Indian Journal of Science and Technology, Vol 9(46), DOI: 10.17485/ijst/2016/v9i46/107146, December 2016

ISSN (Print) : 0974-6846
ISSN (Online) : 0974-5645

Performances Evaluation of Reflectarray Antenna
using Different Unit Cell Structures at 12GHz

Christelle Uwizeye', Mohd Fairus Mohd Yusoff", Igbafe Orikumhi? Zaharah Johari' and Mazlina Esa'

'Electrical Engineering, Universiti Teknologi Malaysia, Johor Bahru - 81310, Skudai Malaysia
“Wireless Communication Center Universiti Teknologi Malaysia, Johor Bahru - 81310, Skudai Malaysia

Abstract

Objectives: To compare the performance of different unit cell shapes in the reflectarray antenna design and to provide a
reference guide for researchers which reduce the time spent in the study of unit cell performance. Methods/Statistical
Analysis: This paper employs related literature review and design. The design aspect being with the study of different unit
cell elements, the optimized unit cell sizes are then used to build a reflectarray antenna. The antenna analysis was carried
out via simulations on CST studio 2015. Findings: It is observed from exiting literature that although several unit cell have
been studied in the design of reflectarry, no comparison has been made from the different unit cells performance. The
simulated results show that reflectarray antenna can achieve high gain and high performance with the benefit of low cost,
low weight, low transmission losses due to the low profile of the feeding mechanism and their small size. In addition, the
study shows that circular patch unit cell elements perform better than the rectangular, triangular and cross shape studied
in this paper. Applications/Improvements: This paper shows the performance of four different unit cell shapes at 12HGz,
the optimized unit cell are then used to achieve high gain reflector ray antenna.
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1. Introduction

High gain can be achieved in antennas with a big antenna
aperture such as the parabolic antenna, or a large array
of small size antenna such as the phased array antenna.
Theoretically, a larger aperture antenna can provide
higher directivity, larger amplitude higher uniform
field phase and on the aperture’. However, large aper-
ture makes the antenna bulkier and requires supporting
structure which makes them less compatible with mod-
ern communication systems. On the other hand, an array
of a small antenna increases directivity and achieves high
gains but the implementation of phased array antenna is
usually affected by complex feeding networks and high
transmission losses. Reflectarray antenna is being con-
sidered as the possible alternative. Reflectarray antenna
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exploits the advantages of both the parabolic antenna
and the phased array antenna while mitigating their dis-
advantages>>.

Reflectarray antenna is made up of two main parts;
the printed element array and a feeding source antenna
which is usually a horn antenna which illuminates the ele-
ment array. The elements vary in sizes where each specific
size provides the phase shift with compensate for the path
length difference between the feeding source and the ele-
ment. The different sizes in the reflectarray antenna enable
collimated beams to be created in the far-field region with
uniform phase region®. The use of horn antenna at the
focal point of the reflectarray antenna eliminates the
complexities in the feeding network and the transmission
losses in phase array antennas while the arrays reduce the
sizes and bulkiness of the parabolic antennas®.
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In addition, several benefits can be obtained from
reflectarray antenna such as; low profile, low-cost, high
gain and planar design which allows them to be easily
integrated into other structures’. They also by integrating
Micro-Electro Mechanical Systems (MEMS)8 with the
design, beam-scanning capabilities can be achieved.

Although reflectarray antenna provides numerous
advantages, the design of each unit cell elements>'® for
specific application requirements remains a major chal-
lenge. In this paper, the uses of four different unit cell
shapes are investigated at 12 GHz. The reflected phases of
each unit cell are initially studied by means of simulation.
Then, the complete reflectarray antenna performances
are evaluated based on the antenna radiation patterns and
gain.

2. Unit-Cell Design

In this section, the unit cell shapes (rectangular, circular, tri-
angular and cross shapes) under investigation are discussed.
The infinite-array approach'" has been adopted for unit-cell
phase shift design that accounts for the mutual coupling
effect from the surrounding elements. Table 1 shows the
material specification and parameters.
All design simulations are carried out using CST
Microwave Studio software. Figure 1 shows the geom-
etry of the different unit cell shapes. In this simulation,
each unit cell phase shift is tuned using different param-
eters which are noted as the length (L) for rectangular,
radius (d,) for circular, width (W,) for triangular and
width (W,) for cross shapes. The other parameters were
kept constants.
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Figure 1. Phase shift tuning parameters for various Unit
cell shapes (a) Rectangular (b) Circular (c) Triangular (d)
Cross.
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Table 1. Material Specification and Parameters

Substrate material Roggers RT/Duroid 5880
Relative permittivity 2.2

Loss tangent 0.0009
Thickness of substrate 0.254 mm
Conductivity layer thickness 0.035 mm
Element spacing 0.5\

3. Reflectarray Antenna Design

The reflectarray antennas designed are comprised of an
11 by 11 elements with a total size of 13.75%13.75 cm?
with an inter-element spacing of 0.5\. Each unit cell ele-
ment is designed with a specific size to compensate for the
difference in path length between the feeding source and
the element. Figure 2 shows the basic reflectarray antenna
configuration.

