pF, 1010 pF and 0.0101 uF. In these
three ranges the positive and negative current
sources are hoosted by 1% over the next range down
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(multiplier 1K) by switching 500 ki resistors in parallel
with the 5 k& basic current setting resisiors R326,
R38, R48 and R330 producing the output frequencies
for these ranges. The four ranges below muliiplier set-
ting 100 all have the same integrating current and tim-
ing capachor as the 100 multiptier range, but for each
of these ranges, 80%, 989%, 99.9% and 99.99% of
the integrating current is subtracted by the
capacitance multiplier circuit.

4.2.4 Capacitance Multiplier

For the frequency ranges associated with multiplier
positions of 10 through 0.01, a capacitance multiplier
circuit {main board schematic, sheet 1), senses the
timing capacitor charging current and subiracts the
appropriate amount so that the effective charging cur-
rent is a fraction of that deiivered by the current
sources. This is accomplished by the connection of
the capacitance multiptier to the timing capacitor with
one input-output terminat through a section of the fre-
quency muitiplier switch. The + terminals of U7 and
U8 serve as potentiometric Input to these amplifiers.
U7 has a fixed resistive feedback network, giving it a
fixed gain. Capacitor C28 is forced to comply to the
triangle voltage wave being generated, because the
R54 side is driven at the potential of the input/output
terminal and the other side has the same waveform
with some fixed gain from U7 Since the side driven at
the inputfoutput signal is a summing node, it is fed the
necessary current by the feedback resistors R58,
H59, R60 and RB1. The feedback resistors are
selected by the frequency multiplier control, taking on
values which give the correct amplitude to the ouiput
of UB. This cutput with respect to common is the-
input/output waveform with a square wave super-
imposed; TP1 is the test point where this output can
be picked up for signal tracing. The input/output wave-
form is a triangle wave so the differential across RG62
and R83 is a square wave with the correct amplitude
to subtract part of the timing capacior charging cur-
rent. Since this square wave ampiitude is controlied in
decades by the frequency multiplier control via R58,
R59, R60 and RE1, the instrument frequency is divided
in decades sven though the current sources and tim-
ing capaciter remain the same.

4.2.5 Triangle Amplifier

The main board schematic, sheet2, shows the triangle
amplifier; it uses Q8, an FET source follower, to drive
Q1t0, a bipolar emitter follower, for an open loop gain
of one. It is a fast, very high input impedance circuit
with output impedance low enough to drive the hyster-
esis switch and the triangle buffer. In series with Q8 is
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a maiched duplicate FET, Q8. Q8 has the identical
drain current as Q8 and, therefore, the same gate-to-
scurce voltage. In series with Q10 is a duplicate emit-
ter foliower, Q13. Q13 has the identical cellecter cur-
rent as Q10; therefore, it has the same emitter-io-
base voitage, Since the gate of the dummy FET, Q8, is
connected to the emitter of the dummy emitter
follower, Q13, the two terminals have the same’
voltage. Therefore, within the tolerances of the part
parameters and some unaccounied error for base
current, the active emitier follower cutput voitage will
be at the value of the input gate. The remaining tran-
sistor, Q11, is a second emitter follower for driving the
dynamic tead networks at the input of the hysteresis
switch. In this role, it needs no dc integrity, as the out-
put is not directly coupled.

4.26 Hysteresis Switch

The hysteresis swiich {main board schematic, sheet 2)
consists mainly of Ui4, a double input comparator,
and Q14/Q15, an output flip-flop. Each differential pair
of U14 compares an input voltage 10 common. The in-
put network provides a positive bias to one and a
negative bias to the other; therefore, when the input
terminal {ouiput of the friangle amplifier) is at + 1.25V,
the flip-flop changes state. The flip-flop selects which
input comparator of the hysteresis switch will be ac-
tivated in preparaticn for the next change of state.
When the timing capacitor is integrating positively,
the positive biased comparator is activated. When the
timing capacitor voltage reaches + 1.25Y, the flip-flop
changes state, the negative comparator is activated
and the direction of integration is reversed, so that
when the timing capacitor signal reaches - 1.25V,
the flip-flop switches back and the cycle starts over.
in addition ic the positive and negative biases at the
comparater inputs, there is a dynamic lead network
on each one. These lead networks are driven by Q1i1,
a separate emitter follower, from the triangle ampli-
flar. They provide the necessary lead t¢ compensate
for the inherent delays of the hysteresis switch,
thereby keeping the higher freguency dial nonlinearity
and sine distorticn to a minimum.

4.2.7 Diode Gate and Timing Capaciior

The diode gate {current switch) and the timing
capacitor c¢ircuits are shown in the main board
schematic, sheet 2. The current source and sink are
switched to the timing capacitor by the hysteresis
switch via a dicde bridge arrangement called the
diode gate. Actually, the hysteresis switch is linked fo
the bridge network by two emitter followers, Q24 and
25, with independent outputs biased to be at the
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same voltage. The simplified timing dlagram il
iustrated in figure 4-2 shows these points as one ter-
minagl at C. When the hysteresis switch output is
positive, CR16 is forward biased, so that the current
sink is sourced by the drive circuit and is ineffective.
CR13 and CR15 are reverse biased, providing isolation
between the drive circuit and the liming capacitor.
This teaves CR14 forward biased and free to conduct
the current solirce output to the timing capacitor.
When the timing capacitor voitage rises 10 the hys-
teresis switch point (+ 1.25V), the hysteresis swiich
output switches low, forward biasing CR13 which
back biaseg CR14 and CR16 and allows the source to
be isclated and the sink to discharge the timing capa-
citor through CR15. This state continues untit the
negative switch point is reached and reverts to the
previous stafe.

4,28 Triengle Buffer

The triangle buffer (main board schematic, sheet 2} is
a wide band dc amplifier providing a closed loop gain
of one in potentiometric connection. The input dif-
ferential stage, Q17/Q18, is a monolithic pair. The
emiiters are fed from a current sink Q19. The active
coilector load, Q20, is a current source providing
greater open foop gain than a resistive load. Foliowing
this is an emitter follower, Q21, a zener dicde level
shifter, CR12, and another emitter follower, Q22, for
the cutput stage. The gain is set to one by the 100%
teedback to the input pair feedback side, base of Q18.
4.2.8 Signal Shaper

The signal shaper circuit {main board schematic,
sheet 3) Is uniquely set up for each different waveform
by four wafers of the function selector switch. The
+ 15 voli power is switched off in the triangle wave
mode and there is virtually no effect on the triangle
wave fed tc the circuit. In the positive puise mode, the
square wave, rather than the triangle wave, is fed to
the circuit and the — 15 volt power is switched off. As
a result, the negative swing of the input square wave
is ciipped off. The negative pulse is formed, when
selected by the function switch, in a similar manner.
When the square or sine wave (s selected, both plus
and minus 15 volt power is applied to the circuit, The
difference in circuit setup for sine and square is the
resistive load at the circuit output and the shape of the
signal fed to the input. For the sine wave mode, the
matched set of dicdes soft clip the input iriangle at
tnree different levels. These signals are resistively
summed to produce a sine wave voltage input o the
multiplier. For the sguare wave mode, the input
square wave is symmetrically hard-clipped by the
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dicde network presenting a square wave input voltage
to the multiptier.

4.2.40 Transconductance Mulliplier

After the main generator signal passes through the
function selector switch and the signal shaper circuit,
it enters a transconductance muitiplier, U15 (main
board schamatic, sheet 3), where the amplitude is set
by dc from the control amplifier or modutated by ac
from the maodulation generator via the AM switch. Cur-
rents in the open collectors of this IC are worked into
a current mirror for optimum gain and fed to the pre-
ampiifier summing node for conversion to a voltage
signal at TPY.

