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Introduction

A reflectarray antenna system is composed of a panel of scattering elements and a spatial
feeding source [1]. The elements are individually phased to achieve a desired radiation
beam. The methods to obtain a proper phase control include the delay line technique [2],
the variable element size technique [3] and the element rotation technique [4].

The bandwidth performance of a reflectarray antenna system is critical in its applications,
which is affected by both the element bandwidth and the differential path delays
introduced by the spatial feed [5-7]. The path delay effect is seen to be essential mainly in
very large reflectarray antenna designs. To solve this problem, multiple panels can be
applied for the array aperture instead of a single flat panel [1].

Since reflectarray antenna elements are usually implemented through the microstrip
technology, the narrow element bandwidth significantly limits the bandwidth
performance of reflectarrays. Various methods have been proposed based on different
techniques of phase control. For the delay line technique, an improvement has been made
through, for example, the aperture coupling method [8], while for the technique of
variable element size, multilayered structures [9] and multi-resonance elements [10-11]
have been developed to broaden the bandwidth. All these methods are focused on a more
stable phase response of the elements when the frequency changes. However, the element
rotation technique introduces element phase compensation independent of the frequency,
which provides a possibility to build broadband reflectarrays.

This paper investigates the bandwidth of the single slot ring element [12], which is
applied in the design of a Ka-band circularly polarized reflectarray antenna. The element
bandwidth is significantly affected by the parameters of the substrate. Here the effect of
the substrate thickness is analyzed both numerically and experimentally. By choosing a
proper substrate thickness, a broadband circularly polarized reflectarray operating in Ka
band is designed, fabricated and measured, using the element rotation technique [4].

Performance of the Single Slot Ring Element

The geometry of a single slot ring element is shown in Fig. 1 (a). The full wave solver
Ansoft Designer is applied in the analysis with a normal incident plane wave as the
excitation. The single element is simulated as a unit cell in a two dimensional infinite
array, by introducing the periodic boundary condition. The array grid is uniform and
square shaped, with a period of 0.5 wavelength in free space at 32 GHz. The dimensions
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of the element are listed in Table 1. It is assumed that the array is printed on a substrate
with dielectric constant 8, = 2.33.

The thickness of the substrate affects the bandwidth of microstrip elements significantly.
This effect is demonstrated in Fig. 1 (b), where the dimensions of the element have been
adjusted to have the minimal cross polarization at 32 GHz. The thicker substrate (62 mil,
0.17 wavelength in free space) shows a -1 dB co-polarization bandwidth of 50%, whereas
the thinner substrate (31 mil, 0.08 wavelength in free space) only has 6.7%. Table 1
compares the element performance under different thicknesses of the substrate. It is noted
that only the slot angle needs to be altered when tuning the resonance.

Measurements

The single slot element has been used in the design of a circularly polarized reflectarray
antenna prototype operating in Ka-band. The diameter of the array aperture is D = 138.2
mm. The distribution of the elements is shown in Fig. 2 (a). The feed is located at a
distance H = 98 mm from the array plane, where an offset feed is applied to minimize the
feed blockage, as depicted in Fig. 2 (b).

Two prototypes are fabricated using the same material assumed in the simulation, while
the thicknesses of the substrates are 1.57 mm (62 mil) and 0.78 mm (31 mil), respectively.
The gain values of the prototypes are obtained through near field measurement,
accomplished with the NSI system, where a Ka-band standard gain hom is applied as a
gain reference. Figure 3 compares the measured far field patterns of both systems in two
principal planes at 32 GHz, where the main beams are almost on top of each other. It is
also noted that the cross polarization level of the thinner substrate is around 2 dB lower
than the thicker substrate. Further investigations are carried out to reduce the relatively
high level of cross polarization.

Figure 4 presents the gain bandwidths of both reflectarray prototypes. The thicker
substrate (62 mil) shows a 1 dB bandwidth of greater than 10%. In the frequency range
lower than 30 GHz, the lack of the data is due to the limited data range of the standard
gain hom and the test range of the probe applied in the near field measurement. The
thinner substrate (31 mil) has a bandwidth of 7.9% (30.36 to 32.85 GHz). This indicates
that the thicker substrate has significant effects on the system bandwidth.

Conclusions

This paper investigates the performance of the single slot ring element for Ka-band
reflectarray designs. Using the element rotation technique, two Ka-band circularly
polarized reflectarray prototypes are designed and implemented, with different
thicknesses of the substrate. The bandwidth is significantly enhanced when a thick
substrate is used.
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Fig. 1. (a) Geometry and (b) performance of single slot ring elements.

Table 1. Comparison of the single slot ring element with different thicknesses of the substrate.

Substrate
P Rout Line width as Element band width

(mm) (mm) (mm) (degree) (-ldB co-polarization)
62 mil 118 50% (24 to 40 GHz)

31 mil
4.6875 1.8 0.2

139
6.7%

(30.84 to 32.98 GHz)
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Fig. 2. Fabricated reflectarray prototype: (a) pattern of the rotated elements, (b) the reflectarray
system configuration.
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Fig. 3. Comparison of the measured far field patterns at 32 GHz in both principal planes for two
different thicknesses of the substrate.
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Fig. 4. Measured reflectarray gain vs. frequency for different thicknesses of the substrate.


