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Link Controller for the
S-COM 5K Repeater

Controller
Repeater linking-cheaply!

by Allan Overcast KF7FW
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Construcuo n orthe Link Conlroller

Keepi ng 10 the low current needs of most
repealer systems , the link controller i~ de
signed completely around C MOS devices.
Along with the need for low current was the
need for user-friendliness. You can observe
all funct ions of me link controller by adding
an optional plug-in LED display board which
commu nicates all major functions.

all of these features available for such a small
pncc. any repeater organization can afford 10

upgrade their repeater 10 a fully automat ic
microprocessor-based system.

II-

will execute a sequence o f co mma nds. Once
yo u ha ve p r o g rammed th e se s im ple
keystrokes to execute the sequence, you no
longer have 10 remembe r the lon ger se
quence. This feat ure also allows you . the
control operator. to keep sec ret sensitive
commands . O nly ),ou know the macros
you' v-e created and what they will do . Wi th

Fig..r~ 2. R«~i l'~r COR circu h,

."
1 0 ' • ,

• <, • C OiJI OU T
CO. ,. 2 74 /

"'l.. V.
•."

10'
2 ,

• • CO R OUT
CO. IN " ,•

s: "'" •
••

W ould you like ro have a repeater of
your own, but you can 't afford the

luxuries of remote programming , selected
access. and linking? A new repeater con
troller has hit the market that sk jllfully fulfills
two of the th ree requirements: remote pro
gramming and selected access . The third lux
ury . repeater linking. only comes with high 
priced repeater controllers , right? wrong!
The S-COM 5K repeater controller, priced at
SlIN . is the pe rfect piece o f equipment to
upgrade you r repeater-s controller. With t hi ~

low-cost linl.. controller project . you can ex .
pa nd your system into a two-link priortt izcd
controller.

The Hear t of the SJ~lcm

The inexpensive S-COM 5K repeater co n
tro ller is the heart of the system. With it, you
ca n program all function s of the repea ter re
morcly. using ei ther the co ntrol rece iver or
the main repealer receiver as the conununicu
tion~ medium. Included in its operations arc
three logical inputs. three tog tcat outpu ts.
priority control receiver pons. and a PL tone
input. You can create macros. which are
"small programs. " Macros allow you to
simplify operatio n; a couple of l..:cystrokes

PholO A. 111(' '51; Un! GlIluo//a.
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Photo B The Main Controller Board and tht opuonat lED display panel.
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when the repealer is active and when it is
inactive. The controller's COR voltage
needs to be greater than 3.0 volts for the
contro ller to recognize it.

You can construct a simple. effect ive COR
circuit from a single op amp and a variable
resistor (sec Fig ure 2). By adjusting the vari
able res istor 10 a point different from you r
n..eceiver' s carrier noise source (a voltage thai
changes when your receiver becomes active) .
the op-amp will change its output from low 10
high . indicating an active receiver is present.
The link controlle r's COR input is at 2 .2k
ohm impedance. Once the signals arc in the
controller, they are buffered before any pro
cessing occurs. The main receiver' s COR
signal is passed d irectly to the links ORing
section. At this point , all CO R signals are
passed to the main con troller.

The greatest section that the main receiv
er's COR signal passes through is the time
out reset section . This section will reset the
main controller's time-out timer every time
the main receive r becomes act ive and eve ry
time it becomes inactive . Ie 6, the 74HC 123,
is UM.'d for this purpose.
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hOO"'- Your Priorules

On any repealer system , the control receiv
er must carry the highest priority (see Figure
J). If this is not obse rved , the repeater may
nor be available due to access problems. The
control receiver is not processed on the link
controller ; instead , il is simply passed direct
ly 10 the mainco ntroller. The main receiver is
the next priority . People access it to con trol
the links. so either of the links carry less
priority than the main receiver.

The two controllable links, of cou rse. are
next on the priority list. The links numbers , I
and 2, pertain to the orde r of priority . Jf link 2
is active , and link J suddenly becomes active ,
then link 2 's audio is cut off until link. I
becomes inactive . The same activity pertains
to link I and the main rec eiver : The priori ty
feature allows the repeater owner to assign
the order of important to each item.

