(=] GA2]Fshs]A], #1289 A|25(2015)
J. of the Korean Society for Heat Treatment.
http://dx.doi.org/10.12656/jksht.2015.28.2.63

Ag SHE FHO| [WE TiO,/AgITIO, Bfafe| LsHY | Hs|
dae - S - Bef - AN AsHe - 2B A

gAY S YRR T

3, #RERAG A 54}

Influence of Ag Thickness on the Properties
of TiO,/Ag/TiO, Trilayer Films
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Abstract TiO,/Ag/TiO, trilayer fims were deposited with radio frequency (RF) and direct current (DC) magne-
tron sputtering onto the glass substrate to consider the influence of Ag interlayer on the optical properties of the
films. The thickness of TiO, films was kept at 24 nm, while the thickness of Ag interlayer was varied as 5, 10, 15,
and 20 nm. As-deposited TiO, single layer films show the optical transmittance of 66.7% in the visible wave-
length region and the optical reflectance of 16.5%, while the TiO, films with a 15 nm thick Ag interlayer show the
enhanced optical transmittance of 80.2% and optical reflectance of 77.8%. The carrier concentration was also
influenced by Ag interlayer. The highest carrier concentration of 1.01 x 10%° cm™ was observed for a 15 nm thick
Ag interlayer in TiO,/Ag/TiO, films. The observed result means that an optimized Ag interlayer in TiO,/Ag/TiO,
films enhanced the structural and optical properties of the films.
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Table 1. Deposition conditions of TiO, single layer and
TiO,/Ag/Ti0, trilayer films

Parameters Conditions
Target TiO, Ag
Base Pressure [Torr] 7.0 x 1077
Deposition Pressure [Torr] 1.0 x 107
Ar Gas Flow Rate [SCCM] 10
Power density [W/cm?] RE5 DG, 3
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Fig. 1. XPS analysis of TiO, 24 nm/Ag 5 nm/TiO, 24 nm
trilayer films.
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Fig. 2. X-ray diffraction pattern of TiO, single layer and
TiO,/Ag/TiO, trilayer films. (a) TiO, 48 nm, (b) TiO, 24
nm/Ag 5 nmy/Ti0, 24 nm, (¢) TiO, 24 nm/Ag 10 nm/TiO,
24 nm, (d) Ti0, 24 nny/Ag 15 nny/Ti0, 24 nm, (e) TiO,
24 nm/Ag 20 nn/Ti0, 24 nm.
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Fig. 3. Surface images and RMS roughness of TiO, single layer and TiO,/Ag/TiO, trilayer films. (a) TiO, 48 nm, RMS :
1.10 nm, (b) TiO, 24 nm/Ag 5 ny/TiO, 24 nm, RMS : 1.30 nm, (¢) TiO, 24 nm/Ag 10 nmy/Ti0, 24 nm, RMS : 1.21 nm,
(d) Ti0, 24 nm/Ag 15 nmy/Ti0, 24 nm, RMS : 1.08 nm, (e) TiO, 24 nm/Ag 20 nm/Ti0, 24 nm, RMS : 0.97 nm.



N

66 4] - ZAE - FEA

A4 - 25

R D

Table 2. Optical transmittance and Reflectance of TiO,/Ag/TiO, Films as a Function of Ag Thickness

Thickness of Ag interlayer | Optical transmittance in visible wavelength | Reflectance in a near infra red wavelength
[nm] region [%] (380-780 nm) region [%] (780-2500 nm)
0 66.7 16.5
5 74.8 40.5
10 79.2 55.1
15 80.2 77.8
20 74.5 86.7
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Fig. 5. Variation of the carrier concentration of TiO,/Ag/
TiO, films with different Ag thickness.

Table 3. Plasma wavelength of TiO,/Ag/TiO, films as a
function of Ag thickness

Thickness of Ag interlayer Plasma Wavelength
[nm] [nm]

0 Non-detectable
5 1630.8
500 1000 1500 2000 2500 10 1223'5
Wavelenght [nm] 15 962.3
Fig. 4. The optical transmittance (a) and optical reflectance 20 845.4

(b) of TiO, single layer and TiO,/Ag/TiO, trilayer films.

(@) TiO, 48 nm, (b) TiO, 24 nm/Ag 5 ny/Ti0, 24 nm, (c)
TiO, 24 nm/Ag 10 nm/Ti0, 24 nm, (d) TiO, 24 nm/Ag 15
nmy/TiO, 24 nm, (e) TiO, 24 nm/Ag 20 nm/Ti0, 24 nm.
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