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‘WARRANTY

All Wavetek instruments are warranteed against defects in material and workmanship for a period
of one vyear after date of manufacture. Wavetek agrees to repair or replace any assembly or
component {except batteries) found to be defective under nermal use during this period.
Transfermatic Switch assembiies, manufactured by Wavetek, are unconditionatiy warranteed for
the life of the instrument. 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. 1f the instrument is
defective as a resutt of misuse, improper repair, or abnonmal 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 is made.

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



SECTION 1

GENERAL INFORMATION

1.1 INTRODUCTION

The Wavetek/SS| Model 3000 is a compact, lightweight
Service Monitor, for testing FM and AM transceivers. |ts
25 |Ib weight and obtlonal Inverter permit use in the field,
powered by a car or truck alternator.

The frequency range is 400 kHz to 1000 MHz in 100 Hz
steps. An audio synthesizer permits generation of sub-
audible tones and timed tone bursts. On receive, a built-
in counter displays frequency error, modulation frequency,
or received sub-audible tone frequency.

RF voltage level is continuously variable from 0.03 uV
to 316 mV.

A built-in scope shows modulation waveform and relative
signal strength. A meter reads modulation, SINAD (using
the built-in 1 kHz tone source}, audio voltage at a front-
panel connector, or RF power from 1 to 100 W. The
built-in load eliminates the possibility of damage
from accidental keying.

The meter and the scope display the same information,

including SINAD, noise and distortion, except that only
the meter indicates power.
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1.2 SPECIFICATIONS

1.2 GENERATE MODE

1.2.1.1 FREQUENCY

Range 400 kHz to 999.9998 MHZ
Resolution 100 Hz

Display 7 digit switch, individually selectable
Accuracy See Internal Time Base

1.2.1.2 RF QUTPUT

Range ) 0.03 uv to 316 mv

Accuracy, 400 kHz to 1000 MHz,

03 uv +1dB

0.1 uV to 300 VvV +1.6dB

300 uV to 300 mV 45 dB

Spectrum ] One signal, typically B mV, always 17 to 18 MHz higher in frequency than

the desired signal. Second signal always 34 to 37 MHz higher in frequency
than the desired and at the same leve!.

Spurious outputs within £30 kHz 50 dB below desired signal
of desired signal at all Land Mobile
frequency bands
Noise
Residual FM (0.1 to 3 kHz BW)
400 kHz to 481 MHz 40 Hz rins
482 MHz to 1000 MHz 80 Hz rms

Residual AM {0.1 to 3 kHz BW) 1%

Output Control

Continuous 23 dB range
Step Attenuator G steps of 20 dB
RF Leakage Virtually unmeasurable at 0.3 gV output level

1.21.3 MODULATION

AM
Range 0 to 90%
Frequency Range, 3 dB 10 Hz to T0 kHz
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Accuracy
External Input
Impedance
FM
Deviation Range
Frequency Range, 3 dB
Ranges
Accuracy
External Input
Impedance
Display
1.2.1.4 AUDIO GENERATOR
Frequency Range
Frequency Resolution
Frequency Accuracy
Display
Burst Modes

Interrupt

Output

Output Impedance

5%
100 mV rms for 100%

50K ohms.‘ nom.

0 to 18 kHz, peak

1 Hz to 10 kHz

18,6, 1.8 kHz, peak

5%

100 mV rms for & kHz, peak
60K ohms, nom.

Meter and CRT

10 Hz to 9999 Hz

1 Hz, 0.1 Hz, 0.0t Hz

See In‘;erna! Time Base

4 digit switch, individuaily selectable
6ontinuous and variable, ;03 to 1.0 seconds

Miniature phone jack to externally enable audio generator with a switch
closure {Ron less than 1000 ohm)

Oto1Vrms

600 ohms, nom.

1.2.156 DISTORTION ANALYZER (SINAD MEASUREMENTS, “AUDIO IN” CONNECTOR)

Notch Frequency
Range

Accuracy @ -12 dB
Input tmpedance

Display

1 kHz
0to-30d8B
+1dB

100K ohm, nom.

Meter and CRT
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1.2.1.6 VOLTMETER/OSCILLOSCOPE {“"AUDIO IN" CONNECTOR)

Frequency Range 10 Hz to. 100 kHz
Ranges 6, 1.8, 0.6 volts, peak
Accuracy 6%

Display Meter and CRT

Input Impedance 100K ohm, nom.

Internal Speaker maxirnurn power
{monitors “Audio In’} 2W

1.21.7 POWER METER (Automatically switch_es. to power meter and receive mode when 200 mw or greater is present
at “RF’ connector)

Meter Range 1Wio t100W
Accuracy, less than 500 MHz- +10% of full scale
Display Meter

1.2,2 RECEIVE MODE

1.2.21 FREQUENCY SYNTHESIZER

Range 400 kHz to 999.9999 MHz
Resolution | _ 100 Hz

Display : ' 7 digit switch, individually selectable
Accurac.y See Internal Time Base

1.2.2.2 FREQUENCY COUNTER
Display 4 digit, bac_k-lighted LCD
Accuracy : +1 count plus timebase error

Frequency Error

Range *{0.01 10 9.99 kHz)
Resolution 10 Hz
Gate Period 1.0 sec

MOD (counts signa! that appears on CRT}

Range 50 to 9999 Hz
Resolution ' 1 Hz
Gate Period 1 sec.



SUBTONE (counts signa! that appears on CRT)

Range {built-in 300 Hz

low-pass fitter)
Resolution
Gate Period
1.2.2;3 RECEIVER
Sensitivity, Typical
Bandwidth, 3 dB
Wids
Narrow
1.224 MODULATION
FM
Range
Display

Accuracy, 1 kHz

Calibrator Accuracy, 5 kHz

and 600 He

Frequency Response, 3 dB

AM
Range

Display

Accuracy, 1 kHz, 30%

Frequency Response, 3 dB

1228 OSCILLOSCOPE
Vertical
Frequency Range
Ranges
.Accura_cy
Input Impedance

Input Connector

60 Hz 10 270 Hz
0.1 Hz

1 sec.
3 uV for 12 dB SINAD

60 kHz

7 kHz

18, 6, 1.8 kHz, peak
Meter and CRT

13% of Full Deflection

2%

1 Hz 1o 10 kHz

0 to 90%
Meter and CRT
+3%

50 Hz to 10 kHz

10 Hz to 100 kHz
18, 8, 1.8 volts, peak
+5%

100K chm, nom,

“Audio In"



1.2.3

1.231

1.23.2

1233

1.2.34
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Horizontal
Sweep Range
Accuracy
GENERAL
TIME BASE ACCURACY
Aging
Temperature Variance, 0° C to 50° C
Standard TCXO
Optional "duick Warmup' Qven
Warmup to within 0.1 ppm
POWER
Ac
12 VDC {optional S81-110 tnverter)
PHYSICAL SIZE

WEIGHT

0.01,0.1, 1.0, 10 mS/Division

+15%

1 ppm/fyr.

