[

FRLM7FESS 200549 FRAT R AT EhAENE TE ATAY

b
>
o2t
ak
o

BRG] ' XA HIIE . A FER. YN ZMY W

Fabrication of diffractive optical element for objective lens of
small form factor data storage device

H. Bae, J. Lim, K. Jeong, J. Han, J. Yoo, N. Park and S. Kang

Abstract

The demand for small and high-capacity optical data storage devices has rapidly increased. The areal density of optical
disk is increased using higher numerical aperture objective lens and shorter wavelength source. A wafer-scale stacked
micro objective lens with a numerical aperture of 0.85 and a focal length of 0.467mm for the 405nm blue- violet laser was
designed and fabricated. A diffractive optical element (DOE) was used to compensate the spherical aberration of the
objective lens. Among the various fabrication methods for micro DOE, the UV-replication process is more suitable for
mass-production. In this study, an 8-stepped DOE pattern as a master was fabricated by photolithography and reactive ion
etching process. A flexible mold was fabricated for improving the releasing properties and shape accuracy in UV-molding
process. In the replication process, the effects of exposing time and applied pressure on the replication quality were
analyzed. Finally, the shapes of master, mold and molded pattern were measured by optical scanning profiler. The
deviation between the master and the molded DOE was less than 0.1um. The efficiency of the molded DOE was measured
by DOE efficiency measurement system which consists of laser source, sample holder, aperture and optical power meter,
and the measured value was 84.5%.
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Fig.1 Schematic of assembled wafer-based micro
objective lens

Table.1 Design specification

Wavelength()\) 408(-5/+10)nm
Focal length 0.467nm
Numerical Aperture(NA) 0.85
Entrance Pupil Diameter $0.8mm
Working Distance 40um
Cover layer 0.1mm (ng=1.58)
Overall length 1.36mm
Wavefront error(Ams) 0.0078 A
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Fig.2 SEM images of master patiern of DOE
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Fig. 3 Images of the photopolymer droplets on (a) nickel
mold and (b) UV-transparent mold
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(b) Silicon acrylate mold

Fig. 4 Comparison of laterai shrinkage of silicon acrylate
mold and PDMS mold
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Fig. 5 Process flow of UV-replication for DOE

Fig. 6 Image of UV-replication system
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Fig.7 Measurement result of FTIR spectroscopy for
silicon urethane acrylate
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Fig. 8 Surface roughness of master, mold and replica for

increasing values of applying pressure

Fig. 9 SEM images of replicated DOE
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Fig. 10 Comparison of surface profile of designed
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Fig. 11 (a) Measurement system for intensity of
reference light, (b) Measurement system for intensity of
first order diffraction

Table. 2 The efficiency of the replicated DOE efficiency

Ireference Ince Efficiency
Sample | () () (%)
2.23 83.52
Sample 1 2.67 2.24 83.90
2.32 86.89
Average 84.77
2.22 84.41
Sample 2 2.63 2.23 84.79
2.25 85.55
Average 84.92
2.31 85.24
Sample 3 2.71 2.31 85.24
2.29 84.50
Average 84.99
2.35 83.93
Sample 4 2.80 2.34 83.57
2.30 82.14
Average 83.21
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