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Abstract: - This paper presents the design of microstrip and suspended stripline structure microwave filter
with defected structure to produce a bandpass and notch response simultaneously in a single structure. The first
design was microstrip Chebyshev bandpass filter integrated with defected microstrip structure (DMS) using Aq
short-circuited stubs structures of 7" degree. While, the suspended stripline structure was design using cascaded
method of generalized Chebyshev lowpass and highpass to produce bandpass filter. This bandpass filter was
integrated with defected stripline structure (DSS) to remove the unwanted signal simultaneously. The bandpass
filter was designed at wideband frequency from 3 GHz to 6 GHz with a fractional bandwidth of 66.7%. The
integration of bandpass filter with defected structure produced high selectivity and attenuation of notch
response at resonant frequency of 5.2 GHz and Q-factor is better than 34.67. The design was simulated and
fabricated on a Roger Duroid RO4350 with a dielectric constant, & of 3.48 and a thickness of 0.508 mm. The
experimental results show good agreement and are in-line with the simulated performance. This new class of
generalized Chebyshev bandpass filter with DSS is useful to remove any undesired signal in any wideband
communication system, particularly in civilian and military radar applications.

Key-Words: - Chebyshev, generalized Chebyshev, bandpass filter, Q-factor, transmission zeros

1 Introduction 110% fractional bandwidth. However, the
The demand for new designs and approaches of SL_Jppression occurs at the higher frequency that will
microwave filter is increasing and intensively disturb other frequency band. In other research by
investigated. Some recent work on this subject has [11] based on the design of UWB suspended
demonstrated the techniques that are used to SL_Jbstrate s_trlpllne highpass filter, this design of
synthesize the bandpass filter using the Chebyshev highpass filter has a cut-off frequency of 4 GHz.
response. For example, multi-mode resonator to However, the tight coupling on the top and bottom
form a UWB bandpass filter [1], quarter-wavelength strlpll_ne_ is difficult to control to produce better
and half-wavelength to constitute a narrow bandpass selectivity. In [12], the researchers used another
filter [2]-[4], and many other types of resonators techn_lque to remove the unwanted s_lgnals using a
[5]-[7]. parasitic coupled Ilne_embedded with a compact
The design bandpass filter by [8] proposed the microstrip ba_ndpass f!lter. However, this methqd
embedding of individually design highpass structure has suppression at higher frequencies, and will
and lowpass filter into each other. But this method disturb the selectivity of the response.
has to control the high- and low-Z section between In this paper, an integrated microstrip and
stubs element. It will disturb the intersection suspended stripline structure with defected structure
between the two impedances. to produce a new class and compact design of
The structure design by [9] composed of a microwave_ filter to exhibit pandp_ass qnd notch
stepped impedance parallel-coupled Microstrip line response simultaneously. The filter is designed at a
structure. However, by using DGS, the ground plane centre frequency of 4.5 GHz with minimum
start radiates the electromagnetic wave, which stopband insertion loss of 40 dB and minimum
interfere the nearby circuitry of the system. The passband return loss of 15 dB. This type of filter is
optimization short circuited stub was designed by useful in any RF/ microwave communication
[10]. This work attempted to develop a compact systems particularly to eliminate any undesired
high-selectivity UWB bandpass filter with about signals in wideband spectrum. While maintaining its
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excellent performance, the overall physical and cost
reduction can also be achieved using this technique.

2 Microwave Filter Design Procedure
Microwave filters can be systematically designed
starting from lowpass prototype and normally have
a system impedance of 1 Q. The prototype element
can be presented as a lumped element or distributed
realization which some transformation is needed
before it can be used to convert to lowpass,
bandpass and bandstop with arbitrary centre
frequency and bandwidth. Moreover, there are
several types of filter response that can be realized
such as Chebyshev and generalized Chebyshev [13].

The advantage of the generalized Chebyshev
compared to Chebyshev response is that the
generalized Chebyshev can achieve higher
selectivity and low losses compared to the
Chebyshev  response. This is because the
transmission zeros can be placed in the arbitrary
frequency response. Furthermore, the generalized
Chebyshev can reduce the number of orders and
also the number of elements [14].

