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A cylindrical microwave resonator

The present invention relates in general to microwave resonators, in particular for the

manufacture of oscillators.

More specifically the invention relates to a cylindrical microwave resonator, of the type
comprising:

a cylindrical tubular member made of metal material, and

closure means likewise made of metal material and associated with the fubular
member so as to define in the inside thereof a cylindrical cavity resonating at a
predetermined frequency;

and in which said closure means have a thermal elongation coefficient different
from that of the tubular member so as to reduce the variation in the resonance frequency of

the cavity upon variation of the temperature.

A microwave resonator of this type is described for example in "A Novel Configuration for
Microwave Resonator with Zero Temperature-Coefficient", by M. Long, A. S. Gupta, F. L.
Walls, Frequency Control Symposium 2007 joint with the 21st European Frequency and
Time Forum, IEEE International, May 29-June 1 2007, pages 1020-1022.

A cylindrical microwave resonator of the type described in this document is schematically
shown in Figure 1 of the accompanying drawings, where it is denoted overall by 1. This
resonator comprises a cylindrical tubular member 2, for example made of molybdenum
with a silver-coated inner surface, and a pair of closing caps 3, for example made of silver
aluminium. These caps each have a respective cylindrical shank 3a which extends inside a
respective end of the tubular member 2 so as to define together therewith a cylindrical
cavity 5, having a length 1 and diameter D, resonating at a predetermined frequency. The
closing caps 3 are identical to each other and their shanks have a thermal clongation
coefficient different from that of the tubular member 2 so as to reduce the variation Av in

the resonance frequency v of the cavity 5 upon variation of the temperature T.

Upon variation of the temperature T by an amount AT, the Iength 1 of the cavity 5 varies



correspondingly by an amount Al, as expressed by the equation:
Al1=a (AT) + B (AT +y (ATY +... (1)
where @, B, vy, ... are the thermal elongation coefficients of the first order, second order,

third order, etc.

A variation in the length 1 of the cavity 5, caused by a variation of the temperature T, in
turn causes a variation in the frequency v. With the solution proposed in the
abovementioned prior publication it is possible to offset or compensate in part for this

variation in the frequency.

However, there is a considerable discrepancy between theory and experimental verification
of the solution described in this publication so that the effective improvement in the
frequency stability which can be achieved in practice is markedly less than that which is

theoretically possible.

One object of the present invention is to propose a cylindrical microwave resonator of the
type specified above, which is able to achieve a better frequency stability compared to the

lcnown solution described above.

This and other objects are achieved according to the invention with a cylindrical
microwave resonator of the type defined initially, characterized in that the abovementioned
closure means comprise at least two cap portions made of different metal materials, having
respective thermal elongation coefficients of the first and second order and respective axial
lengths such as to compensate at least in part for the thermal elongation coefficients of the

first and second order of the tubular member,

Further characteristic features and advantages of the invention will become clear from the
following detailed description provided purely by way of a non-limiting example, with
reference to the accompanying drawings in which:

Figure 1, already described, shows the structure of a cylindrical microwave
resonator according to the prior art;

Figure 2 shows the variation in frequency upon variation of the temperature in a



resonator according to the prior art of the type shown in Figure 1;

Figure 3 is a view, partially sectioned axially, of a cylindrical microwave resonator
according to the present invention;

Figures 4 and 5 are graphs which show the variation in frequency as a function of
the variation of the temperature in a resonator according to the present invention; and

Figures 6 to 8 are partially sectioned views of three further embodiments of

resonators according to the invention.

The present invention is based essentially on recognition of the fact that the authors of the
aforementioned prior publication have essentially overlooked the effect of the quadratic
term in the above equation (1), namely they have assumed § =y = 0. According to this
assumption, in the case of a resonator having the structure shown in Figure 1, the relative
variation in the frequency upon variation of the temperature is essentially expressed by the
following equation:

Aviv=k o> (ATY (2),

where k is a constant.

As a result of this assumption, the theory expounded in the aforementioned publication
leads one to assume that the progression of the variation in frequency Av as a function of
the variation in temperature AT has an essentially parabolic progression, as shown by the

curved indicated by A in the graph of Figure 2.

In reality, if in the equation (1) the quadratic term is not negligible, the following

expression is obtained for the variation in frequency Av/v:

Av /v =kal(AT) +(ﬂc"ﬂo{a (i”a 3 [i‘f’ﬁ ](AT)2 Q)

where ac and ap are the elongation coefficients of the first order of the shanks 3a and caps
3 and of the tubular member 2, respectively, and Pc and Bp are the thermal elongation

coefficients of the second order thereof.

An examination of the equation (3) shows how, depending on the materials used, and

therefore their thermal elongation coefficients, the variation in the frequency upon



variation of the temperature may be very much greater than that which can be predicted
using the equation (2) and may assume, for example, the progression of the parabola -

indicated by B in Figure 2 - which is much "narrower" than that indicated by A.

