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3D Micro-Fabrication using Combination Technique of Nano-scale
Processing and Chemical Etching
(5th Report, Dependence of Mask on Processing Conditions)
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Noboru TAKANO, Tatsuo OYAMA and Kiwamu ASHIDA

*3 Graduate School of Science and Engineering, Toyama University,
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This study is intended to fabricate 3D microstructures on single crystal-silicon by tribo-nanoli-
thography (TNL) and wet chemical etching. In previous report, it could be known that height of
microstructure fabricated by the TNL and subsequent wet chemical etching can be controlled by
adjusting the TNL conditions such as normal load, pitch of processing line and number of processing.
This paper reports an etch result by HF solution in order to evaluate the mechanism of height change
with the TNL conditions. As a result, it is found that amorphous layer formed by the TNL can be
selectively etched in HF solution though non-processed area withstands etching. The mechanism of
change of masking effect is evaluated by utilizing this phenomenon. As a result, it can be known that
change of masking effect by normal load is resulted from change of thickness of the amorphous layer.
On the other hand, those by pitch of processing line and number of processing are resulted from
conversion ratio of single crystal to amorphous structure.

Key Words: Tribo-Nanolithography, Friction Force Microscope, 3D Micro-Fabrication Single
Crystal Silicon, KOH, HF, Amorphous, Cantilever for Processing
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Fig.1 Schematic of experimental method
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Fig.2 3D microstructure fabricated by control
of TNL conditions
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Fig.3 Change of TNL processed area after etching in HF solution and subsequent etching in

KOH solution
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Fig.4 Cross sectional TEM image of TNL processed area

Heightof | Depth of processed |
protuberanﬁ area !

Thickness
of mask

(a) After TNL process

(b) After etching in
HF solution

Fig.5 Definition of thickness of mask

Table 1 TNL conditions

Sample Single crystal Si (100)
Processing area (um?) 15% 7.5
Processing normal load  (1N) 79 ~ 358

Pitch of processing line  (nm) 29 ~ 469
Processing velocity (um/s) 30 ~ 140
Number of machining 1~4
Processing direction <110>

Table 2 Etching conditions

Etchant 25mass% HEFE solution
Etch time (s) 600
Solution temperature 9] 296
Ultrasonic wave Addition
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Fig.6 Relationship between processing normal
load and thickness of mask
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Fig.7 Relationship between overlap ratio and
thickness of mask
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Fig.8 Relationship between processing velocity
and thickness of mask
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Fig.9 Relationship between number of processing
and thickness of mask

Table 3 TNL processing conditions

Sample Single crystal Si (100)
Processing area (um?) 15% 7.5
Processing normal load (uN) 239, 318
Pitch of processing line  (nm) 29, 59
Processing velocity (um/s) 30, 120
Number of processing 1,4
Processing direction - <110>

Table 4 Etching conditions
Etchant 10mass% HF solution
Etch time (s) 0~ 270
Solution temperature (K 296
Ultrasonic wave Addition
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Fig.10 Change in etch rate of the area processed

under various normal loads plotted as a

function of etch time
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Fig.11 Change in etch rate of the area processed
under various overlap ratios plotted as a
function of etch time
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