+1 ppm
+0.1 ppm

10 min.

117 V, 60 VA
8 A
14"Wx13-3/4"Dx 7-1/8"H

Approx. 2_5 Ibs.



2.1 INTRODUCTION

The Wavetek/SS| Model 3000 is a rugged piece of precision
test equipment designed for portability. Afthough it is
quite commonly used as a laboratory instrument, it is

.. also well suited for field use.

2.2 UNPACKING AND INSPECTION

When unpacking the Model 3000 Service Monitor, inspect
the 'shipping container and instrument for shipping damage
Save the shipping carton and packing material for possible
future use,

The instrument was inspected, given final operational and
quality control tests, then carefully packaged for shipment
and should operate in accordance with Section 3 of this
manual.

If instrument received has been damaged in transit, notify
carrier and either your Wavetek/SS| representative or the
factory in Indiana. The representative or the factory will
immediately arrange tor either replacement or repair of
your instrument without waiting for damage claim
settlements.

Woest of the Rockies, contact

Wavetek /SSI

3655 Ryder

Santa Clara, CA 95051

408 — 737-7374
23 PREPARATION FOR USE
Before line power is applied, the meter should read zero.
If not, insert a blade screwdriver into the opening below
the meter and adjust it to zero..

24 POWER REQUIREMENTS

The standard Mode! 3000 operates from a 117 VAC 60 Hz

SECTION 2
INSTALLATION

primary power source at 60 VA. The three conductor
power cord provides a ground connections to the Model
3000 chassis when it is connacted to the proper outlet.

The instrument can also be operated with DC power by
using the optional inverter. With the inverter, the Model
3000 requires 10.5 VDC to 15.2 VDC.

For use with ofher primary power sources, please consult
the factory.

25 ENVIRONMENTAL CONSIDERATIONS

The Mode! 3000 comes equipped with bottom and rear
panel feet, and a combination carrying handie/instrument
stand. These features along with its small size and light
weight permit easy access to confined working spaces.

The Model 3000 is designed to operate between 0° C and
650° C and should be used in an area where free air flow
around the instrument is not restricied. Do not permit
the ventilating ports to be blocked or restricted and never
operate the unit within its protective cloth cover.

Exceeding the upper or lower temperature limits for
extended periods may not result in damage to the instru-
ment but may cause degraded performance. B
26 INSTALLING THE INVERTER

1. Remove the four rear feet of the Model 3000.

2. Position the inverter over the screw holes with the LOW
VOLTAGE lamp at the top, and secure the inverter with
the four screws supplied.

3. Instali the rear feet on the hack of the inverter.

4, Plug the line cord of the Mode! 3000 into the receptacle

of the inverter, and plug the inverter power cord into a
cigarette tighter outlet.



3.1 INTRODUCTION

This section contains operating instructions for the
Wavetek/SS| Model 3000 Service Monitor. Included are
descriptions of front and rear panels, and notes on use of
features. '

3.2 FRONTPANEL DESCRIPTION

Due to the number of controls, the front panel is divided
into sections for description.

3.21 SCOPE

See Figure 3-1.

1. Disptay, with scales for +1.8, +6, and +18 kHz deviation.

2. Display controls for Vertical Position, Focus, Intensity,
and Horizontal Position.

3. Vertical sensitivity. Clockwise detent is calibrated
position.

4. Horizontal sweep rate. Pushhuttons seiect 10, 1.0, 0.1,
and 0.01 msec/div.

5. Horizontal varisble control. Clockwise detent is push-
button calibration; lower setting reduces speed.

6. AC Power. Push-on/push-off, Non-electric indicator
shows switch is pushed.

7. FM Calibration. Puts horizontal lines at +.6 or £6 kHz
deviation levels.

8. Signal Strength. When WEAK or FULL is pressed,
horizontal size of display from left side depends on signal
strangth, WEAK requires approximately 30 uV for full
width; FULL requires approximately 100 mV. Minimum
width to maximum width requres approximately 90 dB
change on either range.

SECTION 3
OPERATION

3.3.2 FREQUENCY
See Figure 3-2.

1. Monitor Frequency indicator. Displays count of fre-
quency selected by pushbuttons. kHz or Hz lamp indicates
units.

2. Frequency Error select. Display reads difference in kHz
between frequency on Carrier Frequency switches and
input frequency. Negative reading indicates switch fre-
quency is lower than input.

3. Modulation Frequency select. Display reads input modu-
lation frequency, 300-3000 Hz.

4. Sub-tone Frequency select. Display reads input modu-
lation frequency below 300 Hz.

5. Carrier Frequency. Seven lever/indicator switches select
output frequency or input reference frequency, with 100
Hz resolution,

3.23 MODULATION

See Figure 3-3.

1. Modulation Frequency. Lever/indicator switches set
output moduiation frequency. Four digits; left-most cannot
be zera.

2. Modulation Frequency multiplier. Multiplies switch
setting by .01 {for 10.00 to 99.99 Hz range), by .1 {for
100.0 to 999.9 Hz) or 1 (for 1000 to 9999 Hz). OFF

turns off variable frequency modulation.

3. DEMOD QUT. BNC connector for receiver’s demodu-
lated audio.

4, MOD OUT. BNC connector for output of ali audio

generation, including synthesizer, 1 kHz, external, and
microphone,
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5. BURST. Generates burst ol varigble-fiequency modu-
lation. with .duration. controlled by TIME (SEC) control.

6. TIME (SEC). Sets length of modulation burst, from .03
to 1.0 second. Clockwise detent is continuous tone.

7. INTERRUPT. Miniature phone jack for interrupting
variable-frequency modulation using rotary-dial equipment.

8. LEVEL. Sets leve! of audio synthesizer.

9. EXT (N. BNC connector for external modulation. '

10. EXT ILEVEL. Controls level of external modulation.
11. AUDIO IN. Input to audio voltmeter and scope. Audio
is displayed on scope, voltage is indicated on meter and

scope.

12. ZERO BEAT. Speaker carries beat between generated
frequency and received frequency.

13. 1 kHz. Turns 1 kHz on or off.

14. VOLUME. Inner knob controls speaker volume, outer
knob controls 1 kHz. '

15. Modulation mode. AM (meter reading x 10 equals
modulation depth}, CW, FM.

324 METER/MODE

1. Meter - indicates madulation level, SINAD, voltage, or_

transmitter power.

2. VOLT (PEAK) pushbutton - causes meter to read peak
voltage at AUDIO IN connector (Section 3.2.3, nuitibe:
11.)

3. SINAD {1 kH=z pushbutton} - for 1 kHz modulation,
causes meter to read ratio of {signal + noise + distortion}/
(noise + distortion) in dB.

