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Thin film is defined as a layer of material with a thickness ranging from a few

nanometers to a few micrometers, typically deposited on a substrate. These

films extend infinitely in two directions while being restricted in the third (the

thickness direction). They are characterized by unique properties, often different

from the bulk material, due to their reduced size and increased surface area.

OVERVIEW OF THIN FILM TECHNOLOGY



Thin Films Deposition Process

Deposition of thin films on a substrate has several phases, including adsorption,

surface diffusion, and nucleation, each depending on the material, the substrate

properties, deposition method and parameters. The interactions between

adsorbates and the substrate surface determines the growth mode and the

structure of the resulting thin film.



Adsorption refers to the process in which atoms, ions, or molecules 

from a gas, liquid, or dissolved solid adhere to a surface, forming a film.

Surface diffusion is the movement of atoms, molecules, or clusters on the

surface of a solid material, driven by thermal energy and the need to find

lower-energy sites. This process involves particles "hopping" between

adsorption sites on the surface and is crucial for phenomena like crystal

growth, catalysis, thin-film deposition.

Nucleation is the initial stage of forming a new phase, such as a crystal, 

droplet, or bubble, from a parent phase (liquid, vapor, or solution) by the 

aggregation of atoms, molecules, or ions into a stable nucleus.



Deposition Techniques

There are numerous deposition methods to create thin films of different materials

on various substrates with innumerable structures. These methods are divided

into two main categories: Chemical and Physical methods.

Chemical Deposition

In chemical deposition, the reaction of a precursor fluid on the substrate results in

the formation of a thin layer on the solid. Electroplating, sol-gel, dip coating, spin

coating, chemical vapor deposition (CVD), plasma enhanced CVD (PECVD), and

atomic layer deposition (ALD) are popular chemical deposition methods.

Physical Deposition

Physical deposition of a thin film is mainly achieved by deposition of the vapor of

the material in a low-pressure environment, thus called physical vapor deposition

(PVD). PVD method has a good accuracy and uniformity that has been highly

regarded. Various techniques of sputtering, thermal evaporation, carbon coating,

electron beam evaporation, molecular beam epitaxy (MBE), and pulsed laser

deposition (PLD) are well-known of physical vapor deposition methods.

https://vaccoat.com/blog/chemical-vapor-deposition-cvd/
https://vaccoat.com/blog/sputtering/
https://vaccoat.com/blog/thin-film-deposition-by-thermal-evaporation-method/
https://vaccoat.com/blog/carbon-coating-for-em-edx-sample-preparation/
https://vaccoat.com/blog/pulsed-laser-deposition-pld/


Electroplating thin film coatings are typically applied by a process

called electroless plating. In this process, the substrate material is immersed

in a bath of metal ions. When a current is passed through the bath, the metal

ions are attracted to the substrate and form a thin, uniform coating.

Usually there is an anode (positively charged

electrode), which is the source of the material

to be deposited; the electrochemistry which is

the medium through which metal ions are

exchanged and transferred to the substrate to

be coated; and a cathode which is the

substrate (the negatively charged electrode) to

be coated



Metals which are possible to deposit from aqueous solutions are marked by

green color. Elements with yellow color are only possible to deposit in

combination with some other elements (alloy plating). Elements such as Ti and

Al can only be deposited from organic electrolytes, while other metals such as

Mg, Nb, Ta, and W can only be plated from molten salt electrolytes (at 700°C and

above)



Sol-gel thin films are created by a process where a liquid solution of metal

alkoxides (like those of silicon, boron, or aluminum) is deposited onto a substrate,

which then undergoes a sol-gel transformation into a solid, thin film. This method

is versatile and can be used to create films with varying porosity and refractive

index, making it suitable for a wide range of applications.



Dip coating is a method for creating thin films by immersing a substrate into a

solution containing the material to be deposited, then withdrawing it at a

controlled rate. This process allows for the formation of a thin layer of the

material on the substrate surface.



Spin coating is a thin-film deposition technique that utilizes centrifugal force

to spread a coating material solution evenly across a substrate. The process

involves dispensing a liquid onto the substrate, then spinning the substrate at

high speed, causing the liquid to spread and thin out. This results in a uniform

thin film on the substrate's surface after solvent evaporation.



Chemical Vapor Deposition (CVD) is a thin-film deposition technique

where a solid material is formed on a substrate surface through controlled

chemical reactions in the vapor phase. It's a versatile method used for

creating high-quality thin films and coatings in various applications, including

electronics, optoelectronics, and catalysis.



