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Abstract

A novel waveguide resonator is proposed in the paper. The resonator is composed of three
rectangular partial-height posts inserted along a rectangular waveguide cross-section. A pair
of lateral posts is mounted symmetrically whereas the third antipodal post is centered. The
resonator enables bandreject, singlet-type, and pseudoelliptic responses. The operating
regimes are achieved by a manipulation with the pair of lateral posts, namely by changing
their heights or their locations in a waveguide cross-section. A filtering function is realized
as the third mode is exploited as the resonant one. Measurement data are presented for
WR90 waveguide. An explanation of the resonant phenomena in post-based sections in
terms of eigen regimes and interacting oscillations is proposed.

Introduction

Generation of transmission zeros (TZs) in a frequency response is widely used in modern
microwave engineering in order to design the filters that provide high selectivity or/and
wider and deeper stopbands [1, 2]. It is highly desirable to generate a multi-pole response
without increasing both transversal and longitudinal dimensions of a filter. Thus, a complica-
tion of the filter cross-section is required. It can be realized in different manners, in particular,
by breaking the structure symmetry or (and) by implementing additional elements with (or
without) modification of their profiles. Numerical and experimental data for some developed
designs are presented in [3–10].

Thin post-based waveguide resonators with the posts inserted along a cross-section are
good candidates for microwave filters as well. They are simple, compact, and allow for involv-
ing the higher modes into TZ generation. Post-based waveguide singlets have been reported
recently in [11, 12]. Rectangular sections with two uneven posts inserted along a waveguide
cross-section provided both a transmission pole (TP) and a TZ. Moreover, a sequence of
the singlets acting as a doublet was reported in [11] as well. Later, a pseudoelliptic filter rea-
lized on the pairs of L–shaped inserts in a rectangular waveguide and in a substrate-integrated
waveguide was reported in [13, 14]. In according to the nonresonating node approach pro-
posed by Amari and Rosenberg [15, 16], a two-post-based resonator exploits the fundamental
nonresonating mode bypass coupling from a source to a load in order to generate a TZ. The
second mode was exploited as a resonant one in order to provide a filtering function. Breaking
of the section symmetry is a mandatory condition as the second mode is not excited in a sym-
metric section.

A resonator of a different geometry is presented in the paper. It is a tri-post section. Its
photographs and a schematic view are shown in Figs 1(a) and 1(b). The resonator utilizes
the third mode (quasi-TE30) in order to generate a filtering function. The basic idea of the res-
onator was proposed first in [17]. It was demonstrated that the third mode could be involved
into a resonant interaction by a manipulation with the posts. In this paper, a breaking of the
section symmetry is used in order to force the third mode be resonant. The symmetry breaking
is realized by increasing the height of a lateral post and decreasing another one synchronously.

Besides, it is shown that the same responses can be generated keeping the section
symmetry.

A symmetric equal-height post-based section enables three different responses as well. It is
a separate impressive result of our study. From the other hand, this section is an intermediate
stage in the way to the claimed asymmetric resonator. That is why a separate part of our paper
is devoted to this section.

Finally, the aim of our paper is to present a new element enabling different responses, to
carry out appropriate parametric study in order to demonstrate a transformation of the
response, to reveal general dependencies and to investigate the reasons of revealed phenomena.
A real filter design scheme accompanied by the circuit theory is out of the scope of the paper.
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An earlier version of this paper was presented at the first
European Microwave Conference in Central Europe and was pub-
lished in its Proceedings [18].

The resonator design and characteristics

Numerical calculations of the resonator scattering characteristics
are obtained using home-made software MWD-II [19]. The soft-
ware is based on the generalized scattering matrix technique and
the mode-matching technique for the waveguides with piece-wise
boundaries. All the calculations were carried out for a perfect con-
ductor whereas the measurements are performed with the brass
samples.

