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Ceramic filter.

@ A dielectric filter comprises several ceramic
resonator blocks (30,40) in contiguous relation-
ship. The individual resonator blocks are made
of different ceramic materials having respect-
ively different dielectric constants. Conse-
quently, the resonator blocks may all have the
same physical height, while having different
resonant frequencies. Thus an optimum physi-
cal size may be selected for the resonator
blocks, particularly with regard to packing den-

sity.

Fig.2
32 34 32 42 bl 42
) ) ) / )
. xxxxxxxx e = T - ===
O () OO S O -O 5
ORI ity datninlly
30 40
g T Frx > frx
€ax < €1x

Jouve, 18, rue Saint-Denis, 75001 PARIS



1 EP 0 508 812 A1 2

The present invention relates to a dielectric filter
comprising at least two dielectric, e.g. ceramic reso-
nator blocks.

It is known that one way of shortening a quarter
wavelength coaxial-cavity resonator is to fill the cavity
between its coaxial conductors with a dielectric. Di-
electric filters are used for applications in the micro-
wave range, as in radiotelephone duplex filters and in
receiver front-end filters. Small size, low loss and ex-
cellent stability are known advantages of such ceram-
ic filters.

Prior art dielectric filters comprise one or more di-
electric block resonators. A filter may be an assembly
of several discrete resonators, each formed by a
piece of dielectric, usually ceramic, material coated
with conducting material and provided with a hole.
The coating and the electrical interfaces are such that
a transmission line resonator is formed with a natural
frequency determined by the physical length or
"height" of the resonator in the direction of the hole.
The electrical length of the resonator is usually the
length of a quarterwave, and so the device is called a
Ad-resonator. A desired number of resonator blocks
may be coupled in contiguous relationship, whereby
a filter with a desired bandwidth is obtained, e.g. a
band-stop filter. It is also possible to use a monaolithic
block of ceramic material containing a required num-
ber of holes coated with conductive material, forming
a corresponding number of transmission line resona-
tors. In a single block it is easy to realize e.g. a band-
pass filter. A duplex filter may be formed with two such
filters. In this case the two separate filter blocks may
be mechanically joined, i.e. by soldering into a com-
mon frame or housing.

As mentioned above, resonators are usually
made as quarter-wave resonators, and the length of
the resonator hole, i.e. the height of the ceramic part,
is determined by the resonance frequency. Because
the wave velocity in a dielectric material having a di-
electric constant g, is equal to the wave velocity in air
divided by the square root of the dielectric constant,
very small sized filters are obtained due to the high &,
values of ceramic materials. As a natural conse-
quence of the fact that the wave velocity in a dielectric
material depends on its dielectric constant, the reso-
nance frequency of the resonator varies depending on
the physical length ("height") of the ceramic block us-
ing the same material.

If a filter is formed by several separate resonator
blocks coupled mechanically side by side to form a
long bar, its profile seen from one side may resemble
a staircase, where the difference between the short-
est and tallest resonator blocks could be consider-
able. When a filter comprising resonators with
different heights is encapsulated, the housing will
contain much "wasted space" in the height direction,
because the tallest resonator will determine the size
of the filter. The same applies for a duplex filter. Be-
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cause the center frequency of the filter in the receiver
branch differs considerably from the center frequency
of thefilter in the transmitter branch, there is a perceiv-
able height difference between these filter blocks,
which is a drawback when the device is encapsulated.
Because all resonator blocks typically are made of the
same material, the shorter resonators may be made
of a material having a better quality than is required,
because a material with an unnecessary high dielec-
tric constant is used for the required height. The price
of the ceramic material tends to increase steeply
when the dielectric constant increases.

According to the present invention there is provid-
ed a dielectric ceramic filter including two or more cer-
amic resonator blocks, each ceramic resonator block
respectively comprising one or more transmission line
resonators, characterized in that the dielectric con-
stant of the material in at least one ceramic block is
different from the dielectric constant of at least one of
the other ceramic blocks.

A dielectric ceramic filter in accordance with the
invention relies on the fact that a resonator with a giv-
en height can be made for different frequencies by se-
lecting a ceramic material having a dielectric constant
suited for the purpose and providing the required res-
onance frequency at the given dimensions. Thus it is
possible to select the material according to the use
and to optimize the material costs. It is also possible,
by selecting a suitable ceramic material, to select for
the resonators an optimal physical size regarding the
encapsulation. In particular the material may be chos-
en so that each of the individual resonator blocks has
substantially the same physical length.

