A Trap-Filter Duplexer for 2-Meter
Repeaters

Keeping Transmitter Power out of the Receiver Line

BY EDWARD P. TILTON,* WIHDQ

eomimon problem in vhi repeaters is desensi-

tization of the receiver when the transmijter

comes on, Almost everyone who has set up
a repeater with the cusiomary 600-kHz frequency
separation bubween transmibter aiul receiver is
familiar with it. High-¢} coaxial tank cireuits in
the receiver line may help, but even well-made
devices of thig kind are of limited vaiue, aud in-
sertion loss may be prohibitive.

The filter shown here was built at the sugges-
tion of A . Groff, K¥VQM, who supplied
details of a similar filter that he built for MARS
frequencies, iw channels, 142155 and [43.46
MHz, are more than iwice the wsual separation
of in-hand Z-meter repeaters, but his reported
80-dB twlation encouraged us 7o try the idea for
146,34~146.94 MHz and similar in-band fre-
quencies nsed in 2-meter repenters,

EBVQM used *G-inch sheet sluminum Ffor
sides and partitions. This being ditheuld to
handle, if you're not well equipped with tools,
we tried thinner sheet metal and bent-up parti-
tivus und sides, aiming for dimensions that would
permit 1sing A standard aluminum chassis for
the housing. Results were good enough so thal
we jeel that repeater operators may find this
version useful.

The equivalent cirenit, Fig. 1, was suggested
by K¢VQM to explain operation of the filter,
This cireuit could actually be built, wnd it might
help in some repeater applications where fre-
queney separafion and other desensitization
factors are not too severe. More ou the nature of
the probiem later; for now let's imagine that
the eircuit of Fig. 1 is connected in the sonxial
ling to the repeater receiver, by mesns of Jy uud
Ja

The circuits nt the middle, Lo-Ca and LzCy,
are funed to the receiving frequency. They peak
vather broadly, being loaded down by the an-
teona on the input side and the receiver un the
output. The link Lg-Ls represents low-impedance
coupling between these two eircuity, achieved in

* VI tditer, UaT.

the K@VQM filter by the “aperture™ in a partial
shield between the two lines,

The eircuits fn-Cp and £4-04 are transmibter-
frequency suck-out traps, coupled to the receive-
frequency cirenits through apertures in the par-
titions that separate them physically, These
wpertires, ab the hot end of the lines, are repre-
sented in Fig, | by the rapacitors (% and Cs. The
trap eircuits tune very sharply, as they must if
they are to have negligible effect on reception of
@ sigual only 600 kHz wway. All this may help
to make Fig. 2 and the interior photograph of the
filter a bit moare intelligible to snyone not ace
quainted with fivesr wircuits snd aperiure
eoupling, Featurez of the equivalent eircuit are
marked on the sketch of the interior, Fig.

Construction

The 3j5-iuch sheet aluminum used by KOVQM
will make a +desirably siurdy assembly, and no
bending of parts is involved. If thia technique is
used, we suggest making the assembly an inch
fonger than the viwe deseribed, to allow the ca-
pacitors to tune the lines with wider spacing,
in the interests of ease of adjustment, Our design
t4 for inclusion in a stendard % by I7- by “~inch
ohassis, i the builder wishes, With s bottom
caver, and partitions made from bent-up sheet
1oetal fastened to both top and botiom, stability
of the finished product should be adequate.

We used 0.04-inch sheet brass for end plates,
hecuuse it works so nicely, and ean be silver
plated readily. Brass facilitates soldering-in the
lines, and is recommended for auxilliary end
plates even if an aluminum rchassis is wsed,
md the best possible electrical confuct between
the lines and the end plate at the grounded end
is & must. Do not atiempt nse of a convensional
varizble capacitor; anything but air insulation at
the hot ends of the lines will degrade the circuit
(J markedly. Highest obtainable circuit ¢ is a
ruust, for really high rejection of the unwanted
frequency and minimum insertion loss on
the desited one.

