y International Journal for Research in Engineering Application & Management (IJREAM)

ISSN : 2454-9150 WVol-10, Issue-02, May 2024

“Exploring Key Thin Film Deposition Techniques:

A Comprehensive Overview

Sunder Pal Singh*
Department of Physics, Digambar Jain (P. G.) College, Baraut (Baghpat), India (UP).

sunderssss@gmail.com

Abstract: Thin film deposition techniques are crucial processes in various industries such as electronics, optics, and

energy. This overview explores the key methods utilized for depositing thin films onto substrates. It discusses physical

vapor deposition (PVD) techniques like thermal evaporation, sputtering, and pulsed laser deposition, which involve the

evaporation or sputtering of materials onto a substrate to form a thin film. Chemical vapor deposition (CVD) methods,

including atmospheric pressure CVD and plasma-enhanced CVD are also examined, where precursor gases react to

form a thin film on the substrate surface.

Keywords: Thin film deposition, physical vapor deposition, chemical vapor deposition, molecular beam epitaxy,

evaporative techniques, glow-discharge techniques, sputtering

l. INTRODUCTION OF THIN FILM

Thin film deposition techniques are the major key role for
the fabrication of devices such as microelectronic solid state
devices and computers. These are based on material
structures. For requiring a rapid evolution in thin film
deposition  technology, electronic ~ engineers have
continuously demanded films of improved quality and
sophistication for solid-state devices. For monitors and
controls  measuring  film  parameters,  equipment
manufacturers have made great efforts to meet the
requirements for improved and more economical deposition
systems. During the past twenty years, important reason for
the rapid growth of deposition technology is the improved
understanding surfaces, microstructures, interfaces, physics
and chemistry of films made possible advances in analytical
instrumentation. To incorporate these materials, better
fundamental understanding of materials leads to expanded
applications and new designs of devices. An industry that is
totally dependent on the formation of thin solid films of a
variety of materials by deposition from the gas, vapor,
liquid, or solid phase. A crucial importance of deposition
technology is the fabrication of semiconductor devices.
Using gas phase scientist grown starting materials and
epitaxial films of semiconductors. Using hydrogen
reduction of dichlorosilane vapour, Chemical vapor
deposition of a single-crystal silicon film on a single-crystal
silicon substrate of the same crystallographic orientation, so
this process known as homoepitaxy. When single-crystal
film of silicon is deposited on a non-silicon crystal
substrate, the process is known as heteroepitaxy. By
molecular beam epitaxy layers of single-crystal compound
semiconductors are created to a thickness of some atom
layers. By one of several types of chemical vapor
deposition (CVD) processes, by plasma-enhanced chemical
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vapor deposition (PECVD), or by any one of a number of
sputtering deposition methods subsequent steps in the
fabrication process create electrical structures that require
the deposition of an insulating or dielectric layer, such as an
oxide, glass and nitride. By vacuum evaporation or
sputtering the deposition of conductor films for contact
formation and interconnections can be accomplished. If
polysilicon, polycides, or refractory metals are to be
deposited, CVD processes are especially suitable. For
building multilevel structures, the deposition of subsequent
levels of insulator is repeated. By the help of spin-on
techniques of organic polymeric materials, such as a
polyimide, ~or of organometallic-based glass-forming
solutions deposition may be complemented.

In the case of most high-density, multilevel conductor and
VLSI circuits spin-on deposition is especially useful if
planarization of the device topography is required. by
etching operations and lift-off techniques with repetitive
spin-on deposition of photopolymer masking solution for
the delineation of contact openings, grid lines, and other
pattern features the sequence of alternate film deposition of
metals and insulators may be repeated several more times.
Some other deposition methods have few steps of the
fabrication sequence; these include thermal oxidation of the
substrate, ion implantation, nitridation, silicide formation,
electrolytic and electroless metal deposition, and spray
deposition. It is fact that the vast majority of material
formation processes in semiconductor device technology
are crucially dependent on film deposition technology.
There are lots of deposition techniques for the formation of
thin film [1-4].
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1. CLASSIFICATION OF DEPOSITION
TECHNIQUES

The formation of the layers in the thickness range of a few
nanometers to about ten micrometers is concerned through
thin film deposition and it is simplified by number of
techniques. Basically, thin-film deposition techniques are
either purely chemical, such as gas- and liquid-phase
chemical processes or purely physical, such as evaporative
methods. There are number of processes that are based on
reactive sputtering and glow discharges combine both
chemical and physical reactions; these overlapping
processes can be categorized as chemical-physical methods.
A classification scheme is presented in Table 1 where we
have grouped thin-film deposition techniques according to
evaporative, gas-phase chemical, glowdischarge and liquid-
phase chemical processes.

Overview of thin film deposition: The important
techniques for thin-film deposition and formation
categorized in Table 1 and there is a brief description,
features and applications.

