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WARRANTY

All Wavetek instruments are warranteed against defects in material and warkmanship for a period
of one vyear after dats of manufacture, Wavetek agrees to repair or replace any assembly or
component {except batteries} found to be defective, under normal use, during this period.
Wavetek's obligation under this warranty is limited solely to repairing any such instrument which in
Wavetek's sole opinion proves to be defective within the scope of the warranty when returned
to the factory or ta an authorized service center. Transportation to the factory or service center
is to be prepaid by purchaser. Shipment should not be made without prior authorization by
Wavetsak,

This warranty does not apply to any products repaired or altered by persons not authorized by
Wavetek, or not in accordance with instructions furnished by Wavetek. |f the instrument is
defective as a result of misuse, improper repair, or abnormat conditions or operations, repairs will
be billed at cost.

Wavetek assumes no responsibility for its product being used in a hazardous or dangerous manner
either atong or in conjunction with other equipment. High voltage used in some instruments may
be dangerous if misused. Special disclaimers apply to these instruments. Wavetok assumes no
fliakility for secondary charges or consequantial damages and, in any event, Wavetek's liahiiity 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
refiable, but Wavetek makes no warranty of the results 1o be obtained, This warranty is in lieu of
ali other wearranties, expressed or implied, and no representative or person is authorized to
represent or assume for Wavetek any liabitity in ¢onrection with the sale of our products other
than set forth nerein,
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Product Improvement Notice

Wavetek maintains a continuing program to makes improvements fo their instruments that
will take advantage of the iatest electronic developments in circuitry and components.

Dug to the time reguired to document and print instruction manuals, it is nat akways
possible 1o incorporate these changes in the manual.

Wavetek has manufactured your instrument, using metal film 1% tolerance resistors in place
of 5% carbon resistors, wherever practical. This results in a substantial improvement in
the overall performance of your instrument. Therefore, there may exist a discrepancy between
the resistor used to manufacture your instrument and the resistor called out in the Parts List
and Schematic Diagrams in this manual,

If field replacement of an affected resistor does become necessary, replacerment may be made
in accordance with the manual call outs. Wavetek, however, recormmends replacement with
the same type of resistor used in the manufaciure of your instrument, whenever possible,
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Figura i — Model 142 HF YCG Generator

SCOPE OF THIS MANUAL

This manual provides descriptive material and instructions for the installation, operation,
maintenance, and repair of this instrument. Wavetek’s product improvement program ensuras that
the latest electronic developments are incorporated in all Wavetek instruments by the addition
of circuit and component changes as rapidiy as development and testing permit. Due to the tima
reuired to document and print instruction manuals, it is not always possible to incorporate
the more recent changes in the released manual. In this case, data will be found an engineering
change sheets at the rear of the manual. If no change sheets are included, the manual is correct
as printed,



1.1 PURPOSE OF THE EQUIPMENT

The Model 142 HF VCG Generator pravides sine, square,
triangle, positive pulse, and negative pulse outputs {with
a separate sync output) cver a 0.0005 Hz to 10 MHz fre-
gquency range. Frequency rangs selection is provided in
ten decades; and a vernier control permits adjustment o
within approximately 1% of the range selected.

The symmetry of any output waveform is confinucusly
adjustable fram 1:12 to 19:1 {5%-95% to 95%-5%). Pulse
outputs as narrow as 50 nanoseconds having repetition rates
as high as 1 MHz (on-off ratio as great as 19:1) can be
generated in either polarity. Varying the symmetry of the
triangle function will produce a sawtooth or "“ramp’ signal
with a rise or fall time as steep as BO nanoseconds at a
recurring rate of 1 MHz. Even the symmetry of the sine
wave may be varied over this 1:19 to 19:7 range if desired.
When the symmetry controt is used, however, the indicated
frequency is divided by a factor of approximately 10.

A VCG input allows the output to be frequency modu-
lated, dc programmed, or swepi over a 1000:1 ratio. The
de offset of the 30V p-p maximum signal output can be
controlled manually or electronically. A 60 dB calibrated
step attenuator and a 20 dB vernisr provide an averali
attenuation of 80 dB; permitting signal levels as low as
1.6 m¥ p-p. Both the output waveform and the de offset
are attenuated by the 80 dB step attenuator.

With this instrument it is possible 1o simultanecusly pro-
gram and sweep the output freguency, select the output
symmetry desired, and manually or electronically vary the
dec offset. This capability, coupled with the variety of
waveforms available and precision output amplitude con-
trol, makes the Model 142 an extremely versatile instru-
ment for engineering, manufacturing, and taboratory appli-
cations.

1.7 GENERAL PHYSICAL DESCRIPTION

Weighing approximately & pounds {12 pounds when
shipped] the Madel 142 is 8% inches wide, 5-% inches
high, amd 1%-¥% inches desp. Housed in a compact,
ruggedized, portable case; the Model 142 is normally
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SECTION
INTRODUCTION

shipped with a 10-foot, 3-wire, detachahle line cord and
one copy of this instruction manual.

1.3 SPECIFICATIONS
1.3.1 Versatility
WAVEFORMS

Selectable sine "'y , sguare "], triangle ., , positive
pulse 1 L , and negative pulse L~ outputs,

Symmetry of all outputs continuously adjustable from
1:19 to 19:1. Varying triangle symmetry provides a

sawtooth ~~. or .~ output. Separate sync with vari-
able symmetry {see Sync Output specifications below).

OPERATING FREQUENCY RANGE

0.0005 Hz to 10 MHz in ten decades as tabulated below:

Ranges

X.001 0.0005 Hz 10 .01 Hz
Xx.01 . S . 0.005 Hz to .1 Hz
‘X1 . . . . . . . . . . . . DObHzto1lHz
X1 . . . . . . .. . . .. . 01Hzw10Hz
X1 . . . . . . . . . . . . 01Hztw100H:
X100. L e e e 1 Hz to 1 kHz
XIK . . . . . . . . . . . . .10Hzw10kH:z
X10K . . . . . . . . . . .100Hz10o 100 kHz
X100K . TkHz to 1 MHz
XM . 10 kHz to 10 MHz

Note: When Symmatry control is used, indicated frequency
is divided by a factor of approximately 10.

MAIN OUTPUT

Sine, sguare, triangle, positive pulse, and negative pulse;
selectable. Maximum output 30 V pp intc open cireuit
{16 V p, pulse} with calibrated 15 V p-p inte 50-ohm load.
Precision output attenuator calibrated in 10 dB steps to
—60 dB with a 20 dB vernier, giving an overall attenuation
of 80 dB. Output impedance is 50-ohms. Short circuit
current is £150 milliamps.

1-1
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SYNC OUTPUT

Amplitude graater than 4 V p-p into open circuit; 2 V pp
into 50 ohms. Square waveform for symmetrical cutputs;
rectangular wavetorm for pulse and ramp outputs. Sync
pulse palarity is opposite that of ocutput square wave.

DC OFFSET

Can be controlied manually using the front pane! contral,
or elactronically by applying an external valtage. Adjust-
able range is *10 Vdc intoc open circuit (x5 Vdc into
50-chm toad) with peak output, at ihe output, limited
ta 215 Vdc into open sircuit {£7.5 Vdc into 5052). External
offset sensitivity is approximately —0.4 V/V with output
connected to 50-chm load. BC offset and output wavefarm
are attenuated proporticnately by the G0 dB output
attenuator.

1.3.2 Horizontal Precision

FREQUENCY ACCURACY (Dial Accuracy} Symmetrical
Waveforms

0.0% Hz 10 1 MHz £{1% of setting + 1% of full scale).
1 MHz to 10 MHz 2{2% of setting +2% of full scale},

VERNIER

Permits frequency adjustment of approximately 1% of
range.

TIME SYMMETRY

10 Hz to 100 kHz .
0.01 Hz to 500 kHz .

+.5%
+1.0%
1.3.3 Voltage-Controlled Generator

VCG CONTROL RANGE
Up o 1000:1 frequency change with external voltage
input. Upper frequency is limited to maximum of selected

range. Required external signal for full voltage contral is
5 volts with input impedance of & k{l.

VCG INPUT FREQUENCY

VCG Bandwidth .
VCG Slew Rate .

.o 100 kHz
2% of range/microsecond

VCG LINEARITY

10 Hz to 100 kHz
0001 He to 1 WHz

. *0.2% of full scale
. r0.5% of full scals

1-2
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1.3.4 Vertical Precision
SINE WAVE FREQUENCY RESPONSE

Amplitude change with frequency less than:

0.1 dB . to 100 kHz
0.2 dB . . to 1 MHz
2.0 dB Lo 10 MHz

STEP ATTENUATOR ACCURACY

10.25dB/10dB

STABILITY
Short term . +0.05% for 10 minutes
tong term . £0.25% for 24 hours

Percentages apply. to: ar.npl.itude, frequency, and dc offset.
AMPLITUDE SYMMETRY

All waveforms {except pulse} are symmetrical sbout ground
within £1% of maximum peak-to-peak amplitude.