4, MOD pushbutton - causes meter to read modulation
level in kHz deviation or %AM, AM is read on the upper
scale (0-18) and multiplied by 10.

5. METER RANGE - sets meter range to 18, 6, or 1.8 kHz
(if MOD is selected) or 18, 8, or 1.B volts {if VOLTS is

selected).

6. Meter unit indicators - indicate whether meter is to be
read in kHz {for FM), % x 10 {for AM), dB (for SINAD)
volts {peak), or watts. All depend on which pushbuttons
are pushed, except watts, which comes on automatically
when RF is put into the RF IN/OUT connector (Section
3.2.5, number 9}.

7. GEN - sets Generate mode.

8. CAL - centers discriminator bias, and invokes self-test
features. '

9. RCV - sets Receive mode.
3.25 OUTPUT LEVEL/SQUELCH

1. Qutput Level Control - calibrated in volts and dB.
2. OFF/MIC pushbutton - when button is depressed, out-
put is off except when push-to-talk switch of accessory
microphone is pushed.

3. Qutput Range Multiplier - multiplies Output Level
Control setting by .1, 1, 10, or 100.

4. Qutput Level Units - sets Output Level Control to read
UV or my. See Section 3.4 for interpretation of dB scale.

5. BW - sets receiver bandwidth to Narrow (7 kHz) or Wide
(50 kHz). -

6. Signal‘ Level indicator - lights when input signal level
is above squelch setting.

7. SQUELCH - cuts out background noise when signal level
is 100 weak.

8. LOAD OVERTEMP - lamp and audible signal indicate
that RF power input has caused internal load to exceed
rated temperature.

9 RF IN/OUT - output for generated RF, input for signal
to be measured. Au  matically switches from generate to
receive whern R sk ed.

3.3 INITIAL TURN-ON

Connect the power cord from the rear panel of the SSI-
3000 to a suitable power outlet and depress the front
panel power pushbutton. The power pushbutton indicator
will change from black to amber, the meter will become
illuminated, and lamps corresponding to whichever push-
buttons are depressed will become iliuminated. The display
scope will warm up in a few seconds.

SSI1-3000 Service Monitors equipped with the standard
TCXO master oscillator will generate precision signals
accurate to T ppm within a few seconds.

SS1-3000 Service Monitors equipped with the optional
ovenized master oscillator will stabilize to £1 ppm accuracy
within three minutes and te 0.1 ppm accuracy within
ten minutes in a normal room temperature environment.
Cold environments will require longer stabilization times.
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Figure 3-4. Meter/mode front panel.

Figure 3-2, Frequency front panel.
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Figure 3-3. Modulatien front panel.
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Figure 3-5. Output level front panel.
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3.4 RF GENERATOR OPERATION-
CONTINUOUS WAVE

Select Generate mode by pressing GEN in the MODE
sectinn of the front panel.

Select CW modulation by pressing the CW pushbutton.
BE SURE THE OFF/MIC PUSHBUTTON IS RELEASED.

Set the C\AHRIER FREQUENCY (MHz) lever switches to
the desired frequency.

Set RF output level by depressing the desired range and
multiplier pushbuttons and adjusting the OUTPUT LEVEL
dial. For example, to genecrate a 162.080 MHz signal .at
0.3 uV, set 152.0900 with the FREQUENCY (MHz)
lever switches, Then depress the gV range and the X 0.1
multiplier pushbuttons and adjust the QOUTPUT LEVEL
dial te 3.

The Qutput Level control may be calibrated in dBm accord-
ing to Table 3-1. The Low and High columns are the limits
of the dial calibration for the selected multiplier-and range.
The 0 dBm column is the dBm calibration for 0 dB on the
dial, with the selected mulliplier and range. For example,
for -85 dBm push X10 gV and set the dial to -5 dB.

The OFF/MIC pushbutton turns off RF power to the
RF output jack when it is depressed. RF power can be
restored to the RF output jack white the CFF/MIC

pushbutton 7s depressed by keying a microphone. This is

accomplished by connecting a Shure 405K or equivalent
microphone to the rear panel MIC jack and depressing
the push-to-talk switch of the microphone.

35 RF GENERATOR WITH FM MODULATION-
SINGLE SOURCE

Release the OFF/MIC pushbutton and depress the FM
kHz modulation and meter MOD pushbuttons. The kHz
lamp will be illuminated. :

Madulating with the internal audio synthesizer is accom-
plished by setting the desired frequency with the FRE-
QUENCY (Hz} lever switches, selecting the desired multi-
plier pushbuttons and adjusting the LEVEL controi.
Turn the TIME {SEC) control clockwise until it clicks,
unless tone burst is desired.

For example, if a CTCSS tone of 131.8 Hz at 500 Hz of
deviation is desired, set 1218 with the FREQUENCY (Hz)
lever switches, and select multiplier pushbutton X 0.1.
Select the 1.8 kHz meter RANGE switch and adjust the
LEVEL control for a meter reading of 0.5 kHz.
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For tone burst, set the TIME (SEC) contro! to the desired
time, and press BURST.

The audio synthesizer may be used to modulate the RF
carrier with frequencies up to 9999 Hz at modulation
levels up to 18 kHz.

The INFERRUPT jack is closed if no plug is inserted. If
a rotary-dial pulser is connected, the audio will be ott
until the pulser switches it on.

The OFF pushbutton is used to turn off the audio synthe-
sizer without disturbing the frequency or level settings.

External modulation is accomplished by connecting the
source, such as a sequential tone generator, to the EXT
MOD jack and adjusting the EXT LEVEL control to the
desired level of modulation. For a tone deviation of £3
kHz, press the 6 kHz meter RANGE pushbutton and adjust
the EXT LEVEL control for a meter reading of 3 kHz.

Disconnect the tone generator to remave external modu-
lation signals without disturbing the fregquency or level
settings. '

1 kHz modulation is activated by depressing the 1 kHz
ON/OFF pushbutton and adjusting the 1 kHz LEVEL
control; the level is displaved on the meter. Release the
ON/OFF pushbutton to remove the 1 kHz modulation
signa! without disturbing the level setting.

Voice modulation of the RF carrier is accomplished by
connecting a microphone to the rear panel MIC Jack and
talking into it. If the OFF pushbutton is depressed, the
push-to-tatk switch of the microphone must be depressed to
activate the RF output. The modulation level is internally
limited to 5 kHz maximum deviation and is not adjustable.

3.6 RF GENERATOR WITH FM MODULATION-
MULT!PLE SOURCE

Modulation of the RF carrier by more than ene audio signal
is accomplished by setting up the parameters for each
signal, one at a time, and applying them simultangously to
the modulator. For example, to modulate with a CTCSS
tone and a sequential tone generator, set up the desired
CTCSS tone oun the internal audio synthesizer as discussed
in Section 3.4 and press the OFF pushbutton. Next,
connect the external tone generator to the EXT MQD
jack, set its moadulation to the desired level and restore
the CTCSS tone by pressing the desired frequency multi-
plier pushbutton. The RF carrier will then be modulated
by two separate signals at two separate preset levels.



