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Abstract—A novel microstrip unit-cell element with a simple
structure is presented for designing circularly polarized
reflectarray that converts linearly polarized incident field into
a radiated circularly polarized field. The unit-cell element
consists of a circular patch with two orthogonal slots etched in
it. A parametric study was carried out using CST microwave
studio on the unit-cell element to evaluate the effect of the unit-
cell’s salient parameters. This unit-cell element was used to
design and implement a prime-focus array, which had 1-dB
gain bandwidth and 1-dB axial-ratio bandwidth of ~5 %.

Index Terms—Circularly polarized, reflectarray antenna,
linearly polarized.

I. INTRODUCTION

OMBINED with some of the best features of reflector
antennas and phased array antennas, the reflectarray

antenna is considered to be an attractive replacement for
applications that require a low profile antenna with a high
gain performance. Essentially reflectarray antennas
comprise of a planar array of radiating elements illuminated
by a feed source. The phase of the reflected wave at each
unit-cell element is carefully controlled to create a planar
phase front in its far-field region. Since the introduction of
microwave integrated technology (MIC), the microstrip
patch has become very popular, and has inspired interest in
the development of planar reflectarray antennas [1].
Compared to array antennas, the reflectarray eliminates the 
complexity and losses of the feeding network.

Circular polarization (CP) is employed in numerous
applications, such as in satellite communication, because of
its insensitivity to transmitter and receiver orientation and
it's robustness against environmental interface. Circular
polarization antenna is used as a feed in CP reflectarrays.
Example of this type of feed is found in [2] where the
reflectarray antenna includes a unit-cell element comprising
of a rectangular patch and a rectangular ring. In another
example the CP feed illuminates patches with different
rotation angles [3]. CP reflectarrays can also be designed
using a linearly polarized feed. In this case the elements are
designed so that the CP incident field is decomposed into
two equal components with a necessary phase shift to
radiate a CP field [4].
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In this paper we have designed a simple and small-sized
unit-cell element that can be employed for circular
polarization with a linearly polarized feed. This unit-cell
element is composed of circular patch that is loaded with
two orthogonal elliptical slots. The element was etched on
single layer of FR4 substrate, and the reflectarray
comprising of this type of element is easy and cheap to
fabricate compared with the previous works [5]-[8]. The
performance of this unit-cell element was investigated by
designing 144-element array. The measurement results of
the array show a 1-dB gain bandwidth and 1-dB axial-ratio
bandwidth of ~5%. These results are much better compared
with [5]-[7]. In fact the proposed reflectarray has a better
axial-ratio bandwidth compared with [9]-[12], a better side-
lobe level (SLL) in comparison with [13], and a better
radiation efficiency in comparison with [8].

II. ANALYSIS OF THE PROPOSED UNIT-CELL

The geometry of the proposed reflectarray unit-cell element
is shown in Fig.1. This element is implemented on a single
layer circular microstrip patch that is loaded with two
orthogonal intersecting elliptical slots. A conducting
ground-plane is placed on the other side of the substrate.
The required phase shift at each position on the reflectarray
surface is obtained by adjusting the length of the elliptical
slots. The dimensions of the unit-cell element are chosen to
resonate at 9.4 GHz.

The electric field of the excitation wave is polarized by
the two slots to create two orthogonal waves each of which
is along the length of the slot, and re-radiated. A CP wave is
reflected if 90 degree phase difference exists between these
two waves. Hence the lengths of the two slots need to be
designed to have an electrical difference of 90 degrees in
order to produce a 90 degree phase shift between the two
reflected waves.

Various values for unit-cell parameters were investigated
in the simulation analysis in order to obtain optimum
performance of the linear phase curves and achieve the
greatest range of phase shift. The optimized values of the all
parameters are defined in Table I. The simulation was
conducted using CST microwave studio.

The simulated phase curves versus the length of the slot
line are shown in Fig. 2 for two polarizations at the
operating frequency. The phase of the two polarizations is
equal at a slot length of approximately 7.3 mm. In Fig. 3
phase variation are shown at three different frequencies, i.e.
9.2 GHz, 9.4 GHz and 9.6 GHz, for the two polarizations.
As can be seen, phase curves are approximately linear
across a slot of length between 5-7 mm, and the overall
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phase range is about 325 degrees.
Fig. 4 shows the phase variation as a function of slot

length at the operating frequency of 9.4 GHz for different
angles of wave incidence to the unit-cell. Analysis shows for
incident angles less than 20 degrees provide the smallest difference
between the phase curves as a function of slot length. In fact the
variation was small when the slot length was between
approximately 5.5 and 7.5 mm, as shown in Fig. 4.

