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IF YOUR INSTRUMENT DOES NOT OPERATE
PLEASE

1. Check operating procedure in manual for proper setup.
2. Check fuse and power supply voltages.

3. Call your Exact representative or factory. Instruyments returned to the factory will
be accepted only if they are sent freight prepaid, unless Exact or factory represent-
ative has authorized otherwise.

CLAIM FOR DAMAGED SHIPMENT

The instrument should be inspected as soon as received. If damage has occurred, a
claim should be made with the carrier. The claim agent should receive a complete
report of damage and a copy sent to Exact. After receiving this report, Exact will
advise you of the dispostion of the instrument and arrange for its repair or replace-

ment.

WARRANTY

Exact warrants its instruments to be free from defects in material and workmanship under
normal use for a period of twelve months from the original date of shipment. Exact’s
obligation is limited to repair or replacement.

All repairs and replacements made under this warranty are f.o.b. Exact’s factory or des-
ignated service depot unless otherwise authorized by Exact. This warranty is made on
condition that prompt notice of defect is given to Exact, in writing, within the warranty
period and that Exact shall have the sole right to determine whether in fact a defect exists.

This warranty does not apply to any instrument which has been repaired or altered by other
than Exact’s own service representative so as, in Exact’s judgment, to adversely affect it,
nor which has been subject to misuse, negligence or accident or which has been operated
contrary to sound practice or operating instructions.
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The Model 128 is two complete generators in one small unique package. The main generator is a VCF (volt-
age controlled frequency) generator producing sine, square, triangle and sync waveforms over a dynamic fre-
quency range of 0.1Hz to 3MHz. The sweep generator is a ramp generator providing a linear ramp with a dura-
tion of 100 seconds to 10usec. It is used to internally sweep the main generator either linearly or logarith-
mically over a 1000:1 (three decades) range or to gate or trigger the main generator for tone-burst and
pulse generator operation.

A search mode is provided using the Kelvin-Varley divider frequency multiplier vernier so the main generator
can also be manually swept over three decades. In the pulse mode, pulse duration as well as repetition rate are
variable. Both the main and ramp generator can be manually or externally gated or triggered.

The ramp output is available at the ramp output connector via its own attenuator and is also available inverted
at the main output amplifier. The main generator can be swept up or down in frequency by the ramp generator.

The Model 128 is actually a combination SINE, SQUARE, TRIANGLE, VCF, LINEAR OR LOG SWEEP, TONE
BURST, PULSE and independent RAMP GENERATOR in one versatile package.

WAVEFORMS: Sine-Square-Triangle-Ramp-Pulse-Sync.

DYNAMIC FREQUENCY RANGE
Main generator, 0.1Hz to 3MHz. (20 Hz to 20KHz in
20K range)
Ramp generator, 100 sec to 10usec.

MODES OF OPERATION
Main generator: Run-Gate-Trigger-Pulse-Burst-
Linear Sweep-Log Sweep.
Ramp generator: Off-Run-Gate-Trigger.

SYNC OUTPUT
Main generator: Square wave approx 2V P-P open circuit.
Approx 100Q output impedance.
Ramp generator: Square pulse approx -1V peak open cir-
cuit. Approx. 100Q output impedance. Coincident with start
of ramp. Located on rear panel.

FREQUENCY ACCURACY
Main generator: +=2% of frequency range (typically 2%
of setting).
Ramp generator: 100 sec to 10usec in seven calibrated
steps. Accurate within *=59%. Uncalibrated, continuously
variable between steps.

MAIN OUTPUT: 509 output impedance. All waveforms 20V
P-P open circuit. 10V P-P into 502 with exception of ramp
which is 10V peak open circuit, 5V peak into 50Q. A full
60db of attenuation is provided in 20db steps with 20db
continuously variable.

AUXILIARY RAMP OUTPUT: Typically 5V peak into 6008
759 output impedance.

V:f OUTPUT (voltage proportional to frequency) V:f output
voltage directly related to frequency within selected range.
Approx. 5mv to 5V for 1000:1 range.

GATE AND TRIGGER MODES
Input: D.C. coupled, input impedance approx 5K. Trigger
signal requirements; manual or external voltage of approx
500myv for turn on. Trigger level adjustable.

RAMP HOLD MODE: Ramp will run to its peak and will not
reset until manually reset. When ramp is placed in trig
mode and ramp hold the two ends of the sweep can be
measured and set.

Printed in U.S.A. 11/72

SINE WAVE DISTORTION
<0.5% 0.1Hz to 100HKz (typically 0.2%). No harmonics
<30db down 100 KHz to 3MHz (typically 38 to 42db
down).

SINE FREQUENCY RESPONSE
0.1db to 100KHz, 0.5db to 3MHz.

SQUARE WAVEFORM
Rise and fall. <75 nanosec. Overshoot and ringing <5%.

TRIANGLE LINEARITY: 99% to 100KHz, 95% to 3MHz.

D.C. OFFSET: Variable .5V into 50, *=10V, open circuit.
Note: D.C. offset plus signal cannot exceed maximum volt-
age output or clipping will occur.

FREQUENCY STABILITY: 0.05% of setting for 10 min,,
0.25% of setting for 24 hrs.

AMPLITUDE STABILITY: 0.05% of max. P-P amplitude for
10 min., 0.25% of max. P-P amplitude for 24 hrs.

SYMMETRY (time) =1%

POWER REQUIREMENTS
Input Voltage — 115 VAC =10% or 230 VAC *=10%.
Frequency — 50 to 400Hz.
Power Consumption — approx 20W.

PHYSICAL CHARACTERISTICS
12V%" wide x 3V2" high x 102"’ deep.
Top and bottom covers are easily removable, exposing all
calibration and circuit board areas.

PRICE: (f.0.b. Hillsboro, Oregon)
Option A $80 5MHz, Main Gen.
Option B $50 0.01Hz, Main Gen.
Option C $130 0.01Hz-5MHz Main Gen.

NOTE: (unless otherwise stated). Specifications apply 10% to
maximum output voltage, terminated, into 502 and do
not apply in the Search mode or 20K range. Specifications
are valid at 25°C£5°C.

o



SECTION 2 SPECIFICATION CHECK-OUT
CHECK-OUT PROCEDURE TO VERIFY SPECIFICATIONS

Following is a list of test equipment required to validate the specifications,

Test equipment with accuracy equal to the following list of test equipment will be acceptable for
specification validation.

Oscilloscope, DC to 50MHz

Plug-in, Differential 20mv/cm sensitivity

Counter/Timer, .lpsec time base

DVM, .01% accuracy

Harmonic Distortion Analyzer, less than 0.1% residual distortion
Spectrum Analyzer, 1KHz to 100MHz

SPECIFICATIONS

FREQUENCY ACCURACY
Main generator: +2% of frequency range (typically +2% of setting).

Ramp generator: 100sec to 10usec in seven calibrated steps. Accurate within +5%.
Uncalibrated, continuously variable between steps.

MAIN OUTPUT: 50Q output impedance. All waveforms 20V P-P open circuit, 10V P-P into 50Q
with exception of ramp which is 10V peak open circuit, 5V peak into 50Q. A full 60db of
attenuation is provided in 20db steps with 20db continuously variable.

AUXILIARY RAMP QUTPUT: Typically 5V peak into 600Q, 75Qoutput impedance.
GATE AND TRIGGER MODES: Input D.C. coupled, input impedance approximately 5K. Trigger
signal requirements, manual or external voltage of approximately 500mv for turn on. Trigger

level adjustable.

SINE WAVE DISTORTION: Less than 0.5% 0.1Hz to 100KHz (typically 0.2%). No harmonics
less than 30db down 100KHz to 3MHz (typically 38 to 42db down).

