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ABSTRACT Recently, the spurious self-suppressionmethod has been introduced and applied to the bandpass
TM cavity filters to improve their stopband performance. However, this method has the limitation of being
applicable only to TM narrow-band filters. This paper shows how to overcome this limitation. In particular,
it shows how to increase the bandwidth and improve the stopband performance by removing the spurious
resonance of the coupling irises due to TE10 mode. The conventional rectangular iris is replaced by a new
bent c-shaped iris. In this way, the resonance of the iris TE10 mode can be shifted to lower frequencies
(below the cut-off), improving the stopband performance of the filter. Moreover, this new iris shape provides
large couplings that allow wide passbands, and strong excitation of the spurious resonant modes that allows
for an efficient implementation of the spurious self-suppression method. Furthermore, double slot iris has
been used to connect the two central cavities to increase the central coupling of the filter. Design examples
of 4th order and 6th order TM cavity filters with wide spurious free range up to 18 GHz having fractional
bandwidth (FBW) of 5% and 4%, respectively, are presented. Finally, the 6th order TM cavity filter has been
manufactured andmeasured. Good agreement has been achieved between simulated andmeasured frequency
responses.

INDEX TERMS Bandpass filters, bent c-shaped iris, coupling irises, higher order modes, out-of-band,
spurious self-suppression, transverse magnetic (TM) cavity.

I. INTRODUCTION
The rapid technological advancement demands for
microwave/millimeter wave components with stringent
requirements as for example compact size, and wide out-of-
band rejection performance. Microwave filters is one of the
key components in communication systems and must meet
such stringent requirements [1], [2]. Waveguide filters have
been extensively used in communication system, especially in
satellite applications, thanks to their low loss characteristics
and high-power handling capabilities [3], [4]. An important
parameter to be considered in the design of bandpass filters
is their out-of-band rejection response. Bandpass filters in
rectangular waveguide technology often suffer from spurious
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resonances that limit the wideness of their stopbands.
In particular, higher order modes in a resonator create spu-
rious resonances and limit the stopband performance of
the rectangular waveguide filters. The improvement in the
stopband performance has been traditionally obtained by
cascading a lowpass filter to a bandpass filter [5]. How-
ever, it increases design complexity and overall size of the
whole structure. Another intuitive approach recently pro-
posed in [6], uses a rearranged position of filter cavities. The
proposed arrangement allows minimizing coupling values to
spurious modes. However, in some cases, coupling values
can be minimized but cannot be avoided due to manufac-
turing tolerances and this results in the appearance of very
narrow-band spurious resonances degrading the out-of-band
frequency response of the filter. Other solutions, exploiting
stepped-impedance resonators (SIRs) and resonators with
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different widths to improve out-of-band performance in rect-
angular waveguide bandpass filters, have been reported in [7]
and [8]. Despite achieving better stopband performance, this
results in increased manufacturing cost and design com-
plexity. Recently, out-of-band performance of SIR based
filters has been improved by providing a hybrid solution
using capacitive and inductive irises [9], [10]. The study has
been extended in [11], where a staircase solution has been
proposed. In this case, wideband filters with wide out-of-band
regions have been obtained at the expense of complex design
and manufacturing process.

The use of transmission zeros (TZs) is another technique
to improve filter selectivity and its out-of-band frequency
response. Multiple coupling path solution which makes the
use of cross-couplings between non-adjacent resonators has
been used in [12] to generate TZs. In [13], out-of-band per-
formance has been improved by using higher order modes
to generate TZs. In [14] and [15], TZs has been introduced
and placed far away from the filter passband with the use
of cross-couplings between non-adjacent resonators which
results in a folded configuration. However, these approaches
do not consider suppression of higher order modes spurious
frequencies.

The use of transverse magnetic (TM) mode combined with
the use of non-resonating modes, allows for filter miniatur-
ization and for filter selectivity improvement, thanks to the
introduction of TZs [16], [17]. Different TM cavity filter con-
figurations, including dual mode configurations, have been
used in [18] and [19]. In [20], a compact waveguide band-
pass filter using TM dual mode cavities achieving fractional
bandwidth (FBW) of 3.5% has been designed, measured,
and tested. Despite achieving excellent performance in terms
of selectivity, TM filters often suffer from poor out-of-band
rejection performance. In the context of TM mode cavities,
two types of spurious resonances have been identified: higher
order cavity mode resonances and coupling iris resonances.
Such additional spurious resonances create parasitic bands
that can degrade the stopband performance of the TM mode
filters. In [21], out-of-band behavior in TM dual mode cav-
ities is improved by using multiple irises and modifying the
shape of cavities.