Con...tructine the COR CiITuit

On any receiver, the re is a voltage that
changes when the receive r' s squelch opens.
This voltage , referred to as the COR (carrier
operated relay) signal, te lls the linkcontroller
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to malfunctions and stays kcyed up. First, the
controller would time-out after extended use,
then you would ente r the correct code to shut
the links off. This way, the faulty repeate r
link won ' I t ime-out the main repeater system.
After the problem is fixed , you can then rc
enable the links and conti nue operations. Th is
featu re is especially useful at locations that
are not easily accessible .

Once the links are working, how does the
use r ide ntify which link is .....hich? The S·
COM 5K controller has 3 input lines to the
main co ntrolle r. These lines can be pro
grammed to react to changes in their logical
sta res. Link l 's COR signal is conn ected 10
Input I on the main controlle r, and link 2 's
COR signal is connected 10 Input 2. The main
receiver's COR sig nal is connected to Input
3.

Using the S-CO~15K's macro feature , you
ca n program the controller to change the
courtesy lone to a different to ne when the
links become act ive , Th is is the easiest way 10
sig nal the user of an incoming link message .
There are many possible ways to program
these lines.
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Figure 6" . TopJoillayout/or {he main board. .
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link PIT lines, then the enabled link trans
miller will follow the main receiver 's COR
signal. (Refe r to your S-COM manual for the
output enable commands .)

The link tra nsmitter 's 2N3055, a hefty
NPN curre nt driver transistor, drives the
PTT circuit of the link' s rad io. The link con
trolle r will supply a ground to you r transmit
ter PIT. It was not de signed to handle the
current of the link transmitter. If you need a
high current PIT driver, use an external reo
lay tnat will handle the current. A + 12 volt
line is supplied on the link controller ' s edge
connecto r. Use this line for any low current
+12 needs, i.c .. a + 12 volt PIT relay. If
problems occur on eit her of the incoming
links. you ca n sim ply use the Out 3 line to
d isable the links. shutting down the link sec
tion of the controlle r completely . If you do
this, only the main recei...'e r's COR signal is
active on the link controller.

Controlung t he Links

The link-enable line co ntrols the two links.
Using th is line , you can shut off the links if.
for e xample , the repeater that you are linked
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Time to T ransmit

The pu rpose of a repealer link is 10 trans
m it. If your links were always enabled , your
repealer would be ly ing up another repealer ,
as well as your repeater, on every transmis
sion. The main contro ller contro ls the section
of the link contro ller that enables the links to
tran sm it. Th ree MOSFET sw itchable lines
come from the S-COM 5K controlle r and are
processed by the link controller before they
can PIT either of the lin k transmitters .

The first two lines, Out I and Ou t 2, arc
inverted by IC 5 and then gated th rou gh IC 3.
The third line, Out 3, determines if the main
receiver 's COR sig nal will reach the link
transmit enable section. If OUI 3 is enabling
the links, and the user has enabled one of the
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Hal f of the o ne-shot mullivib rator is pro
grammed 10 trigger on a low-to-high transi
tion o f the main receiver's COR signal. and
the other half is programmed to trigger the
high-to-low transition. When either of the
one shots is triggered . a 100 ms pulse is
delivered 10 the reset ci rcuit of the link con
troller . Th is reset c ircuit is needed beca use all
of the CO R signals entering the link con
troll er arc ORed together th rough Ie 4 .

In co rrect operation rhe repealer will time
out if one of the links is on for more than the
programmed time-out period. Without the
time-out reset ci rcuit . the main rcccivercould
nOI use the repealer until the links became
inact ive and reset the time-out timer. With
the reSCI circui t on the co ntro ller, eve ry time
the main receiver becomes active, it sets the
time-out t imer to zero . If the repealer is timcd
ou t because one of the links was on too long ,
it is back , rcady for use , the moment the main
receiver becomes active.

The two link COR signals do not reach Ihc
DRing section of the controller before they
are processed for their priority . Once they
pass the link enable section. Ie 2 and Ie 3,
they now head for IC 4 , the CO R D Ring
section . Now their pr iority is to sw itch one of
the l ink 's audio source to the ma in con
troller 's audio sectio n. Audio switching is
accomplished by IC 10, a 4066 which con
rains fou r analog sw itches . This switch makes
or breaks the aud io from both links . Link
pr iority only applies to aud io; it decides
which audio is routed to the main controlle r.
Once audio switching occurs, you can adjust
the audio level before il enters the mixing
stage of the link controller ,

!-'i/>lllre 5. LED hoa rd parts layout,



main transmitter level , marked TX . is on the
main controlle r board . This is the only adj ust
ment used to control the main transmitter
audio level. When you obtain a suitable mike
level fo r the ma in transmitter, you need to
adjust the two link transmiuers . O n both the
links , audio leve ls are located on the link
cont rolle r board . Link ls output level pot is
marked VR 5, and link z's level pot is marked
VR 4 . To adj ust their level s , input the appro
priate code 10 enable the link port ion of the
controller , Out 3. Now input the code to
enable the link t ransmitte rs , Out I and OUI2 .

