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Some R&D Projects on thin films

1- ELECTROCHROMIC SMART COATINGS

-EU-6FP/2004: “NANOEFFECT: Nanocomposites with High ~ Colouration Efficiency for
Electrochromic Smart Plastic Devices” (concluded, sep t 2007)

2- THERMOCHROMIC COATINGS

-EU-6FP/2004: “TERMOGLAZE: Production of thermochro  mic glazings for energy saving
applications” (concluded, sept 2007)

3- SPECTRALLY SELECTIVE SURFACES

-POCTI/PICTM/11235/2001: “Spectrally Selective Coat ings for Solar Energy Applications”
(concluded)

-POCI/ENR/62660/2004: Development of new spectrally  selective coatings with organic pigments
for absorbers of solar collectors

4- CRYSTALLINE AND AMORPHOUS NANOCOMPOSITE COATINGS

-POCTI/EME/39316/2001: “PVDCOAT-Composite and multi layered protective coatings for
efficient energy systems” (concluded)

-POCTI/CTM/44590/2002:."SURFLAS-Modelling and laser su  rface treatment of
ceramics(concluded)

-P(?CTI/FIS/58240/2004:”Deposition of photocalytic and se  If-cleaning titania coatings on glassy
surfaces”

-POCTI/CTM/61589/2004: "NANOCARBON-Nanocomposite Met al-Ceramic Amorphous Carbon
Thin Coatings”

5- DECORATIVE COATINGS
-CFUM-GRF-2005-Decorative Ni and Cr-based PVD coati ngs deposited at room temperature
-EU-6FP-505948-STREP-2004-“ HARDECOAT -Development o f novel hard decorative coatings
based on transition metal oxynitrides” (concluded )
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Nanostructured Materials

A broad class of materials, with microstructures mo

to three dimensions on length scales less than 100

N
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Unifying features

-synthetic materials with modulated structures in O
to 3 dimensions.

-size constraint (“confinement”) <100nm in at least
one dimension.

-significant volume fraction (>1%) of interfaces.
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R.W. Siegel, Nanophase Materials, Encyclopedia pfiégh Physics, VCH Publishers 1994
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Nanocomposite and Nanolayered Coatings

Conventional materials have grain sizes ranging from
microns to several millimeters and contain several billion
atoms each.

Nanometer sized grains contain only about 900 atoms each.

As the grain size decreases to the nanometer range, there is
a significant increase in the volume fraction of grain
boundaries or interfaces.

A nanostructured crystalline material is one in which the
spacing between lattice defects approaches inter-atomic
distances.

These characteristics strongly influence the chemical
and physical properties of the material.
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% Atoms in Grain Boundaries
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Nanocomposite and Nanolayered Coatin

Interfaces and grain boundaries are key parameters in designing
nanolayered coatings. Internal interfaces in materials are extended
defects including grain boundaries and interphase boundaries.
On a laboratory scale a great variety of coating concepts for designing
innovative, multifunctional nanoscaled PVD thin films with properties
tailored to specific applications have been developed, as well as

(b) DL/C (a:CH) Matrix

promising advanced coating materials such as:

- hanocomposite coatings

- nanostructured multilayer films

- nanomodulated superlattice films

- nanocrystalline films

- amorphous and Nanoporous layers
- multilayer films

- nanograded films
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NANOCOMPOSITE COATING

Nanocrystalline phase embedded is an
amorphous matrix,eg. TiN/a-Siz;N, or ZrO,/a-Al,O,

(or a-Al ,0,)

TIN
(or ZrO ,)
crystallites

“Hard ZrO2/Al203 nanolaminated PVD coatings evaluated by nanoindentation”
A. Portinha, V. Teixeira, J.0O. Carneiro, S.N. Dub, R. Shmegera, C. J.Tavares,
Surface & Coatings Technology, Vol 200(1-4), 2005, p. 765-768
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North American market for high- i<
performance ceramic coating

The North American market for high-performance

ceramic coating services in 2004 is estimated at

$1.1 billion . This is expected to increase to $1.6 1,200
billion by 2009 at an annual average growth rate

(AAGR) of 7.6%. 1,000

B0
Thermal spray coatings will register an AAGR ofg

8.5% due to increased demand for commercialE
and military aircraft in the next five years led by = 4004
demand in Asia. .

=00 1
PVD and CVD will register lower growth rates 0¥ .
(5.8% and 5.0%, respectively) over the next five 204 2008
years. O Thermal spragy BFWD
O CWD O Others™

In 2904, about 64}% of the market belonggd to the Market Share of North American High-
coating of engine components. Cutting and Performance Ceramic Coating
turning tools contributed about 17% of the market  Technologies, 2004 and 2009 ($ Millions)
and wear-resistant and industrial parts, 14.6%.
By 2009, engine applications will rise to 68%.