1.3.5 Purity

SINE WAVE DISTORTION

10 Hz to 100 kHz

100 kHz to 1 MHz
1 MHz to 10 MHz

.less than 0.5% (typically 0.2b%}

C e less than 1.0%

. alt harmaonics at least 30 dB down
TRIANGLE LINEARITY

0.002 Hz to 100 kHz . greater than 99% by using the best

straight fine method

SOUARE WAVE RISE AND FALL TIME {terminated in
5082 load)

Less than 20 nanoseconds; limited to 500 V/microsecond.
TOTAL ABERRATIONS

Less than 5%

1.3.6 Environmental

TEMPERATURE

All specifications listed, except for stability, are for

25°C 5°C. For operation from 0°C to B5'C, derate all
specifizations by a factor of 2.
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1.3.7 Mechanical 1.4 ACCESSORIES AND ASSOCIATED EQUIPMENT

This instrument is normally shipped with a 10-foot, 3-wire,
detachable line cord and a copy of this instruction manual.
The items listed below are compatible accessories and
associated equipment which may be heipful in the user’s
installation.

DIMENSIONS
8-% inches wide, B-% inches high, 11-%: Inches deep.

WEIGHT

PTER KIT . . . .Wavetek No. 130-602
8 pounds net, 12 pounds shipping. RACK ADAPT avete ©

ADAPTER CABLE(S),

POWER SHIELDED., . . . . . .BNC Femaleto BNC Female

BNT Femaie to BNC Male

105 V 1o 126 V or 200 V to 250 V; 50 to 400 Hz. Less BMC Female to Dual Banana

than 3b watts, BNC Female to Dual Aliligator
NOTE

Specifications apply from 1-10 on the fre-
quency diaf,

1-3



21 MECHANICAL INSTALLATION

After unpacking the instrument, visuatly inspect all external
parts for possible damage to knobs, connectors, surface
areas, etc. If damage is discovered, fite a claim with the
carrier who transported the unit. The shipping container
and packing material should be savad in case reshipment
is required.

No mechanical installgtion s required when the instrument
is to be used as a portable bench top instrument. If a
rack-rounting configuration, or a Rack Adapter Kit (see
paragraph 1.4}, is provided, the unit may be mounted in a
standard 19-inch equipment rack. Instructions for attaching
the Rack Adapter Kit are provided with the kit.

2.2 ELECTRICAL INSTALLATION
2.2.1 Power Connection

Connect the ac line cord to the mating connector at the
rear of the unit.

ManualsPlus.c

SECTION

INSTALLATION AND OPERATION

NOTICE

Unless otherwise specified at the time of pur-
chasa, all Wavetek instruments are shipped from
the factory with the power fransformer con-
nected for operation on a nominal 115-volt ac
line supply, and a % amp 115 V line fuse.

NOTICE

Conversion for 230-volt operation requires rasetting a
switch at the rear of the instrument. To reset the 115/230
conversion switch (concealed by the rear panel} remove the
rear panel, sat the slide switch to 230, and replace the
panel. Install a fuse with a rating of 1/8 amp at 230 volis.

2.2.2 Signal Connections
Use 50L2 shielded cables equipped with female ENC con-

nectors to distribute all RE signals when connecting this
instrument 1o associated equipment.

FREGQUEMNCY
DIAL

0]

FREQUENCY RANGE
POWER S TCH

FREQUENCY
YERNIER

EXT DC
OFFSET

SYMMETRY

OC OFFZET

FREQUENCY
INDEX

WCDEL 142
HF VLG RERERATIH

A, M

W

WAVEFQRM
SELECTOR

®

AMPLITUDE
YERMIER

DUTFIT ATTEN

Figure 2-1 - Operating Controis
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2.3 OPERATING CONTROLS

The operating controls and electrical connections for the
Model 142 are shown in Figure Z-1. The listing below
discusses each control and its function.

1.  Frequency Range/Power Switch — This 17 pasition
switch selects the geperator freguency range. The
extreme counter-clockwise position s the power off
pasition.

2. Frequency Dial — This is the main frequency control.
The setting on this dial multiplied by the frequency
range setting (above) equals the output frequency of
the generator. The frequency vernier (3} and the
symmetry control {11) also affect the generator fre-
quency, HNote their effect in the listing helow.

3. Frequeney Vernier — This control allows precision
contrel over the output frequency. A complete turn
of this vernier is equivalent to approximately ong half
of the smallest division on the main frequency dial.
When in the full clockwise position [CAL), the set-
tings on the main dial will be accurate.

4, Frequency Index — The scribe line indicates the fre-
quency dial setting. The index is Hluminated when
the unit is on.

. Waveform Selector — This selects the waveform that
appears at the 50! cutput connector. The waveforms
are sine 7\, triangle *, square 7|, positive going
pulse and negative going pulse,

4. Amplitude Vernier — A vernier control of the output
amplitude. Maximum clockwise position gives the fult
output amplitude of 30 V peak-to-pesk into an open
circuit or 15 V p-p into a 5082 load, except paositive
and negative pulse which are 7.5 V zero-peak ampli-
tude into 50£} load. Counter-clockwise rotation will
continuously reduce the output amplituda. Tha con-
trol gives & minimum of 20 dB variation {10:1}. This
control operates in conjunction with the output atten-
uator {9}, For maximum amplitude output this vernier
must be fuil clockwise and the output attenuator in
the “0dB" position.

7. 9yne Out — This output provides a square or rectan-
gular output at the same frequency of the main
generator. The output amplitude is approximately
2V p-p into B0S2. The phase refationship between the
sync output and the waveforms from the 5082 output
is as shown in Figure 2-3

8. 50¢) Out — This connector provides the selected

22
7781
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generator output function, The generator may oper-
ate inte an open circuit providing 30 ¥ peak-to-peak
maximum, of into a 500! load providing a 1% V
peak-ta-peak output.

9. Output Attenuator — Attenuates the output from
0dB (15 V p-p 508 max} to —60 dB {156 mV pp
into 502} in six, 10 dB steps. The vernier (6) adds
an additional —20 dB, thus, a maximum of —80 dB
{(1.5mV p-p intc H00).

10. DC Offset Control — This coaxial switch controls
the amount of dc or haseline offset above [+) or
below (-} signal ground. The larger knob controis
the polarity of de¢ offset and the smalier knob controls
the amount of offset.

11.  Symmetry Control — This controls the time sym-
metry between the positive and negative portions of
the ocutput waveform. In the full counter-clockwise
idetent) position, the control is disabled and the
output waveform has 1:1 symmetry {50% duty
cycle}. Rotating the dial clockwise will vary the
symmetry from 1:19 through 19:1. Note: When the
symmetry is off the NORM {detent} position the aut-
put fregquency is divided by approximately a factor of
19. This allows a minimum pulse width of BED nano-
seconds,

12. VCG {Voltage Controlled Generator) Input — This
connector allows external control of frequency. With
0 volts in, the generator output frequency is deter-
mined by the frequency range selected and the fre-
quency dial setting. A positive VYOG voltage will
increase this freguency, and a negative voitage will
decrease the frequency. Input impedance is & k{2,

13. External DC Offset — This connactor provides exter-
nal. control of de level. This control only operates
when the dc offset switch is in the 0 position. Maxi-
mum range is *15 V dc and sensitivity is approxi-
mately —0.4 volts offset per volt input.

24 INSTALLATION CHECKS

This paragraph outlines a quick checkout procedure to
determine if the instrument is operating properly. Field
calibration and checkout instructions are given in Section 4
1o determine comptiance with electrical specifications, If
electrical deficiencies exist, refer to the warranty on the
back of the title page.

Use a Tektronix Model 454 oscilloscope (or equivalent)
and a Monsanto Mode! 101A Counter-Timer {or sguivalent)
when performing these installation checks.



1.

FREQ HZ ([switch) .

Before connecting the fine cord to the ac ling, set the
front panel controis and switches as follows:

FWR OFF

FREQ DIAL {maindial} . . . . . . . . . . 10

VERNIER {control}

. tlockwise

WAVEFQRM {switch) . . . . . . . . . . AV

30V P-P MAX {control} .
SYMMETRY (Switch/control)

. clockwise
NORM

DC OFFSET (switch} . . . . . . . . . . 0

DC OFFSET (control) .

MIN

QUTPUT ATTEN {switech} . . . . . . . . 0dB

2.

Connect the oscilioscope to the 5082 OUT connector
with the cable, terminated in a 50-ohm load and
connect the line.cord to the ac line.

Set FREQ HZ to X100. A 1 kHz sine wave with an
amplitude of less than 15 V p-p should be displayed
an the oscilloscope.

Check each waveform ( ™y, L . N .- and
- ) using the WAVEFQORM selector. Amplitude
should read 15 V p-p. The amplitude for the pulse
outputs should be 7.5 ¥ peak. Return WAVE-
FORM selector to My .

