Para

bt et e et et
NOYOT WA =

[ASEASEAS N ACN SN N )
DN WN -

bk~ WWWwwww
WM = DT WN =

(S, NS, N3, N3, N3,
Y WN =

oY Oh
w N

120-0423028-0

TABLE OF CONTENTS

Appendix A

Preface }
List of Illustrations
List of Tables

SECTION 1 - GENERAL INFORMATION
Introduction

Purpose and Use of Equipment
Identification and Model Differences
Functional Description

Physical Description

Specificatidns

Equipment Supplied

SECTION 2 - INSTALLATION
Introduction

Unpacking and Inspection
Power Requirements
Mechanical Installation
Electrical Installation
Final Inspection

SECTION 3 - OPERATING INSTRUCTIONS
General Considerations

Controls and Indicators

Initial Checkout

Operating Procedures

Emergency Procedures

Shut-Down Procedures

SECTION 4 - PRINCIPLES OF OPERATION
Introduction

Frequency Synthesis

Block Diagram Analysis

Detailed Description

SECTION 5 - MAINTENANCE INSTRUCTIONS
Introduction

Tools and Test Equipment Required
Preventive Maintenance

Corrective Maintenance

Alignment and Adjustment

SECTION 6 - DIAGRAMS AND PARTS LISTS
Introduction ’

Parts Lists

Diagrams

APPENDIX - SUPPLEMENTAL DATA

ii



LIST OF ILLUSTRATIONS

Figure Page
1-1 MMX-2/Series B Synthesized HF/ISB Exciter 1-0
2-1 Primary power transformer wiring 2-3
2-2 Typical chassis slide mounting 2-4
2-3 Exciter rear panel connections 2-5
3-1 Front panel controls and indicators 3-1
3-2 Rear panel controls 3-2
3-3 Exciter monitor meter scale 3-6
4-1 Frequency synthesis example 4-3
4-2 Simplified block diagram 4-5
4-3A Functional block diagram of MMX-2 4-6
4-3B Functional block diagram of MMX-2 4-7
4-4 Frequency selector switch readouts 4-15
4-6 CW, FSK and FAX mode switching 4-23
5-1 Exciter exploded view 5-30
5-2 Monitor meter alignment setup 5-36
5-3 Carrier generator 2.75 MHz alignment waveform 5-49
5-4 Sideband generator test setup 5-50
5-5 Sideband generator two-tone waveform 5-51
5-6 Frequency shift generator Z108 adjustment locations 5-53
5-7 Power supply setup for FAX measurements 5-54
5-8 Step generator A (Z110) test setup 5-57
5-9 Step generator B and C test setup 5-62
5-10 Translator Z112 test setup 5-66
5-11 . RF output board Z115 test setup 5-70
5-12 Final alignment test setup 5-72
5-13 Equal two-tone display centered around 3 MHz 5-74
5-14 Center tone display at 3 MHz 5-75
5-15 Carrier modulation display 5-78
5-16 1 MHz frequency stability test setup 5-79
6-1 Exciter top view 6-4
6-2 Exciter bottom view 6-5

120-042302A-0 iii

>



tp— e+ et et eer i o g - - Y e e e

LIST OF TABLES

Table ‘ _ Page
1-1 Technical Specifications | : 1-4
1-2 Equipment Supplied 1-6
2-1 Rear Panel Connections 2-6
3-1 Front Panel Controls and Indicators 3-3
3-2 Rear Panel Controls 3-5
4-1 Frequency Synthesis Derivation ,4-4
5-1 Maintenance Test Equipment and Tools 5-2
5-2 Inspection Checklist 5-3
5-3 Troubleshooting Chart 5-6
5-4 FAX Voltage vs. Frequency 5-55
5-5 - Mode Switch Setting vs. VIVM and Analyzer Indications 5-76
6-1 Exciter Assemblies and Subassemblies 6-2

120-042302A-0 iv



FIGURE 1-1 MULTI-MODE EXCITER MMX-2/B series

1-0



SECTION 1
GENERAL INFORMATION

1.1 Introduction

1.1.1 This manual presents operating and maintenance instructions for
the Synthesized High Frequency ISB Exciter, Model MMX-2/Series B, designed
and manufactured by The Technical Materiel Corporation (TMC) of Mamaroneck,
New York 10543 U.S.A. This manual includes a general discussion of the
equipment; preparation instructions for installation and use; operating
instructions; principles of operation; maintenance data; and diagrams with
parts lists.

1.2 Purpose and Use of Equipment

1.2.1 The MMX-2 exciter is a solid state device used to control the
output frequency of a transmitter in a single sideband (SSB) transmitting
system. It provides amplitude modulated (AM); amplitude modulated equiva-
lent (AME); or two-channel independent sideband (ISB) intelligence on an

RF carrier frequency between 1.6 and 29.9999MHz. The carrier frequency is
selected in discrete 100Hz increments by means of six frequency selector
switches on the front panel. The MMX-2 also features built-in frequency
stability of one part in 108 per day, and provides continuously adjustable
250 milliwatt output in AM, AME, SSB and ISB modes. In addition, the exciter
is capable of providing an output of up to one watt for continuous wave (CW);
carrier frequency shift keying (FSK); and facsimilie (FAX) modes.

1.3 Identification and Model Differences

1.3.1 The MMX-2 is identified by a metal nameplate affixed to the front
panel at the upper left-hand corner. When installed in a TMC transmitter
system, this nameplate is transferred to the right-hand side of the chassis.
The nameplate is lettered with the generic name, TMC model number, and serial
number of the exciter. Similar information, including manufacturing lot
number, is stamped on a metal foil attached to the rear panel.

1.3.2 Two models of the MMX-2 exciter "B" series are manufactured by TMC.
Common elements of both are referred to in the manual as simply the MMX-2.

MMX-2/B Synthesized HF/ISB Exciter
MMXR-2/B Synthesized HF/ISB Exciter (Remote)
1.3.3 The MMX-2 is nomenclatured by the United States military as an

MD-846/UR Modulator/Demodulator and as an 0-1706 Oscillator. It is the
standard RF drive unit in the 10KW transmitter AN/URT-37(V) and can be
interchanged in the field as the primary drive unit for all TMC General
Purpose (GPT) and High Frequency (HFT) Transmitters.

120-042302B-0 1-1



1.4 Functional Description

1.4.1 The MMX-2 exciter is a completely integrated RF drive unit that
requires no tuning or peaking for proper operation. Al] frequency control
elements, power supplies, amplifiers, and control circuits are designed in
to the exciter. Only RF, audio, and AC power lines are required for proper
operation to specification.

1.4.2 Front panel controls permit operator selection of the operating
modes which include CW, AM, USB, LSB, ISB 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 normaily pre-set at the time

of manufacture for -6, -20, -30 and FULL (-55db) but can be changed to
other values. Similarly, the optional FSK feature is pre-set for carrier
shifts of £42.5, 85, 170 and +425Hz, switch-selectable at the rear panel.
These valuse can be changed as required.

1.4.3 Front panel controls include level adjusts for USB or LSB line/
mike inputs and for RF output. A built-in meter indicates the operating
levels of critical circuits in the exciter by monitoring internal test
points. Two front panel jacks permit 55dbm Tow-impedance microphone and
a dry contact keyer to be coupled to the exciter. Selection of voice
operated relay (VOX) or press to talk (PTT) operation is accomplished by
a front panel push button switch as are the functions of STANDBY/OPERATE
and REMOTE/LOCAL.

1.4.4 Standard BNC-type connectors are provided on the rear panel to
interface the standard IMHz output frequency; the IMHz monitor; the RF
output; automatic load and drive control (ALDC); and the RF monitor with
external equipment.

1.4.5 Heavy-duty printed circuit boards (PCB) are used at the rear
panel to interface the exciter with audio input lines, remote control lines
and transmitter interlock/switching circuits detailed in Section 2.

1.5 Physical Description

1.5.1 The majority of electronic components which constitute the exciter
are mounted on removeable printed circuit cards which plug in to chassis-
mounted connectors. The cards, a3 mounted to the chassis, are easily
accessible from the front of the exciter by removal of protective covers.

