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Fabrication of Nanoscale Reusable Quartz Master
for Nano Injection Molding Process
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Abstract

In this paper, we present reusable quartz master fabricated by electron-beam lithography and dry etching
process of quartz, and results of injection molding based on the reusable quartz master for the manufacturing

of nano-scale information media.

Since patterned structures of photoresist can be easily damaged by

separation (demolding) process of nickel stamper and master, a master with photoresist cannot be reused in

stamper fabrication process.

patterning on quartz in nickel stamper fabrication process.
specimens including 100nm, 140nm, 200nm and 400nm pit patterns.
embossed carving patterns are fabricated for each specimen.

In this work, we have made it possible of the repeated use of master by directly

We have designed and fabricated four different
In addition, both intaglio and
In the preliminary test of injection molding, we

have fabricated polycarbonate patterns with varying mold temperature. We have experimentally verified the
fabrication process of the reusable quartz master and possibility of quartz master as direct stamper.
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F. Father separation

™ de've‘,opmm't' = G. Nicke! electroplating (mother)

D. Seed layer deposinon (NED process) it “mother

il H. Nickel electroplating (son, stamper)
elactroplating (father)

Fig. 1 Fabrication process of conventional nickel stamper for
information storage media
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Fig. 2 Basic set of dot patterns for information storage
media
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Table 1 Dimension of pit structure in Fig. 2

L W Tp H
Type 1 | 400nm | 400nm | 740nm | 140nm
Type 2 | 200nm | 200nm ) 400nm | 140nm
Type 3 { 140nm L14Onm 320nm | 140um
Type 4 IOOnmA 100nm | 300nm | 140nm

A. Chrome deposition : 710 A F. Quartz dry etching

B

B. PR coating : 3000 A G. Cr removal - Quartz master

[y meney

C. £-beam writing H. Seed layer deposition and piating

T

1. Nickel stamper separation

] ] g

E. Cr dry etching & PR removal r_um\__r.\_,_ﬂf

Fig. 3 Fabrication process of reusable quartz master and
stamper
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Table 2 Comparison of designed dimension with
measured dimension of L in Table 1

Measured
Design
Intaglio Embossed
Type 1 400nm 464nm 298nm
Type 2 200nm 249nm 161nm
Type 3 140nm 195nm X
Type 4 100nm 141nm X
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(d)

Fig. 4 Fabricated quartz master of intaglio carving
patterns: (a) Type 1 of 400nm-designed dot; (b)
type 2 of 200nm-designed dot; (c) type 3 of
140nm-designed dot; (d) type 4 of 100nm-
designed dot
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Fig. 5 Fabricated quartz master of embossed carving
patterns: (a) Type 1 of 400nm-designed dot; (b)
type 2 of 200nm-designed dot; (c) type 3 of
140nm-designed dot; (d) type 4 of 100nm-
designed dot

Fig. 6 AFM image of the dot pattern fabricated by
injection molding process with embossed
carving patterns of type 1 in Fig. 5(a):
Temperature = 80°C, Material=Polycarbonate

Fig. 7 SEM image of the dot pattern fabricated by
injection molding process with embossed carving
patterns of type 1 in Fig. 5(a). Temperature
100°C, Material=Polycarbonate
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Table 3 Measured width ratio of groove to dot after
injection molding process

Mold Polyoxymethylene| Polycarbonate
Temperature (POM) (PC)
65T 0.333 N/A
80T 0.600 0.667
100°C N/A | 0.690

*Width ratio of groove to dot of quartz master : 0.68

Fig. 8 SEM image of the dot pattern fabricated by
injection molding process with embossed carving
patterns of type 1 in Fig. 5(a): Temperature =
80°C, Material=Polycarbonate
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