SINE FREQUENCY RESPONSE: 0.1db to 100KHz, 0.5db to 3MHz.
SQUARE WAVEFORM: Rise and fall less than 75 nanoseconds. Overshoot and ringing less than 5% .
TRIANGLE LINEARITY- 99% to 100KHz, 95% to 3MHz.

D.C. OFFSET. Variable £5V into 50Q, £ 10V, open circuit. Note D.C. offset plus signal

cannot exceed maximum voltage output or clipping will occur.
FREQUENCY STABILITY: 0.05% of setting for 10 minutes, 0.25% of setting for 24 hours.

AMPLITUDE STABILITY: 0.05% of maximum P-P amplitude for 10 minutes, 0.25% of maximum P-P
amplitude for 24 hours.

SYMMETRY (time): +1%.
128




SECTION 2 SPECIFICATION CHECK-DUT

If for any reason the Generator fails to meet any specifications, it is recommended that the
instrument be completely calibrated using the Calibration Instructions contained within this
manual .

FREQUENCY ACCURACY
Main Generator:

1. Set controls as follows:

RANGE 1K
MULTIPLIER 1.0
MAIN MODE RUN
FUNCTION SQUARE
ATTENUATOR 0db
AMPLITUDE MID RANGE
D.C. OFFSET OFF
RAMP MODE RUN
RAMP AMPLITUDE .9X
RAMP POLARITY POS
RAMP TIME 1mSEC
CAL VERNIER CAL

2. Connect the Counter/Timer to the Sync Output jack on the front panel with an appropriate
coaxial cable to the A.C. input.

Observe time interval on counter of 1000usec +20usec.

Set Range to 100. Observe time interval of 10msec +.2msec.
5. Set Range to 10. Observe time interval of 100msec +2msec.

6. Set Range to 1. Observe time interval of 1000msec +20msec.

7. Set Multiplier to .10. Observe time interval between 8.33sec and 12.50sec.

8. Set Range to 10. Observe time interval between 833msec and 1250msec.

9. Set Range to 100. Observe time interval between 83.3msec and 125msec.
10. Set Range to 1K. Observe time interval between 8.33msec and 12.5msec.
11. Set Range to 10K. Observe frequency of 1KHz £+200Hz.

12. Set Range to 100K. Observe frequency of 10KHz +2KHz.
13. Set Range to IM. Observe frequency of 100KHz +20KHz.
14. Set Range to 3M. Observe frequency of 300KHz +60KHz.

15. Set Multiplier to 1.0. Observe frequency of 3MHz +60KHz.




SECTION 2 SPECIFICATION CHECK-OUT

FREQUENCY ACCURACY, Main Generator (continued)

16.

17.

18.

19.

20.

21.

Set Ronge to IM.  Observe frequency of IMHz +20KHz.
Set Range to 100K. Observe frequency of 100KHz +2KHz.
Set Range to 10K. Observe frequency of 10KHz £ .2KHz.
Set Range to 1K. Observe frequency of 1KHz +20Hz.

Set Multiplier to .50. Observe frequency of 500Hz +20Hz.

Set Multiplier to 1.0.

22, Set Range to 20K. Observe frequency of 20KHz +400Hz.

Ramp Generator:

1.

13.

Connect the Counter/Timer to the Ramp Sync Output on rear panel with an appropriate
coaxial cable.

Set counter to read time interval between negative slope and positive slope of pulse.
Set Cal vernier to Cal position.

Set Ramp Time to 10psec. Observe ramp time of 10psec + .5usec.

Set Ramp Time to 100pusec. Observe ramp time of 100usec +5pusec.

Set Ramp Time to Imsec. Observe ramp time of 1000usec £50 p sec.
Set Ramp Time to 10msec. Observe ramp time of 10msec £ .5msec.

Set Ramp Time to 100msec. Observe ramp time of 100msec +5msec.
Set Ramp Time to lsec. Observe ramp time of 1000msec +50msec.

Set Ramp Time to 10sec. Observe ramp time of 10,000msec +500msec.
Set Range to Imsec.

Set Cal vernier full CW. Observe ramp time greater than 10msec.

Set Cal vernier to Cal position.

TIME SYMMETRY

1.

2.

Connect the Counter/Timer to the Sync output jack on the front panel.

Set Range to 10K.




SECTION 2 SPECIFICATION CHECK

TIME SYMMETRY (continued)

3.

4,

Set Multiplier to 1.0

Set Counter/Timer to read time interval Ato B and B to A. Observe time symmetry error <1%.
Set Range to 1K. Observe time symmetry error <1%.

Set Range to 100. Observe time symmetry error <1%.

Set Range to 10. Observe time symmetry error <1%.

Set Range to 1. Observe time symmetry error <1%.

Set Multiplier to .10. Observe time symmetry error <1%.

Set Range to 1K

Set Multiplier to 1.0.

FREQUENCY STABILITY

1.

Observe that the frequency remains within 0.05% for 10 minutes or + .5 sec.

SYNC OUTPUT

1.

Connect oscilloscope to the Sync output on front panel with an appropriate coaxial lead.

2. Observe square wave of approximately 2V P-P open circuit.
3. Connect oscilloscope to the Ramp Sync output on rear panel.
4. Observe Sync pulse approximately -1V peak oper circuit.
MAIN OUTPUT
1. Set Amplitude to Max. Connect the main output to the oscilloscope with a 50Q couxial
cable terminated into 50Q.
2. Observe square wave >10V P-P.
3. Switch through all square, triangle and sine waveforms, observing >10V P-P amplitude.
4. Switch to Ramp waveform. Set Ramp Amp. .9X. Observe >5V ramp on Pos or Neg Ramp

as selected by Ramp Polarity switch.
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SECTION 2

SPECIFICATION CHECK-OUT

MAIN OUTPUT (continued)

5.

Remove 50Q terminator and observe >20V P-P open circuit for square, triangle and sine wave-

forms and >10V peak for positive and negative ramp.
Set Attenuator at 20db and observe amplitude drops 20db or to 1/10 of amplitude at Odb.

Set Attenuator at 40db and observe amplitude drops another 20db, or to 1/100 of amplitude
at Odb.

Rotate Amplitude vernier and observe another 20db of attenuation.

Set Amplitude to Max, Attenuator to Odb.

AUXILIARY RAMP OUTPUT

1.

Connect the Ramp output jack through an appropriate coaxial cable terminated into 600Q to
the oscilloscope.

Observe positive ramp waveform approx. 5V peak into 600Q

Set Ramp Polarity to Neg and observe negative ramp approx. 5V peak into 600Q.

GATE AND TRIGGER MODES

1.

Set

MAIN MODE GATE
RAMP MODE GATE
TRIG LEVEL MAX

Monitor the Main output with oscilloscope.

Apply signal at Trig input jack, increase signal and observe Main generator runs at approxi-
mately +500mv of signal.

Monitor Ramp output and observe ramp runs at approx. +500mv of signal.

SINE WAVE DISTORTION

1.

126

Set

MAIN MODE RUN
RANGE 10K

AMP MID RANGE
FUNCTION SINE

~ v, Carcurare 1nearty and ODServe 1Tnearity 15 7770 of DeTTer.



SECTION 2 SPECIFICATION CHECK-OUT

SINE WAVE DISTORTION (continued)

2. Connect distortion analyzer to the Main output jack. Measure sine distortion of <.5%,
typically .20%.

3. Set Range to 100K and measure sine distortion &.5%.

SINE FREQUENCY RESPONSE
1. Set Range to 10K.
2. Connect oscilloscope to Main output jack.
3. Measure sine wave P-P amplitude accurately.
4. Set Range to 100K. Observe sine amplitude drop <.l1db.

5. Set Range to 3M. Observe sine amplitude drop <.5db.

SQUARE WAVEFORM

1. Set
RANGE 1M
FUNCTION SQUARE

2. Connect the Main output through a 50Q coaxial cable terminated into 50Q to the oscillo-
scope.

3. Observe risetime and falltime of square <75ns at Main output.

4. Observe overshoot and ringing < 5% of P-P amplitude.

D.C. OFFSET

| 1. Set Range to 1K, Amplitude vernier to Min,
2. Rotate D.C. offset switch and observe D.C. level shift £5V into 50Q.
3. Remove terminator and observe D.C. level shift +10V.