III. ANALYSIS OF THE ARRAY

In order to validate the performance of the elements a
144-element reflectarray was designed at an operating
frequency of 9.4 GHz. The fabricated 24×24 cm2 center-fed
antenna is shown in Fig. 5. The antenna is fed with a
linearly polarized pyramidal horn antenna, with an aperture
size of 3.1×5.4 cm2. The feed is rotated 45 degrees relative
to the aperture axis in order to excite two orthogonal slots in
each cell. The distance between the feed and the center of
the reflectarray antenna is 29.5 cm. The F/D ratio was
chosen to be 1.23 in order to achieve the best trade-off
between the spillover and illumination efficiency.

The feed is placed far enough from the reflectarray so that
the incident field can be approximated by a plane wave. The
basic design principle requires that the phase of the reflected
field from an element in the reflectarray be chosen so that
the total phase delay in front of the reflectarray is constant
for all elements. The required phase shift can be obtained by
this the expression:

(1)

Where Ko is the wave number, Ri is the phase center of the
feed to the i-th element, is the position vector from the
center of array to the i-th element, and is unit vector along
the main beam direction. The required length of the cross-
slots in each element was obtained by using equation (1) and
Fig. 2.

Simulated RHCP and LHCP radiation patterns of the
reflectarray at 9.4 GHz are shown in Fig. 6. CST microwave
studio is used to calculate far-field patterns. The measured
and simulated radiation far-field patterns are compared in
Fig. 7. As can be seen from these figures, a peak gain of
21.9 dB is obtained at 9.4 GHz where the cross polarization
level is 18 dB lower than the main beam peak and SLL is -
18 dB. The measured antenna efficiency at 9.4 GHz was
21.8%. The antenna’s performance is better in terms of
efficiency in comparison with [8], and the SLL is better
compared to [13]. As shown in [3], by using offset feed
eliminates aperture blockage and provides greater radiation
efficiency. The gain and axial-ratio are shown in Fig. 8 and
Fig. 9, respectively. From these figures it can be observed
that both of the 1-dB gain bandwidth and 1-dB axial-ratio
bandwidth are 5%.

IV. CONCLUSION

The feasibility of a novel single-layer circularly polarized
reflectarray was practically demonstrated. The required
phase shift is obtained by varying the length of the two
orthogonal elliptical slots embedded in the circular patch.
There is very good correlation between the simulated and
measured far-field radiation patterns. Compared to previous
work the antenna provides a good performance in terms of
radiation efficiency, side-lobe level, gain bandwidth, and

axial-ratio bandwidth.
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Fig. 1. Proposed unit-cell.

Table I. Dimensions of the proposed unit-cell

Substrate

FR4
εr Thickness (mil) W (mm) L (mm)

4.4 31 20 20
Microstrip patch

R (mm) 9
Slot dimension

Large axis Axial-ratio

Variable 1/7

Pr
of

 V
ird

ee



> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLE-CLICK HERE TO EDIT)
<

3

(a)

(b)
Fig. 2. Phase curves versus slot length: (a) X-polarized incident
wave, and (b) Y-polarized incident wave.

(a)

(b)
Fig. 3. Phase curves at three different frequency: (a) X-polarized
incident wave, and (b) Y-polarized incident wave.

(a)

(b)
Fig. 4. Simulated phase of the reflection coefficient versus the arm
length of the slot at different incident angles with φ=0o: (a) X-
polarized incident wave, and (b) Y-polarized incident wave.

Fig. 5. Fabricated reflectarray structure.
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(b)
Fig. 6.  CP polarized farfield pattern at 9.4 GHz: (a) φ=0o, and
(b) φ=90º. 

Fig. 7. Measured and simulated far-field pattern at 9.4 GHz.

Fig. 8. Gain versus frequency.

Fig. 9. Simulated axial-ratio versus frequency.
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