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Abstract To investigate the effect of low-energy plasma bombardment on the surface physical properties of
monocrystalline silicon. By controlling factors such as etching time and gas pressure inside the vacuum chamber,
low-energy plasma is used to etch single-sided polished monocrystalline silicon (100). By measuring the etching
depth, surface roughness, Raman spectroscopy, and contact angle of the silicon wafer after etching, the changes in
the physical properties of the silicon wafer surface are studied. The experimental results show that as the etching
time increases, the etching depth of the silicon wafer remains basically unchanged, while as the etching pressure
increases, the etching depth of the silicon wafer first decreases and then increases. When the etching current is 0.1 A
and the gas pressure is 2 mTorr, the surface roughness of the silicon wafer reaches a minimum value at an etching
time of 40 s. The Raman spectra of the etched silicon wafers were measured, and it was found that the Raman
second-order peak decreased slightly overall with increasing etching time. Silicon wafers were etched using argon
ions and nitrogen ions respectively, and it was found that both showed varying degrees of increase in droplet angle
after being stored in air for a period of time. The etched silicon wafers were stored separately in argon, nitrogen, and
air environments, and the trend of water droplet angle changes on the surface of the silicon wafers was almost
identical. Low temperature plasma bombardment has no significant effect on the thickness of silicon wafers in a
short etching time, but has a certain effect on improving the surface roughness of silicon wafers and reducing the
wettability of silicon wafers. Among them, silicon wafers treated with argon ion bombardment undergo a transition
from hydrophilicity to hydrophobicity after being stored for a period of time.

Keywords Monocrystalline silicon, Plasma bombardment, Etching depth, Surface roughness, Raman
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Fig. 1  Self-built magnetron sputtering device
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Fig. 2 lon bombardment principle diagram
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Tab. 1 Basic characteristic parameters of ion source

Project Parameters

Model CDNY-YIM

Effective size 220 mmx145 mmx45 mm

Maximum discharge voltage 1500 vV
Discharge current >0.5 A
Ion energy 50-800 eV
Working pressure 3x107~5x10"" Pa

Air flow rate 0~100 mL/min
Cooling water pipe D8x1

Cooling water impedance 50 kQ/M

Control mode local/remote

Applicable scope plasma cleaning and auxiliary coating
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Fig. 4 (a) Effect of etching pressure on etching depth in 1.0—3.0 mTorr (current 0.1 A; etching time 120 s), (b) diagram of the varia-

tion of etching voltage with etching pressure under partial experimental conditions
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Fig. 8 Effect of etching pressure on the Raman curve of silicon

wafer surface within 10—60 seconds (current 0.1 A;

pressure 2 mTorr)
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Fig. 9 Effect of different standing times on water droplet angle
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sure 2 mTorr)
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Fig. 12 Changes in water droplet angle on silicon wafer sur-

contact angle/(°)

face etched with nitrogen ions under different gas stor-
age conditions (current 0.1 A; pressure 2 mTorr; etch-

ing time 40 s)
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