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Revision History

Origiinal issue, Sept 1991

Corrected CPU modification steps 6 and 10

Added CPU step 17, Front end steps 2 through 7 and Duplexer Modifications. Deleted FSU
step 11, reworked step 12,

1.3 Deleted Front End steps 2-7, added FSU steps 12-15, added Front end Steps 1-7, rewrote
duplexer modifications, added installation, funeup and debug instructions. Removed
appendix B and created AID board modifications.
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1. Prerequisites

Tools Required

Soldering Iron (25 watt mox)
Solder (fine)

Desoldering tool or braid
Medium sized blade screwdriver
Small blade screwdriver

Edge cutters

Needle nose Pliers

Knife (Exacto or equivalent)

LR NP R NP N S 0 S RS U e

Multimeter
Parts Required
10 ft #30 Kynar wire
3 10kohm resistors, 1/4 watt
5 1N4148 diodes (or equivaient)

4,1952MHz crystal
3ft #24 stranded wire, any colour

2 100 ohm resistor, 1/4 watt

NPN (2N2222A) fransistors

4.7K Resistor
3 0.001 uF capacitors, leaded ceramic
2 MPN3401 Pin Diodes, or equivalent

1 uH choke (10 tums of #26 wire wound on a 1/8 drill bit)
100uF electrolytic capacitor, 16 or 25 volt.

10uF electrolytic capacitor, 16 or 25 valt,

0.1uF capacitor, unpolarized.

SN T g p—p— g p— ™, p— g p—
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Subassemblies Required

Power cable

()
() Control Head
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2. Frequency Synthesiser Unit Modificcation

Step
1 ()

900 Mhz Conversion

Description

Remove dll screws holding the FSU pcb in place. Remove the top cover from the
VCO module. Make note of all the following connections to the board, removing
them at the same time.

Rx VCO RF output
Rx VCO control

Tx VCO RF output
Tx modulation input
+BV power supply
+8v power supply
10 pin data cable

N p— p— p—p— g~
L N S R S )

Place the PCB in front of you with the VCO 1o the left. Make note of the position of
U4 (7418393 close to the VCO) and U7 (7415393 close to the TXCQO). Turn the PCB
over and locate the underside of these components,

() U4 on solder side
() U7 on solder side

Locate the trace at U4 pin 11, noting its routing and destination. Cut the trace as
close to U4 as possible and reconnect it to pin 10 with a short length of #30 wire.

Locate the end of the coaxial cable that connects to U7 pin 11. Cut the trace from
the coax to pin 11. Connect the end of the coax to pin 10 with a short piece of #30
wire.

Turn the PCB over and locate U4 again. Taking a knife or small edge cutiers, cut pin
12 from the board. Straighten the remaining pin so that it protrudes horizontally from
the IC. Be careful not fo break it off, as connections will be made to it later.

Repeat step § for U7, but remove both pins 2 and 12.

Take the 5 1N4148 diodes. and clip the lead from the cathode (banded) end to
approx 1/4". Do the same with one end of both 10K resistors.

Tack solder the shortened end of these diodes to the following pins, leaving the
long end standing straight up.

U4 pin9
U4 pin 11
U7 piné
U7 pin &
U7 pin @

£ — g~ p— p—
Lo S g g s

Solder the shortened end of the resistors to:

) Ud pin 14
0) U7 pin 14
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2. Frequency Synthesiser Unit Modification (cont'd)

Step

10

11

12

13

14

15

900 Mhz Conversion

()

()

)

()

)

Description

Tie the remaining end of the diodes and resistors together on top of their
corresponding IC's. Attach a wire from the top of each bundie to pin 12 of U4 and
both pin 2 and 12 of U7. Solder the wires, diodes and resistors fogether and cut off
the excess. Try to keep all lead lengths as short as possible. Verify electrical
connections with the multimeter.

Locate the terminal on the top right hand side of coil L1, close to C6. Remove the
wire from this terminal, and determine which way it Is wound around the core.
Thread a small piece of #30 wire through the coil form in the opposite direction o
winding, and solder it 1o the end of the wire. Unwind one turn from the coll by
pulling it through the coll form. Clean the terminal of excess solder and wire
remains. Wrap two tums of the wire around the terminal and cut off the excess.
Remove the wire and scrape off the enamel coating, being careful not to damage
the wire. Resolder the wire to the vacant terminal, Check continuity with a
multimeter.