The section under consideration is constructed by three E–
plane rectangular partial-height posts inserted along a rectangular
waveguide cross-section of the width a = 23 mm and the height
b = 10 mm. A pair of posts is mounted symmetrically whereas
the third antipodal post is centered. Lateral posts are inserted
along a waveguide cross-section at the distance dx from the wave-
guide side walls. Here, all three posts have rectangular footprints
of the width tx = 0.5 mm and the thickness t = 0.5 mm. Centered
post height hc = 7.2 mm is fixed.

Symmetric resonator with equal-height posts

In contrast to known two-post resonators [12, 20], a distance
between the posts is the parameter changing the frequency
response drastically. As an illustration of a frequency response
transformation, a parametric study with dx as a varying parameter
is presented for the section with the posts of h = hL,C,R = 7.2 mm
height. The lateral posts of the starting configuration are located
at the distance dx = 2.0 mm from the waveguide side walls. The
simulated and the measured transmission characteristics of the
section are plotted in Fig. 2(a). As it can be noticed from the fig-
ure, the section provides a bandstop frequency response with a
single-standing transmission zero TZ1 (marked by a down-
oriented triangle ▾). Its measured frequency is f (TZ1) = 10.906

GHz whereas the simulated frequency is f (TZ1) = 10.966 GHz.
Besides, an extremely high-quality singlet (TZ2/TP) located at
the lower frequencies is discovered in the simulations. Because
of the Ohmic loss, a hump is detected at the measured response
instead of the singlet pair TZ2/TP.

Numerical investigations show that a simultaneous changing
of the heights of all the posts is effective at controlling the trans-
mission zero TZ1 location. In the same manner as for a section
with two identical posts [20], the shorter are the posts, the higher
is the frequency of TZ. Compared to a dual-post design, a lower
quality-factor reflection is achieved by using a three-post section.

A study of the transversal electric field distribution at the fre-
quency of TZ1 was performed in order to identify the mode dom-
inating in the TZ generation. The field distribution at the
frequency f(TZ1) is symmetric with one variation along the
broad wall of the section. As it is pointed out in the section “A
physical interpretation of the resonant phenomena in post-based
sections,” the section exploits the lowest (nonresonating)
quasi-TE10 mode and the higher-order quasi-TE11 mode in
order to generate the TZ. The second quasi-TE20 mode is anti-
symmetric with two field variations along the section broad
wall. It is not excited in a symmetric structure. The third
quasi-TE30 mode is symmetric. It participates in the singlet
TZ2/TP generation but it is almost decoupled with the load and
the source. Thus, a filtering function is not provided.

A transformation of the frequency response begins when the
distance dx reaches the value of a/4 approximately. As the dis-
tance dx grows, the transmission zero TZ1 and the singlet
TZ2/TP shift up. A frequency separation between the pole TP
and zero TZ2 increases whereas the quality factors of the reson-
ance (TP) and antiresonance (TZ2) fall. As an example, the simu-
lated frequency response of the section with dx = 7.2 mm is
plotted in Fig. 2(b). The low-frequency transmission zero TZ2

(marked by an upper-oriented triangle ▴) and the pole TP
(marked by a circle ●) are observed clearly.

At a certain value of dx, a symmetric pseudoelliptic response is
generated. Typical response of the section with dx = 8.075 mm is
plotted in Fig. 2(c). The field distribution at the pole frequency f
(TP) is symmetric and has three variations like one of the third
mode. Thus, the resonator exploits third mode as a resonant
one in order to provide a filtering function. The field distribution
at the lower frequency zero TZ2 has the similar character.
Moreover, the field distribution at the higher frequency zero
TZ1 changes and it has three variations as well.

Furthermore, the lower frequency zero TZ2 shifts down
whereas the pole TP and zero TZ1 form a singlet pair. A typical
response is shown in Fig. 2(d).

Appropriate cumulative data are presented in Fig. 3 where the
frequencies of two TZs and the pole are plotted by the solid lines
and the cut-off frequencies of the first three modes plotted by the
dashed lines.