NOTE: D.C. offset plus signal cannot exceed maximum voltage output or clipping will
occur.
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SECTION 2 ~ SPECIFICATION CHECK-OUT
AMPLITUDE STABILITY

1. Set Amplitude to Max, D.C. Offset to Off, Function to Triangle.

2. Connect the Main output through a 50Q coaxial cable terminated into 50Q.

3. Set plug-in sensitivity to 20mv/cm.

4. Measure accurately the positive peak of triangle and negative peak of triangle and record.

5. Wait 10 minutes and measure positive and negative peaks again. Observe amplitude change

<ICiv.

TRIANGLE LINEARITY

1. Connect the Main output to the differential plug-in through a 50Q coaxial cable terminated
into 50Q0

2. Adjust oscilloscope to obtain one-half cycle of triangle across full horizontal grid on
oscilloscope CRT.

3. Set differential plug-in sensitivity at 20mv/cm.

4. Adjust comparison voltage until the slope of the triangle waveform intersects the mid-scale
horizontal grid line at the second major mark as shown below.

o

5. Record reference voltage using DVM accurate to Imv.

6. Adjust comparison voltage until slope of triangle intersects next major horizontal grid mark.
7. Record accurately the new reference voltage.

8. Repeat to obtain as many points as desired.

9. Calculate linearity and observe linearity is 99% or better.
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SECTION 3
FRONT PANEL FAMILIARITY

OPERATING INSTRUCTIONS
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SECTION 3 OPERATING INSTRUCTIONS
3.1.0 FRONT PANEL FAMILIARITY

ba.

6b.

10.

11.

12,

13.

14.

15.

16.

17.

18a.

18b.

Power Switch - Turns insfrumel'w On and Off.

Power Indicator Lamp - Visual indication when power is On,

Range Switch - Selects desired frequency range.

VCF input - Provides external input for voltage control of frequency or sweeping.

Lin/Log Switch - Selects linear of exponential control of freq. from VCF input or
internal sweep.

Sync Out - Provides Sync pulse for external equipment. Sync pulse is coincident with
internal square wave.

Multipiier dial - Provides calibration fixed steps between range s;effings. Each step
equals 10% of range. The "S" position places the generctor in the Search mode.

Multiplier Vernier - Allows variable adjustment of frequency between fixed steps of
the Multiplier dial.

D.C. Offset switch - The Off position disables the offset potentiometer. The offset
potentiometer manually adjusts the D.C. reference of the output waveform selected by
the Function switch.

Main Mode switch - Selects Main generator modes of operation.

Start Level - Varies the lockout level or phase of the triangle and sine waveforms with
respect to the square wave.

Function switch - Selects the desired function of the output.

Amplitude - Provides 20db variable attenuation of the output amplitude.
Attenuator switch - Selects desired amount of attenuation at the Main output.
Output jack - 500 output jack for all waveforms selected by the Function switch.
Ramp Mode - Selects Ramp generator modes of operation.

Trig Level - Adjusts trigger level input sensitivity.

Trig In - Provides input for external gating and triggering signals for the Main generator
and the Ramp generator.

Manual pushbutton - Provides manual gating and triggering signal.
Ramp Amplitude - Provides fixed positions of 10% amplitude attenuation.

Ramp Amplitude Vernier - Provides variable amplitude adjustment between fixed steps
of ramp attenuation.




SECTION 3 OPERATING INSTRUCTIONS
3.1.0 FRONT PANEL FAMILIARITY (Continued)

I19a. Ramp Polarity/Sweep - Selects ramp polarity at the ramp output jack and ramp polarity
for sweeping the Main generator in the Sweep mode.

I9b. Romp/Ramp Hold/Reset = Ramp Hold causes the ramp to hold at peak voltage without
reset. Reset provides a manual reset for the ramp.

20, Ramp Time - Selects the desired range of ramp time in seven positions from 10y sec

to 10sec.
2|, Cal vernier - Provides variable ramp time between fixed ramp time ranges.
22, Ramp Out = Output jack for ramp.
23. Ramp Sync - Provides a sync pulse coincident with start of ramp.

24, V:f Output - Provides approx. OV to +5V proportional to Main Generator frequency.
For use with frequency meter, etc.

3.2.0 FIRST TIME OPERATION

NOTE: Before applying power to the instrument, the input power line switch must be in
the proper position corresponding to the line voltage source which will be opplied.
The instrument comes supplied with the proper fuse for |17V operation. If the unit
is to be operated from 230V AC line, place the line switch located on the rear
panel to the 230V position and change the fuse as indicated by the fuse data silk-
screened on the rear panel.

Plug the power cord into the proper source of 100V AC or 230V AC 50-400Hz and turn on
the Power switch.

NOTE: This instrument is equipped with a floating circuit ground which may be tied to the
chassis ground or floated to some other source by the connection of the grounding
strap on the rear panel. It is recommended that the rear panel chassis ground and
circuit ground be connected together with the grounding strap provided unless it is
necessary to float the instrument ground.

Set controls as follows:

RANGE IK
MULTIPLIER 1.0
MAIN MODE RUN
FUNCTION Ny
AMPLITUDE MAX
ATTENUATOR Odb
D.C, OFFSET OFF
RAMP MODE RUN
RAMP AMPLITUDE 99X
RAMP TIME I0mSEC
CAL vernier CAL

RAMP POLARITY POS




SECTION 3 OPERATING INSTRUCTIONS

3.2.0 FIRST TIME OPERATION (continued)

124

1.

Connect the Main output through a 50Q coaxial cable into a 50Q terminator to a suitable
oscilloscope. A 1KHz 10V P-P triangle waveform should be observed under these condi-
tions.

Switch the Function switch through its various output waveforms.
The frequency may be selected by the Range switch and/or the Multiplier dial.

Switch the D.C. Offset switch On and observe the waveform D.C. level may be adjusted
as desired. Set the D.C. offset switch to the Off position.

Observe the output amplitude can be adjusted over its 60db of dynamic range by the
Amplitude Vernier and the Attenuator switch.

Place the Main Mode switch in the Gate position. Observe the Main generator is now
locked out. Observe the output while depressing the Manual pushbutton. The genera-
tor will free run as long as the pushbutton is depressed.

Rotate the Start Level vernier and observe the lockout level may be adjusted to the desired
level or phase.

NOTE: The generator will free run if the Start Level is rotated too far.

8.

Set the Main Mode switch to the Trig position. Observe one complete cycle each time
the manual pushbutton is depressed.

. Pulse Mode

Set the Main Mode switch to Pulse. The generator is now being triggered by the ramp
generator, giving a pulse output.

Set controls as follows

FUNCTION SQUARE
RANGE 1K
MULTIPLIER 1.0
RAMP MODE RUN
RAMP AMPLITUDE .10
RAMP TIME 10msec
OSCILLOSCOPE 2msec/cm

Trigger scope from front panel Sync output.

Observe that the Main generator Range and Multiplier controls vary the pulse width. The
repetition rate is variable by varying the ramp time and ramp amplitude.




SECTION 3 OPERATING INSTRUCTIONS

3.2.0 FIRST TIME OPERATION (continued)

10. Burst Mode

Place the Main Mode switch to Burst. The Main generator is now being gated by the
ramp generator, giving a burst output.

Set the generator controls as follows

FUNCTION SINE
RANGE 1K
MULTIPLIER 1.0
RAMP MODE RUN
RAMP AMPLITUDE .10
RAMP TIME 10msec
OSCILLOSCOPE 2msec/cm

Trigger scope from front panel Sync output.

