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Abstract— Many researchers have introduced various
metamaterial structures such as spiral resonator, split ring
resonator, complementary split ring resonators, omega, S
structures etc., in recent years in that category. The advantage
of metamaterial is its compact size with ability to provide
improved performance. This paper propose a comparison
between a classical Chebyshev microstrip low pass filter with a
new design a microstrip low pass filter based complementary
split ring resonator (CSRR).the proposed filter has reduced the
filter size by 40 %.

Index Terms— split ring resonator, complementary split ring
resonators, metamaterials, Chebyshev microstrip filter.

I. INTRODUCTION

A miniature size better performing low pass filters are of
great demand in the applications of microwave circuits.

Recently metamaterials play important role in the
performance improvement [1] of microstrip components such
as antennas, filters etc...

These Metamaterials were first introduced by Veselago in
1967[2], they are artificial Structures which exhibit negative
permittivity, permeability and negative refractive index
which is not found in the readily available materials[3]. In the
year 1999, Professor John Brian Pendry proposed his design
of Thin-Wire (TW) structure that exhibits the negative value
of permittivity and the Split Ring Resonator (SRR) with a
negative permeability, p value.[4][5] Following this
interesting discovery, Doctor Albert Smith from Duke
University combined the two structures and became the first
to fabricate the metamaterial [6], it has been shown that
negative permittivity can also be generated by means of a
resonant element, namely the complementary split ring
resonator (CSRR) introduced by Falcone et al. in 2004 [7].

These resonators can be considered as quasi- lumped
elements and are, therefore, also very interesting for the
miniaturization of planar microwave devices such as filters
and diplexers, or for improving their performances.

This paper presents a miniaturized microstrip low pass filter
designed using complementary split ring resonator (CSRR)
use of complementary split ring resonator (CSRR) results in a
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significant size reduction of the filter comparing with
classical Chebyshev microstrip low pass filter.

II. DESIGN CHEBYSHEV LOW PASS FILTER

The design of low pass filters involves two main steps [8].
The first one is to select an appropriate low pass prototype
[9]. The choice of the type of response including Pass band
ripple and the number of reactive elements will depend on the
required specifications. The element values of the low pass
prototype filter, which are usually normalized to make a
source impedance go=1 and a cut-off frequency fc =2.5, are
then transformed to the L-C elements for the desired cut-off
frequency and the desired cut-off frequency and the desired
source impedance, which is normally 50 ohms for microstrip
filters[10]. The next main step in the design of microstrip low
pass filters [11-12] is to find an appropriate microstrip
realization that approximates the lumped element filter.

The specifications for the filter under consideration are:
Relative Dielectric Constant, er = 4.4
Cut-off frequency, fc =2.5GHz
Height of substrate, h = 1.6 mm
Zo=50Q
Qc=1
L2 L4
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Figurel. Low pass prototype network with five components.

Chebyshev equations to determine the values of the
components of low pass filter:

Li= (Z,/go)W. / 2pfo)g;
Ci= (go /Zo)(w: /2pfc)gi

In a second step must transpose the localized elements, real
element, in our case with microstrip lines. For this, the width
of the W line is fixed and the value of Er is entered, then the
tool determines Line Calc eeff and the characteristic
impedance Zc and then calculated the lengths of line selfs and
capacitors with the following formulas:

. 3.108
Zc, Ceff
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L: value of the inductance
C: value of the capacitor

TABLE I
Dimensions for a stepped-impedance low pass filters (for
n=5)
composant W(mm) | Zc(Q) Eerr L(mm)
C1=0.98662 pF 4 42,001 3.436 6.7
L2 =2.9491 nH 1 85.91 3.057 5.87
C3=1.6991 pF 10 21.7 3.77 5.89
L4=2.9491 nH 1 85.91 3.057 5.87
C5=0.98662pF 4 42.001 3.436 6.7

Dimensional view of microstrip stepped impedance low pass
filters (for n=5) in Figure 2.

20 mm

"4& mm
Figure.2 Layout of a 5-pole, stepped- impedance Microstrip lowpass filter on
a substrate with er= 4.4 and h = 1.6 mm at 2.5GHz frequency.

The Simulated filter as shown in Figure 3 and 4of low pass
filters for n=5. From the graph it is clear that the cut-off
frequency is found to be 2.5 GHz.
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Figure3. Simulated S11 results of the stepped- impedance Microstrip low
pass filter
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Figure4. Simulated S21 results of the stepped- impedance Microstrip low
pass filter

III. DESIGN AND SIMULATION RESULTS OF THE NEW DESIGN
A MICROSTRIP LOW PASS FILTER WITH COMPLEMENTARY
SPLIT RING RESONATOR (CSRR):

The SRR was originally proposed by Pendry in 1999, and is
the metamaterial resonator having the negative permeability
[13]. The SRR structure is formed by two concentric metallic
rings with a split on opposite sides. This behaves as an LC
resonator with distributed inductance and capacitance that
can be excited by a time-varying external magnetic field
component of normal direction of the resonator [14]. This
resonator is electrically small LC resonator with a high
quality factor. Based on the Babinet principle and the duality
concept, the CSRR is the negative images of SRR, and the
basic mechanism is the same to both resonators except for
excited axial electric field. With adjustment of the size and
geometric parameters of the CSRR, the resonant frequency
can be easily tuned to the desired value. Figure 6 shows the
geometry and dimensions of the finalized design CSRR. The
CSRR based filters proposed in this study are planar
structures, implemented in microstrip technology, a new
design methodology to achieve the desired frequency
responses and reduce size of the filter [15].

