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(54) Temperature compensation of combline resonators using composite inner conductor

(57)  The present invention relates to a coaxial reso-
nator and a method of constructing a coaxial resonator.
The inner conductor (6) of the coaxial resonator compris-
es at least two different materials having different coef-
ficients of thermal expansion. It includes an outer hollow
component (9) defining a cavity (11) and comprising a
first material having a first coefficient of thermal expan-
sion, and a compensation element (10), that is disposed
at least partly within the cavity (11) defined by the outer
hollow component (9) and comprises a second material
having a second coefficient of thermal expansion differ-
ent from the first coefficient of thermal expansion. The

compensation element (10) is engaged by the outer hol-
low component (9) at least at two locations spaced in the
longitudinal direction of the inner conductor (6) such that
the compensation element (10) is secured in the longi-
tudinal direction of the inner conductor (6) within the cav-
ity (11) of the outer hollow component (9). The compen-
sation element (10) is not in threaded engagement with
the outer hollow component (9) along the major portion
of the length of the compensation element (10) and has
dimensions and material characteristics such that a de-
sired temperature dependence of the resonant frequency
is achieved.
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Description

[0001] The present invention relates to a coaxial res-
onator having an inner conductor comprising at least two
different materials having different coefficients of thermal
expansion, and to a method of constructing such a co-
axial resonator.

[0002] Coaxial resonators are a particular type of cav-
ity resonator. Generally, cavity resonators essentially
comprise a space contained within a closed or substan-
tially closed conducting surface. Due to their ability to
maintain, upon suitable external excitation, an oscillating
electromagnetic field within this space and their display
of marked resonance effects at distinct resonant frequen-
cies fy, thereby giving maximum response over a narrow
band of frequencies while rejecting frequencies outside
that band, they are of great interest in various fields of
technology. This is particularly true for high frequency
applications utilizing frequencies for which the skin effect
would make the resistance of standard tuned circuits too
high and for which their open construction would cause
them to act as antennas resulting in excessive radiation
loss. Accordingly, cavity resonators find widespread ap-
plication for receiving, generating, amplifying, processing
and/or transmitting electromagnetic signals having fre-
quencies e.g. in the radio or microwave regions of the
electromagnetic spectrum.

[0003] Cavity resonators such as coaxial resonators
are e.qg. regularly utilized as filters or parts of filter struc-
tures for transmitting and receiving electromagnetic
waves in selected frequency bands in the microwave re-
gion of the electromagnetic spectrum. Commonly, micro-
wave filters include a plurality of resonant sections which
are coupled togetherin series and/or in parallel in various
configurations. Each resonant section constitutes a dis-
tinct cavity resonator and is characterized by the respec-
tive resonant frequency and quality factor. Exemplary ap-
plications of microwave filters include wireless commu-
nication systems, such as mobile communication and
satellite communication systems, as well as navigation
and radar technology. The growing number of microwave
applications increases the possibility of interference oc-
curring within a system or between different systems.
Therefore, the microwave region is divided into a plurality
of distinct frequency bands. The microwave filters are
utilized to perform band-pass and band reject functions
during transmission and/or reception in order to ensure,
that a particular device only communicates within the fre-
quency band assigned to this device. Accordingly, the
filters are used to separate the different frequency bands
andtodiscriminate between wanted and unwanted signal
frequencies so that the quality of the received and of the
transmitted signals is largely governed by the character-
istics of the filters. Commonly, the filters have to provide
for a small bandwidth, a high frequency selectivity and a
high filter quality in that they must have a high attenuation
outside their pass-band and a low pass-band insertion
loss in order to satisfy efficiency requirements and to pre-
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serve system sensitivity.

[0004] A coaxial resonator is a resonator structure that
is short-circuited at one end and open circuited at the
other end, i.e. comprises a housing defining a resonator
cavity having a longitudinal axis, and a coaxial inner con-
ductor electrically connected to the housing at only one
end. The housing comprises a base, from which the inner
conductor extends upwardly, and a sidewall extending
upwardly from the base, and in a certain distance above
the open end of the inner conductor, the housing is en-
closed by a cover so that a gap exists between the upper
end of the inner conductor and the inner surface of the
cover. Such coaxial resonators are also referred to as
combline resonators, and can essentially be regarded as
a section of coaxial transmission line that is short-
circuited at one end and capacitively loaded (open) at
the other end. Microwave energy may be coupled into
the cavity by a magnetic loop antenna located near the
inner conductor at the short-circuited end of the trans-
mission line. The free space between the top of the inner
conductor and the cover is referred to as the capacitive
gap.

[0005] The resonant frequency of a coaxial resonator
is determined by various factors and predominantly by
the length of the cavity, the length of the inner conductor
and the size of the capacitive gap. Therefore, setting the
resonant frequency of a combline resonator is usually
accomplished by determining suitable values for the
length of the cavity, the length of the inner conductor,
and the size of the capacitive gap. To render a coaxial
resonator adjustable, a hole may be provided in the cover
above the inner conductor, in which hole a tuning screw
is placed. Adjusting the tuning screw, thereby moving
small pieces of metal or a dielectric material into or out
of the cavity, one can change the capacitive gap and thus
control the resonant frequency. In some cases, the inner
conductor may be provided as a partly hollow component
that is open at its upper end, and the tuning screw may
be arranged to at least partly penetrate this inner con-
ductor through its the upper end. Such a resonator struc-
ture is referred to as re-entrant combline resonator. The
tuning screw may also be disposed in holes provided in
the sidewalls or the base of the housing.

[0006] In all of the above-mentioned applications as
well as in other applications, it is essential for the coaxial
resonators to have a predetermined resonant frequency
and quality factor. As the resonant frequency is deter-
mined by the size and shape of those portions of the
resonator structure, that define the resonator cavity, the
dimensions of a particular coaxial resonator have to be
thoroughly calculated and the production process has to
be carefully controlled.

[0007] In this regard, it has further to be taken into ac-
count that a coaxial resonator, like any kind of resonator
structure, is subject to thermal expansion and contraction
of its housing and its inner conductor, which potentially
lead to a change in resonant frequency as the tempera-
ture varies. Generally, the amount of expansion and con-



3 EP 1760 824 A1 4

traction of a dimension depends on its size, the change
in temperature and the coefficient of thermal expansion
(CTE) of the material and is described by the following
equation:

Al=(1+a-AT)-I,

where a is the CTE of the material, AT the change in
temperature and 1 the length of the dimension. It has
been shown that any resonator structure built out of only
one material undergoes a shift in resonant frequency de-
scribed by the following equation:

f(AT)=fom .

[0008] Accordingly, a resonator structure made of alu-
minium (CTE ~ 23.8 x 10-6) undergoes a shift in resonant
frequency of around 23.8 ppm which corresponds to 47.6
kHz/K for a 2 GHz resonator.

[0009] Asthe characteristics of a particular filter device
depend on the resonant frequencies of its individual res-
onant sections, these characteristics also change upon
a change of temperature. For example, it is evident that
the minimum practical bandwidth of a microwave filter
becomes a function of the operating temperature range.
In case of an unacceptable temperature induced drift of
the resonant frequency, such systems have consequent-
ly to be stabilized with respect to temperature and/or they
may require regular re-adjustment, both of which results
in high costs.

[0010] For these reasons, it is of great importance to
provide for a possibility to set the temperature depend-
ence of the resonant frequency during manufacture of a
coaxial resonator having predefined dimensions and
thus a predetermined resonant frequency, so that the
finished coaxial resonator yields a desired temperature
behavior. In particular, it is desirable to provide for a pos-
sibility to construct a coaxial resonator that is stable over
a wide range of working temperatures. For microwave
filters, temperature stability has the advantage that the
filters band pass requirements can be maintained over
the whole range without using additional bandwidth.
Eventually one can design the filter with a larger band-
width without violating the band stop requirements, which
decreases the insertion loss.

[0011] Various techniques have been proposed to
control the temperature behavior of combline cavity res-
onators having predefined dimensions, and in particular
to achieve their temperature compensation.

[0012] According to one approach, combline resona-
tors have regularly been designed using Invar as the ma-
terial for the housing and the inner conductor to limit the
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change of the length of the housing and of the inner con-
ductor (see e.g. GB 2 305 547). Invar, an alloy of iron
with 36% of nickel, has been chosen due to its very low
CTE (~2 x 10-6). However, Invar has an electrical con-
ductivity which is too low for satisfactory use as the inner
surface material of a cavity resonator. Therefore, when
using Invar the inner surfaces have to be coated with a
conductive material, e.g. silver or gold, which renders
such resonators very expensive. Furthermore, Invar is
relatively heavy.

[0013] In GB 2 305 547, it has been recognized that
an increase in the length of the inner conductor tends to
decrease the resonant frequency, whereas an increase
in the size of the capacitive gap tends to increase the
resonant frequency, and that it should in principle be pos-
sible to balance these effects in order to achieve temper-
ature compensation by choosing different materials for
the housing and the inner conductor. However, itis further
described that it has been found that filters constructed
accordingly nevertheless exhibit an unacceptable fre-
quency drift. For this reason, GB 2 305 547 discloses a
combline resonator with a composite inner conductor
comprising longitudinal sections made of two materials
and mounted together end-by-end by means of soldering
or screwing, so that the composite inner conductor has
an effective CTE which is a function of the CTEs of the
individual sections. Therefore, this construction has the
advantage that for a coaxial resonator having predeter-
mined geometrical dimensions including a predefined
length of the inner conductor (and thus a predetermined
resonant frequency), the effective CTE of the inner con-
ductor can be adjusted by suitably changing the length
and the material of the individual sections. In this way, it
is possible to control the temperature dependence of the
resonant frequency and to realize an effective CTE of
the inner conductor resulting e.g. in improved tempera-
ture compensation characteristics of the resonator. How-
ever, the quality factor of this coaxial resonator is lowered
due to ohmic contact losses at the joint between the dif-
ferent sections. Furthermore, these joints tend to cause
passive inter-modulation that decreases the perform-
ance of a filter constructed from such coaxial resonators.
[0014] Similarly, US 4,112,398 discloses a combline
or interdigital microwave filter having inner conductors
which comprise two segments of different materials in
order to maintain the resonant frequency of the micro-
wave filter relatively constant over a predetermined tem-
perature range.

