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Design and Performance Improvement of
Broad-Beam Microstrip Reflectarray

Piyaporn Krachodnok and Rangsan Wongsan

Abstract— This paper presents the design and the effectiveness
of reducing the unit cell size of microstrip reflectarray which is
duplicated the same radiating aperture as quadratic backscatter.
A reflectarrays with variable element sizes and reduced grid
spacing have been designed at 10 GHz. For a given number of
elements, it is shown that increased gain can be attainted for
reduced unit cell size with no significant change in array size.

Index Terms— reflectarray, broad-beam antenna

I. INTRODUCTION

A planar reflector or microstrip reflectarray is a printed
low-profile antenna that consists of a grounded flat onto which
a quasi-periodic array of resonant conducting element (patches
or dipoles) is etched [1]-[4]. This operation is similar in concept
to a parabolic reflector that naturally forms a planar phase front
when a feed is placed at its focus. Each element phase can be
adjusted to produce a required phase law over the antenna
aperture.

In the wireless communication applications such as wireless
local area network (WLAN) large-scale indoor base station [5],
it is desirable the antenna which has wide beam to cover a
broad area. The wide beam reflectarray for WLAN antenna is
an alternative as shown in Fig. 1 [6]. A reflectarray
configuration is attractive because it allows a single mechanical
design to be used repeatedly for a wide variety of different
coverage specifications. The only changes are required that the
printed reflecting element dimensions can be changed for each
design, in order to generate the new shaped beam. Thus, many
of the high recurring costs associated with shaped-reflector
antennas can be eliminated with flat printed reflectarrays [7].
The flat geometry of a reflectarray also lends itself to easier
placement and deployment on the WLAN large-scale indoor
base station and also in terms of manufacture.

However, it is generally observed that when the antenna
beam is enlarged, the antenna gain is reduced. In this paper, we
have investigated the influence of the unit cell size of
reflectarray on the gain performance. To achieve such
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broad-beamwidth, phase of each array element in the
reflectarray antenna is designed specifically to emulate the
curvature of the backscatter function by using patches of
different sizes. As the patch shape is not the aim of this work, it
has been chosen to be simple to design regarding to the element
position variation.

— Reflectarray

/ on ceiling

Figure 1. Reflectarray for WLAN large-scale indoor base
station.

The first section, we will present the design approach as far
as it concerns the unit cell size determination (Section I1) and
the reflection phase characteristic (Section Ill). In section 1V,
we apply this approach to calculate the radiation pattern of the
proposed antenna. Finally, the conclusions are given in section
V.

Il. UNIT CELL S1ZE DETERMINATION

Fig. 2 illustrates the geometry of an infinite reflectarray
element. As indicated, s is the center-to-center elements
spacing in both x and y directions that its size equal to unit cell
size and L is the element size. To avoid the physical contacts
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among the adjacent elements, the unite cell size is must be
larger than the element size L,

min {unit cell size} = L. 1)
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Figure 2. Geometry of an infinite reflectarray element.

The effective method for decreasing the unit cell size is to
print the element on substrate, which reduces the size of
reflectarray element. In microstrip antenna, many techniques
have been reported to reduce the size of reflectarray element at
a fixed operating frequency [8]. In general, reflectarray
elements are half-wavelength structures at reflection phase
180° and operated at a resonant frequency, which is given by

)

f z#
N
where c is the speed of light and & is the relative permittivity
of the grounded microwave substrate. From (2), it is found that
the physical unit cell size of reflectarray will be decreased at a

fixed operating frequency due to the use of the microwave
substrate with a larger permittivity.
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I1l. REFLECTION PHASE CHARACTERISTIC

A. Backscatter Function for Broad-Beam Reflectarray

In Fig. 2 (a), the perspective upper side view of the proposed
antenna which is duplicated the same radiating aperture as
quadratic backscatter fed by standard X-band horn. Fig. 3
shows the quadratic distribution of backscatter curvature by
using the geometrical function as expressed in (3). Where D is
assumed to be the diameter and A is the depth of the quadratic
backscatter reflector, respectively. With a given feed horn as
shown in Fig. 4, the appropriate distance between the horn and
the center of reflectarray can be estimated by considering the
spillover and taper efficiencies relations given in [9],[10]. At
optimum value of aperture efficiency, a feed distance to
diameter ratio (f/D) provides spillover and taper efficiencies of
76% and 84% respectively. Thus feed distance is chosen to be
of 21.25 cm at 104 reflector diameter. This structure radiates
the beam that illuminates a predefined circular area without
substantial spatial variation.
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Figure 3. Quadratic distribution.
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Figure 4. Radiation pattern of standard X-band Horn.
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Figure 5. Aperture efficiency of reflectarray.

B. Required Phase Delay

Fig. 6 depicts the analysis model of broad-beam microstrip
reflectarray [6], which parameters used in this figure are
described below:
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Figure 6. Analysis model of broad-beam microstrip
reflectarray.

