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ABSTRACT
The antenna in mobile phones and other handheld devices decides the device performance over various
communication standards. Nowadays multiple radio frequencies are being integrated into a single wireless
platform to allow maximum connectivity. This paper presents a dualband planar inverted F antenna which
occupies a size of 9mmx9mmx1mm. An F shaped slot is etched on the patch which helps in attaining resonance
and enhancing bandwidth at high frequencies use of multiple shorting strip helps in attaining resonance at
lower frequency. The radiating patch controls two resonating frequencies to cover 2.4 GHz and 5.2 GHz
Bluetooth and Wireless Interoperability for Microwave access.
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I. INTRODUCTION
The Planar inverted F antenna also known as a microstrip antenna consists of a quarter wavelength patch
separated from the ground plane by a dielectric ,a feed wire and a shorting plate at one end of the radiating
patch. The distance between the feed point and the shorting plate determines the impedance of the antenna i.e.
smaller the distance smaller the impedance. We consider the voltage and current distribution in a quarter
wavelength patch antenna its observed that right in the centre of patch the impedance is zero this implies that
there is a short at the centre of the patch between the patch and the substrate .thus by using a patch of quarter
wavelength with the extreme shorted to ground plane we can not only reduce the antenna size but the V-I
distribution remains same. This principle was primarily used to replace the half wavelength patch antennas with
PIFA.
Since the revolution of wireless communication , realizing an antenna that meets the needs of mobile phone
users has been difficult. Initially Monopole λ/2 antennas were used which were soon replaces by PIFAs.
Monopole disadvantages like the antenna’s venerability to physical damage, uncontrolled radiation toward user
and lack of multiple resonant frequencies on one hand and advantages of PIFA naming a desired crosspolarization, easy feeding, low SAR paved way for its extensive usage[1,2]. Also PIFA has moderate to high
gain in both vertical and horizontal polarization states, which makes it quite suitable for the wireless
communication service where the antenna orientations are not fixed and the environment is active, i.e. signal
reflections are possible from all corners of the vicinity. In this case where environment is reflective major
parameter of concern is total field that is the sum of the horizontal and vertical polarization field.[3].
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II. ANTENNA DESIGN
The proposed PIFA has a simple structure fed by a 50Ω microstrip line and is designed to work for Wimax
(5.2Ghz) and Bluetooth(2.4Ghz).The dimensions of the proposed PIFA are 9mm X 9mm. In the proposed
design the ground plate is taken to be rectangular with size 15mm x 17mm resp. The size of the substrate is
15mmx17mmx1mm.The radius of the inner and outer coaxial feed wire is 0.1mm and 0.2mm respectively. The
length of the inner feed wire is 1mm. The patch lies 1mm above the ground plane .The patch is shorted to the
ground via two rectangular shorting plates of size 1mm x 1mm and 0.2mm x 1mm respectively. The inner feed
wire has the permittivity of 1(pec).It was observed that creating an F slot on the top patch enhances bandwidth
at the 5 GHz band . The dimensions of the substrate are 15mm x 17mm x 1mm respectively and the relative
permittivity of about 4.4(FR4 epoxy).
Optimization of the F shaped slot helped in attaining resonance at 5.2 GHz. It was also observed that use of an
extra shorting strip enhances bandwidth at the lower frequency band and also effects the resonant frequency.It is
observed that the length of the patch controls the resonating frequency, the width controls impedance, the height
controls the bandwidth, the width of the shorting place increases bandwidth and the feed position from the
shorting plate has effects on resonating frequency and bandwidth.Fig.1 shows the design of the proposed
antenna and Fig 2. Shows the slot on the patch.
Table 1. shows the slot parameters used in the design the slots on the patch are used to enhance bandwidth at a
higher frequency band and use of extra shorting strip enhances bandwidth at the lower frequency band. It is
observed that changing the dimensions of the slot results in decreased standing wave ratio at the resonant
frequencies.

Figure1. Design of the Proposed antenna

Figure 2. Design of the slot on the patch

It was observed while designing the antenna that optimizing the dimensions of the second shorting pin helped in
attaining resonance at 2.4Ghz respectively. Furthermore optimizing the dimensions of the F shaped slot on the
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patch not helped in attaining resonance at 5.2Ghz.The height of PIFA is less compared to conventional
structures thereby reducing the overall volume. Ground plance of antenna has minimum effect on performance.
Parameters

Dimensions

Ground Plane

15mm x17mm

SIMULATED RESULTS
Name X

XY Plot 1

Y

HFSSDesign1

m10.00 2.4000 -20.3305

Substrate

15mm x 17mmx1mm

m2 5.2000 -18.1397

Patch

9mm x 9mm

-2.50

Shorting Plate_1

1mm x1mm

Shorting Plate_2

0.2mm x 1mm

L1

9mm

L2

1mm

L3

1.5mm

L4

1mm

L5

1mm

L6

0.5mm

Curve Info
dB(St(waveport_T1,w aveport_T1))
Setup1 : Sweep

dB(St(waveport_T1,waveport_T1))

