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Abstract:

An antenna Array is a configuration of
individual radiating elements that are
arranged in space and can be used to
produce a directional radiation pattern.
Single element antennas have radiation
patterns that are broad and hence have a
low directivity and wide beam width
compared to when the number of
element of antennas are increasing, that
is not suitable for long distance
communications with more directive
radiation. A high directivity can still be
achieved with single element antennas
by increasing the electrical dimensions
(in terms of wavelength) and hence the
physical size of the antenna. Generally,
this paper focuses on uniform linear
phased array, an array which consists of
equal-spaced elements (d), which are
fed with current of equal magnitude (i.e.
with uniform weighting) and can have
progressive phase-shift (theta) along the
array. The existence of grating lobes
and the mechanisms that can be
implemented to reduce these grating
lobes are also the main points of interest
in this paper. The impact of variation of
phase angle, number of elements and
inter element spacing are also described
with  supportive  simulation using
MATLAB software.
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I Introduction

A phased array, in antenna theory, is
an array of antennas in which all of
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the phases of each signal that feeds
each antenna are set in such a way
that the effective radiation pattern of
the entire array is set toward the
desired direction and that the signal is
emanating toward undesired
directions are suppressed. It is a way
to direct waves of radiation toward a
desired direction. The use of proper
antennas, with appropriate radiation
pattern, can improve the system
performance, allowing eliminating
some unwanted interfering signals,
increasing gain, efficiency and quality
of the signal reception.[1]

Phased array antenna has multiple
radiating elements, each having a
phase shifter of its own. The beams
are then formed through the shifting
of the signals phase that is emitted
from each radiating element: this
serves as constructive interference
towards the desired direction for the
waves as destructive interference for
undesired directions. The main beam
in a phased array antenna always
points in the direction of the increased
phase shift. Because of the phase
shifting and directional nature of the
application, a phase array antenna
usually has a flat surface that can be
moved, unless it is meant as a
stationary antenna, in which case it
always broadcasts in a single direction
Phased arrays antennas are used in
AM broadcasting to provide more
power and range and so that they will
only serve their area of licence and
not interfere in others.[1]

As we know different antennas are used
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for different purposes. So, this process
is achieved by either designing or
modifying (redesigning) antennas and
analyzing their performances by varying
the phase angle, number of element,
spacing of interelements. In this paper,
the results of the performance analysis
of the antenna array are discussed and a
brief background of the existing antenna
array, and simulation results,
conclusions and recommendations.

II Existing Phased array antenna
systems

Phased array  transmission  was
originally shown in 1905 by Nobel
laureate Karl Ferdinand Braun who
demonstrated enhanced transmission of
radio waves in one direction. During
World War II, Nobel laureate Luis
Alvarez used phased array transmission
in a rapidly steerable radar system for
"ground-controlled approach”, a system
to aid in the landing of aircraft. . Phased
arrays were developed at the University
of Cambridge. This design is also used
for radar, and 1is generalized in
interferometry radio antennas.

The relative amplitudes of and
constructive and destructive interference
effects among [2] the signals radiated
by the individual antennas determine the
effective radiation pattern of the array.
[3] A phased array may be used to point
a fixed radiation pattern, or to scan
rapidly in azimuth or elevation.
Simultaneous electrical scanning in both
azimuth and elevation was first
demonstrated in a phased array antenna.
Phased arrays are used in optical
communication [4] as a wavelength
selectivesplitter.

The aim of the proposed algorithm is to
obtain the optimum values for inter-
element spacing and  excitation
amplitude for a linear antenna array in a
given radiation pattern with suppressed
Side Lobe Level (SLL), minimum Half
Power Beam width (HPBW), improved
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directivity and placement of nulls in the
desired direction. A variety of design
examples are considered and the
obtained resultsare  validated by
benchmarking with results obtained
using other nature-inspired meta-
heuristic algorithms such as the Real-
coded Genetic Algorithm (RGA) and
the Biogeographic Based Optimization
(BBO) algorithm. The comparative
results are shown that optimization of
linear antenna array [5]using the PSO
provides considerable enhancement in
the SLL, the HPBW, the directivity and
the null control in the desireddirection.

I1I Proposed phase array antenna

For an antenna with an efficiency of
less than 100%, both the effective
area and gain are reduced by that
same amount. Therefore the above
relationship  between gain and
effective area still holds. These are
thus two different ways of expressing
the same quantity. receiving elements
could be designed to operate
primarily in the direction of the
antenna bore sight, and were in the
past typically steered in multi-element
phased array antennas having
hundreds or more elements.

