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A novel compact planar inverted F antenna (PIFA) optimized using genetic algorithms for 2.4GHz (Bluetooth) and 5GHz (UNII-1,
UNII-2, UNII-2 extended, and UNII-3) bands is presented. 
e patch with a shorting pin is on a 20 × 7 × 0.762mm3 substrate,
which is suspended in air 5mm above a 30 × 7mm2 ground plane. Genetic algorithm optimization (GAO) is used to optimize the
patch geometry, feed position, and shorting pin position simultaneously. Simulations are carried out by usingHFSS and a prototype
antenna is fabricated to compare the measurements with the simulations. 
e antenna shows fractional impedance bandwidths of
4% and 21% and gains of 2.5 dB and 3.2 dB at lower and upper bands, respectively.

1. Introduction


e rapid expansion in wireless communication systems
creates a massive demand for novel compact multiband
antennas which are integrable with other electronic compo-
nents. Planar inverted F antennas (PIFA) give excellent per-
formance whenmultiband operations are required in devices
where there are space constraints [1]. Hence, these antennas
are increasingly being used in Bluetooth and wireless local
area network (WLAN) applications such as smart phones and
laptops.


e Bluetooth and especially WLAN have seen a rapid
growth in the recent pastmaking it necessary to allocatemore
frequency bands. WLAN is recognized as a reliable and cost
e�ective solution for wireless high speed data connectivity.

e Bluetooth operates in a single frequency band, 2.4–
2.483GHz, whereas WLAN operates in the same band and
another four bands in the 5GHz range, which are known
as Unlicensed National Information Infrastructure (UNII)
bands, namely, UNII-1 (5.15–5.25GHz), UNII-2 (5.25–
535GHz), UNII-2 extended (5.47–5.725GHz), and UNII-3
(5.725–5.825GHz). Hence devices with these facilities must

be capable of operating in all these bands leading to the need
of multiband antennas.

Many compact antennas for Bluetooth and WLAN have
been reported in the literature [2–14]. Some of these antennas
are narrow band while some have relatively larger dimen-
sions. 
ere are very compact and multiband antennas
designed to be integrated in laptops [3, 4] and mobile
terminals [8]. Overall antenna volume of the PIFA, which
is the smallest antenna for Bluetooth and WLAN, is 16.3 ×
8 × 8mm3 [3]. 
ese antennas have standard geometries
and multiband operation is achieved by incorporating slots,
parasitic elements, capacitive loading, and shorting pins. In
this paper, a very compact multiband PIFA for Bluetooth and
WLAN is presented where the planar geometry and feed and
shorting pin positions are obtained by using genetic algo-
rithmoptimization (GAO).GAO is a robust, stochastic-based
searchmethod,which canhandle the common characteristics
of electromagnetic optimization problems that are not readily
handled by other traditional optimization methods [15, 16].
GAO has been used to design broadband [17, 18], multiband
[19–21], and miniature [22, 23] antennas. Further, radiation
characteristics of antennas have been improved by using
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Figure 1: Antenna con�guration. (a) Top view. (b) 3D view of the antenna.

GAO to obtain high directivity [24, 25] and broadside radia-
tion [26].


e designed antenna has a low pro�le with dimensions

20 × 7 × 5mm3 and is mounted on a 7 × 30mm2 ground
plane. It can be easily placed at the border of the display of
a laptop. 
e simulations and analysis of results are carried
out by using HFSS (High Frequency Structure Simulator)
from Anso� which is a highly accurate and commercially
used electromagnetic solver. A homemade GA code is used
to perform optimization. 
e GA operation is written using
Visual Basic Script (VBS) Writer and the VBS �le is called
into HFSS environment to perform simulations. A prototype
has been built to validate the simulation results.
e following
sections of the paper are organized as follows. Section 2
describes the antenna con�guration and GAO procedure.
Section 3 presents the results of the optimization including
the antenna geometry and its re�ection coe�cient and
radiation characteristics. A comparison of simulations with
the measurements taken from the prototype is also included.
Finally, in Section 4, conclusions are given.

2. Antenna Configuration and
the GAO Procedure

Figure 1 shows the antenna con�guration. 
e optimum

geometry is sought from a 20 × 7mm2 patch area on a sub-
strate of the same size by dividing it into 70 cells of cell size

2 × 1mm2. 
e substrate NX9320 (IM) from Neltec has a
thickness of 0.762mm and a relative permittivity of 3.2. It is
suspended on air 5mm above a ground plane with dimen-

sions 30 × 7mm2. 
e optimum positions of the shorting pin
and feed are also sought from genetic algorithms. 
erefore,
the �rst 70 genes of the chromosome are used to de�ne
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Figure 2: Re�ection coe�cient variation with frequency.

the shape and the next �ve and three genes are used to de�ne
the feed and shorting pin positions, respectively, in the GAO
procedure. 
e conductivity property of each cell is de�ned
by using “0”s and “1”s in the chromosome. Further, feed and
shorting pin positions are selected out of 32 and 8 positions
distributed on the patch, respectively.

