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Summario

Filmes Finos - processos

Processosde formacao de filmes finos;
Oxidos e Nitretos;

Perspectivas
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Gas Phase Gas Phase

Condensed Phase Condensed Phase
(solid or liquid) (solid film)

Physical Vapor Deposition (PVD).
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Pyrolysis: SiH, (g) - Si (s) + 2H, (g), 650 C
Reduction: SiCl, (g) + 2H, (g) - Si (s) + 4HCI (g), 1200 C
Oxidation: SiH, (g) + O, (g) - SiO, (s) + 2H, (g), 450 C

Carbide: SiCl, (g) + CH, (g) - SIiC (s) + 4HCI (g), 1400 C
Nitride: BF; (g) + NH; (g) - BN (s) + 3HF (g), 1100 C

Chemical reactions Gas Phase
(volatile species,
nonvolatile solids)

Gas Phase

—)

Condensed Phase
(solid film)

Gas Phase

(precursor gases)

Chemical Vapor Deposition (CVD).
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%

Evaporation

Sputtering

Hybrid or modified
Processes

Thermal excitation
Optical excitation (Laser): LECVD

Electromagnetic excitation (ECR, ICP): PECVD

DC
Radiofrequency (RF)

Magnetron
lon beam

Reactive evaporation
lon Plating

lonized Cluster Beam

Thin-Film Formation Processes.
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Rough (Low) Vacuum

Surface Analysis e-beam evaporation = DC, RF, magnetron sputtering
Molecular Beam lon beam sputtering  lon plating
Epitaxy (MBE)

lon Implantation Reactive evaporation

Low-Pressure Chemical
Vapor Deposition (LPCVD)

Deposition processes at three vacuum ranges.

Instituto de  Fisica i USP i Sao Paulo T 23 de outubro de 2023



Chemical Vapour Deposition
(CVD)

Gaseous compounds react to form

a dense layer on a heated
substrate. The most widely
deposited wear-resistant coatings
are TiC, TiN, chromium carbide
and alumina. Deposition
temperatures are generally in the
range 800-1000°C which restricts
the range of materials which can
be coated and can lead to

component distortion. Thicknesses

are limited to about 10 nm due to
the thermal expansion mismatch
stresses which develop on cooling
which also restrict the coating of

sharp edged components.

E]

Advantages
High coating hardness

Good adhesion (if the coating is
not too thick)

Good throwing power (i.e.
uniformity of coating)

High temperature process (distortion)

Sharp edge coating is difficult
(thermal expansion mismatch
stresses)

Limited range of materials can be
coated

Environmental concerns about
process gases
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Physical Vapour Deposition
(PVD)

Advantages

Excellent process control
Low deposition temperature
Dense, adherent coatings

Elemental, alloy and compound
coatings possible

Vacuum processes with high
capital cost

Limited component size treatable
Relatively low coating rates

Poor throwing power without
manipulation of components

Instituto de

E]

low pressure coating processes in which the
coating flux is produced by a physical
process. There are two main types:

Evaporation
Sputtering

In both cases the source material is a solid
(metal or ceramic). A reactive gas may be
used in the deposition chamber to deposit
compound coatings from an elemental
source or maintain the stoichiometry of
coatings from compound sources. Typical
coating thicknesses range from 1-10nm for
wear-resistant coatings, though thinner
layers are used in microelectronics and
thicker layers are used for high temperature
corrosion protection of gas turbine
components.
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Evaporation Processes

The vapour pressure of most materials increases with temperature and if
It exceeds the ambient pressure the material will rapidly evaporate into
the environment. In a coating chamber the pressure is reduced and the
source material heated until a desired vapour flux is maintained which is
controlled by the source material, the source temperature and the

FRYSIBH CBFESSBERformed in several ways:-

AResistive heating (e.g. aluminium evaporation from TiB, boat)
AElectron beam evaporation (e.g. metals such as tungsten)
ACathodic arc evaporation (e.g. titanium evaporation for TiN
coatings)
The vapour pressures of different metals vary over several orders of magnitude so it is
difficult to evaporate alloys and control composition.
As-deposited evaporated coatings are porous due to the limited mobility of coating atoms
on component surfaces. This can be controlled by heating or ion plating (see later)

Spatter from localised boiling can lead to droplet formation which affects coating
performance
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Sputtering Processes

When energetic ions strike a surface, material is

M aln SpUtterl ng ejected by the transfer of momentum from the ion
to the target atoms (akin to billiard ball collisions
prOcesseS - at the atomic scale). This can be conveniently
achieved in a low pressure glow discharge of an
DC diode Sputtering inert gas such as argon.
] . Insuch a process the target material is made the
(for COndUCUng targ etS) cathode and is raised to a potential of several
_ hundred volts. Electrons leaving the cathode
= Sputtenng stream out into the gas phase where they can
Impact with argon atoms, ionising them. The
(for insu|ating targ ets) positively charged argon is then accelerated to the
cathode where it impacts and sputters away
material.