Locate the printed resonator ‘A" as shown in figure 1 in the right hand chamber of
the VCO. Cut this as illustrated.

Locate the small inductor ‘B' as shown in figure 1. With a small knife remove enough
of the insulation to expose one full turn of the coil. Remove the coating on the wire,
and short out one turn with a small blob of solder.

Locate prinfed resonator 'C' as shown in figure 1. Short out a length of it as
illustrated. Replace the casing and tighten the screws.

Replace the FSU board in the radio and reconnect all wires by reversing step 1.

SOLDER smm—\ /-—mmr C

Figure #1 - FSUVCO
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3. CPU board modifications

Step

1 ()
2 ()
3 )
4 )
5 )
6 ()
7 {)
8 ()
9 ()

10 ()

11 ()

900 Mhz Conversion

Description

Remove all 10 screws holding the CPU pcb in place. Make note of the following
connections, removing them at the same time. Remove the board from the chassis.
Be careful of the heat sink compound under the two fransistors at the top right of
the board!

Power connector (Red, Black, Violet, and Yellow wires)
Reguiator connector

Large AID connector

Synthesiser connector

Small AlD connector

Handset connector

p—p— g, gp— p—

Placing the board with the component side up, locate the second large 40-pin
component from the left, UT1, and U32 to the ieft of the centfre connector on the
right hand side of the board. Tun the board over and locate the same
components on the underside. With a small knife, cut the following traces:

() Between U11-37 and U11-38
() Leaving U32-2
() Leaving U32-6

Remove Y1 and replace it with the 4.9152MHz crystal.

Replace the CPU pcb in the chassis and replace the connectors and screws by
reversing step 1. Piace the radio so that the CPU board is upwards and the heat sink
is to the right.

Locate R26 in the approximate cenire and R20 in the top left hand cormer of the
board. Remove both of these components.

Locate U37 In the top right hand comer of the board. Locate U4d9 at the top of the
board to the left of the power transistors. Note the position of pin 1. Lift pin 13 of U37
and jumper it fo U49-3.

Locate CR14 in between the two large capacitors to the right of U37. Remove it
completely.

Locate U42 just to the right of the centre of the board. Locate the short trace
above it between U42 and C4 that runs left-right between two holes. Cut this trace.
Jumper U42-12 to U42-14.

Locate U40 to the right of the connector on the bottom of the board. Locate the
trace that is between U40-3 and U40-4 on the left hand side and cut it.

Locate R41 to the right and up from U40. Locate U11 as described in step 2. Jumper
the bottom end of R41 to U11-1,

Locate U34 just below the connector in the centre on the right hand side of the
board, and U9 to the left of it. Jumper U34-2 to U9-6, and U34-12 to U11-39,
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3. CPU board modifications {(cont'd)

Step
12

13

14

15

16

17

900 Mhz Conversion

()

()

()

()
()

Description

Locate the hole just to the left of where the yellow wire from the power connector is
connected to the board. For verlfication, test continuity with a multimeter from this
hole to the right hand pin of P7 in the fop left hand corner of the board. Connect a
wire from this hole to U11-38.

Locate the hole to the left and up from the previous one. Test continuity from this
hole to the next pin on P7. Connect a wire from this hole to U11-37.

Locate P5 in the middle on the left hand side of the board. Locate the frace from
pin 4 1o the right of the connector, Cut this frace.

Locate the wire from P7-18 to J1-18. Desolder this and reconnect it to J1-31.

Locate the wire from P7-17 1o J1-35. Desolder this and reconnect it to J1-25.

Locate U43 to the leff and up from the CPU crystal, and U15 to the left and up from
this device. Lift pin 3 of U43 and connect a wire from the hole to U15-14,
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4. Receiver Front End Modifications

Step

1 ()
2 ]
3 ]
4 ()
5 ()
6 ()

900 Mhz Conversion

Description

Remove dll of the screws holding the cover of the receiver front end in place.
Locate the VCO module in the bottom right. Make the same modification to this as
was done in the FSU step 12 as shown in Fig #2.

