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Abstract M2 resonator. It is possible to achieve independent control on
resonant frequencies as well as miniaturization of the
Presented is a resonator of hybrid structure with twstructure in our hybrid resonator because each of the two
independently controllable frequencies of resonance. Thesonators functions independently.
hybrid resonator consists of a half-wavelength stripline Based on the numerical analysis by the electromagnetic
resonator which is short-circuited at its both ends andsémulator (Sonnet em), we investigate the resonance
quarter-wavelength coplanar waveguide resonator nestedcfaracteristics as well as distributions of surface current
the half-wavelength resonator. Numericahalysis with a density at resonance. Focusing on the control of resonant
computational tool for electromagnetic fields clarifies suchiequency, we also study the hybrid resonator with stepped-
characteristics of dual-frequency resonance as resongfpedance introduced in tHe4 resonator. A typical model
frequencies depending upon structural parameters afks been fabricated on a conductor-backed dielectric substrate
distributions of surface current density at resonance. ghd its resonance characteristics have been confirmed by
typical model is fabricated and its frequency characteristiggeasured data. A comb-line filter consisting of hybrid
of resonance are measured. Presented and investigated gdsBnators with stepped-impedance introduced has been
is a dual-band comb-liniéter consisting of hybrid resnators proposed and analyzed.
with stepped-impedance structure imduced.
2. RESONATOR OFBASIC TYPE

1. INTRODUCTION . . .
A. Resonance Characteristics based on Simulation

Various types of dual-band bandpass filters have receriigure 1 illustrates the configuration of the hybrid resonator
propose in this paper. The cross-sectional view is drawn in

been proposed with an increasing demand for such molf o )
access to Internet as cellular phones or wireless LANP- 1(a) and the metallization patterns on the feed-line layer

terminals designed to operate in multi-band frequencies[1]-@]d the resonator layer are shown in Figs. 1(b) and 1(c),
pectively. The feed-line layer and the resonator layer are

Some of these are equipped with a pair of resonators WERPECH
individual resonant frequencies. Others employ singi@aced in 0.1mm. The whole structure of volumex41D.0x

resonators having dual-frequency resonance owing ld mnt with a dielectric constant 7.1 is entirely shielded

stepped-impedance structure or so. The former has troubl¥/if perfect conductor. For the purpose of understanding the

miniaturizing the structure; the latter has difficulty ifPfinciple, itis assumed that the dielectric material be lossless.

controlling resonant frequencies besides structural complexftys also assumed that the conductor thickness fpenldnd

We propose, in the present paper, a new resonatoritdgonductivity 6.1%10'S/m.

hybrid structure with two independently controllable As shown in Fig. 1(c), a 17.4mm length of stripline of

frequencies of resonance. The hybrid structure is composeWigth w,;=0.6mm is short-circuited at its both ends and is

a half-wavelength 2(2) stripline resonator and a quarterfolded in a rectangular shape to pattern M2 resonator

wavelength 1/4) coplanar waveguide resonator nested in tMé10se dimensions are shown in the figure. THecoplanar-
waveguide resonator of finite length and widthw,=1.0mm



is nested in th&/2 resonator with a space of 0.4mm. T2 higher order resonance, are not affected significantly by the
resonator in the present hybrid structure works as ground dhange of length of the nestef! resonator.
the A/4 resonator as well, which will be understood from the

distributions of surface current density shown later 0
concerning the resonance of thé4 resonator. A 1.9mm ~10
length of stripline of width 0.5mm is utilized for feed lines,
which are supposed to be placédaway from the short- % 20 1
circuited end of the\/4 resonator. This means that a gap ~ -30
feeding over a dielectric substrate with a thickness 0.1mm is 9 o b
applied to the hybrid structure of resonators.
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Fig. 1: Configuration of the resonator with two frequencies of resonance ool

: (b) f=2.97 GHz (Ground layer)
First, fixing all the structural parameters of thg2

resonator, we investigate the resonance characteristics of the o /2 Resonator
hybrid structure with the length of the4 resonator as a Ll /
parameter. It is supposed that the placement of the feed lines

be adjusted around the open end oftheresonator so as to
realize weak coupling suitable for observing the basic
characteristics of resonance.

