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Product Improvement Notice

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

Due to the time required to document and print instruction manuals, it is not always
possible to 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, replacement may be made
in accordance with the manual call outs. Wavetek, however, recommends replacement with
the same type of resistor used in the manufacture of your instrument, whenever possible.
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WARRANTY

All Wavetek instruments are warranteed against defects in material and workmanship for a period
of one year after date of manufacture. Wavetek agrees to repair or replace any assembly or
component (except batteries) found to be defective, under normal use, during this period.
Wavetek’s obligation under this warranty is limited solely to repairing any such instrument which in
Wavetek’s sole opinion proves to be defective within the scope of the warranty when returned
to the factory or to 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

Wavetek.

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. If the instrument is
defective as a result of misuse, improper repair, or abnormal 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 alone or in conjunction with other equipment. High voltage used in some instruments 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 i1s 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.



INSTRUCTION MANUAL ADBENDUM
—For—
MODEL 114 SWEEP/TRIGGER VCG

ACCEPTABLE SUBSTITUTES

1.  The Elpac ZX3022 capacitor (five per instrument) may be replaced with American Radionics
capacitor BWVTK2MFW2106F {matched set of five 2-uF capacitors).

2.  The ‘Fairchild 2N3640 transistor may be replaced with a Motorola MPS3640 when necessary.



SECTION I
GENERAL DESCRIPTION AND OPERATION

GENERAL

The WAVETEK Model 114 Sweep/Trigger VCG is a semi-precision source of
waveforms from servo to video frequencies. This unit is an extremely rugged,
completely transistorized portable package. It features complete plug-in printed
circuit board construction with individually calibrated PC boards utilizing silicon
semiconductors throughout. The extremely clean and stable waveform signals
from 0.0015 Hz to 1 MHz makes this generator a highly versatile general purpose
piece of equipment for the laboratory or the field.

The Models 114 and 114B are identical in size and performance, except that the
Model 114B has a battery charger in place of the power amplifier. DBoth models
feature a main output with function selector switch and amplitude attenuator,

and in addition, simultaneous 5 volt peak to peak 50n outputs of sine, square
and triangle waveforms and 2.5 volt peak offset sine waveform., They also offer
a 1 volt 10 nsec. rise and fall time square wave and -10 volt sync pulse. There
is also a selectable differential output that provides signals identical to, but
180° out of phase with, the fixed sine, square, triangle and offset sine output
waveforms. The main output can be selected to be in phase or 180 © out of phase
with the fixed outputs, Frequency is controlled by an eight position range
switch at 20:1 range, thus providing good overlap.

All outputs may be shorted simultaneously and the generator will continue to
oscillate internally with less than 0.5% change in frequency. Voltage may be ap-
plied back into the generator so long as this voltage does not exce ed the maximum
output voltage. Up to +50 volts may be applied to the VCG input without damage.

MODEL 114

The Model 114 features VCG voltage control of frequency, by the frequency dial
operating in parallel with the VCG input terminals. The generated irequency is
the resultant of the VCG input voltage and the dial setting. In the Continuous
Mode without an externally applied voltage, the dial governs and the generator
operates like the basic WAVETEK function generator, the Model 110. By adding
a positive voltage to the input terminals, the frequency is increased; by adding

a negative voltage to the input terminals, the frequency is decreased. The
applied voltage may be either a DC programming voltage or an AC frequency
modulating voltage. The modulation band width is 100 KHz (it is possible to
have a higher modulation frequency than carrier frequency, with a resultant tri-

angle wave that may look like a staircase). The Models 114 and 114B have an
independent internal sweep generator for frequency sweeping, the output available

at a rear panel connector. In the sweep modes of operation, the output of the
sweep generator is connected through a variable attenuator (sweep width control)
to the imput of the VCG amplifiers. The sweep generator when triggered or
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free run will sweep the frequency of the Model 114 from the frequency set by the
dial and frequency controls to a higher frequency set by the sweep width control.
The maximum repetition rate of the sweep is selectable irom the front panel

in seven decades from 0.1 Hz to 100KHz. The rep rate may be varied at least
60:1 on each decade for good range overlap.

The sweep and hold mode is a WAVETEK feature that allows both the upper and
lower limits of the frequency band being swept to be read and set without highly
specialized equipment. In this mode, the generated frequency will sweep up to,
and will hold, the frequency determined by the sweep width control when the
manual trigger on the front panel is operated. While in this hold condition, the
sweep width control may be adjusted for the desired frequency, up to 100 times
the lower frequency. When manual reset is actuated, the generator will return
to the lower frequency limit, set by the frequency dial and, if desired, the VCG
input.

The frequency dial is a continuously variable quality composition potentiometer.
In addition to sine, square and triangle, the Model 114 also offers offset sine.
The offset sine available on the front panel binding post can be selected to be
positive or negative going. The offset sine on the differential output on the rear
panel when selected is a positive going offset sine. The fixed offset sine has a
positive excursion to zero volts, and a negative excursion to -2.5 volts.

MODELS 114 and 114B

The model 114 incorporates a power amplifier which offers the maximum of
32.5 volts peak to peak (16.25 volt offset sine) at the front panel binding post
output. An attenuator is included on the input of this output amplifier. The
amplifier will supply 30 volts peak to peak (15 volt offset sine) into a 600a load
at maximum output setting. Ten volts peak to peak (5 volt offset sine) may be
driven into a 50a load with undistorted waveform by rotating the output atfen-
uator counter-clockwise until clipping no longer occurs. Very low impedance
loads can be driven without distortion by further rotation of the output attenuator
in the counter-clockwise direction.

NOTE

When a relatively low output signal is needed,

it is recommended that the output be attenuated

by an éxternal pair of resistors to a level ap-
proximating that required and the internal at-
tenuator be used as the amplitude vernier, at-
tenuating the output by 10:1, 100:1, or 1000:1,

etc., The use of a pair of external resistors increase
resolution by the internal attenuator in low

level applications.

The Model 114B incorporates an internal battery charger in place of the power
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amplifier. These units will operate independent of the AC line from the internal
batteries. It may be charged completely in 16 hours. The charger is designed
so that charging occurs while the unit is in operation. A screwdriver adjustment
enables the operator to set the desired charge rate. In the maximum clockwise
position, the charge time from discharge to charge is 14 hours. Frequent oper-
ation with the instrument plugged into AC power with the charge rate set this high
could result indamage to the batteries., The maximum counter-clockwise position
of the rear control sets the charge rate to maintain the batteries at full charge
without overcharge. The units are wired so that when plugged into AC power,

but turned off, a trickle charge maintains the batteries at full charge.

The power amplifier used in the Model 114 is not utilized in the Model 114B and
is thus bypassed. The signal appearing on the binding post in the Model 1148 is
a maximum 5 volt peak to peak (2.5 volt offset sine} at a 600~ output impedance.
Because no inverting amplifier is used, output signals on the binding post are
directly in phase with those on the BNC connectors on the rear panel.

CONTROLS AND TERMINALS

Controls and outputs for the Models 114 and 114B are identical except for the out-
put impedances and voltage levels at the binding posts. For the Model 114, these
are 50n and zero to 32.5 volts peak to peak (or, by removing one jumper, an
impedance of 600 is obtained). Output impedance of the Model 114B is 600n at
voltage levels of up to five volts peak to peak (zero to 2.5 volts peak to peak ofi-
set sine). No zero adjustment is provided for this output on the Model 114B, but
internal controls permit setting of the balance of each function independently.

POWER/DIAL MULTIPLIER SWITCH

This switch incorporates two ON positions, X.3 and X1. This switch, in conjunc-
tion with the frequency range switch and the frequency dial, determines the gen-
erated frequency. For example, if the dial is set at 3.5,the frequency range
switch settingat X100, and the dial multiplier switch at X1, the generated freq-
uency is 350 Hz. With the dial multiplier switch at X.3, the frequency is 105

Hz. This feature greatly increases the versatility of these instruments.

In the Model 114B, when the switch is in the OFF position, the batteries are dis-
connected from the instrument but connected to the charger. In this position, the
charger is set for a trickle charge when the instrument is connected to line power.
In the ON position, the batteries are connected to the line power, the batteries
are discharging; but, if connected, the charger supplies sufficient current to oper-
ate the instrument and charge the batteries. The amount of charge current avai-
lable is variable through the potentiometer at the rear panel. In the maximum
counter-clockwise rotation, the charge current is minimum. In the maximum
clockwise position, the charge current maximum. The maximum counter-clock-
wise position is recommended for optimum battery life unless maximum charge
rate is required due to duty use cycle.
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CAUTION

If the batteries are allowed to completely
discharge, the instrument power supply
cannot provide adequate power to simul-
taneously operate and charge. If this con-
dition exists, the instrument should be
allowed to recharge for a period of time
before it is used in the AC mode.

FREQUENCY HERTZ SWITCH

The frequency hertz switch selects the appropriate timing resistor and capacitor
for proper frequency range.

FREQUENCY DIAL

The frequency dial is a high quality composition potentiometer providing contin-
uous frequency control.

FUNCTION SELECTOR SWITCH, OUTPUT ATTENUATOR, and DC ZERO
ADJUST (rear-mounted screwdriver adjustment).

The main output impedance is 50a, but the output current is limited to drive ap-
proximately £100 ma into a short circuit. The output at maximum clockwise at-
tenuator position is 32.5 volts peak to peak open circuit and 30 volts peak to peak
into a 600~ load. If the load impedance is less than 600n, the attenuator must

be rotated counter-clockwise or clipping will result. Maximum undistorted out-

put into a 50n load is 10 volts peak to peak.

The output attenuator covers a 50 db range. For output voltages less than 20 db
below maximum output, it is recommended that an external attenuator using a
pair of resistors be used and the internal attenuator be used as a fine control.
For a 10:1 attenuator, use a 470a resistor in series with a 56n resistor in shunt
with the load. For a 100:1 attenuator, use a 1K resistor in series and a 10n res-
istor in shunt with the load; or, 4., 7TKa in series and a 5ln resistor in shunt with
the load (these values are indicative and not critical). The attenuator is located
in the input of the output amplifier. As a result, the zero adjust will be most
critical at minimum setting. The rear-mounted dc adjustment control should be
adjusted with the attenuator in the maximum counter-clockwise position.

The function selector switch selects the function delivered to the main power am-
plifier and also selects the output available on the differential output BNC connect-
or on the rear panel is always 180° out of phase with the associated fixed output
on the rear panel no matter what position the function selector switch is in., The
output delivered to the front panel binding post, however, can be selected to be in
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phase or 180° out of phase with the signal delivered to the fixed output BNC con-
nectors on the rear panel.

