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Introduction

The printed reflectarray antenna imitates the conventional parabolic reflector antennas by
using a planar array of printed elements. Its advantages are that it's easier to manufacture
and transport than the conventional reflector antenna, produces lower cross polarization
and with the proper phase design can scan the main beam to large angles off broadside,
however the primary disadvantage of these antennas is the relatively narrow bandwidth.
The main factor that controls the bandwidth of a reflectarray antenna is the bandwidth of
the phasing elements [I]; therefore in order to improve the antenna bandwidth, wideband
phasing elements need to be realized. The bandwidth of the reflectarray antenna is
inherently narrowband because the phasing elements are operating around resonance with
element spacing of the order of Al2. In order to improve the bandwidth of the reflectarray
antenna, different approaches such as multi-layer designs [2], aperture coupled lines and
true-time delay [3] have been implemented.

Recent advancement on metamaterials reveals that the reflection phase can be also
adjusted using sub-wavelength elements [4]. In a theoretical study [5] it is shown that a
reflectarray using artificial impedance surface can improve the gain bandwidth of the
antenna. In this paper we report on a broad band reflectarray antenna using sub
wavelength elements based on variable size patch element analysis. Two Ka-band
reflectarrays using single layer variable patch sizes as phasing elements have been
developed. One is designed with the conventional A/2 element spacing and the other one
with A/3 element spacing. Although both antennas demonstrate good performance, the
one using sub-wavelength elements achieves a wider bandwidth.

Patch Element Analysis

The design of the reflectarrays here follows the approach described in [6]. In this
approach the required reflection phase of the reflectarray elements is obtained by using
variable size square patches. For the unit-cell analysis here we used the commercial
electromagnetic software Ansoft Designer. In general the reflection characteristics are
angle dependent and oblique incidence needs to be considered, however it has been
shown that normal incidence can present very good approximations for incidence angles

up to 30° [7]. The bandwidth of a microstrip reflectarray is mainly controlled by the
element bandwidth. The size of each patch element is calculated to produce the required
reflection phase at the center frequency of operation; however since the reflection phase
of the patch elements is a function of frequency, as the frequency changes, phase errors
are introduced in the array which results in bandwidth limitations of the antenna. Figure
I(a) shows the phase curves (versus patch size) of the square patch elements on a 31 mil
Rogers 5880 substrate (8r =2.2) for different element spacing at 32 GHz. It can be seen
that the sub-wavelength unit-cells can almost achieve the same phase range as half-
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wavelength unit-cells which is typically around 300° for single layer designs with
variable size elements. Figure 1(b) shows the frequency responses of unit-cells that have
a zero degree reflection phase for different element spacing. For the frequency range of

31 to 33 GHz, A/2 unit cells show a phase variation of ± 23° whereas A/3 and A/4 unit

cells have a phase variation of ± 16° and ± 14.5°, respectively. As observed by using
sub-wavelength element spacing we can achieve a larger element phase bandwidth which
can result in an improved antenna bandwidth.
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Figure 1. Reflection phase of the reflectarray elements. (a) Phase curve vs. patch size at

32 GHz. (b) Frequency response of the 0° reflection phase unit-cells.



Design of Reflectarrays

Two Ka-band microstrip reflectarrays are designed for the operating frequency of 32
GHz with flD ratio of 1. Since the reflected phase of the elements is highly susceptible to
the fabrication tolerance of the patch dimensions, two arrays with A/2 and A/3 grid
spacing were designed due to our fabrication limitations. Both have a square aperture
(15AxI5A) and are fabricated on a 31 mil Rogers 5880 substrate (c

r
=2.2). To avoid

aperture blockage for this small size aperture an offset feed (8i = 25
0

) is used and the

elements phase have been adjusted to scan the main beam 25
0

off broadside. The feed
hom is a circularly polarized corrugated conical hom. At 32 GHz the -3 and -10 dB

beamwidths of the feed hom are 41
0

and 73
0

, respectively.

The A/2 grid spacing array has 900 square patch elements and the Al3 grid spacing array
has 2025 elements. The minimum gap spacing between the elements for both arrays is set
to 0.12 mm. It should be noted that most of the reflection phase variation occurs for the
very thin gaps between the elements and the achievable fabrication tolerance at the high
millimeter-wave frequency is a limiting factor of the elements phase range. Photographs
of the two fabricated arrays are shown in Figure 2.

(a) (b)

Figure 2. Photographs of the fabricated reflectarrays. (a) A/2 element spacing (900
elements). (b) A/3 element spacing (2025 elements).

Measurement Results

The antenna gains were measured over the frequency range from 30.0 to 34.0 GHz which
was dictated by the limits of the feeding hom and our NSI near-field system Ka-band
measurement probe. The measured antenna gain versus frequency curves are presented in
Figure 3 where small oscillations are observed.

At 32 GHz the measured gain for the A/2 element spacing array is 28.66 dB. This antenna
achieves its maximum gain of 28.92 dB at 31.8 GHz. For the Al3 element spacing array
the measured antenna gain at 32 GHz is 29.10 dB. Similarly this antenna achieves its
maximum gain of 29.22 dB at 31.8 GHz. In terms of the gain bandwidth performance it
can be seen that the 0.5 dB gain bandwidth for the Al2 grid spacing array is 6.25% (30.2



to 32.2 GHz) whereas for the A/3 grid spacing array the gain bandwidth is increased to
9.06% (30.3 to 33.2 GHz). It appears that the increased bandwidth achieved by using
smaller grid spacing has enhanced the higher frequency bandwidth limits of the antenna,
and both antennas show a lower frequency limit of around 30 GHz.
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Figure 3. Measured gain bandwidth of the fabricated reflectarrays.

Conclusions

The concept of using sub-wavelength elements in reflectarray antenna designs has been
investigated both numerically and experimentally. Two Ka-band reflectarrays have been
designed, fabricated and tested for the operational frequency of 32 GHz. One array uses
the conventional A/2 element spacing and the other one is designed with A/3 element
spacing. It is shown that the reflectarray antenna with A/3 element spacing achieves a
larger gain bandwidth and a better overall antenna performance.
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