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To give an overall impression of the
applications, fabrication and properties of
ceramic coatings.

To illustrate this with specific examples.

To give an appreciation of the advantages
and disadvantages of different coating
methods.

To point out limitations in understanding
and technology and the efforts that are
being made to remedy these.

THE LECTURES
PROPERTIES OF COATINGS

Microstructure, composition, thickness,
stress, adhesion.

T1 T ATIN

Tape casting, screen printing, glazing,
electrophoresis, spraying, sol-gel.

PHYSICA POUR DEPOSITION

Evaporation, sputtering, laser ablation,
ion-beam. :

CHEMICAL DEPOSITION

Chemical vapour deposition, thermal
reaction, reactive pvd.

SUMMARY
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Fig. 21
| Relationship of several concepts defining the degree of vacuum [225]

Diode Sputter Degosition

Principle of operation

Pressure range
Modes of operation

Deposition temperature

Typical deposition rate

Uniformity

COMENTS

lon Iimpact induced collision cascade
leading to the ejection of a target atom.

8 - 25 millitorr
DC., RF., bias, reactive, triode.

INy to 650°C (unless 3 special heater
Is used)

0.25 microns hour Uyt
(unheated subs.) ) reactive

0.15 microns hour -1y oxige
(heated at 350%C)) process

better than 5%

fReasonably slow technigue, that induces a high heating effect into the
substrates due to target and substrate secondary electron bombardment of
the growing film. One can retro-fit @ magnetron source o an ion beam
system. Reactive gaseous sources can be piped into the system.



Magnetren Souttering

ton impact induced coltison cascade leading

Principte o operation to the ejection of a target atom. Magnetic
field causes enhanced fonization effect near
to target resulting in 2 more efficient
erosion process (Assume a fixed magnet
f1eld strength of 250 gauss).

Pressure range ) - 20 mititorr
Modes of operation DC., RF., blas, reactive
Deposition temperature LNy to 650°C. (unless a special heater is

used)

|
Typical deposition rate greater than 5 microns hour
(r.I. reactive oxide process)

Uniformity better than 5K.

COMMENTS
Very versatile process technique.

High rate deposition process. Target usage efficiency is about 408%. with
this technique one can very nearly sputter anything, especially metals,
oxides, alloys, compounds, eLc. from powder or solid targets.

f
This technique has also been used for the selected area epitaxy o
iron-garnet fiims for integrated magneto-optic light switch array
applications. Also high quality indium antimonide has been grown using a
technique called metai-organic magnetron sputtering, {MOMS).

This system can be run as a diode sputtering facility by merely taking out’

the permanent magnets from behind the target material. One can eashly
retro-fit an fon beam source or an electron-beam evaporation source into
the same vacuum chamber.

lon Beam Deposition
Principle of cperatton Energetic particie bombardment: Direct
deposition or sputter ejection.
Pressure range 10 to 0.01 millitorr
Modes of operation Direct lon beam deposition
lon beam sputtering
Dual source sputtering
lon assisted coatings
Source types Kaufmann, cold cathode, duoplasmatron,
Freeman, ionized cluster beam.
Deposition temperature LN to 300°C  (unless a speclal heater is
used)
Typical deposition rate 2 40 microns hour™!.
. (oxide process)
Specific systems have been designed which
will give very much higher deposition rates.
Uniformity better than SK. -
COMMENTS

Easlly maintained system. Complement Ion assisted coating Initiative at
Harwell. With this technique one can have:

Independent control of fon energy and current density.
Isolation of substrates from ton generation process.
Narrow ion energy spread.

Low background pressure (hence low contamination).
Control over the angle of 1on Impact.

U hUN -

This technique has been used to increase the density and refractive index of
both Al» 03 and Taq Og which are used as anti-reflection coatings on



fon Plating

Principle of operatlon Surface bombardment with energetic
species during f1lm growth.

Pressure range 10 to 0.01 millitorr

Modes of operation r.f. bias, d.c blas, e-beam, Sputtering,
neutral lon beam.

Deposition temperature LNy to 650°C (uniess using a spectal

‘ nheater)

Typical deposition rate »1 micron hour™ ! (oxide process)

Uniformity better than 2%,

COMMENTS

This technology can use a plasma or fon beam as the source of lons. The

deposition source Is usually electron beam / thermal evaporation or

magnetron sputtering.  Mutually compatible with most deposition
technologies. PECVD is essentially an lon plated chemical vapour deposited
layer process.

Chemical Yapour Deposition

Principle of operation Thermal molecular breakdown; plasma
assisted; photon assisted etc.

Pressure range ATM to 1073 torr.

Modes of operation Chemical Yapour Deposition, CVD;
Metallo Organic Chemical Vapour Deposition,
MOCVD;

Plasma Enhanced Chemlical Vapour
Deposition, PECVD;

Laser Chemical Vapour Deposition, LCVD;
Photon assisted Chemical Vapour
Deposition, PCVD;

Low Pressure Chemicai Vapour Deposition,
LPCVD

Deposition temperature RT.to> 1,000°C.

Typical depositionrates  200A min ™! MOCVD Tio,
2,000A min ~! PECVD 510,
150Amin =1 PCVD S10,

Uniformity better than 5%
COMMENTS

Source matertlals for Chlorine based processes need special handling due to -

corrosive by-products. Metallo-organic sources tend Lo be hygroscopic and
form precipitates at source, they need to be handled under an inert
atmosphere. For specific deposition Systems the equipment can be very
expensive, l.e. GaAs or epitaxial silicon technology.

Mutual compatibllity is low for this technology in that lon beams and
fagnetron sources are not easily retrofitted in the deposition chamber.
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