
Europäisches Patentamt

European Patent Office

Office européen des brevets

E
P

 1
 0

37
 2

98
 A

1

Printed by Xerox (UK) Business Services
2.16.7 (HRS)/3.6

(19)

(11) EP 1 037 298 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
20.09.2000  Bulletin 2000/38

(21) Application number: 00301206.9

(22) Date of filing: 16.02.2000

(51) Int. Cl.7: H01P 1/208

(84) Designated Contracting States:
AT BE CH CY DE DK ES FI FR GB GR IE IT LI LU
MC NL PT SE
Designated Extension States:
AL LT LV MK RO SI

(30) Priority: 10.03.1999 EP 99460018

(71) Applicant:
TRT Lucent Technologies (SA)
92359 Le Plessis Robinson (FR)

(72) Inventor: Zovi, F.
92260 Fontenay Aux Roses (FR)

(74) Representative:
Williams, David John et al
Lucent Technologies UK Limited,
5 Mornington Road
Woodford Green, Essex IG8 0TU (GB)

(54) Resonant cavity filter for microwave signals

(57) In a filter for microwave signals comprising a
plurality of resonant cavities and a longitudinal passage
connecting them to each other, said plurality of resonant
cavities and said longitudinal passage are entirely filled
with a dielectric material whose relative permittivity εr is
greater than one.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a resonant
cavity filter for microwave signals.
[0002] Typically, a filter for microwave signals con-
sists of a panel comprising a succession of resonant
cavities communicating with each other through a longi-
tudinal passage. The size and central frequency of the
passband of the filter depend on the size and number of
these resonant cavities.
[0003] The usual criteria for the choice of a filter are
the following:

- low loss in transmission and high attenuation of
matching in the passband,

- a high rejection in near band,
- good behavior in temperature throughout the band,
- simple manufacture to obtain low cost price.

[0004] Furthermore, owing to the widespread mini-
aturization of electronic equipment, it is now becoming
essential to have small-sized filters.
[0005] The invention therefore is the result of
research carried out on filters for microwave signals with
a view to reducing their size and making them more
compact.

SUMMARY OF THE INVENTION

[0006] To this end, an object of the invention is a fil-
ter for microwave signals comprising a plurality of reso-
nant cavities and a longitudinal passage, connecting
them to each other, wherein said plurality of resonant
cavities and said longitudinal passage are entirely filled
with a dielectric material whose relative permittivity εr is
greater than one.
[0007] Thus, the waves get propagated inside the
filter in a dielectric material with a permittivity greater
than that of air (εr=1), making it possible to reduce the
volume of the resonant cavities of the filter and therefore
increase the compactness of the filter. Indeed, the Max-
well equations show that the electromagnetic behavior
of an air-filled metal body is identical to that of this same
body filled with a dielectric material having a relative
permittivity εr provided that the size of this material is
reduced by a ratio √er on each of its dimensions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The characteristics and advantages of the
invention mentioned here above as well as others shall
appear more clearly in the following description made
with reference to the single figure, Figure 1, which gives
a view in perspective of a passband filter according to
the invention.
[0009] For reasons of convenience, the following

description shall refer to a passband filter without any
limit being placed on the type of filters concerned by the
invention.

[0010] The solution proposed by the invention for
reducing the size of the filters for microwave signals
consists in filling the resonant cavities of the filter and
the longitudinal passage connecting them with a dielec-
tric material having a relative permittivity εr greater than
that of air. Thus, the medium of propagation of a stand-
ard filter, namely air, is replaced with a dielectric mate-
rial having a permittivity greater than one.
[0011] A structure of this kind enables a gain in vol-
ume corresponding to the value of εr

