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This rescarch was aimed at studying deposition techniques for low emissive multi-layered thin film
systems including (a) single silver layer systems of Glass-ZnO-Ag-ZnO and Glass-ZnO-Ag-Ti-ZnO and
(b) a double silver layer system of Glass-ZnO-Ag-Ti-ZnO-Ag-Ti-ZnO. These film systems were
deposited both on glass slide and window giass by DC pulse Magnetron Sputtering. These films possess

significant properties of having high visible tranmittance and near-infrared reflectance as well as low

infrared emissivity.

Basic knowledge of each layer of the film system, namely ZnO, Ag and Ti, is of importance for this
research. Desirable properties of final film product can be achieved based on knowing nature of these
films of which the whole film system is composed. For ZnO, deposition power, time and %0, mixture
were varied to examine their effects on thickness, crystal orientation, electrical property, optical
property, emissivity and color of the film. It was found that the deposition with power in the range of
30-70 W produce films that have only preferred orientation in (002) plane. The film has refractive
index of 2.0 at wavelength of 500 nm. With the deposition power greater than 50 W, the film tends to

have more uniform refractive index throughout the film layer. It was also found that optimum

%0, mixture is in the range of 30—40%. In this range, the films have visible and near infrared
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transmittance of about 84% and 83%, respectively. Further analyses reveal that the absorption edge of
the film is 375 nm corresponding to the energy gap of 3.31 eV. The perfect absorption is observed at the

thickness of 275 nm. The films have infrared emissivity approximately 0.88 mostly identical to

uncoated window glass.

Studies of the deposition of silver show that varying the deposition power between 100 and 150 W
while maintaining energy constant at 3000 J affects values of sheet resistance varying from 0.59 to 0.64
Ohmv/sq. It is slightly increased as power increases. Due to its low sheet resistance, the films deposited
at the power of 100 W were further investigated. It was found that the preferred orientation of the film
is in (111) plane. As thickness increases, film transmittance and reflectance decrease while heat mirror
index (HMI) inversely increases. With the film thickness varying between 8 and 20 nm, visible and
infrared transmittance varies in the range of 36-63% and 12-48%, respectively. In addition, the film has

a range of values of emissivity as low as 0.04-0.15. Their sheet resistance and resistivity are 3-15

Ohm/sq and 6-10 pOhm-cm.

Titanium film is presentcd to prevent the silver film from oxidation. Depositing titanium film with the
thickness in the range of 1-3 nm produced the film with visible transmittance and near infrared

transmittance of 88-91% and 91-92%, respectively. It was found that the optimum thickness is about

0.8 nm where it can prevent the oxidation.

Based on knowledge of the deposition of each film layer, systems of low emissive multi-lavered thin
film can now be siudied. For the system of Glass-ZnO-Ag-ZnO, it was found that the film system does

not exhibit a near infrared reflective film. This is due to the oxidation of the silver layer during the

deposition process.

Film systems of Glass-ZnO-Ag-Ti-ZnO and Glass-ZnO-Ag-Ti-ZnO-Ag-Ti-ZnO were found to be near
infrared reflective film. The optimum conditions for film deposition were the followings: (1) ZnO
deposited at the power of 50 W with %O, mixture in the range of 30-40% and the thickness of
2045 nm, (2) Ag film deposited at the power of 100 W with the thickness in the range of 8-20 nm and

(3) Ti film deposited at 120 W and with the thickness in the range of 1-3 nm.
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The variation of thickness in each film layer affects the appearance of film due to optical interference.
This can be experimentally observed from spectral transmittance and reflectance of the film system.
This directly resulted in the changes of %T,,, %T,s, HMI and color of the film. As the thickness of
ZnO increases, the spectral transmittance and reflectance will shift towards a longer wavelength region.
Simultaneously, the color of the film changes progressively from blue to green and finally yellow.
Conversely, as Ag film layer increases, the spectral response then shifted towards shorter wavelength
region and the color changes from yellow to green and finally blue. The film emissivity depends greatly
on the thickness of Ag film layer. For a system with thicker silver layer or a system with double silver

layer, the film possesses very low values of emissivity and high reflectance.

Keywords: Thin Film/ Low Emissivity/ Low-E/ Visible Transmittance/ Near-Infrared Reflectance/

Silver/ Zinc Oxide/ Titanium/ Sputtering





