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OPERATION NOTES

1. When using the TRANSCALL option, the remote control cable must be removed.

2. When using the Remote Control, the TRANSCALL must be turned off (i.e. flip the toggle switch
from "TC" to "SC.")
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SECTION 1
GENERA1, INFORMATION

1.1 GENERAIL DESCRIPTION

The TRANSWORLD 100 (TWIQ0) is a high performance
single sideband transceiver designed for operation
on any of the frequencies in the range 1.6 - 3UMHz.
A wide variety of models and options are available
to make the transceiver suitable for marine or land
mobile operation, fixed base operation or as a com-
ponent in a high performance HF commumication system.

1.2 SINGLE SIDEBAND

The transceiver provides voice communications in
the single sideband mode. This mode is almost uni-
versally used for voice communications in the HF
spectrum and provides a major advantage over the AM
mode. The single sideband (SSB} transmitter uses
special circuitry to suppress the carrier and one
of the sidebands of an AM signal. This gives a
great increase in efficiency as only 1/6th of the
total power in an AM signal is in each sideband.
The carrier carries no information and one of the
sidebands is redundant meaning that the S5B signal
puts all of the power into an information carrying
sideband - a six hundred percent increase in effi-
ciency. Apart from the improved power efficiency,
the 55B signal occupies less than half the channel
space of an AM signal and permits increased utili~
zation of the crowded HF spectrum. The SSB signal
is more intelligible at poor signal levels and is
much less effected by selective fading and inter-
ference, giving an overall advantage much greater
than the increase in effective power. It is neces-
sary to use a special receiver for SSB as the trans-
mission is unintelligible without the reinsertion
of the carrier. The transceiver does have a com-
patible AM mode so that the transceiver can com-
municate with an AM station.

1.3 HF COMMUNICATIONS

The high frequency (HF) communications spectrum
is primarily used for long distance communications,
while the VHF and UHF spectrum is favored for local
communications. If the correct frequencies and
antenna systems are used, the HF spectram will pro-
vide effective communications over almost any dis-
tance including intercontinental ranges. There
are two main modes of propagation of HF signals
- ground wave and sky wave. The ground wave fol~
lows the surface of the earth and provides reli-
able signals over short ranges. The signals are
attenuated very rapidly as they pass over the surface

of the earth so that high powers and good antennas
are essential for good ground wave coverage. The
ground wave attenuation increases as a function
of frequency and the lower frequencies below 3MHz
are favored for ground wave operation. This mode
may be the only effective method for local coverage
in areas too mountainous for VH¥ and UHF operation.

Most HF communication is by sky wave where the

, signals bounce off the reflecting layers of the

ionosphere. Long distances can be covered with
little signal attenuation provided the correct
frequency is chosen. The ionosphere does not stay
constant; it varies with the time of day, time
of year, the sun spot cycle and the activity of
the sun. Solar flares can cause complete radio
blackouts with little warning. HF commmumnications
are effected by static caused by lighting; sometimes
from storms many hundreds or thousands of kilometers
away. A clear channel can never be assured as
long distance propagation may cause strong inter-
fering signals on the frequency from great dis-
tances. It must always be understood that although
long distance communications are possible with
low powers and simple antennas, high reliability
and freedom from interference is not possible.
In spite of the problems, a surprisingly good stan-
dard of communications can be achieved, provided
that care is taken, to select the correct frequency,
and to use good equipment with an efficient anterma
system.

The correct choice of frequency is beyond the scope
of this manual and in any case may be limited by
the frequencies made available by the licensing
authorities. If a choice of frequencies is avail-
able the following information may give a starting
point in making the choice. Remember the final
guide should be an actual test, as often only a
small change in frequency may make a big difference
in signal strength.

The low frequencies, below 3MHz, will normally
be restricted to short ranges during the day.
At night, longer ranges (3-400 kilometers) are
possible, but interference and static may be major
problems. (Good antennas and high power are essen—
tial for anything but the shortest distances.



The medium frequencies from 3-5MHz may be a good
choice for moderate distances (3~400 kilometers)
during the day. At night, considerable distances
are possible, although static will be frequent prob-
lem during sumnmer months. The physical length of
a good antenna is still quite long, and it is diffi~
cult to achieve good efficiences with mobile antermas
in this range.

The medium frequencies from 5-11MHz are the most
popular for communications up to 100 kilometers.
Good ranges are possible during the day with the
higher frequencies being favored for the longer
distances. Communications may become more diffi-
cult at night with interfering signals from all
over the world.

The higher end of the spectrum, above 12MHz is
favored for long distance communications. The propa~
gation will be severely effected by the ionosphere
and expert advice is essential in choosing the cor-
rect frequencies for long distance operation. For
example, frequencies as high as UMz may be used
for worldwide communications during the peak of
the sunspot cycle, while during periods of low sun-
spot activity, this frequency range will be com-
pletely dead. It is important to remember that
at the higher frequencies there can be skip zones,
and a strong signal may be received from 2000 kilo-
meters away, while closer stations cannot be heard.

l.+4 MODES OF OPERATION

As mentioned in Section 1.1 single sideband (SSB)
is the premier mode for voice communications in
the HF range. Most commercial operation is on the
upper sideband (USB) although there are some coun-
tries where lower sideband (LSB) is specified.
The transceiver will be equipped for USB operation
unless LSB is specifically requested. If the li-
censing authorities permit USB and LSB operation
the transceiver may be equipped for operation on
both sidebands. This is an advantage as sidebands
may be switched to avoid interference or give an
additional channel frequency.

AM has almost disappeared from the HF bands except
for broadcast stations. The compatible AM mode
(A3H) is available in the transceiver and is used
for communicating with Al stations. Telegraphy
(CW) is sometimes used for HF communications and
skilled operators may achieve superior cormmunica-
tions under difficult conditions.

Radioteletype operation has become an increasingly
important form of AF communication and the trans-

ceiver has been designed for operation in this
mode (FSK). A special modem is required to con~
vert the I'SK signal for interface with the terminal
unit. The RITY modem is mounted in a special base
for the transceiver which contains the modem heavy
duty power supply and cooling fans for continuous
FSK operation. A completely self-contained ter-
minal, modem and printer commbination is available.
See the RTTY terminal manual for more information.

1.5 TRANSCEIVER DESCRIPTION

The transceiver is an advanced solid state high
frequency, single sideband transceiver operating
in the HF spectrum from 1.6-30MHz. Complete cover-
age of this range is available in lWHz increments
with no gaps or disallowed frequencies in the
coverage.

A VOGAD (Voice Operated Gain Adjusting Device)
amplifier maintains constant output without distor-
tion on soft and loud voices. A meter measures
the received signal strength in the receive mode
and relative power output in transmit. Although
the transceiver is capable of complete frequency
coverage, the operator using the channelized models
is restricted to the programmed channel frequen—
cies, and the transceiver meets all government
restrictions on frequency control.

The transceiver has a miniioum power output of 10W
(PEP or average). Over wuch of the frequency range,
the power output may be set as high as 130W PEP,
The adjustable ALC circuitry may be set to limit
the power output at any desired level.

The transceiver is constructed in an aluminum case
with diecast front panel and heavy diecast rear
heatsink fitted with recessed connectors. All
external hardware is stainless steel and all parts
are protected for operation in marine environments.
The internal circuitry is contained in 6 diecast
boxes, fitted with connectors. These modules may
be simply interchanged for servicing. The Micro-
processor Module and RF Filter and Switching Module
are mounted under the main chassis and are easily
accessible when the bottom cover is removed. The
final amplifier is mounted directly on the rear
heatsink. The entire transceiver construction
is very rugged and suitable for use in the most
severe environments.

The transceiver is fitted with a VSWR bridge.
The reverse arm of the bridge is connected to the
ALC circuit and automatically reduces power when



the VSWK increases. This protects the final ampli~
fier against all conditions of mistnatch. An inter-
nal connection is provided so that the front panel
meter may be used to indicate relative VSWR.

The transceiver uses an up conversion system with
the first IF at 75MHz and the main selectivity at
1o50kHz. With this system, the main spurious prod-
ucts do not fall within the operating range ensuring
exceptional freedom from spurious response in both
the transmitter and the receiver. The front end
of the receiver uses a passive double balanced mixer
with a high intercept point giving freedom from
intermodulation and overload. The antenna is coupled
to the transceiver through 6 high performance,
7-pole, elliptic function filters providing a high
degree of harmonic attenuation and rejection of
out of band signals. The receiver is equipped with
a special noise immune squelch system designed for
SSB operation. This is a great operator conven-
ience as it eliminates background noise, yet opens
reliably, even on weak SSB signals. The squelch
circuit is preset and is controlled by an ON/OF¥
switch.

1.6 FREQUENCY SELECTION

The transceiver uses a microprocessor to control
the frequency selection. The microprocessor oper-
ates in three different modes to suit the particu-
lar class of operation desired. The operational
mode may be selected by an internal switch or may
be permanently set by the use of a special coding
circuit.

In Mode 3 the operator may select any one of the
pre-programmed channel frequencies by entering the
channel number on the keypad. The channel number
is shown on the display.

In Mode 2 the operator can also display the chan-
nel frequency on any of the preprogrammed frequen-
cies. If the channel is programmed for semi-duplex
operation the transmit frequency may be displayed.
Channel @ may be programmed by the operator but
will only operate in the receive mode.

In Mode 1 the transceiver channel frequencies can
be programmed by the operator. Channel 3 is desig-
nated as the free tuning channel and the frequencies
may be quickly changed from the keypad and may be
programmed for simplex or duplex operation.

No crystals are required for all frequency control
is derived from a single temperature controlled,
precision crystal oscillator. No tuning or adjust-

ment is required for any frequency change. The
channel frequencies are permanently retained in
memory using a lithium battery with a life in excess
of 10 years.

1.7 SYNTHESIZER DESCRIPTION

The use of advanced new integrated circuits has
resulted in an extremely efficient and simple syn-
thesizer design. Two separate loops are used.
The 10kHz loop is used for the first conversion
stage and covers the 1.6-30MHz range in 10kHz
steps. Only three IC's are used in this loop.
The 100Hz loop is used for the second conversion
stage and covers a 10kHz range in 10UHz steps.
The loop uses six IC's. Both loops are direct,
ensuring freedom from spurious responses and the
frequency control is derived from a single tem-
perature controlled 5120kHz crystal oscillator.

The synthesizers are controlled by the micropro-
cessor through the keypad. The use of a synthe-
sizer is a special advantage in a multi-channel
transceiver. Apart from the savings in cost and
preventing delays in getting channel crystals,
all frequencies are directly synthesized from a
highly stable master oscillator. Provided this
oscillator is on frequency (a single adjustment)
all channels are on frequency. Usually a channel
is programmed to a standard frequency station such
as WWYV so that the calibration can be checked fre-
quently. Older synthesizer designs suffered, not
only from great complexity, but also internal spurs
giving whistles in the tuning range of the receiver,
which made the transceiver unusable on many fre-
quencies. The transceiver has no spurs exceeding
0.5uV and has no unusable frequencies from
1.6-30MHz.

1.8 POWER SUPPLIES

The transceiver circuitry operates at 12V and is
designed for direct operation from a 12V vehicle
type battery. The final amplifier operates directly
from the supply source (the transistors have a
maximum collector voltage of 30V) and is protected
from voltage surges by a 20V "TRANSORB". The trans-
ceiver circuitry is supplied through a special
12V regulator that maintains full output with almost
no input voltage differential. If the voltage
falls below 12V, the full available input voltage
will be applied to the exciter, which continues
to operate down to 11V. This system provides safe
operation from a 12V vehicular system even with
poor regulation. An optional internal 115V/230V,
50/60Hz AC supply may be fitted for SSB operation.
A separate heavy duty power supply is used for



may be fitted for SSBoperation. A separate heavy
duty power supply is used for FSK operation. An
optional model is available for 24-32V operation.

1.9 MEICROPHONES

The microphone input is nominally 150 chms and
operates satisfactorily with a range of inputs
from 100-2000 ohms. The microphone amplifier is
a VOGAD providing constant output over a 60dB
range of input levels. The transceiver can be
used with almost any high quality dynamic, ceramic
or controlled magnetic communications microphone
equipped with a PIT switch.

1.10 REMOTE CONTROL (Optional)

The transceiver may be fitted with the optional
remote control. The tone (AFSK) remote control
provides full control of the transceiver over a
telephone line and is particularly useful when
the transceiver cannot be installed at the oper-
ating site.
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1.11 SELECTIVE CALLING (Optional)

The transceiver has provision for internal in-
stallation of the Selective Calling System. This
system has 255 call codes and provides call indi-
cation and a sounder. A transponder gives an
automatic answer from an unmanned transceiver.
The system is very reliable and does not require
precision control of the transceiver frequency.
The SelectiveCallingsystemis operated through
the key pad.

1.12 INTERNAL OPTIONS

Additional internal options can be installed in
the transceiver at the customer's request. A
list of these features can be found on Page
12.0-1 of this manual. The individual options
are described in Sections 12.1 through 12.11.

1.13 ANTENNAS

Further information on antennas is provided in
Section 4 of the transceiver technical manual.
The transceiver will operate correctly into any
matched 50 ohm antenna.



SECTION 2

2.1 TRANSCEIVER SPECIFICATIONS

2.2 GENERAL INFORMATION
Section 2 contains technical specifications in Table 2-1, semiconductors in Table 2-2, the block
diagram (Figure 2-1), and the module location diagrams (Figures 2-2 and 2-3).

TABLE 2-1. Technical Specifications.

GENERAL FREQUENCY RANGE: 1.6 - 30MHz in 100Hz synthesized steps.
FREQUENCY ENTRY: Keypad controlled microprocessor.
CHANNELS: 100 Simplex and Half-duplex.
CHANNEL PROGRAMMING: Mode 1Front Panel. Mode 2/3Internal.

CONTINUOUS ENTRY: Channel §) by keypad entry. Mode 1: Transmit &
Receive. Mode 2: Receive Only. Mode 3: Disabled.

FREQUENCY DISPLAY: 6 Digit by keystroke (locked out in Mode 3).

PROTECTION AGAINST UNAUTHORIZED fREQUENCYCHANGE: Coding
device may be removed to lock transceiver in Mode 2 or Mode 3.

TUNING: Up & Down Pushbutton Switches (receive only), 100Hz Steps.
SCANNING: Automatic on up to 10 channels.

ANTENNA INPEDANCE: 50 Ohms.

TEMPERATURE RANGE: -30° to +55°C.

FREQUENCYCONTROL: Temperature controlled master oscillator*(,0001%,
120Hz maximum.

MODES: Simplex and Half-duplex.

OPERATION MODES: A3J, (USB/LSB*¥), A3A* (SSB reduced carrier), A3H
(compatible AM), Al (CW), F1 (teletypes).* *Optional

SIZE: (AC & DC) Ht. 10.7cm Width 34.5cm Depth 44.5cm.
WEIGHT: AC - 13kg, DC - 1l1.6kg.
POWER SUPPLY 13.6V DC: Receive 550mA, Transmit 12A Average SSB.
28V DC: Receive: 350mA, Transinit TA average SSB.
Internal AC power supply 110/230V, 50/60Hz for SSB operation.

External power supply 110/230V, 50/60Hz for FSK operation,
complete with built-in FSX modem.
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TABLE 2-1. Technical Specifications, Continued.

TRANSMITTER

POWER OUTPUT: 125W PEP, 100W Average, 11dB at Ambient.

GAIN LEVELING/TEMPERATURE: 125W PEP, 100W Average +2, -3dB over
temperature.

ANTENNA MISMATCH: Protected against mismatch including open and shorted
antennas.

CARRIER SUPPRESSION: Greater than -50dB.
UNWANTED SIDEBAND: -60dB at lkHz, typical.

SPURIOUS SUPPRESSION (including harmonics): Greater than -63dB over 97%
of the frequency range, except 2nd harmonic of frequencies below 2MHz.

AUDIO INPUT: 150 Ohms, VOGAD for constant audio level.
AUDIO BANDWIDTH: 2.4kHz.

INTERMODULATION DISTORTION: Greater than -32dB over 75% of the fre-
quency range,

AIC: Less than 1dB increase for 20dB increase in audio input.
METERING: Relative RF output, VSWR (internal connection).
SENSITIVITY: 0.35uV for 10dB S + N/N.

SELECTIVITY: 300 to 2700Hz -6dB, -60dB at 5kHz, typical.
IMAGE REJECTION: Greater than 80dB.

IF REJECTION: Greater than 80dB.

CONDUCTED RADIATION: -70dBm.

AGC CHARACTERISTICS: Less than 6dB audio increase from 3uV to
300,000uVv.

INTERCEPT POINT: +11dBm.

INTERMODULATION: -85dB.

CLARIFIER: 112512,

SQUELCH: Audio derived, noise immune.

AUDIO OUTPUT: 4W into 3 ohms, internal loudspeaker.

METERING: RX signal strength.

Specifications subject to change without notice.
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SECTION 3
INSTALLATION

3.1 INTRODUCTION

To get the correct performance from the trans-
ceiver it is necessary to install the transceiver
correctly. This is particularly important in
marine and land mobile installations where mounting
and power source connections can make amaterial
difference to the transceiver performance. In
every installation, the antenna systemis the key
to satisfactory performance and care should be
taken to ensure that the best possible antenna,
adjusted for low VSWR on each channel, is used.
Most complaints of poor performance can be traced
to an unsatisfactory antenna installation.

3.2 POWER SUPPLY

Two power connectors are installed in the rear
panel casting. The AC power connection is made
through the preassembled power cable fitted with
a three pin connector that plugsinto the connec-
tor at the rear of the transceiver. The other
end of the cable is fitted with a three pin power
connector. One of the following wire codes will
be used.

PHASE BLACK BROWN
NEUTRAL WHITE BLUE
GROUND GREEN GREEN-YELILOW STRIFE

The power cable willindicate the correct voltage
for the AC power supply. If the voltage is not
correct, the connections for the power transformer
must be changed in accordance with the instruc-
tions in the diagram in Figure 3-1. The fuse
should also be changed (115V 34, 230V 1.5A).

The transceiver is supplied with a 14AWG power
cable and a two pin connector. This cable is not
assembled to facilitate connections to the DC
power source. Connections to therear panel should
be made as shown in diagram Figure 3-2. The power
source should apply 13.6V at 20A and the connec-
tions should be made to minimize voltage drop in
the cable. Do take care not to reverse the supply
polarity. This will cause the DC supply fuse to
blow. ‘

CAUTION
Do not operate the transceiver on the AC supply
while connected to the DC power source. This
could result in overcharging the battery or
charging at an excessive rate.
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3.3 POWER CONNECTIONS

The power cable should be connected to the battery
by the shortest possible route. It is essential
that a low resistance connection is made to the
battery terminals for correct operation of the
transceiver. Donot use the vehicle body tomake
the negative ground return. Use heavy gauge
cable for the wiring (#14 AWG up to 3 meters, #10
or #12 AWG for longer runs). Make sure that the
cable is clear of the vehicles pedals and other
moving parts. The cable can probably be routed
through an existing grommet in the fire wall and
should be kept as far as possible from the igni-
tion to prevent the pick-up of noise. If a new
hole is required in the fire wall, make sure that
a grommet is fitted to prevent chafing of the
wire. Remember that a short in the power cable
could cause a fire in the vehicle. High resis-
tance connections can cause heating, and will
eventually arc causing another fire hazard as
well as seriously affecting the transceiver per-
formance. It is a good precaution to fit a 50A
fuse in the positive line at the battery. Figure
3-3 is a drawing of the DC power cable showing
material P/N's and pin connections.

34 FIXED STATION

The transceiver is shipped ready for operationon
a desk top. Make sure that there is dequate
space for ventilation around the heatsink. The
front of the transceiver may be raised by ifting
the bale under the front feet.

3.5 MARINE INSTALLATION

The transceiver is mounted in place using the
mobile mounting brackets. The brackets are
arranged so that they may be reversed for topor
bottom mounting.

3.6 VEHECULAR INSTALLATION

The mobile mounts are used to mount the trans-
ceiver from the top to bottom. It will fre-
quently benecessary to fabricate supplementary
brackets to suit the particular vehicle. After
mounting the transceiver, ensure a low resistance
connection is made to the frame of the vehicle.

3.7 MOBILE NOISE SUPPRESSION

The engine can cause severe interference in the
receiver if noise suppressors are not fitted.
Modern vehicles are sometimes fitted with sup-
pressors and no further attentionmay be required.
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NOTE
To gain access to the power transformer connections, remove the
screws from each corner of the heatsink. Remove the ground con-
nection to the main filter capacitor. Therear panelmay be tilted
back to give full access to the power transformer primary.

FIGURE 3-1. Power Transformer Connectors.
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FEGURE 3-2. Rear Panel Connectors.
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FEGURE 3-3. DC Power Cable.

The transceiver should be installed and the re-
ceiver checked for interference to determine if
suppressors need to be fitted. The two main
sources of interference are the ignition and the
generator. The components should be fitted in
accordance with the direction supplied with the
kit. In some vehicles, noise may still be present
even after standard noise suppression methods have
been used. Further information on mobile noise
suppression is beyond the scope of this manual,
and it is recommended thatreference bemadeto
a textbook on mobile installation.

3.8 TUNING ADJUSTMENTS

The transceiver is completely broadband in both
the receiver and transmitter. This meansnore-
tuning is required after installation or after
changingchannel frequencies. It is veryimportant
that the antenna system is correctly adjusted to
provide a correct match on all channel frequen-
cies. Refer to the transceiver technical manual
for detailed information on the antenna system and
method of adjustment.

3.9 MEKCROPHONE

If the transceiver has been ordered without a
microphone, a connector will be supplied. The
transceiver will operate satisfactorily with most
dynamic,magnetic or ceramic microphones. The
gainof the VOGAD adjusts automatically to com~
pensate for both microphone output and voice
level.

3.10 ACCESSORIES

A number of TWC accessory equipment are available
for use with the TW100 transceiver. These include
the TW5800 Telephone Coupler, TW5201 full function
RemoteControl console, AT100 Automatic Antenna
Tuner, and TW5500 self-contained Message Terminal.
Figures 3~5 through 3-9are drawings of the inter-
connect cables necessary between the transceiver
and particular accessory equipment. TWC material
part numbers and connector pindesignations are
alsoshown. Cable lengthsindicated are standard
and will be made up this way unless otherwise
specified.
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FIGURE 34. Microphone Connections.
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FIGURE 3-5. TWI100 to TW5800 Telephone Coupler Control Cable.
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FIGURE 3-6. TW100 to TW5201 Remote Control Console Control Cable.
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FIGURE 3-7. TWI100 to AT100 Automatic Antenna Tuner Control Cable.
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FIGURE 3-8. TWI100 to AT100 Automatic Antenna Tuner RF Cable.
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FIGURE 3-9. TWI100 to TW5500 Message Terminal Control Cable.
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SECTION 4
OPERATION

4.1 INTRODUCTION

The transceiver is designed for use by unskilled
operators. Normal operation involves only the
selection of the correct channel (or channel fre-
quency), picking the desired mode of operation
and setting the audio gain control to a comfort-
able listening level. Receive or transmit opera-
tion is controlled by the CW key or microphone
switch.

All controls, indicators and connectors on the
front panel are described in Sections 4.2, 4.3,
and 4.4. They are also indicated by numerical
call-outs in Figure 4-1. These call-outs are
referenced in the text by numbersin parentheses
following the section sub-headings. Detailed
operating instructions begin in Section 4.5.

4.2 FRONT PANEL CONTROLS
Operator controls on the transceiver front panel
are as follows:

4.2.1 Power On/Off Switch (POWER) (1)
Up/Down rocker switch which controls the power
to the transceiver with both AC and DC power
sources. Press down for off and up for on; the
red indicator light is ON when the power is
switched on.

4.2.2 Audio Gain Control (AUDIO GAIN) (2)
Adjusts the audio volume in receive mode. Full
CCW position is minimum volume and full CW po-
sition is maximum volume.

423 Clarifier Control (CLARIFIER) (3)

In the OFF position, (full CCW), the clarifier
is disconnected and thereceiver operatesonthe
same frequency as the transmitter. The clarifier
allows a small change in receiver frequency and
is used to correct the pitch of the voice, or to
tune an FSK signal.

. NOTE
This switch must be in the OFF position for Sel-
ective Call operation when the Selcall Optionis
installed.

4.2.4 Transcall/Selcall Switch (TC/SC) (4)
Used to turn the Transcall or Selcall circuits on
when these options are installed.
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NOTE .
When the Transcall Option is installed, both
Transcall and Selcall operating modes are avail-
able. Turning the Switch to TC allows for Trans-
call mode operation; turning to SC allows for
Selcall mode operation.

When only the Selcall option is installed, turning |
the switch to SC allows for Selcall mode opera-
tion; turning to TC turns Selcall off.

4.2.5 Noise Blanker On/Off Switch
(BLANKER)(5)

Used to turn the Noise Blanker circuits on when

the Noise Blanker Option is installed.

4.2.6 Speaker On/Off Switch (SPEAKER) (6)
This switch turns the speaker audio on or off.

4.2.7 Squelch On/Off Switch (SQUELCH) (7)
This turns the Squelch circuits on. The squelch
eliminates background noise and isinternally set
to open on weak voice signals.

4.2.8 Receive Attenuator Control (GAIN) (8)
This switches in a 12dB attenuator into the re-
ceiver front end. It is used to improve the IMD
performance of the receiver and is especially
effective in a strong signal environment.

4.2.9 Mode Switches (MODE) (9, 10 and 11)
The three mode switches are labeled §, 9, and
10. They are used to select either USB or LSB
operation (8), turn the AM carrier injection
on (9), and turn the FSK circuitry on (10).

LSB. Toselect LSB operation, turn the USB/LSB
switch to LSB, the AM switch to OFF and the
FSK switch to OFF.

NOTE
LSB is usually used if there is interference on
the other sideband. Inmany countries (including
the USA) this mode is illegal and will not be
fitted into the transceiver.

USB. Used for most normal SSB operation. Turn
the USB/LSB switch to USB, the AM switch to
OFF, and the FSK switch to OFF.

AM. Compatible AM (AME). Thismode isused to
provide a signal that is intelligible to an AM



station. It is unlikely to be required for nor-
mal communications. Turnthe USB/LSBswitchto
USB, the AMswitch to AMand the FSK switch to OFF.

FSK. This mode is for use with RTTY systems.
Turn the USB/LSB switch to USB, the AM switch
to OFF, and the FSK switch to FSK.

4.2.10 Automatic Antenna Tuner Control
(ATU) (12)
The ATU switch is used to initiate a tune cycle
of an Automatic Antenna Tuner (AT100or RATI00).
Whenever the switch is depressed, the tuner will
go into a tune cycle; the tuning is automatic
and a tone is present in the loudspeaker during
the tune cycle.

4.2.11 Scan Mode Initiate Switch (SCAN) (13)
Used to control the transceiver scan mode. See
section 4.11 for operation,

4.2.12 Up/Down Tuning Switch (UP, DN) (14, 15)

Switch 14 controls the UP tuning and 15 controls
the DOWN tuning. See section 4.10 for operation.

4.2.13 Selective Call Switches

(S.C., CALL) (16, 17)
Switch 16 controls the entering of the 3-digit
selective call code and switch 17 controls send-
ing of the selective call code. See section 4.12
for operation.

4.2.14 Keyboard (18)
The keyboard isused to program channel frequen-
cies. See sections 4.6 through 4.9 for operation.

4.3 FRONT PANEL INDICATORS
Indicators on the transceiver front panel include
the following:

43.1 Meter (19)
The meter operates in bothreceive and transmit:

Receive: The meter indicates the relative signal
strength of the received signal. The midscale
position is calibrated for a signal strength of
100 microvolts.

Transmit: The meter reads average power output
and should read approximately full scale at 100W
output. The meter will indicate between 3 and 4
on anormal voice transmission and should deflect
to almost full scale on a whistle in the CW mode.
A low meter reading usually indicates a mis-
matched antenna. )
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4.3.2 Frequency Display (20)

The display shows the selected channel and/or
channel frequency; the frequency indicates the
first digits. A moving decimal point indicates
whether a receive or transmit frequency is dis-
played. For further operation, see sections 4.6
through 4.9.

4.3.3 Loudspeaker (21)

The speaker is used duringreceive and its audio
output is controlled by the setting of the AUDIO
GAIN control (4.2.2). Turning the SQUELCH
switch (4.2.6) on will mute the speaker during
conditions of background noise or extraneous
single-tone signals.

434 Power On Lite (22)
Indicates that the power is turned on to the
transceiver when lit.

44 FRONT PANEL CONNECTORS

4.4.1 CW Jack (23)

A receptacle for an external CW key plug. To
operate on CW (Morse) plug the key into the
small jack and use either USB or LSB. The
transmitter automatically switches on when the
key is pressed. When the key is released, there
is about a one second "Hang Time" until the
transceiver returns to the receive mode.

44.2 Headphone Jack (24)

A receptacle for an external set of headphones.
Inserting the appropriate headphones will auto-
matically mute the transceiver loudspeaker.

44.3 Audio Jack (25)

A four-pinreceptacle for an external hand micro-
phone, handset, or headset. The VOGAD circuit
automatically adjusts the audio gain to provide
full transmitter output. Speak close to the
microphone in a clear voice. Shouting will not
provide anyincreased output and may reduce in-
telligibility.

4.5 OPERATING MODES (INTERNAL)

The transceiver may be supplied in one of three
operating modes. The choice of operating mode
will usually be determined by the licensing
authority for the equipment. Check the operating
mode of the equipment as some features are not
available in Modes 2 and 3.

Mode 1: All facilities are available in this
mode including the programming of transmitting



frequencies. This mode is normally only avail-
able to trained operators.

Mode 2: In this mode the operator has no control
over the transmitting frequency and must operate
in the pre-programmed channel frequencies. Channel
P is available as a free tuning receiver.

Mode 3: In this mode the transceiver operates as
a channelized transceiver with permanently
programmed channels. The tuneable receiver is
not available and channel frequencies cannot be
displayed.

4.6 OPERATION — PROGRAMMING MEMORY
CHANNEL FREQUENCIES IN SIMPLEX

The memory channel frequencies are channels §1
through 99. These channel frequencies can only
be changed in Mode 1. The channel frequencies
are entered into permanent memory and retained
by a lithium battery with a nominal shelf life
of ten years. Itisrecommended that the battery
is changed at five year intervals.

To program a frequency into any of the memory
channels, the operator must do the following:

1. Enter the channel number as follows:

a) Press the "C" key.

b) Press the key corresponding to the first
number of the channel.

c) Press the key corresponding to the second
number of the channel.

Example. To enter channel 14, press "C", press
"1“’ press ll4".

Example. To enter channel 7, press "C", press
"0", press non

2. Press the "F" key and hold it down.
3. Press the "C" key and release it.
4. Release the "F" key.

NOTE
It is important to follow this sequence ensuring
that the "F" key is pressed before the "C" key and
not released until after the "C" key is released.
(The frequency previously stored in memory will be
displayed at this time).

5. Enter the desired channel frequency.

6. Press the "F" key.

4-3

4.7 OPERATION — PROGRAMMING MEMORY

CHANNEL FREQUENCIES IN HALF-DUPLEX
To program half-duplex frequencies, i.e., dif-
ferent receive and transmit frequencies, do the
following:

1. Perform steps 1 through 6 of section 4.6;
this enters the receive frequency.

2. Press the "F" key so that the decimal point
is in the TX position.

3. Press the "F" key and hold it down.
4, Press the "C" key and release it.

5. Release the "F" key.

6. Enter the transmit frequency.

7. Press the "F" key.

4.8 OPERATION —MEMORYCHANNEL SELECTION
After specific memory channels have been pro-
grammed, re-calling them is a simple matter.
The following procedure is used.

1. Press the "C" key.
2. Press the two-digit channel number.

NOTE
All channel numbers have two digits -~ 01 to 99.
Channel selection is the only function available
in Mode 3.

3. DPressthe "F"key todisplay thereceive fre-
quency (the movingdecimal pointer on the display
will be in the "receive" location).

4. Pressthe "F"key again todisplay the trans-
mit frequency {the moving decimal pointer on the
display will be in tne "transmit" location).

NOTE
Continuously pressing the "F" key will cause the
display to alternate between monitoring the re-
ceive and transmit frequency. The display will
automatically return to the "receive” frequency
after a transmit cycle is ended and the PTT is
released.

4.9 OPERATION — FREE TUNE CHANNEL
Channel #) is used for free tuning the trans-
ceiver. Both simplex and half-duplex frequencies



can be programmed into channel §). The last
entered frequency is retained in the transceiver
memory.

4.9.1 PROGRAMMING THE FREE TUNE CHANNEL
1. Press the "C" key.

2. Press the "0" key twice.
3. Enter desired channel frequency.

4. Press the "F" key. (The selected frequency
should now be displayed with the movingdecimal
pointer at the "receive" location).

4.9.2 PROGRAMMING THE FREE TUNE CHANNEL
FOR HALF-DUPLEX FREQUENCIES
When one frequency is entered, the transceiver
automatically assumes that it is a simplex fre-
quency. For half-duplex operating, do the fol-
lowing: ’

1. Do steps 1 through 4 of section 4.9.1. This
programs the receive frequency.

2. Press the "F" key.
3. Enter the desired transmit frequency.

4. Pressthe"F"key. The decimal pointer should
now be in the "transmit" location.

4.9.3 RE-CALLING THE FREE TUNE CHANNEL
Since the last frequency programmed into the
free tune channel is stored in memory, it is an
easy matter to re-call this channel.

1.  Press the "C" key.

2. Press the "0" key twice. The transceiver is
now in the free tune mode and the last entered
frequency is displayed.

4.10 FINE TUNING THE TRANSCEIVER

The UP and DOWN buttons inthe front panel per-
mit tuning of the transceiver frequency up or
down from the original programmed frequency.
The following procedures apply:

1. A single push steps the transceiver 100Hz.
The frequency can be changed in 100Hz steps either
up or down by pushing the appropriate button con-
tinuously (push, then release — push, release —
etc.).
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2. If the button is held down, the frequency
steps at a rate of forty 100Hz steps per second.

3. Onlythereceive frequency canbe changedin
the above-mentioned manner. Any change entered is
retained only until the channel is changed. If
the channel is changed and then changed again back
to the original channel, the original frequencyis
once again displayed; any frequency offset pre-
viously put in is forgotten.

4. On the free tune channel (CH@)), it is pos-
sible to change the frequency in memory perma-
nently by pressing the "F"key after any up/down
frequency stepping.

411 OPERATION — SCAN MODE

The transceiver can scanbetween 2 and 98 channels
when in the scan mode. To do this, follow this
procedure:

1. Program the desired frequencies into the
transceiver starting at channel §1. Use the pro-
gramming procedure described in section 4.6.

2. Enter the channel whichis one greater than
the highest channel to be scanned.

3. Press the "F" key and hold it down.
4. Press the "C" key and release it.
5. Release the "F" key.

6. Pressthe "SCAN"key. Thescanlimitisnow
set and retained in memory. Channels will be
scanned at the rate of one every three seconds.

7. Pressing the "SCAN" key again will initiate
the scan sequence. To stop the scan sequence,
press the "SCAN" key again.

It is necessary to stop the scan mmode to enter
new keypad functions.

NOTE

The scan mode can be initiated for adesired fre-
quency at any time by pressing the "SCAN" key,
provided a scan limit was previously set for that
frequency. If anew scan limit is not set as out-
lined in steps 1 through 6, the transceiver will
scan the channels defined by the scan limit pre-
viously set.



4.12 OPERATION — SELECTIVE CALL

The selective calling system is an optional fea-
ture. Check that it is fitted to the transceiver
before using this function.

Each transceiver is assigned a selective call code
(000 to 254). This code is internally programmed
in the selective calling module.

Press the "S.C." key and enter the three digit
code for the desired station. Press the "CALL"
button, this will switch the transmitter on and
will then send the selective call code.

The station called will stop scanning and send
back a transpond signal. This resond signal should
be monitored to ensure that the call wasreceived.

Once the call is received, the selective call
initiates a 150 second scan hold timer, displays
"CALL" on the LCD display, and sounds the call
buzzer.

When a call is received, turn on the loudspeaker
and answer the call. Pressingthe transmit switch
automatically updates the scan hold timer for 150
seconds. Alternately press the "SCAN" key to
stop the scan. After the call is completed, press
any key on the keypad to cancel the "CALL"display.
If the scan mode is in use, press the "SCAN" key
again to initiate scan.

The loudspeaker may be turned off to eliminate
background noise while monitoring the channelin
scan mode.

4.13 OPERATION - TRANSCALL
The Transcall feature is optional. Check that
it is installed before attempting to use it.

Each transceiver in the Transcall domain utilizes
the three-digit Selcall code (000 to 254} for

identification. This is internally programmed
in the option module. In addition, each unit in
the system should be programmed toscan the same
number of "Transcall” channels. This is also an
adjustment in the optionmodule (see Section 12.7
of the technical manual).

To initiate a Transcall, press the "S.C." key and
enter the three-digit code for the desired sta-
tion. Flip the toggle switch from "SC" to "TC",
and press the "CALL" button after the scan has
begun. An arming tone will sound,and the trans-
ceiver will now be under full control of the
Transcall circuit. Normal operation involves
scanning, along with brief transmissions on each
channel. When both stations become synchronized,
they will step together and seek the channel
providing best communications. Following this
sequence (lasting a maximum of five minutes), the
transceiver will automatically switch to the best
channel and sound an alarm. An "error"message
will appear if the stations do not achieve sync.

4.13.1 ABORT/EXIT FROM TRANSCALL MODE
The Transcall callingsequence may be stoppedin
progress,provided that the twostations havenot
yet synchronized. To abort, the calling station
must hold the "CALL" key in for two seconds.

Exiting the transcallmode (either before "CALL"
is pressed, or after the best channel has been
selected), is achieved by flipping the toggle
switch from "TC" to "SC", then pressing "F" on
the keypad. The display will clear within three
seconds.

4.13.2 TRANSCALL SCAN

When scanning in the transcall mode, thereceiving
station will also respond to a valid selcall. The
scan limit is determined by the settinginternally
programmed in the option module.
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SECTION 5
ANTENNA SYSTEMS

5.1 INTRODUCTION

The antenna is one of the most important elements
in a communication system. Care taken in the
selection of the antenna, its location, and the
tuning are the most important factorsin ensuring
strong clear communications. The transceiveris
designed to operate into any antenna with a feed
impedance of 50 ohms. The antenna systemsmust be
carefully matched and to ensure best results the
VSWR should not exceed 1.5:1. If the VSWR exceeds
2:1, the automatic protective circuitry will pro-
gressively reduce the transmitter power output.

5.2 FIXED STATION ANTENNAS

5.2.1 GENERAL

The best all around antenna for fixed station
operation is the half wavelength dipole. This
antenna is simple to erect and gives superior
performance to all but complex directional arrays.
The half wavelength dipole operates on one fre-
quency band. The operational bandwidth is approx~
irnately 2% either side of the center frequency. An
alternative to the dipole is a long wire antenna
using an antenna tuner. While this typeof antenna
will operate on all channel frequencies, the effi-
ciency will be considerably lower than the dipole
antenna.

5.2.2 SINGLE FREQUENCY DIPOLE

The half wavelength is electrically resonant at
the operating frequency. The antenna consistsof
ahalf wavelength of wire connected in the center
by a 50 ohm coaxial cable to the transceiver. The
antennanay be erected between twomastsor in the
form of an inverted "V" with a single mast in the
center and the ends sloping towards the ground.
The optimum height for longdistance communication
is 1/2 wavelength above ground. At 2MHz this
height is 75 meters, falling to 13 meters at
12MHz. On the lower frequencies, it is usually
impractical to erect the antenna at the optimum
height and the antenna is sitnply erected as high as
possible. It is advisable to erect the antenna so
that the center is at least 10 meters above the
ground.

Choose the site so the antenna is clear of large
obstructions, buildings and trees. The major lobes
of radiation are broadside to the axis of the
antenna. Try to locate the antenna so that it is
side on to the desired direction of commmunication.

51

The inverted "V" is often superior if the fixed
station is working with mobiles as it gives good
results for longdistance communications and also
works well with the vertically polarized mobile
stations. ’

Figures 4-1 and 4-2 show the construction of the
standard half wavelengthdipole and the inverted
"V" antenna. The top section of the antenna
should be cut to length according to the following
formula.

146.5
F Mriiz

Total length in meters

5.2.3 MULTIPLE FREQUENCY DIPOLES
Separate dipole antennas can be fed with a single
feed line as shown in Figure 5-3. The dipoles
are joined together at the common center insulator
and the nonresonant elements have little effect
on the operating dipole. There is some loading
caused by the additional elements, and it is
necessary to adjust the length of the individual
dipoles so that they resonate at the correct
frequencies. Therecommended tuningprocedure is
described in Section 5.5.

5.24 BROADBAND ANTENNAS

There are many different manufacturers producing
broadband antennas. Some designs such as log
periodic antennas are directional and the designs
are omni-directional. These antennasmay beused
with the transceiver if the VSWR doesnot exceed
2:1 on the frequencies of interest. The ABBisa
simple broadband dipole design that will offer
reasonable performance over the frequencyrange
3.5 - 30MHz.

5.2.5 ANTENNA TUNERS

When space is a factor and it is necessary to use
one antenna on many frequencies, it may be best
touse an antenna tuner. Most tuners operate with
a single wire antenna and must be provided with
a good ground system for effective operation.

5.2.6 ANTENNA CONSTRUCTION

The antenna length is important and the measure-
ments should be checked carefully. Thedipoleis
cut in the center and connected to the coaxial
cable. The inner conductor of the coax goes to
one side of the dipole and the other to the outer
coaxial braid. Use either the W2AU Balun or the
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center insulator assembly to form astrong water-
proof connection between the dipole and the co-
axial cable. The low leakage insulators are used
for the dipole ends. The dipole is supported by
the two end insulators.

The inverted "V" antenna is supported in the center
with the ends brought down to supports at least
2 meters above the ground. If the balun or the
special dipole center insulator is not used, it
is most important to see that the coaxial cable
is completely waterproofed at the connection to
the dipole.

Allow sufficient length of coaxial cable toreach
the transceiver. The feed line should run at right
angles to the dipole in the immediate vicinity of
the antenna. The coaxial cableis screened from
outside pick up and will not pick up any interfer-
ence provided that the antenna itself is located
away from the noise sources. The end of the cable
should be terminated with the PL259 connector.
Use the UG174/U reducing adaptor withRG58/A0U
cable. The adaptor is not used with RG8/AU
cable. Figure 54 shows the method for fitting
the connector.

5.2.7 CHANNEL SEPARATION

The half wavelength dipole antenna is normally
used on one channel frequency. If the channels
are close together, it is possible to use the one
dipole for two or more frequencies provided that
they are separated by less than 2% of the mean of
the frequencies. If the channels have greater
separation, the VSWR may rise to unacceptable
levels.

53 MARINE ANTENNAS

Marine antennas usually take the form of whips,
masts or long wire antennas strungbetweenmasts.
The ground system is an essential part of the
marine antenna installation. The marine antenna
will normally use an antenna tuner to tune the
antenna to each channel frequency. Detailed in-
formation on marine antennas is given in the
manuals for the ATS and RAT100 Antenna Tuners.

5.4 VEHICULAR ANTENNAS

The vehicular antenna is usually a whip with a
inaximum length of about 3.5meters. Overmuchof
the frequency range, this length represents a
small fraction of a wavelength. This means that
the antenna must be electrically lengthened so
that it is resonant (1/4 wavelength) at the oper-
atingfrequency. For single frequency operation,
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this is done by placing loading coil in series
with the antenna, normally at the base or center
of the whip. Alternatively, the antenna may a
continuous spiral of wire wound around an in-
sulated rod. These typesof antennahaveavery
narrow bandwidth and their use is normally re-
stricted to one frequency unless tne loading coils
are manually changed for each frequency. The
only practical alternative is the use of an an-
tenna tuner. This will result in a substantial
loss of efficiency and very careful tuning and
installation is required.

The vehicular antenna is normally mounted at the
rear of the vehicle and should be located as far
away from the bodywork as practical. Thereare
many different types of mobile mounts available
and one should be selected that is sufficiently
rugged for the required application. If the an-
tennais used with a tuner, the mobile mount inust
provide excellent insulation as the voltages at
the base of the antenna will reach several thou-
sand volts at the lower channel frequencies. It
isrecommended that a heavy duty springis fitted
between the mobile mount and the whip.

The antenna is connected to the transceiver
through a good quality 50 ohm coaxial cable. The
transceiver end is terminated with a PL259 con-
nector. The antenna end of the cable should be
connected with lugs or other connections appro-
priate to the design. It is important that the
end of the coaxial cable is wrapped with water-
proof tape to prevent the ingress of moisture.
The antenna end of the coaxial cable outer braid
must be carefully grounded to the vehicle body.
This connection must be short, have very low
resistance, and be protected against corrosion.
This ground is essential for satisfactory opera-
tion.

The tuning of the vehicular antenna is critical
and the instructions supplied with the antenna
or tuner must be followed carefully. There will
be almost no radiation from the antenna unless
it is tuned for exact resonance. A change of
length of even 2cm can have a severe effect on
the efficiency.

5.5 ANTENNA TUNING

5.5.1 GENERAL

All antennas must be checked for correct tuning
after installation and at periodic intervals to
ensure that the antenna has not deteriorated.
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1. Ifthetransceiveristuned to AMasteadycar-
rier of approximately 25W is available for tuning.
The carrier level may be adjusted to any desired
level by R1 on M3.

2. Theinternal VSWR bridge can be connectedas
shown in Figure 5-5. It should be noted that the
meter is not calibrated and is used as a null
indicator. The antenna should be adjusted for
minimum readingon the meter. A meterreadingof
less than 1 division on the scale is required for
correct operation. It is recommended that an
external VSWR meter is used for more exact meas-
urements of the antenna matching.

The antenna or antenna tuner should be adjusted
in accordance with the directions supplied with
the antenna. It should be noted that there can
be considerable interaction between antennas in
multiple antenna systems and the VSWR should be
rechecked on each channel after adjustinent is
made. If asatisfactorymatch cannot be achieved
when using an antenna tuner, the ground systemis
probably at fault. Longwire, tuned antennas oper-
ate with the ground forminga mirror image antenna
and will simply not work correctly without an
excellent ground system.

5.5.2 HALF WAVELENGTHDIPOLE ADJUSTMENT
The half wavelength dipole antenna'sresonant fre-
quency is quite broad and if the antennahas been
erected in the clear, the matching will probably
be satisfactory without further adjustment. The
theoretical feed impedance with the antennaata
height of 1/2 wavelength above ground is 70 ohms;
however,at practical heights, the feed impedance
will be close to 50 ohms. If the VSWR bridge indi-
cates that the antenna is not at resonance, the
antenna length should be adjusted a few centimeters
at atimmeuntil the lowest reflected powerreading
is obtained. It is not necessary to adjust the
reflected power to less than 1.2:1, as the losses
at low VSWR's are very small and the transmitter
has asufficient range of operationtoaccommodate
small mismatches. Aneasy way of determiningif
the antenna is to lengthened or shortened is to
clip short lengths of wire to each end of the
antenna. If this improves the VSWR, the antenna
should be lengthened. If the reflected power
increases, the antenna should be shortened.

5.5.3 MULTIPLE FREQUENCY

DIPOLE ADJUSTMENTS
The dipoles are cut to frequency according to the
formula, length feet = 408/FMHz (length meters
= 142.5/FMHz). This is a theoretical length and
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will be affected by the height of the installa-
tion, the ground and the proximity of surrounding
objects. Whenmultiple dipoles are connectedto
a single feed point, there is often considerable
interaction between the dipoles which can signifi-
cantly shift the resonant frequency of each di-
pole. One of the principle objections to the use
of multiple dipole with a common feed point has
been the difficulty in adjusting each dipole to
resonance. The proceduredescribed makes it prac-
tical to erect the antenna, make one set of mea-
surements, calculate the change of length for each
dipole, then make any corrections to the dipole
length.

5.5.3.1 TEST EQUIPMENT

The following test equipment is required:
1. VSWR Meter.

2. The transceiver to be used in the
lation.

instal-

5.5.3.2 CONNECTIONS
Switch the transceiver to the AMmode and press
the PTT switch to make the VSWR measurements.

5.5.3.3 METHOD

1. Switchthe transceiver tothelowest channel
frequency.

2. Keythe transmitter by pressing the microphone
PIT switch.

3. Adjust the frequency of the transceiver up
or down until the point of minimumreflected power
is indicated, note the frequency.

4. Repeat the procedure for each of the dipole
antennas in the system.

5.53.4 CORRECTION FACTOR

List the channel frequencies, or if a specific
dipole is used on more than one channel, list the
center frequency between the highest and lowest
channel. The correction factor is calculated as
follows:

Fl1 = Channel Frequency
F2 = Dipole Resonant Frequency

Correction factor in cm =

14,250,000 14,250,000
F1 kidz F2 kHz

If the correction factor is positive, lengthen the
dipole by the calculated value. If the correction
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factor is negative, shorten the dipole by the cal-
culated value. The adjustment should be equal at
each end (1/2 the correction factor at each end).

CAUTION
It is desirable that the VSWR does not exceed
1.5:1. The power output of the transceiver starts
toreduce automatically if the VSWR exceeds this
level. If the VSWR exceeds 2:1, the power output
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falls rapidly and a severe deterioration in per-
formance will occur.

5.6 AT100 AUTOMATIC ANTENNA TUNER
The transceiver may be used with the Automatic
Antenna tuner. The antenna tuner automatically
matches the transceiver to the antenna whenthe
"ATU" tune button is pressed.



SECTION 6
MODE SELECTION

6.1 INTRODUCTION

A microprocessor is used to control the overall
frequency selection of the transceiver. The pro-
cessor operates in any one of three different modes
depending on the class of operation desired. The
operational mode may be selected by an internal
switch or may be permanently set by use of a spe-
cial coding circuit.

Mode 1: All facilities are available in this mode
including the programming of transmit frequencies.
The operator may select any one of the pre-
programmed channel frequencies by entering the
channel number on the keypad; this number is shown
on the display in receive. In transmit, the display
switches and shows the frequency being used in
transmit mode. Channel #J is available for free
tuning the transceiver; either simplex frequencies
or duplex (separate receive and transmit) fre-
quencies may be programmed.

In order to select Mode 1, insert the appropriate
8-position DIP switch in the MY board at reference
designation Ul7. Turn positions 2 and 3 ON and
all other positions OFF on the DIP switch.

Mode 2: Channel frequencies cannot be changed
in Mode 2. All pre-programmed channels may be
selected as in Mode 1, and the display operates
in the same manner. Channel 4 is only available
for free tuning the receiver and will not operate
in transmit.

To select Mode 2, first make sure the 8-position
DIP switch is inserted in M9-U17. Then turn po-
sition 2 ON and all others OFF on the DIP switch.
An alternate method of selecting Mode 2 is to insert
the special coding device (included in shipment)
into the M9-U17 socket in place of the DIP switch.

Mode 3: In this mode the transceiver operates
as a channelized transceiver with permanently pro-
grammed channels. Only the channel number can
be displayed. Channel # is not available for
either receive or transmit operation.

To select Mode 3, first make sure the DIP switch
is inserted in M9-Ul7. Then turn all switch posi-
tions OFF. An alternate method is to remove the
DIP switch and leave the M9-U17 socket empty.



SECTION 7
FREQUENCY CALIBRATION & ALIGNMENT

7.1 INTRODUCTION

The transceiver uses broadband circuitry and no
routine tuning or alignment is required. If the
transceiver is programmed for new channei frequen-
cies, it is only necessary to reprogram the memory
as described in Section 4. Normally the only ad-
justment required will be the frequency calibration
which will gradually change as the crystal in the
master oscillator ages.

7.2 FREQUENCY CALIBRATION

The transceiver uses one temperature controlled
master oscillator to control both synthesizers.
This means that only one adjustment is required
for all channel frequencies. The adjustment pro-
cedure requires the use of an accurate frequency
counter.

1. Connect the frequency counter to the 5120kHz
reference output. This is the front connector on
Module 5. The output is 50 ohms and may be directly
connected to the counter.

2. Turn on the transceiver and wait for 10 minutes
so that thermal stability is reached.

3. Adjust the piston trimmer C2l, (accessible
through the hole in the top cover of Module 5.)
until the counter reads 5120.000kHz.

4. This completes the calibration procedure. Re-
connect the cable to the module.

Periodic checks should be made of the 1650kHz
oscillator. This is a stable low frequency oscil-
lator and should seldom require adjustment.

1. Connect an accurate frequency counter to the
carrier oscillator output test point. This can
be accessed through the indicated hole in the Ml
cover.

2. Switch the clarifier to the off position.
3. Adjust the 1.650 oscillator adjustment (R59)
until the frequency reads exactly 1650.000kHz.

In an emergency, it is possible to calibrate the
transceiver by programming one of the channels
to receive a frequency standard such as WWV. I
there is any beat note present, the transceiver
requires calibration. Turn the clarifier to "OFF"
Turn up the volume and adjust C21 on Module 5 to
zero beat. It will be difficult to hear the low
frequency beat because the carrier frequency is
suppressed by the IF filter. It is possible to
hear the beat against the reference tone and as
a roughness on the voice modulation. With careful
adjustment, it is possible to calibrate the trans-
ceiver within at least 10Hz.

7.3 ALKGNMENT POINTS
Refer to Table 7-1.



TABLE 7-1.

Alignment Points.

ADJUSTMENT FUNCTION COMMENT
Module #1 R59 Frequency adjust 1650kHz | Refer to Section 7.2.
RI18 Squelch Sensitivity Adjust for reliable squelch opening on
weak signals (Section 10.1.2.3).
Rl4 Transmit Carrier Balance | Adjust for carrier balance

(Section 10.1.2.2).

Module # L3

L1,I2

L5,L6
R2

IF Tuning*
IF Tuning*
Crystal Filter Tuning USB*
Crystal Filter Tuning LSB*

Transmit Gain

Adjust for maximum receive output.
Adjust for maximum receive output.
Fixed - refer to Section 10.2.2.

Fixed - refer to Section 10.2.2.
Adjust level until ALC is operating.
Place meter (5V scale) on pin 10 and

increase gainuntil ALC drops 1V on voice
peaks.

Module 8 RI1

S &L K B

Carrier Level

Transmit Mixer Balance*
Transmit 75MHz Tuning
Receive 75MHz Input Tuning*
Receive 759VHz Mixer Tuning*

Receive 1650kHz Output

Adjust in AM for 25W output.

Refer to Section 10.3.2.4.

Adjust for maximum transmit output.
Adjust for maximum receive output.
Adjust for maximum receive output.

Fixed. Adjusted for 50ohmmatch Tuning¥
to filters.

Module # 12

75MHz Filter Matching*

Fixed ~ refer to Section 10.4.2.

13 75MHz Filter Matching* Fixed - refer to Section 10.4.2.
Module #5 C27 FrequencyCalibrate Refer to Section 7.2.
Li VCXO TuningRange* Fixed - refer to Section 10.5.2.2
Module # R1i16 ALC Threshold - Sets Adjust to prevent peak flattening~refer
Power Output to Section 10.7.2
R31 Adjusts S Meter Adjust sothat meter readsmid-scale for

Sensitivity

100uV input signal - refer to Section
10.7.2.

*Adjustment not normally required during service life of transceiver.
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SECTION 8
SERVEKCE & MAINTENANCE

8.1 SCOPE

This section contains information on the routine
maintenance of the transceiver,the method of re-
placement of modules and components, the methods
for locating defective modules and a description
of therecommended test equipment. Thissection
does not cover the maintenance and service of the
modules and reference should be made to Section
10 of this manual for detailed information on the
individual modules.

8.2 GENERAL

The transceiver is a complex design usingadvanced
techniques to ensure high performance, trouble free
service. It is essential to recognize that the
transceiver must be serviced by skilled personnel
using the correct test equipment and with a full
understandingof the operation of the transceiver.
Two separate levels of service arerecommended -
field service and depot service. The transceiver
has been constructed so that the complex circuitry
is contained on individual modules that may be
easily replaced in the field. This section of the
manual gives instruction on how to locate the
defective module. The modules are designed so that
no adjustments will be required after replacement
and the defective module can be returned to the
service depot or factory for repair.

8.3 TEST EQUIPMENT

Specific models of test equipment have been recom~
mended for servicingthe transceiver. A descrip-
tion of the key characteristics relevant to the

transceiver is given for each instrument. It is
most important that substitute test equipment pro-
vide equivalent functions. Attemptsto use ob-
solete test equipment will make satisfactory
service very difficult.

Notes on substitute equipment-
The test equipment is required to have the
following minimum characteristics:

Signal Generator - The frequencies required are
1.6-30MHz and 75-105MHz.

FrequencyCalibration - 1kHz with high stability.
Output - .1uV to 1V with accurate attenuator.

AM modulation is desirable and FM Modulation

t15kHz from external source is required for
crystal filter alignment.

RF Millivoltmeter- Frequency coverage 1.6-200Miz,
low capacitance probe, 50 ohm adaptor, 10mV-3V
peak reading RMS calibration.

Electronic Multimeter - Any general purpose in-
strument with 11 megohm minimum input impedance.

Oscilloscope - Any general purpose oscilloscope
with frequency response to 75MHz; must have
external sawtoothoutput forsweep tests. (Most
oscilloscopes can be simply modified to provide
this output).

TABLE 8-1. Test Equipment.

DESCRIPTION
Synthesized SignalGenerator
RF Millivoltmeter

50 ohm adaptor
Electronic Multimeter
Oscilloscope
100W 30dB 50 Attenuator
FrequencyCounter
Audio Signal Generator
Thruline Wattmeter

Element 50W

Element 250W
Power Supply
Return Loss Bridge
Optional - Spectrum Analyzer

MODEL RECOMMENDED
Wavetek 3001

Boonton 92C

Boonton 91-8B

B & K Model 290

Tektronix Model 2213

Bird Model 8323
Hewlett-Packard Model 5382A
B & K Model 3010

Bird Model 43

Bird Model 50H

Bird Model 250H
TRANSWORLD PS100~-12

Eagle Model RLB 5011
Hewlett-Packard Model 8557A /18T




Attenuator - This attenuator is used as a dummy
load and must have an adequate powerrating. The
attenuator should be accurately calibrated witha
correction chart. (Anerror of 1dB=+26W relative
to 100W).

FrequencyCounter - Any general purpose counter
1.6-105MHz minimum calibrated accuracy lppm.

Audio Signal Generator - This is not a critical
instrument. Any audio generator covering
300-3000Hz at relatively low distortion (+19%) will
meet this requirement.

Thruline Wattmeter —-Used for VSWR checksand asa
backup for transmit power measurements. Most
instruments will be suitable unless extreme ac-
curacy of power measurements is essential.

Power Supply - Any 13.6-14.0V 20A power supply
will be suitable.

Return Loss Bridge - This instrument is used with
the signal generator to measure the RF output
filter loss and is unlikely to be required during
routine servicing. The bridge isrecommendedasa
very useful instrument as accurate measurements of
antennas and adjustiment of antenna tuners canbe
accomplished using low power levels or the signal
generator. A return loss of 30dB from 1.6~-30MH
is adequate. .

Spectrum Analyzer - This is a useful optional in-
strument and will be required for measurements of
spectral purity. Almost any spectrum analyzer
covering the range 1-100MHz will be useful. The
suggested HP8557A is a simple to use, versatile
instrument that will be of value for both SSB and
VHF equipment service.

8.4 MEASUREMENT TECHNIQUES

The followinginformation will be helpful to tech-
nicians and engineers who have not had previous
experience in testing modern synthesized SSB equip-
ment. Some of the techniques have beendeveloped
to simplify measurements and adjustments. Fre-
quently the use of specialized test equipment can
be avoided.

8.4.1 POWER MEASUREMENT

Measuring the power output of an SSB transceiver
creates more difficulty than the measurement of
almost any other performance parameter. A typi-
cal problem occurs when an inexperienced technician
connects an average reading power meter such as
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the Bird Model 43 and talks into the microphone.
The power meter kicks up to perhaps 30W on peaks
and the immediate assumption is that thereis a
defect in the equipment.