The lumped element is then converted to
distributed element using the Richard’s
Transformation technique. Basically, the design of a
filter is based on some approximate equivalence
between lumped and distributed elements, which
can be established by applying this method. This
implies that the distributed circuits composed of
equal-length open- and short-circuited
transformation lines can be created as lumped
elements under the transformation. Richard’s
transformation allows us to replace lumped
inductors with short-circuited stubs of characteristic
impedance Z, =L and capacitors with open-
circuited stubs of characteristic impedance, Z, =
1/C. The transformation of lumped element to stub
element.

3 Microstrip Bandpass Filter Design

The design of bandpass filter is started from lowpass
prototype element; g,=g,=1.1812, ¢,=0s=1.4228,
0:=05=2.0967, g, =1.5734. To design the lowpass
prototype filter the following specification should be
identified. The lowpass prototype filter with centre
frequency of 4.5 GHz with the degree, N=7, the
minimum stpband insertion loss of better than 40 dB
and minimum passband return loss of better than 20
dB are designed. This prototype element is used in
conventional microstrip bandpass filter which is
Agl4 short-circuited stub. The bandpass filter is
designed using shunt short-circuited stubs which are
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Ag/4 long with connecting lines that are also Ag/4
long as shown in Fig. 1.

The design equation for determining these
characteristics admittance described in [15].
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Fig. 1. Modeling circuit of the proposed wideband
bandpass filter

The bandpass filter was designed to have a
fractional bandwidth (FBW) of 66.67% at a mid-
band frequency, f,=4.5 GHz. A 50 Q impedance is
chosen which give Y,=1/50 mhos. The parameter
design can be calculated using the following
equations. The stub length and separation depend on
characteristics admittances, Y; and transmission line
admittance, Y;;.;. The transmission line admittance,
Yii+1can be obtained by using equation in [15]:

Based on equation in [15], the line impedance of
each stub and connecting line in Fig. 1 can be
calculated as follows: Z, = Z; =4432 Q, 7, = Zg =
22.52 Q, Z3 = 25 =22.58 Q, Z4:2227 Q, Zl,Z = Z6,7
= 38.81 Q, sz3 = 25'6:36.56 Q, 23]4 = Z4]5: 38.45 Q.
The filter design was based on a circuit model for 7"
order stub bandpass filter with quarter-wavelength
short-circuited stubs.

The characteristic impedances of the short-
circuited stubs are defined by Z; to Z;, and the
characteristic impedances for the connecting lines
are defined by Z;, to Zs;. The design of the filter is
implemented using microstrip on the Roger Duroid
RO4350 substrate (£,=3.48, tan=0.0019, and
thickness = 0.508 mm). The calculated admittances
and impedances for seven short-circuited stubs (Y;
and Z;) and transmission lines (Y;;.; and Z;;.;) are
applied to standard equation for microstrip design
described in [15]. The widths, W and guided
quarter-wavelength, Ay associated with the
characteristic admittances can be found and are
listed in Table 1.

The physical layout and dimensions of the
optimized short circuited stubs bandpass filter is
shown in Fig. 2. The comparison of current flow
visualization of the physical layout is shown in Fig.
3 (a), (b) and (c) representatively
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Table 1: Microstrip design parameters of 7" order
stub bandpass filter

. : Agoi/4 | Wiivr | Agoii+1/
b| Wi (mm) (mm) (mm) 4 (mm)
1 1.3918 10.00 1.69 9.928
2 3.4926 9.64 1.8406 9.845
3 3.4922 9.64 1.7136 9.923
4 3.5184 9.64 1.7136 9.923
5 3.4922 9.64 1.8406 9.845
6 3.4926 9.64 1.69 9.928
7 1.3818 10.00 - -
Unit: mm
115 L9928 | 9845 [ 0923 | 10,08
4 N Wi LTl 184 —
T
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Fig. 2. Layout of the Microstrip bandpass filter

via

In Fig. 3 (a), the current visualization flow
focuses at frequency 3 GHz. The response has more
concentration at the stubs of the physical layout.
Fig. 3 (b), shows the current visualization flow for
frequency at 4.5 GHz and Fig. 3 (c) shows the
current visualization flow for frequency at 6.0 GHz.
In this figure, the current flow visualization is
concentrated on the connecting lines of the physical
layout.

