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Abstract—Dielectric reflectarray antennas are studied in this 
paper as a possible low-loss and low-cost solution for high gain 
THz antennas. Variable height dielectric slabs are proposed for 
the reflectarray elements which allow for the use of low 
dielectric-constant materials for the design. A 3-D printing 
technology is utilized to fabricate the antenna, and both 
numerical and experimental results are presented for a prototype 
operating at 100 GHz. This study shows that the proposed design 
approach is well suited for high gain THz antennas. 

I. INTRODUCTION 
     Reflectarray antennas combine some of the best features of 
reflectors and array antennas, and create a hybrid design which 
has low-mass and low-profile features, and are also well suited 
for high gain applications [1]. An important consideration for 
an efficient reflectarray design is the performance of the 
phasing elements on the aperture. Various designs of 
reflectarray elements have been introduced over the years [1, 
2]; however the majority of the designs are proposed for 
microwave applications. While microwave concepts can 
generally be extended to THz, at the short-wavelength region, a 
variety of factors come into play that complicates the element 
design. Of these factors, the most important is arguably the 
element loss.   
     The goal of this work is to study the performance of 
dielectric reflectarray antennas as a possible solution to 
eliminating the cumbersome conductor losses at THz and 
infrared frequencies. In contrast to the dielectric resonator type 
elements that use high dielectric constant materials, the focus 
here is on the use of conventional dielectric materials which 
have a low dielectric constant. To demonstrate the feasibility of 
this design approach, a dielectric reflectarray antenna operating 
at 100 GHz is fabricated and tested which shows a good 
performance. The element phase shift is achieved by varying 
the thickness of the dielectric in each unit-cell. This is realized 
by utilizing a 3-D printing technology for fabrication which 
allows for rapid prototyping. Moreover the methodology 
proposed here is readily scalable and with the current material 
and fabrication technology, designs up to 1 THz can be 
realized. 

II. DESGIN OF THE DIELECTRIC REFLECTARRAY 
     A major concern for THz reflectarray antenna design is the 
losses associated with the reflectarray element. In a recent 
study [3] it was shown that while the losses arising from 
dielectric or conductor materials of the element generally result 
in the same reflection response, in practice it is only possible to 
minimize the dielectric losses cost-effectively by proper 
selection of the material. On the other hand while dielectric 
resonator antenna (DRA) reflectarray elements exhibit low 
loss, and broad bandwidth; they require materials with high 
dielectric constant [4], which in many cases may not be 
available, especially for current 3D printing technology. 
     The focus of this work is to design a dielectric reflectarray 
where the phase shift of the elements is achieved by varying 
the thickness of the dielectric slab in each unit-cell. Such an 
approach does not impose any limitation on the dielectric 
constant of the material, since phase correction is achieved by 
controlling the distance the wave travels through the dielectric. 
It should be noted that this variable height design has some 
resemblance to the grooved-dielectric, Fresnel zone plate 
antenna [5], with the added advantages of simpler design, and 
increased subzone corrections. 
     A dielectric reflectarray antenna is designed for the 
operating frequency of 100 GHz. The measured electrical 
properties of the dielectric material at 100 GHz are εr = 2.76, 
and tan δe = 0.039. For this design, the unit-cell periodicity is 
selected to be 1.5×1.5 mm2. For the element analysis, each 
unit-cell is treated as an infinite slab of dielectric; therefore 
either periodic-boundary analysis or analytical solutions can be 
used to derive the reflection properties of the elements. To 
demonstrate the feasibility of these dielectric elements, a small 
reflectarray prototype is designed which has a square aperture 
with a side length of 30 mm, and 400 dielectric elements are 
designed to provide the necessary phase shift on the 
reflectarray aperture. With this relatively small aperture, an 
offset feed would be necessary to avoid blockage effects, thus a 
tilt angle of 25° is selected for the feed. Based on the efficiency 
analysis, the feed is placed at a distance of 22.5 mm from the 
aperture, and is pointing towards the geometrical center of the 
array. To minimize beam squint, the main beam direction is 
also set to 25° off broadside.    
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Fig. 1. Simulated gain pattern of the dielectric reflectarray antenna at 100 GHz. 
 
     The radiation performance of the reflectarray is obtained 
using the full-wave simulation software CST Microwave 
Studio [6]. The reflectarray mask was created by developing a 
Matlab tool to generate an STL file, containing the location and 
dimensions of each element, which can be imported directly 
into the simulation software. The reflectarray model and the 
radiation pattern at 100 GHz are shown in Fig. 1. The 
simulation results show that the main beam is correctly scanned 
to 25° and the side-lobe level is below -22 dB, illustrating that 
a proper phase shift is achieved on the reflectarray aperture 
with these variable height elements. The antenna gain is 24.69 
dB which corresponds to an aperture efficiency of 25.8%. 

III. PROTOTYPE FABRICATION AND MEASUREMENTS 
     The reflectarray antenna is fabricated using a polymer 
jetting rapid prototyping technique which allows fast 
fabrication of 3D polymer components with arbitrary shapes 
and complexity. The 3D geometry of the reflectarray antenna is 
imported into a CAD program and converted to a series of 
layered slices, each layer representing a 16 μm thick region of 
the model. Once the data for each slice is received by the 
printer, a series of print heads, similar to the print head on an 
ink-jet printer, deposits a thin layer of ultraviolet-curable 
polymer on the construction stage. Then the ultraviolet lamps 
on the print head immediately cure the materials when they are 
being deposited. After one layer is completed, the construction 
stage is lowered by 16 µm, and the next slice is printed on top. 
After the whole polymer structure is printed, a thin layer of 
gold with thickness about 100 nm is sputtered on the back 
surface of the polymer. Then, the polymer structure with the 
thin gold layer is inserted into a gold solution and a voltage is 
added between the gold layer on the surface of the polymer and 
the ground for plating. After 6 hours plating, the thickness of 
the gold becomes about 6 μm and the reflectarray antenna is 
ready for test. The picture of a fabricated prototype is shown in 
Fig. 2. 
     The radiation pattern of the reflectarray antenna is measured 
using a vector network analyzer (Agilent E8361A) with the W-
band extension. The feed is a pyramidal horn (AINFO-LB-10-
10) which has a measured gain of 12dB at 100 GHz. Standard 
gain horn antenna is used to calibrate the gain of the 
reflectarray antenna. Comparison between the simulated and 
measured radiation patterns at 100 GHz are shown in Fig. 3. 
Note that for the measurements the array is rotated 25° in the 

aperture plane, so the main beam is pointing to 0°. The 
measured gain of the prototype is 22 dB. 

          
Fig. 2. Fabricated dielectric reflectarray prototype: front (left), back (right). 
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Fig. 3. Measured and simulated patterns of the reflectarray antenna at 100 GHz. 

IV. CONCLUSIONS 
   Variable height dielectric elements are proposed for 
reflectarray phasing elements as a means to eliminate the 
conductor losses at high frequencies, and also allow for the use 
of low dielectric-constant materials for the design. A 3-D 
printing technology is used to fabricate the designed antenna. 
The fabricated dielectric reflectarray operating at 100 GHz is 
tested and good performance has been obtained. The 
experimental results presented in this study show that the 
proposed method is a promising approach of realizing high 
gain THz antennas. 
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