The transceiver is rated at 125W PEP or 100W
average power output and is capable of 150W PEP
output over much of the range. This means that
on a continuous carrier or a sustained audio
tone, the power output will be 100W and will
indicate 100W on an average reading wattmeter.
This can be verified with a steady whistle into
the microphone. The SSB voice waveformis anRF
waveform changing frequency and amplitude at an
audiorate, although the waveformis not areplica
of the audio input. If the transceiver is cor-
rectly adjusted, the peaks in the RF waveform
will reach the same amplitude as the 100W steady
carrier. This is called peak envelope power
(PEP). The average reading wattmeter willshow a
low reading. The exact reading will depend on
the characteristics of the instrument used. The
usual method of measuring an SSB signal is to use
a two tone test signal. The two equal amplitude
tones produce an RF carrier with an envelope at
the difference frequency between the tones. Two
equal 31.25 watt signals have a PEP of 125W and
will indicate 62.5W on an average reading power
meter such as the Hewlett-Packard Model 432A.
Themore frequently used diode type instruments
such as the Bird Model 43 will indicate 50.6W for
a 125W PEP (two tone).

One of the easiest methods of measuring PEP is
to use an oscilloscope which is a peak reading
instrument. To measure 125W PEP, use any accurate
wattmeter to set the transceiver output at 125W
average using a steady carrier or single tone.
Use this signal to calibrate the oscilloscope.
125W PEP will now be indicated by the oscilloscope
on any signal -- voice -- two tone -~ pulse etc.,
whenever the peak amplitude is the same as the
single tone signal.

The power output of an SSB transceiver can change
quite widely without any perceptible change in
performance. Itisnormally necessary tochange
the power output by a factor of 2:1 to make even
the smallest noticeable change insignal strength
and far too much emphasis is put on getting the
last few watts out of the transmitter. It is
much more important to ensure that the final
amplifier is not overdriven, causing distortion
and interference on adjacent channels. Werecom-
mend use of the oscilloscope as the main power
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measuring instrument, checking at all times that
there is no peak flattening or compression on voice
peaks or the two tone test signal. If a power
meter such as the Bird 43C is used, check the
power output while whistlinginto the microphone.
If the meter is accurate, you will see 100W in-
dicated. More accurate measurement will require
the use of a laboratory-type power metersuchas
the HP432A and a calibrated attenuator. Figure
8-lillustrates the power measurements equipment
setups.

To simplify adjustments the ALL characteristics
have been adjusted in the transceiver so that all
adjustments of power output have beenmadeona
single tone signal. If the power output is set at
100W AVG on a single tone the two tone PEP output
will be very close to 125W.

84.2 TWO TONE TEST

The standard method of measuring the performance
of an SSB transmitter is to use a two tone audio
test signal. A special two tone test generator
may be used, or two standard audio signal gen-
erators may be combined. The tonesmay be any-
where within the audio passband. Suggested fre-
quencies are 800Hz and 1800Hz. The RF envelope
of the two tone test signal is shown in the
diagram, Figure 8-3.

If only one audio oscillator is available, it is
possible to use the carrier oscillator to provide
one of the frequencies. The transceiver mode
switch is turned to the AM/Tune position. A
single audio tone (1000Hz) is injected at the
microphone input. Adjust the tone levels until
the two signals are balanced resulting in a two

100 W AVG

100 W PEP
(50 W AVG)

A\

TWO TONE

FIGURE 8-2. Power Measurement Waveforms.

FIKGURE 8-3. Two Tone Test Signal.
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tone RF envelope. If the carrier level is set at
25W, the resultant two tone RF signal will be
100W PEP

A third method of generatinga two tone testsignal
is to use two RF tones. This method is particu-
larly useful when measuring distortion with a
spectrum analyzer. The two tones can be separated
by several kilohertz and the two tone test pattern
examined at comparatively low resolution and high
sweep speed. A simpletwo tone RF generator canbe
made using a double balanced mixer as shown in
Figure 8-+4.

Two tone test signals are usually used to measure
distortion. It is necessary to have a modulated
RF envelope to observe crossover distortion or
peak flatteningon the signal when examined onan
oscilloscope. It is possible to substitute a
three tone test signal formany tests as distortion
can be easily recognized on the three tone signal
displayed on the oscilloscope. The signal gen~
erator provides a convenient three tone test source
when operated with 100% AM modulation. For most
routine servicing, the AM modulated signal
generator and the oscilloscope will be far more
convenient to use as a test signal source than a
two tone test signal.

8.4.3 RETURN LOSS BRIDGE

The return loss bridge will seldom berequired for
servicing the transceiver. It is necessary for
aligning the RF filters in the transceiver, but
this adjustment is only required if damage occurs
in the filter module. The use of the return loss
bridge for filter alignment is described in Section
10.7.7. The return loss bridge is an extremely

useful instrument for adjusting antennas and
tuners. It is possible to make all adjustments at
very low power levels with complete freedom from
spuriousresonses,interference and high voltages
in the antenna tuner. The signal generator sub-
stitutes for the transmitter and the return loss
bridge and RF millivoltmeter substitute for the
VSWR indicator. The instruments are connected as
shown in Figure 8-5.

The test procedure is to adjust the signal gen-
erator to the desired frequency. Remove the load
and adjust the millivoltmeter sensitivity and
signal generator output for a full scale deflec-
tion. Reconnect the load and adjust to the an-
tenna or tuner for miniinum reflected signal. The
reflected power should be read in dB relative to
the full scale reading.

-10dB = SWR is less than 2:1

-14dB = SWR is less than 1.5:1
-18dB = SWR is less than 1.3:1
-27dB = SWR is less than 1.1:l

The antenna or tuner should always be adjusted
for a minimum return loss of 10dB and preferably
14-20dB. There is no significant advantage in
striving for better than -20dB return loss.

844 SPECTRUM ANALYZER

Although a spectrumn analyzer is not an esssential
test instrument for servicing the transceiver, it
is ausefulinstrument for testing SSB equipment.
The spectrum analyzer operatesin the frequency
domain and permits simultaneous examination of
both frequency and amplitude. This character-
istic is very useful for examining the various RF
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signals for spectral purity and spurious products.
For example, the output from either of the two
phase locked loops in the transceiver can be
examined to ensure that the loops are locking
correctly, the phase noise is satisfactory and
that there are no spurious outputs. The spectrum
analyzer may be connected, through the high power
attenuator, to the transceiver output and will
display harmonics and unwanted spurious outputs.
If a two tone test signal is used, the transmitter
intermodulation distortion may be measured. It
is very important not to overload the spectrum
analyzer when makingharmonic measurements, If
the input level is too high, the mixer in the
spectrum analyzer will generate harmonics inter-
nally. Over most of the range, the transceiver's
harmonic suppression is more than 70dB, and to
make accurate measurements, it is necessary touse
a notch filter to reduce the amplitude of the
fundamental by at least 20dB. Remember that almost
all errors made duringharmonic measurements will
result in the harmonic levels appearing to
increase.

When the transmitter intermodulation distortion is
measured, using two audio tones applied to the
microphone input, it is necessary to use a high
resolution spectrum analyzer operated at a very
slow scan rate. The HP8557A does not have suf-
ficient resolution for this test and it is sug-
gested that two RF tones, separated by approxi-
mately 20kiz, are used for distortion measurements.

The test arrangement, using the double balanced
mixer described in the previous section, may be
used. When modulated with a 10kHz tone, a low
distortion test signal will be generated with a
tone separation of 20kHz. This can easily be
examined on the HP8557A and other analyzers with
approximately lkHz resolution. It is possible to
use a comparatively fast sweeprate givinga con-
tinuous display instead of waiting several seconds
for each sweep. Our test have shown exact cor-
relation between the wideband intermodulation test
and those made with limited tone separation.

8.4.5 SIGNAL GENERATOR

The signal generator is primarily considered as
an instrument for testing the receiver. It is
also a most convenient instrument for injecting
controlled signals of known frequency and amp-
litude into different parts of the transceiver.
For example, the signal generator may be used as
a temporary substitute for either of the synthe-
sizer loops. The generator may be used at low
level to substitute for the output from the audio
module at 1650kHz, or at high level, it is capable
of directly driving the high power RF amplifier.
Use the modulated output of the generator so that
the linearity can be examined on the oscilloscope.
Remember that the signal generator can substitute
for the signal outputs from these six main modules
in the transceiver and provides a powerful tool
in locating faulty modules.

RF MILLIVOLTMETER

RETURN LOSS BRIDGE

=]

[ > ]

|-}

[ ]

[} [ ]
= RF SIGNAL GENERATOR

O s . .
ANTENNA -
TUNER REFLECTED
LOAD
RF INPUT

FIGURE 8-5. Return Loss Bridge Setup.

8-6



8.4.6 SWEEP MEASUREMENTS

The only practical method of aligning the high
performance 1650kHz crystal filters is to use a
sweep generator. Most commercial sweep genera-
tors do not operate satisfactorily at the very
narrow deviation required for crystal filter
alignment. A signal generator with FM capability
and an external modulation input makes an excel-
lent narrowband sweep generator. The sawtooth
output from the oscilloscope is connected to the
external FM modulation input and the amplitude
is adjusted until the correct sweep width is
achieved. The signal generator is connected to the
input of the module and the oscilloscope to the
output. When the sweeprate is correctly adjusted
(a very slow sweep is essential to prevent ringing
and passband distortion) the filter passband will
be displayed on the oscilloscope. In the event
that the oscilloscope does not have an external
output, it is usually possible to instail a high
resistance voltage divider across one of the X
deflection plates to provide asawtooth voltage of
the correct amplitude for the signal generator
audio input.

84.7 FREQUENCY COUNTER

Apart from the important function of frequency
calibration, the frequency counter is a useful
tool for servicing the synthesizer. By connecting
the counter to different points in the circuitry,
it is possible to check that the correct divide
ratios are occurring in the synthesizer.

8.4.8 HIGH POWER ATTENUATOR

A high power attenuator such as the Bird 8323 is
a dummy load capable of dissipating the full power
output of the transmitter and at the same time
attenuating the signal by 30dB. This means a 100W
signal is reduced to 100mW, a level low enough to
provide direct connection to most test instru-
ments. High power RF signals frequently cause
disturbances and inaccurate measurements with
instruments such as spectrum analyzers, frequency
counters and oscilloscopes and the ability tomake
a 50 ohm direct connection will be found invalu-
able for many tests.

8.5 ROUTINE MAINTENANCE

The transceiver normally requires no periodic
maintenance except to check the calibration of the
master oscillator. This procedure is described in
Section 7.2. It is often convenient to program an
unused channel to a known frequency standard such
as WWV. This will enable the operator to make
regular checks of the frequency calibration.

The exterior of the transceiver should be kept
clean by wiping with a damp cloth and polishing
with a soft dry cloth. Make sure that all knobs
are secure and the connectors are firmly in place.
When the transceiver is opened, make sure that
the coaxial connectors are tight and the module
connectors are firmly in place. If the small pin
connectors areremoved, it is advisable to tighten
the spring contacts by squeezing with a pair of
pliers before replacement. Remove any dirt or
dust using compressed air.

8.6 ACCESS & MODULE REPLACEMENT

8.6.1 COVER REMOVAL

The top and bottom covers are each retained by
6 screws. Remove the retaining screws and the
covers can then be lifted off the transceiver.

CAUTION

If the transceiver is fitted with an AC power
supply, the full main supply voltage is present
at the transformer primary, input connector, fuse
holder and front panel power switch. It is re-
commended that an external DC power supply is used
when servicing the transceiver. When the trans-
mitter is operating, high RF voltages are present
on the modules M7 and M10. Use caution as these
RF voltages can cause unpleasant burns.

8.6.2 MODULE REPLACEMENT M1-Mb6
Modules M1-M6 are the six modules contained in
the diecast boxes. The modules are retained by
screws in the front left and rear right corners.
Remove these screws first as this permits the
modules to move forward and backward and gives
more room to unscrew the coaxial connectors.
These connectors and the 10 pin connectors should
be removed and the module can be lifted out of
the transceiver. Modules M5 and M6 are stacked
and the retaining screws hold both modules in
place.

NOTE
Special care is needed inremovingand replacing
the miniature coaxial connectors on the semi-rigid
coaxial cable used in the transceiver. To safely
remove any of the coaxial connectors, do the
following:

1. Remove the lid of the particular module the
connector is attached to.

2. Two wrenches arenecessary to properly unscrew
the connector without stressing the bulkhead



mounted female: a 1/4" wrench should be held in
place on the bulkhead mounted female part inside
the module can, while a 5/16" wrench is used to
turn the screw-on sleeve of the male cable con-
nector.

3. Unscrew the male cable connector and pull
free.

Attaching the cable connector alsorequires con-
siderable care to insure that the center pin of
the male cable connector mates properly with the
bulkhead connector attached to the module box. It
is possible to blindly push the comnectors to-
gether and screw them tight with the center pin
misaligned; it is easily bent and can be pushed
off-center into the teflon insulating material,
thus causing either no contact or anintermittent
contact. Therefore, whenever a connector is
attached, make absolutely certain that the pin
mates properly and is not bent off-center.

8.6.3 MODULE REPLACEMENT M7

Thismodule is removed by disconnectingall of the
connectors. Remove the five mountingscrews from
the circuit board.

8.64 MODULE REPLACEMENT M8

Remove the input wires connected to the board by
pins. Unscrew the four mounting screws in each
corner of the board. Remove the mountinghard-
ware fromthe two "TABPACK" transistors taking
care not to lose the special shoulder washer and
the insulator. When the board is replaced, take
care to use thermal compound on the transistor
flange. The insulator must be in place and the
shoulder washer mounted so that there is no pos-
sibility of a short to the chassis. Tighten the
transistor mountingscrews securely so that there
is a good thermal contact to the chassis.

8.6.5 MODULE REPLACEMENT M9
Thismodule is removed by disconnectingall of the
connectors. Unscrew the five retaining screws.

8.6.6 MODULE REPLACEMENT MI0

The RF Power Amplifier Module does require special
careinremoval and replacement. Great caremust
be taken inremovingand replacingthe power con-
nections and coaxial cables. To get access to
the module, remove the ground wire to the filter
capacitor and unscrew the four screws at each
corner of the heatsink. This will permit the
panel to tilt back giving full access to the
module.

Afterremovingall of the connections,remove the
eight screws retaining the power output transis-
tors (two each), the driver transistor (two), and
the two bias regulator transistors (one each).
Remove the mounting screws at the corners of the
board and one in the center. The entire module
can then be removed from the heatsink.

When the replacement module is installed, make
sure that a liberal coating of thermal compound
is applied to the transistor mounting flanges.
The old thermal compound should be cleaned from
the heatsink using a solvent. Take special care
to see that the insulators are in place under the
bias transistors and that the shoulder washers
are under the mountingnuts. Install the module
and replace all of the eight transistor mounting
screws, the three board mounting screws and two
turret terminals on the studs. Do not tighten
any of the screws until they are all installed
and the transistors are checked to ensure there
is no strain on the mounting flanges. The board
mounting screws should be tightened first, and
then the bias transistor screws and finally the
power transistor mounting screws. It is very
important to ensure that thereisnostrainon the
power transistor mountingscrews and that they are
very tight to ensure an excellent thermal contact
to the heatsink. If these transistors are not
making good thermal contact, they will fail almost
immediately when drive is applied.

CAUTION
If there is any strain on the power transistors
when the mountingscrews are tightened, the insu-~
lating header will crack, destroying the transis-
tor. This voids the warranty.

8.6.7 PIN CONNECTORS

Small pin contacts are used for connecting wires
to modules M7 and 8 and for internal use inside
the enclosed modules. These pins have an excel-
lent locking action and will require a firm pull
for removal. Always grasp the body of the pin
with a pair of pliers and pull directly vertical
when removing the connectors. If the contactis
moved from side to side to aid removal, it will
weaken the spring tension in the contact. If
this happens,squeeze the end of the contact back
together using a pair of pliers. It is very
important to ensure that the pins snap firmly in
place when the contacts are reinstalled.



8.6.8 PANEL COMPONENTS

It is possible to remove and replace most panel
components with the front panel in place. If it
is necessary to obtain greater access to the panel,
remove modules M1, M5 and M6. This will give
access to the fours crews holding the panel in
place. These screws are located on the two plates
at each side of the rear of the panel. Remove the
four screws and the panel can be tipped forward to
give complete access to all components.

8.6.9 COMPONENT ACCESS MODULES M1-Mb6
The top side of the printed circuit board is acces-
sible when the top covers of the module boxes
areremoved by unscrewing the four screws at each
corner of the box. This gives access to all test
points and alignment adjustments.

The integrated circuits are installed in sockets
and can bereplaced without removal of the circuit
boards. When a circuit board must be removed for
service, disconnect the pin connectors from the
coaxial connectors at each end of the box. Remove
the four mounting screws at each corner of the
circuit board. The multipin connector will lift
out of the slot at the end of the box and the
circuit board and connector can be removed to-
gether without unsoldering the leads.

NOTE
There are two additional mountingscrews holding
the PC board in place in module Mé6. It will also
benecessary toremove the two screws holdingthe
connector filter in place in this module. The
screws are located at the end of the box on each
side of the connector.

8.7 COMPONENT REPLACEMENT

8.7.1 CIRCUIT BOARDS
The printed circuit boards are heavy epoxy fiber-

glass with 2 oz. tinned copper foil meeting the

applicable military specifications. Faults inthe
board are never likely to occur unless faulty
repair work is done when replacing components. If
the correct procedures are followed, it is pos-
sible to remove components many times without
damage to the board. All integrated circuits are
installed in sockets making replacement very
simple.

The correct tools must be used when replacing
components. The solderingiron must have a small
instrument-type tip about the same size as the
pads on the circuit boards. Do not make the mis~

take of using a very small, low temperature,
instrument-type iron. The iron must have suf-
ficient heat capacity to melt the solder quickly.
Do not use an iron that must.be held in place for
several seconds to melt the solder.

The iron is used to melt the solder at the con-
nection. The solder is removed with a desoldering
tool. These tools come in many forms, but even
the simple type consisting of a suction pump with
a teflon tip to remove the solder from the joint
will be satisfactory. When the solder is molten,
the tip of the tool is placed against the point
and the suction draws the solder inside the tool.
The component can then be removed by giving it
a gentle tug after all the solder is removed
from the leads.

Take special care not to exert any strain on the
foil while removing the component. Nearly all
damage to the printed circuit boards occurs be-
cause strain is placed on the foil while the con-
nection is hot. This is because the adhesive
used between the fiberglass and copper foil forms
an extremely strong bond when the foil is cold,
but can be damaged fairly easily when the foil
is at soldering temperature.

It is important to clear the holes of solder be-
fore installing the new component. This can be
done by melting the solder and usinga desoldering
tool. A frequent cause of foil damage results
from pushingthe component through theholeand
melting the solder at the same time. If the lead
catches, it will frequently lift the foil from the
board.

8.7.2 FINAL AMPLIFIER TRANSISTORS

The transistors are secured by two # screws in
the flange mount. Remove the screws and unsolder
the leads to the transistors. An assistant with
an additional soldering iron will make it much
easier to unsolder the leads from the circuit
board. The replacement transistor leads should
be trimmed to fit the board. The flange in the
transistor must be coated with thermal compound
to ensure good thermal contact to the heatsink.
Donotlet the transistor overheat when soldering
the leads back in place. Use a large hot sol-
deringiron and heat the connection as quickly as
possible. A small, low temperature ircn held in
contact with the lead for several seconds would
allow time for the heat to be conducted through
the leads and damage the transistor. Damage



caused by overheating will void transistor
warranties.

NOTE
The transistors should always be operated in
matched pairs. The DC beta is usually indicated
by a color code on the case. If one transistor is
replaced, use the same color code or replace with
a matched set.

8.8 SEMICONDUCTOR SERVICING

8.8.1 GENERAL

There are two distinct classes of semiconductors
used in the transceiver, the discretedevices such
as the transistors and diodes, and the monolithic
integrated circuits. Considerable information can
be found about the operation of the transistors
and diodes by measuring the voltage on the various
electrodes. With integrated circuits, there is no
external access to much of the circuitry, and it
is necessary to use "black box" approach to ser-
vicing.

8.8.2 SIGNAL & SWITCHING DIODES

All of the diodes may be checked with an chmmeter.
They should show a low forward resistance and a
very high back resistance. It is necessary to
check the circuit before making any measurements,
as the diode will frequently be shunted by other
components and one lead must be lifted before the
masurement can be made. Many of the diodes used
in the transceiver are used as switches or gates.
If the diode is operating correctly, there will be
a potential drop of approximately .7V across the
diode junction in the ON condition. The measure~
ment of this voltage drop provides a good checkon
the diode operation.

8.8.3 VARKCAP DIODES

The varicap diode is designed so that the capaci-
tance across thereverse biased junction varies as
the voltage is changed. All diodes exhibit the
varicap effect and the BB809 varicap can also be
checked in the same way as a signal diode.

8.8.4 DUAL GATE MOSFET

The field effect transistor has a closer analogy
to a vacuum tube than bipolar transistors. The
FET has high input and output impedances in the
special case of the dual gate FET. It can be con-
sidered similar to a cascode tube circuit.
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8.8.5 BIPOLAR TRANSISTORS

The simplest method of checkingbipolar transis-
tors isto consider the base-emitter and the base-
collector junctions as two separate diodes. The
ohmmeter is connected with one lead to the base
and the other to the collector and then to the
emitter. The ohmmeter leads are thenreversed
and thetestrepeated. The meter shouldindicate
high resistance in one direction and a low resis-
tance in the other. This check provides a posi-
tive indication of a faulty device. Only inrare
instances will a transistor passing this test
prove to be faulty in other ways. A transistor
checker is not required for servicing the trans-
ceiver. A simple circuit check canbe made with
a VI'VM. The potential across the base-emitter
junction should be about .7V. If the voltage
gradient across the junction is substantially
different from .7V, there is a faulit in the tran-
sistor or the circuit.

8.8.6 RF POWER TRANSISTORS

The RF power transistors may be checked with
an ohmmeter measuring the base-emitter and base~
collector junctions. Do not check the RF power
transistors in a standard transistor tester. Low
frequency, low current beta measurements are
usually meaningless as indications of R¥ perfor-
mance. Also,leakage measurementsmay bemuch
higher than normal transistors.

8.8.7 INTEGRATED CIRCUITS

The complex internal circuitry inthe IC makes it
difficult to do any analytical fault finding in
the deviceitself. The best approach toservicing
IC's is to isolate the fault to a particular
stage. The voltages should then be checked
against the typical voltages showninthe charts.
If there are any substantial voltage variations,
check all of the circuit components. Finally,
the IC may be checked by substitution.

8.9 GENERAL FAULT LOCATION - TABLE 8.2
It is possible for non-technical personnel to
deduce the reason for quite a number of faults
without even openingthe transceiver case. The
general fault location chart lists many of the
faults that can be identified by the nature of
the problem or the operationof the controls and
indicators.

8.10 BASKC MODULE FAULT LOCATION -
TABLE 8.3

This information will assist in locating faulty

modules without the use of test equipment. This



information provides only a basic guide and some
fault conditions cannot be recognized without test
equipment. Use this procedure to try and deter-
mine the fault area. If this approach is not
successful, the modules should be replaced sys-
tematically until the faulty module is located.
Remember that some of the preliminary tests can
indicate which modules are operational. For
example, the two synthesizer modules M5 and M6
are used in both the receive and transmit modes.
This means that they are not faulty if either
the transmitter or receiver is operational.

Beforereplacingany modules, check all cables and
connections carefully. A broken wire or a loose
connector may prevent the module fromoperating.
When modules (except M9) are replaced, it is not
normally necessary tomake any adjustments or to
realign the transceiver. M9is the programmodule
andd does not normally require replacement. If
M9 is replaced, it is necessary to reprogram the
channel frequencies.

With the exception of the RF power module, M10,
all modules may be replaced usinga wrench anda
screwdriver. The correct procedure forreplacing
the modules is described in Section 8.6.

8.1 MODULE FAULT LOCATION - DETAILED
PROCEDURE

8.11.1 INTRODUCTION

Section 8.10 covers fault location by deduction
and simple procedures using no test equipment.
This section gives more specific information on
the methods for measuring the performance of each
module. The procedure described doesnot require
expert technical knowledge but it isnecessary to
understand the operation of the test equipment. It
is recommended that Section 8.11 is followed to
locate the fault area and then to confirm the
nature of the fault using the methods described.

M5

Method
ConnectCounter to "OC OUT"

Connect Millivoltmeter to "OSC OUT"

&

Connect Counter to "OSCOUT"

Connect Millivoltmeter to "OSC OUT"
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Reference should be made to Section 10 for infor-
mation on the servicing and repair of the module.

The recommended procedure is todetermineif the
synthesizer is operating correctly, then to follow
the path of the signal through the transceiver in
either the transmit or receive mode.

8.11.2 POWER SUPPLIES & SWITCHING M7 ANDM8
Before starting any service work, check that the
power supply is operating correctly. TheDC input
voltage should be approximately 14V. Theoutput
voltage from the regulator M8 should be 12V. If
the fuse on the regulator board has blown, check
for short circuits. Remember that this regulator
supplies external accessories and an external
fault could be the reason for the fuse blowing.
Measure that the voltage is 12V on the R+ line
in the receive mode. This will be indicated on
the front panel. When the PIT line is closed,
the voltage on the T+ line should rise to 12V.
If these conditions are not met, do not proceed
further until M7 or M8 have been replaced or
repaired.

8.11.3 SYNTHESIZER M5 AND Mb6

The synthesizer is used in the transmit and re-
ceive mode. If the transceiver isinoperational
in both modes, check that the synthesizer is op- ~
erating correctly.

NOTES
1. The frequency should be stable (if the counter
jumps more than 2 or 3z between counts, there
is a problem).
2. The master oscillator is contained in M5. If
this fails, M6 will not operate. Check master
oscillator at "Ref Out"M5. Counter should read
5120kHz exactly.
3. M6 contains 2 VCO's. If the synthesizer
operates from 1.6-15MHz, VCO #1 (Ql) is opera-
tional. VCO #2 (Q2) covers 15-30MHz.

Test Result
Frequency = 73.34 - 73.35MHz
Output +3dBm (.3V)
Frequency = signal frequency

to nearest 10kHz step.

Output +10dBm (.7V)



4. If the output frequency is stable but on the
wrong frequency, the frequency module M9 is at
fault or one of the control lines is not making
contact.

5. Thesignal frequency is calculated as follows:

Fout(M6) ~ Fout(Mms) - 1.650MHz = Fcpan

NOTE
The approximate output frequency of M6 should be
the channel frequency +75MHz.

8.114 RECEIVER TEST

Initial procedure: Connect the signal generator
to the antenna terminal. Adjust the frequencyto
the channel frequency +1kHz for USB or -1kHz
for LSB. The procedure will trace the signal
through thereceiver by measuring the output from
each module in turn. The faulty module will have
a lower output thanspecified. Use the millivolt-
meter terminated with the 50 ohm load to make the
measurements.

CAUTION
Disconnect the microphone. If the transmitter
is activated with the signal generator connected,
severe damage could occur in the signal generator
attenuator.

M7 This module has no active circuitry in the
signal path and the input signal should be attenu-
ated by approximately 1dB. Greater attenuation
indicates defective coaxial connections from an-
tenna input, defective antenna relay, incorrect
filter selection or relay malfunction. The "Rx
ANT" output connectors are pin contacts and it
will be easier to make the measurements using the
unterminated millivoltmeter probe. This will
probably result in the output voltage reading
high compared with the voltage at a correct
termination.

M4 Input at antenna terminal
-25dBm (130mV)
Measure Output at "RX OUT"
-20dBm (22mV) 75MHz

&

Input at antenna terminal
-35 dBm ( 4mV)

Measure Output at "RX OUT"
-10 dBm (70mV) 1651kHz

If thismodule shows no output, check AGC voltage
at pin 10 that it is approximately 4V. The AGC
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voltage is derived from M2 and a fault will make
M3 appear defective.

M2 Input at antenna terminal
-85dBm (130uV)
Measure Output at "RX OUT"

-25dBm (12mV) 1651kfz

M1 If there is 1651kHz output from MZ2 and no
audio output - Ml, the loudspeaker or audio gain
control are defective.

8.11.5 TRANSMITTER TEST

Initial procedure: Connect an audio signal gen-~-
erator to the microphone socket pin 3 and ground.
Set the frequency to 1000Hz and the level to 5mV.
Note the audio level is not particularly critical
as the VOGAD (Voice Operated Gain Adjusting
Device) will automatically set the microphone
amplifier gain to the correctlevel. The antenna
output of the transceiver is terminated in the 50
ohmload and wattmeter. Connect aground to pin4
of the microphone socket to operate the trans-
mitter. The front panel meter should indicate
approximately full scale and the wattmeter in-
dicate 100W average (subject to measurement in-
accuracies). If the power output is normal during
this test and has not been satisfactory with the
microphone,replace the microphone. Doremember
the wattmeter will read approximately 30-40W on
voice peaks (125W PEP). Use the millivoltmeter
with the 50ohm termination tomeasure the output
of modules Mi-M4.

Ml Measure Output at "TX OUT"
-25dBm (12mV) 1650kHz (DSB)

M2 Measure Output at "TX OUT"
-27dBm - -13dBm (~15dBm, 40mV nominal)
1651kHz

If the output is not normal, check the AGC vol-
tage. If it isnot approximately 4V, the ALC may
be incorrectly set, reducing the gain of M2.
This could also be a defect in M8. Temporarily
disconnect M2 ALC pin 9 and checkif gainand AGC
voltage return to normal.

M3 Measure Output at "TX OUT"
-14dBm (45mV) 75MHz

M4 Measure Output at "TX OUT"
Channel Freq + lkHz
+2dBm (.28V) - 2MHz; +8dBm (.55V) - 15MHz;
+16dBm (1.4V) - 30MHz



M7 This module has no active circuitry in the
signal path. A loss through M7 indicates wrong
filter selection, incorrect operation of the T/R
or filter select relays, or a defective component
in a filter.

M10 Measure the output of M10 using the watt-
meter and 100W load. It is normal for the output
to be somewhat higher when measured before the
filters. Do note that the ALC will be inopera-
tional during this check and a low ALC setting or
fault might make the operation of M10 appear ab-
normal.

NOTE
Beforereplacing the RF Power Module M10, verify
that the fault is in this module. Disconnect the
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"TXOUT" cable from M4 and then drive the module
direct from the signal generator. The RF output
should be within 2dB of the specified figure. Do
make sure that the correct RF filter is selected
for this test. The ALC will not be operational.

RF INPUT LEVEL (CW) 0.3V RMS
0.9V RMS
2.0V RMS

FREQUENCYOUTPUT 2MHz
15MHz
30MHz

POWER OUT (Average)100W
100w
100w



TABLE 8-2. Fault Location Chart.

(This chart gives fault symptoms that can be isolated by observation of the transceiver

operation).

SYMPTOM

POSSIBLE FAULT

ACTION

Power LED does not light.

Faulty Power Source

Blown Fuse(s)

Measure power source voltage
under load.

Replace fuse.

NOTE

If the fuse blows again, check the "Transorb," DL, mounted on the 20A fuse holder
on the rear heatsink. The "Transorb" may fail in the shorted mode if subjected
to sustained overload or a voltage transient exceeding 5KW. If the "Transorb"
has blown, it is important to determine the cause, which is certain to be external
to the transceiver. Repeated replacement of fuses and "Transorb" may cause severe

damage to the transceiver.

Meter does not momentarily

deflect when transceiver first

switched on. No click when
PTT switched pressed.

Blown Fuse on M8

Defective M8
Regulator Module.

Replace fuse. Check for other
defects including faults in
external accessories if fuse
continues to blow.

Replace or repair.

Faulty T/R Check relay K1 on M1.
Switching.

No Audio Output. Defect in Ml, Turn squelch off. Turn audio
Loudspeaker. gain to full. If the speaker

is completely dead, the fault
is probably in the module or
speaker. Repair or replace.

Transceiver does not operate
on one frequency or group
of frequencies.

Defect in M7 RF
Filter Module.

Check relays and filter
components for nonoperating
frequencyl(ies).

Transceiver does not operate
on frequencies above/below
15MHz.

Defect in VCO Ql
(2-15MHz) or Q2
(15-30MHz.

Replace module M6 or repair.

Transmitter has no output
except for carrier in AM
mode.

Defective microphone

Defective Audio
Module Ml.

Replace or repair.

Replace or repair.

Transmitter has low output on
one channel.

Antenna or tuner
misinatch.

Measure VSWR and adjust anterma
or tuner as required.
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TABLE 8-2. Fault Location Chart, Continued.

SYMPTOM

POSSISLE FAULT

ACTION

Speech sounds garbled and/or
fine tune consistently tunes
at extremes of range.

Master oscillator out
of calibration.

Recalibrate, refer to Section
7.2.

Transmitter does not operate
when PTT Switch is activated.

Defective microphone
Defective T/R
switching.

Check by shorting pin 4.

Check Relay K1 on MT.
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TABLE 8-3.

Module Fault Location Chart.

PRELIMINARY

Check power switching.

Measure Rx +. Should read 12V.
Press PTT switch.
Measure Tx +. Should read 12V.

Relay Kl on M7 should close.

Ml AUDIO MODULE

Transceiver operates in either TX or
RX mode.

Audio completely dead, not even slight
hiss, squelch off, and maximum audio
gain.

Tx has no audio output but carrier
present in AM Mode.

- 1650kHz carrier oscillator is operational.

- Module or loudspeaker defective.

- Ml or M2 defective, also check microphone.

M2 1650kHz IF MODULE

Receiver operational

Disconnect "Rx Out" coax connector

- Module will also be operating in transmit
mode.

- If noise level does not decrease, module
is defective.

M3 75MHz MIXERS MODULE

Carrier output in AM mode

Disconnect "Rx Out" coax connector

- M3, M4, M5, Mo, M1U operational in transmit
mode.

- If noise level does not decrease, module
is defective.

Mé¢ HF MIXERS & DRIVER MODULE

Carrier output in AM mode

Disconnect "Rx Out" coaxial connector

- M3, M4, M5, M6, M10 operational in transmit
mode.

- If noise level does not decrease, module
is defective.

M5 SYNTHESIZER - 100Hz LOOP

Transceiver operates in either transmit
or receive mode. '

Disconnect "OSC Out" coaxial connector

- Module is operational.

- If noise level does not decrease, module
may be defective.
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TABLE 8-3.

Module Fault Location Chart, Continued.

M6 SYNTHESIZER - 10kHz LOOP

Transceiver operates in either transmit
or receive mode.

Channel frequencies do not operate
below 15MHz.

Channel frequencies do not operate
above 15MHz.

- Module is operational.

- Defective 1.6-15MHz VCO in module.

- Defective 15-30MHz VCO in module.

NOTE

A failure in the master reference oscillator in the module M5 will stop

M6 from operating.

M? RF FILTER MODULE

Refer to "Preliminary" at beginning of
chart for T/R power switching.

Antenna relay Kl

Signal path through filters from
antenna.

- Check relay clicks when PIT opeated.

- Disconnect "Rx ANT" coaxial connector from
M. Temporarily connect antenna to "RX ANI™
connector. If receiver operates, defect
in M7. filter selection or connections to
antenna connector.

M8 POWER SUPPLY REGULATOR

Check input voltage to module at input
terminal.

- Should be above 12V in DC model.

- Should be approximately 19V in AC model.

M9 FREQUENCY CONTROL MODULE

Faults in this module are indicated by
incorrect frequency selection as
indicated on the display.

Failure to retain channel frequencies
when transceiver is switched off.

-~ Check connections.

- Replace Lithium Battery. (Nominal life is
i0 years.

MI0 RF POWER AMPLIFIER

No simple check without instruments

- Voltages and connections should be carefully
checked beforg replacement.

MlZ FREQUENCY DISPLAY MODULE

Transceiver appears to be operating
correctly but display is not operating.

- Check connections.
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TABLE 8-3. Module Fault Location Chart, Continued.

MICROPHONE

Transmitter does not operate

- Check by replacement of microphone.
- Ground pin 4 of connector and touch pin 3

with hand. If transmitter shows RF output,
microphone is faulty.
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SECTION 9
THEORY OF OPERATION

9.1 INTRODUCTION

This is a general description of the transceiver.
Section 10 gives a detailed circuit description
of eachmodule as well as technical specifications
and servicing data. Table 9-1 provides a func-
tional description of the module.

9.2 FREQUENCY CONVERSION PLAN

The transceiver uses an up conversion plan with
the first IF at 75MHz. This system is used so that
the major spurious products fall above the 1.6 -
30MHz range where they can be easilyremoved by
simple low pass filters. With a 75MHz IF, the
image responses will fall between 151.6 and 180MHz.
Transmitter spurious responses from a correctly
designed double balanced mixer will be below -70dB
across the entire operating range. The double
balanced mixers have a level response wellinto the
VHF range and both the receiver and the transmitter
exciter have a level response from 1.6 - 30MHz.
This broadband response is achieved without any
tuning adjustments.

A special VHF crystal filter provides selectivity
at 75MHz. The 3dB bandwidth is 30kHz and the
stopband is -70dB. This filter provides suffi-
cient selectivity at the first IF to prevent
overload of the second mixer by powerful out of
band signals. It is necessary to provide a high
degree of selectivity to eliminate interference
from adjacent in band signals, and to generate a
clean SSBsignal. The transceiver uses a second
IF of 1650kHz. At this frequency, it is easy to
provide stable high selectivity crystal filters.
The transceiver uses separate high performance 6
pole crystal filters for USB and LSB.

To produce the first IF output at 75MHz, the first
loopin the synthesizer must generate an oscillator
signal between 76.6 and 105MHz. The synthesizer
generates this frequency range in 10kHz steps.

The second conversion from 75MHz to 1650kHz
requires an oscillator injection frequency of
73.35MHz. Asthe first synthesizer movesin 10kHz
steps, it is necessary to change the second oscil-
lator frequency over a 10kHz range to provide com-
plete frequency coverage. The second loopinthe
synthesizer operates from 73.340 - 73.350MHz in
100Hz steps. Refer to Figure 9-1 for the
frequency conversion plan.

9.3 SYNTHESIZER .

The synthesizer uses separate loops controlling
the first and second conversion oscillators. Both
loops use a stable temperature controlled 5120kHz
oscillator as a reference standard. The use of
direct synthesis with no mixing or other special
techniques inakes the synthesizers simple and easy
to understand. The use of modern LSI circuits
means that the synthesizers contain very few
parts. Another advantage of the system is the
almost complete freedom from spurious responses.

The first loop of the synthesizer covers the range
76.6 - 1056MHz in 10kHz increments. Operatingin
10kHz steps simplifies the loop design giving a
high slew speed and good spectral purity. The
5120kHz oscillator is divided down to provide the
10kHz reference frequency. The synthesizer uses
a programmed divider to give a variable division
ratio of 7,660 - 10,500 controlled by 12 binary
coded input lines. The divided down output from
the VCO is compared with the 10kHz reference in
the phase comparator and an error voltage is
generated that shifts the VCO frequency until
lock is achieved. Two separate VCQ's are used

to cover the frequency range. :

The second loop of the synthesizer must cover
73.340 - 73.350MHz in 100Hz increments. It is
very difficult to design a VCO operating at this
frequency in a 100Hz loop. This problem was
solved by using a VCXO (Variable Crystal Con-
trolled Oscillator). A special 5th overtone
oscillator circuit was designed with the capa-
bility of more than 10kHz tuning range at
73.35MHz.

The synthesizer output is almost indistinguishable
from a good crystal oscillator - a very important
factor insimplifyingthe synthesizer design. The
5120kHz reference is divided down to provide the
100Hz reference frequency. The programmed divider
gives a variable division ratio of 733400 -
733,500 controlled by 8 binary coded input lines.
Using the samereference oscillator for bothloops
gives a special advantage. Any frequency drift
will cancel in the loops and the overall stability
of the systemis not affected by the high conver-
sion frequencies. A single frequency adjustment
sets all channel frequencies.
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TABLE 9-1. Functional Description of Modules.

Ml AUDIO MODULE
Microphone Amplifier (VOGAD) - Balanced Modulator - Product Detector - Squelch System- Audio
Attenuator - Audio Power Amplifier - Audio Amplifiers 600 ohms. CarrierOscillator 1650kHz -
Clarifier.
Transmit: Input ~microphone, Output - 1650kHz DSB.
Receive: Input - 1650kHz SSB, Output - Audio 4W.

M2 1650kHz IF MODULE
6 poleCrystal Filters-USB and L.SB (optional) - AGC/ALC controlled T&R Amplifier -Receiver
IF Amplifier - AGC Amplifier AGC/ALC Control Amplifier.
Transmit: Input - 1650kHz DSB, Output - 1650kHz SSB.
Receive: Input - 1650kHz SSB, Output - 1650kHz SSB (2.4kHz bandwidth).

M3 75MHz MIXERS MODULE
AGC Controlled 75MHz Rx Amplifier, 75MHz to 1650kHz Rx Mixer, 1650kHz to 75MHz Tx Mixer, 75MHz Tx
Amplifier - Carrier injection switch (1650kHz).
Transmit: Input - 1650kHz SSB, Output - 75MHz SSB.
Receive: Input -75MHz 30kHz B/W, Output - 1650kHz RF.

M4  HF MIXERS AND DRIVER MODULE
30MHz Low Pass Filter, Double Balanced Rx Mixer, 75MHz Amplifier Tx & Rx.
75MHz Crystal Filter Tx & Rx,Double Balanced Tx Mixer -3 stage 2-30MHz Tx Amplifier,30vEHz Low
Pass Filter.
Transmit: Input - 75MHz SSB, Output - 1.6 - 30MHz SSB (100mW).
Receive: Input - 1.6 - 30MHz from Antenna, Output - 75MHz (30kHz B/W).

M5 SYNTHESIZER 100Hz LOOP MODULE
Output -73.340-73.350MHz, 100Hz increments +7dBm - Temperature Controlled 5120kHz reference
oscillator (for both loops).

L M6  SYNTHESIZER 10kHz LOOP MODULE

Output 76.6 - 105MHz, 10kHz increments +10dBm.

M7  RF FILTER AND SWITCHING MODULE
7 pole Tx & Rx Elliptical Function Filters - 2-3MHz, 3-5MHz, 5-8MHz, 8-13MHz, 13-20MHz,
20-30MHz, Rx 7 pole 1.6MHz High Pass Filter, VSWR Bridge, ALC Control, Filter Switching cir-
cuitry, Tx/Rx switching, S Meter Circuit, CW Oscillator.

M3 12V REGULATOR MODULE
Provides regulated 12VDC for all function except final amplifier collectors.

M9 FREQUENCY CONTROL MODULE
Microprocessor control of frequency selection, channel selection, scanning and tuning. 100
ChannelMemory. Operatesdisplay and selects correct filters.

M10 RF POWER MODULE
Two stage broadband 1.6 - 30MHz Linear Amplifier (100W).

Mll FREQUENCY DISPLAY MODULE

Displays frequency or channel number.
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FIGURE 9-1. Frequency Conversion Plan.

94 PROGRAMMING CHANNEL FREQUENCIES
The synthesizer in the transceiver is controlled
by 21 binary coded input lines. The desired fre-
quency information is programmed directly into the
synthesizer by the microprocessor. The algorithm
for determining the frequency codingis given in
Section 10.

9.5 RECEIVER

The input signal from the antenna passes through
one of six 7 pole elliptic function filters, then
through a 1650kHz high pass filter to prevent
overload from MF braodcast stations, and finally
through a 30MHz low pass filter to prevent VHF
responses. The signal is applied to a high level
double balanced mixer and the 75MHz output is
amplified by a high dynamic range amplifier before
passing through the 4 pole monolithic 75MHz filter.
The +12dBmintercept point is maintained through to
the output of the 75MHz f{ilter.
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The output from the 75MHz filter is amplified by
an AGC controlled dual gate MOSFET amplifier and
is then down converted to 1650kHz in a junction
FET mixer. Thesignal then passes through either
of the 6 pole USB or LSB crystal filters and is
then amplified by an AGC controlled dual gate
MOSFET amplifier. The final IF amplificationis
provided by a fixed gain bipolar amplifier. Atwo
stage AGC amplifier provides excellent fast
attack slow release characteristics. This AGC
systemis so effective noseparate RF gain control
is required. The carrier oscillator is provided
with a vernier frequency adjustment of £]125Hz (not
operative in transmit mode). This vernier tuning
or clarifier permits exact tuningof thereceived
signal. The audio signal passes through the
squelch circuit. The audio is processed and
applied to a pulse counter whichdetectsthe low
frequency FM component in human speech. The
output controls an audio gate whichopensin the



presence of speech and not background noise. A
DC attenuator is used to control the audio level
to the audio power amplifier. This monolithic
integrated circuit provides high gain and low
distortion audio output of 4W.

9.6 TRANSMITTER EXCITER

The microphone amplifier isa VOGAD which auto-
matically adjusts the gain to provide constant
audio output. A balanced modulator with a 1650kHz
carrier injection frequency produces 1650ktz double
sideband suppressed carrier output.

The 1650kHz DSB signal passes through either the
USB or LB crystal filter and the 1650kHz dual
gate MOSFET amplifier. The filters and amplifier
are also used in the receive mode. The I¥ ampli-
fier has ALC applied that is derived from the
forward arm of the VSWR bridge at the transmitter
output. A controlvoltage from the reverse armof
the V5SWR bridge is also applied to the ALC input.
If the VSWR is low, there will be little output on
the reverse arm of the bridge, but as the VSWR
rises, the gain will be reduced, thus protecting
the high power final amplifier from antenna mis-
match.

The 1650kHz SSB signal is applied to a balanced
mixer where it is up converted to 75MHz. A PIN
diode switch is used to apply a 1650kHz signal
direct from the carrier oscillator to the mixer
input. This carrier isused for the compatible AM
mode. It should be noted that the carrier is not
controlled by the ALC amplifier. Therefore, the
setting is important to prevent carrier reduction
on voice peaks in the compatible AM mode.

The T5MHz SSB signal passes through two stages of
amplification to the 75MHz crystal filter. The
second amplifier stage and the crystal filter are
alsoused in thereceive mode. The 75MHz signalis
then down converted to the operating frequency in
adouble balanced mixer. A three stage broadband
1.0 -3UMHhz amplifier increases the exciter output
to approximately 100mW. A low pass filter at the
output removes the image frequencies.

9.7 FINAL AMPLIFIER AND FILTERS

The high power final amplifier consists of a push
pull driver stage and a push pull final output
stage. Special broadband transformers are used
for interstage and output coupling. The first
amplifier operates class AB and the finalstage in
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class B using a stabilized bias supply. The final
amplifier has low spurious output except for the
harmonics. Six separate highperformance ellip-
tical function f{ilters are-used to cover the
operatingrange and provide effective attenuation
of the harmonic spectrum. The selection of the
filters is controlled by the channelizingmodule.

9.8 SHIELDING

One of the major problems in designing a synthe-
sized transceiver is preventing spurious respon-
ses. The transceiver uses a frequency conversion
plan and asyntnesizer design that are essentially
free of theseresponses. Signalleakage fromone
part of the transceiver to another would create
new spurious responses and special construction
techniques have been used to prevent this pro-
blem. Thereceiver and transmitter exciter are
constructed in RF tight boxes with filtered output
leads. All RF connections are made through co-
axial cables.

9.9 TRANSMIT-RECEIVE SWITCHING

The transmit-receive switching is achieved by
using three +12V lines - +12V common, +12V trans-
mit and +12V receive. Circuitry common to both
the transmit and receive modes operates fromthe
common +12V line. The receive circuitry operates
from +12V receive line and the transmit circuitry
from the +12V transmit line. Relay switchingis
used to switch the transmit and receive lines.
Extensive use ismade of diode gates to switch the
signal paths in parts of the circuitry common to
the transmitter and receiver. The antenna is
switched by a SPDT relay.

9.10 POWER SUPPLY

The transceiver operates directly from a 13.6V
supply source. A special input regulator witha
low input voltage differential suppliesregulated
12V to the receiver, exciter, final amplifier
driver and bias regulator. If the input voltage
drops below 12V, the regulator switches hard on
and the full available voltage isused. Numerous
individual regulators are used throughout the
transceiver so that stability and otner iinportant
factorsarenot dependent on the mainregulator.
The final amplifier output stage is operated
directly from this unregulated supply. These
transistorshave anever exceed voltage ratingof
36V and donot require aregulated supply source.
A 20V "Transorb" is used to prevent excessive
voltages or transients dainaging the final amplifier.



SECTION 10
TECHNICAL DESCRIPTION & SERVICE DATA

10.0 INTRODUCTION

This section of the manual contains detailed infor-
mation on each of the transceiver modules. Itis
important that this section is carefully studied
when servicing or adjusting the transceiver. This
section contains the following information:

1. Technical Circuit Description
2. Adjustment Procedure

3. Specifications & Test Data
4. Servicing Information

5. Schematic Diagram

6. Alignment Point & Parts Layout
7. Parts Lists

While studying the technical information on each
module, it is important to understand the relation-
ship of the module to the rest of the transceiver.
Figure 2-1 is an overall transceiver block diagram,
while Figures 2-2 and 2-3 show the physical location
of each module; Figure 114 is a complete wiring
diagram of the entire transceiver showing all in-
ternal and accessory interconnections. These fig-
ures should be referred to as necessary.

Information in this section is broken down as
follows:

SECTION CIRCUIIRY DESIGNATION
10.1 Audio Module Ml
10.2 1650kHz IF Module M2
10.3 75MHz Mixer Module M3
10.4 HF Mixer & Pre-Driver Module M4
10.5 100Hz Synthesizer Module M5
10.6 10kHz Synthesizer Module Mé
10.7 RF Filter & Switching Module M7
10.8 +12V Regulator Module M8
10.9 Frequency Control Module M9
10.10 RF Power Module M10
10.11 LCD Display Module Mill
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10.1 AUDIO MODULE, M1

The M1 Module contains the receive and transinit
audio processingcircuitry and the 1.650MHz carrier
oscillator. It is all contained on printed circuit
board 735107 and mounted in a die-cast box located
on the far left side of the transceiver.

10.1.1 TECHNICAL CIRCUIT DESCRIPTION

10.1.1.1 MODULE INTERCONNECTIONS
The M1Module has the followinginterconnects with
the transceiver:

RF Connections

a) Transmit Qutput. DSB 1650kHz output to the
MZModule at approximately 10mV,RMS. FCBcon-
nection is at right front of board: SMA module
connector is at right front of box.

b} Receive Input. SSB 1650kHz input to Ml at
approximately mV, RMS. PCB connection is at
right rear of board: SMA module connection is at
right upper rear of box.

c) Carrier Output. 1650kHz output to the M3
Module at approximately 200mV, RMS. Used onlyin
AMtransmit mode. PCBlocationis at right center
of board. SMA module connector is at right lower
rear of box.

DC/AudioConnections (pairs numbered left toright,
top to bottom - when more than one 10-pin connector
used).

Pin 1. Ground.

Pin 2. MicrophoneGround. Connected to audio
input connector, pin 1.

Pin 3. MicrophonelInput. From audioinput con-
nector, pin 3.

Pin 4. Regulated +12Vdc.

Pin 5. R+jregulated +12Vdc only inreceive mode.

Pin 6. SquelchControl. Connected to the front
panelLS/Squelch switch. A groundonthis
line enables the syllabic squelch.

Pin 7. Receive audio output to the transceiver
loudspeaker.

Pin 8. DC control input from front panel audio
gain control.

Pin 9. Clarifier A. Switches R+ to clarifier

circuit.
Pin 10. Clarifier B. Receive control voltage
from front panel clarifier potentiometer.
Pin 11. Ground.
Pin 12. Unsquelchedreceive audio output of pro-
duct detector at 0 dBm.
Pin 13 600 ohin transmit audio inputs; requires 0
and 14 dBm to drive transceiver to full output.
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Pins 15 Sidetone audioinputsjused withCW and

and 16 Automatic Antenna Tuner tune oscilla-
tors.

Pin 17. Muteline from M9MPPCB. Mutesreceive
audio during frequency changes.

Pin 18, CW audioinput from the CW oscillatoron
the M7 PCB.

Pin 19. Tune unbalance line; a ground on this
line unbalances the transmit balanced
modulator to provide a carrier for Auto-
matic Antenna Tuner tuning.

Pin 20. Squelched receive audio output of product
detector at 0 dBm.

10.1.1.2 CIRCUIT DESCRIPTION - RECEIVE

The input to this module is an amplified and fil-
tered 1650kHz IF signal from M2. This signal is
coupled into one part of the integrated circuit
product detector Ul. The 1650kHz carrier oscil-
lator is injected into pin 3 of Ul. This device
is a double balanced modulator driven by differ-
ential dual current sources. Internal resistors
provide biasing and loads, thus minimizing the
external component count. The output from pin
51is the sum and difference signals from the two
input signals. The high frequency component is
suppressed by C5 and the difference frequency,
in the audio baseband, is applied to the audio
gate Ql, and to the input of the squelch system.
U7is anoperational amplifier provided to supply
amplified product detector outputs (unsquelched
and squelched) for use with accessory equipment.

The squelch operates by detecting the presence of
the syliabic rate of change found in all human
voices. Thismeans that constantsignalssuchas
static noise, repetitive impulse noise or carriers
will not open the squelch. Voices and CW will
open the squelch thus allowing communicationto
take place.

A front panel switch is provided to disable the
squelch and open the received channel. The
squelch is preset internally and requires no
operator adjustment.

NOTE
It is helpful to refer to the schematic diagram,
Figure 10.1~4, while studying this section.
References to designators are the ones found on
the schematic diagram.

Beginning at Ul-5, an audio output from the pro-
duct detector is fed into Q1 and UZ2A. Qlis an
audio gate which is turned off when the gate is



pulled low. When the squelch is opened, the gate
is allowed to float, which lowers the channel
resistance thus allowing the signal to appear at
C20 which is connected to the output audio ampli-
fiers. Since no current is sourced or sunk by
gate, the annoying "pop" or "click" is eliminated.

The gate of Q1 can be pulled low either by enabling
the squelch circuit (grounding input pin 6) from
the front panel switch, or by grounding input pin
17 (a "™MIUTE" line from M9MP).

The signal applied to U2A and U2Bis amplified and
squared or clipped; the gain of these amplifiersis
high enough so that the input noise will clip, pro-
viding enough amplitude to continuously trigger the
one shot U3A and U3B.

The one shot then outputs pulses to high pass fil-
ter C12,C13, R9, R10. The output of the filter is
rectified and the smoothed (integrated) by the low
pass filter R1l, R12,C14,C19. At this point a DC
level proportional to the input frequency of the
one shot is present.

This level will shift as the frequency shifts,
which provides an AC level shift representing the
change in frequency of the voice. This level is
fed into U2D, the differentiation amplifier, which
responds to frequencies between(.5and 2.5Hz. The
output of this amplifier is fed into U2C which will
pull down D2 if any signal appears to D3/D4 in a
positive or negative direction with an amplitude of
0.9 volts or more. This unipolar converter will
allow the squelch to detect the first syllabic
change occuring at the input.

D4 is then connected to U3C and D which form a
timer withC15 and R7 to hold the audio gate open
for approximately 2seconds after the last syllabic
change is detected.

The output from the audio gate Qlis applied tothe
input 0of U4, an electronic attenuator. The gain of
this device is controlled by the DC voltage on pin
2. This gain control system is used so that there
is no low level audio signal external to the module
makingit practical to control the gainat aremote
location.

The audio output stage is a monolithic integrated
circuit U5. This device provides high level audio
output to the loudspeaker with low distortion. The
gain of the stage is set by the feedback network
R31/R30/C47. The high frequency response is set by
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the feedback network C24/R29. Parasitic hign
frequency oscillations are suppressed by the
damping network R32/C26.

10.1.1.3 CIRCUIT DESCRIPTION - TRANSMIT
The microphone input is applied to U9, an inte-
grated circuit VOGAD (Voice Operated Gain Adjust-
ing Device). This circuit is an audio amplifier
with an automatic gain control circuit. R4l and
C30 control the decay time of the gain control
circuit and are adjusted to prevent "pumping" of
the audiosignal. R40sets the maximum gainlevel
of the amplifier. The networkC56/L3/C57 filters
any RF picked up by the microphone lead. The
VOGAD circuit is very effective in providing
constant level audio output over a wide range of
input levels.

Accessory equipment audio inputsare also applied
to U9, but in this case they are applied to a 600
ohm input port provided by Ré64 and isolatingre-
sistor R46. The internal CW signal from the M7
module is applied to U9 through isolatingresistor
R45.

The leveled audio output is applied to one input
of the balanced modulator U6. R4Z2sets the audio
level. The 1650kHz carrier oscillator is applied
to the other input of the stage which is a quad
amplifier driven by differential current sources.
Internal resistors provide the biasing and loads
thus minimizing the external component count. The
potentiometer, R44, through R43, applies an ad-
justable offset current to pin 7. This permits
balancing the modulator, ensuring maximum carrier
suppression. The output from U6 is a 1650kHz
double sideband suppressed carrier signal.

Input pin 19 is grounded during a "tune cycle"
when the transceiver is used with an automatic
antenna tuner. Thisunbalances Ubsufficiently to
provide a carrier output for tuning.

10.1.1.4 CIRCUIT DESCRIPTION - CARRIER
OSCILLATOR

The carrier oscillator is a stable crystal con-
trolled circuit. A modified Colpitts circuit is
used. The large value feedback capacitors,C46
and C47, completely swamp out the base capacitance
of Q3 and ensure isolation of the crystal Y1 from
circuit temperature changes. Two parallel varicap
diodes,D12and D13, are connected betweenYland
ground. Varicapdiodesprovide a variable capa-
citance proportional to reverse bias across the
diode junction. In the transinit mode, and in the



receive mode, when the clarifier is switched off,
the bias is applied to the D12 and D13 through
R58 and the gate D8. This bias may be preset by
the potentiometer R59 which is used to set the
oscillator frequency to exactly 1650kiz.

When the clarifier is operational in the receive
mode, a variable potential is applied from the
clarifier (connected as a potentiometer) to input
B. This variable voltage is used to vary the bias
on D12/D13 and shifts the carrier oscillator fre-

quency approximately £]25Hz giving the operatora
limited tuning range in the receive mode.

10.1.1.5 CIRCUIT DESCRIPTION - VOLTAGE
REGULATOR

One integrated circuit voltage regulator (U8) is

used in the module. These three terminal devices

use no external components and provide a stable

regulated and filtered output voltage. U8provides

an 8V source for the circuitry in the module.

10.1.1.6 CIRCUIT DESCRIPTION - TRANSMIT/
RECEIVE SWITCHING

The diode gates D9 and D10 switch the carrier
oscillator from the product detector Ul to the
balanced modulator U9. D9 is forward biased in the
transmit mode and D10 is forward biased in the
receive mode. The biasswitchingis controlled by
the timer Ul0. This circuit introduces a small
switchingdelay going fromreceive to transmit and
back again from transmit to receive. This short
delay permits the circuitry to stabilize and pre-
vents audible switching transients in the trans-
mitter and receiver.

10.1.2 ADJUSTMENT PROCEDURE

10.1.2.1 CARRIER OSCILLATOR

Turn the clarifier to the "off" position. Connect
the frequency counter to the Carrier Oscillator
output terminal. Adjust R59 until the frequencyis
exactly 1650.000kHz. (Refer to Figure 10.1-1).

10.1.2.2 CARRIER BALANCE

Connect the transceiver to the high power attenu-
ator and the oscilloscope to the attenuator output.
Remove U9 from the socket (this ensures there will
benostraybackground noise from the microphone
input). Key the transmitter and adjust the gainof
the oscilloscope until the carrier is displayed.
Adjust R44 for minimum output. Replace U9inthe
socket being careful not to reverse the circuit.
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10.1.23 SQUELCH SENSITIVITY

A threshold adjustment is provided in order to
compensate for minor circuit variations fromradio
to radio. This adjustment is not critical and is
easily set. To adjust, turn set on then discon-
nect antenna and select a programmed channel.
Turn pot R18inCCW direction until squelch opens
then back off 1/8 turn past squelch closing.

NOTE
If unexplained squelch openings are commmon and the

desired received signals are strong, then the
adjustment can be turned down slightly further.

10.13 SPECIFICATIONS
Table 10.1-1 lists the specifications for the
Audio Module, Ml.

10.14 VOLTAGE CHART
Table 10.1-2 defines therelevant voltages for the
Audio Module, M1.

10.1.5 SERVICING

If the module is not working in both the transmit
and receive modes, the ¢arrier oscillator is pro-
bablynot operating, Check the frequency and out-
put level at the "Carrier Oscillator Out" termi-
nal.Check the voltages on Q3 and that the voltage
on the cathodes of D12 and D13 varies from 0 to
12V as the clarifier control is rotated. If the
voltages are normal, the crystal Y1 is probably
defective.

If the module is not operating in the receive
mode, check that the squelch is "OFF" (the voltage
at the cathode of D1 should be 8V), the gain
control is turned up (the voltage at pin 2 of U4
should be 0.8V), the carrier injection level at
the product detector (pin3,U60.1VRMS), and the
loudspeaker is connected (measure with an ohmmeter
at "SPKR OUT" to ground. Theresistance should be
3 ohms and the loudspeaker will click as the ohm-
meter is connected). If these checks arenormal,
connect the signal generator to the "Receiver
Input" (1651kHz at 1.0mV RMS). The faulty stage
can bedetermined by measuring the audio voltage
at the output of each stage.