Up to three sources can be used to modulate the RF
carrier. For example, a CTCSS signal, a tone burst to
turn on a receiver, and the internal 1 kHz signal to measure
SINAD or audio from a microphone may be simultaneously
superimposed upon the RF carrier. To modulate with these
three sources, set up the CTCSS signal un the external
tone generator, then disconnect the external generator.
Set the burst frequency. on the internal generator and
set TIME (SEC} to the burst time. Next, set up tha internal
1 kHz signal for the desired level of modulation as dis-
cussed in paragraph 3.4. Reconnect the external tone
generator. The RF carrier will then be modulated by the
two separate signals at separate preset levels. Press BURST
for the timed burst frequency,

3.7 RF GENERATOR WITH AM MODULATION

Depress the AM modulation pushbutton; the % X 10 lamp
will be illuminated.

The AM modulation meter has ranges of 18, 60, and 180%.
Sperifications apply only up to 80%.

AM modulation, single or muitisource, is applied in the
same manner as FM modulation as discussed in Section 3.4.
The microphone, however, is intended for FM modulation,
so AM modulation will be limited to approximately 16%
peak. Consult the factory for modifications.

3.8 SINAD MEASUREMENTS

Press the SINAD meter mode pushbutton; the dB lamp
will light.

Apply an RF signal to the receiver under test; the level of
the signal must be sufficient to quiet the receiver.

Moduiate the RF carrier to 3 kHz FM or 30% AM, with
the internal 1 kHz signat. (See paragraph 3.4.}

Connect the audio-out of the receiver under test to the
AUDIO IN jack of the SS1-3000. Adjust the volume control
of the receiver to a level sufficient to light the level in-
dicating lamp adjacent to the AUDIO IN jack. Adjust
the VOLUME control of the SS1-3000 to a comfortable
listening level. The meter should indicate a reading which
should vary with the RF level. Adjust the CARRIER
FREQUENCY (MHz) for a minimum reading to locate
the center of the IF. Adjust the RF output level for a
meter reading of -12 dB. This is the 12 dB SINAD sensi-
tivity. Adjust the receiver |F for the best reading.

NOTE: The SINAD reading is the net result of two con-
flicting requirements on IF alignments: sharp tuning
for minimum receiver noise and wide tuning for minimum

recetver distortion. Thus, |F alignment with a SINAD meter
quickly optimizes these two requirements simultaneously
by displaying a reading that results from both noise and
distortion. The composite distortion signai may be viewed
on the scope for analysis of the distortion source.

3.9 20dB QUIETING MEASUREMENT

Press the CW modulation pushbutton and the VOLTS
meter mode pushbutton; the V lamp will light.

Apply an RF signal to the receiver under test; the level of
the signal must be sufficient to quiet the receiver.

Connect the audio-out of the receiver under test to the
AUDIO IN jack of the $51-3000. Adjust the CARRIER
FREQUENCY (MHz} for a minimum reading to locate the

cente: of the IF

Depress the. OFF/MIC pushbutton and adjust the receiver
valume control. to a convenient reading on the voitmeter,
say 10 V. Adjust the VOLUME control of the §5i-3000 to
a comfortable listening level.

Release the OFF/MIC pushbutton and ingcrease the RF
output level of the SSI-3000 until the voltmeter reading has
been reduced 20 dB. to 1.0 V in this case. The RF output
ievel s the 20 dB quieting sensitivity of the receiver.

3.10 AC VOLTMETER

AC signals from 10 Hz to 100 kHz up to 18 V peak can he
measured with the AC voltmeter and the scope.

Depress the meter VOLTS pushbutton, connect the signal
to be measured to the front panel AUDIO IN jack and
select the appropriate meter RANGE switch.

Sighals applied to the AUDIO IN jack are aiso monitored
aurally with the speaker.

3.11 RF WATTMETER

RF power up to 100 watts can be measured with the
§51-3000.

Connect the transmitter output to the RF output jack of
the SS1-3000. When the transmitter is keyed, the meter
will automatically switch to the power mode and the W
annunciator will become illuminated.

The internal 50 ohm load temperature alarm, consisting
of the front pane! LOAD OVERTEMP indicator and the
internal speaker aural alarm, will activate if the load over-
heats, typically after 100 watts has been applied for longer



than 10 seconds. If the warning signals become activated
the power applied at the RF output jack must be inter-
rupted (transmitter must be unkeyed) to prevent possible
damage to the internal load.

RF power keyed into the S51-3000 when the AC power is

not on will be absorbed by the internal 50 ohm load, but
the overtemperature alarms will not be operative.

215 MOD SCOPE (FM/AM MODULATION
MEASUREMENTS)

Before making modulation measurements with the scope

adjust the VERT POS control so that the trace is on the

zero reference line. Adjust the HORZ POS so that the dot
is in the center of the scope when the harizontal (ms/DIV)
switch i§ in the EXT position. Adjust the INTENSITY
and FQCUS controis for a sharp clear trace on the screen.

When the recaiver is tuned to a transmitter signal any
modulation (FM or AM)} can be observed and measured
on the scope depending on the setting of the VERT (SENS/
VAR) switch and HORZ (ms/DIV) switch.

To measure FM deviation select FM on the MODE switch
and set the horizontal switch to 1.0 ms/DIV. Set the
SENSITIVITY switch to 1.8 kHz, 6.0 kHz, or 1B kHz
depending on the range of deviation being observed. De-
viation can be measured directly on the scope graticule.

FM CAL markers at 5 kHz or 0.6 kHz provide ease of
reading of peak deviation. With FM CAL markers ON, the
display is time multiplexad, and therefore some decrease
in display intensity and audio volume will be experienced

Muit Range
XA uv
X1 uv
X10 uv
X100 uv
X.1 mV
X1 mvy
X10 SR
X100 ey
lapie 3-1i.
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If the received signal is the same frequency as the FRE-
QUENCY switches, the scope trace will be on the zero line
of the graticule. If the input frequency is above the switch
frequency the trace will be above zero. Calibration is set
by the RANGE pushbuttons in the METER/MODE area
(see Section 3.2.4). The scope is a convenient indication
of frequency error, but the counter {see Section 3.2.2)
should be used for accurate measuremeants.

To zero the trace, press the CAL button and adjust the
VERT POS control. {See Section 3.17.)

3.16 RELATIVE SIGNAL STRENGTH

When one ot the SIG STHENGTH buttons is pushed {see
Figure 3-1, number 8), the length of the trace, starting at
the left edge of the screen, will depend on-the signal
strength. That is, the stronger thc signal the farther the
trace extends to the right. When OFF is pushed, the trace
is full-width,

When the FULL button is pushed, the trace is full-width
for a signal of approximately 100 mV; when WEAK is
pushed, full-width is about 30 pV. Dynamic range in the
FULL position is about 90 dB.

