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1. 
220MHz Conversion


This chapter applies to any VHF high band MASTR Executive II transceiver, and describes the steps necessary to convert the radio for operation in the 220MHz band. Please note that the high band power amplifier cannot be converted, and must be replaced with an after-market hybrid amplifier. The exciter will develop about 100mW of RF power. It is recommended that the technician obtain a copy of the manual for the radio being modified for reference to the following part designators and their locations.


The instructions which follow are for a high split (150.8MHz - 174MHz) exciter. If the unit being modified is a low split (138MHz - 155MHz) radio, it must be converted to high split configuration per the service manual.
1.1. 
Transmitter

1.1.1. Exciter

1) Remove the cans from coils T105 through T108.

2) Remove coils T107 and T108 from the circuit board.

3) Remove T105 and T106 and install them in the T107 and T108 locations.

4) Remove all but 3.5 turns from the coils removed in step 2.

5) Install the coils modified in step 4 in the locations for T105 and T106.

6) Remove L107.

7) Perform the modifications itemized in the table below:

	Designator
	Replace With
	Description

	C138
	6.2pf
	Ceramic disk, 0.5pf, 500VDC

	C139
	5.1pf
	Ceramic disk, 0.5pf, 500VDC

	C141
	3.9pf
	Ceramic disk, 0.5pf, 500VDC

	C146
	13pf
	Ceramic disk, 5%, 500VDC

	C147
	6.8pf
	Ceramic disk, 0.5pf, 500VDC

	C149
	22pf
	Ceramic disk, 5%, 500VDC

	R101
	100
	1/4 watt, 5%, carbon

	R126
	470
	1/4 watt, 5%, carbon

	R130
	0
	jumper


8) Add a bias resistor to the final amplifier stage Q108 of 1.8k (1/4 watt, 5%, carbon). This resistor is to be placed between the junction of L108 / C144 (in the collector circuit) and L107 / R101 (in the base circuit).

9) Re-install the cans over the coils.

10) Tune the exciter using the procedure in the service manual.
1.1.2. Crystal Formulas


The last doubler in the exciter, Q107, is a tripler in the modified version. This requires a new crystal formula of XTAL = fc  18, where XTAL is the crystal oscillating frequency in MHz and fc is the carrier frequency of the transmitter in MHz. The original equipment crystal formula was XTAL = fc  12. When ordering crystals, the crystal vendor may require an “operating frequency” instead of a “crystal frequency”. If this is so, convert to the operating frequency of a standard (unmodified) radio using the following formula: fo = (fc220  18)  12, where fo is the equivalent operating frequency of an unmodified radio and fc220 is the desired (220MHz band) operating frequency of the modified radio. Ensure the vendor also knows that the crystal is for a General Electric MASTR Executive II transceiver.
1.1.3. Power Amplifier


The stock high band power amplifiers found in the MASTR Executive II radios will not perform satisfactorily in the 220MHz band, so it is necessary to completely remove the power amplifier from the radio and construct a new one. Fortunately, hybrid amplifiers are available to facilitate this project, and will deliver a clean, approximately 25 watt output when driven with the Exec II’s exciter output. The hybrid is called the SAV-15, and is available from RF Parts, San Marcos, California at (619) 744-0900. The following information describes the simple power supply circuit required to operate the SAV-15 as a variable (adjustable) power amplifier.


Referring to the following schematic and parts list, construct the 220MHz power amplifier and mount it in the area previously occupied by the stock high band PA. ECG parts are available from a multitude of vendors, but I used Ford Electronics, Buena Park, California at (714) 521-8080.
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	Designator
	Value
	Description
	Comments

	C1
	1.0f
	Capacitor, 35WVDC
	

	C2
	4.7f
	Capacitor
	

	C3, C5
	1000pf
	Capacitor
	

	C4
	100pf
	Capacitor
	

	
	
	
	

	CR1
	1N901
	Diode, Si
	

	
	
	
	

	Q1
	2N2222
	Transistor, NPN, Si
	

	Q2
	
	Transistor, NPN
	ECG261

	
	
	
	

	R1, R3
	270
	Resistor, 1/8W
	

	R2
	18
	Resistor, 1/8W
	

	R4
	270k
	Resistor, 1/8W
	

	R5
	5k
	Potentiometer
	Linear taper

	
	
	
	

	SAV-15
	
	Power amplifier
	hybrid IC


1.1.4. PA Filter and Switching


Depending upon the type of radio in use, removal of the electronic transmit / receive switch may be required, as the original may not respond correctly to what it perceives as out-of-band signals, and  / or it may not be capable of handling the power developed by the SAV-15 (this is true of the vehicular extender unit, or VEU, used by the California Highway Patrol, which only developed 300mW transmit power). I have found that the RF switch used in Motorola MICOR radios will work quite nicely as a replacement.