NOTE

Zero adjust control is a high resolution
Zero Adjust Potentiometer, not a dc off-
set control. A minor modification, how-
ever, will allow this control to be used as
a dc offset control (see detailed circuit
description).

Switch selected sine, square, and triangle
waves will have equal peak to peak ampli-
tude for all attenuator settings,

THE 5V TRIANGLE, 5V SINE and 5V SQUARE OUTPUTS

These outputs are accurate 5 volt, 50a sources balancedaboutground. They will
drive 5 volts peak to peak into a 50a load and supply £50 ma peak into a short

circuit.

THE 10 NSEC, SQUARE WAVE OUTPUT

The 10 nsec. square wave output is approximately 1 volt peak to peak open circuit,
and 0.5 volts peak to peak into a 50n load with less than 10 nsec. rise and fall
time. Always use a 50n cable and a 50n termination when using this ouvtput.

SYNC OUTPUT

At least -10 volts sync signal, less than 5 psec. in pulse width (typically 1.5 psec.
pulse width). The pulse occurs once per cycle coincident with the positive trans-
ition of the 5 volt square wave and the positive peak of the sine and triangle waves.

NOT E

Due to its very narrow pulse width, the
sync pulse is difficult to observe at low
frequencies. However, it will trigger
wide band oscilloscopes such as the Tek-
tronix Model 453 at all frequencies.

MINUS 2.5 VOLT OFFSET SINE

This output is a minus going 2.5 volt output whose base line is at zero volts £25mv
(5mv. typical). Open circuit voltage is a 2.5 volt negative going offset sine wave.

Rev. 1-68
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VCG INPUT

The VCG input permits remote control of dial frequency and frequency modula-
tion. The calibration factor is 0.5 volts per major dial division (£1%). A pos-
itive voltage results in an increase in frequency and a negative voltage results
in a decrease. The setting of the frequency dial determines the base frequency.
The VCG input impedance is 10Kn. Up to 50 volts can be applied to the VCG

input without damage.

MODE SWITCH

The Model 114 Mode Switch allows the selection of five modes of operation:
Trigger with Sweep, Continuous with Sweep, Continuous, Sweep and Hold, and
Trigger. In addition, a sixth mode of operation, Tone Burst, may be obtained
when Trigger with Sweep is selected and the Sweep Width control is set to zero.

Continuous: This may be considered to be the basic mode of operation. When
Continuous is selected, the Model 114 acts as a function generator with nine
simultaneous outputs. The output frequency is determined by the Frequency
Hz range Switch, the Dial and the range switch multiplier (X.3 or X1) and the
VCG input.

Trigger: As in the Continuous mode, the sweep circuits are disconnected.
There is no output from the generator, however, until the Manual Trigger Sw
Switch is operated or an appropriate triggering signal is applied to the front
panel Trigger Input. When triggered, the Model 114 generates a single cycle,
the starting and stopping point of which will be determined by the Start-Stop
Point potentiometer. The generator will complete one cycle, stopping at the
point at which it started,

Sweep and Hold: In this mode, operation is initially the same as in the contin-
uous mode. When a trigger is applied to the Trigger Input on the front panel
or the Manual Trigger Switch is operated, the output frequency sweeps up to
the frequency determined by the Sweep Width control. The rate at which the
frequency rises is determined by the Sweep Rate Hz switch and its Variable
potentiometer. While the sweep generator is in the hold condition, the Sweep
Width control may be used to vary the upper frequency to which the generator
will sweep. When the Manual Reset switch is operated, the generator returns

to the lower frequency.

Continuous with Sweep: Operation in this mode differs from that in the contin-
uous mode in that the sweep generator may be gated by operating the manual
trigger control or by applying a gating signal, or may be free run by rotating
the Trigger Level control to one of its extremes (in the same polarity as the
Slope selection). The output frequency, when the sweep is free running, rises
from the lower frequency to the upper frequency (see Note) at the rate set by
the Max Sweep Rate Hz switch and its potentiometer. When the upper frequency
is reached, the output frequency returns rapidly to the lower frequency and

then begins to rise again.,
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NOTE

The lower frequency is determined by the setting
of Frequency Hz switch and dial and the range
multiplier (X.3 or X1)

The upper frequency is determined by the Sweep
Width control. When it is desired to operate as a
VCG function generator with no sweep, it is recom-
mended that the continuous mode be selected

rather than continuous with sweep.

Trigger with Sweep: In the Trigger with Sweep mode, the generator 1is
initi_:;lly non—opera-{ive, as in the Trigger Mode. When a triggering signal 1is
applied or the Manual Trigger switch is operated, the generator becomes
operative; and the output increases in frequency from the lower frequency

to the upper frequency at the rate set by the Sweep Rate Hz switch and its
potentiometer. When the upper frequency 1s reached, the generator again
becomes non-operative and the output returns to the level set by the Start-
Stop Point potentiometer. until another trigger is received,

Tone Burst Operation: This is not a position on the mode switch, To obtain
tone burst ;pe-;a.tion,_trigger with sweep should be selected and the Sweep
Width control turned counter-clockwise all the way., This is equivalent to
setting the upper frequency equal to the lower frequency. When triggered,
the generator becomes operative and remains operative for a period of time
determined by the setting of the Sweep Rate Hz switch and its potentiometer.
This gate may be varied from 10 microseconds to 10 minutes. At the end of
the gate period, the generator again becomes non-operative and the output
returns to the level set by the Start-Stop Point potentiometer, until another
trigger is received., The Sweep Rate controls are used to select the number

of cycles in the burst,.

MANUAL TRIGGER AND SWEEP RESET

The manual trigger switch generates one cycle on command when the genera-
tor is in the trigger mode. It triggers both the sweep generator and main
generator in the trigger with sweep mode. It triggers the sweep generator
in the continuous with sweep and sweep and hold modes. The sweep reset
position resets the sweep in the sweep and hold mode.,

NOTEL

Trigger level control should be in its extreme
clockwise or counter-clockwise rotation in all
modes, with the exception of continuous, for

best operation without double triggering when
operating manual trigger, -
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START-STOP POINT CONTROL

The start-stop pmnt control allows the starting point of the integrator to be
varied through + 90 when in the trigger, or trigger with sweep modes, The
start-stop point potentiometer will allow the starting point to go beyond the -90
position in the fully counter-clockwise rotation, and beyond the +90 starting
point in the fully clockwise position. To start and stop at -90 , the control can
be rotated fully counter-clockwise and then backed-off until the starting point

1S -90 The same is true of the -I-90 position of rotation. This insures that in
all frequencgr ranges the operator will be able to achieve a starting and stopping
point of £90

SWEEP WIDTH CONTROL

The sweep width control varies the amplitude of the sweeping waveform applied

to the VCG amplifiers from zero to maximum. In the maximum position of the
sweep width control, the generator is capable of sweeping the frequency 100:1.
Specifications for output waveform quality, etc., for the Model 114 are between

0.5 and 10 on the dial. If it is desired to use the generator at lower than 0.5 on the
dial, the specifications do not hold. This is 2 convenience for those users desiring
to sweep at greater than 20:1 frequency. One internal resistor change in the Model
114 will allow the sweep width control to have a range of from zero to 10:1, allowing
a more precise vernier adjustment of the sweep width control, if this is desired.

SWEEP RATE HZ SWITCH AND VARIABLE CONTROL

The Sweep Rate Hz switch selects the timing resistors and capacitors in the sweep
integrator allowing different repetition rates to be selected for the sweep generator.
The variable control varies the rep rate of each range by at least a 60:1 ratio, giv-
ing good range overlap and allowing sweep periods of from 10 microseconds to at
least 10 minutes.

TRIGGER SLOPE/LEVEL CONTROL

The Trigger Slope switch allows the operator to select the negative portion or the
positive portion of a triggering signal on which it is desired to trigger the level,

Rev. 5/70
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SECTION I
SPECIFICATIONS AND TEST PROCEDURES

This section contains specifications for the WAVETEK instruments discussed
in this handbook, and procedures for testing their accuracy. This table pro-
vides specifications for the Models 114 and 114B.

VERSATILITY

Waveforms

Sine ’\/ , squarerL' , triangle ’\, , oiiset sine /\/ F and
sync pulse.

Dynamic Frequency

0.0015 Hz to 1 MHz (10 min. to 1 usec.).

Ranges:
X.0l1 = 0,005 Hz to 0.1 H=z
X.1 = 0.05 Hz to ! Hz
X1 = 0.5 Hz to 10 H=z
X10 =5 Hz to 100 Hz
X100 = 50 Hz to 1 KHz
X 1K = 500 Hz to 10 KHz
X 10K = 5 KHz to 100 KHz
X100K = 50 KHz to 1 MHz
X. 0053 = 0.0015 Hz to 0.03 Hz
X.03 = 0.015 Hz to 0.3 Hz=

Rev. 9-67
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Ranges (cont.)

X. = 0.15 Hz to 3 Hz
X3 = 1,5 Hz to 30 Hz
X30 = 15 Hz to 300 Hz=
X300 = 150 Hz to 3 KH=z
X3K = 1,5 KHz to 30 KHz
X30K = 15 KHz to 300 KHz

Nine Simultaneous Outputs

Rev., 9-67
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8)

,\} ’ \/\ ) I-.LI :||_|_| y /\l :J\ :,\TO ) Dra—r/\selectable with

variable amplitude. Specifications apply from 10% to 100%

of maximum amplitude setting. 50a output impedance. (600~
output impedance available by removing one jumper wire. )
30v p-p (15v offset sine) into 600~ load.

10v p-p (5v offset sine) into 50~ load.

Short circuit output current =100 ma.

Model 114B: 5v p-p into open circuit, 600n output impedance.
L Llvp-p

il WIS pP-p

\s 5v p-p

v 5v pP-pP

r{';“z. 5v p-p offset -1.25v

,\/ ; |__|-.I , N, or ,-\-/-0 selectable .5v p-p differential output
180" out of phase with outputs 2 through 6.

Sweep monitor. (Output of sweep generator) 2.5v nominal



9) Sync pulse: At least -10v into open circuit; less than 5 psec.

duration.

NOTE: Outputs 2 through 8 are 50n output impedance. Output

voltage stated is into open circuit

OPERATIONAL MODES

Generator Modes:

Continuous Mode

Operates as a standard VCG. Frequency determined by dial/range
settings in parallel with VCG input.

Trigger Mode

One complete cycle is generated by activating the manual trigger
or applying a pulse or gate to the trigger 1nput Start~-stop point
of the waveform may be adjusted through 360"

Sweep Generator Modes:

Sweep and Hold Mode

Generator runs at the selected frequency until triggered by the
manual trigger or external pulse. When thus activated, the unit
sweeps to a new frequency determined by the sweep width control

and holds this frequency until manually reset.