3/2 as compared
with that of a standard filter. For example, if we use a
dielectric material with a permittivity of 4, the gain in vol-
ume is 8.
[0012] An exemplary passband filter 1 according to
the invention is shown in the single figure. This filter has
four successive resonant cavities 2 connected to each
other by a longitudinal passage 3, an input port 4 and an
output port 5 at the two ends of the succession of cavi-
ties, all these elements being hollowed out of a perfectly
conductive metal block. Naturally, the block shown is
surmounted by a metal hood (not shown).
[0013] According to the invention, the resonant cav-
ities 2, the longitudinal passage 3 as well as the port 4
and the port 5 of the filter are entirely filled with a dielec-
tric material having a relative permittivity εr greater than
one. The dielectric material is a ceramic material, for
example a styrene copolymer.
[0014] This filter structure then has a small space
requirement which is a consequence of two observa-
tions:

- a filter structure having a given response at the fre-
quency f0 will have the same response as the fre-
quency

when it is filled with a dielectric having a permittivity
εr; and

- the central frequency f0 of a filter is transposed to
the frequency k.f0 when its dimensions are uni-
formly reduced by a factor k (k≥1).

[0015] Thus, the reduction of the dimensions of the
filter by a factor k is compensated for by the fact that it is
filled with a dielectric having a relative permittivity

.
[0016] Preferably, the dielectric used is homogene-
ous, namely it has microscopic characteristics that are
uniform in space, and it is isotropic, namely its charac-
teristics are identical in all directions so as not to intro-
duce excessive electromagnetic losses.

ε r = k 2
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[0017] Indeed, it may be recalled that the dielectric
character of a material is displayed by the appearance
of polarizing dipoles at each molecule that constitutes it
when it is exposed to an electrical field. This phenome-
non is modelled by a distribution of fictitious loads dis-
tributed in the volume and on the surface of the
material. For a homogeneous, linear and isotropic die-
lectric, the bias is written as follows:  where
c is a scalar constant that is proper to the material and
is called electrical susceptibility. Within a dielectric of
this kind, the electric magnetic fields are defined by the
Maxwell equations in taking . Conduction
and absorption phenomena within the dielectric lead to
losses of electromagnetic energy. This is taken into
account by the introduction of an imaginary part of the
electrical susceptibility. The permittivity then becomes
complex and is written as . The energy
losses within the dielectric are expressed by the factor
ε''/ε'. The lower this factor, the lower are the losses.

[0018] Consequently, the dielectric material chosen
advantageously has a very low factor ε''/ε', for example
below 0.002. However, the fact remains that a material
of this kind always has losses; it cannot therefore be
used for applications requiring very low insertion losses.
[0019] Apart from the insertion losses, a filter of this
kind however has high electrical characteristics. It even
has a near-band rejection that is greater than that of a
classic filter.
[0020] Furthermore, the other criteria for choosing
the dielectric material are the following: it must be easy
to machine or mold, insensitive to ageing and have an
coefficient of expansion close to that of the metal in
which the cavities are made.
[0021] In the exemplary embodiment of Figure 1, it
is furthermore planned, for the junction of a coaxial
cable at the input and output of the filter, to have holes 6
and 7 in the dielectric at the level of the input port 4 and
output port 5 of the filter. These holes 6 and 7 are
designed respectively to receive the core of the coaxial
cable at input and the core of the coaxial cable at out-
put.
[0022] For a junction with a standard rectangular
waveguide having a different impedance value and a
different section, it is planned to introduce a quarter-
wave line between the guide and the corresponding port
of the filter for the impedance matching and a conver-
gent guide to provide for the change in sections.

Claims

1. A filter for microwave signals comprising a plurality
of resonant cavities and a longitudinal passage
connecting them to each other, wherein said plural-
ity of resonant cavities and said longitudinal pas-
sage are entirely filled with a dielectric material
whose relative permittivity εr is greater than one.

2. A filter according to claim 1, wherein the dielectric

material is a homogeneous and isotropic ceramic
material.

3. A filter according to claim 2, wherein the dielectric
material is a styrene copolymer.

4. A filter according to one of the claims 1 to 3,
wherein the chosen dielectric material has a rela-
tive permittivity  for which the ratio ε''/ε'
is low.

p = ε 0.χ .E

ε r = ε 0.(1+χ )

ε r = ε ' + jε ''

ε r = ε ' + jε ''
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