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Transmission Grating Formation in High Refractive—Index Amorphous Thin Films
Using Focused-lon-Beam Lithography

¥ W e R/FAME "R B F @Y omo ™
(Kyung-Shin - Jin-Woo Kim - Jeong-Il Park - Hyun-Yong Lee * Young-Jong Lee - Hong-Bay Chung)

Abstract - In this study, we investigated the optical properties of sub-wavelength a-Si thin film transmission
gratings, especially the polarization effect, the phase difference and the birefringence by using linearly polarized He-Ne
laser beam (632.8nm). The a-Si transmission grating of the thickness of < 0.1 wpm with four-type period( A= 0.4 um
and 0.6 um for sub~wavelength and A= 1.0 um and 14 um for above-wavelength) on quartz substrates have been
fabricated using 50 KeV Ga' Focused-Ion-Beam(FIB) Milling and CF4 Reactive-Ion-Etching(RIE) method. Finally, we
obtained the grating array of a-Si thin film with a period 0.4 ym, 06 um, 1.0 um, 1.4 um which have nearly equal
finger spacing and width, sucessfully. Especially, for gratings with A= 0.6 um (linewidth=0.25 um , linespace=0.35 um ),
the 7 max at 6p=17.0° is estimated to be 96%. As the results, we believe that the sub-wavelength grating arrayed
a-Si thin film has the applicability as the optical device and components.
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Fig. 1. Schematic diagrams of a-Si transmission gratings
formed by using FIB-milling.
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Fig. 2. Thickness of a-SenGexs (@) and a-Si (V)
films remaining against CF4 reactive ion etching
time.
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Fig.3. SEM photographs of subwavelength
transmission gratings fabricated by FIB
milling and CF4 RIE: (a) A = 0.4 mm, w =
0.27mm, s = 0.13mm and (b) A = 0.60mm,
w = 025mm, s = 0.35mm. The height is
about 0.08mm for both gratings.
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Fig. 4. Schematic diagrams to measure the birefringence
and the polarization effect.
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Summary of optical properties of a-Si

k3 1. a-Si
Table 1.
transmission grating array

Material a-Si

Thickness 790 A
Grating periods{ 0.4m rO.Gam I 1.0im | 1.4m
Preparation PECVD

Substration Quartz

Maximum

diffraction 94% %% 2% | 41%
efficiency

Phase difference| 168 ° | 123 ° | 132 ° [ 127 °
Birefringence 0.374 0.274 0.294 0.283

¥ 2. 3-Si £ Hxie| B 3FH A
Table 2. The polarization diffration properties of the a-Si
transmission gratings

A O8(Neir] Ople | Net IooroE | 7mMa
(gm) =1C ) 1xpC ) {exp) ln(mW)  {x(%)
0.4 523 26.0 1803 0.25 94
0.6 31.8 17.0 1802 0.16 9
1.0 185 100 1.821 231 44
14 130 7.0 1853 | 255 38

714, B B APAEL, ymax & Bragg W&
7] 918 Z+z, 5227° (0.4pm), 31.8° (0.6um), 18.45° (1.0im),

5
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