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ABSTRACT
TE 160607
The objectives of this study are the optical and electrical properties of single layers (TiO,, Ti, Ag) and
multilayer systems (TiO,/Ag/TiO,, ZnO/Ag/Ti/ZnO, [TiO,/Ag/Ti/T iOz]x (x=1,2,3)). All individual
layers are deposited by dc pulse magnetron sputtering system with base pressure less than 1x10° mbar.
The dc power use for Ti (for TiO,), Ag and Ti (primer) targets of three inch diameters were 160, 100
and 120 watt, and the gas flow rate Ar:0, were 40:5, 50:0 and 50:0 sccm, respectively. Specifically,
detailed ccmparisons of film thickness of each type are considered. The single layer of TiO, has high
transmittance, high refractive index about 2.5, and has extinction coefficient lower than 0.025 in the
visible range. The as-deposited (unheated glass substrate) TiO, films are amorphous, and they are the
anatase phase after annealed at 400°c for 1 hour. The single layer of Ti will rapidly increase absorption
in the visible and the infrared range when the film thicknesses are increase more than 3 nm. The single
layer of Ag has higher reflectance in the infrared range, higher electron mobility and lower emittance,
for which the increasing of the film thickness. The multilayer system of TiO,/Ag/TiO, showed
unsatisfactory optical properties with high emittance (0.87) due to the oxygen diffusion and plasma
radiation so that the silver film is oxidized and the performance of low-e filter can be drastically
degraded. For the structure of TiO,/Ag/TI/TiO,, the increasing thickness of Ag film from 8.8 to 33 nm
showed the decreasing transmittance in the visible range, while the increasing reflectance in the infrared
range. The thickness of Ag layer about 8-15 nm show high transmittance in the visible range and low

transmittance in the infrared range. The influence of film thickness of TiO, and Ag make the shift of

extreme peak of transmittance and change the color of film systems. The minimum protective Ti layer
that prevents Ag film from oxidation is about 1.2 nm. The system of [TiO,/Ag/Ti/T i0,]" (x=1,2,3) have
optimum thickness for good optical properties that TiO,, Ag and Ti film have the thickness about 32.13,
15.4 and 2nm, respectively. As the number of the repeated structure, [TiO/Ag/TiI/T iOz]x (x=1,2,3), are
1, 2 and 3, the value of emissivity are 0.06, 0.04 and 0.03, respectively, due to an increasing of the
effective thickness of Ag films. The systems of TiO,/Ag/Ti/TiO, and ZnO/Ag/Ti/ZnO show maximum
visible transmittance of 89.49% and 83.23%, respectively, and low emittance about 0.06 for both
systems. The higher level of optical transmittance using TiO, as transparent oxide can be attributed to
its higher refractive index which leads to an increasing of de-reflection of the silver layer and higher

optical transmittance.