Locate frimmer capacitor at the left end of the front end assembly close 10 the
connector to the duplexer. Below it is a small tfrack that leads to a plated through-
hole at the edge of the board. Cut this track as close to the timmer as possible.

Drill ¢ small hole (1716 in the side of the housing halfway between the feedthrough
capacitor on the left side and the coaxial cables on the right side, low enough
down 50 that it clears the lip on the top of the casing.

Cut the middie track between the 82 ohm resistor (Grey/Red/Black) and the track
closest to the casing at about the centre of the resistor.

Move the red wire from the feed-through capacitor to the track closest to the
casing.

Remove the 10 ohm resistor (Brown/Black/Black) to the right of the large capacitor.

Connect the collector of a NPN transistor (2N2222A) o the left side of the cut, and
the emitter to the right side of the cut. Solder a 4.7K resistor (Yellow/Purple/Red)
between the collector (left side) and the base of this fransistor. Connect the
collector of a second NPN transistor to the base of the first, and the emitter to the
ground pad located at the two o'clock position of the large capacitor. Connect
one end of a 10K resistor (Brown/Black/Orange) to the base of the second
transistor. and a wire to the other. Feed the wire through the hole made in step 3
and leave about 5" protruding through the hole.

CUT HERE

Figure #2 RX VCO
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5. Duplexer modifications

Step

1 ()
2 ()
3 ()
4 ()
5 ()

900 Mhz Conversion

Description

Remove the four screws holding the duplexer fo the chassis and remove it, Peel off
the manufacturer's label and remove the screw underneath, Remove and discard
the complete contenis of the duplexer leaving only the three connectors.

Remove the three connectors from the housing. These wilt be replaced iater.
Assemble the pin diode switch pcb as shown in figure 3.

Mount the blank board in the duplexer housing, and replace the three connectors
removed in step 2. Referring to figure 2, place the components as shown.

Replace the duplexer (now Pin diode T/R switch) in the chassis. Attach a wire to the
end of the 100 ohm resistor and connect both this and the wire from the front end
prepared in step 7 to the blue wire at the ferminal block on the side of the power
ampilifier next to the transmit VCO. (The power amplifier will have to be removed).

00k
JOl BN LEN s 1 14 vw:____l, P
M o
I wH \ SZ
inosm —

Figure #3 - Pin Diode Switch Assembly
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4. AID board modifications

(Contributed by Clint Millett, VE6CMM)

Step

1

900 Mhz Conversion

()

Description

Remove ali screws and connectors from the AID-2 board, and remove it
completely from the chassis. Place it in front of you so that the notch is in the upper
right hand comer.

Locate R81 (100K) located to the left of R86 which is fo the left of P1, approximately
aligned with pins 8 1o 10. Remove this completely.

Locate R76 (10K) below pin 1 of P1. Remove this completely.

Locate R83 (470 ohm) above U1l and to the left of P1. Replace it with a short
length of the #30 Kynar wire.

Locate C72 (22uF) to the left and below R83, noting ifs polon'ry Replace it with the
100uF capacitor, ensuring the polarity is the same.

Locate U11 to the left of P1 and U12 just below it. On the bottom of the board,
strefch the leads of the 0.1uF capacitor between U11-3 and U12-2, and cut them to
length. Strip enough insulation from the #24 wire to cover the leads, leaving 1/8"
protruding. Solder the capacitor in place, and place it flush with the board.

Locate R&3 located below U7-1. Cut the trace from the top of R63 leading to P1-7,

and connect one end of a plece of #24 stranded wire to the top of the resistor.
Connect the other end of the wire to pin 19 of the control head connector, P1,
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7. Assembly
Step

1 ()

900 Mhz Conversion

Description

Construct the control head from the schematic in figure 3. Be sure not fo use
momentary contact switches for $2 and S3. The mode of operation will be as
follows:

S2 S3 Mode

Closed Closed Simplex voice - 904.5

Closed Open Half duplex voice - 908 Rx - 920 Tx

Open Closed Simplex packet - 905.5

Open Open Half duplex packet - 906 Rx - 918
Tx

You may want to customize your radio for the selected mode of operation. For
packet only, omit the microphone, the PTT switch and the speaker, omit S2 and
connect Pin 31 to 7. For voice only, omit the data connections and S2, and
connect Pin 31 to 5. Both switches, the PTT and the speaker are necessary for the
tuneup procedure,

Form a power cable with three leads, two of which must be capable of conducting
5 Amps and one can be #24 or smaller. Connect the two large cables to the same
pins as the Red and Black wires from the CPU board, the third from the Violet, The
yellow is not used. If a mating connector cannot be found, replace the original
power connector with something suitable.