1. Evaporative techniques

Thermal evaporation or vacuum evaporation techniques,[5-
7] is very used in the laboratory and industry for depositing
metal and metal alloys respectively and this is the oldest
techniques. The steps of this techniques are: (i) a vapor is
produced by boiling or subliming a source material, (ii) the
vapor is goes from the source to the substrate, and (iii) the
vapor is condensed into solid film on the substrate.

A large range of varying chemical reactivity and vapor
pressures is covered by evaporants. This technique has
large diversity of source components including resistance-
heated filaments, electron beams; crucibles heated by
conduction, radiation, or rf-induction; arcs, exploding
wires, and lasers. Molecular Beam Epitaxy [8-16] is a
esoteric and controlled method for the preparation of
single-crystal epitaxial films in a high vacuum (10°torr).

2. Glow-Discharge Techniques

Glow discharge represents a rich source of processes used
to deposit and etch thin films in the electrode and gas-phase
phenomena. Some glow discharge techniques are:

Sputtering: It is a crucial physical vapor deposition (PVD)
technique employed across various industries for thin film
deposition. It involves the ejection of material from a target
onto a substrate, creating a thin film layer. Sputtering plays
a pivotal role in semiconductor manufacturing, solar cells,
flat-panel displays, and more, owing to its versatility and
efficiency.

Integration of sputtering with other deposition methods,
like atomic layer deposition (ALD) or chemical vapor
deposition (CVD), is another area of active research. This
hybrid approach aims to harness the strengths of each
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technique to achieve precise control over film composition,
thickness, and quality [17]

Diode Sputtering: Diode sputtering uses a plate of the
material to be deposited as the cathode electrode in a glow
discharge. Material can thus be transported from the target
to a substrate to form a film. Films of pure metals or alloys
can be deposited when using noble gas discharges with
metal targets.

Reactive Sputtering: Reactive sputtering is a process used
to deposit thin films onto substrates by sputtering a target
material in the presence of reactive gases. It combines
aspects of physical vapor deposition (PVD) and chemical
vapor deposition (CVD), offering precise control over film
composition and properties.

Bias Sputtering: In bias sputtering, a high-energy plasma
is created in a vacuum chamber. The substrate is biased
with a negative voltage relative to the plasma, which
accelerates ions towards the substrate surface. These ions
bombard the target material, causing atoms to be ejected
and form a vapor that condenses onto the substrate,
resulting in thin film deposition [18], [19].

Magnetron Sputtering: In magnetron sputtering, a
magnetic field is applied perpendicular to the target surface.
This field traps electrons, causing them to spiral along the
magnetic field lines and increasing their path length. As a
result, the plasma density near the target surface is
significantly higher compared to conventional sputtering
methods, leading to more efficient sputtering [20], [21].

lon beam sputtering: lon beam sputtering (IBS) is a thin
film deposition technique used in materials science and
semiconductor manufacturing. It's a physical vapor
deposition (PVD) method that involves bombarding a target
material with a beam of energetic ions (typically inert gases
like argon) to sputter off atoms from the target surface.
These sputtered atoms then condense on a substrate to form
a thin film.

Reactive ion plating: Reactive ion plating is a specialized
thin film deposition technique that combines aspects of
both physical vapor deposition (PVD) and plasma-enhanced
chemical vapor deposition (PECVD). It involves the use of
a plasma to enhance the deposition process and enable the
formation of thin films with specific properties. Here's an
overview of the reactive ion plating process:

Anodization: During anodization, the metal to be treated
(anode) is immersed in an electrolyte solution and subjected
to an electric current. The metal acts as the anode, while a
cathode is also immersed in the electrolyte. When the
electric current is applied, oxidation of the metal occurs at
the anode, forming a thickened oxide layer on the metal
surface. This oxide layer provides enhanced corrosion
resistance, improved wear resistance, and can also serve as
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a base for further surface treatments such as painting or
dyeing [22], [23].

precise control over the size and composition of the
deposited clusters. It involves creating clusters of atoms or
molecules in the gas phase and depositing them onto a

Cluster beam deposition: Cluster beam deposition (CBD
P P ( ) substrate to form a thin film.

is an advanced technique for depositing thin films with
The classification of thin film deposition techniques are given below:

Evaporative Methods Gas Phase Chemical Methods Glow Discharge Methods Liquid phase chemical Methods
Vaccum Evaporation | Gas Phase Chemical Processes Sputtering Plasma Electro Processes Mechanical
Processes Techniques
Conventional vaccum | Chemical Vapor | Thermal Forming | Diode Plasma-enhanced Electroplating Spray-on
evaporation Deposition CVD) | Processes sputtering CVvD techniques

CVD epitaxy Thermal oxidation Reactive Plasma oxidation Electrolytic Spary pyrolysis
Molecular-beam epitaxy sputtering anodization
(MBE) Laser-induced Thermal nitridation | Bias Plasma anodization | Electroless plating Spin-on

CVD (PCVD) sputtering (ion techniques
Reactive evaporation plating)
Electron-beam evaporation

Photo-enhanced Thermal Magnetron Plasma Chemical reduction | Liquid phase

CVD (PHCVD) polymerization sputtering polymerization plating epitaxy

Metalorgainc lon implantation lon beam | Plasma nitridation Chemical

CVD (MOCVD) deposition displacement

plating

Atmospheric- lon beam | Plasma reduction Electrophoretic

pressure CVvD sputter deposition

(APCVD) deposition

Low-pressure Reactive ion | Microwave ECR

CVD (LPCVD) plating plasma CVD

Electron- Cluster beam | Cathodic arc

enhanced CVD deposition deposition

(CBD)

[3] Bunshah, R. F., (ed), Deposition Technologies for Films
and Coatings: Developments and Applications, Noyes
Publications, Park Ridge, NJ (1982).

