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ABSTRACT

Low BW (Bandwidth) is a major limitation of microstrip antennas. A patch antenna having a large BW for Ku
band applications is demonstrated in this manuscript. The skills of Defected Ground Structure (DGS) and
defected driven patch were engaged to widen its BW. Four slices have also been confiscated from the ground
for upgrading various characteristics. It is established on the basis of this study that it can be employed in
spectrum defining Ku and K bands. It puts forward an impedance BW of 8GHz, which is appropriate for
numerous applications. The ground/substrate of the structure under consideration is 22x10~m long and 10x10
3m wide and these specifications imply that the volume of this design is very small. The entire structure’s utmost
thickness is 1.67x10m. It can be easily installed in relevant handy electronic devices. Investigations and
analysis in this case are made with computer software known as Computer Simulation Technology. The
simulated design exhibits a very good gain and efficiency. Deviation in the gain of the simulated design was
from 4.4 7.3dBi and it guaranteed the highest efficiency of 98.6 %. Some minor changes in the antenna resulted
in expansion in the BW from 8GHz to 14GHz. The return loss which was recorded at frequency of 18.15GHz
went to 48.97dB and the mentioned changes assured the uppermost efficiency of 83.1%. The fabricated antenna
achieved a bandwidth of 28GHz which is far better than the simulated bandwidth.
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1. INTRODUCTION s Loy
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wideband antenna is very important part in
the current epoch of wireless communication
systems.  Recently, researchers have l
developed a great interest in designing large BW g e A
antennas in Ku and K bands [1-6]. These higher * y
frequencies antennas serve different areas of wireless
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communications like satellite used for mobile services,
satellite used for broadcast services and fixed satellite h I

communication links [7]. A microstrip patch antenna

iy Ground Pl

FIG. 1. SIMPLEST STRUCTURE

in its simplest form is exposed in Fig. 1. ane
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A number of methods have been devised so for to get
the large BW. Some researchers have worked on thick
substrate but it makes the antenna bulky. Passive
elements which are known as parasitic patches have
been employed for the purpose under consideration.
Electromagnetic Band Gap Structures and different
feeding mechanisms have improved the BW as well
and all these methods have been conferred in [8-11].
A lot of work has been done on the DGS in which
deliberate defects or slots are created purposely in the
ground for the improvement of the BW [12-14]. A new
patch antenna [15] has a simple undersized structure
and it leads to a fine BW. The antenna simulated
bandwidth is 1.97 GHz which varies from 10.94GHz
t012.91GHz, while its measured BW is 2.75GHz. It
can be concluded on the basis of the measured and
tested results that the fabricated structure confirmed
better performance in comparison with the simulated
one. The gain in this research paper has been declared
as 4.91dBi. The antenna for Ku band satellite
communications with dual-band operation is argued in
[16]. The values of two resonating frequencies from K
band were reported and it was argued that the structure
was matched properly for its efficient operation. The
BW of 854 and 1140 MHz were accomplished. In
comparison with other radiating antennas in [17-19],
the proposed antenna had a broad BW. A patch
antenna on Teflon substrate was examined in [20] and
BW of 4.1GHz was established during this study. Its
coefficient of reflection was recorded as 26.55
decibels. Another antenna with a size of 1515 mm
[21] has BW of 0.95 GHz for Ku-band applications.
The simulation results of [22] have established 2.1
GHz BW. The microstrip antenna has got attraction
due to it light weight, it can be fabricated easily and it
is very cost effective. It has so many applications in
wireless communication systems [23-24]. Many
antenna configurations are projected in literature to
enhance BW requirements. An elliptical structure was
optimized in [25] which guaranteed its employment in
the mentioned spectrum. This research implies that
variation in patch structure improves different
characteristics. Air is a dielectric material as well but
a solid dielectric objects are implemented as substrate
as it enhances the mechanical strength of the structure.
It was derived in [26] that for designing an efficient
structure, the designer needs to pick the best dielectric
material with appropriate thickness as different

characteristics are dependent on it. It was concluded in
[27] that parasitic patches should be put into practice
in comparison with increasing the substrate’s
thickness for the extension of the operational BW as
this is the only technique that does not debase the
remaining performance parameters. Different novel
mechanisms were explored in [28] for the optimum
design having reasonably high gain and large working
electromagnetic spectrum.

