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I-SQUARE CONTROLLER


Instructions for 5K2K03 Audio Interface Board

This printed circuit board is designed to afford an easily implemented controller audio, COS and PTT interface between the newer Motorola base stations -- MSF-5000( and MTR-2000(. In addition, the board is usable with the Intertie standard Motrac UHF receivers, partnered with GE EXEC II( exciters driving Motorola  Engineering Bulletin EB-18A 45 watt amplifiers. 

The board will interface readily with I-Square(, ‘Dillo( and Palomar Telecom( controllers. The design concept - to make any readily available land mobile radio generically compatible with the controller -- with drop-in field compatibility - has long-guided Cactus affiliates in Texas. We thank the designers of several earlier interface now out of production.

The board utilizes the M7716 Micor( squelch chip (U1), if not already present in the associated radio. If not needed, the socket and all associated parts need not be  stuffed. Further, should CTCSS be required, holes and connections are provided for the Com-Spec( TS-64 encoder/decoder. If this feature is  not  required,  it can be omitted without wiring  changes or jumpers. We have paid special attention to the frequency spectrum required by the M7716, with appropriate adjustments of component values. These upgrades help prevent annoying squelch chop.

Audio amplification is the responsibility of 2  TLO-82 dual CMOS op-amps (U2 and U4); a 4066  (U3) does  the audio switching. We provide variable compensation of amplified incoming discriminator audio, as well as outgoing transmitter audio. Table 1 shows RC values found appropriate for the MSF-5000 and MTR-2000, and  other radios. Table 2 shows the remaining parts; Table 3 the pin-out.

A PN-2222 (Q1) provides COS action. Another PN-2222 (Q2) provides inversion of the receiver unsquelched (RUS) line from the MSF-5000 or MTR-2000.

The board is drilled for DB-9 male (to controller) and female (to radio) right-angle connectors. Their use is not mandatory. Its finish size is 4.25x3.25 in.

A 3-way slide switch allows forced PTT for brief testing of the transmitter, connection to the controller, or an “off” position to inhibit PTT during on-site testing. Colored LEDS indicate presence of A+, COS true, or PTT true. The board is normally powered by nominal 12 vdc from the radio. [Not used with CDM appllication]

Finally, there is one  3-pin header  that routes the “OUT-2” high-true output of the Com-Spec  PL decoder line either  to the board circuitry for CTCSS control (I-Square), or to an external CTCSS sense line for processing within the  controller (‘Dillo and Palomar).  Stuff R31, only if you require CTCSS encoding.

5K2K03 Audio Interface: Table 1 -- Radio-Specific Parts

Before Wiring, See Palomar Section, if Using this Controller

Motorola CDM Series Transceiver: All PL Config.

For all carrier access, wire U1 and associated parts

R6,7 ,8, 11, 35, 40, 47
Omit



C4-6, 8-15,20,26-30,40,43
Omit

R2, 3 ,19
100K
¼ watt



C2
24-27 pf mono

R10, 15
47K
¼ watt



C16
.015 uF

R17,

10 K
¼ watt





R42

1K
¼ watt



C17
470 pf

R24

20K
¼ watt pin 1 to 3

J1
0.1” 3-pin header

R30

Jumper




Z1
ComSpec TS-64/SS-64

R31

47K
¼ watt CTCSS Encode
Q1,2
Omit

D4,5

Omit




U1 & Socket Omit

For Palomar Interface: Add 14-pin IC Socket Header: Jumper pins 8 to 9 for audio path.

For Sierra amd Dillo  Interface, a COS is needed. Wire U1 and all associated parts.

For Dark Canyon Interface: Wire U1, Q1, Mount SS-64 Encoder. All PL config tto FST

Intertie controllers require DECAUD circuitry. Do no use w/ Palomar, Sierra or Dillo
Motorola MTR-2000( Repeater