[0015] Itis an object of the present invention to provide
a high quality coaxial resonator which can be constructed
with predetermined dimensions, wherein the tempera-
ture dependence of the resonant frequency can be easily
adjusted by the way of construction of the coaxial reso-
nator, and to a method of constructing such a coaxial
resonator.

[0016] This object is achieved by a coaxial resonator
with the features of claim 1 and a method with the features
of claim 34. Further preferred embodiments of the inven-
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tion are the subject-matter of the respective dependent
claims.

[0017] Inaconventional manner, the coaxial resonator
of the present invention comprises a housing defining a
resonator cavity having a longitudinal axis. The housing
has a base, a sidewall extending upwardly from the base,
and an upper cover, and the coaxial resonator further
comprises a coaxial inner conductor extending upwardly
from the base along the longitudinal axis of the coaxial
resonator and electrically connected to the base. In the
present specification, the longitudinal (or axial) direction
of the resonator cavity or of the inner conductor and its
components is defined as usual as the direction along
which the inner conductor extends upwardly from the
base. According to the present invention, the inner con-
ductor includes an outer hollow component which com-
prises a first material having a first coefficient of thermal
expansion. Within the meaning of the present invention,
the term "hollow" merely indicates that the outer hollow
component comprises a cavity, i.e. a space in the outer
hollow component that is completely enclosed by the out-
er hollow component or that is open to the outside. How-
ever, the term "hollow" does not exclude a componentin
which the cavity only extends over a small portion of the
length of the component. Preferably, the cavity is formed
in and extends along the length of a tubular section of
the outer hollow component. Further, it is preferred that
the cavity is closed towards the resonator cavity.
[0018] Further, the inner conductor includes a com-
pensation elementthat comprises a second material hav-
ing a second coefficient of thermal expansion different
from the first coefficient of thermal expansion. The com-
pensation elementis disposed completely or partly within
the cavity defined by the outer hollow component, i.e. in
the case of a cavity having an opening to the outside, a
part of the compensation element may or may not pro-
trude from the outer hollow component. In the case of a
compensation element partly protruding from the outer
hollow component, the compensation element preferably
protrudes from the outer hollow component in the direc-
tion of the longitudinal axis of the inner conductor.
[0019] The compensation element is engaged by the
outer hollow component at least at two locations spaced
in the longitudinal direction of the inner conductor such
that at least a part (generally the part between the two
spaced locations) of the compensation element is se-
cured, in the longitudinal direction of the inner conductor,
within the cavity of the outer hollow component. The com-
pensation element is not in threaded engagement with
the outer hollow component along the major portion (i.e.
along at least 50%) of the length of the compensation
element, preferably along at least 60%, more preferably
at least 70%, even more preferably at least 80% and
most preferably at least 90% of the length of the com-
pensation element. Preferably, along the major portion
of the length of the compensation element, it is spaced
from the inner sidewalls of the outer hollow component
or those parts of the outer sidewall of the compensation
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element and the inner sidewall of the outer hollow com-
ponent abutting each other extend parallel to the longi-
tudinal axis of the inner conductor. The compensation
elementis chosen to have dimensions and material char-
acteristics such that a desired temperature dependence
of the resonant frequency is achieved.

[0020] Thus, the compensation element is fixedly se-
cured to the outer hollow component at or between two
spaced locations, so that the portion of the compensation
element between these locations cannot expand and
contract freely upon a change of temperature. The same
applies to the corresponding portion of the outer hollow
component. Rather, in these portions, the outer hollow
component and the compensation element expand and
contract together as a unit in the axial direction, and the
two portions are kept at the same length. Thus, the cor-
responding longitudinal section of the inner conductor
constitutes a composite section that has an effective CTE
(atleastfor thermal expansion and contraction in the axial
direction) that is a function of the individual CTEs of the
materials of the outer hollow component and the com-
pensation element. The CTE of the composite section,
and in this way the dependence of the length of the inner
conductor on the temperature and thereby the tempera-
ture dependence of the resonant frequency, can be set
by choosing a suitable compensation element (e.g. suit-
able dimensions and/or suitable material characteristics)
without changing the outer hollow component. In fact,
only the portion of the compensation element in the com-
posite section has to be modified to change the temper-
ature behavior. Therefore, it is possible to adapt the tem-
perature behavior while retaining the outer appearance
of the inner conductor.

[0021] The above construction is arranged such that
the fixing provided at the two spaced locations resulting
in an effective CTE of a composite section of the inner
conductor is effective at least in a predetermined tem-
perature range, which is preferably -40 °C to 85 °C and
more preferably -10 °C to 70 °C.

[0022] As already noted above, the coaxial resonator
of the present invention provides the advantage that dur-
ing-construction of the coaxial resonator, setting of an
effective CTE of at least a section of the inner conductor,
and therefore of the temperature behavior of the resonant
frequency of the coaxial resonator, is advantageously
possible by choosing a suitable compensation element
without an impact on the physical structure of the inner
walls defining the resonator cavity, e.g. by generating
additional joints or transition regions between different
materials, and thus without affecting other properties of
the coaxial resonator such as its electrical performance.
In particular, it is possible to avoid the prior art contact
problems associated with the joints between different lon-
gitudinal sections. For example, in a preferred embodi-
ment the inner conductor may be constructed integrally
in one piece with the base of the housing, and subse-
quently a bore may be drilled from the bottom into the
inner conductor (e.g. consisting of aluminum) and a com-
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pensation element (e.g. consisting of iron) may be dis-
posed and secured in the bore in such a way that it can
provide the above effects in the entire range of temper-
ature in which the resonator is considered to operate.
Theinner walls of the resonator cavity, including the outer
surface of the inner conductor are not affected by this
modification. Therefore, the performance of the resona-
tor (quality factor and passive inter-modulation) will not
be affected. The size and the shape of the resonator can
be chosen to yield a coaxial resonator having a prede-
termined resonant frequency and an optimum quality fac-
tor, and the control of the temperature behavior can be
treated as a separate problem.

[0023] Inthe mostimportant case, in whichitis desired
to improve the temperature compensation characteris-
tics of a coaxial resonator, and ideally to construct a tem-
perature compensated coaxial resonator, the material
characteristics and the geometric dimensions of the com-
pensation element (in fact of its portion forming part of
the composite section) are chosen to yield an effective
CTE of the composite section of the inner conductor, such
that, at least in a predetermined temperature range,
which is preferably -40 °C to 85 °C and more preferably
-10 °C to 70 °C, the temperature induced variation of the
resonant frequency is smaller than for the same coaxial
resonator without the compensation element. In other
words, at least in the composite section, the material
characteristics and/or the dimensions of the compensa-
tion element are chosen such that the compensation el-
ement counteracts and at least partially compensates for
the particular temperature dependence of the length of
the outer hollow component, and thus the entire inner
conductor, that causes the temperature induced variation
of resonant frequency. Because generally the effect of
increase of the length of the inner conductor upon an
increase in temperature (resulting in a decrease of res-
onant frequency) is dominant as compared to the simul-
taneous increase of the size of the capacitive gap (re-
sulting in an increase of resonant frequency); the com-
pensation element will generally, and thus preferably, be
arranged to decrease the thermally induced length ex-
pansion of the inner conductor.

[0024] In a preferred embodiment, the compensation
element is in contact with and frictionally coupled to (but
not in positive engagement with) the inner sidewall along
the entire length of the compensation element between
the two spaced locations. The frictional coupling forces
are chosen such that in the composite section defined
by the region of frictional engagement, the outer hollow
component and the compensation element expand and
contract together as a unit in the axial direction charac-
terized by an effective CTE, at least in a predetermined
temperature range, which is preferably -40 °C to 85 °C
and more preferably -10 °C to 70 °C. In this construction,
the compensation element can simply be formed by a
suitably shaped member thatis pressfitted into the cavity.
In this regard, the compensation element may advanta-
geously be formed by an elongate member which is fric-
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tionally coupled to the inner sidewall of the cavity of the
outer hollow component along the entire length of the
elongate member. Further, it is preferred that the cavity
of the outer hollow component extends through an open-
ing in the base or through an opening in the upper end
of a tubular section.

[0025] In a particularly preferred embodiment, the
compensation element comprises two engagement sec-
tions that are engaged by two corresponding engage-
ment sections of the outer hollow component such that
at least a part of the compensation element is secured,
in the longitudinal direction of the inner conductor, within
the cavity of the outer hollow component. Both the en-
gagement sections of the compensation element and the
engagement sections of the outer hollow component are
spaced in the longitudinal direction of the inner conduc-
tor, and along the major portion (i.e. along at least 50%)
of the length of the compensation element, preferably
along at least 60%, more preferably at least 70%, even
more preferably at least 80% and most preferably at least
90% of the length of the compensation element, the com-
pensation element is not in threaded engagement with
the outer hollow component.

