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ABSTRACT

This paper describes dual-band patch antenna. The dual-band operation is obtained by embedding a pair of
Lshaped slots. Dual band antenna can reduce the size of antenna 40%, comparing with rectangular microstrip
antennas on normal dielectric substrate, and have wider bandwidths for both bands. In this paper L-shaped
slots patch antenna with length L= 25.74 mm and width W = 31.20 mm fabricated based on availability of
Rogers Duorid 5880 dielectric material and a prototype antenna is developed. The dielectric constant of
Rogers Duorid 5880 material is ¢, = 2.2 having thickness h = 0.16 mm and copper thickness is 35 microns
using a coaxial feeding method for dual band operation. The prototype antenna is operating in S band frequency

range.
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1. INTRODUCTION

The rapid increase incommunica tion standards has
led to great demand for antenn as with low real estate,
low profile and size, low cost of fabricationand ease
of integration with feeding ne twork [1-2]. Microstrip
patch antennas are widely used due to its advantages
such as low profile configurat ion, relative low cost,
and ease ofconstructionthat canbe produced in great
quantity byprinted circuit te chnologyand the possibility
ofwrapping the antenna around objects using flexible
substrates. On the other hand, this antenna posses
several disadvantages includin g narrow bandwidthand
low gain [3-5]. Hence, many re searchers have been
studying these disadvantagesw ithafocusonimproving
performance of patch antenna parameters and
achieving compactness.

A microstrip antenna in its s mplest form consists
ofaradiating patch on one si de ofa dielectric substrate
and aground plane on the other side.
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Fig.1. Microstrip Antenna Configuration

* Patch: present the radiant con ductive element and
which can take several forms.

 Substrate: allows to isolate b oth conductive planes,
Characterized by the permittiv ity.

*  Ground plane: conductor situat ed below the circuit
onwhich is placed the substrate.

2. METHODOLOGYADAPTED

Microstrip patch antennas radiate primarily
because ofthe fringing fields betweenthe patch edge
and the ground plane. Forgood antenna performance,
a thick dielectric substrate having a low dielectric
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constant is desirable since this provides better
efficiency, larger bandwidtha nd better radiation.

The preferred models for the a nalysis of microstrip
patch antennas are the transmi ssion line model, cavity
model, and full wave model (wh ich include primarily
integral equations/Moment Meth od). The transmission
line model is the simplest of all and it gives good
physical insight.

2.1Method of Analysis

Transmission line modelrepres ents the microstrip
antenna by two slots of width W and height h
separated by a transmission line of length L. The
microstrip is essentially a no nhomogeneous line of
two dielectrics, typically the substrate and air.

In Figure 2, most ofthe elect ric field lines reside in
the substrate and parts of som e lines in air. Asa result,
this transmission line cannot support pure transverse
electric magnetic (TEM) mode o ftransmission, since
the phase velocities would be different inthe air and
the substrate. Instead, the daminant mode of
propagation would be the quasi -TEM mode. Hence,
an effective dielectric constant (&reff ) must be
obtained in order to account for the fringing and the
wave propagation inthe line [ 6-7].

Fig.2. Electric Field Lines

Thevalue of ( £reff ) isslightlylessthen &, because
the fringing fields around the periphery of the patch
are not confined in the dielec tric substrate but are also
spread in the air as shown in Figure 2 above.
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Where,

Ereff = Effective dielectric consta nt
&, = Dielectric constant of subst rate
h = Height of dielectric substra te
w = Width of the patch

Consider Figure 3 below, whichshows a
rectangular microstrip patcha ntenna of length L, width
W resting ona substrate of heig ht h. The co-ordinate
axis is selected such that the length is along the x
direction, width isalong the y direction and the height
is along the z direction.

In order to operate in the fundamental TM10
mode, the length of the patch must be slightly less
than 1/2 where j isthe wavelengthinthe diel ectric
mediumand isequalto g / \/@ where A isthe
free space wavelength. The TM1 0 mode implies that
the field variesone 1/2 cycle along the length, and
there is no variation along th e width ofthe patch. In
the Figure 4 shown below, the microstrip patch
antenna is represented by two slots, separated by a
transmission line of length L and open circuited at both
the ends. Along the width of t he patch, the voltage is
maximum and current is minimum due to the open
ends[9]. The fields at the edg es can be resolved into
normal and tangential componen ts with respect to the
ground plane.
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Fig.3. Microstrip Patch Antenna
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ItisseenfromFigure5that the normal components
ofthe electric field at the t wo edges along the width
are in opposite directions and thus out of phase since
the patchis A/2 long and hence they cancel each
other in the broadside direction. The tangential
components (seen in Figure 5), which are in phase,
means that the resulting fields combine to give
maximum radiated field normal to the surface of the
structure. Hence the edges along the width can be
represented as two radiating slots, which are a part
and excited in phase and radiating in the half space
above the ground plane.The fringing fields along the
width canbe modeled as radiat ing slotsand electrically
the patch of the microstrip an tennalooks greater than
its physical dimensions. The d imensions of the patch
along its length have now been extended oneachend
by a distance A L.
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Fig. 4. Top View of Antenna
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Fig.5. Side View of Antenna
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The effective lengthof the patch L. now becomes:
L=L+2AL ©)

