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Warranty

The Technical Materiel Corporation, hereinafter referred to as TMC, warrants the equip-
ment - except electron tubes, semi-conductor devices, fuses, lamps, batteries, and
articles made of glass or other fragile or expendable materials - purchased hereunder to
be free from defect in workmanship and materials under normal use and service, when
used for the purposes for which the same is designed, for a period of ONE YEAR from
the date of delivery FOB factory. TMC further warrants that the equipment will perform
in a manner equal to or better than published technical specifications as amended by
any additions or corrections thereto accompanying the formal equipment offer.

TMC will replace or repair any such defective items, FOB factory, which may fail within
the stated warranty period, provided:

® Any claim of defect under this warranty is made within sixty (60) days after dis-
covery thereof and that inspection by TMC, if required, indicates the validity of such
claim to TMC’s satisfaction;

® The defect is not the result of damage incurred in shipment from or to the factory;

® The equipment has not been altered in any way either as to design or use whether
by replacement parts not supplied or approved by TMC, or otherwise; and

© Any equipment or accessories furnished but not manufactured by TMC, or not of
TMC design shall be subject only to such adjustments as TMC may obtain from the
supplier thereof.

At TMC’s option, any defective part or equipment which fails within the warranty period
shall be returned to TMC's factory for inspection, properly packed with shipping charges
prepaid and the TMC RETURN AUTHORIZATION number clearly marked on the pack-
age. Electron tube warranty claims should be made directly to the manufacturer of such
tubes since tubes furnished by TMC bear only the manufacturer’s warranty.

No warranties, expressed or implied, other than those specifically set forth herein shall
be applicable to any equipment manufactured or furnished by TMC and the foregoing
warranty shall constitute the purchaser’s sole right and remedy. In no event does TMC
assume any liability for consequential damages, or for loss, damage or expense directly
or indirectly arising from the use of such equipment, or any inability to use them either
separately or in combination with other equipment or materials or from any other cause.

All inquiries should be directed to the following:

THE TECHNICAL MATERIEL CORPORATION

Customer Service
700 Fenimore Road
Mamaroneck, New York 10543 U.S.A.

Telephone 914-698-4800

Facsimile (FAX) 014.608-4505

Telex 137-358 TECHMAT MECK



THE CONTENTS AND INFORMATION CONTAINED IN THIS INSTRUCTION MANUAL IS
PROPRIETARY TO THE TECHNICAL MATERIEL CORPORATION TO BE USED AS A GUIDE TO
THE OPERATION AND MAINTENANCE OF THE EQUIPMENT FOR WHICH THE MANUAL IS IS-

SUED AND MAY NOT BE DUPLICATED EITHER IN WHOLE OR IN PART BY ANY MEANS WHAT-
SOEVER WITHOUT THE WRITTEN CONSENT OF THE TECHNICAL MATERIEL CORPORATION.
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Section 1 - General Information

1.1 Introduction

This manual covers operating and maintenance procedures for the MF/HF Synthesized
Exciter, Model MMX-4, designed and manufactured by The Technical Materiel Corpora-
tion (TMC) of Mamaroneck, New York (United States).

1.2 Purpose and Use of Equipment

The MMX-4 exciter is a solid-state device used to control the output frequency in a single
or independent sideband transmitting system. It provides amplitude modulated (AM);
amplitude modulated equivalent (AME); single sideband (USB or LSB); or two-channel
independent sideband (ISB) intelligence on an RF carrier frequency between 1.6 and
29.9999MHz. In addition, the exciter is capable of providing an output of up to 250
milli-watts for continuous wave (CW); carrier frequency shift keying (FSK); and facsimilie
(FAX) modes. At reduced power levels, the exciter provides synthesized frequencies
down to 400KHz. When combined with TMC’s external multiplexor and equalized
sideband filters, the MMX-4 can provide four-channel ISB operation to DCA/NATO
specifications (See product bulletin for TMC Model SBG-5).

The MMX-4 features built-in frequency stability of four (4) parts in 107 per day with
provision for using either internal or external 1MHz frequency standards with significantly
higher stabilities. The output of the exciter in AM, AME, SSB and ISB modes is
continuously adjustable up to 250 milliwatts - sufficient drive for transmitters operating
at power levels of 10KW, 40KW and 200KW (See product bulletins for TMC Models
HFT-10K, HFT-40K and HFT-200K).

1.3 Identification

The MMX-4 is identified by a metal nameplate affixed to the front panel at the upper
left-hand corner of the unit. When installed in a TMC transmitter system, the nameplate
is transferred to the right-hand side of the chassis. The nameplate is engraved with the
generic name, TMC model number, and serial number of the exciter. Similar information,
including the manufacturing lot number, is stamped on a metal foil and affixed to the rear
panel.

One basic model of the MMX-4 exciter is manufactured and is referred to throughout this
manual as simply the MMX-4 exciter. The exciter contains its own microprocessor and
memory (RAM/ROM) banks. Data required by automated and remote transmitter sys-
tems for proper operation is "burned" into memory at the factory prior to delivery. In
addition, BITE data on transmitter systems equipped with this option is accumulated and
stored in the exciter until a memory dump is requested to a slave printer.
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The MMX-4 is the latest version of the MMX series of multimode exciters which have bee
nomenciatured by the United States miiitary as follows:

o}

MD-846/UR Modulator/Demodulator
0-1706 Oscillator

The MMX series are used extensively throughout the world and provide the standard RF
drive for the following transmitter systems:

HFT-10K AN/URT-37(v)
GPT-10K AN/FRT-39(v); AN/FRT-52; AN/FRT-65; AN/FRT-68
GPT-40K AN/FRT-40(v); AN/FRT-54

GPT-200K AN/FRT-62

SBT-1K AN/FRT-70; AN/URT-19(v); AN/FRT-53; AN/FRT-56

The MMX-4 is totally compatible with all TMC General Purpose Transmitters (GPT); High
Frequency Transmitters (HFT); Medium Frequency Transmitters (MFT/BCT); and Low
Frequency Transmitters (LFT/GPT-L).

Function Description

The MMX-4 exciter is a completely integrated RF drive unit that requires no tuning or
peaking for proper operation. All frequency control elements, power supplies, amplifiers
and control circuits are designed into the exciter. Only RF, audio and AC power lines
are required for proper operation to specification.

Front panel controls permit operator selection of the operating modes which include CW,
AM, USB, LSB, ISB, AME and FSK/FAX. A carrier control is included on the front panel
to permit the operator to select the desired amount of carrier insertion. This level is
normally pre-set at the time of manufacture to -6dB, -20dB, -30dB and FULL (-55dB) but
can be changed in the field to other values. Similarly, the optional FSK feature is pre-set
for carrier shifts of +/-42.5Hz, +/-85Hz, +/-170Hz and +/-425Hz. The carrier shift is
selectable at the rear panel and can be changed in the field as required.

Front panel controls include level adjusts for USB or LSB line/mike inputs and for RF
output. A build-in meter indicates RF output and audio levels of the exciter. A front panel
jack permits a 55dBm low-impedance microphone or a dry contact keyer to be coupled
to the exciter.

Standard BNC-type connectors are provided on the rear panel to interface the standard
1MHz output frequency, the 1MHz input, the RF output, automatic load and drive control
(ALDC) and the RF monitor.
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1.6

Physical Description

The majority of the electronic components which constitute the exciter are mounted on
removeable printed circuit cards which plug in to the chassis and are easily accessible
from the top and bottom of the exciter by removal of protective covers.

The exciter chassis is designed for installation in a standard 19-inch (483mm) wide
electrical operating cabinet. Removeabletop and bottom protective covers are provided
on the chassis. The exciter is convection cooled and requires a minimum of three (3)
inches clearance for proper air circulation.

Technical Specifications
OPERATING PARAMETERS

Frequency Range 1.6 to 29.9999MHz
400KHz to 29.9999MHz at reduced power
Frequency Selection Direct synthesis in 100Hz steps
Phase jitter Less than five degress in two successive ten millisecond periods.
Frequency Stability Four (4) parts in 107 per day/15°C change
Optional One part in 10° per day/15°C change
Frequency Display Front panel digital with blue-green lens
Modes of Operation CW(A1), AM(A3), AME(A3H), USB/LSB(A3A,A3J), ISB(A3B).
Optional FSK(F1) and FAX(F4)
Power Output 250mW PEP and Average (CW)
Input/Output Impedance 50 ochms (nominal) unbalanced, BNC-type connector
Control Local control by depressing front-panel push-buttons
Optional Remote monitor and control of frequency, mode, carrier and status.

AUDIO PARAMETERS
Audio Sideband Response 250-3040Hz, +/-1.5dB CCIR
Optional 250-6080Hz, +/-1.5dB CCIR
Equalized Filters (Special order)
250-3040Hz, 1.5dB Maximum

Envelope delay Less than 500usec, 600-2900Hz;
Less than 150usec for any 100Hz step, 500-3050Hz
Audio Input 1. Independent 600-ohm channels, balanced or unbalanced

-20 to +1-dBm; rear-apron terminals

2. Built-in microphone pre-amplifier for low-level dynamic input
-55dB into 47K-ohms; front-panel jack.

Keying Input 1. CW key jack on front panel; 200-baud; dry contact

2. FSK: 75-baud or optional 200-baud; dry contact.

Shift: +/-42.5/85/170/425Hz; Others on request.

3. FAX: +1to +10vdc produces 800Hz linear shift.

Audio FSK operation, single or multi-tone, is available using

TMC Model TIS-3 tone keyer.



TRANSMIT CHARACTERISTICS

Unwanted Sideband Reject
Spurious Signals
Intermodulation Distortion
Residual Noise and Hum

Carrier Suppression

500Hz tone is a minimum 60dB beiow PEP

Nominal 60dB below PEP

Minimum 40dB below either tone of a two-tone test at
250mw PEP

Minimum, 70dB below PEP.

Power supply ripple 55dB below PEP.

Selectable at -6, -20, -30, -565dB (FULL). Others on request.

ENVIRONMENTAL AND INSTALLATION

Cooling

Operating Conditions
Storgae Conditions
Power Supply

phase.

Size and Weight

Shipping Data

Convection; requires three (3) inch clearance.

0to +50°C; Up to 95% relative humidity at MSL.

-30°C to +80°C; Up to 95% relative humidity at MSL.

Totally solid state. 115 or 230 volts AC +/-10%, 50/60/400Hz, single

5.25 inches high x 19 inches wide x 20 inches deep

13.4 cm wide x 48.3 cm wide 50.8 cm deep, 27 pounds (12.3Kg)
Commercial packing for domestic U.S. (air) shipment.

One (1) container - 10 x 30 x 30 inches (25.4 x 76.2 X 76.2 cm)
Total weight - 58 pounds (26.4 Kg)

Total cube - 5.2 cu.ft. (0.15 cu. meters)

TECHNICAL SPECIFICATIONS ARE SUBJECT TO CHANGE WITHOUT NOTICE

1.7

MMX-4 Product Group

MMX-4 MF/HF Synthesized Exciter, CW/AM/AME/USB/LSB/2ISB/FSK

MMX-4/U  MF/HF Synthesized Exciter, CW/AME/USB

MMX-4/E  MF/HF Synthesized Exciter, [MMX-4 with extended range]

Note: Other variations of the MMX-4 are available to suit applications.



Table 1.1

EQUIPMENT SUPPLIED

The major components supplied are listed as follows:

Each
Each
Each
Each
Each
Each

B N Y G G Gy

BMA106
AO121
NF123
LP155
M202019
NF116-3

MMX-4 Final Assembly

3MHz VCXO Crystal Oscillator (Installed)

1MHz Frequency Standard Oscillator (Installed)
Loose ltems Package

Technical Manual

Optional External Standard Assembly



Section 2 - Installation and Set-Up

2.1 Introduction

This section covers the requirements for preparing the MMX-4 exciter for use. It includes
procedures for unpacking and inspection; electrical and mechanical installation con-
siderations; and power requirements.

22 Unpacking and Inspection

The exciter is calibrated and tested at the factory prior to shipment. When it is received
at the operating site, the external packing case should be inspected for obvious signs of
mishandling and damage. Such signs could include crimped or crushed corners on the
shipping container indicating the container had been dropped or loose/broken sealing
tape indicating rough handling by the carrier. With respect to damage to the exciter for
whichthe carrier is responsible, the customer shouldfile a claim against the carrier. TMC
will assist in describing methods of repair and/or furnishing replacement parts if the
exciter is damaged.

After inspecting the shipping container, the exciter may be unpacked. The exciter, loose
items package and technical manual are normally shipped in a single, heavy duty, tri-wall
carton when the method of shipment is air freight or the destination is within the United
States. All other shipments require the use of a wood box and sealed barrier bag which
enclose the carton. The container number and contents are labelled on the outside of
each carton or box.

23 Uncrating Method

When a wood box is used, remove nails from the top and two adjacent sides of the
container with a nail puller. DO NOT USE claw hammers, pinch bars or other leverage
devices which may crush the container and damage the exciter. After the sides are
removed, remove the top covering to expose the barrier bag. Using a knife, open the
barrier bag at the sealed end to expose the cardboard container.

D Remove the pressure-sensitive tape and staples from the cardboard container
taking precautions not to crush the container.

D Remove the dessicant bags, loose items package and technical manual from the
container.

[] Remove the foam form and granules to expose the exciter. Note that the exciter
is encased in plastic wrapping to prevent inadvertant damage to its surface finish.

L] Carefully remove the exciter from the container and transfer it to a test bench.



2.4

D Remove the platic wrapping from the exciter and inspect the equipment for signs
of external damage such as nicks, scratches, cracks, discolored paint or other
signs of mishandling.

D Exercise all switches and controls on the front panel to check for ease of opera-
tion without mechanical binding.

D Check the condition of all connectors for damage such as bent or broken pins,
burred threads or worn locks.

] Re-pack the packing material in the container in reverse order. It is useful to keep
this container in storage for future use should further shipment of the exciter be-
comes necessary.

Power Requirements

The exciter is designed for operation at 115 or 230 volts AC, 50/60Hz single phase primary
power.

Unless otherwise specified by the customer, THE EXCITER IS SHIPPED WIRED FOR 115VAC.

To verify that this setting is correct, take the following steps:

D Remove the top cover by loosening the threaded screws securing it the main
chassis.

D Inspect the two power transformer input terminals to verify parallel connection of
the primary winding for 115VAC operation. 230VAC operation requires cross-con-
nection of the primary winding. Refer to Section 6 for the proper connections.

D Remove the line fuses on the rear panel (F103/F104) and check for the correct
value: 1.0 ampere rating for 115VAC line input operation and 0.5 ampere rating for
230VAC line input operation.

D Replace the top cover and the line fuses.

[ Atter checking the power cord for cuts or fraying, insert the three-pin circular con-
nrector into J123 on the rear panel and secure by screwing on the threaded ring.
DO NOT CONNECT TO THE POWER SOURCE.



25 Mechanical Installation
The exciter is equipped with a standard 19-inch (48.3cm) wide front panel for installation
in a standard equipment rack. The exciter can be installed in the cabinet in one of two
configurations.

2.5.1 Panel Mount
The exciter can be installed in the rack and held in place with four screws and washers
supplied in the loose items package. In this configuration, which is standard for the
MMX-4, the exciter is not equipped with chassis slides.

2.5.2 Chassis Slide Mount
The exciter can be supplied with extension chassis slides that are securely fastened to
the side plates of the exciter. Each side plate is provided with mating sections designed
to be installed in the equipment operating cabinet. This method facilitates the servicing
of the exciter by allowing the chassis to be pulled out from the operating cabinet on
tracks for better access to the top and bottom sections. Either tilt or non-tilt slides can
be provided depending on customer preference. The tilt slides allow the exciter to be
rotated 90 degrees up or down when fully extended.

2.6 Final Inspection

The final inspection procedure consists of a visual and mechanical check of the exciter
to verify that it is ready for operation.