F the vector from the feed to the mn-th reflectarray

element, which can be obtained by using flat
geometry;

F the reflected vector from the reflectarray surface to
far-field;

B, the vector from the feed to the shaped reflector
surface, which can be obtained by using curvature
geometry;

B, the reflected vector from the shaped reflector surface

to far-field;

incidence angle;
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0, reflection angle;
D diameter of the reflector;
f distance between the feed and the center of the

reflectarray.

In general, the feed may be positioned at distance from the
reflectarray. The path lengths from the feed to all reflectarray
elements are all different, which lead to different phase delays.
The required phase, which is induced on the array, has to
compensate for phase delay A®,,, between patch elements and
surface of quadratic backscatter as given by (4).

360 (@
2’

where (x,,y,,z,) describes the coordinate of the quadratic

backscatter function and N is integer. From (4) indicates that
the compensating phase can be repeated every 360 degree and
the portion that is an integer multiple of 360 degree can be
deleted.
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Figure 7. Calculated results of desired reflection phase
properties.

The required phase delay that related to the patch position is
determined for shaping beam of reflectarray as shown in Fig. 7
with various center frequencies (fo = 10 GHz). These phases are
duplicated the same radiating aperture as shape of quadratic
backscatter. In the design, the cell elements are printed on a
TACONIC substrate with thickness 0.762 mm and permittivity
& = 2.33. Because reduction of center-to-center element
spacing changes the elements position, the phase delays are
decreased.

C. Element Characterization

The most important and critical segment of the reflectarray
design is its element characterization. To compensate for above
phase delays, the elements must have corresponding phase
advancements designed. Its phase change versus element
change (patch size, etc.) must be calibrated correctly. If the
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Figure 8. Simulated results of element characterization:
(a) at & =2.33,5=0.6 4y, (b) at & =6.15,5s= 0.6 Ao,
(c) at & = 2.33, f = 10 GHz.
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element design is not optimized, it will not scatter the signal
from the feed effectively to form an efficient far-field beam. In
this paper, the phase calibration technique is to use a full-wave
method of moment and the infinite-array approach [6],[10] to
model the effect of the finite grounded dielectric substrate
underlying the single radiator.

Fig. 8 shows simulated results of reflection phase of infinite
array. The obtained results indicated that, if the element size L
is excessively small, either the reflection phase cannot be made
to cover the full required 0° to 360° phase range, or it changes
excessively fast around the element resonance. This available
phase shift rang is limited by the reflectarray antenna
bandwidth (around 4%). In Fig. 8(c), the reductions of unit cell
size of reflectarray can reduce the slope of the phase response.
For achieving reflectarray element with a reduced size at a
fixed operating frequency, the use of a high-permittivity
substrate is an effective method as shown in Fig. 8 (a)-(b).

IV. CALCULATION OF RADIATION PATTERN

With the compensating phases of all elements known, the
far-field radiation patterns can be calculated by the
conventional array theory [9], where the radiations of all
elements are summed together as follows. Considering a planar
array consisting of M xN elements that are nonuniformly
illuminated by a low-gain feed, the reradiated field from the
patches in an arbitrary direction, , will be of the form,

E@)=Y. Y F(f,-4,)- A -0,)- AU-0,) )
'exp[_jko (‘rmn‘+ri'a)_ jAcDmn:"

where F is the feed pattern function, A is the reflectarray
element pattern function, ¢ is the vector from the centre of

reflectarray to mn-th element. g _is the reflected field pointing
direction, and A, is the required compensating phase of the
mn-th element calculated by (4).

Table |
Characteristics of reflectarray.

Unit cell size HPBW Maximum Gain
(wavelength) (degree) (dBi)

0.3 122 22.61

0.4 126 19.27

0.5 142 15.54

0.6 146 11.88

0.7 152 11.33
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The radiated field from (5) provides the radiation
characteristics, which are represented in Table | and Fig. 9 for
various unit cell sizes. The prescribed field requirements have
been satisfied by an appropriate choice of the radiating patches
selected from the complex design curves obtained in the
analysis stage. The steepness of the pattern edges and the
angular positions of these edges confirm that the antenna
efficiently illuminates the target area to be covered (+65°).
Because of phase change versus element change, each unit cell
size provides different characteristics such as -3 dB beam width
(HPBW) and gain performance. The maximum gain is
increased due to reduction of grid spacing. Thus, the HPBW is

decreased and followed by the same order as the maximum gain.

Fig. 10 shows maximum gain and gain at elevation angle 0°
with various unit cell sizes.
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Figure 9. Radiation pattern of quadratic function.
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Figure 10. Gain versus unit cell size.
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V. CONCLUSION

A broad-beam microstrip reflectarray designed from square
patch has been presented. The prescribed field requirements
have been satisfied by an appropriate choice of the radiating
patches array selected from the complex design curves obtained
in the analysis stage. Simulation of this reflectarray
demonstrates that reduction of unit cell size can enhance
bandwidth or reduce the slope of the reflection phase. In
addition, the maximum gain is improved with small significant
change in HPBW.
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