In the case of symmetric pseudoelliptic frequency response
(dx = 8.075 mm), the frequency separation between two poles is
1.5 GHz approximately. Two parameters dx and h = hL,C,R have
to be changed in order to shift the response keeping the same fre-
quency separation. Appropriate cumulative data are presented in
Fig. 4. As an illustration, the measured and calculated pseudoel-
liptic responses of the resonator with dx = 8.5 mm and h = hL,
C,R = 9.15 mm, are plotted in the Fig. 5. Two TZs are located at
f (TZ1) = 8.208 GHz and f (TZ2) = 9.669 GHz. The pole is located
at f(TP) = 8.909 GHz with the measured insertion loss 0.46 dB.
The field distributions at the frequencies of the lower frequency

Fig. 1. Photograph of a symmetric and an asymmetric three-post based sections
(a) and their schematic view (b).
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zero TZ2, the pole TP and the higher frequency zero TZ1 keep
three variations along the section broad walls.

Asymmetric resonator with unequal-height posts

Similar transformation of the response can be achieved by break-
ing the section symmetry. Here, the section symmetry breaking is
realized by synchronous increasing the height of a lateral post and
decreasing another one. As a result, a pseudoelliptic frequency
response with two TZs located at both sides of the frequency of
total matching is generated as well. Typical response for the
case of hC = 7.2 mm, hL = 8.55 mm, and hR = 5.85 mm, dx = 2.0
mm is plotted in Fig. 6. The TP frequency f(TP) is 10.966 GHz
and two TZs are located at f (TZ2) = 10.485 GHz and f (TZ1) =
11.632 GHz, respectively.

Note, the resonant frequency of the pseudoelliptic resonator is
almost coincident with the frequency of total reflection of the
incident TE10-mode from the equal-post bandstop section.
Thus, without applying an equivalent circuit a procedure of pre-
liminary design of a pseudoelliptic prototype can be performed in
two stages. First find the geometry of the equal-height three-post
resonator whose response contains TZ located at the desired res-
onant frequency and adjust the lateral posts’ heights synchron-
ously to achieve desired pseudoelliptic filtering functions. Note,
a frequency separation between TZs is controlled effectively
by varying the offsets of the lateral posts in the range from 0 to

Fig. 2. Frequency responses of the resonator with equal
height posts for different locations of the lateral posts:
dx = 2.0 mm (a), 7.2 mm (b), 8.075 mm (c), 9.0 mm (d);
and h = hL,C,R = 7.2 mm. Electric field distributions in
the middle cross-section of the resonator at the fre-
quencies of TZ1, TP, and TZ2 are presented in the insets.

Fig. 3. Positioning of the TZs and TP by varying the locations of the lateral posts syn-
chronously (dashed lines are the section cut-off frequencies). Data are presented for
the symmetric resonator with equal-height posts: h = hL,C,R = 7.2 mm.

Fig. 4. Positioning of the TZs and TP by varying the heights h = hL,C,R of all the posts
and the displacements dx of the lateral posts synchronously (dashed lines are the
section cut-off frequencies). Data are presented for the symmetric resonator with
equal-height posts.
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a/4. Finally, apply an optimization procedure with obtained pre-
liminary geometry.

A clear illustration of the frequency response transformation is
obtained from a parametric study with Δh as a varying parameter.
Appropriate cumulative data are presented in Fig. 7(a) where the
frequencies of TZs and poles are plotted by solid lines and the
cut-off frequencies of the second and the third modes plotted
by dashed lines. A transformation of the frequency response
begins as soon as the section symmetry is broken (dh≠ 0). It is
seen from the figure that as Δh grows:

• Two singlet pairs TZL/TPL and TZ2/TP appear in the lower fre-
quency range in the background of wideband TZ1;

• The singlet pair TZL/TPL shifts down. A frequency separation
between its pole and zero is affected slightly;