The following steps should be followed to complete the final inspection:
D Ensure that all dust and foreign matter is removed.

D Ensure that all external controls are operating properly.

D Check for loose hardware, handles and knobs.

D Verify that all covers are positioned correctly and secure.

D Check all exterior surfaces for correct finish and absence of marks or scratches.



Section 3 - Operating Instructions

3.1 Initial Check-out Procedures

Although the exciter was aligned and thoroughly checked against TMC’s specifications
prior to shipment, it is necessary to insure correct installation and proper operating
conditions by performing the following checkout procedures. Referto Figures 3.1A and
3.1B for the location and functions of all operating controls, connectors and indicators.
If an obvious malfunction is detected, refer to Section 5 - Maintenance Instructions for
proper corrective action.

The following test equipment is required for the initial checkout of the exciter:

Audio Oscillator Hewlett Packard 220CD or equivalent

3.2 CW Checkout Procedure
D Set the STBY/OPP switch (9) to STBY (Standby).

D Connect a source of 115VAC line power (or 230VAC if the exciter is wired for this
rating) to connector J123. The READY prompt will appear on the front panel dis-
play (13) after a short delay.

] Connecta 47-ohm, 2-watt non-inductive load resistor to the RF output jack J118.
D Rotate the RF output control (1) downward to minimum output.

] STBY/OPP switch (9) to OPP (Operate). The ready prompt will appear on the
front panel display (13) after a short delay.

D Select the keypad (10) switch marked TST and cycle each position on the keypad
while observing the display (13). The display will indicate that each button is work-
ing properly by indicating the position selected on the front panel display. Ex-
ample: Press the MOD keypad button and the characters MOD will be displayed.
When all positions of the keypad have tested properly, selection of the enter posi-
tion will terminate the initial test of the internal microprocessor and place the ex-
citer in the enter mode. If too much time elapses in entering a new program, the
exciter will revert to the last entry.

D Using the Keypad (10) entry switches on the front panel, set the output frequency
to 29.9999MHz and press the ENT key.



Note: See Tables 3-1 and 3-2 for an explanation of call-outs below.
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Figure 3.1A - Front Panel Controls and Terminations

Figure 3.1B - Rear Panel Controls and Terminations




TABLE 3.1 Rear Panel Controls and Terminations

Index Control Function
F101 +5 volts Controls continuity for +5 volts
F102 +12V/+24V/ + 28V Controls continuity for +5V/+24V/+28VDC
F103 LINE FUSE Controls continuity of power
1.0 ampere rating for 115VAC
0.5 ampere rating for 230VAC
F104 LINE FUSE Same as F103
J105 ALDC Controls internal ALDC voltages
J112 EXT STD INPUT Provides for input of an external 1MHz standard
J114 INT STD OQUTPUT Provides for output of the 1MHz standard
J118 RF OUTPUT Provides the exciter RF output signal
J119 RF MONITOR Provides the output monitor signal
J121 AUDIO AND CONTROL Termination for audio and control lines
J122 REMOTE Termination for remote data lines
J123 AC LINE INPUT Termination for AC power line input
TABLE 3.2 Front Panel Controls and Indicators
Control Function

RF OUTPUT (1)
METER SWITCH (2)
USB (2A)
LSB (2B)
RF (20)
LSB GAIN (3)
USB GAIN (4)
LSB SOURCE (5)
USB SOURCE (6)
USB MIKE IND (7)
LSB MIKE IND (8)
OPERATE/STDBY (9)
KEYPAD (10)
MIKE/KEY JACK (11)
MONITOR METER (12)
DISPLAY (13)

Adjusts RF output power level

Selects internal circuits to be monitored on front panel meter
Controls monitoring of the USB audio inputs

Controls monitoring of the LSB audio inputs

Controls monitoring of the RF output level

Adjusts level of LSB audio input

Adjusts level of USB audio input

Selects line or microphone input to the LSB circuits

Selects line or microphone input to the USB circuits

Indicates USB audio source switch in microphone position
Indicates LSB audio source switch in microphone position
Toggle switch for selecting operating conditions

Enables digital entry of output frequency and operating modes.
Input jack for 47K-ohm microphone and dry contact CW keyer.
Monitors circuit function as selected by meter switch 2A-2C.
Indicates the current operating parameters of the exciter.



D Using the keypad entry switch marked MOD, toggie through the operating modes
until CW operation is indicated on the front panel display (13) and then press the
ENT key.

D Place a ground on the rear panel connector pin P121-22 [EXTERNAL PTT] and
pin P121-21 [KEY]. These grounds may alternately be placed on the front panel
mike jack (11) pin P206-2 [PTT] and pin P206-3 [KEY].

D Position meter switch (2) to the RF position.

D Monitor meter (12) will indicate zero with the RF output control (1) at minimum
[fully downward].

D Adjust the RF output gain control (1) for a minimum indication of 0.1 watts as indi-
cated on the front panel meter (12).

D Select 15.0000MHz as the output frequency and repeat (12).

D Select 2.0000MHz as the output frequency and repeat (12).

3.3 SSB Checkout Procedure

D Using the keyboard entry switch marked MOD, select the ISB position and press
ENT.

D Using the keypad entry switch marked CAR, select full carrier suppression
[-55dB] and press ENT.

D Set the USB and LSB gain controls (4 and 3) downward to minimum levels.

D Connect the audio generator to the USB 600-ohm terminal pins J121-g and J121-
5. Set the audio generator frequency to 1000Hz (1KHz) at 1.0 volts RMS.

D Set meter switch (2) to USB (2A) and adjust USB gain control (3) for an indication
of 2/5 full scale on the monitor meter (12).

D Place the meter switch (2) to monitor RF (2C). Adjust the RF gain control (1) for
an output of at least 0.1 watts as indicated on the front panel meter (12).

D Without changing the RF gain control previously set, adjust the USB gain control
(3) to minimum [fully downward] and toggle the CAR position on the keypad (10)
to display -6dB of carrier suppression while monitoring the front panel meter (12)

inAi i PR PO I Ca_an
for an indication of approximately 0.025 waiis.
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nect the audio generator to the LSB 600-ohm terminal pins J121-1 and J121-

n
Set the audio generator frequency to 1000Hz (1KHz) at 1.0 volts RMS.

[] o set meter switch (2) to LSB (2C) and adjust LSB gain control (3) for an indica-
tion of 2/5 full scale on the monitor meter (12).

L] 1o. Without changing the RF gain control previously set, adjust the LSB gain con-
trol (4) to minimum [fully downward] and toggle the CAR position on the keypad
(10) to display -6dB of carrier suppression while monitoring the front panel meter
(12) for an indication of approximately 0.025 watts.

D 11. Place the exciter in STANDBY condition and remove all test equipment.
Remove power from the exciter.

3.4 Operating Procedures

The following procedure should be followed when placing the exciter in operation.

VERIFY THAT THE STANDBY/OPERATE SWITCH (9) IS IN THE STANDBY POSITION.

3.4.1 Initial Interconnect Procedure

] Connect the 115VAC (or 230VAC if wired for that rating), 50/60Hz, single-phase
power line source to the exciter rear panel connector J123.

] Complete the necessary interface connections from the rear panel connnectors to
the power amplifier input; the audio/keying units; and the optional remote control
units.

D Turn the RF OUPUT control (1) fully downward before selecting different modes
of operation.

3.4.2 Single Sideband Operation

The following procedure should be followed for single sideband operation with any
degree of carrier suppression.

[ setthe STBY/OPP switch (9) to the OPP position. After approximately one
second, the front panel display will indicate the "READY" prompt and the exciter
may be tested or programmed to operate. The READY indication will extinguish
after a few seconds, blanking display until data is entered.

D Select the desired sideband by toggling the mode switch to indicate the desired
sideband on the front panel display.

[] set the meter switch (2) to monitor the audic input level of the desired sideband.



3.4.3

3.4.4

D Connect a microphone to the front panel MIKE jack if used.

D Adjust the MIKE/LEVEL control of the sideband used - control (3) for LSB or con-
trol (4) for USB - to the appropriate level as indicated on the meter (12). DO NOT
ENTER THE RED REGION ON THE METER. When the mike input is used, adjust
the level so as not to exceed the red region with the highest input from the
microphone.

D Select the desired carrier suppression level by depressing the CAR key on the
keypad (10) until the desired amount of suppression is indicated.

L] set the meter switch (2) to the RF position (2C).

Independent Sideband Operation

The following procedure should be followed for independent sideband operation with
any degree of carrier suppression.

[ set the STANDBY/OPERATE switch (9) to the OPERATE position.

D' Set the USB (4) and LSB (3) MIKE/LINE controls to the zero position [fully
downward].

D Select the "ISB" mode position by toggling the MDE button on the keypad (10).

[ set the meter switch (2) for monitoring the LSB audio input level. Adjust the
LINE/MIKE LSB control for a meter (12) indication up to but not exceeding the red
region.

D Repeat the previous step for the USB input.

D Set the meter switch (2) to the RF position (2C) and adjust the RF OUPUT control
for the desired level of RF output as indicated on the meter (12).

Conventional AM Operation

The following procedure should be followed for conventional AM operation of the exciter.
[ set the STANDBY/OPERATE switch (9) to the OPERATE position.

D USB (6) and LSB (5) source switches are set to the line position when using either
the USB or LSB 600-ohm input so that the microphone indicator is OFF. When
using the MIKE jack input on the front panel, place the USB/LSB source switch to
the MIKE position, illuminating the indicator. Either USB or LSB line or MIKE
audio may be used.

[ Toggie the MDE button on the keypad (10) to the "AM" position.



D Connect a microphone to the MIKE jack (if used).

] Adjust the MIKE/LINE control of the sideband used to the appropriate level on the
meter (12).

D Set the meter switch (2) to the RF position (2C). Vary the RF OUPT control for the
desired level of RF output as indicated on the meter (12).

3.4.5 Frequency Shift Teletype Operation
The following procedure should be followed for frequency shift teletype operation.

D Connect the external dry contact keyer to terminal pins J121-16 and J121-18. Ifa
teletype unit is used, connect to the FSK terminal pins J121-24 and J121-25.

[ setthe STANDBY/OPERATE switch (9) to OPERATE.

[] Toggle the MDE button to indicate "FSK" on the display.
] Add jumpers for the proper F/S loop type and shift values.
D Add jumper for the desired sense ("+" or "-").

[] set the meter switch (2) to the RF position (2C). Adjust the RF OUTPUT control
for the desired RF outpuut level as indicated on the meter (12).

3.4.6 Facsimilie Operation
The following procedure should be followed for facsimilie operation. See Figure 3.2.
D Connect the FAX machine to connector pins J121-7 and J121-23.
[ setthe STANDBY/OPERATE switch (9) to the OPERATE position.
D Advance the MDE button to indicate "FAX" operation.

D Set the meter switch (2) to RF and adjust the RF OUPUT control for the desired
level as induicated on the meter (12).

3.4.7 CW Telegraphy Operation
The following procedure should be followed for CW telegraphy operation.
[ setthe STANDBY/OPERATE switch (9) to the OPERATE position.
D Advance the MDE switch to "CW" operation.

[ |
LI Connect the key to the inoput jack (1 1) on the front panel or to the key input ter-
minals TB104-6 and TB104-21. PTT line must be grounded.
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3.4.8 Shutdown Procedure

To discontinue the exciter operation, simply set the STBY/OPP switch to the STBY
position and disconnect primary power from J123 on the rear panel.



Section 4 - Principles of Operation

4.1 Introduction

This section presents the theory of operation for the MMX-4 exciter and is divided into
several sections. The first section describes the overall operation of the exciter on a
functional level. The following sections describe each one of the component boards
which generate each of the exciter functions. The discussions are based on simplified
block and signal flow diagrams. Within each section, discussions refer to interconnect
and schematic diagrams that are contained in Section 6 of the manual.

4.2 Functional Block Diagram Description

4.2.1 General

The MMX-4 exciter provides amplitude modulated A3 (AM) operation; amplitude modu-
lated equivalent A3H (AME) operation; single sideband, suppressed carrier A3A,A3J
(USB and LSB) operation; continuous wave A1 (CW) operation; frequency shift keyer F1
(FSK) operation; and facsimilie F4 (FAX) operation. Both FSK and FAX capability are
optional. The RF output appears in the 2.0-29.9999MHz range, with operation as low as
400KHz at reduced output. Each frequency is selectable in discrete 100Hz increments
by means of a keypad input on the front panel assembly. The exciter contains a spectrum
generator; five tuned comb filters; five cascaded frequency counters (synthesizers); a
final mixer (synthesizer); a "x2" multiplier; a “x5" multiplier; two sideband generators; a
carrier generator and AM amplifier; a frequency shift generator; a converter (3MHz
generator); a multiplier-mixer; an RF translator; and RF output amplifier; a front panel
assembly consisting of a control microprocessor, keypad assembly, and microphone
preamplifier; a power supply assembly; and a 1MHz standard and switch assembly. The
following paragraphs provide brief descriptions of each of these sections.

To produce RF output frequencies in the range of 2MHz to 29.9999MHz (or 400KHz to
29.9999MHz at reduced output power), the exciter generates many RF frequencies. All
ofthese frequencies are derived from the 1MHz reference signal. For the purpose of this
discussion, the generation of output carrier and sidebands is divided into six sections:

Reference standard and spectrum generation
Generation of the 0.1/1/10KHz integers

Generation of the 100KHz integer

Generation of the 1 and 10MHz integers
Generation, keying and modulating of the subcarrier
Translation and amplification of the RF output signal
One MHz (1MHz) Reference Standard and Switch

NOOpON A

Refer to Figures 4.1A and 4 1R for the Functional Block Diagram of the exciter and to
Figure 4.2 for a schematic of the direct frequency synthesis scheme.
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Figure 4-2



4.2.2

4.2.3

4.2.4

1MHz Switching Standard

This circuit (Z002) generates a 1MHz standard reference frequency that is used for
generating all the primary reference frequencies created in the exciter. A highly stable
temperature-compensated crystal oscillator is employed for stability and efficiency. The
1MHz standard signal is buffered, gated, amplified and then distributed to several card
assemblies for further processing. An input is available at the rear panel for an external
standard frequency. A sensing circuit monitors the level of the external standard
frequency; if it should drop below 0.7vRMS, switching logic will receive an external
standard override signal and automatically direct the 1MHz, amplifying and shaping
circuits to the internal standard. This ensures that a reference standard signal will be
immediately available to the exciter if the external standard signal is lost or of improper
amplitude.

Spectrum Generator

This circuit (Z104) derives several discrete frequencies used for conversion and modula-
tion in the exciter. The 1MHz standard frequency is first clipped and amplified and then
sent to a 1MHz spectrum generator where it is squared. This squared output contains
harmonics of the 1MHz fundamental for use in the comb filters. This 1MHz signal is rich
in harmonics for generation of three other discrete frequencies: 8MHz, 20MHz and one
of four discrete frequencies in the set 9, 10, 11 or 12MHz. The 8MHz output is applied
to the synthesizers and mixer sections as the fundamental input frequency; the 20MHz
output is coupled to the multiplier/mixer assembly for further multiplication; and the
9-12MHz generator section, through the action of the switching transistors, provides the
correct fundamental input frequency to the MHz synthesizer for determination of the
correct MHz integer. The control signals for the correct switching of the 9-12MHz circuits
are generated by the microprocessor assembly in accordance with the desired output
frequency selected on the front panel keypad.

0.1/1.0/10/100KHz and MHz Tuned Comb Filters

These circuits (Z107-Z111) generate ten discrete output frequencies from 1.0 to 1.9MHz
in 100KHz steps. To accomplish this, the tenth through nineteenth (10th-19th) harmonic
of the 1MHz spectrum is applied to "High-Q" varactor-tuned filter/amplifier stages which
select the correct harmonic of the 1MHz spectrum input. A DC varactor tune voltage is
supplied to tune the comb filter stages to the correct 1MHz step, as indicated by the
0.1/1/10/100KHz integer entered on the front panel assembly. The 10-19MHz signal is
then divided by ten to yield 1.0-1.9MHz which is then applied to the corresponding
synthesizer.

