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Abstract. A novel structure of dual-composite right/left-
handed transmission line (D-CRLH TL) is proposed and 
analyzed in this paper. The simulated results show that 
there is a stopband between the first right-handed pass-
band and the left-handed passband of the proposed  
D-CRLH TL. This stopband characteristic is applied to im-
prove the electromagnetic performances of low-pass filter 
(LPF). A planar compact microstrip LPF with ultra-wide 
stopband (UWSB) and high selectivity is designed, fabri-
cated and measured. The measured and simulated results 
are in good agreement with each other, indicating that this 
design method is effective and successful. The measured 
results show that the cut-off frequency of the LPF in this 
paper is 3.68 GHz, the stopband with insertion loss of more 
than 20 dB is from 3.84 GHz to 20.21 GHz (136.1 %), and 
the sharpness is 106.25 dB/GHz. Compared with the previ-
ous works of references, the LPF in this paper has less in-
sertion loss, greater stop-bandwidth and better sharpness. 
Besides, this LPF also realizes a 73 % size reduction in 
comparison with the same work in reference [14]. 
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1. Introduction 
In 1968, metamaterial that exhibit both negative per-

mittivity and negative permeability was first proposed by 
Veselago in theory [1]. In 2000, Smith and his co-workers 
realized this metamaterial experimentally by using split 
ring resonators and rods [2]. In 2002 and 2006, Caloz and 
Itoh proposed the equivalent circuit models of CRLH TL 
and D-CRLH TL respectively [3], [4]. The fast develop-
ment of CRLH TL and D-CRLH TL provides new ways to 
design microwave instruments with good electromagnetic 
performances [5-9]. 

Microstrip low-pass filters (LPFs) play very important 
roles in modern microwave wireless communication sys-

tems, and the planar, compact LPFs with wide stopband 
and high selectivity are of increasing demand in RF and 
microwave communication systems with the development 
of microwave technology [10-13], [16]. Recently, three 
methods to design LPFs with wide stopband and a sharp 
cutoff frequency response have been reported: in reference 
[11], the lumped elements are used to improve the perform-
ances of LPFs, but this method is difficult to realize and 
control; in references [12], [13], electromagnetic band gap 
(EBG) and defected ground structure (DGS) are used to 
improve the performances of LPFs, although these LPFs 
have very good electromagnetic behaviors, the use of EBG 
and DGS leads to bulky filters (large in size) that are diffi-
cult to integrate; in reference [16], a new technology called 
Micromachine Technology, was used to improve the per-
formances of LPFs, but this technology is difficult to real-
ize, and the price of fabrication is very expensive. 

In this paper, a novel structure of D-CRLH TL is pro-
posed and analyzed, and the simulated results show that 
there is a stopband between the first right-handed passband 
and the left-handed passband. Then, the proposed D-CRLH 
TL is used to improve the performances of low-pass filter. 
The D-CRLH TL cells are embedded into the conventional 
LPF, and a planar compact LPF with UWSB and high se-
lectivity is designed, fabricated and measured. The meas-
ured and simulated results are in good agreement with each 
other, showing that the cut-off frequency of this LPF is 
3.68 GHz, the stopband with insertion loss of more than 
20 dB is from 3.84 GHz to 20.21 GHz (the relative is 
136.1 %), and the sharpness is 106.25 dB/GHz. Compared 
with the previous works reported in references [12-15], the 
LPF in this paper has less insertion loss, greater stop-band-
width and better sharpness, and shows better electromag-
netic performances. Besides, this LPF also realizes a 73 % 
size reduction in comparison with the same work in  [14].  

2. Analysis of OF D-CRLH-TL 

2.1 Analysis in Theory 
Fig. 1 is the basic equivalent circuit model of  

D-CRLH TL. It consists of a series circuit of left-handed 
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capacitor (CL) and right-handed inductor (LR) in parallel 
and a shunt circuit of right-handed capacitor (CR) and left-
handed inductor (LL) in series. 

 
Fig. 1.  Basic equivalent circuit model of D-CRLH TL. 