4.2.11 Preamplifier

The preampiifier {main board schematic, sheet 3), like
the ouiput {power) amplifier, is comprised of a high
frequency ac amplifier combined with a low frequency
dc amplifier. If converts the current from the muttipiier
to a voitage signal which is attenuated by the front
panel amplitude control and amplified by the output
amplifier. The U17 circuit is the dc amplifier and the
remaining circuitry is the high frequency ampiifier.
Again, like the output amptifier, the ac amplifier is
symmetrically arranged from the R240/R238summing
node to R246 and R248 at the output stage of the
preamplifier. If the input current goes into the node,
the voltage at the summing node will rise by a certain
amount. By capacitive coupling via C82 and €83, the
base voltage of Q40 rises closer to + 15 volis and the
base voltage of Q41 rises further away from —15
volts, Thus, the emitter base junction of Q40 will be
less forward biased, thereby reducing the emitter cur-
rent, while the Q41 emitter current increases. The
result is an increase in current in Q42 and a decrease
in current in Q43, causing a decreased voltage output
in R246/R249.The feedback path through R240 io the
summing node tends to cancel the rise in voltage
there, causing the output voltage to stabilize. The
amount of negative voltage at the output required to
pull the summing node back 1o zero is determined by
the value of R240.

4.2.12 Qutput Amplifier

The output amplifier is comprised of a iow frequency
dec amplifier and a high frequency ac amplifier. Refer
1o the simplified circuit of figure 44, The U19, Q37
and Q38 circuit is the dc amplifier and the remaining
circuitry is the ac amplifier. The ac amplifier Is sym-
metricaily arranged, top and bottom. The upper por-



signal at CR24 is held iow, and the trigger amplifier
output is held high for the trigger duration. The last
triangle cycle started is completed through the action
explained in trigger mode.

4.2.18 Baseline Compensation

CR2Z (main board schematic, shaet 1) is in series with
the current supplied by the VCG current source. U9-3
is connected to CR2 ancde and, since it is a voltage
follower, it will have the same potential at its pin 6.
U10-3 is connected to CR2 cathode and will regulate
the current through Q7 to make the same potential at
its pin 2; therefore, R64 will have the same voltage
across it as the drop across CR2. The current leaving
Q7 enters the trigger amplifier summing node, and
becomes a voltage offset equal to the drop across
CR2, because R64 and the feedback resistor for the
trigger amplifier have the same value. Since CR2 and

ManualsPlus.com

the start/stop diode are matched and carry eqgual cur-
rents, the irigger baseline will be stable with varying
VCG inputs.

4.2.17 Wodulation Generator and Ramp Generator

The function generator used as a modulation source
in the instrument is the Intersit 8038 (U2 on the auxit-
jary generator board schematic). It is fitted with an
auxiliary current balancing circuit {U1) to extend its
useful dynamic range. The ramp output which is not
built into the chip is developed by amplitude
modutating the triangle function with the square func-
tion in & balanced modulator (U5). The ouiput signals
("N, N, T, 11, NN ) are selected in a
function selector switch and fed to the modulation
switches where modulation type is selected. The
ramp signals have a fundamental frequency of two
times that of the other waveforms.
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5.1 FACTORY REPAIR

Wavetek maintains a faclory repair depariment for
those customers not possessing the necessary per-
sonnel or test equipment to maintain the instrument. if
an instrument is returned to the factory for calibration
or repair, a detailed description of the specific
problem should be attached to minimize turnaround
time.

5.2 REQUIRED TEST EQUIPMENT

Voltmeter . Millivolt de measurement (0.1 % accuracy)

Oscitloscope, Dual Channel . . .. 200 MMz bandwidih
Counter .............. 20 MHz (0.01% accuracy)
500 Feedthru . .. ... ... .. +0.1% accuracy, 2W
Distortion Analyzer . ... ... .. ... . .. To 200 kHz
RGB8U Coax Cable . . . 3 ft length BNC male contacts
BNCTee ... ... ...... 1 male, 2 female connectors

5.3 REMOVING GENERATOR COVERS

NOTE

Before removing the covers, disconnect
the instrument from the ac power source.

1. Invert the instrument and remove the four
screws in the bottom cover. Remove the bottom
cover and the four screws in the printed circuit
board that attaches the top cover. Replace the
bottom cover.

2. Turn the instrument upright; Temove the top
cover for access to power supply and modula-
tion generator calibration points.

3. For access to main generator calibration points,
replace the top cover, invert the instrument and
remove the bottom cover.
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SECTION %
CALIBRATION

- 4. When calibration is complete, secure the top

cover with four screws before securing the
hottom cover.

NOTE

Remove the covers only when it is neces-
sary to make adjustments or measurements,

8.4 CALIBRATION

After referring to the following pretiminary data, per-
form cailbration, as necessary, per table 51, If per-
forming partial calibration, check previous settings
and adjustments for applicability.

1. All measurements made at the FUNCTION OUT
connector must be terminated into a 500
{x0.1%) load.

WARNING

With the covers removed, several
dangerous voltage poinis are exposed.
Contact with any of these points could
cause serious Injury or death.

2. Start the celibration by removing covers as
described in paragraph 5.3, connecting the unit
to an ac source and setting the front panel swit-
ches as foliows.

Set all outer controls to the open marker position,

Frequency Dial ....... ... . .... ... ..... 2.0
MODULATION Switches .. ............ OFF
SYMMETRY ... ... . ... . ... OFF
DCOFFSET ... . . . OFF
TRIG START/STOP . ... ... .. . .. ..., g° CAL
All otherinnercontrols . ... ... ... ... cw

3. Allow the unit to warm up at least 30 minutes for
final calibration. Keep the instrument covers on
to maintain heat. Remove covers only to make
adiustments or measurements.
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Tabls 5-1. Model 148A Alignment
Note: Open columns indicale pravious entries are applicable.

Test
Step| Check Tester | Point | Control Seiting | Adjust Result Remark
Note: Steps 1 through 17 are modulation generator adjustments (see figure 5-4)-instrument upright.
1 Power be C286 + Paragraph 5.4, step 2 +24V 1.2V Verify. See figure 54 for
Supply Voltmeter for locations.
2 Regulators G289 - ~ 24V +£1.2V
3 C33+ R4 +15V =30 mV
4 C34— R7C ~ 15V £30 mV
5 | Top of Scale Scope Mod Gen FREQ/PERICD R48 100 By scope face.
Frequency ouT MULT: 1KI100K (+ 0.4/~ O)Hz
FREQ/PERIOD
VARIABLE: cw
6 Bottom of FREQ/PERIOD R93 1kHz
Scale VARIABLE: cow {4+ 0! —40H2)
Frequency :
7 Hi Freq FUNCTION: .~ R14 Falling edges Trigger on negative going
Symmetry FREQ/PERIOD coincide edge, not auto trigger, Display
MULT: 101 1K two cycles. Out of adjustment
FREG/PERIOD 148A and adjusted scope will
VARIABLE: cw give doubie falling edges on
each ramp.
8 Lo Freg FREQ/PERIOD R17 Steps 7 and 8 interact; repeat
Symmetry VARIABLE: ccw if necessary.
9 Lo Freg FREQ/PERIOD R75
Hi Range MULT: 1K | 00K
Symmetry
10 | Top of Scale Counter FREQ VARIABLE R48 100
Frequency FUNCTION: M, A +0.4/ -0} kHz
11 Bottom of FREQ/PERIOD Rg3 1kHz
Scale - VARIABLE: cow {~ 40/ + OHz)
Frequency
12 | N\ Zero DC FUNCTION: "\, R34 v & 10mv
Adjustment Voltmeter FREQ/PERIOD
MULT: 1011K
FREQ/PERIOD
VARIABLE: cw
13 | T zero FUNCTION: T, R33
Adjustment
14 ™, Dis- Distortion FUNCTION: "y Rtt Minimum 0.5% typical
{ortion Analyzer R12 distortion
15 | "\ Zero DC R76 OV £ 10mV
Adjustment Voitmeter
18 Rarmp Gain Scope FUNCTION: ~11 R46 Slopes coincide | Trigger on negative going
edge, not auto trigger.
Display two cycles. Out of ad-
justment 148A and adjusted
scope will give double rising
edges on each ramp,
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Table 5-1. Mode! 148A Alignment (Continued)

