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Executive Summary

Surface improvement techniques have various methods. Many industries use
electroplating technique to deposit thin film onto the surface in aqueous solution that has toxic
problems in the environments. From this problems the research of the new technology is occurred.

The researchers are interested in vacuum deposition technologies especially, sputter
deposition technique. Because this process is non-toxic process that produces higher quality of thin
film than one obtains from the electroplating technique. Nowadays, this technique is widely used in
many industries around the world.

Gem and jewelry industries are one of the most important industries of Thailand that use
the surface improvement processes in their line of production for decorative products. All of them
use the electroplating technique that has the environmental problems then they are searching for the
new technology to solve these problems. Some of them import vacuum coating technologies from
foreign countries that have expensive costs.

The jewelers are interested in thin film of titanium nitride. Because it has high chemical
stability, high temperature stability, low surface friction, high hardness, non tarnishing and gold
color film. If we coat this film onto the jewelry we obtain all advantage properties on the surface of
this jewelry.

From our first investigation we find that the rescarch and development on the vacuum
technology of coating in Thailand is at least. And our vision is focus on the important of this
technology for the development of our country. We have done the research of this technology for
the main point to reduce importing this technology from aboard. Now we success in the
development of the research scale coating system from our own technologies.

The next concept of us is the application of this process from research scale develops to
industrial scale we propose the research project “Research and Development of Titanium Nitride
Films by Sputtering Method for Decorative Industral” to the Thailand Research Fund (TRF) for the
main funding. And we have co-funding from the Bangkok Assay Office limited (BAO). We have
contract number RDG5/0004/2543 of the project for 18 months in 4,118,000 bahts (from the TRF
2,918,000 bahts (70.86%) and from the BAO 1,200,000 bahts (29.14%)).The main objective of this
research is the prototype of the industrial scale coating system that can deposit titanium-nitride thin
film by reactive sputtering technique and study in know-how and properties of the film that we

obtain from this coating system.
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The results of this research are the prototype of the industrial scale coating system and
the know-how of this method and the properties of titanium-nitride film that can summarize below.

1. The prototype is made from material in Thailand that has 7 main parts are (1) vacuum
vessel (2) vacuum pumping system (3) cathode and target system (4) waler cooling system (5) DC
power regulator system (6) gas flow controller system and (7) main controller coating system. The
vacuum vessel is made from cylindrical stainless steel that has 30.0 cm in diameter and 31.0 ¢cm in
heigth (volume approximate 22.0 litres).The vacuum pumping system is an accessory to oil
diffusion pump and rotary pump. In this system we can install 2 unbalanced magnetron sputtering
cathode that has 7.6 ¢cm diameter target. We enter NdFeB permanent magnets within the backing
plate of the cathode. The magnetic field intensity is measured about 1000 gauss at the center of the
target and 490 gauss at the edge of the target. The cooling system is cooled the cathode and vapor
trap between plate valve and diffusion pump. The DC regulator is full-wave system that transfroms
220 voltage mput into 1-3 A 0-1000 volts output. The gas flow controller system can adjust the rate
of flow of gas precisely. The main controller controls the process automatically by pneumatic
system. The prototype can reduce the pressure within the vacuum vessel from atmosphere to
8.0x10” mibar in 60 minutes and can deposit all kinds of metal films.

2. In this research we deposit the titanium-nitride thin film by reactive magnetron
sputtering method. We use pure solid titanium as a target, argon gas as sputter gas and nitrogen gas
as reactive gas. From our system with suitable conditions we obtain gold color film onto various
kinds of substrates. From X-ray diffractometer we find 2 phase of TiN that TiN(111) at diffraction
angle 36.71° and TiN(200) at diffraction angle 42.65°. From nano-indenter we find the film nano-
hardness at 3.23-5.27 GPa. And from the scratched proof experiments we find that the adhesion of
the film to substrate depend on the substrate temperature as deposition. If we deposit at high

substrate temperature the film is better adhesive than at low substrate temperature.
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ABSTRACT

The main objective of this research is the prototype of the industrial scale coating
system that can deposit titanium-nitride thin film by reactive sputtering technique and study in
know-how and properties of the film that we obtain from this coating system. The results of this
research are the prototype of the industrial scale coating system and the know-how of this method
and the properties of titanium-nitride film that can summarize below.

The prototype is made from material in Thailand that has 7 main parts are (1) vacuum
vessel (2) vacuum pumping system (3) cathode and target system (4) water cooling system (5) DC
power regulator system (6) gas flow controller system and (7) main controller coating system. The
vacuum vessel is made from cylindrical stainless steel that has 30.0 cm in diameter and 31.0 ¢m in
heigth (volume approximate 22.0 litres).The vacuum pumping system is an accessory to oil
diffusion pump and rotary pump. In this system we can install 2 unbalanced magnetron sputtering
cathode that has 7.6 cm diameter target. We enter NdFeB permanent magnets within the backing
plate of the cathode. The magnetic field intensity is measured about 1000 gauss at the center of the
target and 490 gauss at the edge of the target. The cooling system is cooled the cathode and vapor
trap between plate valve and diffusion pump. The DC regulator is full-wave system that transfroms
220 voltage input into 1-3 A 0-1000 volts output. The gas flow controller system can adjust the rate
of flow of gas preciscly. The main controller controls the process automatically by pncumatic
system. The prototype can reduce the pressure within the vacuum vessel from atmosphere to
8.0x10° mibar in 60 minutes and can deposit all kinds of metal films.

In this research we deposit the titanium-nitride thin film by reactive magnelron
sputtering method. We use pure solid titanium as a target, argon gas as sputter gas and nitrogen gas
as reactive gas. From our system with suitable conditions we obtain gold color film onto various
kinds of substrates. From X-ray diffractometer we find 2 phase of TiN that TiN(111) at diffraction
angle 36.71° and TiN(200) at diffraction angle 42.65°. From nano-indenter we find the film nano-
hardness at 3.23-5.27 GPa. And from the scratched proof experiments we find that the adhesion of
the film to substrate depend on the substrate temperature as deposition. If we deposit at high

substrate temperature the film is better adhesive than at low substrate temperature.
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Power dissipated Water flow rate Power dissipated Water flow rate
(KW) (liter/min) (gal/min) (KW) (liter/min) (gal/min)
2 2.8 0.74 15 21 5.6
4 5.6 1.5 20 28 74
6 8.4 22 25 35 93
8 11.2 3.0 30 42 11.0
10 14.0 3.7
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