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Fabrication of Large Area Silicon Mirror for Integrated Optical Pickup
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Abstract

A large area micro mirror is an optical element that functions as changing an optical path by reflection in
integrated optical system. We fabricated the large area silicon mirror by anisotropic etching using MEMS for
implementation of integrated optical pickup. In this work, we report the optimum conditions to better fabricate and
design, greatly improve mirror surface quality. To obtain mirror surface of 45°, 9.74° off-axis silicon wafer from
(100) plane was used in etching condition of 80°C with 40wt.% KOH solution. After wet etching, polishing process
by MR fluid was applied to mirror surface for reduction of roughness. In the next step, after polymer coating on the
polished Si wafer, the Si mirror was fabricated by UV curing using a trapezoid bar-type array structure. Finally, we
obtained peak to valley roughness about 50 nm in large area of mm?and it is applicable to optical pickup using blu-

ray wavelength as well as infrared wavelength.
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Fig. 1 A theoretical picture of a completed V-groove
defined by {111} planes on 9.7° off-axis cut
(100) silicon
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Fig. 2 Optical requirement of mirror surface for optical
pick-up
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zone. (a) Optical microscopic image after
etched. (b) Nanoscan image for (a) region
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Fig. 4 Optical microscopic images for pre-align and
pre-etching. (a) Image after initial etching. (b)
Magnified image (x100) after identified pre-
aligned pattern by etching in KOH 40wt%
solution in 80°C
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Fig. 5 Mechanism o f surface polishing for MRF
process
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Fig. 6 Fabrication sequence of micro-mirror array.
(a) Si wet etching, (b) Dispense of liquid
polymer, (c) Pressing with mold, (d) UV
irradiation, (¢) Demolding
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Fig. 7 Optical microscopic images according to type of
etching solution

(a) 30wt.% (b) 40wt.%
Fig. 8 Status of mirror surface according to variation of
concentration in KOH solution

(c) 90°C

Fig. 9 Status of mirror surface according to variation of
temperature in KOH 40wt.% solution

185



dl g, ol 2 &5 M5, =24

9 &5 Fx9 I AYEY A4ES A
7] W& A9 ml e E AAsHY A
AHql 4gg oAt

I¥Y 9 = 40wt%9 KOH 9% 70°C ¢
90°C 74z 10 54 5% WstA7|AA 700um F
el 974 X offaxis A E HelHE A4 F
AR 45 5 vjgde] 23 A2 4 AFAE|
o} 80°C oA Az wlg]e] EW (Ra: 49.16 nm)e]
70°C (Ra: 9148 nm)2} 90°C (Ra: 72.77 nm)ell 2] 2
It ¢4 AL ¢ F 929 ol x4 d
slo] Az HA Aol EAgdE AE dF
3 gic).

N
(a) Horizontal loading (b) Veritical loading
Fig. 10 Equipment of wet etching

(b) Veritical loading
Fig. 11 Comparison to wafer loading method
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