Source: BCC, Inc.
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PVD — Physically Vapour Deposition
Magnetron sputtering technique

Advantages of sputter deposition:

* ltis a “clean” deposition technology
 Elements, alloys and compounds can be sputtered and deposited
« The sputtering target provides a stable, long-lived vaporization source

* In some configurations, the sputtering source can be a defined shape such
as a line or the surface of a rod or cylinder

» Reactive deposition can be easily accomplished using reactive gaseous
species that are activated in plasma

 There is very little radiant heat in the deposition process
 The source and substrate can be spaced close together
* The sputter deposition chamber can have a small volume

» Possibity to deposit large-areas and large-volumes
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Thin film sputtering systems
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Coating Microstructure

Thornton Diagram Model for Coating Densification
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Parameters affecting film

structure
¢ Some parameters that control grain structure

are.

— Substrate material and surface finishing
— Base pressure (or contamination level)
— Deposition temperature

— Deposition rate

— Later processing temperature

— Process pressure (particle bombardment)
— lon beam bombardment
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Ni-based decorative PVD coatings

For the usual production of PVD decorative coatings (ZrN, TIAIN) it is
necessary two distinct production equipments (electrodeposition + vacuum
deposition process).

Beside this aspect, the electrodeposition technique utilizes volatile organic
compounds (VOC’s) and produces industrial wastes that are a very serious
environmental problem. These facts will make the environmental
regulation more restrictive, in a future not very f ar.

Beyond the decorative aspect, the metallic PVD coatings produced, must
provide the resistance of the coating mainly against corrosion and scratches.

It is necessary that the decorative coatings have a low surface roughness to
obtain a high specular reflectivity (bright coating).

PVD technology such as magnetron sputtering is a potential technique for
industrial replacement of Cr and Ni decorative coat  ings, since provides a
good control of surface finishing, excellent adherence and thickness
uniformity.
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Decorative PVD coatings




INDUSTRIAL PRODUCTION OF Ni and Cr layers

L

ADVANTAGES: PVD techniques such as Magnetron
Sputtering:

-PVD technology is an environmentally friendly techrgpjo

DISADVANTAGES:

- the deposition process is more expensive, thus a PMINg is
more expensive than an Electroplated coating (on metallic
substrates). Farlastic plating the cost can be similgrf we include

the cost of recycling the very high toxic chemicals)
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COATING COMPARISON FOR PLASTIC METALISATION

PVD PLATING PAINT

Cost Medium High Low
Injection Mold Single injection Double injection Single injection
Material PC PC+ ABS PC
Brightness Excellent Excellent Poor
Thickness Uniformity Excellent Good Poor
Back Artwork Yes No Yes
Semi-transparent Excellent No Good
Laser etching Yes No Yes
Colors availabe Pad print to any Two only Pad print to any

color color
Metal color Yes Yes No
Environment impact No Yes Yes
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NICrMo sputtered PVD coating

“Decorative Ni and Cr-based PVD coatings deposited at room temperature”, V. Teixeira, N. Lima, J. O. Carneiro, A.
Portinha, H. Fonseca, ©2005 Society of Vacuum Coaters 505/856-7188, 48th Annual Technical Conference
Proceedings (2005) ISSN 0737-5921

SEM micrograph of a NiCrMo sputtered layer

AFM image of NiCrMo

(P=8x10- mbar, bias=-25 V)
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Ni-based decorative PVD coatings
Main Results from our research

* The specular reflectivity increases with the dasesof the working
pressure

» The surface resistivity increases with the inceeafsthe working
pressure

» The surface roughness increases with the inciadase working
pressure

The results of the Ni based PVD coatings gave usryegood
expectations related to the possible replace of thelectrolytic
coating because of:

- High specular reflectivity (even for high working pressures)
- Very low roughness (some times lower than the sulvate)

- High surface uniformity

- Low quantity of surface defects
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SPECTRALLY SELECTIVE SURFACES FOR SOLAR ENERGY APPL ICATIONS
Nanolayered and nano-graded coatings — Solar seleati surfaces

Cortesia AoSol, Lda

Schematics of a multilayered nanocomposite

coating produced b DC magnetron sputtering.

