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LECTURE 1

PLASMA PROCESSING

Abstract

The use of plasmas in the deposition of thin films is increasing.
In particular, plasmas are either used as heat sources or as sources
of highly reactive chemical species. In the former category, plasmas
are often used as heat sources to melt powder particles in the
deposition of coatings using thermal spraying technologies, whilst in
the latter category plasmas are used in plasma assisted CVD reactors
and dry etching equipment to either deposit thin films at relatively
low temperatures or as a means of controllably etching the surface of,
for example, semiconductors to produce fine line structures for

advanced VLSI devices.

This lecture will address the many ways in

which plasmas can be used.

Slide 1

Slide 2

Slide 3

TITLE SLIDE : Plasma Processing

Schematically, by applying an electric field to
a gaseous mixture, it is possible to excite the
gas such that it produces a thimber of active
species. In general terms, these can be
categorised as an electron gas, a molecular
gas, an ion gas and an atom gas. These
interact dynamically under the influence of the
electric field to give either homogeneous
deposition from the gas phase as particles or
heterogeneous deposition at substrates to give
coatings.

The heterogenecus deposition steps are
illustrated in this slide. A reagent molecule
can deposit on the surface by either
non~dissociative chemiscrption or dissociative
chemisorption. Surface diffusion is an
important prerequisite for the uniform coverage
of the surface. As a result of such
chemisorption, the reagent molecule can
interact with the substrate to form a product
molecule, which may adhere to the substrate
alsoc, Alternatively, the product molecule may
desorb as a volatile species.

Slide 4
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A simple method by which a plasma can be
created is illustrated in this slide. A planar
cathode-ancde arrangement is used to creats an
electric field across the gas phase. As a
result, three main regions may be identified in
the plasma: the cathode dark space, the
negative glow and the ancde sheath. The active
species (i.e. electrons and ions) are
accelerated either to the anode or the cathode.
As a result, the ions aspecially bombard the
surface of substrates and produce what are
known as sputtered atoms.

Sputtering is often an important by-product of
plasma processing since it enable atoms to be
removed from one solid surface, often reacted
in the plasma phase, and then deposited as a
compound onto & substrate of intereat to give a
coating. This slide shows that there is an
optimum angle of incidence to produce a maximum
in the sputtering yield, which is defined as
the number of atoms sputtered per incident

ion.

In terms of the plasma regions which are useful
for processing materials, a simple insight can
be gained by measuring the potential across a
planar diode arrangement as in the previous
slide but 2 v. the current between the anocde
and cathode, This slide shows that sputtering
processes normally occur in the rﬁgion 300-800V
at a current of approximately 107“A. They
operate in this region since current and
voltage can both increase independently of each
other. Plasma spraying operates in the region
of approximately 100A and 100V.

LINK SLIDE : "Plasma Spraying"

Schematically, plasma spraying is based upon
the creation of a DC arc between a tungsten
cathode and a copper anode. Due to the thermal
pinch effect, the plasma is compressed through
a narrow arifice a few mm in diameter to form a
plasma flama., Powder particles are either
internally or externally injected into the
plasma where they are melted and acceleratad
towards a substrate to be coated.
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A typical example of a plasma spraying facility
is shown in this slide, Ceramic particles are
being processed through the highly luminous
plasma flame and are being deposited onto a
rotating tube to form a coating.

Typlcal examples of matarials which can be
coated using this technique are shown in this
slide and include gas turbine blades, diesel
engine valves and free-standing artefacts such
&3 cones and crucibles,

This slide shows a typical cross-sectional
microstructura of a plasma sprayed coating on a
gas turbine blade. The coating is a zirconia
thermal barrier approximately O.4mm thick. It
is interesting to note the uniformity of
¢oating thickness around the blade.

One of the problems associated with plasma
spraying that we will address in subsequent
lectures is the significant residual stresses
which can be built up in the deposited material
as shown in this slide of a free-standing
ceramic tube which has failed by residual
stress cracking.

A recent innovation in plasma spraying has been
the inclusion of the plasma system inside a
soft vacuum (approximately 20 torr) chamber as
shown in this slide, The plasma gun is carried
out on & 5 axis ASEA robot which gives great
dexterity to the shape of components which can
be coated,

The advantages to be gained from plasma
spraying under vacuum conditions are
significant. This slide ghows an imnmediate
benefit in that the environmental breaking
force on the plasma flame is much reduced and
therefore the flame is both longer
(approximately 12") and more laminar in its
flow.

