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Abstract: Two different antenna models are presented in this paper They are designed with Spiral resonators (SR); One with SR on Ground and
another with SR’s on Patch. In Model I, A compact dual band triangular patch antenna using a novel metamaterial structure in its ground plane is
designed. The role of the metamaterial structure is to miniaturize the antenna, inducing multi resonances. The antenna resonates at 5.46, 6.02
GHz with adequate gains of 3.2, and 5.6 dBs respectively. Key Antenna parameters obtained from the simulator are presented along with
detailed discussions. In Model 11, A novel dual band triangular patch antenna designed using Spiral resonators (SR) in its patch is presented. The
metamaterial structure (SR) used in this design effectively reduces the size of conventional patch resulting in dual resonances with wide apart
spectras. The antenna is found to resonate at 10.38, 13.99 GHz with gains of 3.6 and 5.4 dBs respectively. The antenna has an Omnidirectional
pattern and good directivity at the resonant bands. A comparitive remark is also presented.
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I. INTRODUCTION

Over Recent years Microwave engineers turned their attention 2
towards spiral resonators in the design of MPA. Microstrip
patch antenna (MPA) has many remarkable features when
compared with many wireless antennas like cheap, light
weight, easy integration etc because of this features it finds
application in almost all wireless system [1]. The design of
such antennas is always a challenging task to designers as it
should occupy minimum space but do the best performance 661274

during transmission and reception. There are many types of Frequency (GHz)
patches like rectangular, square, triangular, hexagonal,
elliptical and so on. In this paper two triangular patches are
modelled using a metamaterial (SR) and presented in different

Reflection Coefficient{dB)

Fig. 2: Reflection Coefficient of the Proposed Antenna.
Table 1 Simulated Parameters

sections with elaborate discussions. The basic details about

triangular patches are available in [2-6]. The MTM structure; Quantity Value
Spiral Resonator is found to create miniaturisation when Directivity 3.9801
designed properly. Gal_n_(dB) 3.95
Metamaterials are artificially synthesized materials supporting Efficiency 98.5
backward waves with negative permeability, permittivity. VSWR 1.2

This was originally proposed by Vessalago in 1968. Some
advancements in design of MPA with MTM are seen in [7-
14]. This paper is presented as four sections; The
Conventional Design, Proposed Design I, Il, Analysis and
Conclusions

I Design of the Conventional Patch

The antenna is designed with RT Duroid substrate with
relative permittivity of 2.2 and a thickness of 62 mils. The top
view is shown in Figurel. The inset feed with a microstrip
line of 50 ohm impedance is carried out to make the antenna
resonate at 6.6 GHz with -12.74 dB as in Figure 2.

Fig. 3: Radiation Pattern of MPA
The ludwig radiation pattern and the polar plot of the
conventional patch are shown in Figures 3,4. For the
optimized Inset feed position various antenna parameters from
the EM simulators are shown in Table 1

Fig. 1: Simulated MPA Model.
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Fig. 4: Polar Plot (Gain) of the Proposed

The gain has adequate co and cross po levels supporting linear
vertical polarization. The directivity and VSwr are also
adequate for the patch. This patch is modified and that is
presented in the next section.

Design of the Proposed Antenna |

The conventional patch antenna is etched with an inverted U
shaped slot besides etching a spiral resonator in its ground this
leads to dual resonance.The values are shown in Table 2. The
model is shown in Figures 5,6. The spiral resonators are found
to create miniaturization up to A/30. The design equations
presented in this section holds good only if value of N, which
is the number of turns of resonator, does not exceed a
predefined integer value as given below.

I—(w+s
NSRmax = Intege{ﬁ}

The design equations for the spiral resonators are as follows

Ho 1 ISRavg
L=ty (L e )|y
Ror SRM{Z ( 20 J:I

| N? N-1 1
Cq=Ch————r— I-[n+= 3)
KT A w+5) N2+1z”-1{ (n+zj(a)+s)}
Where ¢ stands for width, s for spacing , N is an integer, n

stands for number of turns, | stands for length while the
expressions for lsrayg and C, are available in [9].

