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Proposal of a New Folded Comb-Line Filter

Toshiaki Kitamura, Kentaro Yoshida, Masahiro Geshiro, and Toshio |shizaki

Abstract—We propose a new type of comb-linefilter that issuit-
ablefor miniaturization utilizing stratifying technology. It consists
of a couple of composite resonators. Each resonator is composed
of two sections of a microstrip and a coplanar waveguide fabri-
cated on themicrostrip ground planewhich are connected through
apieceof wireat an open end to set up anew folded comb-linefilter.
Thefiltering characteristics are investigated through experiments
aswell as numerical simulations by means of the FD-TD method.
It isshown that thefiltering characteristics can be much improved
by removing part of the barrier in the coplanar-line portion of the
resonator to alter the coupling.

Index Terms—Attenuation pole, FD-TD method, folded comb-
line filter.

I. INTRODUCTION

ANDY portable telephones have come into wide use and

their further compactness is strongly required. Miniatur-
ization of microwave filters is inevitable to meet this require-
ment and ceramic laminated filters [1]{4] are widely used in
this application. In particular, the stratifying technology of ce-
ramic using low-temperature co-fired ceramics (LTCC) isoneof
the key technol ogies to reduce the device dimensions [5]-10].
Thistechnology makes it possible to unify various kinds of de-
vicesin amultilayered structure. From such circumstances, the
development of devices having congeniality with multilayered
structures is becoming important.

In this paper, we propose anew type of comb-linefilter thatis
suitable for miniaturization by means of stratifying technology.
It consists of a couple of composite resonators. Each composite
resonator iscomposed of asegment of microstripline(MSL) and
asegment of coplanar waveguide (CPW) fabricated on the mi-
crostrip ground plane. The two segments are connected through
apieceof thinwireat an open end of each to set up aresonator of
foldedtype. Theother end of theM SL sectionisgrounded; hence
each compositeresonator asawholeisof quarter wavelength. We
investigate the filtering characteristics through experiments as
well as numerical simulations by means of the FD-TD method.
It is shown that the filtering characteristics can be largely im-
proved by removing part of the barrier in the coplanar-line por-
tion of the resonator to alter the coupling.

Il. BASIC STRUCTURE AND ITS CHARACTERISTICS

Fig. 1 illustrates the structure of the folded comb-line filter
that we propose in this paper. Two MSL resonators each one
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Fig. 1. Folded comb-line filter.

of which is terminated to the ground plane at one end through
a piece of thin wire are arranged on the substrate. A narrower
MSL with a characteristic impedance of 50 €2 is connected di-
rectly to each resonator as an /O port. On the other hand, two
CPW resonators are arranged in the ground plane each one of
which is connected, at one end, to the open end of the MSL res-
onator on the other side of the substrate through a piece of thin
wire. Hence the composite structure of the MSL and CPW sec-
tions makes up a quarter-wavelength resonator of folded type.
Because the MSL resonators face to the CPW resonators wider
than themselves, most part of electric field lines from the MSL
arrive at the ground conductor via the center conductor of the
CPW and the other part go directly to the ground conductor. The
thickness and relative permittivity of the substrate are assumed
to be 1.27 mm and 10.2, respectively. The other structural pa-
rametersare shownin Fig. 1 together with the coordinate system
for the analysis.

We investigate the filtering characteristics through experi-
ments as well as numerical simulations by means of the FD-TD
method. For experiments, a folded comb-line filter is manufac-
tured on an RT/duroid 6010LM substrate of 1.27 mm thickness
and 10.2 relative permittivity by using a computer-aided de-
sign (CAD)-installed automatic cutting machine. Some pieces
of copper wire of 0.1 mm diameter are used to connect the con-
ductorsthrough the substrate. On the other hand, the same filter
ismodeled on a Yee's mesh consisting of 72 x 60 x 122 homo-
geneous cellsin our FD-TD code; each cell is set to be 0.15875
mm in the z direction and 0.3 mm in both % and = directions.

We show the frequency characteristics of the scattering pa-
rametersin Fig. 2. Here, the solid and dashed lines indicate the
numerical and experimental results, respectively. As shown in
thisfigure, acompact bandpass filter with two attenuation poles
below and above the passband is realized. It is aso shown that
the experimental results are in good agreement with the numer-
ical ones.

The higher frequency response above 3 GHz, which is not
showninthisfigure, isdifferent from standard comb-linefilters.
The controll of the sprious passband is another problem to be
solved.
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Fig. 2. Frequency characteristics of scattering parameters.
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Fig.3. Frequency characteristicsof theinput susceptances of the even and odd
modes.

The experimental results, however, exhibit deterioration in
some degree in the insertion and return losses about the center
frequency of passhand. The insertion losses of numerical and
experimental results are 2.697 dB and 4.481 dB, respectively, at
the center frequency of the passband.