Plasma Enhanced Chemical Vapor Deposition (PECVD) is a thin film

deposition technique where a plasma is used to activate precursor gases,

enabling the deposition of films at lower temperatures compared to

conventional CVD. This process allows for the creation of thin films with

specific properties, including low thermal stress, high deposition rates, and

the ability to deposit films on a wide range of substrates.



Atomic Layer Deposition (ALD) is a thin-film deposition technique that

uses sequential, self-limiting gas-phase chemical reactions to grow thin

films with precise control over thickness and conformality. It's a subtype of

chemical vapor deposition (CVD) that excels in coating complex 3D

structures.



Thermal evaporation thin film deposition is a technique used to create

thin films on a substrate by heating a source material until it vaporizes,

allowing the vaporized atoms to travel to and condense on the substrate. This

process is typically done in a vacuum to minimize interference from gas

molecules.



Sputter deposition is a physical vapor deposition (PVD) method used to

create thin films by ejecting material from a "target" (source) and depositing it

onto a "substrate" (like a silicon wafer). This is done by bombarding the target

with high-energy ions in a plasma, causing atoms to break off and deposit onto

the substrate.



Thin carbon films are used to hermetically seal and improve the performance

of devices exposed to extreme conditions. Such films, which are deposited

by chemical vapor deposition, develop residual thermal stresses due to a

mismatch in the coefficient of thermal expansion between the film and

substrate.



Electron beam evaporation (EBE) is a physical vapor deposition (PVD)

technique that utilizes a focused electron beam to vaporize a material, which

then condenses onto a substrate to form a thin film. This process is commonly

used for depositing materials with high melting points, dense coatings, and

precise control over film thickness and composition.



Molecular beam epitaxy is a thermal vaporization deposition process by

which to fabricate epitaxial films of semiconductors, magnetic ferrites,

insulators, and metals. The rate of vaporization of the materials is controlled by

a computerized process control system.



Pulsed Laser Deposition (PLD) is a thin-film deposition technique where

a high-energy pulsed laser beam is used to vaporize a target material, and the

resulting vapor is deposited onto a substrate to form a thin film. This process

is a type of physical vapor deposition (PVD).



Metal oxide thin films

Metal oxide thin films are ultra-thin layers of metal oxides with diverse applications in

electronics, energy, and sensing due to their unique optical, electronic, and chemical

properties. They are prepared using techniques like Physical Vapor Deposition

(PVD) (e.g., sputtering) and solution processing (e.g., using metal nitrates). These

films exhibit tunable electrical (metallic, semiconducting, dielectric), optical

(transparency), and mechanical characteristics, making them suitable for devices

such as solar cells, transistors, sensors, and even flexible electronic circuits.

Tunable Properties:

Metal oxides can exhibit metallic, semiconducting, or dielectric behavior, with their electrical 

properties easily modified by controlling processing conditions.
Optical Transparency:

Many metal oxide films are optically transparent, making them useful for applications like solar cells 

and optical coatings.
Chemical and Physical Stability:

They offer good mechanical and chemical stability, contributing to long lifetimes and reliability in 

devices.
Environmental Compatibility:

•Metal oxides offer an eco-friendlier alternative to some traditional semiconductor materials, aligning 

with goals for sustainable electronics.
Common Deposition Techniques

Physical Vapor Deposition (PVD) Techniques like sputtering and evaporation allow for precise control 

over film thickness, composition, and morphology.