Observe by odjusting the Romp Amplitude or Ramp Time the burst "on" and "off" time
may be varied. The frequency of the Main generator determines the frequency within
the burst .

Caution: |If the ramp amplitude is adjusted below .06 (600mv), the Main generator
will lock out. Also, if the ramp amplitude is adjusted beyond .50 the
generator may appear to be free running unless properly synchronized to the
scope, since the "off" time is very small in proportion to the "on" time.

If the ramp amplitude is odjusted beyond .30, it is recommended that the Ramp Sync
output (located on rear panel) be used to trigger the scope while observing the burst
"off" time.

11. SweeE Mode

To thoroughly undesstond the Sweep mode it is recommended that you read the circuit
description under section 4.2.1 (Summing Amplifier).

Set Ramp Amp to .9X. Place Main Mode to Sweep, Ramp Polarity to Neg and Ramp Time
to Isec. The Main generator frequency is now being swept down over 1000:1 by the Ramp
generator at the rate set by the Ramp Time switch.

Place the Main Mode switch to Run. Place the Multiplier to S. Set the Range switch
to 100K. While rotating the Multiplier vernier CCW toward 0, obcerve the Main genera-
tor frequency will sweep down to 1/1000 of the frequency set by the Range switch.

Set Ramp Polarity to Pos, set Main Mode to Sweep. Observe the Main generator fre-
quency is now being swept up in frequency from 1/1000 of the range setting to approxi-
mately that of the range setting.

126




SECTION 3 OPERATING INSTRUCTIONS

3.2.0 FIRST TIME OPERATION (Continued)

i28

12,

Sweep Mode (Continued)

The sweep rate and width may now be adjusted as desired by the Ramp Time and Ramp
Amplitude settings.

Log Mode

Repeat Step |l for Log Mode.

Set

MAIN MODE RUN
MULTIPLIER I.0
RANGE IK
RAMP MODE RUN

RAMP AMPLITUDE .9X
RAMP POLARITY POS
RAMP TIME Imsec

. Connect the oscilloscope to the Ramp output jack after removing the 50Q terminator.

The ramp output will not drive 50Q at full output.

Observe a Imsec 5V positive ramp at the ramp output. Switch the Polarity switch to
Neg and observe a Imsec 5V negative ramp at the output.

The ramp time can be set as desired by the Ramp Time switch and Cal vernier. The
Ramp amplitude can be set from 5V to OV with the Ramp Amplitude switch and vernier.

Set Ramp Time to Imsec, Ramp Mode to Off. Observe the ramp is locked out at OV.

Set Ramp Mode to Gate. Observe the ramp . is locked out and will run as long as the
Manual pushbutton is depressed.

Set Ramp Mode to Trig. Observe the ramp is locked out and will run one complete
cycle each time the Manual pushbutton is depressed.

Set

RAMP MODE TRIG
RAMP/RAMP HOLD/RESET RAMP HOLD
RAMP TIME Isec

Depress the manual trigger pushbutton and observe the ramp rises and holds at its peak.
Place Ramp/Ramp Hold/Reset switch to the reset position and observe the ramp reset

to OV. This is useful when one wishes to set upper and lower frequency in sweep mode
or when it is not desirable for the ramp to reset. Place lever switch to RAMP position

for normal operation.




SECTION 4

CIRCUIT DESCRIPTION




SECTION 4 CIRCUIT DESCRIPTION
4.1.0 BLOCK DIAGRAM (figure 7.2.0)
MAIN GENERATOR

The Summing Amplifier sums the currents from the Multiplier dial, VCF input and internal
sweep signal. The output of the Summing Amplifier drives the Positive and Negative Cur-
rent Sources. A diode gate alternately connects the Positive and Negative Constant Current
Sources to the timing capacitor selected by the Range Switch. This constant current charging
and discharging the timing capacitors produces the required triangle. The Tri Buffer supplies
the power to drive the associated circuitry without loading the current sources. Switching
signal for the Diode Gate is supplied from the Bi-stable Switch in conjunction with the Level
Detector. The Sync signal from the Level Detector and Bi-stable Switch is brought out
through the Sync Output Buffer to prevent loading of the Bi-stable Switch.

The Lockout Amplifier sinks the timing current from the current source during Gate, Trigger,
Pulse and Burst Modes. Logic for these modes is obtained from the Main Generator Lockout
Logic. Signal from the lockout logic enables and disables the Lockout Amplifier. The Reset
Buffer supplies a signal from the Level Detector-Bi-stable Switch, needed for completion of
last cycle and reset for the Logic Gate.

D.C. coupled gating and triggering is accomplished by the Trig Level Comparator. Signal
from the Trig Level Comparator enables the Lockout Logic Gate during lockout modes. The
Manual Gate and Trig Switch serves to eliminate contact bounce of the Man Pushbutton
Switch during manual triggering and gating to prevent multiple triggering of the Main and
Ramp Generators. The triangle from the Tri Buffer is shaped by the Sine Converter and ampli-
fied by the Sine Amplifier to produce the Sine wave.

All output waveforms pass through the Input Buffer and are then connected to the Output
Amplifier. The Output Amplifier provides the necessary power to drive the Main Qutput.
The Output Attenuator provides two 20db pads for output attenuation.

RAMP GENERATOR

The Ramp Generator produces the required ramp waveform for internally sweeping, bursting
and pulsing the Main Generator.

The Ramp Integrator uses an operational amplifier as an integrator to convert a constant input
current to a linear ramp. A diode gate alternately connects the positive and negative timing
res.stors to produce the ramp waveform.

The Level Detector produces the signal needed for switching the Diode Gate at the proper
times to produce a ramp waveform at the Integrator Output. The Ramp Sync Output Buffer
prevents loading of the Level Detector from the Ramp Sync Output. The Reset Buffer pre-
vents loading of the Level Detector while supplying a reset pulse for the Ramp Gate Trig
Logic,used for reset and completion of last cycle.

The Lockout Switch disables the Integrator during the Gate and Trigger Modes of operation.
The Gate-Trig Logic enables and disables the Lockout Switch at the proper time during Off-
Run-Gate and Trigger Modes. The Trig Level comparator provides high speed D.C. coupling
of external trigger signals to operate the Gate and Trigger Logic.
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RAMP GENERATOR (continued)

The Ramp Amplitude provides attenuation of the ramp waveform. The Ramp Buffer provides
the necessary power and isolation for driving the Ramp output and the Main Power Amplifier.
The Ramp Inverter provides an inverted ramp for push-pull operation, positive and negative
ramp and Bi-polar Sweeping of the Main Generator.

4.2.0 CIRCUIT DESCRIPTION

4.2.1

SUMMING AMPLIFIER (figure 7.2.2)

Q210 is an operational amplifier connected for a voltage gain of -1. The Main Multiplier
dial (5210) forms a Kelvin-Varley Voltage Divider providing approximately +5V to +.5V

to the Summing Amplifier Input (TP211). By varying the applied input voltage, the signal
to the Constant Current Source Drivers can be varied, thus providing a method for changing
the timing current and thus the frequency. The Summing Amplifier inverts the applied input
voltage. When S210 (Mult) is in the Search Mode, the vernier (R223) is connected between
+12V and ground to supply a 1000:1 voltage ratio, thus a 1000:1 frequency deviation. Main
Timing Adjust (R210) establishes the correct input voltage to the Kelvin-Varley Divider to
obtain the correct timing during calibration. D211 and D210 provide input protection for
the pA /09 operational amplifier.