Continuous with Sweep Mode

The main generator operates in the continuous mode until the

The sweep generator may be gated by operating

sweep 1s activated.
or it may be free-

the manual trigger, by applying a gating signal,
run. When swept, the main generator frequency rises from the
frequency set by the dial and range settings to a frequency selected

by the sweep width control. Sweep rate is set by panel controls.

Trigger with Sweep Mode

No output is generated until manual trigger is activated or trigger
input is applied. The unit starts at the frequency selected by the dial

and range settings and sweeps to a frequency controlled by the

Rev. 9-67
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sweep width control. The generator stops oscillating at this poini
and will not restart until triggered again. Sweep rate is selected
by front panel controls. Tone burst operation may be obtained in
this mode by setting the sweep width control to zero; the number

of cycles generated for each trigger applied is determined by sweep
rate controls.

Trigger Controls

Input impedance is 10Kn.

Input voltage is #0.5v min., *100v max.

Trigger level and slope are adjustable by front panel controls.
(These controls are similar to trigger adjustments of an oscillo-
scope. )

The start-sgop point of the generated waveform is adjustable
through 360 .

Sweep Controls

Sweep width is adjustable from 0 to 100:1. Accuracy of the sweep
repetition rate is *5% of setting with variable control set at maxi-
mum. Repetition rate is variable from 0.0015 Hz to 100 KHz=.
Burst lengths in tone burst operation may be varied from 10 psec.
to 10 min.

VCG - Voltage Controlled Generator

Over 20:1 frequency ratio (selectable in ranges of 3:1 allowing
excellent range overlap). 4.75v input for 20:1 frequency ratio
(0.5v per major dial division *1%). Input impedance 10 Ka.

HORIZONTAL PRECISION

Dial Accuracy

+1% of full scale to 100 KHz.
+2% of full scale 100 KHz to 1 MHz.

Dial is high-quality composition potentiometer allowing true con-
tinuously variable frequency control.
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Typical VCG Linearity
+0. 1% frequency versus input voltage (frequency error 0.1% of

total deviation - best straight line method). 0.0015 Hz to 100
KHz generated frequency. From 10% to 100% of maximum dial

frequency.
VCG Bandwidth

100 KH=z.

Jitter

+0.025% cycle-to-cycle stability

STABILITY *

Short term: =0.05% for 10 min.

Long term: =0,25% for 24 hr.

*Percentages apply to amplitude, frequency and dc offset of main
generator.

VERTICAL PRECISION

Frequency Response

Amplitude change with frequency less than 0.1 db 0.0015 Hz to
100 KHz and 0.5 db 100 KHz to 1 MHz.

Peak-to-Peak Voltage Accuracy

+1% for outputs 3 through 7

+£1% for output 1 at 30v out

+10% for output 2

Symmetry

All waveforms, except offset sine, are symmetrical about ground
within 1% of maximum p-p amplitude. Rear dc zero adjustment,
114; charge rate adjustment, 114B.

Rev. 9-.67
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PURITY

Sine Wave Distortion

Less than: 0.5% 0.0015 Hz to 10 KHz
1. 0% 10 KHz to 100 KHz
2. 0% 100 KHz to 600 KH=z.
3. 0% 600 KHz to 1 MHz,.

Triangle Linearity

Greater than: 99, 0.0015 Hz to 100 KHz
95% 100 KHz to 1 MHz

Square Wave Rise and Fall Time
Less than 10 nsec., output 2
Less than 15 nsec., output 3
Less than 100 nsec., output 1l
Total Aberrations

Less than 5% (overshoot, preshoot, etc.).

Tilt
Less than 0. 5%

Time Symmetry, all waveforms: 99.5% 0.0015 Hz to 100 KHz

99% 100 KHz to 1 MHz

ENVIRONMENTA L

Temperature
All specifications listed, except stability, are for 25 C +5°C.
For operation from 0°C to 55DC, derate all specifications by a
factor of 2.

Rev. 1-68
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MECHANICAL

Dimensions

7-3/4 inches wide, 5-1/4 inches high, 11-1/2 inches deep

Weight
10 pounds net, 15 pounds shipping

Power

Model 114: 105v to 125v or 200v to 250v, 50 Hz to 400 Hz.

Model 114B: DC rechargeable ni-cad batteries provided with
built-in charger. Five hours of operation on
batteries for every 16 hours of charge; simultan-
eous operation and charge. 105v to 125v or 200v

to 250v, 50 Hz to 400 Hz. Less than 15 watts,

Specifications apply from 0.5 to 10 on frequency
dial.

Rev. 9-67
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GENERAL INFORMATION

Specifications apply only when the dial setting is between 0.5 and 10, Instru-
ments should be within specifications within 15 minutes' warm-up time. All
specifications are for 25°C = 5°C and 105 to 125 volts AC, 50 Hz to 400 Hz,
All measurements must be made as described herein. Frequency stability
specifications refer to constant temperature, line voltage, panel setting, and
loads; testing must be made after one hour's warm-up at defined conditions.

TESTING INFORMATION

All frequency measurements should be made with the function selector switch

on sine /\/ , output attenuator set in the maximum counter-clockwise position,
all outputs disconnected (and VCG input disconnected) except the 10nsec. square
wave output which should be connected to a counter through a 50n cable using
50n termination at the counter. The frequency vernier should be at maximum
clockwise position (''cal''), The generated frequency should be within speci-
fications for all combinations of the range switch and frequency dial.

Time symmetry measurements should be made using this setup and by mea-~
suring the positive and negative half cycles of the square wave. The two half
cycle measurements should differ by no more than 1% of the total one cycle

measurement.

Cycle-to~cycle jitter measurements should be made with this same setup. An
oscilloscope with a delaying sweep or frequency counter may be used for cycle-
to-cycle time jitter measurement.

VCG linearity should be made by again using the same setup as above, with
the addition of a low impedance (50n maximum) source connected to the VCG

input.

VCG input voltage should be measured with a high accuracy voltmeter such
as a DVM or a differential voltmeter.

OTHER KINDS OF TESTS

All voltage measurements should be made with an accurate wide band peak
meaasuring device. It is strongly suggested that a Tektronix type W, or type
Z plug-in with an appropriate oscilloscope be used for making these voltage
measurements. The measuring device should have at least 50 Kn input im-
pedance and sufficient band width so that waveform peaks are accurately



measurable. The measurements should be made individually with no other
leads connected to the instrument.

The output amplifier may have a tendency to oscillate when operating in the
100KHz to 1MHz range into a cable terminated in an open circuit (very high
impedance). Oscillation, when it occurs, is due to reflections back into the
output amplifier and so, may be affected by signal level and cable length.

When making very accurate peak measurements, minor aberrations will be
noted on the waveform due to the switching of the square wave. The peak
value is that voltage which associates immediately prior to these minor
aberrations. Accurate peak waveform measurements should be made at 1KHz
with the dial set at 10. Accurate high frequency measurements are difficult
to make and require considerable care in lead connection, current and cable

termination.

Lack of symmetry is defined as the difference in the plus and minus peak
voltages. For example: a 5v signal with 1% dissymmetry could read +2.525v
and -2.475v.

All fixed outputs should be measured individually with the function selector
switch on sine 7\, , and the amplitude attenuator in maximum counter-clock-
wise position. The switch selectable output should be measured with the at-
tenuator in maximum clockwise position and the appropriate function selected.
Nothing should be connected to the binding posts when making this measure-
ment.

When measuring the selectable output amplitude of the Model 114B, the meas-
uring device should have at least 500K input impedance. Sine distortion,
triangle and offset sine linearity rise and fall time, total aberrations and tilt
specifications should be made independently connecting only one output to the
appropriate measuring device at a time.

BNC outputs (except sync) should be connected to the measuring device with a
50n cable properly terminated for making all high frequency measurements.

NOT:

| (21

Sine waveform distortion will be slightly
less from 300KHz to 1MHz if the cable
1s not termainated.

Sync output and selectable output should be evaluated using maximum attenua-
tor setting commensurate with the load.

Rev. 1-68
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GENERAL NOTE

The test procedures very specifically de-
fine individually made measurements
without simultaneous load of the various
connectors. Simultaneous loading of all
outputs will have only a minor eifect on
the frequency, amplitude, and purity per-
formance.



SECTION HI
THEORY OF OPERATION

Figure 3-1 is a block diagram of a basic function generator capable of deliv-
ering triangle, square and sine wave outputs. A discussion of the basic block
diagram leads to easier understanding of the Model 114,

L

C
Freq. R Hys. |Output
Adiust : : @ ’_L, Out
jus Switch Switch
| Converter | Amp.
Figure 3-1

The heart of the basic function generator shown above in figure 3-1 is the in-
tegrator, a high gain, wide band d-c amplifier in an operational amplifier con-
figuration connected for integration. Application of the negative half cycle of
a square wave to resistor R results in a current directly proportional to the
d-c level of the negative portion of the square wave and inversely proportional
to the value of resistor R. The operational amplifier configuration offers a
very high input impedance and most of the current in resistor R flows in and
charges capacitor C. The right-hand side of capacitor C, and therefore the
output point of the amplifier, is a positive going voltage slope. At a prede-
termined level, the positive going slope switches the bi-stable hysteresis
switch which in turn switches the output switch, and the square wave switches
to its positive half cycle. The current in resistor R changes direction and
capacitor C charges in the opposite polarity. The output of the integrator is
now a negative going voltage slope completing the triangle waveform. When
the negative going slope reaches a predetermined level, it switches the hys-
teresis switch, which in turn switches the output switch, and the negative



portion of the square wave is once again applied to resistor R. With the hys-
teresis switching levels fixed, the generated frequency is governed by the
values of R and C and the amplitude of the applied square wave. With fixed
values of R and C, varying the amplitude of the square wave picked off and
applied to the integrator by the frequency adjust pot (shown in figure 3-1) will
vary the frequency. By changing either the value of R or C, the range of fre-
quencies over which the unit will operate with the same frequency adjust pot
can be changed. A square wave is available from the output switch and a tri-
angle wave at the output of the integrator. The triangle wave is also fed into
a converter which shapes it into a sine wave. Some attenuation is involved;
therefore, a sine amplifier is added and a sine wave output is available.

