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Abstact

A design of a microstrip bandstop filter (BSF) is
presented in this paper. The filter is designed to give a
bandwidth of 70 percent, centered at 3.7 GHz with
lower and upper cut-off frequency of 2.4 GHz and 5
GHz respectively, The filter is required to have an
insertion loss of at least 60 dB with passband ripple of
0.1 dB. The design involves a Tschebychev third order
bandstop filter whose input to output is matched to 50

Q impedance.

The bandstop filter was realized to an open-circuited
transmission lines and spaced by unit elements (UE)s
which a quarter-wave long at mid-stop-band
frequency. The proposed bandstop filter was simulated
by using Genesys CAD package and fabricated on a
microstrip that have relative permittivity of 2.33, and
substrate and copper thickness of 0.5 mm and 0.0356
mm respectively, The filter is then measured using a
Scalar Network Analyzer and lastly a data analysis is
done to compare both result from simulation and
measurement.
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1.0 INTRODUCTION

Filters have always been known to be
one of the main key building blocks in modern
communication system. The most obvious
application of filter, of course, used as a
frequency selective device in many radio
frequency (RF) and microwave applications [1] —
[2]. A bandstop filter for example, plays a major
role of filtering out the unwanted signals and
passing through the desired signal. Moreover,
bandstop circuit devices that are employed to
suppress the harmonics are very important in
power amplifier and mixer applications. Filters
can be realized using lumped or distributed
circuit elements. However, with the advent of
advanced materials and new fabrication
techniques, microstrip filter is becoming more

attractive because of their low-cost, low-weight
and ease of implementation.

Filters design beyond 500 MHz are
difficult to realize with discrete components
because the wavelength becomes comparable
with the physical filter element dimensions,
resulting in various losses severely degrading the
circuit performance [3]. Thus the lumped
element must be converted into distributed
element for physical realization. In this work, a
Richard’s transformation has been used to
provide distributed elements where the same
behavior of the lumped elements can be
achieved.

However, the presence of the series
short-circuited stub in a circuit makes them
impossible to realize. By applying the Kuroda’s
identities, the series short-circuited stub can be
eliminated [4]. Figure 1 shows the four Kuroda’s
transformation,
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Figure 1: Kuroda’s identities



2.0 METHODOLOGY

The design starts by choosing a third
order low pass Tschebychev prototype to meet
the design criteria. From [5], the low-pass
prototype parameters are g,.=gs= 1, g,=g;=
1.0315, go= 1.1474 and@,"= 1. The prototype

inductance and capacitance are replaced by
equivalent quarter-wave long transmission line at

frequency @, where the line impedances and

admittance are multiplied by the bandwidth
factor. Note that a series inductor in the low pass
prototype becomes a short-circuited series stub
and shunt capacitor in the prototype becomes an
open-circuited shunt stub.

Bandwidth factor, bf = cot(’—r- S } 0]

Z,=2,

Z,=bfg
=0.6137(1.0315)
=0.6351Q

Y, =bf.g,
=0.6137(1.1474)

=0.70640"
Z,=14156 Q

Since the series stub is not suitable due to
difficulties to construct into TEM-mode
microwave structure, the series stub is converted
to shunt open-circuited stub by applying
Kuroda’s identity. Two additional unit elements
(UE) of impedance Zyg; =Zygz = Za=Zp =1 have
been introduced to allow the use of Kuroda’s
identity. Zyg, and Zyg; are added to the source
and load port respectively. They have no effect
on the filter performance since they are match to
the source and load impedance. Figure 2 shows
how the UE arranged.
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Figure 2: Unit elements arrangement at source and load port.

By applying the two circuits of identity (a) in
Table 3.2,

Ry =—_A
ZUEI(ZUE2 +Zl)
06351
1(1+0.6351)
Z,'=2.5740

Zyy'= ZUEI +Z,
=1.6351 Q

The next step is to de-normalize and to
compute the physical dimensions before it can be
implemented in Genesys for further analysis. In
the transformation Ilumped to distributed
clements, the value of K. and width are
automatically calculated by the Line Calc in
EESof Libra. The length of each elements is
computed to be /=4/4. Therefore the length of
distributed elements were given by,

ﬂ'o
4/K,

I= “4.4)

Table 1 and Figure 3 show the dimensions of
first design.