Although all five comb filters are electronically identical, the tuning procedure for the MHz
filter is different and cannot be interchanged with the other comb filters.



4.2.5

4.2.6

4.2.7

0.1/1/10KHz Synthesizers

These circuits (Z101/Z2102/Z103) consist of three frequency channels that can be con-
sidered a cascaded frequency counter. Each channel is controlled by a DC varactor
tune voltage supplied by the front panel assembly to determine the appropriate 100s,
1000s and 10000s integers of the desired output frequency. Inthe 100Hz channel, 8MHz
from the spectrum generator is then modulated by the 1MHz input to yeild a basic
frequency of 9MHz. This frequency is then mixed with the 1.0-1.9MHz input from the
100Hz tuned comb filter. The 100KHz step selected by the tuned comb filter will
correspond to the integer selected. This mix produces a sum frequency of 10.0-10.9MHz
which is divided by ten to yield a 1.00-1.09MHz input to the next synthesizer. By
modulatingthe 8MHz input to each successive channel with the net output of the previous
channel and the desired frequency from the next higher frequency select position, a final
output of 1.000-1.999MHz results. The last three integers represent the least significant
three decimal places in the selected output frequency.

Final Mixer

This circuit (Z106) provides the 100KHz digit and also mixes the 3MHz signal from the
3MHz generator with the 10.0000-10.9999MHz created in the synthesizer section of the
final mixer. Generation of the 100KHz step frequency supplied by the 100KHz tuned
comb filter is identical in operation to the 0.1/1.0/10KHz synthesizers. The output of the
10KHz synthesizer is mixed with 8MHz from the specturm generator to yeild 9.000-
9.999MHz to be mixed with the output of the 100KHz tuned comb filter which produces
a 10.0000-10.9999MHz IF frequency. This 10.0000-10.9999MHz IF is not divided by ten
as in the previous synthesizers but is instead modulated with a 3MHz carrier generated
in the modulating circuits of carrier generator 2115, sideband generator Z004 and the
3MHz generator. Through varactor tuned amplifier stages, this creates a 13.0000-
13.9999MHz IF frequency that is modulated by the four least significant integers selected
on the front panel assembly and any modulated audio intelligence.

MHz Synthesizer

Along with the step frequency provided from the MHz tuned combfilter, this circuit (Z105)
provides for the generation of the MHz digits. The operation of the MHz tuned comb
filter is identical to that of the 0.1/1.0/10KHz tuned comb filters previously described. The
operation of the MHz synthesizer is similar to that of the 0.1/1.0/10KHz synthesizers. The
fundamental reference frequency, unlike the previous synthesizers, is one of four discrete
frequencies. Either9, 10, 11 or 12MHz is modulated by a 100KHz step frequency applied
from the MHz tuned comb filter Z111. The shifting of the 9, 10, 11 or 12MHz to one
continuous successive frequency range under control of the 1 and 10MHz frequency
select input positions on the front panel assembly thereby derives the two most sig-
nificant digits of the desired output frequency The final mixer code does not contain a
divider circuit and therefore its output is over a larger frequency range. This creates a
10.3-13.2MHz IF frequency that is applied directly to the x2 amplifier for frequency
multiplication. Determination of the correct fundamental frequency is accomplished in

£. A
the front p’""' °SSC"‘-b!‘,’ as described inthe reference and spectrum gen ieration section.

(See Table 4-1 for Frequency Multiplication Scheme).



Table 4.1

Frequency Multiplication Scheme

MHz Position fo Reference  100KHz Tune Control  MHz Output
0 12 1.3 8.16 13.3
1 12 1.2 8.16 13.2
2 12 1.1 8.16 13.1
3 11 2.0 8.16 13.0
4 11 1.9 6.85 12.9
5 11 1.8 6.85 12.8
6 11 1.7 6.85 12.7
7 11 1.6 5.58 12.6
8 11 1.5 5.58 125
9 11 1.4 5.58 12.4
10 11 1.3 453 123
11 11 1.2 453 12.2
12 11 1.1 453 12.1
13 11 2.0 3.58 12.0
14 10 1.9 3.58 11.9
i5 10 1.8 3.58 11.8
16 10 1.7 2.71 11.7
17 10 1.6 2.71 11.6
18 10 1.5 2.71 11.5
19 10 1.4 2.06 11.4
20 10 1.3 2.06 11.3
21 10 1.2 2.06 11.2
22 10 1.1 1.52 11.1
23 9 2.0 1.562 11.0
24 9 1.9 1.52 10.9
25 9 1.8 0.95 10.8
26 9 1.7 0.95 10.7
27 9 1.6 0.95 10.6
28 9 1.6 0.50 10.5
29 9 1.4 0.50 10.4



4.2.8

Carrier Generator

This circuit (Z115) receives a 1MHz standard frequency input from the spectrum
generator assembly, which is supplied to both the 250KHz and 2.750MHz frequency
generation circuits. In the 250KHz channel, the 1MHz input is divided by four to derive
the basic 250KHz subcarrier frequency. A control ground input from the front panel
assembly is applied to enable the generation of the 250KHz subcarrier output signals.
In the CW mode, a key ground is supplied to interrupt the enable and insert the 250KHz
subcarrier at the key rate, thereby producing a 250KHz subcarrier CW output. The output
is distributed to various sections on the carrier generator. The 2.750MHz channel
produces an RF output by dividing the 1MHz input by four and then multiplying the
resultant by eleven, which is then filtered to derive the 2.750MHz translation frequency.
Note that 2.750MHz will only be present when a control ground enables the 250KHz
subcarrier circuits. When in FSK or FAX operation, the 250KHz subcarrier and the
2.750MHz channel signals are not required. These signalsare turned off when the control
ground enable is removed from the 250KHz circuits. Since the 2.750MHz signal is
derived from the 250KHz subcarrier, it will also be removed. The AM amplifier section,
consisting of an audio amplifier and mixer circuits, develops an amplitude modulated
250KHz signal in the AM mode of operation. Inthe AM mode, the USB and/or LSB audio
is routed to the audio amplifier stage and then to the mixer. The resultant amplitude
modulated 250KHz signal is routed to the converter section of the 3MHz generator.

Carrier reinsertion is controlled through the application of a control ground applied to
one of three carrier reinsertion control inputs. If no control ground is present on any of
the reinsertion inputs, full carrier suppression will result. A tune ground signal normally
supplied from the associated transmitter automatically switches the exciter to the CW
mode regardless of the mode of operation selected on the front panel.

The sideband generator includes both upper and lower sideband which are similar in
configuration and operation. The exception is the tuned frequency of the USB and LSB
amplifier circuits. When a microhpone is used, microphone audio from 300Hz to 6700Hz
is applied to the microphone preamplifier circuit on the keyboard motherboard assembly
and then to the USB/LSB front panel audio select switches where it is applied to both
upper and lower sideband amplifier circuits. Similarly, 600-ohm line audio from 350Hz
to 6700Hz is applied to the front panel USB/LSB select switches. The select switches
determine whether line or mike audio input will be applied to the front panel USB/LSB
audio level control. Inthe AM mode, the audio input is coupled to the carrier generator
for amplitude modulation of the RF AM carrier. The SSB modulation section of the
sideband generator accepts both a 250KHz subcarrier and USB/LSB audio via the front
panel level adjusts. These two signals are applied to a balanced modulator to derive the
upper and/or lower sideband intelligence. The 250KHz subcarrier is suppressed. The
resulting USB and/or LSB signals are applied to the mode switching network and are
then routed to the converter section of the 3MHz generator.



4.2.9

4.2.10

4.2.11

4.2.12

3MHz Generator

This circuit (Z003) contains two sections: the frequency shift buffer section and the
converter section. The frequency shift generator section provides input buffering of the
frequency shift (option) or facsimilie section (option) created in the frequency shift
assembly (Z117). The converter section modulates the 2.750MHz carrier signal with the
selected modulation signal (250KHz AM, USB, LSB, ISB or CW from the carrier and
sideband generator boards). The modulated 3MHz sum signal is amplified and then
applied to the final mixer assembly (Z106).

Multiplier/Mixer

This circuit (Z122) performs the function of producing an output frequency of 133.0000-
133.9999MHz that is generated from the 20MHz primary reference signal applied from
the spectrum generator assembly (Z104) and the 13.0000-13.9999MHz signal from the
final mixer assembly (Z106). The 20MHz reference signal is first multiplied by a factor of
two and amplified to yield 60MHz. Itis then multiplied again by two and amplified to yield
a 120MHz primary reference injection frequency. This 120MHz signal is then modulated
with the 13.0000-13.9999MHz to produce 133.0000-133.9999MHz which is then applied
to the translator assembly (Z123).

"x2" and "x5" Amplifiers

The operation of the "x2" amplifier (Z124) and "x5" amplifier (Z125) circuits is similar,
differentiated only by the multiplication factor. The x2 multiplier assembly receives the
10.4-13.3MHz signal from the MHz synthesizer assembly (Z105) and through the action
of varactor-tuned amplifierffilter circuits, multiplies the selected input frequency to an
output frequency range of 20.8-26.6MHz. This is then applied to the x5 multiplier which
yields an output opf 104-133MHz to be applied directly to the translator assembly (Z123).
In order for the x2 and x5 multipliers to select the correct harmonic of the input frequency,
a DC varactor tune voltage is supplied from the control microprocessor in the front panel
assembly.

Translator

This circuit (2123) performs the function of producing a 400KHz-29.9999MHz output
signal by subtracting the 104-133MHz (applied from the x5 multiplier assembly) from the
133.0000-133.9999MHz developed in the multiplier/mixer assembly (Z122). Adifference
output signal results in the range of 400KHz to 29.9999MHz. In addition, a DC control
voltage developed across RF output control potentiometer on the frfont panel assembly
is applied to a varistor attenuator circuit which offers RF output gain control. In remote
operation, this DC voltage may also be applied to the remote gain input rear panel audio
and filter connector (J124). The output of the translator assembly is enabled by a ground
applied from the PTT line. This PTT line ground is supplied from either the front panel
mike jack, the rear panel audio input filter jack, or the control microprocessor in the front
panel assembly.



4.2.13

4.2.14

4.3

4.3.1

4.3.2

Power Supply

This circuit operates from either 115VAC or 230VAC when the power transformer is
properly wired. The power supply outputs are regulated voltage of +24VDC and
+5VDC, and unregulated voltage of +28VDC for operation of the exciter circuits. The
regulated voltage are both applied the exciter circuits through the front panel STBY/OPP
switch, while the +28VDC unregulated supply output is applied directly to the 3MHz
frequency standard and the RF output assembly.

Control Microprocessor

This integrated assembly accepts frequency and mode control information from the front
panel keypad assembly and controls display of the current operating parameters, DC
control voltages for the varactor-tuned circuits throughout the exciter, and control
grounds.

MHz Standard and Switch
General Description

The 1MHz standard and switch assembly (Z002) generates an internal 1MHz reference
frequency, looks for and/or selects an external reference frequency, amplifies, and
buffers the 1MHz standard reference frequency. The assembly contains a 1MHz
temperature-compensated crystal-controlled oscillator that offers four parts in 107 per
day basic accuracy. The switching portion of the assembly is automatically controlled
by the action of a quadruple two-input, positive nand gate.

Detailed Description

With the 1MHz standard output from the TCXO coupled to the base of transistor switch
Q1, CR1 maintains a positive voltage of 0.7VRMS and maintains a constant input level
to the base of Q1. The collector output of Q1 is then applied to Z2 which is pre-
programmed to look fora 1MHz external reference signal at pin B. If an external reference
signal is applied to pin B at a sufficient level to turn on Q2 (0.7VRMS), the external
standard signal will be applied to the external detect circuits of transistor Q3. A voltage
is developed across CR3 sufficient to turn on external detect transistor Q3 which places
a ground on pins 2 and 13 of Z1. This will force selection of the external reference
frequency instead of the internally generated reference frequency. The output of pin 6
of Z2 is then coupled to two tuned collector transistor amplifiers Q4 and Q5. The tuned
collector output of Q5 is developed across the secondary of T1 and level adjust R16, and
then applied to the carrier generator assembly (Z115) and the 100Hz synthesizer (2107).
An additional 50-ohm output from the T1 secondary is applied through Pin D and is
available at the 1TMHz output jack (J114) for external use. The standard reference
frequency is also applied to the base of Q5 and then developed across the secondary
of T2 and level adjust R21. The output signal at Pin J is then applied to the 1MHz spectrum
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4.4

4.4.1

4.4.2

Spectrum Generator

General Description

The spectrum generator is used to develop six different fundamental RF output frequen-
cies which are all derived from a stable 1MHz standard frequency developed in the 1MHz
standard and switch assembly (Z002). These six frequencies are the 1MHz spectrum,
8MHz, 20MHz, and one of four discrete frequencies (9, 10, 11 or 12MHz). The 9-12MHz
generator section consists of four high-Q varactor-tuned amplifier sections. Tuning is
further controlled by four transistor switches which enable two preset potentiometers.
One potentiometer is used to control the input gain of the first amplifier to maintain a
smooth frequency response and the other is set for the correct varactor tune voltage for
the selected fundamental frequency.

Detailed Description

The 1MHz applied from the 1MHz standard and switch assembly (Z002) is coupled
through capacitor C58 to the input of the 1MHz square-wave generator Q6. This stage
essentially reacts as an overdriven amplifier. The output square-wave is coupled through
C39 and is amplified by 1MHz spectrum output amplifier Q5. This output signal consists
of the 1MHz fundamental frequency plus harmonics, and is applied to each of the
reference generator sections on the assembly. The collector output of Q3 is also applied
to the 1MHz spectrum amplifier Q19 for further amplification. It is then output through
Pin 10 to the tuned comb filter assemblies (Z107-Z111).

9-12MHz Generator Circuits - One of four discrete frequencies is created for use in the
1MHz synthesizer (Z005). Since the DC control of the "bandswitching transistors" is the
same for all four frequencies, only the SMHz signal will be used for this discussion. With
the MHz position on the front panel assembly in any frequency position except 23-
20MHz, transistor switch Q1, which is normally enabled, places a ground at the input to
the adjustable voltage divider at the collector of Q1. This enables use of another voltage
divider to set the peak response of the 9-12MHz generator circuits to the correct
reference frequency as determined by front panel control.

High-Low Switch - With the MHz position of the front panel assembly set between 23MHz
and 19MHz, a control ground from the front panel assembly is placed at the base of
transistor switch Q1. With the collector output of Q1 high, a DC voltage is developed
across gain potentiometer R83 and varactor-tune control potentiometer R4. R83 level is
set so that the 9MHz output level can be adjusted to the same level as the other three
reference frequencies. R4 is set to develop the correct amount of varactor DC tune
voltage for the varactor-tuned output stages of Q7, Q8, Q9, Q10 and Q11.

20MHz Generator Circuits - The 20MHz generator is a sharply tuned filter/amplifier circuit
designed to amplify the 20th harmonic of the 1MHz spectrum input signal. Due to the
sharply-tuned resonate circuits, all other harmonics are filtered to provide a harmonic-
free reference frequency of 20MHz. Q14, Q15, Q16 and Q17 are conventional tuned
drain FET amplifiers. The filtering action of each tuned output stage is progressive
through the circuit. Due to the loose coupling between stages and the sharp tuning of
the filtered outputs along with the relatively low level of the 20th harmonic compared to



the fundamental, loss must be compensated for through the gain of FET amplifiers
Q14-Q17. The tuned drain output of Q17 is loosely cotipled to the base of 20MHz
amplifier Q18. The output of Q18 is then developed across the secondary of tuned
transformer T15 which further filters the 20MHz signal and converts to the proper output
impedance. Withthe output of the secondary of T15 coupled directly to the 20MHz level
adjust potentiometer R74, the 20MHz operating level may be set. The 20MHz signal is
then coupled through a short jumper to Pin 9 to be applied to the multiplier mixer
assembly (Z122).