The Model 114 uses analog control of frequency rather than the frequency pot
shown in figure 3-1. Figure 3-2 is a simplified block diagram of the Model
114 in the continuous mode.

c
VCG R HYS OUTPUT
Y oV CLAMPS SWITCH [ |SWITCH J1OUT
Hz
DIAL
— r-— )AL OuT
SINE SINE
CONV || AMP v OUT
1STVCG 2NCNVCG
AMP AMD
O)VCGE IN
Figure 3-2

Basic VCG (Continuous Mode)
Simplified Block Diagram

Basic operation is the same with the exception of frequency control. Chang-
ing the range over which the analog frequency control operates is done with
the "Freq Hz'" switch which changes the value of R or C, or both. The square
wave is not applied to the integrator, but alternately turns on one of a pair of
transistor clamps. The transistor clamps connect the output of two opera-
tional amplifiers alternately to the input of the integrator. The negative

3«2



portion of the square wave turns on a clamp that connects the output of the first
VCG amplifier to the integrator input. The positive portion of the square wave

turns on a clamp that connects the output of the second VCG amplifier to the in-
put of the integrator. The result is a square wave applied to the integrator, the

amplitude of which is determined by the levels at the outputs of the two VCG
amplifiers,

The VCG amplifiers are similar d-c wide band amplifiers in inverting opera-
tional amplifier configurations. The first amplifier has a gain of approximate-
ly 3/5 and the second, a gain of unity. Applying +5 volts to the input of the first
VCG amplifier results in a -3 volts at its output. This -3 volts is applied to the
second VCG amplifier resulting in +3 volts at its output. The square wave
under these conditions would opzrate the clamps and a +3 volt square wave
would be applied to the integrator. Since the VCG amplifiers are wide band,

an a-c signal up to 100 KHz can be applied and the generator frequency modu-
lated. The input summing node of the first VCG amplifier sums the dial input
and any voltage applied to the VCG input jacks., With no VCG input voltage

applied, the dial controls the frequency.

Figure 3-3 is a simplified block of the triggered mode with waveforms. When
the Model 114 is in the triggered mode and ready, the output of the tunnel diode
trigger gate is near ground potential. CRI in figure 3-3 is nonconducting and
CRZ2 is on, clamping the output of the integrator at the level set by the start-
stop point potentiometer, through the trigger clamp amplifier. When a trig-
gering signal is applied to the trigger input connector which overcomes the
level set by the trigger level control, the tunnel diode trigger gate steps to
approximately -6 volts turning on CR1. The output of the clamp amplifier is
driven negative, disconnecting or turning off diode CR1 which allows the inte-
grator to start. The d-c level at which it starts is set by the Start-Stop Point
potentiometer. The tunnel diode trigger gate is reset by the square wave from
the output switch., Resetting the trigger gate enables the clamp amplifier once
again; however, the triangle output must reach the start-stop level before the
clamp amplifier takes control. This insures that the integrator output always
starts and stops at the level set by the Start-Stop Point potentiometer. The
Start-Stop Point potentiometer allows adjustment of £90° to the starting and
stopping point of the integrator., By using the output of the -1 amplifier (se~
lected output) or by using the inverted output of the power amplifier, the start-
stop point becomes adjustable over 360°, When in the triggered position, one
cycle 1s generated each time a triggering signal is applied or the manual trig-

ger 1s depressed.

In the sweep modes of operation, a third input is added to the VCG amplifiers.
It is the output of the sweep integrator. The sweep integrator is a differential
amplifier in a Miller integrator configuration, The input stage of the ampli-
fier is a differential pair of FET source followers in order to minimize load-
ing of the input summing junction. When enabled, the sweep integrator output
voltages rises linearly from zero at a rate determined by the timing capacitor
and resistor (Cs and Rs) and the variable sweep rate potentiometer., The
Sweep Width potentiometer allows this voltage to be applied to the VCG

3-53
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amplifiers, which cause the main integrator output frequency to rise linearly.
Cs and Rs may be changed by the sweep rate Hz switch.

Figure 3-4 indicates the operation in the sweep and hold mode. When the
trigger tunnel diode multivibrator is set, by either the manual trigger switch
on the front panel or by an external trigger, the output is fed to the sweep
gate circuitry by way of an inverting circuit. Prior to receiving a trigger,
the sweep gate was driving current into the summing junction of the sweep
integrator. This action will not drive the integrator output negative because
the zero detect circuit causes the sweep gate to disconnect at zero voltage.
Upon receiving a trigger, the sweep gate opens and the sweep integrator output
voltage rises until it reaches a predetermined level, at which time it is de-
tected by the sweep stop comparator; and the sweep gate is reconnected
through the sweep hold inverter pair, holding the integrator output voltage at
that value in much the same way as the zero detect loop held the output at
zero. The setting of the sweep width control determines what portion of the
sweep integrator output voltage is applied to the VCG amplifiers. Thus, when
in the '""hold" condition, the sweep width control may be used to manually
sweep the main integrator frequency or to set the upper frequency to which it

will sweep.

In the continuous with sweep mode, the sweep generator may be gated by
operating the manual trigger or by applying a gating signal to the trigger in
connector, or it may be free run by rotating the trigger level control to one
of its extremes (in the same polarity as the Slope selection). In this mode,
each time the sweep integrator output voltage reaches its predetermined maxi-
mum level, the sweep stop circuit triggers a one shot multivibrator, shown as
'"Reset O.5." in Figure 3-5. The output of the reset one shot causes the
trigger tunnel diode multivibrator to return to ground (from -6v) for a very
brief period. The sweep gate closes and the sweep integrator output goes to
zero. When free running, or while a gating signal is being applied, the
sweep output automatically begins to rise again. The sweep rate Hz switch
and its variable control select the repetition rate.

Figure 3-6 is a simplified block diagram of the Model 114 in the trigger with
sweep mode. No new circuitry is introduced in this diagram. As the label
implies, this mode may be thought of as a combination of the trigger mode
and the continuous with sweep mode. Both the main integrator and the sweep
integrator are initially inoperative. The trigger clamp amplifier clamps the
output of the main integrator at the level set by the start-stop point potentio-
meter. When an input triggering signal is applied, or the manual trigger
switch is operated, the output of the trigger tunnel diode multivibrator steps

from zero to approximately -6 volts. This starts the sweep generator running
and simultaneocusly steps the output of the trigger clamp amplifier negative,
allowing the main integrator to start running. The main integrator will begin
operation at the frequency set by the the Hz dial and the freq Hz range switch
and multiplier (X.3 or XI1; not shown). As the sweep integrator output starts
Rev. 1-68
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moving positive, the frequency will be increased since the output of the sweep
integrator is coupled through the sweep width control to the VCG amplifiers.
When the sweep integrator output reaches the level predetermined by the sweep
stop comparator, the reset one shot multivibrator resets the trigger tunnel
diode multivibrator. The trigger clamp amplifier is once again enabled and
will take control once the main integrator output arrives on the last cycle at

the level set by the start-stop point potentiometer.

As may readily be seen, if the sweep width control is turned counter-clock-
wise to zero, the main integrator frequency will not be swept by the sweep
integrator. In the trigger with sweep mode, this allows tone burst operation,
in which the number of cycles out of the main integrator is determined by the
sweep rate Hz switch and its wvariable potentiometer. The tone burst period
may, therefore, be varied from as little as l0pusec. to more than 10 minutes.

Refer to the Switching and Logic Diagram of Model 114,

This is a block diagram of the Model 114, indicating all functional circuit
interconnections, switching, and generator output circuits. In addition to the
block just discussed, an offset sine circuit, a sync circuit, an emitter fol-
lower for the 5 wvolt square wave output, a -1 amplifier, an output amplifier
and a TWS coincidence gate are shown. The purpose of these circuits is to
increase the variety of available outputs.

The offset sine circuitry adjusts the level of the sine wave available from the
sine wave amplifier so that its most positive excursion is ground and its most
negative excursion is -2.5 volts., This output is available at a BNC connector
on the rear panel.

The 10 volt peak to peak square wave is differentiated, amplified and élipped
by the sync circuit to provide a -10 volt sync spike, having a duration of less
than 5usec, at a rear panel BNC connector.

The square wave from the output switch is also fed to a super emitter follower
that provides a 5 volt peak to peak square wave, with a rise time less than 15
nanoseconds. This output is symmetrical about ground and is also available

at a BNC connector on the rear panel.

The -1 amplifier provides, at a rear panel BNC connector, an inverted output
(equal in amplitude and opposite in polarity) of the 5 volt sine, the 5 volt
triangle, the 2.5 volt offset sine, or the 5 volt square wave depending upon
the setting of the function selector switch.

The function selector switch also feeds one of these four waveforms, or their
inversions from the output of the -1 amplifier, by way of a variable attenuator
to an output amplifier that is operated from a separate power supply. The
selected output is made available at the binding posts on the front panel.

Rev. 1-68
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The TWS coincidence gate insures that, in the trigger with sweep mode, the
reset one shot will not be enabled until the main generator has completed its

last cycle.

DETAILED CIRCUIT DESCRIPTION

MAIN BOARD (Refer to Schematic Diagram)

Main Integrator

Q1 through Q10 and their associated circuitry make up the wide band dc inte-
grator amplifier. The frequency Hz switch on the front panel selects the
appropriate integrating resistors and capacitors for frequency ranging.

Ql and Q2 are a Darlington input pair for the minus input; Q4 and Q3 are a
Darlington pair in the plus input. Transistors QIl through Q4 are low current,
high gain, wide band transistors which allow the inputs to operate with less
than 40 nanoamps of source current. The collectors of Q2 and Q3 work into
a complex load made up of R1l, R3, R4, C3 and the input impedance of (25
and Q6. Q5 and Q6 form a differential amplifier stage driving the differential
stage made up of Q7 and Q8. The output is taken off single ended at the col-
lector of Q7 through the push-pull emitter follower, Q9 and Ql0. CRI1 and
CR2 provide the bias voltage for Q9 and QIl0 to prevent crossover distortion.
R8 allows the dc levels in the two sides of the amplifier to be balanced
throughout. The triangle output is connected to pin 1, It is also fed through
R22 to the sine converter and to the hysteresis switch made up of Q25 through

(230.

Hysteresis and Outp_ut Switch

The transistors in the hysteresis switch are connected to form a bi-stable
switch. Either the Q25, Q26 side or the Q28, Q30 side can be on but not both
at the same time. When the positive going triangle reaches the firing level
set by R77, the Q26 side turns on and the Q28 side turns off. The triangle
starts its negative slope and when it reaches the firing level set by R78, the
028 side turns on and the Q26 side turns off. The hysteresis switch is dc
coupled to the bi-stable output switch made up of Q31 through Q34. The square
wave available from this output switch has a rise time of less than 10 nano-
seconds. The square wave is coupled to pin 10.

