Supplemental Document

Optics EXPRESS

Robust light beam diffractive shaping based on
a kind of compact all-optical neural network:
supplement

JIASHUO SHI,1:2 DoNG WEI,1:2® CHAI Hu,"2:3 MINGCE CHEN,'+2
KEWEI L1u,"2 JUN Luo,'2 AND XINYU ZHANG:2:*

! National Key Laboratory of Science and Technology on Multispectral Information Processing, Huazhong
University of Science and Technology, Wuhan 430074, China

2School of Artificial Intelligence and Automation, Huazhong University of Science & Technology, Wuhan
430074, China

3 Innovation Institute, Huazhong University of Science and Technology, Wuhan 430074, China
*x_yzhang @hust.edu.cn

This supplement published with The Optical Society on 19 February 2021 by The Authors under
the terms of the Creative Commons Attribution 4.0 License in the format provided by the authors
and unedited. Further distribution of this work must maintain attribution to the author(s) and the
published article’s title, journal citation, and DOI.

Supplement DOI: https://doi.org/10.6084/m9.figshare.14014688

Parent Article DOI: https://doi.org/10.1364/OE.419123



Robust light beam diffractive shaping based
on a kind of compact all-optical neural
network: supplemental document

JiAsHUO SHI,"? DoNG WEL, "2 CHAI Hu,"'%* MINGCE CHEN, "2 KEwEI Liu, '
JUN Luo,"? AND XINYU ZHANG 2

!National Key Laboratory of Science and Technology on Multispectral Information Processing,
Huazhong University of Science and Technology, Wuhan 430074, China

2School of Artificial Intelligence and Automation, Huazhong University of Science & Technology,
Wuhan 430074, China

Innovation Institute, Huazhong University of Science and Technology, Wuhan 430074, China

*x yzhang@hust.edu.cn

S1. The process and details of the fabrication for GS-based phase plate
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single phase mask.

Fig. S1 The GS-based phase plates are fabricated over a silicon wafer by a single mask UV-photolithography and a
dual-step KOH etching.



Through the first step of KOH wet etching, the silicon inverted pyramid structure is obtained.
After the second step of KOH wet etching, the silicon inverted pyramid structure is evolved
into a cambered surface that can be approximated by the spherical surface [S1, S2]. Since the
lithography layout in the THz frequency usually has a relatively large opening size, it is
essential to control the KOH etching time. In the actual implementation of the KOH etching
for silicon structure, sometimes the method of observing and judging the formed topography
by interrupting the etching process of the silicon wafer in etching process is used, so as to
control the KOH wet etching process. The phase distribution of 0~2pi is discrete into 256
points.

The first KOH wet etching time of the THz silicon structure is about 305 minutes. The
typical etching results are shown in Fig. S1. A flat crisscross can be observed under the
microscope, marking that the inverted pyramid based on silicon wafer has been constructed.
After the first KOH etching, the silicon dioxide mask on the silicon surface is removed with
HF solution, and then the second KOH etching is started. The KOH etching reaction in the
second step is much more violent than the first step. After the reaction, a step-shaped
diffraction phase structure can be obtained. The sampling distance determines the wet etching
time. Using the optimized KOH etching time, an ideal surface shape and height distribution of
the surface phase step-like morphology can be obtained.
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