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1 Claim 

ABSTRACT OF THE DISCLOSURE 
A microwave multiplexer is disclosed. Microwave mul 

tiplexers are required to take many signals of dilterent 
frequencies which are propagating on a single transmission 
line and separate them out onto a number of transmis 
sion lines according to their frequencies. The multiplexer 
disclosed in this application consists of a plurality of 
identical channel units connected in cascade. Each chan 
nel unit has a band-pass and a band-stop ?lter. The mul 
tiplexer channel units can be constructed from stripline 
elements or waveguide elements. A novel iris coupled 
resonator used with the Waveguide multiplexer is also 
disclosed. 

This invention relates to multiplexer channel units, 
and more particularly to a ?lter unit for separating out 
bands of microwave frequencies from a transmission line 
carrying a large range of microwave frequencies. 

Microwave multiplexers are required to take many sig 
nals of different frequencies which are propagating on 
a single transmission line and separate them out onto 
a number of transmission lines according to their fre 
quencies. In principal this can be done by using a band 
pass ?lter to separate out each of the desired frequencies. 
If the band-pass ?lters for the various frequencies are 
connected in parallel, then the many frequencies on the 
main transmission line are separated out into the in 
dividual ?lters. ‘In practice, this is very di?i‘cult to do, 
particularly at microwave frequencies because conven 
tional band-pass ?lters will interact with each other. In 
teraction of the ?lters has an adverse effect on the per 
formance of each ?lter. The undesirable interaction ef 
fects can be reduced somewhat by connecting all the 
?lters to a common point. Unfortunately, when wave 
guides or other forms of microwave transmission lines 
are used, only a very limited number of ?lters can be 
joined together at one point. 

Directional ?lters have been used with some success 
to multiplexer units. These ?lters use a main transmis 
sion line and the signals to be separated out are taken 
away by a directional ?lter structure which condutcs 
them out to a side transmission line. The main trans 
mission line has the property of always presenting a 
matched impedance. For this reason, in theory any num 
ber of directional ?lter channel units can be cascaded, 
without undesirable interaction effects. 
Although in concept directional ?lters appear to be 

ideal as multiplexer ?lters, they have some practical dis 
advantages. In order to obtain directional '?lter action, 
each resonator of the ?lter must support two orthogonal 
resonant modes at the same time. Because of this, direc 
tional ?lters are quite difficult to tune if there are more 
than one or two resonators in the ?lter, and usually 
more than two are necessary. Also, directional ?lters 
require a relatively tight coupling to the main transmis 
sion line. This tight coupling causes a very sizable volt 
age standing Wave ratio (VSWR) at frequencies off of 
the pass-band of the directional ?lter, particularly in the 
case of Waveguide directional ?lters. Thus, while in theory 
directional ?lter channel units should present a perfect 
impedance match at all frequencies, in practice the mis 

10 

15 

25 

30 

40 

55 

60 

65 

70 

3,428,918 
Patented Feb. 18, 1969 “cc 
2 

match introduced by practical ?lter units may be quite 
large. 

I have invented a multiplexer channel unit that has 
all the advantages of directional ?lter units, with con 
siderable fewer of their disadvantages. Basically, my mul 
tiplexer channel unit comprises a pass-band ?lter and a 
stop-band ?lter. The unit is designed to select a single 
frequency or a band of frequencies from a transmission 
line carrying a large number of frequencies. Any number 
of my channel units can be cascaded together so that 
all frequencies carried by a given transmission line can 
be selectively taken from the line. There is essentially no 
interaction between the units and not tuning problem 
exists when my channel units are cascaded. 

Therefore, an object of my invention is to provide a 
multiplexer channel unit. 
Another object of my invention is to provide a sys 

tem for selecting by frequency one or more signals from 
a transmission line carrying a large number of signals 
of different frequencies. 
A further object of my invention is to provide a mul 

tiplexer channel unit so designed that any number of 
these units can be cascaded together without any adverse 
effects. 
The above mentioned and other objects of the inven 

tion will become apparent from the following detailed 
description and accompanying drawing in which: 

FIG. 1 shows a strip line version of my invention; 
FIG. 2 shows a waveguide version of my invention; 

and 
FIGS. 3(a)—3 (0) show in detail the tuning screw and 

the resonant iris construction of the stop-band resonators 
of FIG. 2. 

vReferring to FIG. 1, input signals are applied to a 
transmission line 4 at the input terminal 1. Assume that 
a large number of signals having frequencies of f1 to 
fn are so applied to transmission line 4 and that the 
signals travel in the direction of the arrow at input 1. 
It will also be assumed in the following discussion that 
all the signals except those having a frequency of f1 are 
to be present at the output terminal 2. The elements 
5, 6, 7 and 8 are resonators which are a quarter wave 
length long at frequency h, in this case, and which are 
short-circuited at one end and open-circuited at the 
other end. Elements 5, 6, 7 and 8 form an interdigital 
band-pass ?lter so designed that only those signals on 
transmission line 4 having a frequency i, will appear at 
the output terminal ‘3. 
The elements 9, 10 and 11 are also resonators that 

are open-circuited at one end and short-circuited at the 
other end. These elements form a band-‘stop ?lter. The 
band-stop ?lter rejects all those signals having a fre 
quency of f1 While permitting all the other signals to pass 
to output 
The combined action of the band-pass ?lter and band 

stop ?lter is such that output 2 is effectively isolated 
from all those signals having a frequency of f1 and out 
put terminal 3 is effectively isolated from all those sig 
nals having a frequency different than f1. Any number 
of units constructed similar to the unit shown in FIG. 
1 may be connected together. The only difference be 
tween the units will be the frequency characteristics of 
the ?lters. Each unit is designed to select a different fre 
quency. Of course the ?lters of each of the units can be 
so designed that each unit will select those signals fall 
ing within a particular frequency band rather than just 
those signals of a given single frequency. 

