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Design of Optical Filters Using Arbitrary Index Film and Fabrication of the
Optical Filter with Two Materials Mixed Layers by Sputtering Using the

Shielding Plate

Nobuyoshi TOYOHARA, Yorio WADA, Kei KIKUCHI and Ken KAWAMATA

Olympus Co., Ltd., 2-3 Kuboyama-cho, Hachiouji 192-8512

Newly designed minus filters using arbitrary refractive index films are presented. The filters show
no ripples in the transmittance and have sharp rejection-band edges. Also, we fabricated one of
these minus filters with Ti0,, SiO,, and mixed layers by sputtering. Mixed layers were fabricated
by using the shielding plate to adjust each open space between target and substrate.
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Fig.1 (a) Refractive index profile of conventional optical
filter using three materials. Design wavelength 1 =550 nm.
(b) Transmittance spectrum of the conventional optical
filter.
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Fig.2 (a) Refractive index profile of rugate filter. (b)
Transmittance spectrum of rugate filter.
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Fig.3 (a) Refractive index profile of step-like index
layers. Optical thickness of each layer is 0.251. Design
wavelength 12 =600 nm. (b) Transmittance spectrum of
step-like index layers.
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Fig. 4 (a) Refractive index profile of sharp edge filter.
Optical thickness of each layer is 0.251. A =600 nm. (b)
Transmittance spectrum of sharp edge filter.
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Fig.5 (a) Refractive index profile of sharp edge filter with
inserted layers whose index is lower/higher than neighbor-
ing high/low index layers. Optical thickness of each layer is

0.251. 2=600 nm. (b) Transmittance spectrum of sharp
edge filter.
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Fig. 6 (a) Refractive index profile. Only the high index
layers are varied and low index layers are fixed
(‘Fujiyama’-profile). Optical thickness of each layer is
0.251. A =600 nm. (b) Transmittance spectrum of the filter
of (a).
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Fig.7 (a) Cross section, both sides are substrate. (b)
Cross section, substrate (right side) and incident medium
(left side).
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Fig.8 (a) Refractive index profile of sharp edge filter. One
side of the filter is the air. A =600 nm. (b) Transmittance
spectrum of the filter of (a).
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Table 1 Open space size, physical thickness, refractive index and extinction coefficient of the layer.

Open space (mm) Physical thickness Index Extinction coeff. %
SiO, TiO, (nm) @500 nm @500 nm

Sio, — — 175.9 1.467 0

Si0,+TiO, mixed layer 40.0 70.0 235.5 1.859 0

Si0,+TiO, mixed layer 16.0 70.0 86.7 2.104 1.3E-04
Si0,+TiO, mixed layer 5.0 70.0 57.8 2.335 1.4E-04

TiO, — — 112.2 2.530 5.9E-04
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hielding plate (adjust an open space)

Material-A Material-B

Fig.9 Schematic diagram of the sputtering system.
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Fig. 10 Refractive indices of TiO,, SiO, and mixed layers.
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Fig. 11 (a) Refractive index profile of the optical filter
with 14 layers (‘Fujiyama’-profile). Optical thickness of
each layer is 0.254. 2 =650 nm. (b) Design transmittance
spectrum of the optical filter.

— Design L

— Measurement||

Transmittance (%)
ot
<)

\
10 \__/

g

400 500 600 700 800 900 1000 1100 1200
Wavelength (nm)

Fig. 12 Spectra of design and measured transmittance.
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Substrate

Fig. 13 SEM micrograph of the filter.
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