R2,3,19,42
100 K
1/4 watt


C2

100 pf monolithic

R15

47 K
1/4 watt


C17

820 pf mono

R17,40,47
10 K
1/4 watt


C20

.0033 uf mono

R24

20K
1/4 watt pin 1 to 3

C30, 42
Omit

R30

Jumper




C39  (Rev C-1).1.0 uf mono

R31, R35
Omit




C46

100 uf tantalum


Q2

PN2222A



J1

Omit: See text

D 4,5

Omit




U1, Z1

Omit   

Motorola MSF-5000( Repeater
R2,3,42
100 K
1/4 watt


C2, 20

100 pf
monolithic


R15

47 K
1/4 watt


C4-6,8-15,30,43, D4-5, U1 Omit

R17,40,47
10 K
1/4 watt


C17

470 pf

R19

100 K
1/4 watt


C46

10 uf electrolytic


R24

20K
1/4 watt pin 1 to 3

J1

0.1” 3-pin header

R30

Jumper




Z1

ComSpec TSU64D

R31

47K
1/4 watt: CTCSS encode
Q2

 PN2222A

C9

.001 uf




D4.5 

Omit 

Motorola Motrac( LHT or MST  Mobile Transceiver (See our 10T44 for Micor)

R2,3,19
100 K
1/4 watt


C2

68 pf monolithic

R15

33 K
1/4 watt


C17

470 pf  mono

R24

20K 10 or 20 turn pot

C20

100 pf mono



R17, 42
10 K
1/4 watt


C30, 39
Omit




R 30

 Jumper



C43

.001 uf mono



R31

47K
1/4 watt: CTCSS encode
C46

10 uf electrolytic

R35,40,47
Omit




J1

0.1” 3-pin header


Q2

Omit




Z1

ComSpec TSU64D*

D4

1N4739     9.1 v 1/4 w Zener

D5

1N4004

GE Exec II( Mobile Transceiver (See our “Apprentice” for MASTRII( )

R2

47K
1/4 watt


C2

27 pf monolithic

R3

180K
1/4 watt


C17

47 pf mono

R15,19

100 K
1/4 watt


C20

0.1 uf mono

R17

1K
1/4 watt


C30

0.01 uf mono

R24

20K 10 or 20 turn pot

C39, 43
Omit

R30

500 ( pot



C46

10 uf electrolytic


R31

47K
1/4 watt:  CTCSS encode
J1

0.1” 3-pin header


R35

100 (
1/4 watt


Z1

ComSpec TSU64D*

R40,47
, Q2
Omit   



D4

Omit use 10v reg A+

R42

Jumper




D5

Omit use 10v reg A+

5K2K03 Audio Interface: Table 2 -- Non Radio-Specific Parts

Mods shown in italics as of Rev. C-1

R1

10K
1/4 watt


C1

10 uf  electrolytic

R2

See Table 1



C2

See Table 1

R3

See Table 1



C4

470 pf monolithic

R5

22K
1/4 watt


C5

0.01 uf mono [.15uF]

R6

27K
1/4 watt


C6

1500 pf mono

R7

180K
1/4 watt


C7

100 pf mono

R8

100
1/2 watt


C8

100 pf mono

R9

10K
1/4 watt


C9

470pf  mono [.001uf ]

R10

47K
1/4 watt


C10

4.7 uf electrolytic

R11

1K
1/4 watt


C11

0.22 uf mono

R12

()




C12

3.3 uf electrolytic

R13

10K
1/4 watt


C13

470 pf mono

R14

10K
1/4 watt


C14

0.01 uf mono[.015uf]

R15

See Table 1



C15

22 uf electrolytic

R16

1K
1/4 watt


C16

.01 uf mono

R17

See Table 1



C17

See Table 1

R18

10K
1/4 watt


C18

10 uf electrolytic

R19

See Table 1



C19

10 uf electrolytic

R20

()