Due to inherent size limitations in
spacecraft, these multi-element
phased array antennas have not
proved feasible. Rather, phased array

antennas having a

Figure 1: Phased-Array Antenna with
elements.
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relatively small number of elements
are needed. As used in the description
of the present invention, the phrase
“relatively small number of elements”
should be construed to mean from
five elements to seventeen or more
elements, up to twenty or twenty
five[6][12]. With the  present
invention, it has been found that if

certain conventional design
assumptions are disregarded,
surprising and unexpected

performance results of small element
number phased array antennas are
achieved. By choosing the antenna
parameters, it is possible to restrict the
area covered by the antenna so that
the field strength or antenna gain is
made more uniform over this beam
steering range while also minimizing
phase transients as the beam is
steered. [7][8]

The assembly is usually contained
inside a plastic random, which
protects the antenna structure from
damage. Patch antennas are simple to
fabricate and easy to modify and
customize. They are the original type
of micro strip antenna the two metal
sheets together form a resonant piece
of micro-strip transmission line with a
length of approximately one- half
wavelength of the radio waves. The
radiation mechanism arises from
discontinuities at each truncated edge
of the micro-strip transmissionline.

Figure 2 Shows an overview of the
original system. As can be seen from
that, the user supplied digital control
system provides the RF signal
processor with a steering control
voltage
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Figure 2 Top Level Block Diagram

Each antenna element consists of a
single layer patch antenna. A number
of different approaches are available
to increase the bandwidth of patch
antennas. The most common involve
the use of cavities and stacked
substrate techniques. However, these
techniques increase the complexity,
size, and weight of the design[9]. The
simplest approach is to increase the
height of the substrate. The drawback
to this approach is that if the height is
made too tall, an increase in the
production of surface waves will
decrease the antenna’s efficiency[10]
The strategy to be employed is to
moderately increase the height of the
patch antenna in order to achieve the
desired increase in bandwidth. Figure
2 shows the geometry of a typical
patch antenna.
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Figure 3 simulation results at 00

The final patch dimensions can be
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summarized as follows. The dielectric
height is 0.25”; the patch width is 6
cm; the probe radius is 0.15 cm; the
patch length is 3.913 cm. The patch is
fed using an inset of 0.75 cm from the
edge (this is the distance from the
patch’s edge to the radial centre of the
coaxial feed).

The final simulation was made more
realistic by using the patch’s true
conductor (finite thickness copper).
The simulation volume was also
expanded to include ~2 wavelength
width radiation boundary (compared
to ' wave length in original
simulation). The ground plane was
reduced from being infinite in extent.
The resulting simulation took ~30
minutes per iteration. The simulated
results were not drastically different
from the ideal simulations. We now
proceed to describe the
simulationresults.

IV Results and discussion

Phased Excitation Angle

The performance analysis by varying
the phase angle with phase difference

in 300 each with in linear and polar
form. The effect of varying the phase
angle will affect the performance of
the phase antenna array and this effect
is shown as follows. We take the theta
values 0=0, n/6, /3, n/2, 2n/3, Sn/6,
and m to analyse it in terms of
radiation intensity transmitting
capacity. And the results are as
shownbelow.

Volume XIII, Issue 12, 2021

ISSN No : 1006-7930

Figure 4 simulation results at309
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Figure 5 simulation results at 5n/6

Simulation Result with Different
Inter-element Spacing

We see the effect by varying the distance
between the elements in linear form with
constant number of elements and lamda
value at theta =pi/3. And the results are
as shown below.
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Figure 6 simulation result of
comparison of different inter-
element spacing.

The element radiation pattern is
chosen to be directional. Then in this
case, the array radiation pattern will
be totally determined by the array
factor AF. Therefore the radiation
pattern of a uniform linear array
antenna which has 10 elements with
inter-element spacing d=A/4 is similar
to the plot given in fig.4 for the array
factor. Figure Sshown in steering
angel increases to cover large area
without mechanical movement of the
physical part of phased array antenna.
This is done by changing excitation
angels of phased array antenna to
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detect signals from all direction of
antenna. As shown in Fig6 it is
understood that grating lobes exist if d
>\ disregarding value of Ptaken.

The array factor plots sketched for
different  inter-element spacing
indicate that the beam width is
inversely proportional to the spacing
between the elements for same
number of elements. Fig 6 array factor
plot shows that beam-width is greater
in the first case when d = A4
compared to the beam width when d=
A and so on.

V Conclusion

The steering angle of phased array
antenna increases to detect signal in
all direction of antenna. To maximize
the steering angle we used a variety of
values of phase angle, number of
elements and inter element spacing.
From the above specified number of
elements, phase angle and inter
element spacing we can get the
frequency range. By using inter
element spacing value equal to 2.5m,
the resulting frequency range is equal
to frequency= c¢/ lambda, where
lambda is the inter element spacing,
which gives the value of 120 M Hz.
This frequency range helps us to
identify the type of modulation we
need to use, the application of the
antenna and the beneficiary bodies.
The simulation shows how to detect
signal in all direction by changing the
excitation angle of phased array
antenna to control area around
antenna thatspecified for specific
application. This is important in radar
system to detect signal radiation in
any direction. But this is influenced
by element spacing between elements
and number of elements.