For the comparison of the BW of the proposed
structure a paper in [29] was reviewed. This circular
Patch dual antenna provided the first impedance BW
of 309 and the second BW of 501MHz. The BW and
efficiency of the proposed design is far better than both
of the mentioned BWs.

2. DESIGN OF THE ANTENNA

The Preperm L450 was selected as a substrate material
as it is very efficient. The relative permittivity of the
selected material is 4.5, loss tangent is 0.0005 and its
height is represented by h. The computer software
which was engaged for simulating the proposed
antenna is Computer Simulation Technology [30].
Computer Simulation Technology Microwave Studio
is a powerful three dimensional tool which enables fast
and accurate analysis of high frequency components
like antenna, filters and couplers. The specifications
for the design are given in Tablel. The copper material
was used in the ground and all patches of this design.

TABLE 1: SPECIFICATIONS OF ANTENNA
Description of the Dimensions Values
Area of the Substrate/Ground 22x10mm?
Height (h) of the Dielectric 1.6mm
Material of the Substrate
Copper Material’s Thickness 0.035mm
Specification of Slot no 1 2.6x7mm?
Specification of Slot no 2 1x1.5mm?
Specification of Slot no 3 1x8mm?
Specification of Slot no 4 Ix5mm?
SpelelCﬁthIll .of the left side 2 5%6.5mm?
parasitic patch
Spec1f1cat10n. (.)f the right side 2 8x3mm?
parasitic patch
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Proper choice of feeding technique during the antenna
design plays a crucial role for upgrading its
performance. Two different feeding mechanisms have
been engaged in this design as the selection of an
appropriate feeding mechanism is very important for
upgrading the antenna’s performance. A very familiar
and easy method used to energize a microstrip patch
antenna is the coaxial cable feed mechanism. The
major benefit of this technique is to apply it to
appropriate position of feed patch for excellent
impedance matching. This technique has been applied
to the design of Fig. 2. Three different procedures were
engaged to get better impedance BW of the patch
antenna: Two Parasitic elements were placed on top of
the substrate in vicinity of the feed patch and these
elements cause the expansion in the BW characteristic
of the antenna. The defected ground structure has been
made in the ground plane for further improvement of
its BW and efficiency. The design has been shown in
the pictorial view of Fig. 2.

There are two parasitic patches and one Feed Patch.
Four defects were generated in the ground, which are
characterized by 1, 2, 3 and 4 in the pictorial view. The
coaxial feed was constructed at a point which was

9.4mm away from the right edge and 2.6 mm away
from the bottom edge. The specifications of the
Substrate/Ground, patches and all the four ground
slots are illustrated in Table 1. The pictorial view of
the antenna along with its specifications is displayed
in Fig. 3. The left side parasitic element was created
1.75mm above the bottom edge of the Substrate. The
Y shaped feed patch was made at the center of the
substrate. The size of the right side parasitic patch was
2.8x3mm? This element was created just by
introducing an air gap of 0.3mm in the right limb of
the Y shaped driven patch.

The view in Fig. 4. illustrates specifications of all the
four slots. Separation between Slot-1 and left edge of
the ground comes out to be 2.5mm and it is situated at
vertical distance of 1.5mm with respect to the bottom
edge of the ground. Distance between Slot-2 and the
left edge of the ground plane was 6mm. Slot-3 was
produced at a distance of 11mm from the left edge and
Imm above the bottom edge. Slot-4 is located at a
horizontal distance of 3mm with respect to the right
edge of the ground plane and 4mm above the ground
edge. All these specification are mentioned in the
dimensional view.