Obsarve the oscilloscope display and rotate FREQ
DIAL clockwise to the 1 setting. The sine wave
frequency should change from 1 kHz to 100 Hz.
Check the range to range tracking accuracy with dial
setting at 10.

With FREQ HZ set to X100K and FREQ DIAL set
to .1, set VERNIER control fuily counterclockwise,
The output frequency should be 1 kHz or less.

Change the waveform selector to M: and rotate
SYMMETRY control slightly elockwise until sym-
metry function is activated. The output square wave
should be unsymmetrical by a ratio of approximately
10. Continue rotating the SYMMETRY control
through its entire range. The square wave symmetry
shauld wary from 1:18 through 1:1 ic 19:1 at the
fully clockwise extreme.

Set 30 V PP MAX fully counterclockwise and DC
OFFSET switch to the “+* position. The baseline
of the output waveform shoufd remain at or very
hear zero. Aotate the DC OFFSET conirol from
MIN to MAX; the basaline should shift to greater
than & volts positive.

Set DL OFFSET switch 1o =" and check that the
de offset of the output signal is variable over a
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range of zero to greater than B voits negative. Reset
DC OFFSET switch to the "0 position.

10, Set 30 V P-P MAX control fully clockwise and rotate
QUTPUT ATTEN switch through each position.
QObserve the oscilloscope display to check the output
attenuation. See Section 2.5, paragraph 5.

2.5 OPERATING PROCEDURE

No preparation for operation is required beyond completion
of the initial installation checks given in paragraph 2.4 of
this manual. It is recommended that a one-half hour warm-
up period be allowed for the associated equipment to reach
a stabilized operating temperature, and for the Model 142
to atiain stated accuracies,

2.5.1 Operation as a Function Generator
1. Properly terminate the 5082 OUT connector,

2. Select desired output waveform using the WAWE-
FORM SELECTOR switch.

3.  Set FREQ HZ switch to desired multiplier.

4, Set FREQ DIAL to desired setting by aligning with
Index.

6. Sat 30 V P-P MAX and QUTPUT ATTEN switch for
desired cutput level and amplitude.

For reference, the following table gives the approximate
output amplitude levels at attenuator settings. The output
levels of the positive and negative pulse waveforms are
ane-half of these levels.

TABLE 2-1
Attenuator Position Paak-to-Peak Output into 508! load.
Maximum Minimum
{Vernier full CW)
0dB 15 wvolts 1.6V
—10dB b volis 500 mVv
—20dB 1.5 volts 1580 mv
—30dB 500 mY B0mV
—40dB 150 mv 15 mYy
—60dB 50 mV BmV
—B0 dB 1omy 1.5 mV¥
2-3
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6. With OC QFFSET set to ¢ and SYMMETRY control
set to NORM, the output waveform should be a
symmetrical wavefornm oscillaling around a zero dc
reference point. {Except when in a positive or nega-
tive pulse position,}

7. Select the polarity of dc offset desired using the DC
OFFSET switch, and set the amount of offset using
the MIN/MAX control. If an excessive amount of dc
offset is used, waveform clipping may be observed.
The sum of peak waveform voltage and the de offset
cannet exceed the maximum rated cutput of tha
generator. For example, on the 0 dB attenuator set-
ting the maximum output is 15 V peak-to-peak or
7.5 V peak above and beiow zera volts. Offset plus
peak voltage cannot exceed 7.5 V. See Figure 2-2.

ANA
VIV,

0 D.C. OFFBSET

av
POSITIVE DC OFFSET
ov
NEGATIVE DC OFFSET
WAVEFQRM
CLIPPING

T

7.6V INTO 5082

o l

EXCESEIVE OFFSET

Figure 2-2 - DC Offset Control

8. Set SYMMETRY switch/control for desired sym-
metry or dissymmetry. The symmetry control can ba
used to develop ramp waveforms with variable rise
fail ratios and puise trains with variable duty cycle.
By using the sine wave with dissymmetry, controliable
sine distortion can be developed, Figure 2-3 shows
the effect of this contreof en output waveforms,
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SYMMETRY CONTROL AT NORM

SYNC G-l |--=]--=-1=

TRIANGLE

SINE

SQUARE O-E""' - “"_"]_
POSITIVE PULSE 0_[___] | ] I
NEGATIVE PULSE O~| T 1

SYMMETRY CONTROL AT CW

sYNC O'EI"_"H""]'

TRIANGLE

SINE

SQUARE -l = =
| ]

POSITIVE PULSE 0_[:] [ |
NEGATIVE PULSE OT—| """"" "1

SYMMETRY CONTROL AT CCW

SYNC O_I_____H____-FL

FRIANGLE

SINE

SQUARE 0—|————-H_____b_
LJ

POSITIVE FULSE

NEGATIVE PULSE @ 1 D ‘L:l"'

Figura 2-3 - Waveform Phasing and Symmetry Control




2.5.2 Operation as a Voltage Controlled Generator

The ¥CG input connector can be used te externally control
the frequercy of the generator. If a positive voltage is
applied to the VCG input terminal the frequancy will
increase from the dial setting. A negative voitage will cause
the frequency 1o decrease from the dial setting. The VCG
rangs of the Model 142 is 1000:1. On any range multiplier
setting, the frequency can be controlled from .01 x the
multiplier to 10 x the multiplier. The nomograph of Figure
2-4 shows the characteristics of the VCG circuit. Column A
gives the frequency dial setting, colurnn B, the VCG voltage
and column C, the resultant frequency of the generator,

MAIN DIAL VGG IN 506 OUT
SETTING VOLTAGE FREQUENCY
10 T-5Y 01—1-
~- 1
9t 4+ —avy 41
8-|- 4+ -3V —+ 2

3+ —+2V = 7
2+ - +3V T 8
1+ ++H Y -+ 9
d—
-—.0 -~ 45V —10
(Al (Bl {c

Figure 2-4 - VG Voltage-tu-Freguency Nomaograpt
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In example 1, the dial is set at 5 and 0 valts VCG input
voltage is applied. Extend a straight line from & (dial
setting} through @ volts {(VCG woltage). The result is an
autput frequency of 6. (Multiplied by the range multiplier}.
In example 2, the dial is set at 5 and a varying VCG
voltage of —1 V to +1 V is applied. By extending straight
lings through the appropriate position it can he seen that
the frequency wilt vary from 3 to 7 (x the range multipiier).

In order to set the generator at .0% x the range multiplier
{1/1000 of the range} the following procedurs is to be
foliowed:

al Using the frequency dial and a counter or oscillo-
scope, set the generator frequency to 0.1 x the
range multiplier,

s} By rotating the vernier counter-clockwise, decrease
the freguency to 01 x the range multipligr.

As can be seen from the nomograph a +b volt VCG input
will then cause the frequency to increase to the maximum
of 10 x the range {and increase fram .01 to 10178, T000:1).

2.5.3 Floating Qutput

This instrument is shipped from the factory with the
signal ground floating above chassis ground, untess othar-
wise specified at the time of purchase. If 2 common signal/
chassis ground is desired, perform the following modifi-
cation:

1. Disconnect the power cord, logsen the twe captive
thumb screws on the rear panel, and remowve the rear
panel.

2. Slide the dust cover out from the rear, loosen the two
screws on the rear plate and the two screws on the
power supply board {at bottom of chassis} and remaove
the power supply board, fiipping it over on the way cut.

3. Solder one end of an insulated wire to the ground lugs
fgreen wirg] of the power connector and push the
other end through the small opening on the main cir-
cuit board.

4, Soider the other end of the insulated wire to the
ground terminal on the power supply baard.

25
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3.1 SIMPLIFIED BLOCK DIAGRAM ANALYSIS

Refer to Figure 3-1, the Simplified Block Diagram, and
Figure 3-2, the Simplified Timing Diagram, when reading
this description. Paragraph 3.2 and its sub-paragraphs pro-
vide further descriptions of the functions of the basic
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SECTION
CIRCUIT DESCRIPTION

circuits comprising this instrument, This paregraph de-
scribes, briefly, the major cirouit elements and their
relationship to one another,

As shown in Figure 3-1, the VCG Summing Amplifier sums
the currents from the FREQ DIAL, VERNIER, and

SYM ADJ
VERNIER FREQ
_ Ly DiAL
POS
HYS
»| CURRENT »
SOURCE SWITCH 47
L J
VCG DIODE  |* 53‘&25
AMPL GATE
TRIANGL — | AMPL
ANMPL 1
VCG c i FREQHZ "LJ)
INPUT -L_E— SELECTOR ;5:
L J = ¥ ’\’ r
NEG |
- SINE
» CUBRENT FUNCTION
SOURCE CONVERTER SELECTOR
SYM ADJ
30v PP
MAX OUTPUT 5052
| 5. ATTEN ouT
OUTPUT ATTENUATOR d
AMPY — Eﬁ\
oc 1
EXT DG
OFFSET OFFSET

N
7 X

Figure 3-1 - Simplified Block Diagram
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VCG IN connector. The YOG Summing Amp I8 an in-
verting amplifier whose output voltage is used to control
a positive current source and a negative current source,
For symmetrical output waveforms, the currenis from the
two current sources are equal and directly nroporticnal o
the valtage of the VCG Summing Amplifier cutpui, The
Diode Gate, which is controlled by the Hysteresis Switch,
is usad to switch the positive current or the negative
current to tha timing capacitor selected by the FREQ HZ

HYS

TRIANGLE
AMPL

+1.26Y

AB

—1.25V

+2.5V

—2.5v

Figure 3-2 - Simplified Timing Diagram

selector. If the positive current Is switched into the
timing capacftor, the voltage across the capacitor witll rise
flinearty to generate the triangle rise transition. If the
current is negative, the voitage across the timing capacitor
will fall linearly to produce the fall transition.

