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(54) WAVEGUIDE FILTER

(57) Problem
In prior-art high-frequency filters, to compensate for

manufacturing tolerance, it is common practice to tune
the filter using tuning elements such as threaded screws
made of metal or various combinations of metal and plas-
tics. Resonator casings made of aluminum require inter-
ference threads for receiving the corresponding tuning
elements since aluminum is too soft for fine threads.

Further, contamination of the aluminum used as raw
material - such as by ferrite, nickel, steel or other ferro-
magnetic material - causes the casing to exhibit hyster-
esis when exposed to reversing magnetic fields, thus re-

sulting in undesired passive intermodulation. Avoiding
this intermodulation imposes a high degree of purity on
the raw material employed, which in turn increases the
unit cost of a filter manufactured from such material.

Solution
The problem is solved by a waveguide filter having

a casing of material transparent to light of a designated
lasing wavelength, the casing bearing an electrically con-
ductive internal plating such that the casing defines a
radio-frequency cavity, and dielectric resonators protrud-
ing into the cavity, the resonators being dimensioned
such as to exhibit a given resonant frequency.
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Description

Technical Field

[0001] The invention relates to waveguide filters.

Background Art

[0002] In electrical and communications engineering,
by waveguide filter is meant any electronic filter that is
based on electromagnetic waveguides. Waveguide fil-
ters are a basic component of electronic engineering de-
signs and have numerous applications such as the se-
lection of signals and limitation of noise. State-of-the-art
waveguide filters are mostly employed in the radio and
especially microwave spectrum due to their convenient
size and low loss. Examples of known designs are given
in JARRY, Pierre, et al. Advanced design techniques and
realizations of microwave and RF filters. Hoboken, New
Jersey: John Wiley, 2008. ISBN 0470183101.
[0003] There are many applications of filters whose de-
sign objectives reach beyond rejection or passing of cer-
tain frequencies. Amongst the more common applica-
tions of this kind are impedance matching networks, di-
rectional couplers, power dividers, power combiners, and
diplexers. Other known applications include multiplexers,
de-multiplexers, negative-resistance amplifiers, and
time-delay networks, all of which shall be encompassed
by the term "waveguide filter" as employed hereinafter.
[0004] Practical waveguide filters typically exhibit
some amount of passive intermodulation (PIM), that is,
amplitude modulation in signals that contain two or more
different frequencies. While these distortions may cause
a telecommunication signal to interfere with adjacent
channels and impede reception, they pose a severe prob-
lem in measurement and test instrumentation. This phe-
nomenon is elucidated in VICENTE, Carlos, et al. Pas-
sive Intermodulation Characteristics. IEEE trans. micro-
wave theor. tech.. 08 August 2005, vol.53, no.8, p.2515
- 2525.
[0005] To minimize such undesired effect, EP 2656435
A (KATHREIN WERKE KG [DE]) 30.10.2013 proposes
a high-frequency filter in coaxial design which allows a
simple option for tuning resonators contained in the high-
frequency filter.

Summary of invention

[0006] The invention aims to provide an improved
waveguide filter.

Technical Problem

[0007] In prior-art high-frequency filters, to compen-
sate for manufacturing tolerance, it is common practice
to tune the filter using tuning elements such as threaded
screws made of metal or various combinations of metal
and plastics. Resonator casings made of aluminum re-

quire interference threads for receiving the correspond-
ing tuning elements since aluminum is too soft for fine
threads.
[0008] Further, contamination of the aluminum used
as raw material - such as by ferrite, nickel, steel or other
ferromagnetic material - causes the casing to exhibit hys-
teresis when exposed to reversing magnetic fields, thus
resulting in undesired passive intermodulation. Avoiding
this intermodulation imposes a high degree of purity on
the raw material employed, which in turn increases the
unit cost of a filter manufactured from such material.

Solution to Problem

[0009] The problem is solved by the characterizing fea-
tures of the independent claims.