-5.00

-7.50

-10.00

-12.50

-15.00
m2

-17.50

L7

3mm

L8

1mm

Feed Pin

Radius=0.1mm Height
1mm

ANSOFT

m1

-20.00

-22.50
1.00

Table 1.Dimensions of the proposed antenna
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Figure 3. Return Loss Plot

Fig.3 shows the return loss plot of the proposed antenna. Return loss in communication systems is simply
defined as the power of the signal reflected by a discontinuity in a transmission line. The discontinuity can be a
mismatch.Fig.4 depicts the voltage standing wave ratio (VSWR) which a measure of impedance match or
mismatch between the transmission line and antenna. The VSWR for the resonating frequencies of 2.4 and 5.2 is
2.5 and 1.6 respectively. Fig 5 depicts the gain for the proposed antenna the antenna gain turns out to be-9db.
Antenna gain is defined as antenna directivity times a factor representing the radiation efficiency. This
efficiency is defined as the ratio of the radiated power (Pr) to the input power (Pi).
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Figure 4. Voltage standing Wave Ratio

Figure 5. 2D Radiation Pattern

III. CONCLUSION
The proposed antenna supports Wimax frequencies centered at 5.2 Ghz and Bluetooth frequencies centered at
2.4Ghz.The bandwith for both the frequencies is 100Mhz respectively.

IV. ACKNOWLEDGEMENT
The authors of this paper thankfully acknowledge Ansys for providing simulation tools that aided the design of
this antenna.

REFERENCES
[1]

J. Fuhl, P. Nowak and E. Bonek, “Improved Internal An-tenna for Hand-Held Terminals,”Electronics
Letters, Vol.30, No. 22, 1994, pp. 1816-1818. doi:10.1049/el:19941258.

[2]

A. M. M. Owag, “Multiband Antenna for GSM and 3G Mobile System,” UniversityTechnology Malaysia,
Johor, 2006.

[3]

PIFA for mobile phones- Haridas.

[4]

Dongsheng Qi, Binhong Li, and Haitao Liu, "Compact triple-band Planar Inverted-F Antenna for Mobile
handsets," Microwave and Optical Technology Letters, vol. 41, no. 6, pp. 483-486, 2003.

[5]

J. S. Chen, “Dual-frequency annular-ring slot antennas fed by a CPWfeed and microstrip feed,” IEEE
Trans. Antennas Propag. Lett., vol.53, pp. 569–571, 2005.

[6] Wen-Chung Liu, Chao-Ming Wu, and Yen-Jui Tseng „ParasiticallyLoaded CPW-Fed Monopole Antenna
for Broadband Operation‟IEEE Trans. Antennas and Propagation, Vol. 59, No. 6, 2011.
[7]

Kim, Y. and D. H. Kw on, “CPW-fed planar ultra wideband antennahaving a frequency band notch
function,” Electronics Letters,Vol.40, No.7, 403–405, 2004.

[8]

A. Al-Zoubi, F. Yang, and A. Kishk, “A broadband center-fedcircular patch-ring antenna with a
monopole like radiation pattern,”IEEE Trans. Antennas Propag., vol. 57, pp. 789–792, 2009.

[9]

M. John and M. J. Ammann, “Wideband printed monopole designusing a genetic algorithm,” IEEE
Antennas Wireless Propag. Lett.,vol. 6, pp. 447–449, 2007.

386 | P a g e

[10] S. K. Oh, H. S. Yoon, and S. O. Park, “A PIFA-type varactortunableslim antenna with a PIL patch feed for
multiband applications,” IEEE Antennas Wireless Propag. Lett., vol. 6, pp.103– 105, 2007.
[11] Praveen Kumar Sharma, Sonu Elsa Jacob, Vasundhara Sharma,” Planar Inverted F-Antenna for Handheld
Devices Working at Wi-MAX Frequency Range (5.2 GHz)”, International Journal of Engineering
Research & Technology (IJERT), ISSN: 2278-0181, Vol. 3 Issue 9, September- 2014,pp.2-4.
[12] Naveen Kumar,” A Multiband pifa antenna for handheld devices”, National institute of technical teachers’
training and research chandigarh – 160019 July, 2013, pp.20-30.
[13] Gaurav Mani Khanal,” Design osf a Compact PIFA for WLAN Wi-Fi wireless Applications”,
International Journal of Engineering Research and Development, Volume 8, Issue 7 (September 2013), pp.
13-18.
[14] T. Anita Jones Mary, T. Joyce Selva Hephzibah, C.S.Ravichandran,” Slotted Pifa With Edge Feed For
Wireless Applications”, International Journal of Advances in Engineering & Technology, ISSN: 22311963,pp.12-15.
[15] Multishorting Pins PIFA Design for Multiband Communications,MuhammadSajjad Ahmad, C. Y.
Kim, and J. G. Park,international Journal of Antennas and PropagationVolume 2014 (2014), Article
ID 403871.
[16] Multishorting Pins PIFA Design for Multiband Communications, Muhammad, C. Y. Kim, and J. G. Park,
international Journal of Antennas and Propagation Volume 2014 (2014), Article ID 403871.

387 | P a g e