The Triangle Ampiifier is a unity gain amplifier whase
output is fed to the Hysteresis Switch as well as to the
Sine Conwerter, The Hysteresis Switch has two veltage
timit points (+1.25 V and —1.26V}.

During the time the output veltage of the Triangle Ampli-
fier is rising, the output voltage of the Hysteresis Switch is
positive, But when the output voltage of the Triangle
Amptifier reaches +1.25 ¥V, it triggers the Hysteresis
Switch causing the switch cutput to go negative, Once
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the control voltags inta the Diode Gate becomes negative,
it will switch the positive current out and switch the
negative current in 1o the timing capacitor, so that the
voltage across the capacitor will reverse, starting a linear
decreasa of the waveform, When the decreasing voltage
reaches —1,26V, the oumput of the Hysteresis Switch
will switch back to positive, reversing the process, This
action generates the triangle waveform as shown in Figure
3-2. Since the output of the Hysteresis Switch is a square
wave, the result is simultaneous generation of a sguare
wave and a triangle wave at the same frequency.

The output frequency is determined by the magnitude
of the capacitor selected by the FREQ HZ selector and
the magnitude of the positive and negative current sources.
Since the current sources are linearly proportional to the
control voltage of the VCG circuit, the output frequency
will also be linearly proportional to the conirol voitage.

If the current of the negative current source is decreased
by 19 times, the fall time of the triangie will be 19 times
tonger than the rise time of the triangle; resulting in an
unsymmetrical waveform and a division of the frequency
by a factor of 10. Gradually increasing the current from
the negative current source and decreasing the current
from the positive current source in such a way that the
period for the triangle to complete one cycle remains
constant, the symmetry of the output waveform can be
continuously varied while the frequency is held constant.

The inverted output of the Hysteresis Switch is fed to
the Sync Amplifier and also the Square Wave Amplifier.
The Sguare Wave Ampiifier consists of a shaping circuit
which limits the output swing o +1.25 vols. for positive
pulse outputs, it limits the output voltage swing from
—1.26 V to 0 V; and for negative pulse outputs, it limits
the output swing from 0V to +1.25 V,

The output signal from the Triangle Amplifier is applied
to the Sine Converter, consisting of a sine shaping cir-
cuit and a sine amplifier.

The sine, triangle, square, positive pulse, or negative pulse
is fed to the Qutput Amplifier through the WAVEFORM
SELECTOR switch and the 30 V P-P MAX control. The
Output Amplifier is an inverting amplifier whose output
is fed into a step attenuator and then to the output
BNC connector.

The Attenuator consists of four pi attenuators, each having
a b0-ohm input impedance and a B0-ohm output imped-
ance. There is one —10 dB attenuator, one —20 dB
attenuator, and two --30 dB attenuators, By combining
them in different combinations, these four attenuators
provide 10 dB steps of attenuation; from 0 d8 to 60 dB.



3.2 FUNCTIONAL BLOCK DIAGRAM ANALYSIS

As each functional circuit is described, refer to the
appropriate block diagram and, if necessary, the appro-
priate portions of the schematic diagrams at the rear of
this manual.
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3.2.1 VCG Amplifier and Current Sources

As shown in Figure 3-3, IC2 is connected as a Summing
Amplifier to sum the VCG input current through RES,
the current from the FREQ DIAL R82, and the current
from the VERNIER control R90. IC2 is an inverting

+15

R116 R135
TR tK
—15
R90
= Ic5 Q24
vee A *
INPUT ]_7
a89K = Ic3 Q22
> ? A | R96
4.99K - I+
= ——AAA——
+15
— \ AAA
B R1G1JIK
FREQ ‘
DIAL Ic2
= I N R110, K
= 4 AN _L
ic4 023 -
+
-
I8 Q25
R115 R140
1K 1K
_15

Figure 3-3 - VCG Amplifier and Current Sources

amplifier whose auiput voltage will change from 0 10 -5
volts under normai operating conditions. Transistor Q21
limits the output swing to 0 and —7 volts. The output
of 1C2 is used to control both the positive and negative
current sources, |C3 through 1C6.

The negative input of 1C3 is held at O volis by its feed-
back. The current through R101 would be directly pro-
partional to the output voltage of IC2 if all the source
currents of {GC3 and 1CH are neglected, and the current
through R116 would be equal to the current through
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R101. Therefore, the veoltage drop across R116 would be
egual to the voltage drop across B101. Thus, amplifier
1C3 is operated as a voltage level shifter to shift the
voitage referenced from ground to a volitage referenced
from +15 wvolts.

Due to the feedback control of amplifier 1Ch, the voltage
drop across R135 would be equal to the voltage drop
gcross R116 which in turn is equal to the voltage output
of amplifier 1C2. Since the positive current output from
Q24 is directly proportionat to the voltage across R135,
it must also be proportional to the control voltage of the
VCG amplifier.

Amplifiers IC4 and 1C& are very similar to amplifiers €3
and {C5 except that IC3 is an inverting amplifier and 1C4
is & non-inverting amplifier. If all the 1 k& resistors in
Figure 3-3 are well matched, the positive output current
(I+} and the negative ocutput current {i—] will be equal
and directly proportional to the controi voltage. These
two currents are alternately switched into a timing capa-
citor 1o generate a triangle waveform.

By increasing the resistance of R101 by 19 times, the
voltage drop acrcss R116 and R135 will be reduced to
1/19th of what it had been. Therefore, the output current
{i+) will be 1/19th the negative current {i—}. In this
condition, a nonsymmetrical triangle with a rise to falt
ratio of 19 to 1 and a freguency of 1/1Gth the original
frequency (symmetrical frequency} is generated. If the
resistance of R 101 is decreased and the resistance of R 110
is increased by exactly the same amount, the symmetry
ratio will be gradually changed while the output frequency
remains constant. Dual potentiometers R99 and R103
provide this SYMMETRY contrgt,

For FREQ HZ multipliers of X10 to X 1M, R135 and R 140
are 1 kf2 resistors. Changing the FREQ HZ multiplier is
accomplished by changing the timing capacitors connected
to the diode gate.

For frequency ranges betow X10, R135 and R140 are
changed instead of changing the timing capacitors, In this
case, the current from the current sources will go as low as
50 nA, and the source current of 1G5 and IC6 can hot be
neglected. Therefore, a high impedance buffer amplifier
(26 and Q27 is inserted between 024 and {C5, and ancther
buffar amplifier 028 and Q29 is inserted between 025 and
the negative input of [C6.

Q27 is connected as a constant current source supplying
the bias current to Q26 and minimizing the change of Vge
of Q26 with temperature change. R129 provides dc offset
adjustment of the buffer amplifier. 028 and 029 function
exactly like Q26 and Q27.
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Hefer to the Main Board schematic diagram 142-214 at tha
rear of this manual. FREQ D{AL contral RB2 controls the
amount of current supplied o the summing node of the
WCG amplifier, thus controlling the output freguency.
VERNIER control R30 provides fine frequency control,
R93 is the zero adjustment for the negative input of 1C2,
sa the VCG input terminal is not dependent on source
impedanca. R87 provides source current compensation for
the negative input of IC2, permitting frequency adjust-
ments at the minimum setting of the FREQ DIAL. The
100 k{2 potentiometers associated with 1C3, 1G4, IG5, and
IC6 are used to zero offset the input terminal of the
correspending amplifiers.

3.2.2 Triangle Amplifier

The Triangie Amplifier consists of transistor Q1 through
Q8, with 01 and Q2 forming a very high input impedance
differential pair. Q3 and G4 supply constant bias currents
to the differential pair, increasing the opan loop gain
of the amplifier. Q5 is connecited as a 7-volt zener dicde
ta shift the output level of Q6. The overall Triangle Ampti-
fier is a unity gain amplifier with very low output imped-
ance.

