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United States Patent Office 2,820,206 
Patented Jan. 14, 1958 

2,820,206 
, MICROWAVE FILTERS 

Maurice Arditi, Clifton, N.J., and Georges A. Deschamps, 
New York, and Jack Elefant, Brooklyn, N.Y., assignors 
to International Telephone-and Telegraph Corporation, 
a corporation of Maryland 

Application May 8, 1952, Serial No. 286,761 
5 Claims. (Cl. 333-73) 

This invention relates to microwave transmission sys 
tems and more particularly to microwave filters specially 
applicable to microwave printed, transmission lines and circuitry. 
... In the copending applications of D. D. Grieg and H. F. 
Engelmann, Serial No. 234,503, filed, June 30, 1951, and 
M. Arditi and P. Parzen, Serial No. 286,764, filed May 
8, 1952, now Patents 2,721,312 and 2,774,046, respective 
ly, a type of microwave transmission line is disclosed 
comprising, in one of its simplest forms, two conductors 
printed or otherwise disposed in substantially parallel 
relation on opposite sides of a strip or layer of dielectric 
material a small fraction of a quarter wavelength thick. 
The two conductors may be of the same width or one may 
be made wider than the other. The dielectric between the 
two conductors may be of substantially the same width as 
the narrowest of the two conductors or wider according to the relationships desired. 
One of the objects of this invention is to provide a 

microwave filter of narrow bandwidth characteristics 
utilizing a section of the aforementioned parallel strip type 
of line. - - - - 
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Fig. 2 is a cross-sectional view, taken along line 2-2 of Fig. 1; 
Fig. 3 is a circle diagram used in explaining susceptance 

characteristics of the post obstacles used in the filter; 
Fig. 4 is a frequency response curve for filters made in 

accordance with the principles of the present invention; 
Fig. 5 is a fragmentary view of a filter, showing, one 

resonant cavity section and a capacitive screw tuning ar 
rangement therefor; - - 

Fig. 6 is alongitudinal sectional view.taken along line 
6-6 of Fig. 5; - - - - - - - - 

Figs. 7, 8, and 9 show in plan view.modified arrange 
ments, fortuning resonant cavity sections that may be 
substituted for the screw tuning arrangement of Figs. 
5 and 6; : . . . v . . . . . . . - a 

Fig. 10 is a plan view of another form of filter made in 
accordance with the principles of this invention; 

Fig. 11 is a longitudinal sectional view taken along 
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Another object of the invention is to provide a micro- . 
wave filter of narrow bandwidth characteristics which is Small, light in weight, and relatively simple and inexpen 
sive to make. . 
One of the features of this invention is the manner of providing spaced susceptances of large value to define 

a resonant section or cavity in a parallel ribbon-like con 
ductor form of line. The susceptances, broadly speaking, 
may comprise the placing of two obstacles or other dis 
continuity structures in the line at spaced points to form 
a resonant cavity section therebetween. 
tinuities may comprise any structure capable of. pro 
ducing susceptances of desired values. For example, such 
a susceptance may be in the form of conductor projections 
disposed part way across the space between the parallel 
ribbon conductor, and a shunt susceptance may, comprise 
one or more conductors extending entirely across the 
space between the parallel conductors. These conductor 
projections or interconnecting conductors may be ar 
ranged in many different ways, including various conduc 
tor shapes, sizes, different locations relative to the longi 
tudinal axis of the line and in many different plural ar 
rangements. Another feature of the invention is the 
method and means for tuning the resonant spacing... As 
more fully described hereinafter, ... this... tuning of the 

These discon- ; 
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line 11-11 of Fig. 10; - 
Figs., 12, 13, and 14 are fragmentary views in plan of 

filter sections showing different arrangements of shunt 
susceptances; - - - - - - - - - - . . . . - 

Fig. 15 is a cross-sectional view taken along line 15-15 
of Fig. 14; . . . . . . . . . . . . . . . - - 

Fig. 16 is a fragmentary view in plan of another sus 
ceptance arrangement for the filtersection; 

Figs. 17 and 18 are sectional views, taken along lines 
17-17 and 18-18 of Fig. 16; and 

Fig. 19 is a view in plan showing two directly coupled 
resonant, sections of still another embodiment of the invention. - . . . 

Referring to Figs, 1 and 2, the microwave transmission 
line.shown is of the printed circuit type comprising a first 
or "line” conductor 1 and a second or "base" conductor 
2 with a layer 3 of dielectric material therebetween. The 
conductive, material may be applied and/or shaped or 
etched on a layer of dielectric, material, such as poly styrene, polyethylene, "Teflon, fiberglass, or other suit 
able material of high dielectric, quality, in the form of 
conductive paint or ink, or the conductive material may be chemically deposited, sprayed through a stencil, or 
dusted onto selected prepared surfaces of the dielectric, or by any other of the known printed circuit techniques. 
The spacing of the two conductors is preferably selected a 
small fraction in the order of about Aoto about/s of a 
quarter wavelength of the microwave propagated there 
along. . . . . . . . . . . . . . . . 