3.17 AUTO CAL

When the CAL button is pushed (see Figure 3-4, number
8) or when the SIG LEVEL light is off (see Figure 3-5,
number 8), the discriminator will be automatically zeroed,
removing any long-term drift that has occurred. The Fre-
quency Error display will read zero. The vertical position
of the scope trace may be adjusted to zero using the VERT
POS control (Figure 3-1, number 2).

0dB High
-120 -t17
-100 -97
-80 17
-60 -7
-60 -57
-40 -37
20 -17

G 3

aBrm 1evel canbirauon.,



SECTION 4

THEORY OF OPERATION

4,1 OVERALL

Refer to the block diagram, Figure 4-1. The RF phase-
locked foop, on the A3 High-Frequency Synthesizer board,
generates a frequency from 18 to 1021 MHz in 1 MHz
steps. In Generate mode this is mixed with the output
of the low-frequency PLL, on board A2, to provide the
output frequency. In Generate, the low-frequency PLL
goes from 17.0001 to 18.0000 MHz in 100 Hz steps.
The result is a frequency that ranges up to 999.9998 MHz
in 100 Hz steps.

In Monitor (receive} mode the output of the A3 high-
frequency - synthesizer is 22 MHs abuve the MHz digit
of the front-panel frequency. This is mixed with the RF
input; the difference is sent to the A4 IF board. The
output of the low-frequency PLL now. steps hy 100 Hz
from 16.7001 to 17.700 MHz; when this is mixed with
the 21 - 22 MHz output of the A1 mixer board, the result
is the constant 4.3 MHz second IF.

The second IF is mixed with 3.6 - MHz to produce 700 kHz,
which drives the FM discriminator, the AM detector, and
the AGC. The 700 kHz is divided by 10 to drive the Fre-
quency Error counter on the front-panel.

-4,2  A10 FRONT PANEL BOARD

UK is a one-shot timer for the burst frequency. Grounding
pin 2 starts the cycle; the length is controlled by the front-
panel Time control. The output pulse is returned via P1
pin 21. U3 sums all the modulation sources (subtone,
1 kHz, external, and microphaone). The output goes to U6
pin 11, where it is sent on if RCV {"not receive”} is high.
This signal will be high (true) in Generate mode.

R18, R19, and R24 form the Meter Range attenuator. U1A
filters out the chopping frequency when the display is in
FM CALIB mods. This is the frequency that alternates
the trace between the signal and the calibration lines.
U1B amplifies the signal by a factor of 2 in FM CALIB
mode to compensate for the losses resuiting from -the
chopping action. :

SBA switches the audio signal in AM; S5B mutes the audio
in CW mode; and SbC selects the proper LED.

The collector of Q2 controls the RF output of the A3
High-Frequency Synthesizer board by controlling the
power supplied to its VCO. When the OFF/MIC switch
is in MIC, the base of Q2 is grounded, turning Q2 and
the RF on. In OFF the base is held at +15 V by R46, so
the RF is off. Grounding the base via the push-to-talk
line turns the RF on. In receive mode GEN is high, allowing
Q3 to turn on. This clamps the base of Q2 low, bypassing
the OFF/MIC and PTT switches.

4.3 A11 FREQUENCY CONTROL BOARD

The Frequency Control Board reads the front-parel Fre-
cquency switches, adds offsets for transmit or receive, and
time-multiplexes the frequency digits to the frequency-
synthesizer cards. It also counts the 70 kHz IF, subtone,
or modulation frequencies to drive the counter display on
the front panel.

Counter circuitry is shown on Sheet 1. Sections of U27,
U23, and U28 select the input t0 be counted. R100 and
C36 filter RF from the modulation frequency. U21 and
U22 count the 100 Hz from the AS card to produce a
1-second gate appearing at U26 pin 28. U33 is the four-
decade counter chip. D1 to D4 are the bits of the output
digit; pins 4 - 7 indicate which digit is being enabled.

U30 is a phase-locked loop which multiplies the subtone
frequency by 10, allowing 0.1 Hz resolution with 1 sec gate
time. U30 pin 4 is the VCO output; it is divided by 10 in
U31 to drive the phase comparator in U30. '

When the modulation or subtone frequencies are being

counted, U33 counts up. When frequency error is Lo be

counted, a signal on P4 pin 7 causes U19 to set U33 to

count down. The 70 kHz signal from the 700 kHz IF is

eounted. Fach time the counter reaches zern (after 10,000
counts} the divide-by-seven counter consisting of U19A,

U34, and U227 is advanced by 1. If the one-second gate

expires just as U33 reaches zero (70,000 counts), the

counter will indicate zero error.



Since the IF is generated by high-side injection, a high input
frequency with triple conversion will produce a low IF.
Thus if the input is 1 kHz above the switches the counter
input will be 69 kHz, and the counter will count only
69,000 counts in one second. The effective starting count
is 70,000, so the display will indicate 1.00 kHz, which
will be displayed as 1 kHz. '

If the input frequency is low the IF will be high. In this
case the seventh zero will be reached before the end of the
gate time. U27 ciocks U19B, switching the counter to up.
If the input is 1 kHz low there will be 71,000 IF counts
per second, and the counter will count up 1000 counts
before the gate closes. U32 causes the minus sign to be lit.

Sections of U24 control decimai points and the minus sign.
The back-plane frequency (BP) is applied to both sides of
the segment to be turned on. When the data line is low the
output of the exclusive-or gate is in phase with the BP
frequency, so the segment is off, When the data line is high
the output is inverted, producing the alternating potential
difference needed to drive the LCD segments.

Sheet 2 of the schematic shows the frequency-setting cir-
cuitry. U1 free-runs at about § He, This low frequency,
along with CMOS gates, minimizes switching-frequency
interference in RF circuits.

The output of U7 clocks U2 and U3, which form a binary
counter. U3 decodes the output of U2 to produce four time
slots, one for each of the three phase-locked loop chips in
the 3000. {The fourth slot is not used.) Outputs of U4
produce four subintervals, one for each of the four digits
a chip can accept. Thése signals are gated to produce pulses
that select sections of the front-panel switches 81. For
instance, when the output of U11 pin 4 is low, closure of
switches in $1G puts the binary-coded decimal {BCD)
representation of the 100 bz digit on the data bus, which
is terminated by R40-R43. Diodes prevent interaction
between switches.