1.5.2 A standard extender card and a special extender card for the
power supply boards are included. These extender cards mate with the both
the chassis-mounted connectors and the respective circuit cards. This
assists in maintenance, alignment, and troubleshooting procedures.

120-0423028B-0 1-2



1.5.3 The exciter chassis is designed for installation in a standard
19-inch (483mm) wide electrical operating cabinet. Removeable top 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.

1.6 Specifications

1.6.1 Table 1-1 presents the pertinent electrical and mechanical
specifications for the exciter.

1.7 Equipment Supplied

1.7.1 Table 1-2 presents the equipment and materials supplied with
the exciter.

120-042302B-0 1-3



TABLE 1-1
TECHNICAL SPECIFICATIONS

OPERATING PARAMETERS

Frequency Range
Optional

Frequency Selection
Optional

Frequency Display

Frequency Stability
Optional

Modes of Operation
Optional

Power Output
Input/Output Impedance
Tuning

Remote Control Optional

AUDIO PARAMETERS

Audio Sideband Response

Equalized Filters Optional

Audio Input

Keying Input

120-042302B-0

2.0 to 29.9999MHz
1.6 to 29.9999MHz

Direct synthesis in 100Hz steps
16, 32 or 64 programmed channels

Front panel digital

One part in 108 per day/150C change
One part in 109 per day/159C change

CW/AM/AME/USB/LSB/21SB (A1/A3/A3H/A3A/A3J/A3B)
FSK/FAX (F1/F4)

250 milliwatts PEP and Average CW
50 ohms (nom) unbalanced. BNC connector.
Six front-panel rotary switches.

Interface circuits are available for remote

monitoring and control of frequency, mode, RF
level, carrier, mains power and status of the
entire transmitting system including antennas.

250-3040Hz £1.5db CCIR. Others on request.

250-3040Hz 1.5db max. Others on request.

Phase jitter: less than 5 degrees in two
successive 10 millisecond periods.

Envelope delay: Less than 500 microseconds,
600-2900Hz. Less than 150 microseconds
for any 100Hz increment, 500-3050Hz.

1) Rear panel 600-ohm independent channels,
balanced or unbalanced. -20 to +10dbm.

2) Front panel jack for low-level microphone.
Built-in preamplifier, -55db into 47K.

1) Front panel CW key jack. 200 baud/dry contact

2) Rear panel FSK terminals. 75 baud and higher.
Shift +42.5/85/170/425Hz. Others on request
Input 20/60ma, 50 or 100 volts/dry contact
Positive/negative to ground.

3) FAX: +1 to +10VDC produces 800Hz linear shift
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TABLE 1-1

TECHNICAL SPECIFICATIONS
(Cont'd.)

TRANSMIT CHARACTERISTICS
Unwanted Sideband Rejection

Spurious Signals

Intermodulation Distortion

Residual Noise and Hum

Carrier Suppression
ENVIRONMENTAL AND INSTALLATION

Cooling

Acoustic Noise

Operating Conditions
Storage Conditions

Power Supply

Size and Weight

Shipping Data

120-042302B-0

500Hz tone minimum 60db below PEP
Minimum 60db below PEP

Minimum 40db below either tone of a two-tone
test at rated PEP.

Minimum 70db below PEP. Power supply ripple
minimum 55db below PEP.

Selectable at 0/-6/-10/-20/FULL(-55db).
Other values available on request.

Convection

Less than 70db above reference level of 1016
w/cmZ at 3.25 feet from the cabinet
(normal conversation) when installed to
TMC specifications.

0 to +50°C up to 95% R.H. at MSL

-300C to +80°C up to 95% R.H. at MSL

Totally solid state
115 or 230VAC, 50/60/400Hz, single phase

5.25"H X 19"W X 20"D (134mm X 483mm X 508mm)
36 pounds/16.4Kg installed.

Commercial packing for U.S. domestic shipment.

One container - 10" X 30" X 30"
Total weight/cube - 58 pounds/5.2 cu. ft.
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TABLE 1-2
EQUIPMENT SUPPLIED

QTY PART NUMBER DESCRIPTION
1 BMA106 Final Assembly, Model MMX-2 Exciter
1 *A0121 3MHz VCX0 Crystal Oscillator
1 NF116-3 1IMHz Frequency Standard Oscillator
1 LP155 Loose Items Package
2 120-042302 ' Technical Manual

*Supplied only with FSK/FAX option.

120-042302B-0 1-6



SECTION 2
INSTALLATION

2.1 Introduction

2.1.1 This section describes the requirements for preparing the exciter
for use. It includes procedures for unpacking and inspection; electrical
and mechanical installation considerations; and power requirements.

2.2 Unpacking and Inspection

2.2.1 The exciter is calibrated and tested at the factory prior to ship-
ment. 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 lToose/broken sealing tape indicating rough
hand1ing by the carrier. With respect to damage to the exciter for which the
carrier is responsible, the customer should file a claim against the carrier.
TMC will assist in describing methods of repair and/or furnishing replacement
parts if the exciter is damaged.

2.2.2 After inspecting the shipping container, the exciter may be unpacked.
The exciter is normally shipped in heavy-duty, tri-wall cartons when the method
of shipment is air freight or the destination is within the United States.

A11 other shipments require the use of wood boxes built by TMC. The container
number and contents are stenciled on the outside of each carton or box.

2.2.3 Various precautions must be observed in handling to prevent injury
and/or damage to the exciter. The exciter with the loose items package and
technical manuals are packed in a single shipping container which is placed
in a second outer container. If a wood box is provided, the outer container
is placed snugly inside the box.

2.2.4 The following information outlines the general uncrating methods
to be used. Follow each step, keeping in mind previous discussions.

2.2.4.1 Remove wire straps or bands from around the shipping
container with tin snips.

2.2.4.2  When a wood box is used and unless otherwise specified,
remove nails from the top and two adjacent sides of the
shipping container with a nail puller. DO NOT USE claw
hammers, pinch bars or other leverage devices.

2.2.4.3 After the sides are removed, remove the top covering to
expose the outer cardboard container. Strip off the
pressure-sensitive tape from this container,

* * * * * CAUTION * * * * *
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* * * * * CAUTION * * * * *
When using a knife to cut the pressure-sensitive tape, care

must be taken not to mar the exciter in the inner container.
* * * * * * %k Kk kkk * * * * *

2.2.4.4 Remove the inner container from the outer container.

[l
[}
IS
o

If a barrier hag i+ encountered, remove the bag from the
inner container.

2.2.4.6  Remove the pressure-sensitive tape from the inner con-
tainer observing the same precautions discussed previously.

2.2.4.7 Remove dessicant baas, loose items package and technical
manuals from the inrer container.

2.2.4.8  Remove the top section of the plastic-encased form to
expose the exciter. Note that the exciter sits in a
second plastic-encased form that is contoured to the
shape of the exciter when it is packed.

2.2.4.9  Carefully remove the exciter from the inner container.

r

.2.4.10 Repack the packing material in reverse order. Retain
this material, including the pre-contoured forms, for
future use should repacking for shipment or storage
become necessary.

2.2.5 After the exciter has been removed from the shipping container,
it should be inspected on a bench for signs of damage. The following
procedure is recommended:

2.2.5.1 Inspect the front panel for nicks, scratches, discolored
paint, or other obvious signs of mishandling.

2.2.5.

(RS

Check the meter plexiglass for scratches or cracks.

"N

.2.5.3 Checx the fuse housing and indicator Tamp housings
for cracks.

2.2.5.4 Remove line fuse (rear panel) and check for correct
value: 1.0 ampere for 115VAC line input and 0.5 ampere
for 230VAC line input.

2.2.5.5 Exercise all switches and controls on the front panel

to check for ease of oneration without unnecessary
binding

120-0423028-0 2-2



2.2.5.6 Inspect the rear panel for scratches, nicks, etc.

~
~N
on
<

Check the condition of all connectors for nicks, burred
threads, dents or other signs of wear. Check for bent
or broken pins and connectors.

2.2.5.8 Check the printed circuit board edges for cracks, nicks,
and firm mounting.

2.2.5.9 Loosen the threaded screws securing the bottom cover and
remove. Inspect the power transformer (T301) terminals
to verify parallel connection of the primary winding for
115VAC operation or cross connection of the primary winding
for 230VAC operation. Refer to Figure 2-1 for the proper
connections. Recheck the line fuse for proper rating.

