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Abstract— Micro strip  antennas are used as integrated
antennas in wireless devices such as mobile phones, and
also employed in Satellite communications. The Microstrip
Patch Antenna (MPA) finds immense applications [17] in
mobile and satellite communication, Global Positioning
System, Radio Frequency Identification (RFID), WiMax,
RADAR, Rectenna, telemedicine applications, etc. The
advantages of MPA are low weight, low profile, both linear
and circular polarization, easy feeding. The main
disadvantage of MPA is its low bandwidth [17].A
Microstrip Teeth-Like Patch Slot Antenna is proposed,
designed, fabricated and tested. The proposed antenna
operates in the desired C-Band and maintains its radiation
characteristics in it. The antenna gain and directivity vary as
2-4 dB and 5.5-6.5 dBi respectively. The proposed antenna
can find applications in Defense Applications, Satellite
Applications (6.425-6.725 GHz i.e., the Uplink frequencies
for MEASAT etc.).
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. INTRODUCTION

A. Microstrip Patch Antennas {MPA)

The Microstrip Patch Antenna(MPA) basically consists of
a dielectric substrate sandwiched between two metallic
plates on both the sides. These metallic plates consist of
the radiating patch on one side (top) and the ground plane on
the other side. The schematic diagram of the MPA is
indicated in fig. 1 [2], [32].
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Fig. 1: Micro Strip Antenna

The Patch as well as the ground plane is usually
made up of conducting material like copper. The patch
element as well as feed line is usually made over the sub-
strate by removing undesirable copper cladding. The patch
can be made of any shape, but for the ease of analysis
usually the patch is made square, rectangular, circular,
triangular, and elliptical or any other known geometrical
shapes. The parameters of the MPA are L, W, h, t. Generally
L lies in the range 0.33330 A0 < L < 0.5A0, where A0
denotes the free space wavelength. The metallic patch is
chosen to be very thin such that t <<< A0, where t
denotes the thickness of the metallic patch. The height of
the dielectric substrate h lies in the range 0.003A0 < h <

0.0510. Usually the relative electrical permittivity of the
substrate generally has a value lying between 2.2 <er <12.
The MPA can be fed by many techniques like
microstrip line feed, coaxial feed, aperture coupling,
proximity coupling. There are many techniques available
for the analysis of the MPA like Transmission line model

Il. ANTENNA DESIGN

The Microstrip Patch Antenna is designed using FR-4
substrate having dielectric constant E= 4.3, thickness
h=1.5mm and having dimensions as 30 x 45 mm? Microstrip
patch has dimensions 15 x 22.5 mm2. Teeth-like slots are
cut in the patch with the dimensions L1 = 15 mm, L2= 5
mm as shown in the diagram. The width of the slots is d =
0.5 mm and the gap between the vertical slots segments i.e.,
g = 1.5 mm. The Microstrip Patch Antenna is fed by the
coaxial cable at a distance 'sv' from one of the edges, sv =
3.5mm. The ground plane dimensions are 30 x 45 mm?. The
thickness of the metal sheet is taken as mt = 0.018mm. The
antenna structure is depicted in fig. 2.1.
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Fig. 2: Antenna Design
The various parameters of the design are tabulated
in the table 1.

Parameter

Value(mm)

L

w

5y 35
d 0.5

£ 1.3

it ie, thickness of the copper cladd 0.018

Table 1: List of parameters for antenna design 1

A. Simulation results

The Si1 parameter Of the basic Microstrip patch antenna and
that with proposed slot is shown in the fig. 2.2. As clear
from fig. 2.2, with the proposed slot in the Microstrip
patch antenna, it introduces additional band (near the
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higher order mode of the basic patch without slot) in the
811 parameter of the basic Microstrip patch antenna. The
introduction of a new band causes the widening of the S11
parameters of the basic Microstrip patch antenna near 6-7
GHz. The fundamental frequency of the antenna shifts in
the lower frequency range with the introduction of the
slot, as expected due to the lengthening of the current
Path.
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Fig. 2.2: Return Loss (811) comparison of the Microstrip
patch antenna with and without proposed slot.