Figure 2 shows the transmission characteristics (S21) in

s 5 =

5B B

the frequency region from 1GHz up to 7GHz whénis 24 Resonator
changed as 5.0mm, 6.0mm, and 7.0mm. We have two 00
frequencies of the fundamental resonance of.tBeesonator (c) f=3.97 GHz {/4 Resonator)

and thel/4 resonator, indicated in the figure asdnd f,,
respectively, and the resonance of the first higher order mo
of the A/2 resonator, f=2f,, in this frequency region.
Although it is quite a well-known result that the resonant Secondly, lets observe the distributions of surface current
frequency of thei/4 resonator comes down with thejensity at the resonance to see how the conductor pattern
increasing length of the resonator, yet a significant fact is tharks. Figure 3 illustrates the distributions of current flow on
the resonant frequencies of th& resonator, including thethe conductor at the frequencies ¢f £2.97GHz and f
=3.97GHz whert, =6.0mm. Figures 3(a) and 3(b) reveal that

'(:J% 3: Current density distribution on the conductor at resonant frequencies
when w2=1.0mm ané,=6.0mm
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none of significant current on the centre conductor at tBe Experimental Study

resonance of the/2 resonator. It is thus understood frorA typical model of the hybrid resonator has been fabricated
these figures that th&/2 resonator behaves as a striplinen a conductor-backed dielectric substrate=10.2) of
resonator with the shield conductor as ground. On the otHéekness 0.635mm and measured. Figure 5 illustrates the
hand, we can see at the resonance oftheesonator in Fig. schematic of the fabricated model. In this case, the upper
3(c) a pretty high current density appearing inside it region of the resonator is free space and hence the feed line is
resonator. It is hence concluded that th&l resonator @ finite length of coplanar waveguide. Fabricating equipment

functions as a coplanar waveguide resonator with Xt2e available in our laboratory has forced us to choose such an
resonator as main ground. open structure as Fig. 5 without shield conductor.

Next, we study the characteristic impedance of Figure 6 shows simulated and measured transmission

transmission line forming the resonators. Figures 4(a) ditpracteristics. It shows good agreement between simulated
4(b) show the characteristic impedance of the stripline and ?rﬂg measured results. The charagterlstlcs recognized in the
coplanar waveguide, respectively, as a function of wigthf 19ure tell that the present hybrid resonator must be a
the centre conductor when the widthof the stripline is set prospective candidate for compact dual-band bandpass filters.
to be 0.6mm or 1.0mm with the dimensions of inner side of
the rectangle unchanged. The ggpbetween the centre
conductor and the stripline thus becomes narrower with the
increase ofw,. Figure 4(a) tells that the characteristic
impedance of the stripline keeps constancy up to areynd
=0.8mm. The characteristic impedance of the coplanar
waveguide decreases monotonously with the increase iof

Fig. 4(b), which is considered to be typical behaviour the
coplanar waveguide assumes. The results shown in Fig. 4 i R
strongly support the fact that thé2 resonator operates free } , i
from the influence of th&/4 resonator. Gil
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(b) Coplanar waveguide patterning the quarter-wavelength resonator

Fig. 4: Characteristic impedance as a functiow.of (c) Photograph of the resonator

Fig. 5: schematic of the fabricated model
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3. STEPPEBIMPEDANCERESONATOR AND ITS
APPLICATION TOCOMB-LINE FILTER

A. Stepped-Impedance Resonato

r

As shown in Fig. 7(b), a 1.9mm length of stripline of
width 0.5mm is utilized for feed lines. The feed lines that are
supposed to be placégdaway from the short-circuited end of
the A/4 resonator are coupled to the resonators through a
0.1mm dielectric layer. The layer configuration of the
resonator is same as basic type resonator in Fig.1 (a). A
0.5mm thickness of dielectric layer is overlaid on the
resonator layer as well as on the feed-line layer. The whole
structure of tri-plate as large as 4210.0x 1.1mn? is
supposed to be covered entirely with perfectly conducting
shield.

In our simulation, it is assumed that all the conductor
patters but the external conducting shield be drawn with silver
paste of thickness 1@n; hence a 6.1910'S/m of
conductivity is taken into consideration. Although we are
planning to utilize dielectric substrates with & 0.005 in
our future experiments, we neglect dielectric losses in the
present analysis.

