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Development of Ultrasmall Optical Pickup by Employing the Six
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Abstract

The Six Sigma methodology can be applied to R&D of new products as well as quality control and
business management of production lines. In this paper, we describe the results of design and fabrication of
ultrasmall optical pickup, which is essential for the implementation of high-density portable optical
information storage devices using blue light source, by applying Six Sigma tools and methodology. The
DMAIC process was used as a Six Sigma roadmap. The optical pickup was consisted of microlens and
silicon optical bench and fabricated by applying the MEMS and integrated optics technology in
consideration of the ease of assembly, productivity improvement, and the possibility of miniaturization. First,
a silicon optical bench including a micromirror array was fabricated, and a hybrid microlens that combining
a refractive lens and a diffractive lens was mounted on the optical bench and the blue laser diode chip
was bonded while adjusting the optical axis for the optical pickup. As a result of evaluating wavefront
aberration and optical signal, the specification of an optical pickup suitable for blue light was satisfied.
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[Table 1] Processes and Main Tools Applied in This Project

Stage Goal Tools

* Understanding of VOC
* Identification of CTQ

Define * Find problems and establish targets to be improved

* Measure the present quality level and identify the problem

o * MSA
quantitatively

Measure

* Find potential variables that affect the CTQ and select a| * Fishbone diagram

Anal
ayze few key factors among them * C&E matrix

* Find optimal conditions of key factors to increase the CTQ | * Design of Experiment
satisfaction * FMEA

* Control chart
* Check list

Improve

Control * Manage and maintain the improved quality state
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[Fig. 5] Cause and Effect Matrix Diagram for the UV nanoimprint Process

3.4 Tmprove THA|

N EAE 2Mel 22 dels FHotD MAS| flotd, o THAOIM @2 <ty QIXiof Cf

=
ot AH =7s HOHo] Z2MA9 JfdS ddots BAOIG. = 1Mo
A

>
rr
>
oot
=
Jlot
M oE

o 14
O fot

S
Mz 38zds =20t 22 sds 2010 §8%tE Minitab &I
3

> > o
MY
o)
Hu
o 39

(V)
&
=
J
|o
Hu
>
oot
O
Q
o
=
olo
ro
Pl
Hu
rr
for
{12l
r
[
1o
ogt
0z
l_,—_l
oK
Ot
™A

ne
oz
Of
=
m R
mu o
Of
Q
fim]
A
ro
Pl
]
El
fot
ro
Pl
mjn
=2
)}
Of
=)
NeJ
wh
N
=
Hu
|.|-|
>
A
=2
>
Jo
10
=
rot
>
>
=)

i rlo
£
&
Hm
P

=4 2, oSt Hiet 20| uv =& AlZH & uv oie7h Bz ¥
Ao 7rg 2 s oiXE Feids ¢
=

=] =
HEHHRSMS ALY UV Lt YJZZUE THAOM XHetE S8Hss

w
fot
o
s
E
rg
4>

459



Development of Ultrasmall Optical Pickup by Employing the Six Sigma Methodology

UV TS 100 W, UV Z2H SR S L0 um@Ch AEALE oef EEE HNsE 3
B0 M2t BHAXGL SHAUX 0f20[2 THE sj0|=2|C DjO|ARHXES THGKAC, (1Y
612 HXE Dfo|aRA= ofzfolo] et HOIF AN X 1 BHAXG} A
SRy Uxo| DS LYEHHDL £ HR0ME X YR X0 g
A4 T 4 pm, s249] SHUX YHS 2= 30 AZAX 20/2t B 700 pm, AX &0

500 ym@| =EHU=Z HZSIAC.

(@

[23 6] () 2ARH= Of0|o] IR0 AT, (b) 2EH= 2t} O|0|X], () =EH= = 0|0|X|,
(d) BlO|EZ|E BlI=o| XL (AA® THH)
[Fig. 6] (a) Optical Micrograph of Diffraction Lens Array, (b) Magnified Image of a Diffractive Lens, (c) Magnified
Image of a Refractive Lens, (d) Schematic Diagram of a Hybrid Lens (Cross Section of AA’).
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[Fig. 7] (a) Typical Interference Fringe Pattern, (a) Before UV curing, (b) After UV curing
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[Table 2] The Score Card of the Fabricated Ultrasmall Optical Pickup Developed in This Project

Items Unit Spec limit Result

Wave front error Arms < 0.06 0.059
Diffraction efficiency % > 80 84
Spot diameter nm 400 < d < 460 439
=8 8 =+ 4 - 3
FE Signal Offset % <10 4.6
TE Signal Offset % <10 83
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