1. CONCLUSION

Thin film deposition techniques play a vital role in various
industries, including electronics, optics, and energy. This
comprehensive overview has delved into the principal
methods used for depositing thin films onto substrates,
encompassing both physical vapor deposition (PVD) and
chemical vapor deposition (CVD) techniques. From thermal
evaporation to sputtering and pulsed laser deposition, each
method offers unique advantages and applications,
contributing to the fabrication of microelectronic solid-state
devices and beyond. The classification of deposition
techniques provides a structured framework for
understanding the diverse approaches employed in thin film
formation, whether through purely chemical or physical

[4] Ghandhi, S. K., VLSI Fabrication Principles, John
Wiley & Sons, New York (1983)

[5] Glang, R., Ch. I, pp. 1-3t0 1-130 in Ref. 1

[6] Glang, R., Holmwood, R. A. and Kurtz, J. A., Ch. 2, pp.
2-110 2-142 in Ref. 1

[7] Bunshah, R. F., Ch. 4, pp. 83-169 in Ref. 3

[8] Gossard, A. C., in: Treatise on Material Science and
Technology, 24:13-66, (K. N. Tu, ed.), Academic Press,
New York (1982)

processes or a combination of both. As technology
continues to evolve, further research and development in
thin film deposition methods are crucial for driving
innovation and enabling the realization of advanced
functionalities in devices and systems across multiple
industries.

REFERENCES

[1] Maissel, L. I., and Clang, R., (eds.), Handbook of Thin
Film Technology, McGraw-Hill, New York (1970)

[2] Vossen, J. L., and Kern, W., (eds.), Thin Film
Processes, Academic Press, New York (1978)

146 | IIREAMV10102110104

DOI : 10.35291/2454-9150.2024.0146

[9] Singer, P. H., Semiconductor International, 6(10):73—
80, (Oct. 1983); and 9(10):42-47 (Oct. 1986)

[10] Aleksandrov, L., Thin Film Science and Technology,
Vol. 5, Elsevier, New York (1984)

[11] Wang, K. L., Solid State Technol., 29(10):137-143
(Oct. 1985)

[12] Chang, L. L., and Ploog, K., (ed.), Molecular Beam
Epitaxy and  Heterostructures,  Martinus  Nijhoff
Publishers, Dordrecht/Boston/ Lancaster (1985)

© 2024, IJIREAM All Rights Reserved.



International Journal for Research in Engineering Application & Management (IJREAM)
ISSN : 2454-9150 Mol-10, Issue-02, May 2024

[13] Parker, E. H., (ed.), The Technology and Physics of
Molecular Beam Epitaxy, Plenum Press, New York
(1985)

[14] Bean, J. C., (ed.), Proc. First Internat. Symp. on Silicon
Molecular Beam Epitaxy, Vol. 85-7, The Electrochem.
Soc., Inc., Pennington, NJ (1985)

[15] Narayanamurti, V., and Gibson, J. M., Physics Today,
39(1):540 (Jan. 1986)

[16] Knodle, W., Research and Development, 28(8):73-85
(Aug. 1986)

[17] (P. Xiao, et al., "Combining atomic layer deposition
and magnetron sputtering for the synthesis of advanced
materials"”, 2019.

[18] Mayadas, A. F., & Sheng, P. (1970). "Effects of
substrate biasing on the properties of sputtered films." Thin
Solid Films, 6(2), 147-157.

[19] Biederman, H., & Franta, D. (2009). "Influence of
substrate bias on properties of carbon films deposited by
unbalanced magnetron sputtering.” Diamond and Related
Materials, 18(5-8), 972-975.

[20] Oks, E. M. (2010). "Magnetron sputtering: principles
and applications.” In Thin Film Materials Technology (pp.
105-150). William Andrew Publishing.

[21] Kordas, K. (2011). "Magnetron sputtering: process and
microstructure.” In Handbook of Sputter Deposition
Technology (pp. 73-100). William Andrew Publishing.

[22] Ahmad, A., et al. (2022). "Anodization of Aluminum
and Its Alloys: A Review." Coatings, 12(3), 426.

[23] Drevet, R., et al. (2021). "Modelling the hard
anodization of aluminum: From experimental data to
physical laws." Electrochimica Acta, 391, 138793.

147 | IIREAMV10102110104 DOI : 10.35291/2454-9150.2024.0146 © 2024, IJIREAM All Rights Reserved.



