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Maskless Pattern Fabrication on Si (100) Surface by Using Nano
Indenter with KOH Wet Etching

S. W. Youn, Y. L. Shin and C. G. Kang

Abstract

The nanoprobe based on lithography, mainly represented by SPM based technologies, has been recognized as potential
application to fabricate the surface nanostructures because of its operational versatility and simplicity. The objective of
the work is to suggest new maskless pattern fabrication technique using the combination of machining by nanoindenter
and KOH wet etching. The scratch option of the nanoindenter is a very promising method for obtaining nanometer scale
features on a large size specimen because it has a very wide working area and load range. Sample line patterns were
machined on a silicon surface, which has a native oxide on it, by constant load scratch (CLS) of the Nanoindenter with a
Berkovich diamond tip, and they were etched in KOH solutions to investigate chemical characteristics of the machined
silicon surface. After the etching process, the convex structure was made because of masking effect of the affected layer
generated by nano-scratch. On the basis of this fact, some line patterns with convex structures were fabricated. Achieved
patterns can be used as a mold that will be used for mass production processes such as nanoimprint or PDMS molding
process. All morphological data of scratch traces were scanned using atomic force microscope (AFM).
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Fig. 1 Schematic diagram of (a) experimental
procedure and (b) processing tip geometry

Table 1 Ductile mode nanomachining conditions

Normal load [Scratch rate| ©

(L) Sy

Post profile
load (L)

SmN 10pm/s 0° 0.1uN

Berkovich ®9] &4 2 A9, 715 © 9
vl Fig. 1(b) o WERY Slth 23] 3o
drv IAE ZrHYe ~3¢x @ xW
Wl we sFom Thal AIAYA FOoMN
A3 E 3 a9 HF AR g FAHIE 9
g2 vl wald, T2E ZEayde) ofd W
o A WL WA f3td 7 24w
100uN (default value)2 v} R A AAslgict.

g ot 4y Lo

o

SAMIISEREX/H 123 M 73,2003 W/ 641



EU/LE & AIHL KOH (10, 20 wt.%)-& Ao A 4
A A Z1AA 7hgel osiA PA4E EREASE
o de|Ze] A7t nfLaARAY aH/E A
ow, 9 AHE o]lgsto] A T #FRlur o]
AzEAL A gHe Bels PSIA oA Al
ZtE AFM FH]Cl XE-100 o] AME-H Ao}

3. du & n@
3.1CLsOf 2et IF= mEH 75

Fig. 2 &= Table 1 & A3
Ao Axg Yehz gl

A0l 2Ae e wazE U s
FL 2T 4 Ye AL B Aol 2dlske
el 4 % shtoln,
g 0= T T AT g N \,“"\:“Y
g 251 Post profile 2
@
g -50- 2
3 o
‘g -75 g
[}
o o
= 1004 kA
& s
s 125 Scratch profile ;
—————— ——
§-150- S e T
40 80 120 160 200 240
(a Scratch Distance(um)
0.20
T \
[ " TS
3 0151 S e A
£ ;
3
0010-‘
<
2
§ 0.05-
£
('S
00 v + - -
40 80 120 160 200 240

Scratch Distance (mm)

A a
cA'mrgq:'o&

Scratch starting point

AN A s A

—_—
Friction force along scratch(mN) R P

N
¢ 40 80 120 160 200 240
Scratch distance(um)
Fig. 2 (a) Penetration depths before and after elastic
recovery, (b) Coefficient of friction, and (c)
(100)

increasing scratch distance

GL,

Friction force of Si surface with

6428t 28 ItB & X[/A 12 A X 75,2003d

Fig. 2(a) =2 A Zolo ul& ﬂ%z‘ol@um
-ng depth)e] ®W3EE Yehz ok T
d FAe HEE BE, 23HA FHd
Bol Aalu AHZzV] HolRT} &
2 B -9 s 2AE

nd
— 4 = |
M
o

o4 Protuberance
{with irregular and rough surface)

-1972

-1976

. /)( oy
-198
Piling-up
-1984

0 1 2 3
Position (um)

Average line profile (1m)

Fig. 3 AFM image and cross section profile of single
crystal silicon after ductile regime machining
by CLS
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