The four lines are b4-ineh fouiside diameter)
hard-drawn copper fubing, obtainable ut plemb-

Exterior view of the completed duplexer, looking af the

grounded end of the tuned lines. It will be seen that these

project through the end plate about U4 inch, for good

soldering on both inside cand outside surfaces. Silver-

plated brass or copper is recommended, but plating
is nat mandatary.
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ng supply houses and some lhardware siores
We bought two 36-inch lengths to muke four
1614-inch Hoes. These solder into boles in the
end plate (ight side of Fig, 2, projecling
through the plate rboul 14 inch, to allow for gond
soldering inside and eut. The holes were made
with & %5-inch chassie punech, in preference to n
drill, the punch giving a stmusther hole and hetter
fit. Reaming the hole for a press fit to the tubing
i3 also good. Filing the hole 1o fit may also be
satisfuctory, if done with care. A cloze fit iy
important, ns the solder should be nainly for
strengthening the juint and maintaining align-
ment, nol to achieve electrical eontact
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Fig. 1=-Equivalent circuit of the trap filter. The two tuned

circuits of the center represent the two middle lines of the

filter, which are tuned to the receiving frequency of the

repeater. The two outer circuits wre suck-out traps tuned

to the transmiffing frequency. Aperture coupling between

sections is simulated by the capacitors Cn and Ca and the
link between the receiver tuned circuits,

The siationary plate of exch tuning capaeitor iy
a l-tnch square piece of brass ar copper, solderad
tn the other end of the line. ‘The movable plate
i+ a l-ingh disk of the same natertal =oldered
to the eud of a 10-32 brass screw. The latter
ring through the brass end plate, to which
brass nubs have been soldered on either side, to
malke a bearing for the adjusiing screw.

Soldering was done with a 300-watt ron. Do
nob ey it with anything smaller, A torch is pre-
ferabls, if you're experienced i its use. The bear-
ing nuls ean be soldered to the brass plate oasily
if they are run onto a [0-32 serew to & “finger-
tight” condition, and soldercd in place, taking
care not $o Tun the solder up over the nut and
anlo the holding serew,

We are indebled to WLCER for su easy way
to solder the disks to the adjusting screws. He
snggested chucking fhe screw in a dvill press
verfically, ruaning & brass nub unio the bodtom
endd, nnd then bringing this down against the
center of the disk, resting on a flat pisce of wood
on the ifrill-press tahle, The assembly can be held
tn alignwent this way while soldering. Don’t
et go too soen; using that much heat requires
an appreciable sooling-off time, before the jotut
is mechanically solid. Some similar holding
urrangement is also a great aid in doing a peud
jub uf suldering the plates onto the Jine ends,

Joining of the lines aud the ewl plates also
culls for some kind of jig or jixture. We clamped
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ane line in 4 viee between wond blocks, and then
lined it up vertically with a square and u level.
The end plate was then pushed on, adjusted
earefully to a level position, and seldered in
place. A piece of wood pianed to the right thick-
ness cull be usel as o sepneator between this line
and the next ane o he soldered, o help maintain
alignment,

Don't be alarmed if vour handiwork comes
oub looking like sormething less than the produet
of u precision machine shop. Individual line
sevlions roughly 2 by 2 inches in size, with the
tuned inner couduetors approximately centered
therein, ix goad enough. Whal #s oportant is
the best possible if path between the lines and
the end plate at the grounded eud. Sitver plating
heips here, and is recommended. Three ways to
do the job are outlined in any edition of our
Radlo Amatewr's VHF Manual, Again we ac-
knowledge the assistance of WICER, whe
furnished the plaiing solution and a silver anode,
for use in the method he uriginaily outlined
in Chapter 13 of the Manual. Tt is easily done,
and in this instance a great help in soldering.
Dlon’t leb lack of slver-plating facilities slop
you, however, The filter will work well unplated,
if the principles are fullowed otherwise.

Mechanieal rigidity ia very important, as even
ruinule chaazes n line eapacitance or inductance
cannot be permitted. The lines are supported
ahout 10 inches out from the grounded end by
mesns of ¥-inch ooramie cone standoffs. Do
not go farther oul on fhe line, a4 even ihe hest
insulation near the hot end will affect the ¢
adversely.

Sorme fenlurex of the filter may show in ihe
photographs but not in the drawings, We made
the partitions ndjustable in length, to check the
effect of different size apertures, seftling on those
given in the drawings as 1wst desirable for our
purposes, With the line lengths used, our l-inch
cupacitor plates fune the lines ab «quite close
spacings, and taning iz tricky. We added 1«
shaped capacitor fabs fo the side walls of the
filter, with a surface | by 24 inches iu size spaced
shout iz ineh from the wide of the line, near the
vpert end. This allows greater spacing of the
tuning disks from the hixed plates on ihe line
ends, giving some vernier elfect,

Input and output coupling leads are li-inch
straps of flashing copper, soldered to the lines ai
points 154 ineh out from the grounded ends, and
beut parallel to the fines and aboub 3¢; inch from
thenu, running to BNC fltings uic the end plate.