Dimensional view of the new design of microstrip low pass
filter with complementary split ring resonator (CSRR) is
shown in the Figure 5.
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Figure.5: the new design a microstrip low pass filter with complementary
split ring resonator (CSRR)
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Figure.6: The complementary split ring resonator (CSRR) particle geometry.

The simulations results of Figure 7 and 8 shows a reflection
of the coefficient S11 and the transmission S21 of the new
design of the microstrip low pass filter with complementary
split ring resonator (CSRR).
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Figure.7: Simulated S11 results of the new design a microstrip low pass filter

with complementary split ring resonator (CSRR)
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Figure.8: Simulated S21 results of the new design of the microstrip low pass
filter with complementary split ring Resonator (CSRR)

Figure 7 and 8 show the results of simulation CSRR with new
filter which has an improvement in the coefficients S11 and
S21 with respect to the simulation results of the coefficients
S11 and S21 as shown in Figures 3 and 4 of the conventional
filter, simulation reported by the software simulation
Microwave Studio CST.

ISSN: 2321-0850, Volume-2, Issue-10, October 2014

According to Figure 2, where replaces classical Chebyshev
microstrip low pass filter by the new design a microstrip low
pass filter with complementary split ring resonator (CSRR)
Figure 5 characterized by that the same cut-off frequency
fc=2.5 of classical Chebyshev microstrip low pass filter. We
can see an improvement reduction in size of new filter by
40% compared to classical filter.

IV. CONCLUSION

This paper proposes a miniaturized microstrip low pass filter
by using metamaterial structure, the size and dimensions of
the new design of the micro strip low pass filter has been
compared to classical Chebyshev micro strip low pass filter.
To achieve the miniaturization of the filter’s size, we have
used a complementary split ring resonator (CSRR) having the
negative permeability characteristics. The proposed Filter
achieves a 40% size reduction comparison with classical
filter.

REFERENCES

[1] S. Suganthi, S. Raghavan, and D. Kumar“Study of Performance
Improvement on the Design of Compact SRREmbedded Microstrip
Low Pass Filter”, Progress In Electromagnetics Research Symposium
Proceedings, Moscow, Russia, August, pp. 783 —788.2012.

[2] V. G. Veselago, “The electrodynamics of substances with
simultaneously negative values of p and €”, Sov. Phys.Uspekhi, vol.
10, no. 4, pp. 509 — 514. 1968.

[3] Ezekiel Bahar; Natale Ianno “Complex media characterized by
chirality and negative refractive index: analysis and applicationsJ .
Nanophoton. 1(1), 013509 (April 12, 2007).

[4] Bimal Garg, Himanshu Shrivastava,Prem Kumar” Microstrip Patch
Antenna with Parameters Improvement Using Symmetric Cylinder
Shapes of Zero & Four Segments Metamaterial Structure” JCNWC
Vol.2, No.3 pp 349-353, June 2012

[5] Bimal Garg, Dauood Saleem “Ameliorated RMPA using ‘Squares
surrounded by Hexadecagon’ shaped Double Negative Metamaterial
structure in Ultra High Frequency (UHF) Band” AJESTR Vol. 1, No.
1, PP: 01 — 09, February 2013

[6] Sharma, A.; Gupta, S.K.; Kanaujia, B.K. ; Pandey, G.P” Compact
Multiband Slit Cut Circular Patch Antenna over SRR Based
Metamaterial Substrate with Shorting Posts”IEEE,
Conference:Proceedings of the 2012 Fourth International Conference
on Computational Intelligence and Communication Networks, pp 27 —
31, 3-5 Nov. 2012, Mathura

[71 Hicham Lalj, Hafid Griguer, M’hamed Drissi“ Very Compact
Bandstop Filters Based on Miniaturized Complementary Metamaterial
Resonators 7, IJECT Vol. 3, Issue 1, Jan. - March.2012

[8] Sudipta Das, Dr. S.K.Chowdhury “Design Simulation and Fabrication
of Stepped Impedance Microstripline Low Pass Filter for S-band
Application using IE3D and MATLAB”, Wireless Engineering and
Technology,VOL 4, , pp. 101-104. 2013.

