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1: Thin Film Deposition - INFICON
Thin Film Deposition is the technology of applying a very thin film of material - between a few nanometers to about
micrometers, or the thickness of a few atoms - onto a "substrate" surface to be coated, or onto a previously deposited
coating to form layers.

Introduction to Thin Films and Processes Thin films are deposited by a wide variety of processes. However,
we begin this blog first with the advantages of using thin films and deposition processes applications. Thin
film is the general term used for coatings that are used to modify and increase the functionality of a bulk
surface or substrate. They are used to protect surfaces from wear, improve lubricity, improve corrosion and
chemical resistance, modify optical and electrical properties and provide a barrier to gas penetration. In many
cases thin films do not affect the bulk properties of the substrate material. They can, however, totally change
the optical, electrical transport, and thermal properties of a surface or substrate, in addition to providing an
enhanced degree of surface protection. Thin film deposition technology and the science have progressed
rapidly in the direction of engineered thin film coatings and surface engineering [1]. Plasmas are used more
extensively. Accordingly, advanced thin film deposition processes have been developed and new technologies
have been adapted to conventional deposition processes. The market and applications for thin film coatings
have also increased astronomically, particularly in the biomedical, display and energy fields. Thin films have
distinct advantages over bulk materials. Because most processes used to deposit thin films are nonequilibrium
in nature, the composition of thin films is not constrained by metallurgical phase diagrams. Crystalline phase
composition can also be varied to certain extent by deposition conditions and plasma enhancement. Virtually
every property of the thin film depends on and can be modified by the deposition process and not all processes
produce materials with the same properties. Microstructure, surface morphology, tribological, electrical, and
optical properties of the thin film are all controlled by the deposition process. A single material can be used in
several different applications and technologies, and the optimum properties for each application may depend
on the deposition process used. Since not all deposit technologies yield the same properties or microstructures,
the deposition process must be chosen to fit the required properties and application. For example,
diamond-like carbon DLC films are used to reduce the coefficient of friction of a surface and improve wear
resistance, but they are also used in infrared optical and electronic devices. Titanium dioxide TiO2 is probably
the most important and widely used thin film optical material and is also used in photocatalytic devices and
self-cleaning windows, and may have important applications in hydrogen production. Zinc oxide ZnO has an
excellent piezoelectric properties but is also used as a transparent conductive coating and spintronics
applications. Silicon nitride Si3N4 is a widely used hard optical material but also has excellent piezoelectric
response. Aluminum oxide Al2O3 is a widely used optical material and is also used in gas barriers and
tribology applications. The list goes onâ€¦.. Thin films thus offer enormous potential due to the following:
Creation of entirely new and revolutionary products Solution of previously unsolved engineering problems
Improved functionality of existing products; engineering, medical and decorative Production of
nano-structured coatings and nanocomposites Conservation of scarce materials Ecological considerations â€”
reduction of effluent output and power consumption Engineered materials are the future of thin film
technology. Engineered structures such as superlattices, nanolaminates, nanotubes, nanocomposites, smart
materials, photonic bandgap materials, molecularly doped polymeres and structured materials all have the
capacity to expand and increase the functionality of thin films and coatings used in a variety of applications
and provide new applications. New advanced deposition processes and hybrid processes are being used and
developed to deposit advanced thin film materials and structures not possible with conventional techniques a
decade ago. For example, until recently it was important to deposit fully dense films for all applications, but
now films with engineered porosity are finding a wide range of new applications. Hybrid processes,
combining unbalanced magnetron sputtering and filtered cathodic arc deposition for example, are achieving
thin film materials with record hardness. Organic materials are also playing a much more important role in
many types of coating structures and applications, including organic electronics and organic light emitting
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devices OLED. These materials have several advantages compared to inorganic materials, including low cost,
high deposition rates, large area coverage, and unique physical and optical properties. It is also possible to
molecularly dope and form nanocomposites with organic materials. In addition to traditional metalizing and
glass coating, large area deposition, decorative coating and vacuum web coating have become important
industrial processes. Vacuum web coating processes employ a number of deposition technologies and hybrid
processes, most recently vacuum polymer deposition VPD and have new exciting applications in thin film
photovoltaics, flexible displays, large area detectors, electrochromic windows, and energy efficiency. Thus we
see that each thin film deposition process can be used for a range of applications and that some are more
conducive than others with respect to certain applications and materials. The following processes with be
reviewed: Thermal and electron beam deposition Magnetron sputtering and its cousins Ion assisted deposition
Chemical vapor deposition and its cousins Atomic layer deposition.