(a) :;:"‘_, —
(b) =] =
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Fig. 3. Current flow visualization of short circuit
stubs bandpass filter (a) at 3 GHz, (b) at 4.5 GHz
and (c) at 6 GHz

The structure of bandpass filter consists of
microstrip line on the top of the substrate and
ground plane at the bottom of the substrate. Via hole
represents short circuit stubs connecting the
microstrip line and the ground plane. Fig. 4 shows
that the fabricated of short circuited stubs bandpass
filter design. The experimental results show good
agreement and are in-line with the simulated
performance. In the experimental results, the centre
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frequency of 4.5 GHz with a return loss and
insertion loss is better than 10 dB and better than 0.2
dB respectively. Then fractional bandwidth of
around 69.5% was measured as shown in Fig. 5.
Fig. 6 shows the group delay for the bandpass filter
is very flat in the passband, lower than 0.71 ns for
simulated response while for the measured response
the group delay is 0.98 ns.
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Fig. 4. The fabricated of short circuit stubs
bandpass filter
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Fig. 5. Comparison between simulated and
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204

[
o
L

Group Delay (ns)
I
°

0.5 4

—— Simulation S,

+ «= Measurement S,

0.0

T T T T T T T
25 3.0 35 4.0 45 5.0 55 6.0 6.5

frequency, f (GHz)
Fig. 6. Comparison group delay between
simulated and measured response of short circuited
stubs bandpass filter

4 Suspended Stripline  Structure

(SSS) Bandpass Filter Design
The generalized Chebyshev filter has equiripple
response in passband but with arbitrarily placed
transmission zeros in the stopband offering
selectivity nearly as good as the elliptic filter of the
same degree. From this point of view, the



Recent Advances in Mathematical and Computational Methods

generalized Chebyshev filter prototype is more
preferred due to the transmission zeros that can be
placed independently in accordance to design
specification.

In terms of number of degree, for a particular
specification, elliptic filter gives the least number of
elements which results in circuit size reduction. As
an example, for a wideband bandpass filter with the
stopband insertion loss of 50 dB, the passband
return loss of 20 dB and selectivity of 2, a
Butterworth filter require twelve numbers of
elements while Chebyshev filter needs only seven.

4.1 Generalized Chebyshev Lowpass Filter
To design the lowpass filter, the prototype lowpass
filter should be identified by the following
specification. The lowpass filter with cut-off
frequency of 6 GHz with the degree, N=7, the
minimum stpband insertion loss of better than 40 dB
and minimum passband return loss of better than 20
dB are designed. The elements values for the
lowpass prototype network are; C; =C; = 1.02647,
Cs; = Cs = 1.10006, L, = Lg = 1.08027, Ly = Ls =
0.541922 and L, = 0.984147.

The lowpass prototype operates in system
impedance of 1Q and cut-off frequency of 1 rad/s.
The next step is to perform the transformation to
lowpass filter with 50 Q from the lowpass prototype
using following equations in [16]. The values of
each capacitor and inductors that operating in 50 Q
impedance, with cut-off frequency of 6 GHz can be
calculated. The element values of the equivalent
circuit for lowpass filter are; C; =C,= 0.545 pF, C;3=
Cs=0.584 pF, L, = Lg=1.433 nH, Ly = Ls = 0.719
nH and L, = 1.305 nH. The lowpass filter circuit can
now be seen in Fig. 7.
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Fig. 7. Equivalent circuit of the 7" order generalized
Chebyshev lowpass filter

For realization, the lumped element lowpass
filter is then transformed to open- and short-circuit
transmission line segments by applying Richard’s
transformation [17]. The Richard’s transformation
allows to replace lumped inductors with short
circuited stubs of characteristic impedance Z, = L
and capacitors with open circuited stubs of
characteristic impedance, Z, = 1/C. The resonator
impedance can be represented as admittance of an
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open circuited stub by characteristic
admittance « C /2. The length of the stub is one
quarter wavelength at w,. Constant a can be
obtained by applying Richard’s transformation at
the band-edge frequency w,.

The structure of distributed element after
applying the Richard’s transformation is shown in
Fig. 8. The values of short- and open-circuit stubs
are; Zsci1 = Zscz = Zscz = 120 Q, Esc1 = Escz = Escs =
29.90, ZOCl = Zoc4 =29.78 Q, EOCl = Eoc4 = 291270,
Zocs = Zocs = 55.55 Q, Eocy = Eoez = 72°. Flg 9
shows the current flow visualization of generalized
Chebyshev lowpass filter at 6.0 GHz. Red color
means strong density and concentrated electric field
with 15.42 A/m. Since the simulated conductor is a
perfect conductor, all electrons are at the conductor
surface. The blue color means there is less electric
field inside the conductor