8MHz Generator Circuits - The 8MHz generator circuit consists of one tuned drain FET
amplifier and one conventional transistor amplifier. Selection of the eighth harmonic of
the 1MHz reference frequency is the same as explained in the 20MHz generator section
of the spectrum generator. Due to the relatively high level of the eighth harmonic and a
lower output level requirement, only one FET amplifier is required to achieve a satisfac-
tory output level. With the tuned collector output of Q13 coupled to the 8MHz level set
control, as in the 20MHz generator circuits, the output level of 8MHz is set and coupled
to Pin 7 and applied to synthesizers and final mixer assemblies.

4.5 Tuned Comb Filters (0.1/1.0/10/100MHz)
4.5.1 General Description

To create a 1.0-1.9MHz step frequency in discrete 100KHz steps, the tuned comb filters
must first select the 10th-19th harmonic of the 1MHz spectrum and then divide by a factor
of ten to yield the output frequency range of 1.0-1.9MHz (1.1-2.0MHz in the MHz tuned
comb filter). Operation of the tuned comb filters is essentially the same except that the
selectable output range of 1.1-2.0MHz is used instead of the 1.0-1.9MHz generated in
the MHz tuned comb filters. A five stage amplifierffilter circuit employing high "Q"
varactor-tuned amplifiers develops the desired step frequency in 100KHz increments.
Frequency agility is provided by a DC varactor tune voltage supplied by the microproces-
sor in accordance with the operating frequency selected on the front panel keyboard.

4.5.2 Detailed Description

A brief discussion follows on the operation of the various varactor-tuned stages with
special attention given to the operating parameters of abrupt junction varactor diodes.

Most silicon diodes exhibit some amount of change in diode junction capacitance as the
reverse bias applied to them is varied. A varactor diode simply takes advantage of this
principle. Varactor tuning occurs across the depletion region and is mainly due to
majority carriers in both regions moving away from the junction and producing a
depletion region. This region may be varied by reverse bias voltage. This affects a
change in junction capacitance and therefore a change in total capacitance. Referring
to Figure 4.3, G; represents a varactor diode junction capacitance and Rp represents
bulk resistance. The "Q" of the varactor is determined not only by diode junction
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Capacitance but alsc by the bulk resistance for a given frequency (Q=X/R). Varacior
diodes are relatively sensistive to changes in their supply voltage and therefore



Cj

i

Rb

Figure 4.3 Varactor Diode Junction Representation

OUTPUT TO
NEXT STAGE
- 7
\
>
> Re
3 cv
g = > Ri
? 330K
N TUNE CONTROL
DC TUNE CONTROL ra :R:s T0
FROM MICROPROCESSOR K K EXTSTAGE
> R o0 AA- : AA—N S

Figure 4.4 Varactor-tuned Stage




require heavy power supply regulation to assure stability. A pre-regulated +24VDC
supply voltage is applied to a 12.0VDC zener diode on each of the RF assembiies
containing varactor diode stages. Referring to Figure 4.4, which is a typical varactor-
tuned stage in the exciter, the collector output signal at Q1 is developed across the
parallel resonate circuit consisting of C1 and T1. Depending on the particular function
of the circuit, the output is loosely coupled to the next stage. Capacitor C3 serves as a
DC blocking capacitor which does not affect the tuning of the parallel resonate circuit
dueto its low value of capacitive reactance. Resistor R1 serves toisolate the tuned circuit

from the other varactor-tuned stages controlled by the same tune line.

With the 1MHz spectrum applied to Pin B and coupled to Gate 2 of FET amplifier Q1, the
tuned drain output of Q1 is developed across tuned transformer T1 and varactor diode
CV1. This forms a frequency agile parallel resonate circuit that selects the proper
harmonic frequency of the 1MHz spectrum signal as determined by the microprocessor
from the desired operating frequency entered on the front panel keypad. Witha 0, 1 or
2 digit entered on the associated frequency select positions on the front panel keypad,
acontrol ground applied at Pin 5 is removed by the microprocessor. Switching transistor
Q12 is biased on, which then provides a low impedance path for C4 to ground. This
places C4 in parallel with the resonate circuit T1-CV1. This allows for a smoother
frequency response across the 10-19MHz frequency range in the filter/ampilifier circuits
of the tuned comb filter. Four of the five stages are identical with each stage exhibiting
approximately the same amount of gain. The last stage consisting of transistor Q5, tuned
transformer T5, and varactor diode CV5 is biased to achieve a larger gain figure than the
four previous stages. The 10-19MHz signal at the secondary of T5 is coupled through
coupling capacitor C44 to the base of the driver transistor Q7 which performs two
functions: squares the 10-19MHz signal and lowers the impedance of the 10-19MHz
signal. The proper level of forward bias required for squaring of the signal in Q7 is set
through level set R40. The emitter output of Q7 is applied directly todivide-by-tendecade
Z1, producing the resultant frequency range of 1.1-1.9MHz (1.1-2.0MHz for the MHz
tunedcomb filter). This is then applied to a low pass filter and shaping circuit consisting
of RF chokes (L7, L8) and capacitors (C48-C50). The resultant sinusoidal output is
developed across level set R51 and coupled to output Pin 4 to be applied to the
associated synthesizer (See Table 4-2 and 4-3 for Varactor Tune Voltages).

Synthesizers (0.1/1.0/1 0KHz)
General Description

The synthesizers are essentially frequency shift modulators. Their prupose is to shift a
basic 8MHz input signal such that a frequency component or step frequency - as input
to the front panel keypad - is generated, representing the hundreds, thousands and ten
thousands digits. The circuits accomplish the task of shifting the fundamental 8MHz
through the use of varactor tuned, balanced modulator and amplifier circuits. Because
the circuit configuration and principle of operation is the same for each synthesizer, only
the 100Hz synthesizer will be discussed.



Table 4.2

Varactor Tune Voltages (0.1/1.0/10/100KHz Comb Filter)

Frequency (MHz) Leve (Pin 5)I Tuning VDC (Pin 6)
10 Low 0.25*
11 Low 2.1
12 Low 8.0
13 High 0.25
14 High 0.7
15 High 1.3
16 High 23
17 High 3.5
18 High 5.0
19 High 7.2

* [nitial tuning voltage

Table 4.3

Varactor Tune Voltages (1MHz Comb Filter)

Frequency (MHz) Level (Pin5)  Tuning VDC (Pin 6)
13 Low 9.5
12 Low 3.0
11 Low 0.7*
20 High 6.7
19 High 4.8
18 High 34
17 High 2.1
16 High 1.4
15 High 0.7
14 High 0.25

* [nitial tuning voltage

Frequency Digit
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4.6.2

4.7

4.7.1

Detailed Description

The 8MHz output from the spectrum generator (Z104) is supplied to the inputs of each
synthesizer and to the input of the final mixer. Inthe 100KHz synthesizer, the 8MHz input
is applied to 8MHz transistor amplifier Q1. The 8MHz signal developed across the parallel
resonate circuit of inductor L9 and capacitor C46 is coupled to a balanced modulator
Z1. The balanced modulator also receives the standard 1.0MHz from the spectrum
generator (Z104) and produces a sum frequency which is applied to the tuned trans-
formerT1. The 9MHz signal at the secondary of T1 is coupled to the 9MHz ampilifier Q2.
The tuned drain output of Q2 developed across the secondary of T2 and the 1.0-1.9MHz
from the 100Hz tuned comb filter assembly are coupled to balanced mixer Z2. As a
result, the 9MHz signal is modulated as explained previously for 8MHz, thereby produc-
ing a 10.0-10.9MHz signal. The output is tuned by three frequency-agile varactor-tuned
tank circuits consisting of transformers T4, T5, T6 and varactor diodes CV1, CV2 and
CV4. These tank circuits act as peak filters which allow only the sum frequency to pass.
The mircoprocessor supplies a varactor DC tune voltage which causes their internal
junction capacitance to change. This allows fine tuning of the filter tanks. (See the tuned
comb filter detailed description for a further discussion on varactor tuning.) The 10.0-
10.9MHz signal at the secondary of T6 is applied to Q6 - the clipper driver stage - and
the output signal from Q6 is applied to dual mixer divider Z3 where division of the
10.0-10.9MHz signal is accomplished to yield an output of 1.00-1.09MHz. This signal is
then applied to the 1KHz synthesizer.

The remaining 1KHz and 10KHz synthesizer function the same with the output of each
feeding the next to modulate the basic 8MHz primary signal. The output of the 1KHz
synthesizer is from 1.000-1.099MHz, thereby satisfying the 1KHz digit. The output of the
10KHz synthesizer is from 10.0000-10.0999MHz, thereby satisfying the 10KHz digit (See
Table 4-4 for Varactor Tune Voltages).

Final Mixer

General Description

The final mixer assembly is divided into two sections: the fourth and last channel of the
of the synthesizers (100KHz) and the 13MHz generator section. The final mixer assemb-
ly (Z106) receives the 3MHz signal from the 3MHz generator assembly and the 1.0000-
1.0999MHz output of the 10KHz synthesizer (Z103). The fixed reference frequency of
8MHz from the spectrum generator assembly (Z104) and a 1.0-1.9MHz step frequency
from the 100KHz tuned comb filter (Z110) are applied to a balanced mixer. The sum
output from this mixer is an IF of 9.0000-9.0999MHz and whose three least significant
digits are identical to the three least significant digits entered on the front panel
(0.1/1.0/10KHz). The 9.0000-9.0999MH?z signal is then mixed with the 1.1-1.9MHz from
the 100KHz tuned comb filter to create an IF of 10.0000-10.9999MHz that varies directly
with the four least significant digits entered on the front panel assembly. This 10.0000-
10.9999MHz IF signal is then mlxed with the 3MHz S|gnal from the 3MHz generator

{2003). Theresultant positive mix of 13.0000-13.9998MHz has the sideband intelligence

when in an audio mode or has just a carrier in the CW mode. The 13.0000-13.9999MHz
signal is then applied to the translator assembly (Z123).



Table 4.4

Varactor Tune Voltages (0.1/1.0/10KHz Synthesizers)

Frequency Digit Frequency (MHz) Tuning VDC Pin C)
0 10.0 0.3
1 10.1 0.5
2 10.2 0.8
3 10.3 1.0
4 10.4 1.5
5 10.5 1.9
6 10.6 25
7 10.7 3.3
8 10.8 4.0
9 10.9 5.2



4.7.2

Detailed Description

The 8MHz primary reference signal is applied to Pin D and coupled to the base of 8MHz
amplifier Q1. The collector output of Q8 is coupled through capacitor C75 to the input
of the balanced mixer Z1. With the 1.0000-1.0999MHz step frequency from the 10KHz
synthesizer applied to Pin 3 and coupled directly to Z1, the 8MHz primary reference
frequency is modulated to create a 9.0000-9.0999MHz IF frequency that is developed
across the tuned secondary of T1. T1 rejects all of the mix frequencies except the
positive mix. The secondary output of T1 is then coupled to FET amplifier Q2. Q2 has
a very high input impedance and will not load down the output of Z1. The tuned drain
output of Q2 is loosely coupled through coupling capacitor C8 to tuned transformer T3
where it is further filtered and then coupled to the base of IF amplifier Q4. The tuned
collector output of Q4 is developed across transformer T4 and level adjust potentiometer
R17 where the correct amount of 9.0000-9.0999MHz insetrtion is set. With a 1.0-1.9MHz
step frequency input from the 100KHz synthesizer and the 9.0000-9.0999MHz applied to
Z2, the 9.0000-9.0999MHz is modulated by the 100KHz step frequency. This produces
a 10.0000-10.9999MHz IF that is developed across the secondary of T5 and coupled to
Gate 2 of the 10.0000-10.9999MHz amplifier FET Q5. The varactor-tuned drain output
of Q5 is developed across the parallel resonate circuit consisting of tuned transformer
T6, capacitor C27, capacitor C31 and varactor diode CR2. This stage is a high-Q
frequency-agile network that changes peak tuning as the varactor DC control voltage
changes. This allows a high degree of filtering for each 100KHz step while maintaining
asmooth frequency response across the operating bandwidth. Each discrete frequency
step of 100KHz has its own DC varactor tune control voltage which is determined in the
front panel assembly in accordance with the desired operating frequency. The tuned
drain output of Q5 is loosely coupled to a filter network consisting of tuned transformer
T7, capacitors C35 and C37, and varactor diode CR3. This network further filters the
10.0000-10.9999MHz IF and applies it to the base of transistor amplifier Q7, where it is
filtered and amplified as in the previous stage (Q5) just described. The tuned collector
signal of Q7 is then developed across the secondary of T8 and level adjust potentiometer
R37 where the correct level of 10.0000-10.9999MHz is set and then coupled to the
balanced modulator Z3. With the 10.0000-10.9999MHz selectable frequency range input
and the 3MHz signal applied to balanced modulator Z3, the modulator outputs the sum
and difference frequencies while attenuating the original frequencies. This output is
applied to the tuned coupling network consisting of tuned transformer T9, capacitors
C44 and C45, and varactor diode CR5. It is loosely coupled to FET amplifier Q8. The
signal at the tuned drain of Q8 is developed in the varactor tuned parallel circuit consisting
of tuned transformer T10, capacitors C56 and C58, and varactor diode CR6. It is loosely
coupled to a varactor-tuned input network consisting of tuned transformer T11,
capacitors C60 and C63, and varactor diode CR7 through to the base of the transistor
amplifier Q10. The collector output of Q10 is developed across the secondary of tuned
transformer T12 and the 13MHz level adjust potentiometer R63.



4.8 MHz Synthesizer
4.8.1 General Description

The purpose of the MHz synthesizer is to mix, filter and amplify the frequencies used to
create the 1MHz and 10MHz digits entered into the front panel assembly. The MHz
synthesizer is a high-Q varator-tuned amplifier/filter which receives a reference frequency
from the spectrum generator (Z104). Depending on the operating frequency selected
by the front panel control, one of four references frequencies of 9, 10, 11 or 12MHz may
be used to combine with the 1.1-2.0MHz output from the 1MHz tuned comb filter (Z11 1).
The amplifier/filter section is varactor tuned to permit sharp tuning in discrete 100KHz
increments by a DC voltage supplied by the front panel assembly. The ampilifier filter
stages are tuned to pass only the positive mix of Z1. This RF frequency is then applied
to the x2 multiplier (20.8-26.6MHz) amplifier (Z124) for further multiplication.

4.8.2 Detailed Description

The 1.1-2.0MHz RF carrier from the output of the 1MHz tuned comb filter (Z111) is applied
to Pin A and coupled directly to the balanced mixer Z1. This frequency will vary directly
with the frequency selected on the 10MHz and 1MHz entry positions on the front panel
assembly. One of four discrete frequencies (either 9, 10, 11 or 12MHz) is selected by
front panel control and applied to Pin B. All of these injection frequencies are generated
from the 1MHz reference in the spectrum generator (Z104). For the purpose of this
discussion only 9MHz is used. With 9MHz and 1.3MHz applied to Z1, the plus mix of
10.3MHz is developed across the secondary of tuned transformer T1, capacitor C6, and
varactor diode CV1. This is loosely coupled through C18 to Gate 2 of FET amplifier Q3.
The tuned stages of T2, T3, T4, T5 and T6, along with their associated varactor diodes,
form a continuously tuned cascaded filter network. The filter stages are very loosely
coupled and therefore exhibit some loss from stage to stage. The filtered signals from
the drain of Q3 are then applied to the base of amplifier Q2 through the filter network.
Q2 has very high gain and develops its output signal across the center tap of transformer
T7. T7 isa broadband center-tap transformer. The 10.4-13.3MHz output is then coupled
1o R29 level control. The signal is then applied to the 20.8-26.6MHz amplifier (Z124) for
further up-conversion.