Tost
Step | Check Testor | Point Control Setting | Adjust Result Remark
17 Ramp Scope Mod Gen FUNCTION: PN R30 Remove * error Steps 18 and 17 interact;
- Balance QUT repeat if necessary.
18 | Ramp Zero R81 Negative peaks
on 0 Vdc
NOTE: Steps 19 through 35 are main generator adjustments (see figure 5-
19 Top of Dial Scope | FUNCTION | Paragraph 5.4, step2 R36 Equalize + and
Symmetry QuT — half cycles
(terrminate
with 500)
20 16003 Dial: .02 R23
Symmetry FREQ MULT: 100K
Adjust FREQ VER-
NIER for 200 Hz
21 VYOG Null FRECQ VERNIER: cw R14 Minimum fre- Set scope for one or two
FMEXT guency shift cycles. Observe shift in trail-
ing edge of cycle as EXT MCD
BNC is alternately shoried
and opened. Disregard jitter in
cycle midpoint
22 Distortlon Distortion Diak: 2.0 RB7 Mintmum 0.15% typlecal
Anaiyzer FREQ MULT: 1K RS0 Distortion
FUNCTION:
Fi: OFF
23 Top of Dial Counter FREG MULT: 10K Ri10 20kHz + If necessary, trim frequency
Frequency 400z with:
24 1001 Dial: .02 R8 200 % 4Hz
Frequency
25 X10 MHz Dilal: 2.0 c68 20 £ 0.8 MHz c1z7
Frequency - FREQ MULT: 10M
26 X1 MHz FREQ MULT: 1M Ci25 2MHz + 40 €133
‘Fregquency kHz
27 X100K FREQ MULT: 100K 62 2004 4kMz Ci26
Frequency :
28 | Capacitance | DC TP1 FREQ MULT: 1K RS6 | OVde £ 1mv | TP2 ground
: Muttiplier Voltmeter
Zero
29 | Capacitance Counter | FUNCTION | FREQ MULT: 10 R51 Period of 0.05s
Muitiplier QUT +2ms
Frequency (terminate
with5001)
30 Output DC FUNCTION: DC R347 OVde + 20mv
Amplifier Voltmeter AMPLITUDE: cow
Zero FREQ MULT: 10K
31 Modulator Scope FUNCTION: M- R210 Merge both Scope sensitivity 0.1 Vidiv,
Balance AMPLITUDE; cw {fraces to sweep 0.1ms/div, sync inter-
Modutator coincide (not nally.
FUNCTION: A, necessarily at
AM: EXT o, ovy

5-3



ManualsPlus.com

Tshie 5.1. Mode! 1484 Allgnment (Continued)

Test o
Step| Check Tester! Point Control Setting | Adiust Result Ramark
3z Madulation Scope | FUNCTICN FREG MULT: 100K R243 See Figure 52 Scope sensitivity 2V/div.
Linearization ouT Moduilator Connect moduiation gen-
{terminate FREQ/PERIOD erator OUT to EXT MOD
with 500) | MULT: 10bK IN. Set scope display per
figure 51.
33 Carrier Modulator FUNC- R226 See figure 5-3
balance TION: ™, and "\
34 Muitiplier DC FUNCTION: N, R218 OVde +20mV A low pass filter may be
Zero Voltmeter FREQ/MULT: 1K necessary if the dc meter
’ AM: OFF is affected by the large ac
signai,
35 Multiplier Scope FUNCTION: T} Raz4 15V pp Sync scope to INT. Sleps 30
Gain through 35 interact; repeat
if necessary.
38 Baseline bC FUNCTION: A\, R159 0Vde £100mv Aotate dial from 2.0 to.1
Zero Voitmeter Mode: INT TRIG

ADJUST SCOPE FOR INTERNAL TRIGGERING
ON ALTERNATE CYCLES TO

DISPLAY UNBALANCE IN SUPPRESSED
CARRIER ENVELOPE.

Figure 5-1. Suppressed Carrler
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ADJUSY R343 FOR SYMMETRY
BETWEEN PLUS AND MINUS PEAKS.

Figure 8-2. Modulation Linearization

= =" 4l

| |
i . |
s i N i
o it ! gm-mw-
A § l
II \\ i
56 P |
3?: aﬁwwmm.&! 5 :;
o~
5 (=g
\ / |
L - | i
35 E o {
RS5: E -
1§ -l
|
H
i
|
- b

ADJUST R226 SO THAT ALTERNATE
ENVELOPE TRACES COINCIDE. ADJUST
FOR BEST COMPROMISE BETWEEN TRI-
ANGLE AND SINE MODULATION.

Figure 5-3. Carrier Balance
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6.1 ROUTINE MAINTENANCE

Routine maintenance is the systematic cleaning and
inspection of the instrument to prevent the occurance
of trouble, to reduce downtima, and to maintain the
equipment in serviceable condition.

6.1.1 Cleaning

Clean the exterior of the instrument with Windex or an
equivalent cleaner when needed.

6.1.2 Inspsction

Before using the instrument, inspect for physical

damage. Check ali knobs and BNCs for tighiness.
Verify that every switch will select each position.

6.2 REPAIR

The following sections digscuss repair, replacement,
and instrument disassembly and reassembly.

8.2.1 Repalr and Replacement

Repair of the instrument is a process of defining the
problem, isclating the problem, and replacing the
defective component,

Before repairing the instrument review paragraph 6.5.
Then, if needed, remove the covers, as described in
paragraph 6.3.1. Next, isolate the problem {0 a ¢ircuit
using table 6-1. Finaily, use the tables listed in table
6-1, the information in paragraphs 6.5 and 6.4, and the
drawings in section 7 to locate the defective compo-
nent.

Replacement of defective components requires fur-
ther disassembly of the instrument, as described in
paragraph 6.3. Use best standard commercial Prac-
tices when replacing components. No special tools
are required.

Reassemble the instrument as described in
paragraph 6.4. Then verify the instrument operation
using table 2-1.
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SECTION 6

MAINTENANCE

8.2.2 Factory Repair

Wavetek maintains a factory repair department for
those customers not pogsessing the necessary per-
sonnel or test equipment to maintain the instrument.
an instrument is returned to the factory for calibration
or repair, a detailed description of the specific pro-
blem should be attached to minimize turnaround time.
See paragraph 2.4 to prepare the instrument for
reshipment.

6.3 DISASSEMBLY

Use the following procedure to disassemble the in-
strument fo the extent reauired. Also, refer o the
chassis assembly drawing 0102-00-0803, located in
the rear of this manual.

8.3.1 Cover Removal
NOTE

Before disassembly, disconnect the instru-
ment from the ac power source.,

Invert the instrument.

Remove the four screws.

Lift off the bottom cover.

Remove the four screws, located in each corner
of the main board, that secures the top cover to
the main board.

5. Invert the instrument; lift off the cover.

L S e

6.3.2 Auxiliary Board Removal

1. Disconnect the following conneciors on the aux-

iliary board.

