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ABSTRACT

The present 1nvention comprises a waveguide filter
having a stepped transformer area on the input and/or output
sides, with at 1least one band-stop filter composed of
geometrically closely spaced stop elements integrated into this
stepped transformer area. These features make it possible to
build waveguide filters with a high edge steepness and a short

overall length.
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WAVEGUIDE FILTER

Field of the Invention

The present 1invention relates to a waveguide filter having a
stepped transformer area on the input side and/or output side

as well as an area of alternate-height waveguide segments.

Background of the Invention

A wavegqgulde filter of this type is known from
"Microwave Filters, Impedance-Matching Networks and Coupling
Structures"; Matthael, Young, Jones; McGraw Hill Book Company
1964, pages 398 to 408, i1in particular Figure 7.05-8 on page 405.
The area of alternate-height waveguide segments in this filter
has a waffle-iron filter structure. On the input and output
sides of this structure are located stepped transformers with
corrugated areas that each measure A,/4 1n length, where A,
represents the waveguide wavelength in the pass band.

A waveqguide filter with stepped transformers on the
input and output sides as well as an intermediate area of
coupled resonators in the form of a corrugated waveguide filter
(Matthaei, Young, Jones, page 358, paragraph 2) with low-pass
action is known from ANT Nachrichtentechnische Berichte, Volume
5, November 1988, pages 114 to 120.

Waveguide filters with a high edge steepness are
generally implemented using conventional corrugated waveguide
filter structures. However, this would necessitate a very large
number of elements, i1.e., a chain of short rectangular waveguide
segments with alternating greater and lesser heights, thus
requlring a great overall length and mass. The large number of
elements would also produce extremely high attenuation in the
pass band, making it especially difficult to use the filter in

satellites.
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Another way to produce high edge steepness is to use
additional, relatively narrow-band band-stop filters. Known
band-stop waveguide filter designs use stubs that elither branch
off from the waveguide via a coupled cavity resonator measuring
A,'/2 in length (where A,' is equal to the waveguide wavelength
in the pass band of the band-stop filter) or fully coupled stubs
that measure A,'/4 1n length and are short-circuited on one end
(Matthaei, Young, Jones, pages 725 to 768). The distance
between the resonators and stubs, respectively, measures unequal
multiples of A,'/4. If three filter circuits are used, for
example, this would add at least another A,'/2 to the total

length of a conventional low-pass filter.

Summary of the Invention

According to the present invention, there is provided
a wavegulde filter, comprising: a stepped transformer area
provided on one of an input side and an output side; an area of
alternate-height waveguide segments; and at least one band-stop
filter formed as at least two closely spaced stop elements and
integrated into the stepped transformer area, wherein a distance
by which the at least two closely spaced stop elements are from
one another 1is short compared to one fourth of a waveguide
wavelength.

A waveguilde filter according to the present invention
makes 1t possible to build waveguide filters with a high edge
steepness and a short overall length.

According to the ©present invention, however,
geometrically closely spaced stop elements are used which are
additionally integrated into the one or more stepped
transformers. These two features provide a stop band with a
very high stop-band attenuation directly above the pass band and
simultaneously reduce the number of steps needed. These
features make 1t possible, in particular, to build low-pass

wavegulde filters with a very short overall length.



10

CA 02300937 2003-12-04

2a

If the stubs of a band-stop filter have different
lengths, the width and depth of the stop band can be flexibly
adjusted to the requirements at hand.

Because there 1s no need for the intermediate lengths
measuring A,'/4 between the stop elements or at the end of
short-circuited stubs, as 1s common in known band-stop filter
designs, and therefore fewer matching units are also needed, the
waveguide filter according to the present invention has a very
short overall length. The entire structure can be produced by
cost-effective milling technigques and does not reqgulire any
equalization elements 1f properly dimensioned.
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The filter according to the present invention is
especially suitable for suppressing undesired spurious signals
1n traveling-field tubes of communications satellites because
i1t supplies a high stop-band attenuation both directly abové the
pass band and at 1long frequency intervals despite its short
overall length.