On the other hand, the equation (3) shows that a suitable selection of the materials may
result in the zeroing or even a negative value of the second term in this equation. The
present invention arises from this observation, namely that it is possible to ensure that the
second term in the equation (3) reduces substantially the Av/v and even zeroes it

completely or nearly so.

Based on the aforementioned observation, the invention consists essentially in having
recognized that it is possible to "synthesize" or determine the thermal behaviour of the
closing caps of the resonator in such a way as to improve substantially the stability of the
frequency upon variation of the temperature, compared to the prior art solution described

above.

Figure 3 shows a first embodiment of a microwave resonator according to the invention. In
this figure parts and elements already described have been assigned again the same

reference numbers and/or letters.

In the solution according to Figure 3, the resonator 1 comprises two end caps 3, which are
identical to each other, with respective cylindrical shanks 3a which each have a first and a
second axial portion ¢l e c2, adjacent to one another, made with different metal materials,
having respective thermal elongation coefficients of the first order and second order dey, Be
and a., Be2 and respective axial lengths l1/2 and l/2 such as to compensate at least in part
for the thermal elongation coefficients of the first and second orders ap, Pp of the tubular

member 2.

With reference to Figure 3, the tubular member 2 may be made for example with tungsten,
preferably containing a percentage of nickel and iron, for example about 2% by weight of
nickel and 1% by weight of iron. Alternatively, the tubular member 2 could be made with

molybdenum. In any case it is convenient for the inner surface of the tubular member 2 to



be silver-coated.

The portions c1 of the shanks 3a of the end caps 3 may be conveniently made using an

austenitic steel, for example AISI 304, while the portions ¢2 may be made of copper.

By means of suitable selection of the materials of the portions ¢l and ¢2 and precise
definition of their axial lengths it is possible to ensure that the variation Av as a function of
the variation in temperature AT assumes a progression in the manner of a cubic parabola,
for example in accordance with the curve C shown in Figure 4, which corresponds to a
condition where the thermal elongation coefficient of the second order Bp of the tubular
member 2 has also been substantially compensated for. The improvement in terms of
frequency stability is evident compared to the progression of the curve B which, as shown
in Figure 2, represents the most "realistic" progression which can be achieved with the

solution according to the prior art.

Figure 4 and Figure 5 show - the latter on a smaller scale - the progression of a curve D
which can be obtained with compensation of the thermal clongation coefficient of the
second order of the tubular member 2 in the case where y = 0 for all the metals used. If,
instead, one takes into account the fact that the thermal elongation coefficients of the third

order (y) are not zero, the curve obtained is that indicated by C in Figure 4.

The dimensions of the resonator according to Figure 3 may be determined substantially as

described below.

The dimensions 1 and D of the cavity 5 are determined in a manner known per se on the

basis of the desired resonance frequency.

The equation (3) may then be rewritten as follows:

aviv =320, 14, Vai(aT) + (5, —ﬂp{a “_Da -5 [’}ﬂ ](AT)2 )

where /’Lg =21/3,

A, =nD/y, with for example y=7.016 if the TE023 mode resonates in the



cavity, and
0 i8 the overall thermal elongation coefficient of the first order for the shanks 3a of the
end caps of the resonator, and B is the overall thermal elongation coefficient of the second

order for said shanks 3a.

In the equation (4) ap € Pp are the thermal elongation coefficients of the first and second

order of the tubular member 2.

From the equation (4), in order to obtain Av = 0 the following is necessary:

b _Bs

a,.,

s

,with A_ > f,.

Once the materials for the tubular member 2 and the caps 3 - for example the materials
mentioned above - have been chosen, it is then merely required to determine the
coefficients acy, Ber and ae, Pep of the portions ¢l and ¢2 of the end caps as well as the

associated lengths 1;; and L, in the equation (4).

The values of these lengths may be easily determined on the basis of the following system

of equations:

3/2(/1g/18)2a;+(ﬂa—ﬂ,3{ @ ___Po J:o (5)

o=ty B —Pp

2=z, 4z, =l +1 )1 (6)
(1+z)a, —za, =0 (7)
2O, =20, +Z,0, ®)
Z2B. =2 Pa+2,8, ©)

The equation (5) shown above expresses the condition for zeroing the variation in
frequency upon variation of the temperature, while the following equations express the
relations existing between the thermal elongation coefficients and the lengths of the

portions ¢1 and ¢2 of the end caps of the resonator.

Figures 6 to 8 show alternative embodiments of a resonator according to the present



invention.

In the variant according to Figure 6, the resonator comprises a tubular member 2 which is
closed at one end by a cap 3 similar to those described above with reference to Figure 3.
The other end of the tubular member 2 is closed by a wall 2a made with a material which
has substantially the same thermal elongation as this tubular member. The end wall 2a may
be integral with the tubular member or made separately and joined to this tubular member

in one of the various ways known per se.

