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Study on the Masking Effect of the Nanoscratched Si (100) Surface
and Its Application to the Maskless Nano Pattern Fabrication

Sung-Won Youn” and Chung-Gil Kang "

ABSTRACT

Masking effect of the nanoscratched silicon (100) surface was studied and applied to a maskless nanofabrication

technique. First, the surface of the silicon (100) was machined by ductile-regime nanomachining process using the
scratch option of the Nanoindenter ® XP. To clarify the possibility of the nanoscratched silicon surfaces for the

application to wet etching mask, the etching characteristic with a KOH solution was evaluated at room temperature.
After the etching process, the convex nanostructures were made due to the masking effect of the mechanically affected
layer. Moreover, the height and the width of convex structures were controlled with varying normal loads during

nanoscratch.
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(b) Side view
Fig. 1 Schematic diagram of (a) experimental procedure

and (b) Geometry of scratch tip and meaning of
symbol ® and

Table 1 Ductile mode nanomachining conditions

Tip |Normal load|Scratch rate| ® | Post profile

type (Ln) (Ss) load (LD)
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Berkovich

Fig. 1 ()€ 4%9 /g =& Yez glon
CLS Ade A 7] &Hs (X 20-217C,
BUSE: 45-50 %) A o} Fo) Frh AW A3
2 Azt FAHE I8 259 A7 AHEE
o, 7}4& A7]A] ZUch Berkovich Hol A
2 AT 715 0 9o 9w+ Fig. 1 (b) o YElY
Act "He HEFE o =0°2 T olfE &A
HE g A BAANI T 2AY over coat B
&3k 37 HsiMeltt, AFA Fo] £
FAE ZENYL AT @ ¥HE oS
e o2 A 2 gozn d4s s %
A HEF JF Lol &A= d&e 3
A, TAE TzHdo] &3 FHe A ¥

o

oyt WO

to & P ro rlr o

o



&89 Asd  @5YTEEA A u B A5z

WB287] st 718 dA 2] 100 pN (default
value) B0t 8 WA AA A

21 ¢ty Held

92 A2+ 0.5 mm FH9 n-type 2
2 (100) dolH7t ALHATE. A Si (100)
AEL 2SHAH7E o] 83t olNET DI o
Ax  AHHJADL. AfHoz  APSHE  H-
passivation 3 4 9] 43S wix)sl7] $s5le] HF &4
d o4& Adist AAE A @k AEH F
AFM 22 38 A|HEHY FUXEE 9 R=
2-5 nm Ut @2AA A2 A AAHWA o
2 JAFZAE L YR FolFol oA o]
7b ok 0 ojeldt AAuelo] wWE FFEAY
ztol o] dgE wiAlEy] A, 23X WEFS
oFst Agtez Q3 dE9 Y 7HFelM &
3 AFREE [100] BEez AR 258
A 7HES st A% F 2 AR s
o mE CLS A4S FIdsen, Hxe AF
o] gl A% 7MEF AE AL Table. 1 3 21}
CLS 7}& & AL 20 wt% KOH £ 15
B A7 AFTh

3.d U EE

31 HRY dalE3e HY-gY 13
A3EAZL 4% vhaAz ogde 1
£ FulAARe Ads) AaAAE, $4
Edo Y ¥4 R A5 HFRAFS 7Y
A BYNZE Rl e Fasith shisw
a4 9ol 7138 278 AQo] HY 4747
BN SH/FAAA2E 42L 37 BEolTh
AT, A9, KIS ge A4 A=Y
MYASE A QYRS HYRSE TR0,
AAY Az RRYE AFAE 9499 B
o) AFscte AL olm F FAA Uk 2 7}

2

A
27

Ductile-regime machining
(Elastoplastic deformation)

Ductile-brittle transition
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Fig. 2 Micrograph (1000X) of the Si (100) surface after ramping load scratch
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Fig. 3 AFM image and cross section profile of single crystal silicon after ductile regime nanomachining by CLS
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Vertical cross section
Surface Protuberance due to oxide and hydro-oxide generation
@ Driving force : frication between tip and surface
i ® Height : varies with normal load and environment (ex. humidity)
; i ® Position : varies with crystal orientation and tip eccentricity

Single crystal silicon Piling-up due to the plastic deformation

Horizontal cross section

Normal force{¥rp

! . Tangential force(Ft)

—
[110] direction
on (100) surface
, ©=0°

El irregular and rough surface prPtuberance

asti

(d)

(a) Protuberance layer (oxide or hydro-oxide ) reported [by Miyake]
{b) Layer B : Oxygen rich and Low crystalline
(like amorphous structure) [by Morna]
{c) Layer C : {etching pr tion effect) | high d
reported [by Morita)
{d) Substrate (slngle crystal silicon)

"

(d) Singte crystal silicon

Fig. 4 Masking effect of the silicon surface after nanoscratch ( Miyake >, Morita
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Fig. 5 AFM image and section profiles of the nanoscratched silicon surface after wet etching in the 20 wt.% KOH

solution for 15 mins
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etching in the 20 wt.% KOH solution for 15
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