• The resonant frequency f(TP) of disturbed resonator shifts up
linearly (and synchronously with the third mode cut-off fre-
quency fcut(3)) increasing over all the range of the varying
parameter;

• Newly-appeared TZ frequency f (TZ2) shifts up having the TZ
frequency f (TZ1) of the equal-post section as a limit (shown
in Fig. 7(a)) by the triangle at the vertical axis. Similar behavior
has been revealed early for the singlets implemented by a wave-
guide section with two uneven posts [20];

• The higher frequency TZ (TZ1) is slightly affected at first and
then shifts up. At a certain value of Δh, a pseudoelliptic
response is generated whose pole frequency is equal to the rejec-
tion frequency of equal-post rejection section;

• Finally, TP and TZ1 form a singlet pair.

A physical interpretation of the resonant phenomena in
post-based sections

A physical explanation of the revealed transformation of the fre-
quency response can be given in different ways. It can be a clas-
sical explanation based on an equivalent LC-circuit whose
behavior is defined by a relation of its capacitive and inductive
elements. Such an explanation has been used for example in
[21] for multi-aperture waveguide irises. We have used a different
approach while studying the multi-aperture irises [3, 22].
Resonant phenomena arising in the irises have been treated in
terms of eigen regimes characterized by their natural oscillations.
According to [23], all the frequency response of the waveguide
unit may be restored by its eigen frequencies. The total transmis-
sion resonance generated by a classic one-aperture iris has been
associated with the eigen regime characterized by one natural
oscillation of complex frequency. The resonance frequency and
the quality factor have been estimated by the values of the real
and imaginary parts of one complex-valued frequency, respect-
ively. Here, the complex-valued eigen frequency of natural oscilla-
tion excited in the waveguide resonator is the root of the

Fig. 5. Calculated and measured frequency responses of the symmetric resonator
with closely spaced equal-height posts. Electric field distributions in the middle
cross-section of the resonator at the frequencies of TZ1, TP, and TZ2 are presented
in the insets.

Fig. 6. Frequency responses of asymmetric tri-post resonator. Electric field distribu-
tions in the middle cross-section of the resonator at the frequencies of TZ1, TP, and
TZ2 are presented in the insets.

Fig. 7. Positioning of the TZs and TP by varying the heights of the lateral posts and a
comparison with the natural regime characteristics f̂1,2,3,4 (dashed lines). Dotted lines
are the section cut-off frequencies. Data are presented for the asymmetric resonator:
hC = 7.2 mm.
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homogeneous matrix equation A( f )X = 0 [24, 25] where A( f ) is
an operator-function, X is a vector of unknown amplitudes. The
homogeneous matrix equation is obtained from an inhomogen-
eous matrix equationA( f )X = B (where B is the vector of the inci-
dent modes’ amplitudes) of appropriate scattering problem by
applying the radiation condition requiring the absence of
the waves incident from infinity. Besides, it has been revealed in
[3, 22] that cutting of additional slot(s) in a classic iris provided
two paths for the input signal energy transfer from the input
waveguide to the output one. Similarly to [26], a TZ was gener-
ated at a fixed frequency because of a destructive interference.
The eigen regime of the two-iris is characterized by a couple of
natural oscillations of complex frequencies. The TZ has been
interpreted in [3, 22] as a response to the simultaneous excitation
of a pair of natural oscillations. TZ frequency was close to the real
part of the eigen frequency of high-quality natural oscillation.

