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Abstract: A novel hybrid microstrip/slotline transversal bandpass filter
(BPF) based on a dual-mode slotline resonator and a microstrip triple-mode
resonator is proposed. Both dual-mode slotline resonator and triple mode
microstrip resonator are achieved by loading a T-shaped stub to an open-loop
resonator. Two resonators are set in transversal to acquire the size reduction
of the filter and desired coupling between resonant modes. Based on the
structure, a five-pole BPF with central frequencies of 2.75 GHz and 0.5 dB
bandwidth of 28% is designed. Three transmission zeros are achieved in the
stopband of the filter, improving the stopband characteristics of the filter. The
filter is fabricated and measured. Good agreements between measured results
and simulated results verify the proposed structure well.
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1 Introduction

Recently, wideband filters have been widely used in wireless systems [1, 2, 3, 4, 5,
6, 7]. A wideband bandpass filter (BPF) based on transversal signal-interference
techniques was proposed in [8]. Two dissimilar transmission structures are con-
nected in shunt and two input-to-output signal paths have been realized. In [9], a
compact wideband microstrip BPF was proposed by using a transversal resonator
and asymmetrical inter-digital coupled lines. Based on this principle, an ultra-wide
passband can be generated between two adjacent transmission zeros by properly
producing and allocating the transmission zeros. A new class of microstrip BPFs
based on signal-interference principles was proposed in [10]. Transverse filter
sections composed of rat-race couplers are used and UWB bandpass filtering
responses is realized. In [11], a new UWB BPF with two transmission zeros close
to the passband was realised by cascading a planar Marchand balun and two
transmission lines with different electrical lengths. Transversal filters can also be
achieved by using dissimilar resonators. In [12], two transversal microstrip reso-
nators were used and the signal was coupled to both resonators, providing two
input-to-output signal paths. In [13], a substrate integrated waveguide (SIW)
transversal BPF with high selectivity was proposed by using modified doublet.
Obviously, these filters are implemented by same resonators of same technology. In
[14], a second-order transversal filter was implemented by combining a waveguide
resonance with a microstrip resonance, which provide a new solution to wideband
BPF.

In this letter, a novel hybrid microstrip/slotline transversal BPF is proposed.
The filter is constructed by a dual-mode slotline resonator and a triple-mode
microstrip resonator. A coupling scheme of the filter is provided and the coupling
matrix is given. Compared with conventional BPF with five poles, the size of
proposed filter reduces approximately eighty percents. In addition, wideband
bandpass characteristics with bandwidth up to 28% has been realized.
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2 Theory and design

Configurations of the proposed transversal BPF is given in Fig. 1. Fig. 1a depicts
the top view of the proposed filter. There is a folded stub-loaded microstrip
resonator, which are directly fed by a pair of microstrip feed-lines with character-
istics impedance of 50 ohm. Folded T-shaped stub is loaded to an open loop
microstrip resonator, three-resonant modes are excited within the passband. Fig. 1b
gives the bottom view of the proposed filter, there is a T-shaped stub-loaded slotline
resonator. Both resonators are directly coupled to the source and the load.
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Fig. 1. Configuration of proposed transversal BPF. (a) Top view (b)
Bottom view

Fig. 2. The coupling scheme of proposed BPF

According to the analysis above, the coupling scheme of proposed BPF is
achieved and shown in Fig. 2. Where black dots indicate the resonant mode of the
resonator, and the white dots indicate source and load. Solid lines indicate the
coupling between resonators and source/load, dashed lines indicate the coupling
between resonant modes of resonators. Resonant modes 1, 2, 3 and 4, 5 are
produced by the microstrip resonator and slotline resonator, respectively.

Therefore, corresponding coupling matrix of the proposed filter can be ex-

pressed by [15]
0 Mg My Ms Mg Mss Mg
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where Mg, Mp, and My, (m,n = 1~5) represent the coupling between source/
load and one resonant mode of the resonator, coupling between resonant modes,
respectively.