)

Fig. 5: Top View of the Proposed Antenna.

Fig. 6: Ground View of the Proposed Antenna.
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Table 2: Dimension of the Proposed Antenna.

Parameters Size (mm)
Substrate 60 x60 x1.524
Ground 60x 60
SR turns 8
Width 0.5
Distance 1
Thickness 0.002

Analysis of The Proposed Antenna |

The modified patch is found to resonate at two frequencies
5.46, 6.02 GHz with a return loss of -18.05, -13.15 dBs ; This
is

depicted in Figure 7. Further at this frequencies polar plots are
simulated and are shown in Figures 8,9. The antenna has FBR
values hence may be some attempts may be done to curtail
back radiation in further research.
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Fig. 7: Radiation Pattern of the Proposed Antenna.
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Fig.8: Polar plot of the Proposed Antenna.
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Fig. 9: Polar plot of the Proposed Antenna.
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Table 3: Simulated Antenna Parameters at 5.464 GHz.

Cuantity I Walue I itz
haw L 026701 L
Peak Directivity 39128
Peak Gain 3332
Peak Realized Gain 3.2801
R adiated Power 0.83529 f
Accepted Power 09344 W
Incident Power 1 it
R adiation Efficiency 0.85157
Frant ta Back Fatio 28718

Table 4: Simulated Antenna Parameters at 6.024 GHz.

TTuantty | W alle | Units

Max U 044916 Wisr
Feak. Directivity E.04R1

Feak Gain 5.9445

Feal Realized Gain b.E445

F adiated Power 093358 W
Accepted Power 0.94954 W
Incident Power 1 W

R adiation Effiziency 09332

Frant ta Back Fatio 10.642

Design of The Proposed Antenna Il

The conventional patch antenna (Designed with duroid
substrate of 60 mil thickness) fed with a microstrip line is
etched with three spiral resonators this is targetted to create
dual resonances. The optimized dimensions are shown in
Table 5. The model is shown in Figure 10. The spiral
resonators are excellent structures aiding miniaturization up to
A30 where A is free space wavelength.

Fig. 10: Top View of the Proposed Antenna.

Table 5: Dimension of the Proposed Antenna.

Parameters Size (mm)
Substrate 60 x60 x1.524
Ground Size 60x 60
SR turns 10
Width 0.125
Distance 0.25
Thickness 0.002
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The proposed antenna resonates at two frequencies 10.38,
13.99 GHz with a return loss of -12.48, -21.87 dBs ; This is
Shown in Figure 11. Further at this frequencies Radiation
plots are simulated and are shown in Figures 12,14. The
VSWR variation is shown in Figure 13. The surface current
density is depicted to show that the current travels long path
making antenna resonate at lower frequencies( Figures 15,16).
Thus making the patch dual resonant in nature. The simulated
antenna parameters are consilidated and are tabulated in
Tables6,7.
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Fig. 11:.Return Loss of the Proposed Antenna.
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Fig.12: Radiation Pattern of the Proposed Antenna.
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Fig.13: VSWR of the Proposed Antenna.
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Fig. 14: Radiation Pattern of the Proposed Antenna
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Fig.15: Surface Current Density on the Patch
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Fig. 16: Surface Current Density on the Patch

Fig. 17: Directivity of the Patch
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Fig. 18: Directivity of the Patch

Table 6: Simulated Antenna Parameters at 10.38 GHz.

No. Quantity Value Unit
1 Max U 0.28303 wisr
2 Directivity 6.7781 dB
3 Efficiency 98
4 FBR 31.8
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Table 7: Simulated Antenna Parameters at 13.39 GHz.

No. Quantity Value Unit
1 Max U 0.4284 wisr
2 Directivity 7.131 dB
3 Efficiency 81.7
4 FBR 30.45

CONCLUSIONS

Spiral inductors can be effectively used in design of multi
band antennas. Two proposal are presented in this paper;
when used in Ground the FBR values are controlled; while on
patch a wide apart spectras was got but with Increased FBR.
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