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2: Semiconductor Deposition Applications
Applications. Perovskite Many are convinced this abundant mineral structure is the next great solar material, allowing for
an abundant energy future.; OLED We helped pioneer this increasingly popular technology, and our partners continue to
make headway in the field.

What Is Thin Film Deposition? Details Written by Matt Hughes Published: Chemical Deposition is when a
volatile fluid precursor produces a chemical change on a surface leaving a chemically deposited coating. One
example is Chemical Vapor Deposition or CVD used to produce the highest-purity, highest-performance solid
materials in the semiconductor industry today. Physical Vapor Deposition refers to a wide range of
technologies where a material is released from a source and deposited on a substrate using mechanical,
electromechanical or thermodynamic processes. Thermal Evaporation Diagram of Thermal Evaporation
Process Thermal Evaporation involves heating a solid material that will be used to coat a substrate inside a
high vacuum chamber until it starts to boil and evaporates producing vapor pressure. Inside the vacuum
deposition chamber, even a relatively low vapor pressure is sufficient to raise a vapor cloud. This evaporated
material now constitutes a vapor stream which the vacuum allows to travel without reacting or scattering
against other atoms. It traverses the chamber and hits the substrate, sticking to it as a coating or thin film.
There are two primary methods of heating the source material during Thermal Evaporation. One is known as
Filament Evaporation, as it is achieved with a simple electrical heating element or filament. The other
common heat source is an electron beam or E-Beam Evaporation where an electron beam is aimed at the
source material to evaporate it and enter the gas phase. Thin Film Evaporation systems can offer the
advantages of relatively high deposition rates, real time rate and thickness control, and with suitable physical
configuration good evaporant stream directional control for processes such as Lift Off to achieve direct
patterned coatings. Sputtering What is Sputtering? Video Sputtering involves the bombardment of a target
material with high energy particles that are to be deposited on a substrate like a silicon wafer or solar panel.
The substrates to be coated are placed in a vacuum chamber containing an inert gas â€” usually Argon â€” and
a negative electric charge is placed on the target material to be deposited causing the plasma in the chamber to
glow. Several different methods ofplasma vapor deposition coating systems are widely used, including ion
beam and ion-assisted sputtering, reactive sputtering in an Oxygen gas environment, gas flow and magnetron
sputtering. Magnetron Sputtering Diagram of the DC Magnetron Sputtering Process Magnetron sputtering
uses magnets to trap electrons over the negatively charged target material so they are not free to bombard the
substrate, preventing the object to be coated from overheating or being damaged, and allowing for a faster thin
film deposition rate. They use several methods of inducing the high energy state including direct current DC ,
alternating current AC and radio frequency RF magnetron sources. Which approach is the right choice for
your specific thin film deposition coating system needs can depend upon many complex factors - and more
than one approach can be taken to reach similar ends. You always want to get the help of competent vacuum
engineering expert to assess your exact needs and offer you the optimum outcome at the best price. Equipment
FAQs Video Matt Hughes is President of Semicore Equipment Inc, a leading worldwide supplier of sputtering
equipment for the electronics, solar energy, optical, medical, military, automotive, and related high tech
industries.
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3: Thin Film Deposition Markets and Applications - Denton Vacuum
Thin Film Deposition Services for Manufacturing and Advanced R&D Applications. Sputtering is an effective
micro-fabrication process for depositing optical films, diffusion barriers, seed or adhesion layers for multilayer
architectures, and for creating embedded passive components such as resistors, thermistors, thermocouples, strain
gauges, IR detectors, and implantable electrodes.