The area of alternate-height waveguide segments can
also be designed as a corrugated waveguide, a ridged waveguide,
or a waffle-iron waveguide filter. A waffle-iron filter design
has the additional advantage that it enables signal components
that are propagated in the form of higher-order waveguide modes
to be attenuated on the second and third harmonics.

In communications satellites, interconnected narrow-
band channel filters are used to direct the signals on the
individual transmission channels to a common bus bar (output
multiplexer), from where they are routed to the antenna.
However, the traveling-field tubes serving as transmitter
amplifiers produce not only the wanted signal but also undesired
spurious signals (transmit signal noise, i.e., harmonics), which
should be heavily attenuated before reaching the antenna.
Because the far-off selectivity of the channel filters is poor,
additional low-pass filters are inserted into the transmission
branch. These filters meet especially high stop-band
attenuation requirements in the satellite receive bands, e.q.,
bands II and III at 14 and 18 Ghz, respectively (Figure 3). 1In
the current satellite generation, band II 1lies just above
transmission band I, where the pass band of the low-pass filter
1s located. The transition to the stop band therefore requires
an extremely high edge steepness. At the same time, however,
the filter still has a high stop-band attenuation on the second
and third harmonics (bands IV and V) at 24 and 35 Ghz. The
filter according to the present invention meets all of these
requirements.

Further 1mportant properties of a low-pass input
filter of this type include its dimensions and mass. The filter

according to the present invention provides an optimum



10

15

20

25

30

35

CA 02300937 2001-03-16

4

compromise between the electrical and mechanical properties

(mass, volume).

Brief Description of the Drawings

Embodiments of the present invention are explained in

greater detall on the basis of the drawings, in which:

Figure 1 shows a longitudinal section of a waveguide filter
according to the present invention;
Figure 2 shows a top view of a waveguide filter according

to the present 1nvention; and

Figure 3 shows the attenuation and matching curve
of a wavegulde filter according to the present

invention over the frequency.

Detailed Description of the Invention

Figure 1 shows a longitudinal cross-section of an
example of a wavegulide filter according to the present
lnvention. It includes a stepped transformer area 1 and 3,
respectively, on the input and output sides as well as an
intermediate area 2 composed of a chain of short rectangular
wavegulde segments of alternating lesser and greater heights,
with the shorter segments providing a shunt-capacitance action
and the higher ones a series-inductance action. Stepped
transformer areas 1 and 3 are used to adjust the waveguide to
be connected, whose dimensions are designed for the useful band.
According to the present invention, stepped transformer areas
1 and 3 each contaln a band-stop filter 4 and 5, respectively,
which are preferably located at a point of discontinuity of a
stepped transformer - 1in the embodiment, it lies between the
wavegulde segment of height b2 and waveguide segment b3, and
correspondingly between the waveguide segments of heights b5 and
b6. A Dband-stop filter of this type preferably includes
geometrically closely spaced stop elements 41, 42, 43 and 51,
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52, 53, respectively, in this case in the form of stubs that are
short-circuited at one end and measure approximately A'/4 1in
length. In this example, geometrically closely spaced means
that the wusual intermediate lengths of at 1least A,'/4 are
eliminated, 1i.e., the distance between the stop elements is
short compared to A,'/4. 1In the top view shown in Figure 2,
these stubs appear as ridges extending over the entire width of
the waveguide. The low-pass waveguide filter illustrated in
Figure 1 can be an ordinary corrugated filter or preferably a
waffle-iron filter (as shown in Figure 2). The waffle-iron
filter has the additional advantage that it allows signal
components that are propagated in the form of higher-order
waveguide modes to be attenuated in the area of the second and
third harmonics (bands IV and V in Figure 3). Both filter types
generally have a low input impedance, i.e., they are designed
for connecting cross-section a x b4, with b4 being much shorter
than remaining connecting heights bl and b6, respectively.
Depending on the desired pass-bandwidth and cross-sectional
ratio, therefore, multiple transformers are usually needed on
both sides to match the external cross sections. Integrating
a band-stop filter with n (in this case n=3) very closely spaced
stubs yilelds a high pass-bandwidth, if suitably dimensioned,
reducing the number of steps and simultaneously providing the
necessary high stop-band attenuation directly above the pass
band (band II). In the illustrated example, only two steps of
heights b2 and b3 are needed for height ratio bl/b4 and only one
step of height b5 for height ratio b6/b4. Like ordinary stepped
transformers, the steps measure approximately A, ,/4 in length,
where A, represents the waveguide wavelength in the pass band.
Figure 3, which shows attenuation and matching curve a over
frequency f-together with frequency bands I to V provided for
transmission-demonstrates the extremely high edge steepness
during the transition from the pass band to the stop band.

