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Abstract—A straight split dual-mode microstrip resonator is
proposed. The frequencies of the two first oscillation modes
in the resonator may be brought closer together by adjusting a
split parameter whereas the frequency of the third mode remains
approximately equal to the doubled average frequency of the first and
the second modes. It is shown that formulas derived within 1D model
give qualitatively true relations between the resonant frequencies and
the structure parameters of the resonator. Examples of narrowband
bandpass filters of the fourth and the sixth order are described.
Transmission zeros below and above the passband substantially
improve the filter’s performance. The simulated frequency response
of the three-resonator dual-mode filter is compared with the measured
response of the fabricated filter.

1. INTRODUCTION

Bandpass filters using dual-mode microstrip resonators differ by high
selectivity because every dual-mode resonator is equivalent to a pair
of coupled single-mode resonators, i.e., the filter order characterizing
selectivity is twice more for a dual-mode filter than for a single-mode
filter when they have an equal number of resonators. Loop dual-mode
microstrip resonators are most popular [1–4]. However, they are bulky
because their width is commensurable with the length.

Straight and folded stepped-impedance microstrip resonators are
more compact [5]. A compact ultra-wideband bandpass filter using a
triple-mode stepped-impedance microstrip resonator is described in [6].
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However, the step-impedance mechanism of the resonant frequency
convergence alone is not enough to realize a narrowband dual-mode
bandpass filter. In this case, the impedance step would be extremely
large and not acceptable.

Another mechanism of resonant frequency convergence is proposed
in [7, 8]. It is inductive coupling between two parallel-coupled
microstrip line sections being a component of a dual-mode resonator.

Thus, there is a problem of designing a compact narrowband dual-
mode microstrip bandpass filter.

In this paper, we propose a simple dual-mode straight microstrip
resonator resembling a single-mode hairpin microstrip resonator. The
resonator layout is degenerated case for the layout of a multi-mode loop
microstrip resonator whose properties have been superficially reported
in [9]. The split microstrip resonator is good for design of compact
highly selective narrowband filters. Examples of one-resonator and
two-resonator filters are considered. Measured frequency performance
of a fabricated three-resonator filter is presented.

2. DUAL-MODE RESONATOR

The strip conductor of the dual-mode split microstrip resonator has a
form of a narrow rectangular that is partially split by a longitudinal
slot at one of its ends. The layout and the equivalent circuit of the
resonator are shown in Fig. 1.
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Figure 1. The layout (a) and the equivalent circuit (b) of the dual-
mode split microstrip resonator.

The resonant frequencies of the even oscillation modes are roots
of the equation

Ze tan θ1 + 2Z1 tan θe = 0 (1)

and the resonant frequencies of the odd modes are roots of the equation

cos θo = 0. (2)

The currents in the split conductors run in the same direction for even
modes and in the opposite directions for odd modes. It is seen from
(2) that the frequencies of odd modes do not depend on l1.
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It follows from (1) and (2) that the ratio fe/fo for the lowest
resonant frequencies of the even and the odd modes is correlated with
the length ratio l1/l2 by the equation
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Figure 2 shows the frequency ratio dependence on the length ratio
computed for the resonator having the substrate thickness h = 1mm,
strip width W = 1 mm, and dielectric constant εr = 9.8.

The symmetrical dual-mode resonator is equivalent to the
symmetrical pair of coupled single-mode resonators with the coupling
coefficient
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o − f2
e

)/(
f2

o + f2
e

)
. (4)

Here the positive value of k means that the inductive component kL in
the coupling mechanism prevails over the capacitive component kC and
vice versa. The inductive component kL(f) has a decreasing frequency
dispersion while the capacitive component kC(f) has an increasing one.
In the filter design, the sign of k does not matter. Only the absolute
value of k is important [10].

Figure 3 shows the dependence of the coupling coefficient on the
length ratio computed for the same resonator parameters that are used
for Fig. 2. It is seen that k is the increasing function of l1/l2 and it can
be both negative and positive. That means that the filter synthesis
problem has two solutions. One solution answers to the negative k
and another solution answers to the positive k. These two solutions
having the same passband will have different stopbands and different
transmission zeros.
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Figure 2. The resonant frequency ratio versus the section length ratio.
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Figure 3. The coupling coefficient versus the section length ratio.
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Figure 4. Computed frequency responses of the resonator for the two
values of l1/l2.

In Fig. 4, two computed frequency responses having a 3-dB
fractional passband of 10% are plotted for different values of l1/l2. Here
the resonator in both cases has h = 1mm, W = 1 mm, S = 1 mm, and
εr = 9.8. Resonator coupling with input and output ports was realized
with lumped capacitors on the ends of the split section. Their values
C were tuned so that the reflection maximum in the passband was
equal to −15 dB. They are found to be about 0.60 pF in both cases.
The ratio l1/l2 was adjusted so that the 3-dB fractional bandwidth was
10%. The total resonator length l1 + l2 was found to be 50.64 mm at
l1/l2 = 0.771 and 52.99 mm at l1/l2 = 0.916.

It is seen from Fig. 4 that the transmission zero arises above the
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passband when the ratio l1/l2 is smaller than the critical value and
below the passband when the ratio l1/l2 is greater than that value.

3. TWO-RESONATOR FILTER

The two-resonator dual-mode filter is a filter of the fourth order. That
means its frequency response has four reflection minimums and three
maximums in the passband. The layout of the filter is shown in Fig. 5.
Here the notations of the adjustable structure parameters are given
too.
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Figure 5. The layout of the two-resonator filter.