The expressions of series impedance Z and shunt 
admittance Y of the basic equivalent circuit model are: 
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According to the reference [17], the right/left-handed 
cut-off frequencies of D-CRLH-TL are: 
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When 
0se sh    , the equivalent circuit model of 

D-CRLH-TL is under the balance condition, we can get the 
expressions (7), 
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According to expressions (1-7), we can get a simple 
expression of the left/right-handed cutoff frequencies of  
D-CRLH TL, as shown in expression (8): 
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According to expressions (7) and (8), when D-CRLH 
TL is under the balance condition, the left-handed and the 
right-handed cutoff frequencies are not equal with each 
other, just as cL  cR , so the stopband between the left-
handed and the right-handed cutoff frequencies cannot be 
eliminated, and it will change with the change of ωcL and 
ωcR. 

2.2 Analysis in Simulation 

Fig. 2 is the structure of the proposed D-CRLH TL in 
this paper. This structure is designed on a substrate with 
relative dielectric constant 2.65 and thickness 0.8 mm. The 
physical dimensions of the unit cell are the first group 
shown in Tab. 1, and it is analyzed by Ansoft Designer, the 
simulated results are shown in Fig. 3. 

 
Fig. 2.  The unit structure of the proposed D-CRLH TL. 

Fig. 3 is the simulated results of the proposed D-
CRLH TL, it is shown that the right-handed cut-off fre-
quency fcR = 3.70 GHz, the left-handed cutoff frequency 
fcL = 4.35 GHz, and there is a stopband between the first 
right-handed and left-handed passbands. 
 

 L W l1 l2 l3 w1 w2 w3 

unit1 7 2.2 5 3 3 0.25 0.1 0.2 
unit2 6 2.2 4 2.5 2.5 0.25 0.1 0.2 
unit3 5 2.2 3 2 2 0.25 0.1 0.2 
unit4 3 2.2 1 1 1 0.25 0.1 0.2 
unit5 3 2.2 1 1 1 0.25 0.1 0.2 

Tab. 1.  Physical dimensions of the 5 unit cells (unit: mm). 

 
(a) S-parameters of D-CRLH-TL 
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(b) Dispersion of D-CRLH-TL 

Fig. 3. The simulated results. 

Fig. 4 is the simulated results of the 5 unit cells of D-
CRLH-TL, whose physical dimensions are shown in 
Tab. 1. 

 
Fig. 4.  Simulated results of the 5 unit cells of D-CRLH-TL. 

The results in Fig. 4 indicate that the stopband will 
increase with the reduction of l1 and l2 (l2 = l3), so the stop-
band can be controlled by changing the physical dimen-
sions of D-CRLH TL. This special bandstop characteristic 
of D-CRLH TL can be used to improve the selectivity and 
the stopband characteristic of the Hi-lo microstrip low-pass 
filter. 

3. Improved Design of the Proposed 
LPF 
According to the design methods of the Butterworth 

Hi-lo microstrip low-pass filter in reference [14], we can 
get the basic physical dimensions of the designed LPF. 
When the high-impedance and low-impedance are equal to 
116.7 Ω and 17.5 Ω, the physical dimensions a = 3 mm, 
b = 4.3 mm, in order to improve the selectivity and the 
stopband characteristic of the conventional Hi-lo microstrip 
LPF, the 5 D-CRLH TL cells are embedded  into the Hi-lo 
microstrip LPF, and the structure of the LPF in this paper is 
shown in Fig. 5. 

 
Fig. 5.  The structure of the proposed LPF. 

The physical dimensions of the 5 unit cells embedded 
into the Hi-lo microstrip LPF are shown in Tab.1. 
 

 L W l1 l2 l3 w1 w2 w3 

unit1 7 2.2 5 3 3 0.25 0.1 0.2 
unit2 6 2.2 4 2.5 2.5 0.25 0.1 0.2 
unit3 5 2.2 3 2 2 0.25 0.1 0.2 
unit4 3 2.2 1 1 1 0.25 0.1 0.2 
unit5 3 2.2 1 1 1 0.25 0.1 0.2 

Tab. 1.  Physical dimensions of the 5 unit cells (unit: mm). 

The proposed LPF was simulated, fabricated and 
measured. The photograph of the fabricated LPF is shown 
in Fig. 6. The simulated and measured results are shown in 
Fig. 7. It can be seen from Fig. 7 that the measured and 
simulated results are in good agreement with each other. 

 
Fig. 6. The photograph of the designed LPF. 

 
Fig. 7.  The measured and simulated results. 