2.2.5.10 Replace the bottom cover and verify that a "230 volt"
decal is affixed to the rear panel if the exciter is
correctly wired for 230VAC operation. No decal is used
for 115VAC operation.

2.2.5.11 Inspect the power cable assembly for frays, cuts, etc.

iNd
(2]
(Sa]

.12 Recheck the loose items package and the "Equipment
Supplied" 1ist to verify that all items are present
and accounted for. Complete the REGISTRATION CARD at
the front of the manual and send with the requested
information to TMC.

2.3 Power Requirements

2.3.1 The exciter is designed for operation at 115 or 230VAC, 50/60Hz
single-phase primary power. Unless otherwise specified by the customer,

the unit is shipped wired for 115VAC operation. For 230VAC operation, a

wiring change is required on the primary of the transformer (Figure 2-1).
Line fuse must be changed to 0.5 ampere rating for 230VAC operation.

4301 , T30
|
O e
. hY
S RS
T R W 6 NOTE:
il 21 : | —x—x— CONNECTIONS SHOWN
| § x—x | ARE FOR 115 VAC OPERATION .
| I 2 FOR 230 VAC OPERATION
i | DISCONNECT —x—x—— LEADS
I FROM TERMINALS AND MAKE — —
| 4 i 4 CONNECTION BETWEEN
c ! TERMINALS 2 AND 3.

Figure 2-1. Primary power transformer wiring
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2.4 Mechanical Installation

2.4.1 The exciter is equipped with a standard 19-inch (483mm) wide
front panel for installation in a standard equipment rack. The exciter
can be installed in the cabinet in one of two configurations.

2.4.1.1 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, the exciter is not equipped with chassis slides.

2.4.1.2 Chassis Slide Mount. The exciter can be supplied with extension
chassis slides that are securely fastened to the side plates of the exciter
and are provided with mating sections designed to be installed in the
equipment operating cabinets. 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 top and bottom sections. The non-tilt slides
can be provided at the request of the customer. Tilt slides are also avail-
able and enable the exciter to be rotated 90 degrees up or down when extended
out from the operating cabinet.

2.4.2 When the exciter is equipped with chassis slides, the following
procedure should be followed.

2.4.2.1 Pull out the center section of tracks, located in the
equipment cabinet, until locked in the extended position,

2.4.2.2 Position the chassis slide section attached to the
exciter in the tracks of this extended section. Ease
the exciter into the cabinet until the release buttons
engage holes in the tracks.

2.4.2.3 Press the release buttons and slide the exciter all
the way into the cabinet. Secure the front panel of
the unit to the cabinet with screws provided or by the
panel locking devices installed on the front panel.

TRACK TILT LEVER
i
v CHASSIS
2| e - - H FRONT
y— PANEL

—Ay——  RELEASE
BUTTON

FRAME

TILT CHASSIS SLIDE

Figure 2-2. Typical chassis slide mounting
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2.5 Electrical Installation

2.5.1 A11 electrical connections between the exciter and associated
transmitter or interface equipment are made at the rear panel. Figure 2-3
illustrates all rear panel connections. Table 2-1 lists the panel desig-
nations and functions of the connections.

J120 J121 J122 J126 J128

J123 Ji24 J125 J127

Figure 2-3. Exciter rear panel connections

2.6 Final Inspection

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

2.6.1.1 Ensure that all dust and foreign matter is removed.
2.6.1.2 Ensure that all external controls are operating properly.
2.6.1.3 Check for loose hardware, handles and knobs.

2.6.1.4 Verify that all covers are in place and fit properly.

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

2.6.1.6 Check that all requested information, including model

and serial numbers of the exciter, has been entered on
the enclosed REGISTRATION CARD and mailed to TMC.

120-042302B-0 2-5



TABLE 2-1

REAR PANEL CONNECTIONS
(See Figure 2-3)

Designation Description Function

J116 POWER Power input for 115/230VAC line voltage
J120 IMHZ OUT IMHz standard signal output jack (BNC)
Ji21 IMHZ MON IMHz standard signal monitor jack (BNC)
J122 1MHz STD 1MHz standard input jack (BNC) from an

external frequency source.

J123 ALDC Input jack (BNC) for feedback voltages
from an associated linear amplifier
to improve linearity, 1imit distortion
and deliver a relatively constant
output level during high modulation
peaks or load changes.

J124 RF OUT RF output signal jack (BNC)
J125 RF MON RF output signal monitor jack (BNC)
* * * * * NOTE * * * * *

Facing the exciter rear panel, the J126 PCB connector
terminals are read from bottom to top with the numbers
(1-22) on the left and the letters (A-Z omitting G,I,0

and Q) on the right. Components are on the left side.
* * * * * %k kk * * * * *

J126 TRANSMITTER Input/Output connector for operation
with an associated amplifier.

1) Transmitter control of bias ON/OFF

2) Transmitter tune/ready command

3) Antenna tuner 2.6-2.9999MHz control

4) Transmitter tune/ready command

5) Antenna tuner 2.3-2.5999MHz bandswitch
6) Antenna tuner 2.6-2.9999MHz bandswitch
7) Not used

8) 0 to 24VDC variable voltage line

9) Not used

10) Transmitter 5-7.999MHz bandswitch

11) Not used

12) Transmitter 4-4.999MHz bandswitch

13) thru 22) Not used

120-042302B-0 2-6



TABLE 2-1

REAR PANEL CONNECTIONS
(Cont'd.)

Designation Description Function

J126 (Cont'd) TRANSMITTER A) Ground

B) Push to Talk (PTT) line from Ji27-5
C) Transmitter control of bias ON/OFF
D) Not used

E) +24vDC

F) Antenna tuner 2-2.2999MHz bandswitch
H) Antenna tuner 2-2.2999MHz bandswitch
J) Antenna tuner 2.3-2.5999MHz bandswitch
K) Transmitter 2.3-2.5999MHz bandswitch
L) Transmitter 3-3.999MHz bandswitch

M) Transmitter 2-2.2999MHz bandswitch
N) Not used

P) Not used

R) Not used

S) Transmitter 8-11.999MHz bandswitch
T) Transmitter 2.6-2.9999MHz bandswitch
U) Transmitter 12-15.999MHz bandswitch
V) Not used

W) Transmitter 16-23.999MHz bandswitch
X) Not used

Y) Transmitter 24-29.999MHz bandswitch
Z) Ground

* * * * * NOTE * * * * *

Facing the exciter rear panel, the J127 PCB connector
terminals are read from right to left with the numbers
(1-10) on the bottom and the letters (A-Z omitting G

and I) on the top. Components are on the bottom side.
* * * * * *kk Kk * * * * *

J127 AUDIO/KEYING Input connector for audio/keying interface
with external equipment.

USB 600-ohm input terminal

USB 600-ohm center-tap terminal

USB 600-ohm input terminal

Ground

Push to Talk (PTT) terminal for relay
contacts to external equipment.

Contact terminal for FSK operation.

LSB 600-ohm input terminal

LSB 600-ohm center-tap terminal

LSB 600-ohm input terminal

CW keying line

O WOWoOND GTH WN -
N e e et et e e e

—
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Designation Description
J127 (Cont'd) AUDIO/KEYING
* * * * *

TABLE 2-1
REAR PANEL CONNECTIONS
(Cont'd.)

Function

A)
B)
C)
D)
E)

GLxTm
— e e e

L)

NOTE

FAX input terminal

FAX input terminal (Ground)
Ground '

Ground

FSK negative loop input terminal
FSK positive Toop input terminal
Not used

Not used

Not used

Not used

* * * * *

Facing the exciter rear panel, the J128 PCB connector
terminals are read from the bottom to top with numbers
(1-22) on the left and letters (A-Z omitting G,I,0,Q)

on the right.
* * *

* *

J128 (Option) REMOTE

120-042302B-0

Input/output connector for remote control

N

e et e e e N N’ e e e e e
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The component side is on the left.
*kkk

* * * * *

of the exciter and accessories.
thru
thru
thru 13)
thru 18)
Ground

thru 22)

3)
8)

10MHz switch control
1MHz switch control

100KHz switch control
10KHz switch control

Not used

thru E)
thru L)
thru S)
10MHz BIT 4 switch control

thru V) Carrier switch control
Ground

10MHz BIT 1 switch control

thru Z) Not used

1KHz switch control

100Hz switch control (Omit G,I)
Mode switch control (Omit 0,Q)



SECTION 3
OPERATING INSTRUCTIONS

3.1 General Considerations

3.1.1 The MMX-2 exciter provides rapid RF frequency selection of AM, USB,
LSB or two-channel ISB intelligence in the 1.6 to 29.9999MHz transmission
range. Selection of frequency over this range is accomplished in incremental
steps of 100Hz using six front-panel frequency select switches. In addition,
the exciter contains provisions for operating CW, FSK and FAX modes. This
selection is made by using a front-panel mode switch.