Hands of those who haveless skill in manipul ating the cutting
machine may bring about some cutting errors in fabricating fil-
ters. Overcutting into the substrate not only causesthe reduction
of effective dielectric constant but also enhances radiation into
theair and substrate. We have actually observed in our measure-
ments that some of electromagnetic energy stored in the struc-
tureislost in avery narrow band of frequencies at the center of
the passband. Hence it is considered that further refinement in
the fabrication process can diminish such discrepancies in both
of the insertion and return losses in Fig. 2.

It iswell known that comb-line filters have attenuation poles
at the frequencies where the input susceptances of the even and
odd modes are equal to each other [11]. Fig. 3illustratesthe fre-
guency characteristics of the input susceptance of the even and
odd modes, B, and By,, respectively, when the width of the
CPW is4.8 mm. Input susceptances are cal culated from S11(f)
at the observation point set on the input port [11]. For the even
mode, we excite electric fieldsin phase on two excitation planes
each one of which is placed in the input and output ports at the
same distance from the center axis of the comb-linefilter so that
we have an equal voltage on both composite quarter-wavelength
resonators. On the other hand, electric fields having the oppo-
site signs are excited on both resonators for the odd mode. In
Fig. 3, the curves of input-susceptance of both modes have two
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Fig. 4. Metallization pattern on the ground plane.
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Fig. 5. Frequency characteristics of scattering parameters with L, as a
parameter.

intersectionsat 1.49 GHz and 2.48 GHz, which correspond with
the attenuation-pole frequenciesin Fig. 2.

I1l. DEPENDENCE OF THE FILTERING CHARACTERISTICS ON
COUPLING BETWEEN THE RESONATORS

In this section, we propose a method to improve the filtering
characteristics of the folded comb-line filter by changing the
coupling between the resonators.

As mentioned in Section Il, attenuation-pole frequencies
are determined from the intersections of the input-susceptance
curves of the even and odd modes. It is, therefore, possible to
alter the attenuation-pole frequency by changing the inclination
of the input-susceptance curves dlightly. In order to achieve
this, we here remove part of the conductor barrier in the
coplanar-line portion of the resonator.

Fig. 4illustratesthe metallization pattern on theground plane.
The conductor between the CPW resonators is removed partly
to control the resonator coupling. We investigate the filtering
characteristics with L1, the length of the removed portion of
conductor, as a parameter. The other structural parameters are
all the same as the basic structure shown in Fig. 1.

Fig. 5 shows the frequency characteristics of the scattering
parameters with L, as a parameter. Here, the solid line corre-
sponds to the result shown in Fig. 2 for the case where L; =
0.0 mm.

It is understood from this figure that the parameter L
exclusively affects the attenuation-pole frequency above the
passband; hence we can arrange it just around the passband
by adjusting L;. The center frequencies are about 1.67 GHz
for any value of L;. The band width is, however, dightly
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Fig. 6. Freguency characteristics of scattering parameters when L; =
2.4 mm.
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Fig. 7. Frequency characteristics of theinput susceptances of the even and odd
modes when L, = 2.4 mm.

altered depending upon the attenuation-pole frequency which
is controlled by changing L;.

Next, we show, in Fig. 6, the comparison of the scattering pa-
rameters between the numerical and experimental results when
L; = 2.4 mm. It is recognized that the numerical results by
means of the FD-TD method are in good agreement with the
experimental onesasawhole. Theinsertion losses of numerical
and experimental results are 0.772 dB and 2.589 dB, respec-
tively, at the center frequency of the passband.

Fig. 7 shows the frequency characteristics of the input sus-
ceptances of the even and odd modes when L; = 2.4 mm. We
can make sure that the intersections between both curves take
place at 1.46 GHz and 2.16 GHz and that they correspond with
the attenuation-pole frequencies in Fig. 6. In comparison with
Fig. 3 which corresponds to the case where Ly = 0.0 mm, itis
understood that the input susceptance curve of the even mode
in Fig. 7 has a steeper slope above the passhand. Hence, in the
case where L; = 2.4 mm, the intersection between the suscep-
tance curves of both modes moves and comes down closer to
the passband.
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IV. CONCLUSIONS

In this paper, we have proposed a new type of comb-linefilter
that is suitable for miniaturization by means of stratifying tech-
nology. It consists of two MSL resonators on a substrate and
two CPW resonators in the ground plane on the other side of
the microstrip substrate. Each of the MSL resonators is con-
nected with one CPW resonator through a piece of thin wire to
form a composite resonator of folded-type. The filtering char-
acteristics have been investigated through experiments as well
asnumerical simulationsby means of the FD-TD method. It has
been shown that a compact bandpass filter with two attenuation
poles below and above the passband is realized. It has also been
shown that the filtering characteristics can be largely improved
by removing part of the conductor barrier in the coplanar-line
portion of the resonator to alter the coupling. Furthermore, it
has been confirmed that the experimental and numerical results
are in good agreement with each other. At the next stage, we
would like to abstract an equivalent circuit and establish the de-
tails of design method.
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