Connector Designation Location
P86 Power Supply Cable Right Rear
P7 Power Supply Cable Left Rear
P8 Indicator Lamp Cable Left Rear
Po MOD GEN OUT coaxial  Left Front
P10 MOD GEN FM IN coaxial Right Front

P11 EXT MOD IN coaxial
P12 EXT TRIG IN coaxial

Center Front
Center Front
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2. Disconnect P5 at the main board.

a.  HRemove the following knobs from the front
panei;
MODE Selector and TRIGGER LEVEL
FUNCTION (MODULATION GENERATOR), and
MOD AMPLITUDE
FREQ/PERIOD MULT and VARIABLE

4. Remove the four screws, located in each corner
of the auxiliary board to the main board.

5. Lift out the auxiliary board.

Remove the two screws that secures the
POWER swiich to the bracket,

7. Lift out the POWER switch,
Remaove the shield.

6.3.3 Rear Pane! Removal

1. Remove the screw on the front panel that
secures the greenfyellow wire.

2. Set aside the rear panel.
6.3.4 Main Board Front Panel Removal

1. Invert the instrument.
2. Disconnect the following connectors.

j.ocation
Left Front
Center Rear
Center Front

Connector Designation
Pi4 500 OUT coaxial
P5 SYNC coaxial
P1 Freguency Dial Cabie

3. Remove the following knobs from the front
panel.

FREQ MULT and VERNIER
SYMMETRY

DC OFFSET

FUNCTION and TRIG START/STOP
ATTENUATOR and AMPLITUDE

4.  Separate the main board and the front panel.
The instrument is now disassembled.

6.4 REASSEMBLY

Use the foliowing procedures fo reassemble the in-
strument. Also, refer to the Chassis Assembly drawing
(102-00-0903, located in the rear of this manual.

6.4.1 Main Board and Front Panei Reassembly

1. Invert the front panel.
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2. Install the main board, component side up, to the

front panel. Align switch and control shafts with
the holes in the front panel.

Before sliding the main board on to the front
panei, route the 500 OUT and SYNC coaxial
cables, and the frequency dial cabie through the
notches in the main board.

3. Replace the following knobs on the front panel.
FREQ MULT and VERNIER
SYMMETRY
DC QFFSET
FUNCTION and TRIG START/STOP
ATTENUATOR and AMPLITUDE

NOTE

Verify the alignment of the switches and
controls after the knobs are installed.

4.  Plug the following connectors into the main

board.
Connector Designator Location
P14 500 OUT coaxial Left Front

P5 SYNC coaxial
P1 Frequency Dial cable

Center Rear
Center Front

6.4.2 Rear Panel Reassembly

1.  Invert the rear panel.
2. Align the rear panel and the main board.

NOTE

The rear panelis free floating; it does not at-
tach to the main board,

3. Connect the green/yellow wire to the front panel,
8.4.3 Auxiliary Board Reassembly

1. Install the shield on the bottom of the auxiliary
hoard.

2. Invert the instrument.

3. Install the auxiliary board with component side
up. Align switch and control shafts with the holes
in the front panel.

4.  Secure the auxiliary board to the main board
with four screws.

NOTE

Route the four coaxial cables through the
notch in the auxiliary board.

5. Install the power switch o the mounting bracket.



6. Replace the following knobs:
MODE Selector and TRIGGER LEVEL
FUNCTION (MODULATION GENERATOR) and
MOD AMPLITUDE
FREQ/PERIOD MULT and VERNIER

7. Connect P5 to the main board.
8. Connect the following connectors to the aux-

iliary board.

Connector Designation Location
P86 Power Supply cable Right Rear
P7 Power Supply cable Left Rear
P8 Indicator Lamp cable Left Rear
PO MOD GEN OUT coaxial Left Front
P10 MOD GEN FM IN coaxial  Right Front

P11 EXT MOD IN coaxial
P12 EXT TRIG IN coaxial

Center Front
Center Front

6.4.4 GCover Reassembly

1. Place the instrument in the bottom cover. This
allows alignment of the front and rear panels.

Place the top cover on the instrument,
Invert the instrument,
Remove the bottom cover.

tnstall the four screws, located in each corner of
the main board, that screws the top cover 1o the
main board.

6. Instail the bottom cover.
install the four screws.
8. Invert the instrument.

o s L

~

Reassembly is now complete.
6.5 TROUBLESHOOTING

Table 6-1 gives an index of the troubleshooting tables
by indications of common problems. The tables do not
cover every possible irouble, but, when used in con-
junction with circuit descriptions and schematics, will
be an aid in systematically isolating faulty com-
ponents.

Recommended test
paragraph 5.2.

equipment is described in

When encountering a problem, it is advisable to return
as many of the front panet controls as possible to their
Initial settings and still retain the problem. The trouble-
shooting tables in this section generally begin at these
initial setftings and specify ail subsequent setups.
Preset the front panel controls as follows.
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Controi Position
Frequency Dial ... ... ... . ... ... ... .. 2.0
FREQ MULT (main) . ... ... ... ..., 1K
VERNIER . ... .. cW
SYMMETRY .. ... . . OFF
DCOFFSET OFF
FUNCTION {main) .. ... ... .. ... .. .....
ATTENUATION ... . ... ... . .. 2010
AMPLITUDE oW
© FREQ/PERIOD MULT (modulator) .. ... ... .. 10HK
VARIABLE ... .. .. . cw
FUNCTION {modulator) ...................
AMPLITUDE (modulator) .. ............. ... MAX
MODULATION Switches .. ......... ... ..... OFF
Mode Switch ... ... .. ... ... CONT
TRIGGER LEVEL . ... ... ... ... . . ... ... MIN

WARNING

With the covers removed, sevsral
dangerous voltage polnts are exponsed.
Contact with any of these points could
cause serious injury or death,

CAUTION

To prevent damage to components, turn
unit off while removing or replacing
components, connectors or pc boards.

The suspected malfunctioning condition should be
double checked 1o eliminate the possibility ofimproper
settings or connections. Before attempting fault isola-
tion, the unit should be checked for proper line
voltage selection (refer to section 2) and that the
power suppies are correct up to the main generator
board. A good visual inspection of the boards and
chassis wires for damage or overheating often saves
much time.

Once the malfunction is defined, begin the isolation
procedure by selecting an indication in table 6-1
which best describes the malfunction and proceed to
the referenced troubleshooting table. Check points
and circuitry mentioned in the tables will either be ob-
viously restricted to one of the two generator boards,
or the board wili be named.

Foltow through the checks inthe troubleshooting table,
using schematics and assemblies as a guide. When
positive results are not obtained, perform the in-
dicated corrective procedure.
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Table 8-1. Fauit isolation

indication Table

Fuse blows, no dial lamp, or no outputs. | 6-2

2. Main generator has no function output, | 6-3
3. Main generator waveforms offset or
clipped, overload indicaior on, or function
outputs missingwhen TTL sync output OK, | 6-4
4. Main generator waveforms distoried. | 6-5
5. Main generator sine and triangle wave-
form probiem. 6-6
6. Main generator square and puise wave-
forms bad, sine and triangie OK. 8-7
7. Main generator sync out problem. 6-8
8. Main generaior freqguency does not
respond correctly to dial and FM modu-
tation. 68-9
9. Main generator fixed symmetryproblem. | 6-10
10. Main generator variable symmetry
probtem, 6-11
11, Main generator problem in botiom four
frequency ranges only. 6-12
12. Main generator trigger and gate probiem,
EXT and INT. 6-13
13. Modulation generator OUT (600Q) bad, | 6-14
14.  Modulation problem: AM, FM, PM. 6-15
6.6 TROUBLESHOOTING INDIVIDUAL

COMPONENTS

6.6.1 Transistor

1.

A transistor is defective if more than one volt is
measured across its base-emitter junction in the
forward direction.

A transistor when used as a switch may have a
few voils reverse bias voltage across base-
emitter junction.

#f the collector and emitter voitages are the
same, but the base emitter voltage is less than
500 mV forward voltage (or reversed bias), the
transistor is defective.
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A transistor is defective if its base current is
larger than 10% of its emitter current {calculate
currents from voltage across the base and emit-
ter series resistors).

In a transistor differentiat pair (common emitter
stages), either their base voltages are the same
in normal operating condition, or the one with
tess forward voitage across its base emitter
junction should be off (no collector current),
otherwise,one of the {ransistors is defective.

8.6.2 Diode

A dicde is defective if there is greater than one volt
{typically 0.7 volt) foerward voltage across it.