The 10 volt peak to peak square wave is differentiated, amplified and clipped by
Q35, R96, C25, CRI15, R101l, C27 and R110 to provide a -10 volt sync spike
which has a duration of less than busec. The sync pulse is coupled to pin 13.
The square wave is also coupled to a push-pull super emitter follower made up
of Q36 through Q39. R104 allows the output amplitude to be adjusted, R99 ad-
justs the waveform so that it is symmetrical about ground. Diodes CR16 through
CR19 provide temperature compensation. The output of the super emitter fol-
lower is a 5v peak to peak square wave with a rise time less than lbnsec.
coupled to pin 1ll.

Rev. 1-68
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Sine Converter a_nd Ampliine_l_'_

Transistors Ql1 through Ql8 are emitter followers in the sine converter that
bias and temperature compensate the clipping diodes, CR3 through CRI10.
Diodes CR3, CR5, CR7, and CR9 clip the positive portion of the triangle at
points set by the pots in the base of their associated emitter follower transis-
tors. Diodes CR4, CR6, CR8, and CR10 clip the negative portion of the
triangle. The diodes do not, however, clip the most positive and negative peaks
of the triangle. Therefore, the input to the sine amplifier is a sine wave with
small peaks at the top and bottom. The sine wave is fed to the plus input of the
sine amplifier through R64. The sine amplifier is a d-c wide band operational
amplifier connected in a potentiometric configuration. R69 is the feedback re-
sistor. The peaks on the sine wave are also seen at the collectors of the emit-
ter followers in the sine converter. These peaks are coupled through R54 and
R56 to the minus input of the sine amplifier and peak cancellation occurs in the
amplifier giving a clean sine wave at the output. The sine wave 1s coupled to
pin 9. R60 adjusts the sine wave symmetry about ground and R64 adjusts the
sine wave amplitude,

POWER SUPPLY BOARD (Refer to Schematic Diagram).

Power Supply

A-c voltage is coupled from the transformer to pins 14 and 15 to drive the
bridge rectifier made up of diodes CR1 through CR4. Filtering is provided by
Cl and C2. Ql is a transistor connected and operatedas a zener diode provid-
ing a reference voltage for the +6 volt supply. Q2 and Q3 make up 2 compara-
tor type differential amplifier, Q2 and Q3 drive Q6 and Q7 which in turn drive
the +6 volt pass transistor, Q10. RZ24 allows the base of Q3 to be adjusted
slightly negative with respect to ground. QI has a zener voltage of approxi-
mately 6, 3 volts setting the base of Q2 slightly negative, RZ24 is adjusted to
give an output of +6. 00 volts. If the +6. 00 volts tries to increase due to a
change in line voltage or load current, the collector of Ql becomes more posi-
tive. The base of Q2 becomes less negative (moves in a positive direction with
respect to ground) and Q2 draws more current. The collector of Q2 moves less
positive and this change is coupled through Q6 and Q7 to the base of Q10., This
increases the resistance of Ql10, returning the supply to +6. 00 volts.

Q4 and Q5 form a comparator type differential amplifier in the -6. 00 volt regu-
lator. The base of Q4 is returned to ground through R6é. The divider of R26
and R27 between the plus and minus 6 volt supplies sets the base of Q5 at ground.
R9 allows a small adjustment of the currents in Q4 and Q5 to set the output at
-6. 00 volts, An increase in the -6 volts due to line voltage variation or load
current variation results in the base of Q5 moving negative. The collector of
Q5 moves less negative (in a positive direction), This change is coupled to the
bases of Ql1 and Ql12, Ql1 and Q12 form a Darlington connected pass tran-
sistor pair for added gain. The positive going change, increases the resistance
of Q11 and Ql2, returning the output to -6. 00 volts.

3-11



Output Amplifier

Q13 through QI8 form an operational cutput amplifier with a gain of approxi-
mately -6 set by feedback resistor R37 and the input resistor made up of R3l
and R32., Transistors Q13 and Ql4 are a differential input stage driving a sec-
ond differential stage of Q15 and Ql6. The output is taken off single ended at
the collector of Ql6 and coupled to the push-pull emitter follower, Q17 and QI8.
Diodes CR5 and CRb6 provide bias for the push-pull emitter follower to prevent
crossover distortion. The output is coupled through R50 and R51 to pin 3. The
input is selected on the front panel and comes in on pin 5. Cl1] allows the amp-
lifier to be high frequency compensated and is adjusted to give the best Gaussian
response when a 1 MHz square wave 1s applied.

A-c is coupled from the transformer to pins 1 and 2 and drives the bridge recti-
fier made up of diodes CR7 through CR10. The outputs of the bridge rectifier
are filtered by Cl4 and C15 providing the supply voltages for the output ampli-
fier. R4l is the zero adjust control allowing the output to be adjusted for
symmetry about ground. R4l is a screwdriver adjustment available {rom the
rear panel,

D-C Offset Modification. To convert the output amplifier Zero Adjust control
to a d-c¢ offset control, remove R40 and R42, 10K 1%, and replace them with
2K 5% carbon resistors. The Zero Adjust control, R41l, may now be used to
provide approximately £5 vdc offset to the power amplifier output signal., Note
the CAUTION below.

The input available on pin 5 and delivered to the power amplifier is coupled
through an attenuator potentiometer on the front panel. The signal delivered to
the attenuator pot is selected by the front panel function selector switch, In

the ''in phase'' position of the selector switch, the signals are passed through a
-1 amplifier prior to being delivered to the power amplifier; therefore, the out-
put of the power amplifier is in phase with the fixed outputs available at the rear
panel. In the '"out of phase'' position of the function selector switch, the select-
ed signals are delivered directly to the attenuator potentiometer from the signal
sources and the signals are inverted only once, in the power amplifier. The
resuit is an output that is out of phase with the fixed outputs at the rear panel.
The function selector switch also selects the signal that is delivered to the -1
amplifier and available on the rear panel selected differential output connector.
The signal, when selected and delivered to the BNC connector on the

rear panel, is identical to, but always 180° out of phase with, the other fixed
outputs on the rear panel,

The output amplifier will deliver 100 ma into a short circuit at the front panel
connector, and 32.5 volts peak to peak into an open circuit. When terminated in
600n (the jumper across R53 on the front subpanel should be removed), the
amplifier will deliver 30 volts peak to peak. When terminated in 50n, the ampli-
fier will deliver 10 volts peak to peak.

3-12



CAUTION: The output amplitudes listed are absolute, in that, they include off-
set voltage. For example, when offset +b5vdc, the amplifier is capable of
swinging only +10 wvolts peak, when terminated in 600n; and the output would

be at its positive going limit point, when terminated in 50an.

VCG BOARD (Refer to Schematic)

VCG Amplifiers and Clamps

The twa VCG amplifiers are integrated circuits in similar inverting
operational amplifier configurations. The first VCG amplifier accepts, at its
summing node, inputs from the frequency Hz dial, the VCG input and via the
sweep width control, the sweep integrator output.

Pin 2 of the integrated circuits is the inverting input (summing node). R51,
R52 and R53 form a summing node zero adjustment network. CR1 and CRZ
provide overvoltage protection. Rl1l2 and R13 comprise the feedback network
for the lst VCG amplifier. R8 allows a calibration of the effect of a VCG
voltage applied at the front panel to the output frequency of the instrument.

R9, R10 and R1ll provide a zero adjustment network for the non-inverting input

pin3 of ICl. R45 and C3 are a lag compensation network.

Pin 7 of IC1 is the output of the operational amplifier, and Ql serves as an
emitter follower to provide added current swing in the negative direction. The
output at the emitter of Ql is coupled through the saturated transistor Q3 of
the feedback network (R13, R1l2) and to the input of the 2nd VCG amplifier,

by way of input resistors, R14 and R15.

R23, R24 and R46 form a zero adjustment network on the non-~inverting input
of the 2nd VCG amplifier. C5 and R25 comprise the feedback network, and C6
and R50 are the lag compensation network. The amplifier output at pin 7 of
IC2 is coupled through the saturated transistor Q5 to the feedback network.

R13 is adjusted to obtain a gain of approximately -3/5, with respect to the fre-
quency dial, for the lst VCG amplifier, and R14 is adjusted to obtain a gain of
-1 for the 2nd VCG amplifier. This may be thought of as a time symmetry ad-
justment for the main generator output. As a result, the outputs, at the col-

lectors of Q3 and Q5 are equal, but opposite in polarity.

The square wave output from the output switch on the main board is awvailable

at pin 13 and is applied, through R17, to the base of Q2 and, through R26, to
the base of Q4. Q2 and Q4 are the VCG clamps, operated as inverted switches.
When the square wave is negative, Q2 is saturated, and the output of the 1lst
VCG amplifier is applied to pin 7. When the square wave is positive, Q4 is
saturated, and the 2nd VCG amplifier output is applied to pin 7. The resultant
signal at pin 7 is a square wave, the frequency and phase of which is the same
as the output of the switch set on the main board, and the amplitude of which

is determined by the output of the VCG amplifiers. This output drives the input
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to the main integrator,

The saturation voltage of the VCG clamps, Q2 and Q4, is very low, but it can-
not be ignored because the VCG output voltages are required to be quite precise
even at very low levels. This explains the inclusion of the saturated transistors,
Q3 and 25, in the feedback loops of the amplifiers. Q3 and Q5 compensate for,
and tract with temperature, the voltage offset of the VGG clamps.

The IC's operate from +12 volts, on pins 8, and -6 volts, on pins 4. The +12
VDC is obtained by connecting Q6, a 6 volt zener to the +6 volt regulated supply
and, oy way of pin 5, through a current limiting resistor on the mother board

to the +25 volt supply.

R22 provides an initial unbalance to allow the integrator to start. Without it,
a properly calibrated system is so well balanced that it cannot start. Once the
machine is running, R18 and R28 offset the unbalance, so that the system is

once again balanced.

Offset Sine Wave

The output of the sine amplifier is available at pin 1. It is offset and attenuated
by R32 and R33 to Gnd. and R34 and R35 to -6 volts. The offset sine is delivered
to pin 12 through two emitter followers, Q7 and Q8. The two opposing base to
emitter voltages insure that the offset sine starts at ground, and the emitter
followers temperature compensate for one another. R33 is adjusted for the pro-
per offset, and R34 is adjusted for the proper attenuation. The output, available
at a rear panel BNC connector, is a sine wave with the most positive excursion
at ground and the most negative excursion at -2.5 volts.

TRIGGER BOARD (Refer to Trigger Board Schematic).

Q1 and Q2 make up a comparator type amplifier with Q3 providing a constant
current source. The divider of R2 and R4 provide the bias level for the base

of Q3. When the front panel Trigger Slope switch is in the plus position, the
triggering signal is fed via pin 12 through R9 to the base of Q2. The base of

Q1 is returned to the Trigger Level control via pin 13, When a positive going
input triggering signal overcomes the reference level established by the Trigger
Level control in the base of Q1, the current of Q2 decreases allowing its colliector
to move in the negative direction. In the triggered mode, pin 15 is open and Q5

is biased to saturation providing a current path for the tunnel diode, CR2,

Trigger Slope and Trigger Level control are applied to pins 13 and 12 respectively

when negative triggering is desired.

