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ABSTRACT

The basic characteristics of A/4 coplanar waveguide

(CPW) resonators are verified by a theoretical analysis

using an improved equivalent circuit and a laboratory

test. We propose new types of combline BPFs using

these resonators and examine their transmission charac-

teristics.

INTRODUCTION

Tle fiiters for radio communications demand the fol-

lowing features : reduction of a circuit size, compatibil-

ity to monolithic microwave integrated circuits (MMICS)

and applicability to millimeter-wave equipments. Reali-

zation of filters based on “planar transmission lines” are

strongly espected because of suitability to the require-

ments. In this paper, we investigate the basic character-

istics of A/4 CPW resonators with a tap-excitation. The

t ran smission characteristics of comb line 13PFs using

these resonators are examined theoretically and experi-

mentally as well. We also propose a number of combline

BPFs using L type resonators. We obtain the transmis-

sion characteristics with attenuation poles close to pass-

band.

A/4 CPW RESONATOR WITH TAP-EXCITATION

Fig.1 shows a printed circuit board (PCB) of the I/4

CPW resonator with a tap-excitation. The copper clad

laminate has relative permittivity s,=1O.5, thickness

h= 1.6mm and tan &O.0055 around 2.OGHZ. The dimen-

sion of the PCB is 20 X30mm The dimensions of the

CPW resonator are as follows: a center strip width

w=().8m~ a slot width s= O.4mm and a resonator length
~= 15.6mm For suppressing SpUriOUS modeS, WC USe ttk

bridges between the two ground pkmes. The external

quality fidctor(Qc) is controlled by shifting an excitation

position and the discontinuities between a resonator and

a feed line. The equivalent circuit of the resonator with a

tap-excitation was usually expressed as shown in F

2[]1[21.But the effects of discontinuities between a res

nator and a feed line are not included in the circuit e

pression. In fact, a resonance frequency and Q. are infl

enced by the effect of these discontinuities. We propo

an improved expression of the equivalent circuit

shown in Fig.3 which considers the effects of discon

nuities by a parallel LC circuit (jX) . Each value of L

components is evaluated by the self parallel resonance

bridged tapping wires.

[=15.6mm

Fig. 1 a/4 CPW resonator with

tap-excitation
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Fig.3 Improved equivalent circuit
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Tle resonance condition of this resonator can be

scribed by the following equation

de-

(1)

The Q. of the resonator can be given by .,

{vtanQ(ll-12).tan Qlz-l G2X
Q =~-f!- _—

2Gg da
1

(2)

20 tan~lz 1+ G2X2
v UJ-UJO

(;g =
G

x= ‘:
1+ G2X2‘ I-cDLC

Fig.4 shows the calculated Q, of a conventional and

an improved equivalent circuits (length of a bridged

tapping wire :5 rnrrL L=2.22nH and C= O.076pF; 6 m
L=2.77 nH and C= O.072 pF). Fig. 5 shows the theoreti-

cal and experimental results of a fimdamental resonance

frequency of this CPW resonator. These experimental re-

sults are metisured by a VNA HP-8719C. The theoretical

and experimental results of Q. is shown in Fig.6, whereas

Fig .7 shows that the experimental result of QO of the

resonator is around 95 irrespective of the excitation po-

sition.
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Fig.4 Qe versus excitation position
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Fig.5 Fundamental resonance frequency
versus excitation position
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Fig.6 Qe versus excitation position
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Fig.8 1 /4CPW resonator with 1/0 terminals
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Fig.9 Equivalent circuit of 1/4 CPW resonator
with 1/0 terminals
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Fig.8 shows a ~/4 CPW resonator with 1/0 terminals

(PCB size :20X 30mm). A fundamental matrix K of this

resonator can be expressed by
i o

[ –Ii

WL
~=lj tan~(~, – l,). tanfll, -1

>1[ 1
(IJL

1 j—
1- ~2L~ j v

v 1 I-oJ’LC
() ZOtan~lZ o 1

v

(3)

Its equivalent circuit and simulated characteristics is

shown in Figs.9 and 10, respectively, where the har-

monic responses appear at the odd integral multiple of

the fundamental resonance frequency. lle experimental

result is show-n in Fig. 11, in which the harmonic re-

sponses appear at the predicted frequencies.
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Fig.11 Experimental result of Fig.8

COMBLINE BANDPASS FILTERS

We present the new types of combline BPFs

CPW resonators mentioned above. Fig.12 shows a

with

PCB

of a new type of BPF, This configuration has the ground

conductor (width : 0.2mm) between the center strips and

a wire bridge (length :3 .Om@ between two resonators.

For suppressing coupled slotline modes, we use air

bridges between the ground plates. The transmission

characteristics of the BPF is shown in Fig. 13, where the

harmonic responses appear at the odd integral multiple

of the center frequency.
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Fig.12 Combline BPF
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Fig.14 Combline BPF using
L type resonator (Type 1)
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Fig.8 shows a A/4 CPW resonator with 1/0 terminals

(PCB size :20X 30m@. A fundamental matrix K of this

resonator can be expressed by
r 1 01

characteristics of the BPF is shown in Fig.13, w here the

harmonic responses appear at the odd integral multiple

of the center frequency.

(3)

Its equivalent circuit and simulated characteristics is

shown in Figs.9 and 10, respectively, where the har-

monic responses appear at the odd integral multiple of

the fundamental resonance frequency. ‘The experimental

result is shown in Fig. 11, in which the harmonic re-

sponses appear at the predicted frequencies.
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COMBLINE BANDPASS FILTERS

We present the new types of combline BPFs with

CPW resonators mentioned above. Fig.12 shows a PCB

of a new type of BPF. This configuration has the ground

conductor (width : 0.2mm) between the center strips and

a wire bridge (length : 3.Omm) between two resonators.

For suppressing coupled slotline modes, we use air

bridges between the ground plates. The transmission

Fig.12 Combline BPF
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Fig.16 Combline BPF using
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Fig.14 shows the combline BPF made of L type resona-

tors, the airbridges being removed. The dimensions of

PCB are as follows; size 23X 35-a center strip width

w= O.8mm, a width between center strips: s= O.4mm and a

center strip to ground spacing : g= O.4mm. The passband

characteristics of this BPF is shown in Fig.15. In this

figure, the attenuation pole appears at the higher side of

the passband(f~=2.79 GHz and fO=2.00GHz). Fig.16

shows the PCB of the the combline BPF using L type

resonators with a loading capacitor (chip ceramic capaci-

tor : 0.5pF). The passband characteristics of this falter is

shown in Fig.17. The attenuation pole appears at the

lower side of the passband (f~= 1.59GHz and

fO=1.76 GHz). Fig.18 show the combline BPF using L

type resonator with a loading capacitor (chip ceramic

capacitor: 0.5pF ) where the airbridges are attached near

the resonators. The passband characteristics is shown in

Fig.19, where the attenuation poles appear at the both

sides of the passband (f~=l.59GHz, f11=2.57GHz and

fO=l.74GHz).

CONCLUSION

We have investigated A/4 CPW resonators with a

tap-excitation and their application to BPFs. lhe basic

characteristics of these resonators were verified by theo-

retical analysis using an improved equivalent circuit and

a laboratory test. We have presented new types of com-

bline BPFs and examined their transmission characteris-

tics. We have also proposed combline BPFs using L type

resonators. These filters are characterized by attenuation

poles located at either or both side of the passband.
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