To achieve good transmission properties, the stop
elements on the input and output sides should each provide a

paired symmetrical stop action. However, 1n the case of
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variable waveguide heights, as shown in Figure 1, the stubs have

asymmetrical lengths.

A ridged waveguide filter structure can also be
provided instead of a corrugated wavequide filter or a waffle-
iron filter. The features of the present invention are not
limited to the use of rectangular waveguides. Thus, the present
invention can also be used for filters having coaxial cables,
for example, the filter type Kknown from ANT
Nachrichtentechnische Berichte, Volume 2, December 1984, pages
36 to 41, in particular Figure 10.

It 1s also possible to eliminate the stepped
transformer area on the input or output side, in particular, if
the height of the desired connecting waveguide is equal to the
input or output height of area 2.

Of course, 1t 1s also possible to provide stop
elements at additional points of discontinuity in the one or
more stepped transformers 1 and 3, respectively.

Furthermore, the stop elements can have a different

design.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY
OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A waveguide filter, comprising:
a stepped transformer area provided on one of an input

side and an output side;

an area of alternate-helight waveguide segments; and
at least one band-stop filter formed as at least two
closely spaced stop elements and integrated into the stepped
transformer area, wherein a distance by which the at least two
closely spaced stop elements are from one another is short

compared to one fourth of a waveguide wavelength.

2. The waveqguide filter according to claim 1,

wherein:

the at least one band-stop filter includes closely

spaced stubs that are short-circuited at one end.

3. The wavegulide filter according to claim 2,

wherein:

the stubs have varying lengths.

4. The waveguide filter according to any one of
claims 1 to 3, wherein:

the distance between the stop elements is short
compared to A,/4,

Ay represents the waveguide wavelength in a pass band,
and

the at least two closely spaced stop elements are
provided 1n the stepped transformer area on both the input side

and the output side.

5. The wavegulde filter according to claim 2 or 3,

wherein:
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the stubs that are short-circuited at one end measure
approximately A,'/4 in length, and

Ay;' represents the waveguide wavelength in a stop band
of the at least one band-stop filter.

6. The waveguide filter according to any one of
claims 1 to 5, wherein:

the at least two closely spaced stop elements are
located on both an input side and an output side of the area of

alternate-height waveguide segments, and

the at least two closely spaced stop elements are each
positioned at a distance of approximately A,/4 from the area of

alternate-height wavequide segments.

7. The waveguide filter according to any one of
claims 1 to 6, wherein:

the area of alternate-height waveguide segments is
designed as one of a ridged waveguide filter area and a waffle-

1ron filter area.

8. The waveguide filter according to claim 6,
wherein:

the at least two closely spaced stop elements on an
input side and an output side of the at least one band-stop

filter each provides a paired symmetrical stop action.

9. The waveguide filter according to any one of
claims 1 to 8, wherein:

the stepped transformer area corresponds to at least
one stepped transformer area, and

the at least two closely spaced stop elements of one
of the at least one band-stop filter are provided at a point of

discontinuity in the at least one stepped transformer area.
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10. The wavegqulde filter according to any one of
claims 1 to 9, wherein:

the wavegquide filter is used as a low-pass filter in
a transmission branch of a radio-frequency power amplifier
corresponding to a traveling-field amplifier for a satellite,

having relatively closely spaced transmit and receive bands.
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