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ABSTRACT

An improved PIFA antenna is proposed in this paper. This
antenna is with ground dimensions of 40 x 60 (in mm) and a
top conducting plate of 20 x 10 (mm) is considered. The
proposed design is targeted to achieve multiband
characteristics. For this purpose, the use of rectangular split
ring resonator (R-SRR) is taken into consideration. The
simulated results showed good S11 return loss characteristics
at three frequencies 2.21 GHz, 3.7 GHz and 5.23 GHz with
gain values in 5.41 dB, 2.6 dB and 6.91 dB respectively.
These frequencies are best applied for UMTS 3G expansion
band (1.9 GHz — 2.2 GHz), WiMax (3.3 GHz — 3.8 GHz),
WiFi (4.9 GHz -5.9 GHz) applications.
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1. INTRODUCTION

Wireless communications nowadays is an integral part of day-
to-day life. Over the past decade, demand for faster wireless
systems gained much importance [1]. In this regard, there is
also tremendous growth in the mobile phone industry. This
industry opened plenty of research to antenna designers [2].
One of the important aspect with respect to handheld devices
is their size and volume. This is due to the fact that,
development in this particular area is to design devices with
more compact size. Also, there is a need to address more
applications and features in these handheld devices such as
GSM 900, GSM 1800, WiFi, WiMax, etc. All these factors
led to the design of antennas which are small in size yet
performing wise efficient [3]. In recent years, planar inverted
F antenna gained much interest for mobile phone applications
[4-7]. These antennas are widely used due to their low profile,
efficient performance, and ease of fabrication. Numbers of
PIFA configurations are proposed to address both single band
and multiband operations. Introduction of slots, meandered
shapes and truncated corners are discussed in [8-9]. On the
other hand, it is important to note that the overall volume
should not exceed the acceptable range and the antenna
should remain in compact size [10].

In this paper Section 1 deals with the introduction to PIFA
antenna, Section 2 gives the proposed antenna structure with
rectangular split ring resonator (R-SRR), Section 3 deals with
the simulation results and Section 4 finally concludes the

paper.
2. ANTENNA DESIGN STRUCTURE

The PIFA structure is shown in Figure 1. The ground plane
dimensions are considered to be 40 mm x 60 mm (X and Y
dimensions). Shorting plate with a width (along X dimension)
is taken as 5 mm and the height as 3.17 mm. Above the
ground, a dielectric substrate is placed with material as FR4
epoxy whose dielectric constant is 4.3 and loss tangent 0.02.
From a height of 5 mm from the ground plane, a conducting
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plate is placed with dimensions of 20 x 10 (in mm) along the
X and Y dimensions. For the considered PIFA structure,
coaxial feeding is provided with the radius of the circle (wave
port) as 0.5 mm. To achieve the multiband characteristics for
the considered PIFA, a rectangular split ring resonator (R-
SRR) is employed. Previously, complementary SRR were
used in PIFA [11-12]. But in this paper, a rectangular SRR is
proposed. The dimensions for the R-SRR were 16 mm (along
X dimension) and 6 mm (along Y dimension) for the outer
rectangular ring and 13 mm (along X dimension) for the inner
ring.

dielectric substrate
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ground plane

’ hay
shorting plate
coax feed

Figure 1. Proposed PIFA with Rectangular Split ring
resonator (R-SRR)

The dimensions of the outer and inner rectangular ring, the
feed position, the dimensions and the position of the shorting
plate were optimized to get the desired result.

3. RESULTS AND DISCUSSIONS

The simulations were carried using HFSS simulation
software. Firstly, the S11 (return loss) parameter plot is
simulated. This is shown in Figure 2.

From the figure 2, for 2.215 GHz frequency the S11 was
found to be -20.25 dB, for 3.7 GHz the S11 was -14.44 dB
and for 5.23 GHz the return loss was found to be -26.28 dB.
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Figure 2. Return loss plot for the proposed PIFA antenna
with R-SRR

Secondly, the VSWR plot is shown in Figure 3. In general, the
VSWR should be less than 2 (VSWR < 2). From the plot, it is
evident that the VSWR results for the three resonant
frequencies are less than 2.
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Figure 3. VSWR plot for the Proposed PIFA with R-SRR

Finally, the 3 dimensional gain plots are considered in figures
4,5 and 6. All the three operating frequencies at 2.2 GHz, 3.7
GHz and 5.23 GHz showed omnidirectional characteristics.
Consequently, the 2 dimensional gain plots are also shown in
figures 7,8, and 9.
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Figure 4. 3D gain plot at 2.21 GHz frequency
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Figure 5. 3D gain plot at 3.7 GHz frequency
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Figure 6. 3D gain plot at 5.23 GHz frequency
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Figure 7. 2D gain plot at 2.21 GHz frequency
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Figure 8. 2D gain plot at 3.7 GHz frequency
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Figure 9. 2D gain plot at 5.23 GHz frequency
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Table 1. Different characteristic parameters for proposed

PIFA
S.No PAntenna 1 Band | 2"Band | 3"Band
arameter
Resonant
1 Frequency | 221GHz | 3.7GHz | 523 GHz
(GHz)
2. S11 (dB) -20.25dB | -14.44dB | -26.28 dB
3. VSWR 1.21 1.46 1.10
4, Gain (dB) 5.41dB 3.6 dB 6.91dB

6. CONCLUSION

The proposed PIFA employing rectangular split ring resonator
(R-SRR) structure achieved multiband characteristics at 2.21
GHz, 3.7 GHz and 5.23 GHz. The S11 parameters were found
out to be -20.25 dB, -14.44 dB and -26.28 dB. The gain values
were also decent. Therefore, the proposed PIFA can be used
for UMTS 3G expansion band (1.9 GHz — 2.2 GHz), WiMax
(3.3 GHz - 3.8 GHz), WiFi (4.9 GHz -5.9 GHz) applications.
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