6.6.3 Operational Amplifier

1.

The “ 4+’ and “—" inputs of an operational
amplifier will have fess than 15 mV voltage dif-
farence when operating under normal condi-
tions.

When the ouiput of the amplifier is connected to
the ' — "' input (voltage follower connection), the
output should be the same voitage as the ' + "
input voltage; otherwise, the operational
amptifier is defective.

If the output voltage stays al maximum positive,
the “ " input voltage should be more positive
than the ' — " input voliage, or vice versa; other-
wise, the operationat amplifier is defective.

6.6.4 FET Transistor

1.

No gate current should be drawn by the gate of
an FET transistor. If so, the transistor is defec-
tive.

The gate-to-source voltage is always reverse
biased under a normal operating condition; e.g.,
the source voitage is more positive than the gate
voltage for 2N5485, and the source voltage is
more negative than gate voltage for a 2N5462.
Otherwise, the FET is defective. '

If the device supplying gate voltage is an FET
saturates, the FET has too large a Vgs (pinch off)
for the circuit and should be replaced.

6.6.5 Capaclior

1.

2.

Shorted capaciters have zero volis across their
terminals. _

Opened capacitor can be located (but not
always) by using a good capacitor connected in
paraltet with the capacitor under test and obser-
ving the resulting effect,
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Table 6-2. Power Supplies

Indication: Fuse Blows, no dial lamp, or no outputs.

Check

Corrective Procedure

Check that fuse is good. Ensure line selector card in power connector
matches line voltage.

Turn unit off while removing or replacing connectors. Remove P86, P7

molex connectors on auxiliary generator board. Determine that fuse holds

up. Reconnect P6.

. Remove FP1, P2, P3, P4 connectors to regulators on rear panel. Check
+ endofC24 for +28.0Vdc £10% and —~ endofC21 for — 26.5Vdc+ 10%.

Reconnect P7. Check + end of C22 for +40.5 Vdc =10% and — end of
C23 for —~40.56 Vdc £ 10%.

" Disconnect P5 and reconnect P4 to VR4 {7824). Check + end of C26 for
+24 Vdc £5%. '
Reconnect P1 to VR1 (7924). Check — end of C28 for —24Vde £ 5%.

Reconnect P3 to VR3 (7812). Check + end of C33 for + 15 Vde.

Reconnect P2 to VRZ (7912). Check — end of C34 for — 15 Vdc.

Reconnect P5. Check the +24 Vdc and +15 Vdc supplies.

Replace fuse; check for nor-
mal operation,

a. Power connector.
b.
c.

Primary wiring.
Transformer.

a. CR8 - CR11.
b.
c.

Cc21, C24.
Transformer secondary.

a. CR4 - CRY.
b.
c.

cz22, C23.
Transformer secondary.

VR4 circuit.

VR1 circuit.

o om

a. R64 adiustment.
b,
c.

VR3, U7 cireuit.
Excessive loading by aux-
iiary generator board.
Look for overheated com-
ponents and use jumpers
to aid in isolation.

. R70 adjustment.
. VR2, U7 circuit.
. Excessive loading by aux-

iliary generator board.
L.ook for overheated com-
ponents and use jumpers
to aid in isolation.

Excessive loading by main
generator board. Look for
overheated components.
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Table 8-3. Function Generator Loop

Indication: Main generator has no function output.

Checlo

Corrective Procedure

Set all controis in their initial positions (refer to paragraph 6.5).

from ground.

2. Check TP3 for a +1.25V, 2 kHz triangle. If good, proceed o table 6-4.
"~ 3. Check J5-13 for +15 Vde, J5-5 for —15 Vdc, J5-3 for +24 Vdc, and | Table &-2.
J5-1 for —24 Vde.
4. Check cathode CR27 for approximately + 1.25 Vdc. Check CR27. Table 6-13.
5. Check U5-2 for +10 Vdc and U6-2 for — 10 Vdc. Use oscilloscope and | Table 6-8.
high impedance probe with dial at 2.0
6. Check for same dc level at FB1 and TP3, limited by saturation of triangle | Troubleshoot triangle ampli-
amplifier. fier,
7. Check for + or —2.5 Vdc at the junction of CR17 and CR18, with the | a. CR8, CRY.
opposite polarity of the voltage at TP3. b. U4 circuitry.
¢. Current switch circuit,
d. 26, CR18.
8. Check that voltages at cathode CR13 and anode CR16 are the same as | a. Current switch circuit.
voltages at junction of CR17 and CR18. p. 26, CR19.
8. Check diodes CR13 - CRi86. Replace faulty dicde.
10, Lift one end of R74 (10Q) so that a =+ 1.25V, 2 kHz triangular waveform | Troubieshoot triangle ampli-
from an external source can be injected into the triangle amplifier. Check | fler.
TP3 for a + 1.25V triangle.
11. Adjust amplitude and offset of external signal slightly until a =2V square | Troubleshoot the hysteresis
appears at junction CR17, CR18, switch,
12. Check for x£2V square at cathode CR13 and anode CR16. Remove | a. Current switch.
external signal and replace R74. b. G286, CR19.
Table 6-4. Quiput Amplifier
Indication: Main generator waveforms offset or clipped, overload indicator on, or function outputs missing
when TTL sync oufput OK.
Check Corrective Procedure
1. Set all controls in their initial positions (refer to paragraph 6.5).
2. Check R246/R249 for function waveforms at 2.0V psak amplitude Table 6-5.
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Table 6-4. Ouiput Amplifier (Continued)

Indication: Main generator waveforms offset or clipped, overload indicator on, or function outputs missing

when TTL sync output OK.

Check

Corrective Procedure

Check J5-3 for +24 Vdc £5% and J5-1 for —24 Vd¢ +5%.

Check for <5 Vdc across R287 and R295.

Check waveforms at TPS.

Check attenuator switches and coax J4 to JB.

Table 6-2.

a. 5 Vd¢ indicates Q54 and
Q55 shorted.

b. >5 Vdc indicates VR2,
VR3 also failed.

Troubleshoot output ampiifier
and dc offset circuitry.

Table §-5. Waveform Generation

Indication: Main generator waveforms distorted,

Cheek

Corrective Procedure

Set all controls in their initial positions (refer to paragraph 8.5).
Check +1.25V, 2 kHz triangle at TP4.

Check 2.0 Vpp square at coilector Q57.

Check all waveforms at the U15-9. Amplitudes should

be =+ 0.50V for bipolar waveforms.

Check U15-8 for - 2.4 Vdc

Check waveforms at emitters of Q52 for 0.53V peak amplitude around
+13.4 Vdc.

Check R246/R249 for £ 2.2V waveforms with no significant offset.

Go to table 6-4.

Table 6-6.

Table 6-7.

'a. SW4-AB.CD.

b. CR28 - CRA7 signal shaper
circuliry.

U8 circuit on auxiliary gener-
ator board.

a. Calibration of R210, R218,
R226, R324.
b. U15, G50, Q52 circuit,

Final preamplifier Q40 - Q43
and U17.
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Table 6-6. Triangle Amplifiers

Indication: Main generator sine and triangle waveform problem.

Check Correéti&e Procedure

1. Set all controis in their initial positions (refer to paragraph 8.5).

2. Check triangle at FB1 with oscilloscope and high impedance probe. [f
waveform has a problem here (especially at lowered dial settings), yet has
no significant offset and is identical 1o waveform at TP3, go {o table 6-10,

step 14,
3. Check if waveform at TP3 ig identical to wavetform at FB1, Troubleshoot triangle ampli-
fier Q8 - Q11.
4, Check for an amplitude of £1.25V at TP3. a. R83, R84, R87 - RYD, CR8,
CR7.
b, U14 circuit.
5. Waveform at TP4 should be identical to waveform at TP3. Troubleshoct triangle buffer

circuitry Q17 - Q22.