Primary
source
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A

Figure 2. Reflectarray antenna configuration.

The incidence wave on each element can be
computed as

¢inc,n (fO ) = _kO Sn + ¢primary_source
-2, (1)

2/ + ¢primary _ source
0

where S is the path length between the primary feed to

the scattered unit cell n and k, is propagation constant in
2r

A

avacuum, k, =
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The phase shift on each unit cell @,,,_.,, is first cal-

culated based on its position on the reflectarray antennas
as follows.

¢unu—ceu,n (f 0 ) = _¢m(,n = _(_ ko S, + ¢pnmm)r‘7 smme)

_ _[ﬂ + @ pimary_source ] (2)

A

To achieve total reflection of the incidence rays (2)
shows that the phase shift should be and the incidence
phase should be equal in magnitude. The total reflected
phase, @, ., can then be obtained as

¢ref,n (fO ) = ¢unit—cell,n (fO )+ ¢inc,n (fO ) = 0 (3)

In this paper, the horn antenna is placed at the reflec-
tarray antenna focal point, such that the reflectarray size
is equal to the distance between the feed and reflectarray,
i.e. F/D =1 Figure 3.

(a) (b)
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(c) (d)

Figure3. Reflectarray antenna structure (a) with rectangular
elements (b) with cross elements (c) with circular elements
(d) with triangular elements.

4. Results and Discussions

The reflected phase results for each unit cell are displayed
in Figure 4. It can be observed that the reflected phase
range response are obtained as 344°, 347°, 349° and 350°
for rectangular, circular, triangular and cross shapes
respectively. In addition, all shapes exhibit almost similar
curves with very rapid variation near the resonance and
very slow in extreme value.
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Figure 4. The reflected phase response for four different
unit cells with different parameters as tunable phase shifter.

The simulated radiation patterns of the E-plane and
H-plane at 12GHz are presented in Figure 5. The results
show the main lobe in a broadside direction for all anten-
nas. The circular shape also provides better radiation
patterns in the E and H planes with low side lobes level
below (-10dB) and smooth patterns compared to the
reflectarray with other shapes. However, others shapes
are affected by higher side lobes level. This can be as
results of the unit cell elements phase error during the
design process. Furthermore, the triangular and cross
shapes show a broader beamwidth with ‘shoulder’ effect
on the main beams.
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Figure 5. Radiation pattern (a) E-plane.
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Figure6. Radiation pattern (b) H-plane reflectarray antenna
at 12GHz.

The realized half power beam width (HPBW) of the
circular shape reflectarray in the E-plane and H-plane
are observed to be 8.7° and 9.1° while the side lobe
level is -12.2 and -12.6 dB respectively. The HPBW
of the cross unit cell shaped reflectarray is observed
to be 10.8°and 12.7 ° with side lobe level of -11.1 dB
and -6.0 dB in the E-plane and H-plane respectively.
11.4 °in the E-plane and 22.4° in the H-plane HPBW is
observed for the rectangular shape element reflectar-
ray antenna. Side lobe level of -8.3 dB and 10.7 dB are
also observed in the E-plane and H-plane respectively.
Finally, the HPBW of the triangular element shaped
reflectarray is observed to be 27.2° and 10. 2° with side
lobe level is -2.6 dB and -10.1 dB in the E-plane in the
H-plane respectively.

The observed gain at 12GHz from the reflectarray
antennas are presented in Figure 6. It can be seen that
the circular shape provides much higher gain (21.2dB)
compared to the other shape elements. A gain of 17dB,
16.1dB and 15.7dB is achieved for cross, triangular and
rectangular shaped reflectarray elements respectively.
This indicates that the reflectarray performances do
not solely depend on the reflected phase range of the
unit cell only. This can be observed in circular and
rectangular shaped reflectarray elements which give
much better performances although they have less
range compared to the cross and triangular shapes.
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Figure 7. Gain comparison of different unit cell shapes

versus frequency.

5. Conclusion

This paper investigates the performance of four reflectar-
ray antennas with cross, rectangular, triangular and circular
shaped unit cells. The four designs are compared based on
their antenna radiation pattern, unit cell reflected phase
response and gains. It is observed that, all the antennas
show broadside radiation patterns and achieved a gain
higher than 15dB at 12GHz. The achieved gains make
them suitable for Ku-band systems. In addition, the
results of the four reflectarray antennas are compiled in
this paper as for quick reference to researches as it aims
to reduce the time taken for designing such reflectarray
antenna at 12 GHz with the four unit cell shapes provided
in this paper.
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