The microwave line of Figs. 1 and 2 is shown provided 
with spaced obstacles in the form of shunt susceptances 
as indicated by the posts 4,5; 6,7; 8,9. The three cavity 
sections provided by these posts are indicated as being 
of lengths “1,” the adjacent sections being coupled by 
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'responding increase in loss. Also, a plate of conductive 
resonant spacing or cavity may be accomplished . 
in various ways, including vernier capacitive screws, 
line compressors, or stretchers, and lateral line projections 
or protuberances. - 

. . The above-mentioned and other features and objects of 
this invention and the manner of attaining them will be-, 
come more apparent by reference to the following descrip 
tion taken in conjunction with the accompanying drawings 
wherein: 

Fig.1 is a plan view of one form of filter in accordance 
with the principles of this invention; 
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quarter wavelength sections of line. We have found 
that a post 0.052' in diameter disposed in interconnect 
ing relation across the line conductors, 1, 2, at the longi 
tudinal axis of the line, is equivalent approximately to a 
shunt susceptance of -6.5. Larger values of susceptance 
can be obtained with larger diameter posts. An increase 
in the size of post, however, is accompanied with a cor 

material or other obstruction may be placed on or made 
integral with one or the other of the line, conductors, 
either open or shorted at the ends with respect to the 
other line conductor. For further disclosure on this form of susceptance arrangements, reference may be 
had to our copending application, Serial No. 286,763, 
filed May 8, 1952. - . . . . . . . 

With these large values of susceptances, a microwave 
filter is obtained by proper spacing of the susceptances, 
and for multiple cavity resonators such filter sections may 
be quarter wave coupled or directly...coupled. The dis 
?tance for spacing the susceptances such as, obtained by 

  



3 
the posts 4 and 5, for example, may be obtained from 
the circle diagram shown in Fig. 3 and from the knowl 
edge that in such lines the ratio, phase velocity/velocity 
of light, is practically constant with frequency, that is, 
the line is not dispersive. 
The two circles 10 and 11 shown on the Smith admit 

tance chart, Fig. 3, were made from tests of single and 
double post susceptances of the forms indicated in the 
drawing. It will be observed that the single post at 10a 
is twice the diameter of each post employed at 11a, yet 
the circle 10 is smaller than circle 11 thus indicating that 
the loss of the single post while small is greater than 
that of the double posts. Relevant values obtained from 
the charts in these two tests are shown in the drawing. 
By way of example, a resonant section of line utilizing 

two posts to form the resonant section centered at 4700 
mc. per second were placed at a distance of 14.5 mm. 
measured between the axes of the posts. The frequency 
response of such a cavity is shown by curve 13, Fig. 4. 
Where a multiple section quarter wave coupled, such as 
illustrated in Fig. 1 is provided, the frequency response 
curve is narrowed as indicated by curve 14, thereby in 
suring a narrow band pass filter. As shown by the circle 
diagram of Fig. 3, the insertion loss of a single cavity at 
center frequency was about 1.4 db in a line having 3 
db/meter losses. This value of 1.4 db was obtained 
from a sample using fiberglass as the dielectric having 
large dielectric losses. These insertion losses, however, 
can be obtained by using "Teflon' dielectric. It will also 
be observed that from the circle diagram, the distance be 
tween the posts 4 and 5 is rather critical and that an error 
of 0.05 mm. in distance between axes of the posts will 
shift the centerfrequency of the pass band about 160 
megacycles. 

Since the spacing of the posts is critical, it is desirable 
to produce as accurate as possible the location of the 
posts. 
location the exact or nearly exact location may be ob 
tained by the following method. The hole for the post 
is made slightly larger than the post or wire conductor to 
be used. A drop of solder is applied to both ends of the 
post, one to connect the post to the conductor 2 and the 
other to conductor 1. Such solder locations are indicat 
ed at 15 and 16, Fig. 2. The solder is maintained soft 
by means of a soldering iron so that the position of the 
post may be adjusted slightly longitudinally or laterally 
with respect to the longitudinal axis of the line until an 
optimum position is obtained, whereupon the solder is 
permitted to freeze. This method of testing for the posi 
tion of the post may be made by using any suitable 
measuring technique, one satisfactory method of making 
such measurements being disclosed in the copending ap 
plication of G. A. Deschamps, Serial No. 333,164, filed 
January 26, 1952. When the location of the post is 
determined by experimentation, it may be reproduced 
accurately by photographic methods and printed circuit 
techniques. 

