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Atmospheric environment plasma coating technology development in
Industrial Technology Research Institute (ITRI), Taiwan

Industrial Technology Research Institute (ITRI) Mechanical and Systems Research Laboratories Advanced Manufacturing Core
Technology Division

2012 R & D 100 Winner

Indium tin oxide (ITO) is one of the most popular materials
used in transparent conductor applications, such as the electri-
cally conductive patterned layers used in touchscreen displays.
Plasma-enhanced chemical vapor deposition is often the process
used in semiconductor device fabrication using ITO and other
metal oxides, but for many form factors like large glass plates, no
suitable industrial-scale process exists for efficient coating.

The aePlasma-Atmospheric environment plasma coating
technology from the Industrial Technology Research Institute,
Chutung, Taiwan, brings a new deposition approach to semicon-
ductor fabrication. Central to aePlasma is a plasma jet generator,
which draws a precursor-containing gas that is mixed with a
nitric acid solution carried by a carrier gas. This is passed
between a pair of high-voltage, high-frequency cylindrical
electrodes, one wrapping around the other. Electrical discharge
breaks down the gas to generate a plasma. This process is done at
atmospheric pressure, in much the same fashion that thunder
occurs in Earth’s atmosphere.

Compared to plasma created in a vacuum, aePlasma’s charged
product has sufficient energy to break the molecules of most
precursors. As such, it does not require the use of corrosive or
toxic chemical precursors. Pressed through the generator nozzle,
the plasma jet coats the precursor-containing target material.
aePlasma essentially “prints” a coating onto large target plates at
a rate much faster than conventional deposition methods.

aePlasma Technology in ITRI

What are the building blocks of aePlasma technology

Core to the aePLASMA technology is the atmospheric
environment plasma jet generator, essentially the engine of this
useful industrial coating technology, as shown in Fig. 4. Centered
around this core component, a highly-automated and versatile
coating machine is built that facilitates various industrial
usefulness of this aePLASMA technology in the manufacturing

Figure 1 Demonstrator aePLASMA coating machine, left, capable of
handling fifth-generation, 1,100 X 1,400 mm, large-size glass plate.

Dr. Chia-Chiang CHANG

7‘— ‘ Vin

Figure 2 Multiple plasma jets in the demonstrator machine of Fig. 1 activated
for coating operation, very similar to the inkjet nozzles in an inkjet printer ready
to print.

Figure 3 ITRI aePLASMA is
low-temperature plasma
technology. Temperature of
the plasma jet lowers to room
temperature about a few milli-
meters (8 mm) from the exit
of the nozzle.

of key components for the consumer electronics and beyond.

As the core apparatus to generate the atmospheric environ-
ment plasma jet, the generator has an inner electrode with a
cone-shaped end. A hollow, generally cylindrical outer electrode
surrounds, or encloses, the inner electrode completely. The cross
section of the cylindrical member as illustrated in Fig. 6 shows
the gradually reduced diameter at the lower, the plasma exiting,
and end of the apparatus that has a cross-sectional contour
generally corresponding to the cone-shaped end of the inner
electrode member. The reduced-diameter exit at the bottom of
the apparatus constitutes the jet nozzle opening where the
plasma generated by the apparatus exits as a high-speed jet.

Both the outer cylinder and the inner cone-head insert that
serve as the two electrodes are made of stainless steel. A thin
layer of insulating material lines the inner spherical surface of the
cylindrical electrode member and helps to maintain insulation
between the two electrodes.

A gas flow guidance member located at the top, the entry, end
of the plasma jet generator apparatus is shaped to generate a
vortex in the gas flow that passes along the inner electrode and
exit the generator at the nozzle opening as a plasma jet. The
inbound gas flow mixed with an air flow of about 30-50 SLM is
“energized” across the cylindrical gap formed between the two
electrodes by a pulsating energy discharge rated at 350-1,000 W
with a 15-25 kHz frequency.

Thus, this generator of the aePLASMA technology establishes
a high energy electrical discharge between its two cylindrically
electrodes one wrapping around the other to turn the gas flowing
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Detail structure of aePLASMA source
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Figure 4 Construction of an aePLASMA plasma jet generator, left at (A),
and a photograph of the plasma jet spitted out by the plasma generator nozzle
(B).

in between the electrodes into plasma. And this is done not in
vacuum but within the atmospheric environment-atmospheric
pressure and room temperature. This electrical discharge-
induced plasma is similar to the phenomenon of thunder
occurring in our atmosphere.

Compared to artificial plasma in vacuum, aePLASMA’s
atmospheric environment plasma has sufficient energy at about
6x10°® joules to break up the molecules of most of precursors.
This is why aePLASMA does not rely on corrosive or toxic
chemical precursors for thin film coating. With aePLASMA
coating technology relatively safe and stable chemical precursors
are perfectly applicable.

In Fig.5 are close-up photographs showing the atmospheric
environment plasma jet of an aePLASMA machine at work. At
left, a jet of plasma is ready for the approaching work piece, a
glass plate in this case. At right, the plasma beam is shown to
have reached down the surface of the work piece. This coating
machine is similar to the one shown in Fig. 1 above, in which a
glass plate is shown carried by a feeder in its horizontal position
to be feed into the machine for coating by the plasma jets. Also
see Fig. 2.