Ul Pin 5 15mV RMS
Q1 Drain 13mV RMS
U4 Pin 7 32mV RMS
18553 Pin 4 1.0V RMS

The integrated circuits are best checked by sub-
stitution. Faulty components are usually indi-
cated by incorrect voltages.



TABLE 10.1-1.

Specifications, Audio Module Ml.

TRANSMIT

Current:

Input:

Output:

Oscillator Injection Level:

RECEIVE

Current:

Input:

Output:

System Gain:

Oscillator Injection Level:

110mA
Microphone or 1000Hz 5mV

1650kHz Double Sideband 10mV RMS -27dBm

120mV RMS pin 3 Ub

0mA
1650kHz -32dBm 6mV RMS

1000Hz 3.5V RMS (4W 3.2) +36dBm

68dB
100mV RMS pin 3 Ul

TABLE 10.1-2. Voltage Chart, Audio Module Ml.
RX B 4

D9

Anode 7.5V 3.5V

Cathode 6.8V 9.0V
D10

Anode 1.2V 4.2V

Cathode 7.5V 3.5V
Q1
Source: 3.7v 3.7V
Drain: 3.7V 3.7V
Gate: 0.0V 0.0V

(Clarifier
Q2 On)
Emitter: 7.2V (0V) 7.2V
Base: 7.9V (0V) 7.9V
Collector: 8.0V (8V) 8.0V
Q3
Emitter: 1.2v 1.2v
Base: 2.0V 2.0V
Collector: 5.0V 4.0V
{Clarifier

Q4 On)
Emitter: 0.0V (0V) 0.0v
Base: 0.0V {.7V) 0.0V
Collector: 8.0v (V) 8.0V
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TABLE 10.1-2. Voltage Chart, Audio Module, M1, Continued.

RX TX RX TX
Ul
Pin 1 NC NC Pin 6 6.5V 6.5V
Pin 2 3.6V 3.6V Pin 7 3.6V 3.6V
Pin 3 3.6V 3.6V Pin 8 0.0v 0.0v
Pin 4 8.0V 8.0V
Pin 5 7.0V 7.0V
RX TX RX TX RX
U2
Pin 1 4.2V 4,2V Pin 6 4.2V 4.2V Pin 11 0.0v 0.0V
Pin 2 0.5 0.5V Pin 7 3.5V 6.8V Pin 12 1.8V 1.8V
Pin 3 4.2V 4.2V Pin 8 6.0V 6.8V Pin 13 0.5V 0.5V
Pin 4 8.0V 8.0V Pin 9 3.8v 3.8V Pin 14 4.2V 4.2V
Pin 5 1.6V 1.6V Pin 10 3.8V 3.8V
RX TX RX ™ RX TX
U3
Pin 1 3.5V 6.8V Pin 6 5.0V 6.5V Pin 11 8.0V 8.0V
Pin 2 2.2V 0.0v Pin 7 0.0v 0.0v Pin 12 0.0V 0.0v
Pin 3 3.8V 0.0v Pin 8 8.0V 8.0V Pin 13 0.0V 0.0V
Pin 4 2.2V 0.0v Pin 9 8.0V 8.0V Pin 14 8.0V 8.0V
Pin 5 5.0V 6.5V Pin 10 0.0V 0.0V
RX TX RX TX
U4
Pin 1 1.2V 1.2V Pin 6 4.8V 4.8V
Pin 2 2.8V 2.8V Pin 7 4.4V 4.4V
Pin 3 0.0v 0.0V Pin 8 8.0V 8.0V
Pin 4 0.0V 0.0V
Pin 5 0.0V 0.0v
RX X
Us
Pin 1 12.0V 12.0v
Pin 2 6.0V 6.0V
Pin 3 0.0V 0.0V
Pin 4 1.0V 1.0v
Pin 5 0.7V 0.7V
RX TX RX TX
ué
Pin 1 0.0V 0.0V Pin 6 6.5V 6.6V
Pin 2 3.6V 3.6V Pin 7 3.8V 3.8V
Pin 3 3.6V 3.6V Pin 8 0.0v 0.0V
Pin 4 8.0V 8.0V
Pin 5 7.0V 7.0V
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TABLE 10.1-2. Voltage Chart, Audio Module, Continued.

RX X RX - TX
u7
Pin 1 4.0V 4.0V Pin 6 4.0V 4.0V
Pin 2 4.0V 4.0V Pin 7 4.0V 4.0V
Pin 3 4.0v 4.0V Pin 8 8.0V 8.0V
Pin 4 0.0V 0.0V
Pin 5 4.0V 4.0V
U8
Pin 1 8.0V Pin 2 0.0v Pin 3 12.0V
12V IN 8V OUT
RX TX RX ™
a9
Pin 1 0.0V 0.0v Pin 6 0.0V 0.0v
Pin 2 4.6V 4.6V Pin 7 1.2v 1.2v
Pin 3 8.0V 8.0V Pin 8 1.2v 1.2v
Pin 4 1.8V 1.8V
Pin 5 1.8v 1.8V
RX TX RX X
Ul0
Pin 1 0.0v 0.0V Pin 6 2.0V 0.0v
Pin 2 2.0V 0.0v Pin 7 0.0V 0.0v
Pin 3 0.0V 10.0v Pin 8 12.0v 11.8V
Pin 4 12.0v 114V
Pin 5 7.8V 7.8V

'If the squelch is not opening, connect override
.pin to ground. If the squelch does not open, then
%the fault is in Q1 or U3C. To test receiver,
‘connect source and drain of Q1 together. If re-
ceiver works, then squelch is at fault.

If squelch opens when override pin is grounded,
then problem is elsewhere in the squelch system,
Checkpin7 of U2. There should be a clipped wave
of approximately 6V peak-to-peak. If not, then
check amplifier U2A and B. If present, apply a
carrier to radio to produce a 1000Hz tone; wave
should be clipped constant 1000Hz. If not, then
signal is not getting from product detector ampli-
fier input. If so, then problem is further down
the string.

Next, test pin 4 of U3B, 1000Hz pulses should be
present or problem is around U3A or B.

Next, test junction R12,C19 using a voltmeter. A
constant voltage should be present between 3Vdc and
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6Vdc. Changingthe demodulated frequency should
cause the voltage to shift and establish a new
level. If no voltage is present, then D5 or
filter system is open.

Next, test pin 8 of U2 using a voltmeter; voltage
should be 7 to 8V. Shift frequency at a rate of
lsweeppersecond. Voltage should drop to below
2V each time shift is made. If not, then U2 or D3
and D4 should be examined.

U3C and U3D are the timing circuit and should be
checked if the squelch does not stay open for
approximately 2seconds after the actuatingsignal
stops.

NOTE
The squelch is completely immune to amplitude or
impulse type noise but will open on interference,
producing similar characteristics to the human
voice. Asteadyheterodyne willnot operate the
squelch but any variation in frequency will cause
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FIGURE 10.1-1.

a squelch opening. There are a number of swept
spectrum signals ia the HF bands, and it is our
experience that these signals are responsible for
most unexplained squelch openings. Thesignalhas
already swept across the channel by the time the
squelch opens and is not heard. The squelch can-
not discriminate between SSB signals that areon
frequency and signals slightly off the frequency
and squelch openings must be expected when voice
interference is present on the channel.

The module is checked in the transmit mode by in-
jecting a 1000Hz audio tone at the microphomne
input. Monitor the output at pin 8 of U9 usingan
oscilloscope., The output should be an undistorted
sinewave.
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Adjustment Points.

The output should limit at 250mV peak-to-peak
with aninput of 5mV RMS. Check that the VOGAD
is operating correctly by increasing the input
level to 500mV RMS. The output level should
remain constant.

NOTE
Disconnect the Tx before making followingmeas-
urement.

The signal at the "Transmit Output" terminal
should approximate a 1650kHz two tone test pat-
tern (40mV peak-to-peak). The apparent distor-
tion at this point is caused by the presence
of tne 1000Hz audio tone. U6 and U7 are best
checked bysubstitution. Do make sure the oscil-
lator injection level is correct at pin 3 of Ub.
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TABLE 10.1-3. Parts List, Audio Module, Ml.

Cl 214103 Capacitor,Disc .01

C2 241020 Capacitor, Tantalum 2.2

C3 241020 Capacitor, Tantalum 2.2

C4 214103 Capacitor, Disc .01

C5 214103 Capacitor, Disc .01

Cé6 275103 Capacitor, Monolithic .01

C7 210104 Capacitor, Disc .1

C8 241001 Capacitor, Tantalum .1

C9 210104 Capacitor, Disc .1

C10 214103 Capacitor, Disc .01

Cl1 214103 Capacitor, Disc .01

Cl2 254203 Capacitor, Mylar 10% .02

C13 254203 Capacitor, Mylar 10% .02

Cl4 254103 Capacitor, Mylar .01

C15 231100 Capacitor, Electrolytic 16V 10
Cl6 241020 Capacitor, Tantalum 2.2

C17 254203 Capacitor, Mylar 10% .02

Cl18 241010 Capacitor, Tantalum 1

C19 254103 Capacitor, Mylar .01

C20 241010 Capacitor, Tantalum 1

C2l 214103 Capacitor, Disc .01

cz22 231100 Capacitor, Electrolytic 16V 10
C23 231500 Capacitor, Electrolytic 16V 47
Cx 210104 Capacitor, Disc .1 i
C25 231471 Capacitor, Electrolytic 16V 470
C26 241020 " Capacitor, Tantalum 2.2

c27 231500 Capacitor, Electrolytic 16V 47
C28 210102 Capacitor, Disc .001

C29 241020 | Capacitor, Tantalum 2.2

C30 231100 Capacitor, Electrolytic 16V 10
C3l 241020 Capacitor, Tantalum 2.2

C32 214103 Capacitor, Disc .01

C33 210102 Capacitor, Disc .001

CH#4 241010 Capacitor, Tantalum 1

C35 241020 Capacitor, Tantalum 2.2

C36 275103 Capacitor, Monolithic .01

C37 214103 Capacitor, Disc .01

C38 241020 Capacitor, Tantalum 2.2

C39 210102 Capacitor, Disc .001

C40 214103 Capacitor, Disc .01

C4l 214103 Capacitor, Disc .01

C42 241020 Capacitor, Tantalum 2.2

C43 231500 Capacitor, Electrolytic 16V 47
C44 275103 Capacitor, Monolithic .01

C45 241020 Capacitor, Tantalum 2.2

C46 220102 Capacitor, Mica DM15 1000pF
C4r 210102 Capacitor, Disc .001

C48 241020 Capacitor, Tantalum 2.2

C49 231222 Capacitor, Electrolytic 16V 2200
C50 210102 Capacitor, Disc .001

Ch1 Not Used.

C52 231100 Capacitor, Electrolytic 16V 10
C53 231471 Capacitor, Electrolytic 16V 470
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TABLE 10.1-3.

Parts List, Audio Module, M1, Continued.

Cx
C55
C56
C57
C58
C59
C60
Col
c62
Cc63
Ct4
Cé65
C6b
C67
C68

D1
D2
D3

D5
D6
D7
D8
D9
D10
D11
D12
D13

L1
L2

Q1
Q2
Q3
Q4

R1
R2

R4
R5
R6
R7
R8
R9
R10
R11
RI12
R13
R14

231100
214103
214103
214103
231100
214103
214103

241020
241020
241020
241020
220331
275103

320002
320002
320002
320002
320002

320002
320002
320002
320002

320307
320307

450131
450132
450132

310046
310006
310032
310006

113332
113335
113332
113335
113335
113334
113334
113473
113104
113104
113104
113104
113103
113103

Capacitor, Electrolytic 16V 10

Capacitor, Disc .01 .
Capacitor, Disc .01
Capacitor, Disc .01

Capacitor, Electrolytic 16V 10

Capacitor, Disc .01
Capacitor, Disc .01

Not Used.
Not Used.

Capacitor, Tantalum 2.2
Capacitor, Tantalum 2.2
Capacitor, Tantalum 2.2
Capacitor, Tantalum 2.2
Capacitor, Mica 330pF
Capacitor, Monolithic .01

Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Not Used.

Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Not Used.

Diode, BB809
Diode, BB809

Inductor, Ferrite
Inductor, Ferrite
Inductor, Ferrite

Transistor, FET MPF4393
Transistor, NPN 2N3565
Transistor, NPN 2N5770
Transistor, NPN 2N3565

Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor. Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film

1/8W 5% 3.3K
1/8W 5% 3.3M
1/8W 5% 3.3K
1/8W 5% 3.3M
1/8W 5% 3.3M
1/8W 5% 330K
1/8W 5% 330K
1/8W 5% 47K

1/8W 5% 100K
1/8W 5% 100K
1/8W 5% 100K
1/8W 5% 100K
1/8W 5% 10K

1/8W 5% 10K
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TABLE 10.1-3.

Parts List, Audio Module, M1, Continued.

RI15
R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R26
R27
R28
R29
R30
R31
R32

R34
R35
R36
R37
R33
R39
R40
R41
R42
R43
R44
R45
R46
R47
R48
R49
R50
R51
R52
R53
R54
R55
R56
R57
R58
R59
R60
R61
R62
R63
Ro4

Ul
U2

113105
113105
113274
170114
113335
113334
113104
113103
113104
113103
113103

113103
124101
124020
124221
133047
113471
113510
113222
113103
113222
113331
113221
113821
113105
113101
113224
170114
113102
113473
113222
113222
113103
113471
113102

113471
113472
113102
113102

113473
170110
113681
113105
113122
113105
113621

330036
330030

Resistor, Film
Resistor, Film
Resistor, Filn

1/8W 5% 1M
1/8W 5% 1M
1/8W 5% 270K

Resistor, Trimmer 10K

Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Not Used.

Not Used.

Resistor, Filin
Resistor, Film
Resistor, Film
Resistor, Film

1/8W 5% 3.3M
1/8W 5% 330K
1/8W 5% 100K
1/8W 5% 10K
1/8W 5% 100K
1/8W 5% 10K
1/8W 5% 10K

1/8W 5% 10K
1/4W 5% 100
1/4W 5% 2.2
1/4W 5% 220

Resistor, Comp 1/2W 5% 4.7

Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Filin
Resistor, Film
Resistor, Film

1/8W 5% 470
1/8W 5% 51
1/8W 5% 2.2K
1/8W 5% 10K
1/8W 5% 2.2K
1/8W 5% 330
1/8W 5% 220
1/8W 5% 820
1/8W 5% 1M
1/8W 5% 100
1/8W 5% 220K

Resistor, Trimmer 10K

Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Not Used.

Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Not Used.

Resistor, Film

1/8W 5% 1K
1/8W 5% 47K
1/8W 5% 2.2K
1/8W 5% 2.2K
1/8W 5% 10K
1/8W 5% 470
1/8W 5% 1K

1/8W 5% 470
1/8W 5% 4.7K
1/8W 5% 1K
1/8W 5% 1K

1/8W 5% 47K

Resistor, Trimmer 500

Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film

IC, SL1640C
IC, LM324N

1/8W 5% 680
1/8W 5% 1M
1/8W 5% 1.2K
1/8W 5% 1M
118W 5% 620
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TABLE 10.1-3. Parts List, Audio Module, M1, Continued.

U3 330054 IC, CD4001

U4 330159 IC, MC3340

Us 330043 IC, TDA2002-H
ué 330036 IC, SL1640C

U7 330019 IC, RC1458CP-1
U8 330018 IC, 78L08

a9 330029 IC, SL6270CDP
Ulo0 330094 IC, NE555N Timer
Ull Not Used.

Y1 360021 Crystal, 1650kHz

NOTE: Unless otherwise specified, capacitance is in microfarads and resistance
is in ohms.
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10.2 1650kHz IF MODULE, M2

The M2 module contains the 1650kHz crystal filter
and IF amplifiers. Provisionismade for bothUSB
and LSB filters depending on the requirement.
Diode switchingis used to switch between transmit
and receive circuits and also between USB and LSB
filters. The receive input comes in at 1650kHz
from M3, is filtered and then amplified before
goingon toMl. The transmit input comes fromMl
also at 1650kHz, is filtered and amplified and goes
out to M3. All circuitry is on PCB735101 which is
contained in a die-cast box located immediately
to the right of module Ml in the transceiver.

10.2.1 TECHNICAL CIRCUIT DESCRIPTION

10.2.1.1 MODULE INTERCONNECTIONS

Rf Connections

a) Receive Input. 1650kHz signal from M3 at
varying amplitudes. PCB pin is at right front of
board while the module SMA connector is at the
right front of the box.

b) Receive Output. 1650kHz signal at approxi-
mately 6mV to Ml. PCBpinis at leftrear of board
and module SMA connector is at left rear of box.
¢) Transmit Qutput. 1650kHzDSBsignalfromMl
at approximately 5mV. PCB pin is at left front
of board and module SMA connector is at left front
of box.

d) Transmit Qutput. 1650kHz signal to M3 at ap-
proximately 13mV. PCBpinisatrightrearof PCB
and module SMA connector is at right rear of box.

DC Connections

Pin 1. Ground.

Pin 2. T+

Pin 3. +12Vdc.

Pin 4. FSKline frommode switchtochangeR/T
time constants; ground in FSK mode.

Pin 5. USB/LSB control line from mode switch.

Open for USB, ground for LSB.
Pin 7. R+

Pin 8. PTIT line. +11Vdc in receive, ground in
transinit.
Pin 9. ALC line fromM7. 0V when output power

is below ALC threshold (as set on M7),
approximately 0.6V when in ALC.

Pin 10. AGC line. 4Vdc when receive signal is
below AGC "knee" or transmit output power
is below ALC threshold; decreases toward
OVdc in proportion to signals above
threshold.
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10.2.1.2 CIRCUIT DESCRIPTION

The filter and the first amplifier stage in this
module are used in both the transmit and receive
modes. The diode gates D10 and D11 switch the
filter input from transmit to receive. In the
transmit mode D1l isswitched on by aDC voltage
from Ml. In the receive mode D10isswitched on
by the R+volitage throughR24. The groundreturn
for D10 is made through R23 back to the T+ line.

The 6 pole crystal filter is a Chebishev design
providing high selectivity in the receive mode.
In the transmit mode, the double sideband signal
from Ml is filtered toremove the unwanted side~
band. Provision is made to fit filters for upper
sideband (USB) and lower sideband (LSB). When
the optional LSB filter is fitted, the filters
are switched by D4 and D9 at the input and D6/D5
and D8/D7 at the output. The switchingvoltage
for the USB filter is controlled by Q6. When the
mode switch is open (USB), Q6 is forward biased
by R35 and the transistor conducts. The mode
switch is grounded in the LSBmode. This forward
biases the PNP transistor Q5, applying the switch-
ing voltage for the LSB filter. At the same tine
the base of Q6is grounded removing the switching
voltage from the passband of the USB filter. It
should be noted that the sidebands are inverted in
the conversion process and the outputs from the IF
modules are inverted. The USB filter is 1647.300
- 1649.700kHz and the LSB filter is 1650.300 -
1652.700Hz.

The first IF amplifier stage Q1 is a dual gate
MOSFET. The gain of Ql is controlled by the
voltage on gate 2. To give adequate gain control
the voltage on gate 2 must be capable of going
negative with respect to gate 1. The control
voltage cannot fall below zero, therefore, gate 1
of Q2 is biased positive by the voltage divider
R10/R9. This means that when gate 2 is at zero,
it will be negative with respect to gate 1. The
gain of Ql is stabilized by the source degenera-
tion provided by R6/C10. The output from Ql is
transformer coupled by L203 to the transmit gain
controlR2 and to the base of second IF amplifier
Q2 which is used only in the receive mnode. The
output from Q2 is transformer coupled through 1204
to module M1, R14is shunted by R27 and C25 to
provide degeneration and proper AC gain.

The AGC systemuses atwo stage amplifier{3and
(M to control the gain of Ql and the 75MHz IF
amplifier in module M3. Q3is an emitter follower
IF amplifier drivingthe AGC rectifier D1/D2. (4



is a DC amplifier with collector voltage set at
approximately 4V by the voltage divider R19/R21.
As the base of (4 is forward biased, the voltage
on the collector falls, reducing the gain of the
IF amplifier(s). The emitter follower Q3 and the
high DC gain of Q4 ensure a "stiff" drive source
and a very rapid attack time. For SSB operation,
transmission gate U2A is switched oninthereceive
mode by the bias on the open PTIT line. This
grounds the negative end of C21 and provides the
slow release time constant required for SSB opera-
tion. In the transmit mode transmission gate U2B
closes, grounding the negative end of C23 pro-
viding the correct ALC time constant. Whena fast
switching mode is desired, input pin 4is grounded,
thus opening U2A and providing a fast time con~
stant; U2C is turned on by R+in the receive mode
putting C2 in the circuit alone for FSK or SITOR
operation. Inthe transmit mode,the ALC control
voltage from the VSWR bridge in M7 is applied to
M4 and controls the gain of (2.

The receiver is switched off in the transmit mode
by biasing off Q2 with a voltage on the emitter
applied through the timer Ul. The time delay
circuit R29/C26 delays switch on of Q2 when the
transceiver returns to the receive mode. The
switchingdelay of approximately 10mS prevents any

transients reachingthe audio throughlIF circuits
and gives low noise switching characteristics.
Dl2 prevents the switchingdelay when going from
receive to transmit.

10.2.2 ADJUSTMENT PROCEDURE

Figure 10.2-1 shows MZ adjustment points. To
adjust L3 and L4, turn the transceiver to receive
mode and set L3 and L4 for maximum output.

To reset the transmit gain control, initially set
R2 to the 2 o'clock position. Final adjustment is
made after the ALC control on Module 7 has been
adjusted. RZisthen adjustedso that the voltage
on the ALC/AGC line, measured at pin 10 of the
connector, drops approximately 1V on voice peaks.

The crystal filters are factory aligned and
sealed, and therefore do not normallyneed adjust-
ment. However, if it is necessary to realign a
filter, the following procedure should be fol-
lowed.

It isnecessary to use anarrowband sweep genera-
tor and oscilloscope to align the crystal filters.
The diagram, Figre 10.2-2, illustrates the correct
connections for filter alignment using the Wavetek
3001 Signal Generator.
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TABLE 10.2-1. Specifications, 1650kHz IF Module, M2.

TRANSMIT
Current Drain: 40mA
Input: 1649kHz -33dBm 5mV RMS
Output: 1649ktz -25dBm 13mV RMS
System Gain: +8dB

RECEIVE
Current Drain: 40mA
Input: 1649kHz -77dBm 30mV RMS
Output: 1649kHz -23dBm 16uV RMS
System Gain: +54dB

10.2.2.1 EQUIPMENT ADJUSTMENTS 10.2.5 SERVICING

Module M2 is in transmit mode.

Set oscilloscope for .1, X1, 10mS or slower sweep.
Ground scope probe lead to PC board.

Set Wavetek for 3kHz sweep, -50dBm.
Apply 12V to pin 2 and 3, ground pin 1, 7, and 8.
. Adjust L1 and L2 for the flatest possible re-
sponse. See Figure 10.2-3.

7. Set scope for .0, X1, and Wavetek to -60dBm.
8. Apply +12 to pin 3,7 and 8. Ground pin 1 and 2.
9. Adjust 13 and 14 for maximum amplitude. Am-
plitude should be 300mVpp min. If not adjusting,
reduce to -60dBm.

O~ WY
A N D

When the equipment has been correctly adjusted, the
filter passband will be displayed on the oscilloscope.
Adjust Ll and L2 until the filter ripple is minimized.
The adjustments will have considerable interaction
and several adjustments may be necessary to achieve
correct alignment. If LSB is fitted, the procedure
should be repeated turning L5 and 16 in the LSB mode.

NOTE
As a starting point, adjust the upper frequency (160.7
or 1652.7) 6dB point for maximum level using Ll or
L5 as required.

Then adjust L2 or Lb as required for -6dB at this
frequency. From this point then carefully adjust
both coils for best ripple.

10.2.3  SPECIFEC ATIONS
Table 10.2-1 lists the specifications for the 1650kHz
IF Module, M2.

10.24 VOLTAGE CHART
Table 10.2-2 defines the relevant voltages for the
1650kHz IF Module, M2.

10.24

NOTE
The diode switch D1], at the input to the module,
will not operate without external control provided
by module M1. If the module is to be tested with
the TX INPUT disconnected, make the connections as
shown in Figure 10.2-4 to turn on the diode switch.

If the module does not operate, check the AGC voltage
at pin 10 of the connector. The voltage should be
approximately 4V when the AGC ar AIC is not operating
If there is no voltage present, check that there
is no external short on the AGC line and that there
is no voltage on the AIC input, pm 7. The AGC system
is negative going and the voltage reduces as the
received signal increases or the AI{C action increases.

The complete IF module is used in the receive mode
and if the module does not operate in transmit, the
fault must be external to the module. The second
IF stage Q2 operates only in the receive mode and
if the module is operating only in the transmit mode,
the problem is probably in this stage.

It is best to check the operation of the filter in
the transmit mode. The high gain of the module in
the receive mode makes it difficult to make acarate
readings and it is possible for the test equipment
to introduce phase selection feedback which causes
passband ripple. Problems in the filter will be
indicated by severe ripple in the passband and ex-
cessive filter loss. The most likely causes are
a defective crystal or transformer (L1/L2 USB or
L5/16 LLSB). The transformers are easily checked
for DC continuity of the windings. Specialized test
equipment is required for testing the filter crystals
and it is usually best to check a suspect crystal
by replacement. Crystals usually fail due to
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FIGURE 10.24. Diode Switch Connection.

a defective holder or crystal fracture. This means
that the removal of the faulty crystal will be indi-
cated by only a minor change in the filter per-
formance.

Dual gate MOSFET's do exhibit a wide spread in charac-
teristics. If the gain is low in both the transmit
and receive modes, the problem may be low gain in

Q1. This stage should be checked by substitution
even though the operating voltages appear normal.

The filter switching may be checked by measuring
the voltage across the filter switching diodes.
In the USB mode, the anode voltages at D4 and D5
should be 0.7V and D6 1.4V. In the LSB mode, D7
and D9 should be 0.7V and D8 1.4V. No voltages
should be present on the switching diodes in the
non-operating filter.

TABLE 10.2-2. Voltage Chart, 1650kHz IF Module, M2

0] |
Gate 1: 0.8V
Gate 2 3.8V
Source: 2.2V
Drain: 11.0v
Q6 (Rx)
Emitter: 0.8V
Base: 14V
Collector: 11.0v
Q3 (Rx)
Emitter: 9.0V
Base: 9.6V (use high impedance meter)
Collector: 11.0V
Q4
Emitter: 0.0v
Base: 0.0V (no ALC/AGC)
Collector: 4.0V
Q5
Emitter: 12.0V 12.0v
Base: 12.0V (U SB) 11.4V (LSB)
Collector: 0.0V 12.0V (LSB)
Qb6
Emitter: 11.0V (USB) 0.0V (LSB)
Base: 11.6V (USB) 0.0V (LSB)
Collector: 12.0V 12.0V
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TABLE 10.2-2. Voltage Chart, Continued.

RX TX RX X
Ul
Pin 1 0.0v 0.0v Pin 5 7.8V 7.8V
Pin 2 11.0v 0.0v Pin 6 11.0v 0.0v
Pin 3 0.0v 10.0v Pin 7 0.0v 0.0v
Pin 4 12.0v 12.0v Pin 8 12.0v 12.0v
RX X RX X
u2
Pin 1 0.0v 0.0v Pin 8 0.0v 0.0v
Pin 2 0.0v 0.0v Pin 9 0.0v 0.0v
Pin 3 0.0v 0.0v Pin 10 0.0v 0.0v
Pin 4 0.0v 0.0v Pin 11 0.0v 0.0v
Pin 5 0.4V 11.6V Pin 12 0.0v 0.0v
Pin 6 0.0v 0.0v Pin 13 11.0v 0.0v
Pin 7 0.0v 0.0v Pin 14 12.0v 12.0v
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TABLE 10.2-3. Parts List, 1650kHz IF Module, M2.
Cl 275104 Capacitor, Monolithic .1
Cc2 241040 Capacitor, Tantalum 4.7
C3 210100 Capacitor, Disc. NPO 10pF
C4 Not Used.
C5 Not Used.
Cb 210020 Capacitor, Disc NPO 2pF
c7 275104 Capacitor, Monolithic .1
C8 Not Used.
C9 Not Used.
C10 214103 Capacitor, Disc .01
Cll 214103 Capacitor, Disc .01
Cl2 275104 Capacitor, Monolithic .1
C13 214103 Capacitor, Disc .01
Cl4 214103 Capacitor, Disc .01
C15 275104 Capacitor, Monolithic .1
C16 214103 Capacitor, Disc .01
C17 210102 Capacitor, Disc .001
C18 214103 Capacitor, Disc .01
C19 214103 Capacitor, Disc .01
C20 210102 Capacitor, Disc .001
C2l 231500 Capacitor, Electrolytic 47
c22 275104 Capacitor, Monolithic .1
C23 231100 Capacitor, Electrolytic 10
CH : Not Used.
C25 214103 Capacitor, Disc .01
C26 254503 Capacitor, Mylar .05
c7 275104 Capacitor, Monolithic .1
Cc28 214103 Capacitor, Disc .01
C29 Not Used.
C30* 275104 Capacitor, Monolithic .1
C31* 210020 Capacitor, Disc NPO 2pF
C32 Not Used.
C33%* Not Used.
Cx4 ‘ Not Used.
C35 214103 Capacitor, Disc .01
C36* 214103 Capacitor, Disc .01
C37* 214103 Capacitor, Disc .01
C38* 214103 Capacitor, Disc .01
C39* 210100 Capacitor, Disc NPO 10pF
C40 210102 Capacitor, Disc .001
C4l 210102 Capacitor, Disc .001
C42 210102 Capacitor, Disc .001
C43 210102 Capacitor, Disc .001
CH4 210102 Capacitor, Disc .001
C45 210102 Capacitor, Disc .001
C46 210102 Capacitor, Disc .001
D1 320002 Diode, 1N4148
D2 320002 Diode, 1N4148
D3 Not Used.
D4x %k 320005 Diode, PIN BA482
D5%* 320002 Diode, 1N4148
De* 320002 Diode, 1N4148

10.2-11




TABLE 10.2-3. Parts List, 1650kHz IF Module, M2, Continued.

D6
D7 ek
Dg*
Do*
D10
D11
D12

Ll
L2

L5*
L6*

Q1
Q2
Q3
Q4
Q5%

Rl
R2

R4
R5
R6
R7
R8
R9
R10
R11
RI12
R13
Rl4
R15
R16
R17
R18
R19
R20
Rzl
R22
R23
R4
R25
R26
R27
R28
R29
R30*
R31*

320002
320002
320002
320005
320005
320005
320002

420018
420018
420018
420018
420018
420018

310001
310032
310006
310006
310007
310006

113391
170110
113272
113272
113221
113470
113104
113221
113181
113152
113221
113153
113222
113271
113221
113221
113104
113561
113104
113330
113683
113221
113222
113222
113222
113221
113471
113103
113334
113222
113222

Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, PIN BA482
Diode, PIN BA482
Diode, PIN BA482
Diode, 1N4148

Inductor, IF 1650kHz
Inductor, IF 1650kHz
Inductor, IF 1650kHz
Inductor, IF 1650kHz
Inductor, IF 1650kHz
Inductor, IF 1650kHz

Transistor, MFT 3N2(4
Transistor, NPN 2N5770
Transistor, NPN 2N3565
Transistor, NPN 2N3565
Transistor, PNP 2N3638
Transistor, NPN 2N3565

Resistor, Film 1/8W 5% 390
Resistor, Trimmer 500
Resistor, Film 1/8W 5% 2.7K
Resistor, Film 1/8W 5% 2.7K
Resistor, Film 1/8W 5% 220
Resistor, Film 1/8W 5% 47
Resistor, Film 1/8W 5% 100K
Resistor, Film 1/8W 5% 220
Resistor, Film 1/8W 5% 180
Resistor, Film 1/8W 5% 15K
Resistor, Film 1/8W 5% 220
Resistor, Film 1/8W 5% 15K
Resistor, Film 1/8W 5% 2.2K
Resistor, 1/8W 270 ohm
Resistor, Film 1/8W 5% 220
Resistor, Film 1/8W 5% 220
Resistor, Film 1/8W 5% 100K
Resistor, Film 1/8W 5% 560
Resistor, Film 1/8W 5% 100K
Resistor, Film 1/8W 5% 33
Resistor, Film 1/8W 5% 68K
Resistor, Film 1/8W 5% 220
Resistor, Film 1/8W 5% 2.2K
Resistor, Film 1/8W 5% 2.2K
Resistor, Film 1/8W 5% 2.2K
Resistor, Film 1/8W 5% 220
Resistor, Film 1/8W 5% 470
Resistor, Film 1/8W 5% 10K
Resistor, Film 1/8W 5% 330K
Resistor, Film 1/8W 5% 2.2K
Resistor, Film 1/8W 5% 2.2K
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TABLE 10.2-3. Parts List, 1650kHz IF Module, M2, Continued.

R32* 113222 Resistor, Film 1/8W 5% 2.2K
R33* 113222 Resistor, Film 1/8W 5% 2.2K
R34* 113103 Resistor, Film 1/8W 5% 10K
R35* 113103 Resistor, Film 1/8W 5% 10K
R36* 113222 Resistor, Film 1/8W 5% 2.2K
R37* 113330 Resistor, Film 1/8W 5% 33
R38 113103 Resistor, Film 1/8W 5% 10K
R39 113473 Resistor, Film 1/38W 5% 47K
R40 113222 Resistor, Film 1/8W 5% 2.2K
R41 113151 Resistor, Film 1/8W 5% 150
Ul 330094 IC, NE555N

Uz 330074 IC, CD4066BE

Y1 361001 Crystal, Filter USB2

Y2 361004 Crystal, Filter USBl

Y3 361003 Crystal, Filter USB1

Y4 361002 Crystal, Filter USB2

Y5 361001 Crystal, Filter USB2

Y6 361004 Crystal, Filter USB1

Y7*¥ 361006 Crystal, Filter LSB1

Y8+ 361005 Crystal, Filter LSB2

YO¥ 361008 Crystal, Filter LSB2

Y10% 361007 Crystal, Filter LSB1

Y11* 361006 Crystal, Filter LSB1

Y12* 361005 Crystal, Filter LSB2

*Parts used on lower sideband only.
*nstall jumper for upper sideband only.

NOTE: Unlessotherwise specified, capacitance isinmicrofarads and resistanceis
in ohms.
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103 75MHz MIXERS MODULE, M3

The M3 module contains both the transmit andre-
ceive mixers and 75MHz amplifiers. The receive
path has the signal coming in at 75MHz, being
amplified and down-converted to 1650kHz before
going on to the M2 module. The transmit signal
comes in at 1650kHz, is up-converted to 75MHz, and
then amplified before going on to the M4 module.
All circuitry is on FCB 735106, which is con-
tained in a die-cast box located in the center of
the transceiver between modules M2 and M4.

10.3.1 TECHNICAL CIRCUIT DESCRIPTION

103.1.1 MODULE INTERCONNECTIONS

Rf Connections

a) ReceiveInput. 75MHz signal at varying ampli-
tudes from M4. PFCB pin is at right rear of board
while module SMA is at right rear of box, on top.
b) Receive Output. 1650ktz signal at varying
amplitudes to M2. PCB pin is at left front of
board and module SMA is at left front of box.
¢) Transmit Input. 1650kHz signal at 25mV from
M2. PFCB pin is at left rear (second from edge)
of board and module SMA connectoris at leftrear
of box, on top.

d) TransmitOutput. 75MHz signal at 30mV to M4.
PCBpinis at right front of PCB and SMA connector
is at right front of box.

e) Carrier Oscillator Input. 1650kHz signal from
M1 at approximately 200mV. PCBpinis at leftrear
of board (next to edge) and SMA connector is at
lower left rear of box.

f) Local Oscillator Input. 73.340 - 73.350MHz
input at 300mV fromM5. PCBpinis at centerrear
of board and SMA connector is at lowerright rear
of box.

DC Connections

Pin 3. AM control line from the mode switch.
Ground indicates AM mode while any other
mode results in an open.

Pin 5. T+

Pin 7. R+

Pin 9. +12Vdc.

Pin 10. AGC line (see M2, pin 10).

10.3.1.2 CIRCUIT DESCRIPTION - RECEIVE

The input to this module is the 75MHz output from
the HF Mixers & Driver module (M4). This signal
has already been filtered and has a3dBbandwidth
of 30kHz. A matchingnetworkC16/14/C17 applies
the signal to gate 1 of Q2, a dual gate MOSFET.
The full gain of Q2 is not required and R20 in-
troduces a deliberate input mismatch. Dual gate
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MOSFET's have excellent AGC characteristics when
the voltage to gate 2 is controlled. To achieve
the full range of control, gate 2 must gonegative
with respect to gate 1. This is achieved by the
voltage divider R21/23 which holds gate 1 above
ground. Thismeansthat when gate 2is at ground
potential, it is negative with respect to gate 1.
The output from Q2 is matched into the mixer
through the Pi network C21/16/C22.

The mixer stage is a high performance junction
FET Q3. The signal is applied to the gate and
the oscillator is applied to the source. The
oscillator signal comes from M5, the second loop
of the synthesizer, and covers the range 73.340 -
73.350MHz in 100Hz steps. This is necessary as
the output from the HF Mixers & Driver covers the
frequencyrange in 10kHz increments. The 1650kHz
output from the mixer is coupled to the next
module through L7. The resistor R26 across the
primary, corrects for a 50 ohm output termination.

10.3.1.3 CIRCUIT DESCRIPTION - TRANSMIT
The input to this module is the 1650kHz SSBsignal
from the 1650kHz IF module (H2). The signal is
applied directly to the balanced mixer Ul. This
integrated circuit uses a quad amplifier driven
by differential dual current sources, giving ex-
cellent suppression of unwanted products. R8is
apotentiometer used to balance the offset current
at the differential inputs and is used to ensure
the best possible balance of the oscillator signal
at the output. The oscillator injection is ap-
plied from the second loop of the synthesizer and
covers the range 73.340 - 73.350 kHz. This gives
an output signal 74.990 - 75.000MHz.

The output from the mixer is coupled through a
ferrite transformer L1 to Ql, a grounded gate,
low distortion, FET amplifier. The output is
matched to the HF Mixers & Driver module through
the Pi network C12/13/C13.

10.3.14 CIRCUIT DESCRIPTION ~ CARRIER
SWITCH

The purpose of this circuit is to inject a 1650kHz
signal from the carrier oscillator directly into
the transmit chain at the highest possible level.
This is necessary as the carrier level should not
be controlled by the ALC circuit, and it is not
desirable to pass the carrier through the crystal
filter. The carrier is applied to the input of
the mixer U2 via the PIN diode attenuator D1/D2.
In the off position, D2 is forward biased shorting
the carrier to ground. Dl is reversed biased.



This gives approximately 60dBof attenuation. When
the carrier switch is grounded, D1 is forward
biased, and D2 is reverse biased, and the carrier
is not attenuated. The carrier level is adjusted
by the input potentiometer R1. D3/R32/C32provide
alow impedance path to ground when the A3A option
switch is included. The ratios have been chosen
to provide a pilot carrier level of -16dB.

10.3.2 ADJUSTMENT PROCEDURE
10.3.2.1 TRANSMITTER
Adjust L3 for maximum transmitter output.

10.3.2.2 RECEIVER

No adjustments are required. 14 and L6 are low
Q and the adjustment is not critical. They are
adjusted for maximum output during factory align-
ment.

10.3.2.3 CARRIER LEVEL
Adjust Rl in the transmit mode for an unmodulated

power output in AM mode of 25W.

10.3.24 MIXER BALANCE

This adjustment is not required unless Ul is re-
placed. Connect a sensitive millivoltmeter to the
transmitter output and disconnect the transmit
input to the module. Anyresidualoutputisinthe

73.350 oscillator leakage. Adjust R8 for lowest
output (approximately ~40dBm, 2mV RMS).

10.3.3 SPECIFICATIONS
Table 10.3-1 lists the specifications for the
75MHz Mixers Module, M3.

103.4 VOLTAGE CHART
Table 10.3-2 defines the relevant voltages for
the 75MHz Mixers Module, M3.

103.5 SERVICING

First check that the oscillator input level and
frequency are correct. Incorrect oscillator
injection level or the wrong frequency will pre-
vent correct operation of the module.

Use a signal generator and RF millivoltmeter to
measure the gain of the system as shown in the
diagrams, Figure 10.3-2 and Figure 10.3-3.

If the system gain is incorrect, check the volt-
ages at the integrated circuit and transistors.
Ulis best checked by substitution. Component or
device failures are usually indicated by voltages
differingsubstantially fromthe chart. Remember
the AGC voltage must be present for correct opera-
tion in the receive mode.
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R8
MIXER BALANCE R1
U1 CARRIER LEVEL
ADJUST
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R15
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o Tt ] )
O RX OUT U1
[=]
?4 ;O - —-8
L1

R9
R e s
1 Q —F QE[:}

Q L3 e - o
° 8 Mo L7 O ees = o 7
+ o D c23 o Q2
D - QG Q S [ a| |2
c29 Cc14 O © A © ! RX
Ow| | 50 " | | cos QT s | |a 2 "X o
8
2
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RS TV my OSC
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o _{5-_L_}_ tever  ©
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Oers 2
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FIGURE 10.3-1.
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TABLE 10.3-1. Specifications,75MHz Mixers Module, M3.

TRANSMIT
Current: AmA
Input: 1650kHz -18dBm (25maV RMS)
Output: 75MHz -17dBm (30mV RMS)
System Gain: 1dB
Oscillator Injection Level: 300mV RMS
Oscillator level at Output: ~35dBm
Carrier Level ON: -6dB relative PEP
Carrier Level OFF: -60dB relative PEP
Carrier Input Level: 200mV RMS
RECEIVE
Current: 10mA
Input: 75MHz
Output: 1650kHz
System Gain: 20dB
Oscillator Injection Level: 300mV RMS
OSCILLATOR
Frequency: 73.34 - 73.35MHz
Level: 300mV RMS

TABLE 10.3-2. Voltage Chart, 75MHz Mixers Module, M3.

Ul (Tx)
Pin 1 3.7V Pin 4 3.7V Pin 8 6.7V
Pin 2 3.0V Pin 5 1.2V Pin 10 6.7V
Pin 3 3.0V Pin 6 11.1Vv Pin 12 11.1v
Q1 (Tx)

Source: 1.7V
Gate: 0.0v
Drain: 10.2V

Q2 Rx)
Source 4): 2.1V
Gate 1 (2): 1.5V Gate 2 (3): 4.0V*
Drain (1): 113V

*AGC not operating.

Q3 Rx)

Source: 3.8V
Gate: 0.0V
Drain: 11.6V
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FIGURE 10.3-4. Component Locations, 75MHz Mixers Module, M3.
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TABLE 10.3-3.

Parts List, 75SMHz Mixers, M3.

Cl

Cc2

C3

C4

C5

Co6

ct

C8

C9

C10
Cli
Cl2
Cl13
Cl4a
Cl15
C16
C1v
Cl18
C19
C20
Cczl
c22
C23
CH
C25
C26
c
C28
C29
C30
C31
C32
C33
Cx#4
C35
C36
C37
C38
C39

214103
241001
214103
214103
210102
214103
214103
214103
214103
210102
210102
210050
210101
210102
210102
210101
210270
210102
210102
210102
210050
210470
210102
275104
210102
214103
214103
241020
214103
214103
210150
241020
210102
210102
210102
210102
210102
210103
210102

320005
320005
320005

451109
430021
490109
490114
430021
490109
420018

Capacitor, Disc .01
Capacitor, Tantalum .1
Capacitor, Disc .01
Capacitor, Disc .01
Capacitor, Disc .001
Capacitor, Disc .01
Capacitor, Disc .01
Capacitor, Disc .01
Capacitor, Disc .01
Capacitor, Disc .001
Capacitor, Disc .001
Capacitor, Disc NPO 5pF
Capacitor, Disc NPO 100pF
Capacitor, Disc .001
Capacitor, Disc .001
Capacitor, Disc NPO 100pF
Capacitor, Disc NPO 27pF
Capacitor, Disc .001
Capacitor, Disc .001
Capacitor, Disc .001
Capacitor, Disc NPO 5pF
Capacitor, Disc NPO 47pF
Capacitor, Disc .001
Capacitor, Monolithic .1 50V
Capacitor, Disc .001
Capacitor, Disc .01
Capacitor, Disc .01
Capacitor, Tantalum 2.2
Capacitor, Disc .01
Capacitor, Disc .01
Capacitor, Disc NPO 15pF
Capacitor, Tantalum 2.2
Capacitor, Disc .001
Capacitor, Disc .001
Capacitor, Disc .001
Capacitor, Disc .001
Capacitor, Disc .001
Capacitor, Disc .01
Capacitor, Disc .001

Diode, PIN BA482
Diode, PIN BA482
Diode, PIN BA482

Inductor, Variable
Inductor, Fixed Z22ull
Inductor, Variable 12.5T
Inductor, Variable 6.5T
Inductor, Fixed 22uf
Inductor, Variable 12.5T
Inductor, Variable 1650kHz

10.3-9




TABLE 10.3-3. Parts List, 75MHz Mixers, M3, Continued.

01 310033 Transistor, FET J310

Q2 310001 Transistor, MFT 3N204

Q3 310033 Transistor, FET J310

R1 170110 Resistor, Trimmer 500

R2 113222 Resistor, Film 1/8W 5% 2.2ZK
R3 113332 Resistor, Film 1/8W 5% 3.3K
R4 113470 Resistor, Film 1/8W 5% 47
R5 113222 Resistor, Film 1/8W 5% 2.2K
R6 113561 Resistor, Film 1/8W 5% 560
R7 113473 Resistor, Film 1/8W 5% 47K
RS8 170109 Resistor, Trimmer 50K

R9 113471 Resistor, Film 1/8W 5% 470
R10 113821 Resistor, Film 1/8W 5% 820
R11 113471 Resistor, Film 1/8W 5% 470
R12 113102 Resistor, Film 1/8W 5% 1K
R13 113122 Resistor, Film 1/8W 5% 1.2K
R14 113101 Resistor, Film 1/8W 5% 100
R15 113103 Resistor, Film 1/8W 5% 10K
R16 113101 Resistor, Film 1/8W 5% 100
R17 113101 Resistor, Film 1/8W 5% 100
R18 113101 Resistor, Film 1/8W 5% 100
R19 113221 Resistor, Film 1/8W 5% 220
R20 113471 Resistor, Film 1/8W 5% 470
R21 113222 Resistor, Film 1/8W 5% 2.2ZK
R22 113221 Resistor, Film 1/8W 5% 220
R23 113221 Resistor, Film 1/8W 5% 220
R24 113221 Resistor, Film 1/8W 5% 220
R25 113101 Resistor, Film 1/8W 5% 100
R26 113333 Resistor, Film 1/8W 5% 33K
R27 113102 Resistor, Film 1/8W 5% 1K
R28 113101 Resistor, Film 1/8W 5% 100
R29 113391 Resistor, Film 1/8W 5% 390
R30 113102 Resistor, Film 1/8W 5% 1K
R31 113181 Resistor, Film 1/8W 5% 10K
R32 113181 Resistor, Film 1/8W 5% 180
Ul 330006 IC, MC1496P

Z1 490201 Bead, Ferrite

Z2 490201 Bead, Ferrite

Z3 490201 Bead, Ferrite

Z4 490201 Bead, Ferrite

Z5 490201 Bead, Ferrite

Z6 490201 Bead, Ferrite

NOTE: Unless otherwise specified, capacitance is in microfarads and resistance
is in ohms. :
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104 HF MIXER & DRIVER MODULE, M4

The M4 module contains the HF transmit and re-
ceive mixers, the 75MHz amplifier and monolithic
filter, and transmit driver amplifiers. Receive
input is at the channel frequency from M7; it is
up-converted to 75MHz, filtered and sent out to the
M3 module. The transmit signal comesin at 75MHz,
is amplified and filtered, then down-converted to
the channel frequency. Itis then amplified and
sent to the RF Power Module, M10. All circuitry
is located on PCB 735103 which is contained inthe
die-cast box between M3 and M5.

104.1 TECHNICAL CIRCUIT DESCRIPTION

104.1.1 MODULE INTERCONNECTIONS

Rf Connections

a) Receivelnput. Channel frequency at varying
amplitudes from M7. FCB pin at right front of
board and module SMA connector is at right front of
box.

b) ReceiveOQutput. 75MHz signal toM3. PCBpin
at left rear of board and SMA connector at left
rear of box.

c) TransmitInput. 75MHz signal from M3 at 30mV.
PCBpin at center front of board and SMA connector
at left front of box.

d) TransmitQutput. Channelfrequencysignalat
approximately 800mV to M10. PCBpinat rightrear
of board and SMA connector at center rear of box.
e) Local Oscillator Input. 76.6 - 105MHz input
from M6 at 700mV. PCB in right center of board
and SMA connector at right rear of box.

DC Connections

Pin 3. +12Vdc.
Pin 5. R+,
Pin 7. T+

104.1.2 CIRCUIT DESCRIPTION - RECEIVE
The input to this module is the filtered input
from the antenna. The low pass filters on M7
attenuate the frequencies above the cutoffonthe
filter selected, and a further high pass filter on
M7 attenuates the frequencies below 1.6MHz. The
low pass filter C29, L10, C30 attenuates all fre-
quencies above 30MHz. This virtually eliminates
spurious responses from image frequencies, which
fall in the range 151.6~-180MHz, and the first IF
frequency, 75MHz.

The HF signal is applied to the input of a "high
reliability" precision double balanced mixer Ul.
This mixer has a high intercept point and gives
the receiver front end an outstanding dynamic

10.4-1

" receive mode and D5 is open circuit.

range. The output from M6, the 10kHz loop of the
synthesizer, is applied to the oscillator port of
the mixer through the forward biased PIN diode
D6. This diode is reverse biased in the transmit
mode. The synthesizer output is 76.6-105MHz
producing an IF frequency of 75MHz.

The mixer output is applied to the base of Ql
through the forward biased PIN diode D1. This
diode is reversed biased in the transmit mode to
isolate the receiver mixer from the 75MHz IF
amplifier Q1. This stage uses a large, low noise
transistor with a high intercept point. The
stage uses collector base feedback and emitter
degeneration to provide linearity and a wide
range resistive 50 ohm termination for the mixer.
The 75MHz IF amplifier does not degrade the
dynamic range of the mixer.

The 75MHz filter is a high perforinance4polemon-
olithic design with a bandwidth of 30kHz. This
permits the use of 10kHz steps in the first loop
of the synthesizer. The filter is matched to Q1
by the Pinetwork C6/L2/C7. Theoutput Pinetwork
C8/L3/C9 provides a 50 ohm output from the
filter. The PIN diodes D3 and D5 provide a 2
stage switch to provide completeisolationin the
transmit mode. D3 is forward biased in the
In the
transmit mode, D3 is open circuit and D5 shorts
the signal to ground.

10.4.1.3 CIRCUIT DESCRIPTION - TRANSMIT
The 75MHz input from M3 is applied through

 the forward biased PN diode switch D2, to theIF

amplifier Q1. It will be noted that Q1 and the
75MHz crystal filter FL1 are used in both the
transmit and receive modes.

The amplified 75MHz IF signal is applied, through
the forward biased PIN diode switch D4, to theIF
port of the double balanced mixer UZ. The output
from the 10kHz loop of the synthesizer is applied
to the oscillator port of U2. The synthesizer
oscillator covers the range 76.6-105MHz giving an
output frequency range of 1.6-30MHz. The levels
are carefully controlled and a high level mixer
is used to give exceptional spectral purity over
the entire HF range.

The low level transmit signals can be amplified
to approximately 100mW in the three stage broad-
band amplifier. Q2 and Q3 are grounded gate low
distortion junction field effect transistors. Q2



provides a broadband resistive 5) ohm termination
to U2. The two stages are transformer coupled
using broadband ferrite transformers. The push-
pull output stages Q4 and Q5 use Class A bipolar
transistors with collector base feedback. The
broadband output transformer L2 provides a 50ohm
output. The network 14, R12, and C15, is a gain
levelling network. It should be noted that the
gain of the 3stage amplifier has been compensated,
in conjunction with the RF Power Amplifier Module
MIQ, to provide substantially level gain over the
entire frequency range of the transmitter.

The output spectrum from U2 includes the image
frequencies 151.6~-180MHz. The 3stage broadband
amplifier has very low gain at these frequencies.
Any residual image output is further attenuated
by the low pass filter C24, L9, C25.

104.2 ADJUSTMENT PROCEDURE

Noroutine alignment is required during the service
life of the transceiver. The inductors L2 and L3
are sealed after factory alignment of the crystal
filter. The alignment procedure is described in
case physical damage should occur to L2 and L3.
Donot attempt alignment without the correct equip-
ment. It is unlikely that there will be any per-
ceptible change in performance even if FL1 is
replaced. The correct procedure is as follows:

1. Set signal generator to 75MHz. Switch to
external RF mode.

2. Connect the external FM input to the sawtooth
output from the oscilloscope. On some oscillo-
scopes, this may necessitate making an internal
connection to the deflection plates.

3. Adjustthedeviationto approximately 50kfz.
4. Connect a75MHz oscilloscope to the "RxOQUT"
terminal on the module. Make sure the oscillo-
scope provides a 50 ohm termination or use a 50
ohm, 60 or 10dB, attenuator.

5. Adjustthe gainof the oscilloscope and output
of the signal generator until the RF envelope is
nearly full screen.

6. Center the signal so that the passband is
centered in the oscilloscope screen and adjust the
deviation as required.

7. Carefully adjust L2 and L3 until there is
minimmum ripple on the passband. The ripple should
be less than 1dB.

1043 SPECIFICATIONS
Table 10.4-1 lists the specifications for the HF
Mixers & Drive Module, M4,

1044 VOLTAGE CHART
Table 10.4-2defines the relevant voltages for the
HF Mixers & Drive Module, M4.

TX IN

RX OUT

RX IN

T+ +12V

TX OUT

FIGURE 10.4-1.
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Adjustment Points.




10.4.5 SERVICING

First check that the oscillator input level and
frequency are correct. Incorrect oscillator in-
jection level or the wrong frequency will prevent
correct operation of the module.

Check that the diode switches are operating
correctly. When forward biased, the anode wilibe
.7V higher than the cathode. Whenreverse biased,
the cathode will be at higher potential than the

anode. The banded end of the diode is the
cathode.

Use a signal generator and RF millivoltmeter
tomeasure the gainon the system asshownin the
diagrams, Figure 10.4-2 and Figure 10.4-3.

If the system gain is incorrect, check the
voltages on the transistors and make sure the
diode switches are correctly biased.

TABLE 104-1. Specifications HF Mixers & Driver Module, M4.
TRANSMIT

Current: 220mA

Input: 75MHz -17dBm (30mV RMS)

Output:* Signal frequency +20dBm

System Gain*
Oscillator Injection Level:

RECEIVE

Current:
Input:

Output:
System Gain:

Oscillator Injection Level:
OSCILLATOR

Frequency:
Level:

*Measured at 30MHz, varies with signal frequency.

(2.2V RMS)
36dB
700mV RMS at pin 8 U2

52mA

Signal frequency -7dBm
(100mV RMS)

75MHz 0dBm (220mV RMS)
+1dB

700mV RMS at pin 8 Ul

76.6 - 105MHz (Fs 1.6 - 30MHz)
+10dBm at M4 input

TABLE 104-2. Voltage Chart HF Mixers & Driver Module, M4.

Q1 Emitter:
Base:
Collector:
Q2 (Tx) Source:
Gates:
Drain:
Q3 (Tx) Source:
Gate:
Drain:

Rx Tx

1.2v
1.8v
114V

1.2v
1.8v
114V

2.0V
0.0V
11.5V

2.0V
0.0v
11.5v
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TABLE 10.4-2. Voltage Chart HF Mixers & Driver Module, M4, Continued.

Tx
4 (Tx) Emitter: 7.0V
Base: 1.3V
Collector: 12.0V
Q5 (Tx) Emitter: 7.0V
Base: 1.3V
Collector: 12.0V
Tx Rx
D1 Reverse biased Forward biased
D2 Forward biased Reverse biased
D3 Reverse biased Forward biased
D4 Forward biased Reverse biased
D5 Forward biased No bias
D6 Reverse biased Forward biased
D7 Forward biased Reverse biased
BOONTON RF MILLIVOLTMETER
=
¢ \\ =
® =
=
o -
MODULE M4 :
TX IN CHANNEL
75 MHZ OSC IN FREQUENCY

TX OUT

SYNTHESIZER
M6

CHANNEL FREQUENCY
+ 75 MHZ

FEGURE 10.4-2. Transmit Gain Measurement.
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WAVETEK SIGNAL GENERATOR BOONTON RF MILLIVOLTMETER

i MODULE M4 ‘ =]
RX IN RX OUT 75 MHZ

CHANNEL FREQUENCY
OSC IN

O B

SYNTHESIZER
M6
CHANNEL FREQUENCY

+ 75 MHZ

FIGURE 10.4-3. Receive Gain Measurement.
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FIGURE 10.4~4 Component Locations, HF Mixers & Driver Module, M4.
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Schematic Diagram ~ HF Mixers & Driver, M4.
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TABLE 10.4-3. Parts List, HF Mixers & Driver, M4.

C1

C2

C3

C4

C5

Cé

C7

C8

C9

C10
Cil
Cl12
Cc3
Cl4
C15
Cl16
C17
C18
C19
C20
C2l
C22
C23
CcH
C25
C26
ca7
C28
C29
C30
C31
C32
C33
C34
C35
C3o
C37
C38

D1
D2
D3
D5
D6
D7

FL1

EERLE

210102
210102
214103
241020
214103
210330
210050
210050
210820
210102
210102
210102
210102
214103
275103
214103
214103

214103
214103
274104
274104
214103
220151
220181
214103
214103
214103
227151
227151
214103
214103
214103
210100

210102
210102
210102

320005
320005
320005
320005
320005

370007

430021
490109
490109
430031

Capacitor, Disc .001
Capacitor, Disc .001
Capacitor, Disc .01
Capacitor, Tantalum 2.2
Capacitor, Disc .01
Capacitor, Disc NPO 33pF
Capacitor, Disc NPO 5pF
Capacitor, Disc NPO 5pF
Capacitor, Disc NPO 82pF
Capacitor, Disc .001
Capacitor, Disc .001
Capacitor, Disc .001
Capacitor, Disc .001
Capacitor, Disc .01
Capacitor, Monolithic 50V .01
Capacitor, Disc .01
Capacitor, Disc .01

Not Used.

Capacitor, Disc .01
Capacitor, Disc .01
Capacitor, Monolithic .1
Capacitor, Monolithic .1
Capacitor, Disc .01
Capacitor, Mica DM15 150pF
Capacitor, Mica DM15 180pF
Capacitor, Disc .01
Capacitor, Disc .01
Capacitor, Disc .01
Capacitor, MC Mica 150pF
Capacitor, MC Mica 150pF
Capacitor, Disc .01
Capacitor, Disc .01
Capacitor, Disc .01
Capacitor, Disc 10pF

Not Used.

Capacitor, Disc .001
Capacitor, Disc .001
Capacitor, Disc .001

Diode, PIN BA482
Diode, PIN BA482
Diode, PIN BA482
Diode, PIN BA482
Diode, PIN BA482
Not Used.

Not Used.

Crystal, Filter 75MHz

Inductor, Fixed 22ul
Inductor, Variable 12.5T
Inductor, Variable 12.5T
Inductor, Fixed Molded 2.2udd
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TABLE 10.4-3. Parts List, HF Mixers & Driver, M4, Continued.