In Fig. 7, the measured results show that the designed 
LPF in this paper has good electrical performances: in the 
passband, the 3-dB cut-off frequency is 3.68 GHz, the 
insertion loss is less than 0.40 dB, and the return loss is 



RADIOENGINEERING, VOL. 22, NO. 3, SEPTEMBER 2013 737 

better than 10 dB; in the stopband, the stopband with inser-
tion loss of more than 20 dB is from 3.84 GHz to 
20.21 GHz (the relative is 136.1 %); the transition band 
between passband and stopband is only 0.16 GHz (the 3-dB 
cut-off frequency is 3.68 GHz and the frequency with 
insertion loss of more than 20 dB is 3.84 GHz), and the 
sharpness is 106.25 dB/GHz. 

The comparison of the wide stopband LPFs between 
this paper and the same works in references is shown in 
Tab. 2.  
 

LPFs 
Insertion 
loss(dB) 

Relative bandwidth 
Sharpness 
(dB/GHz) 

[12] 0.9 103.5% 48.6 
[13] 0.51 76% 17 
[14] 1.05 124.7% 22.9 
[15] 0.1 100% 14.2 

This paper 0.40 136.1% 106.25 

Tab. 2.  Comparison of the wide stopband LPFs. 

It can be seen that compared with the same works in 
references [12-15], the LPF in this paper has less insertion 
loss, greater stop-bandwidth, and better sharpness, this LPF 
is the best. In addition, the designed LPF also realizes a 
73 % size reduction in comparison with the previous work 
in reference [14] for the same substrate, which indicates 
that the designed LPF may realize miniaturization. 

4. Conclusions 
A planar compact low-pass filter with ultra-wide stop-

band and high selectivity is presented by using the stop-
band characteristic of the proposed D-CRLH TL in this 
paper. The characteristics of D-CRLH TL are analyzed in 
theory and simulation. Then, the designed LPF is simu-
lated, fabricated and measured; the measured and simulated 
results are in good agreement, showing that the 3-dB cut-
off frequency is 3.68 GHz; the stopband is from 3.84 GHz 
to 20.21 GHz (the relative is 136.1 %), and the sharpness is 
106.25 dB/GHz. Compared with the previous works in 
references [12-15], the LPF in this paper has less insertion 
loss, greater stop-bandwidth, better sharpness, and it is the 
best. Besides, this LPF also realizes a 73 % size reduction 
in comparison with the same work in reference [14]. 

Acknowledgements 

This work was supported by the National Natural 
Science Foundation of China (Grant No. 60971118). 

References 

[1] VESELAGO, V. G. The electrodynamics of substances with 
simultaneously negative values of ε and μ. Sov. Phys. Usp, 1968, 
vol. 10, p. 509–514. 

[2] SHELBY, R. A., SMITH, D. R., SCHULTZ, S. Experimental 
verification of a negative index of refraction. Science, 2001, 
vol. 292, p. 77–79. 

[3] CALOZ, C., SANADA, A., ITOH, T. A novel composite 
right/left-handed coupled-line directional coupler with arbitrary 
coupling level and broad bandwidth. IEEE Transactions on 
Microwave Theory and Technique, 2004, vol. 52, p. 980-992. 

[4] CALOZ, C., NGUYEN, H. V. Novel broadband conventional and 
dual-composite right/left-handed (C/D-CRLH) metamaterials: 
properties, implementation and double-band coupler application. 
Applied Physics A-Materials Science & Processing, 2007, vol. 87. 
p. 309-316. 

[5] GUO-CHENG WU, GUANG-MING WANG, TIAN-PENG LI, 
CHAO ZHOU. Novel dual-composite right/left-handed 
transmission line and its application to bandstop filter. Progress In 
Electromagnetics Research Letters, 2013, vol. 37, p. 29-35. 

[6] HE-XIU XU, GUANG-MING WANG, XIN CHEN, TIAN-PENG 
LI. Broadband balun using fully artificial fractal-shaped composite 
right/left-handed transmission line. IEEE Microwave and Wireless 
Components Letters, 2012, vol. 22, no, 1, p. 16-18. 

[7] HE-XIU XU, GUANG-MING WANG, CHEN-XIN ZHANG, 
ZHONG-WU YU, XIN CHEN. Composite right/left-handed 
transmission line based on complementary single-split ring 
resonator pair and compact power dividers application using 
fractal geometry. IET Microwaves, Antennas & Propagation, 
2012, vol. 6, no. 9, p. 1017-1025. 

