The 2014 International Workshop on Antenna Technology

Design of Polarization-Dependent Reflectarray for
Terahertz Waves

Tiaoming Niu*T, Withawat Withayachumnankul*, Derek Abbott*, and Christophe Fumeaux*
*School of Electrical & Electronic Engineering, The University of Adelaide, Adelaide, SA 5005, Australia
tSchool of Information Science and Engineering, Lanzhou University, Lanzhou 730000, P. R. China
Email: niutm@eleceng.adelaide.edu.au

Abstract—A reflectarray is designed for polarization-
dependent beam deflection at 1 THz. Each unit cell is composed
of two sets of dipole resonators, corresponding to orthogonal
polarizations. The orthogonal dipoles are arranged in two inter-
laced triangular-lattice arrays. One subarray containing multiple
unit cells provides a gradient phase response to complete a
27 phase cycle over its length. This design demonstrates that
it is possible to separate the polarization components of an
incident beam by deflecting them into two different directions in a
given plane. Numerical results predict successful implementation
of the principle with available materials and within realistic
manufacturing tolerances for operation at a frequency of 1 THz.

I. INTRODUCTION

The reflectarray concept has been adopted across the elec-
tromagnetic spectrum from the microwave range to optics [1]—
[5]. Its function of accurately shaping reflected beam char-
acteristics plays an important role for specific applications in
wireless communications. By tailoring the geometrical sizes of
the resonators that compose the discretized reflecting surface,
one can freely engineer the phase response on the surface of
the reflectarray to achieve the required field distribution for
scattered waves [6]. A similar concept has been adopted to
realize efficient transmitarrays [7], [8]. For the reflectarrays,
radiating resonant elements of various shapes on substrates
with different materials have been implemented. Patches and
strip dipoles are traditional radiating elements that have been
widely used at microwave frequencies [9]. In recent years,
some tunable materials, such as graphene [10] and liquid
crystal [11]-[13], have also been discussed for designing re-
flectarrays, particularly for more versatile performance towards
higher frequencies.

Realization of a dual-polarization reflectarray has gained
attention due to its ability for discriminating incident polariza-
tions. Multilayer elements with rectangular patches [14], and
cross-shaped microstrip loops combined with PIN diodes [15]
have been used as unit cells for constructing dual-polarization
reflectarrays in the microwave regime. However, in the ter-
ahertz and optical ranges, such stacked multilayer structures
are challenging to manufacture with required precision. In this
article, by using strip dipoles in an interlaced triangular-lattice
arrangement, we propose a polarization-dependent terahertz
reflectarray, i.e., with different polarizations deflected into
different directions.

II. UNIT CELL RESPONSE

As shown in Fig. 1, a unit cell is composed of two
sets of orthogonal dipole resonators, each set corresponding
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to a particular polarization. A configuration of two inter-
laced triangular-lattice arrays is chosen to reduce mutual
coupling [16]. The unit cell comprises three layers: dipoles
made of gold as the top layer, a PDMS dielectric spacer
as a substrate and a platinum ground plane. For the metals,
the material parameters used in [17], i.e. surface impedance
Z Ay = 0.2874750.335 €2 for gold and Zp; = 0.628+75 0.667 2
for platinum, are adopted here, while the relative permittivity
2.35 and loss tangent 0.03 of PDMS are determined from mea-
surement [18]. For operation at 1 THz, the size of the unit cell
and the thickness of the PDMS substrate are selected at fixed
values 2a = 300 ym and h = 20 pm, respectively. Different
phase responses for a particular polarization can be achieved
by varying the length and width of a corresponding dipole. A
phase response profile is simulated by using uniform infinite
arrays in Ansys HFSS commercial software with master-slave
boundary conditions. Based on a numerical analysis, it is
confirmed that the effect of a dipole is negligible for the
incident wave with polarization orthogonal to its longitudinal
axis. Therefore, in the optimization of the unit cell shown
in Fig. 1, the dipoles perpendicular to a given polarization
are fixed, while the length and width of the dipoles parallel
to the polarization are varied. In addition, in order to test
the effect of the substrate loss on the reflection coefficients,
three values of loss tangent, tan d = 0,0.03, 0.06, are applied
in the simulation. The numerically resolved reflection phase
and magnitude responses as a function of the dipole length
for an infinite uniform array are given in Fig. 2(a) and (b),
respectively. From the simulation results, a phase range of
over 300° is obtained, which is sufficient for designing a
periodic gradient reflectarray if the progressive phase change is
larger than 60°. It is obvious that the loss of the substrate can
significantly affect the reflection coefficient for the designed
structure. A larger loss tangent leads to a sharper phase change
and higher loss, and therefore the performance of the designed
reflectarray would be more sensitive to the tolerance in the
dimensions.

y
h
Al
Platinum ground plane
Fig. 1. A unit cell containing four dipoles for the polarization-dependent
reflectarray.
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Fig. 2. Reflection phase change in degree (a) and magnitude in dB (b) for
the structure operating at 1 THz shown in Fig. 1 as a function of the length
lp, for a dimension @ = 150 pum, h = 20 pum. For a flat phase curve, the
width wp, varies with the length [, according to the relation wp = 32 pm +
0.2x lp when 40 pm < 1,< 90 pm, wp = 230 pm — 2X I, when 90 pm
< 1< 105 pm, wp =20 pm when 105 pm < [, < 140 pm. The loss tangent
of the PDMS substrate affects both the phase and magnitude responses.

