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Spurious Response Suppression in Waveguide Filters using E-
Shaped Chiral Resonators 
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Abstract: In this paper, chiral E-shaped resonators are used in a waveguide. Direction of 
EM wave and position of resonators for effective excitation is studied and various 
resonances of E-shaped resonators are determined. As a consequence an analytical 
equivalent circuit model is proposed. Finally, an array of these resonators is used to realize 
a wide reject band. The resulted band stop filter performance is simulated and a rejection 
level of almost 40 dB is achieved to confirm the effectiveness of the idea. This stopband 
filter is used in cascade with a bandpass filter to suppress its spurious response. 
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1 Introduction1 
Spurious bands and their rejection as a common 
problem for all transmission line type filters are 
increasingly notified recently. These undesired 
frequency bands degrade filter rejection performance 
specially, for wide band cases. In waveguide filters the 
first spurious band is relatively close to the desired 
frequency band because of dispersive behavior of 
waveguides. 

Using low pass or band reject structures can be 
considered as a solution for this reason. In this paper, 
we use chiral structures to realize a wide reject band in 
a waveguide and improve stop band response of a 
waveguide BPF for the first time. These new 
resonators have been introduced in various shapes such 
as E-shaped, F-shaped, Y-shaped, etc. They have an 
electric resonant frequency within the same frequency 
range of their magnetic resonant frequency [15]. 

The resonant frequencies of these chiral structures 
can be controlled and tuned to provide a wide rejection 
bandwidth. In the next section, we describe how E- 
shaped resonators can reject an undesired frequency 
band. We will extract magnetic resonant frequencies 
via analyzing their quasi static equivalent circuit. In 
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section 3 the simulated frequency response will be 
presented. 

2 E-shaped resonator responses 
The sub-wave length resonators considered in this 

paper, are introduced by Wongkasem [14, 15]. These 
structures perform a double negative pass band (DNG) 
which can easily be tuned in both the frequency of 
operation and bandwidth. In other word, in spite of 
SRR and CSRR, those are magnetic resonators (they 
can generate negative permittivity but in a frequency of 
almost two or three times of the frequency which 
negative permeability occurs and do not overlap [17, 
18]) the new structures can generate both negative 
permittivity and negative permeability in the same 
frequency range. The basic topology of these chiral 
structures (E-shaped, F-shaped, Y-shaped resonators) 
are depicted in Fig. 1. 

To study the electromagnetic behavior of an E-
shaped resonator that is excited with an EM wave, we 
consider an array of resonators illuminated with 
magnetic field perpendicular to resonator plane. 
Current loops will be induced in the resonator and at 
resonance, these current loops are closed through 
capacitance between two consecutive resonators and 
introduce a ring [1, 19]. E-shaped resonators can also be 
excited by a properly polarized time-varying electric 
field. The incident electric field should be parallel to the 
longest arm of E-shaped resonator [20]. 
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Fig. 1 “F, E, Y” -shaped resonators 

 
However, it can be verified that magnetic coupling 

is the dominant coupling mechanism as it is shown in 
Fig. 2. Therefore, here we chose the orientation of Fig. 
(2-a-1) in order to be excited magnetically. The 
rejection level depends on the number of resonators. 
Increasing the number of resonators, results in more 
suppression level [21] and the amount of rejection can 
be achieved by each resonator depends on the magnetic 
coupling between line and resonators. Therefore, the 
distance between resonators and waveguide walls is 
also a key parameter [21]. 

Another important parameter is the distance between 
resonators that affects the rejection bandwidth strongly. 
Besides, to widen the rejection bandwidth, several 
resonators with different sizes and thus different 
resonances can be used. 

 

 
 

(a) 

 
 
 

(b) 
Fig. 2 (a). Position 1: only magnetic excitation. Position 2: 
only electric excitation   (b). Behavior of E-shaped 
resonator related to position 1 and 2 

 

To analyze the magnetic responses of resonators to 
this excitation, an equivalent circuit is presented. Since 
the dimensions of resonators are chosen much smaller 
than the wavelength of an incident electromagnetic 
wave, resonators can be modeled by a lumped element 
equivalent circuit [6, 9, 14]. The proposed equivalent 
circuit is depicted in Fig. 3. 
In this model, inductance L of each ring is directly 
proportional to the area enclosed by each ring, and is 
equal to: 

0 /    i iL F S lμ=  (1) 

where iF  is fractional area of the cell occupied by the 
top and bottom loops (Fig. 3-a), S is total area of cell 
and l  is the distance between consequence resonators. 
Also, 1C  and 2C  are the capacitances of the top and 
bottom metallic strips, respectively: 

0
1 2

r whC C
d

ε ε
= =  (2) 

Because two currents flowing in second strips have 
the same magnitude and are in opposite direction, there 
is no capacitance between two middle strips. 
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Fig. 3 Equivalent circuit of E-shaped resonator 
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It is inferred from equivalent circuit that an E-
shaped resonator have two magnetic resonances 
frequencies we use these resonances to design a band 
stop structure, in order to eliminate undesired responses 
of a band pass filter. 