4.9 "x2" Amplifier
4.9.1 General Description

Multiplication of the basic 10.4-13.3MHz signal by a factor of two is accomplished by first
amplifying the basic input frequency to a high level. Through high-Q filter circuits, all
unwanted harmonic signals are removed. This leaves only the correct harmonic which
is further amplified to produce a 20.8-26.6MHz signal and applied to the "x5" amplifier for
further up-conversion.



4.9.2

4.10

4.10.1

4.10.2

Detailed Description

The 10.4-13.3MHz signal from the MHz synthesizer is applied to terminal E1 and then
coupled through L1 and C3 to the base of transistor amplifier Q1. Q1 amplifies the basic
10.4-13.3MHz input signal for selection of the second harmonic by the subsequent filter
circuits. The signal at the varactor tuned collector of Q1 is then applied to a five-stage
cascaded filter network consisting of T1-T5 and CV1-CV6. A DC varactor tune voltage
supplied from the front panel assembly is applied at E4 to "fine tune" the cascaded filter
network. The second harmonic (20.8-26.6MHz) of the basic input frequency (10.4-
13.3MHz) is applied to the base of transistor amplifier Q2 where the 20.8-26.6MHz signal
is further amplified and filtered. The varactor tuned collector output of Q2 is then loosely
coupled to the base of Q3 through coupling capacitor C25 to the base of transistor
amplifier Q3. Q3 is biased for very high output gain across its broadband output
transformer T7. The 20.8-26.6MHz signal at the tap of T7 is then supplied via E6 to the
"x5" ampilifier for further frequency multiplication.

"x5" Amplifier

General Description

Multiplication of the 20.8-26.6MHz signal by a factor of five is accomplished by first
amplifying the basic input frequency to a high level. Allthe unwanted harmonic signals
are removed through high-Q filer circuits. This leaves only the desired harmonic which
is further amplified to produce a 104-133MHz signal to be applied to the final conversion
circuits of the translator assembly.

Detailed Description

The 20.8-26.6MHz signal from the "x2" amplifier is applied to terminal E1 and then coupled
through C1 to the base of transistor amplifier Q1. Q1 amplifies the basic 20.8-26.6MHz
input signal for selection of the fith harmonic by the subsequent filter circuits. The signal
at the varactor tuned collector of Q1 is then applied to a four-stage cascaded filter
network consisting of T1-T4 and CV1-CV4. A DC varactor tune voltage supplied from
the front panel assembly is applied at E4 to "fine tune” the cascaded filter network. The
fith harmonic (104-133MHz) of the basic input frequency (20.8-26.6MHz) is applied to
the base of transistor amplifier Q2 where the 104-133MHz signal is further amplified and
filtered. The varactor tuned collector output of Q2 is then loosely coupled to the base
of Q3 through coupling capacitor C24 to the base of transistor amplifier Q3. Q3 is biased
for very high output gain across its broadband output transformer T6. The 104-133MHz
signal at the tap of T6 isthen supplied via E5 tothe translator assembly forfinal frequency
translation.



4.11

4.11.1

4.11.2

4.12

4.12.1

Multiplexer/Mixer

General Description

The multiplier/mixer assembly is a sharply tuned multiplier filter/amplifier and up-con-
verter section that is used to create the 120MHz injection frequency. This injection
frequency is then mixed with the 13.0000-13.9999MHz IF signal from the final mixer
assembly (Z106). This creates an IF of 133.0000-133.9999MHz to be mixed and down-
converted in the translator assembly (Z123).

Detailed Description

A 20MHz reference frequency is applied to the base of Q3, the x3 multiplier transistor,
through coupling capacitor C16. The tuned collector output of Q3 is developed across
the tuned circuit consisting of capacitor C22 and transformer T1. This tuned circuit
selects the third harmonic of the 20MHz reference frequency to create the 60MHz
reference frequency. This 60MHz signal is then loosely coupled through C24 to the
sharply tuned harmonic harmonic filter consisting of capacitor C28 and tuned trans-
former T3. It is further coupled through to the base of 60MHz amplifier Q4 where it is
further tuned and amplified. The tuned collector signal at Q4 is then loosely coupled to
the x2 amplifier Q1 whose tuned collector output selects the second harmonic of 60MHz:
120MHz. This 120MHz reference is then loosely coupled to two sharply tuned filter
stages consisting of capacitor C7 and tuned transformer T6, and capacitor C9 and tuned
transformer T7. This filtered 120MHz reference frequency is then coupled to the base of
the 120MHz amplifier Q2 where it is further filtered and amplified.

The 120MHz reference signal generated in the multiplier section is then applied to the
balanced mixer Z1 where it is mixed with the 13.0000-13.9999MHz IF from the final mixer.
Z1 selects the difference frequency signal from the final mixer. Z1 selects the difference
frequency which is then coupled to the tuned stages of tuned transformer T9 and
capacitor C17 and tuned transformer T10 and capacitor C19. These filter stages further
eliminate the unwanted products of Z1 and ensure no spurious signals are present on
this final IF frequency.

Translator

General Description

The translator assembly (Z123) performs down-conversion of the 133-134MHz IF signal
by mixing it with the 104-133MHz reference frequency to produce the final output
frequency range of 0.4-29.9999MHz. The assembly consists of an input amplifier stage;
a balanced modulator; wave-shaping circuits; RF output level control circuits; and an
output switching network which is used to attenuate the RF input to the RF amplifier
assembly (A5840).



4.12.2 Detailed Description

The 133-134MHz signal is applied to the base of transistor amplifier Q1 through coupling
capacitor C2. Q1 exhibits high gain to the input signal which is developed across the
tuned parallel resonate circuit of tuned transformer T1 and capacitor C3. The 133-
134MHz signal is coupled to a two-stage tuned filter network, which provides additional
filtering, and then to the balanced mixer-driver transistor Q2. Due to the loose coupling
between tuned stages T1, T2 and T3, the 133-134MHz signal must be amplified before
being applied to the balanced mixer. The 104-133MHz is applied to terminal E4 and
coupled to the balanced mixer Z1, and the 133-134MHz reference signal is coupled
through capacitor C14 from collector Q2 to the balanced mixer. The mixer (Z1) develops
a difference frequency (0.4-29.9999MHz) which is applied to a wave-shaping circuit
consisting of L3, L4, L5, C17 and C20. Metal-oxide varistors (MOV) CR1 and CR2 act
together to control the amount of RF output signal. With the RF gain control input applied,
CR1 exhibits a value of series resistance and CR2 acts as a shunt resistance to the output
signal path depending on the DC level applied to terminal E7. CR1 and CR2 are
connected to compensate for the change inthe output impedance seen by the balanced
mixer Z1 under different gain settings. When CR2 is a low shunt resistance, CR1 is a
hjigh value of series resistance, which places the base of Q5 near RF ground. Dueto
the high series resistance of CR1, a method of isolation between the output of the
balanced mixer and the RF grounded base of transistor amplifier Q5 results. This offers
a smooth response in gain control with a minimum amount of signal distortion. With no
PTT found at terminal E6, transistor switch Q3, which is normally biased on, removes the
forward bias applied through R17 and R18 to transistor amplifier Q5 and disabling it.
When a PTT ground signal is present on Q3 base, Q3 is turned off and the ground is
removed from the junction of R17 and R18, enabling transistor amplifier Q5. With Q5
enabled, the 1.6-29.9999MHz collector signal is developed across the tapped trans-
former T5 and applied to the RF amplifier assembly.

4.13 RF Ampilifier

4.13.1 General Description

The RF amplifier assembly provides a nominal 20dB gain to the 50-ohm RF output level
required. The RF amplifier assembly also contains a low pass filter to further attenuate
harmonics above 34MHz to an acceptable level. The heart of the RF amplifier assembly
is an RF power amplifier IC chip Z1 which is a thin film RF power linear hybrid amplifier.
A high level of gain with low distortion and harmonics is achieved through the use of

push-pull circuitry in Z1. A portion of the RF output is sampled and detected for use in
the RF output metering circuits.



4.13.2

4.14

4.14.1

4.14.2

Detailed Description

Although the RF power amplifier assembly is designed for a one watt maximum output,
all levels are measured around a 100-milliwatt output level to get maximum third order
intermodulation distortion and harmonic figures. With the output of the translator (2123)
applied to the input of Z1, the RF amplifier increases the output voltage of the desired
output frequency to a level approximatwely 20dB above that at its input. 100 milliwatts
PEP is the nominal output power of the amplifier. Exceeding this level may cause the
output signal to contain improper levels of third order intermodulation distortion and also
harmonics of the fundamental.

With the output of the hybrid amplifier Z1 applied to the low pass filter circuits consisting
of L5, L9, L10, L11, L12, L13 and capacitors ,C21, C22 and C23, RF output harmonic
signals above approximately 34MHz are attenuated, thereby insuring a low level of
harmonic frequency output. A portion ofthe RF output of Z1 is applied tothe RF metering
circuits through resistor R5 and capacitor C11 to the meter detect diode CR4 where a
proportional DC voltage is developed. This voltage is then applied through Pin3 to the
RF meter on the front panel assembly. Level adjust potentiometer R9 allows calibration
of the front panel RF meter to indicate the correct level of the RF output signal.

Carrier Generator

General Description

A 1MHz reference standard frequency enters the carrier generator at Pin2 and is applied
first to the base of driver transistor Q17 and then to buffer Q14. The transistors are driven
from cutoff to saturation, producing a semi-squarewave of sawtooth waveform which is
applied to the input of the divide-by-four logic gate Z1 to create the 250KHz subcarrier.
The divider triggers on the falling edge of the sawtooth waveform and applies its 250KHz
reference frequency to Q11 and Q13, where it is filtered, amplified and keyed.

Detailed Description

In the CW mode, the DC bias for Q11, Q13 and Q14 is enabled by the key line control
transistor Q12. This is controlled through L10 by the keyline control input at Pin R, which
is a key closure to ground from the front or rear panel key jacks. A control ground is
placed at CW DC control Pin 10 and coupled to CW DC control transistor switch QW9
and carrier insertion control switch Q7 through steering diode CR7. The collector output
of Q7 then goes High, placing forward bias on 250KHz emitter follower Q8. The keyed
250KHz output at the secondary of T1 is then coupled to the base of the 250KHz emitter
follower Q8. The emitter Q8 output is then coupled to the base of the CW emitter follower
transistor Q10 through the CW level adjust R46. This level is set to the proper CW output
level.



In the audio modes, the output of the secondary of T1 is applied through coupling
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capacitor C32 to the 250KHz cutput at Pin B. This is the 250KHz carrier frequency for

all audio modes. The secondary output of T1 is also coupled to the base of the 250KHz
emitter follower Q8 through coupling capacitor C38. Q8 will only be energized when
sideband operation with reinserted carrieror CW operation is selected by the front panel
control.

In SSB operation, a control ground is placed at the control transistor Q12 from CW key
control input Pin N. This control ground keeps Q11, Q13 and Q14 constantly on and
provides the 250KHz carrier. With no carrier insertion, the carrier insertion control switch
Q7, which is normally enabled, removes the forward bias from the 250KHz transistor Q8
and the maximum amount of carrier rejection is obtained. If carrier reinsertion is entered
into the front panel assembly, a control ground is placed at one of the three transistor
switches Q1, Q2 or Q5, depending on the amount of reinsertion selected. The control
ground is also applied to the base of the carrier insertion control switch Q7 through one
of the steering diodes CR4, CR5 orCR6. The method of controlling the amount of carrier
insertion is the same for any amount specified. For the purpose of this discussion, -6dB
of carrier insertion is used. A control ground is applied to Pin D and coupled directly to
the base of carrier insertion control transistor Q1. Q1 collector voltage goes high and
places a forward bias on carrier insertion emitter follower Q3. The control ground at Pin
D is also applied to the base of the carrier insertion control switch Q7 through steering
diode CR5. With Q7 turned off, the low is removed from the forward bias circuit of Q8,
turning it on. The signal at the emitter output of Q8 is then developed across the -6dB
adjust potentiometer R98 where the correct level of carrier reinsertion is set and coupled
into the base of the carrier insertion emitter follower Q3. With Q3 enabled, the 250KHz
carrier is coupled to the carrier output Pin 9 for reinsertion to the carrier. A portion of
the 250KHz is applied to the base of the "x11" multiplier Q15. The collector output of
Q15 is developed across the secondary of T3 which selects the eleventh harmonic
(2.750MHz) of the 250KHz reference signal. The unfiltered 2.750MHz is then applied to
FL1 for removal of all undesired harmonics. Q18 then amplifies the signal and offers the
correct output impedance through T4 to the output at Pin 6.

The AM amplifier section performs the function of amplitude-modulating the 250KHz
subcarrier signal with audio intelligence in the 350Hz to 7500Hz range. It then supnlieg
this signal to the 3MHz generator board (Z003) when selected by front panel control.

With the AM position selected, a control ground is placed at the base of Q24 from Pin
11. Q24 is normally biased on, removing forward bias from Q19, Q21, Q22 and Q2s5,
effectively turning off the AM modulator circuit. With Q24 disabled, USB and/or LSB
audio is supplied from the front panel audio level control through coupling capacitors
C36 and C41 to the bases of audio amplifiers Q19 and Q21. Both collector outputs are
tied to amplifier Q20 whose collector output is developed across transformer T6. The
secondary output from T6 is then applied to the tuned collector circuit of modulator Q22.
The 250KHz subcarrier frequency is coupled to the base of the 250KHz amplifier Q23.
The collector output of Q23 is coupled through capacitor C61 to the base of modulator
Q22. Since the tuned collector of Q22 is modulated with the audio signal, the resultant
collector signal across the T5 primary and C66 consists of a 250KHz subcarrier whose

amplitude fiuctuates at the audio signal rate. The 250KHz amplitude modulated signal
atthe T5 tuned secondary is developed across AM level adjust RS0 and coupled through
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A tune ground signal normally supplied from the associated transmitter automatically
switches the exciter to a CW mode of operation. Tune output at Pin M places a ground
at Q7 through steering diodes CR2 and CR7, to CW control transistor Q9 and to divider
stage control transistor Q12 through steering diode CR1. This causes the divider stages
and the gating/amplifier stages to be energized in the CW mode regardless of the mode
of operation selected on the front panel assembly.

4.15 Sideband Generator
4.15.1 General Description

The sideband generators (Z004 and Z113) are identical in configuration and operation.
USB is used for this explanation.

The USB modulation circuit receives the audio input from the front panel level control.
The input to the front panel level control can be either a 600-ohm line at the rear panel
or a pre-amplitied front panel microphone jack. Whether the front panel audio control
switch is in microphone or line position, the USB gain control always sets the amplitude
of the USB audio signal input to the USB sideband generator. These signals are applied
to a balanced modulator to derive the upper and/or lower sideband intelligence. The
250KHz subcarrier is suppressed. The resulting USB and/or LSB signals are then routed
to the converter section of the 3MHz assembly (Z003). A sample of the audio is rectified
to operate the audio input level meter and VOX circuits.

Mode switching at this point can be divided into three sections: audio, CW, FSK and FAX
operation.

4.15.2 Detailed Description

With USB or ISB as the selected mode, audio signals developed across the AF gain
control are coupled through C14 to the base of the audio emitter follower Q2. Output
signals at the emitter are RC-coupled to the balanced modulator consisting of diodes
CR1-CR4, where they are modulated by the 250KHz subcarrier. Output signals from the
250KHz emitter follower Q8 are also supplied to the mixer, which produces sum and
difference frequencies and attenuates the subcarrier and audio frequencies. The sum
and difference frequencies are transformer coupled via T1 to IF amplifier Q3. The
sideband output at the collector of Q3 is coupled through C18 and USB filter FL1 to IF
emitter follower Q4.

In the upper asideband generator, FL1 is tuned to the upper sideband frequency
250,350Hz. In the lower sideband generator, FL1 is tuned to the lower sideband
frequency range of 242,500 to 249,650Hz. The filter consists of T1 tuned primary,
capacttors C2¢ and C40 and trimmer capacitor C28. This network presents a decided

notch, thereby fully suppressing the 250KHz subcarrier center frequency.



