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This study is intended to fabricate 3D microstructures on single crystal silicon by tribo-nano-
lithography (TNL) and wet chemical etching. The processed area of single crystal silicon by
diamond tip withstands etching in KOH solution, and consequently protruding microstructure can be
fabricated. Transmission electron microscope (TEM), Auger electron spectroscopy (AES) and
secondary ion mass spectrometry (SIMS) analyses are utilized to study the mechanism of masking
effect. As a result, it can be known that crystal silicon structures are converted to amorphous silicon
by TNL process, resulting in acting to the etch mask against KOH solution. Comparison of etch rate
between amorphous and single crystal silicon is conducted. In addition, mechanism of protuberance,
which is generated in processing under lower normal load, is studied with minute observation of
processed area.
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Fig.1 Schematic of TNL experimental setup
based on friction force microscope
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Fig.2 Micro—fabrication method by TNL and wet
chemical etching

Table 1 TNL processing conditions

Sample Single crystal Si (100)
Processing normal load ~ (uN) 350

Pitch of processing line (nm) Single line, 50, 100
Processing velocity (um/s) 30
Processing direction <110>
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(a) Single line

(b) Series of lines with a pitch of 50nm

(c) Series of lines with a pitch of 100nm

Fig.3 Cross sectional TEM image of TNL processed area
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(b) Processed area consisting of a series
of lines with a pitch of 50nm

Fig.4 Depth profile of TNL processed area
analyzed by AES
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(b) Processed area consisting of a series
of lines with a pitch of 50nm

Fig.5 Depth profile of TNL processed area
analyzed by SIMS
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Table 2 Deposition conditions

Silicon
Magnetron spattering,
Helicon wave

Target

Deposition method

RF power (W) 100
Helicon wave RF power (W) 50
Sample temperature ® Room temperature
Pressure (Pa) 8.2 x 102
Thickness (nm) 500

Table 3 Etching conditions

Single crystal Si (100),
Sample Amorphous Si
KOH concentration {(mass%) 5~ 30
Etch time (min) 30
Solution temperature (K) 296
Isopropyl alcohol Including (Saturated)
Ultrasonic wave Addition
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Fig.6 Comparison of etch rate between amorphous
and single crystal silicon
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Fig.7 Dependence of height of processed area
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(b) Series of lines with a pitch

Fig.8 Enlarged AFM topography images of processed area
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Fig.9 SEM image showing the chip generation
around the processed area
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