To keep from ovcrdriving your link trans
mitters ' mike input , bypass the fi rst mike
amplifie r sect ion, and apply the links ' aud io
at thi s point; you' ll get cleaner aud io on your
link transmitter. If access to your mike ampli
fier is difficult, adding in a ser ies re sistor
with the value between SOk and lOOk ohms
will keep the link contro ller from ovcrdriving
your link transmitte r. Use your re fe rence re
ceiver to ca librate both of your link transmit
te rs ' levels , and use the same procedure when
you adjust your link transmitter levels that
you did when you adjusted your main rece iv
er leve l.

Now input the same touch-tone on the main
receiver's frequency . You enable the links so
the main receive r will control the link ' s trans
miners . Now adjust VR 4 and VR 5, the
output level control on the link controller , so
it matches the earlier obse rved level on the
link monitor ing receive r. Once link I is ad
j usted, proceed to link 2. Do the same adjust
me nts for link 2 as you did for link I . Once
you have adjusted the levels , you should 00

longer need 10 do any adjusting on the link
contro lle r board .

Conclus ion

The complete link controller and S-COM
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" . .. remember
that static electricity
kil/s components. "

controller board , fo r a good level .
O nce you have your main receiver adjusted

near the correct point , transmit a touch-tone
through the main receiver, and monitor it on
the refe re nce receiver. Now adj ust the main
receiver's aud io level to match your refer
ence leve l. If the level is too low, go to the
main controller and locate the potlabeled RX
and increase its level. Once the main receive r
sounds good , move on to link I and adj ust
only its input level pot, VR 2. Continue with
the same procedure as link I fo r link 2 adj ust
ing only V R I's level. You may need 10 play
with the receiver levels and the RX level on
the main controlle r 10 obtain a suitable audio
balance .

Once the three rece iver leve ls a re adj usted ,
move on 10 the th ree transmitter levels . The
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the d isplay and presto. your questions arc
answered .

A Lill ie Caution, Plea se

When const ructing and handling the link
cont roller board and components, remember
tha t static elect r icity ki ll" components . Usc
C MOS handling precautions . Always make
sure that any static elect ric ity is d ischarged
from yo ur body be fore touching any compo
nent or the main controller board .

Adj u:'ootin~ the Link Controlle r

Adj ustment is s imple and fast. To sta rt
out. adj ust the three receive r level pots ,
VR I. 2. and 3 to a 12 o 'clock position.
For proper adjusrmcnrs , you' lI need an auxil
ia ry receiver that monitors the repeater's
transm itter. Once the monito ring receiver
is adjusted to an acceptable level , transmit
a known leve l. such as a touch -tone from
your hand-held . fo r a know n level refer
ence . Now open the squelch on the main
repeater receive r, and transmit on the main
repea ter transmitter . Adjust VR 3, the level
pOI , o f the ma in re ce ive r o n th e li nk
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Lin5.0 Com roner's Appearance

The cocmencs of the link control ler are no t
complete without the lights. A 12-pin conncc
tor o n the link conrrollcrs board lets you
have c ..rcm al LEOs W that you can see wh at
i ~ happening on the link boa rd .

Pan o f IC 5. the 74 HC240 d river chip,
sinks (supplies a low level) to the LEOs when
the d isplay is ac tive . All of the curre nt-limit
ing res istors fur the LEOs arc mounted on the
link co ntro lle r's board . Just add the LEOs ,

It low power applica tions arc required .
spcclat I mA LEOs are avai lable with only
minor changes to the link co nt ro lle r board .
By changing the current-limit ing resistors
f rom 330 ohm 10 4 .7k ohm . and using special
low power LED~ . you save 126 rnA from the
LED di~play board . The display section will
..ho .... lhe main receive r's COR, both links '
COR".thc ma in controller' .. PTr along with
the two links ' PTr, the two links" PTr en
able , and the link enable".. s ignal. This dis
play feature will come in handy when pro
gra mming the ma in controlle r o r t rack ing
problems in the repeate r syste m . Just look a t