DC control transistor Q1 is biased on, removing forward bias from Q2, Q3, Q4 and Q8.
This disables the output of the sideband generator and allows the use of other modes to
create a 3MHz carrier. Control ground on Pin E from the processor is required to return
normal bias to the amplifiers and allow sideband output at Pin 4 to the 3MHz mixer.
During ISB operation, a control ground is placed at Pin C, disabling Q10 and enabling
Q11, thereby placing R54 ISB adjust in the forward biasing circuit of Q2 audio amplifier.
This allows the gain of Q2 to be preset, satisfying the requirements of 1SB operation.
Under USB operation, Pinc C is high and Q11 is disabled.

The metering circuit consists of meter amplifier Q5, emitter follower Q6, and the halfwave
filter output consisting of diode CR7 and capacitors C36 and C37. This circuit receives
either microphone or 600-ohm line input from the USB/LSB/MIKE/LINE controls via the
USB or LSB positions of the meter switch S1, converting it to a DC level proportional to
amplitude for display on the front panel meter. The sideband output from amplifier Q4
is coupled through C22 and R34 to output Pin 4 and then applied to the 3MHz assembly.

4.16 3MHz Generator
4.16.1 General Description

The 3MHz generator consists of two sections: the frequency shift amplifier and buffer
section, and the converter section. The frequency shift amplifier and buffer operate in
the frequency shift (FSK) and facsimilie (FAX) modes. The converter section operates
in all other modes except FSK and FAX. It functions to produce an amplitude modulated
(AM) or single sideband (SSB) RF carrier of 3MHz for use in the final mixer.

4.16.2 Detailed Description - Audio Modes

With any mode selected except FSK/FAX, a control high is placed at Pin E and coupled
to the base of transistor switch Q4 through CR1. This turns on Q4 which then places a
low at the base of transistor switch Q5. With Q5 disabled, forward bias voltage for the
converter section will be enabled to 2.750MHz amplifier Q2 and Q3.

The 2.750MHz developed in the carrier generator circuitas Z115 is applied to Pin D and
coupled through C3 to the base of 2.750MHz input amplifier Q1. This input is amplified
and then applied to the 2.750MHz emitter follower Q2. The output from Q2 is applied to
balanced modulator Z1 in the AM mode. The 250KHz input signal consists simply of a
250KHz subcarrier, amplitude-modulated by audio intelligence in the 350 to 7500Hz
range. When the signal is mixed with the 2.750MHz input, the balanced modulator
produces sum and difference frequencies while attenuating the two original frequencies.
The combination of tuned transformer T1 and capacitor C20 traps the 2.750KHz signal.
As a result, an amplitude-modulated sum frequency of 3MHz results and is amplified by
Q3. The collector output of Q3 is coupled through the 3MHz bandpass filter FL1 and is
amplified and filtered by tuned collector stages Q6 and Q12. The 3MHz tuned collector
output of Q12 is developed across level adjust potentiometer R49 and is applied to the

final mivae 74ne
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With USB, LSB or ISB selected, the 250KHz input to the converter section consists of an
upper and/or a lower sideband audio intelligence in the 300 to 3300Hz range with the
250KHz carrier suppressed or unsuppressed according to the amount of the carrier

insertion control entered on the front panel.

Since the 2.750MHz RF carrier is also present in these modes, the balanced modulator
produces upper and/or lower sideband signals with a center frequency of 3MHz. With
the 250KHz subcarrier suppressed, the 3MHz carrier is also suppressed, i.e. the sum
frequency of 2.750MHz and 250KHz. The upper and/or lower sideband signals are
amplified in the same manner as the AM signal and are sent to the final mixer Z106.

In the CW mode, the 250MHz input is not modulated by audio intelligence but is
interrupted at a rate determined by a keyer input at key jack J301 on the front panel or
on the rear panel audio jack J121-21. This results in a keyed difference frequency of
3MHz in the balanced modulator. The CW RF is then amplified as before and sent to the
final mixer.

4.16.3 Detailed Description - Frequency Shift Modes

When FSK or FAX operation is selected, a control ground is applied to Pin E through
CR1 to the base of transistor switch Q4. Q4 then enables the forward bias to Q7, Q10
and Q11 (the FSK/FAX buffer amplifiers). The 3MHz signal from shift generator Z117 is
applied at Pin F and capacitively coupled to the base of buffer-amplifier Q7 and applied
to the base of Q8. Q8 and Q9 act together to maintain amplitude amplitude within
acceptable limits without destroying the frequency shift characteristics. The limiter
output at the collector of Q9 is applied to emitter follower Q10 and then applied through
FSK/FAX level control R49 to amplifier Q11. Since the 2.750MHz amplifier are disabled
in the FSK/FAX modes, the 3MHz output at the collector of Q11 is then injected directly
into the 3MHz bandpass filter.



Section 5 - Maintenance Instructions

5.1 Introduction

This section presents maintenance information for the exciter, including both preventive
and corrective maintenance. Preventive maintenance consists of periodic inspection
and cleaning. Corrective maintenance includes troubleshooting procedures, disas-
sembly instructions, inspection and cleaning of parts, repair and replacement proce-
dures, re-assembly instructions, equipment checks and adjustments, and minimum
checks for performance verification.

5.2 Preventive Maintenance

In general, preventive maintenance provides a basis for recognizing future probable
causes of equipment malfunction in the early stages of deterioration. Many such causes
are apparent. By adhering to a stringent program of preventive maintenance involving
periodic inspection and cleaning, the most probable causes of equipment malfunction
can be avoided. This results in minimizing downtime and compromising important
schedules.

The most important check in preventive maintenance is a thorough visual inspection of
an assembly or component for tell-tale signs of deterioration prior to failure. This can
save hours of test and troubleshooting time after a complete breakdown. Table 5-1
presents an inspection checklist for the exciter.

In general, the exciter should be cleaned once twice a month using a soft camel’s hair
brush, forced air pressure of not more than 20psi, and a suitable cleaning agent such as
tri-chloroethane.

The fumes of tri-chloroethane are toxic. Provide adequate ventilation whenever used.
DO NOT USE NEAR AN OPEN FLAME. Tri-chloroethane is not flammable but exposure
to an open flame or hot metal forms toxic phosgene gas.

D Remove dirt or grease from wiring and chassis surfaces using the cleaning sol-
vent. Dry with compressed air.

D Remove dust and dirt from printed circuit boards using a soft camel’s hair brush.
Compressed air may be used on heavily populated boards.

D Blow out accumulated dust and dirt from inaccessible chassis areas using com-
pressed air. Direct the compressed air stream at an angle to the component
board to obtain best results without damage.



Table 5.1

Inspection Checklist

FOR ALL PRINTED CIRCUIT BOARDS:

[1 check for loose components.
D Check all components for deterioration due to overheating.

D Check printed wiring (lands) for cracks or solder spillage. Cracks and solder
bridges cause open and short circuits, respectively. Breaks in the conducting
strip on a printed circuit board can cause permanent or intermittent trouble. In
many instances, these breaks will be so small that they cannot easily be located.
To check out and locate trouble in the conducting strips, set up a multimeter that
uses less than 1.0ma of current and make point-to-point resistance checks using
needle probes. The meter should always indicate continuity.

[ check board connectors for cleanliness and absence of foreign matter which
could cause shorts. Check for openings in printed circuit wiring {lands) due to
cracks.

D Check overall board for general cleanliness.

FOR ALL SWITCHES AND CHASSIS-MOUNTED ELECTRICAL COMPONENTS:

D Check all switches for positive detect action. Check switch wiring for nicks, cuts,
abrasions, etc. Check switch-mounted components for solid connections or
signs of deterioration due to overheating.

D Check all connectors for burred threads, bent or broken pins, dents, and solid
mounting.

D Check all chassis-mounted component for signs of deterioration due to overheat-
ing. Check for solid connections and mounting.

FOR ALL TERMINAL STRIPS:

D Check that screw terminals are all tight.
D Checks that all solder connections are clean and solid.

M1 A, .. . .
L1 oneck 1or cieaniiness.
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Alignment and Adjustment

Alignment and adjustment of the exciter consists of individual board alignments and final
overall alignment. Note that board alignment may be required whenever a particular PC
board is replaced or repaired, even though the replacement board may already have
been aligned and adjusted. In the worst case, the replacement board should be checked
to insure correct output parameters. This is necessary to insure the new board is
compatible with the remaining boards in the exciter. Proper alignment is covered in TMC
factory test procedures. By following the torubleshooting procedures in Table 5.2, a
qualified technician can essentially duplicate the factory alignment.

Corrective Maintenance

Corrective maintenance is the process of recognizing and locating a malfunction;
replacing the entire malfunctioning assembly; inspection and cleaning; repair or replace-
ment; reassembly; alignment and adjustment; and final equipment checks to verify
minimum performance standards are met.

The circuits of the exciter are contained on printed circuit cards accessible from the top
of the chassis. The cards are designated by circuit reference symbols beginning with
the letter "Z". Numbers that are prefixed with the letter "A" represent the printed circuit
assemblies and should be used when ordering replacement assemblies. The "Z" prefix
is lettered on both the card and the chassis adjacent to its corresponding receptacle.
The power supply assembly, including heat sink, is mounted against the rear panel of
the main chassis and is removeable. For the purpose of this manual, corrective
maintenance extends down to the individual module or printed circuit card level.

The MMX-4 exciter modules are pre-set at the factory. Repair of these modules should
not be attempted in the field unless proper test equipment is available and personnel
familiar with both digital and analog circuits have been certified to perform delicate
electronic repair.

In general, a malfunction of the exciter will usually manifest itself by improper readings
on the front panel meter. Such malfunctions can be quickly localized to a particular
printed circuit board by a process of elimination. If a second set of printed circuit boards
is available, troubleshooting can be facilitated by the board substitution method. In some
cases, a particular board, when replaced, may require further alignment or adjustment.
Section 6 contains complete diagrams and schematics of the exciter. Qualified tech-
nicians, thoroughly familiar with the operation of the exciter, should make frequent
reference to both schematics and interconnect diagrams when conducting troubleshoot-
ing procedures.

Table 5.2 presents basic troubleshooting procedures which localize operational
problems to the module level.



Table 5.2

Troubleshooting Procedures to Module Level

Check of Power Supply

D If exciter does not operate, check for blown fuse on rear panel.

D Check for correct voltages at output of power supply as follow:

Pin5 +5vdc

Pin 1 +12 vdc
Pin 3 +24 vdc
Pin 9 +28 vdc

Check of CW Mode and Front Panel

D Set up exciter front panel as follows:

STBY/OPP Switch OPP position
USB/LSB/RF Switch RF Position (Center)
MIKE/USB Switch USB Position (Light off)
MIKE/LSB Switch LSB Position (Light off)
LSB Audio Minimum (Down)

USB Audio Minimum (Down)

RF Gain Minimum (Down)

D Check function of all frequency, mode, carrier level, channel buttons, etc.

D Set up 5000.0KHz frequency in CW mode. Check to ensure CW key and PTT
lines are grounded on rear plug, J121-21 for Key and J121-22 for PTT.

D Increase RF gain (Up). If meter reads, all stages of the exciter are functioning in
CW mode at 5000.0 KHz.

Check of Least Significant Digits

D With front panel setup as above, enter 5111.1 and observe display. If display fails
to read entry, a slight adjustment of the tune comb filters may be necessary.
Repeat for 5222.2, 5333.3, 5444.4, 5555.5, 5666.6, 5777.7, 5888.8 and 5999.9.

L__] If tune comb filters require adjustment, remove the bottom cover of the exciter.
With a scope and counter, chock the sutput of the filter. Refeito riguie 6.13A for

correct frequency and level output.



Table 5.2 (Continued)

Troubleshooting Procedures to Module Level

2107, Z108, Z109 and Z110 are identical. Vari-Cap tuning voltages are also the same.

D Adjust R40 on the filter corresponding to the failed digit to produce the correct
output. When R40 is touched, check all digits on the remaining filters to make
sure all frequencies (0-9) are correct.

Check of 1MHz Digit

[ check the following frequencies in 1MHz steps. 1000.0 KHz to 10000KHz. If any
of these frequencies do not function when selected, check Z111, the 1MHz Tuned
Comb Filter, with a scope and counter for the correct frequency and level. Refer
to Figure 6.13A. If any digit fails, a slight readjustment of R40 is needed.

D Re-check all digits for proper operation.

L___] Also check Vari-Cap voltages if re-adjustment above does not correct problem.

Check of 10MHz Digit

D Tune the exciter to the following frequencies

2,000.0 KHz

10,000.0 KHz
15,000.0 KHz
29,000.0 KHz

1 any of these frequencies fail to function, check the output of the Spectrum Gen-
erator at terminal E1 with a scope and counter. The following reading should be
recorded:

At 2MHz, output is 12MHz on E1
At 10MHz, output is 11MHz at E1
At 15MHz, output is 10MHz at E1
At 20MHz, output is 9MHz at E1

D The output level should be 1.8-2.0 vpp. This is adjusted by the corresponding

ini ici i H Py |
gain if the frequency is incorrect. Re-set with the frequency adjust control.




Table 5.2 (Continued)

Troubleshooting Procedures to Module Level

Check of USB/LSB Operation

O Program the exciter for USB at -55dB carrier suppression. Unground CW Key line
onJi121.

D Connect audio input to USB pins J121-9 and J121-13 with center-tap ground at
J121-12. Connect audio input to LSB pins J121-1 and J121-5 with center-tap
ground at J121-3.

D Using a two-tone generator or equivalent -10dB tone, adjust the USB audio level
to 4/5 scale with the meter switch in the USB position. Repeat for LSB with the
meter switch in the LSB position. Switch metter back to mid-position (RF output)
and adjust the RF Gain for 250 milli-watts PEP output.

L ifno output is obtained on sideband, check Z004 (Figure 6.6A) for approximately
30 milli-volts pp output.

Check of Carrier Adjust

D Check carrier levels with a two-tone signal generator, setting exciter audio to 4/5
scale as above (0dB reference). Program the carrier suppression to -6dB, -20dB
or -30dB. If these carrier levels are incorrect, refer to Figure 6.19A, Carrier Gener-
ator. Adjust R98 for the proper -6dB carrier level; R97 for the proper -20dB carrier
level; or R94 for the proper -30dB carrier level.

Detail Check of Exciter Operation

The following checks are performed only if a major malfunction, such as no output on any fre-
quency, is detected during normal operation. All checks may not be necessary, but due to the
complexity of the unit it is usually good practice to follow these procedures in sequence.

D Check 1MHz Switching Standard Z002 for following values:

Pin J 1.8 - 2.0v output at 1MHz
Pin 10 1.8 - 2.0v output at 1IMHz
Pin A +24vdc




Table 5.2 (Continued)

Troubleshooting Procedures to Module Level

L] check Spectrum Generator 2104 for following values:

Pin 10 3vpp Square Wave Output

Pin7 -6vpp 8MHz output

E3 1.3vpp 20MHz output

E1 1.8 - 2.0vpp 9MHz, front panel select 20MHz

10MHz, front panel select 15MHz
11MHz, front panel select 10MHz
12MHz, front panel select 2MHz

A programmed low at the front panel on Pins 5, A, D, H and 8 sets up 9-12MHz (10MHz
digit).

D Check Tune Comb Filter Z107 for the 100KHz digit; Z108 for the 10KHz digit;
2109 for the 1KHz digit; Z110 for the 100Hz digit; and Z111 for the 1MHz digit.
Levels should read as follow:

Pin 4 Digits 0-9 0.7vpp

Pin 5 High digits 0,1,2 (Set up at front panel)
Low digits 3,4,5,6,7,8,9

Pin 6 Var-Cap voltages (Set up at front panel)

See chart on Figure 6.3A.

