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Microstrip Posts and Dielectric Resonators Showing
a Steep Slope at Lower and Upper Stopbands for
Bandpass Properties

lhn S. Kim, Member, IEEE

Abstract—In this letter, two types of novel microstrip structures
providing a steep slope at lower and upper stopbands for bandpass
characteristics will be proposed. The structures have been formed
by means of TEM mode dielectric resonators and capacitive or in-
ductive shunt posts in microstrip line. Equivalent circuits of var-
ious combined structures have been formulated. S-parameters of
the structures have been obtained from a series of experiments and
equivalent circuit calculation, and have been compared with each
other. The result has also been compared with the measurement
and the equivalent circuit calculation for the inductive block.

Index Terms—Bandpass property, microstrip post, TEM mode

dielectric resonator. Fig. 1. Equivalent circuits of a parallel resonator with attenuation poles (a) at
the upper stopband and (b) at the lower stopband.

. INTRODUCTION

ERTICAL shunt posts in microstrip line [1] are found

in relatively few microwave circuit applications. They Il. STRUCTURES ANDEQUIVALENT CIRCUITS
could be compared to inductive posts in rectangular waveguide
[2]-[5]. At present, such shunt posts cannot provide narrow TWO types of structures, namely, inductive and capacitive
band pass characteristics in microstrip filters. blocks, have been implemented in the 80microstrip envi-

When designing a bandpass filter based on coupled para[@mment using RT-Duroid substrate with relative permittivity
resonators, attenuation poles providing a steep slope at loge?3 and 0.78 mm thickness. The dielectric resonator mounted
and upper stopbands are desirable characteristics [6]. Such p8féghe microstrip has an input impedance of(1& a square
can be found in elliptical filters. These characteristics can l§8axial structure, consists of material with = 33, has the
obtained by inserting a capacitor or inductor in series with %4 length at the resonant frequency of 1950 MHz, an@ a
parallel resonator, as shown in Fig. 1. value of approximately 500.

It is not obvious how one could insert a capacitor and/or in- Fig- 2 shows an inductive block and its equivalent circuit.
ductor in series with a microstrip resonator, even though sorhBis structure is composed of an inductive post placed below
techniques providing capacitive or inductive effects have belif center conductor of the $bmicrostrip and a square coaxial
studied in order to reduce the filter size and the number of refielectric resonator mounted below the ground plane of the mi-
onators required in designing bandpass filters [7]-[9]. crostrip line.

In this letter, the two problems of directly inserting a capacitor A capacitive block and its equivalent circuit are shown in
and/or inductor and of obtaining narrow bandwidth have beé&tg. 3. This structure is composed of a mainly capacitive post
studied by introducing two novel structures. The first structut@ the center of the microstrip gap, the dielectric resonator
with an attenuation pole at the upper stopband is realized B@unted on the center of the microstrip gap, and a thin dielec-
means of an inductive post in microstrip line. The second struéic sheet placed between the dielectric resonator and the center
ture with the pole at the lower stopband is realized by meansgfnductor.

a capacitive post. Equivalent circuits of the structures have beednductive blocks consisting of one and two resonators are
formulated. The equivalent circuit simulation agrees well withhown in Figs. 2(c) and (d), respectively. In the latter case, two
experimental results. The FDTD simulation [10] with PML abinductive posts are connected at the edge of the center con-

sorbing boundary conditions [11] has been used for the induictor, as shown in Fig. 2(d), resulting in a narrower bandwidth.
tive block. Both types of structures have been analyzed by FDTD with PML
absorbing boundaries. In Fig. #911| and |521| of the twin
_ _ _ . inductive blocks obtained by FDTD calculation, equivalent cir-
Manuscript received April 3, 2000; revised July 17, 2000. cuit calculation, and experiments are compared, and attenuation
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versity, Kyungki-do, South Korea (e-mail: ihnkim@khu.ac.kr). poles due to inductive posts are shown at the upper stopband at
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Fig. 2.

Inductive block having an attenuation pole at the upper stopband

(©

(d)

rfﬁq 3. Capacitive block having an attenuation pole at the lower stopband. A

conductor and the resonator has been done with an inductive post. (a) _@ectrlc resonator is placed on the microstrip. Connection is done by using a

dielectric resonator is placed the microstrip. Connection between the ce

geometry of the inductive block; (b) its equivalent circuit; (c) geometry showi

one resonator mounted: and (d) geometry showing two resonators mounte enter conductor and the resonator is used. (a) 3-D geometry of the capacitive

Slock; (b) its equivalent circuit; (c) geometry showing one resonator mounted;
and (d) geometry showing two resonators mounted.

rC]E’apacitive post through the microstrip gap. A thin dielectric sheet between the

The capacitive block has been realized with a 1 mm gap in
the 50€2 microstrip line and a post of 0.57 mm diameter, as
shown in Fig. 3. Fig. 5 shows the comparison between expﬁﬁ
imental and equivalent circuit calculation results for the cas %
of one and two mounted resonators. Even though in this figure
attenuation poles are shown at both of the lower and upper stop-
bands, capacitive effect is deeper than the inductive one. The
reason why the attenuation poles are at both of the stopbands
is that inductive component is in series with capacitive one, asln this letter, two novel microstrip structures showing
shown Fig. 3(b). Fig. 5 also shows that the bandwidth becomesndpass characteristics have been introduced. The first
narrower as one more resonator is added on the same transvigee consists of square coaxial dielectric resonators coupled
plane. In order to mount two resonators, two capacitive pogts microstrip using an inductive post running under the
have been placed at the edge of the gap, located differently tmaicrostrip ground plane. The second type consists of square
the single post in the center of the gap. coaxial dielectric resonators coupled to the microstrip center

The equivalent circuits of Figs. 2(d) and 3(d) are the saneenductor using a gap in the microstrip line and a capacitive
as Fig. 2(b) and Fig. 3(b), respectively, but they should hapest. The two resonators on a microstrip transverse plane
different values for the circuit elements. transfer more RF input energy to the output at the resonant

The|S521| comparisons for one resonator show the worst difrequency due to parallel resonance. Therefore, for narrower
ferences between the measurement and the equivalent cirbaihdwidth, two resonators have been mounted in parallel.
calculation are 1.2 dB for the inductive and 0.3 dB for the cahe equivalent circuits of the basic blocks have been ex-

citive blocks for the frequency range approximately from 0.5
3.5 GHz.

I1l. CONCLUSION
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Fig. 4. (a)|521| comparison for experiment, equivalent circuit calculation, and 3-D FDTD simulation for the inductive blocks with one and two resonators.
(b) |:511| comparison for experiment, equivalent circuit calculation, and 3-D FDTD simulation for the inductive blocks with one and two resonators.
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