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3 D Micro-Fabrication using Combination Technique of Nano-Scale
Processing and Chemical Etching
(1st Report, Possibility of 3 D Micro-Fabrication using
the Mechanism of Friction Force Microscope)

Noritaka KAWASEGI*®, Noboru MORITA, Shigeru YAMADA,
Noboru TAKANO, Tatsuo OYAMA and Kiwamu ASHIDA

*5 Graduate School, Toyama University,
3190 Gofuku, Toyama-shi, Toyama, 930-8555 Japan

This study proposes a new method on 3 D micro fabrication using a combination technique of
nano-scale processing and wet chemical etching. The (100) surface of single crystal silicon was
processed by using the mechanism of friction force microscope (FFM). A processed area was
protuberated in the condition where normal load is less than 372 uN. The sample processed in this
condition was etched by KOH solution. After the etching process, convex structure was made on
processed area. The effect of processing condition on etch rate of processed area was studied. It was
found that etch rate was changed with normal load, pitch of processing line and number of process-
ing. Also, mechanism of height change was investigated under those conditions and some 3 D micro-
structure were fabricated by these results.

Key Words: Friction Force Microscope, Single Crystal Silicon, KOH Etching, Normal Load, Pitch
of Processing Line, Number of Processing
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Fig.1 Schematic of experimental apparatus
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Fig.2 Schematic of experimental method
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Table 1 Nano-scale processing conditions

Sample Single crystal Si (100)
Processing area (um? 15 X 7.5
Processing normal load ~ (uN) 62 ~ 557
Processing velocity (um/s) 15 ~ 180

Pitch of processing line  (nm) 29 ~ 469
Processing direction <110>

Table 2 KOH etching conditions

KOH concentration  (mass%) 5~ 35

Etch time (min) 5~ 60
Solution temperature (K) 296
Iso-propyl alcohol Including (saturated)
Ultrasonic wave Addition

FFM processed area
Hp : Height of
protuberance

SiO2 mask

(a) Before etching

Dp : Etched depth of

Dn : Etched depth of
" ° FFM processed area

non-processed area

He : Height of
convex structure

oo

(b) After etching

Fig.3 Schematic of FFM processed area
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Fig.4 Masking effect of FFM processed area
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Fig.5 AFM image of line structure etched by
5mass% KOH solution for 1min
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Fig.6 Relationship between processing normal
load and etch rate
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Fig.7 Step structure fabricated by using the
change of etch rate with processing
normal load
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