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Physical Vapor Deposition (PVD,

PVD covers a number of deposition technologies in which material is released from a source and transferred to the
substrate. The two most important technologies are

EVAPORATION
SPUTTERING.

EVAPORATION

In evaporation the substrate is placed inside a vacuum chamber, in which a block (source) of the
material to be deposited is also located. The source material is then heated to the point where it
starts to boil and evaporate. The vacuum is required to allow the molecules to evaporate freely in
the chamber, and they subsequently condense on all surfaces. This principle is the same for all
evaporation technologies, only the method used to the heat (evaporate) the source material differs.
There are two popular evaporation technologies, which are e-beam evaporation and resistive
evaporation each referring to the heating method. In e-beam evaporation, an electron beam is
aimed at the source material causing local heating and evaporation. In resistive evaporation, a
tungsten boat, containing the source material, is heated electrically with a high current to make the
material evaporate. Many materials are restrictive in terms of what evaporation method can be
used (i.e. aluminum is quite difficult to evaporate using resistive heating), which typically relates to
the phase transition properties of that material



Sputtering

Sputtering is a technology in which the material is released from the source at much lower
temperature than evaporation. The substrate is placed in a vacuum chamber with the source
material, named a target, and an inert gas (such as argon) is introduced at low pressure. A gas
plasma is struck using an RF power source, causing the gas to become ionized. The ions are
accelerated towards the surface of the target, causing atoms of the source material to break off
from the target in vapor form and condense on all surfaces including the substrate. As for
evaporation, the basic principle of sputtering is the same for all sputtering technologies. The
differences typically relate to the manor in which the ion bombardment of the target is realized.

CASTING

In this process the material to be deposited is dissolved in liquid form in a solvent. The material can
be applied to the substrate by spraying or spinning. Once the solvent is evaporated, a thin film of the
material remains on the substrate. This is particularly useful for polymer materials, which may be
easily dissolved in organic solvents, and it is the common method used to apply photoresist to
substrates (in photolithography). The thicknesses that can be cast on a substrate range all the way
from a single monolayer of molecules (adhesion promotion) to tens of micrometers. In recent years,
the casting technology has also been applied to form films of glass materials on substrates.



DEPOSITION

The act of applying a thin film to a surface is thin-film deposition — any technique for depositing a
thin film of material onto a substrate or onto previously deposited layers. "Thin" is a relative term,
but most deposition techniques control layer thickness within a few tens of nanometres. Molecular
beam epitaxy allows a single layer of atoms 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.e., aluminium-coated_PET_film), and in contemporary_art (see the work of
Larry_Bell). Similar processes are sometimes used where thickness is not important: for instance,
the purification of copper by electroplating, and the deposition of silicon and enriched uranium by a
CVD-like process after gas-phase processing.



CHEMICAL DEPOSITION

fluid precursor undergoes a chemical change at a solid surface, leaving a solid layer. 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 csb) 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 is able to produce stoi-chiometrically accurate crystalline phases.
This technique is also known as the sol-gel method because the 'sol' (or solution) gradually evolves towards
the formation of a gel-like diphasic system.

Spin coating or spin casting, uses a liquid precursor, or sol-gel precursor deposited onto a smooth, flat
substrate which is subsequently spun at a high velocity to centrifugally spread the solution over the
substrate. 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.



Plasma enhanced CVD (PECVD) uses an ionized vapor, or plasma, as a precursor. 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. As a result of the stepwise, the
process is slower than cvd, however it can be run at low temperatures, unlike cvd.
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Figure 1: Typical hot-wall LPCVD reactor.



Electro deposition

This process is also known as "electroplating” and is typically restricted to electrically
conductive materials. There are basically two technologies for plating: Electroplating
and Electroless plating. In the electroplating process the substrate is placed in a liquid
solution (electrolyte). When an electrical potential is applied between a conducting
area on the substrate and a counter electrode (usually platinum) in the liquid, a
chemical redox process takes place resulting in the formation of a layer of material on
the substrate and usually some gas generation at the counter electrode.

In the electroless plating process a more complex chemical solution is used, in which
deposition happens spontaneously on any surface which forms a sufficiently high
electrochemical potential with the solution. This process is desirable since it does not
require any external electrical potential and contact to the substrate during
processing. Unfortunately, it is also more difficult to control with regards to film
thickness and uniformity. A schematic diagram of a typical setup for electroplating is
shown in the figure below.
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Figure 2: Typical setup for electrodeposition



EPITAXY

This technology is quite similar to what happens in CVD processes, however, if the substrate is an
ordered semiconductor crystal (i.e. silicon, gallium arsenide), it is possible with this process to
continue building on the substrate with the same crystallographic orientation with the substrate
acting as a seed for the deposition. If an amorphous/polycrystalline substrate surface is used, the
film will also be amorphous or polycrystalline.

There are several technologies for creating the conditions inside a reactor needed to support
epitaxial growth, of which the most important is Vapor Phase Epitaxy (VPE). In this process, a
number of gases are introduced in an induction heated reactor where only the substrate is
heated. The temperature of the substrate typically must be at least 50% of the melting point of
the material to be deposited.

An advantage of epitaxy is the high growth rate of material, which allows the formation of films
with considerable thickness (>100um). Epitaxy is a widely used technology for producing silicon
on insulator (SOI) substrates. The technology is primarily used for deposition of silicon. A
schematic diagram of a typical vapor phase epitaxial reactor is shown in the figure below