3.1.2 This section presents pertinent information for the operation of

the exciter. Included are the functions of all controls and indicators;
check-out procedures including pre-operational adjustments and control settings;
step-by-step operating procedures for each function the exciter performs;
emergency operating procedures; and shut-down procedures.

3.2 Controls and Indicators

3.2.1 A11 operator controls and indicators are located on the front and
rear panels of the exciter. Figures 3-1 and 3-2 illustrate the front and
rear panels respectivedy. Table 3-1 presents a Tisting of the front panel
controls and indicators with an explanation of the function of each. In the
same manner, Table 3-2 lists the rear panel controls.

Figure 3-1. Front panel controls and indicators

120-042302B-0 3-1
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Figure 3-2. Rear panel controls.

3.3 Initial Checkout

3.3.1 The MMX-2 exciter is completely aligned and checked prior to
shipment and requires no pre-operational adjustments. Upon receipt at the
operating site, the initial checkout procedure outlined below should be
executed. If an obvious malfunction is detected, refer to Section 5
Maintenance Instructions for proper corrective action.

3.3.2 The following test equipment is required for the initial check-
out of the exciter.

Vacuum Tube Voltmeter Hewlett-Packard 410B or equal
Audio Oscillator Hewlett-Packard 200CD or equal

3.3.3 To verify the exciter operation on a minimum performance basis,
the following initial checkout procedure should be followed.

* * * * * CAUTION * * * * *
Make certain the STANDBY/OPERATE pushbutton (7A) s in the
STANDBY (In) position. The power supply is energized when
the power cable is connected to the appropriate power source
with the STANDBY/OPERATE switch in either the STANDBY or
OPERATE position.
* * * *

* *kkkkkk * * * * *

3.3.3.1 Connect the source of line power to connector J116 through
the power cord provided. The red STBY lamp in the upper
right-hand sector illuminates.
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TABLE 3-1
FRONT PANEL CONTROLS AND INDICATORS

Index Control/Indicator Function
1 RF QUTPUT Adjusts RF output power level
2 METER SWITCH Four-position pushbutton switch for

selecting internal circuits to
be monitored on front panel meter

2A TEST Controls monitoring of output transistors
AF/RF Controls monitoring of input audio level
or RF output level.
2B Q1 Controls monitoring of Q1 transistor
collector current (350ma).
2C Q2 Controls monitoring of Q2 transistor
collector current (130ma).
RF Controls monitoring of RF output level.
AF Controls monitoring of SSB audio input
levels with Switch 2D.
2D Q3 Controls monitoring of Q3 transistor
collector current (65ma).
USB Controls monitoring of USB audio input.
LSB Controls monitoring of LSB audio input.
* * * * * NOTE * * * * *

Use the following chart as a guide in operating Meter
Switches. If a switch combination is not listed, the
meter reading is not valid and should not be used.

SWITCH METER READING
2A 2B 2C 2D
POSITION [IN IN OuUT  ouT Q1 Collector Current
IN OuT IN ouT Q2 Collector Current
IN oOuT OuUT IN Q3 Collector Current

OUT N/A IN N/A RF Output Power Level
OUT N/A OUT IN USB Audio Input Level
DUT N/A OUT  OUT LSB Audio Input Level

N/A = Switch is out of the circuit and does not

affect the meter readings.
* * *kkk * * * * *
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TABLE 3-1
FRONT PANEL CONTROLS AND INDICATORS

(Cont'd.)
Index Control/Indicator Function
3 LSB MIKE/LINE Adjusts Tlevel of LSB input
4 USB MIKE/LINE Adjusts Tevel of USB input
5 METER Monitors circuit function selected by

meter switches 2A-2D.

6 CARR SUPPR Establishes the amount of carrier used
by setting suppression levels at
-20/-30/FULL (-55db) or others as
required. A rotary three-position
switch controls pre-set level and
LED indicators display level value.

7 OPERATION SWITCH Three-position pushbutton switch for
selecting operating conditions.

7A STANDBY Controls application of power to all
operating circuits. STANDBY (In)
condition applies power to 1MHz
frequency standard only while the
OPERATE (Out) position applies
power throughout exciter. STBY
LED indicator displays for STANDBY
condition and PWR indicator for an
OPERATE condition.

7B PTT Controls use of Push to Talk (PTT) cir-
cuits to key exciter when a MIKE
input is used. Switch is "In".
VOX Controls used of Voice Operated Relay
circuits to key exciter when any
mode other that a MIKE input is
used. Switch is "Qut".

7C REMOTE Controls local/remote feature of exciter.
Exciter control is local with switch
"Out"; remote with switch "In".

8 MODE Rotary multi-contact switch that is used
to select one of seven operating modes
based on options supplied. Available
modes include CW, AM, USB, LSB, 2ISB,
FSK and FAX.
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TABLE 3-1
FRONT PANEL CONTROLS AND INDICATORS

(Cont'd.)
Index Control/Indicator Function
3 LSB MIKE/LINE Adjusts level of LSB input
4 USB MIKE/LINE Adjusts Tevel of USB input
5 METER Monitors circuit function selected by

meter switches 2A-2D.

6 CARR SUPPR Establishes the amount of carrier used
by setting suppression levels at
-20/-30/FULL (-55db) or others as
required. A rotary three-position
switch controls pre-set level and
LED indicators display level value.

7 OPERATION SWITCH Three-position pushbutton switch for
selecting operating conditions.

7A STANDBY Controls application of power to all
operating circuits. STANDBY (In)
condition applies power to 1MHz
frequency standard only while the
OPERATE (Out) position applies
power throughout exciter. STBY
LED indicator displays for STANDBY
condition and PWR indicator for an
OPERATE condition.

7B PTT Controls use of Push to Talk (PTT) cir-
cuits to key exciter when a MIKE
input is used. Switch is "In".
VOX Controls used of Voice Operated Relay
circuits to key exciter when any
mode other that a MIKE input is
used. Switch is "Out".

7C REMOTE Controls local/remote feature of exciter.
Exciter control is local with switch
"Out"; remote with switch "In".

8 MODE Rotary multi-contact switch that is used
to select one of seven operating modes
based on options supplied. Available
modes include CW, AM, USB, LSB, 2ISB,
FSK and FAX.
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TABLE 3-1
FRONT PANEL CONTROLS AND INDICATORS

(Cont'd.)
Index Control/Indicator Function
9 FREQUENCY Controls internal oscillators that are

used to establish the desired
operating carrier frequency.

9A 10MHZ Controls selection of 10MHz digits (0-2)
9B IMHZ Controls selection of 1MHz digits (0-9)
9C 100KHZ Controls selection of 100KHz digits (0-9)
aD 10KHZ Controls selection of 10KHz digits (0-9)
9E 1KHZ Controls selection of 1KHz digits (0-9)
9F 100HZ Controls selection of 100Hz digits (0-9)

10 MIKE JACK Input jack for a 47K-ohm microphone.

11 KEY JACK Input jack for a dry contact CW keyer.
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TABLE 3-2
REAR PANEL CONTROLS

Index Control Function

S108 EXT/INT STD Selects either the internal or an external
1IMHz standard signal source.

R107 ALDC ADJ Controls internal ALDC voltages.

F101 LINE FUSE Controls continuity of power for exciter.

1.0 ampere rating for 115VAC power.
0.5 ampere rating for 230VAC power.

R101 SHIFT CAL Used for precision calibration of MARK/
SPACE frequency shift.