L5
L7

L9

L10
L1l
L12

R26
R27
R28
R29
R30
R31
R32

Ul
Uz

NOTE:

451112 Inductor, Variable
451113 Inductor, Variable
451114 Inductor, Variable
430005 Inductor, Fixed .68uH
430012 Inductor, Fixed .33uH
430012 Inductor, Fixed .33uH
Not Used.
Not Used.
310059 Transistor, 2N5109
310033 Transistor, FET J310
310033 Transistor, FET J310
310011 Transistor, NPN 2N4427
310011 Transistor, NPN 2N4427
113222 Resistor, Film 1/8W 5% 2.2K
113222 Resistor, Film 1/8W 5% 2.2K
113222 Resistor, Film 1/8W 5% 2.2K
113272 Resistor, Film 1/8W 5% 2.7K
113100 Resistor, Film 1/8W 5% 10
113050 Resistor, Film 1/8W 5% 5
113220 Resistor, Film 1/8W 5% 22
113222 Resistor, Film 1/8W 5% 2.2K
113222 Resistor, Film 1/8W 5% 2.2K
Not Used.
Not Used.
113151 Resistor, Film 1/8W 5% 150
113221 Resistor, Film 1/8W 5% 220
113470 Resistor, Filin 1/8W 5% 47
113151 Resistor, Film 1/8W 5% 150
113221 Resistor, Film 1/8W 5% 220
113470 Resistor, Film 1/8W 5% 47
113271 Resistor, Film 1/8W 5% 270
113222 Resistor, Film 1/8W 5% 2.2K
113100 Resistor, Film 1/8W 5% 10
113100 Resistor, Film 1/8W 5% 10
113222 Resistor, Film 1/8W 5% 2.2K
113222 Resistor, Film 1/8W 5% 2.2K
113100 Resistor, Film 1/8W 5% 10
113100 Resistor, Film 1/8W 5% 10
113222 Resistor, Film 1/8W 5% 2.Z2K
113561 Resistor, Film 1/8W 5% 560
Not Used.
113222 Resistor, Film 1/8W 5% 2.2K
113222 Resistor, Film 1/8W 5% 2.2K
Not Used.
113151 Resistor, Film 1/8W 5% 150
380006 Mixer
380006 Mixer

Unless otherwise specified, capacitance is in microfarads and

resistance is in ohms.
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10.5 100Hz SYNTHESIZER, M5

The M5 module contains the 5.120MHz reference os-
cillator and 73.34 - 73.35MHz (in 100Hz steps) syn-
thesizer. All circuitry is contained on FCE 735105
which is located in the top die-cast box on the
far right of the transceiver.

10.5.1 TECHNIC AL CIRCUIT DESCRIPTION

10.5.1.1 MODULE INTERCONNECTIONS

Rf Connections

a) Local oscillator output to M3; 73.3401 -
73.3500MHz in 100Hz steps at 1.2V. FCBpin at rear
of board and SMA connector at rear of box.
b) Reference oscillator output to M6; 5.120MHz
signal at 2.8V. RCB pin near front of board and
SMA connector on front of box.

DC Connections

Pin 2. +12Vdc.

Pin 4. Al. Least significant binary bit from
M9.

Pin 5. A2.

Pin 6. A3.

Pin 7. A4,

Pin 8. AS5.

Pin 9. A6.

Pin 10. A7. Most significant binary bit from M.

10.5.1.2 100Hz SYNTHESIZER BLOCK DIAGRAM
A block diagram of the 100Hz Synthesizer is shown
in Figure 10.5-1. Like the 10kHz Synthesizer, this
is a completely selfcontained singleloop digital
synthesizer. It is used to generate the second
L.O. signal 73.3401 - 73.350MHz in 100Hz steps.
It has the following block components:

1. Voltage Controlled Crystal Oscillator (VCXO).
2. Buffer Amplifier.

3. ¢+ 64/65 Prescaler

4. + A-Counter

5. Synthesizer (MC145151)

6. Loop Filter.

7. 5.120MHz Reference Oscillator.

NOTE
This synthesizer, like the 10kHz Synthesizer, uses
a phase-locked loop and dual-modulus prescaling
to generate the 73.3401 - 73.350MHz local oscil-
lator output signal. For those unfamiliar with
these concepts, a description of them is given in
Appendix B of this manual.

VCXO - A crystal oscillator is used to provide the
second L.O. output signal. This oscillator is then

10.5-1

"pulled" over a 10kHz range, with the error voltage
produced by the MC145151 phase detector setting
the VCXO to the programmed output frequency in
100Hz increments. The output of the VCXO goes
to the &+ 64/65 prescaler and the output buffer
amplifier.

Buffer Amplifier - The buffer amplifier amplifies
the VCXO output to the level necessary to driver
the Second Mixer. It also "buffers" the VCXO from
any effects of changing load impedance of the
L.O. output.

+64/65 Prescaler - A dual modulus prescaler which
can be programmed to divide by either 64 or 65.
Its division ratio is controlled by the number
programmed into the dual-modulus +A-Counter. It
is used to divide the high frequency VCXO output
down to a level which can be handled by the low
frequency CMOS loop counters. The output of the
+ 64/65 prescaler goes to the programmable + N-Counr-
ter in the MC145151 synthesizer chip and to the
external +A-Counter.

+A-Counter - This is a two-stage CMOS counter used
to tell the prescaler when to divide by 65. This
counter will start counting down to zero from
whatever number is programmmed into it at the start
of the overall count cycle. During this period
of time, the prescaler will divide by 65. After
the +A-Counter has reached zero, the prescaler
will divide by 64 for the rest of the overall
count cycle. Input lines Al-A7 program this
counter.

Synthesizer - The MC145151 synthesizer chip consists
of a selectable reference divider, phase detector,
and a 14 bit programmable ¢ N-Counter. The
+N-Counter is fixed to divide by 11459, while the
100 frequency increments (spaced at 100Hz intervals)
are determined solely by the programming of the
+A-Counter. The output of the +N-Counter is com~
pared to the 100Hz reference frequency in the phase
detector. The phase detector output is an error
voltage used to set the VCXO frequency to its pro-
grammed value and lock it to the reference frequency
time N (where N1 = 64N + A = the total loop value
divide ratio). The reference frequency oscillator
(5.210MH?z) is divided down by 25 in a fixed CMOS
divider before going into the selectable divider
in the MC145151 where it is divided down to 100Hz.

Loop Filter - The loop filter is used to establish
the correct loop bandwidth, natural frequency, and
damping factor. Since the phase detector in the



MC145151 has a tri-state single-ended output, the
loop filter is a simple passive low-pass filter with
an additional lag filter to establish the correct
loop damping.

5.120MHz Reference Oscillator - The 5.120MHz ref-
erence oscillator is a crystal controlled oscillator
which provides the reference frequency for both the
100Hz and 10kHz synthesizers. The 5.120MHz signal
from the oscillator is an output sent externally to
the 10kHz synthesizer. It is then divided by 25in
a fixed divider before going to the MC145151 as the
100Hz loop reference signal.

10.5.1.3 DETAIL DESCRIPTION

A schematic of the 100Hz synthesizer is shown in
Figure 10.5-6. The VCXO is a Colpitts oscillator
using a series mode fifth overtone 73.365MHz crys-
tal. Use of a crystal oscillator leads to a highly
stable synthesizer with excellent output spectral
purity. The oscillator tank circuit is composed of
varactor diode D1, capacitorC35 and tunable in—-
ductor L1. R5is used to dampen the crystal and add
stability to the oscillator. C8 couples the tank
circuit to the base of QI, the oscillator active
element. C9 and C10 are used to set the proper os-
cillator feedback ratio, while resistors R3 and R4
set the DC bias for oscillator transistor Q1. The
output of the VCXO is coupled via C4 from the emitter
of Q1 to buffer amplifier Q2 which is configured as
an emitter-follower.

The control voltage from the loop filter is coupled
to D1 thru inductor L5. Tank circuit inductor L1
is adjusted so that the control voltage can "pull"
the VCXO frequency down from its crystal controlled
series resonant point of 73.365MHz. The circuit com-
ponents are set for an operating range of 73.3401
- 73.350MHz (corresponding to a control voltage on
D1 of approximately 3-5 volts).

The output of Q2 is coupled thruCll to pin 5 of Ul,
the * 64/65 prescaler, and thru C12 to the output
buffer Q3. C28,C29 and LH make up a single section
lowpass filter between the buffer amplifier Q3 and
the second L.O. output to the Second Mixer.

Regulated 8Vdc is provided for the VCXO and its buffers
by U6. The input 12 volts to the regulator (and to
the other circuits of the module) is filtered by C31,
Cl4 and L3.

Ul is the + 64/65 prescaler. It runs off of regulated
5 volts DC from regulator U9. The output of Ul is
the VCXO frequency divided by either 64 or 6 depend-
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ing on the status of the dual modulus control line.
This line comes from pin 4 of U2 and goes to pin
1 of the prescaler. The output of Ul goes to pin
6 of U2 in the + A-Counter, and thruC15 to pin 1
of US5.

U2 and U3 make up the dual modulus +A-Counter. It
is a two-stage binary CMOS downcounter that will
count from the number "A" (preset into it by lines
Al-A7) down to zero. Remember that "A" is determined
by the 100Hz loop programming algorithm Np = 64N
+ A, where N = F;;/100 and Nr= 1145). Therefore,
the loop algorithm reduces to Np = 733,376 + A.

NOTE
The characteristics of the loop dictate that it always
counts one more than the number "A" programmed into
it. Therefore, to correctly program this loop, one
must enter into the + A-Counter a number which is
less than the number "A" found in the algorithm
N1 = 733,376 + A.

Changing "A" over the range of 25 to 124 effectively
changes the VCXO output frequency in 100Hz steps
from 73.3401 - 73.350MHz (although the entered count
is one less, or 24-123). The end-of-count pulse
(U5, pin 10) from the synthesizer is used to enable
the + A-Counter. When this occurs, the + A-Counter
starts counting down from "A" to zero at the same
time the "N-Counter in the MC145151 starts to count
down from 1145) to zera. When the + A-Counter reaches
zero, pin 4 of U2 goes from low to high accomplishing
two things: The + A-Counter is inhibited fram further
counting until it is again preset by the end-of-count
pulse from U5; and the prescaler, which had been
dividing by 65 during the duration of the A count,
now will divide by 64 for the remaining (1145}-A)
counts in the overall cycle.

Both U2 and U3 run off of 5Vdc provided by regulatar
U9.

The output of the + 64/65 prescaler goes to pin 1
of U5, the MC145151 synthesizer chip. It runs off
of regulated 8Vdc from Ul0. Pins 5,6 and 7 are
programmed to set the fixed 2048 ratio for the re-
ference frequency input of pin 27. Pins 11-25 are
programmed to set the # 11459 ratio for the &
N-Counter. Pin 4 is the tri-state output of the
phase detector. While the loop is unlocked, the
output from pin 4 will be a pulsing voltage design-
ed to drive the VCXO in a direction such that Fq;;
=100 NT. Upon obtaining a locked condition, the
phase detector output goes to a high impedance state
to effectively "hold" the proper control voltage
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FIGURE 10.5-1. 100Hz Loop Synthesizer.
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on the varactor diode D1. This control voltage is
"updated" every 100Hz (10 milliseconds) to com-
pensate for any frequency drift and keep the loop
locked.

C5,C6, R1 and R2 are the components in the loop fil-
ter. Rl and C6 determine the loop natural frequency
(along with K, the phase detector gain constant and
Ky, the VCXO gain constant). It is set to be approxi-
mately 10Hz. R2 and C5 provide the proper damping
for the loop.

The 5.120MHz reference oscillator is a modified Col-
pitts oscillator designed for reliable oscillation
and good frequency stability. C19, the top leg of
the capacitor frequency divider, is connected directly
across the base emitter junction of Q4. The high
capacitance effectively swamps the transistor and
isolates the crystal from the transistor. C21is
a precision trimmer used for adjustment of the oscil-
lator frequency. RZ23 and R24 provide DC bias for
Q4. An emitter follower, Q5, is used to buffer and
isolate the oscillator output.

Stability of the 5.120MHz output is enhanced by the
use of a high stability crystal oven for the 5.120MHz
crystal. A high grade oven provides accurate temper-
ature control of the crystal over the specified radio
temperature range.

10.5.2 ADJUSTMENT PROCEDURE

10.5.2.1 REFERENCE OSCILLATOR
The alignment procedure for the reference oscillator
is:

1. Turn the power on and let the module warm up
for at least one minute.

2. Adjust CZl until the reference oscillator output
(as measured at the output ¢oaxial connector) fre-
quency reads 5.120000MHz.

10.5.2.2 VCXO
The alignment procedure for the VCXO is as follows:

l. Program the +A-Counter for a frequency of
73.3376MHz. This corresponds to all "A" inputs being
0 (open circuit).

2. Temporarily ground pin 5 of U5. Adjust the fer-
rite slug in inductor L1 until the output frequency
is 73.356MHz. Remove the ground on U5 pin 5 and
verify that the output frequency reads 73.3376MHz.
3. Program the +A-Counter for a frequency of
73.350MHz. This corresponds to:

Al =1 A5=1
A2 =1 A6 =1
A3 =0 AT =1
A4 =1

4. Verify that the output frequency is 73.350MHz.

10.5.3 SPECIFICATIONS
Table 10.5-1 lists the specifications for the 100Hz
Synthesizer Module.

10.54 VOLTAGE CHART

Table 10.5-2 defines the important DC voltage levels
for the 100Hz Synthesizer, while Table 10.5-3 gives
relevant AC voltage levels.

TABLE 10.5-1. 100Hz Loop Specifications.

Power Requirements

Inputs
Program Lines (Al-A7)

Outputs
Reference Oscillator

Second L.O.

+12VDC @ 150mA (steady
state, 400mA (warm up).

ov
+5V

logic "0"
logic "1"

5. 1201\/1}12, iSHz;
2.8V, RMS

73.3401 - 73.350MHz in 100Hz
steps; 1.2V RMS, into 50 ohms.
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10.5.5 SERVICING

Under normal conditions, servicing of the 100Hz
Synthesizer Module should not be required. The
module has been completely aligned and tested at the
factory prior toinstallationin theradio. However,
should a system problem arise which is traceable to
this module, the following step-by-step trouble-
shooting procedure is recommended.

First, determine the major failure symptom. It should
be one of the following:

1. No oscillator output.

2. Low oscillator output - loop locked.

3. Synthesizer loopnot locking (indicated by output
frequency not corresponding to that programmed.)

Second, after determining the overall failure mode,
consult the detailed troubleshooting procedures de-
scribed in this section.

NOTE
In order to facilitate troubleshooting, use should
be made of the module schematic (Figure 10.5-6) and
component location diagram (Figure 10.5-5) located
in this section in order to find the parts or test
points called out in the text.

Third, a basic understanding of the operationof a
phase-locked loop (PLL) and its programmingis essen-

tial toquick and efficient troubleshootingof this
module. Therefore,before attemptingto correct
any module defect, Appendix B should be read.

Fourth, the voltage level charts (Table 10.5-2and
10.5-3) have been prepared to aid in the diagnostic
procedures. These will prove to be an invaluable
reference (along with common sense) in troubleshooting
this module.

10.5.5.1 MODULE FAILURE SYMPTOMS

NoOscillator Qutput - Under normal conditions the
VCXO will oscillate even withno voltage applied
to the controlline. Therefore,there is probably
a problem in the VCXO chain.

First check the VCXO coil L1 toseeif the ferrite
slug is broken, missing, or not aligned properly
(if not broken or otherwise damaged, the problem
probably lies elsewhere since this was carefully
aligned at the factory).

Using either a VTVM or high frequency oscilloscope,
trace the AC voltages from the output back tothe
VCXO usingTable 10.5-3 as areference. Thisshould
isolate the problem to a particular stage in the
chain.

-REFERENCE OSCILLATOR OUTPUT

L3 R40
< a /us 7
*O 0

+12v/

u1> 1
COMP SIDE {
REF 24
cay 735105 our%os 8::17 I
: R39 R25 —%—R22 1
Y2 R3 - bd

ovﬂ(%_ —{___Lié’z@ lg o
iTF R%f QaR24

"] 8 LoD
c19 c20

c33

GSZ.;:‘?E 08 SLow

OUTPUT

REFERENCE
OSCILLATOR ADJUST

FIGURE 10.5-2. Adjustment Points.
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TABLE 10.5-2. 100Hz Loop DC Voltages.

Q1 Emitter: 1.9v Q4 Emitter: 4.0V
Base: 2.1V Base: 4.6V -
Collector: 8.0V Collector: 8.0V
Q2 Emitter: 3.9v Q5 Emitter: 3.2V
Base: 4.4V Base: 3.5V
Collector: 8.0V Collector: 8.0V
Q3 Emitter: 2.3V
Base: 3.3V
Collector: 8.0V
Ul
Pin 1 5.0V Pin 5 3.6V
Pin 2 1.9v Pin 6 3.6V
Pin 3 1.9v Pin 7 5.0V
Pin 4 0.0V Pin 8 5.0V
U2
Pin 2 5.0V (logic Pin 11 5.0V (logic
0.0V (logic 0.0V (logic
Pin 5 5.0V (logic Pin 14 5.0V (logic
0.0V (logic 0.0V (logic
Pin 8 0.0v Pin 16 5.0V
U3
Pin 2 5.0V (logic Pin 11 5.0V (logic
0.0V (logic 0.0V (logic
Pin 5 5.0V (logic Pin 13 5.0V
0.0V (logic Pin 14 5.0V (logic
Pin 8 0.0v 0.0V (logic
Pin 16 5.0V
U5
Pin 1 3.5V Pin 12 8.0V Pin 19 0.0V
Pin 2 0.0V Pin 13 0.0v Pin 20 0.0v
Pin 3 8.0V Pin 14 0.0V Pin 22 0.0v
Pin 5 8.0V Pin 15 0.0V Pin 23 8.0V
Pin 6 0.0V Pin 16 0.0v Pin 4 8.0V
Pin 7 8.0V Pin 17 8.0V Pin 25 8.0V
Pin 11 8.0V Pin 18 8.0V
u7
Pin 2 0.0V Pin 11 0.0v
Pin 5 0.0V Pin 14 12.0V
Pin § 0.0V Pin 16 12.0V
U8
Pin 2 0.0v Pin 13 12.0V
Pin 5 0.0V Pin 14 0.0V
Pin 8 0.0v Pin 16 12.0V
Pin 11 12.0V
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TABLE 10.5-3. 100Hz Synthesizer AC Voltages.

Q1 Emitter: 1.25V, RMS Q3 Pin 5 0.5V, RMS
Q2 Emitter: 1.25V, RMS Q4 Collector: 2.8V, RMS
Q3 Emitter: 0.5V, RMS Q5 Emitter: 2.8V, RMS

Use the DC voltage chart in Table 10.5-2 to isolate
the problem to the component level once the area
where the oscillator signal is picked up and found.

If the VCXO itself is not working, check the reg-
ulator U6 to see that it is functioning properly.
Check the collector voltage on Ql. Then check for
a defective component or broken wire in the VCXO.

Low Oscillator Output - Loop Locked - If the phase~
locked-loop is locked (i.e., stable and correct output
frequency) but the output level is low, then the problem
is in the VCXO amplifier chain. Follow the procedire
outlined in the preceding steps to isolate the problem.

Synthesizer Loop Not Locking - This happens when the
VCXO output frequency does not correspond to the
frequency that is programmed into the synthesizer.
Pin 28 of U5 will provide an accurate indication of
this. When the loop is locked, the output of this
line will be a low 100-200 nanosecond pulse appearing
once every 100Hz. In an unlocked condition, this
line will appear to be pulsing between ground and
8Vdc in a random condition. Check the VCXO to see
that it is operating properly as determined by the
voltage charts in Table 10.5-2 and 10.5-3.

Check the reference oscillator. Trace its path back
from US5, pin 27, (where its frequency should be
204.8kHz) to the oscillator itself. The output of
the oscillator at the emitter of Q5 should be
5.120000MHz at 2.8V, RMS. U7 and U8 divide this by
25, thus making input to U5, pin 27 a frequency of
204.8kHz. If the problem is in this area, use Table
10.5-2 and 10.5-3 to isolate the problem.

Check the MCI45151 internal reference frequency
divider ratio. Measure the DC voltage on pins 5,
6 and 7 of U5. Pins 5 and 7 should read 8Vdc and
pin 6 should be zero.

Check the programming of the +N-Counter in the
MC145151. It should be:

MC145151 Pin No. Voltage
13,14,15,16,19,10,22 ov
11,12,17,18,23,24,25 8V
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This corresponds to a fixed divide ratio of 1145).

Check the output of the +64/65 prescaler at U5, pin L
It should be a 5V, peak-to-peak square wave.

Check the input to the prescaler at Ul, pin5. It
can be as low as 100mV, RMS, and still provide reliable
prescaler operation.

Check the operation of the +A-Counter (U2, U3).
Look at counter inputs Al-A7 to verify the proper
programming.

A-Number Pin Binary Count
Al U2-5 1
A2 U2-11 2
A3 U2-14 4
A4 U2-2 8
A5 U3-5 16
Ab U3-11 32
A7 U3~-14 &4
NOTE

The 100Hz Synthesizer is programmed by the
algorithem:

Nt 64 x 11459 + A

733376 + A

As was previously described, if the 1kHz digit of
the selected channel frequency = E, and the 100z
digit = F, then the programmed "A" = 123 - EF.

As an example, if the selected channel frequency
is 15.0125MHz, then:

E=2F =5 and EF = 25
JLA =123 - 25 = 98

and the +A-Counter should be programmed for the
binary number 98.

Check UY, pin 4, the dual modulus control line to
the +64/65 prescaler. This line should be at 5Vdc




whenever the prescaler is dividing by 64 and at 0V
when the prescaler is dividing by 65. If the
+A-Counter is programmed for A =0, then the line
is high for the duration of the count cycle, except
the internally programmed "one" count, which shows
up as an initial 1 microsecond low-going pulse. If
the + A-Counter is programmed for any number A =1
thru 100, then this line is low at the beginning of
the count cycle, remaining low until the +A-Counter
has counted down from "A" to zero. At this time,
the time goes high and remains so until the
+N-Counter in the MC14515] has counted the rest of
its programmed 11459 counts.

As an example, if the selected channel frequency is
15.0125MHz, then:

E=2F =5 and EF = 25

. A =123 -25=98

and the + A<Counter should be programmed for the
binary number 98.

Figure 10.54 shows the waveforms that are present
when the loop is locked. Since the reference
frequency is 100MHz, the length of each count cycle
is 1/100Hz or 10 milliseconds. The length of each
count in the cycle is 10-2/1145) = .87 microseconds.
Therefore:

If A =0, the control line is low for .87 microseconds.

If A =1, the line is low for 1.74 microseconds and
high for (11459-2) x .87 microseconds.

If A =2, the line is low for 2.61 microseconds and
high for (11459-3) x .87 microseconds.

"A" can be any number from 24-123.

GROUND

+12 VvDC

(M9-24) A1
(M9-23) A2
(M9-22) A3
(M9-21) A4
(M9-20) A5
(M9-19) A6

(M9-18) A7

—a= O -
—r 0
— O
—= O
— O
—r O
—= O
—r O
— 0
—r O

FIGURE 10.5-3.

Minor Loop I/O.
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FIGURE 10.54. 100Hz Loop Waveforms.
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COMP SIDE

FIGURE 10.5-5. Component Locations, 100Hz Loop Synthesizer, M5.
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FIGURE 10.5-6. Schematic Diagram, 100Hz Loop Synthesizer, MS5.
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TABLE 10.54. Parts List, 100Hz Synthesizer, Mb.

Cl

C2

C3

C4

C5

Ccé

Cc7

C38

C9

C10
cl
Cl2
C13
Ci4
C15
Cl6
c1m
Cl8
C19
c20
cal
C22
Ca3
C4
C25
C2%
cz7
C28
C29
C30
C3l
C32
C33
CH
C35
C36
Cc37
C38
C39
C40
C4l
Ca
C43

D1
D2

Ll
L2

L5
Lo

210102
231100
214103
210102
210502
210102
210104
220821
210150
210270
210050
210102
214103
241020
210102

210102
214103
220911
220471
260100
214103
210104
210102
214103
21014
210150
210470
210101
214103
241020
214103
210120
213300
210100
210102
210102
210102
210102
210102
210102
210102
210102

320301
320002

490109
430005
490201
430014
430014
430011

Capacitor, Disc

.001

Capacitor, Electrolytic 16V 10

Capacitor, Disc
Capacitor, Disc
Capacitor, Disc
Capacitor, Disc
Capacitor, Disc

Capacitor, Mica

25V .01
.001
.005
.001
.1
DM15 820pF

Capacitor, Disc NPO 15pF
Capacitor, Disc NPO 27pF
Capacitor, Disc NPO 5pF

Capacitor, Disc
Capacitor, Disc

001
25V .01

Capacitor, Tantalum 2.2

Capacitor, Disc
Not Used.

Capacitor, Disc
Capacitor, Disc
Capacitor, Mica
Capacitor, Mica

.001

.001

25V .01
DM15 910pF
DM15 470pF

Capacitor, Trimmer Film 2-10pF

Capacitor, Disc
Capacitor, Disc
Capacitor, Disc
Capacitor, Disc
Capacitor, Disc

25V .01
1

.001
25V .01
.1

Capacitor, Disc NPO 15pF
Capacitor, Disc NPO 47pF
Capacitor, Disc NPO 100pF

Capacitor, Disc

25V .01

Capacitor, Tantalum 2.2

Capacitor, Disc

25V .01

Capacitor, Disc NPO 12pF
Capacitor, Disc NPO 30pF
Capacitor, Disc NFO 10pF

Capacitor, Disc
Capacitor, Disc
Capacitor, Disc
Capacitor, Disc
Capacitor, Disc
Capacitor, Disc
Capacitor, Disc
Capacitor, Disc

Diode, Varactor
Diode, 1N4148

.001
.001
001
001
.001
.001
.001
.001

MV2205

Inductor, Var. 12.5T

Inductor, Fixed

.68uH

Inductor, Variable
Inductor, Molded 100uH
Inductor, Molded 100uH

Inductor, Fixed

.15uH
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TABLE 10.54. Parts List, 100Hz Synthesizer, M5 Continued.

Q1

Q3
Q4
Q5

R1

R2

R3

R4

R5

R6

R7

R38

R9

R10
R1l
R12
R13
R14
R15
R16
R17
RI18
R19
R20
R21
R22
R23
R4
R25
R26
R27
R28
R29
R30
R31
R32
R33
R34
R35
R36
R37
R38
R39
R40

Ul
U2
U3
U4
U5
U6

310032
310032
310032
310032
310032

113103
113106
113103
113682
113471
113103
113103
113101
113221
113103
113332
113221
113222
113103
113103
113103
113103
113103
113103
113103
113103
113561
113472
113472
113103
113103
113103
113103
113103
113103
113103
113103
113103
113103
113103
113472

113102
113222
113102

330106
330086
330086

330087
330018

Transistor, NPN 2ZN5770

Transistor, NPN 2N5770

Transistor, NPN 2N5770
Transistor, NPN 2N5770
Transistor, NPN 2N5770

Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Not Used.

Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%
Resistor, Film 1/8W 5%

IC, MC12017P
IC, MC 14526
IC, MC 14526
Not Used.
IC, MC145151
IC, 78L08

10K
1M
10K
6.8K
470
10K
10K
100
220
10K
3.3K
220
2.2K
10K
10K
10K
10K
10K
10K
10K
10K
560
4.7K
47K
10K
10K
10K
10K
10K
10K
10K
10K
10K
10K
10K
4.7K

1.0K
2.2K
IK
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TABLE 10.5-4. Parts List, 100Hz Synthesizer, M5, Continued.

uv 330088 IC, MC14522

U8 330088 IC, MC14522

[8)°) 330025 IC, 78105

U10 330018 IC, 78108

Y1 360040 Crystal, 73,365.000kHz
Y2 360030 Crystal, 5120.000kHz

NOTE: Unlessotherwise specified,capacitanceisinmicrofarads and resistanceis
in ohms.
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10.6 10kHz SYNTHESIZER, M6

The M6 module contains the complete 76.6 - 105MHz
(in 10kHz steps) synthesizer. All circuitry is
on RCB 73514, which is contained in the die-cast
box between M4 and the right side of the transceiver
(under M5).

10.6.1 TECHNICAL DESCRIPTION

10.6.1.1 MODULE INTERCONNECTIONS

RF Connections

a) Local oscillator output to M4; 76.60 ~ 104.99MHz
signal at 1.2V. PCB pin at left rear of board and
SMA connector is at rear of box.

b) Reference oscillator input from M5; 5.120MHz
at 2.8V. RCB pin at front of board and SMA commector
is at front of box.

DC Comnections (All lines come from M) except +1ZVdc)

Pin 1. VCO switch line; low signal calls up 76.6
- 89.99MHz VCO and high signal calls up
90 - 14.99MHz VCO.

Pin 2. N4.

Pin 8. AS5.

Pin 9. +12Vdc.

Pin 10. AZ.

Pin 1ll. N3.

Pin 12. N2.

Pin 13. NI.

Pin 14. N5.

Pin 15. N6.

Pin 16. N7.

Pin 17. N8. Most significant bit.

Pin 18. A4.

Pin 19. Al. Least significant bit.

Pin 20. A3.

10.6.1.2 BLOCK DIAGRAM ANALYSIS

A block diagram of the 10kHz Loop Synthesizer is
shown in Figure 10.6-1. This is a completely self-
contained single loop digital synthesizer used to
generate the first L.O. signal (76.6 - 104.99MHz
in 10kHz steps). It has the following components:

Voltage Controlled Oscillator (VCO).
Buffer Amplifiers.

&+ 32/33 Prescaler.

Synthesizer (MC145152).

Loop Filter.

U‘er-EA)NP-‘

NOTE
This synthesizer uses a phase-locked loop and dual
modulus prescaling to generate the 76.6 - 104.99MHz
local oscillator output signal. It is important
to have at least a basic understanding of these
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techniques in order to service the synthesizer
properly. For this reason, a description of them
is included in Appendix B.

VCO - Two voltage controlled oscillators are used
to cover the total frequency range. The "VCO
Switch Line" coming from the programming board
automatically switches operation from the low fre-
quency VCO (76.6 - 90MHz) to the high frequency
VCO (90 - 104.99MHz). An error voltage produced
by the phase detector sets the appropriate VCO
to the correct L.O. frequency. The output of the
VCO goes to two places, the +32/33 prescaler to
close the phase locked loop and the buffer ampli-
fiers.

Buffer Amplifiers - The purpose of these amplifiers
are twofold; first, to amplify the output of the
VCO to a level sufficient to drive the first mixer,
and second, to "buffer” the VCO from any effects
of changing load impedance at the L.O. output.
The output of the last buffer amplifier is the
local oscillator signal to the first mixer.

+ 32/33 Prescaler - This is dual modulus prescaler
which can be programmed to divide by either 32
or 33. Its division ratio is controlled by the
number programmed into the dual modulus + A-Coun-
ter in the synthesizer chip. As mentioned previ-
ously, a prescaler is used to divide the VCO fre-
quency down to a level which can be handled by
low frequency programmmable counters - a dual mod-
ulus prescaler provides this performance with no
sacrifice in system frequency resolution. The
output of the + 32/33 prescaler goes to the syn-
thesizer chip.

Synthesizer - The synthesizer chip consists of
a selectable reference divider, phase detector,
10 bit programmable + N-Counter, and 6 bit
+A-Counter. Input lines Al-A5 and N1-N8 come fram
the programming board and provide the binary mmmber
used to program the two counters for setting the
desired L.O. frequency. Lines Al-A5 program the
dual modulus *A-Counter while lines N1-N8 program
the programmable sN-Counter.

The total divider ratio is expressed by the formula
NT = 32N + A, where Ny = (L.O. output frequency)/
(reference frequency). The output of the program-
mable divider is compared to the 10kHz reference
frequency in the phase detector. The phase de-
tector output is an error voltage used to correct
the VCO frequency and lock it to the reference
frequency times Np. The reference frequency



REF

0scC
INPUT

MC 145152
SYNTHESIZER

I
I
I
I
|
——

+32/33 I 10 BIT Loop
’ P G- oEr——l—)
PRESCALER I <" COUNTER o I FILTER
A | |
I 6 81T DUAL
MODULUS I
I A COUNTER |
Y N1 I N L
76.6-90
I uHz veo [
r A1l
I 90-104.99
A2 unz veo [€
A3
A4
10 knz | &3 \ 4
FREQUENCVJ N2 BUFFER
SELECT ya AMPLIFIER
Lives | o
NS5
NG >
N7
“ N8>
FIRST L.O.
ouTPUT
+12 voc
VCO >—"P
SWITCH

FIGURE 10.6-1.

oscillator (5.120MHz) goes into a selectable divider
in the synthesizer chip where it is divided down
to 10kHz.

Loop Filter - The loop filter establishes the over-
all loop bandwidth, natural frequency, and damping
factor. These parameters effectively determine
the synthesizer lock-up time and spurious rejection
ratio.

The active filter is used as a charge pump to com-
bine the two phase detector outputs, while addi-
tional low-pass filters provide needed reference
sideband attenuation.

10.6.1.3 DETAILED DESCRIPTION

A schematic of the 10kHz loop synthesizer is shown
in Figure 10.6-6. The heart of the synthesizer
is the VCO. Two identical VCQ's are used in the
synthesizer; each is a modified Colpitts (Clapp)
oscillator using a J310 Field Effect Transistor
(FET) as the active element. The operation of the

10kHz Loop Synthesizer.

low frequency oscillator will be described here,
with the understanding that the high frequency
oscillator works the same way.

The high frequency VCO covers 90 - 104.99MHz.
The frequency determining elements are inductor
Ll and varactor diode D1. Ll is a 9.5 turn air
coil whose value is adjusted so that its inductance
and the capacitance of the varactor enable the
VCO to oscillate over the chosen frequency range.
The capacitance of D1 is determined by the error
voltage from the phase detector. C5is used as
a coupling capacitor, while R28 provides control
line isolation between the loop filter and the
VCO. C1l and C2 determine the oscillator feedback,
while D2 is a gate clamping diode for controlling
the bias of Ql. Q2is an FET configured as a source
follower and acts as a buffer for the VCO. D5
and D6 are used to provide isolation between the
two VCO's. R5 and C3 are used to decouple the
supply voltage for the VCO.
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The low frequency VCO performs in the same fashion
as the high frequency one. The only differences
in the two are the value of the feedback capacitors
(C6 and C7) which are adjusted for the lower fre-
quency range and the value of the tank circuit coil
L3, which is set to enable the VCO to oscillate
over the 76.6 - 89.99MHz range.

Regulated 8V is provided for both VCO's by Ul.
Transistors Q11, Q5, and Q6 are controlled by the
VCO switch line which comes from the programming
board. The VCO switch line is filtered by RZ27,
C29 and CZ21 at the input to Q5. When the VCO switch
line is "high", Q5 is off and Q6 is biased "on"
through R7 and R6.

The supply voltage is then provided to QI (the high
frequency oscillator) while the low frequency VCO
is shut off. At frequencies below 90MHz the VCO
control line goes "low", Q5 is biased "on" to pro-
vide the DC supply voitage for the low frequency
VCO (Q3) and Q6 is biased off to turn off the high
frequency VCO.

The output from the low frequency VCO (thru D)
or the high frequency VCO (thru D5) goes to the
base of 7, the first of the output buffer ampli-
fiers. Q7, Q8 and Q9 act as output buffers for
the L.O. signal. Q8 is a transformer coupled wide-
band AC amplifier, while ()9 is another transformer-
coupled amplifier which provides excellent isola-
tion to load impedance variations. The output from
Q9 goes to a low pass harmonic filter composed of
L6, L7, C39, C40 and C4l, and is then AC coupled
thru C67 to the synthesizer output where it becomes
the first L.O. signal and goes to the HF Mixer
Module.

Q12 is an emitter-follower used for further iso-
lation between the VCO and the prescaler. C2
couples the output of QI2 to pin 5 at U5. US is
a + 32/33 prescaler. It runs off of +5Vdc provided
by regulator U3. The output of U5is a VCO fre-
quency divided by either 32 or 33 depending on the
status of the dual modulus control line. This line
comes from pin 9 of the MC145152 synthesizer chip
and goes to pin 1 of the prescaler. When this line
is "low", the prescaler divides by 33 and when it
is high, the prescaler divides by 32. Whether the
line is low or high depends on the frequency number
programmed into the MCW45152. (As described ear-
lier, the line is low and the prescaler is dividing
by 33 for the duration of the time the + A-Counter
in the MCI145152 is counting. For the remainder
of the count cycle the prescaler divides by 32.
This is determined by the N7 = 32N + A algorithm.)
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The output of the prescaler at pin 3 is coupled
thru C25 to pin 1 of the MC145152 synthesizer chip.
The MCI145152 contains the + N programmable
divider, the + A dual modulus counter, the phase
detector and the selectable modulus reference
frequency divider. The latter is set to divide
by a fixed 512 ratio to convert the incoming ref-
erence frequency at 5.12MHz (pin 27) to the loop
reference of 10kHz. Operation of the two counters
has been previously described.

The 6 bit + A-Counter acts as a dual modulus
counter programmed to instruct the prescaler when
to divide by 33. Input lines Al-A5 (pins 21 thru
25) are programmed with a binary number from 0-31.
The 10 bit +N-Counter is the main loop divider.
It is programmed by input lines N1-N8 (pins 11-18).
Since the VCO output is determined by:

Fout = NT Fref = N7 x 10kHz
and by the technique of dual modulus prescaling,

NT = 32N + A,
where,

N = binary number programmed into the +N-Counter
A = binary number programmed into the stA-Counter

therefore, the output L.O. frequency is determined

by F1,, 0. = 32N + A) x 10kHz. An example of this
is as follows:

1. The divide ratio is 7700 (determined by the
selected channel frequency).
2. Fgoyt = 7700 x 10kHz = 77.00MHz
3. 7700 = 32N + A
L.=20,A=20

4 .. Nis programmed with binary 240 with the
input lines as follows:

Least Significant Bit
(LSB) N1 =0
N2

i uonu

o

n o

— =000
1}

ZEEEEE

(MSB)
Most Significant Bit



5. ..Ais programmed with binary 20 as follows:

Least Significant Bit

(LSB) Al=0
A2 =10
A3=1 =20
A4 =0

(MSB) A5=1

Most Significant Bit

Actually, the "N" and "A" counters do not have
to be programmed individually since the primary
division modulus is 32, an integer power of "2".
‘When this occurs, then the +N-Counter and +A-Camter
can be taken together to form one "N+A"Counter
with its MSB being the MSB of the +N-Counter and
its LSB being the LSB of the +A-Counter. There-
fore, the 10kHz loop can be programmed directly
by converting the overall divide ratio, N7, into
binary and inputting it on lines Al-A5, N1-N8.

The programming chart, Table 10.6-1 shows how this
works. As the channel frequency goes from 1.6 to
29.9999MHz the L.O. goes from 76.6 to 104.99MHz.
Since the overall divide ratio, Nyy equals the
L.0./104, therefore N goes from 7660 to 10499.
As Table 10.6-1 indicates over this range, N10,
the "16384" binary bit is always equal to zero and
N9, the "8192" bit, and N8, the "4096" binary bit

are always opposite. Therefore, it is not nec-
essary to have an input line for N10 and N9. NI0
is always zero and N9 is programmed in the module
by inverting N8 (in the transistor Q10).

All other 10kHz loop synthesizer frequencies are
programmed in the same fashion. The output covers
76.6 - 105MHz in 10kHz increments and, therefore,
the total programming of the two counters goes
from N = 239 - 328 and A = 0 - 31.

. .The total count cycle (N) goes from 239 to 328
while the prescaler divides by 33 during A parts
of N and then divides by 32 for (N-A) parts.

The loop filter determines the overall natural
frequency and damping factor of the PLI. These
in turn are instrumental in determining the synthe-
sizer response time, close-in noise suppression,
and reference frequency sideband rejection. The
loop filter is a second-order active filter composed
by U4, R13~18, and C13-16. The natural frequency
is determined by the loop gain constants K (the
voltage change per unit phase difference of the
phase detector), Ky (the frequency change per unit
voltage of the VCO), and the filter components
R13,R15 and C15. The outputs from pin 7 and pin
8 of the MC145152 are combined in U4 to provide
the error voltage for the VCO. R10,R1LC17 and

TABLE 10.6-1. Programming Chart.

Function Pin Binary Bit N7=7660 | NT=8192 | NT=10499
NI10 20 16384 0 0 0
N9 19 8192 0 1 1
N8 18 4096 1 0 0
N7 17 2048 1 0 1
N6 16 1024 1 0 0
N5 15 512 0 0 0
N4 14 256 1 0 1
N3 13 128 1 0 0
N2 12 64 1 0 0
N1 11 32 1 0 0
A5 25 16 0 0 0
Ad 4 8 1 0 0
A3 22 4 1 0 0
A2 21 2 0 0 1
Al 23 1 0 0 1

10.64
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FIGURE 10.6-2. Adjustment Points.

C28 provide additional filtering of the reference
sidebands, while R12 and C18 provide suppression
to close-in noise sidebands. The output of the
loop filter is a tri-state error voltage which is
fed to the VCO varactor. Initially, when the
loop is unlocked, the output is a filtered pulse
whose amplitude is corrected once everyreference
frequency cycle (10KHz), and which tends to drive
the VCO toward the programmed frequency. When the
loop is locked, the output is a DC voltage corres-
ponding to that necessary to hold the VCO varactor
to the proper capacitance for prograinmed oscillator
frequency.

10.6.2 ADJUSTMENT PROCEDURE

10.6.2.1 HARMONIC FILTER

The ferrite slugs in L6 and L7 should be adjusted
until eachis approximately one turn above the top
of the coil form.

10.6.3 SPECIFICATIONS
Table 10.6-2 lists the specifications for the 10kHz
Loop Synthesizer Module.
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10.64 VOLTAGE CHART

Table 10.6~3 defines the important DC voltage levels
for the 10kHz Loop, while Table 10.6~4 defines
important AC voltage levels.

10.6.5 SERVICING

Under normal operating conditions, servicing of
the 10kHz Loop Synthesizer should not be required.
Allmodules have been aligned and completely tested
at the factory prior to installation in complete
radios. Therefore, since the VCO and harmonic
filter coils are presumed to be properly set, any
failure traced to this module is probably a com-
ponent failure, broken wire or burnt-out trace.
If a problem is found to exist in this module,
the symptoms will probablybe one of the following:

1. No L.O. output.
2. Loop locked but L.O. output low.
3. Loop not locking.

During the troubleshooting procedure that follows,
use should be made of the schematic (Figure 10.6-6)
and component location diagram (Figure 10.6-5),



located in this section, to find the parts or test
points called out in the text. Figure 10.6-3 shows
the orientation of the incoming I/0 lines in the
10kHz module connector.

10.6.5.1 NO L.O. OUTPUT

Under normal conditions both VCO's will oscillate
even if there is no voltage applied to the control
line. Therefore, if there is no output at all,

the problem has to lie in the VCO chain.

1. Using either a VI'VM or highfrequency oscillo-
scope, check the AC voltage at the base of Q7.
If a voltage of approximately 0.7V, RMS is present
the oscillator is working and the problem is in
one of the buffer stages - Q7,8 or 9. Trace the
AC signal thru this signal path using the voltage
in Table 10.6~¢ as a guide. Once the area is located
where the AC signal stops, the problem can be quickly
isolated by checking the appropriate DC voltage
levels as given in Table 10.6-3. If there is no
AC voltage at Q7-base, the problem is back in the
oscillator. Go to step 2.

2. Check the output of Ul (Q5-collector or
Qb-emitter). It should be 8Vdc. If it is not,

the regulator is defective or it is not getting
+12V.

3. 1If 8Vdc is present, check Q5-base to see which
VCO is selected. If the voltage at Q5-base is less
than 3V, go to step 4. If it is greater than 6V,
go to step 5.

4. The problem is in the high-frequency oscillator
section (Q1,Q2). Check the voltages using Table
10.6~3 to isolate the problem.

5. The problem is in the low-frequency oscillator
section (Q3, Q4). Check the appropriate voltage
levels.

10.6.5.2 LOOP LOCKED BUT L.O. OUTPUT LOW
The problem is most likely in the buffer amplifier
chain (Q7, 8 or 9), but a check should be made
at Q7-base to verify this. The proper level is
about 0.7V, RMS. If the level is less than this,
the problem is back in the oscillator and the proce-
dure outlined in Section 10.6.6.1 (1 and 2) should
be followed.

10.6.5.3 LOOP NOT LOCKING

The only things other than a defective component,
wire or trace that could cause the loop to not
lock are:

No reference oscillator input.
MC145152 divider programmed with an invalid
number,

l. Therefore, the first thing to do is check pin
27 of U6. The reference oscillator should be an
8V, peak-to-peak, signal at a frequency of
5.120MHz. If the signal is not present, check
the wiring to the connector, then the RF cable
bringing the signal into the box.

2. If the reference signal is proper, then the
programming should be checked. It is possible
to program the MC145152 divider wrong such that
an output frequency is selected which the VOO camnot
cover.

In other words, if the low-frequency VCO is selec-
ted (VCO Switch Line = low), then the divider must

TABLE 10.6-2. Major Loop Specifications.

Power Requirements

Input
Reference Oscillator
VCO Switch Line

Program Lines (N1-N8, Al-A5)

Output
Frequency
Level
Harmonics
Spurious

+12Vdc at 80mA

5.12MHz, *5Hz; 2.8V, RMS
0V = low-frequency VCO,
+12V = high-frequency VCO
OV = logic "0"

+8V = logic "1"

76.6 - 105MHz in 10kHz steps
1.2V, RMS, into 50 ohms
40dB

70dB
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TABLE 10.6-3. 10kHz Loop DC Voltage Levels.

DC Level with VCO
Switch Line = "low"

DC Level with VCO
Switch Line = "high"

VCO Switch Line 0.0v 8.7V
101

Source: 0.0V 1.1V

Drain: 0.0V 6.7V
Q2

Source: 0.0v 2.9V ’
Q3

Source: 0.8V 0.4V

Drain: 6.0V 0.0V
Q4

Source: 2.4V 0.0V
Q5

Emitter: 0.0V 7.2V

Base: 0.0V 7.9V
Q6

Base: 7.3V 8.0V

Collector: 7.9V 0.0V
Q7

Emitter: 0.7v 2.3V

Base: 14V 2.7V

Collector: 24V 11.0V
Q8

Emitter: 2.4V 2.5V

Base: 3.1V 3.3V

Collector: 7.5V 7.5V
Q9

Emitter: 14V 14V

Base: 2.0V 2.0V

Collector: 7.8V 7.8V
Q10

Emitter: 0.0V

Base: 0.0V (N8 = 0)

0.7V (N8 = 1)
Coliector: 8.0V (N8 = 0)
0.0V (N8 = 1)
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TABLE 10.6-3.

10kHz Loop DC Voltage Levels, Continued.

DC Level with VCO

DC Level with VCO

Switch Line = "low" Switch Line = "high"
0) 1]
Emitter: 0.0v 0.0V
Base: 0.0V 0.7V
Collector: 12.0v 0.0V
Q12
Emitter: 0.0v 0.0V
Base: 0.7V 0.7V
Collector: 5.0V 5.0V
U4
Pin 8 12.0V 12.0V
Pin 1 TiIMHz 4,0V
90MHz 4.0V 10.4V
105MHz 10.0V
uUs
Pin 8 5.0V 5.0V
U6
Pin 3 8.0V 8.0V
Pin 4 0.0V 0.0V
Pin 5 0.0V 0.0v
Pin 6 8.0V 8.0V
Pin 10 0.0v 0.0v
Pin 11-18 7.0V (logic "1") 7.0V (logic "0")
1.0V (logic "0") 1.0V (logic "0")
Pin 19 0.0v 0.0v
Pin 20 8.0V 8.0V
Pin 21-4 7.0V (logic "1") 7.0V (logic "1")
1.0V (logic "0") 1.0V (logic "0")
Pin 25 0.0v 0.0v

TABLE 10.64. 10kHz Loop AC Voltage Levels.

(measured with VIVM)

L.O. Output: 1.6V RMS

10) |
Source: 1.2V RMS

Q3
Source: 1.2V RMS

Q7
Base: 0.7V RMS
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FIGURE 10.6-3. 10kHz Loop I/O (View from outside).

programmed for frequencies of 77 - 90MHz. If the
VCO Switch Line is high, then programming should
be for the 90 - 105MHz high-frequency oscillator.

NOTE
Programming of the Synthesizer is described in Sec-
tion 10.6.1.3. Table 10.6~5 summarizes the pro-
gramming requirements and should be used to check
whether the module is programmed with a valid mmber.

3. If steps 1 and 2 do not reveal a problem, then
the signal should be traced around the phase-locked
loop.

Check the output of the +32/33 prescaler at U5,
pin 2. It should be a 5V, peak-to-peak, square
wave. If not, check the DC supply of pin 8 and
the VCO input at pin 3.

If the prescaler output is all right, check to see
that it also appears at U6, pin L.

Check U6, pin 3 for the regulated 8Vdc.

10.6-9

Check U6, pins 4, 5 and 6 to see that the proper
internal reference divide ratio is set. Pins 4
and 5 should be grounded, while pin 6 should equal
8Vdc.

Check U6, pin 9, the dual modulus control line,
to the #32/33 prescaler. This line should be at
8V whenever the prescaler is dividing by 33. It
provides an accurate barometer of input frequency
programming. It is low at the start of a count
cycle, remaining low until the internal +A-Counter
has counted down from its programmed value. At
this time, the line goes high and remains so until
the internal +N-Counter has counted the rest of
its programmed "N" counts.

Figure 10.64 illustrates the waveforms that are
present when the loop is locked.

Since the reference frequency is 10kHz, the length
of each count cycle is 1/10kHz or 100 microseconds.
The length of each count in the cycle is 1074/N
seconds. Therefore, the following can be used
to check that the synthesizer is responding to
its input programming correctly:




If A =0, the control line is always high.

If A =1, the line is low for 104/N seconds, and
high for (N-1) x 104 seconds.

If A =2, the line is low for 2 x 104/N seconds
and high for (N-2) x 10~4 seconds.

"A" can be any number from 0-31.
Check U6, pins 7 and 8. These are the phase detec-

tor outputs that are combined in U4 for the loop
error signal.

When the loop is locked, pins 7 and 8 both remain
high except for a 100 nanosecond pulse at 10kHz

intervals.

If F1,0. is greater than Fref, then pin 8 pulses
low while pin 7 remains high.

If F10./NT is less than Fref, then pin 7 pulses
low while pin 8 remains high.

If the reference frequency is correct (equal to
10kHz), then these lines will show whether the
VCO frequency is higher or lower than its
programmed value.

Check the output of the active filter at U4, pin
1. When the loop is locked, it is a DC voltage
from 4-10V depending on the progranmed VCO fre-
quency. (Low DC voltages correspond to the low
frequencies in each VCO range).

TABLE 10.6-5. 10kHz Loop Programming.

L.O. Output Frequency
Total loop divide ratio

Nt = 32N + A, where: N

MC145152 10 bit N-Counter

[ |

A

Fr,o. = Nr X 10kHz
Np = FL.O./104

binary number programmed into N-Counter

binary

is configured as:

number programmed into A-Counter

MC 145152 "N*" Binary Input
Pin # Value Value From
11 N1 1 input program line
12 N2 2 input program line
13 N3 4 input program line
14 N4 8 input program line
15 N5 16 input program line
16 N6 32 input program line
17 N7 4 input program line
18 N8 128 input program line
19 N9 256 always opposite to N§;
programmed on board
20 N10 512 fixed low (always = 0)

MC145152 6 bit A-Counter is configured as:

MC 145152 "A" Binary Input
Pin # Value | Value From
23 Al 1 input program line
22 A2 Z input program line
22 A3 4 input program line
24 Ad 8 input program line
25 A5 16 input program line
10 Ab 32 fixed low (always = 0)

J

The VCO's are switched at 90MHz, or an N = 9000.
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FIGURE 10.6-5. Component Locations, 10kHz Loop Synthesizer Module, Mé.
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FIGURE 10.6-6. Schematic Diagram - 10kHz Loop Synthesizer Module, Mb.
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TABLE 10.6-6. Parts List, 10kHz Loop Synthesizer, M6, Continued.

CH 275104 Capacitor, Monolithic .1
C55 275104 Capacitor, Monolithic .1
C56 275104 Capacitor, Monolithic .1
C57 275104 Capacitor, Monolithic .1
C58 215104 Capacitor, Monolithic .1
C59 275104 Capacitor, Monolithic .1
Cc60 275104 Capacitor, Monolithic .1
cél 275104 Capacitor, Monolithic .1
C62 275104 Capacitor, Monolithic .1
Cé3 275104 Capacitor, Monolithic .1
Ct4 275104 Capacitor, Monolithic .1
C65 275104 Capacitor, Monolithic .1
C66 210470 Capacitor, Disc NPO 47pF
cer 210270 Capacitor, Disc NPO 27pF
C68 241020 Capacitor, Tantalum 2.2
Cé9 275104 Capacitor, Monolithic .1
C70 275103 Capacitor, Monolithic .01
C71 210102 Capacitor, Disc .001
C72 210102 Capacitor, Disc .001

C73 210102 Capacitor, Disc .001

C74 210102 Capacitor, Disc .001

C175 216102 Capacitor, Disc .001

C76 210102 Capacitor, Disc .001

cn 210102 Capacitor, Disc .001

C178 210102 Capacitor, Disc .001

C79 210102 Capacitor, Disc .001

C80 210102 Capacitor, Disc .001
Ccs8l 210102 Capacitor, Disc .001
c8& 210102 Capacitor, Disc .001

Cc& 210102 Capacitor, Disc .001
C& 210102 Capacitor, Disc .001

C85 241020 Capacitor, Tantalum 2.2
C86 Not Used.

cer Not Used.

c88 275104 Capacitor, Monolithic .1
c8&9 241020 Capacitor, Tantalum 2.2
C9% 210102 Capacitor, Disc .001

D1 320307 Diode, BB8(9

D2 320002 Diode, 1N4143

D3 320002 Diode, 1N4148

D4 320307 Diode, BB809

D5 320005 Diode, PIN BA482

D6 320005 Diode, PIN BA482

D7 320204 Diode, Zener IN751

D8 320226 Diode, Zener IN4099

D9 320226 Diode, Zener 1N4099

L1 490127 Inductor, Variable 9.5T
L2 430030 Inductor, RFC luH

L3 490128 Inductor, Variable 10.5T
L4 430030 Inductor, RFC 1luH

L5 450110 Inductor
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TABLE 10.6-6. Parts List, 10kHz Loop Synthesizer, M6, Continued.

R10
Ril
RI12
R13
R4
R15
R16
R17
R18
R19
R20
R21
R22
R23
R4
R25
R26
R27
R28
R29
R30
R31
R32
R33
R34
R35
R36
R37

490112
490112

310033
310033
310033
310033
310052
310007
310032
310032
310032
310006
310006
310032

113104
113221
113104
113221
113101
113273
113333
113101
113101
113104
113104
113223
113102
113102
113102
113102
113272
113272
113103
113103
113223
113221
113271
113183
113103
113101
113103
113273
113273
113682
113682
113682
113682
113682
113682
113682
113682

Inductor, Variable 2.5T
Inductor, Variable 2.5T

Transistor, FET J310
Transistor, FET J310
Transistor, FET J310
Transistor, FET J310
Transistor, PNP PN2907A
Transistor, PNP 2N3638
Transistor, NPN 2ZN5770
Transistor, NPN 2N5770
Transistor, NPN 2ZN5770
Transistor, NPN ZN3565
Transistor, NPN 2N3565
Transistor, NPN 2N5770

Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film

1/8W 5% 100K
1/8W 5% 220
1/8W 5% 100K
1/8W 5% 220
1/8W 5% 100
1/8W 5% 27K
1/8W 5% 33K
1/8W 5% 100
1/8W 5% 100
1/8W 5% 100K
1/8W 5% 100K
1/8W 5% 22K
1/8W 5% 1K
1/8W 5% 1K
1/8W 5% 1K
1/8W 5% 1K
1/8W 5% 2.7K
1/8W 5% 2.7R
1/8W 5% 10K
1/8W 5% 10K
1/8W 5% 22K
1/8W 5% 220
1/8W 5% 270
1/8W 5% 18K
1/8W 5% 10K
1/8W 5% 100
1/8W 5% 10K
1/8W 5% 27K
1/8W 5% 27K
1/8W 5% 6.8K
1/8W 5% 6.8K
1/8W 5% 6.8K
1/8W 5% 6.8K
1/8W 5% 6.8K
1/8W 5% 6.8K
1/8W 5% 6.8K
1/8W 5% 6 8K
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TABLE 10.6-6. Parts List, 10kHz Loop Synthesizer, M6, Continued.

R38 113682 Resistor, Film 1/8W 5% 6.8K
R39 113682 Resistor, Film 1/8W 5% 6.8K
R40 113682 Resistor, Film 1/8W 5% 6.8K
R41 113222 Resistor, Film 1/8W 5% 2.2K
R42 113223 Resistor, Film 1/8W 5% 22K
R43 113223 Resistor, Film 1/8W 5% 22K
R44 113223 Resistor, Film 1/8W 5% 22K
R45 113223 Resistor, Film 1/8W 5% 22K
R46 113223 Resistor, Film 1/8W 5% 22K
R47 113223 Resistor, Film 1/8W 5% 22K
R48 113223 Resistor, Film 1/8W 5% 22K
R49 113223 Resistor, Film 1/8W 5% 22K
R50 113223 resistor, Film 1/8W 5% 22K
R51 113223 Resistor, Film 1/8W 5% 22K
R52 113223 Resistor, Film 1/8W 5% 22K
R53 113103 Resistor, Film 1/8W 5% 10K
R54 113151 Resistor, Film 1/8W 5% 150
R55 113472 Resistor, Film 1/8W 5% 4.7TK
R56 113682 Resistor, Film 1/8W 5% 6.8K
R57 113682 Resistor, Film 1/8W 5% 6.8K
R58 113223 Resistor, Film 1/8W 5% 22K
R59 113472 Resistor, Film 1/8W 5% 4.7K
R6&0 113473 Resistor, Film 1/8W 5% 47K
R61 113103 Resistor, Film 1/8W 5% 10K
R62 113103 Resistor, Film 1/8W 5% 10K
R63 113220 Resistor, Film 1/8W 5% 22
R6&4 113273 Resistor, Film 1/8W 5% 27K
R65 113103 Resistor, Film 1/8W 5% 10K
R66 Not Used,

R67 Not Used.

R68 113101 Resistor, Film 1/8W 5% 100
T1 491301 Transformer 4:1

T2 491301 Transformer 4:1

Ul 330018 IC, 78L08

U2 330018 IC, 78L.08

U3 330025 IC, 78L05

U4 330019 IC, RC1458CP-1

U5 330105 IC, MC12015P

U6 330084 IC, MC145152P

NOTE: Unless otherwise specified, capacitance is in microfarads and
resistance is in ohms,

10.6-18




10.7 RF FILTER & SWITCHING MODULE, M7
The M7 module contains the following circuits:

- RF Low-pass Filters

- T/R Relay

- VSWR Bridge & Meter Circuit

- Receive RF Attenuator

-  CW Oscillator

-  Transmit Inhibit Switch

- Receive High-pass Filter

All circuitry is contained on PCB 735102 which is
mounted on the bottom of the transceiver, underneath
the M1 and M2 modules.

10.7.1 TECHNICAL DESCRIPTION

10.7.1.1 MODULE INTERCONNECTIONS

RF Connections

a) Antenna Input/Output. RF to/from antenna con-
nector on rear panel. PCB pins are on left front
of board.

b) Channel Frequency Input. 100W unfiltered trans-
mit signal at channel frequency from M10. RCB pins
at left rear of board.

c) Channel Frequency Output. Receive output to
M4 after low-pass and high-pass filtering. PCB
pin at left front of board.

DC/Audio Connections

Jl
Pins 2-7. Control lines for external equipment's
filters. Low signal indicates "in-band" fiiter

while "out-of-band" filter lines are +12Vdc.
J2

Pins 1, 2. +12Vdc.
Pin 3. Ground.
Pin 4. Spare. (Except on transceivers without

M9YMP boards having remote control circuitry: includes
all 10 channel "S" models. These transceivers have
J2, pin 4, going to EXT AMP PTT control line.)

Pins 5-7. RF Filter select lines from M9. BCD
code lines: "high" = "1."

B3

Pins 14. PTT line.

Pin 5. MIR - ; goes to "-" meter terminal.
Pin 6. MTR + ; goes to "+" meter terminal.
Pins 7, 8. ALC line.

Pins 9-11. AGC line.

Pin 12. Ground.

A

Pin 1. Receive RF Attenuator control line. Ground

to put 12dB attenuator "in-circuit," open otherwise.
Pins 2-6. T+,
Pins 7-12. R+

10.7-1

J5

Pin 1. Transmit control line from MJMP. "High"
to inhibit transmit, "Low" otherwise.

Pin 2. M3 T+ T+ voltage to M3; controlled by
"Transmit Inhibit" line.

J6

Pins 1-9. +12Vdc.

Pin 10. CW key from front panel CW jack. Ground
keys the CW circuit.

Pin 11. CW Microphone. CW audio input to Ml.
Pin 12. CW Sidetone. Sidetone audio input to Ml.