Insert the Firmware EPROM into the socket at U4 on the cpu board. Ensure that pin 1
faces the chassis.
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8. Tuneup Procedure

Equipment Required

Step

1 (]
2 ()
3 ()
4 ()
5 ()
6 ()

900 Mhz Conversion

12V power supply, 0-5A, preferably with ammeter.
Analog multimeter, G-10V scale

SWR bridge and 5W dummy load

20MHz Frequency counter

Non-metallic tuning ool

Description

Connect the Red and Violet wires from the power cable o the positive terminal of
the power supply, the black to the negdative lead. Place the radio with the CPU side
down and the heatsink on the rght hand side, Connect the control head and
place S2 and 83 In the simplex veice position (see assembly step 1). Apply power
and check that the current draw is between 500 and 1000mA.

After a short period of time and "§" in CW should be heard at the speaker. if not,
check connections and reverify CPU modifications and control head wiring. Place
S3 in the duplex position, and verify a D" in CW heard at the specker. Place the
switch back in the simplex position.

Connect the negative probe of the multimeter to ground, and with the positive
probe measure the voltage present af the top of C2 on the FSU board (Control
voltage for the LF synthesisen. This is located just to the left of the ribbon cable and
near the bottom of the board. This voltage should be about 6V to indicate a lock
condition. If not, reverify the FSU board modifications, specifically step 11.

Place the positive probe of the muliimeter on terminal P5 where the grey coax from
the receiver front end is connected to the FSU board. With the tuning tool, adjust
the trimcap Inside the receliver front end untll the voltage reads about 3V. if this
cannot be obtained, iocate the second trimcap to the left and adjust it. The cover
may be removed for this operation, but make sure to recheck the voltage once the
cover has been replaced. If this volfage still cannot be obtained, reverify the
Receiver front end modification procedure.

Place the positive probe of the multimeter on the collector of Q7 or @8 on the FSU
board. With the tuning tool adjust the transmit VCO until the voltage reads about
1V. This adjustment will be fairly sensitive. Key the transmitter and observe the
increase in current draw. Place S3 in the duplex position and key the transmitter
while meaisuring the voltage. Verlfy this is about 7V and the fransmitter keys in both
positions. if not, lower the control voltage slightly in the simplex position. If niether
voltage can be obtained, remove the VCO cover and adjust both trimcaps. if
neither can be obtained, refer to the transmit VCO bench test procedure in
Appendix A.

Remove the four screws holding the heatsink to the chassis, and fold it back.
Remove the four screws holding the PA cover in place. Attach the SWR bridge to
the antenna connector and set it in the FWD position. With the radio in the simplex
voice mode, key the transmitter. Adjust the sensitivity of the SWR bridge so that the
needle just moves off the stop. If no RF is detected, verify duplexer installation and
connection ond T/R switch construction. With the transmitter keyed, adjust the four
variable capacitors for maximum output on the SWR bridge. Observing the current
draw while the transmitter is on will also give an indication of tuning. Replace the PA
cover and heatsink. ;
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9. Instaliation Procedure

Step

Description

For Base station Use only

1 ()

For Mobile Use only

1 )

800 Mhz Conversion

Connect the Red and Viclet wires together to the positive terminal of a power
supply, the biack to the negative.

Connect the Red and Black wires to the positive and negative battery termindls
respectively, as close 10 the battery as is possible. With a voltmeter, locate @
terminal on the vehicle fuse block that is off when the key is removed, and on when
the ignition is on. Connect the violet wire to this terminal.

Connect an antenna to the T/R switch.

Connect the control head to the appropriate connector.
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10. Debug Procedure
Symptom

SHORTED SUPPLY

NO 'S or ‘D",

NO LF LOCK.

NO RX LOCK.

NO X LOCK

NO TX RELAY

EXCESSIVE CURRENT
DRAW ON RECEIVE.

U4 DIVIDES BY 81, not 80

NO RX AUDIO.