A stop band chiral structure in waveguide has been 
designed. We have used the CER-10 ( 10rε = , 
thickness=0.635 mm) as the substrate for resonators. 
Resonator dimensions have been determined and 
different resonances are arranged to reject the band 
between 10 to 15 GHz. The Simulated performance is 
depicted in Fig. 4. 
 
3 Waveguide Filter with Suppressed Spurious 
Response 

A third order inductive post Tchebychef bandpass 
filter with a central frequency of 9 GHz and 9% 
fractional band width have been designed to evaluate 
the effectiveness of the presented idea. Seven E-shaped 
resonators are considered on the CER-10 substrate and 
are cascaded with the original filter in order to reject the 
first spurious band (H1=2.25 mm, H2=2.7 mm, w=1.1 
mm, h=0.475 mm and the distance between resonators 
is 2.47 mm). 

Fig. 5 shows the simulation results. It is seen that 
adding the E-shaped resonators results in a significant 
rejection of undesired band while the main passband 
remains almost unchanged. As it is seen a rejection of 
more than 30dB is achieved in a very wide frequency 
range and this causes a very good rejection slope in the 
upper side of the main passband. 

 

Fig. 4 Stopband response of E-shaped resonators in waveguide 
 
4 Conclusion 
E-shaped resonators were discussed and their response 
and equivalent circuit were obtained for analyzing 
purpose. Then, E-shaped resonators have been used to 
suppress the undesired passbands in waveguide filters 
for the first time. It is based on the stopband behavior of 
sub-wave length chiral E-shaped resonators. It was 
shown that they have some electric and magnetic 

resonant frequencies with negative permittivity and 
permeability respectively. Therefore, the phase constant 
is negative in these frequency regions and the 
propagation of signal is prevented. A waveguide 
bandpass filter with improved out of band performance, 
have been designed and simulated. Rejection level of 
first spurious band is greater than 30 dB, without any 
notable variation or loss in the main passband. 
 

 
 

(a) 

 

(b) 
 

 
(c) 

 
Fig. 5 (a), (b). The waveguide filter and the chiral array 
structure   (c). The frequency response of the filter with 
improved out of band performance (green-thin line) compared 
to the original bandpass filter (red-thick line) 

 
References 
[1] García-García J., Martín F., Falcone F., Bonache 

J, Domingo B. J., Gil I. and Amat E. et al, 
“Microwave Filters With Improved Stopband 
Based on Sub-Wavelength Resonators”, IEEE 
Trans. Microwave Theory And Techniques, Vol. 
53, No. 6, pp. 1997- 2006, Jun. 2005. 

[2] Pendry J. B., Holden A. J., Robbins D. J. and 
Stewart W. J., “Magnetism from Conductors and 
Enhanced Non-Linear Phenomena”, IEEE 



Abolhasani & Tayarani: Spurious Response Suppression in Waveguide Filters using E-Shaped …                             233 

Transactions Microwave Theory Tech., Vol. 47, 
pp. 2075-2084, Nov. 1999. 

[3] Smith D. R., Padilla W. J., Vier D. C., Nemat-
Nasser S. C. and Schultz S., "Composite Medium 
with Simultaneously Negative Permeability and 
Permittivity”, Phys. Rev. Lett., Vol. 84, pp. 4184-
4187, 2000. 

[4] Gurel L., Ergul O. and Unal A., “Accurate 
analysis of metamaterials involving finite arrays 
of split-ring resonators and thin wires,” Progress 
In Electromagn. Research Symp., PIERS 2007, 
pp. 470 - 473, Beijing, China, Mar. 2007. 

[5] Zhao. Q., Kang L., Du B., Li B., and Zhou J., 
“Tunable metamaterials based on nematic liquid 
crystals,” Progress In Electromagnetics Research 
Symposium, PIERS 2007, pp. 302-305, Beijing, 
China, Mar. 2007. 

[6] Jelinek L., Machac J. and Zehentner J., “A 
magnetic metamaterial composed of randomly 
oriented SRRs,” PIERS Online, Vol. 2, No. 6, pp. 
624–627, 2006. 

[7] Wu Q., Wu M. -F., Meng F. -Y., Wu J. and Li L. 
-W., “SRRs’srtificial magnetic metamaterials 
modeling using transmission line theory,” 
Progress In Electromagnetics Research 
Symposium, PIERS 2005, Hangzhou, China, pp. 
22–26, Aug. 2005. 

[8] Garcia-Garcia J., Aznar F., Gil M., Bonache J. 
and Martin F., “Size reduction of SRRs for 
metamaterial and left handed media design,” 
Progress In Electromagnetics Research 
Symposium, PIERS 2007, pp. 893-896, Beijing, 
China, Mar. 2007. 