'In practice, the strip line version of my multiplexer 
channel unit is constructed in accordance with conven 
tional design techniques. By proper design the input im 
pedance looking in from terminal 1 can be made to be 
nearly a perfect constant resistance. For this reason, 
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any number of units can be cascaded without harmful 
interaction effects. 

FIG. 2 shows a waveguide version of my multiplexer 
channel unit. The waveguide 4 is the main transmission 
line. ‘Input signals having different frequencies are simul 
taneously applied to waveguide 4 at the input 1. The 
signals travel along waveguide 4 in the direction ind-i 
cated by the arrow. The elements numbered 6 are con 
ventional cavity resonator-s. Each resonator is provided 
with ‘a tuning screw 9. The element 7 is a waveguide 
band-pass ?lter. The elements number '8 are specially 
designed resonators which will be more fully described. 
A residual reactance annulling screw 5 is provided at 
the bottom of waveguide 4. 

‘It is again assumed that the multiplexer unit shown is 
to select only those signals having a frequency of f1 
while permitting all other signals to pass to the output 
port 2, then cavity resonators 6 will be designed and 
tuned by means of tuning screws 9 to be resonant at 
frequency f1. Band-pass ?lter 7 is designed to pass only 
those signals of frequency f1. Therefore, only f1 signals 
will appear at the output port 3. 

Resonators 8 are designed and tuned by means of the 
tuning screws 10 to reject f1 signals while permitting 
all other signals to pass on to ‘the output port 2. Reso 
nators 8 form a band-stop ?lter. The band-stop ?lter 
assures that no f1 signals will appear at port 2. There 
fore, the combined action of cavity resonators 6 and 
bandepass ?lter 7 and the band-stop ?lter assures that 
only f1 signals will appear at a port 3 while all other sig 
nals will pass undisturbed on to port 2. 
Any number of waveguide units of the type shown in 

FIG. 2 may be cascaded with little or no adverse effects. 
Each unit, of course, is designed to select a di?ierent 
frequency or band of frequencies. The resonators are . 
readily brought to resonance by adjusting their tuning 
screws. Tuning is a simple matter when compared with 
the di?‘iculties encountered in attempting to tune wave 
guide directional ?lter. 
As was mentioned above, resonators 8 are specially 

designed devices. All the other components are conven 
tional waveguide components. I attempted to use con 
ventional iris-coupled band-stop resonators for the band 
stop ?lter, but I found that because of the inductive-iris 
couplings of these resonators, the structure had an ex 
cessive voltage standing ratio at frequencies off of the 
channel separation frequency. For this reason I designed 
a novel type of band-stop ?lter resonator. This resonator 
is shown in detail in FIGS. 3l(a)-3l(c). 
As shown in FIGS. 3(a) and 3*(lb), a small resonant 

iris 13 is cut out of a slab of metal 12. The whole slab 
of metal with the iris is soldered into the top wall of 
waveguide 4. The back wall 14 behind the iris is 0.100 
inch away from iris 13 while the metal wall that iris 
13 is cut out of is 0.050 inch thick. Iris 13 is brought 
to resonance at the desired frequency by tuning screw 
10. Screw 10 is a chrome plate brass screw which is 
capped by a section of dielectric material 1'5 and an 
end cap 16 of aluminum foil 16. Thus, the actual tuning 
is achieved by the dielectric portion of the screw with 
the aluminum foil tip. The main advantage of this type 
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of resonator is that it is small and compact and operates 
much like a lumped-element resonator. The use of my 
novel resonator resulted in a much lower off-resonance 
voltage standing ratio than which occurred when I used 
conventional iris-coupled band-stop resonators. 
The conventional iris coupled cavity resonators used 

for resonators 6 also tended to give a sizable voltage 
standing ratio olf of the pass-band of the band-pass ?l 
ter. This problem is solved by the use of residual re 
actance-annulling screw 5. 
From the foregoing remarks it is apparent that I have 

invented a microwave frequency multiplexer channel unit 
that has all the advantages of the conventional prior art 
type of multiplexer channel units without the major dis 
advantages of the prior art devices. Any number of my 
multiplexer channel units can be cascaded without any 
adverse interaction or tuning problems. Furthermore, 
waveguide or strip line techniques can be used to con— 
struct my multiplexer channel unit. 
The invention has been described with reference to 

two preferred embodiments. It will be obvious to those 
skilled in the art that various modi?cations and changes 
can be made to the embodiments shown and described 
without departing from the spirit and scope of the inven 
tion as de?ned in the appended claim. 

‘I claim: 
1. A multiplexer channel unit comprising a waveguide 

transmission line; a waveguide band-pass ?lter coupled 
to said transmission line, said band-pass ?lter having ?rst, 
second and third tunable resonators connected in series 
and a waveguide ?lter section connected to said third 
resonator; and a band-stop ?lter coupled to said transmis 
sion line, said band-stop ?lter having ?rst and second iris 
coupled resonators, each of said iris-coupled resonators 
having a slab of metal with an iris cut out of said slab, 
a back plate mounted in back of said iris plate in such a 
manner that said iris is .100 inch away from said back 
plate and a chrome plated tuning screw having a dielec 
tric cap and an end cap of aluminum foil. 
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