10.7.1.2 CIRCUIT DESCRIPTION - RF FILTERS
The RF filters are used to provide a high degree
of attenuation to the transmitter harmonics and
also attenuate out of band signals in the receive
mode. A series of six low pass filters is used
dividing the frequency range as follows:

Filter #1 1.6-3.0MHz
Filter #2 3.0-5.0MHz
Filter #3 5.0-8.0MHz
Filter # 8.0-13.0MHz
Filter #  13.0-20.0MHz

Filter #  20.0-30.0MHz

The filters are elliptical function filters designed
for rapid roll off above the cutoff frequency and
.011dB ripple in the passband. The filters are
selected by SPDT relays at the input and output
of each filter. The unused filters are grounded
and leakage around the filters is held at a very
low level.

An additional 7 pole high pass filter is used in
the receive mode only. This filter has a cutoff
frequency of 1600kHz and provides a high degree
of attenuation to signals in the broadcast band.
D13 and D14 provide protection against transients
to the receive input.

10.7.1.3 CIRCUIT DESCRIPTION - FILTER
SWITCHING

The filters are selected by the relays K2-K13.
Each pair of relays is switched by a Darlington
transistor Q1-Q6. These transistors are controlled
by the CMOS decoder Ul. The control is derived
from three lines on the programming board desig-
nated SYN A, SYN B, SYNC. The control code is
as follows in Table 10.7-1.



10.7.1.4 CIRCUIT DESCRIPTION - 12dB FRONT

END ATTENUATOR (Optional)
R51, R5¢, and R55 are configured as a 12dB attenu-
ator which can be switched in the receiver front
end by relay K14, if it is desired to improve the
IMD performance of the receiver. K14 is controlled
by a front panel switch whenever this option is
installed in the transceiver.

10.7.1.5 TRANSMIT INHIBIT

Q14 is a PNP transistor used to switch off the T+
line to the M3 module whenever the microprocessor
is awake and running. This effectively prevents
the transmitter from working during this titne and
possibly putting out spurious signals. Ql4is con-
trolled by the "Tx Inhibit" line from M9 which pro-
vides a high output during the inhibit period.

10.7.1.6 CIRCUIT DESCRIPTION - VSWR
BRIDGE & METERING

The VSWR bridge is in the antenna output lead.
L23 provides the current arm of the bridge and R13
and R14 are the voltage arm. D16 rectifies the
forward output of the bridge which is applied to
the ALC control circuits on M2. R16 sets the
threshold level for the ALC. When the antenna is
correctly matched, there is no output from D15,
the reverse arm of the bridge. As the VSWR rises,
a voltage is applied to the ALC circuit through
R19 and D19. This limits the power output when the
antenna is mismatched and protects the final amplifier
transistor. The network C70, R15 D17 compensates
for the reduced output of the bridge at the high end
of the frequency range. In the receive mode, the

front panel meter reads the relative received signal
strength. In the transmit mode, the meter reads
the output from the forward arm of the bridge. An
alternate connection is provided so that the meter
will read relative reflected power.

10.7.1.7 CIRCUIT DESCRIPTION - SWITCHING
The DPDT relay K1, controlled by the PIT line,
switches the output from the RF filters to the power
amplifier or the receiver input via the high pass
filter. The other pole is used to provide R+ and
T+ DC voltages for the transceiver. Three separate
+12 volt supply lines are used in the transceiver:
+12V common, +12V transmit, +12V receive. These
three supply lines control the appropriate circuitry
in all of the modules. Pins are provided on the
FCB to connect an optional high-speed switching board
when system usage dictates it. This option will
allow electronic transmit-receive switching whenever
increased speed is necessary.

10.7.1.8 CIRCUIT DESCRIPTION - AMPLIFIER
CONTROL

The transceiver is designed for simple interface
with all the TRANSWORID amplifiers. These am
plifiers use the same filter ranges as the trans~
ceiver and outputs are provided to the accessory
socket from the filter switching transistors Q1-Q6.
When the amplifier is correctly interfaced, the
amplifier filters will switch automatically when
the transceiver channel switch is turned. The am-
plifier on/off switching is controlled by the PIT
switch. (D2 and D3 form an AND switch to prevent
interaction between the transceiver and the ampli-
fier - only on 10-channel "S" modules and MP's with-
out remote control.)

TABLE 10.7-1. Control Codes.

FILTER RANGE SYN A SYN B SYN C
1.6 - 3.0MHz High Low High
3.0 - 5.0MHz High Low Low
5.0 - 8.0MHz Low High High
8.0 - 13.0MHz Low High Low
13.0 - 20.0Mf1z Low Low High

20.0 - 30.0MHz Low Low Low
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10.7.1.9 CIRCUIT DESCRIPTION - RECEIVER
S METER

The front panel meter reads the voltage on the AGC
line and gives a relative indication of received sig-
nal strength. The AGC voltage is approximately 3.5V
with no signal and decreases with increased signal
strength. A bridge circuit is used to give a forward
reading meter. The AGC voltage is applied to the
base of the emitter follower Q0. This stage has
a high impedance input and prevents the meter from
loading the circuit. The voltage across the meter
is adjusted to be equal in both arms of the bridge
and the meter reads zero with no signal. The voltage
on the emitter of Q10 drops as the AGC voltage de-
creases (with increasing signal strength). This
unbalances the bridge and the meter reading increases.
D20, D21 and R29 provide compensation for the
nonlinear characteristics of the AGC voltage. Ql1
is a switch that grounds the negative side of the
meter in the transmit mode, causing the meter to read
forward power. DZ3, D4 and D25 prevent the re-
sidual voltage on the R+ line from causing a meter
reading in the transmit mode.

10.7.1.10 CW OSCILLATOR

The transceiver CW oscillator is incorporated in the
M7 PCB. Operational amplifier U2 is configured as
a bridge-type oscillator generating a 1lkHz audio
tone. Q12 is a switch that is normalily on and shunts
the audio output to ground. When the oscillator is
keyed (ground applied at J6-10), Q12 is turned off
and the 1kilz tone is delivered to this microphone
input in the M1 module through R48. The audio is
also provided through R49 to Ml for use as a side
tone signal.

Keying the oscillator also turns on QI3 which
grounds the PIT line and keys the transmitter. C%0
provides the time constant which allows approximately
a 0.8 second interval between oscillator unkeying
and transmitter unkeying.

10.7.2 ADJUSTMENT PROCEDURE

AIC - R16, the ALC threshold adjustment, is used to
limit the power output to any desired level. If
maximum power output is desired, select an operating
frequency below 10MHz. The transceiver should be
connected to a 50 ohm load and the output monitored
by an oscilloscope. Speak into the microphone and
carefully adjust R16 until there is no evidence of
peak flattening on speech peaks. This will result
in a power output of close to 150W PEP through much
of the frequency range. The power amplifier output
will be automatically reduced to approximately 100W
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at the high end of the operating range by the network
C170, R15, D17 which automatically compensates for
the reduced efficiency of the transistors in the
final amplifier. If it is necessary to limit the
power output to 100W (or any other specified power
level) use a two-tone test signal at the microphone
input and adjust the ALC for a power output reading
of 100W PEP. Refer to Section 84.1 for information
on power measurement. It is most desirable to check
the transceiver using an oscilloscope to ensure the
amplifier is not peak flattening. Inaccuracies in
SSB power measurement may often result in incorrect
AIC adjustment and the most important consideration
is to prevent peak flattening, which can cause severe
interference on adjacent channels.

S Meter - Adjust the signal generator to the center
of the receiver passband at an output level of 100uV.
Adjust R31 so the meter reads half scale.

Filter Alignment - The output filters are aligned
in the factory and should not require adjustment
during the service life of the transceiver. If a
filter inductor is damaged and replaced, it may be
necessary to check the filter operation. This does
require the use of a return loss bridge and signal
generator. The equipment is connected as shown in
Figure 10.7-1.

NOTE
The PTIT Line must be closed so that the module is
in the transmit mode. Select the desired filter,
using the channel switch or by grounding the acces-
sory connector output for the desire filter (FL1

- FLb).

The filter must be adjusted by changing the spacing
of wires on the three inductors so that the return
loss is less than 20dB over the operating range of
the filter. Change each inductor wire spacing only
a small amount and check the filter performance
after each change. This procedure may have to be
repeated many times as there is considerable inter-
action in the adjustment of the inductors. It will
be noted that no measurements are made of the for-
ward power loss through the filter. This has
already been optimized in the filter design and
component selection. If the filter is adjusted for
minimum return loss, the forward power losses will
be minimized. The importance of minimizing return
loss cannot be over emphasized. As the return loss
increases, the mismatch to the amplifier increases
and the amplifier will not deliver the rated power
output. It is quite possible for a filter to show
quite low insertion loss, yet provide a severe
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mismatch to the transmitter and this is the reason
for using the return loss of the filter which gives
a direct measure of the mismatch to the power ampli-
fier.

The elliptical function filters provide a much faster
rate of attenuation after cutoff than the Butterwarth
or Chebishev filters. The parallel capacitor across
the three inductors provide rejection notches at the
resonant frequency and the filter is designed so that
these notches appear in the filter stopband. The
most important rejection notch is that one closest
to the cutoff frequency of the filter. This rejec-
tion notch is controlled by the center inductor and
parallel capacitor. This makes the adjustment of
this inductor most critical and adjustment at maximum
inductance (close turns spacing) will ensure best
harmonic attenuation at the low frequencies in the
operating range of the filter.

10.7.3 VOLTAGE CHART
Table 10.7-1 defines the relevant voltages for the
RF Filter & Switching Module, M7.

10.7.4 SERVICING

The filters will not require adjustment unless physical
damage occurs. Component failure is usually self-
evident as the transmitter will cause defective com-
ponents to overheat. Incorrect filter performance
is usually indicated by failure of the transceiver
to make normal power output on one filter range.

Filter Alignment.

The operation of the filter selection relays can
be checked by measuring DC continuity through the
filter in the transmit mode. Do note that L24
provides a low resistance to ground.

The operation of K1, the antenna switching relay,
can be checked by making a DC continuity check of
the receive and transmit signal paths.

The filter selection should be checked by measuring
the collector voltage on Q1 - Q6. The operational
filter should read low and all other filters should
indicate 12V, If the filter switching is not op-
erating correctly, check the coding information fram
the Channelizing Module, the operation of the decoder
Ul, and the switching transistors Q1 ~ Q6.

The VSWR bridge and ALC control circuitry will
seldom require servicing. The operation of the
bridge may be checked by connecting the trarsceiver
to a 50 ohm load and changing the positive lead fram
the meter from "Forward Power”" to "Reflected Power'.
The meter should show zero or only a small residual
reading at full power output. If the bridge appears
unbalanced, check all diodes and the resistance val-
ues. If L23 is replaced, the polarity of the
windings must be observed or the forward and reverse
arms of the bridge will be reversed.
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TABLE 10.7-2. Voltage Chart, RF Filter & Switching Module, M7.

Non Operating Filters

Operating Filters

Q1 Emitter: OV
Base: ov 14V
Collector: 12.0V 1.0V
Q2 Emitter: 0V
Base: ov 14V
Collector: 12.0V 1.0V
Q3 Emitter: OV
Base: ov 14V
Collector: 12.0V 1.0V
4 Emitter: OV
Base: ov 14V
Collector: 12.0V 1.0V
Q5 Emitter: 0V
Base: ov 14V
Collector: 12.0V 1.0V
Q6 Emitter: OV
Base: ov 14V
Collector: 12.0V 1.0V
Receive Transmit
Qr Emitter: OV
Base: 0.0V 0.7V
Collector: HIGH LOW
Q10 Emitter: 0-3.3V 0-3.3V
Base: 0-4.0V 04.0V
Collector: 12.0V 12.0V
Q11 Emitter: 0.0v 0.0V
Base: 0.0V 0.7V
Collector: 0-3.3V 0.0V
Q12 Emitter: 0.0V 0.0V
Base: 0.7V 0.0V {CW mode)
Collector: 0.0V HIGH
Q13 Emitter: 11.0v 0.0V
Base: 11.0V 0.0V
Collector: 0.0v 0.0V
Qu14 Emitter: 0.0v 12.0V
Base: 0.0V 0.0V,
( 12V, inhibit)
Collector: 0.0v 12.0V,

(0.0V, inhibit)
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TABLE 10.7-2.

Voltage Chart, Continued.

Receive Transmit
Q15 Emitter: 0.0V 0.0v
Base: 0.0v 0.7V
Collector: 12.0v 0.0v
Ul Pin 1 12.0V 3.0-5.0MH z
Pin 2 12.0V 8.0-13.0MHz
Pin 3 12.0V 20,0-30.0MHz
Pin 6 12.0v 1.6-2.0MHz
Pin 10 Refer to 10.7.2 High = 12V, Low = 0V
Pin 11 0.0V
Pin 12 Refer to 10.7.2 High = 12V, Low = 0V
Pin 13 Refer to 10.7.2 High = 12V, Low = 0V
Pin 14 12.0Vv 13.0-20.0MHz
Pin 15 12.0V 5.0-8.0MHz
Pin 16 12.0V
(Pins 1, 2, 3, 14 and 150V when filter is not switched.)
U2 Pin 1 6.0V Pin 5 0.0v
Pin 2 6.0V Pin 6 0.0v
Pin 3 6.0V Pin 7 10.5V
Pin 4 0.0v Pin 8 11.0vV
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TABLE 10.7-3.

Parts List, RF Filter & Switching Module, M7.

Cl
C2
C3
C4
C5
Cb

~

C7

C8

C9

C10
Cl
Cl12
C13
Cl4
Cl5
Cl6
Cl7
C18
C19

Cczl
C22
C23
CH
C25
C26
cz27
C28
C29
C30
C31
C32
C33
Cx4
C35
C36
C37
C38
C39
C40
C4l
C42
C43
C44
C45
C46
C47
C4
C49
C50
C51
Ch52
C53

224751
224131
224132
224621
224132
224501
224501
224471
220820
224821
224391
224751
224301
224301
224271
220470
224501
224241
224471
224181
224181
224181
220300
224331
224131
224301
224111
224111
224111
220200
224221
220910
224201
220680
220680
220750
220120
224131
220620
224111
220470
220470
214103
214103
214103
214103
214103
214103
214103
214103
214103
214103
214103

Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,

Mica DM19 750pF
Mica DMI19 130pF
Mica DM19 1300pF
Mica DM19 620pF
Mica DM19 1300pF
Mica DM19 500pF
Mica DM19 500pF
Mica DM19 470pF
Mica DM15 &2pF
Mica DM19 820pF
Mica DM19 390pF
Mica DM19 750pF
Mica DM19 300pF
Mica DM19 300pF
Mica DMI19 270pF
Mica DM15 47TpF
Mica DM19 500pF
Mica DM19 240pF
Mica DM19 470pF
Mica DM19 180pF
Mica DM19 180pF
Mica DM19 180pF
Mica DM15 30pF
Mica DM19 330pF
Mica DM19 130pF
Mica DM19 300pF
Mica DMI19 110pF
Mica DM19 110pF
Mica DM19 110pF
Mica DM15 20pF
Mica DMI19 220pF
Mica DM15 91pF
Mica DM19 200pF
Mica DM15 68pF
Mica DM15 68pF
Mica DM15 75pF
Mica DM15 12p¥
Mica DM19 130pF
Mica DM15 62pF
Mica DM19 110pF
Mica DM15 47pF
Mica DM15 47pF

Capacitor, Disc .01

Capacitor, Disc
Capacitor, Disc
Capacitor, Disc
Capacitor, Disc
Capacitor, Disc
Capacitor, Disc
Capacitor, Disc
Capacitor, Disc
Capacitor, Disc
Capacitor, Disc

01
01
01
.01
01
.01
.01
01
01
.01
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TABLE 10.7-3. Parts List, RF Filter & Switching Module, M7, Continued.

CHx
C55
C56
C57
C58
c59
Ceo
Cé6l
Cé2
Ce63
Cta
Co65
C66
Ceo7
C68
C69
C70
C71
C72
C73
C74
C75
C176
cm
C78
Cc79
C80
Cs8l
c82
c83
cs
C85
C86
C87
C88
C89
C9%0
Ca
C92
C93
CH
C95

D1
D2
D3
D4
D5
D6
D7
D8
D9
D10

214103
214103
214103
214103
214103
214103
214103
214103
214103
214103
230202
214103
241020
224132
224132
24132
210010
214103
214103
214103
210102
214103
241020
214103
214103
214103
214103
214103
214103
275104
241100
275103
275103
275104
241010
241476
241020
275103
241100
275104
214103
275104

320102
320002
320002
320002
320002
320002
320002
320002
320002
320005

Capacitor, Disc .01
Capacitor, Disc .01 .
Capacitor, Disc .01
Capacitor, Disc .01
Capacitor, Disc .01
Capacitor, Disc .01
Capacitor, Disc .01
Capacitor, Disc .01
Capacitor, Disc .01
Capacitor, Disc .01

Capacitor, Electrolytic 16V 2000

Capacitor, Disc .01
Capacitor, Tantalum 2.2
Capacitor, Mica DM19 1300pF
Capacitor, Mica DM19 1300pF
Capacitor, Mica DM19 1300pF
Capacitor, Disc NPO 1pF
Capacitor, Disc .01
Capacitor, Disc .01
Capacitor, Disc .01
Capacitor, Disc .001
Capacitor, Disc .01
Capacitor, Tantalum 2.2
Capacitor, Disc .01
Capacitor, Disc .01
Capacitor, Disc .01
Capacitor, Disc .01
Capacitor, Disc .01
Capacitor, Disc .01
Capacitor, Monolithic 50V .1
Capacitor, Tantalum 10
Capacitor, Monolithic 50V .01
Capacitor, Monolithic 50V .01
Capacitor, Monolithic 50V .1
Capacitor, Tantalum 1
Capacitor, Tantalum 47
Capacitor, Tantalum 2.2
Capacitor, Monolithic 50V .01
Capacitor, Tantalum 10
Capacitor, Monolithic 50V .1
Capacitor, Disc 01
Capacitor, Monolithic 50V .1

Diode, 1IN4001
Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, IN4148
Diode, 1N4148
Diode, PIN BA482
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TABLE 10.7-3. Parts List, RF Filter & Switching Module, M7, Continued.

D11 320002 Diode, 1N4148
D12 320202 Diode, Zener IN756
D13 320002 Diode, 1N4148
Dl4 320002 Diode, 1N4148
D15 320002 Diode, 1N4148
D16 320002 Diode, IN4148
D17 320002 Diode, 1N4148
D18 320002 Diode, 1N4148
D19 320002 Diode, 1N4148
D20 320002 Diode, 1N4148
D21 320002 Diode, 1N4148
D22 320002 Diode, 1N4148
D23 320002 Diode, 1N4148
D24 320002 Diode, 1N4148
D25 320002 Diode, 1N4148
D26 320202 Diode, Zener IN756
D27 320002 Diode, 1N4148
D28 320002 Diode, 1N4148
D29 320204 Diode, Zener IN751
D30 320002 Diode, 1N4148
D31 320002 Diode, 1N4148
D32 320002 Diode, 1N4148
Ds1 390007 Lamp, 10V 14mA
K1 540008 Relay, DPDT 12V
K2 540009 Relay, SPDT 12V
K3 540009 Relay, SPDT 12V
K4 540009 Relay, SPDT 12V
K5 540009 Relay, SPDT 12V
Ké6 540009 Relay, SPDT 12V
K7 540009 Relay, SPDT 12V
K8 540009 Relay, SPDT 12V
K9 540009 Relay, SPDT 12V
K10 540009 Relay, SPDT 12V
K1 540009 Relay, SPOT 12V
K12 540009 Relay, SPDT 12V
K13 540009 Relay, SPDT 12V
K14 540020 Relay, DPDT 12V
L1 451115 Inductor, Toroid
L2 451117 Inductor, Toroid
L3 451117 Inductor, Toroid
14 451147 Inductor, Toroid
L5 451119 Inductor, Toroid
L6 451119 Inductor, Toroid
L7 451120 Inductor, Toroid
L8 451122 Inductor, Toroid
L9 451122 Inductor, Toroid
L10 451123 Inductor, Toroid
L1l 451124 Inductor, Toroid
L1z 451124 Inductor, Toroid
1.13 451126 Inductor, Toroid
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TABLE 10.7-3.

Parts List, RF Filter & Switching Module, M7, Continued.

Ll4
L15
L16
L1v
L18
L19
L20
Lz1
L22
L23
L24

Q1
Q2
Q3
Q4
Q5
Q6
Q7
Q8
Q9

Q10

Qi1

QI12
Q13
Ql4
Q15

R1
R2
R3
R4
R5
R6
R7
R8
R9

R10

R11

R12
R13
R14
R15
R16
R17
R18
RI9
R20

R21

R22

R23

R24
R25

451127
451127
451128
451129
451129
430020
430019
430019
430020
451130
430002

310064
310064
310064
310064
310064
310064
310057
310057
310057
310006
310006
310003
310060
310052
310003

124152
124152
124152
124152
124152
124152
124273
124222
124103
124470
124270
124270
144562
124331
124271
170110
124222
124123

124222
124103
124103
124103
124103
124103

Inductor, Toroid
Inductor, Toroid
Inductor, Toroid
Inductor, Toroid
Inductor, Toroid
Inductor, Fixed 3.9uH
Inductor, Fixed 2.2uH
Inductor, Fixed 2.2uH
Inductor, Fixed 3.9uH
Inductor, Toroid
Inductor, Fixed 200uH

Transistor, 2N6427
Transistor, 2N6427
Transistor, 2N6427
Transistor, 2N6427
Transistor, 2N6427
Transistor, 2N6427
Transistor, NPN PN2222A
Transistor, NPN PN2222A
Transistor, NPN PN2222A
Transistor, NPN 2N3565
Transistor, NPN 2N3565
Transistor, NPN 2N3567
Transistor, MPSD4
Transistor, PNP PN290TA
Transistor, NPN 2N3567

Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film

1/4W 5%
1/4W 5%
1/4W 5%
1/4W 5%
1/4W 5%
1/4W 5%
1/4W 5% 27K

1/4W 5% 2.2K

1/4W 5% 10K

1/4W 5% 47

1/4W 5% 27

1/4W 5% 27

Flameproof 1IW 5% 5,6K
1/4W 5% 330

1/4W 5% 270

Resistor, Trimmer 500

Resistor, Film
Resistor, Film
Not Used.

Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film

1/4W 5% 2.2K
1/4W 5% 12K

1/4W 5% 2.2K
1/4W 5% 10K
1/4W 5% 10K
1/4W 5% 10K
1/4W 5% 10K
1/4W 5% 10K
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TABLE 10.7-3.

Parts List, RF Filter & Switching Module, M7, Continued.

R26 124103 Resistor, Filin 1/4W 5% 10K
RrR27 124102 Resistor, Film 1/4W 5% 1K
R28 124682 Resistor, Film 1/4W 5% 6.8K
R29 124083 Resistor, Film 1/4W 5% 68K
R30 124222 Resistor, Film 1/4W 5% 2.2K
R31 170110 Resistor, Trimmer 500

R32 124821 Resistor, Film 1/4W 5% 820
R33 124102 Resistor, Film 1/4W 5% 1K
R34 124103 Resistor, Film 1/4W 5% 10K
R35 124102 Resistor, Film 1/4W 5% 1K
R36 124103 Resistor, Film 1/4W 5% 10K
R37 Not Used.

R38 Not Used.

R39 Not Used.

R40 124152 Resistor, Film 1/4W 5% 1.5K
R4l 124103 Resistor, Film 1/4W 5% 10K
R42 124103 Resistor, Film 1/4W 5% 10K
R43 124221 Resistor, Film 1/4W 5% 220
R44 124224 Resistor, Film 1/4W 5% 220
R45 124104 Resistor, Film 1/4W 5% 100K
R46 124102 Resistor, Film 1/4W 5% 1K
R47 124391 Resistor, Film 1/4W 5% 390
R48 124222 Resistor, Film 1/4W 5% 2.2K
R49 124473 Resistor, Film 1/4W 5% 47K
R50 124104 Resistor, Film 1/4W 5% 100K
R51 124750 Resistor, Film 1/4W 5% 75
R52 124750 Resistor, Film 1/4W 5% 75
R53 124682 Resistor, Film 1/4W 5% 6.8K
R¥4 Not Used.

R55 124101 Resistor, Film 1/4W 5% 1K
R56 124152 Resistor, Film 1/4W 5% 1.5K
Ul 330082 IC, MC14028BCP

U2 330019 IC, RC1458CP-1

NOTE: Unless otherwise specified, capacitance is in microfarads and
resistance is in ohms.
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10.8 12V REGULATOR MODULE, M8

10.8.1 CIRCUIT DESCRIPTION

Module M8 is a voltage regulator designed to provide
a nominal 12V *10% regulated for the low voltage
circuits. Because the line voltage may drop below
12V, the regulator is designed for low voltage drop,
approximately 0.4V.

Refer to the regulator schematic, Figure 10.8-2.
Starting at Q10, the voltage is applied to the emit-
ter. The output {(collector of Q10) will be low.
The base of {12 will be pulled down thruR12. Q12
turns on and supplies a voltage to Ql1 which turns
on and pulls base of Q10 low turning on Q10. As
Q10 comes on the voltage at divider R1l, R12 raises
thus starting to turn Q12 off. At approximately
4.6 volts at the divider, equilibrium is reached
and the supply stabilizes. R4 is provided to sink
some current out of Q12 which improves the voltage
regulation versus output current.

TABLE 10.8-1.

A four ampere fuse protects the low power circuits
and the regulator in the event of a short circuit
on the +12V regulated line.

10.8.2 ADJUSTMENT PROCEDURE
There are no adjustments for the 12V Regulator
Module.

10.8.3 SPECIFICATIONS
Table 10.8-1 lists the specifications for the 12V
Regulator Module, M8.

10.84 VOLTAGE CHART
Table 10.8-2 defines the relevant voltages for
the 12V Regulator Module.

10.8.5 SERVICING

Component failure can be diagnosed by using a volt-
meter and measuring the voltages in the circuit.
A troubleshooting chart, Table 10.8-3 is provided
to aid in troubleshooting the unit.

Specifications, 12V Regulator Module, M8

Voltage Input:

12-20vVdc
12Vdc 0.5V

Voltage Output:

Current Output: 4A maximum

TABLE 10.8-2. Voltage Chart, 12V Regulator Module, M8.

Ul0 IN: 20.0v
OUT: 5.0V
GND: 0.0V
Q10 Emitter: 20.0v
Base: 19.3V
Collector: 12.0V
Q11 Emitter: 0.1v
Base: 0.7V
Collector: 19.4V
Q12 Emitter: 5.0V
Base: 4.6V
Collector: 0.7V
NOTE

Voltages made with internal AC supply at 115Vac in or 230Vac in. With DC supply set
at 20Vdc input for measurements. Unit in receive with squelch closed.
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TABLE 10.8-3.

Troubleshooting Chart.

PROBLEM SYMPTOM I CURE
No Output No voltage at F3: ' DC fuse or AC fuse open
No voltage at Q10 :
Emitter: Check F3
No voltage at QIO
Collector: Check Q10 open
. Check UlO has 5V
" Check Q12 supplying Q11
Base
‘ Check Q11 and RI13
Output Q10 Base low, greater
voltage same than 1.0V below Q10 defective
as input Emitter R10 open
Q12 Collector Volt
high: Check U0 5V
Check RI11/R12 divider
Check Q12 ,
Q11 Collector low &
5 Base Low: Check RI10 ‘
Check Q11 is OK J
1
Output Q11 Base sags: Rl4 open or wrong value

voltage sags

High current

[—

Ql1 Base high: 1

Q12 in backwards or low Beta

Input voltage at Q10
Emitter sagging
Q10 Beta low
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FIGURE 10.8-1. Component Locations, 12V Regulator Module, M8.
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FIGURE 10.8-2. Schematic Diagram - 12V Regulator Module, M8.
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TABLE 10.84. Parts List, 12V Regulator Module, M8.

C10 231100 Capacitor, Electrolytic 16V 10
Clia 231222 Capacitor, Electrolytic 2200
CliB 231222 Capacitor, Electrolytic 2
CliC 231222 Capacitor, Electrolytic 2200
ClIb 231222 Capacitor, Electrolytic 2200
Cl2 214103 Capacitor, Disc .01
C13 241020 Capacitor, Tantalum 2.2
F3 550005 Fuse 3AG 5A
Q10 310068 Transistor, TIP36A
Q11 310023 Transistor, NPN TIP3l
Q12 310007 Transistor, PNP 2N3638
R10 124103 Resistor, Film 1/4W 5% 10K
R11 124682 Resistor, Film 1/4W 5% 6.8K
R12 124392 Resistor, Film 1/4W 5% 3.9K
R13 134220 Resistor, Film 1/2W 5% 22
R14 124471 Resistor, Film 1/4W 5% 470
U10 330025 IC, 78L05
BR-1* 320501 Diode Bridge
Cl* 230653 Capacitor, Electrolytic 25V 65000
D1* 320209 Diode Zener IN6279A
Fl1* 550003 Fuse 3AG 3A (115V)

550018 Fuse 3AG 1.5A (230V)
Fox 550010 Fuse 20A
Swix 530203 Switch, Power
T1* 410026 Transformer, 115/230 14.5V

*Part located on chassis.

NOTE: Jnless otherwise specified, capacitance is in microfarads and resistance
is in ohms.
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10.9 FREQUENCY CONTROL MODULE
(M9MP)

10.9.1 GENERAL

The MSMP or CPU module is a microprocessor and
associated components that perform the various
control functions within the transceiver. These
include the basic tuning of the synthesizers,
harmonic filter selection; and optionally, inter-
face with the selective calling module, antenna
tuner, and remote control circuits. The module
is also resonsible for the liquid crystal display
(LCD), and for teh scanning of 16 panel keys.

The circuitry of the M9 is almost all CMOS, low
current drain devices. Brief descriptions of the

different chips and their funcitons appear in
Table 10.9-1.

10.9.2 CIRCUIT DESCRIPTION

10.9.2.1 CPU PORT FUNCTIONS

The circuit is based around the 80C39 micropro-
cessor (CPU). the CPU has 27 input/output lines
(I/O) for communication with the rest of the cir-
cuit. These take teh form of three (3) 8-bit
ports, two 1-bit I/O lines, and an interrupt (INT)
line. ONe of the 8-bit ports is called the bus
portt and performs two functions in this sytem.
First, it acts as the port for transfer of dat
between the CPU and the other devices on the bus.
Second, it is time-multiplexed with the lower 8
bits of the internal address bus such that the
external latch, U2, latches those address bits at
teh proper time in conjunction with the Address
Latcch Enable (ALE) signal. The data bus port
consists of pins 12 through 19 of Ul, and ALE is
pin 11.

The other ports are split among the various other
communications requirementsin the system. Some
of the port bits are actually performing more than
one function. These ports are designated as port
1 and port 2 and are pins 27 through 34, and pins
21 through 24 and pins 35 through 38, respectively.

The lower three bits of port 2 serve as the three
most significant address lines. This is their
only function. P23 is located at pin 24 of the
CPU, and its dedicated function is to input the
selective call "Preamble detect" line to the CPU.

The four higher order bits of port 2, pins 35 to
38, form a serial output port which drives both
the interface to the transceiver and the LCD
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module, M12. Pin 35, or P4, serves only as a
clock for the transceiver interface shift regis-
ters, U5 through U9. Ul0is a quad level shifter
which turns the 5 Volt levels coming out of the
CPU to the 8,7 Volt levels required by the inter-
face.

P25, or pin 36, is the latch strobe signal for
the shift registers, and also goes through the
level shifter. When this signal goes to a high
level, the data which has been shifted into the
interface will appear at the outputs. It also
serves as the driving level for the receiver mute
transistor, Q2. This transistor conducts to
ground when the latch line is high, and mutes the
receiver audio while the CPU isrunning. When the
CPU does not detect a button being pressed, this
line should fall to a low state.

P2, or pin 37, is the clock for the display
interface,and only changes state when the display
is updated. It is a 5V level. P27, or pin 33,
serves as the data line in both the transceiver
and display interfaces. It also doubles as a
"ScanEnable" line which goes to a high level when
the scan mode is entered. This enables wake-up
interrupts to be generated by Ul2, the low-speed
timing generator.

The main use of port 1 is in scanning (polling)
the keyboard to see if a key has been pressed.
The keyboard (and auxiliary keys in the case of
the commercial type) is essentially a four-by-four
matrix arrangement so that a key closure causes
two of the lines to be shorted. The columns are
connected to P10 through P13, and the rows are
connected to Pl4 through P17.

Some of the keypad column lines also double as
other functions when the keyboard is not being
polled. P13 is connected through an isolation
diode to the open collector of a transistor, which
is driven in turn by T+. The transistor conducts
when the transceiver is in the transmit mode.
P12 is connected through another isolation diode
with the selective call alarm line. This signal
goes low for about 2seconds when a correct selec~
tive call has been received.

The two other I/O lines, TO and T1, at pins 1
and 39, respectively, serve to enable or disable
the two lockout modes in the transceiver. TI,
when shorted to ground either by the DIP switch
or by insertion of the proper IC, disables the
entry of frequencies in any channel other than



TABLE 10.9-1. M9 Semiconductors.

.Ul -»=» -~ 80C39 Microprocessor - - - - - - -CPU :

2. U2 ----- 741.8373 Octal latch - - - - - - - Lower Address Byte Latch
3.0U3-=-==~-~ 2716 2kx8 ROM === = = = = =~ - = Program Memory
4.U4----- 6116 2kx8 RAM = = = = = = = = = - System Memory

5. U5-U9 - - - 4094 8-bit Shift Registers - - - ~Transceiver Control

6. Ul0 - - - -4104 Level Shifter - - - - - - - - Buffering

7. Ul2 - - - - 4060 Oscillator/ Divider - - - - -Low=-speed Timing

8. Ul4, U15 - -78L08, LM340-5 Regulators - - - -On Board Supplies

9. Ul6 - - - -14528 Dual One-shot - - - =~ -~ SC Timer & INT Pulse

10. Y2 ----- 3.2V Lithium Cell - - ------ Memory Retention

channel @). Channel @ then becomes a full-
coverage receiver only. This condition is known
as Mode 2 operation.

TO, when shorted to ground alongwith T1,disables
the operator from seeing the operating frequency,
and he now cannot change any of the frequencies,
even in Channel §). This is Mode 3 operation and
the set is just a channelized set.

Pin 4 of the CPU is the RESET line and when
grounded, resets the CPU to initialize itself. This
should be done after changing the settingof either
of the other lockout switches to allow the machine
to read the switches. If the DIP switch is in-~
stalled in the unit, Sl is the RESET control, S2 is
the T0 control, and S3 is the T1 control. None of
the other switches will have an effect.

Pin 6 of the CPU is the "INT" input of the device.
The software does not actually enable the inter-
rupts to occur, but when one of the signals which
is wire "NANDed" to the INT line line goes low,
the INT line is pulled low and the CPU is acti-
vated (this is called a "wake-up"). As soon as
the source of the interrupt has been removed, that
is, the INT line is allowed to revert to the high
state, the CPU finishes doing what it has to do
and shuts itself down again (this is called a
sleep").

10.9.2.2 OPERATIONAL DESCRIPTION

Upon power up, the reset capacitor,C2is charged
from the zero-voltage state and when the internal
threshold is reached, the processor starts exe-
cuting intructions. The sequence is for the CPU
to first fetch the instruction from the program
memory, U3, by asserting a low level on the PSEN
line. This enables the ROM to write data to the
data bus and the CPU can thenread thedata. Just
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before this operation the CPU hasmade sure that
the address has been latched by U2, by asserting
the ALE line, which pulses high.

The processor then executes the instruction while
preparing to fetch the next one. Some instruc-
tions will involve the access of the system
storage memory,U4. This accessissimilarto the
ROM access of above, but that the RAM may, of
course, be written as well as read; so the direc-
tion of the data flow on the bus is determined by
the assertion of one of the two direction lines,
"RD" or "WR." These signals pulse to a low logic
level when the access is made. "WR" is tied
directly to the "WR" line of the RAM, and the "RD"
line is tied to the output enable line (OE).
Please refer to the INTEL or OKIData books for
a completedescriptionof all machine states. It
is beyond the scope of this manual to provide
detaled descriptions of the workings of the CPU
and its place within the generalized system
architecture.

10.9.2.3 MEMORY ENABLE SWITCH

A transistor, Q1, is used to change the state
of the chip enable (CE)} line of the RAM when
poweringup or down. When the set is turned on,
the transistor conducts and assures a ground on
the CE line, to enable the OE line to control
the outputs. When the set is switched off, the
transistor no longer conducts, shutting off at
about +3V. The switching threshold is set such
that the CE makes its transition before power-
down, and after power-up, but before the reset.

10.9.2.4 POWER-DOWN OPERATION

When theCPU isnot beingrequired to do anything,
it detects this condition and shuts itself off.
It then lies in wait for some activity. When the



CPU is off, the crystal oscillator is shut down,
all dynamic activity related to the CPU ceases,
and the I/O lines are latched. In this sleep
state, transceiver performance cannot be compro~
mised by noise from the CPU and its associated
circuitry since no signals are changing state.

There are several signals wired into the M9module
which are capable of wakingup the CPU, which will
then poll the lines to see which one caused the
service request (SRQQ). All these lines are con-
nected via isolating diodes to the INT line of the
CPU. All the lines go to ground (0Vdc) when re-
questing service. The CPU will remain awake as
long as this line is low. When the SR(Q) signal is
removed, the CPU will perform any remaining "house-
keeping" functions and shut itself off again.

It takes the CPU a finite amount of time to wake
up and shut down. This time isdependent onsev-
eral factors, including the crystal activity and
parasitic capacitance of the oscillator circuit
as well as internal differences within the CPU
itself. The SS signal, pin 5 of the CPU, is used
torestrain the CPU from beginning executionuntil
all the above listed parameters have stabilized.
This is done by putting a shunt capacitance at the
pin. There is an internal pull-up resistor which
forms a time constant for start-up. The shut-down
portion is not as critical.

The 0.1 microfarad capacitor provides roughly a
10ms time constant. The routine "housekeeping"
functions do not ever take more than about 5ms,
so that the CPU has plenty of time to do its tasks;
in reality, it spends the great majority of its
available processing time waiting in loops or
asleep.

10.9.2.5 SERVICE REQUESTS
There are four sources of SRQ's in the system.
They are:

1. PTT operation.

2. Key depression.

3. Selective call alarm.
4, Scan mode enabled.

These signals and their causes and effects are dis-
cussed below.

As stated,the normal state of the CPU isinactive,
that is,asleep. Whenan SRQQisdetected,theCPU
begins polling the various possible sources until
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it finds the one which was the cause. Thereis
an order of priority given to the four sources.

The PIT operation is checked first for fast re-
sponse. If the INT line is being held down by
the conduction of Q3, then P13 of the CPU will
also be low through D6 and the CPU reads this line
to see if PTT has been pressed. If this is the
case, the CPU then fetches the programmed transmit
frequency information from the system memory,and
retunes the synthesizers and reselects the proper
harmonic filter, if necessary. It has then done
its job and waits for the PTT to be released.
It then reloads the programmedreceiver frequency
and retunes the transceiver.

Before shutting itself down each time, the CPU
sets the column lines of port 1 to all lows. In
this way, when one of the sixteen possible keys
is pressed during the sleep state, a low will be
forced on the INT line through one of the diodes
D2-D5. TheCPU can then wake up and read the four
row lines to see if any of them is low. If so,
the normal keypad scanningroutine is executed
and the key identified. This keypad scanning
routine is described in the next sub-section.

If the above two sources arenot the cause of the
SRQ theCPU makes another test of the the INT line
to see that it is still low. This double-check
is useful in eliminating the effects of any tran-
sients induced in the system. If INT is still
low at this point the program checks to see if
P12 is also low. If this is the case, the CPU
will recognize a selective calling alarm condi-
tion, and the "CALL:" display is shown on the
LCD, followed by the current channel number. If
the INT is still low and one of the above sources
cannot be identified, the program assumes it isa
spurious response or a system failure of some kind
and ignores it.

10.9.2.5.1 SCAN SRQ

The previously mentioned three sources of SRQ's
can cause the system to wake up whenever it is
asleep. The final source of SRQ) occurs only when
using the scanning feature of the transceiver.
As the scan button is pushed, the transceiver is
tuned to the frequency stored in channel ninety
(90) and the "SCAN:90" display is shown. Then
the P26 line from the CPU is made high,to enable
a lidz square wave from Ul2, 15 to be fed into the
trigger input of the "one-shot," U16. The square
wave will trigger the "one-shot" on its falling



edge. The output of Ul§, 7 is a very short low-
going pulse, about 100uS or so. This pulse is able
to cause an SR(QQ through its diode and thus wake
up the CPU to let it know it is time to go on to
the next channel in the scan. This pulse occurs
roughly every second, obviously enough, and has
no effect on the recognition of the other SR(Q)
sources. If the systemisnot beingused with the
selective callingmodule, a second capacitor may
be installed at Ul2 to yield a three-second scan.

10.9.2.6 LOW-FREQUENCY TIMING

Ul2 is a low-frequency oscillator and divider.
Its oscillator runs at a frequency determined by
the R/C network of Ul2, pins 9, 10, 11. Roughly
1000Hz is correct for the one-second scan, and
330Hz for the three-second scan. The divide-by-
1024 output is used for the scan SRQ, and the
divide-by-16 output drives the LCD backplane of
M12. This yields a backplane frequency of from
20to 60Hz. The capacitorsshould only be replaced
with mylar or polycarbonate types or other rela-
tively temperature-stable constructions.

10.9.2.7 KEYPAD SCANNING

The keyboard is scanned by the CPU by settingall
four column lines to the high state except one,
which it makes a low. This tells what column is
being scanned at any moment. If any of the keys
in that column is pressed, the corresponding row
line will also be pulled low. In this way the
CPU can tell which button has been pressed.

If no key has been pressed in that column, the
other columns are polled in order. If none of
the keys is being pressed, the CPU will return
from the polling routine and execute the sleep
instruction and shut off. The entire poll takes
much less than a millisecond, so the pulses seen
on the column lines are short. If a key is being
pressed, columns with numbers higher than the
column containing the key being pressed will not
be scanned.

10.9.2.8 INTERNAL SERIAL INTERFACES

As stated above, the four lines P24-P27 form two
serial output ports that control the transceiver
interface and the display interface. The operation
of the two ports is similar in that each is com-
posed of a clock line and a data line which to-
gether control the flow of serial data to the
itnerface. The transceiver interface is sllightly
different in that "shift-and-store" type registers
are used and a latch line is employed. The display
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interface employssimpler serial-in, parallel-out
shift registers, as explained in the M12 section.

The display interface is inherently different
in this respect because if the display were to
flicker slightly as the data goes in, the eye
would not be able to detect it.

Both interfaces shift the data in basically the
same manner. The next data bit is presented on
the data line, which is common to both inter-
faces. This line is U5, 2 in the transceiver
interface. Thenthe clockis toggled from zeroto
one to zero again, shifting the data in. Forty
bits or five bytes of information are shifted into
the transceiver interface every time it is up-
dated. All the data are shifted in each time,
and when clocking is complete, the latch line of
the shift registers, pins 1 U5-U9, is toggled from
zero to one to zero again, allowing the shifted
data to be presented at the outputs, pins 4-11
U5-u9.

The display interface requires 64 bits to be
shifted in each time it is updated. In the above
case of the transceiver interface, it is easy to
identify each bit of the output with its position
in the serial data stream. The display drivers
are arranged such that eachbit drives asegment
of the LCD. The order is independent of the
natural order of the segments and can be deter-
mined by lookingat the schematic diagram of the
M12. Usually this is not important for trouble-
shootinganyway since if any datais comingout at
all it is almost sure to be right.

10.9.2.9 SEIECTIVECALIING MODULE INTERFACE
The other half of Ul6, the "one-shot” chip, is
used in conjunction only with the selective
calling module (SCM) and serves as the preamble
timer. There are four control lines brought from
the SCM which are used to control the length
of the preamble and sense the state of the SCM's
receiver.

The S.C. initiate line is diode isolated and con-
nected to Ul6, 11. This is the falling-edge trig-
ger input of the timer. When the SCM "SEND"
button is pressed, this line goes low, firing the
timer. The timer's "not Q" output is returned to
the SCM where it holds the preamble on and keeps
the code from being sent until the timer times
out. When this output at U16, 9 returns high, the
SCM code is transmitted and the call terminated.
The timer period is fixed at roughly 12secondst]



second. This period gives all the scanning re-
ceivers in the net enough time to cross the
calling frequency when all 10 channels are being
used.

The two other lines are used to detect the presence
of areceived SCM valid preamble,and the SCM alarm
when it occurs. P23 of the CPU is dedicated to
inputtingthe preamble detect signal, which is nor-
mally at a low level. When the preamble is heard
on frequency, this line goes high. When the trans-
ceiver is in the scanning mode, assertion of this
signal causes the scan to halt. It will remain
halted until the signal is low again. There is
a delay of about 8 seconds before scanning is
resumed to avoid losing the call because of the
effects of selective fading, noise, etc.

When the alarm line which is tied through diodes
toCPU lines as described above, goes low the scan
is stopped for about 60 seconds and the "CALL"dis-
play called up. The scan will resume but the
"CALL"display will remain. Reception of one call
does not stop the reception of another call. The
scanmay be stopped manually to cancel the "CALL"
display. The "CALL" display will also appear on
any channel when the correct SCM call isreceived.
In this case, press any button to cancel the
display. '

10.9.2.10 LCD BACKLIGHT SUPPLY

Ullis an encapsulated circuit which is responsible
for powering the LCD backlight. It takes +12V
switched through the "LIGHT" switch as its supply,
and puts out the several-hundred-Vac waveform to
power the backlight. The output shape of the AC
signal is not particularly critical, as long as
at least 100Vac RMS is present.

10.9.2.11 DC REGUI*ATORS

There are the standard three-pin regulators on
board to provide the DC power for the circuits.
The 8-V regulator is adjusted up to 8.7V by D13.
This is so that the interface outputs can drive
CMOS IC's which are running off +12V if neces-
sary.

10.9.2.12 AUDIO MUTING

Q21is a transistor which is made to conduct when-
ever the CPU is running. Its collector is routed
into the Ml module where it is able to shut off
thesquelch gate FET whenon. When the CPU goes
to sleep, the transistor is shut off and the audio
resumes.

10.9-5

10.9.3 TEST PROCEDURE

NOTE
The following signal checks must be made with
one of the buttonsdepressed tostart the system
clock. Conditions in the absence of the key
depression will be static.

10.9.3.1

While a button is being pressed, check for the
"ALE" signal at UlL1ll (means Ul pin 11). It is
a positive-going pulse with a period of about 2.9
microseconds.

10.9.3.2

Check for a PSEN signal, a negative-going puise
with roughly the same 2.9microsecond period, at
U1,9.

10.9.3.3

Check for the presence of the WRITE signal,aneg-
ative-going pulse of microsecond duration which
occurs when the channel, frequency,or other para~
meters are changed. Enter CH@. Begintochange
the frequency and observe the pulse at UL1l0.

10.9.3.4

Look at U9,3 while the "F" button is being pushed
over and over again. There should be a train of
64 positive~going pulses either when the button
is pushed or released. The timerequired for the
pulse train will be a millisecond or two.

10.9.3.5

Look at U9,2 while again pressing and releasing
the "F" button. A serial data stream corres-
ponding to the clock periods of step 4 above
should be seen. Clock and data at this point
are 8V levels.

10.9.3.6

Look at U9,1 while again pressing and releasing
the "F" button. The signal should be low during
the data stream and high (+8V) afterwards. When
the button is released, the level should go low
again.

10.9.3.7

Check U1,37 for another clock data stream which
updates thedisplayinterface after akeydepres-
sion.



10.9.3.8

Look at U115 for 5V, 1Hz square wave. Look at
U16,5while in the SCAN mode. The 1Hz square wave
should be present. Stop the scan,and the square
wave should disappear.

10.9.3.9

Press the "DOWN ARROW" button and hold it down.
Observe the column scanning pulses at UL27 through
29. The pulse width should be negative-going,
about 5 microseconds. The pulse width on U1,30
should be much greater, but the period of repeti-
tion should be the same as the others.

10.9.3.10
Verify that each of the lines U1,31-34 goes low
as a button in its respective row is pushed.

10.9.3.11

Verify that the INT line of Ul6 goes low when
either a button is pressed, the S.C. Alarm line is
pulled low, the T+ line is raised, or the SCAN
mode is enabled. In the case of the SCAN mode,
check for a 100 microsecond pulse at one second
intervals.

10.9.3.12

Check U12,7 for the presence of a square wave witl;/

roughly a 20 millisecond period. This signa
powers the LCD backplane. /
10.9.3.13

Verify that the signals at ULl and U139 togéle
when their respective switches are flipped.

10.9.3.14 /
Monitor U4,18. Switch the power off and 6bserve
that the voltage beingmonitored goes high before
the supply falls below the +3V level. Olserve that
when the power is turned back on, the opposite
occurs and the signal flips low bef;ire the supply
reached +5V,

10.9.3.15

Verify that the voltage on U4,Z4 is greater than
2V when the power is shut off. If the voltage is
less than 2.5V, the cell should be replaced. See
Table 10.9-3.

10.9.4 TROUBLESHOOTING

S

10.9.4.1 TROUBLE SHOOTING mmm
Table 10.9-3 describes the troubles}imtmg pro-

/, ' = -

/6.9-4.2 CELL REPLACEMENT Y2

Toreplace the Y2lithium cell,remove the bott
cover of the unit. Gain access totheM9module,
and power the unit up. Carefullyremove thecell
by sliding it out sideways with a non-conductive
tool. Slide in the new cell with the positive
side up. Measure the cell voltage and current
after the transceiver has been powered down again.

.‘"\., Current is typically less than 1 microampere at

ambient temperatures, and will increase within-
‘creasing temperature; likewise, the current will
decrease with decreasing temperature. Nominal -
fresh ecell voltage is 3.2V.

10.9.5 ANTENNA TUNER INTERFACE

The transceiver isdesigned to work with TRANS
WORLD's RAT100 Automatic Antenna Tuner without
anymodifications. Theinterface circuitrynec-
essary to control the Antenna Tuner is contained
on the M9MP circuit board. All tuner control
lines are routed form this circuit board to the
Accessory I rear panel connector.

The RAT100is an Automatic Antenna Tuner designed
tooperate with the transceiver to automatically
match the 50 ohm output of the transceiver intoa
variety of antennas for mobile, marine and base
station applications over the frequencyrange of
2-30MHz. All operaiton,includingnetwork tuning
and VSWR monitoring, is fully automatic and micro-
processor controlled. Tuning time is typically
two to three seconds.

Tuningis fully automatic. The tuner is connected
to the transceiver by a 4-wire control cable.
Supply voltage is 12Vdc and is supplied by the
transceiver. Uponreceipt of an INITIATE TUNE
pulse from the transceiver, the tuning elements
are all switched to a HOME position. The tuner
generates a KEY signal which enables both the
transmitter carrier output and the low-power AIC.
At this time, a signal is also provided which
activates teh TUNING tone in the transceiver.
When RF tune power is received, the tuner auto-
maticallymatches the antenna to a VSWR of 1.5:1
or less within 3 seconnds (typically, 1 second).

When tuning is completed, the coupler releases
the KEY signal and disables the Tuning tone in
the transceiver; normal transmissions from the

cedure for the M9 and M12 modules. \tra.nsmltter are then allowed.

109—6\j>' SEE FIGURF /1O 9=



TABLE 10.9-2. Internal Connections.

ACC1
Connector Pin Line Description

6 KEY--keys the transmitter on for low-level carrier tuning. Anopen-
collector NPN transistor capable of sinking 0.5A to ground when
activated.

3 +12Vdc--Nominal 12V at 1.5A, maximum.

4 Ground.

5 Initiate Tune--Starts Tune cycle. Normally open line;tune at pulse

is a momentary closure to ground.

10.9.5.1 CONNECTIONS

The tuner control cable plugs into the transceiver
ACCI1 connector. Internal wire descriptions are
defined in Table 10.9-2. The mating cable con-
nector on the tuner end is a MS3106F-8-27S and
is supplied with the tuner. Instructions for
cable fabrication and hook-up are provided inthe
RAT100 technical manual.

The RF connection between the tuner and transceiver
should be made with a good grage of RG8/U type 50
ohm coaxial cable. The tuner end of the cable
should be terminated with a UG-21C TypeN connec~
tor, while the transceiver end is terminated with
a male UHF connector.

10.9.5.2 OPERATION

After installing the antenna and the tuner, it is
only necessary to connect the tuner to the trans-
ceiver using the multi-wire ControlCable and RF
coaxial cable described in Section 5.

10.9.5.3 OPERATION WITH TRANSCEIVER
The following procedure should be followed when
operating the RAT100 with the transceiver.

NOTE
The carrier is automatically disabled from
operating open-loop during the tune cycle if the
Mode Switch is in the AM position.

a. Select the operatingmode of the transceiver,
i.e., LSB, USB, AM or REMOTE.

b. Turnonthe power usingthe transceiver Front
Panel switch. Note that there areno operator con-
trols on the tuner.

c. Select the transmitter operating frequency.
d. Pressand thenrelease the ATU button onthe
front panel.

10.9-7

After the ATU button is pressed, the tuning tone
inthe trasnceiver should come onindicating that
a tune cycle is in progress. During this period
the tuner holds the transceiver key line down
(transmit mode) until the tune cycle is completed.
Upon completion of the tune cycle, the tuning
tone goes off and the key line is released. The
systemisready for use when the tuning tone goes
off.

NOTE
The transceiver must be unkeyed when the ATU
button is depressed in order to activate the tune
cycle. The tuner will not start a tune cycle if
transmit power is present before the button is
pressed.

NOTE
If the transceiver is beingoperated usingremote
control, then antenna tuningis accomplished by
pressingthe "ATU" key on the remote control con~
sole (after operating mode and frequency have
first been inputted).

10.9.54 THEORY

A complete description of the tuner is given in
the RAT100 technical manual. Control of the
various functions is accomplished by the circuitry
on the MYMP board in the transceiver. A schematic
of this circuit is shown in Figure 10.94, and a
wiringdiagram showinginternal transceiver con-
nections is given in Figure 10.9-1.

Operation is as follows: during normal trans-
ceiver receive and transmit periods transistor
Q101 is biased ON by R10l. This means that the
collector of Q107 is at zero (tone oscillator
OFF), and 102, Q103, Q106, and Q108 are OFF.



Therefore, Q104 and Q105 are ON, thus activating
the high-power ALC and connecting the A3H line
(M3-3) to the AM position on the Mode Switch. When
the ATU button on the transceiver front panelis
depressed, a ground signal is sent to the tuner;
upon receiving this ground pulse, the tuner grounds
the key line (J7-1) and turns transistor Q101 OFF.
This applies power to the tone oscillator Q107
which turns on and puts out a 1.5kHz audio tone to
the audio amplifier in the Ml module. Q106 is
turned on which grounds the transceiver PTT line
and keys the transmitter, and Q108 turns on to un-
balance the modulator in the M1 module allowing
the carrier to be transmitted. At the same time,

Q104 is turned OFF, thus activatingthe low-power
AILC and limiting the output to 10W, and Q105 is
turned OFF, thus preventing the transceiver from
operatingin AMmode duringthe tune cycle. When
the tuner has formed a satisfactory match, it
releases the key line and conditions revert to
normal. C105 and the high impedance emitter-
follower, Q102, provide a time constant which
ensures that the transceiver is unkeyed before
the low-power ALC is disabled. Q15is Darlington
which provides the PTT for an external amplifier.
This PTT can be inhibited by the RemoteControl
whenrequired, and is always inhibited during any
antenna coupler cycle.

MOMP

ACCH 47 J8
S GnKoEuyND 1 i.lr A3H(M3-3)  _ _ _ _ _ _____
" - . sw.)! '
51 __TUNE INITIATE : %L AMPOS MODES™I 1 Jre 831 arc
{3 F 1 ]
3 +12vDC n 2 TUNE UNBAL. (THERMOSTAT = |
57 (M1-19)
ol
e TONE 0SC. OUT(M1-15)
_—
& < PTT ;oMo |
9F T !
[1or ‘+12VDC | o |
| N.C. |

FRONT PANEL
“ATU" BUTTON

FIGURE 10.9-1. Transceiver Wiring.
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TABLE 10.9-3. Troubleshooting Procedure

STEP FAILED R/R COMBEONENT CHECK RELATED SIGNALS
1. Ul Ul2 ; Ul3
Xtal Oscillator
Ul4 Reset
UL5 Single Step
2. same as 1.
3. check as 1. above
U2 All
U3 All
4, Ul U135 Clock Qut
U10 Ul04 ; U103
5. Us U52 3 U59
U6 U6,2 ; U6,9
U7 U7 ; U9
U8 U8,2 ; U8,2
Ulo0 U10,5 ; U106
Ul U1,38 Data Out
6. Ul U136 Strobe Out
Ulo U10,10 ; U10,11
7. Ul U137 DIS CLK
8. Uiz U129 ; U110
Ul UL38
Ul6 U16,5
9. Ul Ul,27-34 ; UL6
D2-D7 UL6
Q3 T+
10. As 9. above
11. As 9. above
Di3-14 UL6
12. As 8. above

10.9-9




TABLE 10.9-3. Troubleshooting Procedure, Continued.

STEP FAILED R/R COMEONENT CHECK RELATED SIGNALS
13. Ul ULl ; UL39
S1 (U17)
14. D10 D10 Cathode
Q1 Q1 Base
R11
D89 U4,24
D9 Anode
U4 U4,18 ; etc
15, D8-9 All
Y2 Voltage Output

10.9-10
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TABLE 10.9-4. Parts List, Microprocessor Module, MOMP.

C1
C2
C3
C4
C5
C6
Cc7

C8
C9
C10
Cll
CL2
C13
Ci4
Ci15
Cl6
Clt
C18
C19
C20
cal
c2
cz3
Cu
C25
C26
czr
07/ ]
C29-C66
Cce67
C68
C69-C100
C101*
C102*
C103*
Cl04*
C105*
C106*
Cl07*
C108*

D1
D2
D3
D4
D5
D6
D7
D8
D9
D10
D11
D12

231331
241010

254153
241020
241020
241020
241020
241020
241020
241020
241020
241020
241020
241020
241020
241020
275104
210100
241020
241476
210102
241020
254333

275104
231471

275103
241020

275103
275103
275103
275103

275103
275103
254203

320002
320002
320002
320002
320002
320002
320002
320002
320002
320204
320002

Capacitor, Electrolytic 16V 330
Capacitor, Tantalum 1

Not Used.

Capacitor, Mylar 100V .015
Capacitor, Tantalum 2.2
Capacitor, Tantalum 2.2
Capacitor, Tantalum 2.2
Capacitor, Tantalum 2.2
Capacitor, Tantalum 2.2
Capacitor, Tantalum 2.2
Capacitor, Tantalum 2.2
Capacitor, Tantalum 2.2
Capacitor, Tantalum 2.2
Capacitor, Tantalum 2.2
Capacitor, Tantalum 2.2
Capacitor, Tantalum 2.2
Capacitor, Tantalum 2.2
Capacitor, Monolithic 50V .1
Capacitor, Disc NPO 10pF
Capacitor, Tantalum 2.2
Capacitor, Tantalum 47
Capacitor, Disc .001
Capacitor, Tantalum 2.2
Capacitor, Mylar 100V .033
Not Used.

Capacitor, Monolithic 50V .1
Not Used.

Capacitor, Electrolytic 16V 470
Not Used.

Capacitor, Monolothic 50V .01
Capacitor, Tantalum 2.2

Not Used.

Capacitor, Monolithic 50V .01
Capacitor, Monolithic 50V .01
Capacitor, Monolithic 50V .01
Capacitor, Monolithic 50V .01
Not Used.

Capacitor, Monolithic 50V .01
Capacitor, Monolithic 50V .01
Capacitor, Mylar .02

Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, Zener 1N751
Diode, 1N4148
Not Used.




TABLE 10.9-4. Parts List, Microprocessor Module, MJMP, Continued.

D13

D14

D15

D16

D17
D18-D39
D40

D41
D42-D100
D101*
D102*
D103*

L1

L101*
L102*
L103*

Q1
Q2
Q3
Q4
Q5

Q7-Ql4
Q15
Q16-Q100
Q101*
Q102*
Q103*
Q104*
Q105*
Q106*
Q107*
Q108*

R1
R2

R4
R5
R6
R7
R8
R9
R10
R11
R12
R13
R14
R15
R16

320002
320002
320002
320002
320002

320002
320002

320002
320002
320210

430014

490204
450204
490204

310064
310006
310006
310003
310072
310057

310064

310057
310057
310057
310057
310057
310057
310057
310057

113104
113104
113104
113104
113104
113104
113104
113103
113103
113103
113223
113223
113104
113104
113104
113104

Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Not Used.

