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ABSTRACT 

A novel reconfigurable microstrip band stop filter (BSF) for International Mobile Telecommunication-
Advanced (IMT-A) application is proposed in this paper. The propoed square ring microstrip structure 
with direct coupled feed provides inependent control over frequency and band width. The filter has been 
designed provide a BW (Bandwidth)  variation of 23 MHz to 146 MHz, further square ring 
reconfigurable filter for seven distinct BW states has been fabricated Which has been experimentally 
verified. The measured results are in good agreement with simulated results. 

Index Terms - Reconfigurable filter, International Mobile Telecommunication-Advanced (IMT-A), 
Band stop filter, Comb-tooth structure, Bandwidth control 

 

1.  INTRODUCTION 

The reconfigurable microstrip filters are essential component for transmitter and 
receiver front end for improving the capability of both current as well as future wireless 
communication system. The BSFs used now a days are very much useful in minimizing 
the interferences, by rejecting the suitable portion of the available spectrum.  

The research in reconfigurable BSF filter design can be divided into two major 
directions of, frequency control and bandwidth control.  A large number of BSFs have 
been investigated to control the center frequency. Varactor diode as a tuning technique 
is reported in [1-3]. These filters provide frequency tuning without BW control. The 
frequency tuning can also be achieved by ferromagnetic or piezoelectric materials 
which are controlled by electric signals as discussed in [6-7]. Frequency tuning using 
magnetic layers which are reactive to the magnetic signals are reported in [8-9]. [10-11] 
Explains respectively about the use of actuator and DGS for frequency tuning. The main 
reason behind the center frequency variation is the variation in the transmission line 
length or electrical length of the filter resonator which is explained in [12]. This has been 
achieved in continuous way by the help of varactor diodes or in discrete steps by the 
use of pin diode as explained in [2, 13]. A very less effort has been made on BW control 
for reconfigurable BSF due to lack of the availability of methods to vary the inter 
resonator coupling. In fact, controlling the bandwidth independently  from central 
frequency and vice versa is very difficult to achieve with the help of the  available 
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distributed topologies such as coupled line filters for narrow band applications, or the 
stub filters for medium and wide band applications as given in [12]. However there are 
some research contributions to control the bandwidth, which are with both tunable 
frequency and fixed center frequency as reported in [14-18].  

The BSF consisting of anti-coupled line, short circuited by an open low 
impedance line has been reported in [14], the filter is showing narrow stopband at 
frequency 1.0 GHz and wide stop band of BW 2.9 GHz centered at 2.5 GHz. The 
switching between the connections has been done by the use of pin diode. A bandwidth 
reconfigurable BSF has been reported in [15], where the BW re configurability is 
achieved by modifying the connection between the unit cells. The filter shows the BW 
shift of 92.0 MHz to 63.0 MHz at different center frequencies. In [16], the varactor diode 
has been used to vary the stop band of the filter by varying the capacitive coupling. The 
filter shows the fractional bandwidth (FBW) variation of, 11.51 – 15.46% at center 
frequency, 1.46 GHz. The insertion loss is also varying with the bandwidth. The BSF 
consisting of evanescent mode presented in [17] shows bandwidth variation from 50.1 
MHz at 40 dB equi-ripple response to 126.2 MHz at 20 dB equi- ripple response through 
electronic tuning of the resonant frequencies of the individual resonators. In [18] the BW 
tuning has been achieved by differentially two varactors attached at opposite ends of 
the resonator. A BW tuning of 70-140 MHz has been achieved by this filter. The BW 
variation in Band pass filter by varying the coupling capacitance has been discussed in 
[19]. where comb tooth structure has been used to vary the coupling capacitance, a 
fractional bandwidth variation of 0.85 to 6.48 % at center frequency of 3.5 GHz has been 
achieved by the method used in the paper. 

The proposed band stop filter is exclusively designed for the application in 
International Mobile Telecommunications – Advanced. The proposed filter is novel in 
the sense of providing the independent control over center frequency and BW for IMT-
A application. The dimension of the proposed filter is 21.5 x 21.5 mm2. The effect of 
variation in the resonator dimension has been used for frequency variation while the 
comb-tooth structure [19] has been used for BW control. A BW variation of 23.0 to 146.0 
MHz at center frequency of 3.5 GHz has been observed, which is suitable for IMT-A 
applications as was discussed in [20]. 