C20

See Table 1

R22

10K
1/4 watt


C22

10 uf electrolytic

R23

10K
1/4 watt


C23

0.01 uf disc ceramic

R24

See Table 1



C24

0.01 uf disc ceramic

R25

20K 10 or 20 turn pot Bourns 3296
C25

10 uf electrolytic

R26

20K 10 or 20 turn pot

C26

15 pf surface mount

R27

20K 10 or 20 turn pot

C27

15 pf surface mount

R30

See Table 1



C28

15 pf surface mount

R31

See Table 1



C29

0.22 uf mono

R32, R33
1K  1/4 watt



C30, 43
See Table 1

R35

See Table 1



C39 (Rev C-1) See Table 1

R40

See Table 1



C46

See Table 1


R42

See Table 1



D1-3

LED Yellow, Red, Gr

R45

1K
1/4 watt


D4, D5
See Table 1

R47

See Table 1



D6 (Rev. C-1) 5.1 v 1/8 w Zener 


U1

Motorola M7716 see Table 1

Q1

2N2222A

U2, U4
TLO-82



Q2

See Table 1

U3

CD 4066



Z1

See Table 1


S1

SP3T Slide Switch


J1

See Table 1

DIP

Sockets: 2 -8-pin, 1-14 pin; 1-16 pin. Use machined pin sockets

J2

DB-9 Female right-angle

PCB

5K2K03 Rev C-1

P1

DB-9 Male right-angle

Dwg 1074U       11/18/05

5K2K03 Audio Interface: Table 3 -- Pin-outs
P1: DB-9 MR. - To Controller


J2: DB-9FR -- To Radio

1.  Audio gnd
 (Shield Drain)


1.  Audio Gnd (Shield drain)
2.  Receiver audio out (rao)



2.  Receiver audio in (rai)

3.  Decode audio (dec)*



3.  nc*

4.  Transmitter audio in (tai)



4.  Transmitter audio out (tao)

5.  Carrier operated switch (cos)


5   MSF-5K RUS (5k)**

6.  Push to talk in (ptt)



6.  Push to talk out (xmt)

7.  CTCSS Select (sel)



7.  nc

8.  CTCSS Sense (sen)



8.  A+  (12v)

9.  DC Ground (gnd)




9.  DC Ground (gnd)

J1: OUT-2 Destination 



* To be connected to P1:3 in 







    
version C
1.  CTCSS sense to P1:8  (sen)

2.  ComSpec OUT-2 output (csp)


DECAUD*
3.  CTCSS sense to Q1 (tru)



 + To source of de-emphasized aud








  -  De-emph audio low.

*I-Square Controller, only

** Use with receivers offering a low-true squelch-sense output.

Palomar and Dillo: Use PL sense line; n/c to PL select. See below re JU-7 ComSpec

Palomar: No COS needed from 5K2K board; Dillo needs COS

Hook-up to Motorola MTR-2000

Wire your board with the parts specified. Leave out U-1 and all associated parts. I did not buy a TS-64 for this application. You  will need the 68P81096E20-E manual.

Mount 5K2K03 on a piece of perf board, cut to fit the rack slide at the center of the  MTR-2000 chassis. It will be necessary to disassemble the rear support plate in order to snake the cables through. These should be placed within some plastic tubing for protection. Make the radio connections via the very large 96-pin system plug.  (The plug kit is Motorola part #30-83908X02) at the rear of the center chassis:

MTR2000 System Connector

DB-9 to 5K2K03 Board



C17

Discrim Audio 
2



B31

Gnd


1,9



A17

Tx Aud in

3



C10

PTT


6



C32

14 vdc


8



C2

COS TTL

5

Connect the controller with a shielded cable via a DB-9 female at 5K2K03 and DB-9 (I-Square), DB-15 (Dillo) or spade lugs (Palomar) -- at the other end. For the I-Square controller: Secure decode audio from the RJ-45 speaker jack on the front of the radio. On the 5K2K03 board, glue an RJ-4X jack to the space over J-1. Hook the red wire to DECAUD (+) and the black wire to DECAUD (-). Use a telephone hand set cable to make the connection. This audio is low level and de-emphasized -- ideal for the SSI-202 in the controller. In order to prevent dissimilar voltage falsing of D2, place a 5.6 v Zener in series with R32, changed to 620 Ohms, cathode toward D2 anode. (rev. C-1). C39 has been added to 1074S board to provide DC isolation of the spkr audio line.

Using the Motorola Radio Service Software RVN4148

You have a choice in programming the radio with the Radio Service Software RVN4148. You can use an external TS-64 on the 5K2K03 board. Or you can just program the ‘2000 for PL. I did the latter, because it was so easy. 

You must  READ STATION, before the “Personality” and “Service” icons appear on the header screen. (Unless you have previously stored the info in software.)

1. Check Personality > Channel information

2. RF Tx/RX frequency; Make sure that the TX freq = Idle freq

3. Power AC line 100 watts; battery 60 watts

4. Audio: Analog RX activation: Carrier and PL/DPL

· Audio modulation: Analog

· Audio TX  Flat

· Audio RX Flat 

· Call Sign: Leave Blank

5. PTT  Ext PTT mapping: Aux Audio*
6. Priority Local high; wire line low

7. TOT 360 sec (local)

8. Decoder  site specific (set this first)

9. Encoder  site specific, local option

10. Next, click on EDIT on Station Configuration Menu

· Click on Access Code Enable: Select PL

11. Set up:

· Base Operation  (not repeater)!
· System type: Conventional
· Station type: Analog, only
· Frequency reference: Internal standard
· Wireline Board: TTN 5067 4-wire

· Option board type: None
· RF option: 92% deviation.