There is plenty of room behind the plastic cover on the front of the RF Deck for the MICOR transmit / receive switch, and it is very easy to install, requiring only ground and keyed A+ to operate. Keyed A+ is available at TP15 on the System Board, and is actually switched 10V with application of PTT.. See the diagram showing test points on the System Board in the VEU System Board section of this document.


The low-pass filter in the MASTR Executive II’s can be easily modified, in most cases, to pass 220MHz. While the diagram below refers specifically to the CHP VEU mentioned in the previous paragraph, the concept can be adapted to virtually all MASTR Exec II radios using the appropriate service manual. The modification will require a spectrum analyzer with a tracking generator, or some form of tunable source and RF measuring device. Simply spread the series input and series output coils (L1 and L5 in the Vehicular Extender Unit) until the low-pass network will pass 220MHz with minimum (<.25dB) insertion loss. Be careful to observe the response of the filter at the second (440MHz), third (660MHz), and fourth (880MHz) harmonics of the output as well. Adjust for insertion loss at 220MHz not greater than 1dB to maximize rejection at the harmonic frequencies as required.
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1.2. Receiver


For those people not fortunate enough to have a service manual for the radio in question, some information is provided regarding orientation of circuit boards to facilitate identifying some components or circuits discussed.
1.2.1. Crystal Formulas

The new crystal formula for the receiver is XTAL = (fc - 11.2)  12, where XTAL is the crystal oscillating frequency in MHz and fc is the carrier frequency of the receiver in MHz. The original equipment crystal formula was XTAL = (fc - 11.2)  9. When ordering crystals, the crystal vendor may require an “operating frequency” instead of a “crystal frequency”. If this is so, convert to the operating frequency of a standard (unmodified) radio using the following formula: fo = {[(fc220 - 11.2)  12]  9} + 11.2, where fo is the equivalent operating frequency of an unmodified radio and fc220 is the desired (220MHz band) operating frequency of the modified radio. Ensure the vendor also knows that the crystal is for a General Electric MASTR Executive II transceiver.
1.2.2. Oscillator / Multiplier Board

Orient the board component side up, with the oscillator plug-in module (ICOM) in the upper left corner.

1) Install a 12pf capacitor in the space reserved for C412.

2) Short circuit the bottom two turns of L403 (printed circuit inductor closest to you) to the junction of C417 and C419. There is a land in the printed circuit inductor for this purpose. It is located on the right side of the turn in question. Solder a jumper wire from this land to the junction of the capacitors.

3) Short circuit the center of L403 to the first turn above the center (towards the ICOM). Do this by removing the solder mask from a portion of the trace directly above the center of the printed circuit inductor and soldering a jumper from the trace to the center of the inductor.
1.2.3. Mixer Board
Orient the board component side up with the RCA style RF connector at the top.

Short circuit the center of L502 (just to the left of the RCA connector, with a variable capacitor on it’s right side) to the first turn above the center. Do this by removing the solder mask from a portion of the trace directly above the center of the printed circuit inductor and soldering a jumper from the trace to the center of the inductor.
1.2.4. RF Assembly

Warning! The first step of this procedure requires the use of a propane torch or other such device for removing coils soldered directly to the casting of the helical front end assembly. Exercise extreme caution when working with the casting, as it will retain heat for a long period of time.  Do not work on plastic, wood, or other flammable surfaces.

1) Remove coils L301/311, L302/312, L303/313, L304/314, L305/315, L306/316, and L307/317 from the casting. Remove 1 3/4 turns from each coils, and replace them in the casting.

2) If the radio is a VEU (vehicular extender unit used by the California Highway Patrol), remove the 20dB attenuator assembly from the front end of the radio and connect the cable from the transmit / receive switch to the front end input connector.
2. VEU System Board


This rest of this document deals exclusively with the Vehicular Extender Unit (VEU) produced for the California Highway Patrol, combination number MVR16HS SPL. The VEU is documented in manual part number LBI32570. The technician performing these modifications will find a copy of this documentation quite handy for identifying parts and locations, and also for locating connection points on the circuit boards. Diagrams are included in these sections for reference, but should not be used in place of the information found in the manuals if questions arise. A manual will be needed to refer to pin and connector numbers shown in this documentation. The following information does not apply to standard MASTR Executive II radios.


The diagram on the next page shows the System Board and Logic Board assemblies as configured in the stock VEU. For applications as a remote base or repeater, the Logic Board has no useful application, so it is removed and discarded. This allows access to a couple of signal points on the Logic Board - System Board connector (J904) necessary for interface. The Receiver Audio Mute assembly can also be removed and discarded, or it can be modified for use as a logic level interface as required. The Mute Assembly is only a transistor acting as a switch, and can be reconfigured easily to act as a logic buffer or inverter.
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Because the VEU was never designed to be used as a stand-alone radio system, it has no provision for a microphone or speaker connection and has no audio amplifier. For this reason it is rather pointless to try and convert the unit as a mobile radio system, except to be used in it’s original configuration as a mobile cross-band repeater, or to be used as a remote base or repeater. The rest of this section deals with conversion as a remote base, the following section deals with steps needed to duplex the radio for use as a repeater.