U18 is a programmable read-only memory (PROM}. The
BGD number from the selected switch forms part of the
address for the PROM. The count from U2/U3 forms
another part of the address, as does the REC signal from
the motherboard. Each combination of bits addresses
cone memory location. The contents of that location
represent the input digit to the PLL chip, with offset
appropriate for generate or receive,

Outputs of O, to 0 5 are the BCD bits of the digit. Dutput
{; tells whether a carry is necessary to the next digit. If it
is, U16B stores the carry flag, which becomes part of the
address for the next word.
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For example, for a Generate frequency of 396 MHz, an
offset of 18 MHz is added for programming the A3 PLL.
The MHz digit becomes 6 + 8 = 4 with a carry. The 100
MHz digit becomes 3 + 1 (carry) = 4. So the frequency
sent to the synthesizers is 414 MHz.

Switches S2 for the audio synthesizer are scanned in
similar fashion; no offsetting is required.

U13 is a PAOM which selects the appropriate frequency
band. (See the description of the A3 High Frequency
Synthesizer for band limits.} U14 and U15 latch the 100
MHz and 10 MHz digits respectively. U16A latches the
1000 MH:z digit, which can be only 0 or 1. The binary
output of U13 'is decoded to decimal by U17, which
causes one of lines B1 through B6 to go low.

44 A3HIGH-FREQUENCY SYNTHESIZER

The A3 High-Frequency Synthesizer generates a frequency
that ranges from 18 MHz to 1021 MHz in 1 MHz steps. The
3.6 MHz reterence frequency is generated on this board.

The heart of the high-frequency synthesizer is a voltage-
controlled oscillator (VCO} adjustable between 240 and
505.5 MHz. This frequency is divided or multiplied to get
the desired output. The VCO consists of Q2 and Q3;
emitter coupling is through the series resonance of voltage-
variable capacitors CR1 and CR2, and L3. 04 is a buffer.

There are two phase-locking paths to complete the loop.
The divide-by-N loop locks to the required frequency;
when it is locked the sampling loop takes over. The sam-
pling loop will logck on any integral MHz frequency, but
it is less sensitive to noise than the divide-by-N loop.

The output of Q4 goes to the input of the sampling bridge
CRB-CR11. The crosswise corners of the bridge are driven
by the cutput of U14, an ECL device. The input to U14
pin 14 is a 1 MHz square wave from the A6 card. The first
two gates of U14 crisp up the edges of the wave. The out-
put of U14 pin 8 goes to pin 24, lowering the output of
pin 2 and raising pin 3, which turns the bridge on. The
input to pin 1 arrives after one gate delay, restoring the
original condition. The result is that the bridge is turned
on for a period equal to the gate delay, less than 1 nano-
second.

The current flowing through the bridge charges C42. f an
integral number of RF cycles have passed since the last
sampling pulse (that is, if the RF frequency is a multiple
of 1 MHz) the sample will be taken at the same RF phase
and the voltage on C42 will be constant. Thus the VCO
frequency will be constant. If the frequency varies the



phase at sample time will vary, and so will the VCO control
voltage. The design of the circuit is such that the resulting
change in frequency will move the phase back toward lock.

U13 buffers the bridge output and feeds part of the voltage
back via R163. This bootstrapping varies the bridge bias
as the output voltage changes, preventing the RF from
cutting off the diodes and increasing the efficiency of the
sampling. Ut0 further buffers the contro! voltage; the
feedhack circuitry linearizes the frequency/voltage charac-
teristic of the VCO. C37 and C38 limit the voltage swing
to protect the voltage-variable capacitors. '

The output of Q4 also goes to the input of U1, an ECL
divide-by-2 chip. U2 and the parts of U3 perform further
divisions by 2. The high-frequency synthesizer operates in
‘six bands, as follows:

18-29 MHz
30-60 MHz
60-119 MHz
120-239 MHz
240-499 MHz
500-1021 MHz

oMb Wk =

Band selection is done automatically on the A11 Frequency
Contro! Board. If band § is selected, the VCO output goes
directly to amplifiers Q8 and Q9, and to J1. On bands 1
through 4, sections of U4, gated by control lines BT
through B4, select the appropriate subharmonic of  the
VCO frequency. The selected frequency is fed through
PIN diode CR15 to Q8.

When the Frequency Control board selects band 6, PIN
diodes CR16 and CR17 are shut off. CR20 and CR25
conduct, sending the VCO output to the doubler, T1 and
CR21-CR24. Q12 and Q13 amplify the doubied frequency.

The selected frequency (undoubled) goes to the input of
U5, a divide-by-10 prescaler, and U6, a divide-by-2. The
divided-by-20 frequency goes to the input of U9. This
phase-locked loop chip receives its divisor one hyte at a

time from the Freguency Control board, on pins 16 - 18;

each of pins 2 - 6 loads one of the bytes. The phase de-
tector output on pin 12 is amplified by Ut0A and U10B.

When a new divisor is loaded into U8 the loop is unlocked,
and the LOCK output, pin 13, is low. SPDT switch U12
grounds the junction of R47 and R48, disabling the sam-
pling loop. When the divide-by-N loop locks the LOCK line
goes high; U12 switches so as to ground the junction of
R41 and R42, disabling the divide-by-N loop and allowing
the sampiing {oop to control the frequency. As long as the

frequency is constant the divide-by-N loop will consider
itself locked, even though it is not in control of the
frequency.

The 3.6 MHz reference frequency is prescaled by U9,
which divides by 36. The 100 kHz result comes from pin
14 to U7. This dual-D flip-flop compares the phase of the
100 kHz output of U9 to the 100 kHz reference from the
timebase on the A6 card. The output voltage is differen-
tially amplified by U11 to control the frequency of the
VCO consisting of Q16, CR35, and L18. When band 6
is selected U6 divides the 3.6 MHz by 2. This is necessary
because the main VCO frequency is doubled, and must
change in 0.5 MHz steps.

45 A2 LOW FREQUENCY SYNTHESIZER

The Low-Frequency Synthesizer consists of two phase
locked loops, going from 6.60 to 7.89 MHz in 10 kHz
stops and frem 10.1001 to 10.1100 MHz in 100 Hz steps.
The outputs are mixed to produce a frequency from
16.7001 to 18.0000 MHz in 100 Hz steps..

Q1 and Q2 form the VCO for the low PLL. Q3 is a buffer,
providing the input to PLL chip U3. PIN diodes CR8 and
CRO set the RF output level, which is controlled by the
OUTPUT LEVEL control on the front panel and by the
AM modulating voltage. The combined level control voltage
comes via board pin 2, LVL IN.

Q10 switches in or out of the signal path a 20 dB pad
between Q9 and Q11. This is controlled by the front-panel
OUTPUT LEVEL range pushbuttons.

The output of the 10.1001 - 10.11 MHz VCO, Q14 and
Q15, is mixed by Q8 and Q18 with the 10 MHz output of
the timebase generator on the A6 card. The difference,
100.1 - 110.0 kHz, is the input to UB. The 3.6 MHz refer-
ence is divided by 100 before being divided by 36 and by
10 in UB, to give the 100 Hz reference frequency.

