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1. The MASTR II

This document describes the procedures used to convert a General Electric MASTR II UHF mobile transceiver for use as a repeater. This modification was originally written for combination number MC65KFU88A, and was performed by the author on serial number 4320948 in 1990. Serial # 4320948 was equipped with the single frequency CTCSS option and the carrier timeout option. 

In September of 2002 I used this procedure to modify a 420MHz transceiver (from which all the ID tags had been removed) as a repeater, and was able to update the procedures to reflect new ideas.

The technician will need service documentation from GE in order to find points and assemblies referred to in this document. The “LBI” numbers are as follows:


406-512 MHz Exciter and 40 watt PA
LBI 30211C


406 – 512 MHz Receiver


LBI 30025C


Front Panel & System Board


LBI 4750G


C-500 Series Control Heads


LBI 30239C
As the stock CTCSS (“Channel Guard”) encoder / decoder and Carrier Control Timers are not used in this procedure, the LBIs for these is not listed.


This procedure uses stock circuits for carrier detection, and uses a ComSpec TS-32 CTCSS encoder / decoder assembly for CTCSS detection, receive audio filtering, and CTCSS encoding. Full I/O information is provided for controller interface. I used an S-Com 7K, but the principles are applicable to most digital controllers on the market.

1.1. Receiver Information


The MASTR II UHF receivers normally use low side injection with an IF frequency of 11.2 MHz. The crystal formula for the receiver is:
ICOM frequency = (Operating frequency – 11.2 MHz)  27
The ICOMS used are as follows:


19A129393G4

2ppm internally temperature compensated


19A12939G12

5ppm internally temperature compensated


19A129393G8

5ppm externally temperature compensated (requires a 939G12)


Optionally, high side injection may be used. If your receiver uses high side injection you will find ICOMs with the following part numbers installed:


19A130283G2

2ppm internally temperature compensated


19A130283G6

5ppm internally temperature compensated


19A130283G4

5ppm externally temperature compensated (requires a 939G12)

1.1.1. A Word About MASTR II Receivers

The following originally appeared in QST magazine and was widely distributed amongst the radio technician community. It was written by John A. Diefenbach, K1TLV, and titled A Cure for Recurrent Insensitivity in GE MASTR II Repeaters. At the time I received this in electronic mail (November 2001), John could be contacted at 231 Meeting House Hill Road, Mason, New Hampshire, 03048-4118. John’s e-mail address at that time was jdief@tellink.net.
The following may be of some use to QST readers, especially those who own or service GE or Ericsson/GE MASTR II series repeaters (including the Exec II). Many amateur repeater owners have converted GE MASTR II sets for use as VHF and/or UHF repeaters.

Although the mobile radios were introduced in the early seventies, their conversion to repeaters (and stations) came in the mid-seventies. They proved excellent pieces of equipment with one exception: The receiver often loses sensitivity, testing at anywhere from 5 to 50 uV, or more, instead of the usual 0.25 V to 0.5 V! Even low-band sets are affected.

As a two-way radio service technician, I first encountered this in a VHF station. The sensitivity was about 15 V. First, I attempted to "touch-up" the front-end alignment starting with the first alignment slug of the RF/Mixer section, that is in the "casting." Just barely turning this slug (or any slug on the casting) greatly improved the sensitivity. Touching up the remaining slugs brought the sensitivity back to specifications, but other, non-casting, slug adjustments made no improvement.

When the problem occurred again months later in a radio on a different band, I contacted GE in Lynchburg, Virginia, for some input. There were no clear answers. The problem could recur in the same station at irregular intervals. In my experience, however, it never occurred in mobiles.

According to my contacts at GE, the original castings-the "shiny, silvery" looking castings-contain an unknown impurity that was introduced during the plating process. This impurity allows crystal formation within the cavities of the tuned circuits. The crystals grow until RF de-tuning occurs within affected cavities.

When a cavity is "retuned" the movement of the slug (or capacitor in low-band units) and associated miniscule vibrations shatter any crystals, thus restoring sensitivity. Obviously, a gentle tapping on the casting could yield the same results. Because mobile transceivers are subject to vibration during over-the-road travel, crystal build-up is rare in mobiles.

An accepted temporary fix is to open the casting (Yes! Remove all those screws!), clean each cavity with a small brass-wire brush, and then spray the inside of each cavity with several light coats of clear Krylon spray paint. After re-assembly, a thorough front-end alignment will be necessary.

This problem was later solved when GE introduced a replacement casting. The replacement can be identified by its dull gray finish. I hope this tip helps you folks in the field to keep those repeaters going for many years.
1.2. Transmitter information


The MASTR II UHF exciter provides about 185 milliwatts of drive to the power amplifier. It uses a straight “x36” multiplication factor, so the crystal formula for the transmitter is:
ICOM frequency = Operating frequency  36
The ICOMS used in the exciter are as follows:


19A137763G15
2ppm internally temperature compensated


19A137763G21
5ppm internally temperature compensated


19A137763G18
5ppm externally temperature compensated (requires a 763G21)

2. ICOMs 

For repeater use I recommend International Crystal Manufacturing as a supplier of crystals and compensation. Their warranty is unbeatable and I have never had one of their products fail or even drift significantly. ICM’s part number for their crystal for the MASTR II is HC18/U.

