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Introduction

This tc.lk concerns the design of the du-plexlng filters for
the commercial WA microwave communication equipment operating in
-the 1700 to 2000 mo region. Such equipment is extensively used
by pipe line companies and electric power companies. This equip-
ment is sold competitively both against other suppliers of micro-
wave equipment ~nd against suppliers of wire line facilities.
Thus it must be of accept~ble commercial quality, while production
costs must be an ever present design consideration.

Simultaneous operation on one antenna of one transmitter and
one receiver with a 4-0 megacycle separation In cmrier frequency
is made possible by the duplexing filter. A filter set consists
of a receiving filter and a transmitting filter connected to a
common junction point through a pair of coaxial lines called
filter arms. The receiving filter protects the receiver from
being overloaded by the local transmitter. The transmitting
filter Insures that at the recetving frequency the transmitter
will not adversely effect the match on the main transmission line.

Each of the filters has a p~ss band about 20 mo wide. At n
typ$cal relay station there are two ~ets of filters, one set for
the Eagt antenna and one for the West antenna. When standby equip-
ment Is installed, coP.xial switches connect to the $Ilters, so tkmt
no additional ~ilters are required.

In Fig. I i~ shown a typical rack of RCA GW-20A microwave re-
lay equipment. At the top are two filter sets. If desired, these
filters may be located in other places, such ~s on a nearby wall.

In Fig. 2 is snown a close up of a filter set. The longer
box is the 4 section receiving filter; the shorter box is the two
section transmitting filter. The tra,nsmj.sslon line from the an-
tenna connects to the Tee junction.

In Fig. 3 are shown det~ils of the filter construction. The
two coupli.n probes are threaded so as to have adjustable penet~a.-
tion. 1?The , threaded tuning plu[;s are used to align the filter at
the assigned center frequency.

In Fig. 4 is a block diagram of the system levels,

The levels throughout the system can be conveniently rej)re-
sented in termg of db r~ferred to one milliwatt. Thup, the trnnfi-

mitter output IS fipproxirnately +35 dhm, or 3 wotts. The received
power P.t the ffir end of & ty~,lcsl 30 mile y~th Is about -~~ dbm$
resulting from P. ty~~ic,”.1 ~)r tk. loss of ~0 d“~.
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Referrin~~ to Fig. k, we see ,ths. t the mixer cryst,sl in ‘the
receiver h~s four flj@R.ls P.pPl~ ~~ : The stron<~s+ i~ the locpl
osc.iils,tor at tile -~”dbm level. ‘Ine next stron~;est is the inter-
ferin~; si~;nd from tne locel tr:lnsmitter. The filter :;ttenuation
of 55 db recluces tl~e trarismitter output of +~~ dbjm to -20 dbm.
Thus the interfering local trsnsi:litter is 15 Cib below the 10CS1
oscillator. The need for this differential determines t~~e nec-
e~s~ry filter ettenu~,tlon. The interfering loc:~l transmitter
must be 10 or 15 db below the 10cal oscillator to avoid cross
modulntLon in the mixer.

In the absence of fnd.ing, tie desired signal from the
Wensmitter is about - ,,k~ db,m, Wfiicil -pr~vide~ & 30 to !!.0 db
me.r~in..2

A usable signal must be e.bout 20 db shove the th,ermal
F.t tfiie input. The 2(3 db ~llowa,nce is for tp.e noiqe fi~ure
converter and t~le thresi;old level of tne modul~ttion system

remote
fading

noise
of 3?*P
ils.?(~ .

The selectivity of tile IF amplifier is ensi.ly s.deaunte to keep
all significant e.mounts of tne locol tr:~nsmlttpr si~nfil 1’:-oM tFAe
output-of the IF amplifier.

DesiEn Procedure

A gr~.phical study was made of several filter types, using a
large chart on a drafting board to represent the complex frequency
plane. Logaritlimetic scales were attached to eo.ch pole location
and tne behavior e.long the real frequency axis of several pole
configurations was studied. Some simplicity in alignment would
result from an arrangement using two pass cavities nnd two ,<bsorp-
tion cavities. Stability considerations, and symmetry within the
passband decided. the design in favor of the four p~ss-c~vity
filter.