In order to improve the transmission characteristics, it is 0
considered that thé\./4 resonator consisting of straight -10
coplanar waveguide is replaced with a stepped-impedance
resonator (SIR). It is well-known that resonators with proper %5 20 ;
stepped-impedance introduced have lowered resonant : -30 -
frequencies. This structural modification is expected to g ;
exchange the resonant frequencies of the two resonators. -40 - 7
Figure 7 shows the metallization pattern of the hybrid / T W2s=04 ”‘gl
resonator with an SIR furnished. As shown in Fig. 7(a), the =50 | T W2s=0 81
M2 resonator of length 8.2mm and of width 0.6mm has a —go L W2s=16| ,
ground elevated by,s The resonator with its length reduced 1 2 3 4 5 6 7
has higher resonant frequencies. With a 0.1mm gap\/the Frequency GHz)
resonator of length 6.0mm and of width 1.6mm is nested in (@) Vicinity of dominant resonance
the A/2 resonator. Th&/4 resonator has its impedance step at
the centre of the structure. We investigate the resonance 0 /‘\ /\ A
characteristics with varying the width of the high impedance -10
portionw,s as a parameter from 0.4mm to 1.6mm. 20 / \ / \/
i 81/ N/
: Bt s
Ly N
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— T | H -60 L
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(a) Resonator layer

Fig. 7: Metallization pattern of the resonator containing SIR with

(b) Feed-line layer

two frequencies of resonance.

Unit [mm]

Fig. 8: Resonance characteristics of the resonator shown in Fig.7.

The transmission characteristics are shown in Fig. 8 when
W, is changed as 0.4mm, 0.8mm, and 1.6mm wifixed to
be 4.0mm. As shown in Fig. 8(a), the resonant frequency of
the M4 resonator changes largely in the lower band with an
increasing ratio of stepped impedance while that ofatize
resonator occupying the higher band remains unchanged for
any value ofw,s Figure 8(b) shows the characteristics in a
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wider frequency range for a typical examplengf= 0.4mm. coupling element 1 overlaps with thé4 resonators through
The hybrid resonator with an SIR furnished has a great area 0.& 0.9mnf of conductor while the element 2 does
advantage that the spurious-free region between the highgh the A/2 resonators through an area 8.6.6mnf of
band and the nearest resonance of the higher order modecga@uctor. An excellent response suitable for dual-band filters

be extended largely. with pass bands at 2.5GHz and 5GHz has been achieved.
Next, the dependence of pass-band characteristics on the
B. Dual-Band Comb-Line Filter coupling elements is studied. Figure 11 shows the

A dual-band comb-line filter consisting of two resonatof§ansmission characteristics with the dimension of the
coupled to each other is proposed and analyzed. Teepling element as a parameter. In Fig. 11(af. is
metallization pattern is illustrated fig. 9. The stucture of changed as 0.5mm, 0.9mm, and 1.1mm wiiHfixed to be
the resonator is basically the same as Fig. 7. The length ofGfmm while in Fig. 11(byv; is changed as 1.5mm, 1.8mm,
A2 resonator is, however, extended to 9.0mm in orderawnd 2.1mm withC, fixed to be 0.9mm.

lower the higher band around 5GHz. The grounding of the

conductor between the two resonators is made assured with 0 =

three via holes to avoid unnecessary resonance. Some b ;’;'/\ /\
spurious resonance would appear without these via holes 20 i -

because of a significant extension of conductor. _ | ‘;‘/ S /

Two coupling elements are printed on the feed-line layer 8 P i / N
to give enough coupling between the resonators. The coupling <740 % vea
element 1 works for th&/4 resonators and the element 2 is i v \"r/;' ——Ccl=05

. . L
for coupling between the&/2 resonators. The magnitude of -60 i ———-Ccl1=09[1
coupling between the resonators is controlled by char@ing L L PO Cel=11
for the element 1 and; for the element 2. 80 ‘ ‘ ‘ ‘
2 3 4 5 6
4 p— i r - : " 1 Frequency GHz)
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Fig. 9: Metallization pattern of the comb-line filter consisting of hybrid

. . F. H
resonators with SIR introduced. requency GHz)

(b) ws is changed as a parameter

0 W Fig. 11: Filter response of the comb-line filter
[ Rk with the coupling strength as a parameter.

_20 T
8 40 A 4 - It is easily understood from these results that the pass-band
=i r characteristics relating to the pair 0 resonators are under
%60 the exclusive control of the coupling element 1 while the
~_g0 coupling element 2 has command of the higher pass band. It
2 o - si should be pointed out that each pass band can be controlled

-100 f———— 10 521 independently with the corresponding coupling element. This
i is quite a significant feature for filter-designing
considerations.