(—* Parasitic Patch —
—
Parasitic 4
——  Patch 1 Coaxial 3
~ 4 Feed
1..':'_) 1,2, 3and 4 are
Groud Slots
—* Patch M —
FIG. 2. PICTORIAL VIEWS OF THE PATCH AND GROUND
2.5 3.0 -
w _ 11mm 3
o ) b g —
B = B ——
e W - 2.5 L T
3.3 o . # Amm
=g 6mm l- | Tmm l
¥
FIG. 3. DIMENSIONAL VIEW OF PROPOSED ANTENNA
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FIG. 4. GROUND VIEW

3. DISCUSSION ON THE RESULTS OF
THE FIRST STRUCTURE

Key characteristics of the simulated antenna like BW,
Voltage Standing Wave Ratio (VSWR), RL (Return
Loss) and Efficiencies were investigated in this study
and the outcomes are conferred in the forthcoming
sections.

3.1 Bandwidth and Coefficient of Reflection

Coefficient of reflection portrays strength of the output
signal of the antenna and basically it is the negative
value of RL. When antenna is mismatched the total
power is not sent to the antenna and some power
returns from the antenna which is labeled as the ‘RL’.
A mismatched antenna reflects more energy in the
backward direction towards the transmitter and this
reflected energy is not available for transmission. The
reflected signal distorts the signal travelling towards
antenna which reduces the efficiency and thus the
coverage area decreases as well.

The center frequency took place at 21.46GHz in the K-
band and the corresponding value of the return loss
was observed as 45.75dB. In comparison with
different research the aforementioned value points
toward the best matching especially at the center
resonant frequency. The impedance BW which is
measured below -10dB in Fig.5 came out to be
8GHz.The attained BW is so large that it addresses the
issue of narrowness which was considered as a main
constraint of patch antennas. As this large BW is

located in the Ku and K bands, hence the antenna can
be employed for the mentioned bands applications.
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FIG. 5. RETURN LOSS VERSUS FREQUENCY

3.2 Voltage Standing Wave Ratio

Reflected signal from an antenna due to mismatch
interferes with the input signal which results into
standing wave. Significance of standing wave and
consideration of Standing Wave Ratio (SWR) are
expressed as follow; If standing wave is pure then no
energy will be transferred to antenna and consequently
no energy will be transferred to the atmospheric
information channel. So elimination of reflected wave
is very essential. For efficient operation of antenna
maximum energy should be transferred to it with the
help of matching mechanism. Once antenna is
matched properly to its feed line then it will transfer
the maximum energy to the wireless information
channel.

Ideal value of the mentioned ratio is 1. SWR graph of
the simulated design justifies its satisfactory
performance in the whole BW as shown in Fig. 6. The
minimum value of SWR which was recorded during
the simulation was 1.01 and the corresponding value
of the resonant frequency from the K-band was
21.43GHz.

3.3 Radiation Efficiency

The power radiated by an antenna is always less than
its input power due to conduction and dielectric losses.
The efficiency gives the portion of the input energy
which is transferred over to the wireless channel. So
the ratio of the power which is transferred over to the
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information channel to the power at input terminals of
an antenna is termed as radiation efficiency.

1<SWR<?2

SWR
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Frequency in GHz

FIG. 6.VSWR OF THE ANTENNA

In case of patch antenna one needs to select the
appropriate material of the substrate to improve the
radiation efficiency. The product of the mismatch loss
of an antenna and its radiation efficiency defines total
efficiency which is always less than radiation
efficiency. Fig.7 displays the radiation efficiency of
our simulated structure. Fig. 7 discloses the fact that
this antenna is an efficient antenna as its efficiency
does not drop below 90% in the whole spectrum.
98.6% efficiency will be given by this antenna at
16.4GHz. The high efficiency in Fig. 7 defends the
selection of Preperm L450 for the substrate of the
antenna.
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FIG. 7. RADIATION EFFICIENCY

Similarly, the total efficiency is exhibited in Fig. 8. A
minor difference can be observed between the
radiation and total efficiency which justifies a good
match between the antenna and feed line. The total
efficiency does go down beyond 88% and its
maximum value is 96.77%.
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FIG. 8. TOTAL EFFICIENCY

3.4 Directivity of the Simulated Design

The directivity of this directional antenna is exhibited
in Fig9. The antenna demonstrates different
directivities at different frequencies. The plot exhibits
variation in the directivity of the simulated design
from 4.6-7.6dB.