Diode, 1N4148
Diode, 1N4148
Not Used.

Diode, 1N4148
Diode, 1N4148

Diode, Zener IN746

Inductor, Molded Min 100uH

Bead, Ferrite Shield
Bead, Ferrite Shield
Bead, Ferrite Shield

Transistor, Darlington 2N6427
Transistor, NPN 2N3565
Transistor, NPN 2N3565
Transistor, NPN 2N3567
Transistor, J175

Transistor, NPN PN2222A

Not Used.

Transistor, Darlington 2N6427

Not Used.

Transistor, NPN PN2222A
Transistor, NPN PN2222A
Transistor, NPN PN2222A
Transistor, NPN PN2222A
Transistor, NPN PNZ2222A
Transistor, NPN PN2222A
Transistor, NPN PN2222A
Transistor, NPN PN2222A

Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film

1/8W 5% 100K
1/8W 5% 100K
1/8W 5% 100K
1/8W 5% 100K
1/8W 5% 100K
1/8W 5% 100K
1/8W 5% 100K
1/8W 5% 10K
1/8W 5% 10K
1/8W 5% 10K
1/8W 5% 22K
1/8W 5% 22K
1/8W 5% 100K
1/8W 5% 100K
1/8W 5% 100K
1/8W 5% 100K
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TABLE 10.9-4. Parts List, Microprocessor Module, MJMP, Continued.

R17
R18
R19
R20
R21
R22
R23
R4
R25
R26
R27-R83
R&4
R85
R86
R87-R100
R101*
R102*
R103*
R104*
R105*
R106*
R107*
R108*
R109*
R110*
RI111*
R112*
R113*
R1i4*
R115%
R116¥
RI117*
R118*

T1
T2

Ul
02
U3
U4
Us
ué
U7
us
U9
Ulo0
Ull
U1z
U13
U4
Uil5

170213
113104
113103
113105
113473
113222
TBD

113103
113103
113472

113153

113332
113102
113104
113102
113332
113102
113332
113102

113153
113152
113682
113103

113153
113102
113102
113822

410019

330142
330141
330102
330149
330126
330126
330126
330126
330126
330150

330240

330018
330076

Resistor, Trimmer 1M

Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Filin
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Not Used.
Resistor, Film
Not Used.
Not Used.
Not Used.
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Not Used.
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Not Used. .
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film

Not Used.

Transformer, 600/600 ochm Line

IC, 80C39
IC, 74HCT573

Programmed, UPD2716D

IC, MCM6116P15 /

IC, CD40%BE
IC, CD40%4BE
IC, CD40%4BE
IC, CD40%4BE
IC, CD4(94BE
IC, F4104BPC
Not Used.
IC, 74HC4060
Not Used.
IC, 78108

IC, LM340T-5.0

1/8W 5% 100K
1/8W 5% 10K

1/8W 5% 1M

1/8W 5% 47K

1/8W 5% 2.2K

1/8W 5% 4.7K to 27K
1/8W 5% 10K

1/8W 5% 10K

1/8W 5% 4.7K

1/8W 5% 15K

1/8W 5% 3.3K
1/8W 5% 1K
1/8W 5% 100K
1/8W 5% 1K
1/8W 5% 3.3K
1/8W 5% 1K
1/8W 5% 3.3K
1/8W 5% 1K

1/8W 5% 15K
1/8W 5% 1.5K
1/8W 5% 6.8K
1/8W 5% 10K

1/8W 5% 15K
1/8W 5% 1K
1/8W 5% 1K
1/8W 5% 8.2K

s
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TABLE 10.9-4. Parts List, Microprocessor Module, MYMP, Continued.

Y1 360018 Crystal, 5120.00kHz
Y2 750015 Battery, Lithium Button

*Indicates part located on Automatic Antenna Tuner interface portion of PC Board.

NOTE: Unlessotherwisespecified,capacitanceisinmicrofaradsandresistanceis
in ohms.
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10.10 RF POWER MODULE, M10

The M10 module is a two-stage, broadband, 1.6 -
30MHz Power Amplifier Module capable of putting
out 150W of RF power. It is located on the rear
panel and mounted to the heatsink. The input comes
from the Md module and the high power output goes
to M7 for filtering, prior to going out to the an-
tenna terminal.

10.10.1 TECHNICAL DESCRIPTION

10.10.1.1 MODULE INTERCONNECTIONS

Figure 10.10-1 is a component location diagram of
M10, showing all PFCB interconnections as well as
component reference designations.

RF Connections

a) TransmitInput. Channel frequencysignal from
M4,

b) TransmitQutput. High power output at channel
frequency to Mi.

DCConnections (All connections made with spade
lugs.)

a) +13.6Vdc,Unregulated. Unregulated DC input
from either AC power supply or DC input power.
Provides voltage for second RF amplifer stage.
b) T+ Provides voltage for bias circuitry and
first RF amplifier stage.

c) ALC Output. Output to ALC circuit fromDC
current detector circuitry.

10.10.1.2 CIRCUIT DESCRIPTION

The RF Power Module contains class A driver ampli-
fiers and high power class B amplifiers. Both
stages operate in push-pull. Special broadband
transformers are used at the output (T2) and the
interstage coupling (T1). These transformers are
designed to have a substantially level response and
low losses over the frequency range 1.6 - 30MHz.

The driver stages Q1 and Q2 operate class ABwith
conventional biasing through the current source
transistor Q7. The 50 ohm output fromthe exciter
is matched to the base through the broadband trans-
former T3. Collector-base feedback is provided
by the networks C2/R2/L3 and C3/R3/14.

The output stage is the push-pull transistors Q3
and (4. The transformer T1 provides the correct
impedance transformation from Q1 and Q2 to the
bases of Q3 and Q4. C28/R5 and C29/R9 are the
collector-base feedbacknetworks together with one
turn of inductive coupling through transformer T2.
The stabilization of the bias supply is important

10.10-1

in a high power output stage as the emitters of Q3
and (4 are grounded and the base circuit draws
substantial current at high power output. TheDC
coupled transistors Q5 and Q6 form a stable bias
regulator. The final amplifier resting currentis
set byR6. The biasregulators are mountedon the
heatsink in close proximity to Q3 and Q4. This
means that the thermal characteristics of all
devices track closely and the bias current remains
stable over the entire operating range of the
amplifier.

The DC supply voltage is supplied to Q3 and (4 in
both the transmit and receive modes to prevent
voltage drop in the switching circuitry. The
driver stagesQl and Q2 and the biasregulatorare
supplied from the regulated transmit +12V line.
This means that the driver is off in the receive
mode and the final amplifier cannot draw current
as there is no forward bias.

Ul is an operational amplifier used as a DC cur-
rent detector in the ALC protectiveloop. Final
RF amplifier DC current is monitored by measuring
the voltage drop across L2. If the DC current
becomes excessive, the drop across .2 increases to
the point where the operational amplifier is
triggered, putting a signal on the ALC line to cut
back the RF power.

10.10.2 BIAS ADJUSTMENT

Final transistor bias adjustment needs checking
only after the replacement of Q3 and Q4. Insert
a meter in the supply lead to the final amplifier
(1000mA scale). Press the push-to-talk switch,
taking care not to operate in the AM mode, or to
speak into the microphone. Adjust R6 until the
resting current is 300mA. This is not a critical
adjustment.

Driver transistor bias can be checked by inserting
a meter in series with the T+ input to the mod-
ule. Key-down, no signal, current should be
1.0A, +100mA at this point (this results in a
Q1/Q2 quiescent current of approximately 200mA).
This current can be adjusted, if necessary, by
changing the value of R23; a lower value of R23
raises the bias while a higher value lowers it.

10.10.3 VOLTAGE CHART
Table 10.10-1 defines relevant voltages for the
RF Power Module, M10.
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TABLE 10.10-1. Voltage Chart, RF Power Module, M10.

Ql & Q2 Emitter: Grounded
Collector: 12.0V
Base: 0.7V
QB &M Emitter: Grounded
Collector: 14.0V (nominal)
Base: 0.7V
Q5 Emitter: 0.7V
Collector: 8.0V
Base: 14V
Q6 Emitter: 0.1V
Collector: 14V
Base: 0.7V
n Emitter: 0.7V
Base: 14V
Collector: 12.0V
Ul
Pin 1 3.0V Pin 5 0.0V
Pin 2 18.0V Pin 6 0.0V No Signal
Pin 3 18.0V Pin 7 18.0V Voltages
Pin 4 0.0V Pin 8 18.0V

10.104 SERVICING

The first check is to ensure that the fault is
in the RF Power Module and not in the exciter or
the RF filters. First check the RF voltage (ap-
proximately 70VRMS) at the output of the modulé.
This is conveniently checked at the standoff insu-
lator at the top left corner of the module. Next,
check the voltage at the 50 ohm load. If there
is a big voltage differential, the fault is in the
RF Filter Module M7 or in the connections between
M7 and MI10 or M7 and the antenna terminal.

The output from the driver module M4 should be
checked or alternatively the module M10 can be
checked using a signal generator as shown in the
diagram. If the signal generator isused with AM
modulation, the linearity of the amplifier can be
checked, using an oscilloscope, by comparing the
audio waveform on the RF waveform at the input and
output of the module. Except for the amplitude,
the waveforms should be identical if there is no
distortion in the amplifier.

The amplifier should show approximately the output
indicated in Table 10.10-2.

The driver stage is usually operating correctly
if the DC voltages are correct at Ql and Q2. A
quick check of the stage can be made by checking
the voltage at the base and collector using the
oscilloscope. There should be substantial gain
in the stage.

A failure in the push-pull amplifier stage Q3 and
4 is usually self-evident. Component failure
usually results in overheating and discoloration
of the part. If the voltages are normal and there
is no output, one of the transistors Q3 or (4 has
probably failed. Itisimportant toremember that
the output transformer T2 does not have coupling
between the two primaries and if one transistor
fails, there will be no output.

The bias circuit is defective if there is no
voltage on the bases of Q3 and Q4. This will not
prevent the final amplifier from operating but
there will be severe crossover distortion and
reduced output. The DC measurementsin the bias
circuit will usually indicate the defective
transistor or component.
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The DC measurements in the bias circuit will usually
indicate the defective transistor or component.

CAUTION
1. When replacing final amplifier transistors,
they must always be replaced in matched pairs or
using a transistor from the same beta group. The

beta group is marked on the ceramic body by a colar
dot.

2. Refer to Section 8.6.6 before replacing the
transistor. The RF power transistors are expen-
sive devices and incorrect mounting techniques
may result in damage to the device or thermal
failure.

TABLE 10.10-2. Output, Amplifier.

INPUT LEVEL FREQUENCY POWER OUTPUT
0.3V ZMHz 8Ow
1.0v 15MHz 80W
2.0V 30MHz 80w

WAVETEK SIGNAL GENERATOR

@ @ ..l 0

.

COAX FROM INPUT OF M10
(NORMALLY HOOKED TO M4
TX OUT)

/é\
\xZ

RF POWER MODULE
M1i0

INPUT

OUTPUT e

BIRD WATTMETER
50 OHM LOAD

M7

RF FILTER
MODULE

ANTENNA comuscrlc:Nl

REAR PANEL OF TW100

FIGURE 10.10-2. Power Module Test Setup.
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FIGURE 10.104.

Schematic Diagram -~ RF Power Module, M10.
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TABLE 10.10-3.

Parts List, RF Power Module, M10.

Cl
C2
C3
C4
C5
Cb
C7
C8
C9
C10
Cll
Cl2
c13
Cl4
Cl5A
C15B
Cl16
Cc1t
Cl18
C19
C20
(07}
c22
(OFA]
CH4
C25
C26
Cca7
c28
C29

210104
210104
210104
210104

230020
210104
210104
210104
210104

210104
231020
230100
230201
231500
210102
210104
214103
214103
231101
218132
218102
275104
275104

320102
320102
320102
320204

450133
450133
430005
430005

310021
310021
310071
310071
310023
310024
310055

135331
134680

Capacitor, Disc 25V .1
Capacitor, Disc 25V .1
Capacitor, Disc 25V .1
Capacitor, Disc 25V .1

Not Used.

Not Used.

Not Used.

Not Used.

Not Used.

Capacitor, Electrolytic 2.2
Capacitor, Disc 25V .1
Capacitor, Disc 25V .1
Capacitor, Disc 25V .1
Capacitor, Disc 25V .1

Not Used.

Not Used.

Capacitor, Disc 25V .1
Capacitor, Electrolytic 2.2
Capacitor, Electrolytic 10
Capacitor, Electrolytic 200
Capacitor, Electrolytic 47
Capacitor, Disc .001
Capacitor, Disc .1
Capacitor, Disc .01
Capacitor, Disc .01
Capacitor, Electrolytic 100
Capacitor, Chip Ceramic 500V 1300pF
Capacitor, Chip Ceramic 500V 1000pF
Capacitor, Monolithic 50V .1
Capacitor, Monolithic 50V .1

Diode, 1IN4001
Diode, 1N4001
Diode, 1N4001
Diode, Zener IN751

Inductor, Ferrite
Inductor, Ferrite
Inductor, Fixed .68uH
Inductor, Fixed .68uH
Not Used.

Not Used.

Transistor, RF HF 30W
Transistor, RF HF 30W
Transistor, RF PWR 100W
Transistor, RF PWR 100W
Transistor, NPN TIP31
Transistor, MJE29A
Transistor, NPN 2N5191

Resistor, Wirewound 1/2W 10% 330
Resistor, Film 1/2W 5% 68
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TABLE 10.10-3. Parts List, RF Power Module, M10, Continued.

R3 134680 Resistor, Film 1/2W 5% 68

R4 154680 Resistor, Film 2W 5% 68

R5 164270 Resistor, Film 5W 5% 27

R6 TBD Resistor, Film 2W 5% T3D

R7 161050 Resistor, Wirewound 5W 10% 5
R8 144010 Resistor, Film 1W 5% 1

R9 164270 Resistor, Film 5W 5% 27

R10 Not Used.

R11 Not Used.

R12 1111002 Resistor, Metal Film 1/8W 1% 10K
R13 1111001 Resistor, Metal Film 1/8W 1% 1K
R4 124222 Resistor, Metal Film 1/4W 5% 2.2K
R15 1111002 Resistor, Film 1/8W 1% 10K

R16 124100 Resistor, Film 1/4W 5% 10W

R17 1111001 Resistor, Metal Film 1/8W 1K
R18 Not Used.

R19 Not Used.

R20 Not Used.

R21 124150 Resistor, Film 1/4W 5% 15

R22 154051 Resistor, Film 2ZW 5% 5.1

R23 124332 Resistor, Film 1/4W 5% 3.3K

R4 Not Used.

R25 Not Used.

Tl 451134 Transformer 2:1

T2 451135 Transformer 4:1

T3 451136 Transformer 4:2

Ul 330019 IC, RC1458CP-~1

NOTE: Unless otherwise specified, capacitance is in microfarads and
resistance is in ohms.
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10.11 LCD DISPLAY, Ml1

M1l is the module to which the LCD display is at-
tached. The two display driver IC's are on the
board, and the module also serves to mount the up
to six ancillary push button switches in the
commercial-type transceiver. The module takes its
+5V supply from the MO.

The display drivers are CMOS, ultra~low current
devices. They are nothing more than 32-bit serial-
in, parallel-out shift registers which have the
ability to have their outputs complemented (inverted)
under control of an external signal. The only other
component on the module is a 0.1 microfarad bypass
capacitor.

10.11.1 CIRCUIT DESCRIPTION

The M11 Module is powered and controlled by the
M9. The input lines consist of the two supply lines,
a data line, a clock line, and a backplane input.
The supply voltage is +5Vdc and the supply current
at ambient temperature is about 2 microamps, so
the power consumption of M1l is an extremely low
10 microwatts.

The data line and clock line provide for the serial
inputting of data to the drivers. A total of 64
serial bits must be shifted in each time the display
is updated. The data will be valid on the rising
edge of the clock. The clock pulse duration is
roughly 10 microseconds and is not critical. See
the M9 description for more information on the serial
format.

The LCD requires a backplane signal to operate prop-
erly. The signal must be as nearly a square wave
as possible, and its frequency must be within cer-
tain limits. The M9 provides a 20-60Hz square

wave for this purpose. This signal, known as the
"T/C" line (for TRUE/COMPLEMENT), is also con-
nected to the invert control pin of the drivers.

To drive an LCD, one must apply the backplane
signal and apply the inverted backplane signal
to the segment desired. Segments which are off
are driven by the non-inverted backplane signal.
By driving the invert control pin of the drivers
with the backplane signal, each output bit which
is a zero (0) will follow the backplane signal,
and ones (1) will be the inverted signal desired
to turn the segment on. So, by shifting in the
right combination of data, any display may be
shown.

In the commercial transceiver, the "ATU," "SC,"
"SEND," "SCAN," "UP,"” and "DOWN" buttons are
mounted on the M11l. Of these, the "ATU" and
"SEND" buttons are wired discretely to their re-
spective modules. The others are scanned as part
of the keypad polling procedure and are wired to
the M9 along with the keypad harness.

In the military version, an LCD backlight is pro-
vided and is glued to the back of the display.
120Vac is provided by the M9 for lighting the back-
light. This voltage is present when the light
is lit only, but take care with probing fingers
in the M1l area while servicing the unit.

10.11.2 TEST PROCEDURE AND TROUBLE-
SHOOTING GUIDE

Refer to sections 10.9.3 and 10.9.4 for the Test

Procedure and Troubleshooting Guide applicable

to the M9 and the M1l modules.

TABLE 10.11-1. Parts List, Microprocessor Display Module, Ml1.

Cl 275104

1CD 320802

Ul 330148
U2 330148
NOTE:

Capacitor, Monolithic 50V .1
LCD, 6 Digit

IC, MD4332B
IC, MD4332B

Unless otherwise specified, capacitance is in microfarads
and resistance is in ohms.

10.11-1




FIGURE 10.11-1. Component Locations, LCD Display, Mll.
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11.0 GENERAL

SECTION 11
CHASSIS/MAINFRAME

as well as the overall wiringand connector con-

This section contains information on the chassis/ figurations. The contents of Section 11 can be
mainframe level componentsnot covered elsewhere, summarized as follows:
Figure/Table Description
Figure 11-1 Module Locations, Top View
Figure 11-2 Module Locations, Bottom View
Table 11-1 Pin Assignments, Accessory Connectors J3, J4, J8, J9
Figure 11-3 Front Panel Internal View
Figure 114 Component Locations, Switch Mounting Board, M12
Figure 11-5 Schematic Diagram, Switch Mounting Board, M12
Table 11-2 Parts List, Switch Mounting Board, M12
Table 11-3 Front Panel to Mainframe Interconnections

Figure 11-6

Table 11-4

Schematic Diagram, Mainframe

Parts List, Mainframe
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TABLE 11-1. Pin Assignments, Accessory Connectors, J3, J4, J8, J9.

J3 MP

1 Ground

2 AMP AIC

3 AMP PTT

4 AMP 2-3MHz

5 AMP 3-5MHz

6 AMP 5-8MHz

7 AMP §-13MHz

8 AMP 13-20MHz

9 AMP 20-30MHz

M MP

1 Ground

2 +12Vdc, Regulated
3 PIT

4 ATU Key

5 ATU Tune Initiate
6 Clock

7 Data Out

8 Check Tune

+28Vdc (+28V Model)




TABLE 11-1. Pin Assignments, Accessory Connectors, J3, 14, J8, J9, Continued.

J8 MP

1 Ground

2 +12V

3 PIT

4 Ground

5 RX Audio

6 Ground

7 TX Audio

8 SC Alarm (Option)

9 +28V (+28V Model)

J9 MP

1 Ground

2 12v

3 PIT

4 RMT ENABLE

5 RX Audio (0dBm Unsquelched)

6 Ground

7 Transmit Audio (0 dBm)

8¥ Remote Control (RX Audio) 4-Wire
Remote

ok Remote Control (TX Audio)

*The Remote Control Wires may be reconnected for RS232:
Pin 9 - RS232 Out; Pin 8 - RS232 In.
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FIGURE 11-3. Front Panel - Internal View.

See Table 11-2 for wiring between the front panel and the mainframe.

NOTE




TABLE 11-2. Front Panel to Mainframe Interconnections.

From Pin To Pin
Clarifier Switch 3 Clarifier Switch 5
Clarifier Switch 1 Switch PCB CLAR-1
Clarifier Switch 2 Switch PCB CLAR-2
Clarifier Switch 4 Switch PCB CLAR~4
Phone Jack 3 M7-J3 12
Phone Jack 3 Mic Jack 5
Phone Jack 3 CW Jack 3
Phone Jack 1 Mic Jack 2
Phone Jack 2 Speaker 2
On/Off A & 1A AC Fuse, Xfmr
On/Off 2A M8 1
On/Off 2 M8 2
M9-J8 9 Display ATU
Mic Jack 2 Ml 7
Mic Jack 1 Ml 2
Mic Jack 4 M7-J3 4
Meter =) M7-J3 5
Meter ) M7-J3 6
CW Jack 1 M1-36 10
Display GND M9-J5 6
Display DI M9-J5 5
Display CK M9-J5 4
Display T/C M9-J5 3
Display B+ M9-J5 2
Display C3 M9-J3 4
Keypad B M9-J3 6
Keypad B Display RO
Keypad C M9-J3 5
Keypad C Display R1
Keypad L M9-J3 4
Keypad L Display R2
Keypad M M9-J3 3
Keypad M Display R3
Keypad D M9-J3 9
Keypad E M9-J3 8
Keypad K M9-J3 10
J1 (Panel PCB) 4 M7-J4 7-12
J1 (Panel PCB) 5 Ml 17
J1 (Panel PCB) 6 Mi 8
J1 (Panel PCB) 7 TW5250 14
J1 (Panel PCB) 8 TW5250 11
J1 (Panel PCB) 9 M7-J4 7-12
J1 (Panel PCB) 12 TW5250 12
J2 (Panel PCB) 3 M9-J9 9
J2 (Panel PCB) 4 M7-J4 1
J2 (Panel PCB) 5 Speaker 1
J2 (Panel PCB) 6 Ml 6
J2 (Panel PCB) 7 M9-J8 2
J2 (Panel PCB) 8 M2 4
J2 (Panel PCB) 9 Heatsink J3 3
J2 (Panel PCB) 10 M9-J9 10
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TABLE 11-2. Front Panel to Mainframe Interconnections, Continued.

From Pin To Pin
J2 (Panel PCB) 11 M9-J8 6
J2 (Panel PCB) 12 M2 5
J3A (Panel PCRB) 1 Phone Jack 3
J3A (Panel PCB) 2 M7-J6 1-9
J3A (Panel PCB) 3 Ml 10
J3A {Panel PCB) 4 M1 9
J4 (Panel PCB) 1 M9-J4 10
J4 (Panel PCB) 2 M9-J9 8
J4 (Panel PCB) 3 M9-19 10
J4 (Panel PCB) 4 M9-J9 7
J4 (Panel PCB) 5 M9-J9 6
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TABLE 11-3. Parts List, Mainframe.

BR1* 320501 Diode Bridge 35A 100V

Cl* 230653 Capacitor, Electrolytic 25V 65000

C2 214103 Capacitor, Monolithic .01

C3 Not Used.

C4 Not Used.

C5 214103 Capacitor, Monolithic .01

Céb 210104 Capacitor, Disc .1

D1 320225 Diode, Zener IN6280A

320211 Diode, Transorb IN6283A

(for 28V models)

D2 320407 Diode, LED Red

F1* 550003 Fuse, 3AG 3A (115V)

550018 Fuse, 3AG 1.5A (230V)

F2 550010 Fuse, 3AG 20A

F3 550005 Fuse, 3AG 5A

J1 610015 Connector, Audio Microphone

J2 660003 Connector, Headphone

J3 610402 Connector, External Amplifier

J4 610403 Connector, Antenna Tuner

J5 610003 Connector, Antenna

J6 610239 Connector, DC Power

J7 660004 Connector, CW Jack

J8 610403 Connector, Audio

J9 610403 Connector, Remote Control

Ls1 710008 Loudspeaker, 1 1/2"

M1 740007 Meter

P1* 610401 Connector, AC Line

Rk 170030 Potentiometer, Linear 1K

R2/SW4 170007 Resistor, DPST 10K

R3 134152 Resistor, Film 1/2W 5% 1.5K

R4 124821 Resistor, Film 1/4W 5% 820

R5 Not Used.

Ro¥* 124272 Resistor, Film 1/4W 5% 2.7K

Rk 124221 Resistor, Film 1/4W 5% 220

R8 113103 Resistor, Film 1/8W 5% 10K

R9 113183 Resistor, Film 1/8W 5% 18K

S1 530203 Switch, Power

Sk 520051 Switch, AM

S3 520050 Switch, Squelch

4/R2 170007 Switch, Clarifier

S5 530024~7 Switch, ATU Button

S6 530024~9 Switch, Call Button

ST 520050 Switch, Gain

S8k 520050 Switch, USB/LSB
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TABLE 11-3. Parts List, Mainframe, Continued.

Sopek 520050
S10 530024~8
S11 5300244
S12 5300245
S13 530024~6
Sl4#* 520050
S15 520060
T1* 4100026
THI1 560001
TS1

TS2

TS3 871051

* Part of AC option module

*Part located on Switch Mounting Board

NOTE: Unless otherwise specified, capacitance isin microfarads and resistance

is in ohms.

Switch, FSK

Switch, S.C. Button
Switch, Scan Button
Switch, Up Button
Switch, Down Button
Switch, Speaker ON/OFF
Switch, Transcall Option

Transformer 115/230 14.5V
Thermostat NC 75°C
Not Used.

Not Used.
Terminal Strip 5 Tiepoint
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SECTION 12
TRANSCEIVER INTERNAL OPTIONS

12.0 INTRODUCTION other internal features that can be added to the
Standard equipment on the transceiver includes USB, transceiver at the customer'srequest. These op-
AM,CW and +12Vdc operation. Thissectioncovers tional features are listed below.
SECTION INTERNAL OPTION DESIGNATION

12.1 Selective Calling System C

12.2 Remote Control Interface RC

12.3 28Vdc Power Supply 28

12.4 10Hz High Stability Option HS10

12.5 AR(Q Option ARQ

12.6 Noise Blanker Option NB

12.7 Selcall and Transcall Options SC & TC

12.8 Wideband Filter Option WB

12.9 Auto-Tune or Memory Option MEM-R

12.10 USB/LSB Capability UL

12.11 115/230Vac Power Supply AC
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12.1 SELECTIVE CALL OPTION

This section describes the operation and service
of the & as installed in the transceiver. It is
supplemental to the basic Selective Call manual.
The operation of the SC is covered here in detail
to avoid confusion.

12.1.1 SC OPERATION 3

12.1.1.1 RECEIVE CODE

Each unit in the system should be assigned a differ-
ent receive code. Units are preset before shipment
and the code is marked on the outside of the trans-
ceiver. If it is desired that all transceivers
in a system be factory preset, it should be so indi~
cated on the sales order. If it is desired to change
the preset receive code, remove the top cover of
the transceiver, and remove the Selective Calling
Module (SC) cover.

Set the code on the"8-pos'ﬁ/:ion DIP switch #4, lo-
cated at the front center of the circuit board.

Refer to the following conversion chart to match
the programmed receive code with its corresponding
decimal transmit code.

12.1.1.2 TRANSMIT CODE

The transmitted code is set using the keypad and
the method outlined in the transceiver manual.
The 3-digit decimal number which is entered corre-
sponds to the complement of the receive code.

12.1.1.3 OPERATION

Complete operating instructions will be found in
Section 4, but it is as simple as pressing the SC
button on the transceiver panel, entering the
3-digit decimal code of the station to be called,
and pressing the SEND button. If the station
receives the call correctly, a single-tone transpond
signal of about 2 seconds duration will be sent
immediately after the calling station's transmitter
has stopped.

TABLE 12.1-1. Selective Call Conversion Chart.
TX CODE RX SWITCHES ON TX CODE RX SWITCHES ON
000 12345678 029 2 678
001 2345678 030 1 678
002 1 345678 031 678
003 345678 032 12345 78
004 12 45678 033 2345 78
005 2 45678 034 1345 78
006 1 45678 035 35 78
007 45678 036 12 45 78
008 123 5678 037 24578 |
009 23 5678 038 1 4578 |
010 13 5678 039 45 78 |
011 3 5678 040 123 5 78
012 12 5678 041 23 578
013 2 5678 042 13578
014 1 5678 043 3578
015 5678 044 12 578
016 1234 678 045 2 578
017 234 678 46 1 578
018 134 678 047 5178
019 4 678 (48 1234 78
020 12 4 678 49 234 78
021 2 4 678 050 134 78
022 1 4678 051 34 18
023 4 678 052 124 78
0 123 678 053 24 78
025 23 678 054 1 4 78
026 13 678 055 4 78
027 3 678 056 123 78
028 12 678 057 23 78

12.1-1



TABLE 12.1-1.

Selective Call Conversion Chart, Continued.

TX CODE RX SWITCHES ON TX CODE RX SWITCHES ON
058 13 78 108 12 5 8
059 3 18 109 2 5 8
060 12 78 110 1 58
061 2 78 111 5 8
062 1 78 112 1234 8
063 78 113 24 8
064 123456 8 114 134 8
065 23456 8 115 M 8
066 1 3456 8 116 124 8
067 3456 8 117 24 8
068 12 456 8 118 1 4 8
069 2456 8 119 4 8
070 1 456 8 120 123 8
071 456 8 121 23 8
072 123 56 8 122 13 8
073 23 5 8 123 3 8
04 13568 124 12 8
075 35 8 125 2 8
076 12 568 126 1 8
om 2 58 127 8
a8 1 58 128 1234567
079 56 8 129 234567
080 1234 6 8 130 1 34567
081 24 68 131 345607
082 13468 132 12 4567
083 4638 133 2 4567
084 12468 134 1 4567
085 2468 135 4567
086 1 468 136 123 567
087 468 137 23 567
088 123 68 138 13 567
089 23 68 139 3 567
090 13 68 140 12 567
091 3 68 141 2 567
092 12 68 142 1 567
093 2 68 143 567
0% 1 68 144 1234 67
095 638 145 234 67
096 12345 8 146 134 67
097 2345 8 147 34 67
098 1345 8 148 12 4 67
099 M5 8 149 2467
100 1245 8 150 1 467
101 245 8 151 4 67
102 1 45 8 152 123 67
103 45 8 153 23 67
104 1235 8 154 13 67
105 235 8 155 3 67
106 135 8 156 12 67
107 35 8 157 2 67
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TABLE 12.1-1.

Selective Call Conversion Chart, Continued.

TX CODE

158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207

RX SWITCHES ON TX CODE
1 67 208
67 209
12345 7 210
8345 7 211
13457 212
345 7 213
12 45 7 214
2457 215
1 457 216
451 217
12357 218
2357 219
1357 220
357 221
12 57 222
2 57 223
1 57 224
57 225
1234 7 226
24 7 227
134 7 228
M7 229
124 7 230
24 7 231
1 47 232
4 7 233
123 7 234
23 7 235
13 7 236
3 7 237
12 7 238
2 7 239
1 7 240
7 241
123456 A2
23456 243
1 3456 244
3456 245
12 456 246
2 456 247
1 456 248
456 249
123 56 250
23 56 251
1356 252
356 253
12 56 254
2 56
1 56
56

RX SWITCHES ON

BB

et ot
N W
NS
occoo~O~cOOO~O~ONOOO~ONON O

"ol
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12 4
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12.1.2 SERVICE

If a problem is encountered with the SC, refer to
Section 8 of the manual and determine if the prob-
lem is addressed there.

12.1.2.1 ADJUSTMENT

The only adjustment is R40, TX-audio. Set this
so that ALC voltage drops 1.0 to 2.0V when the call
button is depressed.

12.1.2.2 ADDITIONAL SERVICE NOTES

The schematic diagram, Figure 12.1-3, reflects SC
option as installed in the transceiver. The trans-
pond mode is hardwired so that the unit will auto-
matically transpond.

12.1.2.3 INSTALLATION

PL1 is no longer utilized as an interconnection
plug. PL4 and PL5 provide all the necessary inter-
face lines. The Table 12.1-2 below, shows the point-~
to-point wiring from the SC board.

12.1.2.4 SC USE WITH SCANNING SYSTEM

To accommodate the requirements of the control sys-
tem, a minor change is necessary from the standard,
stand-alone board. To convert to scanning use with
long preamble:

1. Cut the trace going to U2 pin 2l.
2. Wire U2 pin 21 to P14 pin 2.

To convert back to the short preamble, the above
steps can be reversed, or R17 on the M9 may be ad-
justed for whatever preamble length desired.

12.1.3 THEORY OF OPERATION

12.1.3.1 SIGNALING SYSTEM

The SC option transmits a two-tone FSK system.
A 1562Hz reference tone is transmitted continu-
ously. The mark tone is 120Hz and the space tone
is 1302Hz. It would be possible to demodulate
the mark and space tones directly using a standard
100Hz shift FSK demodulator. Unfortunately, this
simple system would necessitate excellent frequency
stability in both the transmitting and receiving
equipment.

The frequency stability problem is overcome by
passing the three-~tones through a frequency multi-
plier and the low pass filter. The resultant output
is the difference between the reference tone and
the mark and space tones.

Reference Tone 1562Hz Mark Tone 1202Hz Dif-
ference Tone 360Hz

Reference Tone 1562Hz Space Tone 1302Hz Dif-
ference Tone 260Hz

In an SSB system the receiver must be tuned exactly
to the transmit frequency, or the recovered audio
will be displaced in frequency. Examining the re-
covered frequencies of the three-tones, from an SSB
receiver that has drifted 300Hz on the high side
of the transmitter frequency shows the following:

Reference Tone 18&2Hz Mark Tone 152Hz Differ-
ence Tone 360Hz

TABLE 12.1-2. Point-to-Point Wiring.

C WIRE TO:

Pi4,l M9, P6, 2

P14,2 M9, P6, 6

P43 M9, P6, 4

PI44 M9, P6, 3

PI45  +12V

PL46 "™MIC IN", M1 thru 10K resistor
P14,7 "MIC IN", ACC2
Pl48 EXT ALARM

P149 PTT

P14,i0 Ground

PlA4,11 Ground

P14,12 "PROD OUT, M1
P1A4,13 "PROD OUT", ACC2
PI4l4 NC

PL5,1 NC

C WIRE TO:

PL52
PL53
PL54
PL5,5
PL56
PL5,7
C,S01,1
C,S01,2
,501,3
C,S01,4
C,S01,5
C,501,6
C,S01,7
C,S01,8

NC

NC

"SEND" Switch, center position
"SEND" Switch, N.O. throw
NC

NC

M9, P2, 10

M9, P2, 9

M9, P2, 8

M9, P2, 7

M9, P2, 6

M9, P2, 5

M9, P2, 4

M9, P2, 3
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Reference Tone 18&2Hz Space Tone 1601z Dif-
ference Tone 260Hz

It will be seen that the difference tones remain
identical even though the three-tone frequencies
have shifted 300Hz. The three-tone FSK system en~
sures identical tones at the demodulation provided
the signal stays within the passband of the system.

12.1.3.2 ANALOG SYSTEM

Audio Amplifier & AIC U16

The audio output signal from the receiver is applied
to the floating high impedance input winding of
the audio transformer Tl. The balanced output from
the transformer is applied to the differential inputs
of U16 giving good rejection of common mode signals.
U16 is an integrated circuit audio amplifier with
an internal ALC system that maintains constant audio
output level over a 60dB range of input signals.

High Pass Filter U18/1

An active high pass filter attenuates frequencies
below 700Hz. This means that signals $500Hz of
the nominal will pass through the system (1202Hz
- 500Hz = 702Hz) (1562Hz + 500Hz = 2062).

Multiplier U17

The multiplier stage is an active integrated circuit
multiplier. The processed audio is injected into
both ports of the multiplier. The output contains
both the sum and difference frequencies of all audio
tones present at the input.

Low Pass Filter U18/2

The active low-pass filter has a cut-off frequency
of 400Hz. This means that only the difference fre-
quencies from the multiplier will be passed. The
frequencies below 400Hz were previously eliminated
by the 700Hz high pass filter, and the only signals
applied to the limiter are the difference products
from the multiplier.

Limiter U18/3/4

The limiter is an operational amplifier. The tones
and noise spectrum are fully limited, and at this
point in the system there is immunity to amplitude
changes. A passive low~pass filter at the output
of the limiter removes harmonics generated in the
limiter.

Mark & Space Filter U19/1/2

The mark and space filters are active bandpass
filters set to the mark and space tone frequencies
of 360Hz and 260Hz. The bandwidth of the filters
is set to pass a maximum baud rate of 16Hz. The
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output from each filter is rectified to produce +
mark and - space outputs.

Data Comparator U19/3

The data comparator is an operational amplifier
configured to be sensitive to the rate of change
at the input. This system has the special advan-
tage that no adjustments are required. The input
is effectively floating and the comparator will
only respond when a positive or negative signal
is received with a rate of change at least equaling
the data rate. The output from the comparator
is a digital data train corresponding to the origi-
nal transmitted data.

Squelch Comparator - Data Gate U19/4

In the absence of a signal the data comparator
will produce a steady stream of pulses. Eventu-
ally this will cause a false decode. The squelch
comparator is similar to the data comparator but
is proportioned with an asymmetrical charge rate
and responds only to the mark tone. A valid code
is always preceded by a 12 bit mark signal, and
this preamble ensures the data gate is opened prior
to the transmission of data.

12.13.3 SIGNAL CODE
The signal code used is in the format of the stan-
dard 8 bit ASCII code. In the analogsection the
transmission of this data through an SSB system
is described. The FSK data train is composed as
follows:
Preamble 12 Mark/Space Bits
Code Mark/Space 8 Bits
Error Check Mark/Space 2 Bits
Stop Mark 1 Bit

The preamble serves the dual purpose of stabilizing
the transmitter and enabling the squelch system
prior to the transmission of the code.

The code is a combination of 8 mark or space bits
and is determined by the transmit switch in the
SC. The 8 bits gives 256 code combinations (28).
Additional code length and error checking infor-
mation is sent and decoded; for a valid interro-
gation signal indication these bits of information
must be correctly sequenced, and thus play an in-
portant part in preventing false signaling.

12.1.3.4 CLOCK & TONE GENERATION

The clocks and tones are generated by a single
2000kHz crystal oscillator U5. This system ensures
extreme stability of the entire system. No adjust-
ments of tone or clock frequencies are required.



Clock Signal

The 2000kHz signal is divided by 8192 in a binary
counter U5 for a clock frequency of 244Hz. The
clock signal is used to control the processor.
The length of each data bit is 16 clock pulses.

Reference Tone
The 2000kHz signal is divided by 1280 by two binary
counter IC's U5 and Ull. The output is 1562kHz.

Mark & Space Tones

The 2000kHz signal is divided by 64 in a binary
counter U5. The resultant 31,250Hz signal is then
passed through a dual modulus 12/13 counter U9.
This counter is controlled by a data gate. Inthe
mark mode the counter divides by 13 and in the space
mode by 12. The output from the dual moduhss counter
is then divided by 2 in U4 to produce the mark tone,
1202Hz, and space tone, 1302Hz.

12.1.3.5 ENCODE MODE
Code Set

The 8 bit transmit code is set by the output from
M9'

Send Sequence

The send button is depressed activating the transmit

control circuitry as follows:

1. A signal is applied to the reset inputs to the
+ 12/13 counter U9 and the # 10 counter Ull.
This activates both counters providing tone
output to the transmitter. Simultanecusly Q2
(PTT switch) is switched on via R1 by the trans-
mit control circuitry U3. This allows Q2 to
sink via D1 up to 500mA of PTT line current,
activating the transceiver transmit condition.

2. The transmit STROBE gate D5 opens. This acti-
vates the processor U2.

3. The processor U2 sends the complete code
sequence.

4. The data gate D7 remains closed. This holds
the dual modulus counter U9 in the #13 mode
and continuous mark tone is transmitted for
one code sequence. This mark tone provides
the code preamble.

5. An internal counter in the processor transmit
control circuitry U2 counts the first transmit
stop signal, then opens the data gate U7 and
initiates a second code sequence.

6. The output from the processor is applied to
the data gate D7 and switches the dual modutus
counter to generate the correct sequence of
mark and space tones.

7. The second transmit stop signal turns off the
two counters, stopping the transmitter output.
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Processor U2

The processor is a complex device that controls
the entire code sequence. The information from
the 8 bit transmit encode switch is converted from
parallel to serial form. The processor also adds
the appropriate control signals and the error check-
ing information.

Transmit Output

The reference, mark and space tones are combined.
The tones are then filtered by U10 and applied
to the transmitter audio input through the gain
control R40. The gain control is the only adjust-
ment and is used to set the correct drive level
to the transmitter.

12.1.3.6 DECODE MODE

Processor

The processor runs continuously in the decode mode.
Normally the data gate D23/D24 is closed and no
data is received by the processor. The transmit
preamble opens the data gate and the processor
is then ready for the start sequence.

1. The processor is activated by the transition
from the mark tone of the preamble to the space
tone at the start of the code sequence. If
the space tone is still present after 8 clock
pulses, the processor recognizes a valid start
and will read the subsequent data.

2. The data stream is converted by the processor
from serial to parallel form.

3. When a valid code is received the processor
displays 10 outputs (8 code, 2 error checking).

Comparator

The ten outputs are connected to the 10 bit main
code comparator U6/7/12, D8/9/20. This compara-
tor has 2 fixed bits corresponding to the error
checking bits. The remaining 8 bits are programmed
by the internal 8 bit switch. This switch is set
at the predetermined code for the particular unit.
If the correct code and error checking bits are
received, the comparator transmits an output pulse.

Signal Circuitry

The output pulse from the comparator activates
the 2 second monostable U15~1&2. The output of
U15-1&2 opens the gate U15-3 and triggers the
thyristor Q3. This switches on the lamp which
remains lit until the monitor switch is operated.
The output from gate Ul5-3 also switches on tran—
sistor Q5 and the buzzer sounds for 2 seconds.



All Call Code

The all call code is recognized by a separate code
comparator. The code is hard wired using a diode
matrix corresponding to the code 12345678. When
a valid all call code is received the comparator
activates 2 second monostable Ul4-1&2. The output
from Ul4-1&2 passes through an astable Ul4-384 which
generates a pulsating output. This output is ap-
plied to the gate U15-3 which in turn operates the
normal signal circuitry. The pulsating output causes
the buzzer output to pulsate and allows the operator
to differentiate an all call and normal call.

Alarm Circuit

When the alarm button is depressed the transistor
Q1 is connected to the signal circuitry. Ql will
sink a current of 500mA (+) for 2 seconds when a
call is received. This is used to control an exter-
nal alarm such as a bell, horn, or relay for high
current circuits.

Monitor

The monitor switch closes contacts normally con~
nected in series with the receiver loudspeaker.
When the switch is depressed the speaker is acti-
vated and the signal light is extinguished.

12.1.3.7 TRANSPOND MODE

When the transpond facility is enabled, the recep-
tion of the unit's code activates the auto answer-
back circuitry so that a reply is sent to the call-
ing station. The inverter Ul5~4 is connected to
the output of the monostable Ul5-1&2. This output
is "OR"ed via D31/32 with the "send" switch and
initiates the normal transmit circuit. The timing
sequence is adjusted so that two units with
reciprocal codes cannot initiate a continuous series
of responses.

12.13.8 POWER SUPPLIES & STARTUP

The voltage is regulated by the IC regulators, Ul,
8V and U13, 5V. The regulators are cascaded. When
power is first applied a positive reset pulse is
applied to the transmit control circuitry ensur-
ing the circuitry reset for initial operation.
To avoid false triggering of the lamp and buzzer
during the startup phase, the actuating signal to
the buzzer and lamp switches is inhibited by the
momentary conduction of (4.

12.1.4 SERVICING

12.1.4.1 INTRODUCTION
The SC has no internal adjustments other than the
control to set transmit drive level and the code
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select switch. No routine adjustments or mainten-
ance is required.

12.1.4.2 INTERFACE

Before servicing the unit ensure that there are
no problems in the interface to the transceiver.
The simplest method is to replace the suspect unit
with a unit known to be in working order. If this
is not possible, check the input and output audio
levels, the power source and the PTT line.

12.1.43 ANALOG CIRCUITRY

The received signal is subject to considerable
audio processing before the data stream enters
the processor. Conventional test equipment such
as a simple oscilloscope, audio amplifier with
loudspeaker, and audio signal generator may be
used to check the operation of Ul6 the automatic
level setting IC, the active filters, the squelch
and data comparators. Faults are likely to be
restricted to the integrated circuits. It is usu-
ally very simple to check an operational amplifier
by measuring the DC output voltage. The outputs
of Ul8l-4 and U191 and 2 are all referenced to
the voltage at the junction of R70 and R90 and
should be identical. A variation in output voltage
is a certain indication of a defect in that opera-
tional amplifier, or, in the case of U18, leakage
in either C46 or "C5L."

12.1.4.4 FREQUENCY CONTROL

The tone frequencies and clock frequencies are
all derived from a single 2MHz crystal oscillator.
It is a simple operation to check the performance
of the circuitry by using a frequency counter to
measure the frequencies at the points indicated
in the schematic diagram.

12.1.4.5 DIGITAL CIRCUITRY

The digital circuitry is controlled by the complex
processor, U2, and it is virtually impossible to
analyze faults in much of the circuitry using con-
ventional servicing techniques. The operation
of the processor U2 is best checked by replacement
and a plug-in socket is used to facilitate this
check. Other key fault indicators are listed in
the fault finding chart.

12.1.4.6 CALL SELECTION

If there is any suspicion of faulty operation in
the pushbutton switches and latches substitute
a DIP switch in the socket on the main circuit
board. Normal operation with the DIP switch clearly
isolates the fault area to the call selection cir-
cuit board or interconnections.



12.14.7 TEST SET Yellow to Orange

It is very difficult to check the performance of Brown to Blue

a single SC unit. It is recommended that a second Red to +12V

unit (in known good operating order) is used as Blue to -12V

a test set for all servicing. The interface con-

nections between the units are as follows: These connections provide a direct link between

the two units and replace the RF path through the
transceiver. Both units may be tested for normal
operation in the encode and decode modes.
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SELECTIVE CALL MODULE

55 100Ms SYNTHENIZER

FIGURE 12.1-1. Selective Call Option.
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TABLE 12.1-3. SC Fault Finding Chart.

NO TRANSMIT OR RECEIVE FAULTS

FAULT TEST TEST NORMAL
CONDITION INSTRUMENT POINT INDEC ATION LIKELY CAUSE OF FAULTS ETIC.
No transmit or receive{VIVM DC Both ends |Approx. 13.6V | No power. Improperly inserted
D3. plug. Open D3.

PIT does not lock on |VIVM DC + End C27. |+8Vdc Faulty Ul, shorted C9,C12, C13,
when send button is ca.
activated.
As above, but DC VIVM DC Pin 21, U2. |0Vdc Faulty C8 holing reset on UZ,
tests OK. Us.
No transmit or receive{None None Normal opera- | Faulty UZ, try replacement.
PTT locks on, may or tion.
may not have continu-
ous tones.
TRANSMIT ONLY FAULTS
FAULT TEST TEST NORMAL
CONDITION INSTRUMENT POINT INDICATION LIKELY CAUSE OF FAULTS ETC.
PTT locks on with Scope or Pin 1, U5. |488Hz Square Transmittal not oscillating.
unstable or intermit- |Counter Wave. Faulty transmittal, U5.
tent tones.
PTT locks on normally, |Scope or Orange Lead|FSK with pilot | R40 mismatched, faulty R10.
but no tones. Audio Amp of Cable. |tone.
As above, but pilot Scope or Orange Lead|FSK with pilot | Faulty U4, U9, shorted D21.
tone only. Audio Amp of Cable. |tone.
As above, but FK tone | Scope or Orange Lead FSK with pilot| Faulty Ull.
only. Audio Amp | of Cable. |tone.
Continuous tone. Scope or Orange Lead|FSK with pilot| Shorted J20.

Audio Amp of Cable. |tone.
Continuous two tone |VIVM DC Pin 24 of |+6.5Vdc, goes Faulty processor. Check all
with or without PTT processor. |to OV during pins inserted.
lock-on. transmit.
No PIT activation. VIVM DC Anode of |[PIT voltage. Faulty QZ, D1. Some trans-

Dl. Goes to 14V ceivers may require D1 shorted
during transmit| if 14V is not low enough
cycle. to activate PTT.

Wrong code Scope or Orange Lead{FSK with pilot | Tx encode switch not properly
transmitted. Audio Amp of Cable. |tone. inserted. Faulty processor.
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TABLE 12.1-3.

S Fault Finding Chart, Continued.

RECEIVE ONLY FAULTS

FAULT TEST TEST NORMAL
CONDITION INSTRUMENT POINT INDICATION LIKELY CAU SE OF FAULTS, ETC.
Normal transmit but no | VI'VM DC + End C28. |+5Vdc Faulty U13, shorted C28.
receive.
Normal transmit but no | VI'VM DC Pins 1,78, [+Vdc Faulty C5, C46, U18.
receive. 14, U18.
Normal transmit but no | VIVM DC Pins 7,8, +4VdcFaulty U19.
receive. U19.
Normal transmit butno | VIVM AC Pin &, Ul6. [.03-.05Vac RMS |Faulty U6, C69.
receive. with noise

input. OVac no

input.
Normal transmit butno | VIVM AC Pin 1, Ul6. |3V approx. AC |Faulty U17, C49, C50, U18.
receive. RMS with noise

input. 4Vac

RMS no input.
Normal transmit but no | Continuity Primary T141Vdc Resis- Open circuit T1 primary.
receive. Tester. tance

approximately.
Normal transmit but no | VIVM DC Pin 8, U19. |0Vdc goes to Leaky C32, faulty D22
receive. +6.7Vdc on (continuous squelch).

receipt of mark

tone pair.
Normal transmit butno | VIVM DC Anode D20.|-8Vdc goes to |Faulty U6, U7, or Ul2.
receive. OV on receipt

of correct code.
Normal transmit. VIVM DC Collector (+12Vdc, goes to |Faulty lamp (T.P. stays low).
Buzzer sounds but no Q3. .8V when Faulty Q3 (T.P. stays high).
light. activated.
Normal transmit. VIVM DC Collector [+12Vdc, goes to |Faulty buzzer (T.P. stays
Light lights but no Q5. .6V when low). Faulty Q5 (T.P. stays
buzzer. activated. high).
Normal transmit. VIVM DC Anode D2 |Alarm circuit |[Faulty Ql, D2. Alarm button

Receive normal but no
alarm activation.

voltage goes to
1.4 when acti-
vated by cor-
rect code
reception.

not depressed.
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TABLE 12.1-3. SC Fault Finding Chart, Continued.

RECEIVE ONLY FAULTS

FAULT TEST TEST NORMAL
CONDITION INSTRUMENT POINT INDIC ATION LIKELY CAUSE OF FAULTS ETC.
Normal transmit. Con- | VIVM C21 removed |20+ megohms Faulty C21.
tinuous buzzer and ohms from min. when
light. Buzzer may be | Scale. circuit. polarity
continuous or correct.
interrupted.
Normal transmit. Con- | VIVM C19 removed |20+ megohms Faulty C19.
tinuous buzzer when | ohms from min. when
all-call received. Scale. circuit. polarity
correct.
Normal transmit. VIVM DC Pin 8, Ul9. |0Vdc, goes to | Unsquelched continuously,
Excessive "falsing" 6.7V faulty C34, D24.
rate. unsquelched.

NOTES: (A) All tests are made with unit connected to operative transceiver, or to known functional 3

or S3M.

(B) Tests made with second S3 or S3M will not have channel noise superimposed and will not check
for S/N performance.

(C) Test made as in (B) will give almost no output at filters except in activated condition,
normally channel noise would give output continuously.
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FOR TRANSPOND

Schematic Diagram, Selective Call System.

FIGURE 12.1-3.
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TABLE 12.1-4. Parts List, SC Option.

03}

C2

C3

C4

C5

Cb6

c?

C8

Cc9

Cl10
Cll
Cl2
Cl13
Cl4
C15
C16
C17
C18
C19
C20
czl
Cc22
c23
cu
C25
C2%
czr
C28
C29
C30
C3l
C32
C33
C3H4
C35
C36
C37
C38
C39
C40
C4l
C42
C43
C4
C45
C46
C47
C4
C49
C50
C51
C52
C53

210103
210103
210102
210103
210104
210103
210103
241020
241020

220101
241020
241020
241020
254153
254103
210102
220391
241020
241020
241020
241020
210104
210103
210103

230100
230100
230100
254503
254503
241020
210102

254503
254503
254503
254503
254503

210102
254503
254503
254503
241020
241020
220391
254153
241020
241020
241020
254502
241100

Capacitor, Disc .01
Capacitor, Dis¢ .01
Capacitor, Disc .001
Capacitor, Disc .01
Capacitor, Disc .1
Capacitor, Disc .01
Capacitor, Disc .01
Capacitor, Tantalum 16V 2.2
Capacitor, Tantalum 16V 2.2
Not Used.

Capacitor, Mica, DM15 100pF
Capacitor, Tantalum 2.2
Capacitor, Tantalum 16V 2.2
Capacitor, Tantalum 16V 2.2
Capacitor, Mylar 100V .015
Capacitor, Mylar 100V .01
Capacitor, Disc .001
Capacitor, Mica, DM15 390pF
Capacitor, Tantalum 16V 2.2
Capacitor, Tantalum 16V 2.2
Capacitor, Tantalum 16V 2.2
Capacitor, Tantalum 16V 2.2
Capacitor, Disc 1
Capacitor, Disc .01
Capacitor, Disc .01

Not Used.

Capacitor, Electrolytic 16V 10
Capacitor, Electrolytic 16V 10
Capacitor, Electrolytic 16V 10
Capacitor, Mylar 100V .05
Capacitor, Mylar 100V .05
Capacitor, Tantalum 16V 2.2
Capacitor, Disc .001

Not Used.

Capacitor, Mylar 100V .05
Capacitor, Mylar 100V .05
Capacitor, Mylar 100V .05
Capacitor, Mylar 100V .05
Capacitor, Mylar 100V .05
Not Used.

Capacitor, Disc .001
Capacitor, Mylar 100V .05
Capacitor, Mylar 100V .05
Capacitor, Mylar 100V .05
Capacitor, Tantalum 16V 2.2
Capacitor, Tantalum 16V 2.2
Capacitor, Mica DM15 390pF
Capacitor, Mylar 100V .015
Capacitor, Tantalum 16V 2.2
Capacitor, Tantalum 16V 2.2
Capacitor, Tantalum 16V 2.2
Capacitor, Mylar 100V .005
Capacitor, Tantalum 16V 10
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TABLE 12.14. Parts List, SC Option, Continued.

CH
C55
C56
C51
C58
C59
C60
C6l
C62
C63
Ct4
C65
C6b
C67
C68
C69
C70
cn
C72
Cc13

D1
D2
D3

D5

D6

D7

D8

D9

D10
D11
D12
Di3
Dl4
D15
D16
D17
D18
D19
D20
D2l
D22
D23
D
D25
D26
D7
D28
D29
D30
D31
D32

254103
254103
254103
254502
241020
241020
241020
230100
210104
210103
230100
210103
210103
241020
241020
241100
241010
241020
241100
241020

320002
320102
320102
320102
320002

320002
320002
320002
320002
320002
320002
320002
320002
320002
320002
320002
320002
320002
320002
320002
320002
320002
320002
320002
320002
320002
320002
320002
320002
320002
320002

Capacitor, Mylar 100V .01
Capacitor, Mylar 100V .01
Capacitor, Mylar 100V .01
Capacitor, Mylar 100V .005
Capacitor, Tantalum 16V 2.2
Capacitor, Tantalum 16V 2.2
Capacitor, Tantalum 16V 2.2
Capacitor, Electrolytic 16V 10
Capacitor, Disc .1

Capacitor, Disc .01

Capacitor, Electrolytic 16V 10
Capacitor, Disc .01
Capacitor, Disc .01
Capacitor, Tantalum 16V 2.2
Capacitor, Tantalum 16V 2.2
Capacitor, Tantalum 16V 10
Capacitor, Tantalum 16V 1
Capacitor, Tantalum 16V 2.2
Capacitor, Tantalum 16V 10
Capacitor, Tantalum 16V 2.2

Diode, 1N4148
Diode 1N4001
Diode 1N4001
Diode 1N4001
Diode 1N4150
Not Used.

Diode 1N4148
Diode 1N4148
Diode 1N4148
Diode 1N4148
Diode 1N4148
Diode 1N4148
Diode 1N4148
Diode 1N4148
Diode 1N4148
Diode 1N4148
Diode 1N4148
Diode 1N4148
Diode 1N4148
Diode 1N4148
Diode 1IN4148
Diode 1N4148
Diode 1N4148
Diode 1IN4148
Diode 1N4148
Diode 1N4148
Diode 1N4148
Diode 1N4148
Diode 1N4148
Diode 1N4148
Diode 1N4148
Diode 1N4148
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TABLE 12.1-4. Parts List, SC Option, Continued.

D33
D34
D35
D36
D37
D38
D39

D4l
D42

Q1
Q2
Q3

05

Rl

R2

R3

R4

R5

R6

R7

R8

R9

R10
R1l
R12
R13
R14
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24
RZ25
R26
R27
R28
R29
R30
R31
R32
R33
R34

320002
320002
320002
320002
320002

320002

320002
320002
320002

310029
310029
320602
310027
310027

124103

124105
124104
124101
124474
124104
124474
124047
124273
124103
124103
124101
124101
124101
124104
124104
124104
124104
124104
124104
124104
124104
124104
124104
124104
124104
124104
124104
124104
124104
124563
124563
124273

Diode 1N4148
Diode 1N4148
Diode 1N4148
Diode 1N4148
Diode 1N4148
Not Used.

Diode, 1IN4148
Not Used.

Not Used.

Diode, 1N4148
Diode, 1N4148
Diode, 1N4148

Transistor 2N6386
Transistor 2N6386

LR C103Y

Transistor 2N5306
Transistor 2N5306

Resistor, Film
Not Used.

Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film

1/4W 5% 10K

1/4W 5% 1M

1/4W 5% 100K
1/4W 5% 100

1/4W 5% 470K
1/4W 5% 100K
1/4W 5% 470K
1/4W 5% 4.7

1/4W 5% 21K
1/4W 5% 10K
1/4W 5% 10K
1/4W 5% 100

1/4W 5% 100

1/4W 5% 100

1/4W 5% 100K
1/4W 5% 100K
1/4W 5% 100K
1/4W 5% 100K
1/4W 5% 100K
1/4W 5% 100K
1/4W 5% 100K
1/4W 5% 100K
1/4W 5% 100K
1/4W 5% 100K
1/4W 5% 100K
1/4W 5% 100K
1/4W 5% 100K
1/4W 5% 100K
1/4W 5% 100K
1/4W 5% 100K
1/4W 5% 56K
1/4W 5% 56K
1/4W 5% 27K
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TABLE 12.14. Parts List, SC Option, Continued.

R35
R36
R37
R38
R39
R40
R4l
R42
R43
R4
R45
R46
R47
R48
R49
R50
R51
R52
R53
R&
R55
R56
R57
R58
R59
R60
R61
R62
R63
R64
R65
R66
R67
R68
R69
R70
R71
R72
R73
R74
R75
R76
R77
R78
R79
R80
R81
R82
R83
R84
R85
R86
R87

124273
124273
124183
124563
124223
170103
124224
124273
124105
124205
124205
124104
124224
124105
124334
124205
124224
124224
124103
124105
124474
124563
124474
124205
124154
124184
124473
124333
124821
124511
124273
124205
124101
124102
124101
124563
124682
124563
124474
124103
124273
124682
124474
124334
124474
124104
124224
124152
124104
124222
124822
124205
124471

Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film

1/4W 5% 27K
1/4W 5% 21K
1/4W 5% 18K
1/4W 5% 56K
1/4W 5% 22K

Potentiometer, Preset 5K

Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film

1/4W 5% 220K
1/4W 5% 27K
1/4W 5% IM
1/4W 5% 2M
1/4W 5% 2M
1/4W 5% 100K
1/4W 5% 220K
1/4W 5% 1M
1/4W 5% 330K
1/4W 5% 2M
1/4W 5% 220K
1/4W 5% 220K
1/4W 5% 10K
1/4W 5% IM
1/4W 5% 470K
1/4W 5% 56K
1/4W 5% 470K
1/4W 5% 2M
1/4W 5% 150K
1/4W 5% 180K
1/4W 5% 47K
1/4W 5% 33K
1/4W 5% 820
1/4W 5% 510
1/4W 5% 27K
1/4W 5% 2M
1/4W 5% 100
1/4W 5% 1K
1/4W 5% 100
1/4W 5% 56K
1/4W 5% 6.8K
1/4W 5% 56K
1/4W 5% 470K
1/4W 5% 10K
1/4W 5% 27K
1/4W 5% 6.8K
1/4W 5% 470K
1/4W 5% 330K
1/4W 5% 470K
1/4W 5% 100K
1/4W 5% 220K
1/4W 5% 1.5K
1/4W 5% 100K
1/4W 5% 2.2K
1/4W 5% 8.2K
1/4W 5% 2M
1/4W 5% 470
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TABLE 12.1-4. Parts List, SC Option, Continued.