An early decision was, for reasons of economy, to fabricate
the resonant cavities from sheet netal. AS tile work progressed
it was decided th?t s~ctions of stendard waveguide would do very
well as the basic resonant element, 8.nd thus the design became
more a wavefluide filte~” than a lw)ped element filter.

Measurements showed ti~at es a ~/g inch diameter threaded
plug was screwed into the center of one side of a cavity, the Q
fell from 12,000 to 6,OOO ?.s tne resonant frequency dropped ~~
mc. In the final de~iqn this tunin~ plug could be used to very
the cavity frequency over n, r~.nRe of 30CJ mc without producin~
objectionable loss.

The coupling between the resonnnt cavities was origi:tally
planned to be coaxial, but the wavpnuid.e construction indl;:nted
that the common wall between adjncent ceviti~s could be fabricated
so n,s to provide this coupltr~. A round help in the common wall
worked well “but it necessitfi.te?. an expensl.ve construction. A
coupling composed of four identical rods spaced across the width
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of’ the wave~:ui. de waa studied. Ti~e procedure was to build a two
cavity filter using an arbitrarily constructed coupling of four
rods. The filter was then symmetrically loaded by input and
output coupling probes leadjng to the coaxial tr~.nsmission lines.
This Ioo,dlng WRS found so that the filter had R critically coupled
response.

The fractional band width of the response curve was then
used 8s a measuzze of the coupl.tng. This w~s found more convenient
t“han a direct measurement of the couplin~ ausept~nce. The response
curves so obtained a.~reed closely with the theoretical critl.call.y
coupled CUY’Ve!3.

At first, data was taken on the effect or rod diameter, L,q.ter
it was decided that production costs would be a minimum if a
stnnd.ard dls,meter rod was used, so the coupling was fine.lly de-
signed by t~klrig data on bandwidtn versus rod spacing.

After the two section filter was designed. it was found that
q 4 section filter of satisfactory characteristics resulted with
the same coupling construction between all four cavities. This
plan was adopted. The input and output couplinF to the cavity
is a simple cylindrical probe whose penetration ts adJusted ex-
perimentally when the filter is allgned within a few thousandths
of an inch.

To design these filters it was necessary to develop a sweep
generator} a directional coupler, nnd s precision termination.
The sweep generatcr uses a standnrd kly~tron tube in a cavity
that is mechmically modulated with a rotating paddle.

A directional coupler desi~n was developed having a direc-
tivity over 35 db and a sensitivity of about -18 db. Using the
directional coupler and a sweep ~enerator, it is eesy to get an
oscilloscope presentation of the filter response, so that a vwii~
of 1.1 makes a noticeable deviation in the response curve. As
the WJJR of 1.1 corresponds to an insertion loss v~ris.tion of
about .01 db, the method @ves a sensitive indication of inser-
tion 10ss variation.

Alignment

When the directional coupler method is used, it is practical
to experimentally align the successive cavities of the 4 section
filter without knowledge of the approximate proper location of the
tuning plu~s end coupling probes, but it is more expedl.ent to pre-
set Rll of the coupling probes and tuning slugs approximately, then
the final alignment is merely a trimmin~ operation. As preliminary