Partitions and end plates ure 2 inches high
when beunt, with 34-ineh Hps top aud bottom, and
an one end in the vase of she partitions, Whether
you use a standard chassis or make the whole
asseinbly of sheet metal as was done here will
have some bearing on how the metal work is
domne, Partitions will be the same either way, but
the end plates will be simple flat pieces that
fusten to the ends of the chassis, wheress ours
have lips bett vver on all four edges, A chassis
enver plate will be 8 hy 17 inches, nstead of the
larger size used here for top and bottom plates.
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Hales in the bottom of the mssembly drilled for
mounting the cone standoifs can be a bit larger
than necessary to pass the mounting serews. This
will allow =ome movement of the cone before
tightening in place, to correct any small mis-
alignment of the four lines,

Adiustmeni

One problem with fm eqnipment i3 that previse
adjustment of receiving genr may not be ensy
i you do not have test equipment designed for
fm servieing, Our duplexer can be tested much
more readily with an unmodulated signal source
und an a-m receiver equipperll with an S-meter
than with the repeater iransmitter and receiver.
A signal generator thab can be moved to any
slesired frequency s also wseful as u signal simu-
lator. No modulation is necessary, and fhe
generator need not be securately ealibrated, if
sou ean listen to the repester transmitier and
zero the generator on it with the zid of an a-m

Looking into the ilter from the top, we
sue the disk-fype tuning copacitors at
the right. Each tuned line is supported
on a cone insulater, to provide rigidity,
as tning for optimum performance is
critical. Though a hendmade assembly
is shown, the dimensions are such that
a standard & by 17-inch chassis
could be used.

detector, ('This same technique iz useful in goly-
ing other frequency problems with fm gear.)

Pat your signal source on the receiving fre-
fquency of the repenter first, With the duplexer
int the receiver line, fune Ca and C3 for maximum
signzl. These cirenits tune uneritically, but =
refatively weak signal will help in optimum
funing,

Now put the signal source on the transmibting
frequeney, and tune in the signal on the recetver.
Tenving (2 mind Cx owy wel, adjust O and ¢4 for
iriniroum signal. These circuits bune sery sharply,
and you may be siurprised &l the depth of the
suck-out of the unwanted signal. tnless vou
staried with 4 recelver-blocking signal, the signal
may disuppear completely, i which ease inrrease
the strength of the signal source aud repeak the
suck-out eapacitors, Tighten the lock auts just
enough so that the screws will not move unless
turned with a serewdriver. Final adjustment
should be checked with the duplexer in the posi-

M d i
— i
i : e
v ‘\.
~B¥4 —- L 2 @ " 3-80L0ER
o T T
) P o T F— o
¥ APEMTUREfCS} wo——— — I:
- I
k 1. ],
- -% e e g SADlA, 1el"rons proLpER
2 ?
818" HOLE, TOP SURFACE; 18 DRILL. , BOTTOM
A on S AR Lt s R E T e E e Tk ol 4%=D -~ ) R ot L I =
o)
" i30LDER
. 13 o
< S T b
AT E T,
APERTURE tost
oL souoen
L t4 (] e =
s
in

Fig. 2-~Principal details of the trap filter, deslgned for inclusion in an 8 by 17-inch chassis, or assembled from shest
mefal as described. Assembly can be made longer, for fower-C tuned circuits and less eritical tuning, if greater than
standard chassis length is permissible.
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tion in which it is to be used, as best rejection
is aehieved only with very precise adjusiment,
and even the slight mechanical stresses introducerd
in fhe mouuting process tnay detune it up-
preciably,

Performance

With the simple procedure onilined, we came
up with a rejection of the uawanted frequency
higher than we could measure by simple methods,
bt it was determined fo he well in excess af 50
dB, Insertion loss ab the desired frequency was
only about | dB. Either quality san be improved
by adjustment of the aperture sizes, hut at the
expense of the other guality.