Consequently, it is possible to spray under
much more controlled conditions and, because
the environment in the chamber can be
controlled (by the inclusion of inert gases,
for instance), the ability to control the
chemistry of the deposited layers is greatly
enhanced.
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LINK SLIDE : "Chemical Vapour Depogition”

In chemical vapour deposition, precursor gases
are mixed and then metered into a CVD reactor
which operates at high temperatures. As a
result of the high temperature chemical
reaction, the gases form solid phase coatings
on substrates and the gaseous products are
exhausted,

A typical CVD reactor is shown in this slide
vhere reactant gases enter at the bottom of the
vessel and are carefully directed over a series
of trays, upon which sit specimens to be
coated, for example, cutting tools. Because it
is a gas phase process, CVD technology has
great attractions from the viewpoint of being
able to coat complex substrate profiles.

This slide shows typical examples of artefacts
which can be coated by CVD methods including
drills, taps and, perhaps more importantly,
cemented carbide cutting tool inserts,

This slide shows the kinds of materials,
components, applications and deposition
temperatures used in a number of current
examples of the use of wear-resistant coatings
produced by CVD,

There is a need to process at lower
temperatures, and this can be achieved in the
plasma activated chemical vapour deposition
process where a glow discharge is used to
create the chemical reactions required at much
lower thermal temperatures than in conventional
CVD as we noted schematically in this slide,

It is important to draw simple distinctions
between conventional CVD and plasma assisted
CVD. These distinctions are summarised in this
slide.

Other important features of the use of plastas
in CVD technology are summarised in this
slide.

This slide shows a schematlc representation of
PAVD. An RF discharge is used to excite the
chemical reaction.
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A close-up photograph of the plasma region
shows a number of thread guides being coated
with silicon carbide. Plasmas are usually
luminous as they are made up from active
spacies such as ions and electrons, When these
recombine, light is often emitted.

This slide is a fracture section of a typical
PAVD coating deposited at low temperatures.

This photograph shows a recent application of
PAVD. The plasma coating rig some Zm. long and
20cm. in diameter is operating to deposit
silicon dioxide coatings onto advanced gas
cooled reactor fuel cans to reduce carbon
deposition and oxidation under reactor
operating conditions (typically 650°C).

The beneficial effect of using silica coatings
by this technique is shown in this slide where
the lower curve represents the oxidation weight
gain of the coated material, whereas the upper
curve shows the oxidation weight gain of the
uncoated material,

Other examples of the use of plasma processing
are shown in this slide where fibres and thread
guides have been coated with advancad ceramica
such as silica carbide. It should also be
noted that chemical vapour deposition in
general can be used to produce powders as shown
in the bottom right hand corner of this slide,

LINK SLIDE : "Physical Vapour Deposition"

Physical vapour deposition processes can be
broadly classified into evaporation dependent
and sputtering dependent processes, and
examples of each class are listed on this
slide,
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Sputtering is particularly useful for the
deposition of multiphase materials since it has
the ability to transfer elements across into
the vapour without significantly altering the
composition of the coating.

However, during sputtering, it is important to
recognise that different atomic masses can
sputter at different rates.

An example of the deposition of multiphase
alloys by sputtering is shown in this slide
where advanced alloys are depesited for
oxidation and corrosion resistance.

Another use of plasmas is in microcircuit
manufacture. As the density of microelectronic
circuits increases, it is necessary to
fabricate extremely fine (less than submicron)
structures in the surfaces of semiconductor and
associated materials. This alide gives a
typical optical view of the very latest
circuits being designed at Harwell,

Schematically, it is necessary to consider
doping the silicon subnstrate by ion
implantation to change its resistivity and
therefore promote the formation of solid state
electronic junctions. Classically, the way in
which this has been done has been to wet etch
silicon dioxide on top of silicon and then to
implant through the etched structure. However,
the etchant acts in an isotropic manner as
shown on the left of this slide and the degree
of lateral etching as opposed to vertical
etching can be considerable., The two sets of
diagrams on the right of the alide show that
using gas phase or plasma etching, it is
possibla to create high anisotropic profiles in
the silicon dioxide where the degres of lateral
etching is much reduced.
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For these advanced process techniques, plasmas
are used as the sources of teactive ions. The
specimen to be etched usually sits either
within the plasma or on one of two electrodes -
surrounding the plasma, As can be seeh from’
the lower diagram, ions migratihg to the edge

. of tha plasms are rapidly accelerated tbwards

the substrate and there bombBard the matécial to
give etching.