900 Mhz Conversion

Cause

Check the two power fransistors on the top left hand corner of the CPU
board. If you removed the screws from these, chances are you put the long
ones back in and shorted the collector to the chassis. Take out all the screws
around them and try again.

You may have the mode switch in the PACKET position (open). Tum it to the
voice mode. iIf no luck, check your modifications over, paying close
attention 1o pin 1 orentation of the IC's. It is usually marked. Count the pins
COUNTERCLOCKWISE.

The first test of the synthesizer is to check the voltage at the top of C2. This
should read about 6V. Make sure the coil that was modified is connected
properly by checking its resistance with an ohmmeter on the RX1 scale. it
should read close 1o a dead short,

There are two tuning capacitors in the front end. Try adjusting them both. If
you can't find the other one, remove the cover and tune without it. Re-
check after replacing the cover.

For this you will need a 20MHz frequency counter and an oscilloscope. There
were two major modifications done the FSU, o change the counters to a
divide by 76 and 80 respectively, by the addition of diodes. Check your
modifications, and verify continulty from Pin 10 of U7 to Pin 1 of U5, and Pin
10 of U4 to Pin 3 of US. if either of these is open, re-check your modifications.
Connect your frequency counter to Pin 1 of U7. In the voice simplex mode,
the frequency should read 13.42968 MHz., You can test if the receiver is
locked by adjusting the tuning voltage (cap in the front end). The frequency
should remain the same. Set the volfage for around 2.5V. Move your
frequency counter to Pin 1 of US. The frequency should be 176.706KHz. Now
go to Pin 3 of US. The frequency should be the same. If so, all is well. If not,
connect the frequency counter to Pin 1 of U4d.The frequency should be
14.1365MHz. Adjust both of the caps in the transmit VCO to try and achieve
lock. As a final check, connect the osclioscope to Pin 1 of U4 and Pin 1 of
U7 and observe the waveforms. Both should be sinusoidal.

This has two causes: the first one is the synthesizers iose lock when funing 10
the transmit frequency. This can be veriflied by connecting an oscilloscope
fo Pin 10 of Ué. it should be high the during receive and fransmit, and go low
momentarily between the two. Adjust both synthesizer tuning voltages down
a bit if that is the case. The second cause is even simpler; it turns out that
some of the relays are polarized. This can be easily verified with a Volt-Ohm
meter,

If you have a radio that had the outboard adapter box, chances are you
have a large red wire near the top of the cpu board. Cut it out completely.

In older versions of the modification instructions, both pins 12 and 2 of U4
were connected to the diode/resister combinations on top of the IC,

Remove pin 2 from this bundle and connect it to ground.

Some units have a wire (usually green) connected to a hole near the centre
mounting screw of the cpu board. if so, remove if completely.
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Appendix A
Transmitter VCO Bench test procedure

(To be used in the event of difficulty in funing
the transmit VCO)

Equipment Required

&V power supply, fixed
8V power supply, fixed
0-8v variable supply
20MHz frequency counter
Oscllloscope
Non-metdllic funing tool

p—p— = p—

Step Description

1 () Remove the FSU from the chassis, and the cover from the VCO. Tumn the board over
and desolder the resistor leading from the feedthrough capacitor at the board
end.

2 () Verify modification procedure steps 12 through 14.

3 {) Connect the 8V and 8V power supplies. Set the variable supply to mid-range and

connect it to the top of the feedthrough cap in the right hand chanber of the
VCO. Connect both the frequency counter and the oscilloscope to pin 1 of U4
(LS393). _

4 {) With the tuning tool adjust both variable capacitors so that the frequency reads
approx 14.25MHz. Sweep the voltage from 1 fo 7 volis and observe that the
frequency changes symmeftrically. Observe the waveform on the oscilloscope over
the entire range and verify that its amplitude is consistent and no distortion is
apparent. Re-tune if this is not the case.

5 () Observe the frequency at the mid-range voltage setting. Connect the frequency
counfer to pin 3 of U5 and verify this frequency is 1/80 of that observed at U4 pin 1.
If not, verify the modification procedure steps 3 through 10.

5 {1 Resolder the resistor and replace the PCB in the chassis.
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Figure 4 - Control Head Schematic
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