GE techs know what ICOMs are, most of the rest of us (especially Moto-head techs) call them “channel elements”. ICOM stands for Integrated Circuit Oscillator Module. They are the small packages the oscillating crystals mount in, from which is derived the local oscillator frequencies for the transmitter and receiver. The following information was posted by Jeff DePolo WN3A to an electronic mail newsgroup (“re-mailer”) regarding GE ICOMs and temperature compensation. At the time he posted this information, Jeff’s e-mail address was depolo@intermediainc.com.
A UHF MASTR 2 can run fine on all EC ICOM's, and it has a guaranteed (supposedly) stability of 2 PPM from 32F to 131F WITHOUT any 5C ICOMs.  It obtains this stability via capacitor in parallel with the crystal that has a negative temperature coefficient that tracks the crystal's drift slope over it's middle-temperature range (the linear portion of its frequency drift curve, where nominal frequency falls as temperature rises).  Once you go outside this normal range, the inverse temp-to-F relationship changes to a positive relationship very quickly, which is why it cannot be corrected by simple negative-coeff cap.  This is not something unique to MASTR II ICOM's - the same type of curve exists for most TCXO's.
The compensation circuit in 2C and 5C ICOMs DOES NOT HAVE ANY EFFECT BETWEEN 32F and 131F!  The high-temp compensation starts to activate above 131F, and the low-end compensation starts to activate below 32F.  If you stay within this range (32F to 131F), there is no stability difference between a 2C, 5C, and EC ICOM - they will all (supposedly) stay within 2PPM, as they are all operating off the same type of negative-coefficient cap correction within this range.
If you want compensation for EC's above 131F or below 32F that tracks the crystal outside that temperature range, you need to have one 5C ICOM in the radio.

2C ICOMs are isolated from the temperature compensation bus (look at one - the trace is cut to pin 2).  Therefore, each 2C ICOM only provides TC for itself, and nothing else.
3. RF Deck Repeater Conversions
Here we start with my procedures for repeater conversion. Start with a stock drawer unit without any Channel Guard or Carrier Control Timer options installed. We need to “duplex” the radio deck, that is it must be modified for independent operation of the receiver and transmitter, using separate antenna connections for each. 

1. Install the receiver input connector as follows:

a) Disconnect and remove RF cable from antenna relay to receiver input.

b) Remove the key lock assembly from the front panel.

c) Mount an SO-239 (female UHF) connector where the key lock had been mounted.

d) Connect a section of RG-58 from the SO-239 connector in step (c.) to the receiver input RCA plug, using an RCA jack.

2. Mount squelch control internally with leads connected as shown below. I mounted a 10k potentiometer to the plastic compartment wall to the left (inboard side) of the IF / Audio & Squelch board, and ran the leads through the front compartment wall to the Front Panel & System board connector P904. 

a) Connect wiper of potentiometer to SQ ARM at P904 pin 10.

b) Connect one end of potentiometer to VOL/SQ HI at P904 pin 11.

c) Connect other end of potentiometer to VOL/SQ LO at P904 pin 12.

3. There are two methods of providing COR to your controller. One is to simply connect your controller’s COR input to the CAS (Carrier Activity Sensor) signal generated within the MASTR II. CAS is present at pin 16 of the front panel connector of the radio deck. Find it in your interconnect cable by connecting one lead of an ohmmeter to J904 pin 9 and probing the individual leads in the cable for continuity. In my cable CAS came out on the yellow-gray lead in the control cable, but the colors may not be the same between one style of cable and the next. Note: Some people prefer using the RUS (Receiver UnSquelched) indication because the CAS signal is generated before the squelch hysteresis circuit. CAS responds very quickly and will drop out on excessive deviation or noise bursts. RUS is supposedly more immune to this. I have used both methods, and didn’t really observe any significant differences between the two. If you want to try RUS, here’s what to do:

a) Remove P904 pin 9 from the Front Panel & System board. This prevents the CAS signal from reaching the system board.

b) Jumper P904 pin 8 to the trace on the system board that P904 pin 9 used to be soldered to. This passes the RUS signal out to the front panel connector that used to have the CAS signal on it (pin 16, the violet wire in my interconnect cable).

4. Cut the trace between points H95 and H96 on the Front Panel & System board. This disables the RX MUTE function.

5. Cut the trace between points H79 and H80 on the Front Panel & System board. Tie P903 pin 12 to P903 pin 11. This ties the RX OSC line "high", so the receiver oscillator runs continuously.

6. Connect J903 pin 1 to J903 pin 10. This grounds the “F1” channel select lead, enabling frequency select F1. 

7. If you need de-emphasized, CTCSS filtered audio to your controller, install a jumper from point H100 to point H101 on the Front Panel & System board. This will pass the RX PA signal from the IF / Audio & Squelch board up to the front panel connector and the interconnect cable. This is de-emphasized audio with frequencies below 300 Hz attenuated, and it will appear on front panel connector J901 pin 22. 