The VCF Input is connected to the Summing Amplifier at TP210, providing an external source
of frequency control. By applying voltage at the VCF input, the frequency may be varied as
with the Multiplier Dial. The applied input voltage will add to or subtract from that estab-
lished by the Multiplier Dial setting. If the Multiplier Dial is set as position 1.0, approxi-
mately +5V is applied to the input of the Summing Amplifier. If a positive voltage is now
applied to the VCF Input Jack, the Summing Amplifier will saturate. |f -5V is applied at
the VCF Input Jack, this will add to the +5V applied by the Multiplier Dial and the result-
ant input voltage will approach OV, driving the Summing Amplifier output to approximately
1/1000 of the frequency of the Range and Multiplier setting. If the Multiplier Dial were in
the Search Mode of operation and set at approximately OV input at TP211 by the Search
Vernier (R223), the frequency would be approximately 1/1000 of the Range setting. By ap-
plying +5V at the VCF Input Jack, the two voltages will sum, establishing approximately
+5V at the Summing Amplifier input. This will cause the frequency to sweep up to approxi-
mately e frequency of the Range setting.

TP212 is the internal sweep input, connected to the Ramp Generator when in the Sweep Mode
of operation. The frequency may be swep* up or down, depending upon the ramp polarity se-
lected and the Multiplier Dial settings as previously explained. The Ramp Waveform is ad-
justable from +5V to OV by the Ramp Attenuator to provide the desired amount of sweep. The
VCF Balance (R222) compensates for the offset in the Summing Amplifier, establishing a OV
reference at the Summing Amplifier input. The output of the Summing Amplifier is approxi-
mately OV to -5V and drives the Positive and Negative Current Source Drivers.
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POSITIVE AND NEGATIVE CURRENT SOURCE DRIVERS

The output of the Summing Amplifier (OV to -5V) is connected to Q200, the Positive Current
Source Driver, through R205. Q255 and Q200 provide a constant current source in the feed-
back loop of the Positive Current Source Driver. Q200 will turn on Q255 until a feedback
current equal to the input current through R205 is equalized. This current causes a voltage
drop across R201A which equals the voltage drop across R205.

The Search Sym Adj (R204) compensates for offset in the operational amplifier, establishing
a OV reference at Q200 input and balancing the two Current Source Drivers at 1090:1 to ob-
tain correct symmetry at 1000:1. '

(240 in conjunction with Q250 make up the Negative Current Source Driver. The output sig-
nal from G210 Summing Amplifier is connected to Q240 operational amplifier at the Non-
inverting Input. Q240 is connected as a voltage follower. Q250 establishes a constant cur-
rent equal to the input voltage < R242. This constant current causes a voltage drop equal to
the output voltage of the Summing Amplifier, across R201B, exactly equal to and of opposite
polarity of that across R201A.,

POSITIVE AND NEGATIVE CONSTANT CURRENT SOURCE

Q260, Q270, Q280 and Q290 are the Positive and Negative Constant Current Sources sup-
plying the constant timing current to charge and discharge the timing capacitor. Q260 op-
erational amplifier and Q270 FET are connected to form a constant current source. The sig-
nal across R201A is connected to Q260 operational amplifier at the non-inverting input. This
causes a voltage of exactly the same polarity and amplitude across R262A timing resistor.

This causes a constant current E(R262A) = R(R262A) to charge the timing capacitor when the
Diode Gate is turned on, connecting the Positive Current Source. The FET (Q270) prevents
loading of the current sources at very low timing currents (1000:1).

Q290 operational amplifier and 280 FET provide the negative constant current needed to
charge the timing capacitor in exactly the same way. The 0.1Hz symmetry (R282) compen-
sates for offset current in the operational amplifiers (Q260 and Q290) to establish the correct
symmetry on slow timing ranges with large timing resistors. This adjustment is made on the 1Hz
range at the .1 setting on the Multiplier Dial,

The Diode Gate is made up of D280, D282, D283 and D284. The timing capacitors are con-
nected at TP281 through the Range Switch, which also switches the Timing resistors.

Gate switching signal is connected at D280 and D282 junction. When the Gate signal is
positive, D282 is forward biased and sinks the timing current from the Negative Current Source,
thus disconnecting the Negative Current Source. D280 is now reverse biased, allowing timing
current to charge the timing capacitor through D284 from the Positive Current Source. When
the Gate signal switches negative, D280 is forward biased, thus sinking the positive timing
current through D280. D282 is now reverse biased, allowing timing current to charge the tim-
ing capacitor from the Negative Current Source through D283. D281 is connected to the Lock-
out Amplifier and sinks the timing current during the lockout modes.
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4.2.2 TRIANGLE BUFFER (figure 7.2.3)

Q365A and B and Q370A and B serve as a unity gain, high input impedance buffer for the
triangle generated at TP281. Q365A FET prevents loading of the current sources by its

very high input impedance. Q365A is a source follower driving Q370A, an emitter follower.
Q3708 provides offset and temperature compensation for Q370A while Q3658 provides off-
set and temperature comzcensation for Q365A .

Level Detector-Bistable Switch, Q385, Q390 and Q400, is a differential amplifier used a:

a level detector. Q390 is a constant current source for differential amplifier Q385 and Q40Q0.
The reference level ot the base of Q400 is determined by one of the current sources connected
by *he diode gate, D395-D398. C385 and D386 limit the collector swing of the differential
amplifier to improve high frequericy response. The Level Detector collectors drive a non-
saturating current mode switch. The Bi-stable Switch is differential input and differential out-
put. One output, Q395, drives the reference gate for the Level Detector, the Reset Buffer,
the Sync Output Buffer and the Current Source Gate. R397 and R401 odjust the positive and
negative trip points of *he Level Detector, establishing the positive and negative peaks of

the triangle. The other output, Q415, provides the square wave signal for the Output Ampli-
fier. D399 is a Zener diode which decreases the collector supplies from =12V to approximately
-7V for Q295, Q415 ond Q425 to limit power dissipation.

SQUARE BUFFER

The Square Buffer, Q420 and Q425, prevent loading of the Bi-stable Switch and drive the
diode gote, D426-D429. R423 and R429 allow adjustment of the positive and negative peaks
of the square wave.

SYNC QUTPUT BUFFER

Q360 is an emitter foiiower which prevents loading of the Bi-stable Switch while providing
a sync pulse to the Sync Dutput Jack. The sync pulse is clipped by diodes D369 tnrough D363.

RESET BUFFER

Q345 provides a logic pulse of proper polarity to drive the Trigger Gcte Logic without load-
ing the Bi-stable Switch.

LOCKOUT AMPLIFIER

The Lockout Amplifier is o differential amplifier which compares the *riangle waveform to a
fixed reference established by the Start Level Adjustment (R313). 310 and Q305 form the
input stage which drives Q315 and Q320, the output stage. D310 ‘s a Zener diode used as a
collector clamp for Q310 to keep it out of saturation. Q320 collector is connected to D281,

the lockout diode connected to the Current Source Gate at TP281 (the input of the triangle
buffer).

D321 enables and disables the output stage. During Run, D321 is forward biased, keeping
Q320 turned off. With Q320 off, D281, the lockout diode, is reverse biased ard the genera-
tor free runs. During lockout, D321 is reverse biased, enabling the Lockout Amplifier. As
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LOCKOUT AMPLIFIER (continued)

the triangle charges toward its negative peak, Q310 becomes reverse biased until Q310
turns off sufficiently to cause Q320 to turn on. When Q320 turns on sufficiently, it will
forward bias D281, sinking the timing current from the Negative Current Source. The
level at the point of lockout is determined by the input divider to the Lockout Amplifier,
R312, R313 and R314. D323 and D322 provide collector clamping for Q320 to prevent

saturation.
MAIN GENERATOR LOCKOUT LOGIC GATE

Q325A is a Quadruple 2 Input Positive Nor Gate, which provides the necessary logic func-
tion to operate the Lockout Amplifier. In the Run Mode of operation, the Trigger Level
Comparator supplies a logical "1" at one input of Q325A (pin 2). As long as this logical
"1" is present, the output of Q325A (pin 1) will remain a "0". A "0" at pin 1 will forward
bias D321, disabling the Lockout Amplifier, causing Q320 to remain "off", or in a run
condition, as previously explained. In the Gate Mode of operation, the Trigger Level
Comparator supplies a "0" to the logic input (Q325A pin 2). The output will remain a "0",
keeping D321 forward biased in the Run Mode until a '0" is applied at the other input

(pin 6).

