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Abstract

Six Sigma methodologies can be used not only for quality control and solving the management problem
of production lines, but also for research and development of novel products. In this paper, we describe the
design and fabrication of micromirror array, which is essential for the implementation of micro-optical
pickups for portable optical information storage devices using Six Sigma methodology. The DMAIC process
was applied as a Six Sigma roadmap. The micromirror array was fabricated by wet anisotropic etching of
a Si(100) wafer which was cut at an angle of 9.7° in the <110> crystal direction using a KOH solution
and additional UV embossing using a precision glass master mold. The surface roughness of the
polymer-coated micromirror was reduced to one eighth compared to the Si micromirror fabricated with wet
etching only, satisfying the specifications of the micromirror for the optical pickup.
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[Table 1] Sequence of Process and Main Tools Employed in This Project

Stage Goal Tools

*VOC
* CTQ

Define * Find problems and define targets to be improved

* Measure the current quality level and quantitatively identify

M * MSA
casure the problem S
* Find potential variables that affect CTQ and select a few key| ® Ishikawa diagram
Analyze .
factors among them * C&E matrix
* Find optimum conditions of key factors to increase CTQ| * FMEA
Improve . .
satisfaction * DOE
* Control chart
Control * Manage and maintain the improved quality state Control cha

* Check list
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[Fig. 2] Fabrication Process for the Fabrication of Micromirror Array: (a) Wet Anisotropic Etching of Si, (b)

Coating of UV Curable Resin, (c) Pressing with the Glass Master Mold, (d) UV Curing, (¢) Demolding
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[Fig. 3] Cause and Effect Diagram for the Fabrication of Micromirror Array

No. 1 2 3 4 5
Ratmng of Importance 7 7 8 9 10
Pr 5 = .
Process 0;:;;3 ﬁ 3 E & E‘ = ? 8 3 Total
ES | Bz| = |28 | €2
Step Process £E|E€ = §& | 25| Seore
Input A s 2 o 2 .
Substrate cleaning 3 1 1 3 9 153
Pattern accuracy 1 9 3 3 3 151
Si Wet Etch mask thickness 3 3 3 1 3 105
Anisotopic
Etching KOH concentration 3 9 9 9 9 327
Solution temperature 3 3 9 9 9 285
Wafer loading 3 3 3 9 9 237
‘Wet etch time 3 9 9 3 1 193

[28 4] si 4 o|gd Azt SF0i| gt 2221 iHEEAE

[Fig. 4] Cause and Effect Matrix Diagram for the Si Wet Anisotropic Etching Process
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[Fig. 5] Surface shape precision measurement results of micromirrors obtained at optimum process conditions, (a) Si

micromirror (b) Polymer-cladded Si micromirror
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