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This study proposes a silicon pillar-based terahertz metasurface for polarization
space-division multiplexing. By optimizing pillar geometry and spatial
arrangement, it enables multi-polarization generation, modulation, and analysis.
The M-4D device converts a linearly polarized wave into four beams with
distinct polarization angles, while M-2B and M-4B generate vector Bessel
beams. Fabricated on a high-resistivity silicon substrate using photolithography
and deep silicon etching, the design is validated through simulations and
experiments. This approach advances metasurface-based polarization control
with potential applications in imaging, sensing, communication, and beyond.
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Experimental

(1) Mask Fabrication: First, the mask pattern was exposed onto a Cr-coated
quartz substrate coated with AZ1350 positive photoresist using the Maskless
Aligner TU-058. Development was carried out in the Draft Chamber for
Development TU-060, followed by Cr pattern transfer using a Cr etchant. The
remaining photoresist was removed in the Draft Chamber TU-001 using a
H,SO,:H,O, = 5:1 solution, yielding the final mask. This mask can be used in
subsequent traditional photolithography processes, as shown in the figure 1
Photos and Microscopic Images of the Mask.

(2) Photolithography Process: A high-resistivity silicon substrate (1 mm thick)
was used. An adhesion promoter (OPA) was spin-coated using the Mikasa Spin
Coater TU-051 and baked on the Hot Plate TU-054. PR800-200cp positive
photoresist was then spin-coated using the Spin Coater TU-052 and baked on
the Hot Plate TU-054. The mask was mounted on the Double-Side Aligner
TU-056 for exposure. After exposure, development was performed in the Draft
Chamber for Development TU-060, resulting in a patterned photoresist on the
silicon substrate (Figure 2).

(3)Deep Silicon Etching Process: Deep silicon etching was conducted using
DeepRIE #1 TU-201, with etching depth monitored and measured using the
Laser/White Light Confocal Microscope TU-310. After processing, the final
sample was inspected using the Microscope TU-307. The final results are
shown in the figure Photos and Microscopic Images of the Etched Sample.
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Results and Discussion

The required etching depth is 200 uwm. The actual etching depths measured at
different positions using the Laser/White Light Confocal Microscope TU-310
are shown in the picture below (Figure 3). The results indicate that the central
region has a shallower etching depth compared to the edges, exhibiting a
certain degree of non-uniformity. Optimization may be achieved by adjusting
etching parameters such as etching time, passivation time, and gas pressure.
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Figure 3. Etching Depth Measurement Results
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