The pulse from the Reset Buffer is coincident with the square wave from the Level Detector.
When the square is in the proper phase re lationship, a negative pulse or "0", from the Reset
Buffer is connected to the other logic input (pin 6), which will cause the output of Q325A
pin 1 to go to a logical "1", thus reverse biasing lockout diode D321, D321 will remain
reverse biased in a lockout condition until one of the logic inputs goes to a logical "1" level
or positive. The Reset Buffer during lockout will remain a "0" as long as the generator is

locked out.
TRIG LEVEL COMPARATOR

Q350 is a high speed differential comparator providing D.C. coupled Triggering, Gating
and Bursting Modes for the Main Generator Logic Gate.

Run Mode:

In the Run Mode, =12V is applied to the inverting input of Q350 through Q360A. This
assures that the non-inverting input always remains more positive than the inverting input. -
This causes O350 output to remain positive or in the Run Mode of operation. Both inputs

of the comparator are protected by clipping diodes D350 through D353. The -12V from
$360 is connected to =12V through S500A, the Main Generator Function Switch. The Main
Generator Function Switch supplies =12V in all positions except Ramp. In the Ramp posi-
tion the =12V is disconnected, thus removing the negative bias at Q350 pin 3, allowing it
to return to a positive bias, causing the comparator output to go to its negative state (lock-
out condition). The Main Generator is locked out when the Function Switch is in Ramp
position to prevent Main Generator noise from riding on low level ramp waveforms.
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TRIG LEVEL COMPARATOR (continued)
Gate Mode:

In the Gate mode, the =12V from S360A is disconnected, causing Q350 inverting input
(pin 3) to go to a more positive state than the non-inverting input. This switches the out-
put of the comparator to its negative or "0" state. The "0" from the comparator places
the Logic Gate in a lockout condition. The generator will remain in a lockout condition
until signal is received at the comparator input (pin 2).

In the Gate Mode, the comparator input is connected through S360B to the Trigger Level
Potentiometer connected to the External Trigger Input. At the maximum sensitivity setting
of the Trigger Level Potentiometer, any signal  >500mv will cause the Trigger Level
Comparator to turn on, placing the Logic Gate in a "run" condition. When the input sig-
nal is removed or falls below 500mv, the comparator will allow the Logic Gate to return
to its lockout condition.

Trigger Mode:

The only difference between the Gate and Trigger modes of operation is that the output of
the comparator is A.C. coupled to the logic Gate instead of D.C. coupled. When the trig-

-ger signal causes the comparator to turn on, the positive output of the comparator A.C.

couples a differentiated positive pulse into the Logic Gate, placing it in a run condition.
The duration of this pulse is very short, allowing the Logic Gate input to return to a "0" or
a lockout condition even though the comparator may still be "on" in its positive state. The
Reset Buffer will couple a "0" into the Logic Gate upon completion of the first cycle and
cause the generator to lock out. The external trigger signal must be removed, allowing the
comparator to reset before another pulse can be coupled into the Logic Gate. One complete
cycle will be generated each time a signal >500mv is applied at the Trigger Input.

Pulse Mode:

In the Pulse Mode, the Positive Ramp from the Ramp Generator is connected to the
comparator input through S360B. The Pulse Mode operates exactly as in the Trigger
Mode. Each time the Ramp waveform rises about 500mv, one complete cycle of the
Main Generator will be completed. By adjusting the Ramp Time, the pulse repetition
rate can be varied over an extremely wide range. |f the Ramp Amplitude is adjusted
below 500mv, the Main Generator will remain in a lockout condition.

Burst Mode:

The Burst Mode functions exactly as in the Gate Mode. The positive Ramp is connected
to the comparator input in the Burst Mode. When the level of the raomp rises about
500mv , the comparator will turn on, holding the Logic Gate in a run condition as

long as the ramp remains >500mv. The Ramp Amplitude controls the number of

cycles in the Burst and the Ramp Time controls the Burst off time.

Note: If the Ramp Amplitude is adjusted below 500mv, the Main Generator will re-
main in a lockout condition.
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TRIG LEVEL COMPARATOR (continued)

Sweep Mode:

In the Sweep Mode, the generator is placed in a run condition by the -12V at S360A. All
trigger signal paths are disconnected. The Positive and Negative ramp is connected to the
Summing Amplifier input (TP212) through S360B. This allows the Main Generator to be swept
up or down in frequency depending upon the Ramp Polarity selected. By adjusting the Ramp
Amplitude and Ramp Timing, the sweep width and sweep rate may be adjusted to obtain the
desired result.

MANUAL GATE/TRIGGER SWITCH

The Man Pushbutton switch located on the front panel is used in conjunction with the Man
Gate/Trig Switch to provide a bounce-free switch for manually gating and triggering the
Main Generator and Ramp Generator. Q820A and B are one-half of a Quadruple 2 Input
Positive Nand Gate. Normally, S820, the Manual Pushbutton, keeps one input of the
Nand Gate, Q820 pin 1, at "0" and pins 3 and 4 at "1". Pin 5 is connected to +5V or

a "1" through R826. With both inputs of QB820B Positive Nand Gate at "1", the output
(pin 6) will remain at "0". The output of this Positive Nand Gate is connected through
D820 to the trigger level input (TP823) which is connected to the Trigger Level Comparators
of each generator through each generator's Mode Switch. When 5820, the Man Pushbutton,
is depressed, pin 5 of Q820B Positive Nand Gate will be set to "0". This will cause the
output (pin 6) to go to a "1" or positive state. This "1" is coupled through D820 to the Trig
Level Input. This "1" will remain until 5820 is released, allowing the output of Q8208 to
return to a "0".

SINE CONVERTER (figure 7.2.4)

The Sine Converter converts the triangle to a sine by means of a bipolar diode shaping net-
work. The triangle is connected at TP622. R622 and R621 form a voltage divider to cor-
rectly match the triangle amplitude to the converter network. As the triangle rises positive,
each diode gate will turn on in succession, causing the output of the network to form a sine
wave at the junction of the three voltage dividers. The diode gates will turn on and off in
sequence following the triangle.

SINE AMPLIFIER

This sine wave is amplified by differential amplifier ©600A and B. Q605 is a constant
current source for the input differential stage. Sine D.C. Adj (R589) compensates for off-
set in the input pair, establishing a OV reference at the Sine Output. A second differential
stage is driven By Q&400A and B. The output across R575 is connected to the Output Buffer
(0560 and Q565) through an emitter follower (0570). The output (TP560) is connected
through feedback resistors R590 and Sine Amplifier adjustment R591 to the inverting input.
The sine wave is connected to S500E, the Function Switch.

INPUT BUFFER

The Input Buffer, Q510 and @500, prevents loading of the Amplitude control (R506) from
the low input impedance of the Power Amplifier.
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4.2.4

POWER AMPLIFIER

S500 B and C connect the various waveforms to either the inverting or non-inverting input
selected by the Function Switch. Q515A and B are the input differential amplifier. Q530
is a constant current source for Q515A and B. The offset adjustment (R527) compensates

for offset of the input pair and the Input Buffer. The D.C. Offset Switch on the front panel
supplies offset current to the inverting input for adjusting the D.C. reference at the output.
Q535 and Q540 are a second differential stage driven by Q515A and B. The signal at
Q540 is connected to the output through the output buffer, Q545 and Q550. R552 is se-
lected to adjust the quiescent current in the output buffer to approximately 10ma. Gain

is fixed by feedback resistors R525, R523 and R514.

OUTPUT ATTENUATOR

The Output Attenuator provides three fixed levels of attenuation (Odb, 20db and 40db) at
50Q output impedance.