It should be emphasized that there are many
causes of receiver desensitization in vhf repeaters,
sume of which are ouoly slightly affected by o
device of this kind., Achieving high solation
between transmitter and recelver is rather like
curing most TV problems, in that a combination
of factors is usnally involved. As with TVI pre-
vention and cure, you “peel them off in layers,”
and uften oo une correclive meusure does the
whole job. Keeping transmister of power out of
the receiver antenna line will do little good if
transmitter and receiver shielding is inadequate,
or if power cablez tend to couple iransmitter
power into the receiver. Solutions for these
problems almost exacily follow 'TVI-proofing
practice, which is well established,

The transmitler power level and the separation
between the transmitling and receiving antennas
are Lwo obvious factors, having obvious but noi
necessarily easy solutions. Proper use of the
duplexer makes both relatively unimportant.
The duplexer is very helpful in the situation
common to many repeaters: lack of space on a
tower for appraciable vertical spacing of vertical
radiators, A duplexer cured receiver problems
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Fig. 3—Metal work suggestions for duplicating the filter
described. As some dimensions will depend on available
materials and assembly methods used, dimensions given
should be regarded as approximate only, End plates are
silver-ploted brass. The size-A holes are No. 10 drill,
for the tuned end of the filter, and 34-inch diameter for
the grounded end of the lines. Twe different-size partitiens
are needed, dimension L being 13 inches for the center
ang and 10 inches for the two on either side. No side
plates would be needed if a chassis is used, and only one
cover plate would be required. The 4 holes for mounting
the line supports are needed in the bottom cover
[or chassis surface) only,

inn ane repeater thai used ground planes 10 feet
apart, whereas a 60-foot ur greater separation
would have been needed without i.

A common bub frequently veglected cause of
receiver deseusitizution is the radiation of broad-
band noise by the transmitter. "Chis varies greaily
with transmitter design, but s lo bLe expected
in mosi. commerciul fo transmitters desigred {o
aperate over wide froquency ranges without
major retuning. Noise from the transmitter iz
dikcussed in detail in two very useful articles in
Ham RudioM? Incidentally, the [ootuote refer-
etice In the second sriicle Lo the first gives the
wrong year. They're both 1969 issues —— and
well worth your time,

Our Jduplexer was first checked on u repeater
using the same equipmeont us that treated by
WBGDO in the second of the referenced articles
-— and it did only a perceptible amount of good.
In tests b various levels of transmitter power
atd  with  differsnt antenna  separations, we
measured only 214 t0 4 dB umprovement in
receiver desensitization with the duplexer; not
enough to he worth the frouble of building and
adjusting it. Bub with other signal sources and
other receivers we made complete cures in situa~
tions where the receiver performance had heen
degraded by as inuch us 16 dB when the trans-
raitter cane on.

This led us to try ranning the Jduplexer in the
transmitter line, just out of curiosity, tuning the
rejection circuits to knoek out radiated noise
at the receiving frecquency. Transmitier power
had to be reduced, from 50 watts down to 17,
tn prevent Hashover in the duplexer. At this level
an initial desensitization of 11 dB was reduced
io a barely detectable 2 dB with the duplexer in
the cireuit. Transmitter power loss was only 3
wubts i 17, ur under 1 JdB. The right way to
solve this problem is to fix the transmitter, as
outlined by W6GDO,2 bul i} ix interesting to see
how much the duplexer helped when used in
this originally-unintended way. 1t would appear
from this that the duplexer might help in other
situations where eross-modulation and other
forms of receiver overloading are encountered
from signal sources of fixed frequency.

i Murphy, " Receiving System Degradation in FM Re.
peaters,” Ham Radio, May, 1044, p. 38.

P Brien, ¥ Tmproving the ¥ Repeater Transmitter for
Amateur Upe,” Hom Radip, Dotober, 1969, p. 24,
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Reducing Transmitter Noise

Our Motorola transmitter being similar to the
one modified by WEUD0O, we made his reronm-
mended changes Hrsi. Then some additional
work was done lo improve circail selectivity.
Modifications currently in the itransmitler are
as follows:

TVT First Doubler — 10 pF added, plste fa
ground. 7CH Tripler — 10 pF zrid o gronnd,
and & 20-pF miniature mien trimmer, plate o
gronmdd, 708 Seeond Doubler — 20-pF  1uiuin-
ture mica trimmer, grid to ground, wud 1i-pk
miniature air trimmer (Johnson 189-301-5), plate
oy grenoud, 21826 Doubler-Diriver — 11-pF minia-
fitte uir trimmer, grid to ground. 8298 Amplitier
— L1-pF miniature butterily {Johnson 160-211),
gricd bo grid, rotor grounder. This was racunted
in a hole drilled in the vdge of the chassis, io
permit luning with the botfom cover on.