3.2.3 Hysteresis Switch

The Hysteresis Switch consists of a comparator and a
flip-flop. The integrated circuit I1C1T {(CA3049) is the
comparator, consisting of two differentizl amplifiers. One
side of each differential amplifier, pin 7 and pin 10, are
connected to ground through 22 ohm resistors. Poten-
tiometers R23 and R7T2 establish the high and low
vottage limits for the comparator. When the autput of the
Triangle Amplifier reaches +1.25 V, the transistor con-
nected to pin 1 of IC1 will be conducting, and the
collector current through pin 12 will be large enocugh to
turn on the tunnel diode CR11, which in turn changes the
state of the flip-flop. When the output of ihe Triangie
Amplifier reaches —1.25 volts, the transistor connected
to pin 7 of IC1 conducts and its collector current at
pin € will be large enough to turn on tunnel diode CR13,
reversing the state of the flip-flop.

There are three RC networks connected ta pin 1 and
three RC networks connected to pin 4 of 1C1. These six
RC networks provide frequency response compensation for
IC1 andt the entire ioop of the Triangle Generator so that
it will have a flat frequency response from de to 10 MHz.

The flip-flop is comprised of transistors Q10 through Q186,
with 12 and Q13 connected as a differential pair. 014
supplies a constant bias to the differential pair, preventing
saturation during their “on” state. Q11 ard Q186 ars



voltage followers whose output is fed back to Q12 and
013 through R48, R47, R4, and RES forming the flip-
flop configuration. Q9 is connected as a 7-volt zener
reference for 1C1 and the flip-flop.

In the state where Q13 is conducting and Q12 is cut off,
the voltage at the emitter of Q16 is high {(+2.5 Vi and
the voltage at the emitter of Q11 is tow {—2.b V). Once
tunnel dicde CR13 is turned on by IC1, the Ve of Q15
will increase until Q16 turns on and in turn Q13 is turned
off. This causes the emitter voltage of Q16 to drop to
—2.5 ¥ which, through feedback resistors R47 and R46,
keeps Q12 in the on state. Thus the emitter voltage of
Q11 will rise to +2.5 volts. Althcugh the tunnel diode
CR12 is turned on only a very short time during the peak
of the triangle waveform, Q13 will remain in the off state
because of the feedback through R46, R47 R54, and RES,
The output of Q11 is used to drive the diode gate.

3.2.4 Diode Gate

As shown in Figure 3-4, the Diode Gate consists of four
diodes, CR7 through CR10. Assume that the voltage at
point C is +2.5 V. Diodes CR7 and CR9 are then forward
biased, and CR& and CR10 are reverse biased. The negative
current source (1—) will draw current from the Hysteresis
Switch through CRS, but the positive current source {I+}
will charge up the timing capacitor “C" through CR7. The

HYS
SWITCH

TRIANGLE
AMPL

Figure 3-4 - Simplified Dicde Gate Diagram

result is a linear rise of voltage across the timing capacitor.
When this voitage reaches +1.25 volts, the output of the
Hysteresis Switch will change to —2.5 volts. In this state,
CR8 and CR10 are forward biased and CR7 and CR9 are
reverse hiased. The positive current will be diverted 10
the Hysteresis Switch through CR10 and the negative
current source will draw current from the timing capacitor
through CR8. This action causes a tinear discharge of the

timing capacitor. The process is repeated, thus a triangle

waveform is generated.
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3.2.5 Sine Converter and Amplifier

The Sine Converter is a sealed subassembly containing
matched diodes and precise current-biasing resistive net-
works. Whan a precise triangle wave is fad into the shaping
network, through voltage divider R148 and R1438, the
triangle wave is shaped into a sine wave. Potentiometers
R159 and R168 adjust the valtage supplied to the sine
converter to obtain minimum sine distortion. The ampli-
tude of the sine converter output is approximately 150 mv
p-p. This voltage is amplified 1o approximately 2.5 V pp
by the Sine Amplifier.

The Sine Amplifier consists of transistors Q30 through Q35
connectad as a differential feedback amplifier. The gain of
the amplifier is controlled by R185, R164, and R158,
R145 and R146 compensate the source current into Q30
to0 minimize the distortion of the sine converter output.

3.2.6 Square Amplifier

The inverted output from Hysteresis Switch Q16 {+2.5
volt square wave) is fed to the Sguare Wave Shaper com-
prised of CR14 through CR19. For a square wave output,
CR14 and CR19 are reverse biased. In one siate, if the
cathode voltage of CR15 is +2.5 volts, CR15 and CR17
will be reverse biased and CR18 and CR18 will be forward
biased. The output at the cathode of CR18 is limited to
+1.25 volts by the current through 63 and R64 into
RB9. When the Input voltage is switched to —2.9 volts,
CR15 and CR17 will be forward biased and CR16 and
CR18 will be reverse biased, limiting the output at the
cathode of CR18 1o —1.25 volts by the current through
R66 and RG7 inte RES.

When the positive pulse output is selected by the WAVE-
FORM SELECTOR switch, the cathode of CR14 is con-
nected to ground through R61. In this eenfiguration, the
output at the ancde of CR18 will be limited to a voltage
swing of —1.25 and zero, Because the output amplifier
is an inverting amplifier, the signal at the 50§} OUT con-
nector will be a positive pulse. In a similar manner, when
the anode of CR19 is connected to ground through R61,
the outpul swing at the cathode of CR18 wiil be limited 1o
zero and +1.25 volts, resulting n a negative pulse at the
5082 QUT connector,

C28 is a high frequency filter to filter the high frequency
noise on the square wave, resulting in a cleaner signal.
At this point, the output signal is buffered by a doubie
emitter follower stage consisting of Q17 and Q18, and
the output at the common emitters is applied to the output
amplifier through the centacts of the WAVEFORM SE-
LECTOR switch.
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3.2.7 Sync Amplifier

The imveried ouipiit signal frorm Hysteresis Switch Q16
is atso applied to another double emitter foliower stage
consisting of C19 and Q20. The output at the common
emitters of this stage is applied diractly to the SYNC QUT
connector at the front panel.

3.2.8 Output Amplifier

The Output Ampfifier is comprised of a low frequency dc
amplifier and a high freguency ac ampiifier. The high fre-
quency ampiifier consists of Q50 thru 055, IC8, an inte-
grated circuit, is the low frequency dc amplifier. A
simplified schematic of the Qutput Amplifier is shown in
Figure 3-5. Refer to figure 3-5 during the foliowing circuit
description.

Assume that both the input and the output voitages are
zerc. The voltage at point A should also ba zero. Because
of the symmetricai configuration of the amplifier, the
current through Q52 and (053 will be equal, and the output
wili remain at zero.

~28v
Figure 3-& - Simplified Output Amplifier

If the input voitage goes positive, the voltage at point A
will rise by a certain amount. This will cause the base
voltage of Q52 to rise closer to +28 volts and at the
sarme time cause the base voitage of Q53 to rise further
away from —28 volts. Thus, the emitter-base junction of
QB2 will be less forward biased therefore reducing its
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emitter current, while the emitter current of G563 will
increase because of the increased forward bias of its
emitter-hase junction. The result is that the voltage at
point B and the cutput voltage will start to go negative,
Finally, when the output has moved far enough negative
w pull peint A back to zero, the collector currents of
Q52 and 053 will again be equal and the voltage at
point B will stabilize. The amount of negative voltage at
the output required to pull point A back to zero is
controlied by the ratio of Ry and Rjn, and this ratio
is the gain of the output amplifier.

ICB is a high gain low frequency amptifier used to hias the
high frequency amplifier and to improve the overall open
loop gain. Refering back to the matn baard schematic, the
high frequency amplifier is dc isolated from the input by
capacitance coupling to the bases of QB0 and Q51, then
empioys the low freguency amplifier 1C8 to bias the
emitters of Q52 and QB3 to gbtain the required de
stabiifty and high open loop gain. Emitter foliowers Q50
and (51 increase the driving power to the bases of Q82
and Qb3,

CR34 and CR35 compensate for the emitter-base junction
voltage drops of (54 and Q55 to reduce crossover dis-
tartion. The resistor-diode networks CR36, R263 and
CR37, R264 serve to reduce the emitter resistance of Q64
and (b5 at high output current ievel, but maintain a fuil
10£2 emitter resistance at low output current Jevel to
protect Qb4 and Q55 from damage due to thermal
runaway,

R234, C88, and C89 form a high frequency compensation
network which improves the corners of the square wave
output at high freguencies. The iwo resistor-capacitor
networks, RZ52, C103, and R253, C104, are emitter
bypass circuits 1o maintain the high frequency amplifier
gain during the transition time prior to the de ampii-
fier taking effect. This improves the rise-time since the do
amptifier requires a few microseconds to respend and
stabilize. Ancther compensation is C87 which bypasses
R247 to give the signal a low impedance path during the
signal transition allowing faster and more symmetricai rise
and fall times.