Antenna with a rectangular shaped pro�le resonates
around 6.5GHz (Figure 2). When a shorting pin is included,
the resonant frequency reduces. However, the resonant fre-
quency depends on the shorting position. 
erefore, it is
necessary to design the patch geometry and the shorting
position with the help of GAO to make the antenna resonate
at the required bands having su�cient bandwidths.
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Figure 3: (a) Top view of the PIFA. (b) Re�ection coe�cient variation with frequency.


e design was aimed at obtaining at least −10 dB re�ec-
tion coe�cient in the required frequency bands when the
antenna is fed by a 50Ω coaxial line. 
erefore, the �tness
function is based on the summation of re�ection coe�cient
values taken at 10MHz intervals including Bluetooth,UNII-1,
UNII-2, UNII-2 extended, and UNII-3 bands, ranging from
�1 = 2.4GHz to �2 = 2.5GHz and from �3 = 5.15GHz to �4 =
5.85GHz. 
e �tness function � which is maximized in the
search for the optimum solution is de�ned as

� =
− (∑�2��=�1 � (��) + ∑

�4
��=�3 � (��))

10� , (1)

where� is the total number of samples (� = 82) and �(��) is
de�ned as

� (��) =
{
{
{

� (��)dB , � (��)dB ≥ −10 dB,
−10 dB, � (��)dB < −10 dB,

(2)

where �(��)dB is the re�ection coe�cient in dB at frequency
��. � is de�ned in such a way that wideband solutions are
preferred over narrowband solutions with very low re�ection
coe�cient values. 
e maximum value of � is unity and it is
taken as the termination criterion of the algorithm.

In the GAO procedure, a constant population size of 20
is used. 
e initial population is created randomly and 10
pairs are selected using tournament selection. Single point
crossover is applied on each pair withmutation probability of
1%. A temporarily expanded generation with 40 individuals
is created and it consists of the current generation and
its siblings. Next generation is formed from the best 20
individuals in order to ensure the preservation of the �ttest.


e best �tness of each iteration is checked and simulations
are done continuously until the best �tness converges.

3. The New Design and Its Characteristics


e optimized PIFA design and its re�ection coe�cient
variations with frequency are shown in Figure 3.
e antenna
clearly resonates in two frequency bands. It has a −10 dB
impedance bandwidth from 2.4 to 2.49GHz and from 4.99
to 6.1 GHz covering both Bluetooth and all bands of WLAN.


e current distributions in the antenna at 2.45, 5.4, and
6.0GHz in the lower and upper bands are shown in Fig-
ure 4. 
e �rst frequency is at the centre of the lower band
and the last two are the resonant frequencies in the upper
band. 
e upper band is broadband and can be considered
as a combination of two resonant bands. Unlike in a PIFA
with a standard geometry, the current distribution of this
design is quite complicated. At 2.45GHz in the lower band,
the main current path (a-b-c-d-e-f) is approximately quarter
wave length long indicating that the resonance is in the
fundamental mode. 
e current paths at 5.4GHz (k-l-m-n-
o) and 6.0GHz (u-v-w-x-y-z) are approximately half- and
three-quarter wavelengths long, respectively, indicating that
the resonance is at higher-ordermodes.
ewave-like current
magnitude variations corresponding to the lengths of these
paths are not evident due to many junctions of current paths
including the shorting pin.


e radiation patterns in two orthogonal planes normal
to the patch (� = 0∘ and � = 90∘) of the antenna are shown
in Figure 5.
e antenna has nearly broadside radiation char-
acteristics in both Bluetooth and UNII bands.
emaximum
gain values are 2.5 dB and 3.2 dB in lower and upper bands,
respectively.
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Figure 4: Current distributions in the patch at (a) 2.45GHz. (b) 5.4GHz. (c) 6.0GHz.
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Figure 5: Radiation patterns at (a) 2.45GHz. (b) 5.4GHz.

A prototype antenna was fabricated and its re�ection
coe�cient has been measured by using a vector network
analyser. Figure 6 shows the prototype and the comparison
of the measurements with simulations which are in good
agreement. However, a shi� in the lower frequency band can
be observed due to the high sensitivity of the shorting pin.
Work is in progress to check the suitability of this PIFA to be
installed at the border of the display of a notebook.

4. Conclusions

A novel PIFA designed using genetic algorithm optimization
has been described.
e antenna is very compact and suitable
for Bluetooth and WLAN applications in both 2.4GHz and
5GHz bands. 
e multiband properties were achieved with
the combination of the shorting pin and the GA optimized
antenna geometry, which is di�erent from traditional shapes



International Journal of Antennas and Propagation 5

Feed position

Shorting position

Ground plane

Patch area

(a)

1 2.5 4 5.5 7

Frequency (GHz)

Simulation results

Fabrication results

2400MHz 2490MHz 4990MHz 6100MHz

0

R
e�

ec
ti

o
n

 c
o

e�
ci

en
t 

(d
B

)

−30

−20

−10

(b)

Figure 6: (a) Prototype antenna. (b) Comparison of re�ection coe�cient measurements with simulations.

with slots, parasitic elements, and so forth.
e antenna shows
4% and 21% fractional impedance bandwidths at the narrow
lower band and upper band, respectively, where the upper
band has to be broader to cover several UNII bands. 
e
antenna is nearly broadside in both bands with gains 2.5 dB
and 3.2 dB at lower and upper bands, respectively.
e design
was simulated inHFSS and it is validated frommeasurements
done on a prototype.
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