Recently, a new method called spurious self-suppression
has been proposed in [22] and [23]. In [24], it has been
applied to substrate-integrated waveguide (SIW) filters. This
method is different from the classical one [6], which consists
in the minimization of all possible couplings to spurious res-
onances, with the aim of avoiding (or better saying limiting)
the excitation of spurious modes. The limitations of [6] were
also addressed in [23], by providing example of TM mode
filters. Another possible limitation of TM mode filters could
be their limited bandwidths, especially when wide stopbands
are required and the spurious self-suppression method is
applied, as can be seen in the examples provided in [23].
Although recent studies [25] and [26] show, it is possible to
achieve wide passbands up to 9.33% in TM cavity filters,
using resonant irises and direct coupled TE-TM waveguide

cavities. However, both these studies do not consider the wide
out-of-band frequency response of the filter. In addition, the
use of resonant irises results in compromising the Q factor of
the overall structure [25].

Keeping in mind the limitations of the different filter
technologies discussed above, this paper extends the previ-
ous contribution presented in [23] about TM mode filters
designed by exploiting the spurious self-suppression method.
In particular, in this paper the limited capability in terms of
the bandwidth related to the structures presented in [23] has
been addressed by introducing new iris geometries that allow
filters with wider passbands. The bandwidth increasing in
TM filters related to the structures presented in [23], creates
spurious frequencies due to the iris resonances close to the
filter passband. The twomajor contributions here in this paper
introduced, consist in:

1) Removing spurious frequencies, due to the resonance
of the TE10 mode of coupling irises, by replacing the con-
ventional rectangular iris with a new bent c-shaped iris. This
results in improving the stopband performance of the filter.

2) Increasing the bandwidth in wide spurious free TM
cavity filters. With the presented structures, bandwidths of up
to 5% are obtainable while in [23], the limit was about 1.5%.

This paper is organized as follows. In Section II, the
problem in increasing the bandwidth using the spurious
self-suppression method in TM cavity filters has been
addressed. In Section III, detailed analysis on how to increase
the bandwidth and enhance the stopband frequency response
in TM cavity filters is presented. Examples of 4th order and
6th order TM cavity filters have been presented in this section.
Section IV shows the measured results of the 6th order TM
cavity filter. Measurement of the 6th order TM cavity filter
confirms the feasibility of the proposed approach. Finally, the
conclusion is presented in Section V.

II. STUDY OF THE BANDWIDTH ENHANCEMENT IN WIDE
SPURIOUS FREE BAND TM CAVITY FILTERS
The idea of controlling spurious resonances through their
coupling values (with the spurious self-suppression method)
has been presented in [22] and [23]. For the sake of simplicity,
results of the 4 pole TM cavity filter have been here recalled.
Fig. 1(a) shows the configuration of the 4th order TM cavity
filter, and its wide spurious free band frequency response
is shown in Fig. 1(b) [23]. The filter has a FBW of 1.3%
and the first spurious resonance appears at around 20.2 GHz
(iris 3 resonance), achieving stopband up to 2.2 times the filter
center frequency of 9.2 GHz. Iris 2 (4) resonances appears
instead at 10.65 GHz but with an insertion loss of 30 dB. The
filter is fed through standard wr-90waveguides with a cut-off
frequency of 6.557GHz. Note that, the range of the graph also
includes frequencies below the cut-off frequency.

The classical approach for increasing the bandwidth in
single mode TM filters, consists in increasing iris sizes or
increasing the distance between irises and the cavity center
in order to increase the coupling values [17], [18], [19].
However, in both cases, stopband performance is degraded.
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FIGURE 1. Four pole TM cavity filter. (a) Filter configuration. (b) S-
parameter response reported in [23].

FIGURE 2. S-parameter response of increasing bandwidth (2.2%) by
increasing iris sizes w1, w2, w3 and iris distances p1, p2, px from the
cavity center.

