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Introduction

This talk concerns the design of the duplexing fllters for
the commercial ROA microwave communication equipment operating in
the 1700 to 2000 mec reglon. Buch equipment i1sg extensively used
by pipe line companies and electric power companies. This equip-
ment is sold competitively both against other suppliers of micro-
wave equlpment and agalnst suppliers of wire line facilities.

Thus 1t must be of accepteble commercial quality, while production
costs must be an ever present desglign conslderation.

S8imultaneous operation on one antenna of one transmitter and
one receiver with a 40 megacycle separation in carrier frequency
1s made posslible by the duplexing filter. A fllter set consists
of a recelving filter and a transmitting fllter connected to a
common Jjunction point through a pair of coaxlal lines called
filter arms. The receiving filter protects the receiver from
being overloaded by the local transmitter. The trensmitting
filter insures that at the receiving frequency the transmitter
will not adversely effect the match on the maln transmission line.

Each of the fllters has a pass band about 20 me wide. At a
typical relay station there are two sets of filters, one set for
the East antenna and one for the West antenna. When standby equip-
ment 1s installed, coexlal switches connect to the fillters, so that
no additionsl filters sre required.

In Fig. 1 1s shown a typical rack of RCA CW-20A microwave re-
lay equipment. At the top are two fllter sets. If desired, these
filters may be located in other places, such as on a nearby wall.

In Fig. 2 18 shown 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 tranamlssion line from the an-
tenna connects to the Tee Junction.

In Fig. 3 are shown details of the filter construction. The
two couplinﬁ probes are threaded so ae to have adjustable penetra-
tion. The 4 threaded tuning plugs are used to allign the filter at
the assligned center freqguency.

In Fig. 4 is & block dlagram of the system levels.

The levels throughout the system can be conveniently repre-
gented in termsg of db referred to one milliwatt., Thue the troans-
mitter output 1s approximately +35 dbm, or 3 wotts. The received
power at tne far end of s typlesl 30 mile path is sbout -U5 dbm,
resulting from o typilcrl peth loss of 80 db.
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Referring to Fig. L, we see .thst the mixer crystel in the
recelver heg four slgnals applied. The gctrongee*t L1sg the locel
osciilator at tae -5 dbm level., The next strongest is the inter-
fering signal from tne locel transmitter. The filter attenuation
of 55 db reduces the transmitter output of +325 dbm to -20 dbm.
Thus the interfering local trensmitter is 15 db below the local
oscillstor. The need for this differential determines tne nec-
essary fllter sttenustion., The interfering local transmitter
must be 10 or 15 db below the local oscillator to avoid cross
modulstlion in the mixer. -

In the absence of fading, tune desired signal from the remote
trenemitter 1s about -45 dbm, whicn vrovides & 30 to YC db fading
marzin,

A ugable eslgnal must be about 20 db above thie tihermal noise
ot the input. The 20 db allowance is for the noise figure of tihe
converter and the thresnold level of tne modulstion system usad.
The selectivity of the IF amplifier is easily adecuante to keep
all significant emounts of %the locesl trengmitter signsl Prom the
output of the IF smplifier.

Design Procedure

A grephical study was made of several filter types, using o
large chart on a drafting board to represent the complex frequency
vlane. Logarithmetic scales were attached %to esch pole leocation
and tne benavior slong the real freaquency axls of severasl pole
configurations was studled. Bome simpliclty in alignment would
result from an arrangement using two pass cavitles and two sbsgorp-
tion cavities. Stability considerations, and symmetry within the
passband declded the design in favor of the four psss-~cavity
filter.

An egrly declsion was, for reasons of economy, to fabricate
the resonant cavitles from sheet metal. as thne work progressed
it was declded tirt sections of standard waveguide would do very
well as the baslic resonant element, snd thnus the design became
more a wavegulde filter tnan a lumped element filter,

Meagsurements showed that as a 5/8 inch dlameter threaded
plug was screwed into the center of one side of a cavity, the Q
fell from 12,000 to 6,000 ns thne resonant frequency dropped &5
me. In the final desipn this tuning plug could be uged to vary
the cavity frequency over a range of 300 mc without producing
objectlionable loss.

The coupling bhetween the resonant cavitles was origirally
planned to be coaxial, but the wavegulde congtruction indicated
that the ceommon wall between adjacent cevities could be fabriceted
so ng to provide this coupline. A round nole in the common wall
worked well but it necessitsted an expensive congtruction. A
coupling composed of four identical rods spaced across the width
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of the wavegulde wag studied.. The procedure was to build a two
cavity filter using an arbitrerily constructed coupling of four
rods. The filter was then symmetrically loaded by input and
output coupling probes leading to the coaxial trensmission lines.

Thie loading was found so that the filter had e criticslly coupled
response,

The fractional band width of the response curve was then
used g8 & measure of the coupling. This was found more convenient
than & direct measurement of the coupling suseptance. The response
curves so obtained agreed closely with the theoretical criticaelly
coupled curves.

At first, data was taken on the effect of rod diameter, later
1t wag decided that production costs would be a minimum if a
stsndard dlameter rod was used, so the counling was finally de-
signed by teking date on bandwidth versus rod spacing.