Similarly to a multi-aperture iris, a thin post-based waveguide
section can be considered as an iris and as a resonator of a specific
type that provides a multi-path transfer as well. As shown in [27],
the waveguide section with one off-centered post enables an
implementation of one TZ known as a reflection resonance of
quarter-wavelength post. Here, the two-path transfer is provided
by the lowest (quasi-TE10) and the first higher (quasi-TE20)
modes of the section. The lowest mode of a post-based section
is identified in [11] as nonresonant one. No filtering function is
generated because the lowest mode is operated far bellow its cutoff
frequency and the second mode is coupled strongly with the dom-
inant mode of the input and output waveguides. In our interpret-
ation, a pair of natural oscillations is excited in the waveguide
resonator. One of them is real-valued, bellow-cutoffand formed
by the first mode . The second oscillation is a low-quality
complex-valued one formed mostly by the second mode. TZ loca-
tion and the bandwidth of the reflection resonance can be esti-
mated by the values of the real and imaginary parts of the
second oscillation frequency, respectively. Appropriate plots are
shown in Fig. 8(a), where Q = f(TZ)/Δf3dB is the quality factor

of the reflection resonance (TZ). Q̂ = −Re (f̂2)/(2Im (f̂2)) is the
natural oscillation quality factor, and f̂2 is the second natural oscil-
lation frequency (both are plotted by solid lines). The section
geometry: a × b = 23 mm×10mm, t = 1 mm, tx = 0.5 mm. It
should note that the section generates the TZ even in the case
of centered post. A low-quality TZ is located at the higher fre-
quencies. The second mode is not excited in a symmetric unit
and the second oscillation is formed mostly by a different higher
mode of the section. Here, the second oscillation can be associated
with quasi-TE11 mode of the section as its eigen frequency tends
the cutoff frequency of TE11-mode of the rectangular waveguide if
the centered post height tends zero.

A similar frequency response with a single broadband TZ is
achieved by the help of a symmetric two-post section with two
equal posts [20]. Again, TZ is interpreted as a response to the
simultaneous excitation of a pair of natural oscillations. They
are associated with the first and the third (quasi-TE30) modes
of the section. A correlation between the reflection resonance
(TZ) location and the quality-factor obtained by the help of the
scattering problem solution and corresponding eigen regime is
plotted in Fig. 8(b), where Q̂ = −Re (f̂3)/(2Im (f̂3)) is the third
natural oscillation quality factor and f̂3 is the third natural oscil-
lation frequency. The section geometry: a × b = 23 mm×10 mm,
t = 1 mm, tx = 0.5 mm.

A two-post section with unequal posts provides a singlet-type
frequency response [11, 12]. More exactly, a singlet pair of closely
spaced TZ2 and TP is generated in the background of another
wideband TZ1 (see plots in Fig. 8(c) [12]). The resonator filtering
function is achieved owing to the second mode excited in the res-
onator because of the breaking of the section symmetry. The first
(nonresonating quasi-TE10) and the second (quasi-TE20) modes
participate in TZ2 generation whereas the third (quasi-TE30)
and the first modes participate in TZ1 generation. Within the con-
cept of eigen regimes, the pair of the first and the second oscilla-
tions is responsible for generation of newly appeared TZ2 whereas
the first and the third oscillations together are responsible for the

Fig. 8. A correlation between the scattering characteristics
(frequencies of TZs and TP and quality factors) and the nat-
ural regime characteristics {f̂i }, {Q̂i } for post-based sections.
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generation of TZ1. We observe that two parametric curves of
Re(f̂3) and Re(f̂2) draw a Vienne-type chart that is characteristic
of the interacting oscillations (see, e.g. [24]). Responding to
their eigen frequencies tend to come close but the interacting
oscillations’ curves never cross because the oscillations belong to
the different groups of symmetry. A virtual distinction line is indi-
cated by the horizontal dotted line. Besides, the parametric curves
of f(TZ1) and Ref̂3 are almost coincident over all the range of the
geometrical parameter dx variation. The same is valid for the
parametric curves of f(TZ2) and Ref̂2. The parametric curve of f
(TP) is located between two hyperbolic curves of f(TZ1) and f
(TZ2). Note such a behavior is inherent in an oversized waveguide
resonator if its length is a varying parameter.

A tri-post based section was born in the complex plane
(Re(f̂ ), Im(f̂ )) as a result of above-mentioned studies. Thus, a
pure mathematical approach gave birth for a new unit. A detailed
mathematical background is presented in [17] in terms of natural
oscillations for a three-post based section whose centered post is
higher than two equal lateral posts.