It is recognized, however, that some slight variation is 
always possible since a slight variation in position may al 
ter the susceptance value or the effective spacing rf the 
cavity section. It is accordingly desirable to have srme 
additional means for tuning a resonant section after 
fabrication of the filter. In Figs. 5 and 6 one form of 
tuning arrangement is shown. This form includes a tun 
ing screw 17 which preferably is provided on the lon 
gitudinal axis of the line, although it need not be, for 
adjustment relative the spacing between conductors 1 and 
2. Further, the screw 17 may be located anywhere de 
sired between the two obstacles. The dielectric 3 is pro 
vided with an opening 18 for this purpose. Where the 
conductor 1 or 2 through which the screw extends is 
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After an approximate determination of the post 
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of such small thickness that it would not provide satis 
factory threaded connection for the screw, a threaded 

2,820,206 
4. 

If desired, the opening 18 in the dielectric may be pro 
vided with threads to accommodate the threads of the 
ScreW. 

Figs. 7, 8, and 9 show variations of tuning arrange 
ments for the resonant section of the filter. In Fig. 7 
the line conductor 1a is provided with a wide Section 1b 
between the location of posts 4 and 5. By slicing away 
portions of the wide section 1b as indicated by lines 20 
and 21, the effective length between the axes of the posts 
4 and 5 may be varied. For example, the line is length 
ened by increasing the width of the line and shortened 
by narrowing the width of the line. This "lengthening” 
and "shortening" of the line has reference to line wave 
length. In Fig. 8 a similar tuning effect is obtained by 
placing a piece of wire 22 crosswise of the conductor 1 
between the posts 4 and 5. Tuning is effected by apply 
ing a drop of solder 23 to the wire 22 and while main 
taining the solder soft with a soldering iron, the wire is 
nudged from one position to another until an optimum 
tuning is obtained at which point the solder is allowed 
to freeze. Once the exact location of the piece of wire 
is obtained, the same may be reproduced by printing lugs 
on the conductor 1 as indicated at 24 and 25 in Fig. 9. 
Should further tuning be required, the ends of the lugs 
may be sliced away as indicated by line 26 until optimum 
tuning is obtained. If too much is sliced away, addi 
tional conductive material may be added to the ends of 
the lugs by soldering. 

Referring to Figs. 10 and 11, another filter embodi 
ment is shown wherein each resonant section is defined 
by four posts 27, 28, 29, and 30. As shown, two such 
resonant sections are indicated at 31 and 32 which are quarter wave coupled. The line section incorporating 
the posts is shown to comprise conductors 33 and 34 sup 
ported in spaced relation at the ends thereof with bodies 
of dielectric material 35 and 36. This permits the pro 
vision of free space within the length of the filter. This 
air space, however, requires a different spacing between 
the conductors 33 and 34 for impedance match with re 
spect to the line having solid dielectric between conduc 
tors. The ends of bodies 35 and 36 are tapered as shown 
at 35a and 36a to effect a gradual transition. The rela 
tionship of the two spacings for matched impedance may 
be expressed as 

d 

We 
Fig. 11, where e is the dielectric constant of the solid di 
electric. If additional support is desired, a foam poly 
ethylene or foam "Teflon' having nearly unity dielectric 
constant and very low losses may be used as the spacing 
material between conductors 33 and 34. While the con 
ductors 33 and 34 are shown to be of unequal width, 
they may of course be equal in width if desired. To 
provide additional tuning for the resonant sections and 
also for the quarter wave coupling, capacity screws 37 
are provided as indicated. This form of filter section 
where two small posts are used such as 27 and 28 
in the place of a single large post such as post 4, Fig. 1, 
to form one of the susceptance points in the line, is of 
advantage in that the smaller posts provide the equivalent 
susceptance of the one larger post and at the same time 
present less total loss. While the filter of Figs. 10 and 11 
is shown to have air dielectric between the conductors 33 
and 34, it should be understood that the dielectric mate 
rial 35 and 36 could be continued throughout the length 
of the filter if desired. 

In Fig. 12 a similar resonant section is illustrated de 
fined by four posts 38, 39, 40, and 41. The posts de 
fining each susceptance, however, are shown staggered. 
This staggering relationship provides for a delay in phase 
which may be of advantage in certain installations for 
suppressing undesired modes. Another arrangement for 

washer 19 is applied thereto for reception of the screw. 75 suppressing multi-modes is shown in Fig. 13 wherein the 
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filter susceptances are formed by providing a row of 
small posts as indicated at 42 and 43. Where a series 
of such posts are used, smaller wires may be employed 
than would be required for a single post for the same 
susceptance. Such arrangements of posts may be em 
ployed independently where the suppression of multi 
moding is required. It will also be recognized by those 
skilled in the art that a dispersion of posts along the 
line either in groups or following a given dispersion pat 
tern may be used for producing a lattice effect. 

