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Fabrication of High Aspect Ratio 100nm-Scale Nickel Stamper Using E-Beam
Writing based on Chrome/Quartz Mask Without Anti-Reflection Layer for
Injection Molding of Optical Grating Patterns
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Abstract

We present a fabrication method of high aspect ratio 100nm-scale nickel stamper using e-beam writing for

the injection molding of optical grating patterns.

Conventional nickel stamper is fabricated by nickel
electroplating process which is followed by seed layer deposition.

In this paper, we have used chrome

coated blank mask without anti-reflection layer of CrON in order to simplified electroplating process. In
experimental study, we have optimized electron-beam dosage for 100nm-scale optical grating patterns with
2.5-aspect ratio, and fabricated nickel stamper using above grating patterns as PR mold. Fabricated nickel
stamper have showed height of 240+20nm and width of 116+6nm.
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Fig. 1 Comparison of the configuration of blank
masks: (a) Blank mask with anti-reflection
layer (CrON/Cr/Qz mask); (b) Blansk mask
without anti-reflection layer (Cr/Qz mask)
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Fig. 2 Fabrication process of conventional nickel
stamper
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Fig. 3 Fabrication process of present nickel stamper
based on Cr/Quartz mask
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Table 1 Dimension of nano-grating structure in Fig. 2

Typel Type2 Type3 Typed
(pitch : 0.5 pm))i (pitch : 1.0 um) ||(pitch : 2.0 pm)j (pitch : 4.0 um)

Line |Space|| Line | Space || Line |Space | Line | Space

0.10 1 040 || 0.1 0.9 0.1 1.9 0.1 39

013 1037 02 0.8 0.3 1.7 05 | 35
0.15 | 035 || 0.3 0.7 0.5 1.5 1.0 | 3.0

020 1 030 ) 04 0.6 0.7 1.3 1.5 2.5
0251025 | 05 0.5 0.9 1.1 20 | 20

030 1020} 0.6 0.4 1.1 0.9 25 1.5

0351015 ] 0.7 0.3 1.3 | 07 3.0 1.0

0.37 | 0.13 0.8 0.2 1.5 | 05 3.5 0.5

0.40 | 0.10 || 0.9 0.1 1.7 1 03 39 | 01
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Fig. 5 Schematic view of nano-grating structures
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Fig. 6 SEM images of the fabricated PR mold using
blank mask and E-beam lithography: (a) PR mold
on the CrON/Cr/Qz mask at 10pC/em’; (b) PR
mold on the Cr/Qz mask at S.SpC/cmz
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Fig. 7 Comparison of designed PR line width with
measured PR line width of type 1 specimen in the
CrON/C1/Qz mask at optimal e-beam dose of
10uC/cm21 Maximum error in type 1 is 16nm
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Fig. 8 Comparison of designed PR line width with
measured PR line width of type 1 specimen in the
C1/Qz mask at optimal e-beam dose of
8. SpC/cm Maximum error in type 1 is 24nm
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Fig. 9 SEM image of the fabricated nickel stamper
using Cr/Qz mask: : (a) Type 1 : 0.5 um-pitch,
CDyin=0.1 zm, CD;=0.4 zm; (b) Type 2 : 1.0
um-pitch, CD;;=0.1 zm, CDpe=0.9 m; (c)
Type 3 2.0 um-pitch, CDpip=0.1 zm,
CDpax=1.9 um; (d) Type 4 : 4.0 um-pitch,
CD;:=0.1 zm, CD 0 =3.9 um

Fig. 10 AFM image of the fabricated nickel stamper of
type 4: The height of the nickel stamper is
240nm+20nm

Type 1 : pitch 500nm
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Fig. 11 Comparison of PR mold line width with nickel
stamper line width of type 1 specimen in the
Cr/Qz mask at optimal e-beam dose of
8.5uC/cm” Maximum error in type 1 is 20nm
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