SERE LR

218 A4z (20043 49

Journal of the Korean Society of Precision Engineering Vol. 21, No. 4, April 2004.

LiA 2 X|2} HF AlZg HEsE B
A o A

RAY =

242|#Ho|E
|5t 71&

Y, 2Ed’

Fabrication Technique of Nano/Micro Pattern with Concave and Convex
Structures on the Borosilicate Surface by Using Nanoscratch and HF etching

Sung Won Youn” and Chung Gil Kang *

ABSTRACT

The objective of this work is to suggest a maskless pattern fabrication technique using the combination of machining
by Nanoindenter® XP and HF wet etching. Sample line patterns were machined on a borosilicate surface by constant
load scratch (CLS) of the Nanoindenter® XP with a Berkovich diamond tip, and they were etched in HF solution to
investigate chemical characteristics of the machined borosilicate surface. All morphological data of scratch traces were

scanned using atomic force microscope (AFM).
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l B. Nanoscratch I [ C. Wet etching ]
Scratch tip
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Tap water 3 y N
L y
; Ultrasonic bath ;
Top view
Roundness of edge | Berkovich
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(b) " side view oLge

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

Normal load Scratch rate | @ Post profile
(Ln, mN) (Ss, pm/s) | (°) | load (Lp, uN)
04-10 10 0 0.1uN

(default: 5)

2.1 H|H3 E2AB|AHOIE

05 mm F7¢ Pyrex 7740 (80.9wt.%SiO,-
12.7B,0;.2.3A1,05-4.0Na,05-0.04K,05-0.03Fe,03)  ©]
AHEHA o™, CLS o 93 AAHEE JMEAE =
A Table. 1 I ZT} Pyrex 7740 & LA A 471 A
g2 Al Z7) Yo, MEMS Eokdll A& Az
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— Horizontal cross section

Elastically recovered layer

Normal force(Fn)

Tangential force{Ft)
—l

-
Very clean surface after machining

Vertical cross section

Very mild and small piling-up

//" No protuberance

Amorphous borosilicate (Pyrex)

Fig. 2 Nanodeformation behavior of amorphous borosilicate ductile regime nanomachining by CLS experiments
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Fig. 3 The AFM image of 7 grooves machined on the

borosilicate surface by CLS experiments
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Fig. 4 The vertical cross-sections of 7 grooves machined

by CLS experiments
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Fig. 5 The horizontal cross-section profiles of the 7
grooves machined by CLS experiments
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Fig. 6 V-groove patterns machined by the CLS under the
normal load of 5 mN with the line pitches of (a) 5
pm, (b) 1.5 pm, and (¢) 600 nm
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Fig. 8 AFM images and cross section profile of borosilicate surface; (a) after nanoscratch (b) after HF etching
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Fig. 9 Shape variation of the (a) machined grooves on
borosilicate (b) after etching in the 10 wt.% HF
solution for 20mins

(a) Grooves of 5 um pitch on Pyrex glass
Machined under the normal load of 5SmiN

b) After 10 wt.% HF etching for 20 minutes
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Fig. 10 Section profile change of grooves before and
after HF wet etching
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Numerous droplets
due to the amorphous phase separation)

Fig. 11 Surface of the borosilicate after 10 wt.% HF wet
etching showing the numerous droplets due tot the
amorphous phase separation
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