RAMP INTEGRATOR (figure 7.2.5)

The Ramp Integrator generates a linear ramp waveform over the range of 100sec to 10usec.
The Integrator is an operational amplifier used as an integrator. Q700 is a matched pair

of FET's providing the very high input impedance and very low offset currents needed for
very low timing currents. The input differential pair drives a second differential stage,
Q720 oand Q725. A high frequency feed forward FET source follower (Q735) used to
improve the high frequency characteristics of the integrator. Q730 and Q740 form a differ-
ential stage used as a mixer to mix the low frequency signal and the feed forward signal.
This combined signal is connected to the output through the output buffer (0750 and Q755).
Q745 is a complementary driver for the output buffer to improve slewing rate. The inte-
grating or timing capacitors are connected across the Integrator by $700, the Ramp Time
Switch. The ramp time can be changed by selecting the desired timing capacitor with the
Ramp Time Switch.

The Diode Gate at the Integrator input connects either the positive or negative timing cur-
rent to the summing junction of the integrator. The positive timing current supply is made
up of timing resistors R705, R706 and R707 which are connected to the +12V supply through
the variable potentiometer, R702. Negative timing current is supplied through R717. The
ratio of fall time to ramp time is directly proportional to the timing current selected and
the negative timing current supplied by R717.

LEVEL DETECTOR

The Level Detector provides the signal to switch the Diode Gate at the proper times to
produce a ramp waveform. The voltage across R762 and R761 is connected to the differ-
ential comparator, Q760 and Q765, and is compared against the reference established
at Q765 base. Q770 is a constant current source for the differential comparator. D765
and D766 form a diode gate which connects one of the two references to Q765 base.
D760 and D761 limit the collector swing of the differential input stage, greatly increas-
ing their slewing rate by keeping them out of saturation. Q776 and Q780 form a second
differential stage used as a high-speed switch. Q780 collector signal is clamped by
D781 through D785. This signal drives the Diode Gate bt the Integrator input anl the
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LEVEL DETECTOR (continued)

Reset Buffer for the Logic Gate. As the integrator output integrates negative, the reference
voltage across R762 rises negative. When the input reference reaches the reference at Q765
base, the Level Detector will switch the Diode Gate again, etc. R767, Ramp D.C., sup-
plies offset current to the reference at Q765 base, allowing adjustment of the ramp wave-
form D.C. level. D775 through D778 provide collector clamping at the proper levels for
switching the reference gate at Q765 base and to prevent collector saturation. Signal from
Q775 collector provides a sync pulse through Q790 Ramp Sync Buffer.

RAMP LOCKOUT SWITCH

Q800 and Q810 is a differential amplifier used as a bipolar switch to connect and disconnect
various diode gates to disable the integrator. In the Run Mode, (810 base is biased more
positive than Q800 by voltage divider R811 and R812 from Logic Gate Q820. 810 collec-
tor is clamped at -1.2V by D812 and D813 when off. This signal provides forward bias for
gating diodes D712 and D713. This prevents lockout current or reverse biases lockout diodes
D710 and D711 which are returned to +12V through R718. Q800 collector is clamped at
+1.2V through R718. Q800 collector is clamped at +1.2V by D804 and D805. This provides
forward bias for D802 and D803 which keeps lockout diodes D800 and D801 forward biased.
Lockout diodes D735 and D736 will remain reverse biased .also as they are connected to
D800 and D801. This prevents lockout current through lockout diodes D735, D736, D800
and D801. D802 and D803 will sink the current from the negative supply through R738 and
R737 Lockout D.C. Adjust. Q800 collector also reverse biases gating diodes D700 and D701,

When the Logic Gate Q820 switches to o "0" or ground, Q810 will turn on, clamping Q810
collector to +1.2V by D810 and D811. D712 and D713 become reverse biased, providing
lockout current through R718 and lockout diodes D710 and D711 to the Intec: ator summing
junction (TP700).

Q800 collector will be clamped at -1.2V by D806 and D807. D803 and D802 will become
reverse biased, providing lockout current through R738 and R737 and lockout diodes D735,
D736, D800 and D801. The negative lockout current must supply an equal amount of cur-
rent as that from the positive lockout current source (R718) plus an equal amount through
D800 and D801. R737 (Lockout D.C.) compensates for integrator offset current and varia-
tion in forward voltage drops of the lockout diodes to establish OV at the integrator output
when in Lockout. Q800 collector forward biases D700 and D701 gating diodes, disabling
the positive timing current source.  The generator will continue integrating until the Level
Detector switches and disconnects the negative current source.

RAMP TRIG/GATE LOGIC

Q820C and Q820D are one half of the Quadruple 2 Input Positive Nand Gate, providing
the necessary logic to operate the Ramp Lockout Switch. In the Run Mode, Trigger Level
Comparator Q830 holds one input of the Logic Gate (pin 9) at "0". As long as one input
is 0, the output (pin 8) will remain "1", in a run condition. The Ramp Reset Buffer (Q840)
will provide reset pulses as long as the ramp is running. These reset pulses will do nothing
as long as pin 9 remains a "0". |In lockout, the Trigger Level Comparator provides a "1"
at pin 9 of the Logic Gate. The first reset pulse through Q840 Reset Buffer of proper
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RAMP TRIG/GATE LOGIC (continued)

polarity will provide a "1" at pin 13 of Q820D logic gate. Pin 12 of Q820D is at a logic
"1" from Q820C (pin 8). Q820D output will switch to a logic "1" when a "0" reset pulse
is received from the Level Detector via the Reset Buffer. This "0" ot Q820D (pin 13) will
cause the output (pins 10 and 11) to go to a logic "1". With a logic "1" at both inputs of
Q820C, Q820C output will switch to a logic "0" and remain there until the Trigger Level
Comparator supplies a "0" to the Logic Gate input.

TRIGGER LEVEL COMPARATOR

Q830 is a high-speed differential comparator providing D.C. coupled triggering and gat-
ing for the Ramp Generator.

Off Mode:

In the Off Mode, Q830 reference is biased positive by R835 through $830. This positive
bias is sufficient to maintain the non-inverting input at a more positive level than the
inverting input. With the inverting input more negative than the positive input, the out-
put of the comparator will remain positive. This positive output is D.C. coupled to the
Logic Gate input, maintaining a logic "1". This logic "1" will keep the Ramp Generator
in a lockout condition as long as the Mode Switch remains in the Off position.

Run Mode:

In the Run mode, the comparator reference is connected to =12V through R836. This main-
tains the input at a more positive level and causes the output to switch to ground. This
maintains o "0" at the Logic Gate input (run condition).

Gate Mode:

In the Gate mode, the comparator reference is established by voltage dividerR830 anc R832
at approximately +10mv. This is enough to place the comparator in a lockout condition.
When an external signal > 500mv is connected to the Trigger Input, The Trigger Level Com-
parator will switch to a run condition and remain there until the external signal drops below
500mv. The Trigger Level Potentiometer (RB25) allows adjustment of the trigger sensitivity.
If the Man Pushbutton Switch is depressed, a positive signal ot TP823 will cause the Trigger
Level Comparator to switch to a run condition and remain there until the pushbutton is re-
leased.

Trigger Mode:

The Trigger Mode operates exactly as in the Gate Mode except that the comparator signal
is A.C. coupled into the Logic Gate allowing completion of one cycle for each trigger
pulse received from the external Trigger Input. The Manual Pushbutton Switch will produce
the required signal each time it is depressed.
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RAMP HOLD MODE

In the Ramp Hold Mode, the negative reset current to the switching bridge is shunted

to ground and thus the generator is prevented from resetting until the switch is moved

to either the ramp or the reset position. In the ramp position, the shunt is removed

and the generator is permitted to operate in its normal manner. When the switch is moved
to the reset position, a negative pulse is presented to the base of Q765, thus resetting
the level detector regardless of the integrator input voltage.