Fig. 2 shows the frequency response when bandwidth is
increased up to 2.2% by increasing iris sizes (w1, w2, w3) and
iris distances (p1, p2, px) from the cavity center. Stopband
performance degradation is clearly visible. In particular, the
insertion loss of the resonance of the iris 2 (4) decreases
to 10 dB (in Fig. 1(b), it was instead 30 dB). In addition,
this resonance become close to the filter passband at around
10.48 GHz (in Fig. 1(b) it was instead at 10.65 GHz). Both
these stopband performance degradation effects are due to
the increase in iris size w2. Increasing w3 also contributes to

FIGURE 3. The magnetic field of the TM210 mode calculated at 14.48 GHz.

increasing iris 2 (4) spurious level. Note that, according to
the spurious self-suppression method, higher attenuation can
be obtained for iris resonances when the central iris (iris 3)
resonates far away from the iris parasitic band [23].

Similarly, increasing w3 results in increasing higher order
mode TM120 spurious band level and its insertion loss
reaches 25 dB. Additionally, as a result of increasing w3,
the TM210 cavitymode also produces resonance at 14.48GHz
reaching the level of 30 dB. Fig. 3 shows the magnetic field
calculated at 14.48 GHz. This corresponds to the field of the
TM210 mode, thus demonstrating that the spurious resonance
at14.48 GHz is due to that mode. Central iris 3 resonance
is now present at 19 GHz. Obviously, further bandwidth
increasing using this approach (increasing w2 and w3) will
result in a further degradation of the stopband filter frequency
response.

III. FILTER DESINGS WITH WIDE BANDWDITH AND
IMPROVED STOPBAND FREQUENCY RESPONSES
In order to increase the filter bandwidth avoiding stop-band
performance degradation, a new approach is proposed in this
paper. This new approach consists in two steps: 1) Increasing
the electrical length of the iris 2 (4) (modifying width w2 of
the straight iris) to lower the resonance frequency of the TE10
mode iris resonance. 2) Using the double slot iris in the two
central cavities with the two slots symmetrically placed with
respect to the cavity center. In the following, we will study
the effect of this new approach to the frequency response of
4th order and 6th order TM cavity filters.

A. 4th ORDER FILTER DESIGN
The design of this filter is shown in two steps:

1) INCREASING THE ELECTRICAL LENGTH OF THE IRIS 2 (4)
(MODIFYING WIDTH W2 OF THE STRAIGHT IRIS) TO LOWER
THE RESONANCE FREQUENCY OF THE TE10 MODE IRIS
RESONANCE
In the first step, conventional rectangular iris is replaced by
an iris with an increased electrical length leading to the new
bent c-shaped iris of Fig. 4. This results in shifting iris reso-
nance to lower frequencies (below the cut-off of the feeding
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FIGURE 4. New bent c-shaped iris to control TE10 mode resonance.

waveguides, 6.557 GHz), thus improving the stopband per-
formance of the filter. The schematic modal field distribution
of the E-field for the TE10 and TE30 iris modes are shown in
Fig. 5(a) and Fig. 5(b), respectively. The reason why the iris
is bent is because this allows a better control of the coupling.
Indeed, it is also possible to increase the iris size (w2) of a
straight iris for obtaining iris resonance frequencies below the
cut-off of the feeding waveguides. However, in this case the
coupling level obtained by such irises is too high. In order to
lower it at the needed levels, it is necessary to decrease very
much the iris height hiris,this will result in the impossibility of
manufacturing it. Another way to lower the coupling value is
instead to bend the iris, and this is the approach we followed.

In conclusion, with the proposed iris, we obtain two results:
iris resonance frequency below the cut-off of the feeding
waveguides and an increased coupling value to obtain wider
bandwidth. However, the coupling cannot be too high, and
its level is controlled by bending the iris. Indeed, according
to Fig. 5(a), in the bent part of the iris the electric field has
an opposite direction with respect to the field in the central
part of the iris, and it contribute to decrease the coupling.
This iris also allows a large coupling to higher order modes
(TM120). This allows us to use the spurious self-suppression
method [22], [23]. As according to this method, all couplings
to the spurious modes need to be maximized except the
central one.

