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3 D Micro-Fabrication using Combination Technique of Nano-Scale
Processing and Chemical Etching
(2nd Report, Possibility of 3D Micro-Fabrication using
Focused Ion Beam Process)

Noritaka KAWASEGI*®, Koichi SHIBATA, Noboru MORITA,
Kiwamu ASHIDA, Jun TANIGUCHI and Iwao MIYAMOTO

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

This study proposes the 3 D micro-fabrication method on single crystal silicon using a focused
ion beam (FIB) process with masking effect for chemical etching. It could be seen that the area
processed by FIB remains though it was etched by KOH solution. The dependence of the masking
effect on experimental conditions and its mechanism were studied by various parameters and
structural analysis respectively. Some attempts to fabricate 3 D micro-structures were made based
on these results. Subsequently, the costs can be decreased to fabricate 3 D micro-structure and the
process be simplified compared to that using a traditional photoresist-masking method, owing to the
simple sequential processes of the chemical etching followed by FIB process.
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Fig.1 Experimental method
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(a) FIB process

Table 1 FIB processing conditions

Sample Single crystal Si(100)
Ion source Ga*
Accelerate voltage  (kV) 30

Beam current (pA) 180
Processing area (um? 20 x 20

Dose (Clem?) | 5.7x 107 ~ 2.9 % 107°
Dot pitch (nm) 63 ~ 1000

Table 2 Ktching conditions

Etchant 20mass% KOH
Temperature (K) 303

Etch time (min) 1~20
Iso—propyl alcohol Including (Saturated)
Ultrasonic wave Addition
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 Fig.2 Schematic of FIB ﬁfbcessed area

Cross section

(b) After etching
Fig.3 Masking effect of FIB processed area

(a) After FIB process
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(b) Strings of character

(a) Micro map

Fig.4 Fabricated structures with uniform height
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Fig.8 Relationship between etch time and
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Fig.10 TEM image of FIB processed area

After etching
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Table 3 FIB processing conditions

Sample Single crystal Si(100)
Ton source Si%
Accelerate voltage  (kV) 20 ~ 30

Beam current (pA) 180
Processing area (pm?) 20 x 20

Dose (Clem?) 1.2 X 107!

Table 4 Etching conditions

Etchant 20mass% KOH
Temperature (K) 296

Etch time (min) 10
Iso—propyl alcohol Including (Saturated)
Ultrasonic wave Addition
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Fig.11 Relationship between accelerate voltage and
height of convex structure in the irradiation
of Si** ion
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