FM modulating voitage comes in on board pin Z. Ther-
mistor RT1 compensates for the temperature -sensitivity
of the modulator. The loop is designed to have a narrow
bandwidth, so that it will not track out audio-frequency
variations.

4.6 A1 MIXER BOARD

The Mixer Board mixes the 18 - 1017 MHz signal from the
A3 high-frequency synthesizer with the 17 - 18 MHz signal
from the A2 low-frequency synthesizer, to produce the
Generate output, 0.4 - 1000 MHz, or the Receive 1st LQO,
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22 - 1021 MHz. Most of the output level control is on
this board, along with the RF dummy load and its over-
temperature circuitry.

The 17 - 18 MHz signal from the A2 low-frequency syn-
thesizer comes in J4. In Receive (GEN high) Q21 routes
the signal to the Mixer Board to be the 2nd LO injection
freguency.

In Generate the signal is switched as necessary through a
sories of 20 dB pads, controlled by the front-panel LEVEL
QUTPUT range pushbuttons. CR21 is turned off, so the
signal goes from R103 to the mixer. The 18 - 1021 MHz
from the high-frequency synthesizer comes to J3, through
Q9 and Q10 as the high level mixer input. The mixer out-
put goes to the left, possibly switched through 20 dB pads
along the way. K3 and K4 are normally energized, so the
signal goes on to J2, the front-panel RF IN/QUT connector.

In Receive mode the incoming RF is mixed with the 18 -
1021 MHz siynal; the difference is sent via CR21 and J1
to the A4 IF board, with CR22 biased off.

R78 and R113 . R114 form a voltage divider for incoming
RF. CR2 and CR3 detect the voltage; the DC is buffered
by U4B. If the voitage rises above a thresheld value {equiva-
fent to about 200 mW) comparator U4 turns Q14 off, de-
energizing K3. This connects the RF input to dummy load
R88, a 50-ohm 150 W resistor. R89 and C50 hold K4 in

for a moment, giving K3 time to dump the RF to R88.

This avoids requiring K4 to interrupt what may be a large
current.

CRS, CRZ, C10 and CR11 form a power limiter to keep
the following attenuators from being damaged by the in-
coming RF during the brief interval before K3 de-energizes.

When the RF input is not excessive, switch U2 sends to the
meter whatever is coming in to board pin Z frorn the meter-
select pushbuttons. When Q14 is turned off U2 switches to
the output of U4B, the detected RF voltage. Q16 turns on
the WATTS annunciator and if in the GENERATE mode,
switches the instrument into the RECEIVE mode by
grounding the cathode of CR1 on the A12 mother board.
CR12 is physically close to R88. If R88 overheats, the
voltage drop across CR12 decreases encugh to raise the
output of comparator U3, This turns on the front-panel
LOAD OVERTEMP annunciator, and turms off CR1.
CR23 was turned off when Q14 was turned on by the
RF input. These diodes had been disabling U1; it now
produces an audio tone through the speaker. When the
transmitter is unkeyed Q14 turns on, shutting off the
alarm; the LOAD OVERTEMP annuncistor continues
to be on until RBB cools. :
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4.7 A4 IF AMPLIFIER

The IF amplifier amplifies the 21 - 22 MHz st {F, converts
it to the 4.3 MHz 2nd IF and 700 kHz 3rd IF, and demodu-
lates both AM and FM signals. It also produces the cali-
bration lines on the CRT.

The 1st IF signal comes from the mixer board via J1. T1
is a balun which matches the input impedance of Q1. U1
and U2 are AGC'd amplifiers, driving the mixer. The
16.7 - 17.7 MHz 2nd IF injection signal comes in topin A
to be amplified by Q2. Q3 and Q4 drive double-balanced
mixer U2, mixing the 4.3 MHz 2nd IF with the 3.6 MHz
signal from the high-frequency to get 700 kHz. The output
of U2 goes to a four-cascode cascade stage. Transistors
Q14 through Q21 control the bandwidth. In the first
stage, for example, when WIDE (pin Z) is low (narrow
bandwidth) Q15 is off. The tank circuit consisting of L9
and C40 has its maximum Q, hence minimum bandwidth.
When WIDE is high Q15 turns on, shunting the tank with
R56, lowering the Q and increasing the bandwidth. This
also decreases the gain, so Q14 shunts the emitter resistance
to compensate.

The output of Q13 goes to CR2 and CR3 for AM detection;
the audio is amplified by U8. C68 filters the DC level for
AGC amplifier U3. The output of U3 pin 1 controls the
gain of U1; the output of pin 7 controls the resistance of
PIN diode CR21 on the At mixer board. To get the best
signal/noise ratio, the attenuation by CR21 is delayed
until the gain of U1 has been reduced, thus aliowing the
maximum paossible signal to get to U1.

In Generate mode, the GEN line cuts CR21 off.

The 700 kHz signal also goes via Q22 to U17. If the front-
panel CAL pushbutton is not pushed, the signal goes to
U4, a one-shot frequency discriminator.

U19 divides the output frequency by 10 to drive the
Frequency Error counter.

To reduce temperature effects, the transistors of U7
provide a precisiun voltage swing out of U4, U8 and the
first section of U13 filter out the 700 kHz component.

When the front-panel CAL button is pushed, U21 connects
its pins 4 and 6, biasing U15 such that U13 pin 1 is forced
to zero, by comparison with U20 pin 3. At the same time,
signals of 200 kHz and 500 kHz come from the time base
into board pins 6 and 7. These frequencies are mixed in
U18, filtered, and amplified by U17 pins 11 - 12. The
resulting 700 kHz is fed via U17 pins 1 - 3 to U4. Thus
C80 changes to the voltage necessary to hold the dis-
criminator output {U13 pin 1} at zero with 700 kHz intc



the discriminator. The charge on CB80 leaks off slowly, so
that sustained receiver input results in a drift of approxi-
mately 20 Hz/minute. The proper charge on CB0 is re-
established whenever the CAL mode is enabled.

U8B compares the AGC voltage with the voltage from the
front-panel SQUELCH control; when the signal is strong
enough SIG is brought low. When SIG is high, that is when
the receiver is squelched, Q24 gates U12 pin 2 to put the
discriminator into CAL mode. U12 pin 1 is gated off when
the 3000 is in Generate mode.

Catibration lines on the CRT are developed by U9 and U11.
Positive and negative voltages from the A10 Front Panel
board, selected by front-panel pushbuttons, come to board
pins V and W. When CALIB, pin X, is high U5 free-runs
to generate a chopping signal. The output of U15 pin 15

“toggles U11 to switch between the + and - voltages. The
output of U14 pin 11, half the frequency of pin 15, toagles
U9 to switch between the output of U11 and the FM
audio. The result is a three stage period: V+, V-, and audio.
This is repeated across the CRT. When CALIB is low U9
selects the FM audio, unchopped. '

The output of U5 pin 1 blanks the CRT while the display
is switched, to avoid having vertical lines on the screen.