Directivity (dB)
O FRLP N WP UuUulo N

16 17 18 19 20 21 22 23 24
Frequency (GHz)
FIG. 9. DIRECTIVITY OF THE SIMULATED STRUCTURE

Various means have been investigated by the
researchers to boost the directivity and these
mechanisms are found in the relevant literature. So
fortification of this characteristic is recommended as
future work.

The product of directivity and efficiency defines gain
of the antenna. The plot in Fig. 10 exhibits variation in
the gain of the simulated design from 4.4-7.3dB. No
considerable change between the gain and directivity
of our simulated structure can be observed as plot for
the gain almost follows the same pattern. This
argument also concludes that the simulated antenna is
an efficient antenna with a large BW.
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FIG. 10. GAIN OF THE SIMULATED STRUCTURE

4. CHANGES IN THE STRUCTURE

Some changes were incorporated in the above
structure which resulted in the expansion of the BW
and the changes were highlighted in Fig. 11. Another
feeding mechanism was employed here which is
named as inset fed line.

These changes can be noted down from the
comparison between Tables 1-2. The comparison
discloses that the specifications of Slots 2-4 and the
areas of the two parasitic elements were customized
and are elaborated in Table 2.

TABLE 2: SPECIFICATIONS OF 2"> ANTENNA
Description of the
No. Dimensions Values
Area of the Substrate/
1. Ground 22x10mm?
Height (h) of the Dielectric
2. Material of the Substrate 1.6mm
Copper Material’s
3 Thickness 0.035mm
4. Specification of Slot no 1 2.6x7mm?>
5. Specification of Slot no 2 1x2mm?
6 Specification of Slot no 3 1x7mm?
7 Specification of Slot no 4 6x5mm?
Specification of the left side
8. parasitic patch 2x6.5mm?>
Specification of the right
9. side parasitic patch 2.9x2.05mm?

Separation between Slot-1 and left edge of the ground
comes out to be 2.5mm and this slot is positioned at a
distance of 1.5mm from the lower edge. Distance
between Slot-2 and the left edge of the ground plane

was 6mm. Slot-3 was produced at a distance of 11mm
from the left edge and 1.5mm above the lower edge.
Slot-4 is located at a horizontal distance of 13mm with
respect to the left edge of the ground plane and a
vertical distance of 4mm with respect to the lower
edge. The remaining specifications are mentioned in
the dimensional views.

S. DISCUSSION ON THE RESULTS OF
SECOND STRUCTURE

The above mentioned changes expanded the
bandwidth from 8GHz to 14GHz and a view of this
augmented bandwidth can be observed in Fig. 12.

SWR was brought down to 1.007 and this ratio
occurred at 18.15GHz as displayed in Fig. 13. And the
ratio at the center frequency is far better than the
papers reviewed in the literature of this manuscript.
The total efficiency fluctuates from 0.50-0.84 as
confirmed in Fig. 14.

Comparison of some of the reviewed work in the
literature survey of this paper with the proposed work
has been elaborated in Table 3. The reflection
coefficient was recorded at the center frequency. The
values of bandwidth, VSWR and reflection coefficient
of the antennas obtained in [15-16,20-22,29, 31-33]
are less and all these parameters have been improved
in this work.

6. RESULTS OF THE FABRICATED
DESIGN

The design shown in Fig. 11 was fabricated using the
parameters given in this manuscript. Two different
views of this fabricated design are displayed in Fig.15.
The left view shows the main patch along with the two
parasitic patches and the right view shows the ground
which has all the four slots. The conducting material
used in all the three patches and the ground plane are
made of copper.

This antenna was tested in the laboratory with the help
of Vector Network Analyzer which has the measuring
capability from 1-40GHz. The measured results are

discussed in the forthcoming paragraphs. The
reflection coefficient of this fabricated antenna was

Mehran University Research Journal of Engineering and Technology, Vol.
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sketched with respect to frequency as displayed in
Fig.16. The working bandwidth starts from 12.5GHz
and ends at 40.5GHz thus giving a huge bandwidth of
28GHz in the Ku, K and Ka bands. The bandwidth of
the simulated antenna was 14GHz, bandwidth. The
reflection coefficient of the fabricated structure is -
39.4dB, which was observed at the center frequency of

33.8GHz. Thus the center frequency is
33.8GHz.Comparison of the results of the simulated
antenna with the results of the fabricated antenna has
been elaborated in Table 4. The reflection coefficient

and VSWR were recorded at the center frequencies.