The paper is divided into six sections. Section II describes BSF design concept. 
Section III presents advancement in the BSF design to make it reconfigurable.  Section 
IV discusses the filter implementation while Section V presents the experimental 
verification for the proposed work. Finally an overall conclusion of this work is 
reported in section VI. 

 

2.  BANDSTOP FILTER DESIGN 

The prototype of proposed square ring reconfigurable BSF is based on the circuital 
model as shown in Fig. 1.  



 

 

 

 

 

 

 

 

In
the Squa
of both t

 

Frequen

 

 

 

 

 

 

 

T
the oute

n the broad
are ring res
the sections

ncy control 

F

The basic la
er dimensio

Fig.1

der sense th
sonator and
s will provi

Fig. 2 : The 

ayout mode
on and inne

. Circuital m

he design c
d second th
ide frequen

basic layou

el for frequ
er dimensio

 

 

 

 

 

model of pr

 

an be divid
he feed sect
ncy and ban

 

 

 

ut model for

 

ency contro
on is repre

roposed BS

ded into tw
tions. Varyi
ndwidth con

r frequency

ol is shown
sented by A

SF 

wo major co
ing the des
ntrol respec

y control 

n in Fig. 2. 
A and B re

omponents,
sign param
ctively. 

In the diag
espectively.

162 

 first 
meters 

gram 
. The 



163 
 

 

ring structure appears by removing a portion of metal from the center of patch turning 
it into an annular ring.  

It has been observed by comparing the ring structure with equal sized solid 
rectangular patch that the ring structure forces the current to take longer path and 
decreases the frequency of operation . This verifies the concept discussed in [21] . This 
concept  has been used in this work for frequency control. Effect of ring width variation 
has been shown in fig 3 and 4 and has been  tabulated in Table-1 

 

 
Fig.3 : Reflection Loss in dB vs Frequency in GHz plot for BSF shown in fig. 2 

 

 
Fig 4 :Insertion loss in dB vs Frequency in GHz plot for BSF shown in fig. 2 
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4. DESIGN IMPLEMETAION 

This section describes the filter layout including the method to connect teeth. The 
filter is built on Rogers RT/duroid 5870 material, having a dielectric constant,  , 2.33, 
loss tangent, tan ), 0.02 and thickness, (t),  1.57 mm.  

The reconfigurability of filter can be achieved by using pin diodes or the RF 
MEMS switch. However to simplify the fabrication, shorting point method has been 
used. For connecting teeth, thin copper wires of diameter, 0.20 mm were used. On the 
basis of the design, seven combinations of teeth connections are possible, as 
summarized below in Table 3 

 

Table 3:  Tooth Combination 

Case Connection Combination 

1.  No Teeth are connected together 

2.  Tooth A  and B are connected together 

3.  Tooth A, B  and C are connected together. 

4.  Tooth A, B, C and D are connected together  

5.  Tooth A, B, C, D and E are connected together  

6.  Tooth A, B, C, D, E and F are connected together 

7.  Tooth A, B, C, D, E, F and G are connected together 

 

The symmetry of the design is always maintained. The layout detail of the filter 
is shown in Fig. 9. Seven different cases of the  combinations are listed in Table 3.  In 
order to connect any of the two teeth both the teeth need  to be shorted. The BW 
variations were observed only when any of the teeth were connected to tooth A which 
is directly connected to the feed. 

 

The simulated result, for seven cases listed in Table 2 is shown in Figs. 10. and 11. 
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The prototype of the proposed filter is shown in Fig. 12. However in this figure 
shorting of tooth has not been shown for clarity in the figure. 

 

5.   EXPERIMENTAL VERIFICATION 

 

 

 

 

 

 

 

 

 

 

 

Fig.12.  Prototype of proposed bandstop filter 

 

This section reports various measurement results for the proposed filter. A 
Vector Network Analyzer (VNA) has been used for the measurement of the parameters 
for the fabricated prototype. The simulated and the experimental results are 
summarized in Table 4.  

 

Table 4: Comparative simulated and measured results for proposed filter 
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Although in this paper shorting point method has been used to realize the 
reconfigurability, the pin diode or other switching elements such as MOSFET or RF 
MEMS can also be used to connect the two consecutive teeth to improve the flexibility 
of the design. Due to simple structure and small size of the filter it may find an 
application in IMT-A. 
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