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Figure 2.1 Conventional adhesion test methods
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Figure 3.1 Constraints of plastic zone in substrate
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Figure 3.2 4 cases of constrain
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(1) (2) Progression of the plastic zone

of coating
N Film

Elastic reaction of the substrate

H(. Hp (a=1) Substrate
3) (4)
M_ Film
v Substrate

beginning of the plastic deformation progression of plastic zone of

of the substrate the substrate and coating

Figure 4.1 Process of plastic deformation of the substrate [18]
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Figure 5.1 Nano indentation instrument & Berkovich indenter
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Figure 5.2 Expected RID vs Composite Hardness graph

of soft thin film
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Figure 5.4 RID vs Hc graph of Ti hard substrated composites
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Figure 5.5 Figure of Scratch Test
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C (um)

F (mN)

RID cic FIF X3 A?;;‘i"“
Film Subs Film Subs pa)
0.1 1.69 0.46 3.7 0.04 0.005 82 - -
0.2 337 1.02 33 023 0.029 8.1 .61 63.84
03 5.06 1.44 33 0.545 0.07 79 0.60 63.75
0.4 6.75 155 44 0.98 0.13 78 039 100.6
05 843 219 338 1935 026 75 038 1028
0.6 10.1 234 43 23 031 75 049 84.34
07 118 251 47 2765 037 7.5 061 65.02
08 13.5 2.75 49 3635 0.50 73 0.56 7327
0.9 152 3.04 s 5.06 0.70 72 0.4 917
1 169 336 5 6637 096 69 039 1015
Average 43 e 7.6 0.50 §3.22

Figure 5.8 Plastic zone radius and force ratio of film and

substrate & indentation parameter, adhesion strength
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Figure 5.10 Qualitative comparison of adhesion strength

for Al soft substrated composites
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Appendix

Figure A.l1 Overall surfaces after the scratch test
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Figure A.2 Scratch test result of Ti-Al composite

Figure A.3 Scratch test result of Al-Al composite
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Figure A.4 Scratch test result of Cu-Al composite

Figure A.5 Scratch test result of Ti-Cu composite
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Newmodel | Previous | Scratchtest
(Mpa) (Mpa) (mN)
Ti-Al 83.2 130.6 58.0
ALAl 104.5 120.6 73.7
Cu-Al 128.6 3429 128.6

Table A.1 Adhesion values of each model

for Al thin filmed composites
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Newmodel | Previous |Scratch test
(Mpa) (Mpa) (mN)
Ti-Al 832 130.6 58.0
Ti-Cu 90521 209 06.2
Table A.2 Adhesion values of each model
for Ti hard substrated composites
Previous New Model Scratch
(Gpa) (Gpa) (mIN}
AlT: 12.4 0.4 639.1
Al-Cr 157.8 587 21113
Al-Mo 30.0 312 783

Table A.3 Adhesion values of each model
for Al soft substrated composites
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[Abstract]

Evaluating Adhesion of Soft
Thin Films on Hard substrate
using Indentation Test

Suh, Ju Yon
Department of Materials Science and Engineering
The Graduate School

Seoul National University

An artificial interface was constructed by bonding two
different materials together. This resulted in the interface
being relatively weaker as compared with the film and the
substrate. The adhesion strength, which occurs from
deposition, is one of the most important factors to evaluate
the reliability of a thin—film system. The conventional
methods to evaluate adhesion strength of thin films have
used destructive tests. In this thesis, a new model is
proposed based on the previous model, which makes the
model more specific using a nano—indentation test as a

non—destructive method.

- b3 - .-':I-\.\,—! 'ILI:'.I..:



In the previous model, the plastic zone of relatively softer
material, which has lower hardness, is constrained by the
adhesion force of the interface. To calculate the interface
parameter, the plastic zone size of substrate and film, the
hardness of the film, substrate, and composite are required.
The adhesion strength can be evaluated from the equation
from the values of the interface parameter and the hardness

of the relatively soft material.

In this previous model, the adhesion strength could be
qualitatively compared only between same composite
materials. However, they could be manufactured from
different manufacturing processes. But when different
material composites compared, the previous model cannot be
used, because it assumes that the plastic zone size of
substrate directly depends on the indentation and does not
consider the relation between the thin film and substrate at

the composite situation.

In this thesis, a new method indirectly calculating the
plastic zone of the substrate considering the composite
situation, is proposed. This method is based on the theory
that during the indentation process, hydrostatic pressure 1is
produced when the thin film has a lower hardness than that

of the substrate.

The different soft thin films deposited on the same
substrate and the same soft thin—film material deposited on
different substrates are constructed and compared with

scratch tests as their reference. As a result, validity of the

54 SEask



proposed new model to qualitatively evaluate the adhesion
strength of the deposited soft thin films on different
substrated was verified. This model is unique since it
overcomes the limitation of the conventional and previous
models by its ability to compare the adhesion strength

between different material composites.

Keyword . Adhesion, Soft thin film, Plastic zone size,
Nano indentation, Interfacial constraint,

Interface parameter

Student Number : 2015—-20826
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