The filter has been designed using the rules of intelligence
optimization [11]. The adjustment of the total resonator length lt was
used for tuning the center frequency f0.

The adjustment of the parameters l1 and S1 was used for tuning
two internal couplings that were responsible for both the bandwidth
∆f and the even type deflection of three reflection maximums from
the specified value in the passband.

The adjustment of the parameter ∆l was used to tune
the mistuning of the resonant frequencies of coupled single-mode
resonators that are equivalent to the dual-mode resonator. This
mistuning is responsible for the odd type deflection of three reflection
maximums. The symmetrical dual-mode resonator in the two-
resonator filter is initially mistuned because its upper and down parts
are differently affected by their entourage.

The adjustment of the spacing S0 was used to tune the external
couplings of the resonators with the ports. These couplings are
responsible for average value of the reflection maximums in the
passband.

The frequency response of the two-resonator dual-mode filter was
computed within a 1D model that contains sections of single and
coupled microstrip lines with up to six strip conductors connected
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Figure 6. Computed frequency response of the two-resonator dual-
mode filter.

likewise in Fig. 1(b). The parameters of the microstrip lines were
calculated using TEM approximation.

Figure 6 shows the computed frequency response of the two-
resonator dual-mode filter. The substrate with h = 1mm and εr = 9.8
was chosen for the simulation. All narrow strip conductors of the filter
have the width of 1 mm. The slot in the split section of the resonator
has the same width.

The passband of the two-resonator filter has the 3-dB fractional
bandwidth of 10%, the center frequency of 1GHz, and three reflection
maximums at the level of −15 dB. The transmission zero is above the
passband because the length l1 is less than the critical value.

The filter optimization has given the following values for the
adjustable parameters: lt = 53.69mm, l1 = 21.68mm, ∆l = 1.21mm,
S1 = 3.02mm, S0 = 0.30mm.

Surely, a full-wave electromagnetic simulation of the two-resonator
filter may give more exact values to the structure parameters. However,
such the model would give similar frequency response if the filter is
optimized.

4. THREE-RESONATOR FILTER

The layout of the designed and fabricated three-resonator dual-mode
filter is shown in Fig. 7. The filter has an interdigital configuration.
The dimensions of the internal resonator differ from the dimensions of
the external resonators. That is caused by their different interaction
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with the entourage. Besides three dual-mode resonators, the filter has
an additional short conductor that weakly couples input and output
ports. It generates a transmission zero near the spurious passband to
improve the filter performance.

The three-resonator filter has been designed in CST Microwave
Studio R©. Its adjustment has been fulfilled using the rules of
intelligence optimization as well.

The adjustment of the total resonator length lt was used for tuning
the center frequency f0.

The adjustment of the parameters l1, l2, and S1 was used
for tuning three internal couplings that are responsible for both
the bandwidth ∆f and two even type deflections of four reflection
maximums from the specified value in the passband.

The adjustment of the parameters ∆l and S2 was used to tune
the mistuning of the resonant frequencies of the equivalent coupled
single-mode resonators. This mistuning is responsible for two odd type
deflections of four reflection maximums.
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Figure 7. The layout of the designed and fabricated three-resonator
filter (all dimensions are specified in millimeters).

Figure 8. The photograph of the fabricated three-resonator filter.
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Figure 9. The frequency response of the three-resonator filter.

The adjustment of the spacing S0 was used to tune the external
couplings of the resonators with filter ports. These couplings are
responsible for average value of the reflection maximums in the
passband.

In Fig. 8, the photograph of the fabricated three-resonator dual-
mode filter is shown.

The frequency response of the three-resonator filter is presented
in Fig. 9. The dotted curve shows the computed transmission function
when the additional conductor between the ports is absent. In this
case, there is only one transmission zero in the upper stopband and
the rejection function considerably decreases above the transmission
zero.

The dash curve shows the computed transmission function when
the additional conductor is present. It is seen that the additional
conductor generates one more transmission zero at its resonant
frequency near the spurious passband but does not disturb the
frequency response in the main passband. That improves the filter
performance in the upper stopband.

The solid curve shows the measured transmission function when
the additional conductor is present as well.

The inset in Fig. 9 shows the simulated and measured frequency
responses near the passband in presence of the additional conductor.
The fabricated filter of the sixth order has the center frequency of
1.00GHz, the 3-dB fractional bandwidth of 11.4%, the maximum
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reflection in the passband of −11.43 dB, and the minimum insertion
loss of 1.15 dB.

5. CONCLUSION

A simple compact dual-mode microstrip resonator having a longitudi-
nal slot in the one end of its straight strip conductor is proposed. Two
first modes of the resonator have close resonant frequencies. Their dif-
ference can be easy tuned by adjusting the slot length. The frequency
of the third mode remains approximately equal to doubled average
frequency of two first modes. The resonant frequencies of the res-
onator can be estimated with formulas that have been derived within
1D model.

The resonator is good for compact narrowband bandpass filters.
Two-resonator and three-resonator filters are considered. They have
transmission zeros in stopbands. The filters provide high selectivity
and small size compared to filter designs using single-mode resonators.
Filter adjustment is fulfilled using the rules of intelligence optimization.
The simulated frequency response of the designed three-resonator filter
is in good agreement with the measured response of the manufactured
filter.
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