6. Verify that square disable signal is defeating square at coliector G57 when | SW4-B.
function setector is in dc, sine and triangte.

7. Go to table 6-5.

Table 6-7. Square Wave Generation

Indication: Main generator square and pulse waveforms bad, sine and triangle OK.

Check Corrective Procedure

1. Set all controls in their initial positions (refer t¢ paragraph 6.5).

2. Check base of Q58 for a 2.5V square wave, offset by —1.75V. U14, Q15, CR8, CRe.
3. Verify square disable signal at R151 is not grounded. SW4-8,
N 4. Check coliector Q57 for a + 1.0V square. Q57, Q58 circuit.

5. Go tc table 8-5,

6-8
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Table 6-8. Sync Circuits

Indication: Main generator sync out problem.

Check

Corrective Procedure

Set all controis in their initial positions (refer to paragraph 6.5).
Check base of Q16 for a 2.5V square wave, offset by —1.75V.
Check collector Q23 for a TTL level square.

Check wiring J3 to J5.

U14, Q15, CR8, CRe.

18, Q23 circuit,

Table 6-8. VCG Summing Amplitier

Indication: Main generator frequency does not respond correctly to dial and FM modulation.

Check

Corrective Procedure

‘Set all controis at their initlal positions (refer to paragraph 6.5).
Check for + 15 Vd¢ at J5-13 and —~ 15 Vdc at J5-5,

Check for approximately + 15 Vde 1o + 150 mV dc at J1-2 as dial is rotated
from 2.0 to .02.

Check for 0 Vde £5 mV at U1-2 as dial is rotated. Use oscilioscope and
high impedance probe for this and other VCG measurements.

Check for approximately —5 to 0 Vdc at anode of CR1 as dial is rotated
from 2.0 to .02.

Proceed to table 6-10.

Table 6-2.

a. Wiring J1 1o dial.
b. Dial potentiometer R1.

1 circuit.

U1 circuit.

Table 8-10. YCG Current Sources

indicatiqn: Main generator fixed symmetry problem.

Check

Corractive Procedurs

Set all controls in their initial positions {refer to paragraph 6.5},

Ensure anode of CR1 does not atternpt to go positive with dial at .02 and
frequency vernier ccw. Use oscilloscope and high impedance probe for
this and other VCG measurements.

Check U4-2 for — 5 to 0 Vdc as dial is rotated from 2.0 to .02.

Check U3-2 for — 2.5 to 0 Vdc as dial is rotated from 2.0 to .02.

Check U2-2 for 0 Vdc as dial is rotated.

a. Calibration of R8 and R14.
b. U1 input offset.

U4, Q2.

Us3.

uz, Q1.
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Table 6-10. VCG Current Sources (Continued)

Indication: Main generator fixed symmetry problem.

Check

Corrective Procedure

10.

11,

12.

13.

14,

15,

16.

17.

Ensure gate voitage of Q1 and Q2 are not saturating and that there is no
voltage across R25 and R27 as dial is rotated to .02 with frequency ver-
nier ccw. '

Check U5-3 for + 1010 +15Vdc and U6-3 for —10to —~ 15 Vdec as dial is
rotated from 2.0 to .02.

Check J5-3 for 424 Vdc £5% and J5-1 for —24Vdc +5%.

Check U5-2 for + 10 to + 15 Vdc as dial is rotated from 2.0 to .02.
Check UB-2 for — 10 to — 15 Vdc as dial is rotated from 2.0 to .02,
Ensure gate voltages of G4 and QB are not saturating and that there is no
voitage across R42 and R44 as dial is rotated to .02 with frequency ver-
nier ccw.

Verify operation of SW1-C,D on upper four frequency ranges.

VCG circuit Is good; investigate triangle waveshape as a source of sym-
metry problem. If triangle has significantly different waveshape and/or dc

offset at TP3 as it does at FB1, go to table 6-6, step 3.

Check if problem is cleared up by lifting out of circuit one end of CR27.
Determine if triangle is nonlinear on a particular frequency range.

Determine if triangle is nonlinear toward the bottom of ailfrequency ranges.

if triangle is discontinuous at the peaks, the current switch may be oper-
ating significantly off from =2V levels, or it may be switching stowly.

. R23 adjustment.
. Q1 Q2
c. U2 - U4 input offset.

o o

a. R36 adjustment.
b. U5, UB input bias.
c. SW2 not closed.

Tabie 6-2.
Q3, Q4, Us,
Q5, Q8, CR2, U6,

a. Q4, Q5.
b. Loading from U9, U10.

a. CR27 leaking.
b. CR27 not reverse biased;
go to table 6-13.

CB1 - CB5, C125, C126, C133
leaky.

C32, C34, C67, Ce8, C127,
Q8, CR13 - CR16 leaky.

a. Hysteresis switch.
b .Current switch.

c. CR1g, Qz6.

d. CR6 - CR9.
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Table 6-11. VYCG Amplifiers

Indication: Main generator variable symmetry problem.

Check

Corrective Procedure

Verify checks in table 6-10, steps 1 through 6.

Set SYMMETRY control to midposition. Verify function output is roughly
symmetrical and has a frequency of approximately 200 Hz.

Check that waveform symmetry varies from approxima%ely 1:19 {0 191
as the SYMMETRY control is rotated.

. R2, SW2 control.
. Wiring o E21, E22.

. Value of R2 with trim is too

far from optimum value of
45K.

b. Q1, Q2.
SYMMETRY controf is CK.
Table 6-12. Capacliance Multiplier
indication: Main generator problem in bottom four frequency ranges only.
Check Corrective Procedurs
Set all controls in their initial positions {refer to paragraph 6.5).
Check U7-3 and U8-3 for 0 Vdc. a. SWi-B.
b. U7, U8 input bias.
Check U7-6 for 0 Vdc 100 mV. U7 circuit.
Check U8-6 for O Vde £1 mV. a. R56 adjustment,
~b. U8 circuit.
Set frequency muitiplier to X 10, Verify that U7-6 ampilifies the signal at | a. U7 circuit.
U7-3 within saturation limits. b. 5W1-8.
Check UB-6 for a composite square-triangle waveform whose square | a. U8, SW1-A circuit.
component is reduced as the dial setting is reduced. Check for high | b. C28.
frequency oscillations. c. C29.
Check linearity of +£1.25V triangle at FB1. a. U7, us.
b. C286.
Check frequency accuracy. a. R51 adjustment.
b. R58, SW1-A,
c. C26.
d. R62, R63.

&6-11
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Table 6-12. Capacitance Multiplier (Continued)

Indication: Main generator problem in bottom four frequency ranges only.

Check

Corrective Procedure

10.

Check freguency agreement of lowest three ranges with X 10.

Verify symmetry at .1 on dial on x 10 range.

[ )

. B59 - R61, SW1-A
. Cee, U7, us.
. Extremely small drain on

integrating current; refer
io table 6-10, steps 13
through 17.

. R56 adjustment,
. U8 circuit,

Table 6-13. Trigger Circuitry

Indication: Main generator trigger and gate problem, EXT and INT.

Check

Corrective Procedure

Set all controls in their initial positions (refer to paragraph 6.5).

Go to external gate mode and triangle function on main generator. The
following measurements should be taken with ascope and high impedance
probe. Unless otherwise indicated, reference designations used apply to
the main generator board.

Check TRIG OUT signal at J5-3 for a TTL high to low transition as TRIGGER
LEVEL control is brought cw through midposition.

Check U13-14 for +5 Vdc +5%.

Check U13-8 for a TTL high to low transition as TRIGGER LEVEL controt is
brought cw through midposition. Check U13-8 for a TTL high when in ex-
ternal trigger mode and a TTL low when in continuous mode. Leave in con-
tinuous mode.

Check U12-3 for a TTL low.

Check CR21 cathode for approximately - 0.25 Vdc.

Check cathode CR27 for +1.25 Vdc.