Terml oc4 Term2
Z=50 Ohm Z=50 Oh
= R91 Ref Ref Ref

Fig. 8. Dlstrlbuted element of Iowpass filter

- ——

e Coler -

Fig. 9. Current flow visualization of generalized
Chebyshev lowpass filter at 6 GHz
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Fig. 10 shows the simulated insertion loss and
return loss of the generalized Chebyshev lowpass
filter. The filter has a cut-off frequency of 6.0 GHz,
with very good matching at the passband and the
return loss is better than 18 dB. There are two
transmissions zero occurring at 6.5 GHz and 7.5
GHz during the process of optimizing the stubs.
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Fig. 10. Simulated response of physical layout a
generalized Chebyshev lowpass filter
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4.2 Generalized Chebyshev Highpass Filter
In designing the highpass filter, the lowpass filter
prototype will be transformed into a highpass filter
with an arbitrary cutoff frequency. However, this
work chose the dual type generalized Chebyshev
lowpass prototype filter instead of the one used for
the lowpass filter design described earlier in Section
4.1. The dual type of lowpass prototype network
which satisfies a generalized Chebyshev response
having three transmission zeros at infinity and (N-3)
at a finite frequency.

The transformation from lowpass prototype to
arbitrary highpass filter with specific cut-off
frequency can be found using the equation (2);

oo 2 v
w
where w, is cutoff frequency

This maps the lowpass filter prototype cutoff
frequency to a new frequency. The transformation is
applied to inductors and capacitors. Hence the
inductors are transformed into capacitors and
capacitors are transformed into inductors as shown
in Fig. 11. The element values of the equivalent
circuit for highpass filter are; C; =C,=1.0003 pF, C;
= C5 = 1.0261 pF, L,=Lg= 2.3763 nH, L; = Ls =
4.7368 nH and L, = 2.6084 nH.

C3L3

C
S

.
Terml
Z=10hm
_ L2

C5L5

Fig. 11. Equivalent circuit of the 7" order
generalized Chebyshev highpass filter

Generalized Chebyshev highpass filter in
distributed form can be constructed by applying
Richard’s transformation to the highpass filter
prototype. Under this transformation, inductors were
transformed into short circuits with impedance and
capacitors into open circuits with admittance.
Following the Richard’s transformation, length for
all the stubs was varied uniformly to obtain a
sufficiently wide passband and good rejection in the
stopband for the bandpass filter once the lowpass
filter was cascaded with the highpass filter.

The structure of distributed element after
applying the Richard’s transformation is shown in
Fig. 12. The values of short- and open-circuit stubs
are; Zoc1 = Zocr = 29.4 Q, Eoc1 = Eocr = 30°, Zocs =
Zocs = 42.12 Q, Eocs = Eocs = 30°, Zscz = Zscs =
70.05 .Q., Escz = Esce = 300, Zsc3 = Zscs = 338 .Q,
Esc3 = Esc5 = 300, Zsc4 =69.3 Q, Esc4 = 30°.
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Fig. 12. Distributed element of highpass filter

Fig. 13 shows the current flow visualization of
generalized Chebyshev highpass filter at 3 GHz.
Red color means strong density and concentrated
electric field. Since the simulated conductor is a
perfect conductor, all electrons are at the conductor
surface. The blue color means there is less electric
field inside the conductor. Fig. 14 shows the
simulated insertion loss and return loss of the
generalized Chebyshev highpass filter. The filter has
a cut-off frequency of 3 GHz, with very good
matching at the passband and the return loss is
better than 15 dB. At about 2.4 GHz a transmission
zero occurred due to the coupling effect between
each stubs and the coupling effect from the top and
bottom layers. By carefully selecting the electrical
length of the stubs, a broader passband can be
obtained. In this research, an electrical length of 30°
was chosen due to good rejection in the stopband. In
order to realize the highpass filter layout, series
capacitors and resonators can be approximated by
inhomogeneous couple lines realized in suspended
substrate.

