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Abstract— A vanadium dioxide aperture-coupled patch 1-bit
reconfigurable reflectarray was designed for operation in the n260
5G Band (37-40 GHz). The reflectarray can be used with a dual
linearly polarized feed. The unit cell was simulated with a periodic
boundary condition. The maximum reflection loss in the unit cell
is less than 2 dB for both polarizations. The phase difference is
180° between the bits at the center frequency. Fabrication
progress and finite array simulations will be presented at the
conference.

I. INTRODUCTION

With the expansion of use of frequency bands in mmWave
to THz, there is a requirement for low-cost high-gain, and
steerable antennas to overcome the significant path loss.
Typical beamforming approaches can be used to steer the beam,
but phased arrays introduce lossy, complex feed networks and
expensive electronics. Reconfigurable reflectarrays (RRAs) are
a low-cost, low-profile solution that removes the need for
complex feed networks making RRAs an ideal option for
mmWave communication for 5G and 6G. Typically the
reconfigurability for reflectarrays has been implemented using
diodes, but diode methods introduce far too much loss in the
mmWave band [1]. Recently our group has investigated using
both vanadium dioxide (VO;) [2] and mechanical approaches
for reconfiguration [3]. The unit cell for the VO, RRA had very
low loss, but the final design was hampered by low aperture
efficiency due to the high-permittivity sapphire substrate.

VO, is a metal-insulator-transition material which behaves
like a high resistivity insulator (¢ = 80 S/m) when below
68°C, and as a conductor (o = 377000 S/m) otherwise. The
major factor prohibiting the use of VO in radiating structures
is that the material has only been shown to maintain this high
contrast ratio when deposited on high-permittivity materials
such as silicon and sapphire [4]. This work builds upon
previous aperture-coupled patch reflectarrays [5], [6] to take
advantage of the high-permittivity substrates in this
architecture, and the wideband, low-loss nature of VO
switches. In this work we discuss the design and simulation
results for an aperture-coupled mmWave VO, RRA.

II. DESIGN

The stackup for the unit cell is shown in Fig. 1(a). The top
PCB has a low permittivity to allow for better radiation
performance and higher aperture efficiency. The middle
substrate uses a high permittivity to have a smaller delay line,
allow deposition of VO,, and reduce back radiation. Finally, the
optional bottom substrate and back plate is used to entirely stop
back radiation. The top-down view of the vertical layers is
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shown in Fig. 1(b—d). The parameters utilized are summarized
in Table I. The width of the patch W, is set at the center of
resonance and the length of the slot Ly is optimized to cancel out
the resonance allowing for a more linear-phase coupling to the
delay line. The stub length is then tuned to the value that
maintains a linear phase curve with the lowest loss. Finally, the
length of the delay line L, is set to allow for a 180° phase shift
at the center frequency of the n260 5G band (37-40 GHz). The
width of the copper line can also be tuned because a 50 Q line is
not a requirement for a reflectarray. By canceling out the
resonance, a smaller reflection loss and more wideband phase
curve can be achieved.
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Fig. 1. (a) The stackup of the antenna. (b) The top-down view of the
patch layer. (c) the top-down view of the slot layer. (d) The top-down
view of the delay line layer. The dashed line shows the important
feature from the above layer for visualizing alignment. The copper
is orange and the VO, is in green.

TABLE I. DESIGN PARAMETERS

Parameter Value Parameter Value
ty 0.508 mm W, =L, 2 mm
t, 0.100 mm |74 0.14 mm
ta 0.508 mm L 1.5 mm
tew w 0.800 um W, 50 um
tew pcB 17.5 um d, 0.7 mm
tyoz 0.100 pm L, 0.35 mm
Ly 1.25 mm Lyo, 30 um
Ly, 0.35 mm Wyo2 50 um
Xy 0.7 mm Y, 0.7 mm
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By having two orthogonal slots, dual linear polarization or
circular polarization feeds can be supported. If using a dual pol
design, the slots and delay lines need to be offset from the center
to maximize the distance between the stubs and avoid cross-pol
coupling between the two modes. The slots and lines are offset
from the center by d,,.

III. RESULTS

The design was simulated using a unit-cell Floquet port
simulation in CST Studio. The simulated unit cell phase
performance can be seen in Fig. 2, while the reflectivity
performance can be seen in Fig. 3. the phase difference is 180°
at 38.5 GHz, while the reflectivity remains above —2 dB for the
x- and y-polarized incident wave. The cross-pol for the unit cell
is below -10 dB in the band of operation for all switch cases. The
electric field around the patch, in the slot, and around the line is
shown in Fig. 4 for the x-polarized incident wave. The reflection
loss is higher than our previous VO, RRA by 1.6 dB [2], but the
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Fig. 2. The phase difference for both polarization is 180° at 38.5 GHz. Short
and open refers to the state of the VO, switch in the delay line path.
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Fig. 3. The reflectivity for the x-pol and y-pol input for the two states is above
—2 dB. Short and open refers to the state of the VO, switch in the delay line
path
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Fig. 4. Maximum electric field distribution on the (a) patch, (b) slot, (c)

delay line for the short circuit case with an x-polarized incident wave, and

(d) delay line for the open circuit case. The field hits the largest peak in

the delay line.

TABLE II. UNIT CELL COMPARISON

Reference This work 2] 171
(Sim)
fo 38.5 GHz 35 GHz 31.6 GHz
[S141 > —2dB > —0.4dB > —7.5dB
Phase Range 180° (1-bit) 180° (1-bit) 240° (cont)

aperture efficiency is expected to be higher due to the radiating
structure not being placed on the high-permittivity substrate.
Even with the higher loss than our previous design, the loss is
respectably lower than comparable mmWave RRAs. A
comparison between unit cells is shown in Table II. Fabrication
progress and finite array simulations will be presented at the
conference.
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