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A Compact Hexa-notched Antenna using
Combination of CSRR, SRR and DGS

M. Jyothi Pushpa, A. Jhansi Rani, V. Saritha

Abstract: This work presents a hexa-notched band antenna
using combination of CSRR, SRR and DGS. The antenna rejects
the WIMAX (3.3-3.6GHz), lower WLAN (5.15-5.35GH?z), upper
WLAN (5.7-5.8GHz), downlink of X-band (7.0-7.4GHz), uplink
of X-band (8.1-8.5GHz) and J-band (11.2-12GHz). The first five
bands come under UWB applications and the J-band is used to
identify military radio spectrum requirements. Due to the
compactness of antenna it is mainly used for portable
communication applications. The antenna uses the combination
of complementary split ring resonator (CSRR), split ring
resonators (SRR), and a defected ground structures (DGS).the
proposed antenna posses better VSWR, gain and omnidirectional
radiation patterns.

Index Terms: hexa-notch, Split Ring Resonator (SRR),
Complementary Split Ring Resonator (CSRR), Defected Ground
Structure (DGS).

I. INTRODUCTION

In modern wireless communication systems, UWB
antennas are gaining much more importance due to the
following factors. These UWB antennas are having high data
rate, low power consumption and low complexity. [1, 2] But
by using these UWB antenna there is a major problem which
is known as electromagnetic interference. (i.e) Any antenna
used in the UWB, it has to overcome the interference from
wireless devices operating in the narrow band. To avoid this
problem an antenna is needed which can filter narrow bands
which are within the ultra wide band spectrum. The first
frequency bands in the design are the narrow bands which
belong to UWB spectrum. Within these narrow frequency
bands there is a lot of interference and due to this interference
jamming has been generated. So, by designing an antenna
which has the multi rejection capability the interference can
be attenuated [3]. In order to design the notched UWB
antenna there is a popular technique i.e. slots are placed on
the radiating patch of the antenna [3-5]. In [3], the paper
presents an ultra wide band antenna using strips resonators to
produce triple notched band. Similar work is done in [4] and
developed a triple notched antenna and in this work they used
capacitively loaded resonators. In [5], it states that due to the
electromagnetic behavior of the CSRR achieved notch bands
in UWB antenna.
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In [6-8] an antenna is developed in which triple notch
band is obtained. In [6] work represents an antenna with a
triple band notches at 3.7,5.2,7.9 GHZ. To obtain the notches
H-shaped resonator used in antenna. In [7] work is done on
an monopole antenna with a double structure and truncated
ground plane with a microstrip feedline with 3.2mm is used
.itis having notches at 3.36-3.88,4.96-6.23,7.9-8.7 GHZ. In
[8] coplanar wave guide (CPW) fed UWB tri-notch antenna
is designed with dimensions of 22x13x1.5 mm®. By using 3
complementary split ring resonators in radiating patch triple
band rejection is obtained. In [9-11] deals with a quadraple
notch antenna by using different slots notches are produced.
In [9] antenna contains aslotted trapezodial patch radiatior,
inverted u-shaped, c-shaped band stop filters. Notches are
produced at 3.5,5.9 7.5, 8.4 GHZ. In [10] antenna is
introduced with a c-shaped slot and nested c-shaped slot in
the feedline. Notches are produced at 2.5,3.7,5.8 and 8.2
GHZ. In [11] antenna with fur notches is designed. Patch is
fed with a two split ring slots and on ground two inverted
L-shaped slots are used.antenna is having an omnidirectional
radiation pattern with rejections at 2.4,3.5,5.2 and 5.8 GHZ.
In [12], a penta notched UWB antenna is designed but some
limitations are detected in the paper i.e. the developed
antenna is very bulky. So, it is difficult to use the antenna in
portable devices as the proposed antenna is having
dimension of 80 x 80 mm?. Another limitation in the design
was loss of information while frequency bands are notched
because the selectivity of frequency is not sharp for notched
bands. In [13], same work is carried out a penta notched
antenna is designed which is having a dimensions of about
38x36 mm® and it is said to be compact due to its
dimensions. And it is having notches at 3.45-4.0, 5.1-5.9,
6.7-8.0, 8.3-9.1, 9.3-10.6 GHz bands. The designed antenna
is compact but the structure is complex to design and while
filtering the narrow frequency bands important information
is lost. This paper presents design of a hexa-notched band
antenna using the combination of ring resonators and
defected ground structures. By using these resonators on the
semi circular radiating patch , it rejects WIMAX