S109 SHIFT SENSE Establishes sense + (positive) or -
(negative) in the FSK operating mode.

S110 SHIFT Determines the "mark" and "space"
frequency shift above or below the
carrier frequency. Switch selected
at 142.5, 85, 170 and 425Hz.

S111 F/S LOOP Selects proper FSK loop input: 110 volts,
50 volts, 20 ma, 60 ma, CONT.
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3.3.3.2 Position the RF OUTPUT control (1) fully counter-clockwise.

3.3.3.3 Using the six frequency select switches (9A-9F), set the
output signal frequency to 29.9999MHz.

3.3.3.4  Rotate the CARR SUPPR switch (6) fully counter-clockwise.
3.3.3.5 Rotate the mode switch (8) to the ISB position.

3.3.3.6 Center the USB Line/Mike (3) and LSB Line/Mike (4) controls
to the "0" position.

3.3.3.7 Set (In) meter switches TEST (2A) and Q1 (2B).

3.3.3.8 Connect the audio oscillator to the rear panel USB 600-
ohm terminals J127-1/2/3. If the exciter is equipped with
the LSB feature, connect also to the LSB 600-ohm terminals
J127-7/8/9. Adjust the audio frequency for 1000+50Hz at
10£0.5 volts.

3.3.3.9 Release (Out) the STANDBY switch (7A) by depressing it
momentarily. The STBY indicator lamp extinguishes. The
PWR indicator and the first CARR SUPPR indicator displays
red indicating the exciter is in the OPERATE position

3.3.3.10 Verify that the meter indicates in the green region marked
Q1. (See Figure 3-3).

3.3.3.11 Release the meter switch at Q1 and set (In) at Q2. The
meter now indicates in the green region marked Q2.

3.3.3.12 Release the meter switch at Q2 and set (In) at Q3. The
meter now indicates in the green region marked Q3.

DC COLLECTOR -
CURRENT ADJ.

GREEN REFERENCE SCALE
\§§\\ \\\\X <<;\\ WHITE
0 \\}\\ 2 ;\OI 4 N !
Q3 Q2 Fud IS,
L

RzD
SCALE, CALIBRATION REGION

Figure 3-3. Exciter monitor meter scale.
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3.3.3.13 Release (Out) the meter switches TEST (2A) and Q3 (2D).
Set the meter switch RF (2C). The meter indicates zero
with the RF OUTPUT control fully counter-clockwise.

3.3.3.14 Connect the VTVM to the RF OUT jack J126 across a 50-ohm
load resistor.

3.3.3.15 Adjust the RF OUTPUT control for a minimum indication of
3.5 volts on the VTVM.

3.3.3.16 Release the meter switch RF (2C) and set USB (2D). Adjust
the USB Line/Mike control for an indication of 2/5 full
scale on the meter.

3.3.3.17 Release the meter switch USB (2D). Adjust the LSB Line/
Mike control for an indication of 2/5 full scale on the
meter.

3.3.3.18 Set the meter switch RF (2C). The meter indicates zero.

3.3.3.19 Rotate the CARR SUPPR switch clockwise. The meter indication
increases to FULL when the carrier control is fully clockwise.

3.3.3.20 Disconnect all test equipment and remove power from the MMX-2

exciter.
3.4 Operating Procedures
3.4.1 The following procedure should be followed when placing the exciter

in operation.

* * * * * CAUTION * * * * *
Verify that the STANDBY/OPERATE switch (7A) is depressed
and set in the STANDBY position (In). In addition, all

meter switches should be in the released (Out) position.
* * *

* * * * *kkkkkk * * *

3.4.1.1 Connect the source of 115 or 230VAC, 50/60/400Hz, single-
phase power, as appropriate, to the exciter rear panel

connector J116 through the power cord provided. Observe
that the front panel STBY indicator illuminates red.

3.4.1.2 Make the necessary interface connections from the rear

panel connectors to the transmitter, audio/keying units,
and optional remote units.
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3.4.1.3 Turn RF OUTPUT control fully counter-clockwise before
selecting different modes of operation.

3.4.2 The following procedure should be followed for single sideband
operation with any degree of carrier insertion including AME full carrier.

3.4.2.1 Set the STANDBY/OPERATE switch (7A) to the OPERATE
(Out) position. STBY lamp extinguishes and PWR lamp
illuminates red.

3.4.2.2 Set PTT/VOX switch (i) to the VOX (Out) pocition
when using either USB or LSB 600-ohm 1line inputs.
Set PTT/VOX switch to PTT (In) position when using
the MIKE input.

3.4.2.3 Select the desired sideband with the MODE switch (8).

3.4.2.4 Set meter switch to monitor the audio input level of
the desired sideband. Refer to the chart, page 3-3.

3.4.2.5 Connect a mike to the front panel MIKE jack if used.

3.4.2.6 Adjust the Mike/Line control of the sideband used to
the appropriate level as indicated on the meter.

* * * * * CAUTION * * * * *
DO NOT ENTER THE RED REGION ON THE METER. When the mike
input is used, adjust the level so as not to exceed red

region with the highest input from the microphone.
* * * *

* * *kkkkkk * * * *

3.4.2.7 Select desired carrier suppression level with CARR
SUPPR switch (6).

3.4.2.8 Set the meter switch RF/AUDIO (2C) to the RF position.

3.4.3 The following procedure should be followed for independent side-
band with any degree of carrier.

3.4.3.1 Set the STANDBY/OPERATE switch to the OPERATE position.

3.4.3.2 Set the PTT/VOX switch (7B) to the VOX position when
using either the USB or LSB 600-ohm line input. Set
this switch to the PTT position when using the MIKE
jack input on the front panel.

3.4.3.3 Set the USB and LSB Mike/Line controls to zero.
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3.4.3.4 Select the ISB position on the MODE switch (8).

3.4.3.5 Set the meter switches for monitoring the LSB audio
input Tevel. Refer to chart, page 3-3 for the
correct settings. Adjust the Line/Mike LSB control
for a meter indication up but not exceeding the red
region.

3.4.3.6 Repeat the previous step for the USB input.

3.4.3.7 Set the RF/AUDIO meter switch the RF position and
adjust the RF OUTPUT control for the desired level
of RF output as indicated on the meter.

3.4.4 The following procedure should be followed for conventional AM
operation of the exciter.

3.4.4.1 Set the STANDBY/OPERATE switch to the OPERATE position.

3.4.4.2 Set the PTT/VOX switch to the VOX position when
using either USB or LSB Tine inputs. Set the switch
to the PTT position when using the MIKE input jack.

3.4.4.3 Set the MODE switch (8) to the AM position.
3.4.4.4 Connect a microphone to the MIKE jack if used.

3.4.4.5 Adjust the Mike/Line control of the sideband used
to the appropriate level on the meter. Refer to
the chart, page 3-3, for correct switching.

3.4.4.6 Set the RF/AUDIO meter switch to the RF position.
Vary the RF OUTPUT control for the desired level
of RF output as indicated on the meter.

3.4.5 The following procedure should be followed for Frequency Shift
teletype operation.

3.4.5.1 Connect the external dry contact keyer to CONT
terminals (6) and (D) on J127. If a teletype unit
is used, connect to FSK terminals (E) and (F).
3.4.5.2 Set the STANDBY/OPERATE switch to OPERATE.

3.4.5.3 Rotate the MODE switch to the FSK position.
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3.4.5.4 Select the appropriate FSK operation by setting the
FS LOOP (S109) and SHIFT (S110) switches to the
appropriate positions.

3.4.5.5 Place the SHIFT SENSE switch to the desired sense,
+ or -, on the rear panel (S111).

3.4.5.6 Set the meter switch RF/AUDIO to the RF position.
Adjust the RF QUTPUT control for the desired RF
output level as indicated on the meter.

3.4.6 The following procedure should be followed for facsimilie operation.

3.4.6.1 Connect the FAX machine to J127 terminals (A) and
(B) on the rear panel.

3.4.6.2 Set the STANDBY/OPERATE switch to OPERATE.
3.4.6.3 Rotate the MODE switch to the FAX position.

3.4.6.4 Set the meter switch RF/AUDIO to RF and adjust the
RF OUTPUT control for the desired level as indicated
on the meter.

