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LECTURE 3

THIN FILH PROPERTIES

Abstract

Fundamental to the successful exploitation of coatings in advanced
applications is a detailed knowledge of the properties of thin films.
Many examples exist to demonstrate that the properties of thin films
are not the same as those of their bulk material counterparts; for
example, the Young's modulus cf a ceramic coating can be an order of
magnitude lower than that of its bulk counterpart. In this lecture,
the properties of thin films will be addressed from both an
experimental and theoretical viewpoint,

lide 1

Slide 2

Slide 3

Slide 4

slide §

Slide 6

S5lide 7

TITLE SLIDE : Thin Film Properties

Many examples exist where coatings are
deposited onto engineering components which
operate in adverse conditions. Therefore, a
knowledge of coating properties is important to
assure the life of the coated material.

This slide gives guantitative data on the
operating advantages to be gained from using
titanium nitride on coating drills. The
coating speed can be significantly increased
and/cr the rate of coating can be increased.

Typical examples of increases in cutting toel
life as a result of using titanium nitride are
shown in this slide.

Cne of the most impertant properties is coating
hardness and the basic requirements for
modelling the hardness of thin films and
coatings are given in this slide.

Cna of the first attempts at modelling hardness
was the area law of mixtures where the
composite hardness of the material is assumed
to be the area weighted advantage of the
hardnesses of the substrate and surface film.

A more realistic description of the deformation
behavicur occurring beneath a hardness indenter
is one of a deforming volume as shown in this
slide,

Slide 8

Slide 9

Slide 10

Slide 11

Slide 12

Slide 13

Slides 14/15

it is important, however, to take account of
adhesicen in these systems and the volume law of
mixture has been modified by inceorporation of
an interface parameter termed Y.

This interface parameter modifies the deforming
volume in the substrate to take account of the
constraint imposed by the adhesion of the
coating tc the substrate,

It was found empirically that the interface
parameter ¥ was a linear function of the
relative deforming volumes in the coating and
the substrate.

The results which are obtained from hardness
modelling are presented in this slide. Line 1
is the hardness data of uncoated material, line
2 is the calculated hardness of an infinitely
thick coating and line 3 is the computed fit to
the experimental data by using the veolume law
of mixtures.

In most materials the description of the
deforming volumes in terms of an expanding
spherical cavity is quite valid and this is
illustrated in Figure A of this slide,
However, in softer materials, one observes
surface directed displacements and there is a
need to medify the model to accommodate such
effects,

For titanium nitride coatings deposited ento
staintess steel, these surface directed
displacements cause ring cracking which is
illustrated in Figure A. For & similar coating
deposited onto a tool steel, then the
description in terms of an expanding spherical
cavity is more valid.

The growth morphclogy of PVD coatings has been
illustrated in the lecture "Microstructures"
and the intercrystallite boundaries lie normal
to the coating-substrate interface, This leads
to unusual hardness anisotropy in these
materials, Testing the columnar units end-on
gives a high hardness value since neighbouring
crystallites impose a constraint on
deformation. In contrast, testing in a
sideways direction, the crystallites usually
slide past cne another giving a lower hardness
value,



S5lide

5lide

Slide

Slide

17

19

Slide

Slide

20

21

Slide

22

Stide 23

Slide 24

Clearly, hardness in orientation 'C' is much
higher than in corientations 'A' and 'B' as a
result of these microstructural effects.

A prerequisite for a hard coating is that the
intercolumnar boundaries are strong and
interactive. If the boundaries are weak as in
'A', then a low hardness value will result,
whilst in 'B' the dense microstructure
guarantees a high hardness.

The hardness of PVD titanium nitride increases
with substrate bias voltage which can be
equated to the density of the volume,

The open boundaries in an unbiased
microstructure are clearly seen in micrograph
'A' and these obviously will result in limited
load support when compared with the dense high
bias microstructure shown in 'B'.

The improvement in load support offered by a
dense microstructure is jillustrated in this
slide. Hardness impressions at the same load
are obviously larger in the case of an unbiased
microstructure since substrate effects become
mote important in this case.