[0026] In this case, the compensation element is fix-
edly securedtothe outer hollow componentat or between
two spaced locations by means of the corresponding en-
gagement sections, so that the portion of the compensa-
tion element between its two engagement sections can-
not expand and contract freely upon a change of tem-
perature. Similarly, the portion of the outer hollow com-
ponent between its two engagement sections is likewise
not able to expand and contract freely upon a variation
of temperature. Rather, in these portions, the outer hol-
low component and the compensation element expand
and contract together as a unit in the axial direction, and
the two portions are kept at the same length. Thus, the
corresponding longitudinal section of the inner conductor
together with the engagement sections constitutes a
composite section that has an effective CTE (at least for
thermal expansion and contraction in the axial direction)
that is a function of the individual CTEs of the materials
of the outer hollow component and the compensation
element. The CTE of the composite section, and in this
way the dependence of the length of the inner conductor
on the temperature and thereby the temperature depend-
ence of the resonant frequency, can be set by choosing
a suitable compensation element (e.g. suitable dimen-
sions and/or suitable material characteristics) without
changing the outer hollow component. In fact, only the
portion of the compensation element in the composite
section has to be modified to change the temperature
behavior. Therefore, it is possible to adapt the tempera-
ture behavior while retaining the outer appearance of the
inner conductor.

[0027] Under the assumption that the engagement
sections securing the compensation element have a neg-
ligible extension in the axial direction, and that the com-
pensation element does not touch the outer hollow com-
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ponent between the engagement sections, the effective
CTE o, of a cylindrical composite section can be ap-
proximated as

alAlEl +a2A2E2
AlEl +A2E2 ’

Xeff =

where o4 and o, are the CTEs of the outer hollow com-
ponent and the compensation element, respectively, in
the composite section, A; and A, are the cross-sectional
areas of the outer hollow component and the compen-
sation element, respectively, in the composite section,
and E, and E, are the coefficients of elasticity of the outer
hollow component and the compensation element, re-
spectively, in the composite section. For example, for
aluminum oy ~ 23.8 106 1/°C, E; ~ 72 G N/m2, and for
iron o, ~ 11.5 106 1/°C, E, ~ 200 G N/m2. If aluminum
is chosen as the material for.the outer hollow component
in the composite section having an outer diameter of 10
mm and inner diameter of 8 mm, and iron is chosen for
the composite element having a diameter of 7.5 mm, the
resulting effective CTE is calculated to be o= 13.8 106
1/°C. With regard to the above equation, it is to be noted,
that the effective CTE is only valid for the length variation,
while the CTE for the diameter is defined by the outer
material, i.e. the composite section has to be considered
anisotropic. Furthermore, the above expression is only
an approximation for the effective CTE, since in reality
the fixing provided by the spaced engagement sections
will not show the ideally assumed behavior.

[0028] The above construction is arranged such that
the fixing provided by the engagement sections resulting
in an effective CTE of a composite section of the inner
conductor is effective at least in a predetermined tem-
perature range, which is preferably -40 °C to 85 °C and
more preferably -10 °C to 70 °C.

[0029] As already noted above, the coaxial resonator
of the present invention provides the advantage that dur-
ing construction of the coaxial resonator, setting of an
effective CTE of at least a section of the inner conductor,
and therefore of the temperature behavior of the resonant
frequency of the coaxial resonator, is advantageously
possible by choosing a suitable compensation element.
For example, it is possible to vary the effective CTE by
simply varying the cross-sectional area (A, in the above
equation) of the portion of the compensation element be-
tween the spaced engagement sections, without chang-
ing the physical structure of the inner walls defining the
resonator cavity, e.g. by generating additional joints or
transition regions between different materials, and thus
without affecting other properties of the coaxial resonator
such as its electrical performance. In particular, it is pos-
sible to avoid the prior art contact problems associated
with the joints between differentlongitudinal sections. For
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example, in a preferred embodiment the inner conductor
may be constructed integrally in one piece with the base
of the housing, and subsequently a bore may be drilled
from the bottom into the inner conductor (e.g. consisting
of aluminum) and a compensation element (e.g. consist-
ing of iron) may be disposed in the bore and secured
therein in such a way that it is under tensile force in the
entire range of temperature in which the resonator is con-
sidered to operate. The inner walls of the resonator cav-
ity, including the outer surface of the inner conductor are
not affected by this modification. Therefore, the perform-
ance of the resonator (quality factor and passive inter-
modulation) will not be affected. The size and the shape
of the resonator can be chosen to yield a coaxial reso-
nator having a predetermined resonant frequency and
an optimum quality factor, and the control of the temper-
ature behavior can be treated as a separate problem.
[0030] Inthe mostimportant case, in whichitis desired
to improve the temperature compensation characteris-
tics of a coaxial resonator, and ideally to construct a tem-
perature compensated coaxial resonator, the material
characteristics and the geometric dimensions of the com-
pensation element (in fact of its portion forming part of
the composite section) are chosen to yield an effective
CTE of the composite section of the inner conductor, such
that, at least in a predetermined temperature range,
which is preferably -40 °C to 85 °C and more preferably
-10 °C to 70 °C, the temperature induced variation of the
resonant frequency is smaller than for the same coaxial
resonator without the compensation element. In other
words, at least in the composite section, the material
characteristics and/or the dimensions of the compensa-
tion element are chosen such that the compensation el-
ement counteracts and at least partially compensates for
the particular temperature dependence of the length of
the outer hollow component, and thus the entire inner
conductor, that causes the temperature induced variation
of resonant frequency. Because generally the effect of
increase of the length of the inner conductor upon an
increase in temperature (resulting in a decrease of res-
onant frequency) is dominant as compared to the simul-
taneous increase of the size of the capacitive gap (re-
sulting in an increase of resonant frequency), the com-
pensation element will generally, and thus preferably, be
arranged to decrease the thermally induced length ex-
pansion of the inner conductor.

[0031] In a preferred embodiment, between the two
engagement sections of the compensation element and
thus in the composite section, the compensation element
is under compressive or tensile stress in the longitudinal
direction of the inner conductor, wherein the compressive
or tensile stress in the longitudinal direction of the inner
conductor is generated by forces applied by the two en-
gagement sections of the outer hollow component. In this
simple arrangement, the compressive or tensile axial
force generated by these engagement sections ensures
that the "active" portion of the compensation element is
fixedly secured between the two engagement sections.
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The force should be chosen such that the compensation
element s fixedly secured to the outer hollow component
in a predetermined temperature range (i.e. the range of
intended operation temperatures), which is preferably
-40 °C to 85 °C and more preferably -10 °C to 70 °C. In
the above first order approximation, the intensity of the
force has no influence on the effective CTE, which can
thus be determined in accordance with the above equa-
tion. It is also preferred if the engagement sections are
adapted such that at a particular temperature, the com-
pensation element is under no stress between its two
engagement sections in the longitudinal-direction of the
inner conductor, and that above and below this particular
temperature, the compensation element is under com-
pressive or tensile stress between its two engagement
sections in the longitudinal direction of the inner conduc-
tor. In general the particular temperature should be cho-
sen to lie in the middle of the range of intended or ex-
pected operating temperatures, and could e.g. advanta-
geously be room temperature. In this way, the coaxial
resonator can be operated in the entire temperature
range in which the length changes due to the inner force
areinthe elasticrange, i.e. in whichno componentbreaks
due to excessive mechanical stress. In case the inner
conductor is constructed such that an increasing com-
pressive or tensile stress of the outer hollow component
or the compensation element builds up only either upon
temperature increase or temperature decrease, care has
to be taken that the resonator is not operated at a tem-
perature at which the compensation element partly dis-
engages from the outer hollow component at at least one
of the engagement sections. On the other side of the
temperature range, again the build-up of excessive me-
chanical stress has to be avoided.

[0032] In a preferred embodiment, the two engage-
ment sections of the compensation element are disposed
in the two longitudinal end portions of the compensation
element, and most preferably at the two longitudinal ends
of the compensation element. Such a compensation el-
ement can be disposed within the cavity of the outer hol-
low component in its entirety, so that this cavity can ad-
vantageously be constructed as a cavity which is closed
towards the resonator cavity.

[0033] Itis preferred that one or both of the engage-
ment sections of the outer hollow component comprises
or is a threaded portion that engages a corresponding
threaded portion of the corresponding engagement sec-
tion of the compensation element. Itis also preferred that
one or both of the engagement sections of the outer hol-
low component comprises or is a friction surface that is
frictionally coupled to a corresponding friction surface of
the corresponding engagement section of the compen-
sation element. It is also preferred that one or both of the
engagement sections of the outer hollow component or
one or both of the engagement sections of the compen-
sation element comprise an abutment surface, which rest
against a part of the compensation element or the outer
hollow component, respectively. In the case of an abut-
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ment surface, it is further preferred that one or both of
the engagement sections of the outer hollow component
comprises an abutment surface that rests against a cor-
responding abutment surface of the corresponding en-
gagement section of the compensation element. Accord-
ingly, in preferred embodiments, both engagement sec-
tions of the compensation element as well as of the outer
hollow component comprise or are formed by threaded
portions, friction surfaces or abutment surfaces, or one
of the engagement sections comprises or is formed by a
threaded portion whereas the other engagement section
comprises or is formed by an abutment surface or a fric-
tion surface, or one of the engagement sections compris-
es oris formed by an abutment surface whereas the other
engagement section comprises or is formed by a friction
surface. These arrangements provide for a simple at-
tachment of the compensation element in the cavity of
the outer hollow component.

