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Abstract In this paper Split Ring Resonators are
designed at two different frequencies and SRR are
merged with monopole antenna designed at 3GHz.
This antenna shape looks like a weapon bludgeon
hence it is named as square shape bludgeon antenna.
The said antenna gives four different bands in the
UWRB range. Both the antennas can be used for WLAN
and WiMAX applications as it covers both the
frequencies. The complementary Split Ring
Resonators are etched at ground surface to enhance the
Bandwidth of antenna, and bandwidth enhancement is
achieved at higher frequency. The metamaterial
property of SRR is proved in first section of paper. The
fabricated antennas tested using the vector network
analyzer, the measured and simulated results are in
good agreement with each other.
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1. Introduction:

As per the literature survey Metamaterials (MTMS)
can be defined in wvarious ways. Concept of
metamaterial was initially introduced by the
“Veselago® in 1968 in his paper [1]. He defined
metamaterials based on refractive index, Permittivity
and permeability. As per his mathematical
interpretation MTMs are defined as materials having
negative permittivity and permeability. Recently many
researchers are working in the same area and here
some the authors defined metamaterials as,
metamaterials can be synthesized by embedding
artificially fabricated inclusions in a specified host
medium or on a host surface [2] Electromagnetic
metamaterials (MTMs) are broadly defined as
artificial effectively homogeneous electromagnetic
structures with unusual properties not readily available
in nature [3] The concept of man-made structures
known as metamaterials is discussed along with
diverse applications, like stopping light and optical
cloaking, The concept of split ring resonator and wire
is also described [4] The concept of DPS(Double
positive material, both € and p are positive), DNG
(Double negative material, both € and p are negative),

ENG ( g is negative) and MNG ( p is negative) is given
in [5]. In this paper the concept of Split Ring resonator
is used to load the monopole antenna. The split ring
resonator gives the negative permittivity and
permeability at 4.7GHz is proved by simulating it in
Electromagnetic Simulator as shown in Figure 1. At
presently many researchers are working on
metamaterial antennas here are some of them
summarised with the techniques adopted by them. In
order generate metamaterial based multiband
antennas. A compact tri-band planar monopole
antenna is proposed that employs reactive loading and
a “defected” ground-plane structure. The reactive
loading of the monopole is inspired by transmission-
line based metamaterials (TL-MTM), which enables
the loaded antenna to operate in two modes find
applications in WiFi and WiMAX. [6] [7]
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Figure 1: Negative Permittivity of Split Ring
Resonator.

Small multiband planar antennas for wireless
applications, enhanced by negative permeability
metamaterial rings are created with the help of SRR.
The presence of the rings results in a significant
reduction of the operation frequency. In this Paper
author used SRR with monopole to generate multiband
operation [8][9] Compact, fully-printed negative-
refractive-index transmission-line (NRI-TL)
metamaterial-loaded dipole antenna is proposed,
which exhibits multiband resonant characteristics that
are not harmonically related [10][11] Composite right-
and left-handed (CRLH) metamaterial transmission
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lines structure is proposed for compact multiband
antenna design of a smart mobile phone.[12]
[13][14][15]

This paper is divided in three sections as Introduction
second sections covers design aspects of antenna and
third section describes the result analysis of designed
antenna.

2.  Antenna Design

2.1  Square Bludgeon Shape Antenna

In the design of antenna two split ring resonators
(SRR) designed at 4.7GHz and 6.2 GHz are
overlapped with the monopole antenna designed at
3GHz. Height of monopole antenna will be /4. In this
design the height of monopole is optimized by
changing the dimensions of the ground plane. The
width of ground plane is increased to minimize the
height of antenna. The antenna is named as bludgeon
shape antenna as its appears like the weapon Gadaa
used by characters in Mahabharata. The antenna is as
shown in Figure 2. The optimized dimensions for the
given antenna are as given in Table 1
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Figure 2: Square Bludgeon Shape Antenna 1

The dimensions of outer split ring resonator are
7. 7mmx7.7mm with thickness of 0.7mm, so the
overall length 30.8mm and thickness 0.7mm gives the
equivalent inductance of outer ring.The slit gap of
SRR is 0.3mm and gap between the outer and inner
SRR is 0.3mm, these gaps gives the overall
capacitance for outer ring. Inner split ring dimensions
are 6.5mmx6.5 mm with thickness of 0.7mm with
overall legth of 26mm gives equivalent inductance.
Slit gap of 0.3mm of inner SRR and gap between SRR
and monopole gives the overall capacitance for inner
SRR.

To calculate the resonace frequency of outer and inner
SRR equation 1 and equation 2 are used respectively.

1 1
SRRout =~ |7 — - —
f -ou 21 W
forman == :
SRRIN = 5 LSRR_IN CSRR_IN

(1)

2

Where,
fsrr out : Resonance frequency of outer SRR
Lsrr our: Equivalent Inductance of outer SRR

Csrr ouT : Overall capacitance of outer SRR
fsrr.IN : Resonance frequency of outer SRR
Lsrr 1n . Equivalent Inductance of outer
SRR

Csgrr v : Overall capacitance of outer SRR

Table 1. Square Bludgeon Shape Antenna.