Actually, the coupling between resonators and source/load are controlled by the
gap and overlap length between feed line and microstrip resonator, and the coupling

between feed line and slotline resonator is determined by the relation position of the
resonator to the feed line.
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Fig. 3. The simulated frequency responses of the triple-mode reso-
nator. (a) versus L1 and (b) versus L2

The simulated frequency responses of the triple-mode microstrip resonator
versus L2 and L1 are shown in Fig. 3. When L1 increases from 31.5mm to
35mm, odd mode 1 and even mode 1 shifts from 2.48 GHz to 2.12, and from
3.28 GHz to 2.95 GHz, respectively. While the odd mode 2 remains nearly un-
changed. When L2 increases from 33 mm to 39 mm, odd mode 2 and even mode 1
shifts from 3.34 GHz to 2.95 GHz, and from 3.41 GHz to 3.06 GHz, respectively.
While odd mode 1 remains stable. The simulated frequency responses of the dual-
mode microstrip resonator versus L4 and L5 are shown in Fig. 4. When L4
increases from 15 mm to 25 mm, even mode 2 shifts from 3.32 GHz to 2.8 GHz,
and odd mode 3 shifts from 3.01 GHz to 2.78 GHz. When LS5 increases from
39.5mm to 43.5mm, even mode 2 shifts from 3.62 GHz to 3.01 GHz, and odd
mode 3 shifts from 3.5 GHz to 2.81 GHz. These resonant characteristics can be
easily used to allocate the positions of each mode and the coupling coefficients [5].
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Fig. 4. The simulated frequency responses of the dual-mode resonator.
(a) versus L4 and (b) versus L5




E Lectronics
E X press

© |[EICE 2016

DOI: 10.1587/elex.13.20160004
Received January 5, 2016
Accepted February 4, 2016
Publicized February 26, 2016
Copyedited March 25, 2016

IEICE Electronics Express, Vol.13, No.6, 1-6

3 Experimental results and discussion

In order to validate above-mentioned theory, a compact and high selectivity
quintuple-mode BPF is designed and fabricated. The designed filter has a central
frequency of 2.75 GHz and a wide passband with 0.5-dB cut-off frequency from
2.32-3.09 GHz. A substrate with a relative dielectric constant of 3.5 and a thickness
of 0.8 mm is used in the design. Obtained parameters of the filter shown in Fig. 1
are: L =222mm, L1 =33mm, L2 = 38 mm, L3 = 0.9 mm, L4 = 19.5mm, L5 =
40.6mm, L6 = 4mm, W1 =03mm, W2 =0.5mm, d=0.6mm. The filtering
performance is measured by using Network Analyzer AV3926 and a comparison
between EM simulated results and measured results are shown in Fig. 5. Solid
lines and dotted lines indicate the simulated and measured results, respectively.
Five transmission poles are clearly observed at 2.34 GHz, 2.55 GHz, 2.82 GHz,
3.01 GHz and 3.09 GHz in the passband of the filter. Three transmission zeros are
generated at 1.37 GHz, 2.19 GHz and 3.75 GHz, which improve the selectivity of
the filter. Apart from the insertion loss is a bit bigger that may be caused by the
relatively large loss of the substrate, measured results agree well with the simulated
results. The photograph of the fabricated filter is shown in Fig. 6. The overall size
of the filter is about 46 mm X 15 mm.
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Fig. 5. Comparison between EM simulated and measured results of the
proposed filter

(@ (b)

Fig. 6. Photographs of the fabricated filter. (a) Top view (b) bottom
view

4 Conclusion

A novel miniature microwave five-pole transversal BPF is proposed in this letter.
Five poles are obtained by combination of a dual-mode slotline resonator and a
microstrip triple-mode resonator. The coupling matrix of proposed structure is



IEICE Electronics Express, Vol.13, No.6, 1-6

established to further explain the proposed design. Three transmission zeros are
realized in the stopband of the filter, which greatly improve the selectivity and
attenuation of proposed filter. Measured results agree well with the simulated
results, verifying the proposed structure and design methodology.
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