The properties of the coating can be changed
significantly by the process parameters. For
example, the microhardness of titanium carbide
varies dramatically with substrate temperature.
As the substrate temperature increases, dense
columnar crystallites are formed which lead to
the observation of higher hardness.

Similarly, the substrate temperature during the
deposition of silicon carbide films can affect
both the hardness and the density of the film
as we have seen schematically in previous
slides on microstructure,

The hardness of wear-resistant coatings is due
to two factors: one is the very fine grain
size estabiished in the coatings during growth
as illustrated by this TEH micrograph.

The second, and perhaps less important,
hardening mechanism is the defect density which
exists in these coatings. Transmission
electren micrescopy shows the presence of a
high density of defects.

Slide 25
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Slide 30

Slide 31

Slide 32

The relative contributions to coating hardness
by these twe mechanisms is illustrated in this
slide. Clearly, grain size effects appear to
dominate hardness.

A method of measuring adhesion in these hard
ceramic coated coating systems is the scratch
test and this slide illustrates the importance
of three factors in determining the so-called
critical load for coating detachment.

Earlier in the talk I described how the
deforming volume of coating and substrate
depend on the ratic modulus divided by
hardness, For soft substrates, the stresses
introduced by mismatch in deforming volumes
give rise to a low value of critical load.
When deforming volumes become more equal in
coating and substrate, the value of L.
increases.

It is possible to characterise the various
modes of failure in the scratch test and these
are illustrated in this slide. These failure
modes can be clearly identified in real
systems.,

INTERIM SUMMARY SLIDE

We have learned so far that advanced properties
can be conferred onto industrially important
components by the use of coatings. The
microstructure of the coating critically
affects the properties, for example, hardness,
and this can be well modelled.

another industrially important applicatien for
coatings where advanced properties are required
is via the use of ceramics in diesel engines,
as illustrated in this slide, and zirconia
coatings on diesel engine exhaust valves.

One property which is crucial to the
satisfactory performance of the coating is its
mechanical strength. Unless the coating can
withstand the stresses of the combustion
chamber, then the advanced properties, like low
thermal conductivity, will not be realised.
This slide shows that the fracture stress of
yttria stabilised zirconia is also affected by
the concentration of yttria in the zirconia.
Additionally, it should be noted that because
the coating contains porosity and microcracks,
it is impossible to define a single value for
the fracture stress, It is necessary te think
in terms of a probability of failure
distribution function.
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Typical data for the fracture strength and
Young's modulus of ceramic coatings is
presented in this slide. It is important to
note that different processing routes can
affect the properties produced. It should also
be noted that the parameter known as the viable
modulus is a measure of the extent of the
statistical variation of the fracture stress.
It is important ta aim for a value for this
modulus of approximately 20 in order to obtain
reliable performance,

The properties of the as deposited coating can
be modified by relatively straightforward heat
treatment steps., For example, heat treating a
zirconia ceoating at 1,000°C for fourteen days
produces a significant increase in the
fracture stress distribution.

A major use for thin films in the glass
industry is to modify the optical properties of
the surface. This is vividly illustrated in
this slide. In physical terms the surface of
the glass must be able to reflect a

significant porticn of the infra-red radiation
falling onto the glass as shown in this slide
showing transmission of light v. incident wave
length.

In order to achieve this condition of selective
heat reflection and light transmission, it is
pussible to deposit a multilayer coating
comprising materials such as aluminium,
alumina, molybdenum and alumina. This slide
shows the spectral response of such a

material.

This slide shows that it is possible to achieve
a high degree of transmission selectivity as a
result cof using, for example, titania-copper-
titania or titania-silver-titania multilayer
coatings.

Hereover, in the coating process it is possible
to vary the partial pressure of the oxygen in
the reaction chamber to modify both the
refractive and absorption indices of the
surface of the glass.

Slide 39

Finally, as a note of general caution, it is
important to remember that the properties of
thin films may be significantly better than
those of the bulk material as illustrated in
this slide which is a plot of the microhardness
of ceramic materials v. temperature for both
bulk and thin film materials.

