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Optical evaluation of the optical thin films of absorbed water
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Abstract
Recently, the use of optical thin films as electronic components has increased drastically, and changes in the

spectra caused by water adsorption on optical thin films is becoming a major problem. In this study, we investigated

the change of the water adsorption properties and the optical characteristics associated with the single layer TiO,

optical film. The spectral shift of films was observed by using a vacuum small chamber. The results showed that

moisture adsorption on the TiO, film was saturated within several seconds and reversibility of the spectral shift of

the film was observed. The adsorption of moisture was calculated by using the adsorption isotherm models of [UPAC.

As a result, the mechanism of water adsorption is considered to be the same as that in Langmuir adsorption model.
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Fig.1 The mechanism of changing refractive index.
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Fig.2 Spectral shift of a TiO, optical thin film exposed to
humid air ( a) Transmittance spectra of TiO, thin film. b)
Transmittance spectra of TiO, thin film in the 485 to 510 nm
region).
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Table 1 Deposition condition of TiO, optical thin films.

Condition Substrate ..
i Deposition Rate
(Accelerating Temperature
. 5 (nm/s)
Voltage-ion Current) [§®)

EB (0V-0mA) 250 0.5
IAD(350V-350mA) 250 0.2
IAD(500V-500mA) 250 0.2
IAD(700V-700mA) 250 0.2
TIAD(1000V-800mA) 250 0.2

RO F ML S 25T 57212, R BESELAFM :
Atomic Force Microscope; H AN E— = Nano Scopellla)% {#
L7=(Table 2). FEH S 21070 FE L SRz TRl 21T 72 &
A, AF T UVAMRRELS Lo THERM S
IAD(1000V-800mA)LISME E L EED LR E N D T ERD
Mmooz,

Table 2 Surface roughness of TiO, optical thin films.

Condition Film Surface
(Accelerating Voltage- Thickness Roughness
ion Current) (nm) Rz (nm)
EB(0V-0mA) 944.1 38.66
IAD(350V-350mA) 919.8 37.87
IAD(500V-500mA) 913.7 4191
IAD(700V-700mA) 914.8 36.29
TAD(1000V-800mA) 942.8 97.39
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Fig.3 SEM images in the cross section of TiO, optical thin film.
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Fig. 4 X-ray diffraction pattern of TiO, optical thin films.



KO 1513 5 KA DA Af

Fig. 5 Appearance of small vacuum chamber (H : 70 mm , W :
50 mm, L : 46 mm).
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Fig.6 Experimental 1 setup for in situ measurements using a
spectrometer.
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Fig. 7 Experimental 2 setup for in situ measurements using a
spectrophotometer.
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Fig.8 Relationship of temperature and moisture adsorption.
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Fig.9 Time dependence of spectral shift (5332.9Pa : 40mmHg).
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Fig.10 Time dependence of spectral shift (10665.8Pa :
80mmHg).
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Fig. 14 Spectral shift at different partial water vapor pressure.
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Table 3 Packing density of the TiO, thin films.

Condition .
i Refractive . .
(Accelerating Packing Density
Index
voltage-lon current)

EB (0V-OmA) 2.37 0.87
IAD(350V-350mA) 2.44 0.94
IAD(500V-500mA) 2.57 1.04
IAD(700V-700mA) 2.66 1.12

IAD(1000V-800mA) 2.65 1.11
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