[0034] Inapreferred embodiment, the cavity of the out-
er hollow component extends through an opening in the
base. Further, one of the engagement sections of the
outer hollow component is formed in the upper end wall
of the cavity of the outer hollow component, and the other
engagement section of the outer hollow component is
formed in the sidewall of the cavity of the outer hollow
component or the sidewall of the opening in the base.
Such a constructions allows that during construction of
the coaxial resonator, the compensation element is in-
serted into the cavity of the outer hollow component from
below through the opening in the base. Furthermore, the
compensation element can later be replace by a different
compensation element without opening the coaxial res-
onator.

[0035] In this embodiment, the engagement section
formed in the upper end wall of the cavity of the outer
hollow component and the corresponding engagement
section of the compensation element comprise or are
formed by interengaging threaded portions, and the other
engagement section of the outer hollow component and
the corresponding engagement section of the compen-
sation element comprise or are formed by abutment sur-
faces resting against each other, so that the compensa-
tion element is under tensile stress between its engage-
ment sections in the longitudinal direction of the inner
conductor. Alternatively, the engagement section formed
in the upper end wall of the cavity of the outer hollow
component and the corresponding engagement section
of the compensation element comprise or are formed by
abutment surfaces resting against each other, and the
other engagement section of the outer hollow component
and the corresponding engagement section of the com-
pensation element comprise or are formed by interen-
gaging threaded portions, so that the compensation el-
ement is under compressive stress between its engage-
ment sections in the longitudinal direction of the inner
conductor. In a further alternative, both engagement sec-
tions of the outer hollow component and the correspond-
ing engagement sections of the compensation element
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comprise or are formed by abutment surfaces resting
against each other, the lower engagement section of the
outer hollow component being formed on a closure ele-
ment that forms a part of the outer hollow component and
that is threadedly secured in the opening of the base or
the cavity of the outer hollow component, so that the com-
pensation element is under compressive stress between
its engagement sections in the longitudinal direction of
the inner conductor.

[0036] In afurther preferred embodiment, the cavity of
the outer hollow component extends through an opening
in the upper end of a tubular section of the outer hollow
component. Further, one of the engagement sections of
the outer hollow component is formed in the lower end
wall of the cavity of the outer hollow component, and the
other engagement section of the outer hollow component
is formed in the sidewall of the cavity of the outer hollow
component, by the annular upper end face of the tubular
section or an element of the outer hollow component that
is rigidly connected to the tubular section. Such an ar-
rangement, might be advantageous for facilitating ma-
chining the filter.

[0037] In this embodiment, the engagement section
formed in the lower end wall of the cavity of the outer
hollow component and the corresponding engagement
section of the compensation element comprise or are
formed by interengaging threaded portions, and the other
engagement section of the outer hollow component and
the corresponding engagement section of the compen-
sation element comprise or are formed by abutment sur-
faces resting against each other, so that the compensa-
tion element is under tensile stress between its engage-
ment sections in the longitudinal direction of the inner
conductor. Alternatively, the engagement section formed
in the lower end wall of the cavity of the outer hollow
component and the corresponding engagement section
of the compensation element comprise or are formed by
abutment surfaces resting against each other, and the
other engagement section of the outer hollow component
and the corresponding engagement section of the com-
pensation element comprise or are formed by interen-
gaging threaded portions, so that the compensation el-
ement is under compressive stress between its engage-
ment sections in the longitudinal direction of the inner
conductor. Inthese two cases, a part of the compensation
element may protrude from the tubular section of the out-
er hollow component into the resonator cavity, wherein
this part, i.e. a portion of the compensation element,
forms a longitudinal section of the inner conductor. In a
further alternative, both engagement section of the outer
hollow component and the corresponding engagement
sections of the compensation element comprise or are
formed by interengaging threaded portions, the upper
engagement section of the outer hollow componentbeing
formed on a closure element that forms a part of the outer
hollow component and that abuts and closes the upper
end of the tubular section, so that the compensation el-
ement is under tensile stress between its engagement
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sections in the longitudinal direction of the inner conduc-
tor. In still a further alternative, both engagement sections
of the outer hollow component and the corresponding
engagement sections of the compensation element com-
prise or are formed by abutment surfaces resting against
each other, the lower engagement section of the outer
hollow component being formed on a closure element
that is threadedly secured in the tubular section, so that
the compensation element is under compressive stress
between its engagement sections in the longitudinal di-
rection of the inner conductor.

[0038] In all of the above cases, it is preferred that the
part of the compensation element, that is disposed within
the cavity of the outer hollow component, is not in thread-
ed engagement with the inner walls of the cavity of the
outer hollow component along the major portion (i.e.
along at least 50%) of the length of this part of the com-
pensation element, preferably along at least 60%, more
preferably at least 70%, even more preferably at least
80% and most preferably at least 90% of the length of
this part of the compensation element. Preferably, along
the major portion of the length of this part of the compen-
sation element, it is spaced from the inner sidewalls of
the outer hollow component or those parts of the outer
sidewall of the compensation element and the inner side-
wall of the outer hollow component abutting each other
extend parallel to the longitudinal axis of the inner con-
ductor. In particular, it is preferred that the compensation
element is not in threaded engagement with the inner
walls of the cavity of the outer hollow component between
the two engagement sections and that the engagement
sections have a small axial extension. In this way, the
calculation of the effective CTE is substantially facilitated.
[0039] Further, it is preferred if the compensation ele-
ment is removably secured within the cavity of the outer
hollow component. This constructions enables the re-
placement of a particular compensation element with a
different compensation element in order to adjust the
temperature behavior of the coaxial resonator. Advanta-
geously, such areplacementdoes not have any influence
on the electric properties of the coaxial resonator, be-
cause due to the construction of the present invention,
the replacement can be effected without changing the
outer appearance of the inner conductor.

[0040] The compensation element is preferably made
of a solid material. However, it is also possible that the
compensation element comprises or is constituted by a
liquid material.

[0041] It is further preferred that at least a part of the
outer hollow component is integrally formed in one piece
with the base. Most preferably, the entire outer hollow
component is integrally formed in one piece with the
base. Due to such a construction, disadvantageous joints
between different elements, which are fixed together to
form the outer hollow component, can be minimized or
avoided altogether. However, it is also possible that the
outer hollow component itself is a composite component
comprising at least two elements which are attached to
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each other.

[0042] It can be advantageous if the outer hollow com-
ponent comprises a solid section, i.e. a section not com-
prising a cavity, between the lower end of the cavity of
the outer hollow component and the plane defined by the
upper surface of the base, so that the cavity is spaced
from the base.

[0043] It can further be advantageous if the outer hol-
low component includes at least two cavities separated
in the longitudinal direction of the inner conductor, where-
in in each such cavity a compensation element is se-
cured. The various compensation elements may be
made of the same or different materials. This inner con-
ductor includes two or more of the composite sections of
the present invention. While such a construction is more
complex, it can enhance the precision of achieving a par-
ticular temperature behavior.

[0044] In a preferred embodiment, at least one of the
coaxial resonators of the present invention is part of a
microwave filter comprising a plurality of coupled reso-
nators. Thus, the present invention also relates to a mi-
crowave filter comprising a plurality of coupled resona-
tors, wherein the plurality of coupled resonators includes
one or several of the above defined coaxial resonators
according to the present invention. In a particularly pre-
ferred embodiment, the plurality of coupled resonators
only includes coaxial resonators according to the present
invention.

[0045] A coaxial resonator of the present invention
having a specified temperature dependence of its reso-
nant frequency can be constructed advantageously by
first choosing a nominal operating temperature for the
coaxial resonator to be constructed, a nominal resonant
frequency f; at the nominal operating temperature, and
a range of operating temperatures AT. Then, a geomet-
rical shape and geometrical dimensions, including the
length of the inner conductor, of the resonator cavity of
the coaxial resonator to be constructed is determined,
such that the resonator cavity yields the resonant fre-
quency f, at the nominal operating temperature. Subse-
quently, a coaxial resonator of the present invention, i.e.
a coaxial resonator as described above, is provided that
has a resonator cavity with the determined geometrical
shape and the determined geometrical dimensions. Ac-
cordingly, the interior of the housing has a particular
length, a particular diameter and a particular cross-sec-
tional shape, and the inner conductor, the outer surface
of which is commonly formed entirely or essentially by
the outer hollow component, likewise has a particular
length, a particular diameter and a particular cross-sec-
tional shape. According to the present invention, a value
for at least one construction parameter of the compen-
sation element is chosen such that the compensation
element, after being secured to the outer hollow compo-
nent, yields a minimum temperature induced change of
resonant frequency f; in the temperature range AT with
respect to the at least one construction parameter, which
constitutes a free parameter in the optimization proce-
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dure. Thus, setting the temperature behavior is a problem
separate from the problem of achieving the desired res-
onant frequency and the desired electrical properties.
[0046] Itis preferred that the at least one construction
parameter includes the cross-sectional diameter of the
portion of the compensation element between its two en-
gagement sections, i.e. of the portion of the compensa-
tion element in the composite section of the inner con-
ductor. It is further preferred that the at least one con-
struction parameter includes the material of the compen-
sation element.

