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THE DESIGN OF AN IMPROVED INVERTED "F' ANTENA FOR WIRELESS
APPLICATIONS

G. VENU!, AVINASH GOUR, AND S.P.V SUBBARAO

ABSTRACT. Continually, antenna assumes a significant job in extending the
wireless communication systems in various innovation applications for in-
stance, however not constrained to, IoT communications and car radar sys-
tems. The antenna is one of the touchiest segments in wireless communi-
cations. It assumes a basic job in wireless gadgets. Essentially, the gadget’s
communications ability, on a very basic level, relies upon the antenna struc-
ture. Antenna configuration has kind of obstructions in accomplishing the
optimized inclusion parameters, for example, wide bandwidth, reflection co-
efficient, and high antenna gain factor. Be that as it may, these challenges
impact the exhibition of the antenna.

1. INTRODUCTION

As the next generation mobile devices are improving the requirement for
incorporating the antennas in same handset is requesting one of limitation in
doing so is to have the antenna with little size without corrupting its real exe-
cution. The size decrease for these printed upset F antennas are attainable with
various procedures [1-4]. In these works the utilizing of coupling feed, metal-
lic surfaces, a high permittivity substrate and making a space in the ground
plane are talked about. Now and again the limited ground plane use can cause
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aggravations in the radiation design like having the multi projections in the
radiation design and furthermore debase in its exhibition.

The band width of these position of safety antennas can be improved [5].
What’s more, with the use of Meta-materials we can upgrade gain [6] radia-
tion the ideal region [7] and recurrence tuning [8] and furthermore radiation
vitality undoing and shared obstruction retraction [9] can be acquired. When
working with the PIFA the ground is typically not very longer than \/4 or not
very not exactly \/4 since any longer ground plane causes the multi projections
in the radiation design and the less size ground plane causes the troublesome
in tuning and furthermore the exhibition drops. Novel Meta material stacked
multiband fix antenna and Meta material antenna with EBG stacking has been
introduced in [10]. The Inverted F Antenna (IFA) normally comprises of a
rectangular planar component situated over a ground plane, a shortcircuiting
plate or pin, and a taking care of system for the planar component. The In-
verted F antenna is a variation of the monopole where the top area has been
collapsed down in order to be corresponding with the ground plane. This is
done to decrease the stature of the antenna, while keeping up a full follow
length. This equal area acquaints capacitance with the information impedance
of the antenna, which is repaid by actualizing a short out stub. The stub’s end
is associated with the ground plane through a by means of. The ground plane
of the antenna assumes a critical job in its activity. Excitation of flows in the
printed IFA causes excitation of flows in the ground plane. The subsequent
electromagnetic field is shaped by the collaboration of the IFA and a picture
of itself underneath the ground plane. Its conduct as an ideal vitality reflector
is reliable just when the ground plane is boundless or particularly bigger in
its measurements than the monopole itself. Practically speaking the metallic
layers are of similar measurements to the monopole and go about as the other
piece of the dipole.

1.1. Planar Inverted F Antenna. The Planar Inverted-F antenna (PIFA) is pro-
gressively utilized in the mobile phone showcase. The antenna is resounding
at a quarter-frequency (in this way lessening the necessary space required on
the phone), and furthermore regularly has great SAR properties. This antenna
looks like an inverted F, which clarifies the PIFA name. The Planar Inverted-F
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FIGURE 1. Inverted F Antenna

Antenna is well known in light of the fact that it has a position of safety and an
omnidirectional example. The PIFA is appeared from a side view in Figure 2.
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The PIFA is resonant at a quarter-wavelength because of the shorting pin
toward the end. We'll perceive how the resonant length is characterized pre-
cisely in a moment. The feed is put between the open and shorted end, and
the position controls the information impedance.

1.2. Dimensions of PIFA. One strategy for reducing PIFA size is basically by
shortening the antenna. In any case, this methodology influences the impedance
at the antenna terminals with the end goal that the radiation opposition gets re-
sponsive too. This can be remunerated with capacitive top stacking. Practically
speaking, the missing antenna stature is supplanted with a proportional circuit,
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which improves the impedance coordinate and the proficiency. The capacitive
stacking decreases the reverberation length from \/4 to not exactly )\/8 to the
detriment of bandwidth and great coordinating. The capacitive burden can be
delivered by including a plate (corresponding to the ground) to create an equal
plate capacitor.

1.3. Resonant Frequency. L1+12= )\/4
When W/L1=1 then L1+H= )\/4
When W=0 then L1+1L2+H= )\/4

e The presentation of an open slot reduces the frequency. This is be-
cause of the way that there are flows streaming at the edge of the
formed opening, in this manner a capacitive stacked space lessens the
frequency and accordingly the antenna measurements definitely. A sim-
ilar standard of causing openings in the planar component to can be
applied for double frequency activity also.

e Changes in the width of the planar component can likewise influence
the assurance of the resonant frequency.

e The width of the short out plate of the PIFA assumes a significant job in
overseeing its resonant frequency. Resonant frequency diminishes with
the reduction in cut off width, W.

e Not at all like miniaturized scale strip antennas that are routinely made
of half-wavelength measurements, PIFA's are made of simply quarter-
wavelength.

2. PROPOSED DESIGN

The proposed antenna configuration is a development of prior exploration.
In [5], it was discovered that varieties of the widths of the determined and
parasitic components won’t bring about any huge change in the impedance
bandwidth. In [10], the determined antenna component energizes the higher
frequency mode, while the parasitic antenna component controls the lower-
frequency mode to give double band activity to mobile telephone applications.
What'’s more, utilizing the idea of expelling half of the antenna geometry along
the line of evenness of the structure, the antennas in [5] may be diminished
to half of its unique size without disintegration of their general qualities. In
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view of the consequences of [5], the point of the current work was a trade off
structure process among size and impedance bandwidth imperatives to under-
stand a little wideband antenna on a little ground plane (preferably 30 mm Xx
15 mm), working over the WLAN.