12. Save to file and read  into code plug 

*The transmit audio path is “Aux Audio”

Hook-up to Motorola MSF-5000
Order the code chip on desired TX and RX frequencies, as a duplex base station, (not repeater), carrier squelch, local control  and no i.d

Stuff your 5K2K03 with Q2 and  R40 & 47. Mount a TS-64. (If using Palomar, see below, before proceeding.) For I-Square controller, provide capacity coupling for decode audio~.03 uF between pin 3 of J1 and P1. [This is C39 on 1074S board]. Mount your 5K2K03 in an aluminum box [Hammond 1590bb: 4.7”x3.70”x1.18”]. Notch corners with Dremel tool to accommodate the corners of the PCB. Notch front of box to allow observation of LEDS Secure box with # 6 screws  to the empty space in the top left 1/2 of the swing-up tray. 

Fabricate a  ~27 in.  7-wire Belden 9537 shielded cable with DB-9 male on one end; attach to the 5K2K03 and then route the wire through the ribbon cable connector slot downstairs. Skin back 8.25” and fan the wires out over TLN 2423A Station Control module. Use clips from a  miniature tube socket to push over the available pins.  To find the pick points, you will need the instruction manual for the repeater: 68P81062E75-B. Finally, fabricate a 7 wire + shield cable with DB-9 female to DB-25 male to reach to blank DB-25 slot “J2” on side of radio cabinet. This will provide a secure neat exit for  controller cable.

Here are the connections:

Color
J2: DB-9 at 5K2K03

TLN 24223A Station Control Module

Shield

1

gnd

A.G. (Audio ground)

W

2

rai

J800, Pin 39 (Solder)

OR*

3

dec+

T.P. 2 (Line audio)


BK

4

tao

U835 (13) via a 1K series resistor

G

5

5k 

T.P. 7  (Sq sense)


R

6

xmt

U813 Pin 5 (PTT Buffer-Solder)



7   -      
-

B

8

12v

T.P. 9.6v

BR

9

gnd

L.G. (Logic ground)

*I-Square controller, only.


[gnd = ground; rai = receiver audio in; dec+ = de-emphasized audio in for DTMF decoder (I-Square, only); tao = transmitter audio out; 5k = special  RUS input for MSF-5000; xmt = transmit command line; 12v = available A+, not necessarily 12vdc.]

With the configuration specified, the 5K2K03 board will be using the TS-64 for PL detection. With the I-Square controller, OUT-2 feeds to the COS line via J1. Connect  “CSP” to “TRU”. With the Dillo or Palomar controllers, move the J1 plug to “SEN”. It will be necessary to remove JP-7 on the TS-64 mother board for Dillo or Palomar. With Palomar, obtain a 14-pin header and jump pins 8 to 9. Place in U3 socket. The jumper will carry audio Rx audio and 4066 switch is not needed. Palomar controller does this switching. The controller will supply the CW ID in all cases. Connect the controller with a shielded cable via a DB-25 male at cabinet and DB-9 (I-Square), DB-15 (Dillo) or spade lugs (Palomar) -- at the other end. 

Palomar Telecom Controller Hookup
Since the Palomar Controller has on-board Micor squelch chips, U1 (M7716) need not be wired. All associated parts may be left off the board. Omit  R24, the squelch  threshold pot. Also,  there is no need for Q1,2 and all associated  parts. (If Q1 is wired with D3, the green LED  will remain on constantly. Obtain a 14-pin DIP header plug. Short pins 8 and 9, in order to provide receive audio path continuity and plug into the U3 socket. Omit J1 shorting plug, unless the TS-64 is used, in which case, place J1 in the “Sense” position, to transmit CTCSS sense voltage to  the controller. Remove JP-7 on the TS-64 to achieve the required low when CTCSS is decoded.

Dillo Controller Hookup
The Dillo controller has no on-board squelch chips, so U1 and U2 will be needed, as well as Q1 and R24. For  CTCSS action, install TS-64 and set J1  to “Sense” position.

Remove JP-7 on the TS-64 to achieve the required low when CTCSS is decoded.