48 A5 AUDIO BOARD

The Audic Board comprises the distortion analyzer for
SINAD measurements, the audlio-frequency synthesicer,
the meter amplifier, and the circuitry that adjusts output
tevel as frequency changes. '

Audio comes in to U1, a gain-controlled amplifier. CR1
rectifies the output, developing a DC voltage which is
amplified by U2A to control the resistance of Q1, which
in turn controls the gain of U1. This stabilizes the level at
the input of U2B, which with U3B forms a 1 kHz notch
fitter. With the 1 kHz tone filtered out, what remains is
distortion; this is amplified by U3A to drive the meter.
U3A is quasi-logarithmic, to get a meter range of about
35d8B. :

The 100 kHz signal from the timebase on the A6 low-
voltage power supply card comes to board pin H. 1t is
divided by 100 to generate the 1 kHz tone, and by 10 to
generate a 100 Hz reference, and by 10 again for a 10 Hz
reference for the audio phase-locked loop. Digits from the
front-panel switches come to board pins V, W, X, and Y
and are loaded into latches U35, U36, U186, and U17.
These latches load on positive-going edges rather than
negative, so the foad pulse is the leading edge of the next
pulse. U31 through U34 are the divide-by-N counter for
the audio phase-locked loop. U28 stretches the zero-count
pulse from the divide chain to drive PLL chip U15. The

output of U15 goes to the divide chain, and to U12, U13,
and U14. Each chip divides the frequency by 10; the
output of one of them is selected in U18 by the front-panel
audio-frequency range pushbuttons. The selected audio
frequency is used as the reference input to phase-detector
U20; the other input is the output of sine-wave VCO U19,

U21 through U27 form the flatness-control circuitry. The
AM modulating voltage on board pin 9 is summed with
DC reference voltage in U21B. U21A and U25 buffer this
voltage. U22 is an SPDT switch which selects either the
voltage from U21 pin 7 or the voltage at the Iunctiop of
R77 and R78, 0.2 dB less. U23, U24, U26 and U27 switch
in attenuation of 0.4, 0.8, 1.6, and 3.2 dB respectively.
Switch positions are controtied by outputs of PROM U29.
This memory, addressed by the 100 MHz frequency switch,
was programmed during factory calibration to produce
fiat RF ouiput-across the frequency range.

49 A7 DEFLECTION BOARD

The Deflection Board generates the horizontal and vertical
deflection signals for the CRT, and separates the subtone
from the audio for counting.

Vertical information -(including FM calibration lines if the
A4 IF board is switching them in} comes in to U1 pin 5
Vertical position and gain control come to pin 6. The
output veltage is inverted by UTA and drives push-puli
amplifiers Q4 and Q6. Q5 and Q7 reduce the collector
dissipation of Q4 and Q7, respectively. The signal also
passes through U9 and U10, a low-pass filter cutting off
at 270 Hz. The subtone output goes to Al frequency
contral board where it is multiplied hy 10 and counted.

The meter drive comes in to board pin 17. It is amplified
by U6 and squared by Schmitt trigger U3 to become the
horizontal syne signal, triggering U4.

Q12 is a current source charging a sweep timing capacitor
on the front-panel board. UBA amplifies the 0 to 10 V
ramp to -10 to +10 V. When the ramp voltage reaches
the level set by the S1G IN line, U8B triggers the auto-reset
one-shot UB, The output of UB has been holding U4 at
clear, keeping Q2 off, which allows Q12 to charge the
sweep timing capacitor. When UBB is triggered it unclears
U4. Ot is turned on and discharges the capacitor. The
output of UBB also triggers the hold-off one-shot USB.
Until this one-shot times out it holds U4 and Q2 at clear,
allowing the capacitor to discharge fully and return the
trace to the left side of the screen.

When the hold-off times out, the next sync pulse sets U4
and the sweep starts. I there is oo input signal U4 will
not be triggered; in this case it will be cleared when U5
times out, and the sweep will start regardless.
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Q10 and Q11 form the blanking amplifier. If U3 pin 3 is
low, Q10 is on, Q11 is off, and the BLANK line is pulled
high, cutting off the trace. If U3 pin 3 is high the transistors
reverse, and BLANK is grounded. The Q output of U4 or
the Z MOD input can activate blanking.

4.10 MISCELLANEOUS BOARDS

This section describes the A6 Low Voltage Power Supply,
A8 High Volitage Power Supply, A9 Display Board, and
A12 Mother Board.

The A6 Low Voltage Power Supply provides +5 V {from
U1}, +15 V {from U2), and -15 V {from U3). Each regu-
lator controls a series-regulating transistor, mounted on
the rear panél. Q2 and Q3 are NPN; Q1 is PNP, to attow
the output voltage to be closer to the supply. R1, R6/R7.
and R12/R52 are current limiters; when current is too high,
the increased voltage drop across the resistor shuts down
the series transistor.

U5 is a separate regulator for the 10 MHz temperature-
controlled crystal oscillator (TCXO), which establishes
the frequency accuracy of the unit, @3 buffers the output;
U6 divides the frequency by 10 to provide a 1 MHz
reference. U7 is connected as a divide-by-five counter
followed by a divide-by-two; the output of the first stage
provides a 200 kHz reference; the second stage provides
100 kHz.

When band 6 is selected, U8 divides the 1 MHz and 100

kHz frequencies by 2. This allows the synthesizer to take
half-steps, which will be full steps when the frequency is
doubled.

4-56

U4, U9, and U10 encode the front-panel Output Range
pushbuttons to activate attenuators on the A1 Mixer Board.

@1, Q2, and U13 limit and filter the microphone input to
limit the deviation to 5 kHz.

The A8 High-Voltage Power Supply provides voltages for
the CRT. U1 controls series transistor Q2. The 15V supply
provides a reference on U1 pin 3; R6 and R8 divide the
200 V at U1 pin 2. R3 is a current limiter; if the current
becomes too great Q3 conducts, lowering base of Q2 and
lowering the current. U1 pin 6 becomes positive, turning
off O1: CR10 clamps the vnltage to protect Q1.

CR5 - CR8 supply cathode and focusing voltages to the
CRT. The voltage at the top of. resistor string R19 - R17
is about -1200 V. This is controlled by shunting current
through Q4. The +15 V provides a reference; the voltage
at the junction of R28 and R30 will be held at zero.

The A9 Display Board contains the display driver U1, the
LCD display, and LEDs indicating Hz or kHz. When P3
pin 8 is low the Hz annunciator CR1 conducts; when the
pin is high, CR1 is off; Q1 conducts, turning on CR2, the
kHz annunciator. :

The A12 Mother Board provides most of the intercon-
nections between boards. Q1 switches the unit between
Generate and Receive. When it is in Generate, activation
of the WATTS line turns Q1 off, putting the unit into
Receive.
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