3.4.7 The following procedure should be used for CW telegraph operation.
3.4.7.1 Set the STANDBY/OPERATE switch to OPERATE.
3.4.7.2 Rotate the MODE switch to the CW position.

3.4.7.3 Connect the key to the input jack (11) on the front
panel or to the key input terminals (10) and (C) on
J127 at the rear panel.

3.5 Emergency Operation

3.5.1 The exciter operation can be continued under certain conditions
when a circuit fails. For example, a failure of the step generator may
affect only one range of output frequencies. If the failure is not common
to all three ranges, operation of the exciter can continue on the remaining
two ranges without interruption. Certain audio amplifier failures, such as
AM, will not affect microphone or USB/LSB Tine audio inputs - provided that
the 250KHz subcarrier is still intact. Similarly, if one sideband audio
circuit fails, intelligence can still be transmitted on the other provided
the 250KHz subcarrier is still present. If the 250KHz subcarrier or the
2.75MHz carrier fails, operation can continue in the FSK and/or FAX modes.
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This is only possible if the 3MHz amplifier circuit on Z108 is operational.
If an FSK failure occurs, which does not affect the 3MHz VCX0, operation in
the FAX mode is still possible. In general, any failure of the modulated
3MHz subcarrier input to translator Z112 will prohibit operation of the
exciter.

3.6 Shut-Down Procedures

3.6.1 To discontinue the exciter operation, simply set the STANDBY/
OPERATE switch to the STANDBY position and disconnect primary power from
J116 on the rear panel.
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SECTION 4
PRINCIPLES OF OPERATION

4.1 Introduction

4.1.1 This section presents the theory of operation for the exciter

and is divided into three parts. The first part describes the frequency
synthesis technique used on the equipment and provides a typical selected
frequency sample to illustrate operation of the synthesizer circuits. The
second part presents a block diagram description of the equipment to specify
which component boards are responsible for generating each of the exciter
functions and to define signal flow between component board assemblies.
This discussion is based upon simplified bloack and signal flow diagrams.
The third part presents a detailed description of the individual circuits
to better understand exciter operation and to identify the associated cir-
cuit controls and adjustments for operation and maintenance. These discus-
sions are referenced to the interconnection and schematic diagrams that are
contained in Section 6.

4.2 Frequency Synthesis

4.2.1 Six front-panel frequency selector switches provide selection

of the carrier frequency in 100Hz increments from 1.6 to 29.9999MHz. The
synthesizer uses a precision 1MHz signal from which are developed other
basic signal frequencies, which in turn are used to synthesize the RF car-
rier output. The basic signal frequencies are applied to mixer-divider

and mixer-multiplier circuits to derive discrete RF frequencies. A typical
frequency synthesis is shown in Figure 4-1 to illustrate the synthesis
process. Figure 4-1 illustrates a selected frequency of 21.7146MHz. The
appropriate switch positions are shown darkened on the diagram. The basic
8MHz signal is mixed with the basic 1MHz signal to produce 9MHz. This is
then mixed with the 100Hz switch-selected 1.6MHz signal to produce 10.6MHz
which, when divided by 10, produces 1.06MHz. The "6" is the least signifi-
cant digit of the desired frequency. The 1.06MHz frequency is then mixed
with the basic 8MHz signal to produce 9.06MHz. This is mixed with the 1KHz
switch-selected 1.4KHz signal to produce 10.46MHz which, when divided by 10,
produces 1.046MHz. The "4" is the next significant digit of the desired
frequency. The 1,046MHz frequency is then mixed with the basic 8MHz signal
to produce 9.046MHz. This is mixed with the 10KHz switch-selected 1.1MHz
signal to produce 10.146MHz which, when divided by 10, produces a 1.0146MHz
signal. The "1" is the next significant figure of the desired frequency.
The 1.0146MHz is then mixed with the basic 8MHz signal to produce 9.0146MHz.
This is mixed with the 100KHz switch-selected 1.7MHz signal to produce a
10.7146MHz signal.

4.2.2 Generation of the two most significant digits (10MHz and 1MHz) is
done in a different manner than the least four significant digits. These
circuits use frequency multipliers and mixers to produce the desired fre-
quencies. The selected 10.7146MHz signal is first mixed with the 3MHz
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modulation frequency to produce a 13.7146MHz frequency. This 3MHz frequency
is varied by the selected modulation to provide carrier frequency deviations
in response to the selected modulation mode. However, for this discussion
only, the center 3MHz frequency is described. The 13.7146MHz frequency is
mixed with a 120MHz basic signal derived by multiplying the 40MHz basic
signal by three. The output of the mixer will then be 133.7146MHz. The
IMHz switch-selected 0.8MHz signal is mixed with the 10MHz switch-selected
12MHz signal to produce an 11.2MHz frequency. This is first multiplied by
five-to produce 56MHz, and then multiplied by two to produce 112MHz. The
112MHz frequency is then mixed with the 133.7146MHz frequency to produce

the final 21.7146MHz carrier signal. The 10MHz selector switch selects a
14MHz basic signal for the "0" digit position which is used to derive the
0IMHz to 10MHz range of frequencies. A 13MHz basic signal is selected in
the "1" digit position of the 10MHz selector to derive the 11MHz to 20MHz
range of frequencies. The 12MHz basic signal is selected in the "2" digit
position which is used to derive the 21MHz to 29MHz range of frequencies.
The derivation of each of these discrete frequencies is listed in Table 4-1.
The derivation of the 21MHz frequency is illustrated in Figure 4-1.

4.3 Block Diagram Analysis

4.3.1 The exciter is capable of providing amplitude-modulated (AM)
operation; -single-sideband suppressed-carrier (SSSC) or conventional
single-sideband (SSB) operation; independent sideband (ISB) operation;
continuous wave (CW) operation; frequency shift keyer (FSK) operation;

and facsimilie (FAX) operation. The RF output appears in the 1.6KHz to
29.9999MHz frequency range, and is selected in discrete 100Hz increments

by means of six frequency selector switches. The exciter includes a

spectrum generator; two comb filters; a frequency select switching network;

a single mixer-divider; a dual mixer-divider; a final mixer; three step
generators; a double-sideband generator; a carrier generator and AM amplifier;
a frequency shift generator and converter; an RF translator and ALDC circuit;
an RF output amplifier; a mode-switching network; and a power supply assembly.
The following paragraphs present brief descriptions of each network assembly.

4.3.2 The spectrum generator (Z101) developes seven fundamental output
frequencies which are derived from a stable 1MHz standard in the power
supply assembly. Firstly, the 1MHz input is amplified and sent to the
mixer-divider circuits for formulation of four discrete decimal integers

to enable frequency selection in 100Hz steps. Secondly, the 1MHz input is
clipped, divided by a factor of 10, and applied to a 100KHz spectrum gener-
ator. This output, containing the 100KHz fundamental plus harmonics, is
applied to the comb filter circuits. Finally the 1MHz input is squared to
produce a 1MHz spectrum containing the required harmonics for generation of
four additional output frequencies of 8, 12, 13 and 14MHz. The 8MHz output
is applied to the mixer-divider sections as the fundamental input frequency,

120-042302B-0 4-2



I MHZ I00KHZ

=
T
N
o
o
I
~N

NOTE :

A SELECTED FREQUENCY OF @ 1.4 MHZ
21.7146 IS SHOWN TO ILLUSTRATE

THE SYNTHESIS PROCESS; THE
CORRESPONDING SWITCH POSITIONS @ 1.3 MHZ
ARE SHOWN DARKENED.