Adjustment 

Equipment required: 

· Service monitor with oscilloscope 

· Audio voltmeter, calibrated in dBm

· (Very helpful) Wire up a small Radio Shack project box with toggle switches for PTT and PL, jacks for your audio voltmeter for RX and TX audio, and a short cable terminated in a DB-9 (or DB-15) female connector. [I also have a pin jack for detection of COS activity and one for DECAUD (I-Square controllers).]

· See Appendix A for tune-up of the MSF 5000.

Overall goal:  Provide a controlled interface from each  radio receiver and transmitter to the controller. To implement this, each receiver supplies minus ten dBm audio for 2 Khz average deviation on-channel receiver input; each transmitter supplies a 2 Khz deviated signal for minus ten dBm average modulating audio. The link receiver-transmitter combination is expected to be flat ( 0.5 dB over an audio frequency range of 250 to 3500 Hz at 40%-60% system deviation (Cactus Technical Application Note 2: Cactus Standard Audio Requirements, 2/1/97).

1. Receiver audio calibration. 

Apply an on-frequency  50 uV signal to the receiver antenna. Be  certain that the radio is tuned to the required frequency. (discriminator zero [Motorola], or injection frequency correct [GE]).  Use an audio voltmeter in bridging mode to set levels. Observe the incoming and outgoing waveforms for linearity and noise. Modulate the incoming signal at 1000 Hz, 2 Khz deviation Set the R25 for about -10 dBM output. Change the modulating frequency to 3 KHz. Adjust R26 for exactly -10 dBm. Switch back and forth between  the 1 Khz and 3 Khz tones, while adjusting the 2 pots for a the same level. Try to get them as close as possible. Small errors tend to multiply quickly in a linked system. Failure to achieve balance generally indicates audio distortion.

2. Transmitter audio calibration.
With the transmitter connected to the service monitor, set up for deviation measurements. Be certain that the transmitted carrier is exactly on frequency, as read on the service monitor. Key the transmitter and observe the noise present on the service monitor oscilloscope. Make a note of the deviation due to noise. Apply a -10 dBm sine wave 1000 Hz audio signal to the transmitter audio input (tai) terminal. Key the transmitter and observe the modulation on the service monitor oscilloscope. Set R27 to 2 Khz plus the noise-produced deviation, as observed on the service monitor. Switch audio frequency to 3 KHz. Adjust R30 for 2 Khz + the noise deviation. As with the receiver, switch the modulating frequency back and forth, and adjust R27 and R30 for exactly 2.000 Khz + the transmitter noise deviation.

3. Is the signal clean?
When finished, increase the audio input to 0 dBm or so and be certain that the audio is clean and undistorted. It is worthwhile to observe the audio outputs with an oscilloscope. After the -10 dBm for 2 Khz modulation level is set, crank up the modulation to 5 Khz. Make certain that the output waveform is a good representation of the input to 5K2K03. You may wish to sweep the audio from 100 Hz to 5 Khz at 40% system deviation (2 Khz) to be certain of reasonable linearity.

4. Setting the Micor squelch. Please set the radio’s squelch control to quiet the speaker audio, plus 1/4 turn. Do not reset. There may be some interaction with the Micor squelch.  Observe the green LED, D3 for this adjustment. With the antenna connected, crank on R24 until the green light comes on. Then adjust R24 in the opposite direction until D3 goes out. Add 2 turns more (only)!   Key an on-frequency signal at 50 uV.  D3 should come on. Attenuate the RF input until D3 extinguishes. Increase the signal and note the hysteresis inherent in the Motorola design. Record the receiver squelch threshold sensitivity.

Conclusion

5K2K03  answers the need for an easy-to-install  audio-tone-actuated squelch interface board for use with some of the newer repeaters available to linked radio systems. Jumper-selected options allow interface with the 3 controllers currently in use in Texas. Corrections and suggestions appreciated. Kindly e-mail W5EX at twodocs@ieee.org
Revisions

Rev. C and C-1:  Added C 39 for isolation of DECAUD, especially in MTR-2000.  Rev. D: Connects J-3 to J2:3. Add D-6 to correct LED falsing. Moved R32 to accommodate. Rev D-1: Change values of  C5, C9, C14 to reduce COS chattering. Changes in italics in Table 2. Current Board is 1074S, Nov. 18, 2005. Dwg 1074D-1. 2019 CDM specific parts.
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