The tunnel diode, CR2, is quiescently biased in its low voltage state. A negative
going excursion at the base of Q4 coupled through CR1 causes CR2 to switch to its
high voltage state. Tunnel diode CR4 is quiescently biased in its low voltage
state. When tunnel diode CR2 switches to its high voltage state, this change 1is
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coupled through C4 and results in CR4 switching to its high voltage state, turning
on transistor Q7. The output coupled to pin 19 is initially at ground potential.
When Q7 turns on, its collector moves in the positive direction and the output

steps to approximately -6 volts. A reset pulse, from the output switch is coupled
in through pin 21, in the trigger mode, through C5 to the base of Q6. This is a
negative going reset pulse coincident with the negative going portion of the output
square wave. This reset pulse results in the collector of Q6 moving positive

and resetting tunnel diode CR4 to its low voltage state. Transistor Q7 returns to
its off state and the output returns to ground. A d-c reset pulse, from the reset
one shot or the Manual Reset on the front panel, is coupled to the base of Q6 by R16

R16 via pin 14,

When the front panel mode switch is in the continuous with sweep position, the
base of Q5 is returned to ground by grounding pin 15. Transistor Q5 is turned
off removing the current path for tunnel diode CR2. The triggering will now
couple through CR1 and cause CR4 to switch to its high state; however, CR4
will remain in its high state until the triggering signal is removed. Therefore,
the trigger gate will have a duration determined by the width of the trigger pulse

applied at the input.
TRIGGER CLAMP AMPLIFIER

The trigger clamp amplifier is a d-c operational amplifier connected in a poten-
tiometric configuration. Transistors Q10 and Q11 form an input diiferential pair
driving the differential pair of Q12 and Q13. The collector of Ql2 is returned to
ground while the output is taken off single ended from the collector of Q13, which
drives the push-pull emitter follower, made up of Q14 and Q15.

CR7 and CR8 provide the bias for Q14 and Ql5. R43 is the feedback resistor.
R29 allows the amplifier to be dE.C balanced so that the Start-Stop Point potentio-
" meter is adjustable between £90 of the generated cycle. The output is taken off
the junction of R40 and R41 to pin 3. In the triggered and triggered with sweep
mode, the output is coupled through a diode to the minus input of the main inte-
grator. The output of the main integrator is coupled in on pin 7 through R38 to
the base of Ql1l. The trigger gate is coupled through a diode to pin 6 and the base
of Q11 as well, The Start-Stop Point potentiometer provides the reference level
at 1lin 1 and, therefore, at the plus input of the trigger clamp amplifier.

In the triggered or triggered with sweep mode, the trigger gate is initially at
ocround potential allowing the Start-Stop potentiometer to set the reference level
at the plus input of the trigger clamp amplifier. This sets the level at the output
of the trigger clamp amplifier and, therefore, clamps the minus input of the
main integrator to the level set by the Start-Stop potentiometer through the diode
from the output of the trigger clamp amplifier. R29 allows the trigger circuit to
be balanced so that the Start-Stop point, through the diode from the output of the
trigger clamp amplifier, moves between -90 and +90 degrees. When a triggering
signal is applied, the trigger gate steps to a -6 volts driving the plus input of the
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integrator to start. When the trigger gate is reset, the trigger clamp ampli-
fier is once again enabled; however, the triangle wave coupled in on pin 6
must overcome the reference level set by the start-stop potentiometer before
the clamp amplifier will once again clamp the main integrator. This insures
that an integer number of cycles are generated and that the start-stop point

will always be set by the start-stop point potentiometer.

Minus 1 AmElifier

The -1 amplifier has two main functions: 1) to provide a differential or out of
phase output with the fixed output at the rear panel, and 2) to allow the power
amplifier to generate signals that are in phase or 180° out of phase with the
fixed outputs on the rear panel. The start-stop point potentiometer only allows
the start-stop point to be varied +90°. By using the output from the -1 ampli-
fier or the inverted output from the power amplifier, the start-stop point can
be made to operate over 360° since the start-stop point is inverted as well as

the signal.

The -1 amplifier is an operational inverting dc amplifier with a gain of unity
set by potentiometer R63. Q20 and Q21 form a differential input pair driving
the differential pair of Q18 and Q19. The output is taken off single ended
from the collector of Q18 through push-pull emitter follower Q16 and Q17. CR9
and CR10 provide the bias for the push-pull emitter follower to prevent cross-
over distortion. R63 and R64 make up the feedback resistor while R62 is the
input resistor. Cl5 and C18 are for high frequency compensation. R60, R50,
Cl3 and Cl4 are to shape the frequency response characteristics of the ampli-
fier. Cl2 places the plus input of the amplifier at signal ground. R48 allows
the amplifier to be dc balanced so that the signal is symmetrical about ground.

FRONT SUBPANEL (Refer to Schematic)

Front Panel OutEut

In Model 114, the output of the power amplifier is available at pin 24. R54 and
R55 combine with the output circuitry on the power supply board to set the out-
put impedance at a nominal 50a. Remove R60, Cl5 and jumper around R53 for
600n output impedance.

In Model 114B, there is no power amplifier. The output is taken from the arm
of attenuator R42 and jumpered to pin 24. R60, Cl5 and jumper around R53
are removed and R53 is changed to a 430a, 5% carbon resistor. This results

in a nominal 600a output impedance.

Frequency Iz Dial

The case of the frequency Hz dial, R52, is tied by a wire to chassis ground.
To eliminate the possibility of high frequency interference due to fields between
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chassis ground and circuit ground Cl4 and R48 have been added. R49 and
R50 insure that some voltage is always present at the VCG inputs. Voltage
at the arm of the frequency Hz dial goes to pin 6 and on to the VCG board.

VCG InEut

The VCG input is shunted by Cl3 and R47 in series. The VCG input voltage
is delivered to pin 2.

Trigger Input, Trigger Slope Switch and Trigger Level Control

The trigger input from the front panel BNC connector goes through R46 to a
pair of back to back protective diodes, CR4 and CR5, and to the trigger slope
switch SW-2., The trigger slope switch determines which side of the trigger
comparator, on the trigger board, receives the trigger input and which side
receives the voltage set by the trigger level control, R45. The trigger level
control is a 10K potentiometer tied between *6v; the voltage at its arm is
connected to the trigger slope switch through R44. The trigger comparator
side of the trigger slope switch goes to pins 12 and 13.

Manual Trigger and Sweep Reset Switch

This switch is a three position, spring loaded toggle switch, with its OFF
position in the center. Its function is described on page 1-7. In the up, or
trigger position, -6v is applied to the trigger board via pin 11, setting the
T.D. trigger multivibrator. In the down, or RESET position, -6v is placed
on pin 7. This also goes to the T.D. trigger multivibrator, resetting it.

Function Selector SWi't(:.'.h

The fixed output triangle, sine, offset sine and square waves are fed to the
function selector switch, SW-1, via pins 1, 17, 19 and 20. The selected
function is coupled by the switch to pin 26, which goes to the -1 amplifier
input. The output of the -1 amplifier returns the inverted signal, by way of
pin 25, to the function selector switch. The two right-hand sections of the
switch, as drawn, determine whether the '"in phase' or the inverted signal is
delivered to the attenuator, R42, in the input circuit of the power amplifier.
Remember that the power amplifier is also an inverting amplifier, so that if
the '""out of phase'" function from the output of the -1 amplifier is fed to the
power amplifier, the output available at the front panel is in phase with the

fixed output.

In the Model 114B, no power amplifier is included, and no second inversion
may take place. When the ''in phase'' signal is selected, no inverting amplifiers
are utilized, and the output at the front panel is in phase with the fixed outputs.

Rev. 1-68
3.17



Sweep Rate Hz SWitE}_l_

The A section of the sweep rate Hz switch, SW-3, chooses the input resistor

for the sweep integrator while the B section chooses the integrating capacitor.
The C section switches the coupling capacitor for the reset one shot whenever
the sweep integrator capacitor is switched. This is to compensate for changes
in discharge rates at the end of the sawtooth.

Reset One Shot

The reset one shot is a typical astable multivibrator. In the quiescent state,
Ql0 is conducting since its emitter is tied to -6v and its base is connected
through R31 to +6v. As a result, its collector is very near -6v, so that the
base of Ql1, at the junction of R34 and R35 is also nearly -6v, holding Qll
off. The output, at the collector of Qll, is at approximately +0. 5v as deter-
mined by the voltage divider action of R32 and R33.

When a positive voltage is dc coupled through pin 21 to the base of Qll, that
transistor turns on. The output collector voltage goes towards -6v, and this

negative excursion is coupled by the capacitor selected by the C section of the
sweep rate Hz switch to the base of Q10, turning that transistor off. This is
an unstable state, since the selected coupling capacitor recharges through R3l
until the base voltage of Qll reaches approximately -5.3v; at which time Q10

fires and the circuit returns to its quiescent state to await another pulse.

The RESET position of the manual trigger and reset switch is also tied to the
collector of Qll. When activated, this switch applies -6 volts, which is re-
flected into the base of Ql0 causing the reset one shot to cycle. The pulse
width of the reset one shot is shorter than the make-break time of the manual

reset, so that no effect is noticed.

S:weeE Gating Circuits

In the trigger with sweep, continuous with sweep, and sweep and hold modes,
the output of the T.D. trigger multivibrator is applied to the base of the sweep
gate inverter, Q9. In the quiescent condition, this voltage is near ground
potential, so that the voltage divider action of R28 and RZ29 hold the base of

Q9 positive, and Q9 is normally on.

When Q9 is on, its collector current through R26 and RZ27 holds the base of
Q8 to approximately +3 volts. The base of Q7 is normally at approximately
+3.6 volts, as determined by R20 and R21, Therefore, Q7 is normally oif
and Q8 is normally on. The collector current of Q8 serves to forward bias
the disconnect diode, CR3, which is connected to the summing node of the
sweep integrator, C4 is a rolloff in the loop including the sweep integrator.
See the simplified block diagrams, Figures 3-4, 3-5 and 3-.6. C4 primarily
prevents ringing at the end of the sawtooth, during the return to zero.
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When CR3 is forward biased, current is pumped into the sweep integrator
summing junction and the output would drive negative, were it not for the
action of the zero detect circuitry on the 2nd subpanel. When the sweep
integrator output attempts to go negative with respect to ground, the zero de-
tect circuitry applies a negative voltage through pin 10 to the base of Q7. Q7
turns on and Q8 turns off. The anode of CR3 goes to a negative voltage de-
termined by the voltage divider consisting of R25 and R58. CR3 becomes back
biased and disconnects, allowing the integrator to start again, thus releasing
the zero detect circuit. The overall effect of this loop is to hold the output
at zero, provided the T.D. trigger multivibrator output is near ground.