Turning back to an equal-height tri-post section, an imple-
mentation of a single TZ1 is caused by the simultaneous excitation
of two natural oscillations as well. The pair consists of the first
bellow-cutoff oscillation associated with the first (nonresonating
quasi-TE10) mode and the fourth oscillation associated with
quasi-TE11 mode that belongs to the same group of the symmetry
as the first one. The second oscillation is not excited. The third
oscillation is extremely high-quality one. Its excitation results in
the implementation of extremely high-quality pair TZ2/TP
shown in Fig. 2(a).

An asymmetric tri-post section exhibits more complicated
operating regime. Four natural oscillations participate in the fre-
quency response generation. The second mode is excited resulting
in extremely high-quality TPL generation. Together with the low-
est mode, it participates in the extremely narrowband TZL imple-
mentation. It is very similar to the implementation of a singlet
pair by a two-post section with unequal posts. In a similar man-
ner, the third mode provides a resonant coupling resulting in the
filtering function with the TP located at f(TP). The first and third
modes together implement TZ2. Finally, TZ1 is generated by the
first and the fourth modes. A correlation between the frequencies
of TZL, TPL, TZ2, TP, and TZ1 and the section eigen regime is pre-
sented in Fig. 7(a) where the dashed curves of Re(f̂2,3,4) are added.
Besides, the parametric curves of the quality factors of
Q̂2,3,4 = −Re (f̂2,3,4)/(2Im (f̂2,3,4)) of three natural oscillations are
plotted in Fig. 7(b). Q̂1 is omitted as it tends infinity. It is seen
from Fig. 7(a) that two parametric curves of f(TZ1) and f (TZ2)
draw the Vienne-type chart around the crossed curves of real
parts of the third and the fourth eigen frequencies. Thus, a coup-
ling phenomenon takes place. Here, two interacting natural oscil-
lations belong to the same symmetry group. Generally, two
coupling regimes are available for the oscillations of the same
symmetry, namely a continuation and a transformation [28].
Two oscillations are transformed into each other if their eigen fre-
quencies come close in the transformation regime. It does not
occur in the continuation regime. We deal with the continuation
regime of the coupling between the third and the fourth natural
oscillations of different qualities. Two parametric curves of
Re(f̂3) and Re(f̂4) cross each other without a transformation of
interacting oscillations. The continuation regime of interacting
oscillations has been confirmed by studying the electric field dis-
tributions at the complex frequencies for the case of dh = 1.0, 1.35,
and 1.8 mm. The field distributions have not transformed.

Simplified distributions are shown in the insets in Fig. 7(b).
They comply with the electric field distributions at real-valued
frequencies f(TZ1) and f(TZ2). Besides, the electric field distribu-
tion at real-valued frequency f(TP) is coincident with one at the
complex valued frequency f̂3.

Conclusions

A novel simple and compact waveguide resonator is presented in
the paper. It is composed of three rectangular partial-height posts
inserted along a rectangular waveguide cross-section. A pair of
posts is mounted symmetrically whereas the third antipodal
post is centered.

The waveguide section acts as a bandreject element, a singlet,
and a pseudoelliptic resonator. All the operating regimes are rea-
lized without any enlargement of the resonator dimensions. The
operating regimes are achieved either by a breaking of the reson-
ator symmetry or without it. Changing the lateral posts’ locations
in a resonator cross-section keeps the axis symmetry unchanged.
Varying of the lateral posts’ heights (namely increasing one of
them and decreasing another one synchronously) breaks the res-
onator symmetry.

In contrast to known designs, the third mode exhibiting a sym-
metric electric field pattern is exploited as the resonant one.

An explanation of the resonant phenomena in post-based sec-
tions in terms of eigen regimes and a coupling inter oscillations is
proposed.
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