The Type 90 Encoder / Decoder has no useful application in standard Amateur Radio applications, and can be removed and discarded. The CTCSS decoders can be used, and may be retained.

2.1. Control Interface


Position the VEU upside down with the covers removed. While referring to the figure below, perform these steps:
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1. If you have not already done so, remove the Logic Board assembly and discard it. Replace the two screws adjacent to J904 on the System Board with shorter screws.

2. Remove the RF deck front panel plastic cover by turning out the two screws adjacent to the handle and pulling the cover off.

3. Remove the four screws holding the front panel connector bracket to the main chassis and fold out the bracket to expose the wires attached to the back of the connector.

4. Cut away all wires from the back of the connector except for the following:

· AWG 16 white wire at pin 26 (A+)

· AWG 16 gray wire at pin 25 (A-)

· White / black coaxial cable at pin 10 and shield at pin 9 (RX audio)

· White / red coaxial cable at pin 5 and shield at pin 4 (TX audio)

Clean any wire, insulation, or solder from the connector lands. When doing this, cut the wires as close to the connector as possible, they may be reused in step (7.).

5. Remove the Molex connectors at J901A and J901B. Remove all wires from these connectors except the wires at J901A pin 6 (ground, typically white) and J901A pin 10 (B+, typically gray). The wires which are removed may be used in step (7.) for signal interconnection.

6. Use the “GE” end of the “Y” cable used in the Vehicular Extender equipped CHP radio system as an interconnect cable. (This “Y” cable connected the radio deck end of a Motorola MICOR interconnect cable to both a low band Motorola MICOR and also the General Electric MASTR Executive II Vehicular Extender Unit. The cable consists of a large metal box which receives the radio deck connector of a MICOR interconnect cable, from which lead two cables. One cable goes to a smaller metal box which connects to a Motorola MICOR radio deck. The other cable leads to a standard GE MASTR Executive II style RF deck connector. This is the “GE” end of the cable.) Cut the cable as close to the large metal box as possible, and you now have a short (two to three feet) interconnect cable for use with the VEU. Please note that this is not a standard GE interconnect cable! Use this cable, along with the information shown in step (7.), to build out your interconnections.

7. Modify the rest of the interconnections in the RF deck as shown in the table on the next page. Note that the wire colors shown in italics for the connections internal to the radio deck are not important, as long as the connections are to the proper locations (these colors are the ones I used in my own conversions).Also note that it is highly recommended that coaxial cable be used  for the audio circuits. The external cable colors are shown using the original equipment “GE end” of the VEU “Y” cable, as mentioned in step (6.). These colors correspond to the pin numbers shown in the table.

8. Replace the connector bracket on the chassis and replace the RF deck plastic cover. Remember to test and adjust the system before final cover placement.

9. Remove Q11 to allow proper PTT function. (Q11 is in a questionable state with open base, may hold PTT up continuously.)
	Interconnect

Cable

Wire Color
	RF Deck

Internal

Wire Color
	Front Panel

Connector

Pin #
	Function
	RF Deck

Source

	Yellow
	White #16AWG
	26
	A+
	J901A pin 10

	Black
	Gray #16AWG
	25
	A- ground
	J901A pin 6

	Purple
	Orange
	3
	PTT
	TP17

	Brown (sh)
	White / Black
	10
	RX audio
	TP16

	Brown shield
	White / Black shield
	9
	RX audio ground
	ground

	Green (sh)
	White / Red
	5
	TX audio
	P902 pin 4

	Green shield
	White / Red shield
	4
	TX audio ground
	P902 pin 5

	Blue (sh)
	Black / Red
	17
	CAS
	J904 pin 11

	Gray (sh)
	Black / Violet
	18
	CTCSS #1 detect
	J904 pin 13

	White / Brown
	Black / Gray
	14
	F1 select
	* see text

	White
	Red
	8
	F2 select
	* pins 3 & 9

	Orange
	Orange
	22
	F3 select
	* pin 2

	White / Green
	Yellow / Black
	23
	F4 select
	* pin 1


* See text detailing four channel modification below.