8. Ensure that there is a jumper between H71 and H72 on the Front Panel & System Board.

9. Install a load resistor on the audio power amplifier output at J904 pins 18 (SPKR LO) and 19 (SPKR HI). Value can be between 4 and 10 ohms and should be rated at 10 watts or better.

10. Using the double-sided adhesive supplied with the ComSpec TS-32 encoder / decoder, mount the TS-32 on top of the metal compartment on the IF / Audio & Squelch board. This compartment has a removable cover, and contains the limiter / detector and audio preamplifier circuits. 

11. Use the table below to connect the TS-32 to the listed connections. All connections can be made to the left side of the front panel / system board. See the GE MASTR II Service Manual for trace locations. Colors are arbitrary and reflect my particular repeater’s installation.

	ComSpec connection
	Wire Color
	MASTR II Connection

	+V Power
	Red
	A+

	- Ground
	Black
	A-

	Hang Up
	Green
	H59 (Open collector encode enable from controller)

	Decoder Input
	White
	P907-5 (VOL/SQ HI)

	Audio Filter Input
	Orange
	P907-5 (VOL/SQ HI)

	Audio Filter Output
	Violet
	H61 (Filtered RX Audio to Controller)

	Out-1
	Blue
	H62 (Open Collector CTCSS Detect to Controller)

	Encode Out
	Yellow
	J902-2 (CG HI to Exciter) *


12. Cut jumpers JU-1 and JU-2 on the ComSpec TS-32 unit. See the documentation supplied with the TS-32 for location. This will leave “OUT-1” of the ComSpec TS-32 as an open collector indication of CTCSS presence. “OUT-1” will be pulled to ground in the presence of a proper CTCSS tone. 

*
See notes in section 5, S-Com 7K Controlled Repeater, regarding CTCSS encode switching.

4. Interconnect  Cable
NOTE!
This procedure assumes you do not wish any local mic or speaker for the repeater, and that all the audio and I/O will go directly to the controller.

Modify the existing interconnect cable in the following manner.
1. Cut off the connectors at the control head end of the interconnect cable.

2. Cut and remove all wires from the control cable except the following:

	Wire Size
	Wire Color
	Function
	Connected to P901 pin #

	# 8
	Red
	TX A+
	39

	# 24
	Red
	A+
	29

	# 8
	Black
	TX A-
	40

	# 24
	Black
	A-
	30

	# 24
	Shield
	MIC LO
	2

	# 24
	Brown
	MIC HI
	4

	# 24
	Violet
	CAS (RUS)
	16

	# 24
	Shield
	CONTROL A-
	21

	# 24
	Yellow / Green
	RX PA
	22

	# 24
	Red
	IGN SW
	24

	# 24
	White
	PTT
	25

	# 24
	Yellow / Gray
	Filtered RX Audio
	5

	# 24
	Yellow / Red
	CTCSS Detect
	7



Make the following connections to the outboard end (where the control head used to be) of the control cable:

1. Connect IGN SW (P901 pin# 24), A+ (pin# 29), and TX A+ (pin# 39) to a +12VDC source capable of 15A continuous. A+ is available at numerous points on the Front Panel & System board, the easiest of which to find and work with is J904 pin 15.

2. Connect A- (pin# 30) and TX A- (pin# 40) to system ground. A- is also available at numerous points on the Front Panel & System board, the easiest of which to find are J902 pin 4, J903 pin 10, and J904 pin17. A- is also available at P908 pin 9 (Channel Guard) and P907 pin 3 (Carrier Control Timer).

5. S-COM 7K Controlled Repeater
	Function
	Pin #
	Wire Color
	To 7K At:
	Notes

	RX2 Audio
	5 (H61)
	Yellow / Gray
	J2 pin 8
	Filtered Audio from ComSpec TS-32

	RX2 COR
	16
	Violet
	J2 pin 3
	CAS

	RX2 CTCSS
	7 (H62)
	Yellow / Red
	J2 pin 6
	“OUT-1” from ComSpec TS-32

	TX2 CTCSS out
	1 (H59)
	Yellow / Brown
	J2 pin 23
	Encoder out from TS-32 top controller 

	TX2 CTCSS in
	15 (H50)
	Yellow / Black
	J2 pin 24
	Encoder in from controller to exciter (H58)

	TX2 PTT
	25
	White
	J2 pin 11
	

	TX 2 Audio
	4
	Brown Coax
	J2 pin 15
	Shield to pin 2 at MASTR II



The table above shows the connections necessary to interface the converted MASTR II to the S-COM 7K. Note that other connections outlined at the end of Section 4 for TX A+, TX A-, IGN SW, A+, and A- must still be made. 


The TX 2 CTCSS leads pass the encoded tone out to the controller via spare conductor at H59. CTCSS can be enabled or disabled by macros in the controller, and then passed back to the exciter via the unused F8 channel select lead. On the system board a jumper from H50 in the F8 select lead to H58 at the exciter CG HI input delivers the CTCSS tone to the exciter.


This procedure delivers emphasized audio, with the CTCSS tones filtered out, to the S-Com controller. Be sure to modify the controller’s audio circuits for use with emphasized audio as described in the manual for the S-Com controller. 
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