An embodiment of the invention will now be de-
scribed, by way of example, with reference to the ac-
companying drawing in which:

Figure 1 is a perspective view of the resonators

of a prior art filter; and

Figure 2 is a perspective view of the resonators

of a filter in accordance with the invention.

The filter of Figure 1 is a prior art duplexer filter
made of a single dielectric material. The filter has, as
an example, a three resonator receiver section 10 and
a three resonator transmitter section 20, the exposed
sides, except for the top, being coated by a conductive
material. The height of the resonators in the receiver
section are generally lower than those in the transmit-
ter section, which indicates that the receiver pass
band is at a higher frequency than the transmitter
pass band. Also, the endmost resonators 12 in the re-
ceiver section and the endmost resonators 22 in the
transmitter section are shorter than the respective
center resonator 14,24. As a result of these differenc-
es in height, the case for the duplexer would either
have to be stepped or would have considerable inter-
ior dead space.

Figure 2 shows a duplexer in accordance with the
present invention. In this regard it should be noticed
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that in comparison to the filter of Figure 1, all the res-
onators are of a substantially uniform height. How-
ever, the individual resonators are made of materials
having different dielectric constants. In particular, the
material of the resonators in the receiver section 30
are made of a material with a generally lower dielectric
constant than the resonators of the transmitter section
40. In effect, the higher dielectric constant allows the
normally longer lower frequency transmitter resona-
tors to be made as small as the higher frequency re-
ceiver resonators. Similarly, the endmost resonators
32 of the receiver section are made of a material
(shown as a dotted pattern) with a lower dielectric
constant than the centerlower frequency resonator 34
(shown with an x pattern). Likewise, the transmitter
endmost resonators 42 are made with a material
(shown in dash line) with a lower dielectric constant
than the center resonator 44.

Several different ceramic materials are known in
the art having different dielectric constants for use in
filters

These known ceramic materials may be used to
make a filter in accordance with the invention, wherein
the individual resonator blocks can be made equally
high. A suitable height for a resonator can be calcu-
lated by a person skilled in the art in a known way, us-
ing the frequency and the dielectric constant of the
dielectric material. In a filter according to the invention
feasible ceramic materials are for example ceramic
compounds based on titanate, such as Ba,TigOo (g =
37) and Ba(Sm,Nd),TizO44 (¢ = 78), but a suitable ma-
terial will be selected case by case, considering the
desired frequency and filter size.

In view of the foregoing description it will be evi-
dent to a person skilled in the art that various filter con-
figurations are possible within the scope of the
present invention. For example, one or more of the di-
electric blocks may comprise two or more holes, i.e.
resonators, in the same block. Moreover, the filter
may comprise three or more discrete dielectric block
resonators made of ceramic materials with different
dielectric constants. In this case of a multi-block filter
each block may be made of a material having a differ-
ent dielectric constant.

Alternatively, some of the blocks may be made of
a material having the same dielectric constant, but in
this case at least one other block in the filter is made
of a material having a different dielectric constant.

Claims

1. Afilter including two or more dielectric resonator
blocks, each dielectric resonator block respec-
tively comprising one or more transmission line
resonators, characterized in that the dielectric
constant of the material in at least one dielectric
block is different from the dielectric constant of at
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least one of the other dielectric blocks.

A filter as claimed in claim 1 characterised in that
the dielectric block resonators have substantially
the same physical length.

Afilter as claimed in claim 1 or claim 2, comprising
three or more dielectric resonator blocks, wherein
each resonator block is made of a dielectric ma-
terial having a dielectric constant different to that
of the other resonator blocks.

Afilter as claimed in claim 1 or claim 2, comprising
three or more dielectric resonator blocks, wherein
at least one of the resonator blocks is made of a
material having substantially the same dielectric
constant as one of the other resonator blocks.

A filter as claimed in any of the preceding claims
wherein, at least one of the dielectric resonator
blocks comprises a single transmission line res-
onator.

A filter as claimed in any of claims 1 to 4, wherein
at least one of the resonator blocks comprises
plural transmission line resonators.

A filter as claimed in any of the preceding claims,
wherein the resonator blocks are disposed in con-
tiguous relationship.

A filter as claimed in any of the preceding claims,
wherein the resonator blocks comprise ceramic
material.

A filter as claimed in any of the preceding claims,
characterised in that at least one of the resonator
blocks comprises a titanate based compound.
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Fig.1. (PRIOR ART)
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