Coating system: Mo-Al0,

Black top surface (Mo-MogAl 20z)

Gradient cermet coating Mo-A);

IR reflector Mo-Al composite layer

Metallic substrate

AFM image of a graded

Ti-TiN O, thin film

a=91%
®@=4%
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Parameters affecting film structure

SEM micrograph of a selective SEM micrograph Cr-GO,
absorber Cr-GO, deposited by sputtering at P=10x16 mbar

at P=5x1 mbar

C. Nunes, V. Teixeira, M. Collares-Pereira, A. Monteiro, E. Roman and J. Martin-Gago “Deposition of PVD solar
absorber coatings for high-efficiency thermal collectors”, Vacuum, Volume 67, Issues 3-4,(2002) ,p. 623-627
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Physical properties changes
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C. Nunes, V. Teixeira, M. Collares-Pereira, A. Monteiro, E. Roman, Vacuum, 2002
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Atomic concentration profile by Rutherford
Backscattering Spectrometry (R.B.S.)
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Smart nanocoatings — Self-cleaning and anti-dirt sdaces

Water droplets at surfaces : contact angle
g << 90° hydrophilic surface

g= 120° hydrophobic surface (e.g. Teflon)
sliding drops, no roll off

q 180° ultra-hydrophobic surface
roll off angle  0°

Ultra-hydrophobic surfaces: “ Self-cleaning effect”

-Rolling water drops

act as “mini-wipers*

-no adhering water drops => no
contactangleq  180° evaporation residues, “spots”
-self-cleaning

(flat) hydrophobic surface hydrophobic surface combined
90°<= intrinsic contact angle qi <=120° with specific surface nano-roughness
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Photocatalytic Activity of TIO , Sputtered Coatings on
Plastics for Self-Cleaning Applications

TiO, -

(a) (b) SEM micrographs showing
the surface morphology of
TiO, films deposited under
two different sputtering
pressures:

800 nm 800 nm a) pressure of 0.4 Pa;

b) pressure of 0.5 Pa.

AFM 3D images of TiG, films
deposited under the same
total pressure of 0.5 Pa and
with different iron

concentration:
(a) . .
Ra = 1.985 nm racasignm D) a) low iron concentration
Rms = 2.585 nm Rms =5.697 nm

b) high iron concentration

“Study of the deposition parameters and Fe-dopant effect in the photocatalytic

activity of TiO2 films prepared by dc reactive magnetron sputtering”, J.O.

Carneiro, V. Teixeira, A. Portinha, L. Dupak, A. Magalhdes and P. Coutinho, o
Vacuum, Vol 78, 2005, p.37-46 Vasco Teixeira



TiIO, -EVALUATION OF
PHOTOCATALYTIC ACTIVITY

TiO, coated substrate Rhodamine-B
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Kinetic first-order reaction: k is the
apparent photodegradation rate constant

C, is the initial aqueous RhB

concentration, andC is the aqueous
RhB concentration after 15 up to 90
min irradiation time.
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Active nanocoatings
THERMOCHROMIC COATINGS

Thermochromic materials
such as vanadium oxide are
used in devices with color
change activated by temperature
changes
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Thermochromic coatings: Pure VO
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Thermochromic coatings: V

Transmittance (%)
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W doped films with different switching temperatures (e.g. 20 to 60°C)
and max. transmittance over 40%, in the visible, can be easily
obtained by reactive magnetron sputtering.
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Active nanocoatings

Smart multilayered nanocoatings — smart windows angmart labels

Electrochromic  materials change their optical properties
persistently and reversibly under the action of voltage pulses. By
sandwiching the electrochromic material and an ion rich transparent
solid between a layer of a transparent conductor, a very small
potential can induce an electric field that causes ions to cross to the
electrochromic layer and change its colour state.

Carl M. Lampert, Materials Today, March 2004 p.28-35

colour
XM™ +xe + WO, . M, Og

-

bleach

Courtesy: C. Grangvist, ChromoGenics

Univ. Minho EC device
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WO, films deposited with
different substrate bias

Fig. (a) shows that for electron
bombardment the surface is very
rough with bumps originated from the
columnar growth of the films. The
electron bombardment of the surface
gives energy to already deposited
atoms so that they can diffuse to
occupy crystal positions. Thus, these
flms are more crystalline as
observed in the X-ray spectra.

The positive ion bombardment
(negative bias) disrupts the columnar
structure and promotes denser and
smooth films in Fig. (c).

The effect of electron and ion
bombardment is not so significant on
the optical properties of the films.
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Conclusions

PVD technology is an environmentally friendly technology which allow to produce
novel nanocomposite and nanostructured coatings as goo d candidates to be used
in decorative and solar energy applications.

Thin film and coatings produced by PVD techniques o ffer promising options for
substantially reducing the cost, competitive for in dustrial applications

The application of nanotechnology has the potential to imp rove thermal collectors
efficiency significantly and it will add value by reducing m anufacturing costs in
solar energy industry.

Anti-dirt and self-cleaning layers are one promising appl ication in solar energy
technology (eg. thermal collectors and photovoltaic modu les).

The results of the Ni-based PVD coatings gave us ve ry good expectations related
to the possible replace of the electrolytic coating in special for plastics.

W doped VO, thermochromic films with different at.% and differen t switching
temperatures were successfully achieved

Tungsten oxide coatings were prepared for electrochromi ¢ “smart windows”
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