Referring to Figs. 14 to 18, different obstacle arrange 
ments to provide desired susceptances at points along 
the line are shown to indicate a few of the possible dif 
ferent arrangements and shapes and dispositions that may 
be employed in following the principles of this inven 
tion. In Figs. 14 and 15, for example, a filter section is 
defined by four obstacles 44, 45, 46, and 47 in the 
form of vanes. These vanes may be of selected widths to 
simulate iris sections of desired dimensions. The iris 
sections represented by vanes 44 and 45 provide shunt 
Susceptance, the vanes being embedded in the dielectric 
48. In Figs. 16, 17, and 18, the conductor projections are 
shown in the form of irises, which if desired may extend 
the full width of the conductors 49 and 50 as indicated 
by the iris portions 51, 52, Fig. 17. The irises 51, 52 need 
not be the full width of the conductors depending on the 
amount of Susceptance required. The tuning arrange 
ment indicated at 53, Fig. 16, and shown in more detail 
in Fig. 18, comprises adjustable irises 54 and 55, one 
for each of the conductors 49 and 50. The two irises 54 
and 55 are centrally located in the resonant section and 
are opposed in spaced relation one to the other. 

Referring to Fig. 19, a directly coupled filter is shown 
comprising resonant sections 56 and 57 formed by three 
series of small posts 58, 59, and 60. Each resonant sec 
tion is preferably provided with an adjustable capacity 
Screw 61. While the series of posts as indicated at 58 
comprise three small wires shunted across the line con 
ductors, such series could be replaced by one or two 
posts or even by a greater number than three posts, if 
desired. 
While we have described above the principles of our 

invention in connection with specific apparatus, it is to be 
clearly understood that this description is made by way 
of example only and not as a limitation to the scope 
of our invention as set forth in the objects thereof and 
in the accompanying claims. 
We claim: 
1. A microwave filter comprising a pair of ribbon-like 

strip conductors, one of said conductors being of a width 
narrower than the other whereby the mode of propaga 
tion of wave energy therealong approximates the TEM 
mode, means disposing said conductors with the wide 
Surfaces thereof in spaced substantially parallel relation 
a fraction of a quarter wavelength apart to provide a 
waveguide having the space between said conductors con 
ductively open along the sides thereof, said means dis 
posing said conductors in spaced substantially parallel 
relation includes bodies of dielectric material terminating 
in tapered portions and spaced apart longitudinally of said 
Strip conductors, said strip conductors between said di 

10 

20 

25 

30 

35 

40 

45 

50 

60 

6 
electric bodies being spaced a shorter distance apart than 
at the location of said bodies, the spacing changing grad 
ually adjacent the tapered portions of said bodies, and a 
pair of susceptive obstacle discontinuities disposed in 
longitudinally spaced relation relative said conductors and 
in the space between said conductors to form a resonant 
section therebetween, the narrow spacing of said conduc 
tors and the different widths thereof operating to mini 
mize radiation effects laterally through said open sides in 
the vicinity of said obstacle discontinuities. 

2. A microwave filter comprising a pair of ribbon 
like strip conductors, one of said conductors being of a 
width narrower than the other whereby the mode of 
propagation of wave energy therealong approximates the 
TEM mode, means disposing said conductors with the 
wide Surfaces thereof in spaced substantially parallel re 
lation a fraction of a quarter wavelength apart to pro 
vide a waveguide having the space between said conductors 
conductively open along the sides thereof, said means 
disposing said conductors in spaced substantially parallel 
relation includes bodies of dielectric material spaced apart 
longitudinally of said strip conductors, said strip con 
ductors between said dielectric bodies being spaced a 
shorter distance apart than at the location of said bodies, 
the spacing changing gradually adjacent the terminated 
portions of said bodies, and a pair of susceptive obstacle 
discontinuities disposed in longitudinally spaced relation 
relative said conductors and in the space between said 
conductors to form a resonant section therebetween, the 
narrow spacing of said conductors and the different widths 
thereof operating to minimize radiation effects laterally 
through said open sides in the vicinity of said obstacle 
discontinuities. 

3. A microwave filter according to claim 2, wherein the 
filter section between adjacent obstacle discontinuities is 
provided with a conductive screw carried by one of said 
line conductors for adjustment relative to the other of 
said line conductors. 

4. A microwave transmission line according to claim 2, 
wherein said discontinuities each includes a conductor 
post disposed in conductive relation with respect to one 
of said line conductors and extend into the space between 
said line conductors. 

5. A microwave transmission line according to claim 2, 
wherein at least certain of said discontinuities include 
conductors interconnecting said line conductors. 
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