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ABSTRACT OF THE DISCLOSURE

A cylindrical cavity resonator and waveguide con-
structed from a low expansion fused silica or glass ceramic
material and having a high order of frequency and di-
mensional stability as a function of temperature and
time. The high level of stability achieved eliminates the
need for frequency compensation which characteristically
degrades with age.

BACKGROUND OF THE INVENTION

The resonant frequency of a cavity resonator is a func-
tion of the physical dimensions of the cavity. Stability of
the resonant frequency is dependent upon the ability of
the materials comprising the resonator to maintain di-
mensional stability. Thermal expansion properties and
the tendency to creep with the passage of time are both
factors affecting the dimensional stability of materials.
Though dimensional changes caused by these factors may
be comparatively slight, when resonators are operated in
the microwave range even minute dimensional changes
can produce serious frequency instability. Consequently,
it is desirable to construct resonators from materials hav-
ing low thermal expansion properties.

An example of one of the lowest expansion materials
that has commonly been used in resonator construction is
Invar, an alloy of nickel and iron usually containing
about 36% nickel with traces of selenium and cobalt. A
difficulty encountered with the use of Invar results from
the fact that it is quite hard and difficult to machine.
Articles made from Invar are ordinarily work hardened
and contain high levels of residual stress. This condition
promotes creep in the material resulting in graduval di-
mensional changes as residual stresses seek to redistribute
and relieve themselves over a period of time. The tend-
ency of Invar material to creep is reduced somewhat by
the process of annealing to permit stress relief, but it is
not eliminated entirely. It is difficult to assign an absolute
value to the magnitude of creep in Invar since it is gen-
erally dependent upon the manner in which the material
has been processed and machined but in any case, creep
is known to have been one of the major contributors to
frequency instability in resonator materials.

To help avoid problems of dimensional instability in
resonators constructed of materials such as Invar, a means
of providing some degree of automatic frequency stabil-
ity, commonly called frequency compensation, is often
designed into the resonator structure. A common means
for achieving frequency compensation in cylindrical cav-
ity resonator involves use of a hollow cylindrical sub-
strate made from relatively low expansion material, and
end sections, made from higher expansion material, clos-
ing each end of the cylinder to form a resonant cavity.
Each cylinder end section takes the shape of two flat discs
of different diameters, one mounted coaxially upon the
other. The smaller diameter disc, being of slightly less
diameter than the inside diameter of the cylindrical cav-
ity, projects into the cavity from one end of the substrate
while the larger diameter disc fits securely against the
circular rim of the cylinder end.
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In the above described resonator configuration, a tem-
perature increase causing the length of the cylinder to
expand also caused the thickness of the smaller diameter
disc portion of each end plate to expand into the cavity
in a manner calculated to maintain the cavity at a con-
stant resonant frequency. Similarly, a decrease in ambient
temperature which produces contraction of the cylinder
length also produces contraction in the thickness of the
end plates tending to maintain the cavity at constant res-
onant frequency. Since the thicknesses of the smaller
diameter discs are usually considerably less than the
length of the cylindrical substrate, they must expand or
contract to a greater extent per degree of temperature
change than does the cylinder length if frequency com-
pensation is to be achieved. Consequently, the end plate
material must have a coefficient of thermal expansion of
greater magnitude than does the material comprising the
cylindrical substrate.

One difficulty in using high expansion materials to ob-
tain frequency compensation is that, ordinarily, the tend-
ency of such materials to creep with time is greater than
with lower expansion materials. Also, the difference in
radial expansion and contraction of the low expansion
cylindrical substrate material and the end-plate materials
may produce additional stressing of the materials result-
ing in geometric distortion of the cavity and a reduction
in the ability of the dissimilar resonator materials to com-
pensate for dimensional changes.

Thus, because of their relatively high thermal expan-
sion tendencies, resonators have required frequency com-
pensation in order to obtain a reasonable degree of sta-
bility. However, the high degree of creep occurring in
frequency compensated resonators reduces the ability of
dissimilar resonator component materials to interact with
one another to maintain frequency stability over long
periods of time. Consequently, operating performance
diminished continuously with aging of the resonators ma-
terials. Even where the tendency to creep has been mini-
mized by annealing or other means, frequency compen-
sation methods do not ordinarily produce high levels of
stability over a wide temperature range. This is because
materials having high coefficients of thermal expansion
do not ordinarily expand at the same rates per unit of
temperature change over a wide range of temperatures.

BRIEF DESCRIPTION OF THE INVENTION

It is an object of the instant invention to provide a
cavity resonator with coupling system having a high or-
der of dimensional stability.

It is yet another object of the instant invention to pro-
vide a cavity resonator with coupling system having a
high order of frequency stability without the necessity
of employing frequency compensation.

It is still another object of the instant invention to
provide a cavity resonator with coupling system whose
quality of frequency stability and performance is sub-
stantially unaffected by aging.

It is an additional object of the instant invention to
provide a means for electromagnetic coupling to the cav-
ity of a microwave resonator without appreciably decreas-
ing resonator frequency stability thereby.