A copper indium gallium selenide solar cell or CIGS cell uses an absorber made of copper, indium, gallium,
selenide CIGS , while gallium-free variants of the semiconductor material are abbreviated CIS. It is one of
three mainstream thin-film technologies, the other two being cadmium telluride and amorphous silicon , with a
lab-efficiency above 20 percent and a share of 2 percent in the overall PV market in Traditional methods of
fabrication involve vacuum processes including co-evaporation and sputtering. Amorphous silicon
Amorphous silicon a-Si is a non-crystalline, allotropic form of silicon and the most well-developed thin film
technology to-date. Thin-film silicon is an alternative to conventional wafer or bulk crystalline silicon. While
chalcogenide -based CdTe and CIS thin films cells have been developed in the lab with great success, there is
still industry interest in silicon-based thin film cells. Silicon-based devices exhibit fewer problems than their
CdTe and CIS counterparts such as toxicity and humidity issues with CdTe cells and low manufacturing yields
of CIS due to material complexity. Additionally, due to political resistance to the use non-"green" materials in
solar energy production, there is no stigma in the use of standard silicon. This type of thin-film cell is mostly
fabricated by a technique called plasma-enhanced chemical vapor deposition. Other methods used to deposit
amorphous silicon on a substrate include sputtering and hot wire chemical vapor deposition techniques. It
requires a low processing temperature and enables a scalable production upon a flexible, low-cost substrate
with little silicon material required. Due to its bandgap of 1. This allows the cell to generate power in the early
morning, or late afternoon and on cloudy and rainy days, contrary to crystalline silicon cells, that are
significantly less efficient when exposed at diffuse and indirect daylight. This is called the Staebler-Wronski
effect SWE â€” a typical loss in electrical output due to changes in photoconductivity and dark conductivity
caused by prolonged exposure to sunlight. Its basic electronic structure is the p-i-n junction. The amorphous
structure of a-Si implies high inherent disorder and dangling bonds, making it a bad conductor for charge
carriers. These dangling bonds act as recombination centers that severely reduce carrier lifetime. A p-i-n
structure is usually used, as opposed to an n-i-p structure. This is because the mobility of electrons in a-Si: H
is roughly 1 or 2 orders of magnitude larger than that of holes, and thus the collection rate of electrons moving
from the n- to p-type contact is better than holes moving from p- to n-type contact. Therefore, the p-type layer
should be placed at the top where the light intensity is stronger, so that the majority of the charge carriers
crossing the junction are electrons. When only two layers two p-n junctions are combined, it is called a
tandem-cell. A new world record PV module based on the micromorph concept with The band gap of a-Si is
1. The c-Si layer can absorb red and infrared light. The best efficiency can be achieved at transition between
a-Si and c-Si. As nanocrystalline silicon nc-Si has about the same bandgap as c-Si, nc-Si can replace c-Si.
Protocrystalline silicon with a low volume fraction of nanocrystalline silicon is optimal for high open-circuit
voltage. Polycrystalline silicon on glass[ edit ] A new attempt to fuse the advantages of bulk silicon with those
of thin-film devices is thin film polycrystalline silicon on glass. These modules are produced by depositing an
antireflection coating and doped silicon onto textured glass substrates using plasma-enhanced chemical vapor
deposition PECVD. The silicon film is crystallized by an annealing step, temperatures of â€” Celsius, resulting
in polycrystalline silicon. Crystalline silicon on glass CSG , where the polycrystalline silicon is 1â€”2
micrometres, is noted for its stability and durability; the use of thin film techniques also contributes to a cost
savings over bulk photovoltaics. These modules do not require the presence of a transparent conducting oxide
layer. This simplifies the production process twofold; not only can this step be skipped, but the absence of this
layer makes the process of constructing a contact scheme much simpler. Both of these simplifications further
reduce the cost of production. Despite the numerous advantages over alternative design, production cost
estimations on a per unit area basis show that these devices are comparable in cost to single-junction
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amorphous thin film cells. Although GaAs cells are very expensive, they hold the world record for the
highest-efficiency, single-junction solar cell at They are also used in concentrator photovoltaics , an emerging
technology best suited for locations that receive much sunlight, using lenses to focus sunlight on a much
smaller, thus less expensive GaAs concentrator solar cell. Third-generation photovoltaic cell An experimental
silicon based solar cell developed at the Sandia National Laboratories The National Renewable Energy
Laboratory NREL classifies a number of thin-film technologies as emerging photovoltaicsâ€”most of them
have not yet been commercially applied and are still in the research or development phase. Many use organic
materials, often organometallic compounds as well as inorganic substances. Despite the fact that their
efficiencies had been low and the stability of the absorber material was often too short for commercial
applications, there is a lot of research invested into these technologies as they promise to achieve the goal of
producing low-cost, high-efficient solar cells.
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4: What Is Thin Film Deposition?
A thin film is a layer of material ranging from fractions of a nanometer to several micrometers in thickness. The
controlled synthesis of materials as thin films (a process referred to as deposition) is a fundamental step in many
applications.

A thin film application involves a very fine, or thin layer of material that can be so small, ranging from
fractions of a nanometer in thickness to several micrometers in size. Examples of applications that benefit
from thin film applications include optical coatings for a lens or mirror, and electronic semiconductor devices.