[0047] Determination of the values of the free construc-
tion parameters of the compensation element may be
achieved by first calculating the resonant frequency f, as
a function of temperature for particular initial values of
the set of free construction parameters. Then, the values
of the set of construction parameters are varied and this
calculating step is repeated to eventually derive from the
result of the calculation specific values for the set of con-
struction parameters, the specific values being optimum
values in that they yield a minimum temperature induced
change Af, of resonant frequency f; in the given temper-
ature range AT with respect to the set of construction
parameters. The optimum values and the minimum tem-
perature induced change Afy may be an absolute mini-
mum, a local minimum, or an absolute or local minimum
under at least one boundary condition or constraint.
[0048] In the following, the invention is explained in
more detail for preferred embodiments with reference to
the figures.

is a schematic cross-sectional view of a co-
axial resonator of the present invention.

Figure 1

is a schematic cross-sectional view of a fur-
ther embodiment of a coaxial resonator ac-
cording to the present invention.

Figure 2

is a schematic cross-sectional view of a fur-
ther embodiment of a coaxial resonator ac-
cording to the present invention.

Figure 3

is a schematic cross-sectional view of a fur-
ther embodiment of a coaxial resonator ac-
cording to the present invention.

Figure 4

is a schematic cross-sectional view of a fur-
ther embodiment of a coaxial resonator ac-
cording to the present invention.

Figure 5

is a schematic cross-sectional view of a fur-
ther embodiment of a coaxial resonator ac-
cording to the present invention.

Figure 6

is a schematic cross-sectional view of a fur-
ther embodiment of a coaxial resonator ac-
cording to the present invention.

Figure 7
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[0049] In Figure 1, a coaxial resonator 1 is shown in
cross section. The resonator 1 comprises a hollow hous-
ing 2, that is constituted by a plate shaped base 3, a
sidewall 4 extending upwardly from the base 3, and a
plate shaped cover 5 secured to the upper end (through-
out the application, terms like "upper" and "lower" relate
to the orientation of a coaxial resonator shown in the Fig-
ures) of the sidewall 4. Thus, the housing 2 encloses and
defines a resonator cavity 1a. The base 3 and the cover
5 may have, e.g., a circular or rectangular shape. Ac-
cordingly, the sidewall 4 may have a cylindrical configu-
ration or may have a rectangular cross section. For rea-
sons of weight and costs, the housing 2 is preferably
composed of aluminum. However, it may also advanta-
geously be composed of iron, copper, brass or Invar, or
may be a composite component comprising two or more
of these or other materials. Further advantageous choic-
es of materials include PVC or ceramic materials. It is
only important that the coefficient of thermal expansion
is known and that the material is a good conductor or is
plated with a good conducting material such as silver.
[0050] The coaxial resonator 1 further comprises a co-
axial cylindrical inner conductor 6 that extends upwardly
from the base 3 along the longitudinal axis 7 of the cy-
lindrical housing 2 and is located in the center of the base
3. The longitudinal axis 7 also forms the longitudinal axis
of the inner conductor 6. The length L of the inner con-
ductor is lower than the length H of the resonator cavity
so that a capacitive gap is formed between the upper end
8 ofthe inner conductor 6 and the cover 5 of the housing 2.
[0051] The field in the resonator 1 is excited by an ex-
ternal circuit (not shown) through suitable coupling
means (not shown), which may e.g. comprise an aperture
or a coupling loop and radiate a wave into the resonator
cavity.

[0052] According to the invention, the inner conductor
6 of the coaxial resonator 1 is a composite element com-
prising an outer hollow component 9 and a compensation
element 1'0. The outer hollow component 9 defines a
cavity 11 in which the compensation element 10 is se-
cured. In the present embodiment, the outer hollow com-
ponent 9 is formed integrally in one piece with the base
3 of the housing 2. While the base 3 and the outer hollow
component may be formed at least partly as a solid ele-
ment, in the embodiment shown in Figure 1, the base 3
and the inner conductor 6 are formed from sheet metal,
e.g. by means of cold extrusion. However, the same
structure could also be produced by providing a solid
inner conductor that is constructed integrally in one piece
with the base, and by subsequently drilling a bore from
the bottom into the inner conductor. In the present case,
the cavity 11 extends from an upper end wall 12 of the
outer hollow component 9, that forms the upper end 8 of
the inner conductor 6, downwardly along the longitudinal
axis 7 of the inner conductor 6 and through an opening
13 in the base 3. Thus, the cavity 11 is accessible from
below through the opening 13, but is completely sepa-
rated from the resonator cavity 1a by the outer hollow
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component 9.

[0053] The compensation element 10 is disposed in
the cavity 11 of the outer hollow component 9 with only
a small portion protruding downwardly out of the opening
13 of the base 3, and is secured therein by means of two
spaced engagement sections 14a, 14b formed at the up-
per and lower end, respectively, of the compensation el-
ement 10 that are engaged by two corresponding spaced
engagement sections 15a, 15b formed at the upper and
lower end, respectively, of the outer hollow component
9. Between the two engagement sections 14a, b of the
compensation element 10, the compensation element 10
comprises an intermediate section 16 that extends over
most of the length of the compensation element, whereas
the two engagement sections 14a, b only extend along
a small portion of the length of the compensation element
10.

[0054] The upper engagement section 14a of the com-
pensation element 10 is constituted by an external thread
17 formed on the outer circumferential surface of a re-
duced diameter end section of the compensation element
10. The upper engagement section 15a of the outer hol-
low component 9 is constituted by a corresponding inter-
nal thread 18 that is formed in a recess 19 in the upper
end wall 12 of the outer hollow component 9 and that
threadedly engages the external thread 17 of the upper
engagement section 14a. The lower engagement section
14b of the compensation element 10 is constituted by an
annular abutment surface 20 that is formed on the upper
surface of an enlarged diameter section 21. at the lower
end of the compensation element 10 that forms a circum-
ferential flange shaped projection. The lower engage-
ment section 15b of the outer hollow component 9 is con-
stituted by a corresponding annular abutment 22 that is
formed on the lower surface of a step in the sidewall of
the cavity 11. During manufacture of the coaxial resona-
tor 1, the compensation element 10 is inserted into the
cavity 11 through the opening 13 in the base 3, and is
screwed by means of its external thread 17 into the in-
ternal thread 18 of the outer hollow component 9, until
and slightly beyond the point at which the two abutment
surfaces 20, 22 contact each other. In this way, the two
engagement sections 15a, 15b of the outer hollow com-
ponent 9 exert longitudinal forces on the compensation
element 10 which result in the compensation element 10
being under tensile stress along its longitudinal axis 7.
[0055] Itis evident, that the outer hollow component 9
cannot change its length freely. Rather, as outlined in
detail above, the CTE of the inner conductor 6 is influ-
enced by the properties of the compensation element 10,
and the longitudinal portion of the inner conductor 6 be-
tween and including the abutment surfaces 20 and 22
and the upper end of the external thread 17 of the com-
pensation element 10 (i.e. between and including the out-
ermost points of actual engagement) constitutes a com-
posite section having an effective CTE. Due to the inte-
gral construction of the outer hollow component 9 and
the base 3 and due to the outer hollow component 9
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completely separating the cavity 11 from the resonator
cavity 1a, the dimensions and the further characteristics
of the compensation element 10 advantageously have
no influence whatsoever on the outer appearance and
structure of the inner conductor 6 as seen from within the
resonator cavity 1a.

[0056] In Figure 2, a further embodiment of a coaxial
resonator 1’ of the present invention is shown, wherein
identical parts are designated by the same reference nu-
merals and are not discussed again in detail. The coaxial
resonator 1 shown in Figure 2 differs from the coaxial
resonator shown in Figure 1 only in that the interior of its
outer hollow component 9’ is modified in order to receive
a differently shaped compensation element 10’, thus
forming a modified inner conductor 6'. In this regard, the
outer hollow component 9’ and the compensation ele-
ment 10’ comprise modified engagement sections 14a’,
14b’, 15a’, 15b’. The upper engagement section 14a’ of
the compensation element 10’ is constituted by an abut-
ment surface 23 formed on the upper end face of the
compensation element 10’. The upper engagement sec-
tion 15a’ of the outer hollow component 9’ is constituted
by a corresponding abutment surface 24 formed by the
upper end face of a recess 19’ in the upper end wall 12’
of the outer hollow component 9’. The lower engagement
section 14b’ of the compensation element 10’ is consti-
tuted by an external thread 25 that is formed on the outer
circumferential surface of an enlarged diameter section
21’ atthe lower end of the compensation element 10’ that
forms a circumferential flange shaped projection. The
lower engagement section 15b’ of the outer hollow com-
ponent 9 is constituted by a corresponding internal
thread 26 that is formed on the inner surface of the cavity
11’ at the lower end thereof. During manufacture of the
coaxial resonator 1, the compensation element 10’ is in-
serted into the cavity 11’ through the opening 13’ in the
base 3’, and is screwed by means of its external thread
25 into the internal thread 26 of the outer hollow compo-
nent 9, until and slightly beyond the point at which the
two abutment surfaces 23, 24 contact each other. In this
way, the two engagement sections 15a’, 15b’ of the outer
hollow component 9’ exertlongitudinal forces on the com-
pensation element 10’ which result in the compensation
element 10’ being under compressive stress along its
longitudinal axis 7.