Variable eapacitors were set {o the highest
value ihat would permit tuning the associated
vireaits with their core slugs. T'wo fnrns were
removed from the fop ends nf the T3-MBz eoils,
L and La, and the air irimmers were seb so that
the circuits fune with their brass siiuds neae to
tha all-oud position. Brase slues lower eirenit
t as they are run into the coils, so this im-
proves cirenit seleetivity markedly. The trans-
mitber was tuned up for maximum greid drive
and eufiput with the hottom cover off, and oniy
slight repenking was needed after the eover was
installed,

Though W6GDO reporis ihat only u slight
iinprovement in receiver desensibization resulted
from critical tuning of the transmitter cirenits,
we found fransmibier adjustment to be all-
inportant. With weak signuls on the repeater
input frequency, tuniug the transmitter cireuits
for minimum noise in the receiver made the
difference hetween complete readability and
eomplete insudibility. With the duplexer in the
veceiver line it ix now possible io pragtically
oiiminate receiver Jesensitization, even with
close anlenna spacings.

Pransmitter mljustments for this ideal result
are 80 close (o those for maximum transmitter
nubput that there is no discernible loss in radiated
power, Very likely the rather critical tuning is
the result of steps taken to 1mprove the siveuit
¢ all along the line — but it would have been
interesting Lo have iried transmibter adjustment
before the vireult modifications were made.

Comment from KOVQM

fane length: The lines should preferably not
be shorlened below about 422 wavelength, as
this makes tuning incrensingly ditficult,

Coupling: The primary coupling aperture, be-
twoon fa and fg, should be adjusted for near
eritical coupling for a wiven upuf and oubput,
loop size, with the trap circuils detuned. The
size of the inpub and antput loops deftermines the
lraded § of the lines, and consequently the band-
pass. They should be of pqual size and should be
adjusted, along with the primary roupling aper-
tare, for minimum bandwidth consistent with
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inseriion-loss wonsiderations. The secondary
coupling spertures and line spacing between 1,
and g, and f5 aod Lg ave raajor factors affecting
noteh depth wd shape, Moving the trap lines
with respect to the bandpass lines can make the
difference betwesn a #0-dB and an 80-dB notch
depth. The anbivibration supports (lhe <one
insulstors in viar version) allow some experimen-
iation with this, without rebmilding the filler,

{Ise a8 a dinleser: The high attenuation ab the
transmitting frequency would indicate the possi-
Lility of vombining this tilter with u snitable
transmiiting version o form a diplexer utilizing
vite antennsa for buth trunswitting and receiving.
It is anticipated that this shoold provide sde-
quate isolation for repeaier work with s trans-
mission Inss iuder | dB and a revetver loss of less
than 1.5 dB.

Effect of Temperature Changes: Tl is suspecied
that there may be soine defuning with large
temperature variations. This has not heen veri-
fied, buk shonld bha iaken into aerouni when Lhe
installabion is made, snil temperatury change kept
to a minimum, if possible,

Dimensinns for the MARS Frequencies: Tnside
uf euse ~— %8 by 2008 inches Lines — 14-inch
tubing, 1914 inches long. Apertures — 814-inch
openings for rejection coupling, 4-inch opening
for bandpass eoupling, Thess dimensions give
80 dB rejection at 14346 MHz with 12 4B
togertion losy ul 142,155 MHz Tuning disks are
#4-inch diameter, No plates online ends,  [GEi—
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t Here are some insulators, both feed-through and %
'f straln. Many ofd timers will recall the little round 7
& one and fhe longer-type. These are all Electrose 2
t wxcept for the glass one which is the first Pyrex
9 untenna insulator made by Coming. It is quite 9
5 massive. The design was suggested to Corning by &
¢ WITK and six were made, As far as is known, }
g this insulator is unique.—W1ANA 2
¥ 73