After the two section filter was designed 1% was found that
a U4 section filter of satisfactory characteristics resulted with
the same coupling construction between all four cavities. This
plan was adopted. The input and output coupling to the cavity
1s & simple cylindrical probe whose penetration is adjJusted ex-
perimentally when the filter is allgned within a few thousandths
of an inch.

To design these Tilters 1t was necessary to develop a sweep
generator, a directionsl coupler, and s precision terminatiocn.
The sweep generatcr uses a standard klystron tube in & cavity
thet 1s mechenically modulated with a rotating paddle.

A directional coupler desipgn was developed having a direc-
tivity over 35 db and a sensitivity of about -18 db., Using the
directional coupler and a sweep generstor, it 1s eessy to get an
oscilloscope presentation of the filter response, so that a VSWR
of 1.1 makes a noticeable devlation in the response curve. As
the VSWR of 1.1 corresponds to an insertion loss variation of
sbout .01 db, the method gives a sensltive indication of inser-
tion loss verlsastlon.

Allgnment

When the directional coupler method i1s used, it 1s prsctical
to experimentally elign the successive cavities of the U4 section
filter without knowledge of the approximate proper location of the
tuning plugs and coupling probes, but 1t 1s more expedlent to pre-
gset rll of the coupling probes and tuning slugs epproximately, then
the final allgnment is merely & trimming operation. As preliminary
to the aligning of the fillter, the load termination is checked to
be 1.02 or better, the directivity of the coupler is checked to
be greqter than 30 db. A reference line on the dc oscilloscope
1g observed when using a standard mismatch having a VSWR of 1.2,
This insures thet low VSWR's can be readily seen on the oscilloscope.
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A slgnel generotor to provide s marker pip 1s introduced through
the terminnting resistor. An absorption type weve meter is slso
coupled to this signal generstor, permitting the frequency to be
set with an asccurscy of one helf megacycle. From the shape of
the reflection curve the onerstor c¢=n tell whether tne coupling”
probes are too deep or too shsllow, VWhen the filter is finslly
alisned and the lock nuts ere tightened, the insertion loss and
thie three db insertion loss points dste is taken. The filter
con be reverced end o end to see if the reflection curve 1s
substentially the samne for both ends. ' The inspeciion holes are
gsealed and tne alignment freauency stenciled on the filter.

In Plg. 5 ig shown the set up for allgning a filter., The
sweep generator, tne directional cougler, the filter, thne fllter
terminetion, the oscllloscope, the marker signal generator, and
tue absorption type vavemeter are shown. The smell object near
tne wrench 18 a stendard mismstch neving a VSWR of 1.2, which
is used to cneck the sensitivity of tihe set up.

In Fig, € is shown a picture of the 4 section filter reflec-
tion charscteristic as seen on the oscilloscope. There 18 a
8ligat bump in the response curve %that is about 18 mc from the
center frequency and does not show in this picture. This disym-
metry is tolerated as the price peld for tiie simplicity resulting
from using all three coupling gratings of the ssme construction.

In Fig. 7 1s shown an approximate cross section tnrougn tne
filter, and now the energy in one cavity is permltted by the
grating to be shared with the adjacent cevity.

The sbility of the ftransmitting filter to isolate the trans-
mitter so the transmitter carnnot sdvergely effect the impedance
of the main traenemission line, 1s revesled by the sequence of
reaciive termination circles cnrracteristic of the ftransmitting
filter. Three such circles are snown in Fig. &, taken at 20 mec,
20 me £nd 4O me from the center frequency of %he filter. The
smallest circle corresponds to the operating conditions, since
the receiving and trensmitting frecuencies have a 1O mc separetion.
Trne filter srm rotates this circle so that at the Tee Junction,
only very nlgh shunt impedences are placed across the transmission
line.

Trie filter arm connecting to tiae receiver is cnoosen from
similsr considerstions. Thus the filters isolate the equipment
so the only critical lengths of trensmission line ere ghort
rigid filter arms. The lengths of line connecting the equipment
to *he filters can be choosen from dictetes of mechanical con-
venience.

To explalin the pnysical action of the graoting we might evolve
an equivalent lumn circult representing the greting by oné or more
reactances. 1% is verheos simpler %o glve an interpretation on
the hesis of the shared  energy wilen is permitted by the grating.
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Considering the two cavity filter we may say that the principsal
energy in esch cavity is within the cavity and a small amount of
tnls energy extends tinrough the grating end is shared with the
adJacent cavity.

Ag the illustreation shows, a graphical plot of thls shared
energy has been approximately made. The ghared energy must be
‘ebout 1 per cent of the totnl internel energy of the cavity, to
check with the per cent band width of the filter which is also

1 per cent.

These Tllters are standard equipment in many RCA Microwave
Relay Stations now in operation, and have oroven to be economical
to bulld and to allgn, and to he highly satisfactory in perfor-

mance.

Fig. 1 - RCA CW-20A Microwave
Relay Equipment
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Fig. 2 - Fllter Set
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7YPICAL SIGNAL LEVELS IN A MICROWAVE
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Fig. 4 - System Levels

Fig. 5 - Allgnment 8et Up
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Fig. & - Reflection Characteristic

Fig. - Transmitti Filt
REACTIVE TERMINATION C/RCLES / Cross Sect?gn titer

FOR TWO-SLCTION FILTER

Fig. & - Reactive Termination Circles
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