[0057] In Figure 3, a further embodiment of a coaxial
resonator 1” of the present invention having a modified
inner conductor 6” is shown. The coaxial resonator 1” is
largely identical to the coaxial resonator 1’ shown in Fig-
ure 2 and in particular the upper engagement sections
14a’, 15a’ of the modified compensation element 10” and
the modified outer hollow component 9”, respectively,
are the same as shown in Figure 2. However, the lower
engagement sections 14b”, 15b” of the compensation
element 10” and the outer hollow component 9”, respec-
tively, are likewise constituted by abutment surfaces.
Thus, the lower engagement section 14b" of the com-
pensation element 10" is constituted by an abutment sur-
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face 27 formed on the lower end face of the compensation
element 10”, and the lower engagement section 15b” of
the outer hollow component 9" is constituted by a corre-
sponding abutment surface 28 formed on the upper end
face of a closure element 29 that itself is a part of the
outer hollow component 9". The closure element 29 com-
prises an external thread 30 on its outer circumferential
surface, and a corresponding internal thread 31 is formed
on the inner surface of the cavity 11’ at the lower end
thereof. During manufacture of the coaxial resonator 1”,
the compensation element 10” is inserted into the cavity
11’ through the opening 13’ in the base 3’. Subsequently,
the closure element 29 is screwed by means of its exter-
nal thread 30 into the internal thread 31 of the cavity 11”,
until and slightly beyond the point at which the two abut-
ment surfaces 23, 24 as well as the two abutment sur-
faces 27, 28 contact each other. In this way, the two en-
gagement sections 15a, 15b” of the outer hol= low com-
ponent 9" exert longitudinal forces on the compensation
element 10” which result in the compensation element
10" being under compressive stress along its longitudinal
axis 7. In the embodiment of Figure 3, the material of the
compensation element can be chosen almost arbitrarily,
and could e.g. be a ceramic material or concrete. Further,
the compensation element could even be a liquid, such
as e.g. oil, with suitable parameters. However, in this
case, it would have to be taken into account that the com-
pensation element contacts the inner walls of the cavity
11" between the two engagement sections 14a, 14b", so
that a careful design is required and also the CTE for a
diameter change depends on the properties of both the
outer hollow component 9" and the compensation ele-
ment 10”.

[0058] In Figure 4, a further embodiment of a coaxial
resonator 101 of the present invention is shown. In this
case, the outer hollow component 109 includes a tubular
section 132 and a lower end wall 134. Both the tubular
section 132 and the lower end wall 134 are formed inte-
grally in one piece with the base 103. This structure could
e.g. be produced by providing a solid inner conductor
that is constructed integrally in one piece with the base,
and by subsequently drilling a bore from the top into the
inner conductor. The cavity 111 extends from the lower
end wall 134 upwardly along the longitudinal axis 107 of
the inner conductor 106 and through the opening 135 of
the tubular section 132. The outer hollow component 109
further includes a closure element 133 that is secured to
the upper end of the tubular section 132 in order to close
the cavity 111 such that it is completely separated from
the resonator cavity 101a by the outer hollow component
109.

[0059] The lower engagement section 114b of the
compensation element 110 is constituted by an external
thread 136 formed on the outer circumferential surface
of a reduced diameter end section of the compensation
element 110. The lower engagement section 115b of the
outer hollow component 109 is constituted by a corre-
sponding internal thread 137 that is formed in a recess
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140 in the lower end wall 134 of the outer hollow com-
ponent 109 and that threadedly engages the external
thread 136 of the lower engagement section 114b. The
upper engagement section 114a of the compensation
element 110 is constituted by an external thread 138
formed on the outer circumferential surface of a reduced
diameter end section of the compensation element 110.
The upper engagement section 115a of the outer hollow
component 109 is constituted by a corresponding internal
thread 139 that is formed in a recess 141 in the lower
surface of closure element 133 and that threadedly en-
gages the external thread 138 of the upper engagement
section 114a. , Thus, the cavity 111 is accessible from
above through the opening 135 if the closure element
133 is removed. During manufacture of the coaxial res-
onator 101, the compensation element 110 is inserted
into the cavity 111 through the opening 135 of the tubular
section 132, and is screwed by means of its external
thread 137 into the internal thread 138 of the outer hollow
component 109. Subsequently, the closure element 133
is screwed by means of its internal thread 139 onto the
external thread 138 of the compensation element 110
until and slightly beyond the point at which the lower sur-
face of the closure element 133 abuts the annular end
face of the tubular section 132. In this way, the two en-
gagement sections 115a, 115b of the outer hollow com-
ponent 19 exert longitudinal forces on the compensation
element 110 which result in the compensation element
110 being under tensile stress along its longitudinal axis
107.

[0060] Such an arrangement, in which a tubular sec-
tion is integrally formed in one piece with the base and
in which the tubular sectionis closed by a closure element
might be advantageous for machining a filter body. How-
ever, such an arrangement has the possible drawback
of a reduced performance due to passive inter-modula-
tion and ohmic contact losses caused by the transition
region at the joint between the tubular section and the
closure element. Nevertheless, such a design is an im-
provement over the prior art composite inner conductors,
because the maximum current flow in a coaxial resonator
takes place at the bottom of the inner conductor and
shows a cosinusoidal decay in the longitudinal direction
of the inner conductor. Since the tubular section can be
manufactured integrally in one piece with the base, the
transition region is shifted to the top of the inner conduc-
tor, where its impact on the quality factor and passive
inter-modulation is reduced.

[0061] In Figure 4, the closure element 133 forms the
upper part of the inner conductor 106. While it is shown
to have an enlarged diameter, it could also have the same
diameter as the tubular section 132. Further, the closure
element 133 could include at least one further cavity in
which a further compensation element s disposed. Thus,
it is evident, that the inner conductors of the present in-
vention can also comprise two or more spaced apart com-
posite sections as well as one or more sections made of
only one material.
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[0062] InFigure 5, a further embodiment of the coaxial
resonator 101’ of the present invention is shown, which
is a modified version of the coaxial resonator 101 shown
in Figure 4, and in which the tubular section 132 and the
lower engagement sections 114b, 115b of the modified
compensation element 110’ and the modified outer hol-
low component 109, respectively, are identical to the em-
bodiment of Figure 4. However, the coaxial resonator of
Figure 5 differs from the coaxial resonator of Figure 4 in
that the outer hollow component 109’ does not include
an upper closure element that closes the opening 135 of
the tubular section 132. Rather, the opening 135 s closed
by the compensation element 110’. In this regard, the
upper engagement section 114a’ of the compensation
element 110’ is constituted by an abutment surface 142
formed on the lower annular surface of an upper enlarged
diameter section 144 of the compensation element 110’.
The upper engagement section 115a’ of the outer hollow
component 109’ is constituted by a corresponding abut-
ment surface 143 formed by the upper annular end face
of the tubular section 132. During manufacture of the
coaxial resonator 101’, the compensation element 110’
is inserted into the cavity 111 through the opening 135
of the tubular section 132, and is screwed by means of
its external thread 136 into the internal thread 137 of the
outer hollow component 109’, until and slightly beyond
the point at which the two abutment surfaces 142, 143
contact each other. In this way, the two engagement sec-
tions 115a’, 115b of the outer hollow component 109’
exert longitudinal forces on the compensation element
110’ which resultin the compensation element 110’ being
under tensile stress along its longitudinal axis 107. In this
embodiment, the upper enlarged diameter section of the
compensation element 110’ forms an upper portion of
the inner conductor 106’.

[0063] Figure 6 shows a modification 101" of the co-
axial resonator of Figure 5 resulting in a re-entrant coaxial
resonator. In this embodiment, the outer hollow compo-
nent 109" further includes a cup shaped element 145
which has a bore 146 in the center of its bottom wall 147.
The cup shaped element 145 is arranged on top of the
tubular section 132 with the bottom wall 147 of the cup
shaped element 145 abutting the annular end face of the
tubular section 132. While the upper engagement section
114a" of the compensation element 110" is again con-
stituted by an abutment surface 142” formed on the lower
annular surface of an upper enlarged diameter section
144" (having reduced length) of the compensation ele-
ment 110”, the upper engagement section 115a” of the
outer hollow component 109" is constituted by a corre-
sponding abutment surface 148 formed by the upper an-
nular upper surface of bottom wall 147 of the cup shaped
element 145 adjacent the bore 146. A tuning screw 149
is provided which extends through a hole in the cover
105" above the inner conductor 106” and into the interior
of the cup shaped element 145 of the outer hollow com-
ponent 109”. The tuning screw 149 can be moved into
or out of the resonator cavity 1a in order to change the
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capacitive gap, and to thereby adjust the resonant fre-
quency of the resonator 1. During manufacture of the
coaxial resonator 101”, the compensation element 110”
is inserted into the cavity 111” through the bore 146 and
through the opening 135 of the tubular section 132, and
is screwed by means of its external thread 136 into the
internal thread 137 of the outer hollow component 109",
until and slightly beyond the point at which the two abut-
ment surfaces 142 ", 148 contact each other. In this way,
the two engagement sections 115a”, 115b of the outer
hollow component 109" exert longitudinal forces on the
compensation element 110” which result in the compen-
sation element’ 1101’ being under tensile stress along
its longitudinal axis 107.

[0064] In Figure 7, a further embodiment 1" of the co-
axial resonator of the present invention is shown. With
regard to the housing 2 and the outer hollow component
9, this embodiment is largely identical to the embodi-
ments shown in Figures 1, to 3, i.e. the outer hollow com-
ponent 9 is formed integrally in one piece with the base
3". However, the embodiment of Figure 7 comprises a
differently constructed compensation element 10”’. The
compensation element 10 is press fitted into the cavity
11", which extends from the upper end wall 12" of the
outer hollow component 9"’ downwardly along the longi-
tudinal axis 7 of the inner conductor 6’ and through an
opening 13" in the base 3". Thus, the circumferentially
extending surface or sidewall 50 of the compensation
element 10" abuts the inner sidewall 51 of the outer hol-
low component 9 along the entire length of the com-
pensation element 10”’. The diameter and the material
of the compensation element 10”’ are chosen such that
it is frictionally secured within the cavity 11" against a
movement in the longitudinal or axial direction. During
manufacture of the coaxial resonator 1°”, the compensa-
tion element 10’ is inserted into the cavity 11" through
the opening 13" in the base 3", and is press fitted into
place. Due to the frictional forces effective between the
compensation element 10" and the outer hollow com-
ponent 9", the outer hollow component 9"’ and the com-
pensation element 10’ expand and contract together as
a unit as long as the frictional forces are not overcome.
[0065] In all embodiments, the parameters of the ma-
terials have to be chosen in such a way, that the system
does not break due to excessive mechanical stress.
Thus, the resonator should only be operated in a tem-
perature range, in which the length changes due to the
inner force are in the elastic range.