RAMP AMPLITUDE
A Kelvin-Varley divider provides precise attenuation of the ramp waveform.

RAMP OUTPUT BUFFER

The Ramp Qutput Buffer (QB45 and QB850) provides the necessary power to drive the
Ramp Output and associated circuitry.

RAMP INVERTER

QR0 is an operational amplifier used as a XI inverter providing the positive ramp.
R863 (+Ramp D.C.) is an offset adjustment to balance out the offset in the inverter.

POWER SUPPLY (figure 7.2.1)

Line voltage is connected to transformer T100 through SI101, a line voltage switch.
This switch selects either the 117V or the 230V tap on the transformer. Full wave

rectification is accomplished by DI0O from the center tapped secondary. CIOI and
Cl02 provide +20V filtering.

+12V SUPPLY

QI00 is a precision voltage regulator. The output is connected to series pass driver
Q110 which supplies the necessary current for the +I2V supply. The reference divider,
RIN, RI2 and RII3, is connected across the +12V supply. RII2 adjusts the reference to
the voltage regulator, establishing +I2V at the output. QIO0C is short circuit protected
internally. QI00, pin |0, senses the output current through RII0 and will turn off the
+12V supply in the event of a short circuit of >500ma.

-12v SUPPLY

QI35 is an operational amplifier. The H2V is connected through RIl4 and =2V adjust
RII5 to the inverting input (pin 2). The output of QI35 is offset by Zener diode DI35
to keep the operational amplifier output level within safe limits. QI35 is an emitter
follower which drives the series pass transistor (2125). Feedback resistor RI20 estab-
lishes the proper amount of negative feedback. QI20 senses the output current
through RI2| providing short circuit limiting at about 500ma.
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+5V SUPPLY -

The +5V supply is simply an emitter follower. RI4l and RI40 provide approximately +5V
at Q150 base, establishing +5V at the emitter. '

-6V SUPPLY

The -6V supply is also an emitter follower. RI6I and RI60 provide approximately -6V
at Q170 base, establishing 6V at Q170 emitter.

4.2.,6 LOG AMPLIFIER

The Log Amplifier is used to obtain an exponential signal proportional to the VCF input
voltage for use when sweeping over a 60db range (1000:1).

The output of the summing amplifier normally drives the positive and negative current
source drivers to obtain frequency control of the generator.

In the linear mode of operation (normal), the frequency of the generator changes
linearly with a linear change in input voltage at the VCF input. The Log Amplifier
converts this linear drive signal to an exponential signal. The principal of operation
of the Log Amplifier is that the collector current of a transistor is logarithmetically
related to the base emitter voltage by I = Aexp (mVp). The output of the summing
amplifier is connected to the Log Amp input in the log mode. Q975 (Log Amp) has
four separate 30db inputs for use over 120db range. Each stage is capable of approxi-
mately 30db. To obtain linearity over a 60db range, three of the four inputs are
utilized and the fourth is grounded.

A| input will provide approximately 30db of useful range. To obtain an exponential
curve over a 60db range, Bj input is increased 30db by Amp|. Q970 and A5 input is
attenuated 30db by the I5K resistor R975 and the 500Q input. A Ap B| By inputs will
saturate at approximately 3V. Amp| and differential amp Q960 must be supply

limited to keep the Log Amp input from saturating and becoming reverse biased internally.
The three input stages will add, providing an exponential curve from approximately 2mv
to >2.5V. Q940 is a differential amplifier in the feedback loop of the Log Amp. This
produces an inverted log function or an exponential curve.

R962 establishes the ORIGIN or zero input output voltage. R960, 965, 964 and 977 set
the closed loop gain at approximately 1/10.,

Q9RO is an operational amp used to invert the signal and provide the necessary current
for the current source drivers. The log timing pot R967 adjusts the gain of the inverter,
thus the frequency.

V:f output Q985 is also an operational amplifier used to invert the negative signal to
provide a low impedance voltage which is proportional to output frequency. This output
can be used to drive an XY recorder or frequency meter.

The £6V supply is provided by two zener diodes and the +4V supplies are provided by
two emitter followers Q950 and Q955.
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CALIBRATION
EQUIPMENT REQUIRED

The following test equipment or suitable equivalents of known accuracy are required for
complete calibration.

Oscilloscope - D.C. to 50MHz. Differential plug=in with 10mv resolution.
Distortion Analyzer

Variable Transformer

Variable Regulated Power Supply - Imv resolution

Frequency Counter/Time Interval Counter

Differential Voltmeter - 0.01% accuracy

INITIAL CONTROL SETTINGS

POWER SWITCH ON
RANGE 1K
MULTIPLIER 1.0
MAIN MODE RUN
FUNCTION N
AMPLITUDE MAX
ATTENUATOR Odb
D.C. OFFSET OFF
RAMP MODE RUN
RAMP AMPLITUDE L9X
RAMP POLARITY NEG
RAMP TIME ImSEC

CALIBRATION PROCEDURE

Main Generator

+12V Adjust - Connect voltmeter from +12V to ground. Adjust +12V Adj for +12V +5mv.
-12V Adjust - Connect voltmeter from =12V to ground. Adjust -12V for -12V +5mv.

VCF Balance Adjust - Connect frequency counter to sync out jack. Adjust VCF balance
until there is no frequency shift on frequency counter when VCF input is grounded.

+Triangle Peak Adjust - Using differential plug-in, adjust +Tri Peak and -Tri Peak to ob-
tain +1.25V peak +10mv at TP383.

Main Timing Adjust - Adjust Main Timing to obtain 1KHz +.5% at Sync output jack as
observed on frequency counter.

1000:1 Adjust - Set Range to 100K, Multiplier to SO. Monitor main output with oscil-
[oscope and adjust 1000:1 adjust to obtain 100Hz triangle as indicated on frequency counter.

Search Symmetry Adjust - Set Range to 100K, Multiplier to S 0. Monitor Main output
with oscilloscope and adjust Search Symmetry to obtain symmetrical waveform. Check for
proper adjustment using time interval counter connected at the Sync Output jack.

.
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0.1Hz Symmetry Adjust - Set Range to 1, Multiplier to .10. Connect time interval
counter to the Sync Output jack and adjust 0.1Hz Sym for correct symmetry +.5%.

Repeat 10001 Adjust, Search Symmetry and 0.1Hz Symmetry adjustments.
1MHz Timing Adjust - Set Range to 1M, Multiplier to 1.0. Connect frequenlcy counter to

Sync Output jack. Adjust IMHz trimmer to obtain IMHz +1% as indicated on frequency
counter.

3MHz Timing Adjust - Set Range to 3M, Multiplier to 1.0. Connect frequency counter to
the Sync Output jack. Adjust 3MHz trimmer mounted on Range switch to obtain 3MHz +1%
on frequency counter.

+ Square Amplitude Adjust - Set Range to 1K, Function to Square. Using differential plug-
in adjust +Square Amp and -Square Amp to obtain +1.25V peak + 10mv square wave at TP428.

Offset Adjust - Set Range to 1K, Multiplier to 1.0 and Amplitude to minimum (full CCW).
Monitor Main output with oscilloscope and adjust offset to obtain minimum offset while
switching between the Normal triangle and Inverted triangle with Function switch.

H.F. Comp Adjust - Set Range to IM, Multiplier to 1.0, Function to Square, Amplitude to
Max. Terminate the Main output into 50Q and monitor with oscilloscope. Adjust H.F. Comp
to obtain optimum square wave with minimum overshoot .

Sine A, B, C, D Adjust - Set Range to 10K, Multiplier to 1.0 and Function to Sine. Con-
nect distortion analyzer to Main Output jack. Adjust Sine A, B, C and D to obtain minimum
sine distortion, typically less than 0.25%.

Sine Amplitude - Sine D.C. Adjust - Connect differential plug-in to TP560. Adjust Sine
Amp and Sine D.C. to<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>