[9] Wu G.-L., Mu W., Dai X.-W. and Jiao Y. -C., 
“Design of novel dual-band bandpass filter with 
microstrip meander-loop resonator and CSRR,” 
Progress In Electromagnetics Research, PIER 
78, pp.17–24, 2008. 

[10] Zhang X.-C., Yu Z.-Y., and Xu J., “Novel band-
pass Substrate Integrated Waveguide (SIW) filter 
based on Complementary Split Ring Resonators 
(CSRRS),” Progress In Electromagnetics 
Research, PIER 72, pp. 39-46, 2007. 

[11] Gil M., Bonache J., Selga J., Garcia-Garcia J. and 
Martin F.,“High-pass filters implemented by 
Composite Right/Left Handed  (CRLH) 
transmission lines based on Complementary Split 
Rings Resonators (CSRRs),” PIERS Online, Vol. 
3, No. 3, pp. 251-253, 2007. 

[12] Zhang J., Cui B., Lin S. and Sun X.-W., “Sharp-
rejection lowpass filter with controllable 
transmission zero using Complementary Split 
Ring Resonators (CSRRS),” Progress In 
Electromagnetics Research, PIER 69, pp. 219-
226, 2007. 

[13] Liu K. Y., Li C. and Li F., “A new type of 
microstrip coupler with Complementary Split-
Ring Resonator (CSRR),” PIERS Online, Vol. 3, 
No. 5, pp. 603–606, 2007. 

[14] Wongkasem N., Akyurtlu A. and Marx K., 
Goodhue W. D., “Fabrication of a Novel Micron 
Scale Y-Structure-Based Chiral Metamaterial: 
Simulation and Experimental Analysis of its 
Chiral and Negative Index Properties in the 
Terahertz and Microwave Regimes,” Microscopy 
Research Technique, Vol. 70, pp. 497–505, 2007. 

[15] Wongkasem N., Akyurtlu A. and Marx K., 
“Development of Double Negative Chiral 
Metamaterials In The Visible Regime”, 
Proceeding of IEEE AP-S Int. Symp. and 
USNC/URSI National Radio Science Meeting, pp. 
757-760, Albuquerque, NM, USA, July, 2006. 

[16] Baena J. D., Bonache J., Martín F., Sillero R. M. 
et al, "Equivalent-Circuit Models for Split-Ring 
Resonators and Complementary Split-Ring 
Resonators Coupled to Planar Transmission 
Lines”, IEEE Trans. Microwave Theory And 
Techniques, Vol. 53, pp. 1451-1461, Apr. 2005. 

[17] Ran L., Huangfu J., Chen H., Zhang X. and 
Cheng K.,” Experimental Study On Several Left-
Handed Metamaterials,” Prog. In Electromagn. 
Research, PIER 51, pp. 249–279, 2005. 

[18] Chen H., Ran L., Huangfu J., Zhang X. et al., 
“Left-handed material composed of only S-
shaped resonators,” nr. 057605, 2004. 

[19] García-García J., Martín F., Baena J. D., Marqués 
R., Jelinek L., “On the resonances and 
polarizabilities of split rings resonators”, J. 
Applied Physics, Vol. 98, pp. 1-9, Sep. 2005. 

[20] Pendry J. B., Holden A. J., Robbins D. J. and 
Stewart W. J., "Low Frequency Plasmons In 
Thin-Wire Structures”, J. Phys.: Condensed 
Matter, Vol. 10, No. 22, pp. 4785–4809, 1998. 

[21] Jitha B., Nimisha C. S., Aanandan C. K., 
Mohanan P., and Vasudevan K, "SRR Loaded 
Waveguide Band Rejection Filter With 
Adjustable Bandwidth”, Microwave and Optical 
Tech. Lett., Vol. 48, pp. 1427-1429, July 2006. 

 
Majid Tayarani was born in Tehran, Iran, in 
1962. He received the B.Sc. degree from the 
University of Science and Technology, 
Tehran, Iran, in 1988, the M.Sc. degree from 
Sharif University of Technology, Tehran, 
Iran in 1992, and the Ph.D. degree in 
communication and systems from the 
University of Electro-Communications, 
Tokyo, Japan, in 2001. From 1990 to 1992, 

he was a Researcher with the Iran Telecommunication Center, 
where he was involved with nonlinear microwave circuits. 
Since 1992, he has been a member of the faculty with the 
Department of Electrical Engineering, Iran University of 
Science and Technology, Tehran, Iran, where he is currently 
an Assistant Professor. His research interests are qualitative 
methods in engineering electromagnetic, electromagnetic 
compatibility (EMC) theory, computation and measurement 
techniques, microwave and millimeter-wave linear and 
nonlinear circuit design, microwave measurement techniques, 
and noise analysis in microwave signal sources. 

 