SUMMARY SLIDE

The main points to note from this lecture are
that the properties of thin films can be
different to bulk materials. It is possible to
model properties quite accurately. It is
necessary to measure the properties of ceramic
coatings to establish their suitability for
harsh applications. The properties of surfaces
can be very precisely controtled as in the case
of optical coatings.
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BASIC REQUIREMENTS FOR MODELLING THE
HARDNESS OF THIN FILMS & COATINGS
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VOLUME LAW-OF-MIXTURES J
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MODIFIED VOLUME LAW-OF-MIXTURES
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L ESTIMATED CONTRIBUTIONS TO COATING HARDNESS
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INTERIM SUMMARY

ROPERTIES CAN BE CONFERRED ON
LY IMPORTANT COMPONENTS BY

o A. ADVANCED
L INDUSTRI
COATINGS

B. MICROSTRUCTURE CRITICALLY AFFECTS PROPERTIES

C. IT IS POSSIBLE TO MODEL PROPERTIES E.G.
HARDNESS

P
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NOTE
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ND TEST RESULTS

Spra
Method

Noa—cont {nucus
24g/min

Cont inuous
24g/min

Noo-cont inuous

50g/min

Nom—cont inuous
50g/min

Noo—cont inuous
50g/min

Nat—coat {inucus
50g/ain

j,—u&\lwn'*—'" """""‘-'“\ Rl

Specimens aud this will af
value of Youngs Modulus.

Average Average
Fracture Y 8 Weibull \ rteo- i Fodt.
Stress, Modulus, & ‘Moduiua, et e,
(HPa) (GPa) u -4‘4-'-‘-]_:2:
29.71 18.38 10,034
13.28 +2.80
33.0 22,79 9.242
+3.95 14.89
25.66 14.95 B8.741
+3.23 +3.66
32.91 16.22 10.620
+3.37 +2.43
40,60 14,79 9.545
*4,.57 +1.97
49.71 24,28 9.794
15.44 +2.48

fect the comparative accuracy of the

Estimated probability of failure . F

o a o o s o o o =
NoOW o~ i o ~ ® w O
] T T 1 T J T T T

o
-
F

Y

LECTURE 3 : SLIDE 34

/
!

/2018N5-1
!

201 BNS -1

202 NSII' 202 NS

t
f

|
!
!
)
)
)
1
i
!

Annealed ceramic

Un-arnealed
cergmic

| | J

[=]
o

RESS VERSUS ESTIMATED PROBABILITY OF F
FRACTFUU??E TS\-:JO ECERAHIC COATINGS SHOWING THE EFFECT 0O

1 L
3.0 5ID 60 70 80 90 100
Fraclure stress,z [MPal

20 30

AlLURE
F

NN ING AT 1000°C FOR 14 DAYS ALL COATINGS
ANNEAL WERE SPRAYED CONTINUQUSLY

Huge ot | ornsaly |



Trensmission %

100

1
[ T
| Trans- Heat reflecting , ===f="\z=—= Reflection |
30 MISsion ing M of A;»/S m
gol-visible == >90% _
region |; ——
° /
70->80% ] Architectura = Reflection
|- glGSS 0 A)S#m _
60
>50%
50_‘{%olar - B
Lo fiesion e Black bod
E"QSO‘Z'{’“ e s radiatipn,y—
A e
20 = - radiation, -
ViSI_ble normal-
10~ region ized —
o} | [ { I
05 1 5 10 S0um

- 4 -

LECTURE 3 : SLIDE 35

Wavelength, A

Desired physical properties of a lypical heat-reflecting
glass (single pane):transmission,B0% -85% in the
visible region; IR reflection.more than 90%. The

corresponding properties of conventional architec!ural
glass are shown for comparison
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Vickers microhardness (GN m~Z)
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SUMMARY

THIN FILM PROPERTIES CAN DIFFER MARKEDLY
FROM BULK PROPERTIES

PROPERTIES CAN

SURFACE PROPERTI
CONTROLLED E.G.
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AN BE PRECISELY
ESR OPTICAL APPLICATIONS