It is also an object of the instant invention to provide
a cavity resonator with coupling system having a high
degree of frequency stability over a wide range of ambient
temperatures.

Briefly, in accordance with the instant invention, a cav-
ity resonator for electromagnetic energy is provided con-
sisting of a hollow ¢ylindrical substrate and a pair of flat
end plates adapted to fit against the ends of the substrate
so as to form a cylindrical cavity with closed ends. The
substrate, end plates, and means used to fasten the resona-
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tor assembly together are constructed of the same low ex-
pansion material selected from the group consisting of
fused silica or glass-ceramics. A film having high electrical
conductivity and a smooth surface finish covers the cav-
ity defining surfaces of the substrate and end plates. An
opening defining portion of the cylinder wall and film is
provided in order to couple electromagnetic energy be-
tween the cavity and points external thereto.

Additional objects, features and advantages of the in-
stant invention will become apparent to those skilled in
the art, from the following detailed description and at-
tached drawings on which, by way of example, only the
preferred embodiments of the instant invention are il-
lustrated.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an exploded view of the cylindrical cavity
resonator and waveguide illustrating one embodiment
of the instant invention.

FIG. 2 shows a cross sectional view of a tunable co-
axial cavity resonator illustrating another embodiment of
the instant invention.

FIG. 3 shows a cross sectional view of a cylindrical
cavity resonator employing an alternative means of tun-
ing and illustrating another embodiment of the instant
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring to FIG. 1 a cylindrical cavity resonator com-
posed of a hollow cylindrical substrate 10 and a pair of
flat cylinder-end plates 12 is constructed from a single
low expansion fused silica or glass-ceramic material. Such
materials have considerably lower rates of thermal ex-
pansion than conventional resonator materials such as
Invar. The approximate compositions of two suitable ex-
amples of glass-ceramic materials are listed in column 1
and 2 of the table below. Columns 3 and 4 of the table
list the approximate compositions of two suitable fused
silica materials. The cylinder-end plates 12 are secured
to the substrate 10 by means of threaded fasteners 13
made of the same material as the substrate 10 and the
cylinder-end plates 12.
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The inside surface of the substrate 10 and one face of
each of the cylinder end plates 12 defining the resonator
cavity are covered by a thin metallized film 14 such as
copper, silver, glass frit-silver mixtures, alloys of either
copper or silver, or the like in any suitable manner well
known in the art. The film 14 should be as highly con-
ductive electrically and have as smooth a surface finish
as possible in order to minimize electromagnetic energy
losses within the cavity.

Since the metal composition of the film 14 has a much
higher thermal expansion characteristic than does the low
expansion substrate 10 and end plates 12, the film 14 is
made as thin as possible in order to minimize cavity di-
mension changes due to thermal expansion thereof.
Making the thickness of the film 14 as small as possible
also.increases its ability to.adhere to the substrate'and end
plate materials.

However, the minimum thickness of the film 14 should
be at least 3 times the skin depth of electromagnetic en-
ergy penetrating the film 14. Skin depth, being a well
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known function of the frequency of electromagnetic en-
ergy, requires that the minimum permissible thickness of
the film 14 be determined for the range of resonant fre-
quencies of the individual cavity.

One example which meets the above criteria is a res-
onant cavity having a diameter equal .to its length of 4
cm. and a silver electroconductive film 2.5 microns thick
covering the cavity defining surfaces of a low expansion
glass-ceramic resonator. For the resonant cavity of this
example, when subjected to electromagnetic energy hav-
ing a frequency equal to its resonant frequency of 8.4
gHz., a conductive film thickness of 2.5 microns is at
least 6 times the skin depth of electromagnetic energy
penetration. For a range of operating temperatures from
about —50° C. to about 100° C. the expansion and con-
traction of the conductive film 14 of this example is
negligible.

Electromagnetic energy coupling to the resonator cavity
of this example is accomplished by means of a wave-
guide composed of a pair of semi-cylindrical sections 16,
having flanged ends for mounting purposes, made of the
same material as the substrate 10 and cylinder-end plates
12. Rectangular channels 17 formed lengthwise within
the flat surface of both sections 16 are coated with a
thin electro-conductive film 18 and form a rectangular

_waveguide of suitable dimensions when the sections 16

are fastened together and to the substrate 10 by means
of suitable threaded fasteners 19 made of the same ma-
terial as the substrate 10, A flat face 20 formed in the
curved outer surface of the substrate 10 provide a suit-
able surface for mounting of the waveguide sections
16. An opening 22 through the face 20 is positioned to
permit electromagnetic energy exchange between the
waveguide and the cavity within the substrate 10.