(3.3-3.6GHz), lower WLAN (5.15-5.35GHz), upper WLAN
(5.7-5.8GHz), downlink of X-band (7.0-7.4GHz), uplink of
X-band (8.1-8.5GHz), J-band (11.2-12GHz) bands. This
hexa-notched antenna is having good performance of VSWR
and gain is also good enough up to 5dBi. The proposed
pattern

antenna is having a radiation which s

omnidirectional.
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This antenna has dimensions of 30x28x0.5mm?®. The
remaining section of the paper deals with following parts:
section Il is about design parameters of the hexa-notched
band antenna. Section 111 is about simulation results. Section
IV is about controlling mechanism of the each notched
band. Section V is about comparison with other designs.
Section VI is about conclusion of the work performed.

1. DESIGN PARAMETERS OF HEXA-NOTCHED
BAND ANTENNA

The hexa-notched band antenna is designed by using ring
resonators and defected ground structure. CSRR are used
here which are placed on a semi circular patch, ring
resonators are used and these are placed at the union of
feedline, anda  DGS is also used in the design. By using
20mil Rogers R04003 which is having a di-electric constant
as 3.55 and a printed radiating patch is used. To yield six
notches four CSRR are used along with SRR and DGS slots.
The antenna proposed in this paper is having certain
dimensions and they are listed below in Table 1. And the
structure of the present antenna is represented in Fig. 1. Fig.
2 depicts the user model of the presented antenna.
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Fig. 1. Geometry of antenna (a) front view, (b) back view.

Fig. 2.

User model of hexa notched antenna.

TABLE I : Dimensions of Antenna

factor  Value(mm) factor Value(mm)
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Lsub 30 Lf 16.5
Wsub 28 L1 5
Lgnd 155 L2 2
Wt 1 L3 2
R1 4.25 R2 35
L4 24 LS 3.3
L6 5.3 L7 1.5
R3 25 R4 2.75
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By using a formula stop band frequency corresponding to
WIMAX (3.30-3.60GHz), lower WLAN (5.15-5.35GHz),
upper WLAN (5.7-5.8GHz) are calculated as

c

fe—
2'}'1'3[ 4 EE"ff (1)
&5 +1

Beff = 2 )

er is the relative permittivity of the substrate, ¢ is speed of
light; R is radius of ring resonator.

Whereas, the downlink of X-band (7.0-7.4GHz), uplink of
X-band (8.1-8.5GHz) are approximately calculated by

.19 Ag c 1
L= ? :2 . =§X{—I,_]
o Beff m o Beff 3)

A4 Represents the guided wavelength, 4o represents free
space wavelength.

¢ Evolution of antenna design:

The antenna evolution is shown below. By simulating the
antenna at each stage we can clearly get an idea about the
notches. By observing Fig.3 the complete evolution of the
antenna can be known and below the antenna is simulated
step by step and their corresponding result is depicted in Fig.
4,
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Fig. 4. Simulation result of step1.
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Fig. 5. Simulation result of step2.
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Fig. 6. Simulation result of step3.
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Fig. 7. simulation result of step4.
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Fig. 8. Simulation result of step5.

Fig. 3. Evolution of the antenna design.
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Fig. 9. Simulation result of step6.
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Fig. 10.  Simulation result of step7.

I1l. SIMULATION RESULTS

The antenna is designed and simulated using HFSS
software. Fabricated prototype of the designed antenna is also
developed and it is mentioned in Fig (2). The antenna is
simulated and obtained results are VSWR, return loss,
radiation patterns, and antenna gain.