The generalized Chebyshev bandpass filter can
be realized by cascading lowpass filter in Fig. 7 and
highpass filter in Fig. 11. Fig. 15 shows the
cascading generalized Chebyshev bandpass filter
circuit. The suspended stripline structure as shown
in Fig. 16 is one of the best method for physically
realizing the filter. This SSS consists of a thin
printed circuit suspended between parallel ground
planes [17].
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Fig. 13. Current flow visualization of generalized
Chebyshev highpass filter at 3 GHz
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Fig. 14. Simulated response of physical layout
generalized Chebyshev highpass filter

The majority of the field of the suspended
stripline structure is in the air and the substrate has a
small effect on the Q-factor or the effective
permittivity of the elements. It is relatively
straightforward to calculate the dimensions of the
individual circuit element within the filter. Consider
a single transmission line of width, w and thickness,
t suspended between ground planes with spacing, b.
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Fig. 15. Equivalent circuited of the generalized
Chebyshev bandpass filter
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The impedance of the SSS which is based on
Tranverse Electromagnetic (TEM) transmission line
is related to its static capacitance to ground per unit
length as the foIIowing

&
where ¢, is the dielectric constant of the medium

and € / ¢ IS the normalized static capacitance per unit
length of the transmission line. If a transmission line
is suspended, the normalized static capacitance
would include fringing capacitance.

In order to realize the highpass filter layout,
series  capacitors and resonators can be
approximated by inhomogeneous couple lined
realized in suspended substrate. A series capacitance
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can be realized in the form of parallel coupled
structure, overlapping of strips on the top and
bottom layers of the substrate.

Suspended Substrate

Fig. 16. Perspective view of suspended stripline
structure

To produce a wider bandwidth, the value of
necessary impedance became too small to fabricate
effect of line separation. This limitation can
overcome in suspended stripline where the larger
impedance can be produced by using broadside-
couple lines.

Mo [W
Zy = —+1.393
0 \/S—e[h
w -1 (4
+0.667 In (E n 1.444)]
where
1
se=§[sr+1+(sr—1)F] (5)
and
e 12\~ /2
—( +7) (6)

& is the relative dielectric constant of substrate
and 7y is the wave impedance which is 377 Q.
The series capacitors are represented by an
overlapping line possessing capacitance Cs. The
length overlaps is given by

1.8uz,,C
l — oo ™S (7)
N

where u is the phase velocity and Z,, is the odd
mode impedance and is given by replacing h in (4)
by h/2. For the series resonators, the capacitance
too can be represented by the length of overlapping
lines and can be calculated from (4) and (7). The
nearer distance between them means tighter
coupling results in a better selectivity.

Hence, by cascading them, small and flat group
delay can be achieved for wideband bandpass filter.
This cascade introduces new 1/2 line impedance in
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order to maintain a good appropriate response of the
S-parameter as shown in Fig. 17. This method can
reduce the overall size of the bandpass filter as well
as to maintain a good output of the filter. This
physical layout is the optimized dimension during
the simulation on transmission line suspended
stripline structure in order to satisfy the desired
responses. The structure of the bandpass filter was
covered with an aluminium box represented as
conducting housing or ground planes.

—
\

Lowpass Filter Highpass Filter

Cascaded Bandpass Filter

Fig. 17. Physical layout of the 7" order generalized
Chebyshev bandpass filter

In the suspended  stripline  structure
configuration, the majority of the fields is in the air
cavity and the substrate has little effect on the Q-
factor or the effective permittivity of the elements.
Fig. 18 shows the current flow visualization of
generalized Chebyshev bandpass filter at 3 GHz, 4.5
GHz and 6.0 GHz respectively. Red color means
strong density and concentrated electric field with
25.92 A/m. Since the simulated conductor is a
perfect conductor, all electrons are at the conductor
surface. The blue color means there is less electric
field inside the conductor. Fig. 19 shows the
fabricated of the generalized Chebyshev bandpass
filter with a final length and width dimension of 50
mm and 45 mm. This filter is then manufactured in
an aluminium material using an in-house CNC
milling machine.

Fig. 20 shows the comparison between the
simulated and measured response. The measured
(simulated) data show a passband of 3 — 6.2 GHz
(3-6 GHz) with a fractional bandwidth of 66.67%
(63.74%) and with a maximum in insertion loss of
0.5 dB (0.1dB) and the return loss is 17 dB (19 dB).
The group delay of the generalized Chebyshev
bandpass filter was measured and compared with
the simulation as shown in Fig. 21. The measured
group delay was found very flat in the whole
passband, which is below 0.92 ns.
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Fig. 18. Current flow visualization of generalized
Chebyshev bandpass filter at (a) 3 GHz, (b) 4.5 GHz

and (c) 6 GHz
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Fig. 21. Comparison of simulated and measured
group delay of generalized Chebyshev bandpass
filter

5 Integrated Bandpass Filter and

Defected Structure
The defected structure is designed at 5.2 GHz to
avoid the interferences of wireless local area
network (WLAN) radio signal. The optimized
geometric parameters of the microstrip structure and
suspended stripline structure are used for the
integration technique of defected structure. The
results from the simulation of defected structure are
analysed through the parametric studies in order to
get the optimum results.