[9] Talib Mahmood Ali” Design and Analysis of a 2.4 GHz, Fifth- Order
Chebyshev Microstrip LPF” Journal of Telecommunications, ISSN
2042-8839, Volume 21, Issue 2, August 2013

[10] Tomar, G.S. ; Kushwah, V.S. ; Saxena, S. Design of Microstrip Filters
Using Neural Network”IEEE, Communication Software and
Networks, 2010. ICCSN '10. Second International Conference on, pp
568 — 572, 26-28 Feb. 2010, Singapore

[11] Jia-Sheng Hong, M. J. Lancaster “Microstrip Filters for RF/Microwave
Applications” Copyright 2001 John Wiley & Sons.

[12] Inc.Jordi Bonache Ignacio Gil, Joan Garcia-Garcia,Ferran Martin,
“Novel Microstrip Bandpass Filters Based on Complementary
Split-Ring Resonators”, IEEE TRANSACTIONS ON MICROWAVE
THEORY AND TECHNIQUES, VOL. 54, NO. 1, pp. 265- 271,
JANUARY 2006.

[13] Pendry, J. B., A. J. Holden, D. J. Robbins, and W. J. Stewart,
\Magnetism from conductors and enhanced nonlinear phenomena,"
IEEE Transactions on Microwave Theory and Techniques, Vol. 47,
No. 11, 2075-2084, November 1999.

www.erpublication.org


http://profiles.spiedigitallibrary.org/summary.aspx?DOI=10.1117%2f1.2736677&Name=Ezekiel+Bahar
http://profiles.spiedigitallibrary.org/summary.aspx?DOI=10.1117%2f1.2736677&Name=Natale+Ianno
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Sharma,%20A..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Gupta,%20S.K..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Kanaujia,%20B.K..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Pandey,%20G.P..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Tomar,%20G.S..QT.&searchWithin=p_Author_Ids:37297331200&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Kushwah,%20V.S..QT.&searchWithin=p_Author_Ids:37303065700&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Saxena,%20S..QT.&searchWithin=p_Author_Ids:37394104100&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5437553
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5437553

[14]

[15]

Novel Micro strip low pass Filter Based on Complementary Split-Ring resonators

Mirzaei, H. ; Eleftheriades, G.V.” Negative and zero group velocity in
microstrip/negative-refractive-index transmission-line couplers” IEEE,
Microwave Symposium Digest (MTT), 2010 IEEE MTT-S
International, 23-28 May 2010, Anaheim, CA

H. A. Jang, D. O. Kim, and C. Y. Kim “Size Reduction of Patch
Antenna Array Using CSRRs Loaded Ground Plane”, Progress In
Electromagnetic =~ Research ~ Symposium  Proceedings, KL,
MALAYSIA, pp. 1487- 1488. March 27-30, 2012

H. NASRAOUI was born in June 1988. She received the

Master degree in Instrumentation Laser and Optoelectronic Components
from the FST University of Hassan 1 st in Settat Morocco. She is currently
a Phd student in FST university Hassan 1 st Settat Morocco. He is involved
in the design and implementation of passive microstrip structures based on
the use of metamaterials.

£

<
v A. MOUHSEN was born in May 1960. He received
the Ph.D. degree  in electronics from the University of Bordeaux I,
France. He is currently a Professor of Electronics in FSTS university

Hassan 1st Settat Morocco. He is involved in the design of hybrid,
active, and passive microwave electronic circuits and digital systems.

‘x . J. EL AOUFI has obtained the Ph D in Electronics

and Microwave circuits in 1998, and he got recently university
habilitation of scientific research at the University Abdelmalek Essaadi
of Tetuan in Morocco, his research are in the field of information
technology, especially in transmission lines, antennas and modeling of
electroniccomponents used in the microwave technologies. Currently,
he is Professor and Deputy Director of Rechearch, Training and
Cooperation at the Mohammed VI International Academy of Civil
Aviation in Casablanca, he led several research projects in collaboration
with other Universities and Research Laboratories.

M. TAOUZARI received his master degree in
telecommunication from the University of hassan 1 in 2011, , and he is
preparing his PhD degree in the same university and he is affiliated to
IMMII laboratory. His interests include various RF communication
hardware design and RFID tag and ULB antennas development.

www.erpublication.org


http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Mirzaei,%20H..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Eleftheriades,%20G.V..QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=5515424&openedRefinements%3D*%26filter%3DAND%28AND%28NOT%284283010803%29%29%2CAND%28NOT%284283010803%29%29%29%26pageNumber%3D9%26rowsPerPage%3D100%26queryText%3D%28negative+refractive-index+materials+%29metadata
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=5515424&openedRefinements%3D*%26filter%3DAND%28AND%28NOT%284283010803%29%29%2CAND%28NOT%284283010803%29%29%29%26pageNumber%3D9%26rowsPerPage%3D100%26queryText%3D%28negative+refractive-index+materials+%29metadata