https://www.google.com/search?sca_esv=1c81ec1d0ea38a77&rlz=1C1NHXL_enSA878SA878&cs=0&q=Physical+Vapor+Deposition+%28PVD%29&sa=X&ved=2ahUKEwiyvqTtxsaPAxUBTqQEHdDbAxYQxccNegQIBhAB&mstk=AUtExfB8Sr-VXdrLAy7rTrmco0vS2J_rqQHS4VlgsubawX6n7K-VxSxe4_UCbpdjdSeMbL2rtLygr-S7B87iVeFmAEZ8XIKMuDD92hH-vQUERvSVJlVZM49tY7LDcWk6GzKnHDy-iyhRIdyhKFG7W9RdzrYqD3W1ktO8WTLjxaEYBnuP-zI&csui=3
https://www.google.com/search?sca_esv=1c81ec1d0ea38a77&rlz=1C1NHXL_enSA878SA878&cs=0&q=solution+processing&sa=X&ved=2ahUKEwiyvqTtxsaPAxUBTqQEHdDbAxYQxccNegQIBhAC&mstk=AUtExfB8Sr-VXdrLAy7rTrmco0vS2J_rqQHS4VlgsubawX6n7K-VxSxe4_UCbpdjdSeMbL2rtLygr-S7B87iVeFmAEZ8XIKMuDD92hH-vQUERvSVJlVZM49tY7LDcWk6GzKnHDy-iyhRIdyhKFG7W9RdzrYqD3W1ktO8WTLjxaEYBnuP-zI&csui=3
https://www.google.com/search?sca_esv=1c81ec1d0ea38a77&rlz=1C1NHXL_enSA878SA878&cs=0&q=Physical+Vapor+Deposition+%28PVD%29&sa=X&ved=2ahUKEwiyvqTtxsaPAxUBTqQEHdDbAxYQxccNegQIKhAB&mstk=AUtExfB8Sr-VXdrLAy7rTrmco0vS2J_rqQHS4VlgsubawX6n7K-VxSxe4_UCbpdjdSeMbL2rtLygr-S7B87iVeFmAEZ8XIKMuDD92hH-vQUERvSVJlVZM49tY7LDcWk6GzKnHDy-iyhRIdyhKFG7W9RdzrYqD3W1ktO8WTLjxaEYBnuP-zI&csui=3


Solution Processing:

Methods using precursors like metal nitrates enable scalable, inexpensive

fabrication of high-quality films.
Applications

Electronics:

Used in transistors, memory devices, and transparent flexible electronic circuits.
Energy:

Crucial for solar cells, acting as electron transport layers, hole transport

materials, and anti-reflecting layers.
Sensors:

Employed in high-performance pH sensors and other biosensing applications due to

their high sensitivity and stability.
Optics:

Used as optical coatings on lenses and solar cells.
Other:

Applications include supercapacitors, photocatalysis, and luminescent materials.

https://www.google.com/search?sca_esv=1c81ec1d0ea38a77&rlz=1C1NHXL_enSA878SA878&cs=0&q=electron+transport+layers&sa=X&ved=2ahUKEwiyvqTtxsaPAxUBTqQEHdDbAxYQxccNegQIQhAB&mstk=AUtExfB8Sr-VXdrLAy7rTrmco0vS2J_rqQHS4VlgsubawX6n7K-VxSxe4_UCbpdjdSeMbL2rtLygr-S7B87iVeFmAEZ8XIKMuDD92hH-vQUERvSVJlVZM49tY7LDcWk6GzKnHDy-iyhRIdyhKFG7W9RdzrYqD3W1ktO8WTLjxaEYBnuP-zI&csui=3
https://www.google.com/search?sca_esv=1c81ec1d0ea38a77&rlz=1C1NHXL_enSA878SA878&cs=0&q=hole+transport+materials&sa=X&ved=2ahUKEwiyvqTtxsaPAxUBTqQEHdDbAxYQxccNegQIQhAC&mstk=AUtExfB8Sr-VXdrLAy7rTrmco0vS2J_rqQHS4VlgsubawX6n7K-VxSxe4_UCbpdjdSeMbL2rtLygr-S7B87iVeFmAEZ8XIKMuDD92hH-vQUERvSVJlVZM49tY7LDcWk6GzKnHDy-iyhRIdyhKFG7W9RdzrYqD3W1ktO8WTLjxaEYBnuP-zI&csui=3
https://www.google.com/search?sca_esv=1c81ec1d0ea38a77&rlz=1C1NHXL_enSA878SA878&cs=0&q=anti-reflecting+layers&sa=X&ved=2ahUKEwiyvqTtxsaPAxUBTqQEHdDbAxYQxccNegQIQhAD&mstk=AUtExfB8Sr-VXdrLAy7rTrmco0vS2J_rqQHS4VlgsubawX6n7K-VxSxe4_UCbpdjdSeMbL2rtLygr-S7B87iVeFmAEZ8XIKMuDD92hH-vQUERvSVJlVZM49tY7LDcWk6GzKnHDy-iyhRIdyhKFG7W9RdzrYqD3W1ktO8WTLjxaEYBnuP-zI&csui=3


S. NumberFilm

446200084ZnO

446200826CuO

447200946SnO2

447200948TiO2

447201056MoO3

447201190CdO

446100134NiO

447100222MgO

447100223Al2O3

447100233Co3O4

447105606WO3