One important issue for coating of large work pieces concerns
how contamination to the work piece by fine particles agitated by
the flow of the plasma jet can be minimized. An effective solution
to this problem is a ring of exhaust ports opened on the end
surface of the jet nozzle that surround the plasma jet, as is shown
in Fig. 5. These exhaust ports function more than funneling out

Figure 5 Atmospheric environment plasma jet of an aePLASMA machine at
work : a beam of plasma readies for approaching work piece, a glass plate,
left ; the plasma beam reaches down the surface of the work piece, right. The
bottom side of the plasma jet generating component are shown to have a ring
of exhaust holes used to discharge residuals gases to the plasma jet coating
process.

Figure 6 Measuring the temperature in an aePLASMA atmospheric environ-
ment plasma jet stream using a digital camera. Laser-induced fluorescence
(LIF) technique is used in this measurement. The top ICCD camera image at
right shows the LIF image of a plasma jet of NO at 5 mm down stream the
nozzle exit, and left image at right shows the LIF of the jet at about 11 mm
down stream.

the residual of the plasma jet. The exhaust gas flow they create
also stabilize the air-plasma distribution around the jet, which is
very important when very thin target layer is coated. Figure 6
explains the temperature distribution inside a plasma jet of
aePLASMA coating machine.

Figure 7 below shows the radial temperature distribution in the
plasma jet shown as a function of distance from the nozzle exit.
Normally the coating site on the surface of the work piece is
about 15mm from the jet nozzle exit. At this distance the
temperature of the plasma jet is about 300 K, the normal room
temperature.

Figure 7 Radial dis-
tribution of tempera-
ture in the plasma jet
shown as a function of
distance from the noz-
zle exit.

How will aePlasma technology benefit the market that it

serves?

Principal application of ITRI aePLASMA technology is for the
deployment of a layer of material to coat the surface of a target
object using a plasma jet that conveys the coating material.
Translated into the language of the industrial community, this
means the technology can be used for the coating of industrial
work pieces with much material undesirable before aePLASMA.

Alone, the atmospheric environment plasma jet generator that
constitutes the core of an aecPLASMA industrial coating machine
is useful by itself. It can be used as a research tool. But when an
array of aePLASMA jets is armed with a work piece feeder
system, it becomes an industrial coating machine of a fully new
breed, with its distinguished usefulness compared to what the
industry is using now.

Coating applications that the consumer electronics manufac-
turers in Taiwan are interested include the making of transpar-
ent conductor oxide layers for touch screen displays, as well as
the coating of electrically conductive layer for window glasses.
Other related industrial applications are numerous to list in full.
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Figure 8 (A) aePlasma technical team members are in front of G5 Size
aePlasma equipment

As a new tool for industrial coating, aePLASMA not only finds
its usefulness in many industrial coating processes now taken up
by equipment that are less efficient and more costly compared,
this new technology of ITRI's is opening up many new product
possibilities, some of which were difficult, impractical commer-
cially without tools like aePLASMA.

Though, all these are, by definition, categorized as the general,
principal application of coating best implemented by aePLASMA.
In this sense, the project team is unable to conceive any
application beyond the coating deployment of material layers on
target surfaces.

Limitations of aePlasma technology

Coating machine based on aePLASMA technology as a tool for
industrial applications is new even to ITRI's own project team in
terms of its usefulness. Experiences accumulated so far suggest
more possibilities than limitations in its practical use.

Though, there is one practical limitation due to the issue of the
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generation of ionized oxygen in open-air plasma. aePLASMA
coating technology is not suitable for coating on work pieces
made of organic material. Ionized oxygen becomes etchant to
organic work pieces.
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BMStudy and Understanding of Electronic Structure of Solid
'cr:hrlfugh Development of Compound Semiconductors for Solar
e
Professor Dr. Takahiro WADA, Ryukoku University -+ p. 1
I have studied electronic structures of ternary and multinary
compounds such as CulnSe; and the related compounds through
research and development of Cu(In, Ga)Se: thin film solar cells.
CulnSe; is one of I-III-VI; compound semiconductors with a
chalcopyrite-type crystal structure. The electronic structure and
chemical bonds in CIS have been studied by first principles
calculations with energy diagrams of tetrahedral CuSe,”” and
InSef clusters. It was found that the characteristics of chemical
bonds in CIS differ from those of conventional III-V and II-VI
compound semiconductors. We also understand difference of
characteristic of Cu-Se bond in CIS and that of In-Se bond.
M Development of Abundant and Non-Toxic Type CZTS Thin
Film Solar Cells

Professor Dr. Hironori KATAGIRI, Nagaoka National College of
TeChnology -+« nsrssssssssssesasasseassaeetttt et p.3

Cu»ZnSnSs (CZTS) is one of the promising materials for low
cost thin film solar cells, because it has suitable optical properties.
All constituents of this film are abundant on the crust of the earth,
and they are non-toxic. In 1996, we formed a new type of thin film
solar cells having the structure of SLG/Mo/CZTS/CBD-CdS/
AZO/Al and achieved the conversion efficiency of 0.66% for the
first time. Recently, using CZTS compound target with Cu-poor
and Zn-rich composition, we achieved over 6 % efficiency.

B Atmospheric Environment Plasma Coating Technology Devel-
opment in Industrial Technology Research Institute (ITRI),
Taiwan

Dr. Chia-Chiang CHANG, Industrial Technology Research

Institute ([TR[) TATIO@IL v rvrrrrrrene e p. 5
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