R88

R89

R90

R91

R92

R93

R9%4

R95

R96

R97

R98

R99

R100
R101
R102
R103
R104
R105
R106
R107
R108
R109
R110
R111
R112
R113
R114
R115
R116
R117
R118
R119
R120
R121
R122
R123
R124
R125
R126
R127

St
S

Tl

Ul
U2
U3
U4
Us

124471
124105
124563
124104
124102
124102
124102
124561
124103
124101
124274

124474
124335
124273
124562
124224
124223

113103

530004
410011

330018
330056
330040
330040
330037

Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Not Used.
Not Used.
Not Used.
Not Used.
Not Used.
Not Used.
Not Used.
Not Used.
Not Used.
Not Used.
Not Used.
Not Used.
Not Used.
Not Used.
Not Used.
Not Used.
Not Used.
Not Used.
Not Used.
Not Used.
Not Used.
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Not Used.
Resistor, Film

Not Used.
Not Used.
Not Used.

1/4W 5% 470
1/4W 5% 1M
1/4W 5% 56K
1/4W 5% 100K
1/4W 5% 1K
1/4W 5% 1K
1/4W 5% 1K
1/4W 5% 560
1/4W 5% 10K
1/4W 5% 100
1/4W 5% 270K

1/4W 5% 470K
1/4W 5% 3.3M
1/4W 5% 27K
1/4W 5% 5.6K
1/4W 5% 220K
1/4W 5% 22K

1/8W 5% 10K

Switch, DIP 8 Pole On-Off

Transformer

IC, 78L.08

IC, Special Processor

IC, CD4013
IC, CD4013
IC, CD4060
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TABLE 12.1-4. Parts List, SC Option, Continued.

Ué 330031 IC, CD4070

U7 330039 IC, CD4068

U8 Not Used.

U9 330038 IC, CD4029

U110 330028 IC, CA3130E

Ull 330033 IC, CD4017

U1z 330031 IC, CD4070

Ul3 330025 IC, 78L05

Ul4 Not Used.

Ul15 330035 IC, CD4011

Ule 330029 IC, SL1626C/SL6270C
U7 330036 IC, SL1640C

Ul18 330030 IC, LM324N

U19 330030 IC, LM324N

Y1 360011 Crystal 2MHz

Misc. 710101 Buzzer, Solid State

NOTE: Unless otherwise specified, capacitance is in microfarads and resistance
is in ohms.
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12.2 REMOTE CONTROL OPTION

12.2.1 GENERAL

The MIMP that is used with the Remote Control
differssignificantly from the MIMP used when the
Remote is not fitted. The local panel control
portion remains the same however, except for the
fact that the reset and power-up sequence is al-
tered. Everything contained in the basic MOMP
Section is still valid, including the Antenna Tuner
Interface information, but the followingdescrip-
tion augments the basic functional description.

The Remote Control portion of the MOMP is com-
prised of very similar circuitry to the Local
portion, but also includes a parallel-to-serial
data converter (UART) and a modulator/demodulator
(MODEM), as well as other interface components.

The Remote Control achieves its reliability from
the fact that it utilizes an "Acknowledge Request"
system (ARQ) to make sure that the data displayed
on the Remote Control Head is valid. The system
also prevents disruptions on the balanced line from
interfering with control.

The control information is sent using an Audio
Frequency Shift Keying (AFSK) transmission stan-
dard, Bell 103. The data rate is 600 bits-per-
second (Baud); and where a 2225Hz tonerepresentsa
mark or a one (1), and a 2025Hz tone represents a
zero (0). The actual control information is sent
in four-byte bursts of eight bits per byte. The
first two bytes of any control burst are always
fixed. The second two bytes constitute the control
information. For every control packet received by
the transceiver (telling it to go and do some-
thing), an answer-back burst is sent to the head.
The answer-back consists of four bytes also, but
isinherently twice as easy toreceive ungarbled as
the control information.

12.2.2 CIRCUIT DESCRIPTION

12.,2.2.1 Co-Processing Arrangements

As stated above, the Local processor and its cir-
cuits remain very much as before. The basicdif-
ference in the CPU arrangement is that there is
now another CPU and some other components on the
bus. The additional CPU, known as the Remote CPU,
and its support componentsreside on and share the
bus with the other Local parts. A circuit tells
eachCPU when it isits turn to become bus master,
and when each should shut down.
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When one of the CPU's is to become the busmaster,
it is told by the arbitration circuit to turn on
and begin executinginstructions. The otherCPU
is told to "go to sleep," and ceases to function.
The arbitration circuit is simply a flip-flop
composed of sections of U29, a quad two-input
NOR.

C35 and R36 form a time constant which assures
that after power-on the flip-flop is set, putting
a high logic level (+5V) on U29, 11. This places
operating voltages on Ul8, the Remote or Master
processor. The master/slaverelationship of the
processors is discussed in 12.2.2.12.

By placing 5V on the reset and VDD lines of Ul8
(pins 4 and 26 respectively), U8 is allowed to
turn on and begin executing instructions. The
effect of this is said to place the circuit in
the "Remote" or "Master” mode.

12.2.2.2 Power-up Sequence

The first thing the Remote processor does, after
turning on, is to initialize the Universal Asyn-
chronous Receiver-Transmitter (UART). Thisde-
vice, U20, is responsible for receiving data via
the processor data bus and transformingit intoa
serial data stream according to the initialized
format, and "vice versa." The processor writes
four control bytes to the device and sets it up to
send 600 Baud ASCII; with one stop bit, 8 data
bits, and no parity. It sets the Baud rate gen-
erator to external, so the part derives its basic
clockrate from the 38,400Hz square wave produced
by U24.

All this takes place in a few microseconds after
reset. When this task is completed, the Remote
processor will place a low level on U18, 29, hence
taking the Local reset line (Ul, 4 to which it
is tied) to a low logic level (0V), and resetting
the Local processor. ItthenplacesalowonUlS,
28 which resets the flip-flop via U29, 1 and 2.
The operatingvoltages are removed fromUIl8 and
placed onUl. ThenUl can come on and begin ex-
ecuting instructions. It should be noted that
while one processor is on, the other is off and
all its lines are in the high-impedance state.

The operating voltages are placed on Ul, 4 and
Ul, 26 via U29, 10 and the Local processor comes
on and begins executing instructions. From the
Local mode, operation is just as described in the
basic MYMP Section. However, this normal opera-
tion may be interrupted by reception of data by



the UART. Whendataarereceived bythe UART,a
third mode, Arbitration mode, is entered. If the
dataarenot valid, Localmode isresumed. Opera-
tion is further discussed in 12.2.2.12.

12.2.23 Remote Audio Link

The transceiver is normally connected to the con-
trol head via two unbalanced 600 ohm lines. One
represents the receiver audio (RX audio), and the
other the transmitter audio (TX audio). The TX
audio also carries the signalling commands from
the head to the transceiver, and the RX audio also
carries the answer-backs from the transceiver.

The lines enter the PC board through inductive
low-pass filters composed of L1, L2, C65, and Céb.
The TX audio feeds the filter/limiter IC, Ul3.

12.2.24 MODEM FILTER/LIMITER

This IC contains an op amp, a switched capacitor
bandpass filter, and a comparator. The op amp is
driven from the TX audio and has an adjustable
gain via R4. R4 is adjusted to give about 4V p-p
output when the control head TX audio signal is
maximum, as from the control signal tone. The
op amp output drives the transmitter audio input
port that is allocated for the remote at Ml.

This amplified audio signal also drives the MODEM
bandpass filter inside the IC. The output of this
filter drives a data comparator, the output of
which appears at pin 16 of the IC. R7 is adjusted
so that the comparator output (RXC) is a 50% duty
cycle square wave at the filter passband center
frequency. This squared audio signal is what the
period counting demodulator wants to see.

The squelched RX audio from the receiver isfed to
UZ7A, an op amp which drives the RX audio line to
the head via emitter follower Q10. R34 sets the
maximum output level to the head. The modulator
also drives U27A via R64, so that the answer-back
tones appear on the RX audio line.

12.2.2.5 Demodulator

The demodulator, half of U2l, is a period counting
device. It recognizes the square wave at its
input, pin 1, and counts the period of each cycle.
If the period of the square wave is close enough
to that of either a 2225 or 2025Hz tone, the RXD
output is updated after one complete cycle.

The square wave input must have a duty cycle of
50% plus or minus 4% for the demodulator to func-
tion. Excessive noise or distortions can cause
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the dutycycle toerr. The RXD output drives the
RXD port of the UART.

12.2.2.6 Modulator :

The modulator half of U2l receives its transmit
data from the UART on the TXD line. A one (or
mark) is converted to a 2225Hz tone and a zero
is made to be a 2025Hz tone. The tone output at
TXC, pin 9, is normally suppressed until it is
desired to send a data burst. To start the tone
burst, the MUTE line, U2}, 12, is set to a one
(+5). A delay of about 10ms is generated, and
then the four databytes aresent. Thenthe MUTE
line is taken back low to stop the data burst.

12.2.2.7 MODEM Clock

The basic timing for the MODEM is derived from
its cyrstal oscillator, Y4. It runs at or near
1.00000MHz. It is not critical that this fre-
quency be closer than .1%. This crystal runs
continuously.

12.2.2.8 Remote Disable

Ql6is a grounded-emitter switch which can effec-
tively ground the RXC input to the MODEM and
prevent any audio fromreachingthedevice. When
the remote cable is plugged into the accessory
connector on the transceiver, the base of Ql6 is
grounded, and it cannot conduct. The remote
circuits are then allowed to function. When the
cable isremoved, the MODEM cannotreceive any
data and the remote is disabled.

12.2.2.9 Minus 12V Supply

U2 is an oscillator and divider chain. The
oscillator runs at 614.4kHz as determined by the
ceramic resonator, Y5. As stated above, the
38.4kHz output drives the UART clock inputs. This
rate is exactly 64 times the 600 Baud datarate.

The 38.4kHz also drives a switchingpower supply
circuit to provide the minus 12V needed for the
RS5-232 interface. A toroidal inductor is used
with an inductance of roughly 2000 microhenrys.
Q11 drives Q12, and Q12 in turn puts current
pulses through the inductor during half the
cycle.

During the other half of the cycle, Q12 is shut
off and the field in the toroid is allowed to
collapse. Thisinduces avoltage back acrossthe
inductor. The magnitude of the induced voltage
is inversely proportional to the switching speed
of Ql2, and also depends on the "Q" of the in-
ductor.



The diode and capacitor form a simple filter and
the 2.2K resistor across C64 provides enough load-
ing to prevent the inductive "fly-back" voltage
from beingexcessively great. Nominally there are
about -25V across Cé64. This raw voltage feeds a
T9L12 minus 12V regulator.

12.2.2.10 RS-232 Interface

RS-232 is just a name for a set of specifications
describing a way to transfer serial data from one
point to another. The most important features of
the standard are:

1. Signalsmustswingfrom above+3V to below-3V.
2. A level lower than -3V constitutes a mark
or one (1).

3. A level higher than +3V constitutes a space
or zero (0).

4. Levels in between are undefined.

5. Rise and fall times of signals are limited.

In fact, the RS-232 output from the MIMPis allowed
to swing from roughly +10V to -10V. The output
is current limited by R69. It is driven from half
of U25, an op amp which is powered from +12V and
-12V. The input of the op amp is driven directly
from the TXD line from the UART,

The RS5-232 input drives the input of the other half
of U25 through R68. The non-inverting inputs of
both op amps are supplied with a fixed +2.1V refer-
ence which sets the switching threshold. Thus,
the RS-232 input will actually accept a 5V/0V (TTL)
signal and still function.

The output of U25, 1 is tied to the RXD line
through a 10K resistor, Rél, and a diode, D39.
When its output goes to ~10V, or space (note that
the op amp inverts the incoming signal) the RXD
line is taken to 0OV. When the op amp goes to +10V
or mark, the RXD line is allowed to be pulled up
to +5V by the pull-up resistor, R65.

It should be noted that if the MODEM is enabled by
plugging in the accessory connector, that RS-232
communications would be disrupted occasionally by
the presence of data from the demodulator. If con-
stant RS-232 operation is desired, the remote dis-
able must be set. Remove U2l completely if the
audio remote is never to be used.

12.2.2.11 RemotelyControllable Functions, Hard-
ware Level

U?22 and U23 are reponsible for the additional hard-

ware interface necessary to have control of the
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mode, transmit and receive, and other panel func-
tions. U?22 is simply an additional shift register
that is attached to the end of the transceiver
interface. It is the sixth and last register in
what is now a chain of six registers, one feeding
the next with the serial data from the processor
ports.

Forty-eight (48) bits are shifted out of either
processor when it is desired toupdate the trans-
ceiver interface. The first 8 bits to be shifted
out are those which will end up in U22. The def-
initions of these 8 bits are given here:

Bit Function Active Level

Q8 (LSB) PIT Low to transmit

Qr S.C. SEND High to send
Q6 ATU TUNE High to tune
Q5 SQUELCH High to squelch
Q4 AMPLIFIER CTRL Low for AMPon
Q3 AM. Low for A.M.
Q2 SIDEBAND CTRL Low for L.S.B.
Q1 Not Used

When the M9MPis in the Remote mode, a highlogic
level is placed on U22, 15 which allows the out-
puts to become active. Wheninthe Localmode,a
ground is placed on that pin which forces the out-
puts into the highimpendace state. Inthisstate
they cannot affect transceiver operation.

U23 is a quad analog switch, and allows certain
transceiver panel controls to be disabled when
in the Remote mode. It also controls the S.C.
SEND function. When in the Local mode, a high
level is placed on U23 pins 5, 6, and 13, and the
analogswitches conduct. This places the commons
of the mode and squelch switches on the tran-
sceiver panel at ground, and they are opera-
tional.

In the Remote mode, a low level is placed on those
pins, and the analog switches do not conduct,
thereby disabling the panel switches. The S.C.
SEND function is implemented by causing one of
the analog switches toshort across the two lines
from the Selective Call Module (SCM) that also
runs to the "SEND" switch.

12.2.2.12 Bus Arbitration and Operating States
The two processors share amaster and slaverela-
tionship with one another. Ul8is the remote pro-
cessor and is thought of as master. Ul is the



localprocessor and is the slave. The onlyreasons
this relationship exists are:

1. Obviously one of them has to come on first.

2. Sincethe change from Local toRemote modes
is automatic, the remote processor must be the one
to determine which processor is actually enabled
at any given time.

The two processors and their individual resources
may be thought of as two separate systems which
just happen toshare the same data and addressbus
and the same port lines. The only shared system
resources on the buses are the address latch, U2,
and the systemnon-volatile memory,U4. Bothsys-
tems also share access to the transceiver inter-
face, display interface, and certain other port
lines.

Only the remote processor can access the UART, and
eachsystemhas its own programmemory. These are
the non-shared systemresources. The keypad lines
(except for the row containing the "F" key) are
not shared, since the remote processor hasnoneed
to know that information.

After power on, the transceiver is in the Local
mode. At thispoint the UART has been initialized,
as mentioned above, and is ready to receive data
from the head. The UART is also prone to falsing
on something that is not really data. So if, when
in the Localmode, the UART thinks it hasreceived
a data byte, it asserts an interrupt by placing
a low level on its RXE line.

This also effectively grounds U29 pins 5 and 6,
and pins 6 of both processors. This sets the flip-
-flop, and the remote processor is allowed to come
on and begin executinginstructions. It sees that
the INT line is held low, and so tries to determine
the source of the interrupt. If P16 is also low
at Ul8,33 then the UART was the source of the in~
terrupt. The UART is signalling that it has
a character ready to be read by the processor.

The remote processor can select either the RAM,
U4, or the UART by asserting P15,0r U18,32. When
this line is high, the RAM is selected; when low,
the UART is selected. Bothcannot be enabled at
the same time. Eitherdevice, when enabled in this
fashion, responds to reads and writes via the data
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bus and communicates with the processor. The
other device is disabled and sits in the high
impedance state.

The CPU reads the data byte from the UART by
asserting the RD line, and by placing the correct
levels on Af and Al of the UART to address the
data holdingregister. The CPU then compares the
received byte with a table to see if it is part
of a valid remote command. If it is not a valid
byte, the remote CPU puts a low level on U18, 30;
which resets the flip-flop and permits the Local
mode toresume without beingreset. Instructions
resume from the point where they were interrupted
by the UART. Thisstate is known as Arbitration
mode and takes 5 to 10ms for each interruption.

If the remote CPU determines that all four bytes
of a valid command have been received, it does
notreturn to Localmode, but enters Remote mode,
and outputs the display, "R.C. ON" to the local
display. It sends the answerback signal to the
head to indicate that a valid command was rec-
eived.

While in the Remote mode, if an interrupt occurs
and it is determined that the source of the in-
terrupt is the local "F" key being pressed, the
remote CPU outputs a long string of data to the
head to indicate that it is returning to the Local
mode. The controlhead recognizes thissignal and
puts up the display, "R.C. OFF" on the head.

The remote CPU then places a low level on U183,
29 to reset the local CPU. A delay is generated
in software to allow time for the local reset ca~
pacitor to discharge through the limited sink ca-
pability of the port line. It then asserts UlS,
30 as above and grants control to the localCPU.

The data used to indicate to the head that local
control isresumingare the same fixed value bytes
that are used in the acknowledgement signal. This
means that if there are two or more controlheads
in parallel on the balanced line to the tran-
sceiver, the following will occur. If one head
asserts control, the other will hear the answer-
back signal and display "R.C. OFF;" since the
latter knows it wasnot the one that sent the data
burst in the first place.



TABLE 12.2-1.

MIMP Remote Control Module, Test Procedure.

LOCATEN

Transceiver

Transceiver

Transceiver

Transceiver

Transceiver/Control Head

Transceiver

Transceiver

Transceiver

Transceiver

Transceiver (MYMP FCB)

Transceiver (MYMP PCB)

Control Head

Transceiver
Transceiver (MYMP PCB)

Transceiver (MIMP FCB)

Control Head

Transceiver (MIMP PCB)

Control Head

Transceiver (MJMP PCB)

Transceiver

Transceiver (M9MP FCB}

Control Head

Transceiver

SEQUENCE NUMBER

PROCEDURE

1

2.

7.

9.

10.

11.
12.

13.
4.

15.

16.

1.

18.

19.

Make a visual inspection for any missing or wrong components, solder
bridges, incorrect wiring, etc.

Make an ohm check from the +12V line to its ground. The readingshould
show several hundred ohms.

Apply AC power.

Verify that the LCD backlight comes on and that there is at least 135V
p-p (AC) at the "AC" terminal of the display module (M1l).

Connect the actual cable to be used from the transceiver to the head.
Connect the transceiver RF output to a 30dB power pad, and the output
of the pad to an RF signal generator.

Press the "F" button on the transceiver and change to channel "00."
Tune to a convenient frequency and inject a -30dBm RF CW signal to
the set so that a 1kHz tone is present. IMPORTANT!!! DO THIS
AND ALL TESTS THROUGH A 30dB POWER PAD 1!

Monitor the emitter of Q10 with an oscilloscope set to lms/cM and
2V/div AC coupled.

Adjust R34 until the sine wave is 12dB under the clipping threshoid.
Verify that this is about 2.5V peak-to-peak.

Monitor the non-grounded side of R55 with the scope. Increase the
vertical sensitivity to 0.2V/div.

Adjust R52 for anull in the tone. You are adjusting the line balance.

In the head, power down and remove Ul2. Short pin8 to pin 16 tempo-
rarily.

Remove the RF tone from the transceiver.

On the M9, monitor U13, pin 16 with the scope, DC coupled, 5V/div.
Adjust so that there is a 5% duty cycle square wave. Roughingin the
adjustment by setting the wiper voltage of R43 to about 6Vdc will help
speed things up.

Power down the head and replace Ul2.

A. Monitor U13, pin 16 with the scope. AC couple the scope, and set
it to normal, positive edge triggering. Set to 10ms/cM.

B. Recheck duty cycle under actual operation.

By pushing the buttonson the head, generate data pulses whichmust be
made to trigger the scope once for each pulse.

Fine tune R58 if necessary so that there is an answer back pulse coming
from the M9 for each pulse generated at the control head.

Power down the transceiver and remove U28. Monitor the emitter of Q10
on the M9 and adjust R64 so that the tone level is just below clipping
threshold. Verify that this voltage is about 10Vac p-p.

Power down and reinsert U28 on the M9.

Generate data pulses by pressingbuttons on the head and listen for the
answer back pulses from the M9.

Reconnect the RF tone into the receiver and verify that the data bursts
are not affected.
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TABLE 12.2-1.

MIMP Remote Control Module, Test Procedure, Continued.

LOCATIN
Control Head

Control Head

Transceiver/Cantrol Head

Transceiver/Ccnt;olHead

Transceiver/Control Head

Transceiver (MYMP PCB)

Transceiver (MO9MP FCB)
‘ Transceiver (MOMP FCB)

Transceiver (MYMP FCB)

Control Head

Transceiver/Control Head

SEQUENCENUMEER  PROCEDURE

31

Remove the RF tone.

Check transmit operation on all the normal transceiver test frequencies
by entering them from channel "00."

A. Verify full power output on all test channels.
B. Check RMT disable by removing accessory cable.
Verify that the SC code can be entered from the head and check that the

J2 outputs fromM9 actually follow the programmed code. Use 170and 85
for speed.

Verify that the "UP" and "DN" functions operate and that the display on
the head is keeping up with the transceiver.

Verify that the selective call "SEND" feature works by:

A. 1If there is a selcal in the unit, operate it and verify the RF
output waveform on a scope.

B. If no selcal is installed, place on chmmeter across M9, J9 pins 4
and 5 and verify that a momentary short {(about 100 ohms or so) is
placed across these terminals by the circuit when the SEND button
on the head is depressed.

Verify that the ATU feature works by pressing the button on the head
and checking that there is a positive pulse output at M9, U22-6.

Verify the sideband select by monitoring the LSBand AMlines witha
voltmeter and check transmit operation in both sidebands.

Verify that the "AMP ON/OFF" function works by connectinga small

LED and resistor, or a small incandescent lamp across M9 J8 pin 6 and -

+12V. With the *"AMP" switch on the head in the ON position, when the
transceiver is keyed, the lamp should go on, and with the switch on
the OFF position, the lamp should never come on.

Check that the squelch operates.

Verify that the panel controls of the transceiver do not affect
operation when in the remote mode. Check that the transceiver displays
*R.C. OFF" when inremote mode. Check that the head displays "LOCAL"
when in local mode.
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TABLE 12.2-2. Parts List, Remote Control Module, MIMP.

Cl1
c2
C3
C4
C5
Cé6
C7
C8
C9
C10
Cll
CL2
C13
Cl4
Cil5
C16
Ci7
C18
C19
C20
Cil
C22
(OFX]
Ca
C25
C26
ca
C28
C29
C30
C31
C32
C33
C34
C35
C36
C37
C38
C39
C40
C4l1
Ca2—44
C45
C46
C47
C48
C49-C59
ceo
Ccél
C62
ce3
Ct4
C65

241020
254153
275104
254153
241020

241020
231500
241020
241020
241020
241020
241020
210200
210200
241020

254153

241020
241476
210102
241020
254333
241020
275104
231331
231471

254153
241020

210100
254153
241020

254153
241020
241020
241020
241020

275104
241020

241020

210101
241020
241020
241020
232330
214103

Capacitor, Tantalum 2.2
Capacitor, Mylar .015
Capacitor, Monolithic .1
Capacitor, Mylar .015
Capacitor, Tantalum 2.2
Not Used.

Capacitor, Tantalum 2.2
Capacitor, Electrolytic 16V 47
Capacitor, Tantalum 2.2
Capacitor, Tantalum 2.2
Capacitor, Tantalum 2.2
Capacitor, Tantalum 2.2
Capacitor, Tantalum 2.2
Capacitor, Disc NPO 20pF
Capacitor, Disc NPO 20pF
Capacitor, Tantalum 2.2
Not Used.

Capacitor, Mylar .015

Not Used.

Capacitor, Tantalum 2.2
Capacitor, Tantalum 47
Capacitor, Disc .001
Capacitor, Tantalum 2.2
Capacitor, Mylar .033
Capacitor, Tantalum 2.2
Capacitor, Monolithic .1
Capacitor, Electrolytic 16V 330
Capacitor, Electrolytic 16V 470
Not Used.

Capacitor, Mylar .015
Capacitor, Tantalum 2.2
Not Used.

Capacitor, Disc NPO 10pF
Capacitor, Mylar .015
Capacitor, Tantalum 2.2
Not Used.

Capacitor, Mylar .015
Capacitor, Tantalum 2.2
Capacitor, Tantalum 2.2
Capacitor, Tantalum 2.2
Capacitor, Tantalum 2.2
Not Used.

Capacitor, Monolithic .1
Capacitor, Tantalum 2.2
Not Used.

Capacitor, Tantalum 2.2
Not Used.

Capacitor, Disc NPO 100pF
Capacitor, Tantalum 2.2
Capacitor, Tantalum 2.2
Capacitor, Tantalum 2.2
Capacitor, Electrolytic 35V 33
Capacitor, Disc .01
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TABLE 12.2-2. Parts List, Remote Control Module, MJMP, Continued.

Co6b
Ccot
Co8
C69
c70
Cn
C72
C3
C74
C75
C76
cm
C78
oY)
C80
csl
C82Cs4
C85
C86-C100*
C101*
C102*
C103*
C104#
C105*
C106*
C107*
C108*

D1
D2
D3

D5
Dé6
D7
D8

D10
D1l
D12
D13
Di4
Di5
D16
D17
D19
D20
D21
D22
D23
D24
D25
D26

214103
275103
241020
241020
275104
210102
241020
275104
241020
210101

231100
241020

241020
275104

210102

275103
275103
275103
275103

215103
275103
254203

320002
320002
320002
320002
320002
320002
320002
320002
320002
320204

320002
320002
320002
320002
320002

320002

320002
320002
320002
320002
320002
320002

Capacitor, Disc .01
Capacitor, Monolithic .01
Capacitor, Tantalum 2.2
Capacitor, Tantalum 2.2
Capacitor, Monolithic .1
Capacitor, Disc .001
Capacitor, Tantalum 2.2
Capacitor, Monolithic .1
Capacitor, Tantalum 2.2
Capacitor, Disc NPO 100pF

Not Used.

Capacitor, Electrolytic 16V 10
Capacitor, Tantalum 2.2

Not Used.

Capacitor, Tantalum 2.2
Capacitor, Monolithic .1

Not Used.

Capacitor, Disc .001

Not Used.

Capacitor, Monolithic .01
Capacitor, Monolithic .01
Capacitor, Monolithic .01
Capacitor, Monolithic .01

Not Used.

Capacitor, Monolithic .01
Capacitor, Monolithic .01
Capacitor, Mylar .02

Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, Zener
Not Used.

Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Not Used.

Diode, 1N4148
Not Used.

Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, 1N4148

IN751
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TABLE 12.2-2. Parts List, Remote Control Module, MJMP, Continuued.

D27
D28
D29
D30
D31
D32
D33
D34
D35
D36
D37
D38
D39

D41
D42-49
D50
D50-D100*
D101*
D102*
D103*

Ll
L2
L3%kk

L5-L100
L101*
L102*
L103*

Q1
Q2
Q3
Q4
Q5
Q6
Q7
Q8

Q10
Q11
Q12
Q13
Ql4
Q15
Q16
Q17
Q18
Q19-Q100*
Q101*
Q102%
Q103*
Q104*

320002
320002
320002
320002
320002
320002
320002
320002
320002
320002
320002
320002
320002
320002
320002

320002
320002

320002
320210

430014

430014
433001
430014

490204
490204
490204

310064
310006
310006
310003
310064
310006
310006
310064
310052
310006
310057
310052
310072
310072
310064
310006
310057
310003

310057
310057
310057
310057

Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, 1N4148/1N4150
Diode, 1N4148/1N4150
Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, 1N4148/1N4150
Diode, 1N4148/1iN4150
Diode, 1N4148/1N4150
Diode, 1N4148/1N4150
Not Used.

Diode, 1N4148/1N4150
Not Used.

Diode, 1N4148/1N4150
Diode, 1N4148/1N4150
Diode, Zener 1N746

Inductor, Molded Min 100uH
Inductor, Molded Min 100uli
Inductor, Toroid 2uH
Inductor, Molded 100uH

Not Used.

Bead Ferrite Shield 43 Mat
Bead Ferrite Shield 43 Mat
Bead Ferrite Shield 43 Mat

Transistor, Darlington 2N6427
Transistor, NPN 2N3565
Transistor, NPN 2N3565
Transistor, NPN 2N3567
Transistor, Darlington 2N6427
Transistor, NPN 2N3565
Transistor, NPN 2N3565
Transistor, Darlington 2N6427
Transisitor, PNP PN2907A
Transistor, NPN 2N3565
Transistor, NPN PN2222A
Transisitor, PNP PN2907A
Transistor, J175

Transistor, J175

Transistor, Darlington 2N6427
Transistor, NPN 2N3565
Transistor, NPN PN2222A
Transistor, NPN 2N3567

Not Used.

Transistor, NPN PN2222A
Transistor, NPN PN2222A
Transistor, NPN PN2222A
Transistor, NPN PN2222A

12.2-17




TABLE 12.2-2. Parts List, Remote Control Module, MJMP, Continued.

Q105*%
Q106*
Q1o7*
Q108*

R1
R2
R3
R4
R5
R6
R7
R8
R9
R10
R1l
R12
R13
Rl4
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R26
R27-R29
R30
R31
R32
R33
R34
R35
R36
R37
R38
R39
R40
R4l
R42-R43
R44
R45
R46
R47
R48
R50
R51
R52

310057
310057
310057
310057

113103
113103
113471
170205
113104
113104

113103
113103
113103
113223
113223
113104
113104
113104
113104
170213
113104
113103
113103
113473
113182
113472
113106
113153
113223

113103
113103
113104
113104
170213
113103
113104
113103
113334
113103
113104
113103

113103
113224
113104
113103
113103
113392
113271
170209

Transistor, NPN PN2222A
Transistor, NPN PN2222A .
Transistor, NPN PN2222A
Transistor, NPN PN2222A

Resistor, Film
Resistor, Film
Resistor, Film

1/8W 5% 10K
1/8W 5% 10K
1/8W 5% 470

Resistor, Trimmer 50K

Resistor, Film
Resistor, Film
Not Used.

Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film

1/8W 5% 100K
1/8W 5% 100K

1/8W 5% 10K
1/8W 5% 10K
1/8W 5% 10K
1/8W 5% 22K
1/8W 5% 22K
1/8W 5% 100K
1/8W 5% 100K
1/8W 5% 100K
1/8W 5% 100K

Resistor, Trimmer 1M

Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Not Used.

Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film

1/8W 5% 100K
1/8W 5% 10K
1/8W 5% 10K
1/8W 5% 47K
1/8W 5% 1.8K
1/8W 5% 4.7K
1/8W 5% 10M
1/8W 5% 15K
1/8W 5% 22K

1/8W 5% 10K
1/8W 5% 10K
1/8W 5% 100K
1/8W 5% 100K

Resistor, Trimmer 1M

Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Not Used.

Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film

1/8W 5% 10K
1/8W 5% 100K
1/8W 5% 10K
1/8W 5% 330K
1/8W 5% 10K
1/8W 5% 100K
1/8W 5% 10K

1/8W 5% 10K
1/8W 5% 220K
1/8W 5% 100K
1/8W 5% 10K
1/8W 5% 10K
1/8W 5% 3.9K
1/8W 5% 270

Resistor, Trimmer 1K
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TABLE 12.2-2. Parts List, Remote Control Module, MJMP, Continued.

R53-%
R55
R56
R57
R58
R59
R60
R61
R62
R63
Ro64
R65
R66
R67
R68
R69
R70
R71
RT72
R73
R74
R75-R77
R78
R79
R80
R81
R82
R83
R&
R85
R86-R88
R89
R90
R91
R92
R
R%
R95-R100*
R101*
R102*
R103*
RI104*
R105*
R106*
R107*
R108*
R109*
R110*
R111*
R112*
R113*
R114*
R115%

113271

113102
113472
113103
113104
113103
170210
113103
113472
113104
113101
113101

113152
113152
113222
113105

113104
113104
113104
113104
113104
113104
113154
113105

113222
113103
TBD

113104
113104
113104

113332
113102
113104
113102
113332
113102
113332
113102

113153
113152
113682
113103

113153

Not Used.
Resistor, Film
Not Used.
Not Used.
Not Used.
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film

1/8W 5% 270

1/8W 5% 1K

1/8W 5% 4.7K
1/8W 5% 10K
1/8W 5% 100K
1/8W 5% 10K

Resistor, Trimmer 100K

Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Not Used.

Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Not Used.

Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Not Used.

Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Not Used.

Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Not Used.

Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Not Used.

Resistor, Film

1/8W 5% 10K
1/8W 5% 4.7K
1/8W 5% 100K
1/8W 5% 100
1/8W 5% 100

1/8W 5% 1.5K
1/8W 5% 1.5K
1/8W 5% 2.2K
1/8W 5% 1M

1/8W 5% 100K
1/8W 5% 100K
1/8W 5% 100K
1/8W 5% 100K
1/8W 5% 100K
1/8W 5% 100K
1/8W 5% 150K
1/8W 5% 1M

1/8W 5% 2.2K
1/8W 5% 10K
1/8W 5% 4.7K-27K
1/8W 5% 100K
1/8W 5% 100K
1/8W 5% 100K

1/8W 5% 3.3K
1/8W 5% 1K
1/8W 5% 100K
1/8W 5% 1K
1/8W 5% 3.3K
1/8W 5% 1K
1/8W 5% 3.3K
1/8W 5% 1K

1/8W 5% 15K
1/8W 5% 1.5K
1/8W 5% 6.8K
1/8W 5% 10K

1/8W 5% 15K
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TABLE 12.2-2. Parts List, Remote Control Module, MMP, Continued.

R116% 113102 Resistor, Film 1/8W 5% 1K
R117* 113102 Resistor, Film 1/8W 5% 1K
R118* 113822 Resistor, Film 1/8W 5% 8.2K
T1%* 410028 Transformer, 600/600 Ohm Line
T2 410019 Transformer, 600/600 Ohm Line
U1l 330142 IC, 80C39

U2 330141 IC, 74HCT573

U3 330102 IC, Programmed UPD2716D
U4 330149 IC, MCM6116P15

U5 330126 IC, CD40%BE/MC1409%4BCP
U6 330126 IC, CD40%4BE/MC14094BCP
u? 330126 IC, CD409%4BE /MC 14094BCP
ug 330126 IC, CD40%4BE /MC 1404BCP
U9 330126 IC, CD40%4BE /MC1409%4BCP
Ul1o0 330150 IC, F4104BPC

Ull 320701 IC, MOC119

Ul2 330037 IC, CD 4060 AE

U13 330215 IC, RM5630AP

Ul4 330018 IC, 78L08

Uls 330076 IC, 1LM340T-5.0

U1é 330115 IC, MC14528BCP

U17 530010 DIP Switch, 8 Sect SPST
Ul8 330142 IC, 80C39

Ul9 330102 IC, Programmed UPD2716D
U220 330167 IC, SCN2661BC1IN28

U2l 330180 IC, MC 14412VP

U222 330126 IC, CD40%4BE /MC1404EBCP
U3 330089 IC, MC14066

U4 330037 IC, CD 4060 AE

U5 330081 IC, LM348N

U26 Not Used.

uz27 330081 IC, LM348N

U28 330052 IC, SNT4LS14N

U029 330134 IC, CD 4001BE

U30 330092 IC, MCTILICP

VR1 350003 Varistor, 18V

Y1 360018 Crystal, 5,120.000kHz

Y2 750015 Battery, Lithium Button

Y3 360018 Crystal, 5,120.000kHz

Y4 360028 Crystal, 1.000MHz Microprocessor
Y5 363001 Resonator, Ceramic 614.4kHz

*  Indicatespartlocated on Automatic Antenna Tuner interface portion of RC board.
* Used for two-wire option.
¥ Indicates part used only when TRANSCALL option is installed.

NOTE: Unless otherwise specified, capacitance is in microfarads and resistance
is in ohms.
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12.3 28VDC OPTION

The 28V version of the transceiver uses a 28V to
12V switching regulator to supply all stages of
the transceiver except for the two transistors in
the final RF amplifier stage. This regulator is
designated the M8A Module. Theregulator iscap~
able of providing an additional 2A for accessory
power consumption; therefore, the standard acces-
sory range can be used with the 28V transcievers.
The RF Power Module for the 28V version is des-
ignated as the M10A Module.

12.3.1 M10 CHANGES

Excepting the M8 and M10modules, the 28V and 12V
versions of the transceiver are identicalinevery
way. Figure 12.3-3 depicts the schematic diagram
for the M10A Module, and the components are spec-
ified in Table 12.3~4. Bias adjustment, if neces-
sary, is as described in Section 10.10.2.

123.2 MBA CIRCUIT DESCRIPTION
Module M8A is ahigh efficiency switchingregula-
tor which drops the supply voltage from 28V to
12V with constant voltage output up to the maxi-
mum current of 5A. The regulator will operate
with supply voltages as low as 13V.

Refer to the regulator schematic, Figure 12.3.2.
Ul is a monolithic control circuit containing
the primary functions for DC to DC converters.
The device consists of an internal temperature
compensated reference, comparator, controlduty
cycle oscillator with an active current limit
circuit, driver and output switch. It is used
in conjunction with U2, which is a thick film
hybrid power output stage containing a high
current Darlington transistor switch and commu-
tating diode. The regulator operates at effi-
ciencies of 85-90% and generates little heat.

Rl is the sensing resistor for current limiting
and has been set to limit the output of the supply
to 5A. If this current is exceeded, the output
voltage will fall and the supply is fully pro-
tected against short circuits and overload. C10
determines the operating frequency (approximately
30kHz), and R2 and R3 set the output voltage to
approximately 12.6V using the internal 1.25V ref-
erence. Ul is a complete low power switching

12.3-1

regulator and is used to drive the high power
output stage U2.

MBA is a switching type regulator using a pulse
width modulator to control the output. The
supply switches at approximately 30kHz,and the
width of the switching pulse is adjusted to pro-
vide the necessary output current. For high
efficiency the output switching transistor must
switch at very high speed. If the switching
speed was slow, the transistor would dissipate
considerable power during the switching cycle.
Unfortunately, the high speed switching gener-
ates considerable noise output, and extensive
input and output filtering is required to pre-
vent power supplynoise causinga deterioration
in the transceiver performance. Cll, Cl, L2,
C2 and C3 form the input filter and C4, C5, C6,
13, C7, C8 and C11 form the output filter. It
should be noted that special electrolytic ca-
pacitors with a low ESP (equivalent series re-
sistance) are used in the filters.

123.3 ADJUSTMENT PROCEDURE
There are no adjustments for the 28V Regulator
Module.

1234 SPECIFICATIONS
Table 12.3~1 lists the specifications for the 28V
Regulator Module.

123.5 VOLTAGE CHART
Table 12.3.2 defines the relevant voltages for
the 28V Regulator Module.

123.6 SERVICING

If the supply is not operating, check for a short
in the +12V supply to the tramsceiver as this
will cause the supply to shut down. If Ul is
operating correctly, the output at pin 1 will be
a pulse stream with a 30kHz repetition rate. Ul
is mounted in a socket and is easy to check by
substitution. Defects in the input and output
filters can be quickly checked with an ohmmeter.
Faults are unlikely in the output stage U2, which
is rated for 15A operation. Anohmmeter canbe
used to check between pins 1 and 4 for an emitter-
base short in the output transistor.



TABLE 12.3-1. Specifications.

Voltage Input 20V - 30V
VoltageOutput 12.6V + 0.5V
Regulation 0.2V
Current Output 5A Maximum

TABLE 12.3-2. Voltage Chart.

Ul

Pin 1l 13.5V Pin 5
Pin 2 Ground Pin 6
Pin 3 3.0V Pin 7
Pin 4 Ground Pin 8
Pin 1 12.6V (Switching Waveform)

Pin 2 Ground

Pin 3 13.5V

Pin 4 Input Voltage

1.2v
Input Voltage
Input Voltage
13.5V
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FIGURE 123-1. Component Locations, 28V Regulator Module, M8A.
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TABLE 12.3-3.

Parts List, 28V Regulator Module, M8A.

Cl
C2
C3
C4
C5
Cé
C7
C8
C9
Cl10
Cli
Cl2

R1
R2
R4
R5
R6

Ul
U2

NOTE

21514
275104
233101
233101
233101
275104
275104
233101
234470
220471
275104
275104

453101
453102
453102
452201
452201

144001

1115360

1244772
134102
144001
144001

330191
330156

Capacitor, Monolithic 50V .1
Capacitor, Monolithic 50V .1

Capacitor, Electrolytic 50V 100
Capacitor, Electrolytic 50V 100
Capacitor, Electrolytic 50V 100

Capacitor, Monolithic 50V .1
Capacitor, Monolithic 50V .1

Capacitor, Electrolytic 50V 100

Capacitor, Electrolytic 35V 47
Capacitor, Mica DM15 470pF
Capacitor, Monolithic 50V .1
Capacitor, Monolithic 50V .1

Inductor, Fixed T106~2 60T
Inductor, Fixed 43 MAT 12T
Inductor, Fixed 43 MAT 12T
Inductor, Toroid 8T
Inductor, Toroid 8T

Resistor, Film 1W 5% .1
Resistor, Film 1/4W 1% 536
Resistor, Film 1/4W 5% 4.7K
Resistor, Film 1/2W 5% 1K
Resistor, Film 1W 5% .1
Resistor, Film 1W 5% .1

IC, MC34063P1
IC, SM625

Unless otherwise specified, capacitance is in microfarads and resistance

is in ohms.
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TABLE 12.34. Parts List, RF Power Module, M10A.

C1
C2
C3
C4
C5h
Cé6
Cc7
C8
C9
C10
Cll
Cl2
C13
Cl4
Cl15A
C15B
Cl16
Cl7
Ci18
C19
Cc20
Czl
C22
C&
cx
C25
C2%A
C26B
C27A
C27B
C28
C29
C30
C31
C32

D1
D2
D3

210104
210104
210104
210104

231020
275104
275104
210104
215104

210104
230100
230100
230201
231500
210102

231101
216102
224331
224391
224391
275104
275104

224331

320102
320102
320102

450133
450133
430005
430005

310021
310021
310050
310050
310023
310024
310055

Capacitor, Disc 25V .1
Capacitor, Disc 25V .1
Capacitor, Disc 25V .1
Capacitor, Disc 25V .1

Not Used.

Not Used.

Not Used.

Not Used.

Not Used.

Capacitor, Electrolytic 2.2
Capacitor, Monolithic 50V .1
Capacitor, Monolithic 50V .1
Capacitor, Disc 25V .1
Capacitor, Monolithic 50V .1
Not Used.

Not Used.

Capacitor, Disc 25V .1
Capacitor, Electrolytic 10
Capacitor, Electrolytic 10
Capacitor, Electrolytic 200
Capacitor, Electrolytic 47
Capacitor, Disc .001

Not Used.

Not Used.

Not Used.

Capacitor, Electrolytic 100
Capacitor, Chip Ceramic 1000pF
Capacitor, Mica DM19 330pF
Capacitor, Mica DM19 390pF
Capacitor, Mica DM19 390pF
Capacitor, Monolithic 50V .1
Capacitor, Monolithic 50V .1
Not Used.

Not Used.

Capacitor, Mica DM19 330pF

Diode, 1N4001
Diode, 1N4001
Diode, 1N4001

Inductor, Ferrite
Inductor, Ferrite
Inductor, Fixed .68uH
Inductor, Fixed .68uH

Transistor, RF HF 30W
Transistor, RF HF 30W
Transistor, RF PWR 28V
Transistor, RF PWR 28V
Transistor, NPN TIP3l
Transistor, MJE29A
Transistor, NPN 2N5191
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TABLE 123+4. Parts List, RF Power Module, M10A, Continued.

R1 134471 Resistor, Film 1/2W 5% 1
Rr2 134470 Resistor, Film 1/2W 5% 47
R3 134470 Resistor, Film 1/2W 5% 47
R4 154680 Resistor, Film 2ZW 5% 68
R5 157470 Resistor, Film 5W 5% 47
R6 TBD Resistor, Film 2W 5% TBD
R7 161050 Resistor, Wirewound 5W 10% 5
R8 144010 Resistor, Film 1W 5% 1
R9 157470 Resistor, Film 5W 5% 47
R10 Not Used.

R11 Not Used.

R12 Not Used.

R13 Not Used.

Rl4 Not Used.

R15 Not Used.

R16 Not Used.

R17 Not Used.

R18 Not Used.

R19 Not Used.

R20 Not Used.

R21 124150 Resistor, Film 1/4W 5% 15
R22 154051 Resistor, Film ZW 5% 5.1
R23 124332 Resistor, Film 1/4W 5% 3.3K
T1 451134 Transformer 2:1

T2 450330 Transformer 2:1

T3 451136 Transformer 4:2

NOTE: Unless otherwise specified, capacitance is in microfarads and
resistance is in ohms.
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12.4 10HZ HIGH STABILITY OPTION

12.4.1 GENERAL

The 10Hz High Stability (HS10) Option provides
increased transceiver frequency stability and
discreet phase-locked 10Hz channel selection.
This option involves the addition of a "High Sta-
bility" module to the transceiver. This module
contains a temperature-controlled 5.120MHz ref-
erence oscillator and a single-loop synthesizer
which phase-locks the 1.650MHz oscillator to the
new ovenized 5.120MHz reference. Thus, with this
option, all transceiver oscillators are phase-
locked to the new 5.120MHz reference. In addi-
tion, the front panel analog "clarifier" switch
is replaced by a l6-position switch which allows
selection of discreet channels with 10Hz spacing.
Each channel selected with this switch is con-
trolled by the phase-locked loop, thus giving the
transceiver a 1.6-30MHz frequency coverage with
10Hz channel spacing.

12.4.2 INSTALLATION

Most of the HS10 Option circuitry is contained in
a die-case module box mounted on top of the M4
module in the transceiver. The 10-pin molex con-
nector on the HS10 module is located towards the
front of the transceiver. New transceiver wiring
is as follows.

124.2.1 SMA COAXIAL CONNECTIONS

These cables are removed from the standard radio:
1. Ml to M3. 1.650MHz carrier oscillator output.
2. M5 to M6. 5.120MHz reference oscillator out-
put.

These cables are added to the transceiver.
1. Ml to HS10. 1.650 MHz oscillator output
(P/N 769309-1).

2. HSI0 TO M3. 1.650MHz phase-locked carrier
oscillator output (P/N 769310-1).

3. HSI0 to M6. 5.120MHz reference oscillator
output (P/N 769311-1). v

4. HS10 to Mb5. 5.120MHz reference oscillator
output (P/N 769312-1).

The M1 and M3 cables are located on the rear of
the module, while the M5 and M6 cables are con-
nected to the front of the module.

124.2.2 WIRING
Wiring for the HS10Option 10~-pin molex connector
is shown in Table 12.4-1.

12.4.2.3 HS10 OPTION SWITCH

The front panel "Clarifier" switch is replaced
by a 1l6-position BCD switch (P/N 510045). The
pins are oriented toward the mode switch. Switch
wiring is as shown in Figure 12.4-1.

124.2.4 STANDARD MODULE MODIFICATIONS
The Mlused with the HS10Option has the following
changes:

1. R54 is changed from 4.7k to lk.

2. R62 is removed.

3. D8 is removed.

The M5 used with the HS10 Option has the fol-
lowing changes:

1. Y2, Q5, and R22 are removed.

2. R39 and C4 are replaced with jumpers.

124.3 CIRCUIT DESCRIPTION

The High Stability module contains a special
ovenized crystal oscillator operatingat 5.120MHz.
This oscillator replaces the reference oscillator
in the M5module and has the specificationsshown
in Table 124-2. Figure 12.4-2 is a block diagram
of the HS10 Option.

TABLE 124-1. Wiring for 10-Pin Molex Connector.

HS10 Connector
J1-1
J1-2
J1-3
Jl4
Ji-5
Ji-6
J1-7
J1-8
Ji-9
J1-10

Destination

Ground

+12Vdc

N.C.

HS10 Front Panel Switch, A3
HS10 Front Panel Switch, A2
HS10 Front Panel Switch, Al
HS10 Front Panel Switch, Ap
MI12, J3B-3

MI12, J3B~4

N.C.
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TABLE 124~2. Technical Specifications.

Frequency 5.120MHz
Stability, Ambient
Stability, Voltage
Stability, Aging
Stability, Short Term

+1 x 10-7 from -30°C to +60°C

13 x 1079 / 1% change for 12Vdc t 10%

+2 x 10~8 / day at shipment

13 x 10-9 / 10 seconds RMS at constant ambient and voltage

The output from this oscillator goes to the M5 to
act as thereference for the 100Hz synthesizer and
to the M6 to act as the reference for the 10kHz
synthesizer. This signal gets divided down to be
used in the 1650kHz phase lock loop.

The 1650kHz oscillator is located in a specially
modified "high stability" version of the M1 module.
The 1650kHz oscillator enters the high stability
module and is buffered by Q2. It then enters the
programmable divider chain consisting of Ul1-Ul4.
The output of this divider chain is level shifted

by R23 and R24 and becomes one input to the phase
comparator U9. The "reference" to the phase
comparator is derived from the 5.12MHz oscillator.
The 5.12MHz reference enters the programmable
divider chain made up of Ul-U6. Output from Ub
becomes the other input to the phase comparator on
pin 6 of U9. The overall loop is running at
303Hz. The loop filter consists of R14 and C8;
loop damping is provided by R21 and C13. U10
provides additional loop gain. Clarifier switch
information is decoded by U4, U5, U7, and U8 to
become divider ratios used for the loop.

NOTE:

NOTE:

o] o)
COMMON
— = GROUND -
A2
- - J1-5 TO HS10
A3 10-PIN
— _
- — 174 >MOLEX
— Al > J1-6 CONNECTOR
A9 - J1-7 /
hd
o} o)

Switch commonis connected to front
panel ground lug.

The standard "clarifier” wiring going
to M1-Pin 9 and M1-Pin 10is removed.

FIGURE 12.4-1. Option Switch Wiring.
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5.12MHz

BUFFER REF
~512 —33 ADDER
. : D R— —————|
u1-ue U4,Us,U7 X3 1 OFFSET
303Hz
0 DETECT ~ 165 +33 ADDER
teal}——————— rollf————
uo U11-U14 us i
1650
BUFFER A O BFO IN
LOOP FILTER Q2
R14,C8,R21,
c13,u10 ]
fa\ JAY
BFO TUNE VOLTAGE ' /; ; BFO OuT

FIGURE 124-2. Block Diagram, 10Hz High Stability Option.
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TABLE 124-3. Parts List, High Stability Option.

Cl
C2
C3
Ca
C5
Cé
Cc7
C8
C9
C10
Cil
CL2
C13

Q1
Q2

R1
R2

R4

R5

R6

R7

R8

R9

R10
R1l
RI12
R13
R14
R15
R16
R17
RI18
R19
R20
R21
R22
R23
R24
R25

Ul
U2
U3
U4
s
U6
a7
Us
U9
U10

241020
221101
241020
241100
241020

210102
241010
231101
275104
221101
275104
275104

310032
310032

113102
113103
113102
113101
113103
113103
113103
113103
113102
113102
113562
113683
113562
113822
113101
113102
113103
113103
113102
113332
113822
113332
113103
113103
124104

330235
330235
330235
330236
330236
330235
330236
330236
330110
330019

Capacitor, Tantalum 2.2
Capacitor, Mica DM5 100pF
Capacitor, Tantalum 2.2
Capacitor, Tantalum 10
Capacitor, Tantalum 2.2
Not Used.

Capacitor, Disc .001
Capacitor, Tantalum 1
Capacitor, Electrolytic 16V 100
Capacitor, Monolithic .1
Capacitor, Mica DM5 100pF
Capacitor, Monolithic .1
Capacitor, Monolithic .1

Transistor, NPN 2N5770
Transistor, NPN 2N5770

Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film
Resistor, Film

IC, 74HC161

IC, 74HC161

IC, 74HC161

IC, CD4008BE
IC, CD4008BE
IC, 74HC161

IC, CD4008BE
IC, CD4008BE
IC, 74C932

IC, RC1458CP-1

1/8W 5% 1K
1/8W 5% 10K
1/8W 5% 1K
1/8W 5% 100
1/8W 5% 10K
1/8W 5% 10K
1/8W 5% 10K
1/8W 5% 10K
1/8W 5% 1K
1/8W 5% 1K
1/8W 5% 5.6K
1/8W 5% 68K
1/8W 5% 5.6K
1/8W 5% 8.2K
1/8W 5% 100
1/8W 5% 1K
1/8W 5% 10K
1/8W 5% 10K
1/8W 5% 1K
1/8W 5% 3.3K
1/8W 5% 8.2K
1/8W 5% 3.3K
1/8W 5% 10K
1/8W 5% 10K
1/8W 5% 100K
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TABLE 124-3. Parts List, High Stability Option, Continued.

U1l 330235 IC, 74HC161
U12 330235 IC, 74HC161
U13 330235 IC, 74HC161
Ul4 330235 IC, 714HC161
Ul5 330025 IC, 78L05

NOTE: Unless otherwise specified, capacitance is in microfarads and resistance
is in ohms.
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12.5 ARQ OPTION

12.5.1 INTRODUCTION

The ARQ option is installed in transceivers used
for ARQ (Sitor) operation. The purpose of this
option is to provide electronic switching of the
+12Vdc to the transmit and receive circuitry. When
this option is used, the relay provides only the
sense voltage and the contacts do not carry sig-
nificant currents. This means that the relay will
normally operate for its rated mechanical life of
20x 106 cycles without appreciable contact wear.

12.5.2 INSTALLATION

The ARQ option is installed on the same PCB
(735162) as the Memory Option (See Section 12.9)
in the TW100, and on the M7/M9 cover in the
RT100/MP. (In older TW100's, the ARQ option is
contained on PCB 735149 and installed on the back
accessory bracket). The top traces between the
pins R+ and R+ and T+ and T+ on the left side of M7
(view from the front of transceiver) are cut. The
module is connected as shown in Figure 12.5-1.

12.5.3 CIRCUIT DESCRIPTION

Q1 is an electronic switch in the T+ line to the
transmitter exciter. Ql is controlled by Q150n
M7. When the T/R relay closes, +12V is applied
to the base of Q15 which conducts pulling the R+
sense line low. This, in turn, forward biases
the PNP transistor Ql, thus switching the T+
voltage on.

Q2 is an electronic switch in the R+ line to the
receiver. Q2 is controlled by Q3 which is
connected to the R+ sense line. When the T/R
relay is open (in the receive mode), R+ sense is
applied to the base of 3, pulling the base of Q2
low. As Q2 is a PNP transistor, this applies
forward bias through R1, causing Q2 to conduct,
turning the R+ on.

Q4 is a clamp on the R+ line and is used to
prevent any slow decay after switching. Thebase
of Q4is connected toT+and causes Q4 to conduct
and clamp the R+ line.

/.__ ARQ(735149)

R+

O Qo Q

+12 R+ T+ SENSE
o

TO +12vDC ON M7

/__ M7(735102)
o1 2
K13 o c64 K1
03 L__O 4 T/R RELAY
A% —\A\

FIGURE 12.5-1.
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TABLE 12.5-1. Parts List, ARQ) Option.

Cl
C2

D1
D2

Q1
Q2
Q3
Q4

R1
R2

R4

NOTE:

241020
241020

320002
320002

310068
310035
310003
310003

134331
124222
154680
124222

Capacitor, Tantalum 2.2
Capacitor, Tantalum 2.2

Diode, 1N4148
Diode, 1N4148

Transistor, TIP36A

Transistor, PNP MJE371
Transistor, NPN 2N3567
Transistor, NPN 2N3567

Resistor, Carbon Comp 1/2W 5% 330
Resistor, Film 1/4W 5% 2.2K
Resistor, Film 2W 5% 68

Resistor, Film 1/4W 5% 2.2K

Unless otherwise specified, capacitance is in microfarads and resistance

is in ohms.
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12.6 NOISE BLANKER OPTION

12.6.1 DESCRIPTION

The Noise Blanker is an IF noise blanker designed
for use with TW100 and RT100 SSB transceivers.
The noise blanker works by opening a high speed
electronic switch in the IF each time a noise
pulse is received. This prevents the noise pulse
from entering the IF and overloading the receiver.
The small gap while the switch is open makes no
discernable difference to the receiver performance
and the noise pulse is completely eliminated. The
noise blanker is most effective on high amplitude
impulses of short duration and is particularly
effective in eliminating ignition noise. Lower
amplitude damped wave trains such as those caused
by lightning and static discharges are similar in
amplitude to the received signal and cannot be
eliminated without destroying intelligibility.
The Noise Blanker is automatic in operation and
requiresno operator adjustraents. It hasno effect
on the receiver performance except to eliminate
impulse noise and is normally installed for con-
tinuous operation. A frontpanelswitchisinstal-
led to turn the blanker on and off.

12.6.2 THEORY OF OPERATION

The blanker is installed by interrupting the signal
pathbetween thereceiver mixer and the IF ampli-
fier module. The 1650KHz IF signal is amplified by
Q1 and QZ, the two DC coupled amplifier stages.

2 is an emitter follower providing a low impe-
dance drive to the diode gate. L3, Di, D2 and L4
form a balanced diode gate. DIl and D2 are nor-
mally forward biased and provide a low impedance
signal path to the IFmodule. When the center tap
of L3 is at ground potential the diodes are re-
verse biased through the voltage divider R11 and
R12. This open circuits the IF signal path. The
balanced diode switch provides high speed switch-
ing without the introduction of switching tran-
sients.

A separate gain controlled amplifier, Ul, ampli-
fies the IF signal to provide the blanking pulses.
Ul is an integrated circuit amplifier providing
approximately 55dB gain. The gain of this IC is
controlled by forward biasing pin 5. The AGC
control voltage is derived from one side of the
balanced output transformerlLl and the DC coupled
NPN and PNP stages Q5 and Q6. Q5 is a peak
detector and the long time constant network C8,
R15, C7, R14, C2 ensures that the amplifier re-
sponds only to long term signals and not high
speed, high amplitude impulses.

The other side of Ul's balanced output trans-
former, L1, is coupled to the switch Q3. The
high amplitude noise impulse causes the switch to
conduct and the collector of Q3 drops to approxi~-
mately .2V for the duration of the pulse. The
base of (4 is direct coupled to the collection

J1

2 jp———g +12vVDC

NOISE BLANKER
CONNECTOR

4 | NOISE BLANKER

CONTROL

NOISE BLANKER
ON/OFF SWITCH
ON FRONT PANEL

FIGURE 12.6-1. Noise Blanker Wiring.
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and (4 is forward biased only when ()3 is not con~
ducting. This means that for the duration of
the pulse there is no voltage at the emitter of
Q4 and the balance noise gate is opened, preven-
ting the noise pulse reaching the IF module.

It is essential for the noise blanker to operate
before the crystal filter in the IF system. The
high Q of the crystal filter causes the noise
imnpulses to "ring". This results in a lower ampli-
tude damped wave train of much greater length.
This type of noise cannot be removed by the

12.6-2

blanker. As the blanker operates at a point of
low selectivity, strong signals adjacent to the
signal frequency could operate the blanker causing
interference with the wantéd signal. The AGC
system automatically reduces the gain of Ul to
provide automatic adjustment of the blanking
threshold.

12.6.3 INSTALLATION

The Noise Blanker Optionis installed in the tran-
sceiver between the M3 and M modules. The wiring
is as in Figure 12.6-1.
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TABLE 12.6-1. Parts List, Noise Blanker Option.