The position of the slot feed 'sv' is optimized to
give the best obtainable impedance matching in the desired
band (6-7 GHz). Other parameters like LI, L2, d, g are also
optimized to obtain best results. Fig. 2.3 shows the Gain and
Directivity variation in the obtained band. The gain of the
antenna varies as around 2.25 dB to 3.6 dB and the
Directivity vary as around 5.25 dBi to 7 dBi. Fig. 2.4 shows
the radiation patterns of the designed antenna in the 6.497
GHz center frequency at different planes.
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Fig. 2.3: Gain and Directivity variation in the 6-7 GHz
band.

Fig. 2.4 shows the radiation patterns of the
designed antenna in the 6.497 GHz center frequency at
different planes.

Fig. 2.5 And Fig. 2.6 shows the parametric
variation of the parameter °d’ and ‘g’ respectively. The
parameter ‘g’ represents the gap between the vertical slots
and the parameter ’d’ represents the width of the slots. As 'd'
is increased, the 8;1parameter shifts in the higher frequency
range. As ‘g’ is increased, the 811 parameter shifts in the
lower frequencies. The values g = 1.5mm and d= 0.5mm was
selected to be the best and adopted.

B. Effects of addition of vertical slot segments

Fig. 2.7 shows various slot segments in the designed
Microstrip Patch antenna. As clearly indicated there is a
horizontal slot segment having length LI and other vertical
slots are placed having length L2. There are 5 vertical slot
segments, one in the center and 2 pairs on each side. The

effect of addition of these segments is indicated in the Fig.
2.8. Fig. 2.8 is obtained by stepwise adding the vertical slot.
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Fig. 2.4: Radiation patterns at fc = 6.497 GHz for different
radiation, fc is the Center frequency of the obtained band.
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Fig. 2.5: Effect of’d’ variation in Sy; Segments to the
horizontal slot segment and the corresponding changes in
the 811parameters IS plotted.

As indicated in Fig 2.8, the horizontal slot segment
introduces a band in the Si; parameter. As the center-
positioned vertical slot is added to the horizontal slot, the
change is unnoticeable. The addition of pairs of vertical slot-
pairs in the design shifts the band introduces towards the
lower frequency as clearly depicted. This effect is accounted
to the principle that as the slot length is increased (by
increasing the number of slots i.e. Vertical slots), the
resonant frequency decreases. Thus by adding more vertical
slot segments, the two bands move closer to each other and
the bandwidth enhancement is obtained thereby. The
addition of further slot-pairs (3rd  slot-pair) leads to
saturation in the improvement in the return loss , hence we
end up with adding only having 5 vertical slot segments
thereby achieving the best results possible.
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Fig. 2.6: Effect of 'g' variation in 811
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Fig. 2.7: Showing various slot segments
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Fig. 2.8: Effect of addition of ther Vertical slots in the
design

C. Measurement Results

The: proposed antenna was fabricated using LPKF PCB
prototyping machine. Later the antenna was tested using
Agilent Vector Network Analyzer. The measured S-
parameter has a striking resemblance with the simulated S-
parameter as shown in fig. 2.10. The fabricated antenna is
shown in fig. 2.9.

Fig. 2.9: The fabricated antenna
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Fig. 2.10: The measured S-parameter has a striking
resemblance with the simulated S-parameter.

The least variation in the measured and
simulated results could be attributed to the use of low-
frequency  SMA connectors  employed and  the
imperfections in the incorporation of the Coaxial feed
through SMA connectors. However still the measured and
the simulated results of the proposed design are quite
satisfactorily matching in agreement with each other thereby
verification of the proposed design has been done.

I11. CONCLUSION

The Microstrip Tapered Tooth-Like slot antenna is designed
which operates in the C-band, having a Gain of 2-4 dB
in the desired band and an impedance bandwidth of
13%. The Antenna can find usage in the C-band
applications like the Defense applications, Satellite
applications (6.425-6.725 GHz i.e., the Uplink frequencies
for MEASAT etc).
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