In the trigger with sweep and the continuous with sweep modes, whenever a
trigger is accepted, the output of the T.D. trigger multivibrator steps to -6
volts and this voltage is applied to pin 8, cutting off the sweep gate inverter,
Q9. The wvoltage at the base of Q8 steps to +6 volts, holding Q8 off and
thereby disconnecting CR3. The output of the sweep integrator is, thereifore,
allowed to rise until the T.D. trigger multivibrator is reset.

In the sweep and hold mode, the sweep stop circuitry is connected to the sweep
hold circuitry. See Figure 3-4. The sweep hold circuitry applies a negative
voltage through pin 9 to the base of Q8, controlling its conduction to hold the
sweep integrator output at approximately +2.5 volts in much the same manner
as the zero detect loop holds the output at zero.

_S_wee_p Integrator

When the disconnect diode, CR3, is back biased, the only input to the sweep
integrator is the voltage appearing on the arm of the sweep rate variable con-
trol, RZ. RI1 calibrates this voltage when RZ is turned fully clockwise. R3
determines the range of operation of the sweep rate variable control. Users
not requiring extremely slow sweeps (less than 0.0lHz) may convert the
variable control to a ''vernier' by changing the value of R3. Substitution of a
1K resistor for the 150an would result in a vernier potentiometer having a
range of approximately 11:1,

The voltage at the arm of RZ2 is applied through the input resistor selected by
the A section of the sweep rate Hz switch to the inverting input of the amplifier.
The sweep integrator is basically a differential operational amplifier in a

Miller integrator configuration. The integrating, feedback capacitor is chosen
by section B of the sweep rate Hz switch.

The input stage of the amplifier consists of a pair of matched FET's, Ql and
Q2, operated as a diiferential source follower. FET's are used to take ad-
vantage of the very high input impedance of these devices. Negligible input
current is required, as a result, for excellent operation. No voltage gain is
obtained in this stage. The source follower configuration was chosen to mini-
mize input offset voltage drift. These FET's have been matched for Idss, Vp,
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Rev,

and drain current at the operating point. R8, R9 and R10 form a zero adjust
network at the non-inverting input.

The first amplifying stage of the integrator is ICl, which is operated as a
differential pair with a transistor current source. RI13 was chosen to balance
and adjust the operating levels of the ICl. C3 and R12 form a high frequency
rolloff at the collectors of the differential pair.

The 2nd amplifier stage is matched transistors, Q3 and Q4. CIl7 is an ad-
ditional rolloff., The output is taken off single ended and is fed to a push-
pull emitter follower consisting of Q5 and Q6. CRI1 and CR2 provide bias for
the emitter follower transistors to prevent crossover. The output of the
sweep integrator is taken from the junction of R17 and R18 and is delivered
to pin 15. R19 acts as a load resistor,

SECOND SUBPANEL (Refer to Schematic)

Frequency Hz Switch and OFF, X.3, X_l Switch

Switch SW-1 is the main frequency Hz switch. It selects the appropriate
integrating capacitors and resistors for the main integrator, on the main
board. Switch SW-2 is the off, X.3, X1 switch, that allows the selection of
differential integrating resistors in the X.3 position, thus changing the range
of frequencies over which the dial will operate.

Mode Sw_itch

SW-3 is the mode switch, which selects trigger with sweep, continuous with
sweep, continuous, sweep and hold or trigger operation. Section A connects
the output of the main integrator to the trigger clamp amplifier input in the
trigger and trigger with sweep modes. Section B provides ac reset from the
output switch to the T.D. trigger multivibrator in the trigger position. Sec-
tion C connects the sweep width control, at the output of the sweep integrator,
to the input of the VCG amplifiers, when any of the sweep modes are selected.
Section D grounds the EXT point on the T.D. trigger multivibrator in the
continuous with sweep mode. Section E connects the output of the T.D. trigger
multivibrator to the trigger clamp amplifier input when either triggered mode
is selected; while Section F connects the output of the T.D. trigger multivi-
brator to the sweep gate circuitry when the sweep modes are selected. Section
G connects the output of the trigger clamp amplifier, via the disconnect diode,
to the summing node of the main integrator. Section H disconnects the output
of the sweep stop comparator from the reset one shot in the sweep and hold
mode and connects it to the sweep hold circuit. Section I introduces the TWS
coincidence gate between the sweep stop circuit and the reset one shot in the
trigger with sweep mode.
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Sweep StoE Circuit

Matched transistors, Ql and Q2, form a differential comparator. The refer-
ence voltage is set at approximately 2.5 volts by R4 and R5 at the base of
Q2. The sweep integrator output is fed to the base of Ql, from pin 15
through R2. As long as the sweep integrator output is less positive than the
reference voltage, Q1 is on and Q2 is off. When the sweep voltage tries to
become more positive, Q2 turns on; and the collector current of Q2 is
delivered to the reset one shot or to the sweep hold circuit, as determined

by the mode switch.

SweeE Hold Circuit

When the sweep and hold mode is selected, collector current of Q2 is con-
nected through Section H of the mode switch to the base of Q4, which is tied
through R10 to -6 volts. Q4 shares emitter resistor R9 with Q3, the base of
which is returned to ground through R7. As a result, until Q2 turns on, Q3
is on and Q4 is off. When Q2 conducts through R10, Q4 turns on and its
collector current is delivered out pin 23 to the sweep gate circuitry on the
front subpanel. C3, R6 and C6 act to prevent oscillations in the sweep and

hold loop.

TWS Coincidence Gate

The 10 nanosecond square wave is available at pin 19. It is fed through R47
to the wiper of Section B of the mode switch and on, through R46, to the
emitter of Q5, where the negative portion is clipped by CR3. The base of Qb
is at ground, so that when the square wave is positive, Q5 is turned on; and
the positive voltage is fed to the base of Q6, saturating that transistor. The
emitter of Q6 is at -6 wvolts and in trigger with sweep, the collector goes
through Section I of the mode switch and pin 25 to the input base of the reset
one shot. Q6, therefore, shunts the input base resistor of the reset one shot,
so that when Q6 is saturated, the sweep stop circuit cannot trigger the reset
one shot. When the square wave goes negative, coincident with the completion
of a cycle from the main integrator, Q5 and Q6 cut off, allowing the sweep
stop circuit to trigger the reset one shot.

Zero Detect

IC1 is operated as a differential comparator with a transistor current source.
The output of the sweep integrator, available at pin 15, is applied to the pin 1
base through R13, while the voltage at the pin 5 base is set by the zero detect
adjust network consisting of R16, R17 and R18. When the sweep output at-
tempts to go negative, collector current flows at pin 6. This output is deli-
vered through R15 and pin 22 to the sweep gating circuitry. R1l4 is chosen to
balance the current in the zero detect circuit so as to minimize zero drift.
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SECTION IV
CALIBRATION

CALIBRATION PROCEDURE

EQUIPMENT REQUIRED

1. Voltmeter, 1% accuracy, lmv resolution (WAVETEK Model 201
or equivalent).

%2. Oscilloscope, Tektronix 530 Series or equivalent.

%3, Plug-in, Tektronix Type W or equivalent.

4, Plug-in, Tektronix Type CA or equivalent.

5. Frequency counter, 5 digit resolution.

6. Distortion analyzer, Hewlett/Packard Model 330C or equivalent.
7. Two 50a cables with BNC connectors, 50a termination.

8. Time marker or signal source at 100Hz and 1KHz=.

*If Tektronix scope and typw W plug-in are not available, any peak
reading device with an accuracy of 1% or better can be used.

Remove cover from instrument.

Set mode switch on continuous, sweep width counter-clockwise, maxi-
mum sweep rate 100Hz, vernier clockwise.

POWER SUPPLY BOARD (SEE CHASSIS ASSEMBLY)

The 100uf bypass capacitors are located in the bottom of the instrument which
are filter capacitors for the +6 volt and -6 volt power supplies. The capacitor
on the rear right of the instrument is in the +6 volt supply, and the one on the
rear left is in the -6 wvolt supply. The capacitor leads are convenient voltage
test points. Connect an appropriate indicating device between the end marked

+ of the rear 100uf capacitor and circuit ground. Adjust R24 for +6.00 volts
+lmv. Move the indicating device to the other capacitor between the end
marked - and circuit ground. Adjust R9 for -6.00 volts *lmv. To compensate
for the effects of interaction, repeat these adjustments.

There is no adjustment in the + and -24 volt supplies.
Typical 120 cycle ripple, *6 volt supplies, is 25muv.
Typical 120 cycle ripple, *24 volt supplies, is 500mv.
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Power Amplifier Adjustments

Set the output amplifier function selector (front panel) switch on square wave
(fully clockwise position). Set attenuator fully clockwise. Observe front panel
output GR connector on oscilloscope open circuited; adjust R31 for a 32.5 volt

peak to peak square wave.

Adjust square wave with output attenuator fully counter-clockwise for symmetry
about ground with R41. Adjust 1MHz square wave into open circuit with Cll
for optimum square wave with no overshoot. Check for less than 100nsec.
rise time. Check for 30 wvolts into 600~ and 10 volts into 50n.

BATTERY REGULATOR BOARDS (REPLACES POWER SUPPLY BOARD IN
MODEL 114B)

1. Connect an appropriate indicating device between circuit ground and the end
marked + of the 100uf capacitor on the right rear of the mother board. Adjust
R25 for +6.00 volts £lmv. Move the indicating device to the end marked - of
the other 100uf capacitor on the left rear of the mother board. Adjust R4l for
-6.00 volts zlmv. To compensate for interaction, repeat these adjustments.

2. R32 & R48 are selected for equal regulator currents through RZ7 & R4Z.
Only one of these resistors is used. This maintains equal discharge rates of
the +£6 volt battery packs.

R12 is the charge rate screwdriver adjustment available at the rear panel.
See page 1-3,

Model 114B does not include a power amplifier.

i e

MAIN BOARD (SEE CHASSIS ASSEMBLY)

Triangle and Square Wave Adjustments

1. Set freq Hz switch to X100 and rotate the frequency dial clockwise to its
extreme bottom setting. Select cont on the mode switch. On the VCG ‘
board jumper from pin 3 to pin 7; on the main board, install a 100K resistor
between pin 1 and pin 3. Observe the main integrator output with an appro-
priate indicating device at pin 1 on the main board. Adjust R8 for zero volts

to circuit ground. REMOVE JUMPER AND 100K RESISTOR.