Potentiometer R228 is used to calibrate the gain of the
amplifier and C85 is used to calibrate the overshoot of
the square wave output. The 30 V P-P MAX contral R172
provides continucus adjustment of the output ievel over a
range of { to —20dB. This is in addition to the attenuation
provided by the output step attenuator. Calibration paten-
tiometer R188 is used to zero the offset of the output
amplifier, and R167 is the front panel DO OFFSET
potentieometer,



3.2.9 Output Attenuator

The Cutput Attenuator consists of four pi attenuators with
some modification to minimize the number of components

2 GdB
< —10 dB
— —20dB
& —30dB
QUTPUT

dB

Figure 3-6 - Simplified Quiput Attenuator

used, The four attenuators employed are —10dB, —20 dB,
and two —30 dB attenuators; all with 50 input and
output impedances. When the OUTPUT ATTENuator con-
trol is used 1o select —10dB, —2Z0 dB, or —30 dB; only one
pi attenuator is used. When —40 dB, —50dB, or —60 dB is
seiected; the second 30 dB pi attenuator is used in series
with the appropriate attenuaior to yield the desired total
attenuation.

3210 Power Supply

AC voltage is coupled from the transformer secondary to
the bridge rectifiers CR1 through CR8. Filtering is pro-
vided by C1, C2, C10, and C12, Q8 is connected and
operated as a zener reference for the +15 V supply. 1C1
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is a comparator ditter=ntial amplifier whose output is
used to drive transistor amplifier 04, whose output at
the collector is used fo drive a Darlington connected
pair consisting of Q1 and Q2. The Darlington connected
pair provides added current gain; C3 is a current limiting
device. The base voltage of Q3 is brased by voltage divider
R5 and R7 to be stightly below +15 voits. Therefore, for
normal aperation Q3 is reverse biased and no current flows
through its collector. However, when the output current
from the +15 volts exceeds a certain limit, the voltage
drop across R12 will increase to a point excesding the
total wvoltage acress R5 plus the base-emitter voltage of
Q3, forward biasing Q3. The current driving the base of
Q2 will be diverted to the collector of (3, causing the
power supply voltage to drop below normal operating
voltage. As the power supply voltage drops, voltage
divider R5 and R7 has more effect on the base of Q2;
eventually turning it off completely. When the overload
condition is removed, the normal condition will he restored.

The diode, CRY, across the input terminals of 1C1 pre-
vents latch-up. Potentiometer R21 is used to calibrate the
+15 volt supply. The —15 volt, and 28 volt supplies have
similar circuitry. The —15 volt supply is referenced to the
+15 volt supply while the +15 volt supply is referenced to
the —15volts. The —28 volt supply is referenced to the —15
volts, and the +28 valts is refarenced to tha +1b volt supply.

3.3 SUPPLEMENTAL CIRCUITS

There are no unique or supplemental circuits within the
Madel 142 HF VCG Generator to be separately described as
“Supplemental Circuits”. The preceding circuit descriptions
adequately describe the circuitry of the Model 142 to the
degree reguired by a competant technician.
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4.1 ACCESS INSTRUCTIONS

Removal of the dust cover affords guick access to the
majority of components within the unit. However, it may
be necessary to remove the Power Supply Board or other
parts to gain access to thosé components not exposed by
removing the dust cover,

4.1.1 Remaoving the dust cover

To remove the dust cover (case) from the Model 142, the
following procedure should be followed:

1. Unplug the power cord and unscrew the twe captive
screws on the rear panel.

2. Remove the rear casting and, with the instrument
setting face down, lift the cover off slowly.

3. Reverse this procedure when replacing the dust cover.

Tighten the two captive screws only finger-tight.
4.1.2 Removing the Power Supply Board

1. Bemove two screws holding the Power Supply Board to
the two sida panels.

2. Loosen the two screws {from the outside of the rear
plate] which hold the heat sink for the four power
supply transistors.

3. Flip tha Power Supply Board out of the chassis, toward
the rear, and mount the board on the outside of the
rear plate using the same two screws and the same twa
holes used to mount the heat sink.

NOTICE

This instrument can be operated with the power
supply board mounted on the outside of the
vear plate. However, it should never be operated
without having the heat sink of the power supply
board connected fo the rear plate of the unit,
as the rear plate is also used as a portion of the
heat sink for the power transistors.

NOTICE
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SECTION
MAINTENANCE

4.1.3 Switch Bracket Removal

1. Remove the four front panel knobs fabeled CUTPUT
ATTEN, DC OFFSET, SYMMETRY, and DC OFFSET
MIN/MAX,

2. Unsolder the wire connected ta the 5052 QUT connector.

3. Loosen and remove the two screws which attach the
switch bracket to the main circuit board, and slide
tracket out toward the rear.

4, If necessary, unsolder the other wires connected to the
switches,

4.1.4 Replacing Q54 and (155

1. The base of the transistor heat sink is permanebtly
secured with thermezlly conductive expoxy onto the
front panel casting. To remove the transistor, unscrew
the nuts holding the transistor to the base of the heat
sink and unsolder the transistor leads on the main
circuit board. Then remave transistor.

2. Before replacing the transistor, put some thermal com-
pound or silicon grease along both sides of the botten
edae of the transistor for good thermal contact,

4.1.5 Front Panel Removal

1. Remove the rear panel and dust cover as described above,
and unplug all the knobs,

2. Unsolder all BNC connectors, lable and unsolder FRE-
QUENCY DIAL potentiometer leads, and unscrew the
two nuts which hold the power transistors into the heat
sinks.

3. Remove bulb from the indicator lamp, and remove four
front panel retaining screws,

4, Pull the front panel” straight forward to remaove it

4,2 CALIBRATION INSTRUCTIONS

This paragraph provides complete seguential calibration
instructions for this instrument. The instructions are
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concise and are written for the experienced electronics
technician or field enginger having a working knowledge
of this type of instrumentation.

WANVETEK maintains a factory repair department for those
customers not possessing the necessary test equipment or
personnzal to maintain this type of instrument. | an instru-
ment is returned to the factory for calibration or repair, a
detailed description of the specific problem should be
attached. This will hasten turnaround time.

4.2.1 Recommended Test Equipment

The foliowing test eguipment {or equivalent) is recom-
mended for this calibration procedure, A guick checkout
of the instrument can be made by comparing the indigated
parameters with those given in the specifications portion of
Section 1.

NOTF

The antire catibration procedure must be read
first tae determine initfal controf ssttings and
test eqguipment connections required before
attempting recalibration. The steps of this pro-
cedure should be performed in the sequence
given, and the parts within each step shoufd
also bhe performed in the sequence given.

Table 4-1. TEST EQUIPMENT

Required Recammended
Mame Characteristics Manufacturer Maodel
Qscillascope To 250 MHz Tektronix 454
Dscilloscope To 30 MHz Tektronrix 544
Plugln Bual channal Tektronix A1
Ptug-In Paak Yy Tektranix 1A5
e sUring
capability
Distortion To 600 kHz Hewlett-Packard 334A
Anakyzer
Spectrum To 50 MHz Hewlete-Fackard 1413
Analyzer
Display
IF Section Hewlett-Fackard BR5Z
RF Sectian Hewirtt-Packard 85531
Giffergntial Microvolt de
Voltmater measurament
Counter Ta 10 MHz 0.1% of reading accuracy
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£.2.2  Preliminary Procedures

1, Sat the frant panal controls to the nosjtiong tetad halow:

FREC Hz . . . . . . . . . . . . . . ¥ 100
FREQDIAL . . . . . . . . . . . . . . 10
WAVEFORM SELECTOR. e . Sine
30V P-P MAX . . .3/4ths of full CW
DC OFFSET . . . . . . . . . . . . . . .0
SYMMETRY . NORM
CUTPUT ATTEN —10 d8
VERNIER . . full CwW
MIN/MAX | Full CCW

4.2.3  Power Supply Regulation

2. Following the instructions in paragraph 4.1.2, attach
the Power Supply Board to the rear plate of the
instrument.

3 Connect ac power 10 the instrument, and connect the
voltmeter leads to TP1 {common} and TP2 {+15 V)
an the Power Supply Board. See Figure 4-4,

4. Adjust R21 for a reading of +15 Vde 20 mV on the
voltmeter.

b Check the voltage at TP3 for 15 Vdg 50 mV; at
TP4 for +28 Ve #400 mV; and at TPE for —28 Vdc
2400 mV.

6. Replacs the board and the dust cover, and allow the
genarator to warm up for at least ¥ hour before
calibration.

4.24  VCG Amplifier — Zero Offset Adjustment

7. Connect a 5.1 ki resistor to each test lead of the
differential volimeter for isolation to prevent inte-
grated circuit oscillations.

8. Set FREQ HZ ta X 100, FREQ DIAL to full clock-
wise extreme, FREQ VERNIER to CAL, and SYM-
METRY to NORM,

9. Set the voltage between IC3{2}, and IC3(3) 10 0 Vdc
£100 uV, using R107. See Figure 4-4.

10.  Set the voltage between [C4{2), and IC4{3} to 0 Vdc
160V, using R113.

11, Set the voltage between [C5{2}, and IC5{3} to 0 Vdc
100 uV, using R123.

i2.  Set the voltage betwesn IC&(2), and 1CE(3) to U Vdce
100 gV, using R125.