Fora givenresonance frequenc yf, the effective length

K.
f ( jz ( jz |
0 2 8reﬁ L W ( )

Where, m and n are modes along L and W
respectively. For efficient ra diation, the width Wis:

C

8r+1 (5)
2

W=
2f,

2.2 Feed Point

The Coaxial feed or probe feed isavery common
technique used for feeding Mic rostrip patch antennas.
As seen from Figure 6, the inner conductor of the
coaxial connector extends thro ugh the dielectric and
is soldered to the radiating patch, while the outer
conductor is connected to the ground plane.

The feed co-ordinates were calculated Y, = W/2

and X=X, AL
Where,
L 50
X =—cost [—
0= . 6)

Z,=+/90x12, (7
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Fig.6. Coaxial Feed

The mainadvantage of this typ e of feeding scheme
is that the feed can be placed at any desired location
inside the patch in order to match with its input
impedance. This feed method is easyto fabricate and
has low spurious radiation.

2.3 Dielectric Substrate

Considering the trade-off between the antenna
dimensions and its performance , it was found suitable
to select a thin dielectric su bstrate with low dielectric
constant. Thin substrate permits to reduce the size
and also spurious radiation as surface wave and low
dielectric constant for higher bandwidth, better
efficiency and low power loss.

3. ANTENNA DESIGN
3.1 Slotted Rectangular Patch Antenna

In this paper, the two L slot is cut in microstrip
patch for wide band width. L-shaped slots easily
formed by cutting two slots fr oma rectangular patch.

By cutting the slots froma pa tch, gain and bandwidth
of microstrip antenna can be enhanced by using
substrate RT Rogers Duroid 5880 of thickness 1.6
mm and conductor is copper of 35 microns.

Fig.7. Layout of slotted Patch Antenna

Fig.8. 3D view of slotted Patch Antenna

The figure showsthe layout an d 3D view of slotted
patch antenna with embedding a pair of L-shaped
slots with appropriate length and width.

4. RESULTSAND DISCUSSION

For the Simulation of proposed antenna Agilent
ADS software have been used. I nthis simulation we
have tried to obtain optimized performance ofvarious
antenna parameterssuchasret urn loss, gain, radiation
pattern, directivity etc. With the help of Agilent ADS
software we can also calculate the bandwidth
percentage. With the proposed antenna we have
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achieved a veryappreciable pe rcentage of bandwidth
which could be useful for the wireless communication
as wellasapplication in S band

®)
Fig.9. Radiation Intensity of Slotted Patch Antenna

From the figure radiation intensity of slotted patch
antenna at different time inst ants can be observed.
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Fig.10. S11of slotted Patch Antenna

From the plot it can be observed that return loss at
frequency 7.5GHz is maximum which is near by -
13dB.
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Fig.11. Smith Chart of Slotted Patch Antenna

The figure shows the smith chart of slotted patch
antenna.

The polar plot represents the directivity (7.85468),
efficiency (79.201%), gain (6. 84199dbi) and power
radiated (.000399234watts) of antenna.

Circular Polarization Linear Polarization

E_lefl E_fight

Fig. 13. Polarization of Slotted Patch Antenna

The polar plot represents the liner and circular
polarization withaxial ratio occurred by coaxial feed
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Fig.14. Epofslotted Patch Antenna

The figure shows the radiation patternofslotted patch
antennainterms of E,

Power radiated (Watts) 0.000399234

Effective angle (Steradians) 2.05941
Directivity{dBi) 7.85468
Gain {dBi) 5.84199
Maximim intensity (Watts/Steradian) 0.000193359
Angle of U Max (theta, phi) 2 78
E(theta) max (mag,phase) 0.375851 -163.426
E(phi) max {mag,phase) 0.0692596 -160.125
Ef{x) max (mag,phase) 0.0111392 176.085
E(y) max (mag,phase) 0.381797 -163.302
E{z) max {mag,phase) 0.013117 16.5737

Fig.15. Performance Parameter of Slotted Patch Antenna

The figure represents the diff erent parameter of slotted
patch antenna occurred by coaxial feed.

5. CONCLUSION

From the simulated results, it is clear that the
proposed antenna exhibited a compactness of 77 %
with omni directional radiation characteristics.
Proposed antenna resonates at two frequencies 3.6
GHz and 7.4 GHz signifying dua Ifrequency. This dual
frequency behavior increasesi ts applications in radar
and satellite communications. Although the gainofthe
antenna is high and efficiency isalso high. Hence, the

proposed patch antenna s a lo w cost, moderate gain
antenna solution for various S band wireless
applications. The different parameter of pair of L-
shaped slot patchantenna is t he directivity (7.85468),

efficiency (79.201%), gain (6. 84199dbi) and power
radiated (.000399234watts).
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