"

"



Transistors
2N3055 2

Resistors
Value Quantity

10k ohm 5
330 ohm 9
10k ohm 9

100k ohm 4
4.7kohm 8

47kohm 2
12k ohm 1

1kohm 5
5.6kohm 3

2.2kohm 3
33k ohm 1

The 'SK Link Controller
Parts List

TO-220 NPN transistor

Description

5 volt regulator

Quad 2 input CMOS logical AND
Quad 2 input CMOS logical OR
Inverting CMOS line driver

Dual CMOS multi-vibrators
8-pin dip-packaged op amp

Quad CMOS analog switch

1/. Wall res.

1/. Walt res.
V. Wall res.

1/. Wall res.
V. Wall res .

V. Wall res.
V. Wall res.

V. Wall res.
V. Wall res.

Style
Variable res.

1/. Wall res.

Q1,Q2

Res. #

VA 1,2,3,4,5

A 1,2,3,4,5,6,7,8.9
A 14,15,16,35,37,39,
40,43,44

A 12,13,41,45

A 23,24,25,26
A 38,39

R34
R11 ,18,19,21 ,22

A 31 ,32,33
A 10,17,20
R3.

Chip#

RG'
IC1 ,2,3
IC4
IC 5
IC8
IC7,8,9

IC 10

Quantity

1

3,,,
3,

780S
74HC08
74HC32

74HC240

74HC123
LM741
4068

IC.

5K system are currently in use on my 444 .500
MHz and 147 .380 MHz repealers . With
difficult access to the 147 .380 MHz re 
peater site, I put plenty of care into the de
s ign and building of thi s link controller .
I haven 't had any problems with either the
S-COM 5K or the link controller s ince trans
planting them on the mountain . This con
troller was designed around the S-COM 5K
repeater controller, but you can adapt it 10

any controller that has 3 logical output. and 3
logical inputs. The combined link system and
main controlle r, once built , totaled about
$240. For a 2-link prioritized microproces
sor-based repeater system, the price cannot
be beat.

Both of Ihe circuit boards are available
from me . My address is 306 S , 20th St..
Bozeman . MT 59715. The '5K Link Con
troller Main Board is $28. 50 plu s $2. 50 S/H .
The '5K Link Controller LED board is $7.50
plus $ 1.50 SIH . Both boards are $34 .50 plu s
$2. 50 SIH . The main board includes plate
through -holes , solder mask, and pans ID
mask. The LED Board is a non-plated
through-board, but it comes with the appro
priate ID mask .

The S-COM 5K Repeater Controller is
available from S~CQM Industries. PO am
8921. FI , Collins co 80525-01001303-493
8316)for $ 189.

Happy home-brewing!1JI

0 0 Capacitors0
Value Quantity Cap .N Style

L 1 mF 8 C 1,2,3,7,8,10,13,16 electrolytic. cap.
0.1 mF 2 C5,6 disk cap.

E L:r
0.47 mF 3 C9,11 ,14 disk cap.

0 0 100pF 2 C 12, 15 disk cap.0 0

[I am mF 11 C4,17-28 disk cap.
0

5
0

LED.
0 Type Quantity Diode # Style

Red 3 D4,8,9 Red - transmit
Yellow 3 D5,6,7 Yellow - COR
Green 3 01 ,2,3 Green- EnablefDisable
5.1 V 3 Z1,3,4 lN4733 5.1 V Zener Diode
lSV , Z2 MPTE15 15 von Zener Diode• • •• • •

• L Connectors•• Type Quantity Conn. It Style• C• wafer • eN 3.5,6,7,8,9 6-pin Modular connector
• : j J

• , • male 8 eN 3,5,6,7,8,9 6-pin Modular connector• • • N: waler 1 CN4 , 2-pin Modular connector
male 1 CN4 12-pin Modular connector

N male 1 CN2 26-pin Ansley right angle
female 1 CN2 26-pin Ansley cable crimp

• • • male 1 5K connect 08-25 male cable crimp• • • male 1 CN' 3-pin Molex PC mount
female , CN, 3-pin Molex crimp mount

!','gl4 ft> 7. a) Top fodtayout [or the LED board. h) HO/lom [oil cable , ft. 26-pin ribbon cable
luyout[or thr LED board.
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