2. Rotate the frequency dial counter-clockwise to '"10'" (1KHz signal out). Set
function selector to A/ . Using the Tektronix scope and type W plug-in {(or
equivalent peak reading device), observe the triangle waveform at the front
panel connector. DO NOT ATTACH A LOAD. Adjust R77 for triangle break
at +2.50 volts £5mv and R78 for triangle break at -2.50 volts £bmv. To com-
pensate for interaction, repeat adjustments.



3. Connect the oscilloscope to the lbnsec. square wave output connector on
the rear panel using a 50a cable, terminated in 50n. Adjust R99 for 5 volts

amplitude and R104 for symmetry about ground to obtain *2.50 volts £5mv.
Tolerance on leading edge spikes is 5% of peak to peak amplitude.

4. Set the freq Hz switch to X10K and the frequency dial to '"10" (100KHz).
Using a 50a cable terminated in 50, connect an oscilloscope to the 5 volt
triangle output. With R4 turned maximum clockwise, high frequency ringing
will be observed: turned counter-clockwise, ringing will be noted at a lower
frequency. Adjust R4 so that no oscillations are noted on the waveform, just

short of the lower frequency side.

5. Switch the freq Hz switch to X100K, and check for a bump on the negative
peak. If a bump exists, repeat step 4. (I the waveform cannot be corrected
by this method, it may be necessary to replace pair Q5-Q6 (matched pair) or,
possibly, pair Q7-Q8 (matched pair).

6. Observe sync signal without 50a load at 100KHz. The peak should be at
least 10 volts and the width approximately lusec. although spec is 5psec.

Sine Waveform Adjustments

1. Using Tektronix scope and type W plug-in, set frequency dial at 10", range
at X100. Place main board on extender cable. Observe sine at BNC connector.

2. Adjust R64 for sine wave out of #2,5 volts £lmv. Adjust R60 for sine
symmetry about ground. Using distortion analyzer, adjust R20, R24, R30, R33,
R46 and R49 for minimum harmonic distortion. Readjust R64 and R60 for
amplitude and symmetry about ground.

NOTE: Although WAVETEK calibration technicians, experienced with the sine
waveform adjustments, commonly complete the waveform adjustments in a few
minutes or less; for a technician attempting the process for the first time,
some patience may be necessary, due to interaction of the effects of all eight
potentiometers. If while making adjustments, the sine wave at the output looks
bad, but looks good at the junction of CR9 and CR10, matched amplifier parts
Q19-0Q20 and Q21-Q22 should be checked.

o

VCG BOARD (SEE CHASSIS ASSEMBLY)

Set mode switch to cont. Sweep rate off.

1. Set freq Hz switch to X100. Set the frequency dial to '"10'., Frequency
dial voltage comes into the VCG board on pin 9. It is also available at a
convenient test point near the right hand side of the printed circuit board.
Under the conditions described, this voltage is specified as +5.750 volts £Zmv.
If the dial voltage is incorrect, reinstall the dial.
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2. It is convenient to make up a device, such as a pushbutton switch, to
alternately short and open the VCG input. Set freq Hz switch to X1K and

dial at ''1'"". Observe 1 cycle of the square wave output on an oscilloscope set
to trigger on the negative excursion. Alternately short and open the VCG
input. Adjust R9 so that no shift of the waveform can be noticed.

3. Set freq Hz switch to X100 and dial at "'1". Observe one cycle of the
square wave output on an oscilloscope. While switching the oscilloscope trig-
ger polarity alternately from + to -, adjust R46 so that the square wave
transition point does not shift. Rotate the frequency dial to "10", and adjust
R14 in the same manner. Repeat these adjustments to counteract the effects

of interaction.

4, Set freq Hz switch to X100 and dial at "1'". Trigger the oscilloscope with
a time mark generator at 100Hz and adjust R51 for one cycle of the square

wave output on the scope.

5. Set freq Hz switch to X100 and dial at '"10". Trigger the oscilloscope
with a time mark generator at 1KHz and adjust R13 for one cycle of the

square wave output on the scope.

6. Check steps 1 through 5. If R5]1 or R13 require readjustment, repeat all
steps again,

7. Set freq Hz switch to X100. Trigger the oscilloscope with a time mark
generator at 100Hz, and observe the square wave output. Set the frequency

dial to ""10" by noting exactly 10 cycles on the scope, with the VCG input
shorted. No jitter should be observable when the short is removed. From a
calibrated source, apply -4.500 volts to the VCG input. Adjust R8 for 100Hz,
one cycle on the scope. Alternate methods of reading the frequency may be
used, but the method described uses test equipment likely to be most convenient.

8. Observe the offset sine wave output using a 50n cable without a 50 load.
Adjust R33 to set the top of the waveform at zero volts, and adjust R34 for

2.50 volts amplitude.
TRIGGER BOARD

Minus 1 Amplifier

1. Set the freq Hz switch to X100 and the frequency dial to '""10'". Select cont
mode. Observe the selected differential output on the rear panel with the

Tektronix scope with a type W plug-in (or equivalent peak reading device) and
adjust the -1 amplifier gain, R63, and balance, R48, for £2.50 volts *bmv.

Trigger Clamp Amplifier

1. With the freq Hz switch set to X100 and the frequency dial set at '"10'", the



start-stop point centered, the trig slope to plus, and the trig level centered,
apply a 5 volt sine wave to the trig in connector. It is most convenient to
select the triangle waveform for observation. Adjust the trig level control
for proper triggering. Adjust R29 so that rotating the start-stop point poten-
tiometer will cause the observed waveform to shift beyond +90°,

2. Check all frequency ranges for proper operation of the start-stop point
potentiometer.

3. Check triggering operation at 0, 01lHz.
4, Check manual trigger operation.

5. Check triggering with trig slope set to minus.

Front Panel OutEut

1. Observe power amplifier output with scope externally triggered from sync
output. Rotate function selector through its positions and insure that all out-

puts are available and in proper phase.
SUBPANELS

Model 114 Subpanels

1. Mode switch in cont, center all front panel potentiometers except
sweep width counter-clockwise, trig slope in plus, trig level counter-
clockwise.

2. 7Visual check all connectors including BNC; connect BNC cable to BNC con-
nector and be sure all centers are sound.

3. X.3, X1 switch at X1, freq Hz to X100, dial at '"'10'" (counter-clockwise).
Check all outputs for proper amplitude and quality with 50a load and open circuit.

4. TFunction selector at sine, attenuator counter-clockwise, freq Hz to X100,
dial counter-clockwise. Set at 1KHz with dial potentiometer (dial is then at

E1 10”)-

5. Check all lower ranges at '"10" on the dial for £0.03 with respect to 1KHz.
If one lower range is out, change associated trim resistor.

6. Freq Hz to X100K, "10" on the dial. Adjust variable capacitor for 0. 05
with respect to 1KHz. Check to see that there is enough range for 0. 10.

7. Freq Hz to X10K, balance out error between X10K and X1K range so that
total error is #0.03 on each range with respect to 1KHz, using variable



capacitor. Check to see that there is enough range for =+0.05.
NOTE: Variable capacitors in steps 6 and 7 have interaction.

8. Freq Hz to X100K, dial at '"'10", X.3, X1 switch at X.3. Check frequency
to be *0.06 with respect to 1MHz.

9. Check all lower ranges on X.3 range to be +0.03 with respect to 1KHz.

10. NOTE: No vernier Model 114,

11. Freq Hz to X100, dial at "10'", X.3, X1 switch at X1, Apply -4.50
volts to VCG input and check that frequency changes from 10KHz to 1000Hz.

12. Place X.3, X1 switch in the X1 position.

13, Apply trigger source to trig in connector, trigger source at X100, dial
at '"5". Model 114 generator freq Hz to X100, dial at '""10'"., Switch mode
switch to trig, trig slope switch to plus slope, rotate trig level control until
proper triggering occurs. Switch to minus slope. Rotate start-stop point
potentiometer through its range and insure that trigger start-stop point moves
through 180°. Insure that +90° operation is obtainable on X100Hz and X1KHz

ranges at the top and bottom of the dial.

14. Freq Hz to X.1, dial at "10". Trigger mode in trig, trigger start-
stop point at zero. Remove trigger source, depress manual trig switch and
observe proper manual trigger operation.

15, Check operation in all modes.

l6. Set mode switch cont, maximum sweep rate switch to off. Rotate
potentiometer on second subpanel counter-clockwise. Observe sweep output
connector with scope and type W plug-in. Adjust variable resistor on front
panel for "0'" volts at sweep output connector (sweep integrator balance
potentiometer).

17. Sweep rate switch to X100KHz. Sweep rate vernier clockwise, trig level
counter-clockwise, trig slope negative; adjust variable resistor on second
subpanel so that base line is at '"'0'" wvolts.

18. Mode switch to cont w/sweep. Trig slope negative, trig level
clockwise (free running sweep). Observe sweep out connector with frequency
counter. Sweep rate X100 should be 100Hz, *5%.

19. Check all sweep rate ranges for output frequency *5%. Check for 60:1
sweep variable range at 10KHz.



20, Check "0'" base line on all ranges; sweep not free running, should be 0,

+Z20mv.

21, DPlace in X1 position. Place mode switch in cont.

22. Mode switch to trig w/sweep. Freq Hz (main generator) to X100KHz,
dial to "1, sweep width counter-clockwise. Connect 5 volts fixed sine
(WAVETEK Model 110 or equivalent) at 5KHz to trig in BNC connector. Sweep
rate switch to 10KHz, sweep variable clockwise. Adjust trig level for ''tone
burst''. Adjust sweep variable for length of tone burst (number of cycles).

23. Adjust sweep width for swept tone burst. Turn the sweep width control
fully clockwise and assure that the instrument does not free run.
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SECTION ¥
SCHEMATIC DIAGRAMS

JUMPER ONLY WHEN
BATTERY POWER
SUPPLY IS USED

BLACK
JUMPER FOR 1ISVAC ONLY

‘%"
“)

GEEY
GREY/WHITE

A
JUMPER FOR 15VAC ONLY —{ )
\NOAQ JUMPER FOR 230 VAC ONLY
BLACK /WHITE

FRONT VIEW

15/230V SWITCH WIRING

115/230 VAC Switch Wiring Schematic Diagram
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GRTT FHCH (é,{ﬁ:

Ve e BOARD

TR/ICGER BOARKD

r7AIN BOAKD

2ND SU8 FANEL

/ST SU8 FZ9NVEL

Mother Board Assembly (114-033)
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