Fig. 6 shows how to remove the spurious resonance of iris 2
(4) at 10.48 GHz, by increasing the electrical length of the
iris and by bending it. Step #1 (black curve) is that of Fig. 2
referred to the structure of Fig. 1(a) with straight iris. In this
case, iris 2 (4) resonates above the passband at 10.48 GHz.
Step #2 and step #3 instead show the S21 responses with the
new bent c-shaped iris of Fig.4, where iris resonates below
the passband, thanks to the increased iris electrical length.
In particular, step #2 (red curve) shows the iris resonance
just above the cut-off frequency (6.557 GHz). Step #3 (blue
curve) instead has been obtained further increasing the iris
electrical length and it shows the S21 response when iris
resonance is below the cut-off and the resonance disappears.
Step #2 and step #3 are achieved by using the parameter (g3)
to control the coupling and the parameterwiris2 to readjust the
iris resonance. Fig. 7 shows the frequency response obtained
after step #3 with the new bent c-shaped iris, where the filter
achieved FBW of 2.2%. Based on the modal field distribution
of the TE10 mode (Fig. 5(a)), this new iris shape provides
large M12 coupling. Much larger than that obtained with the
conventional rectangular iris of Fig. 1(a). To decrease its

FIGURE 5. Field distribution in the bent c-shaped iris. a) E-field of the
TE10 mode. b) E-field of the TE30 mode.

FIGURE 6. Removing TE10 mode iris resonance by increasing the iris
electrical length. Step #1 (straight iris), wiris2 = 14.48 mm, hiris2 =

2.6 mm; Step #2, wiris2 = 13.95 mm, hiris2 = 1 mm, g1 = 0.75 mm,
g2 = 5.775 mm, g3 = 2.4 mm; Step #3, wiris2 = 13.95 mm,
hiris2 = 1 mm, g1 = 0.75 mm, g2 = 6.275 mm, g3 = 1.4 mm.

value and to recover the desired M12, the new bent c-shaped
iris is placed close to the cavity center (p2 = −0.2 mm).
Indeed, the closer the iris to the cavity center, the lower the
coupling M12. On the other hand, the closer the iris to the
cavity center, the higher the coupling to the higher order
modes [23].

This mechanism allows independent control of both the
couplings, M12 and coupling to higher order modes TM120.
Indeed, in order to increase the coupling to higher order
modes while maintaining the same value ofM12, it is possible
to proceed with the following two steps: a) Increase the
iris electrical length in order to increase the value of both
couplings, b) Decrease the distance of the iris from the cavity
center in order to decrease the coupling value M12 until the
original value is restored. This results in an increased cou-
pling to higher order modes, as required by the spurious self-
suppression method, where all couplings must be maximized
except the central one [22], [23]. The parasitic band related to
the TM120 modes is now more attenuated, reaching the level
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FIGURE 7. Filter S-parameters response with the new bent c-shaped iris.

of 40 dB. Note that this new iris also produces resonance due
to TE30 mode (Fig. 5 (b)). However, this resonance is far from
the filter passband. It is positioned around 13.3 GHz with an
insertion loss of below 40 dB as shown in Fig. 7. The spike
appearing at 14.3 GHz reaches the level of 20 dB is due to
the TM210 mode present in the cavity. Other higher order
mode (TM220) resonances in the cavity are present around
17/18GHz. However, as shown later on, these resonances can
be removed by using the double slot iris in the central cavities.

2) DOUBLE SLOT IRIS IN THE CENTRAL CAVITIES
Fig. 8(a) shows the front view of the central iris with two
symmetrical slots. The two slots are identical and symmet-
rically placed with respect to the cavity center. Doubling the
slots results in two advantages. a) Increases the coupling M23
while maintaining the same frequency of the spurious related
to the slot resonances. b) Avoids the excitation of the TM210
higher order mode of the cavity, thanks to the symmetrical
excitation of the fields made by the double slots.

Fig. 8(b) shows the frequency response of the filter
obtained after using the double slot iris. The filter in-band
frequency response remains the same as of that in Fig. 7, but
the central iris resonance is now pushed at the higher frequen-
cies (20.3 GHz). This is because the coupling obtained with a
single slot iris can be obtained with smaller slot width (wiris3)
in a double slot iris. Furthermore, thanks to the symmetric
excitation of the double slot iris, the spurious related to the
TM210 mode is disappeared.