¢ VSWR

Hexa notched antenna is successfully rejecting six
frequencies in which the first five frequency bands come
under UWB technology and sixth frequency band is a J-band
which is used for military appliances. The frequencies which
are going to reject are WIMAX (3.3-3.5GHZ), lower WLAN
(5.15-5.35GHZ), upper WLAN (5.7-5.8GHZ), downlink of
X-band (6.8-7.4GHZ), uplink of X-band (7.6-8.10GHz), and
J-band (11.2-12GHZ) bands. The shape can be altered and
adjust position of central frequency and band width of each
notched band. Measured and simulated results are shown
below.
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Fig. 11. Measured and Simulated VSWR of antenna.

¢ Radiation patterns
Radiation patterns are observed for the antenna. These
radiation patterns are taken at pass band frequencies
they are shown in following figures. The present antenna
is having a radiation patterns which are omnidirectional
and it is clearly shown that the antenna is almost having
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dumbbell shaped design in E-plane. From this it can
observed that the antenna is having radiation patterns
which are having minimum band rejecting effect.

-180

Fig. 12.  Radiation pattern at 3.6GHz.

Fig. 13.

Fig. 14.

Radiation pattern at 9.6GHz.

e Gain

The gain of the hexa notched band antenna is mentioned
in Fig(15). The antenna is having a gain which is suppressed
at notch frequency bands which is clear from below graph. It
has maximum gain value of 5dBi.
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Fig. 15. Gain of the proposed antenna.

e parametric analyses of the notched frequency bands.

All the six notches of the present antenna can be
controlled. The central frequency and bandwidth of the
notched bands can be adjusted by altering the length and
changing the radius of the ring resonators. The rejection
bandwidth of WIMAX band can be altered by adjusting the
radius of the R1 ring resonator. The result is mentioned in
Fig.16. Lower WLAN is controlled by increasing or
decreasing the radius of R2 ring resonator. It is mentioned in
Fig.17.The behavior of upper WLAN is controlled by
adjusting length L4 which is mentioned in Fig.18.Variations
in downlink of X-band can be adjusted by SRR which are
presented at left and right of feedline it is given in Fig.19. For
shifting of uplink X-band parameter used is L3 in
Fig.20.Then finally the variations in J-band are done by
varying the parameter L1 it is admitted in Fig.21. The
parametric analysis of frequency bands is done by using
HFSS.
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Fig. 16.Mechanism for WIMAX frequency band.
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Fig. 17. Mechanism for lower WLAN frequency band
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Fig. 18. Mechanism for upper WLAN frequency band
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Fig. 19. Mechanism for downlink of X-band
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Fig. 20. Mechanism for uplink of X-band.
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Fig. 21. Mechanism for J-band.
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IV. COMPARISON

By comparing some of the reference paper with our
proposed work , it provides better idea about this design and
it is shown in above Table .1I.

TABLE 1l : Comparison of antenna with other structures.

Ref Size(mm? No. Of
Notches
[6] 25x33 3
[7] 27x30.5 3
[8] 24x33 3
[9] 30x33.5 4
[10] 34x40 4
[11] 35x44 4
[12] 80x80 5
[13] 36x38 5
This work 30x28 6
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V. CONCLUSION

A compact hexa-notched band antenna is designed which
rejects the following bands. WIMAX (3.3-3.6 GHz), lower
WLAN (5.15-5.35GHZ), upper WLAN (5.7-5.8GHZz),
downlink of X-band (7.0-7.4GHZ), uplink of X-band
(8.1-8.5GHZ) and J-band (11.2-12GHZ).The six notches
overcome the interference from narrow band devices
operating in UWB and ,military devices(last band). For the
proposed antenna all the notches can be controlled by varying
suitable parameters. The antenna has an acceptable gain,
VSWR and omnidirectional radiation patterns.
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