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Fig. 1 The principle of anti-reflection using optical element
with subwavelength and distribution of effective refractive
index.
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Fig. 2 Optical element with a 1-D subwavelength profile.
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Fig. 3 Dependent on the normalized period for the transmittance (A: Period, A: Wavelength, (a) TE mode,

(b) TM mode).
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Fig. 4 Dependent on the normalized depth for the transmittance (d:Depth, A:Wavelength, (a) TE mode,

(b) TM mode).
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Fig. 5 Algorithm for the design planar substrate with anti
reflection structure.
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Fig. 6 Dependent on the angle and wavelength for transmittance of the optical element with subwavelength
(n:1.53, A:532nm, A:100, 150, 160, 170, 200nm, d : 100, 200, 300nm, TE mode).
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Fig. 9 Algorithm for the design binary grating with anti
reflection structure.
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Fig. 10 Dependent on the normalized depth for the diffraction efficiency ((a) Light is incident from the air,
(b) Light is incident from the substrate, (1) TE mode, (2) TM mode).
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Abstract: In order to realize optical devices with high transmittivity, anti reflection coatings are required to reduce
Fresnel reflections from device surface. Owing to the progress of ultra-fine processing technology and constant
improvement of numerical tools for electromagnetic wave analysis, a highly precise anti-reflection structure can now
be produced. Yet conventional anti-reflection coatings in the form of layers may be difficult to apply to complicated
shapes such as lenses and diffractive gratings. To overcome its difficulties, direct applicability to the substrate is
an attractive feature. In this paper, we examine characteristics of anti reflection structures, which are made of
subwavelength optical elements, using the rigorous coupled wave analysis (RCWA). The optical elements feature a
period shorter than the wavelength of the incident light. Previously, we analyzed the grating period and depth of
the subwavelength optical element (100nm, aspect ratios 1, 2 and 3 respectively on a planar substrate. The results
from our numerical analysis confirmed excellent reflection rate of less than 1% . Furthermore, we experimentally
evaluated performance of the designed anti-reflection structure on top of a binary grating. Increase in grating
efficiency by 2% demonstrated effective anti-reflection feature and applicability to the binary grating combined with
ARS.

Key words: Sub-wavelength grating, Anti reflection, Rigorous Coupled Wave Analysis (RCWA)