By applying the method illustrated above, it is possible to
design wide band TM filters. Fig. 9(a) shows the structure of
a 4th order TM cavity filter with FBW of 5%. Its frequency
response is shown in Fig. 9(b). The desired coupling between
source and cavity 1 (Ms1) is obtained by properly selecting
the parameters of iris 1 (increasing p1, wiris1). M12 can be
obtained by increasing the distance p2 of the bent c-shaped
iris (iris 2) from the cavity center and properly selecting
the iris parameters defining its electrical length (g1, g2, g3,
wiris2), and hiris2. M23 can be obtained by increasing the
distance px from the cavity center and the size wiris3 of the
two central irises. The TE30 mode iris resonance is present at

FIGURE 8. Filter with double slot iris. (a) Front view of the double slot
iris. (b) Frequency response of the filter with double slot iris.

FIGURE 9. Four pole TM cavity filter. (a) Final configuration. (b) S-
parameter response with wide FBW of 5%.

around 14 GHz with an insertion loss of 35 dB. The higher
order TM120 mode spurious level is 32 dB and is present
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at around 15 GHz. Note that, the double slot iris increases
the TM120 mode parasitic band level. However, thanks to the
large coupling of bent c-shaped iris to the TM120 spurious
mode, it is well suppressed up to 32 dB. The central iris
resonance is at 18 GHz. The filter bandwidth obtained with
the proposed method (5%) is much higher than that obtained
(1.3%) by using the method illustrated in [23].

B. 6th ORDER FILTER DESIGN
In order to show the effectiveness of the proposed method
to higher order filters, a 6th order TM cavity filter has been
designed. Similar steps reported above for the 4th order filter
have been followed and applied to the design of the 6th order
filter to remove coupling iris resonances due to TE10 mode
and increasing the bandwidth.

The configuration of the final 6th order TM cavity filter
with the new bent c-shaped irises is shown in Fig. 10 (a). The
filter is fed through standard wr-90 waveguides. As reported
in [23], to control the positioning of TZs below and above the
passband, structure with antisymmetric positioning of irises
is selected. In this case, irises 1 and 2 are placed both above
the cavity center, whereas irises 6 and 7 are placed both
below the cavity center. Similarly, irises 3 and 5 are placed
one below and the other above the cavity center. Cavities 1
and 6 produces a double TZ at the lower stopband whereas
cavities 2 and 5 produces two closely placed TZs at the upper
stopband. The two zeros in the upper stopband are clearly
visible. The corresponding S parameters response is shown
in Fig. 10(b). Spurious resonances related to the TE10 mode
of the irises 2, 3 (5 & 6) have been removed by increasing
the irises electrical lengths and by using the bent c-shaped
irises, according to the procedure illustrated for the design of
the 4th order filter. They are all below the cut-off frequency
(6.557 GHz) of the wr-90 feeding waveguides. Resonance
due to the central double slot iris (iris 4) resonates at higher
frequencies along with other spurious resonances. The FBW
of the filter is 4%. The FBW of the filter can be improved
up to 5%, but at the expense of a small degradation of the
stopband. Indeed, according to the authors experience, fur-
ther increase in the FBW will result in the stopband perfor-
mance degradation as increasing of the central coupling value
requires increasing the size of double slot iris (iris 4 in this
case). This will result in decreasing its resonance frequency
thus reducing the band of stopband region.

The TE30 mode of the irises resonates at 12.8 GHz and
13.5 GHz and their insertion loss is 12 dB and 30 dB, respec-
tively. However, thanks to the very narrow-band of the spike,
the insertion loss at 12.8 GHz sensibly increases when losses
are present. Of course, real filters have losses and if the inser-
tion loss appears as a very narrow-band frequency response,
it can be better suppressed considering lossy material in
the simulation. Fig. 11 shows the S21 frequency response
of the filter when aluminum losses were considered in the
simulation. In this case, the insertion loss has been increased
from 12 dB to 17 dB. Higher order TM120 mode parasitic
band insertion loss is 30 dB. The first spurious appears at

FIGURE 10. Sixth order filter. (a) Filter configuration. (b) S-parameters
response with wide bandwidth and wide spurious free band.

FIGURE 11. S21 simulated frequency response when losses due to
aluminum are considered.

around 18 GHz. It means that the stopband for this wideband
TM cavity filter is about 1.95 times the filter band center
frequency of 9.2 GHz. The performance of the filter is better
than that obtained with the method presented in [23] in terms
of FBW and upper stopband performance. Fig. 12 shows the
final positioning of the irises in the cavities. Table 1 provides
the final optimized dimensions of the filter.