[0066] Further, in all embodiments at least the portion
of the compensation element between its two points of
engagement can be modified without affecting the outer
appearance and structure of the inner conductor as seen
from within the resonator cavity.

Claims

1. A coaxial resonator comprising:
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- a housing (2) defining a resonator cavity (1a)
and having a base (3, 3’, 3", 103), a sidewall
(4) extending upwardly from the base (3, 3’, 3",
103), and an upper cover (5), and

- an inner conductor (6, 6’, 6", 6", 106, 106",
106”) extending upwardly from the base (3, 3’,
3, 103) along the longitudinal axis (7, 107) of
the coaxial resonator and electrically connected
to the base (3, 3’, 3", 103), the inner conductor
(6,6',67,6”",106, 106’, 106") comprising atleast
two different materials having different coeffi-
cients of thermal expansion,

characterized in that
the inner conductor (6, 6’, 6", 6, 106, 106’, 106”)
includes

- an outer hollow component (9, 9°, 97, 9", 109,
109’, 109”) defining a cavity (11, 11°, 11", 11",
111, 111”) and comprising a first material having
a first coefficient of thermal expansion, and

- a compensation element (10, 10°, 10", 10’”,
110, 110, 110”) disposed at least partly within
the cavity (11, 11°, 11", 11", 111, 111”) defined
by the outer hollow component (9, 9’, 9”7, 9",
109, 109’, 109”) and comprising a second ma-
terial having a second coefficient of thermal ex-
pansion different from the first coefficient of ther-
mal expansion,

wherein the compensation element (10, 10’, 10",
10,110, 110, 110”) is engaged by the outer hollow
component (9, 9°,9”, 9,109, 109, 109”) at least at
two locations spaced in the longitudinal direction of
the inner conductor (6, 6’, 6", 6", 106, 106’, 106”)
such that the compensation element (10, 10’, 10”,
10", 110, 110’, 110”) is secured in the longitudinal
direction of the inner conductor (6, 6’, 6, 6", 106,
106’, 106”) within the cavity (11, 11’, 11”7, 11, 111,
111”) of the outer hollow component (9, 9, 97, 9",
109, 109’, 109”),

wherein the compensation element (10, 10’,, 10",
10", 110, 110’, 110”) is not in threaded engagement
with the outer hollow component (9, 9’, 9", 9’”, 109,
109’, 109”) along the major portion of the length of
the compensation element (10, 10, 10”7, 10°”, 110,
110’, 110”) and has dimensions and material char-
acteristics such that a desired temperature depend-
ence of the resonant frequency is achieved.

The coaxial resonator according to claim 1, wherein
between the two spaced locations the compensation
element (10™) is frictionally coupled to the inner side-
wall (51) of the cavity (11") of the outer hollow com-
ponent (9").

The coaxial resonator according to claim 2, wherein
the compensation element (10’”) is an elongate
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member which is frictionally coupled to the inner
sidewall (51) of the cavity (11’”) of the outer hollow
component (9”’) along the entire length of the elon-
gate member.

The coaxial resonator according to any of the pre-
ceding claims, wherein the cavity (11, 11°, 11", 11"”,
111, 111”) of the outer hollow component (9, 9’ , 9",
9™, 109, 109’, 109") extends through an opening (13,
13, 13”)inthe base (3, 3’, 3") or through an opening
(135) in the upper end of a tubular section (132).

The coaxial resonator according to claim 1, wherein
the compensation element (10, 10°, 10", 110, 110’,
110") comprises two engagement sections (14a,
14a’, 114a, 114a’, 114a 14b, 14b’, 14b", 114b) that
are engaged by two corresponding engagement
sections (15a, 15a’, 115a, 115a’, 115a”; 15b, 15b’,
15b”, 115b) of the outer hollow component (9, 9, 97,
109, 109’, 109”) such that the compensation element
(10,10, 10", , 110, 110, 110”) is secured in the lon-
gitudinal direction of the inner conductor (6, 6’, 6",
106, 106’, 106") within the cavity (11, 11°, 11", 111,
111”) of the outer hollow component (9, 9, 9”7, 109,
109’, 109"), wherein both the engagement sections
(14a, 14a’, 114a, 114a’, 114a”; 14b, 14b’, 14b",
114b) of the compensation element (10, 10’, 10",
110, 110, 110”) and the engagement sections (15a,
15a’, 115a, 115a’, 115a”; 15b, 15b’, 15b”, 115b) of
the outer hollow component (9, 9, 97, 109, 109’,
109") are spaced in the longitudinal direction of the
inner conductor (6, 6, 6", 106, 106’, 106"), and
wherein the compensation element (10, 10’, 10",
110, 110, 110”) is not in threaded engagement with
the outer hollow component (9, 9, 97, 109, 109’,
109”) along the major portion of the length of the
compensationelement(10,10’,10”,110,110’,110”)
and has dimensions and material characteristics
such that a desired temperature dependence of the
resonant frequency is achieved.

The coaxial resonator according to claim 5, wherein
between the two engagement sections (14a, 14a’,
114a, 114a’, 114a”; 14b, 14b’, 14b”, 114b) of the
compensation element (10, 10’, 107, 110, 110’
110”), the compensation element (10, 10’, 10”, 110,
110’, 110”) is under compressive or tensile stress in
the longitudinal direction of the inner conductor (6,
6’, 6", 106, 106’, 106”), wherein the compressive or
tensile stress in the longitudinal direction of the inner
conductor (6, 6°, 6", 106, 106’, 106") is generated by
forces applied by the two engagement sections (15a,
15a’, 115a, 115a’, 115a"; 15b, 15b’, 15b”, 115b) of
the outer hollow component (9, 9, 97, 109, 109,
1097) .

The coaxial resonator according to claim 5, wherein
the engagement sections are adapted such that at
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a particular temperature, the compensation element
is under no stress between its two engagement sec-
tions in the longitudinal direction of the inner conduc-
tor, and that above and below this particular temper-
ature, the compensation element is under compres-
sive or tensile stress between its two engagement
sections in the longitudinal direction of the inner con-
ductor.

The coaxial resonator according to any of claims 5
to 7, wherein the two engagement sections (14a,
14a’, 114a, 114a’, 114a"; 14b, 14b’, 14b”, 114b) of
the compensation element (10, 10°, 10", 110, 110,
110") are disposed in the two longitudinal end por-
tions of the compensation element (10, 10’, 10", 110,
110, 1107).

The coaxial resonator according to any of claims 5
to 8, wherein atleast one of the engagement sections
(15a, 115a; 15b’, 115b) of the outer hollow compo-
nent (9, 9’, 109, 109’, 109") comprises a threaded
portion (18, 26, 137, 139) that engages a corre-
sponding threaded portion (17, 25, 136, 138) of the
corresponding engagement section (14a, 114a;
14b’, 114b) of the compensation element (10, 10’
110, 110’, 110”).

The coaxial resonator according to any of claims 5
to9, wherein atleast one of the engagement sections
(15a’, 115a’, 115a”; 15b, 15b”) of the outer hollow
component (9, 9, 9", 109, 109") or at least one of
the engagement sections (14a’, 114a’, 114a”; 14b,
14b”) of the compensation element (10, 10’, 10",
110, 110") comprises an abutment surface (20, 22,
23, 24, 27, 28, 142, 142", 143, 148), which rest
against a part of the compensation element (10, 10’,
10", , 110’ , 110") or the outer hollow component (9,
9, 97,109, 109’ ), respectively.

The coaxial resonator according to claim 10, wherein
at least one of the engagement sections (15b”) of
the outer hollow component (9") comprises an abut-
ment surface (28) thatis formed on a closure element
(29) which is threadedly secured inside the outer hol-
low component (97).

The coaxial resonator according to claim 10 or claim
11, wherein at least one of the engagement sections
(15a’, 115a’, 115a”; 15b, 15b”) of the outer hollow
component (9, 9’,9”, 109, 109”) comprises an abut-
mentsurface. (22,24, 28, 143, 148) thatrests against
a corresponding abutment surface (20, 23, 27, 142,
142") of the corresponding engagement section
(14a’, 114a’, 114a"; 14b, 14b") of the compensation
element (10, 10’, 10", 110’, 110”).

The coaxial resonator according to any of claims 5
to 12, wherein at least one of the engagement sec-
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tions of the outer hollow component comprises a fric-
tion surface that is frictionally coupled to a corre-
sponding friction surface of the corresponding en-
gagement section of the compensation element.