1 2 3 4 5 6 7 8
Frequency GHz)

Fig. 10: Filter response of the comb-line filter illustrated in Fig. 9. 4. CONCLUSIONS

The transmission characteristics for a typical example ofl-or h('js ?apfr has prp ?osedf;r;d ft.uf.“ed a nevvt re;solga:jor of
the dual-band comb-line filter are shown in Fig. 10, where tﬂé rid structure consisting o stripline resonator folde
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in a rectangular shape with the short-circuited ends add a[9] K. Wada, I. Awai and K. Kisaka,Characteristics of a
coplanar waveguide resonator nested inJtfferesonator. It short-ended CPW resonator with impedance stéf|CE
has been shown numerically that two resonant frequencl@shnical Report, MW98-112, Nov. 1998(in Japanese).

can be controlled independently. As supporting evidences, (€] K. Wada, I. Awai and T. MoriyoshiiReducing of a size
have analyzed distributions of surface current density on fae @ BPF made of a quarter wavelength CPW resoriator,
resonators and the characteristic impedance of RCE Technical Report, MW98-113, Nov. 1998(in Japanese).
transmission line forming the resonators. It has been also

shown that the spurious-free region between the upper

resonant frequency and the nearest resonance of the higher

order mode can be extended by introducing a stepped-

impedance structure to thé4 resonator. A typical model has

been fabricated and the basic characteristics of resonance

have been confirmed by measured data. Comb-line filters

consisting of hybrid resonators with an SIR furnished have

been analyzed and good performance suitable for dual-band

filters has been achieved.

ACKNOWLEDGEMENT
This work is supported by the Ministry of Internal Affairs and
Communications under the grant, "Research and development
of fundamental technologies for advanced radio frequency
spectrum sharing in mobile communication systems."

REFERENCES
[1] T. Kitamura, M. Geshiro and T. Yamashit@ual band
filter consisting of microstrip comb-line resonatdr&hina-
Japan Joint Conference on Optical Fiber Science and
Electromagnetic Theory, pp.345-348, March 2004.
[2] J-F. Huang, M-H. HstiPesign and implement of high
performance and miniaturization of SIR microstrip multi-
band filters; IEICE Trans. Electron., Vol.E88-C, No.7,
pp-1420-1429, July 2005.
[3] C-C. Chen,“Dual-band bandpass filter using coupled
resonator pair8,IEEE Microwave and Wireless Components
Letters, Vol.15, No.4, pp.259-261, April 2005.
[4] S. Kitazawa, H. Miyake, M. Geshiro and M. Ohast,
multilayer single-input/single- output dual-band filter
fabricated in a high permittivity LTCC substratd EICE
Trans. Electron., Vol.E89-C, No.4, pp.509-516, April 2006.
[5] H. Motoyama, S. Tamaru, Y. Noguchi, N. Sato and S.
KitazawaCharacteristics of a novel dual-mode resonator,
IEICE Technical Report, MST2002-8, Sep. 2002(in Japanese).
[6] S. Kitazawa, K. Wada, H. Fujimoto, M. Geshiro and M.
OhashiyBasic characteristics of hybrid planar resonators for
dual-band BPFs with two resonant frequencies using2a
resonator and &/4 resonatof, IEICE Technical Report,
MW2005-123, Nov. 2005(in Japanese).
[7] S. Kitazawa, M. Geshiro, M. Ohashi, H. Fujimoto and K.
Wada’Resonant characteristics of hybrid planar stepped
impedance resonators with two resonant frequencies using a
A/2 resonator and &4 resonatof, IEICE General Assembly,
C-2-61, March 2006(in Japanese).
[8] M. Sagawa, M. Makimoto and S. Yamashita,
“Geometrical structures and fundamental characteristics of
microwave stepped-impedance resondtorlEEE Trans.,
Microwave Theory and Tech., Vol.45, No.7, pp.1078-1085,
July 1997.

6 International Symposium on Antennas and Propagation — | SAP 2006