Two mechanisms are proposed whereby the plasma
species create the etched microstructure, The
first involves significant radiation damage
which, it is argued, enhances the chemical
reactivity of the surface and therefore the
ease with which it can be etched. The second
mechanism proposes the formation of a polymer
side-wall layer which inhibits etching in that
direction as shown in the right hand diagram.

This slide shows a number of typical plasma
etching reactors which can either be planar in
geometry or cylindrical.

As well as being able to etch silicon
materials, it is important to note that in
modern-day microelectronic fabrication,
conventional materials deposited onto the
silicon also need to be etched. This slide
shows that a typical material such as aluminium
could be etched using chlorinated, brominated
or fluorinated gases. However, only the
chlorinated gas is suitable since the compound
that it forms with aluminium is volatile under
plasma processing conditions and can therefore
be exhausted in the gas phase, whareas the
other twe compounds are solids under process
conditions.

SUMMARY SLIDE

Plasma processing offers significant advantages
over conventional processing techniques in many
aspects of industry ranging from basic
engineering, through to advanced
microelectronics.
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LECTURE 1 : SLIDE 2
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LECTURE 1 : SLIDE 5
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LECTURE 1 : SLIDE 20

CURRENT WEAR RESISTANCE APPLICATIONS OF CvD COATINGS

Temp, of Coating
Coat ing Substrate application, thickness, Application
°C Jm
TIiC Cemented carbide 700-10600 5~8 Metal cutting tools
TiC Chrome steel 700~ 8OO 10 Balls and ringa in
special duty bearings
TiN Cemented carbide 700-1000 10 Metal cutting tools
TIC/TIN  Cemented carhide 700-1000 5-4 Metal cutting tools
Ala0y Cemented carbide 850-1100 5-8 Metal cutting rools
(TiC underlayer)
WyC Steels 400- 700 104 Steels
(N1 interlayer) Alr plug pauges
wC Cenented carbide 900-1100 5-8 Wire drawing dfes
Metal cutting tools
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LECTURE 1 : SLIDE 23

CcvD
e Driven by Thermodynamics e Deposition at Low Substrate Temperatures (<300°C)
e Use Equilibrium Constants for Calculation
e Films are Amorphous
PACVD .
® Films Contain Product Gas

e Driven by Nonequilibrium Plasma Processes

e Quidelines: Collision Cross Sections
Dissociation Energies
lonization Potentials

® Driven by Kinetic Processes

® Strongly Dependent on Plasma

Mare Complex Than CVD c
. e o .
e Often More Eo_n;%!irjg_Thcn FND n Bombardment Important , &;‘M bt o SebrtrR
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PACVD-REACTION KINETICS. PLASMA ASSISTED CVD.
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PHYSICAL VAPOUR DEPOSITION
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LECTURE 1 : SLIDE 31

PVD process types

EVAPORATION
DEPENDENT

Electron Besm Evaporation
Laser Beam Evaporation
Resistance Heating Evaporation
Reactive Evaporation

Activated Reactive Evaporation

D ”"T;" V"‘&* ,

SPUTTERING
DEPENDENT

b.C. Sputtering

R.F. Sputtering
Magnetron Sputtering
Tricde Sputtering
Sputter-Ton Plating

Reactive Sputtering
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In evaporation processes the material required
to form a coating is evagorated ithin a vacuum
chamber operating at 107° - 1077 torr and the
sample is manipulated vithin the vapour cloud.
Here, we see the use of an electtron beam to
form the evaporant flux and it is possible to
deposit metals and multiphase alloys by this
approach.
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In sputtering processes it is usual to use
argon gas and this is ionised in a glow
@scharge typically 500V-5,000V DC. Material
is eroded from the target and forms the coating
on a substrate which may be floating or
electrically biased.
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Before Surface Equilibration

SCHEMATIC ILLUSTRATION OF THE MODIFICATION IN SURFACE COMPOSITION THAT OCCURS
DURING THE SPUTTERING OF A HOMOGENEOUS MULTI- SPECIE MATERIAL IN WHICH THE
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PLASMA ETCHING
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€. ATTENTION TO THE DETAILS OF
PLASMAS IS IMPORTANT







