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Anisotropy in the Optical Absorption of Metal-insulator Obliquely
Deposited Thin Films — The Application for an Inorganic Polarizer

Motofumi Suzuki, Yasunori Taga
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Abstract

An attempt has been made to clarify the anisotropy in the
optical absorption and nanostructure of thin films prepared
by oblique codeposition of Ag and an insulator (SiO, or
Ta,0s). At alow concentration of Ag, the columnar
structure grows toward the incident direction of vapor flux
of the insulator, and Ag is dispersed in that structure as
small metallic particles. The optical transmittance is
strongly dependent on the angle of incidence of the light,
the degree of polarization of incident light and the

refractive index of the insulator. These properties can be

mainly interpreted in terms of the plasma resonance of free
electrons in the small Ag particles embedded in the biaxial
matrix. Furthermore, an inhomogeneous distribution of Ag
particles is obtained when the Ag is deposited from the side
of the normal to the film surface opposite to that of the
incident direction of the insulator. As the result, the optical
anisotropy is enhanced, and useful polarization and angular
selective properties have been achieved. The anisotropic
optical absorption of metal and insulator hybrid films can

be used as an inorganic polarizer.
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Fig. 1  Schematic showing the system used to model
thin film optical properties. The film parallels
the x—y plane. The x', y', ' system has each

axis parallel to one of the optical axes defined

by the columns.
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Fig. 2  The calculated absorbance for p-polarized

light. The angle of incidence 6 is —60° for
spectrum A, 0° for spectrum B and 60° for C.
Each spectrum is shifted by 40. (Ref. 8)
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Fig. 3  Schematic showing the geometry for
codeposition. The deposition angle of SiO, or

Ta,Os is fixed at 70°, while that of Ag is
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Fig. 4

Fig. 5

(a)

(b) 200mm
Scanning electron micrographs of the cross
section of obliquely codeposited Ag—SiO,
thin films fractured parallel to the plane of
incidence of the SiO, vapor beam for the
sample prepared with (a) 0y, = —60° and (b)
0, = 30°. Arrows indicate the direction of
incident Ag and SiO, vapor fluxes. The
samples were observed without a
conductive coating. (Refs. 8, 9)

Transmission electron micrograph for the
obliquely codeposited Ag—SiO, thin film
prepared with ¢y, = -60°. The small near

spherical particles are agglomerations of Ag.

(Refs. 8,9)
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Fig. 6  Typical absorbance spectra for the obliquely
codeposited Ag—SiO, thin film prepared with
O, = —60° for (a) p-polarized light and (b) s—
polarized light. The spectra A, B, C, D, and E
are measured at 6 = 60°, 30°, 0°, -30°, —60°,
respectively. For this sample, the volume
fraction of Ag is 4% and the thickness is

0.71um. (Ref. 8)
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Fig. 7 Contour map of the absorbance for p—
polarized light for the same sample as in

Fig. 6. Arrows indicate the plasma resonance
energy corresponding to the principle
dielectric constants of the matrix.

2.5 T T T T

20r

Absorbance

Fig. 8 The calculated absorbance spectrum for p—
polarized light. The small size effect is taken
into account. (Ref. 8)
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