[ check 100Hz, 1KHz and 10KHz Synthesizers for the following values:

Pin F 0.7 vpp (1.0000-1.0999 MHz)
PinB 0.27 vpp at 8MHz

Pin2 0.7 vpp

Pin 3 0.5 vpp

Allthree synthesizers are identical. Check the output of each with a scope and counter.
Scan 100Hz, 1KHz and 10KHz digits with a scope on the output of the 10KHz synthesizer.
If OK < then all synthesizers are working. If not OK, then put scope on the output of the
1KHz synthesizer and re-check levels. Repeat down synthesizer chain until fault is
located.



Table 5.2 (Continued)

Troubleshooting Procedures to Module Level

[ Check Final Mixer 2106 for the following values:

Pin 10 100-200 mvpp at 13.0000 to 13.9999MHz

Pin K 0.7vpp at 1-1.9MHz (100KHz TCF input)

Pin 3 0.8vpp at 1.0000-1.0999MHz (10KHz from 110KHz Synth)
Pin A 80mvpp at 8MHz (8MHz from spectrum generator)

Pin 2 80mvpp at 3MHz (From 3MHz generator)

Final Mixer adds the 100KHz digit to the synthesizer chain 10.0000 - 10.9999MHz. This
is then mixed with 3MHz to create 13.0000-13.9999MHz. Audio modulation is presentin
the 3MHz generator. Test 13.0000-13.9999MHz throughout its range for proper opera-
tion.

D Check Muitiplier-Mixer Z122 for the following vaiues:

E1 1vpp at 20MHz from the spécturm generator
E4 100-200mvpp at 13.0000-13.9999MHz
E7 25mvpp at 133-134MHz

The 20MHz is amplified and tripled to 60MHz. This is then doubled to 120MHz with a
reading of 0.15vpp at C14. This is mixed with 13.0000-13.9999MHz to give 133-134MHz
output.

[ check Translator 2123 for the following values:

E2 25mvpp at 133-134MHz

E4 0.6vpp at 104-133MHz in 1MHz steps

E8 0.2vpp at 0.4-30MHz to final RF Amplifier
E6 Ground (PTT)

E7 0 to 18v for RF Gain

The 133-134MHz input is amplified and tuned (four stages) 0.2vpp at C14. This
133-134MHz is mixed with 104-133MHz to create the 0.4 to 29.9999MHz output.



Table 5.2 (Continued)

Troubleshooting Procedures to Module Level

[ check 1MHz Synthesizer for the following values:

Pin B 1.8-2.0vpp at 9, 10, 11 and 12MHz from spectrum generator
Pin A 0.65vpp at 1.1-2MHz (Mhz TCF)
Pin E 1.5vpp at 10.4-13.2MHz in 100KHz steps

Tunethe exciter from 0to 29MHz. Check the output frequencies using the chart in Figure
6.7A. Also check for proper Vari-Cap voltages.

D Check "x2" Amplifier Z124 for the following values:

E1 1.5vpp at 10.3-13.2 MHz from 1MHz synthesizer
E2 3vpp at 20.6-26.4MHz
E4 See chart in Figure 6.24A

The "x2" amplifier doubles the frequency to 20.6 to 26.4MHz.

[ Check "xs" Amplifier Z125 for the following values:

E1 3vpp at 20.6 to 26.6MHz input
E5 4vpp at 104-133MHz output to translator
E4 See chart in Figure 6.25A

The 20.6 to 26.4MHz frequency is multiplied to create 104-133MHz, the mixing frequen-
cies for the translator.

] check RF Output moidule for the following values:

E10 0.2vpp at 0.4 to 29.9999MHz input

E1 250mw output at 0.4-29.9999MHz output
E1 RF to front panel meter

E4 ALC input

E5 ALC output

The RF Output card provides 250mw output and input to the metering circuits.



Table 5.2 (Continued)

Troubleshooting Procedures to Module Level

L] Check the 3MHz 2003 for the following values:

Pin 2
PinD
Pin F
Pin 1
Pin E

30mvpp at 250KHz

90mvpp at 2.75MHz

100mvpp at 3MHz from the VCXO

70-200mv at 3MHz

DC control from front panel provides low in FSK/FAX

The 3MHz generator mixes 250KHz from the sideband boards or carrier generator board
with the 2.75MHz to produce 3MHz. When Pin E is grounded, the 3MHz VCXO is turned

on for the FSK/FAX mode.

L1 Check the Carrier Generator Z115 for the following values:

Pin 2
Pin6
Pin 12
Pin 13
Pin 3
Pin 11
Pin N
Pin 15
Ping
PinJ
Pin C
PinD
Pin 10
Pin 5
PinB
PinR

1.8vpp at 1MHz

0.13vpp at 2.75MHz output to the 3MHz board
0.3vpp for audio in (AM)

0.3vpp for audio in (AM)

1.5vpp at 250KHz input

Ground (Turns on AM mode*)
Ground (Turns on CW mode*)
-0.3vpp (AM output)

0.3vpp (Carrier output)

Ground (-30dB carrier suppression*)
Ground (-20dB carrier suppression*)
Ground (-6dB carrier suppression*)
Ground (CW mode*)

0.3vpp (CW level output)

1.7vpp at 250KHz output

CW Key Line (Rear panel)

* HIGHs or LOWs are provided by the front panel mode or carrier suppression selects.



Table 5.2 (Continued)

Troubleshooting Procedures to Module Level

D Check tuning of the RF stages by confirming that all circuits are tuned for a peak
to maximize output. There is no stagger tuning; most tuning is done with the ex-
citer set up on 29.0000MHz. Peak the following circuits in order:

1MHz synthesizer at 29.0000MHz
“x2" Amplifier at 29.0000MHz
"x5" Amplifier at 29.0000MHz
Translator at 29.0000MHz
Multiplier-Mixer at 29.0000MHz
Spectrum generator
Pin 7 at 8BMHz
E3 at 20MHz
E1 at 9-12MHz
Tuned Comb Filter (See chart on schematics)
100KHz, 10KHz, 1KHz (See chart on schematics)
Final Mixer (See chart on schematic)
Carrier Generator
T1 and T2 at 250KHz (Peak tune)
T3 and T4 at 2.75MHz (Peak tune)
T5 and T6 at 250KHz (Peak tune)
3MHz Generator
T1, T2 and T3 at 3MHz (Peak tune)
USB/LSB Audio Sideband
T1 at 250KHz (Fine tune for best carrier rejection)
1MHz Switching Standard
T1 and T2 at 1MHz (Peak tune)

D Adjust 1MHz Frequency Standard by removing cap screw and adjusting frequen-
cy with a short, insulated blade screwdriver. Do not leave adjustment cap off.

Only adjust standard after exciter has been on a continuous heat run of a minimum of 24 hours.




Section 6 - Diagrams and Parts Lists

6.1 Introduction

This section contains schematic diagrams of all circuits; pictorial illustrations and
photographs of subassemblies; and parts lists for all assemblies. It is intended to aid in
troubleshooting the equipment and in identifying component parts.

6.2 Parts Lists

Whenevr possible, the parts lists is located immediately after itws companion subas-
sembly diagram and component layout illustration. The list is a cross-reference between
symbol designation and TMC part number. The illustration identifies the part by symbol
number. Mechanical and electro-mechanical parts are stamped with the TMC part
number but are not listed on parts lists.

Ordering Information

To expedite the ordering of replacement parts, provide the following information to TMC
Customer Service:

) Component TMC Part Number
° Description of the TMC Part
° Assembly Part Number (Used On)

Send or call in requests for replacement parts to:

THE TECHNICAL MATERIEL CORPORATION
700 Fenimore Road

Mamaroneck, New York 10543

UNITED STATES

Telephone: 914-698-4800
Facsimile (FAX): 914-698-4805
Telex: 137-358 TECHMAT MECK



6.3

Diagrams

Table 6-1 identifies the assemblies and sub-assemblies presented in this section. All

information is arranged alphanumerically by symbol number.

Symbol

Z001
Z002
Z003
2004
2005
2101
2102
Z103
Z104
2106
2107
2108
Z109
Z110
Z111
Z113
2115
2117
2121
2122
2123
2124
2125
2126

Table 6.1

Assembly/Subassembly List

Description

Overall Interconnect
Audio & Control Interconnect
Front Panel Interconnect
Front Panel Interface
1MHz SWG Standard
3MHz Generator

USB Audio Sideband
1MHz Synthesizer

100Hz Synthesizer

1KHz Synthesizer

10KHz Synthesizer
Spectrum Generator

Final Mixer

100Hz Tuned Comb Filter
1KHz Tuned Comb Filter
10KHz Tuned Comb Filter
100KHz Tuned Comb Filter
1MHz Tuned Comb Filter
LSB Audio Sideband
Carrier Generator
Frequency Shift

Audio Input Filter
Multiplier-Mixer

Translator

"X2" Amplifier

"X5" Amplifier

Remote Control Assembly
RF Output Assembly
Power Supply

Control Processor Assembly
Key Pad/Display Assembly

ircuit

CK2293
CK2277
CK2295
CK2290
CK2281
CK2259
CK2261
CK2278
CK2275
CK2275
CK2275
CK2274
CK2276
CK2269
CK2269
CK2269
CK2269
CK2269
CK2261
CK2260
CK2263
CK2264
CK2279
CK2267
CK2266
CK2265

CK2268
CK2282
CK2294
CK2292

Assembly

A5841
A5842
A5823
A5820
A5816
A5814
A5814
A5814
A5824
A5815
A5821
A5821
A5821
A5821
A5821
A5820
A5825
A5826
A5828
A5827
A5822
A5817
A5818

A5819
A5833
A6837
A5836



2002

Z004

Z001

Z111

Z003

Z110

2117 Z121

RF Output
Z126
Z115
Z113

Power Supply

2108 2107

Figure 6-1A Chassis Top View




Z005

Z001

2122

2102 Z101

2125

Figure 6-1B Chassis Bottom View

Power Supply

2104
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RF Output

2124
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Figure 6.5A
3MHz Generator
Z003 Schematic



Part Number Description Used On Qty Symbol Number S$1200

CC131-24 Cap., Fxd., Cer. A5823 1 ci4

CC131-29 Cap., Fad., Cer. A5823 39 C1,2,3,4,5,6.7,8 9,
10, 11, 12, 13, 15, 16,
17, 18, 20, 21, 22, 23,
26, 27, 28, 29, 30, 31,
32, 33, 34, 35, 36, 37,
38,40, 41,42, 44, 35

CL275-221 Coil, RF, Fxd. A5823 9 L2,3,4,5,6,7,89, 10

CL275-560 Coil, RF, Fxd. AS823 1 L1

CM111EC5041SS Cap., Fxd., Mica A5823 2 C19, 25

CM111E111J1SS Cap., Fxd., Mica A5823 3 C24, 39,43

FX268 Fil., 8P. A5823 1 FL1

NW163 NW Bal. Mixer A5823 1 Z1

RCO7GF101) Res., Fxd., Comp. A5823 4 R25, 36, 48,52

RCO7GF102J Res., Fxd., Comp. A5823 - 6 R1, 5, 16, 29, 40, 42

RCO7GF103J Res., Fxd., Comp. A5823 5 R2, 10, 15, 37, 39

RCO7GF122J Res., Fxd., Comp. A5823 1 R13

RCO7GF152) Res., Fxd., Comp. A5823 2 R6, 47

RCQ7GF153J Res., Fxd., Comp. A5823 4 R22, 33, 45, 51

RCO7GF1824 Res., Fxd., Comp. A5823 2 R23, 34

RCO7GF2224 Res., Fxd., Comp. A5823 5 R3, 4,24, 35,38

RCO7GF223J Res., Fxd., Comp. A5823 7 R9, 12, 17, 18, 26, 46
50

RC0O7GF330J Res., Fxd., Comp. A5823 1 R30

RCO7GF331J Res., Fxd., Comp. AS823 1 R32

RCO7GF333J Res., Fxd., Comp. A5823 2 R27, 31

RCO7GF431J Res., Fxd., Comp. A5823 2 R11,14

RCO7GF471J Res., Fxd., Comp. A5823 2 R7, 19

RCO7GF472) Res., Fxd., Comp. A5823 2 RS, 20

RCO7GF5613 Res., Fxd., Comp. A5823 1 R28

RCO7GF682J Res., Fxd., Comp. A5823 1 R41

RC32GF102J Res., Fxd., Comp. A5823 2 R43, 44

RV124-1-501 Res., Var., Comp. A5823 1 R49

RV124-1.253 Res., Var.,, Comp. A5823 1 R21

TED127-2 Term., Lug A5823 5 TP1,2,3,4,5

TT285-14 XFMR, RF, Adj. A5823 3 T1,2,3

1N645 Scond, Dev., Dio A5823 1 CR1

2N1711 Transistor A5823 2 Q4,5

2N3646 Transistor A5823 9 Qt1,2,3,6,7,8,9, 10,
11,12

CK2259 Schematic A5823 1

PC855 Printed ckt. bd. A5823 1

R44
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Figure 6.5B

3MHz Generator
2003 Component Identifier
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Figure 6.9°
1KHz Synthesizer
(See Figures 6.8A & B)



Figure 6.10
10KHz =Synthesizer
(See Figures 6.8A & B)



13 eWaYdS 017

403 RJ3UIY wn43o3ds

ino
LN IV}

_,_.

S G NS GESEENS D A WD SINS AU CUND U EEND GED NS SN U SED GEND D N SRS . SENN. - SPEED SE—

L

L

VIT 9 a4nbL4

-

in0
47348 v

A A ST AN GRS SRS G G GRS SINND. SSNNED NN IS G SN RN GENDL-SE SEEE NI N D EEEe GUND G G SEIED et SN G GG GE GE S emm—

$2ZBSV/ 968 2d.

]

kY 7

qh-b-- — . a—

L I

-
3

O -

 AP—

4»«;¢
L

>

—— A— — EE— G S—

<

L

26N

4302
L L R4

AvZ

< %0)
L UL A1

AN0 D
L LY

4809
Inme



J3Lf13uap] Jusuodwo) 917
403 eJ43U39 wWnu3}oads

gI1°9 24nbL4

~:10~

-

g VeI N
Litpng DHQ/./.O @ £

<
54

le
~
v

= %
mmv

,w /e )
@ @ | @8k

r L T w Y =1
€

J

o(Fle
IR

9@50_;1

&

o

K—

i :
e [ Mg G ML

— lng

+OLOLOL

!""'

.\\\\.\\Mmﬂﬂ.\ow‘
¥3a30s UM TS .