In the case of the solution according to Figure 6, the dimensions are determined
substantially in the same way as described above for the variant according to Figure 3, with
the lengths 1.; and 12 which represent the lengths of the portions ¢l and ¢2 of the shank of
the cap 3, as shown in Figure 6 itself.

In the variant according to Figure 7, the resonator 1 comprises two end caps 3 and 4, the
shanks 3a and 4a of which are each made using a single material. The materials of these
shanks, however, have thermal elongation characteristics which are different from one
another. The dimensions in this case are determined substantially in the manner described
above, where the lengths 1;; and 1., represent the respective lengths of the two shanks 3a

and 4a.

Finally, Figure 8 shows an embodiment in which the resonator 1 has an end cap 3 which is
similar to the caps of the version according to Figure 3 or the version according to Figure 6
and therefore is formed with two axial portions cl, ¢2 made of materials having different
thermal elongation characteristics. The resonator 1 according to Figure 8 has a further end
cap 4, the shank of which, with a length 13, is made with a material having thermal

elongation characteristics different from those of the portions cl and ¢2 of the cap 3.

With the solution comprising three materials (cl1, ¢2, c3) according to Figure 8 it is
possible to compensate also for thermal elongation coefficient of the third order y of the
tubular member 2.

Obviously, without affecting the principle of the invention, the embodiments and the



constructional details may be greatly modified with respect to that described and illustrated
purely by way of a non-limiting example, without thereby departing from the scope of the

invention as defined in the accompanying claims.



CLAIMS

1. Cylindrical microwave resonator (1), comprising

a cylindrical tubular member (2) made of metal material, and

closure means (3; 3, 4), likewise made of metal material, associated with the tubular
member (2) so as to define in the inside thereof a cylindrical cavity (5) resonating at a
predetermined frequency;

said closure means (3; 3, 4) having a thermal expansion coefficient different from
that of the tubular member (2}, so as to reduce the variation in the resonance frequency (v)
of the cavity (5) upon variation of the temperature (T);
the resonator (1) being characterized in that said closure means (3; 3, 4) comprise at least
two cap portions (cl, c2) made of different metal materials, having respective thermal
elongation coefficients of the first and the second order (uy, Pi; a2, Bo) different from each
other, and respective axial lengths (I;, l.2), such as to compensate at least in part for the

thermal elongation coefficients of the first and second order (ap, Bp) of the tubular member

).

2. Microwave resonator according to Claim 1, in which the closure members comprise
at least one cap (3) having a cylindrical shank (3a) which extends inside one end of the
tubular member (2) and has a first and a second axial portion (ci, ¢2) adjacent to one
another, made with different metal materials having respective thermal elongation
coefficients of the first and the second order (¢, B1; a2, B2) different from one another, and
respective axial lengths (lc1, 1), such as to compensate at least in part for the thermal

elongation coefficients of the first and the second order (ap, fp) of the tubular member (2).

3. Microwave resonator according to Claim 2, in which the closure means comprise
two caps (3, 4) as defined above, each having a respective cylindrical shank (3a, 4a) which

extends inside a respective end of the tubular member (2).

4. Microwave resonator according to Claim 1, in which the closure means comprise
two caps (3, 4; see Figure 7) comprising respective cylindrical shanks (3a, 4a) extending

each inside a respective end of the tubular member (2); said shanks (3a, 4a) being made
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each with a metal material different from that of the other one, said materials having
respective thermal elongation coefficients of the first and the second order (ay, Bi; o, B2)
different from one another, and respective axial lengths (l.1, 1.2), such as to compensate at
least in part for the thermal elongation coefficients of the first and the second order (ap,

Bp) of the tubular member (2).

5. Microwave resonator according to Claim 1, in which the closure means comprise at
least three cap portions {cl, ¢2, c3) having respective thermal elongation coefficients
different from one another, and respective axial lengths, such as to compensate at least in
part for the thermal elongation coefficients of the first, second and third order of the

tubular member (2).
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ABSTRACT

A cvlindrical microwave resonantor

The microwave resonator (1) comprises a tubular member (2) made of metal material, and
closing caps (3; 3, 4), likewise made of metal material, associated with the tubular member
(2) so as to define in the inside thereof a cylindrical cavity (5) resonating at a

predetermined frequency.

The closing caps (3; 3, 4) have a thermal expansion coefficient different from that of the
tubular member (2) so as to reduce the variation in the resonance frequency (v) of the
cavity (5) upon variation of the temperature (T). These closing caps (3; 3, 4) comprise at
least two portions (cl, ¢2) made of different metal materials, having respective thermal
elongation coefficients of the first and second order (01, B1; o, Bp) different from one
another, and respective axial lengths (L1, l.2), such as to compensate at least in part for the

thermal elongation coefficients of the first and second order {(ap, Bp) of the tubular member

(2).

(Figure 3)
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