[8] GONZÁLEZ-POSADAS, V., JIMÉNEZ-MARTÍN, J. L., 
PARRA-CERRADA, A.,   GARCÍA-MUŇOZ, L. E., SEGOVIA-
VARGAS, D. Dual-composite right-left-handed transmission lines 
for the design of compact diplexers. IET Microwaves, Antennas & 
Propagation, 2010, vol. 4, no. 8, p. 982-990. 

[9] TONG, W., YANG, H., HU, Z., ZHANG, H. Compact fully 
integrated GaAs left-handed bandpass filter for ultrawide band 
wireless application. In The Second European Conference on 
Antennas and Propagation, EuCAP 2007. 2007, p. 1-6. 

[10] KADDOUR, D., PISTONO, E., DUCHAMP, J.-M., ET AL. 
A compact and selective low-pass filter with reduced spurious 
responses, based on CPW tapered periodic structures. IEEE 
Transactions on Microwave Theory and Techniques, 2006, vol. 54, 
no. 6, p. 2367-2375. 

[11] WEN-HUA TU, KAI CHANG. Compact microstrip low-pass filter 
with sharp rejection. IEEE Microwave and Wireless Components 
Letters, 2005, vol. 15, no. 6, p. 404-406. 

[12] WEN-HUA TU, KAI CHANG. Microstrip elliptic-function low-
pass filters using distributed elements or slotted ground structure. 
IEEE Transactions on Microwave Theory and Techniques, 2006, 
vol. 54, no. 10, p. 3786-3792. 

[13] SHAO YING HUANG, YEE HUI LEE. Tapered dual-plane 
compact electromagnetic bandgap microstrip filter structures. 
IEEE Transactions on Microwave Theory and Techniques. 2005, 
vol. 53, no. 9, p. 2656-2664. 

[14] CHEN WEN-LING. Investigations into the applications of fractal 
geometry in microwave engineering [D]. Doctor Dissertation. Air 
Force Engineering University, Xi’an, China, 2008, 58-60. 

[15] YANG JIN-PING, WU WEN. Transmission characteristics 
research and application of parallel coupled-line loaded open-
circuited resonator. Journal of Microwaves, 2008, vol. 24, no. 3, 
p. 48-52.  

[16] DRAYTON, R. F. Micromachined filters on synthesized 
substrates. IEEE Transactions on Microwave Theory and 
Techniques, 2001, vol. 49, no.2, p. 308-314. 

[17] LU KE. Investigation into the design of novel metamaterial cells 
and their application in microwave engineering [D]. Doctor 
Dissertation. Air Force Engineering University, Xi’an, China, 
2012, 58-64. 



738 GUO-CHENG WU, GUANG-MING WANG, YA-WEI WANG, LI-ZHONG HU, A COMPACT MICROSTRIP LOW-PASS FILTER … 

About Authors … 
Guo-cheng WU was born in the Henan Province in China 
in 1988. He received his B.S. degree from the School of 
Air and Missile Defense of Air Force Engineering Univer-
sity Xi’an, China, in 2011. His research interests include 
the design and application of left-handed metamaterials.  

Guang-ming WANG was born in the Anhui Province of 
China. He received his B.S. and M.S. degrees from the 
Missile Institute of Air Force Engineering University, 
Xi’an, China, in 1982 and 1990, respectively, and his Ph.D. 
degree from the Electronic Science and Technology Uni-
versity, Chengdu, China, in 1994. He joined the Air Force 
Engineering University as an Associate Professor and was 
promoted to a full Professor in 2000, and is now the head 
of the Microwave Laboratory center of it. He has been 
a  senior member of Chinese Commission of Communica-
tion and Electronic. He has authored and coauthored about 
100 conference, and journal papers. From 1994 to date, he  

was awarded and warranted several items supported under 
the National Natural Science Foundation of China and ful-
filled many local and military scientific research programs. 
His current interest includes microwave circuits, antenna, 
and also the new structures include EBG, PBG, metamate-
rias, fractals, etc. 

Ya-wei WANG was born in the Anhui Province, China, in 
1987. He received his B.S. and M.S. degrees from the Mis-
sile Institute of Air Force Engineering University, Xi’an, 
China, in 2008 and 2011; currently he is pursuing his Ph.D. 
degree in the Electromagnetic Field & Microwave Tech-
nique. His research interest is the miniaturization of planar 
spiral antennas. 

Li-zhong HU was born in the Anhui province of China in 
1990. He received his B.S. degree from the Missile Insti-
tute of Air Force Engineering University, Xi’an, China, in 
2012. His research interests include microwave passive and 
active circuits and antennas. 

 

 