Think of any of a number of mirrors, like the one you find in your bathroom. Household mirrors are typically
made up of a sheet of glass that has a very fine application of thin film, which gives the mirror the ability to
reflect images. The performance of an optical mirror will depend on the thickness of the thin film application.
As you can probably imagine, the thickness of the coating will enhance an optical mirror more so than a
thinner coating can. Thin film applications can also be used for product protection purposes. For example, the
use of ceramic thin films, which have become quite the popular protective application, because of its ability to
harden, can protect substrate materials against general wear and tear, corrosive particles and elements, and
oxidation. Placing ceramic thin films on cutting tools has also proven to be advantageous, as the protective
coating can extend the life of these types of tools by giving it strength and durability it otherwise would not
have in its regular form. When applying any thin film application to a surface, or previously deposited layers,
the procedure is known as thin film deposition. There are two types of deposition techniques, and they are
called chemical deposition and physical deposition. Regarding chemical deposition, a fluid precursor will
undergo a chemical change, forming into a solid layer when it is placed onto a solid surface. For a better
understanding, think of a substance, like soot, that is placed onto a cold temperature object, and is then placed
inside a flame. The soot will mold itself onto the cool object as the temperature warms. The second deposition
is known ad physical deposition. Physical deposition involves the use of mechanical, electromechanical, and
thermodynamics as a means to produce a thin film onto a substrate, which will then form into a solid mold.
How frost develops is a perfect example of physical deposition. The material, or substrate that is being
deposited will be placed into a high energy, entropic thermodynamic environment. Particles emanating from
the material will release form the surface and escape form the substrate. Opposite the substrate is a cooler
surface, which will natural draw the particles free in the air. The particles will come to rest on the cooler
surface, then mold, and become a solid layer. This entire system happens in a vacuum deposition chamber,
which allows the particles to fly freely throughout the air. Science dictates that free flowing particles natural
follow a straight path, which is why films deposited by physical means are almost always directional, whereas
chemical deposition is conformal, or an interface that is uneven in nature.
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5: Thin Film Coatings Applications & Processes
Offers a complete description of the theory and technology of thin film deposition. This book offers a broad perspective,
and gives readers the tools to objectively evaluate and choose the appropriate thin film process for a specific
application.

Applications and Processes for Thin Film Coatings Thin Film Coatings Download PDF Version The kick-off
issues will be devoted to descriptions of the multitude of coating applications and the discussions of processes
and materials used to deposit specific thin-film optical coatings. Optical coatings have a ubiquitous presence
and serve many roles in our daily lives. As an example, ophthalmic Anti-Reflection coatings are
commonplace, and all instruments and optical aids associated with vision employ AR coatings to reduce
reflection and increase transmitted contrast. Figure 1 shows the performance for a typical four-layer Titania
and Silica AR design. Ophthalmic AR coatings on relatively soft polymer lenses must possess relatively
severe durability robustness. They are tested to salt water immersion, transition between boiling and ice water,
and must resist moderate abrasion that simulates cleaning with minimum degradation. Eyeglass lenses are
often overcoated with organosilicones to enhance abrasion and scratch resistance and to provide hydrophobic
properties. Display screens, camera lenses and automobile instrument panels also are AR coated to reduce
ambient reflections. Outside the car, the headlight reflecting surfaces are coated with protected aluminum, and
the windscreen with a coating that reflects heat to reduce energy consumption for cooling and heating while
transmitting visible light. Coatings with the same function are used in huge volume many square kilometers
for architectural and residential windows. Low emissive and high transparency in these thermal control
coatings are provided by a multi-layer design based on a very thin layer of silver immersed in dielectrics. The
multi-layer is deposited by sputtering and reflects energy longer that wavelength nm while transmitting visible
light. The medical treatment and research fields are major users of optical coatings in their diagnostic, analysis
and treatment instruments. Imaging, spectroscopic, and reactant assay devices are some examples. In the case
of non-disposable endoscope imaging instruments, the lens coatings must have low reflection under immersed
environments, and must survive sterilization without degradation of the coatings. Coatings that tolerate high
energy and long-term repetitive exposure to lasers of various energies are required. Coatings are the weak link
in optics that convey lasers; therefore special processes have been developed since the birth of laser sources.