174

fal
‘91 ‘Sl ‘vl “ZL ‘OL ‘6 ‘8 ‘LD 6 $Z8SV 18y 3 piaid ‘puodiwag zz80%
8L ‘€L ‘L1D € yZ8sv ‘SueJ] "pUODIWaS 6LLSNZ
9'S'y‘'E°Z’LD 9 $2Z8sv ‘sues ] “puodiwag 9YIENZ
6140 i $Z85SY *sues | “puodjuieg 89EZNZ
€140 L ' $Z8SY 19uaZ ‘epoiq TYLYNL
2t ‘Ll ‘oL ‘8 ‘6 ‘T ‘1Y) L $28sv 8poI(Q 4033npUOdIWES SYONL
*o0s ON n—ta.—. 8
vLEL’zL 1L v ¥285Y ejqeun | ‘iawiojsuel] 0L-58Z11
vesyumsuuny g
Stl L 17411 ejqeuny ‘sawiojsues) 01-68Z11
- *29g yamsuing |
0L ‘SL z YZ8SY 8[qeun | ‘Jewiojsuely §-G8Z1L
.uww ON suinjg 14
68°L'9'v'E‘TLL 8 $285vY 8jqeuny ‘Jswiojsues) §68Zit
0S ‘6€ ‘64 v Z8sY ‘dwo) ‘ajqele “'sey €STVZIAY
L1S°0v ‘0L ‘vY € 1 24:1 "dwo) ajqeleA “say €0L-¥ZLAY
vL°Ly 'OEY € 174:1:04 *dwo) ejgerieA “say LOL-¥ZIAY
Z8YH ] 2411 ‘dwo) “say r1013492£04
9¢‘'8°S ‘LY v $Z8SV paxi4 “dwo) “say £Z8949.004
18 'vvd z $Z8Sv paxi4 “dwo) "say rz2949.004
98Y 1 [Z4:04 pexig “dwop “say rELY49L00H
8L°8S "LSYH € yZeSV paxi4 “dwo) “say roLy49L004
9/Y ! 285V *dwo) sy rz6£49£L004d
62 '9Z ‘72 '0Z ‘SLY [] [74:104 paxi4 “dwo) “'say MEESIDL00H
554 8 1 24:1504 paxi4 “dwo) “say re£€49L00H
zL'sy’Led € vzesvy paxig4 “dwo) “say £Ze€49£L004
08'LLY z [24:5504 ‘dwo) sy £1£249L004
LEY 1 28sv paxig “dwo) "say rezz49.004d
£5Y i 1 24:12 pexi4 “dwo) "say 8149004
[14°] i 285V fdwo) “sey rz8149£004
€2°1L°89°S9 ‘29
‘Oy '€y ‘8Z°'SZ 1T LL ‘ELY | T [24:1:24 paxi4 “dwo) "say rist49£004
v ‘6L z vz8sv ‘dwo) “'say rzz149L004
69 ‘99 ‘£9Y € 1241504 paxig “dwo) “say rs0149£004
€2°SL
‘0L °L9 ‘v9 ‘L9 ‘09 65 ‘9§
‘TP LY ‘Pz 61 '9L‘TL ‘LiY | 9l 1 24:1504 pexi4 “dwo) “say reoL492008
S8
‘v8 ‘18 ‘vS ‘¢S ‘8y '8¢ L€
‘SE‘vE ‘EE'TE L' E T | 9L vzZ8sy poxig "dwo) “say rzo149£00H
S'v’'E'ZLAD S 285V J03381R A 8p0IQ SLLZAW
¥8 ‘08 ‘v ‘69 ‘¥90 S 124:°14 4d16 eI pexig “de) SSrOL63LLIWD
0t ‘PZ ‘81 ‘TL ‘SO [ vZ8sv 4dzg edIN pexig “ded SSroZ83LLLWD
11 i [24:10 4 HNOZZ pPaxid 4y 100 L22:SL21D
PLEL 2L L
‘oL'6’'8°L'9'SPETY | EL $Z8SV speeg @iliseg 0zZt10
160 1 285V A9L 3nGZZ 11993 “dep LS€139
0668 L8
‘G8 ‘€8 ‘L8 ‘6L ‘8L '9L ‘SL
‘€L ‘LL 0L ‘89 ‘99 ‘69 E9
‘L9 ‘09 ‘65 ‘8S ‘LS ‘95 'SS
‘vG ‘28 9 ‘¥v ‘EY ‘LY '6E
‘8E ‘LE '9E ‘GE ‘¥E ‘€€ ‘IE
‘62 '9Z 'Sz ‘€T ‘0T ‘6L 'LL
‘PLELCLL'B L9V T LD | ¢S 1241 §ny’ 18] ‘paxiy “dey 6£-1€100
€515 6V ‘LY T¥D S vzesv | 4dogg 18D ‘paxtd4 “ded LZ'LELDD
29 ‘0% ‘€0 € $28SV | 4d0SL 28D 'paxi4 “de) 61-LELDD
88 'ZE ‘LZ°1Z'SL 60 9 9285V [4d000L '48D ‘paxig “del YZLELDD
282 . vzo0Y 241.¢ 18 ‘paxtd “ded ol-1£122
05 '8v ‘S0 £ 124:1°14 440l "4e) ‘paxig "deD ZL-LELDD
z8
‘LL°TL L9 '8T'TT ‘9L 01D 8 vz8svy | d449'G 48D ‘paxig “'de) 6-1€L0D
00Z1S Jaquiny |oquAs AlD uQ pPasn uvondipsag 1RqWNnN bed




S e

dL3eWaYdS 9017
43XLY LRULS

Y219 ad4nblL4

: SI8SV/iv8))d
- = e . 2
r :...W T eeo e$d 083 N uw '
‘ku —— a— —— o »
>~ e AAA wA- a
U L » »l
29y "’y oM ..onnz-w oty -...u. s
NOEE ¢ ! -
NOEE! NO€E A *cu ?
SS¥{ a0 oo..v!u* ' % 1K i€ }
noes 4 63| o5
iy § i s devn twuoud\ .as .
o 623, T %Y »re ol
ANO9 LAY ”
14001 44001 {
0 7 o> uT v r47 . Ly B
1 It ! <008 .
.__ | “ "y _-
5 14 A
il
T e
4S $408) 0001
ey 88 *1
) D
'y § 4
294 e oaBI
< | 3
T v
84000t
44
VAANS VAAAS 1,
ooo0! oool X ok s
e $1 2
Do
29 o¢
. » v

6L $6
24 06
€' $8
'S 08
I's [N
9r | [
O’y $9 ¢
£ € L
[ T3
§9°2 0% |
9y ¢ 34
o2 Oy -
i 18
-
M'.- <19 :
2 $Z°
(] 02 -
30 $!
*9 0 ot
%0 $0
2% 060 00
“h...":” $119¢ |

H

—————————————— e e ey

e

LR
-

L....._ oF

Inngeec '
04 000U !

S SO ——



JdaLjtauap] juauodwo) 9017
XL Leuld
g21°9 aunbL4

J_w 1y 1 SLBSV *dwo) ‘pexig ‘i01s18y 22849L00Y
| sd | L Slesy | ‘dwop ’pexij uoisisey r29549L004
: 89Y i S185V ‘dwo) ‘pexiy4 ‘Joisisey rLLY4DL00Y
19
‘GG ‘0S ‘OY ‘S€ '6Z ‘vT ‘TZYH 8 G185V dwo) ‘pexig ‘Joisisey rEEESIDL00Y
; Ley 1 S18SV ‘dwoy ‘paxiy ‘10isisay TEEIDL0OY
A 1] ] G185V *duso) ‘paxi4 ‘101s1s9y FLEELDLODY
| shy | 1 GleSy | ‘dwop ‘paxid ‘ioisisay 122494004
: 1S ‘8€Y z 5185V *dwo) ‘pexi4 ‘10isisay 122249L004
; : €Y i SL8SY *dwo) ‘paxi4 ‘101s159Y £12249L004
, j 4% i S18SY ‘dwo) ‘paxi4 ‘101s19Yy r25L349L004
; 09 ‘e¥ ‘v€ ‘LT ‘9L ‘TL ‘BY L S185V *dwo) ‘paxi4 ‘10isis0y r151492004
by i 5185V *dwo) ‘paxty ‘Joisivy r90149£004
9ty 1 5185V *dwo) ‘paxty ‘10isis8y 1501492004
€Y ‘65
” ‘By ‘lE ‘0z ‘8L 'EL 'L 'SH | 6 Si85Y | "dwop ‘pexyg “Jowsisay fE0L4DL00Y
: ¥9 ‘29 ‘9§
i ‘v¥ ‘TP Ly ‘9E ‘OF ‘tTd 6 5185V *dwo) ‘pexiy ‘J0isisay rzo1 492004
! 85 ‘ZS ‘9 £ G185V *dwo) ‘paxig ‘soisisay FLOLIDLODY
! 8°2'8'S'P'ETIHD | 8 G185V “1ep ‘abe3joA “de) SLLZAW
“ tiiz | 2 sissv | _ Jaxi HomaN 6vLaQ
€2 i SL8SY 49XI HomIaN 14 Xele}
0L°E9°9S°8V0 | ¥ 5185V ed1 ‘paxi4 “de) SSroZe3LLLWD
; 8.0 i G185V eI ‘pexiy “ded SSri6€3LLLND
; vyLE'LE'EZD | ¥ G185V s ‘paxig “ded SSFLLZIALLIND
! . GE2 1 S185Y edIy ‘pexiy “deg SSrLOZILLLWD
! 140 A% € [-18: 414 paxi4 ‘44 ‘10D Yaa-Thab)
~ ’ e11 i 1821 paxig ‘44 "1tod [} [E-TZak]
L §18GV “Beig oneweyos 9LZZND
LLOL'6°8°L 'S P L SL8SY speag il 4 0zL1d
vLzL
‘LL '69 ‘99 '6S ‘LS ‘SS VS
‘€S ‘ZS ‘05 ‘Ly ‘SY ‘¥ Ly
‘Ov ‘6€ ‘BE 'vE ‘ZE ‘OF ‘62
‘8Z ‘9T ‘ST ‘¥T ‘TT ‘0T ‘8l
oL‘g’'L's'v’zo| 9 S18SY “suel ‘JG39NpuUOdiWes Zzsoy ‘SL'EL ‘0L ‘L' ‘S'E ‘2D | 8E SL8SY *J8) ‘pexi4 “ded 6-1ELDD
10 1 G185V "suelj ‘J019npuodIWeg 89EZNZ BL'vI6'YD | ¥ G18GV | 4dOEE "48) ‘pexig “de) 1Z-1€100
J3s/ou SL0 i SL8SY | 4d00Z 480 ‘pexi4 “deg 0ZLE€1DD
tL'oL’L'e’e‘zl 9 5185V Bjqeunj ‘Jawiojsues ) 568211 TY'SE'Lz'Led | ¥ SL8SY | 4d0S1 “4eD ‘pexi4 “del 6L-1EL00
d8s5/M | €L°S9°8S'6¥D | ¥ SL8SV | 4400l "48D ‘pexig “de) SI-LELDD
Zi'e's’'s'vLl [:] SL8SY 8|qeun) ‘Jew.ojsues] 668711 | 19°09°1S 1D v 5185V 4d0L ") ‘pexi4 “deg ZL-LELDD
G9 ‘€9°LELLY 14 G18SY [dwo) ‘s|qeueA ‘ioisisey 10S-¥ZLAY BE'OEEL'BD | ¥ S18SV | d4d9'S 48D ‘paxt4 “ded 6'LELDD
] S185V Buimesg Ajqusssy SL8SY
00Z1LS Jaquiny joquAs qu uQ pasn uondisag Jaquiny Hed 00Z1LS JaquinN |oQuwAs AID uQ pasn uondipsag JaquinN ued




433 L4 quo) pauny ZHOOT

-—
I

I GHMED GHNAR CGHES NP WIS GEUD VSR Guah el deee Giild eles e

J13euRYdS /017
vET'9 a4nbL4

1285V/ €580d

— s Gwmn G Gy cn AN GEED G  CEEE IR S GEAD M CENE G — D G S CE— S G S ST S— ——

e [ nQ, Y - ] MO (1]
. 8. st 2'9 o
I’} [ & M AN - aH
0 (1] a0H 92 9!
[} I o (3] gt
[ s Y 79 (1]
€ oL [1-5] oz $2°0 o1 - €
3 lpps-0 | HOLH 1" SL | HolH 3
[ 9°2 1) (5 ] ’ "
[ $°6 HOTH €1 |+ c20] HoIH 9 [
1o | 9 Wi Al € Nie Tum ] omiIg A] SNie T
03yl wwiwna] 13427 o3es ) swiwns] ._!a.ho .oﬂ.m
Nz ZHNi wxxoo%_nnzo%n_xﬂ:x—_n%oo_
R |
|

9PPENT
1o

PYIENZ
t 4].]

INN G-I
LAl

TNNEI-0)
HO M




481 J13uap] juauodwo) [01Z
493 L4 qwo) pauni ZHOOT
g€1°9 aunbLd

I~

¥V3y NO'O1Wn

YETZIO | ¥ 1z85v "Hwag ‘103sisueiy Ly8oY
SO |1 1z8sv "lwag ‘J0isisuesy 6LLSNZ
ZL'LL’0L'6'8D | S [¥4:1-17 "jwes ‘Joisisues) 9YIENT
|1 1z8sv "Hweg ‘Joisisues 99EZNZ
8o |t 128sv "lwiag ‘epoiq THLYNL
SPETIL] S 1zesy ‘Ipv ‘4Y ‘seuuojsuesy S-G8ZLL
oy | L 1285V 9|GelBA ‘Jolsisay Z0SvZLAY
¥sH | L 1Z85vY 8jqelep ‘Joisisay 0S-¥ZLAY
€Ed [ L 1285V ‘dwo) “px4 ‘Joisisay rZz849L00Y
sy |t 1z28sv ‘dwoy “px4 ‘Jo¥sisay rL9S349L00Y
oL'8'9'v’TH | S (¥4:114 ‘dwio) “pwd ‘Joisisay reLP49L00H
Sy | 2 1Z8SY ‘dwoy “px4 ‘J0isisey FLLY4DL00H
Py | L 1z8sv *dwo) “px4 ‘s0isis8y roL$49.00H
8ELe'0E'ST'BLY | § 1285V ‘dwoy “pxg ‘Jo3sisay rYe€49L00H
Sed | L 1285V ‘dwoY “px4 ‘10isisay rZe€49L004
sed | L 17410 dwo) “px4 ‘103sisay ree45L004
Lty [ L 1Z8sv ‘dwio) “px4 ‘10isisey rize490204
9E‘ZE‘LT'TT LY | S 1z8svy ‘dwog “px4 ‘J0isisey r151492004
Iy'st'ed | € 1285V *dwo) “px4 ‘101stsey rZZ149L004
14
'LE ‘82 '9Z ‘€2 LT ‘6L ‘9LH | 8 1Z85v ‘dwog “px4 ‘Joisisey reoL45£004
€5°0S ‘6% 'BY LY 'EV6EY | ¢ 1285V *dwoy “px4 ‘101s159y rzo1 452004
ez’vzozviy | ¢ 1285V ‘dwo) “px4 ‘Joisisay rL0L49L00Y
1z 1285V 0PI YIOMIBN 06VLNS+MN
SPETIAD] S 1Z8SY JodeieA ‘apoiq ELIZANW
oSs‘ersyd | € Lz8sv ‘01 ‘paxig “ded LLpALLLND
127 t 1285V ‘wOIW ‘paxig “de) ISLALLLWD
S EV OV 'LE'EED | S 1285V "B ‘paxiy “de) TOLALLLIND
BL'EL'OL’L'YD | S 1285V "BOIWN ‘paxiy “dey LOLALLLWD
122 ¢ 1285V BN ‘PoxI4 “de) 00L4LLIWD
LZ2°92°sD | € 1z8sv ‘edI ‘pexid “de) OHSILLIND
911| ¢ 1285V 44 ‘no) 122-6L210
80| 2 1285V 44 ‘1109 0yYe-sL212
S'vETI| ¥ 1z8sv peag 811194 ozLID
Fi- 1 I Lzssv *01309]3 ‘pexi4 “ded 5Z-001-50130
623 | & 1z85v ‘on108|3 ‘pexid “de) S§Z-01L-50130
950 | 1 Lz8svy ‘013293 ‘paxi4 “de) 62960130
S5 ‘vS ‘€S ‘25 ‘1S Gy
‘v¥ ‘2P ‘L ¥ ‘6€ ‘BE '9E 'SE€
‘VE ‘'2€ 0E '8 ‘ST ‘vT ‘T
‘0Z°6L‘vL°LL'8'S°T 1D | BZ 1z8sv "49) ‘paxi4 “de) 6€-LELDD
wol i 128Sv "a8) ‘pexig “de) ZELELDD
ooclis J3QWNN |oquWAg AlD uQ pasn uondiwsag Jaqunpy Led




Figure 6.14
1KHz Tuned Comb Filter
(See Figures 6.13A & B)



Figure 6.15
10KHz Tuned Comb Filter
(See Figure 6.13A & B)



Figure 6.16
100KHz Tuned Comb Filter
(See Figures 6.13A & B)



Figure 6.17
1MHz Tuned Comb Filter
(See Figure 6.13A & B)



Figure 6.18
LSB Audio Sideband
(See Figures 6.6A & B)
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