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Two-Stage Bandpass Filters Based on Rotated
Excitation of Circular Dual-Mode Resonators

lkuo Awai, Member, IEEE and Takeharu Yamashita

Abstract—A new excitation method for dual-mode circular 0
resonators is studied. The bandwidth and the frequency of at- Z,
tenuation poles of the resulting two-stage bandpass filter (BPF) /y L~ /
are determined by the angle between 1/O ports. Addition of a -20 = ] =7
shunt susceptance at the /O ports gives an independent control
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. INTRODUCTION - 7 * "
HERE are many kinds of circular dual-mode filters, s 0G5 g BN 0-110° %;1122 F
e.g., hollow waveguide, microstrip ring, coplanar ring, o Cc=0.7 6=70° ’Cc:0_77pF| P
microstrip patch, and dielectric disk configuration. The planar -80; C0=20-5pF l 3

type has the advantage of a low-profile structure, resulting in a
wide application to monolithic microwave integrated circuits
(MMIC's).

Frequency (GHz)

£:=10.5, t=1.6 mm
In this letter, we study a rotated excitation of resonator by v < 8.9 mm
the external circuits. This method was originally suggested ' w43

by Wolf [1] for a microstrip ring resonator and recently
applied to a circular waveguide resonator by Morettial.
[2]. But the important thing they did not point out is that it idTig. 1. Measured characteristics of dual-mode bandpass filter by rotated
applicable to any type of circular resonators. We will show thfgettation (microstrip ring).
by experiments for microstrip and coplanar ring resonators.

Rotated excitation can control the filter bandwidth and the =

frequency of the attenuation poles within a certain range. A = — N/ e I ]‘\’///
shunt susceptance is also added to control coupling constant = 20t~ —id i ':*(‘**jv__,,:
and externat) to a larger extent. The equivalent circuit of any R N / - A
circular dual mode resonators can be represented by a branch f Y, i ¥ / 2 i\

line model. . /\\_\/”\/ //' “/\
/A 6110 - | g-n0
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II. ROTATED EXCITATION OF A RING RESONATOR f =60 ] Cc=0.55 pF Ce=1.1pF
Ce=0.6 pF" g =7¢0° I l
Two orthogonal resonant modes can usually be coupled each -8 Ce=0.5 pF

other by adding a perturbation. But rotated excitation does not
need it. Instead, the external circuits produce the perturbation.
In this method, the coupling between two degenerate modes is
decided by the angle of I/O ports without discontinuous parts

3
Frequency(GHz)

€. =105,t=1.6 mm

. . / =9.53

in the resonator. Changing the angle of 1/0O ports frorh, 30e AH e

coupling increases and also the attenuation poles shift. In the wol.6 mm
s=0.8 mm

case of the anglé > 90°, they exist on the higher frequency
side and in another case of the anfle: 90°, two attenuation Fig. 2. Measured characteristics of dual-mode bandpass filter by rotated
poles exist on both sides of the resonant frequefacgis long excitation (coplanar ring).

as the coupling susceptance is capacitive. The experimental

results of microstrip ring and coplanar ring bandpass filter f@imulation model and result are shown in Fig. 3. The results
some patterns of the angfeare shown in Figs. 1 and 2. Asare in good agreement with experiments.

the dual-mode circular resonators are represented by a branch

line model, it can be easily simulated by using a CAD. The . SERIES-SHUNT SUSCEPTANCE EXCITATION
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Fig. 3. Simulation characteristics of dual-mode bandpass filter by rotated
excitation. Fig. 5. Simulation characteristics of dual-mode bandpass filter by se-

ries-shunt susceptance excitation.

filter. Since coplanar waveguides have the advantage of easy
insertion of lumped elements between the load and the ground,
Wl they are good for the proposed series-shunt susceptance exci-
tation. These experimental and simulation results for coplanar
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5 i ring resonators are shown in Figs. 4 and 5. The results show

60 \ i a good agreement.

| §=70°
——  C=046pF
80, SE C1=2]pF,C2~£3pF IV. CONCLUSIONS
Frequency (GHz)i . __ C,=1.5pF.C,=1.5pF We confirmed the common characteristics of circular
resonator-based dual-mode BPF’s at a rotated excitation by

microstrip ring and coplanar ring resonators. Control of the
angle between the 1/0O ports and the coupling susceptance
can change the frequency of attenuation poles and the filter
bandwidth. Since these types of filters have no discontinuous
parts inside, it is easy to fabricate and good for high-power

Fig. 4. Measured characteristics of dual-mode bandpass filter by series-shapplication.
susceptance excitation (coplanar ring).
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