The sputtering yields of different elements for
given impact conditions do not vary very much so
target alloy compositions can be maintained in the
coating except In cases where there are large

The coating rate scales with the electrical power used to sustain the JISC{ rl;(lg:"s (;[Q%a r?gnpzls\ 9@%%8% ”o|¥ the

plasma density, so techniques to increase this (e.g. by confining the Qs Lose to the target using magnets) will

increase the coating rate. However, as much as 95% of the power is dissipated as heat in the target so good cooling is
essential. Instituto de  Fisica i USP 1 S&o Paulo i 23 de outubro de 2023



lon Implantation

Advantages
Low temperature process

Very versatile - every stable element in
the periodic table can be implanted into
any vacuum compatible target

Highly controlled

No distortion - can be applied to finished
components

Not a coating process

Line of sight process
Expensive vacuum equipment needed
Very thin treated layer

A vacuum process in which a beam
of ions is directed at the surface and
injected into it. The ions lose energy
in collisions with the target atoms
and come to rest in the surface layer
of the material with an approximately
Gaussian distribution. The ion
penetration depth depends on the
lon species, ion energy and target
material, bur is generally less than
1mm. For steels the main ion used is
nitrogen, which hardens the surface
by forming nitride precipitates and
solid solutions. The damage
introduced by the implantation
process also introduced a

. | . . ess lve reS|dua stress which
lon implantation is routinely used for semlconductor p%{ gﬁahr‘geﬁé SHRERgNe
plastics injection moulding tools where any wear is de en

Instituto de  Fisica T USP 1 Sao Paulo 7T 23 de outubro de 2023



Welding Processes

Advantages
Cheap

Applicable to large
components

Localised coating possible
Excellent adhesion

Limited range of coating
materials

Minimum thickness limits

The same methods which can be
used for joining materials can be
used to deposit wear resistant
coatings (hardfacings). Coating
materials range from low alloy
steels to tungsten carbide
composites.

High deposition rates are possible
and very thick coatings can be
produced. It is impractical to
produce layers less than 2-3mm
thick.

There can be problems with
cracks in weld deposits
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Thermal Evaporation in Vacuum: From
Source to Substrate

we will first discuss the thermal evaporation parameters, such as vapor
pressure, evaporation rates and directionality. This will be followed by a technical
description of various types of evaporation sources, both resistively heated and

electron beam heated.
We will then discuss how to monitor and control the evaporation processes, with

emphasis especially on inprocess techniques.

Filaments Boats % @
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Filaments Boats
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Electron-beam evaporator.
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Front Front (used) Back

™ Evaporated atoms

Quartz oscillators Monitor head

Quartz deposition rate monitor.
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What physics is in all this ?

thermodynamics and kinetics
phase transition - gas condenses to solid
nucleation
growth kinetics
activated processes
desorption
diffusion
allowed processes and allowed phases
solid state physics
crystallography
defects
bonding
electricity and magnetism
optics
conductivity - resistivity
magnetic properties
mechanics
stresses in films
friction and wear
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IBAD Method

lon Beam Assisted Deposition

Substrate

Intermixed
Layer

New
Material

Evaporated
Atoms

lons Accelerated
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Atomic Layer-by-Layer Growth

(selected parts of)

_ (or to design ultrathin
devices).
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New Vacuum Chamber T under final construction:
diameter: @700 mm
length: @1000 mm




IBAD system: Detalls

BasePressure=7.0x 10 °Pa
Working Pressure= 2.0 x 102 Pa

i||i|

thickness 2 ’

monitor

cryo
pump
3500 Vs

mech.

pump e-| eant1
evaporator

2 m3

o 5KW
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Front view

Fig. 3.5. lon beam source.
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HAYABUSA

EBERS7 T+
Low-Gain Antenna sBR87Tr
/,/ High-gain Antenna
76 August 2011 | $10 Yy ; /
5 Sun-Sensor > ,\'|
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lon Thruster

\ YU TIVIRREE

Sampler
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24 OB TS 5 F Total weight = 510 kg

lon source ... — UL Weight of LXe = 66 kg
trom | A REas E =1.5keV
: 4 58 ., F=4.2GHz
X 1 2 Ty .
. W B-015T
F = Dp/Dt
E = p%/m
Rare gases:

He, Ne, Ar, Kr, Xe, Rn, Ku
- ECR plasma

TOXTEBE LUy FSRT L

M7 AF>T> T OWaE. 14 EREE, 4 hES (7
)y R) BLUHMELHL 5K 5.

lon engine of the asteroid explorer HAYABUSA.
From: J. Plasma Fusion Res. 86, 282 (2010).
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Optimum Parameters
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OBJETIVOS

Deposicao e caracterizacao de oxidos com alta
constante dieléectrica , tais como HfO,, Al,O,, Ga,0;,
GaGdO sobre diferentes substratos por deposicao
assistida por feixe de ions (IBAD);

Fabricar filmes até espessura de 500 nm de
ferroeléctricos como Ba,Sr, ,TiOj;

Otimizar a deposicao de filmes finos para deposicao de
camadas com alta qualidade para a fabricacao de
dispositivos
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Materials, Deposition Conditions &
Analysis Methods

Al 99.99% ingots

0, 99.999% ASEM (JEOL,2010)
Substrates: ASurface Profilometer
2 i'gggi S (Slon, Dektak 3030)
R ke AXRD (Rigaku, Rint 2100)
A R-plane sapphire AXPS (Kratos, XSAM HS,
A GaNA-plane sapphire hn= 1486.6 eV)
lon beam energy: .
. ARaman (Renishaw,
Film thickness (Al): Raman 2000)

A 500 Angstrom

Arrival rate ratio ARR(O/AI):
A 0.8and5.5

Substrate temperature:

A Room Temp. (R.T.), 100, 200,
300, and 450°C
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ALO, films

Al,O; film produced with 300 eV ion beam energy Al,O; film produced with 800 eV ion beam energy
and 100 nm of thickness on Si(100). and 100 nm of thickness on Si(100).
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