Sr. Variable Dimension
No. in mm
1 X 72

2 X1 3

3 Y 23

4 Y1 6.5

5 Y2 19.5

6 Y3 7.7

7 Thickness of SRR (t) 0.7

8 Gap between SRR (gx) 0.3

9 Slit gap of SRR 0.3

2.2 Square Bludgeon Shape Antenna with
CSRR at Ground Plane.

The dimensions for the antenna will be same as of the
square shape bludgeon antenna covered in section 2.1.
Only change is seven Complementary Split Ring
Resonators are added at the bottom plane of antenna.
The radius of CSRR is 2.9mm with thickness of etched
width is 0.4mm. The slit gap of CSRR is 0.5mm. The
both antennas are fabricated on FR4 substrate of
thickness 1.6mm, dielectric constant of 4.4, and loss
tangent of 0.02. The measured and simulated results
are mismatched at higher frequencies. This mismatch
is because of connector losses and errors during the
fabrication. The square bludgeon shape antenna with
CSRR at ground plane is as shown in Figure 3.

Figure 3: Square bludgeon Shape Antenna with
CSRR at bottom.

3. Results & Discussion

Square shape bludgeon shape antenna gives fours
bands in the frequency range of 1GHz to 10 GHz. As
UWB frequency range is 3.1GHz to 10.6GHz, this
antenna is also comes under the category of UWB
antenna. From the Figure 4 it is clear that measured
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and simulated results are in good agreement with each
other expect small mismatch at the higher frequency.
The tuned frequencies are 3.1GHz, 4.7 GHz, 6.2GHz
and 7.8GHz. First two bands can be used for WLAN
and WiMAX applications. Detailed analysis of results
is given in Table 2.

Figure 5 gives the VSWR wvalues for the tuned
frequencies. VSWR values should be in between 1 and
2. From Figure 5 it is clear that all values are in the
said range.

Table 2. Square Bludgeon Shape Antenna
Parameters.

Antenna

parameters SQUARE BLUDGEON SHAPE ANTENNA

Frequency(G | 3.1 4.7 6.2 7.8
Hz)

Bandwidth(G | 1 1.4 0.3 0.7

Hz)

S11(dB) - - - -11.98
20.68 | 23.03 | 16.37

VSWR 1.20 1.15 1.35 1.67

Impedance 42 44 67 50
Q)

== Simulated
== =Measured| |
—
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Figure 4: S11 vs Frequency Response for Square
Bludgeon Shape Antenna
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Figure 5: VSWR Plot for Square Bludgeon Shape
Antenna
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Figure 6: Radiation Pattern for Square Bludgeon
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Figure 7: 3D Radiation Pattern for Square
bludgeon Shape Antenna at 3GHz
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Figure 8: Current Distribution for Square
Bludgeon Shape Antenna at 3GHz
Figure 6 and Figure 7 shows the radiation pattern at
3GHz. From both the patterns it is clear that E-plane
pattern is like the dipole antenna and H-plane pattern
in omnidirectional in nature. Figure 8 shows the
current distribution and vectors are showing that
antenna is radiating. The gain of antenna is low as it is
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micro strip antenna hence such kind of antennas can
be used as receiver antennas.
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Figure 9: S11 vs Frequency for Square Bludgeon
Shape Antenna with CSRR at Ground Plane.
When CSRR is etched in the ground plane of square
bludgeon shape antenna, it also gives the four bands
but Ultra Wide Band is achieved at higher frequency
band as shown in Figure 9. The detailed analysis of
graph for VSWR, Impedance is as given in Table 3.
Figure 10 gives the VSWR plot for the same antenna.
VSWR is nearly 1 for all tuned frequency bands.
Figure 11 and Figure 12 shows the radiation pattern at
3GHz from the radiation pattern it is clear that in E-
Plane pattern is like dipole and H-Plane pattern is like
omnidirectional antenna. Figure 13 shows the
fabricated antennas.

Table 3. Square Bludgeon Shape Antenna with
CSRR at Bottom Plane (Parameters).

10

Antenna SQUARE BLUDGEON SHAPE ANTENNA
parameters. WITH CSRR

Frequency(G 3.0 6.4 8.2 9.1
Hz)

S11(dB) “12.40

14.82 | 19.64 | 22.22

VSWR 1.44 1.23 1.16 1.63

Bandwidth 0.6 0.2 1.8 0.4

Impedance 31 33 33 38
Q)
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Figure 10: VSWR Plot for Square Bludgeon Shape
Antenna with CSRR at Ground Plane.
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Figure 11: Radiation Pattern for Square Bludgeon
Shape Antenna with CSRR at Ground Plane at
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E-Plane H- Plane

Figure 12: 3D Radiation Pattern for Square
Bludgeon Shape Antenna with CSRR at Ground
Plane at 3GHz.
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Figure 13: Fabricated Antennas.
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Conclusion

In this paper Split Ring Resonators are used to design
the radiating patch of antenna. The ground plane of
antenna is defected with CSRR to enhance the
bandwidth of antenna. Metamaterial property of SRR
is proved by showing negative permittivity at 4.7GHz.
Both the antennas resonate at four different
frequencies. First two band finds applications in
WLAN and WiMAX applications. Finally antennas
are fabricated on FR4 substrate and measured using
ROHDE & SCHWARZ ZVL-Vector Network
Analyzer. Measured and simulated results of antennas
are in good agreement with each other.
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