The coaxial resonator according to any of claims 5
to 13, wherein the cavity (11, 11, 11”) of the outer
hollow component (9, 9’, 9”) extends through an
opening (13, 13’) in the base (3, 3’), and wherein one
of the engagement sections (15a, 15a’) of the outer
hollow component (9, 9’, 9”) is formed in the upper
end wall (12, 12°) of the cavity (11, 11, 11”) of the
outer hollow component (9, 9°, 9"), and the other en-
gagement section (15b, 15b’, 15b”) of the outer hol-
low component (9, 9', 9”) is formed in the sidewall
of the cavity (11, 11°, 11") of the outer hollow com-
ponent (9, 9, 9"), the sidewall of the opening (13,
13’) in the base (3, 3’), or on a closure element (29)
that is secured in the opening (13, 13’) of the base
(3, 3’) or the cavity (11, 11°, 11”) of the outer hollow
component (9, 9, 9").

The coaxial resonator according to claim 14, wherein
the engagement section (15a) formed in the upper
end wall (12) of the cavity (11) of the outer hollow
component (9) and the corresponding engagement
section (14a) of the compensation element (10) com-
prise interengaging threaded portions (17, 18), and
the other engagement section (15b) of the outer hol-
low component (9) and the corresponding engage-
ment section (14b) of the compensation element (10)
comprise abutment surfaces (20, 22) resting against
each other, so that the compensation element (10)
is under tensile stress between its engagement sec-
tions (14a, 14b) in the longitudinal direction of the
inner conductor (6).

The coaxial resonator according to claim 14, wherein
the engagement section (15a’) formed in the upper
end wall (12°) of the cavity (11’) of the outer hollow
component (9') and the corresponding engagement
section (14a’) of the compensation element (10’)
comprise abutment surfaces (23, 24) resting against
each other, and the other engagement section (15b’)
of the outer hollow component (9°) and the corre-
sponding engagement section (14b’) of the compen-
sation element (10’) comprise interengaging thread-
ed portions (25, 26), so that the compensation ele-
ment (10’) is under compressive stress between its
engagement sections (14a’, 14b’) in the longitudinal
direction of the inner conductor (6’).

The coaxial resonator according to claim 14, wherein
both engagement sections (15a’, 15b”) of the outer
hollow component (9”) and the corresponding en-
gagement sections (14a’, 14b") of the compensation
element (10”) comprise abutment surfaces (23, 24,
27, 28) resting against each other, the lower engage-
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ment section (15b") of the outer hollow component
(9") being formed on a closure element (29) that is
threadedly secured in the opening (13’) of the base
(3’) or the cavity (11”) of the outer hollow component
(97), sothatthe compensation element (10”) is under
compressive stress between its engagement sec-
tions (14a’, 14b") in the longitudinal direction of the
inner conductor (6”).

The coaxial resonator according to any of claims 5
to 13, wherein the cavity (111, 111”) of the outer
hollow component (109, 109’, 109") extends through
anopening (135) inthe upper end of a tubular section
(132), and wherein one of the engagement sections
(115b) of the outer hollow component (109, 109’,
109”) is formed in the lower end wall (134) of the
cavity (111, 111”) of the outer hollow component
(109, 109, 109"), and the other engagement section
(115a, 115a’, 115a") of the outer hollow component
(109,109, 109") is formed in the sidewall of the cavity
(111, 111”) of the outer hollow component (109,
109’, 109"), by the annular upper end face (143) of
the tubular section (132) or an element (133) of the
outer hollow component (109, 109’, 109”) that is rig-
idly connected to the tubular section (132).

The coaxial resonator according to claim 18, wherein
the engagement section (115b) formed in the lower
end wall (134) of the cavity (111) of the outer hollow
component (109°) and the corresponding engage-
ment section (114b).of the compensation element.
(110’) comprise interengaging threaded portions
(136, 137), and the other engagement section
(115a’) of the outer hollow component (109’) and the
corresponding engagement section (114a’) of the
compensation element (110’) comprise abutment
surfaces (142, 143) resting against each other, so
thatthe compensation element(110’) is under tensile
stress between its engagement sections (114a’,
114b) in the longitudinal direction of the inner con-
ductor (106).

The coaxial resonator according to claim 18, wherein
the engagement section formed in the lower end wall
of the cavity of the outer hollow component and the
corresponding engagement section of the compen-
sation element comprise abutment surfaces resting
against each other, and the other engagement sec-
tion of the outer hollow component and the corre-
sponding engagement section of the compensation
element comprise interengaging threaded portions,
so that the compensation element is under compres-
sive stress between its engagement sections in the
longitudinal direction of the inner conductor.

The coaxial resonator according to claim 19 or claim
20, wherein a part (144) of the compensation ele-
ment (110’) protruding from the tubular section (132)
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of the outer hollow component (109’) forms a longi-
tudinal section of the inner conductor (106’).

The coaxial resonator according to claim 18, wherein
both engagement section (115a, 115b) of the outer
hollow component (109) and the corresponding en-
gagement sections (114a, 114b) of the compensa-
tion element (110) comprise interengaging threaded
portions (138, 139, 136, 137), the upper engagement
section (115a) of the outer hollow component (109)
being formed on a closure element (133) that abuts
and closes the upper end of the tubular section (132),
so thatthe compensation element (110) is underten-
sile stress between its engagement sections (114a,
114b) in the longitudinal direction of the inner con-
ductor (106) .

The coaxial resonator according to claim 18, wherein
both engagement sections of the outer hollow com-
ponent and the corresponding engagement sections
of the compensation element comprise abutment
surfaces resting against each other, the lower en-
gagement section of the outer hollow component be-
ing formed on a closure element that is threadedly
secured in the tubular section, so that the compen-
sation elementis under compressive stress between
its engagement sections in the longitudinal direction
of the inner conductor.

The coaxial resonator according to any of the pre-
ceding claims, wherein the part of the compensation
element (10, 10°, 10", 10””, 110, 110’, 110"), that is
disposed within the cavity (11, 11, 11", 11", 111,
111") of the outer hollow component (9, 9’, 9", 9",
109, 109, 109”), is not in threaded engagement with
the inner walls of the cavity (11, 11, 11”7, 11", 111,
111”) of the outer hollow component (9, 9, 97, 9",
109, 109’, 109”) along the major portion of the length
of this part of the compensation element (10, 10’,
107,10, 110, 110, 110").

The coaxial resonator according to any of the pre-
ceding claims, wherein the compensation element
(10,10, 10", 10", 110, 110’, 110”) is removably se-
cured within the cavity (11, 11", 11", 11,111, 111”)
of the outer hollow component (9, 9°, 9", 9, 109,
109’, 109”).

The coaxial resonator according to any of the pre-
ceding claims, wherein the compensation element
(10,10,10",10”, 110, 110’, 110”) is made of a solid
material.

The coaxial resonator according to any of claims 1
to 25, wherein the compensation element (10”) com-

prises a liquid material.

The coaxial resonator according to any of the pre-
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ceding claims, wherein at least a part of the outer
hollow component (9, 9’, 9", 9", 109, 109’, 109") is
integrally formed in one piece with the base (3, 3’,
3, 103).

The coaxial resonator according to claim 28, wherein
the outer hollow component (9, 9°, 9") is integrally
formed in one piece with the base (3, 3’, 3").

The coaxial resonator according to any of claims 1
to 28, wherein the outer hollow component (97, 109,
109”) is a composite component comprising at least
two elements which are attached to each other.

The coaxial resonator according to any of the pre-
ceding claims, wherein between the lower end of the
cavity (111, 111”) of the outer hollow component
(109, 109, 109") and the plane defined by the upper
surface of the base (103), the outer hollow compo-
nent (109, 109’, 109”) comprises a solid section.

The coaxial resonator according to any of the pre-
ceding claims, wherein the outer hollow component
includes at least two cavities separated in the longi-
tudinal direction of the inner conductor, wherein in
each such cavity a compensation element is se-
cured.

A microwave filter comprising a plurality of coupled
resonators, wherein the plurality of coupled resona-
tors includes at least one coaxial resonator (1, 1°, 17,
17,101, 101’, 101”) according to any of claims 1 to
32.

A method of constructing a coaxial resonator (1, 1’
1", 1", 101, 101, 101”) according to any of claims
1 to 32 comprising the steps of:

- choosing a nominal operating temperature for
the coaxial resonator (1, 1’, 1", 1”7, 101, 101,
101”) to be constructed,

- choosing a nominal resonant frequency f; at
the nominal operating temperature,

- choosing a range of operating temperatures
AT,

- determining a geometrical shape and geomet-
rical dimensions, including the length of the inner
conductor (6, 6°, 6”, 6™, 106, 106’, 106"), of the
resonator cavity (1a) of the coaxial resonator (1,
1,17, 17,101, 101, 101”) to be constructed,
such that the resonator cavity (1a) yields the res-
onant frequency f; at the nominal operating tem-
perature, and

- providing a coaxial resonator (1,1°, 17,1, 101,
101°, 101”) according to any of claims 1 to 32
having a resonator cavity (1a) with the deter-
mined geometrical shape and the determined
geometrical dimensions,
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wherein the method further comprises the step of
choosing a value for at least one construction pa-
rameter of the compensation element (10, 10°, 107,
10, 110, 110’, 110”) yielding a minimum tempera-
ture induced change of resonant frequency f in the
temperature range AT with respect to the at least
one construction parameter.

The method according to claim 34, wherein the at
least one construction parameter includes the cross-
sectional diameter of the portion of the compensation
element (10, 10’,10”,10, 110, 110’, 110”) between
its two engagement sections (14a, 14a’, 114a, 114a’,
114a"; 14b, 14b’, 14b", 114b).

The method according to claim 34 or claim 35,
wherein the at least one construction parameter in-
cludes the material of the compensation element (10,
10’, 10”7, 10, 110, 110°, 110").
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