Advantageous effect of invention

[0010] The invention provides for a highly accurate fil-
ter ideally suited for measuring and testing purposes. The
proposed filter may also be used in the mass market,
where demand for wireless broadband has soared due
to technological innovations such as third-generation
(3G) and fourth-generation (4G) mobile services as well
as the rapid expansion of wireless Internet services.
Here, a bandpass according to the invention enables
broadcast licensees to tap the full potential of their allo-
cated portion of the radio frequency (RF) spectrum, bid-
ding for which requires staggering investments in many
countries.
[0011] The application of a transparent housing mate-
rial enables the inventive use of laser ablation for tuning
the filter while preserving the imperviousness of the cas-
ing. In contrast to the ubiquitous "tuning screws" of con-
ventional high-frequency filters, this fundamental modi-
fication allows the design of an airproof device that is fully
sealed against intrusion by dust or liquids and thus pro-
tected from corrosion. Such apparatus operates reliably
in harsh usage environments and under circumstances
such as strong vibrations, extreme temperatures, and
wet or dusty atmosphere, all of which are customary op-
erating conditions for base stations in the context of mo-
bile telephony, wireless computer networking, and other
wireless communications. To eliminate any remaining
risk of contaminant entering the casing through conduc-
tor inlets or outlets, the inward-facing and outward-facing
conductor of each port may be galvanically isolated by
means of inductive or capacitive coupling.
[0012] Considering the scarcity of high-grade alumi-
num and its consequent purchase price, the invention
also allows for a considerable reduction in unit cost. Spe-
cifically, the substitution of aluminum by an amorphous
solid potentially renders performance of the filter inde-
pendent from the purity of the starting material. As a pre-
ferred embodiment, a filter encased in glass proves ex-
tremely durable under most conditions, erodes very slow-
ly, and withstands the action of water.
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[0013] The particle density of undesirable atoms and
molecules inside the filter housing may be reduced by
casting or molding the casing in a vacuum chamber such
that the vacuum prevails in the resulting cavity. This way,
its inside may be plated by means of vacuum deposition,
thus yielding a plating of higher quality and more uniform
thickness than would typically be achieved under atmos-
pheric pressure.
[0014] For the unlikely case of residual moisture re-
maining inside the casing, resistance against corrosion
and oxidation may nevertheless be retained by employ-
ing a noble metal for the conductive internal plating that
is required to confine the electromagnetic field. As a base
layer, silver is particularly preferred for its high electrical
conductivity. Due to its malleability, ductility, and resist-
ance to corrosion or other chemical reactions, a gold
coating may optionally be superimposed. Resistance to
chemical attack, excellent high-temperature characteris-
tics, and stable electrical properties are also found in a
surface layer of a platinum-group metal such as palladi-
um, the latter being particularly preferred for its low den-
sity and melting point.

Description of embodiments

[0015] A bandpass is manufactured from a set of co-
axially aligned ceramic resonators. In a vacuum cham-
ber, these are cast into a glass casing together with at
least two pairs of inward-facing and outward-facing con-
ductors designated as input and output ports. The cast
is configured such that the resonators protrude into the
cavity defined by their casing.
[0016] Once the glass has cured, each resonator is
trimmed by laser ablation from outside the casing while
measuring resonant frequency. This tuning process may
be continued arbitrarily until the filter exhibits its desig-
nated frequency profile.
[0017] In a final step, a predetermined amount of silver
is vaporized within the evacuated cavity and deposits on
its inner surface as an internal plating. This silver base
layer may optionally be replaced or superimposed by a
layer of gold or palladium, effectively rendering the cavity
impermeable to electromagnetic waves.

Industrial applicability

[0018] The invention may be applied, inter alia,
throughout the telephone networks, satellite communi-
cations, and television broadcasting industries.

Citation list

[0019] The following literature is cited throughout this
document.

Patent literature

[0020] EP 2656435 A (KATHREIN WERKE KG [DE])

30.10.2013

Non-patent literature

[0021] JARRY, Pierre, et al. Advanced design tech-
niques and realizations of microwave and RF filters.
Hoboken, New Jersey: John Wiley, 2008. ISBN
0470183101.
[0022] VICENTE, Carlos, et al. Passive Intermodula-
tion Characteristics. IEEE trans. microwave theor. tech..
08 August 2005, vol.53, no.8, p.2515 - 2525.

Claims

1. Waveguide filter
characterized in
a casing of material transparent to light of a desig-
nated lasing wavelength, the casing bearing an elec-
trically conductive internal plating such that the cas-
ing defines a radio-frequency cavity,
and
dielectric resonators protruding into the cavity, the
resonators being
dimensioned such as to exhibit a given resonant fre-
quency.

2. Filter as in Claim 1
wherein
the material is an amorphous solid.

3. Filter as in Claim 2
wherein
the solid is glass.

4. Filter as in any of the preceding claims
wherein
a vacuum prevails within the cavity.

5. Filter as in any of the preceding claims
having
an inward-facing and an outward-facing conductor,
wherein the conductors are mutually inductively or
capacitively coupled.

6. Filter as in any of the preceding claims
wherein
the plating consists of noble metal.

7. Filter as in Claim 6
wherein
the plating comprises a base layer of silver.

8. Filter as in Claim 7
wherein
the plating comprises a surface layer of gold.

9. Filter as in Claim 7
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wherein
the plating comprises a surface layer of a platinum-
group metal, especially palladium.

10. Filter as in any of the preceding claims
wherein
the filter takes the form of a bandpass.

11. Process for the manufacture of a filter according to
any of the
preceding claims,
characterized in
encasing the resonators such that the resonators
protrude into the cavity defined by the casing,
while measuring resonant frequency, laser-ablating
each resonator at the designated wavelength until
the resonant frequency meets a given value, and
applying the internal plating to the casing.

12. Process as in Claim 11
wherein
the encasing is effectuated by casting.

13. Process as in Claim 12
wherein
the casting is performed in a vacuum chamber.

14. Process as in Claim 13
wherein
the plating is applied by vacuum deposition.

15. Use of a filter according to any of Claim 1 to Claim 10.
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