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A Study of Mechanochemical Hyperfine-Writing Technique
Using Deformation Induced Etch Hillock Phenomena

Sung Won Youn" and Chung Gil Kang

ABSTRACT

The purpose of this study is to suggest a hyperfine maskless writing technique by using the nanoindentation and HF

wet etching technique. Indents were made on the surface of Pyrex 7740 glass by the hyperfine indentation process with a

Berkovich diamond indenter, and they were etched in 50 wt% HF solution. After etching process, convex structure was

obtained due to the deformation-induced hillock phenomena. In this study, effects of indentation process parameters

(etching time, normal load, loading rate, hold-time at the maximum load) on the morphologies of the indented surfaces

after isotopic etching were investigated from an angle of deformation energies. Finally, sample characters were written

to show the possibility of the application.
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Fig. 1 (a) Drawing and (b) optical scan of the diamond
Berkovich indenter used in this study
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Fig. 2 Pyrex 7740 glass surface after indentation
experiment under normal load of 200 mN
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Fig. 3 Indented surface after 50 wt% HF etching for 10 s
(Ly=200 mN)
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Fig. 4 Morphology change of indented Pyrex 7740 glass
surface after S0 wt% HF etching for (a) 5, (b) 10,
(c) 15 s (Ly =15 mN, R =1 mN/s)
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Fig. 5 Load-displacement and calculated energy under
different normal load conditions of (a) 3, (b) 5, (c)
10, (d) 15 mN

Table 1 Relationship between elastic recovery (Rg) and
maximum normal load applied on sample (Ly)
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Ly (mN) 1 3 5 10 | 15

Re (%) 69 | 63 58 | 58 | 56
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Table 2 Relationship between elastic/plastic properties

and loading rate (Ry)
Ro(mN/s) | 25 | 1.7 | 1.3 1
Depth at max. load (nm) | 463.2 1452.4|444.9 | 441.9
Depth after elastic 189.8193.3|198.6 | 207.9
recovery (nm)
Elastic recovery, Rg (%) | 59.2 | 57.27| 554 | 52.9
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Fig. 6 Relationship between deformation energies and
loading/unloading rate measured during indentation
experiments (Ly=5 mN)
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Fig. 7 AFM analysis results of indented surface after 50
wt% HF etching for 5 s, showing the effects of the
normal loads (Ly=(a) 0.1, (b) 1, (c) 3, (d) 5, () 10,
(f) 15 mN), and loading rate (R =(g) S, (h) 2.5, ()
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Fig. 9 Effect of hold-time (ty=1, 10, 50, 100, and 150 s)
at the maximum load on the morphology of the
indented Pyrex 7740 glass surface after 50 wt%
HF etching for 2 s (R;=1 mN/s, Ly=150 mN)
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