Ensure +1.25V triangie at TP3.

Q1 - Q3 circuit on auxiliary
generator board.

VR1.

a.

U13.

b. SW1-A on auxiliary gener-

ator board.

Uiz,

oo

o

. Q27, CR20 - CR26.
. U9, U110, Q7, CR2.
. G28 - Q32 amplifier.

. B159 adjustment.
. Ug, U1g, Q7, CR2.
. Q28 - Q32 ampiifier.

. CR27.
. Tabie 6-3.
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Table 6-13. Trigger Circuitry {Continued)

indication: Main generator trigger and gate problem, EXT and INT.

Check

Corrective Procedure

10.

11.

12.

i3

14.
15,

16.

17.

Go to external gate mode and verify + 1.25V triangle at TP3 with TRIGGER
LEVEL controt cw. With TRIGGER LEVEL conirol cow, CR27 shouild have
— 0.7 Vde on its cathode and TP3 should be near 0 Vdc.

TP3 should remain near 0 Vdc as dial is rotated o .02 and back to 2.0.

Rotate TRIG START/STOP control cw. TP3 shouid immediatsly go io
—1.25 Vdc, then move positive to near + 1,25 Vdc, where the = 1.25V
triangie wili appear. Return contrgl to 0° CAL.

Set main generator to 2 MHz frequency and external trigger mode. Apply
an approximate 1 MHz square from an external generator to the EXT TRIG
IN connector. Check that as TRIGGER LEVEL control is brought to mid-
position, an approximate 20 ns negative pulse appears at U13-8 following
the positive-going edge of the external square.

Check function output for one triangle cycle followed by a 0 Vdc baseline
for each externally triggered cycle.

Remove external generator; check modulator OUT (6000) for a 10V pp
(open circuit), 1 kHz sine.

Set modutation generator for & 100 kHz triangle and select internai trigger
mode. Connect scope to display both the modulator output and function
output. Check for proper triggering of the function output along the positive-
going slope of the modulater triangle as trigger level is adjusted.

Go to internal gate mode and check for proper gating action as TRIGGER
LEVEL conirol is rotated.

a. R159 adjusiment.

b. Q28 - Q32 amplifier,
¢c. Qz26, Ul12.

d. U8, U10, Q7, CR2.

Ug, U0, Q7, CR2.

R4-SW6 control.

a. J1 to J12 wiringonauxitiary
generator board.

b. SW1-A.B on auxillary gen-
erator board.

c. Q1 - Q3 circuit on auxiliary
generator board.

d. U13, C74,

a. Q28 - Q32 amplifier.
b, Q26, Q27 circuits,

Table 6714.

a. SW1-B on auxiliary gener-
ator board,

b. R1, CR1, CR2 on auxiliary
generator board.

SW1-B on auxiliary gener-
erator board.

Table 6-14. Modulation Genesrator

Indication: Modulation generator OUT (600%) bad.

Check

Corrective Procedure

‘Set ali controls at their initial positions (refer to paragraph 6.5).

Check that main generator is functioning property.

The following checks should be taken on the auxiliary generator board
with an oscllloscope and high impedance probe. Check that U1-7 varies
from —3 to 0 Vdc as modulation frequency VARIABLE is rotated from
maximum to minimurn.

Indicated table.

R8, U1 circuit.

6-13
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Table 6-14. Moduiation Gensrator (Continued)

Indication: Modulation generator QUT (6004) bad.

614

tude control

Check Corrective Procedure
4. Ensure U1-7 varies with a signat applied to moduiator FM IN connector. | J3 to J10 wiring.
Remove signal.
5. Check that U1-1 varies from — 3.25 to. 0 Vdc as frequency VARIABLE is | a. U1 circuit.
' rotated from maximum to minimum. ‘ b. U2 circuit.
6. Check U2-2,3,8 for —5.6 to — 8.8V sine, —4.8 to — 9.6V triangle, and U2 circuit.
- 36810 — 14.4V square,
7. Check modulation OUT {600Q) for =5V (open circuit) sine, triangle and | a. SW5-C.
square. b. U3 circuit.
¢. J9 to J4 wiring.
8. Check modulation frequency muitiplier switch frequencies and 1C0:1 a. SW6-A.
VARIABLE control. b, C1-C4, U2,
8. Check modulation sweep functions for + 5V peak at twice moduiation | a. B30, R33, R46, R81 adjust-
frequency. ments.
b. U5, U8 circuits,
¢. SW5-AB.
Table 6-15. AM, FM, PM Circuits
indication: Modulation problem: AM, FM, PM.
Check Corrective Procedure
1. Set ali controls in their initial positions (refer to paragraph 6.5).
2. Check moduiator OUT (600%) for 5V peak (open circuit) on all modulator | Table 6-14.
waveforms. ‘
3. Set AM MODULATION switch to INT. Check TP-6 on main generator | J2/P2 or RS on auxiliary
board for 2.5V peak waveforms, variable with modulation generator board.
amplitude control.
4. Set main generator for a 200 kHz sine and the modulator for an approxi- | a. U18 circult on main
mate 1 kHz sine. Set the AM MODULATION switch to internal. Check generator board.
J15-8 on the main generator board for an ampiitude variable (3Vp-p max} | b. SW2 on auxiliary
1 kMz sine offset around —1.2Vdc. generator board.
5, Check function output for 0 to 100% AM, variabie with modulation ampli- | a. R210, R218, R226, R324

adjustments on main gen-
erator board.

. W15 circuit on main gener-

ator board.
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Table 8-15. AM, FM, PM Circuits (Continued)

Indication: Modulation problem: AM, FM, PM.

Check

Corrective Procedure

10.

11.

Set AM switch to external and connect modulator OUT (600Q) to EXT MOD
IN. Check LJ15-8 on main generator for a 1 kMz * 3V sine, offset by
+ 0.2 Vde

Check function output for suppressed carrier modulation signai.

Set AM swiich to OFF, Leavé modulator OUT (6004} connected fo EXT
MOD IN. Set moduiator amplitude to maximum.

Verify that main generator frequency follows diai settings.

Set modulator FUNCTION to positive-going ramp, modulator frequency to
.1 110 Hz range, VARIABLE to midposition. Set main generator frequency
to .02X10 kHz. check for a sweeping frequency at function output with
FM switch in both INT and EXT.

Turn FM switch OFF. Set modulator for a 1 kHz square. Check for a dif-
ferentiated signal at the wiper of SW1-F on main gnerator board. The
signal should be present on upper six main generator frequency ranges
when the PM swiich is in INT and EXT.

J2 to J11 wiring on SW2 on
auxiliary generator board.

U15 circuit on main
generator board.

Table 6-9.

SW3 on auxiliary generator
board.

a. SW4 on auxiliary generator
board.

b. SW1-F,C3 - C7, C131 on
main generator board,

615
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7.1 DRAWINGS

The following assembly drawings (with parts lists) and
schematics are in the arrangement shown below.

7.2 ADDENDA

Under Wavetek’s product improvement program, the
iatest electronic designs and circuits are incorporated
into each WAvetek instrument as quickly as develop-
ment and testing permit. Because of the time needed
to compose and print instruction manuals, it is not
atways possible to include the most recent changes in
the initial printing. Whenever this oceurs, addendum
pages are prepared to sumarize the changes made

ManualsPlus.ces

PARTS AND SCHEMATICS

and are inserted immediately inside the rear cover. If
no such pages exist, the manual ig correct as printed.

7.3 ORDERING PARTS

When ordering spare parts, please specify part
numbes, circuit reference, board, serial number of
unlt, and, if applicable, the function performed.

NOTE
An assembly drawing number IS not
necessarify the assernbly part number.
Howsever, the assembly parts list number is
the assembly parf number.