to the aligning of the filter, the load termination is checked to
be l.CJ~ or better, the dj.rectivity of the coupler is checked to
be greqter than 30 db. A reference line on the dc oscilloscope
is observed when using a stfindmd mismatch hnving a V~~JR of 1.2.
Thj.s insuzzes that low VS-{JR’S can be readily Sf)erl on the oscilloscope.
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A sif;l’lcll (’y?rlerctor to provide a mmker pip is introduced throuEii
the terminr~tln:: resistor. .4ri absorption type w~ve meter is also
coupled to this signs.1 genere.tor, ]>ermitting the frequency to be
se% with an accurscy of one hn.lf megacycle. From the silape of
the reflectl.on curve the ooerfitoy C.?R tel,l whether the coupling”
probes are too deep or too slwll.ow. l~hen the filter is fin~lly
aligned and the lock nuts sre tightened, the insertion loss ~.nd.
t~ie three db insertion. loss Ooirits d%ts iS t~.ken. The filter
cen be rever:ed end to end th see if ‘he ref’1.ection curve is
subst:fitially the samQ for both e~-~ds . < T’fie j.nspection holes are
sealed and the a.ligrment freauency sterlciled on the Yilter.

In Fig. ~ is shown the set u~ for nligning a filter. The
sweep generator, tile directional coupler, the filter, tlie filter
t::rminiti.on, $ile oscilloscope, the marker signal generator, and
the absorption type Travemeter are shown. Tt,e SM211 object near
tfie wrencn is a st~ndm+. aismatch il~ving a VS’dR of 1.2, which .
is used to cr.eck. tne sensitivity of the set up.

In Fig. 6 is shown a picture of the 4 section filter reflec-
tiorl ct.ar~.cteristic as see~ on tne oscilloscope. TP.ere is a
slig:~t bump in the response curve that ifi about 18 mc frou? the
center frequericy end does not show in this picture. This dissy-
mmetry is toleue.ted as the price -p~ld for tile simplicity resulting
from using all three coupling gratings of the ssme construction.

In Fig. 7 is shown an approximate cross section througn the
filter, and now the energy in one cavity is permitted by the
gre.tl.ng to be shared with the adjacent cavity.

Tlie ability of the transmitting< filter to isolate the trans-
mitter so the trarismitter cafinot sdversely effect the impedance
of the main trtinsmission line, is :’evenle~. by the sequence of
reactive termination circles cn~,racteristic of the transmittin~
filter. T~iree such circles are shown in Fig. Z, taken ~.t ~:emc,
>0 mc ~nd kO mc from the center frequency of t::e filter. ‘
smallest circle coi”responds to the operating conditions, since
the receiving and .trmsmitting freflueneies have a ~LO MC separ~tion.
Tie fj.].te~’ ~.rm rotates this circle so that a-t the Tee junction,
only very liigh shunt impedances are Q18ce3 across the transmission
line.

.

Ti~e filter arm connecting to tile receiver is cnoosen from
sirr.ilm corlsi5Ler:.tions. Thug the filters isolfite the equipment
so the or.ly critical lerjgths of’ transmission line ~re short
rigid filter ,arms . Tine lengths Or line (?Oll?leCting the eqUipmeIlt
to” the f’ilte!>s c~n be cnoosen from dict~tes of mechr.nical ’con-
venience.

To explnirl ?lle physicfil action of the ~:tting we might evolve
~.n equiv:llent lurn!) circuit repres~ritin:: the ~r~tinfl by on5 or more
rcaciances. It is perli~ps simpler to ~ive an interpretation on
the tX;SiS of :;-Le share< energY which is l)prinitted by tile gratir.g.
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Considering the two cavity filter we r{~~y say that the prlncipnl
energy in each cavity is within tile cavity and a small .arnount of
this energy extends tirough the grnti.ng end is shered with the
adjacent c~vlty.

As the illustration shows, a graphical plot of this shnred
energy has been approximately made. The shared energy must be
about 1 per cent of’ the totn.1 intern~l energy of the cavity, to
check with the per cent band width of the filter which is also
1 per cent.

These filters are sta~~dard equipment in many RCA l~icrov’a,ve
Relay Stations now in opere.tfon$ and have moven to be economical
to build and to align, and to he highly satisfactory in perfor-
mance.
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Fig. 1 - RCA GW-20A Microwave
Relay Eauipment
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Fig. 2 - Filter Set
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Fig. ~ - Filter Details
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Fig. 4-- System Levels

FiR* 5 - Alignment Set Up
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