The structure idea embraces the guideline of various transmitting compo-
nents, each supporting solid flows and radiation of one of the two resonant
modes. It ought to be noticed that the parasitic PIFA is received rather than
the inverted-L component, as applied in the antenna structure. This is on the
grounds that the parasitic PIFA can give more degrees of opportunity in its
geometry parameters in the antenna structure enhancement process, in corre-
lation with the inverted-L component, and henceforth this gives greater adapt-
ability to accomplish the ideal objectives of the antenna execution. The de-
termined PIFA is the essential component that administers the lower resonant
frequency, while the higher resonant frequency is energized by the blend of the
determined and parasitic PIFAs. This is an opposite strategy for excitation. A
culmination is that the coupling hole between the two PIFAs is basic and a non-
ideal decision of this can bring about limited impedance bandwidth or awful
impedance coordinating over the necessary frequency band. It must be under-
scored that the taking care of technique likewise assumes an impressive job
in accomplishing wide impedance bandwidth: a broadband rectangular strip
with a 0.5 mm feed hole was utilized to energize the determined PIFA as op-
posed to utilizing an ordinary test (wire) feed. This improved the impedance
coordinating on account of its diminished inductance contrasted and the test
feed [5]. Further, a space was presented in the vertical shorting mass of the
determined PIFA so as to decrease the coupling between the rectangular feed
strip and the shorting divider, and subsequently to improve the impedance
coordinating. This got clear from the parametric investigation. At first, the
geometry parameters of the proposed antenna and the resonant frequency for
the determined and parasitic PIFAs can be around anticipated, utilizing the
accompanying equation:

C
(2.1) f:4><(W+L)’
where c is the speed of light; W and L are the width and length of the transmit-
ting component, individually. In the first place, utilizing the essential antenna
measurements appeared in Figure 3, it is discovered that the determined =



5206 G. VENU, A. GOUR, AND S.P.V SUBBARAO

PIFA PIFA is resonant at f; = 2.3G H z, whereas the parasitic = PIF is resonant
at fy = 3.4GHz.

In the future, the determined PIFA is optimized with measurements of 17.6mm x
15mm x hlmm, while the parasitic PIFA is 8mm x 14.1mm x h2mm. For sim-
plicity and speedy usage in a common business wireless packaging or walled
in area, them two are mounted on a 30mm x 15mm limited ground plane.
For ideal coupling, the partition between the two components is 4.4 mm. The
thickness of the copper sheet and the feed hole separation are both 0.5 mm.
This setup has in general elements of 30mm x 15mm x h2mm, which is pro-
portional to 0.24\ x 0.12) x 0.064\, where ) is the wavelength at most reduced
resonant mode, embracing the optimized estimation of h2, 8 mm.

3. RESULT

In the parametric investigation process, a lot of optimized geometry param-
eters has been distinguished as offering a broadband impedance coordinating
reaction for the proposed antenna, where d1= 11.1 mm, d2 = 5.5 mm, hl =
5.3 mm, h2 = 8 mm, ws = 5 mm and the ground plane size is limited at 30 mm
x 15 mm. The deliberate and reproduced (utilizing HFSS) reflection coefficient
|S11| results are appeared in Figure 4: these show sensible understanding in
spite of the fact that there is a frequency move that can be credited to manu-
facture blunders in building this little antenna. As can be seen, the impedance
bandwidth of the antenna envelops the working frequency spectra from 2.4 to
6.2 GHz for a reflection coefficient |S11| <-10 dB, which compares to 3.8 GHz
bandwidth or about 88.4% relative bandwidth as for the middle frequency 4.3
GHz. The bandwidth accomplished completely covers the frequency range of
WLAN (IEEE 802.11a/b/g, 2.4/5.2/5.8 GHz), WiMAX (2.5/3.5/5.5 GHz) and
the uplink UWB radio band (3.1-4.8 GHz). The reproduced and estimated in-
creases of the structured antenna in the broadside heading over the frequency
run from 2.4 to 6.0 GHz are appeared in Figure 5. Once more, there is some
change in light of creation blunders yet it tends to be seen that a for all intents
and purposes valuable normal increase of 2.95 dBi was estimated with +1.0
dBi of addition variance.
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Estimations of the far field radiation examples of the model antenna cluster
were acted in a 100 m? anechoic chamber utilizing a rise over-azimuth posi-
tioner, with the height pivot correspondent with the polar hub (6 = 0°) of the
antenna’s co-ordinate framework. The azimuth drive along these lines pro-
duced cuts at consistent. The fixed antenna (reference antenna) was a broad-
band horn (EMCO type 3115) situated at 4 m. The height positioner was
pivoted from # = —180° to 180° in additions of 5° for the chose estimation.
Two example cuts (for example x-z and y-z planes) were recorded at five chose
working frequencies: 2.4, 3.0, 4.0, 5.2 and 5.8 GHz, covering the entire of the
assigned bandwidth in this investigation.

CONCLUSION

A planar inverted F-antenna of little size, covering the working groups of
WLAN and the lower band UWB wireless standard has been introduced. The
antenna plan idea was fit for covering 88.4% relative impedance bandwidth
with worthy reflection coefficient |S11|. The antenna has indicated steady om-
nidirectional radiation designs and sensible increase esteems over the working
groups. The exploratory outcomes show acceptable exhibition and great con-
currence with the registered outcomes. With its broadband trademark, the
proposed antenna is very appropriate to multi-band wireless applications.
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