3.25mm 2. 50mm 2, 50mm . 2 00mm
|
6.50m o 1.00mm
L lo w il
b A
)
: ol 4 7 ¢
- o N g ‘4 'J 8
o 0 5 al o l
: : o e 0 n
5 oo :
e a 6. 00mm
]
Z.00m 7 90mm  2.90mm
3. 20m 2.60m
FIG. 11. SPECIFICATIONS OF THE PATCH AND GROUND
TABLE 3: COMPARISON OF EXISTING ANTENNA MODELS WITH THE PROPOSED DESIGN
Bandwidth . . Reflection
References Obtained Efficiency | VSWR Coefficient Remarks
[15] 2 5GHZ 82-86% i 92dB Both the bandwidth and efficiency are less than
the proposed one
-42.18dB . ..
[16] 854 and Not Less & -38.39 Both the bandwidths are negligible as compared
1140 MHz | Mentioned | than 2 dB. to the proposed one.
98.999 Its bandwidth is less than the proposed design.
[20] 4.15GHz oo 1.09 -26.55dB Its radiation efficiency is at par with the
radiation .
proposed design.
Not Less Its bandwidth is very less as compared to the
21] 0.96GHz Mentioned | than 2 -23dB proposed design.
Not . . .
[22] 2.1GHz Mentioned - -26dB Its bandwidth is less than the proposed design
309& Not Less . . .
[29] 50IMHz | Mentioned | than 2 -22.5dB Its bandwidth is less than the proposed design
[31] 400MHz 97% 122 21.79dB It.s !aandw1dth and its maximum radlathn
efficiency are less than the proposed Design
[32] 1.24GHz 84.8% L1 25dB Its bandwidth and its reflection coe'fflclent are
less than the proposed Design
[33] 5 51GHz 98.85% L1 26.01 Its bandwidth and its reflection coe'fflclent are
less than the proposed Design
Its bandwidth, efficiency and VSWR are far
This Work 14GHz 98.6% 1.007 -49dB better than the results mentioned in the above
papers.
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TABLE 4: RESUTS COMPARISON OF THE SIMULATED
ANTENNA WITH THE FABRICATED DESIGN

Simulated Antenna Fabricated Antenna
BW RL | VSWR BW RL VSWR
14GHz 49dB 1.007 | 28GHz 39 4dB 1.02

BW = Bandwidh, RF = Reflection Coefficient

The VSWR is shown in Fig.17, which confirms that
the ratio is well below 2.The minimum value of this
ratio is 1.02 which corresponds to the center frequency
of 33.8GHz
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FIG. 15. PECTORIAL VIEWS OF THE PATCH AND

GROUND
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FIG 16: REFLECTION COEFFICIENT VERSUS FREQUENCY
OF THE FABRICATED ANTENNA
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FIG. 17. VSWR VERSUS FREQUENCY OF THE
FABRICATED ANTENNA

7. CONCLUSION

Simulated exploration of an efficient and wideband
patch antenna with Preperm L450 Substrate was made
in this paper. The minimized structure can be
successfully employed in the applicable area of Ku and
K bands. The analysis concludes that the structure
provides high efficiency and a large BW in the
specified electromagnetic spectrum. The matching of
our structure with 50Q coaxial supply was carried out
by locating the mentioned feed mechanism along the
optimum location. The first antenna promises a first-
class large BW of 8GHz from 16-24GHz. The
efficiency of the design in the mentioned operational
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band is worth mentioning as it is below 98.6 and above
90%. No considerable change was experienced
between the radiation efficiency and the total
efficiency as the difference between the two is almost
negligible. The antenna has a minimized and efficient
structure and it offers reasonably wide bandwidth.
Some changes were incorporated in the structure
which assured a wide BW of 14GHz, and uppermost
efficiency of 0.83. The measured results of the
fabricated antenna are better in terms of bandwidth as
a BW of 28GHz was demonstrated during the test.
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