IV. MEASUREMENT OF THE 6TH ORDER FILTER
The proposed 6 pole TM cavity filter has been man-
ufactured and measured. Photographs of assembled and
disassembled filter are shown in Fig. 13(a) and Fig. 13(b),
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FIGURE 12. Final positioning of the irises in the cavities. The values of the
parameters are reported in Table 1.

TABLE 1. Final optimized dimension of the filter.

respectively. Tuning screws of radius 1 mm is inserted in each
cavity. The comparison between simulated and measured
in-band and wide range frequency responses are shown in
Fig. 14(a) and Fig. 14(b), respectively. Filter band is centered
at 9.2 GHz. However, the measured in-band return loss is
slightly degraded at the lower edge of the band with respect to
the simulations. The measured return loss is 18.5 dB and the
insertion loss is around 0.5 dB. The measured stopband up
to 18 GHz, has an insertion loss larger than 27 dB, this is bet-
ter than the 17 dB in the simulation. The measured Q-factor
is approximately 2000. The slight difference between simu-
lated and measured frequency responses can be attributed to
the manufacturing tolerances. Nevertheless, the measurement
verifies the effectiveness of the proposed method.

Table 2 shows the comparison with other TM mode filter
configurations reported in the technical literature in order
to highlight the advantage of the wide out-of-band rejection
performance of the proposed filter designs. Rosenberg et.al
in [16] shows the classical single mode TM cavity filter
configuration with a FBW of 2.5%. Using capacitive irises,
the stopband has been extended to 40 GHz, corresponding

FIGURE 13. Fabricated photographs of the filter. (a) Assembled.
(b) Disassembled.

FIGURE 14. Comparison between simulated and measured results. (a) In-
band S parameter response. (b) Out-of-band S21 response.

to 1.5 times the filter center frequency (27 GHz). However,
use of capacitive irises results in the appearance of spurious
resonances at the lower stopband region of the filter. In [18],
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TABLE 2. Comparison with the previously published work.

stopband performance has been achieved up to 12.6 GHz cor-
responding to 1.26 times the filter center frequency (10 GHz).
Authors in [20] proposed a TM dual mode cavity filter
achieving the stopband performance up to 18 GHz at the
filter center frequency (14.25 GHz). Similarly, in [21] authors
proposed different techniques used to improve stopband fre-
quency response in TM dual mode cavity filters. However,
frequency of the first spurious appears at 13.5 GHz. This cor-
responds to 1.35 times the filter center frequency (10 GHz).
Bartlett et.al. in [25] and Bastioli et.al in [26] reported TM
filters with wide FBW of 7.3% and 9.33% respectively. How-
ever, both the recent studies do not consider the wide out-of-
band frequency response of the filter. Recently, in [23] by
applying the spurious self-suppression method, TM cavity
filter designs achieved improved stopband performance of
up to 20.2 GHz corresponding to 2.2 times the filter center
frequency (9.2 GHz), with a FBW of 1.5%. In this context,
this paper extends the contribution of [23] and presents TM
cavity filter designs with wide passbands and improved stop-
band performance by removing TE10 mode iris resonances.
TM filters can be designed up to FBW of 5% with wide
spurious free range up to 18 GHz corresponding to 1.95 times
at the filter center frequency of 9.2 GHz.

V. CONCLUSION
In this paper, compact TM cavity filters with wide bandwidth
and wide spurious free range have been presented. In partic-
ular, it has been shown how to achieve the maximum obtain-
able bandwidth of TM filter with wide stopbands. Indeed,
according to [23], TMfilters withwide stopband performance
cannot reach wide passbands because of the iris resonances
that degrade the stopband performance. However, this prob-
lem can be solved by replacing conventional rectangular iris
with the proposed bent c-shaped iris. The main contributions
of this paper are: 1) Removing spurious frequencies due to the
TE10 mode of coupling irises, thus improving the stopband
performance of the filters. 2) Increasing the FBW of the fil-
ters. It has also been shown that, by carefully considering the
out-of-band requirements, filters can be designed up to FBW
of 5%. Examples of 4th order and 6th order TM cavity filters
having the FBW of 5% and 4% respectively, are presented in
this paper. Finally, in order to demonstrate the feasibility of

the proposed approach, the 6th order TM cavity filter has been
manufactured and measured. Measured results shows good
agreement with the simulation.
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