Eye surgery, skin resurfacing, tumor destruction and even tattoo erasure are typical examples of the use of
laser light. Those applications involve different wavelengths, fluences and exposure times. All components
require high reliability; the stability of coated surfaces is at the top of the list. In non-optical areas,
wear-resistant coatings that are compatible with tissue and bone interfaces have been developed. We shall
discuss coatings and materials related to these applications in greater depth at a later date. The optical systems
in image projectors use beam dividing and polarizing coatings, and the lenses require wide-band, wide-angle
AR coatings on their different optical glasses. New coating challenges introduced by the production of 3-D
imagery are currently being addressed. Surfaces that are exposed to external potentially damaging
environments require a different set of coating materials and modified deposition processes compared with
surfaces that are internally protected. Manufacturing and product sorting industries use coated optics in
machine vision systems. Often the manufacturing environment introduces contamination, and the coated
surfaces of lenses must survive frequent cleaning. Here again, the challenge is to provide coatings that tolerate
moderate abrasive and solvent cleaning without deterioration such as haziness, scratches, or stress cracking.
The aeronautic environment, commercial and military, is especially harsh for coated windows and imaging
optics. Optical coatings are subjected to rain impact, sand erosion, temperature swings, and aggressive
cleaning maintenance. Deployment in a marine environment additionally requires resistance to exposure to
salt spray exposure and cleaning. Coatings specialized for glass surfaces and for softer materials used at
infrared wavelengths require special considerations. We shall discuss the specific materials and their
deposition processes in future notes. Optics for military applications probably exemplifies the most
challenging coating requirements. Surfaces of windows and imaging optics must maintain their properties

Page 7

THIN-FILM DEPOSITION AND APPLICATIONS pdf
during and after exposure to harsh environments during field and sea deployment. They must be durable to
cleaning in non-ideal conditions. Coating designs are complicated and consist of dozens of layers. Absorption
and stress-related aspects must be finely controlled, as must deposition thickness accuracy. Future issues will
go into more detail concerning the multitude of coating processes and applications.
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6: Thin film - Wikipedia
Thin Film Deposition Processes and Characterization Techniques Part-A Thin Film Deposition Processes 2A
Introduction to Thin Films 45 the major applications of.

Deposition[ edit ] The act of applying a thin film to a surface is thin-film deposition â€” any technique for
depositing a thin film of material onto a substrate or onto previously deposited layers. Molecular beam epitaxy
, Langmuir-Blodgett method and atomic layer deposition allow a single layer of atoms or molecules to be
deposited at a time. It is useful in the manufacture of optics for reflective , anti-reflective coatings or
self-cleaning glass , for instance , electronics layers of insulators , semiconductors , and conductors form
integrated circuits , packaging i. Similar processes are sometimes used where thickness is not important:
Deposition techniques fall into two broad categories, depending on whether the process is primarily chemical
or physical. An everyday example is the formation of soot on a cool object when it is placed inside a flame.
Since the fluid surrounds the solid object, deposition happens on every surface, with little regard to direction;
thin films from chemical deposition techniques tend to be conformal , rather than directional. Chemical
deposition is further categorized by the phase of the precursor: Plating relies on liquid precursors, often a
solution of water with a salt of the metal to be deposited. Some plating processes are driven entirely by
reagents in the solution usually for noble metals , but by far the most commercially important process is
electroplating. It was not commonly used in semiconductor processing for many years, but has seen a
resurgence with more widespread use of chemical-mechanical polishing techniques. Chemical solution
deposition CSD or chemical bath deposition CBD uses a liquid precursor, usually a solution of organometallic
powders dissolved in an organic solvent. This is a relatively inexpensive, simple thin-film process that
produces stoichiometrically accurate crystalline phases. Langmuir-Blodgett method uses molecules floating on
top of an aqueous subphase. The packing density of molecules is controlled, and the packed monolayer is
transferred on a solid substrate by controlled withdrawal of the solid substrate from the subphase. This allows
creating thin films of various molecules such as nanoparticles, polymers and lipids with controlled particle
packing density and layer thickness. The speed at which the solution is spun and the viscosity of the sol
determine the ultimate thickness of the deposited film. Repeated depositions can be carried out to increase the
thickness of films as desired. Thermal treatment is often carried out in order to crystallize the amorphous spin
coated film. Such crystalline films can exhibit certain preferred orientations after crystallization on single
crystal substrates. There are two evaporation regimes: Commercial techniques often use very low pressures of
precursor gas. Unlike the soot example above, commercial PECVD relies on electromagnetic means electric