Cl
C2
C3
C4
C5
Cé
C7
C8
C9
C10
Cll
Cl2
Cc13
Cl4
C15
Cl6
C17
C18
C19
C20

Dl
D2
D3

K1

R11
R12
R13
R14

241020
231100
254502
241001
210102
210102
241020
210101
210102
241020
241020
241001
241001
231100
231100
210102
254272
231100
210103
210103

320005
320005
320002

540020

420018
420017
490303
490303

310032
310032
310032
310006
310052
310032

124101
124101
124104
124104
124103
1243333
124103
124102
124471
124471
124103
124102
124101
124105

Capacitor, Tantalum 1
Capacitor, Electrolytic 16V 10
Capacitor, Mylar .005
Capacitor, Tantalum .1
Capacitor, Disc .001
Capacitor, Disc .001
Capacitor, Tantalum 2.2
Capacitor, Disc NPO 100pF
Capacitor, Disc .001
Capacitor, Tantalum 2.2
Capacitor, Tantalum 2.2
Capacitor, Tantalum .1
Capacitor, Tantalum .1
Capacitor, Electrolytic 16V 10
Capacitor, Electrolytic 16V 10
Capacitor, Disc .001
Capacitor, Mylar .0027
Capacitor, Electrolytic 16V 10
Capacitor, Disc .01

Capacitor, Disc .01

Diode, PIN BA482
Diode, PIN BA482
Diode, IN4148

Relay, 12V 1A

Inductor, IF 1650kHz
Inductor, IF 10.7MHz
Inductor, Ferrite
Inductor, Ferrite

Transistor, NPN 2N5770
Transistor, NPN 2N5770
Transistor, NPN 2NK5770
Transistor, NPN 2N3565
Transistor, PNP PN2907A
Transistor, NPN 2N5770

Resistor, Film 1/4W 5% 100
Resistor, Film 1/4W 5% 100
Resistor, Film 1/4W 5% 100K
Resistor, Film 1/4W 5% 100K
Resistor, Film 1/4W 5% 10K
Resistor, Film 1/4W 5% 33K
Resistor, Film 1/4W 5% 10K
Resistor, Film 1/4W 5% 1K
Resistor, Film 1/4W 5% 470
Resistor, Film 1/4W 5% 470
Resistor, Film 1/4W 5% 10K
Resistor, Film 1/4W 5% 1K
Resistor, Film 1/4W 5% 100
Resistor, Film 1/4W 5% 1M
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TABLE 12.6-1. Noise Blanker Option, Continued.

R15 124333 Resistor, Film 1/4W 5% 33K
R16 124103 Resistor, Film 1/4W 5% 10K
R17 124472 Resistor, Film 1/4W 5% 4.7K
R18 124474 Resistor, Film 1/4W 5% 470K
R19 124103 Resistor, Film 1/4W 5% 10K
R20 124101 Resistor, Film 1/4W 5% 100
R21 124101 Resistor, Film 1/4W 5% 100
R22 124101 Resistor, Film 1/4W 5% 100K

NOTE: Unlessotherwisespecified,capacitanceisinmicrofaradsandresistanceis
in ohms.
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12.7 SELCALL AND TRANSCALL OPTION

12.7.1 GENERAL

This sectiondescribes the operation and circuitry
of the Selcall High Speed Selective Calling Sys-
tem and the Transcall Automatic HF PathEvaluation
and Selective Calling System.

Section 12.7.3 covers the Installation and Opera-
tion of the Selcall Option. Installation of the
Transcall Option is covered in Section 12.7.4 and
Operation is detailed in Section 12.7.5. The
technical circuit description for both the Selcall
Option and the Transcall Option is described in
Section 12.7.6.

12.7.1.1 SELCALIL DESCRIPTION

The Selcall is a high speed selective calling sys-
tem employingserial data communications capabil-
ity via a built-in MODEM. The circuitry is con-
tained on printed circuit boards 735152 and 735153
and mounted in a die cast box over M3. Short call
bursts are transmitted, followed by listening
periods until contact is established. The unit is
very reliable because the calling station may
interrogate other stations repeatedly until a
response is heard.

12.7.1.2 TRANSCALL DESCRIPTION

The Transcall is a path quality evaluation (PQE)
system which allows the user to automatically
select the best channel for communication with
the station being called. Up to ten channels (1
through 10) may be scanned, although the optimum
number seems to be five or six. The more channels
that are scanned, the longer the system will take
to acquire the called station.

The Transcall is contained in a standard die cast
box and is located over the M3 module. The 30-
wire harness plugs into the module via two 15-pin
subminiature "D" connectors. This option is a
factory retrofit only. The PC board is identical
with that of the Selcall,so that users who already
have Selcall donot have to purchase an additional
module.

The system operates by sendingshort interrogation
bursts using a standard Bell 102 modem and &-bit,
300 Baud serial data. Acknowledgerequest (ARQ) is
used to assure the sending station that the call
has been received. This is sometimes called a
"handshake." By sending transmit code "000",
all stations able to copy the call will sound their
alarm tones and indicate "CALL" on their displays.

12.7-1

This is the "ALL CALL" function. No handshake
is issued in this case.

We have found that the use of high speed data
transfers and the examination of a signal
strength threshold is a very effective method
for PQE. Further, since the modem is a period
countingdevice as opposed to an energydetecting
or PLL type, it handles multipath very well.
Only when conditions are severe will the system
reject the channel with the multipath, even if
the signal is strong.

Tomake its evaluations, the called station trans-
mits 32 characters on each of the available chan-~
nels. The other station tries to copy these char-
acters, and gives each channel a score based on
correct copy. If a character is received cor-
rectly, that channel is given one (1) point. If
the signal strength on that channel is over the
preset threshold (see below) when the character
was copied correctly, that channel is given an-
other point. Therefore, the maximum score is
64. The system picks the channel with the high-
est score. In the case of a tie, the system will
pick channels according to the following:

1. If the highest channel number in the scan is
one of the ones involved in the tie, it will be
selected. lL.e.,if scanning 6 channels and chan-
nel 6 is in the tie, channel 6 will be selected.

2. Otherwise,the lowest channel number will be
selected. .

12.7.2 SPECIFICATIONS

Table 12.7-1 lists the specifications for the
Selcall Option. Table 12.7-2 lists the specifi-
cations for the Transcall Option.

12.7.3 SELCALL INSTALLATION
AND OPERATION

+12.7.3.1 RECEIVE CODE

Each unit in the system should be assigned a dif-
ferent receive code. Units are preset before
shipment and the code is marked on the outside of
the transceiver. If it is desired that all trans-
ceivers in a system be factory preset, it should
be so indicated on the sales order. If it is
desired to change the preset receive code,remove
the top cover of the transceiver,and remove the
option module cover.



TABLE 12.7-1. Selcall Specifications.

SUPPLY VOLTAGE: 12Vdc nominal
SUPPLY CURRENT: 150mA average

DATA RATE: 300 Baud

DATA FORMAT: 8-bit, 1 stop, no parity
MARK FREQUENCY: 2250Hz

SPACE FREQUENCY: 2050Hz

CALL BURST LENGTH: About 200ms
LISTENING INTERVAL: About 400ms
ACKNOWLEDGE LENGTH: About 2 seconds
TONE FREQUENCY TOLERANCE: 130Hz
NUMBER OF POSSIBLE CODES: 2%
ALL-CALL CODE: @

CONTROLS: "SEND" button, press once to send, again to stop.

Table 12.7-2. Transcall Specifications.

SUPPLY VOLTAGE: 12Vdc nominal
SUPPLY CURRENT: 150mA average
DATA RATE: 300 Baud

DATA FORMAT: 8-bit, 1 stop, no parity
MARK FREQUENCY: 2250Hz

SPACE FREQUENCY: 2050Hz

TONE FREQUENCY TOLERANCE: 13(QHz
NUMBER OF POSSIBLE CODES: 254
ALL-CALL CODE: 000

ACQUISITION TIME: 300 seconds max.*
180 seconds typ. (not in sync)*
15 seconds typ. (in sync)*

TOTAL ADDITIONAL TIME: 60 seconds max. (after initial acquisition)*
30 seconds typ. (after initial acquisition)*

CONTROLS: "SEND" button, press once to send, again to stop.

"SCAN LIMIT" switch, set positions 1-4 of Sl (Selcall) to BCD representation
of selected scan limit. (Switch 1 of S1=MSB, "ON"=1, 10 channels max.)

"MODE" switch functions are as follows:

SELECTION FUNCTIONS
T.C. ON TRANSCALL and SELCALL, SQUELCH off
S.C. ON SELCALL on only, SQUELCH off

SQUELCH ON SELCALL and TRANSCALL off, SQUELCH on
SQUELCHOFF SQUELCH, SELCALIL and TRANSCALL off

*Based on 10 channel scan.
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Set the code on the eight-position DIP switch, S2,
located in the middle of the circuit board. Refer
to Table 12.7-3 to match the programmed receive
code withits correspondingdecimal transmit code.

12.73.2 TRANSMIT CODE

The transmitted code is set using the keypad and
the method outlined in the transceiver manual.
The three-digit decimal number which is entered
corresponds to the complement of the receive code.

12.7.3.3 INITIATING CONTACT

Complete operating instructions will be found
in Section 4, but it is as simple as pressing
the "S.C." buttonon the transceiver panel, enter-
ing the 3-digit decimal code of the station to be
called, and pressing the "CALL" button. If the
station receives the call correctly, a transpond
signal of about 2 seconds duration will be sent
immediately after the‘calling station's trans-
mitter has stopped. The clarifier must be "OFF"
for Selcall use.

12.74 TRANSCALL INSTALLATION

12.7.4.1 RECEIVE CODE

Each unit in the system should be assigned a dif-
ferent receive code. Units are preset before
shipment and the code is marked on the outside of
the transceiver. If it is desired that all trans-
ceivers in a system be factory preset, it should
be so indicated on the sales order. If it is de-
sired to change the preset receive code, remove
the top cover of the transceiver, and remove the
option module cover. Set the code on the eight
position DIP switch, S2, located in the middle
of the circuit board. Refer to Table 12.7-3 to
match the programmed receive code withits cor-
responding decimal transmit code.

12.74.2 TRANSMIT CODE
The transmitted code is set using the keypad and
the method outlined in Section 4 of this manual.

The three digit decimal number which is entered
corresponds to the complement of the receive
code.

12.743 SCAN LIMIT

The scan limit switch allows the user to set the
number of channels that are to be scanned. Trans-
call scans only the first ten channels, starting
with the current channel. The scan advances up
to the scan limit, then repeats starting on chan-
nel 1. Valid scan limit codes range from 2 to 10.

12.7-3

Each unit in the system should be assigned the
same scan limit code for proper operation. The
operator should set his most preferred channelsin
the lower channel numbers to ensure that the best
channel is selected during the path evaluation
sequence. To change the scanlimit code,remove
the top cover of the transceiver,and remove the
option module cover. Set the code on positions
14 of the eight position DIP switch, Sl, located
in the middle of the circuit board. Refer to
Table 12.7-4 to set the switch to the desired scan
limit.

12.74.4 SIGNAL STRENGTH THRESHOLD

The signal strength threshold is preset by the
factory, but can be set by the user for more
accurate path evaluations. To change the signal
strength threshold, remove the top cover of the
transceiver,and remove the option module cover.
Adjust R30 as indicated by Table 12.7-5.

12.7.5 TRANSCALL OPERATION

12.7.5.1 OPERATION

The Transcall operates and the unit scans under
the control of the Transcall when the panel switch
is in the "TC" (Transcall ON) position. In the
"SC" (Selcall ON) position, the Transcall will
neither send nor receive any Transcall interroga-
tions, but operates as a normal Selcall. In this
position, the normal scan mode of the transceiver
may be used by pressing "SCAN" (see Section4of
this manual).

When the Transcall is ON, the panel keypad is
disabled and the user may not select channels,
frequencies,or change the transmitted S.C. code.
To regain panel control, first turn the panel
switch AWAY from the "TC" position to the "SC"
position. Then press the "F"button on the panel.
A couple of seconds later, the display should
change from "t.c.” to the normal "CH: ". This
indicates that panel control is now available.
This must be done to change the transmitted code.
To restart the Transcall scan, turn the switch

back to the "TC" position.

Turning Transcall off for at least 3 seconds
resets the scan delay. The scan delay is started
after a successful calling sequence or after PTT
and lasts 60 seconds.

12.7.5.2 INITIATING TRANSCALL
Operating Transcall is as simple as entering the
code of the station to be called (as described



TABLE 12.7-3. Selective Call Conversion Chart.

TX CODE RX SWITCHES ON TX CODE RX SWITCHES O

001 2345678 053 24 78 4
002 1 345678 054 1 4 78
003 345678 055 4 78
004 12 45678 056 123 78
005 2 45678 057 23 78
006 1 45678 058 13 78
007 45678 059 3 78
008 123 5678 060 12 78
009 23 5678 061 2 18
010 13 5678 062 1 78
011 3 5678 063 78
012 12 5678 064 123456 8
013 2 5678 065 23456 8
014 1 5678 066 13456 8
015 5678 067 3456 8
016 1234 678 068 12 456 8
017 234 678 069 2 456 8
018 134 678 070 1 4568
019 34 678 071 456 8
020 12 4 678 o 123 56 8
021 24 678 073 23 56 8
022 1 4678 074 13568
023 4 678 075 358
024 123 678 076 12 58
025 23 618 o 2 568
026 13 678 ' 078 1 568
027 3 678 079 5 8
028 12 678 080 1234 6 8
029 2 678 081 23468
030 1 678 082 1368
031 678 083 468
032 12345 78 034 124638
033 2345 78 085 2468
034 1345 78 086 1 4638
035 345 78 087 468
036 12 45 78 088 123 638
037 24578 089 23 68
038 1 4578 090 13 68
039 45 18 091 3 68
040 123 5 78 092 12 68
041 23578 093 2 68
042 13578 094 1 68
043 3578 095 68
044 12 578 096 12345 8
045 2 578 097 2345 8
046 1 578 098 1345 8
047 578 099 A5 8
048 1234 78 100 1245 8
049 234 78 101 245 8
050 134 78 102 1 45 8
051 4 78 103 45 8
052 124 78 104 1235 8
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TABLE 12,7-3. Selective Call Conversion Chart, Continued.

TX CODE RX SWITCHES ON TX CODE RX SWITCHES ON

105 235 8 156 12 67
106 135 8 157 2 607
107 35 8 158 1 67
108 12 5 8 159 67
109 2 5 8 160 12345 7
110 1 58 161 2345 7
111 58 162 13457
112 124 8 163 3457
113 24 8 164 12457
114 13 8 165 2457
115 M 8 166 1 457
116 124 8 167 45 7
117 24 8 168 12357
118 14 8 169 2357
119 4 8 170 1357
120 123 8 171 357
121 3 8 172 12 57
122 13 8 173 2 57
123 3 8 174 1 57
124 12 8 175 57
125 2 8 176 1234 7
126 1 8 177 PA
127 8 178 134 7
128 1234567 179 M 7
129 234567 180 124 7
130 1 34567 181 24 7
131 34567 182 1 47
132 12 4567 - 183 4 7
133 2 4567 184 123 7
134 1 4567 185 23 7
135 4567 186 13 7
136 123 567 187 3 7
137 23 567 188 12 7
138 13 567 189 2 1
139 3 567 190 1 7
140 12 567 191 7
141 2 567 192 123456

142 1 567 193 23456

143 567 194 1 3456

144 1234 67 195 3456

145 234 67 196 12 456

146 134 67 197 2 456

147 34 67 198 1 456

148 12 4 67 199 456

149 2467 200 123 56

150 1 467 201 23 56

151 4 67 202 1356

152 123 67 203 3 56

153 3 67 204 12 56

154 13 67 205 2 56

155 3 67 206 1 5%
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TABLE 12,7-3. Selective Call Conversion Chart, Continued.

TX CODE RX SWITCHES ON TX CODE RX SWITCHES O

207 7S 32 123 5 :
208 12346 z 5s
210 2o 234 135
211 6 zs 3
212 1246 237 2
213 246 . 2
214 i e 5
215 P 29 e
216 123 ¢ %0 24
217 3 ¢ 21 2
218 13 6 %2 :
220 30 w4 12 4
221 > 6 215 2
224 12345 o 2
225 I %9 -
s 1345 251 3
221 by 251 .
228 12 45 - 2
229 2 45 oy 1
230 1 45 e
231 -
: -
No. of Channels Scanned Set SW1 Segs On

3 2

* 42

> R

° 432 Te be a.stJ f,; sub :},_(14»1

! 1

s 4 1

? 31

10 ol
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Table 12.7-5.

Signal Strength Threshold Settings.

SINAD SIGNAL AGC (VIXC)

9.5 -T21 (0.2uV) 104

25 -98 (2.82uV) 4,02
~97 3.81
-9 3.45
~95 3.16
-% 2.95
-93 2.81
-92 2.69
-91 2.62
-90 2.55
-88 245
-86 231
-84 231
-82 2.4
-80 (22.4uV) 2.19
-75 2.05
~70 (70uV) 1.91
-65 1.76
-60 1.60
-55 144
-50 (700uV) 1.27
45 (1.26mV) 1.10
-35 (4mV) 0.769
-25 (12.6mV) 0.477

previously), setting the MODE switch to "TC ON"
and finally pressingthe "CALL" button. Transcall
will assume control of the transceiver to find the
channel that has the best path conditions between
the originating and remote stations.

12.7.5.3 TRANSCALL SCAN

When setting the MODE switch to "TC ON", the
transceiver switches to Transcall operation and
initiates Transcall scanning. This is indicated
on the LCD display which shows the characters "tc
: XX", where "XX" is the current channel number.
The Transcall scan sequence begins on the current
channel, advances and continues up to the scan
limit. As the scan reaches the limit, it begins
again starting on channel 1. Transcall monitors
the current channel of the scan sequence for three
seconds, listening for any valid selective call or
Transcall transmissions.

12.7.54 INITIATING CONTACT

After pressingthe "CALL" button, an "arming tone"
will sound through the loudspeaker to indicate
that the pressing of the key was recognized.
Transcall will then call the desired remote sta-
tion in an attempt to sync its scan sequence to
step with the originating station in real time.
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The operator may begin calling on the channel of
his choice by pressing the "CALL" button when the
channel prior to the desired channel is reached
in the scan sequence. Synchronization between
stations can also be attained by poweringup both
transceivers (with the mode switch of bothunits
set to "TC ON") at the same time.

After "CALL"is pressed and the channel changes to
the next channel in the sequence, Transcall will
thensend an attention burst to the remote station
for a period of 200ms. During that period, the
push-to-talk (PTT) relay switches on, the proper
harmonic filter is set and then the attention
burst is sent. Transcall will then switch to
receive, (switching the PTT relay off) listening
for the acknowledge for a period of 400ms.
Transcall calls on each channel initially for
three seconds and completes four send-listen
cycles during that period. The send-listen cycle
can be identified by the clicking of the relays as
they switch between the send and receive mode.
The calling station continues to call on each
channel of the scan sequence until all channels
have been tried.



If the path conditions are poor or the scan se-
quence of the remote is greatly out of step, con-
tact may not be made after the initial acquisition
sequence. In that case, the sequence will repeat,
this time calling each channel in the sequence for
a period equal to (scan limit x 4) + 4 seconds.
This gives the station being called time to scan
across the calling channel. If no contact is made
after the previous sequence, an audible "no con-
tact” signal is issued.

12.7.5.5 PATH QUALITY EVALUATION

When the remote station responds, a string of 32
packets containing the number AA hexadecimal are
sent back toacknowledge contact. Bothstations,
which are now in sync, step to the next channel
and attempt contact until all the channels in the
sequence have been tried. Theremote stationwill
not attempt contact on channels which exceed the
preset signal strength threshold level indicating
that the channel is already busy. After all chan-
nelshave been tried, the remote station continues
scanning while the originating station stops its
scan to evaluate the path conditions.

The bit error rate (BER) of the answer back
packets from each channel are counted and stored
in memory. The BER gives an indication of the
propagation conditions between the stations. The
signal strength level of the received signal is
checked and this information is stored for each
channel. Transcall then evaluates the BER and
signal strength data and selects the channel that
represents the best pathbetween the twostations.
It then sends the basic selective call bursts
on the selected channel, waiting for the remote
station to scan to the channel and send its
acknowledge. When the acknowledge isreceived,
the "call alarm" tone will sound at both stations
and the call message will be displayed to inform
the operator that the best channel has been
selected. The path evaluation sequence is com~
pleted and both stations are now set to the channel
which has the best path between them.

During poor signal conditions, the remote station
may not respond to the initial selective call
that identifies the best channel. In that case,
the originating station will keep sending selec-
tive call bursts for about 90 seconds to give the
remote station a good chance to respond. If no
contact is made at all after that period, both
stations will then resume (Transcall) scanning.
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After the "call alarm" tone is issued, both sta-
tions will stay on the selected channel for 60
seconds. Both stations will resume scanning at
the same time, thus maintaining the sync of the
scan sequences.

12.7.6 SELCALL AND TRANSCALL TECHNICAL
CIRCUIT DESCRIPTION

12.7.6.1 CIRCUIT DESCRIPTION

The circuit is based on the 80C39microprocessor
(CPU). The CPU has 27 input/output lines for
communication with the rest of the circuit. These
take the form of three eight-bit ports, two one-
bit I/O lines, and an interrupt line (INT). One
of the eight-bit ports is called the bus port and
performs a dual function in the system. First it
acts as a port for the other devices on the bus;
these include the read-only memory (ROM), U3,
and the universal asynchronous receiver/trans-
mitter (UART), U4. Second, the data busis time
multiplexed with the lower eight bits of the in-
ternal program counter such that the external
latch, U2, latches those address bits at the pro-
per time in conjunction with the address latch
enable signal (ALE). The data bus port is lo-
cated at Ul pins 12 through 19, and ALE is pin 11.
The crystal at Y3 provides the clock for the CPU.
This crystal must be trimmed by C25 to provide
proper synchronization between radios.

12.7.6.2 PORT LINES

The other port lines are split up amongthe other
communications requirements of the system. Port 1
comprises pins 27 through 34; and port 2 is made
up of pins 21 through 24 and pins 35 through 33.
The lower three bits of port 2serve as the three
most significant address lines. P24 and P25 pro-
vide clock and strobe information to U8, U9, U10,
and U15 through level shifter Ul3. P11, P12, P14
and P16 are configured in software to be inputs.
These lines provide control and data to the
Selcall. P15, P17, P26, and P27 are programmed in
software to be output ports, and provide control
and data to other boards in the radio. One bit
ports TO and T1 are used as inputs in the Selcall.

12.7.63 UART

The IC U4 is the UART. It provides the serial
interface to and from the CPU. Serial information
is received from the modem, U5 via the RXD line
pin 3. Upon receipt of a valid character, the
UART sends an interrupt to the CPU via the RXE
line, pin 14. Data is passed to the CPU when the



CE line, pin 11, is low and the WRITE line, pin
13, is high.

Data is sent to the UART from the CPU when CE
and WRITE are low. Serial data from the UART
is passed to the modem on the TXD line, pin 19.
During transmission of serial data to the modem;
pin 24 of the UART will be low. This controls
the mute line on the modem and turns on the
modem tone. U7 provides the baudrate clock for
the UART. This clock is derived from a 614.4kHz
ceramic resonator.

12.7.64 MODEM/FILTER/LEVEL AMP

The modem, filter, and level amplifier are made
up of U5, U6, Q4 and Q5 respectively. Receive
audio enters U6 on pin 8. This signal is amp-
lified in an internal op amp whose gain is set by
the values of resistors R18 and R19. The output
of the op amp is fed internally to the filter
section whose output appears at pin 3. This fil-
ter output is then coupled via the capacitor on
pin 3 through R16 to the comparator input on pin
2. R15provides an adjustment to allow the output
of the comparator to be set to a square wave at pin
16. The crystal at Y1 provides the clock required
by the filter and the modem. Output of U6 is
taken from pin 16 and applied to the RXC input,
pin 1 of U5, the modem. The modem takes the fre-
quency shift data and converts it intoaTTL level
digital signal the UART can use. In transmit the
serial data is taken from the UART on pin 19 and
enters the modem on U5 pin 11. The high on the
mute line, pin 12 enables the output tone on the
TXC line, pin 9. As data is shifted in on pin
11 the output tone is shifted between the two FSK
frequencies. Output from U5 pin 9 enters the
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level amplifier through C9 and the level adjust
pot R21. The resistors R25 and R24 set the gain
of Q4 to approximately 15. Q5is an emitter fol-
lower to provide buffering to Q4.

12.7.6.5 CPU CONTROL CODE INPUT

Control codes for the Selcall such asscan limits,
channel information, transmit code, and receive
code are presented to the CPU in a serial data
format. U8, U9, U1l0, and Ul5 are parallel in
serial out shift registers. A high on the strobe
input, pin 9 for at least one rising edge of the
clock input, pin 10 latches the data on the par-
allel input lines. Releasing the strobe line and
toggling the clock line causes data to be shifted
out pin 3 on the rising edge of the clock. The
four shift registers are connected in series with
U8 being closest to the CPU. Scan limits are set
as a binary number on the first four lines of S1.

The receive code is set on S2. The transmit code
and the channel information is input to Ul0 and
U15 as parallel information coming from the M9
module.

The CPU directly controls the reading of these
shift registers through the use of port 2 lines
P24 and P25.

Ul3 performs the necessary level shifting to
interface the TTL levels provided by the CPU to
the 8.7V levels needed by the shift registers.
P25 becomes the strobe signal for the shift reg-
isters and P24 is the clock signal. The CPU can
access the data it requires by issuing the proper
number of clock "ticks". Shift register data is
read by the CPU test pin Tl, pin 39.



TABLE 12.7-6. Test Procedure.

3.

4.

5.

7'

8.

10.

11.

120

13.

Make a visual inspection of the Selcall or Transcall module for any mlssmg or wrong
components, solder bridges, incorrect wiring, etc.

Make an ohm check from the +12 line to ground at Ul4, the +5 line at Ul4, and the +8.7
line at Ul2. The readings should show several hundred ohms.

Connect the module to the harness on top of M3 of the TW100 transceiver. Connect the
transceiver to its power supply and power up.

Adjust C26 so that the frequency at pin 11 of the CPU (ALE) is close to 341.333kHz as
possible.

Remove Ull. AdjustR21 (tone level) so that the voltage at the emitter of Q5is approxi-
mately 0.5Vac p-p. Replace Ull.

Adjust R15 so that the waveform at pin 16 of U6 is clipping at OV and 5V (hitting the
rails). No RF receiver input should be applied.

Set R30 so that the wiper of R30 reads 2.1V. Use FET input meter or oscilloscope.

Verify that each input bit of U8 and U9 toggles when the corresponding switch of U8, U91is
toggled. (Refer to schematic).

Check that the signals ﬁ, W_R', PSEN, and ALE are at correct TTL levels.

Measure the risetime of the clock signal at pin 10 of Ul0. Verify that it is no greater
than 15 microseconds from 0V to 8V.

Verify that the frequency at U7, pin 5 reads 19.2kHz.
Verify the operation of the SELCALL/TRANSCALL module.
Receiving a call.

A. Connect a load (12V lamp or etc.) to the collector of Q3 (refer to schematic).
Install the Selcall module with SELCALL software (-32) in U3.

B. Usingatransceiver witha working SELCALL installed,operate it sendingto the unit
under test. Make sure that the receive code of the UUT is set to the same code of
the sending transceiver.

C. When a proper call is received, the "CALL: " prompt should be displayed and
the "ring" tone should be heard. Verify that the load (of step A) is switched on
also.

Initiating a call.
A. Send using the transceiver with the UUT and verify that it functions correctly.

Verify that the RF output power is 100W when the SELCALL is sending.
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TABLE 12.7-7. Transcall Final Test Procedure.

7.

8.

10.

1L

12.

Make sure that each transceiver and Selcall module has been tested and aligned properly.
Set the scan limit switch (refer to Table 12.74) of both transceivers to scan 6 channels.

Set one transceiver's receive code to 170 and its transmit code to 85. Set the other
transceiver's receive code to 85 and its transmit code to 170 (refer to Table 12.7-3).

Connect both transceivers as illustrated in Figure 12.7-1.
Set the mode switch of both units to "SQUELCH ON" and power up both units.

While enabling the PTT, speak into the microphone and adjust the attenuator so that the
signal strength barely moves off of zero. Check this in the other direction also.

Check the Transcall scan. Switch the mode of one unit to "T.C. ON" and check that
the transceiver is scanning (as indicated on the LCD display). Make sure that it scans
to channel 6 and then repeats on channel 1. Verify this also on the other transceiver.

Check the Transcall PQE operation. Press the SEND button of one transceiver (which is
now the originating station). Verify that the transceiver sends on each channel until
it receives the acknowledge from the other umit.

After the transceiverreceives the answer back, verify that the other unit (remote station)
syncs its scan with the originating station. Verify that the remote stationsends the PQE
burst on each channel, until all channels have been tried.

The originating station will decide which channel has the best path quality and then will
send selcal bursts on that channel. Verify that the remote station scans around to the

selected channel and that the "ring" signal sounds at both stations.

Verify that the "CALL: xx" message is also displayed at the called station. Check that
both stations stay on the selected channel for 60 seconds before they resume scanning.

Repeat steps 8 through 11 in the other direction.

INI 30dB oyt our| 30¢B 1N IVER
TRANSCEIVER el oy ATTEN sg| TRANSCE
0-90dB
ATTEN

FIGURE 12.7-1. Transceiver Connections.
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TABLE 12.7-8. Parts List, Selcall and Transcall Option.

C1
C2
C3
C4
C5
Cb
C7
C8
C9
C10
Cll
CI2
C13
Cl4
C15
C16
C17
Ci8
Cl9
Cc20
Cz2l
C22
ca3
C4
C25
C26
C27
C28-C29
C30

D1
D2
D3

D5
Do*
D6
D7
D8
D9
D10

Q1
Q2

Q4
Q5
Q6

R1
R2
R3
R4

241020
241020
210101
210101
254203
210200
210200

27514
275104
241020
241020

241020

241020
275104
275104

241020
275104
275105
241020
241020
221820
261600
254203

214103

320002
320002
320002
320002
320002
320002

320002
320002
320002
320002

310057
310003
310091
310057
310057
310057

113104
113103
113102
113102

Capacitor, Tantalum 2.2
Capacitor, Tantalum 2.2
Capacitor, Disc NPO 100pr
Capacitor, Disc NPO 100p&
Capacitor, Mylar .02
Capacitor, Disc NPO 20pF
Capacitor, Disc NPO 20pF
Not Used.

Capacitor, Monolithic 50V .
Capacitor, Monolithic 50V .
Capacitor, Tantalum 2.2
Capacitor, Tantalum 2.2
Not Used.

Capacitor, Tantalum 2.2
Not Used.

Capacitor, Tantalum 2.2
Capacitor, Monolithic 50V .
Capacitor, Monolithic 50V .
Not Used.

Capacitor, Tantalum 2.2
Capacitor, Monolithic 50V .
Capacitor, Monolithic 100V 1
Capacitor, Tantalum 2.2
Capacitor, Tantalum 2.2
Capacitor, Mica DM5 82pF
Capacitor, Trimnmer 9-60pF
Capacitor, Mylar .02

Not Used.

Capacitor, Monolithic 50V .01

Diode, 1N4148
Diode, 1IN4148
Diode, 1N4148
Diode, 1N4148
Diode, 1N4148
Diode, 1IN4148
Not Used.

Diode,
Diode,
Diode,
Diode,

1N4148
1N4148
1N4148
1N4148

Transistor,
Transistor,
Transistor,
Transistor,
Transistor,
Transistor,

Resistor, Film 1/8W 5¢
Resistor, Film 1/8W 5% 10K
Resistor, Film 1/8W 5%

Resistor, Film 1/8W 5

NPN PN2222A
NPN 2N3567
MJIE3300

NPN PiN2222A
NPN PN2222A
NPN PN2222A

S

100K

SIS

1K
p 1K

Y
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TABLE 12.7-8. Parts List, Selcall and Transcall Option, Continued.

R5 113473 Resistor, Film 1/8W 5% 4.7K
R6 113103 Resistor, Film 1/8W 5% 10K
R7 113104 Resistor, Film 1/8W 5% 100K
R8 113102 Resistor, Film 1/8W 5% 1K
R9 113103 Resistor, Film 1/8W 5% 10K
R10 113103 Resistor, Film 1/8W 5% 10K
R11 113103 Resistor, Film 1/8W 5% 10K
r12 113103 Resistor, Film 1/8W 5% 10K
R13 Not Used.

Ri4 113106 Resistor, Film 1/8W 5% 10M
R15 170210 Resistor, Trimmer 25T 100K
R16 113471 Resistor, Film 1/8W 5% 470
R17 113182 Resistor, Film 1/8W 5% 1.8K
R18 113472 Resistor, Film 1/8W 5% 4.7K
R19 113562 Resistor, Film 1/8W 5% 5.6K
R20 113183 Resistor, Film 1/8W 5% 18K
R21 170115 Resistor, Trimmer 100K

R22 113102 Resistor, Film 1/8W 5% 1K
R23 113103 Resistor, Film 1/8W 5% 10K
R24 113331 Resistor, Film 1/8W 5% 330
R25 113472 Resistor, Film 1/8W 5% 4.7K
R26 113621 Resistor, Film 1/8W 5% 620
R27 113104 Resistor, Film 1/8W 5% 100K
R28 113102 Resistor, Film 1/8W 5% 1K
R29 Not Used.

R30 170115 Resistor, Trimmer 100K

R31 113104 Resistor, Film 1/8W 5% 100K
R32 113473 Resistor, Film 1/8W 5% 47K
R33 113106 Resistor, Film 1/8W 5% 10M
R34 113333 Resistor, Film 1/8W 5% 33K
R35 113104 Resistor, Film 1/8W 5% 100K
R36 113473 Resistor, Film 1/8W 5% 47K
R37 113106 Resistor, Film 1/8W 5% 10M
R38 113106 Resistor, Film 1/8W 5% 10M
R39 113473 Resistor, Film 1/8W 5% 47K
Rr40 113104 Resistor, Film 1/8W 5% 100K
R4l 113103 Resistor, Film 1/8W 5% 10K
R42-R44 Not Used.

R45% 113102 Resistor, Film 1/8W 5% 1K
RP1 182002 Resistor Pak 100K

RP2 182002 Resistor Pak 100K

St 530010 Switch, Scan Limit/Options
S2 530010 Switch, RX Code

U1l 330142 1C, 80C39

Uz 330141 IC, 74HCT573

U3 330102 IC, UPD2716-6

U4 330167 IC, SCN2661BC1IN23

U5 330180 IC, MC 1#12VP

Ub 330215 IC, RM5630AP

a7 330037 IC, CD 4060 A=
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TABLE 12.7-8. Parts list, Selcall and Transcall Option, Continued.

Usg 330131 IC, MC 14014BCP

U9 330181 IC, MC 14014BCP

Ul10 330181 IC, MC 14014BCP

Ull 330196 IC, 74HCO4

Uiz 330018 IC, 78LO8

U13 330220 IC, MC34074P

Ul4 330076 IC, L340

Ul5 330181 IC, MC14014BCP

Y1 360028 Crystal, 1.000MHz Microprocessor
Y2 363001 Resonator, Ceramic 614.4kHz
Y3 360013 Crystal, 5,120.000kHz

* Indicates Transcall Option. Note that R45 is installed in place of D6 for Transcall.

NOTE: Unless otherwise specified, capacitance is inmicrofarads and resistance
is in ohms.
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12.8 WIDEBAND FILTER OPTION

12.8.1 GENERAL 12.8.2 INSTALLATION

This option involves using 1.650MHz crystal fil- Both USB and LSB wideband filters can be ob-
ters having a bandwidth of 300-3100Hz instead tained. They replace the standard crystal fil-
of the standard 300-2700Hz. These are designed ters inthe transceiver's M2module. Part number

for special applications such as high speed data differences between the standard filter M2 and
requiring greater bandwidth and tighter control the optional wideband filter M2 are shown in
of group delay. Table 12.8-1.

TABLE 12.8-1. Filter Part Number Differences.

Quantity/
Standard Filter WB Filter Designator
USsB 361002 361052 1-Y4
361004 361054 2-Y2,Y6
LSB 361006 361056 2-Y1,Y11
361008 361058 1-Y9
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12.9 AUTO-TUNE OR MEMORY OPTION

12.9.1 GENERAL

The TW100MP (RT100/MP) can be configured to inter-
face with the AT100, RAT100, or RAT1000 Automatic
AntennaTuners to provide either an Auto-Tuneor a
Memory option. These options utilize the same
hardware,but different software and aremutually
exclusive. Neither option precludes the use of
the front panel "tune button" for manual tuning
which can be used anytime the operator desires.
The options also affect only the "programmable"
channels — channel 00 frequencies must still be
tuned manually by depressing the tune button.

12.9.2 DESCRIPTION

Auto-Tune Option — The Auto-Tune option pro-
vides for automatic initiation of the coupler
tune cycle under oane of the following conditions:

1. after the channel has been changed, or

2. after the channel has been changed and the
PIT has been engaged. It is possible to con-
figure the option for either of the above con-
ditions. See paragraph 12.9.4 for instructions.

Memory Tuner Option — The Memory Tuner option
provides for storage and retention of the antenna
tuner settings onup to ten pre-programmed chan-
nels when used with the microprocessor controlled
transceivers. A lithium cell is installed in the
tuner's microprocessor module to achieve memory
retention. The cell will not reach the end of its
useful life in the service life of the tuner and
should not require replacement.

12.9.3 OPERATION

Auto-Tune Option — When configured for condition 1
of paragraph 12.9.2, the tune sequence will be
initiated whenever a channel number is entered at
the transceiver. When configured for condition 2,
the channel must be changed and then the PIT must
be activated to start the tune cycle. In both
cases, the operator must wait for the tune cycleto
be completed before beginning the transmission of
information. The tune cycle is indicated by the
presence of an audible tone.

Memory Tuner Option -~ The tune sequence must
first be manually initiated on each of the chan-
nels @l-1p which are to be memorized. Thereafter,
when any of those channels is selected, the tuner
will set its network to the memorized setting.
The time from the channel change until the tuner
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is set is approximately 30ms. In the case of the
1000W tuner, the large solenoids require a longer
time to transit. That time is of the order of
150ms. This retained setting may be changed at
any timne by manually initiating the tune sequence
on that channel.

12.94 INSTALLATION HARDWARE
MODIFICATIONS

When configured for condition 1 of the Auto-Tune
Option in paragraph 12.9.2 install R11 (100K, P/N
113104) and remove jumper "A-B". When configured
for condition 2, remove R1l and install jumper
"A-B". For Memory Tuner operation, install R11
and remove jumper "A-B".

12.9.5 TECHNICAL DESCRIPTION

(See Figure 12.9-1)

The Auto-Tune and Memory Tuner options utilize
the same circuit contained inside the transceiver.
It is composed of three subsections -- a parity
detector, a pulse generator, and a shift register.

The seven BCD channel lines from the Frequency
Control Module, (M9MP), are connected to Ul and
U2 inthe MemoryTuner PCB. U2is the parityde-
tector whose output,pin9, changes whenever the
channel is changed. This signal in turn triggers
the first stage of the dual monostable multi-
vibrator ("one-shot"), U3.

When connected for condition 1 of paragraph
12.9.2, the first stage one-shot outputs a pulse
on U3 pin 7, the width of which is controlled by
R1l and C13. The widtn of this pulse is not
critical and its rising edge triggers the second
one-shot. When connected for condition 2, pin 7
will go low, and will not produce a rising edge
until the PTT line, and hence pin 3, the reset for
the first one-shot, is grounded.

The second one-shot produces a pulse approximately
20 milliseconds in width. In the Auto-Tune con-
figurations, the second one-shot output, pin 9,
is connected to the tune initiate line.

In the Memory Tuner configuration, pin 9 is con-
nected to a special input in the antenna tuner's
microprocessor module. This is the CHECK TUNE
line, and the pulse indicates that the tuner
should retrieve the channel number from the trans-
ceiver and set itself to the memorized setting,if
any.



The antenna tuner then places a high logic level
on the STROBE line, in order to parallel load
the BCD channel data into the serial-out shift
register, Ul. The CLOCK line is then toggled
high, then low again to accomplish this. The
tuner then toggles the clock line eight times and
reads the eight data bits in serial fashion. If
the channel number is ten (10) or less, the mem-
orized setting is output and the tuner awaits the
next command. If the channel number is higher
than ten (10), the tuner will default to the chan-
nel ten (10) setting and await the next command.

12.9.5.1 ANTENNA TUNER MODIFICATIONS
Inside the antenna tuner, some of the threshold
output lines double in function as STROBE,CLOCK,
and CHECK TUNE lines. The serial dataisreadin
on the P23 line. The lithium cell added to the
Processor Module is a 3Vdc nominal, 0.5AH cell
which keeps the microprocessor's internal RAM
memory at sufficient voltage for data retention
when the power is off. The cell current, which
remains below 10 microAmps at all times, is fed
to pin 40 of the microprocessor through a diode
to prevent charging of the cell.
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CAUTION!
Shorting of the cell because of adiode failure or
soldering of the cell with a grounded iron while
the tuner is still connected -can cause the cell
to out-gas toxic materials or even explode. Use
extreme care when servicing this portion of the
circuit.

The terminal voltage for this type of cell is
about 2Vdc. Whenever necessary,measure the cell
voltage with the power to the tuner switched off.
Replace the cell if it measures less than the
terminal voltage. Remember to disconnect the
tuner from all cables and grounds before soldering
in the new cell.

If a problem is encountered with intermittent
memory loss, observe the various power supply
voltages with an oscilloscope as the transceiver's
power is switched on and off. The rise and fall
of theregulated+12V must be smoothand uniform.
Any "jagged transitions" can cause memory loss
problems. Thisis most often encountered inmo-
bile installations as the engine is started or
stopped. It may be necessary toinstall transient
absorbers in the lines from the battery.
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Schematic Diagram, Auto-Tune or Memory Option.

FIGURE 12.9-1.




TABLE 12.9-1. Parts List, Memory Option.

Cl#k 241020 Capacitor, Tantalum 2.2

OFi 241020 Capacitor, Tantalum 2.2

C3 241020 Capacitor, Tantalum 2.2

C4 275104 Capacitor, Monolithic .1
C5 275104 Capacitor, Monolithic .1
Cé 241020 Capacitor, Tantalum 2.2
CT* 214103 Capacitor, Monolithic .01
C8* 214103 Capacitor, Monolithic .01
Co* 214103 Capacitor, Monolithic .01
C10* 214103 Capacitor, Monolithic .01
Cli 241020 Capacitor, Tantalum 2.2
Cl12 241020 Capacitor, Tantalum 2.2
C13 275104 Capacitor, Monoclithic .1
Cl4 241020 Capacitor, Tantalum 2.2
Cl15 210102 Capacitor, Disc .001

Clé6 210102 Capacitor, Disc .001

C17 210102 Capacitor, Disc .001

C18 210102 Capacitor, Disc .001

C19 241020 Capacitor, Tantalum 2.2
D1 320002 Diode, 1N4148

D2 320002 Diode, 1N4148

D3 320002 Diode, IN4148

D4 320002 Diode, 1N4148

D5 320002 Diode, 1N4148

D6 320002 Diode, 1N4148

D7 320002 Diode, 1N4148

D8 320002 Diode, 1N4148

D9 320002 Diode, 1N4148

D10 320002 Diode, 1N4148

D11 320002 Diode, 1N4148

D12 320002 Diode, 1N4148

D13 320002 Diode, 1N4148

D14 320002 Diode, 1N4148

D15 320002 Diode, 1N4148

L1* 450180 Inductor, Variable 5T

L2* 450180 Inductor, Variable 5T

QI 310068 Transistor, TIP36A

Q2% 310035 Transistor, PNP MJE371
Q3%k 310003 Transistor, NPN 2N3567
Q4o 310003 Transistor, NPN 2N3567
R1#®* 134331 Resistor, Carbon Comp 1/2W 5% 330
R2#w* 124222 Resistor, Film 1/4W 5% 2.2K
R3ek 154680 Resistor, Film 2W 5% 68
R4 124222 Resistor, Film 1/4W 5% 2.2K
R5 113334 Resistor, Film 1/8W 5% 330K
Rb6 113105 Resistor, Film 1/8W 5% 1M
R7 113103 Resistor, Film 1/8W 5% 10K
R8 113334 Resistor, Film 1/8W 5% 330K
R9 113153 Resistor, Film 1/8W 5% 15K
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TABLE 12.9-1. Parts List, Memory Option, Continued.

R10 113105 Resistor, Film 1/8W 5% IM
R1l 113104 Resistor, Film 1/8W 5% 100K
R12 Not Used.

R13 113103 Resistor, Film 1/8W 5% 10K
R1l4 113102 Resistor, Film 1/8W 5% 1K
R15 113102 Resistor, Film 1/8W 5% 1K
R16 113100 Resistor, Film 1/8W 5% 10
R17 113100 Resistor, Film 1/8W 5% 10
R138 113100 Resistor, Film 1/8W 5% 10
RP1 182002 Resistor Pak 100K

Ul 330181 IC, MC14014BCP

|8 330130 IC, MC14531

U3 Not Used.

U4 330076 IC, LM340T-5.0

*Part of Remote Control Option.
*Part of ARQ Option.

NOTE: Unless otherwise specified, capacitance isinmicrofarads and resistance
is in ohms.
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12.10 USB/LSB OPTION

Standard transceiver sideband operation includes
USB only. Most commercial usage is USB and, in
most areas, it is all that licensing authorities
will permit. However, if authorized, the trans-
ceiver can be equipped for operation on both
sidebands. The advantage given the operator in
this case is that sidebands may be switched to
avoid interference or give an additional channel
frequency.

The USB/LSBoption, when fitted in the transceiver,
involves the following:

1) Installing an LSB crystal filter and appro-
priate diode switching circuitry in M2.

2) Runninga wire in the harness from the mode
switch to M2, pin 5. For LSB operation, this
line is grounded at the switch, thus activating
the LSB filter in M2.

Electrical operation of the USB/LSB option is
shown by referring to Figure 11-3, the System
Wiring Diagram, and Section 10.2, the M2 module
description.
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12.11 AC POWER SUPPLY OPTION

The transceiver AC option includes an AC power
supply which can operate from either 115Vac or
230Vac (nominal) inputs at 50-60Hz. Electrical
description of this option is depicted in Section
11, which shows schematic wiring and component
parts. The AC supply can be wired internally to
accept either 110Vac, 120Vac, 220Vac, or 240Vac

input voltages. Appropriate wiringis done at the
factory to specified customer requirements.

NOTE
Even if the AC power supply is installed, the
trasnceiver may still be operated from an external
+12Vdc supply without harm to the equipment.
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APPENDIX A

1.0 GENERAL

A basic knowledge of the major techniques used in
the synthesizer is necessary for both understanding
and troubleshooting these circuits. The transceiver
has two completely independent synthesizers, one
providing the 76.6 - 104.99MHz signal for the First
Local oscillator and the other providing the 73.3401
- 73.350MHz signal for the Second Local oscillator.
The heart of both synthesizers is a phase-locked-
loop; a brief analysis of phase-locked-loops is
given in this section. Another important concept
used in the design of the synthesizer is dual-modulus
prescaling. The knowledge of this concept is impor-
tant not only in the understanding of the synthesizer
design, but also in the programming of the transceiv-
er radio frequencies.

This section includes a block diagram of the overall
synthesizer. The description of the block diagram
is shown in relation to the techniques of the phase~
locked-~loop and dual-modulus prescaling in order
to give a better understanding of the operation
of the synthesizer. An example illustrating the
frequency programming of each synthesizer loop demon-
strates the mathematical algorithms used and their
relationship to the overall frequency conversion
scheme.

Also shown in this section is a description of the
frequency scheme used in the transceiver. Numerical
examples are provided to clearly illustrate this
approach. The overall frequency stability of the
transceiver is also discussed, and an equation is
developed which shows how the stability criterion
is established.

2.0 BLOCK DIAGRAM DESCRIPTION

A block diagram of the synthesizer is shown in Fig-
ure A-l. It is composed of two completely indepen-
dent single-loop digital synthesizers. The 10kHz
Loop uses a VCO phase-locked to a 10kHz reference
frequency. This choice of reference frequency en-
ables using a loop bandwidth high enough for good
stability and switching speed, and also low enough
for good reference spurious suppression. The 10kHz
Loop is a single-loop synthesizer using no mixing

or multiplication, and as such has excellent spec-
tral purity. The 100Hz Loop uses a VCXO phase~
locked to a 100Hz reference frequency. The very
stable crystal oscillator is "pulled” over a 10kHz
range using the 100Hz PLL. Because of the inher-
ent stability and purity of crystal oscillators,
the 100Hz Loop provides an exceptionally good L.O.
signak for the Second Mixers.

3.0 PHASE LOCKED LOOPS

The heart of each synthesizer is the phase locked
loop (PLL), a simplified diagram of which is de-
picted in Figure A-2. Referring to this diagram,
it is seen that a PLL consists of the following
basic elements: :

1. A Voltage Controlled Oscillator (VCO).

2. A Phase Detector.

3. A Divider; either fixed (+M) or Variable (+N}.
4. A Loop Filter.

The purpose of a PLL is to provide a VCO, which
operating alone might be unstable, with the stabil-
ity and accuracy of a single, highly stable refer-
ence frequency. The inputs to the phase detector
are a reference frequency (generally a very stable
temperature controlled crystal oscillator), and
the VCO output frequency divided by the integers
N x M. The phase detector DC ouput controls the
VCO frequency and, under proper PLL conditions,
will change the VCO frequency (divided by Mx N)
to equal the reference frequency. The M is gener-
ally a fixed divider called a prescaler whose pur-
pose is to reduce a high VCO frequency to a lower
level that can be handled by standard programmable
logic system.

The *N can be either a fixed or a variable divider.
When N is variable, it can be programmed externally
to change the VCO frequency in discrete steps.
The phase detector will electronically tune the
VCO each time N is changed to bring the output
of the divider to the same frequency and phase
as that of the reference. The loop is locked when
Fout = NMFpef.
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Once the'loop is locked, operation proceeds as fol-
lows: If the output frequency increases, the fre-
quency out of the divider will exceed Fref and the
phase detector will react by trying to drive the
VCO frequency lower. The tuning voltage to the
VCO will decrease as a result and the output fre-
quency will decrease, thus countering the initial
frequency increase. The loop filter is present
to suppress undesired components produced in the
phase detector so they don't cause unacceptable
FMon the VCO. The loop filter also has an important
effect on other types of noise, on acquisition of
lock, loop response time, and stability.

In a PLL synthesizer, the error signal driving the
VCO changes value only once each reference period;
the loop bandwidth, which determines response speed,
is set to be approximately one-tenth the reference
frequency. This is necessary for stability and
for suppression of the reference frequency side-
bands. The higher the reference frequency, the
faster the loop response time, but the reference
frequency also determines the minimum synthesizer
channel spacing. For example, if the reference
frequency is 10kHz, the MINIMUM channel spacing
is 10kHz. If the fixed divider M in Figure A-2
is greater than one, the F,;; can only be changed

in steps of MF.of, If M is made equal to one, then
the channel spacing depends only on Fi.¢,

In our case, the ultimate channel spacing is 100Hz.
But to make a single-loop synthesizer with a 100Hz
reference covering a 28MHz range would place severe
restrictions on loop response time as well as VCO
stability. Thus, the transceiver uses two synthe-
sizers, the 10kiz Loop covering 76.6 - 104.99MHz
with 10kHz channel spacing - providing a loop BW
high enough for good response time and stability,
and a 100Hz Loop covering 10kHz in 100Hz steps using
a high stability crystal oscillator.

4.0 DUAL-MODULUS PRESCALING

CMOSGS dividers provide not only the lowest power
approach, but also the best approach for spectral
purity because of their switching response. How-
ever, CMOS dividers are restricted in operating
speed to below 1lUMHz for reliable operation.

With the 10kHz Loop operating at 76.6~104.99MHz,
and the 100Hz Loop at 73MHz, it is clear that some
form of prescaling (or + M) is required to reduce
the VCO frequency to a level that can be handled

by standard CMOS programmable dividers, and still
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‘the.channel spacing needed for 10MHz and 100Hz

loops.

The synthesizers solve this problem by using a
technique known as dual-modulus prescaling. This
approach allows low-frequency CMOS programmable
counters to be used as high~frequency programmable
counters with speeds of several hundred MHz. This
is possible without the sacrifice in channel spacing
and pérformance that would otherwise result if
afixed divider was used for the prescaler (+M).
Prescalers.are used whose division ratio can be
switched between two values to allow effective
division at the high prescaler input frequency
(VCO output), with the actual programmable dividers
operating-at the lower output frequency of the
prescalef..

Figure A-3 illustrates how a dual-modulus divider
system operates. The VCO drives the dual-modulus

. prescaler (which can divide by P.and P+l), which
“in turn drives two programmable counters in paral-

lel.” These two counters are programmed to "A"
and "N". The prescaler and the A-counter are con-
nected in such a way that in a complete count cycle,
the prescaler divides by P+l until the A-counter
reaches zero and then reverts to a division ratio
ofP. Both the A-counter and the N-counter start
counting at the same time. Both counters also
reset at the same time. Therefore, the prescaler
divides by P+l for "A" counts and by P for N-A
counts. For example, the programmed divide ratio
NT is:

N = (N-A) P + A(P+l)
or

Therefore, the overall divider system divides by
P+l for as lotig atount as the A-counter is pro-
grammed (A counts), and then divides by P for the
remainder of the cycle (N-A counts). The only
restriction on the scheme is that the total count
cycle (N) be greater than A.

For-example, the 10kHz Loop Synthesizer (as shown
in Figure A-1) uses a * 32/33 prescaler (an MC12015
rated at 200MHz). The highest VCO frequency is
105MHz, which when divided by 32 equals 5 - well
below the 30MHz MC145152 CMOS counting speed.
If the selected channel frequency is 25MHz then
the VCO frequency is 25 + 75 = 100MHz. The total
divide ratio ist NT = Fout Fref = NP + Aj or NT
100 x 106/104 = NP + A. Therefore, the total



division ratio is 10,000 and with P=32, the equation
is:

10,000 = 32N + A,
or
N = 312 and A = 16.

Then 312 is the number programmed into the N-oamter
and 16 is the number programmed into the A-counter.
The +32/33 prescaler then divides by 33 for 10 counts
and 32 for 296 counts to account for the overall
division ratio of 10,000.

33 x 16 = 528
32 x 296 = U2
. 528 + 972 = 10,000

The 100Hz Loop Synthesizer (Figure A-1)uses a+64/65
prescaler with a frequency limit of 200MHz. The
VCXO frequency is T3.340IMHz - 73.3500 MHz. There-
fore, the output of the prescaler into the program-
mable divider is approximately IMHz. Since this
loop has only 100 discrete frequencies (73.3401
- 73.350MHz in 100Hz steps) all the programming

can be done in the dual-modulus counter (set for.

count from 1-100), while the +N programmable. counter.

has a fixed division ratio of 11459. The total

100Hz Loop divide ratio is:

NT = 64N+A, or NT = 64x11459 + A
which is:  Np = 733376+ A
This means that the loop will divide by 65 for "A"
counts, and then divide by &4 for (11459-A) counts.

5.0 FREQUENCY PROGRAMMING EXAMPLE

To illustrate the concept of dual modulus prescaling
used in the synthesizer, the following example is
presented. ‘

EXAMPLE

Let the selected channel frequency be 9,124200Hz.
The 10kHz Loop programming then goes as follows:

1. The First L.O. output frequency is:
09.12 + 75.00 = 84.12MHz

2. Using the formula developed earlier for the
10kHz Loop:

A

NT = Fout / Fref= 84,120,000/10,000
= 8412

3. Therefore, the total division ratio for the
10kHz Loop is NT = 8412.

4. Since NT =.32N + A, where "N" is the number
programmed into the variable programmable coun-
ter, and "A" is the number programmed into the
dual modulus“counter then,

8142 = 32N + A
N = 8142/32 = 24
Then, A = 8142 - 254 x 32= 14

5. The total 10kHz Loop counter cycle is then
254, with the loop dividing by 33 for 14 counts
and by 32 for 2% - 14 = 240 counts. Thus, NT
= (33 x 14 = 462) + (240 x 32 = 7680) = 8142.

6. With the 10kHz Loop at 84.12MHz and the chamel
frequency at 9.1242MHz, the First IF is 74.9958MHz
(or 4.2kHz below the center of the 75MHz IF filter
passband). The Second L.O. is then:

Second L.O. = 74.9958 - 1.65 = 73.3458MHz

7. 100Hz Loop programming is done by first locking
at the lkHz and 100Hz digits of the channel frequen-

cy (in this case, 9.1242MHz).

a. Let these two digits be EF. Then A =
124 - EF. ‘
b. In this case, the two digits are 42.
Therefore, A= 124 - 42
= 8.
8. The dual-modulus frequency formula for the
100Hz Loop is then applied:

Np=11459 x 64 + A

Nt = 733376 + 82

733458

9. The output frequency is then F{ = Frefx N,

or F1 O = 733,458 x 100Hz = 73.3458MHz, which corres-
ponds with the frequency determined in part 6.

6.0 FREQUENCY CONVERSION SCHEME
This simplified dxagram in Figure A-4 illustrates
the overall frequency scheme.
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Frequencies shown are as follows:

Fihan = RF channel frequency of the radio; 1.600
- 29.9999MHz, selectable in 100Hz increments, re-

sulting in 284,000 available channels.

F101 = Output of the 10kHz Loop, a phase locked
loop (PLL) synthesizer generating a 76.60 - 104.99MHz
output in 10kHz increments.

FIF1 = First IF; varies between 75.000 and 74.9901MHz
depending on the chosen channel frequency.

FL02 = Output of the 100Hz Loop, a PLL synthesizer
operating from 73.340 - 173.350MHz in the 100Hz

increments.

FIF2 = Second IF; fixed at 1.65MHz.

7.0 EXAMPLES OF OSCILLATOR
FREQUENCIES

Table A-1 shows the oscillator injection frequencies

for a few sample channel RF frequencies. Note that

the first IF frequency is not fixed at 75.00MHz

but varies over a 10kHz range depending on the se~
lected channel frequency. This is accomplished
as follows:

A-5

£LO1 = fchan + 75.00MHz*
1. The first IF is always:

FIr + FLOL - fchan

2. The second IF is always fixed at 1.65MHz.
Therefore, the se¢ond L.O. is:

FLO2 = FIF2 - 1.650MHz

NOTE*
Only the first four digits of the channel frequency

are used in determining Fy1,

EXAMPLE
fohan = 2000,000Hz, and

fchan = 2,005,900Hz

Both result in Fy ] = 2.00 + 75.00 = 77.C0MHz (re-
member that the first digit is always the 10MHz
digit; therefore, the first four digits of
2,000,000Hz are 02.00).



8.0 FREQUENCY STABILITY

Since both local oscillators are locked to a single
reference frequency, the frequency errors in the
two oscillators due to a change in reference fre-
quency will tend to cancel each other. Therefore,
the overall radio frequency error due to a shift
in the reference is proportional to the difference
in the two L.O. frequencies. The following is the
equation for overall system frequency shift due
to a shift in the reference frequency:

fref = drift in fref
from 5.120MHz

The transceiver's reference oscillator uses a tem-
perature controlled crystal oven for the 5.120MHz
crystal reference. Stabilities in the order of
t5ppm in 107 can be achieved in this fashion.
This translates into a 2.06Hz drift in reference
frequency over the specified -309C to +55°C tempera-
ture range. The-total frequency drift of the radio
is then:

fsystem = _FLOL - FLO2
Fref X fref At 2MHz:
~ where: fgystem = System Frequency Shift 71 - 1335
fsystem =  5.12 X 2.06 = 1.4TMHz
FLOol= first L.O.
At 30MHz:
Fy2= second L.O.
105 - 73.35
fref = 5.120MHz fsystem =  5.02 X 2.06 = 12.7TMHz
F
F 1F
CHAN F1F, o2
>
F
Lo,
100 HZ
LOOP

FIGURE A-4. Frequency Scheme.
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TABLE A-l. Example Frequencies.

Fenan FLO1 FiFl FLOZ Fig2
2.0000 77.0000 75.0000 73.3500 1.6500
2.0001 77.0000 74.9999 73.3499 16500
2.0099 77.0000 75,9901 73.3401 16300
2.0100 77.0100 75.0000 73.3500 1.5500
3.0000 78.0000 750000 73.3500 1.o500

29.9999 104.9900 74.9901 73.3401 1.6500
NOTE

As Fchan goes thru 10kfHz (e.g. from2.0000 -2.0099), FLO] remainsthe same
frequency (77.0000MHz), and F| 2 makes one hundred 100Hz steps (from73.3500
- 73.3401).