2.2. Squelch Modification


The stock squelch circuit in the VEU is not of the quality necessary for service as a remote base or repeater. It is susceptible to “popping”, that is the circuit will, under certain conditions, output a pulse train to your controllers CAS circuit, causing rapid keying. Fortunately, the squelch circuit uses the same hybrid IC as the standard MASTR Executive II radios, so some simple component changes will suffice to correct or at least moderate the “popping” problem. Perform the modifications as shown:

	Designator
	Old Value
	New Value

	C19
	0.22f 10% 35VDC
	0.82f 10% 35VDC

	C21
	6.8f 20% 35VDC
	22f 20% 35VDC

	R38
	2k 5% 0.25W
	510 5% 0.25W


2.3. Four channel modification


When configuring the radio as a remote base, it may be desirable to add multi-frequency capability. This is accomplished by adding a four-channel board from a stock MASTR Executive II radio to the VEU. This will require some metal fabrication work to mount the board to the chassis between the receiver and exciter strips, but the board does fit and is easily interfaced to the rest of the radio.


Electrical interface is described using the table below. Wire colors shown are not significant, except that they were used in my own applications. FPC indicates Front Panel Connector. Connections not shown to FPC are internal only. Perform the following steps:

1. Remove the hardwire jumpers for F1 select. These are located adjacent to J902 on the (TX) and J903 (RX) on the System Board. Connect F1 select (shown in the table below) to both of these points (I used a Black / Gray wire for this purpose).

2. On the receiver oscillator / multiplier board, connect a 33k resistor from the junction of R408 / C401 to Regulated 10V. This acts as a pull up resistor for F1 select, which functions when some frequency other than F1 is selected.

	4 Channel

Board Pin #
	Function
	Source in

RF Deck
	Wire Color

	1
	F4 select
	FPC pin 23
	Yellow / Black

	2
	F3 select
	FPC pin 22
	Orange

	3
	F2 RX select
	FPC pin 8
	Red

	4
	Regulated 10V
	Exciter P902 pin 8
	White

	5
	A-
	Exciter P902 pin 6
	Brown

	6
	Compensation
	Exciter P902 pin 3
	White / Orange

	7
	TX OSC. Control
	Exciter P902 pin 1
	White / Brown

	8
	Filtered A+
	No connection
	

	9
	F2 TX select
	FPC pin 8
	Red

	10
	RX OSC. Control
	IF Board P903 pin 7
	Yellow / Blue


2.4. Signal Levels

· CAS: When no signal is present in the receiver (receiver squelched), the CAS line is near ground. When a carrier signal is applied to the receiver, this point will go to approximately 9.2 volts. The squelch adjustment for the receiver, R25, is shown in the System Board diagram.

· CTCSS Detect: This line will be at a TTL high when no CTCSS tone is present in the received signal (i.e. the correct tone is not present). The line goes TTL low when a CTCSS tone is present.

· RX audio: There can be up to 10 volts peak-to-peak of audio available at TP16, depending on the setting of R608 in the Limiter / Detector circuit. The load the controller presents to the signal line will determine the actual level. Adjusting R608 is acceptable, no detrimental affects will be placed on the receiver circuits.

3. Repeater Conversion


In addition to some of the information which has already been presented, there are a few things to remember when converting the MASTR Executive II as a repeater. These steps apply to any MASTR Executive II.


For starters, a second signal port (for the receiver) will be required. This necessitates the manufacturing of a mounting plate, detailed below, and the installation of a second SO-239 / UHF connector (or some other RF connector) and cable assembly to connect the internal receiver input to an external input, bypassing any RF switch which may be present.

[image: image5.wmf]TOP

FRONT

END

1"

0.5"

1.75"

1.25"

3.125"

0.9375"

NOTE: Holes should be tapped to

accept a 6-32 bolt. Otherwise, drill

to pass a 6-32 bolt and mount

retaining nuts on inside of bracket.

NOTE: Hole for

antenna connector

to be located within

this area. Exact

location not critical.



This plate installs on the front of the RF Deck, behind the plastic cover, on the side opposite the front panel connector. The RF Deck already has holes drilled in it, and the “ears” of this plate fit inside the RF Deck castings, allowing for easy installation. After mounting this plate, drill a hole in the plastic cover of sufficient size for your RF connector (giving consideration to installation of the connecting cable), and then drill the holes for actually mounting the RF connector to this plate after checking for alignment of the parts.


Depending on handle and lock configuration, you may have to notch out part of this plate for clearance. This notch will be about midway up the left side of the FRONT view shown on the previous page.


Additionally, the receiver needs to be configured to operate continuously. In stock mobile transceivers, the receiver is disabled with application of push-to-talk (PTT), which is unacceptable in repeater operation. Therefor, we first remove any multi-channel capability (crystal elements and / or boards), and then cause the receiver to operate continuously by soldering a jumper from J903 pin 7 to J903 pin 3. This ties the receive oscillator control line to Regulated 10V, which causes the receiver to always be active.
 2015 Paul J. Lorona KB6MIP