III. DESIGN OF DUAL-DEFLECTION REFLECTARRAY

Based on the phase response data shown in Fig. 2(a),
a subarray containing two groups of 6 dipoles is designed
for deflecting an incident wave into two different directions
according to the polarization components. For simplicity of the
theoretical design, we assume that the substrate is lossless, and
therefore the blue solid line in Fig. 2 (a) is used for designing
the subarray. At 1 THz, i.e. A\g = 300 pum, a progressive phase
change of A¢ = + 60° between adjacent dipoles with the
same alignment results in a beam deflection of

Ao
ma

f = arcsin = +19.5°. (D

The layout of the subarray is shown in Fig. 3. Taking
the fabrication tolerance into account, the micrometer values
for the length and the width of each dipole in the subarray
are chosen as integers. In order to achieve more accurate
phase response of each dipole thus better performance of the
reflectarray, the phase of the surface current on the dipoles are
observed during the subarray simulations. Both of the lengths
and widths of the dipoles in the subarray are then fine-tuned
to achieve the desired gradient phase response. The optimized
dimensions of the 12 dipoles are given in Table I.

In designing the reflectarray, possible coupling effects
between adjacent dipoles of different orientations have to be
taken into account. One property that indicates this aspect is
the distribution of the surface current on the strip dipoles. So, it
is necessary to observe the distributions of the surface current
on the dipoles, as shown in Fig. 4 for both the TE and TM
incident polarizations (note that TE and TM are defined in the
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Fig. 3. Structure of one subarray made of 12 dipoles. The figure is to scale.
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TABLE 1. SIZES OF THE DIPOLES FOR THE DESIGNED SUBARRAY. THE

UNITS ARE IN pum.

1 2 3 4 5 6
I, | 75 8 87 8 92 105
w, | 47 47 48 50 47 21
7 8 9 10 11 12
l, | 120 92 8 8 8 81
wy | 21 47 51 48 45 40

deflection plane). It is clear that the surface currents on the
dipoles responding to one specific polarization are dominant
compared to the other polarization. This further verifies that
the effect of the dipoles is negligible for the incident wave
with orthogonal polarization.

The simulated incident plane wave at 1 THz shown in
Fig. 5(b) is normal to the surface of the reflectarray. The
field distributions of the deflected waves for the TE and TM
polarizations are demonstrated in Figs. 5(a) and (c), respec-
tively. It is clear that the normal incident wave is deflected
into the predesigned direction depending on the polarization.
For the TM polarization, the deflected wavefront is dominant
over the specular reflection component in the scattered field.
On the other hand, for the TE polarization, an obvious specular
reflection component is observed. The phenomenon has also
been observed and discussed by Niu et al. [17]. Overall, the
results confirm that the designed reflectarray is able to deflect
terahertz waves into the two designed different directions,
according to the incident polarization.

For further evaluation of the performance of the designed
reflectarray, we consider a reflectarray that contains 168 x 56
subarrays. This corresponds to a sample with a size of
50.4 mm x 50.4 mm, which is sufficient to cover the colli-

Fig. 4. Magnitude of the surface current on the dipoles responding to the
TE (a) and TM (b) polarizations. The both images share the same color scale.
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Fig. 5. Instantaneous scattered field from the reflectarray in TE and TM
polarizations at 1 THz. When the incident wave (b) is normal to the surface of
the reflectarray, the TE and TM polarized wave are deflected into two different
directions with the angles of +19.5° as shown in (a) and (c), respectively.
All the images share the same color scale.

mated beam in the measurement. Based on this configuration,
the radiation pattern can be numerically obtained (neglecting
edge effects) by using Ansys HFSS commercial software as
shown in Fig. 6. It is obvious that the incident waves with the
TE and TM polarizations can be efficiently deflected into two
different directions. For the TM polarization, the intensity in
the designed deflection direction is around 20 dB higher than
that in the specular reflection, while for the TE polarization
the difference is smaller. The results further confirm that the
designed reflectarray can separate the polarization components
of an incident beam by deflecting them into two different
directions in a given plane.

Fig. 6. Radiation pattern of the reflectarray with a dimension of
50.4 mm X 50.4 mm. A wave for normal incidence at 0° with TE and TM
polarization can be efficiently deflected onto the direction of —19.5° (a) or
+19.5° (b), respectively.

IV. CONCLUSION

A terahertz reflectarray for polarization-dependent deflec-
tion has been designed and simulated. The simulation results
verify that the reflectarray can deflect the incident waves with
different polarizations into desired directions. It is noted that,
to avoid high loss and sharp phase response, the substrate
adopted in the design is lossless, which is not realistic. One
approach to solve this issue is to improve the layout of the
strip dipoles on the top layer for a flatter phase curve and
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lower loss. The related work and experimental validation are in
progress, and the prototype can be measured through terahertz
time-domain spectroscopy (THz-TDS) used in [17].
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