13.

14.

15.

with FREQ DIAL still fully clockwise, set the voltage
between I1C2{Z} and ground {(at R9%) 1o 0 Vdc
100 pV, using R93.

Set FREQ DIAL to 1 and adjust voltage between
TPG and TP7 to D Wdc 200 uV, using R129.

Adiust voltage betwsen TP8 and TPO to 0 Vdc
£200 uV, using R132.

4.2.5 Triangle Amplitude Adjustment

16.

17.

18.

Set FREQ HZ to X 100, FREQ DIAL to 10, WAVE-
FORMSELECTOR to TRIANGLE, and SYMMETRY
to NORM.

Connect the oscilloscope probe {a iype W or 1AL
plug-in module should be used with the scope) to

N, position of the WAVEFORM selector switch,
SW2, see Figure 4-4,

Adjust the triangle amplitude to £1.25 V 6 mV,
using R12 and R23, see Drawing 142-010.

4.2.6 Sine Bistortion

8.

20.

21.

22.

23.

24,

25.

Set FREQ HZ to X 100, VERNIER 1o CAL, WAVE-
FORM SELECTOR to SINE, FREQ DIAL to 10,
and QUTPUT ATTEN to G dB.

Set 30 V P-P MAX control to 3/4ths of full CW,
and connect oscilloscope probe 10 Ny position of
the WAVEFORM selector switch {SW2), see Figure
4-4.

Adjust R153 so that the dc offset of the sine ampli-
fier is zerc.

Connect the test equipment as shown in Figure 4-1,
and adjust R189, R168, and B 145 for minimum sine
wave distartion.

Set FREC HZ to X 1K and readjust R 159, R168,
and R14b faor optimum sine distortion.

Set FREQ HZ to X 100 and readjust R158, R168,
and R145 if necessary

Alternately perform steps 24 and 25 until the least
amount of sine wave distortion is obtained on both
ranges — typically .14%.

26.
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Adjust R165 for a 2.6 V p-p signal cutput from the
sine amplifier £25 mV.

MODEL 142 o TEK 544
CHANNEL A IN
£ o =

splsouT CHANNEL B IN

50-CHM

TERM.

LA !
INPUT
HP3344

HP334A
QUTRUT

YGG142
500 OUT

Figure 4-1 - Distortion Analysis Test Set-Up

27.

28.

4.2.7

29,

Readjust R153 so that the dc offset of the sine
amplifier is 0V +5 mV.

Caonnect the Spectrum Analyzer as shown in Figure
4-2 and check the sine wave distortion at frequencies
higher than 600 kHz. !f distortion does not meet the
specification, check calibration of C95, foliow proce-
dure 4.2.10,

Frequency Calibration

Set FREQ HZ to X10K, FREQ DIAL to 10,
VERNIER to CAL, and adjust R2692 to obtain
100 kHz £100 Hz.

MODEL 142 HF 1415
50-OHM 3562A/8653L
TERM,
5082 OUTD o INPUT

Figure 4-2 - Spectrum Analysis Test Set-Up

a3
12/71



30, With FREQ HZ still at X10K, FREQ DIAL fully
clockwise, VERNIER fully counterclockwise, and
adjust R87 to obtain an nutput of 7k Hz th Hz

31. Rotate VERNIER to CAL pasition. The autput fre-
guancy siould be iess than 1 kHz,

32, Set FREQ HZ tc XIM, FREQ DIAL to 9, and
acljuest 1 ta obtain an output frequency of 9 MHz
+1{) kHz. Check frequency accuracy from 1 to 10 of
the DIAL and readjust C1 to split the error if
necessary. {Trim C2 if necessary.)

33. Set FRECQ HZ to X100K, FREQ DIAL to 10,
VERNIER to CAL, and adjust C10 to obtain 1 MHz
+1 kHz at the cutput. Check frequency accuracy
from 1 to 10 of the DIAL and readjust C10 to split
the error if necessary. {Trim C12 H necessary.)

34. Set FREQ DIAL 1o 10, VERNIER to CAL.

35. Set FREQ HZ to XK, adjust R268 to obtain 10 kHz
110 Hz.

36. Set FREQ HZ to X100, adjust R287 to obtain
1000 Hz +1 Hz,

37, Set FREDQ HZ to X10, adjust R84 to abiain 100 Hz
3.1 Hz,

4.2.8 Time Symmatry Adjustment

38. Refer to the following test set-ups during these cali-
bration instructions.

MODEL 142 50-OHM TEK 544

TERM, CH. A INORMAL}
502 0UT O o

)
CH. B{INVERTED)

Trigger: Internal
Display: Alternate
Time Base: 1 ms/division for 1/1000th of X 100K range.

Figure 4.3 - Time Symmetry Measurement Test Set-Up

39.  With 508 QUTPUT connected ta the oscilis.cope;

set FREQ HZ to X 100K, FREQ DIAL to fult clock-
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wise extrems, and WAVEFORM SELECTOR 10
S5QUARE WAVE.

40. Adjust the scope controls for a display speed of
1 msicm and adjust VERNIER control until the
oscilloscope screen 15 filled by one eomplete cycle.

41.  Alternately adjust 8123 and R 125 for gptimum time
symmetry, while keeping the total time period
constant.

4.2.9  Output Amplifier Adjustment

42.  With the Model 142°s 50 OUT connected to the
oscifloscope using a 502 £1% termination; set FREQ
HZ to X 100, FREC DIAL to 10, WAVEFORM
SELECTOR to TRIANGLE and step atteruator to
0 dhb.

43, Set 30V P-P MAX control fully counterclackwise,
and adjust R188 for amplitude symmetry about
ground,

44, Set 30V P-P control fully clockwise, and adjust R228
far a 15 V p-p output amplitude.

48,  Set WAVEFORM SELECTOR to SQUARE WAVE,
and adjust RE6 for +7.5V and RE3 for —7.5V peak
amplitude. (15.0V p-p.}

4.2.10  High Freqguency Response Adjustiment

46. Set FREQ HZ to X 1M, FRECQ DIAL to 1, and
WAVEFORM SELECTOR to SQUARE WAVE.

47,  Adjust €95 for best sguare wave, without peaking,
from & V pp to 10 V pp output amplitude.

48. SetWAVEFCRM SELECTOR to SINE WAVE. FREQ
DIAL to 10.

48.  Adjust C48 to obtain 14 V pp output amplitude.

4.3 CORRECTIVE MAINTENANCE

It the instrument appears to be operating abnormally, and
an investigation of input/ouiput connections, as well as a
calibration check, do not cure the problem: follow the
troubla-shooting procedure outlined below. Localize the
tault to a specific stage by following the outline in Tablie
4-2. Then check the dc operating voltages at the pins of
the solid-state davices, and check passive components with
2 high input impedance ohmmeter {power off) before
renlacing a susspented semiconductor eipment
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Table 4-2. TROUBLE-SHOOTING GUIDE {(continued)

Sympiom

Blawn Line Fuse .

Power Supply Malfunctions .

No output Signai . . s
but SYNC ouiput normal

Mo SYNC Qutput.
but Qutput normal
Mo SINE Qutput .

TRIANGLE and SQUARE are OK

Badly Distorted SINE Qutput
TRIANGLE is 0K

Mo SYNC and 5082 OLiTput .

SQUARE WAVE Output .

has Abnormally Slow Rise or Fall Times

TRIANGLE Output has Constant

Positive Siope with change of Frequency

TRIAKGLE Qutput has Constant

MNegative slope with Change of Frequency

Checks
VCG Amplifier & 1C3-1C6 .

Carrective Action

Replace F1 with a slow biow fuse of the proper amperage,

If fuse biows again, check the following:

a} 045 or 047 may be shorted between the collector and
emitter.

b) 1, 48, 010, or Q16 may be shorted to the heat sink
bracket.

o} A capacitor or iransistor may be shorted.

d) Check for loose wires or solder bridges on each printed
circuit boatd.

If there is a symptom of power supply malfunction, disconnect
all wires between the power suppiy hoard and the main board
and check the following:

a) All power supply output voltages. I all are either too high
or too tow, the trouble is probably in the +15 W supply
as all supplies are directly or indirectly referenced to it.

h) Check CR9 through CR12. A defective or incorrectly
polarized diode will cause the integrated circuits to latch up.

¢} Reference voltage at collector of Q9 should be +6.6 V
£0.3 V with +i15V in normal condition.

The output amplifier is malfunctioning;
see Qutput Amplifier Check outlined below,

The Syne Amplifier is malfunctioning;
see Sync Amplifier Check outlined below. Also check Q19
and Q20 for proper operation,

Sine Amplifier is malfunctioning;
See Sine Amplifier Check outlined bzlow.