FIGS. 2 and 3 illustrate two examples of means for
tuning the cavity of the resonator of the instant inven-
tion. FIG. 2 illustrates tuning of a coaxial type resonator
by means of an adjustable tuning screw 24 which projects
through cylinder-end section 26 into cavity 28. All com-
ponent parts of the tunable cavity resonator are made of
the same low expansion fused silica or glass-ceramic ma-
terial. All surfaces defining the cavity 28 are covered
with a thin metallized film 34 having high electrical con-
ductivity and a smooth surface finish. That portion of the
tuning screw 24 adapted to project through the end sec-
tion 26 into the cavity 28 is likewise coated with a thin
metallized film 34. An opening 36 in the cylinder wall 30
provides means for coupling electromagnetic energy be-
tween the cavity 28 and external points.

FIG. 3 illustrates tuning of the cavity resonator by
means of varying the length of the cavity 38. A circular
disc 40 mounted on the end of an adjustable tuning screw
42 is supported by a screw mounting assembly 44 and
forms one end of the cavity 38. Adjustment of the tuning
screw 42 moves the disc 40 inside the cylindrical sub-
strate 46 and permits varying the length of the cavity 38
as desired. All surfaces forming the cavity 38 are cov-
ered with a thin metallizing film 48 having a high electrical
conductivity and a smooth surface finish. An opening 50
in the cylinder wall 46 provides means for coupling elec-
tromagnetic energy between the cavity 38 and external
points. All component parts of the cavity resonator shown
in FIG. 3 are made of the same low expansion fused silica
or glass ceramic material. :

Although the present invention has been described
with respect to specific details of certain embodiments
thereof, it is not intended that such details be limitations
upon the scope of the invention except insofar as set
forth in the following claims.

We claim:

1. A cavity resonator for electromagnetic energy com-
prising

a hollow cylindrical substrate,

a first flat end plate adapted to completely enclose one

end of said substrate,
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a second flat end plate adapted to completely enclose
the other end of said substrate,

means for fastening said first and second plates to said
substrate,

said substrate, plates, and fastening means being
composed of the same low expansion material
selected from the group consisting of fused
silica and glass-ceramics,

an electrically conductive film completely covering the
surfaces defining said cavity, and

means for coupling electromagnetic energy between
said cavity and points external thereto.

2. The resonator of claim 1 further comprising means

for tuning said cavity.

3. The resonator of claim 1 wherein said fastening
means comprises threaded fasteners.

4. The resonator of claim 1 wherein said electrically
conductive film is selected from the group consisting of
copper, silver, glass frit-silver mixtures, copper alloys,
and silver alloys.

5. The resonator of claim 1 wherein said coupling
means comprises

an opening defining portion of the cylindrical wall of
said substrate,

a waveguide attached to the outside surface of said
portion in such manner as to permit electromagnetic
energy exchange between said waveguide and said
cavity, and

means for attaching said waveguide to said substrate,

said waveguide and attaching means being made
of the same material as said substrate.

6. The resonator of claim 2 wherein said tuning means
comprises

an adjustable tuning screw adapted to project longi-
tudinally into said cavity a selected distance from
one end of said substrate,

means for mounting said tuning screw to said sub-
strate

said tuning screw and mounting means being made
of the same material as said substrate,

an electrically conductive film covering that portion
of said tuning screw adapted to project into said
cavity.

7. The resonator of claim 1 wherein the minimum
thickness of said electrically conducting film is at least
three times the skin depth of the electromagnetic energy
penetration.

8. A tunable cavity resonator for electromagnetic
energy comprising
" a hollow cylindrical substrate,

a flat end plate adapted to completely enclose one end

of said cavity,

a cavity tuning assembly adapted to mount to the end
of said substrate opposite said flat end plate and to
completely enclose said opposite end thereof embody-
mg

an adjustable tuning screw adapted to project a
variable distance into the hollow portion of said
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substrate, the longitudinal axis of said tuning
screw being the longitudinal axis of said sub-
strate, and

a circular tuning plate connected to the end of
said tuning screw, and adapted to electrically
enclose the other end of said cavity,

means for fastening said cavity tuning assembly and
flat end plate to said substrate,

an electrically conductive film completely covering the
cavity defining surfaces, and

means for coupling electromagnetic energy between
said cavity and points external thereto,

said substrate, flat end plate, cavity tuning as-
sembly, and fastening means being made of the
same low expansion material selected from the
group consisting of fused silica and glass
ceramics,

9. The tunable cavity resonator of claim 8 wherein said
fastening means comprises threaded fasteners.

16. The tunable cavity resonator of claim 8 wherein
said electrically conductive film is selected from the group
consisting of copper, silver, glass frit-silver mixtures,
copper alloys and silver alloys.

11. The tunable cavity resonator of claim 8 wherein
said coupling means comprises,

an opening defining portion of the cylindrical wall of
said substrate,

a waveguide attached to the outside surface of said
portion in such manner as to permit electromagnetic
energy exchange between said waveguide and said
cavity, and

means for attaching said waveguide to said substrate,

said waveguide and attaching means being made of
the same material as said substrate.

12. The resonator of claim 8 wherein the minimum
thickness of said electrically conducting film is at least
three times the skin depth of the electromagnetic energy
penetration.
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