current, microwave excitation , rather than a chemical-reaction, to produce a plasma. Atomic layer deposition
ALD uses gaseous precursor to deposit conformal thin films one layer at a time. The process is split up into
two half reactions, run in sequence and repeated for each layer, in order to ensure total layer saturation before
beginning the next layer. Therefore, one reactant is deposited first, and then the second reactant is deposited,
during which a chemical reaction occurs on the substrate, forming the desired composition. Physical
deposition[ edit ] Physical deposition uses mechanical, electromechanical or thermodynamic means to produce
a thin film of solid. An everyday example is the formation of frost. Since most engineering materials are held
together by relatively high energies, and chemical reactions are not used to store these energies, commercial
physical deposition systems tend to require a low-pressure vapor environment to function properly; most can
be classified as physical vapor deposition PVD. The material to be deposited is placed in an energetic ,
entropic environment, so that particles of material escape its surface. Facing this source is a cooler surface
which draws energy from these particles as they arrive, allowing them to form a solid layer. The whole system
is kept in a vacuum deposition chamber, to allow the particles to travel as freely as possible. Since particles
tend to follow a straight path, films deposited by physical means are commonly directional, rather than
conformal. Examples of physical deposition include: A thermal evaporator that uses an electric resistance
heater to melt the material and raise its vapor pressure to a useful range. This is done in a high vacuum, both to
allow the vapor to reach the substrate without reacting with or scattering against other gas-phase atoms in the
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chamber, and reduce the incorporation of impurities from the residual gas in the vacuum chamber. Obviously,
only materials with a much higher vapor pressure than the heating element can be deposited without
contamination of the film. Molecular beam epitaxy is a particularly sophisticated form of thermal evaporation.
An electron beam evaporator fires a high-energy beam from an electron gun to boil a small spot of material;
since the heating is not uniform, lower vapor pressure materials can be deposited. Typical deposition rates for
electron beam evaporation range from 1 to 10 nanometres per second. In molecular beam epitaxy MBE , slow
streams of an element can be directed at the substrate, so that material deposits one atomic layer at a time.
Compounds such as gallium arsenide are usually deposited by repeatedly applying a layer of one element i.
The beam of material can be generated by either physical means that is, by a furnace or by a chemical reaction
chemical beam epitaxy. Sputtering relies on a plasma usually a noble gas , such as argon to knock material
from a "target" a few atoms at a time. The target can be kept at a relatively low temperature, since the process
is not one of evaporation, making this one of the most flexible deposition techniques. It is especially useful for
compounds or mixtures, where different components would otherwise tend to evaporate at different rates. It is
also widely used in the optical media. It is a fast technique and also it provides a good thickness control.
Presently, nitrogen and oxygen gases are also being used in sputtering. Pulsed laser deposition systems work
by an ablation process. Pulses of focused laser light vaporize the surface of the target material and convert it to
plasma; this plasma usually reverts to a gas before it reaches the substrate. If a reactive gas is introduced
during the evaporation process, dissociation , ionization and excitation can occur during interaction with the
ion flux and a compound film will be deposited. Electrohydrodynamic deposition electrospray deposition is a
relatively new process of thin-film deposition. The liquid to be deposited, either in the form of nanoparticle
solution or simply a solution, is fed to a small capillary nozzle usually metallic which is connected to a high
voltage. The substrate on which the film has to be deposited is connected to ground. Through the influence of
electric field, the liquid coming out of the nozzle takes a conical shape Taylor cone and at the apex of the cone
a thin jet emanates which disintegrates into very fine and small positively charged droplets under the influence
of Rayleigh charge limit. The droplets keep getting smaller and smaller and ultimately get deposited on the
substrate as a uniform thin layer.
7: Thin Film Deposition Services for Manufacturing and Advanced R&D Applications
P.H. Li, P.K. Chu, in Thin Film Coatings for Biomaterials and Biomedical Applications, Electrophoretic deposition. Thin
film deposition methods based on gas-phase processes such as CVD, evaporation, and sputtering are straightforward
and thin films with good purity and structural properties can be produced.

8: Thin-film solar cell - Wikipedia
Sputter deposition is used for film deposition on semiconductor wafers, on magnetic media and head surfaces, for
coating tools and cutting surfaces for wear resistance, for reflective coatings on window glass, for coating the insides of
plastic bags and the surfaces of automobile parts, and a number of other wide ranging applications.

9: Thin Film Deposition Applications - Elettrorava
The dynamic deposition process involves transporting the substrate through the plasma front at a specific rate to create
a thin film of desired thickness and uniformity. A roll-to-roll application enables depositing the thin film over wires, foils,
or long strips.
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