5.1 Microstrip  Bandpass  Filter  with

Defected Microstrip Structure

The DMS can be placed at any physical structure of
microstrip transmission line to produce band reject
response. Fig. 22 shows the current flow
visualization of integrated bandpass filter and DMS.
It is shown that the current flow focuses on DMS
structure at resonant frequency of around 5.2 GHz.
Fig. 23 shows the fabricated of the integrated
bandpass filter and DMS structure in a finalized
length and width dimension of 90 mm and 25 mm.
Fig. 24 shows the comparison between the
simulated and measured response of integrated
bandpass filter and DMS structure.

The measured passband of frequency response
was found to be 2.9 GHz to 5.8 GHz (-3dB
FBW=66.67%). The return and insertion loss of this
type of filter were found to be lower than 16 dB and
better than 1 dB. The notch response of DMS is 5.15
GHz with the bandwidth of around 5.77%. The
group delay of the wideband bandpass filter with
DMS was measured and compared with that of the
simulation as shown in Fig. 25. The measured group
delay was found very flat in the entire band except
in the notched band. The overall measured results
were in good agreement with the simulations.
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Fig. 22. Current flow visualization of bandpass filter
integrated with DMS
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Fig. 23. The fabricated of integrated bandpass filter
with inverse T-shape DMS
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Fig. 24. Comparison between simulated and
measured response of integrated bandpass filter and
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Fig 25. Comparison of group delay between
simulated and measured response of ntegrated
bandpass filter and DMS

5.1 Suspended Stripline Structure (SSS)
Bandpass Filter with Defected
Microstrip Structure

The DSS was then integrated with the bandpass

filter to produce bandpass and band reject responses

simultaneously. The DSS was placed at the 4,2 line
impedance with the specific dimension and the
resonant frequency. Fig. 26 the current visualization
flow focuses at frequency 3 GHz. The response has
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more concentration at the stubs of the physical
layout. Fig. 26 (b), the current visualization flow
focuses at a passband resonant frequency of 4.5
GHz where the connecting line of the stubs shows
more concentration. Fig. 26 (c) shows the current
visualization flow for the frequency of 6.0 GHz. In
this  figure, the current flow visualization
concentrates on the DMS structure at the resonant
frequency of around 5.2 GHz.

Fig. 27 shows the fabricated of the integrated
bandpass filter and DSS structure with final length
and width dimension of 55 mm and 50 mm. The
substrate was shielded in the mount by a height of
1.0 mm over and below the substrate. The integrated
bandpass filter and DSS was designed to exhibit a
pure transverse electro-magnetic (TEM) mode of
propagation which resulted in a very low loss
characteristics and excellent selectivity.

e | e ||

(c)
Fig. 26. Current flow visualization of integrated
bandpass filter with DSS (a) at 3 GHz, (b) at 6 GHz
and (c) at 5.2 GHz

Fig. 28 shows the comparison between the
simulated and measured response of integrated
bandpass filter with DSS structure. The measured
passband covers a range from 2.9 to 6 GHz, while
the measured notched band is exactly centred at 5.2
GHz with an attenuation of greater than 25 dB and
the 3-dB bandwidth is about 6.73 % with Q-factor
of 34.78. The measured group delay shows good
flatness in the whole passband, except the notched
response as shown in Fig. 29.

6 Conclusion

The compact design of Chebyshev and generalized
Chebyshev uses microstrip structure and suspended
stripline structure has been successfully designed.
The bandpass is then integrated with defected
structure to eliminate the unwanted signal to avoid
interference with undesired signal The experimental
results showed good agreement and are in-line with
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the simulated performance.The defected structure
can be easily designed by tuning the dimension of
the structure itself. Further research in
reconfigurable filter design will improve the
performance and also increase the functionality of
the filter. This new class of Chebyshev and
generalized Chebyshev response is useful in any
wideband communication system particularly in
civilian and military radar applications with high
selectivity.

Fig. 27. The fabricated of integrated bandpass filter
and J-shape DSS
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Fig. 28. Comparison between simulated and
measured response of integrated bandpass filter and
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