©
rojejoxoyoxoxox xelo,
o) JoJoxoroxoloxolonk
rojejoxox xoxoroxexo
©

SELECTOR SWITCHES SELECTOR SWITCHES

12 MHZ 8 MHZ l 1.7 MHZ I 1.IMHZ l 1.4 MHZI I.SMHZI

8MHZ
— — I MHZ
MULTIPLIERS : :
, A \ MIXER MIXER MIXER MIXER MIXER
112 MHZ 56 MHZ 2wz 3.0146 MHZ 9.046 MHZ 506 3 MHZ
" x2 |e X5 4————] ¥ ¥ ¥ _yMHZ ¥
SELECTED _2171agMuz| | MIXER MIXER MIXER MIXER
ouT E M M
E | 1337146 Y | 37146 Mz , 10.7146 MHZ 10.146 MHZ 1046 10.6 MHZ
X X
E | 12omnz E | 107146 MMz 1o
|1.06 MHz

X3 M——— 40MHZ

Figure 4-1. Frequency synthesic evample

4-3



TABLE 4-1

4-4

FREQUENCY SYNTHESIS DERIVATION

N N
o] oo
o 1) cjo = © | 1vho = M
IV B O ] =) 311 3 ke =
Xl XN Ny (R il Uolie] (o man-c R © ¥ VIO N =
- 11“. 1 210 o~ hy o~ i
- 1= Ko Klo—on o
N N — — e
for} Jos] '
75020 = O Ot IO o =
ild | & o wlo ] W o <
RO XaTmm o [ L (oI ol B! ]
- - - — — - N
i | ! oo
N ..m O o v ~ =
=) o w]o
0 e afjo W © 1w Bhn N = H.lxﬂx%..'3%2
. : . . of o . geTaes
N | e oo ol = o »wulo \
~ XKoo Xy O ot IO M=o et
L] i - —{ — -y N
| 1 ja o]
nm "m © Wjo wijo N =
. of o .
a-lo o ko o o=
© |° e = S e wnl® « = = t|R %o x|S0 Ol
N (o o o o Sl o ko oo
w0 ] Qo 1_1x5x1||.311 !
- ~ - ~—t -y N
] L oo
M N © o= | oy =
e o . .
It~ o NS = O mf~- o & W RJMX%XMI'MNM%
I N S e olo -~z
- %o X|aa—mo oS RN ] o r|—=
- -t o=t — v N
| ] o]
"M. "M © qfo 1wl =
l
o v Nl o |5 O qIfo O o = o - mex0|'30
o | jo_ o3 oo ] 3 |o o ofn
—~ Xlo X~ cflo = % x| ——— -
L] - -t L I |
1 | H
= = <%
. o
(] [=]
o vl ajleo o |5 © o o ~ S B 5x =2 3%
T R ) o= o oo oo i
— X|©O K" O LB LT (Te R [ b - ST L
- — - . S I R
1 ] H
m m © of° wvlo ™ b=
o v N © oS o ofo vlo o = w...llx_ax -3 323
. . . . . .
o | o @ Slew orlad |8 o «woln -
- Xlo Xlmon m]|o o %D x|
- i o -y 4 =i N
] ] H
m ".m O O~ 1y N =
e of o .
v e © oS © O 1B 1= I (o V) R o ] [
™ o |~ -l m la o |~ o el \ — 14
—~ X[ K| m|o R L] (-] PREE gy 1
L] 4 = (o] L ] ~
t 1]
m =
o O
N IO NS n‘mZM © VN VIO A o o3 = . %m
I I R e ) o la = e il —
- %o Xl = o il Xl Xl T o e
[l [} (] i -
]

120-042302B-0




[ BE Y I} 4
1O0MZ ORHZ é Oxmy )
SEL Sw SEL Sw { Sw
si02 Si0e N .
& M- L I
.
‘I | ‘ ! ,
L O8wz i 4 A 4 h 4 h 4
T A [ L3 10 - (4N 4 Hel C - ————
1O MWy Zi0e 208 -
PYRECL .t S I Y3 SINGL 170109 Muz & 1 TO10999 wmz ioe 999 u
Ak 12 Muz — mmrorvsm s 3.-;:5:'3:;10(' '8 D Mixem Fivay g3 0 TO109 'z "
O}100KHZ SPECTRUM OUTY come Y Asas? adars aaare aLoc
. FILTERS . LA MHY 0 o
ol 4 A43500 e m
2100 PRRTY e LNI—____{
s BEEES o ST e e
4-4480 ‘ 12 M=Z lndlcial 3% s 12370 13 2MHZ - ] 63 TO 66 anz R 'M:‘s;:;on ] RF OU
® q L CARmIER
L STER Gen  af L3 TD122wnz s EL“ iy oS0 TO Simnz ' stimcew (08 1O 132 Mnz 3
— . Liwo2
| 202 109 Mg unz YO ZAS“ ©2 10 56 MmZ o Aeses cu:;_ns Iire >3 5
P Mg F A It A .
._—_A’ - N 0870 1 7 MnZ “-L— 0.t Riag HIGH PaSS
STD zics I3 MHZ L S0 FILTER : »
E Coma - 4Q M7
! 4 RiLTeRS S M2 .,,
iz ! 44501 |7 ez
our A L z
t 19 MH2
. 4 e o L]
YY) i PO ZN3
“ON ,J STEP GEN « |g¢ G _ *EYER GRO ENABLE FROM
) K ' 24506 [*1*F3 QO M~p SELECT
CaiTCH
—— (;o~23 TP )
i |
XEYING
vFaq
Santl O8TO 17 My PELAY ? x4
12Mml r c = N . .
L . ~E€VER GRD
) KMy AN 250 X+ MOD l
2 2
: X | [ 223 mmr i
- v . 4 L 250
: FSK
- 2%0 xra s
AN A0 3K 0
REYER in XEYER IN "C?E
230 xny S8 S szFax | ’
250 wwuss} Sarq
8 os OO
230 0z LS| € MO0 FREQUENCY
' FS)/FAx SHFT
Yy ¥ GENERATOR
s & «x ¢ ~—J 158 &0 ME ASBASB/
LS8 ADD S8 AUD
SICE BanD ' .
AU ‘'CE B3 “ h
WELDD e 0 GineRaTOR F | USE MIOO v
6000 L“_BA—‘D.L..;J 2 |80 ) e e
UNE L 58 A lqg " LSB AUDIO CONT " LP 12
=2,
3w £
Bne 3 Mer VXCO
FSK FAX

Figure 4-2. Simplified block diagram
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and a multiplier which selects the fifth harmonic. This provides the 40MHz
output which is coupled to the frequency translator for determination of

the final output frequency range. The 12, 13 and 14MHz outputs are sent to
the step generator circuits for derivation of the basic difference frequency
range for use in the translator.

4.3.3 The 100KHz spectrum output from the spectrum generator is applied
to the comb filter sections (Z102) and (Z103). These circuits produce 12
discrete output frequencies from 0.8 to 1.9MHz in 100KHz steps and apply

them to the frequency select switch network. These frequencies are generated
by exciting corresponding crystal-filters at the appropriate harmonic of the
100KHz spectrum input. The 1.0 to 1.9MHz output range is applied to the
100Hz, 1KHz, 10KHz and 100KHz select switches which control the mixer-divider
sections. Only frequencies of 0.8 to 1.7MHz are applied to the 1MHz and
10MHz select switches which control the input to the step generator circuits.

4.3.4 The mixer-divider section (Z104), (Z105) and (Z106) consist of four
frequency channels that can be considered as a cascaded frequency counter.
Each channel is controlled by a frequency select switch to determine the
appropriate 100's, 1000's, 10,000's and 100,000's integers of the desired
output frequency. The 8MHz input from the spectrum generator is applied

to each of the four channels. In the 100Hz channel, this signal is modulated
by the 1MHz input to yeild a basic frequency of 9MHz. This frequency is then
mixed with the 1.0 to 1.9MHz input from the 100Hz selector switch to produce
a sum frequency of 10 to 10.9MHz, which is divided by 10 to yield a 1.0 to
1.09MHz input to the next mixer-divider channel. By modulating the 8MHz
input to each successive channel with the net input from the previous channel
and the desired frequency from the next higher frequency selector switch,

a final output of 10.0 to 10.9999MHz results. The last four digits of this
final output represent the least significant four decimal places in the
selected output frequency. The 10.0 to 10.9999MHz output is applied to the
frequency translator section.