Drawing

Instrument Schematic
Chassis Assembly
Chassis Parts List

Main Board Schematic

Main Board Assembly

Main Board Parts List

Switch Assemblies

Switch Assemblies Parts List

Auxiliary Board Schematic
Auxiliary Board Assembiy
Auxiliary Board Paris List
Switch Assemblies

Switch Assemblies Paris List

Drawing No.

0004-00-0176
0102-00-0903
1101-00-0903

0103-00-0872
0101-000872

1100-00-0872
0102-00-0039
1202-60-0039

0103-00-0811
0101-00-0811
$100-00-0811
0102-00-0040
1202-00-0040
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REFERENUE DESIGNATORS PART DESERIPTION ORIGuMFGR=FAkT=N] MFBR WAVETEK NOD. gIY/PY REFEHENCE ODESIGNATORE BART DESELRIPTICN
R24! K243 R2B4 RaT6
236 RES,MF, 1785, 1% 19.6K | RNSSDw1962F TRK 101e03m1962 H RS
R187 H193 R224 R237 RES MF, 1 /8%, 1%,200 RNGGD=2000F TR 4701=03=2000 8 Hial R22S RES, ME ;1 /B, L%y 69,95
H2EF R2%3 R302 Alie
R202 REG ) MF (1780, 1%,518
R2L R215 R22 R2e R32e RES MF 1 /88, 1%, 2K RNSSD=200FF tRw 4701-03=200¢ 6
R33E R249] KELS RESIMF , /B0, 1%, 5041
R290T WEG,MF, 1780, 1%,20,5K ] RNSSD-2032F TR# 470100372052 1 #18Y R191 RESSMF 1 /80, 1%,523
R199 RES,MF 1 /8N, 1%, 215 RNGSD=2150F TRW 4708+0322180 ! #81 Rés REG MF, 1/8W, 1%,54.9
RI¥] RiB& R2BET HEYE! RES, MF, 5 /8K 1%, 2145 RNS5h=21RSF TR 5701-03-2159 6 R1G7 REGsMF,1/BW, 1%, 870
R2G1 R292
R348 REG MF, 1780, 1%55, 768
R105 RES)MF, 1/8%, 1%, 2281 RNSGD=22 4 0F TRK 4703+03%2210 1
R269 K82 RES REG #F, 1 /BN 1%, 604
K258 RES ME, L /8N, 1%,2,21K | RNSSD=RELLF TRe 4701032211 1
R1540 RES/MF, 1 /8K, 1 %019
Rz%0 RZel RES MF, 1 /A8W,1%,3,37K | HRNSSD~2371F TR 4TG1.03=2371 2
R31S RSO REB,MF, 1 /780, 1%y t6,10%
R129 H165 RL179 K2g!l RES MF , 17BN, 1%, 249 RHS5D= 4§ OF TRw 4701-03-2490 8 .
R383 K306 R42 R&y Reli R222 REG,MF o L/BW 3%,61,9
R148 K149 Rled RI74 RESyMF L/7BW, §%,2.489K | RNYSD=24G1F THR GT01=03e49) 9 R2B4 RES MF, 1480, 1Xa68,1
RZTQ R3O H34 H37| He%
RE5G HH2 HES MF ( L/B% s L% b, 98¢
R165 Ri9e R3IZI RH4S RESpMF 176k E% 249K | RNSSD=Z492F TRA Q470L-03-2452 4
R{21 R173 Ra19 R220 RES, MF L /8W, 1%4750
KeusT RES,MF, 1/BWs 15, 27,0 RNSSD=2 TRAF TRE 4T01e03e2149 1 k3367 Red R78
R120 RES,MF,1/BW, 1%, 2,870 | RNSSD~Z8TIF TRW 4Toin03=2RYY 1 Ri2B F138 R135 W13k RES,MF, 4 /7By 18,7 ,5K
Ri&7 R169
RIS4 k212 R244 R248 RES,MF, 1 /8w, 1%, 3,010 ] RNSSL-30§fF TRi 4791=03=3011 o
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REFERENCE QESIGNATHRS PART DESCRIPTICN CGRIGeMF GR=PART=NE MF G RAVETEK NO, GrYsRY REFEHENCE DESIGNATORY PART DESCRIPTION
K38 R4B
R1I9 R221 RES MF, 1 /B0, §%,7,87
K27l REG MF, 1/BH, 1%, 30, 1K HNGSD«3012F TH# G10)=03=3012 1
RYE? RESMF, 178N, 1%, 825
R122 K217 R78 ®7H He3 RES,MF, 1/BW, 1K 346 RNSSD=3160F TRH 4701«03n360 [
Koy R151 KES+MF , L/8K 1%,8R.5
RZ&o REG,MF, 1780, 1%,33,2K | ANSGD-3322F TR H705u03w3322 1 R2001 RES MF, 178N, 1%,9,09
K10} K152 R111 R11& RES,MF, 1/80, 1%,33,2 KN55D-33RaF TRW 4701035329 28 RZBY RES/MF ) /78K 1R550.,9
Rigs k1g? R133 R134
K137 K148 Kded Ravh RLGT REG MF 2 L/BW 1% 976
Re%3 H3g22 R390 RTL
K72 H?3 RI6 R8O WY& 3 REG, #F p L/4N, 1%, 58
/97
R37 R46 RES, MF L /by 1%5 455K
K140 K141 RE81 Rrayl RES MF, 17BN, L% 3. 65K | RNSED=385LF PRI 4701-03-3651 4 :
upg? RES/MF, 1706 1% 698K
R3ZS H329 ®9S RES MF, | /BN, 1%, 392 RNSSD-39240F TEK 4701n 053920 3
Ki08 R10% REB MF, 1 /2, 1%y121
Rz45 R247 RES MF o 1780, 1R 4222 RNGSD w4 2H2F TRW 4T01e03=4229 2
R3E1 R313 RES MF, 59, 14,100
Rl H9g KeSsMF, t /88, 1X 404 RNSSEwd el OF TRw 4761=03=d40640 2
RES, MF,MIXED SET
R3S RES, ME, /W, 1, 8, 64K | RNSSDwdeutF TRw FRISEY ST !
H5H HEG+MF, 178K, 1%, 10K
R1ub R34e REB,MF T 8%, 1%, 46,4 RNESDeUERUF tRW 4701=03wdb49 2 PART GF 4789=00=044
GTYLE
k28 REGMF, 1788, 1%, 4, 75K | RNSED=4T7HLF TRW 4701w03~4751 1
RS§ RESyMF o £ /8K, 1%, 100K
R299 R&3 RESSMF, /8, LK, 499 AN5SL=L590F TR#M 4701203-4998 2 FART OF 478%=00=004
FILESS!
R12 k1% Rloz Kije RES, MF, 5788, 1K,4,.59K RNSSD=6991F TRN 70403499 13
R177 KETE R19 HpO
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THIS DOCUMENT CONTAINS PROPRIETARY INFOR-
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MAINTENANCE WITHOUT WRITTEN AUTHORIZATION.

/.

TYEICAL HARDWARE
STACK-UFP

SWITCH FPLATE

HO. 440 PAN HEAD SCREW
(FOR BCREW [ENGTH REFER SHIELD
7O SWITCH WIGING DETAIL)

= NDICATES
JBEER

7O SHIELD

1T RER) (YRS PLCS.)

SWITCH WAFER

(48 PECPED.D POSITION STOFP AS

RFRNRED SEE SWITCH OEN

DETENT - WIRING DETAIL

AFER

GROUND LUG
INTERNAL TOOTH LOCK
WASH B8 EWL NUT

@ AD?ED STOP

BLK TO E/@

Sw5
WIRING DETAI

WAFER Annp B3 % 4
SPACER

WAFER Banuod 4
SFACER

e T

A, G-40xE" F
Wi TH LOCK WASH
AND VUT,

WAELR 44 B #-4
SCREW

ALL OETEMTT SHOWAM FROM FRONT VIEW
I FULL COUMNTER CLOCKWISE POSITION .
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