Beam width is inversely proportional
to the spacing between the elements
for same number of elements, beam-
width is greater in the first case when
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d = M4 compared to the beam width
when d= A and so on d > A, grating
lobes exist for all values of f
&narrower beam-width is achieved.
So to increases beam width without
increasing of grating lobes distance
between elements must be 0.5 A < d <
A and phase different between element
must be 0 < B <morm <P <2m
However, beam width not only
depends on distance between element
also it depends on number of elements
so beam width decreases as the
number of elements in the array
increases. That means with higher
number of elements we can achieve a
more directive radiation.

VI References:

[1] W. W. Han, F. Yang, R. Long, L. J.
Zhou, and F. Yan, “Single-fed low-profile
high-gain circularly polarized slotted
cavity antenna using a high-order mode,”
IEEE Antennas Wireless Propag. Lett.,
vol. 15, pp. 110-113, 2016.

[2] S. R. Peng, C. W. Yuan, T. Shu, J. C.
Ju, and Q. Zhang, “Design of a concentric
array radial line slot antenna for high-
power microwave application,” IEEE
Trans. Plasma Sci., vol. 43, no. 10, pp.
3527-3529, Oct. 2015.

[3] X. Q. Li, Q. X. Liu, X. J. Wu, L. Zhao,
J. Q. Zhang, and Z. Q. Zhang, “A GW
level high-power radial line helical array

antenna,” IEEE Trans. Antennas Propag.,
vol. 56, no. 9, pp. 2943-2948, Sep. 2008.

[4]N. Shinohara, “Beam control
technologies with a high-efficiency phased
array for microwave power transmission in
japan,” Proc. IEEE, vol. 101, no. 6, pp.
1448-1463, June 2013.

[5] A. X. Chen, Y. J. Zhang, Z. Z. Chen,
and C. Yang, “Development of Ka-band
wideband circularly polarized 64-element

Page No: 779



Journal of Xi‘an University of Architecture & Technology

microstrip antenna array with double
application of the sequential rotation
feeding technique,” IEEE Antennas
Wireless Propag. Lett., vol. 10, pp. 1270-
1273, 2011.

[6] B. Palacin et al., “Multibeam antennas
for very high throughput satellites in
Europe: Technologies and trends,” in Proc.
11th Eur. Conf. Antennas Propag., Paris,
France, Apr. 2017, pp. 2413-2417.

[7] Y. Rahmat-Samii and A. C. Densmore,
“Technology trends and challenges of
antennas for satellite communication
systems,” IEEE Trans. Antennas Propag.,
vol. 63, no. 4, pp. 1191-1204, Apr. 2015.

[8] J. M. Montero, A. M. Ocampo, and N.
J. Fonseca, “C-band multiple beam
antennas for communication satellites,”
IEEE Trans. Antennas Propag., vol. 63,
no. 4, pp. 1263-1275, Apr. 2015.

[9] T. Lambard, O. Lafond, M. Himdi, H.
Jeuland, S. Bolioli, and L. Le Coq, “Ka-
band phased array antenna for high-data-
rate SATCOM,” IEEE Antennas Wireless
Propag. Lett., vol. 11, pp. 256-259, Mar.
2012.

[9] Cameron, T. R.; Hum, S. V.

Eleftheriades, G. V. “A wide-angle
impedance matching meta surface,”
Antennas and  Propagation  Society

International Symposium (APSURSI), 6-
11 July 2014, pp. 21-22. [10]Guangwei,
Yang, et al. “Improving the Performance
of Wide-Angle Scanning Antenna Array
with High Impedance Periodic Structure,”
IEEE Antennas Wireless Propag. Lett.,
vol. 15, pp. 1819-1822, Mar. 2016.

[11]Toko America Inc. Mt. Propect IL, “A
miniature  patch antenna for GPS
applications,” Microwave journal, Aug.
1997. pp. 116-118.

[12]He, H.D. “A novel widebeam circular
polarisation antenna-microstrip dielectric

Volume XIII, Issue 12, 2021

ISSN No

antenna,” Proc. Int. Conf. on Microwave
and Millimeter Wave Technology, Beijing,
China, 2002, pp. 48-50.

[13]Ouyang, J., Yang, F., Yang, S.W., and
Nie, Z.P. “A novel E-shape radiation
pattern reconfigurable microstrip antenna
for broadband, wide-beam, high-gain
applications,” Microw. Opt. Technol. Lett.,
2008, 50, pp. 2052-2054

: 1006-7930

Page No: 780