Sine Module is malfunctioning and should he replaced. First
check (34 or Q36 for possibla trouble.

The Triangle Generator is not functioning properly. Check
Triangle Amplifier, Hysteresis Switch, Diode Gate, and VCG
circuits,

Check all bypass capacitors (C103, C104, €93, C94 and C97)
in the Qutput Amplifier. Check Output Amplifier as outlined
below.

Check Q23 and Q25 for possible trouble; then check 14 and
{CE and their associated circuitry.

Check Q22 and Q24 for possibie trouble; then check IC3 and

ICh and their associated ¢ircuitry,

With SYMMETRY control set to NORM, slowly turn FREQ
DIAL from 0.1 to 10 and observe the following:

45
11/70
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Table 4-2. TROUBLE-SHOQTING GUIDE (continued)

Symptom Corrective Action
VCG Amplifier R HC30C6 . 0 0 . . . . . . . . a} Voltage at amitter of Q21 should move from 0 to —B volts,
{Continued) b} Source of Q22 remains at Q and drain moves from +15 V
o +10 V.
¢l Source of 823 moves fram 0 to —5 V and drain moves from
=15V to -0V,

d} Source of 024 moves from +16 V 1o +10 V.
e} Source of 025 moves from ~168V o —10 V.
fl Voltage at drain of Q27 follows voltage at gate of Q26.
g} Voltage at drain of 029 follows voltage at gate of (028,

Triangle Amplifier Checke . . . . . . . . . . . . Short the gate of Q1 to ground and check the following:
a} Gate of OZ is at O volts.
b} Voltage across G14 is approximately 6.6 volts.
¢) If “a” or “b”" is not true, check alt transistors in Triangle
Amplifier for possible trouble.

Hysteresis Switch Check, . . . . . . . . . . . | a} Voltage at coilector of Q9 is approximately 6.6 voits.
b} Voltage at collector of Q14 js approximately 7 voits.
c} Voltage at junction of R49 and R50Q is approximately —3
volts,
d} For normal operation, voltage at the emitters of Q11 and
16 switches between +2.5 voits and —2.5 volts, tf switch
does not oscillate, proceed as follows:
If voltage at gate of Q2 is greater than +1.25 V, the voitage
at the emitter of 16 should be +2.5 V and the emitter of
Q11 should be —2,5 V, Li the voltage at the gate of Q2 is
less than —1.25 V, the voltage at the emitter of Q16 should
be —2.5 V and the emitter of Q11 should be +2.5 V or the
Hysteresis Switch is malfunctioning.
f} Q1D should be saturated if voitage at pin 1 of 1C1 is above
ground, and Q15 should be saturated if voltage at pin 4 of
ICt is below ground.
i Hysteresis Switch appears to function aormally, and
Triangle Amplifier also appears to function normally, but
no oscillations are present at the output; check CR7 through
CR10, 224 and Q25.

E

—

—

g

Sine Amplifier Check . . . . . . . . . . . . . If the voltage at the bases of Q30 and Q31 are not equal,
check Q30 through Q35 for possible trouble.

Output Amplifier Check . . . . . . . . . . . . Check the collector and emitier voltages of all transistors in
the Qutput Amplifier circuit. Some key voltage test points are
listed below:
al Voltage at junction of C84 and €93 is zera volt.

b} Voltage at base of 0OB2 is approximately +19 volts.

c) Voltage at base of 053 is approximately —19 volts.

d} Voltage at pin 12 of IC8 is between —B volts to +10
volts.

4-6
11/70



ManualsPlus.com

Table 4-3. KEY WAVEFORMS

Test Point Waveform

SYNC Quiput, 225V |

Triangle Amp! Qut, £1.25V .
{at WAVEFORM SELECTOR)

Sine Ampl Out, 2125V
{at WAVEFORM SELECTOR)

Square Ampl Qut, £1.25 VY
{at WAVEFORM SELECTOR)

5D QUT .
{inverse of 3 above)

Q11 Emitter, £2.5'V,

+E W
Ql0Base . . . . . . . . . . . . . . w
6 V
O16Base . . . . . . . . . . 0.

Sine Module pin 2
{800 mV)

Sine Module pin b
{£125 mV)

CR10 Anode, £2V . . . . . . . . . . . '/{

CRY, Cathode, 22V .

4.7
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SECTION

DIAGRAMS ADDENDUMS AND PARTS LIST

51 DIAGRAMS

The schematie diagrams within this manual are, wharever
possible, arranged in the sequence followed in the circuit
description. Whenever assembly drawings are included, they
are positioned adjacent to the schematics for maximum
information presentation and minimum  page flipping.
Additional voltage or waveform information, beyond that
given in the circuit description, may be shown on the
schematic diagrams, at est points and key logations
throughout the instrument.

52 ADDENDUMS

Under WAVETEK’s product improvement program, the
tatest electronic designs and circuits are incorporaied into
each WAVETEK instrument as quickly as developmeant and

testing permit. Bacause of the time needed to compose and
print instruction manuals, it is not always possible to in-
clude the most recent changes in the initial printing. When-
ever this occurs, addendum pages are prepared to summarize
the chanaes made under a WAVETEK Engineering Change
Notice (ECN}and these ECN pages are inserted immediately
inside the rear cover. If no such pages exist, the manual
should be correct as printed.

5.3 PARTS LISTS

Whenever possible, an assembly drawing and the associated
parts list are kept to one pigce of paper or are positionsd
for maximum information presentation. The fallowing list
of manufacturers shouid be used in conjunction with the
parts lists. The abbreviations shown below are used in the
“Manufacturer Key"' column on the parts lists.

DRAWINGS

The following assembly drawings [{with parts lists} and schematics will he included at the rear of this manual, in the

arrangement shown below:
LEFT PAGE
CHASSIS ASSEMBLY
142-000

MAIN BOARD ASSEMBLY
142-010

VCG/POWER SUPPLY ASSEMBLY
144-011

ATTENUATOR ASSEMBLY
142-003

REAR PLATE ASSEMBLY
142-001

RIGHT PAGE

CHASSIS SCHEMATIC

142-200

MAIN BOARD SCHEMATIC

142-210

VCG/APOWER SUPPLY SCHEMATIC

144-211

ATTENUATOR SCHEMATIC

142-203

BRACKET ASSEMBLY

142-002

51

A—B .

AER .
ALC .
AMP .
APL .
APX .
A-R.
BEL .
BMC .
BOU .
B-T .
BUR .
BUS .
CAM .

CGW .
c—J .

Cc—

CTS .
cC—Ww.
DEU .
DIoO .

E-E .

EF.

ELC .
ELP .
ETP .
FCD .
G-t .
G-H .
G-R .
HHS .
H-P .
IBM .

~

LIST OF MANUFACTURERS
Allen Bradiey IMB .
Arco-Elmenca IRC
e . Agravox JEF
Alco Electronic Products inc. KEI
. Amp Inc. LIT .
. Amphenol MAL .
.. Amperex M-C .
American Radionics, Inc. MEK .
. . Belden M-—-0O .
Budwig Mfg. Co. MOC .
A . Bourns MOL .
. Boots-Townsend Aircraft MOT .
. Burroughs M-R .
Bussman PPP .
- Cambion o-C .
.Cornell Dubilier QHM .
Corning Glass Works RCA .
Cinch Jones R-E .
. Cand K Components RMC .
+ + . . . . . Centralab ROS .
. Chicago Telephone Systems R-T .
.Continental Wire scc .
. Deutsch SEL .
Diodes Inc. SEM .
. Electro Cube, Inc. S— .
Elma Engineering SLC .
E.F. Johnson Co. 5PR
Eleo Corp. 5T .
... . Elpac Inc. 5TR
Erie Technological Products, Inc. sSuUP
; Fairchild SYL .
.General Electric TAS .
. Grayhiil Tl .
. General Radic Co, TRW .
Herman H. Smith, Inc. USE .
} . Hewlett-Packard W-E
. IBM Industrial Products WEI

ManualsPlus.com

.IMB Electronics Products
International Resistance Company
... . Jeffers

. Kings Electronics Inc.

. Littalfuse

. Mallory

Mura Corp.

Mektron

arko-Gak

Micro-0Ohm Corp,

Molex

. Motarola

.Milton Ross Co.

.Phipps Precision Products
Quality Components

. Quality Hardware Ma.

. Radio Corporation of America
. Richey Elgctronics

. Badio Material Co.
Raosan Ine.

Rubber Teck Inc.

. Stackpole Carbon Co.
Selectro

. Semtech

. Switcheraft Inc,

. Shur-Lok Corp.

. Sprague

Sarkes Tarzian

. Stettner & Ce.

. Superior Electric Co.
Sylvania

. Teledyne Amelco Semiconductor Co.

Texas Instruments, Inc.

. TRW Capacitor Division
USECO Inc.

.. .Wells Electronics
. Wakefield Engineering |nc.

b2
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