4.3.5 The step generators (Z110), (Z111) and (Z113) perform the function
of shifting the 12, 13 and 14MHz inputs to three independent but successive
frequency ranges under control of the 1MHz and 10MHz frequency select
switches. This enables derivation of the two most significant digits of the
desired output frequency. Frequency ranges of 10.4 to 11.2MHz, 11.3 to
12.2MHz, and 12.3 to 13.2MHz are derived in step generators Z113 and Z110

by modulating respective input frequencies of 12, 13 and 14MHz from the
spectrum generator with the 0.8 to 1.7MHz selected frequency from 1 and
10MHz switches, and then amplifying the difference. These three frequency
ranges are then multiplied by five, filtered, and amplified in step generator
Z111 to obtain 52 to 56MHz, 56.5 to 61MHz, and 61.5 to 66MHz frequency range
inputs to step generator Z113. Finally, each of these three ranges are
multiplied by two, amplified, and summed together to produce an output
frequency range of 104 to 132MHz. This signal is supplied through a low-
pass filter to the frequency translator.
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4.3.6 The carrier generator (Z109) develops a basic sub-carrier or pilot
frequency of 250KHz, and a 2.75MHz carrier frequency used for conversion and
subsequent translation to an RF output frequency band of 3MHz. It also con-
tains a meter amplifier circuit for upper and lower sideband audio translation
to an equivalent level for display on the meter when USB or LSB is selected

by the switch. In addition, an AM amplifier circuit is included and provides
an}audio amplitude-modulated 250KHz output when the AM mode of operation is
selected.

4.3.6.1 The carrier generator receives a 1MHz standard frequency input
from the power supply assembly via spectrum generator Z101, which is then
supplied to both the 250KHz and 2.75MHz frequency generation circuits. In
the 250KHz channel, the 1MHz input is divided by four to derive the basic
250KHz subcarrier frequency. A switched ground enable is applied from the
mode switching network in the AM, USB, LSB, ISB and FSK modes to enable a
250KHz subcarrier output signal. In the CW mode, the ground enable is
interrupted at the key rate thereby producing a 250KHz CW output. The
250KHz output is applied to the mode switching network for distribution

to the various sections of the exciter in accordance with the mode switch
setting, and to the CARRIER control network for carrier reinsertion when
desired. In the FAX mode, the 250KHz channel is disabled.

4.3.6.2 The 2.75MHz channel produces an RF output by dividing the 1MHz
input by four and then multiplying the resultant by 11 to derive the 2.75MHz
translation frequency. Switched +12VDC to this channel and to the AM ampli-
fier section is controlled by the mode switch and is present in the AM, USB,
LSB, ISB and CW positions. The 2.75MHz output is supplied to the converter
section of the frequency shift generator for translation to a modulated
subcarrier centered at 3MHz.

4.3.6.3 The AM amplifier sertion develops an amplitude-modulated 250KHZ
signal in the AM mode of operation and consists of an audio amplifier ay.:
mixer circuit. In the AM mode, USB and/or LSB audic is routed %o the audio
amplifier stage and then to the mixer. The 250KHz subcarrier is amp'ified
and applied to the mixer. The resultant amplitude-modulated 250KHz signal
is then routed through the AM position of the mode switch to the 3MHz con-
verter section of the frequency shift generator Z108.

4.3.7 The sideband generator (Z107) includes upper and Tower sideband
circuits which are similar in configuration and operation. The exception

is the tuned frequency of the USB and LSB amplifier circuits. The sideband
generator also contains a microphone audio preamplifier and an audio impedance-
matching transformer for translation of ext:rnall applied 600-ohm USB/LSB line
audio to a 500-ohm audio output.

4.3.7.1 When a microphonre input is used, the front pane! VOX/PTT switch is
set to the press-to-talk (PTT) position to furnish a PTT ground enable to the
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carrier generator via the mode switching network. 1In all other modes, the
switch is set to the VOX position which supplies a ground to the same point
except in the case of CW operation. Microphone audio from 250 to 3040Hz
(or others as requested) is applied to the sideband generator audio pream-
plifier circuit and then to the mode switching network for redistribution
to either or both of the sideband generator modulator circuits.

4.3.7.2 Similarly, 600-ohm line audio from 250-3040Hz (or others as
requested) is translated to a 500-ohm Tine output and applied to the mode
switching network. In the USB, LSB and ISB modes, the audio is routed to
the modulation input of the respective sideband generator. In the AM mode,
the respective audio signal is applied to the AM generator in carrier gener-
ator 7Z109. USB and LSB audio amplitude is controlled by a respective front
panel Mike/Line gain control.

4.3.7.3 The SSB modulation section of the sideband generator accepts both
a 250KHz subcarrier input and the USB/LSB audio signal via the mode switch.
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 supplied to the mode switching
network and are then routed to the 3MHz converter section of frequency
shift generator Z108.

4.3.8 The frequency shift generator (Z108) consists of two sections:

the frequency shift generator and the 3MHz converter section. The frequency
shift generator section operates in the frequency shift keyer (FSK) and
facsimilie (FAX) modes. It contains a 3MHz amplifier, a keyer-modulator

and DC amplifier section, plus the FAX circuit. FSK operation is controlled
by the SHIFT and FS LOOP switches. The 3MHz converter section operates in
all other modes except FSK and FAX, and functions to produce an amplitude-
modulated (AM) or single-sideband (SSB) RF carrier of 3MHz for use in the
frequency translator Z112.

4.3.8.1 In the FSK mode, the 250KHz subcarrier is applied to the keyer
modulator which also receives an external teletype input via the FS LOOP
switch. Therefore, the subcarrier is effectively modulated by a current

input representing teletype marks and spaces. The FS LOOP switch network

is set to the appropriate voltage rating and, when a dry-contact keyer is

used, the switch is set to the contact (CONT) position. The keyer-modulator
thus produces a shift in frequency above and below the 250KHz center frequency.
This shift is rectified and translated to a DC level which is then amplified
and applied to the 3MHz variable crystal-controlled oscillator in the power
supply assembly via the SHIFT switch network.

4.3.8.2 When FSK or FAX operation is selected, +12VDC is supplied to both

the frequency shift generator and to the VCX0 in the power supply assembly.
As a result, the VCX0 operates at the center frequency of 3MHz. Upon
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application of the variable DC level from the SHIFT switch, the frequency

of the VCXO is shifted above and below the center frequency, corresponding
to respective marks and spaces, by an amount determined by the SHIFT switch
setting (+42.5, +85, £170, %425 or others as requested). The frequency-
shifted VCXO0 signal of 3MHz is re-applied to the 3MHz VCX0 amplifier section
of the frequency shift generator and then to the 3MHz amplifier circuit of
the converter section.

4.3.8.3 In FAX operation, an externally applied FAX signal produces a
variable DC level through a DC regulator circuit. This level is applied
to the VCX0 to produce the required frequency shift.

4.3.8.4 The converter section of 7108 accepts the 2.75MHz carrier from
carrier generator Z109; the 250KHz AM, USB, LSB, ISB or CW input from the
mode switching network; or the 3MHz VCXO input from the 3MHz VCXO amplifier
in the frequency shift generator section.

4.3.8.5 In the AM mode, the 2.75MHz carrier and the amplitude-modulated
250KHz signal are mixed in a balanced modulator to produce a sum amplitude-
modulated carrier of 3MHz, which is amplified and applied to translator
Z112. In the USB, LSB and ISB modes, the input signals consist of the
2.75MHz carrier and USB and/or LSB audio with or without the 250KHz signal,
depending on the amount of carrier suppression introduced by the carrier
control network. This control permits stepped carrier reinsertion from

zero (0) to full (55db) by attenuating the 250KHz input from the mode
switching network. The attenuated 250KHz subcarrier from the carrier control
is applied to the mode switching network where it is reinserted with the

USB and/or LSB audio as a pilot carrier prior to being sent to the converter
section of 7108. Therefore, the 250KHz USB, LSB or ISB signal is mixed

with the 2.75MHz carrier to again produce a single sideband or independent
sideband output with a 3MHz center frequency.

4.3.8.6 In the CW mode, the 250KHz input is interrupted at the keyer rate
and thus results in a 3MHz CW output. In the FSK and FAX modes, the 250KHz
and the 2.75MHz inputs are not present. The only input is the 3MHz VCX0
signal from the frequency shift generator 3MHz amplifier section which is
further amplified in the converter section and then applied to translator
Z112.

4.3.8.7 A PTT relay K1 is energized whenever the PTT/VOX switch is set

to the VOX position. As a result, when the CW mode is selected, the ground
from the external key is coupled through the mode switch and the normally-
closed contacts of the relay to both the carrier generator and the translator.
This initiates CW operation.
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