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ABSTRACT

Mechanical characterization of functional thin films.

Jeong Heon Lee

Advisor: Prof. Jae B. Kwak.

Dept. of Mechanical System & Automotive
Engineering.

Graduate School of Chosun University

Coating deposition process is used to give functional properties to surfaces in
various industries such as semiconductors, displays and batteries. Especially,
semiconductor industries are studying thin film formation processes to improve high
level of integration. Although the increasing use of thin films, reliability issues are
increasing because of difficulties in determinate mechanical properties of thin films.
Various studies have been conducted to determinate the properties of thin films, and
most of them are made in a way that is not affected by the thickness of the specimen.
However, there are limitations in determinate thin film properties due to difficulties
in making specimens, material of the substrate, and local measure. In this paper, nano
cutting methods and customized system are suggested to determinate the properties
of thin films. Based on Merchant's metal cutting theory, the resistance generated by
the material cutting is secured with shear strength and shear strain, and the adhesive
force between film and substrate is measured. In the fracture mechanism of film,
shear strength is expressed as crack, and adhesion is expressed as delamination of
film. Bulk polycarbonate cutting was carried out for verification of nano cutting

system and proceeded in horizontal and diagonal directions. 71MPa with horizontal

Vi
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cutting and 75MPa with diagonal cutting were measured, and the change in cutting
direction does not affect the difference in strength. A specimen produced by three
types of deposition processes was prepared for the application of nano cutting system.
The first was an electroplating used to make copper wiring in the PCB, which was
measured by making specimens with three thicknesses. The shear strengths were 300
MPa, similar to the yield strength of copper. The second was copper sputtering thin
film with a thickness of 100 nm. The measurement results showed a 30%
improvement in strength compared to electro-copper plating, and an improvement in
strength due to differences in grain size. The third is a polymer organic thin film with
a hydrophobic surface. We prepared p(PFDMA) thin film with hydrophobic
characteristics and p(PFDMA-co-DVB) with higher durability. Cutting tests have
been carried out to measure quantitative durability, and more durable p (PFDMA-
co-DVB) has a threefold strength improvement. As a result, three types of thin films
were measured, and the mechanical reliability of thin films was ensured through the

newly proposed nano cutting system.
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Fig 3 -6 Piezo stage controller
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Fig 3 -14 Motor driver of 5-axis motor
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Fig 3-16 Cutting surface of Electroplated Cu by optical microscope
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Fig 3 -18 Top view of polycarbonate by cutting

A EETMEYCIE Al ] el FREA, 25 ddx A

Mg NS Fa WAL AAOlE (Fig 3192 4% 5 ok e
Yt Bob BelolSe] st WAA Y whtee Ao AYHE Aele] wds
A e e nelth 293 FARFY S5 Qeln, FYYFOR Aol

| 718 o, oz

>
o%
Al
e
fu}
=)
[-‘>~
ok
o%
o
al
i)
_)
o
>
o%
i)
R=)
to
il
ik
o

o

Cutting result of Bulk Polycarbonate

%ch
L +Ft
-+ Depth of cut

N
[

N

Diagonal Horizontal

Force (EC,Ft) [N]

—_—
T

(&)
o

5
=
1405
[&]
Y—
(@]
130 <
a
[}
= 20 [m)]

ojx|ef ¥

= Aol

05 r i 10
0 ‘ ‘ : 0
0 200 400 600 800

Travelling distance [um]
Fig 3 -19 Cutting result of bulk polycarbonate

26

{“ICollection @ chosun



AAZE A2 golE 9F M.E.Merchante] A%k 2% A& Z&) A9 e #H3lE =4
Ack tizbd ko) Aot gl AWRES) o 70.0MPacl SR HH, S Rgo R
AF A 748MPa0l ZPHTE AP WMACE ZHE AUPEE 7o Aol
7h oy, RS ojuith £ Ate]l whE EFe] JhRUC]ES & A= ©
70MPao] ¥, AT el k= Zo] sl

Shear strength of Polycarbonate
250 ! 1 1 70
-¢-Shear strength
-+-Depth of cut 160
5 2007
E 4 -
= 50 c
7)) o R =3
= . . =
= 150 Diagonal Horizontal 140 3
% 30 S
= 100 =
n O
© @ 20 O
2 50
n
110

Collection @ chosun

o

400 600

200
Travelling distance [um]
Fig 3 -20 Shear strength of polycarbonate

800

27



PCB (Print Circuit

s

ofell Al AR-g-o] H

E] o] A

w Algo] HEl= ®7] =23 Sputter B 183 AL A

A

H

)=

e

ATk ol¥

1

oL =
O]:L

5 o

=
o

e o]

3z

2N 2=
—=

A4 A B

T

B4o] QA 7A Eye]

S o
=

_1

hus

< WA, wiEE, o
A

Ehish
2kl Fofell A
Board)ell Al 7] wj

|

78]0

Mo

2 Az

ur
1

e ARA

L1714

| =]
RUS

12

S

1~10 g mo] Q-5+,

.

A=

I

o

Sputtering

1.
7)ol FA e A

A 7] bath el 3ol ¥

[c]

1.0
=

il

el -2

P S P IR

3
I

ARE FA 99, 239 A2 A7FE S 7|A4Z2 o]%Fo] Hn, 74

=
=

1,5 283 10xme F7

ol
B

!
il
%
jany
N
o

_&I
Njo

28

Collection @ chosun



o
Cathode

Sub
strate

SO,

Fig 4 -1 Electroplating Cu films
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Fig 4 -2 Electroplated Cu films (a) Cu 1um, (b) Cu 5um and (c) Cu 10um
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Fig 4 -3 XRD Analysis of Electroplated Cu
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Table 4 .1 Crystalline Analysis of Electroplated Cu by XRD

SAMPLE|26° | D-SPACING(nm) [(hkl)|FWHM(26°)| Grain size(nm) | Average (nm)
43.4 0.208 (111) 0.1476 57.93

Cu 10um [50.5 0.180 (200)| 0.1476 59.51 62.2+4.9
74.2 0.128 (220)|  0.1440 69.17
43.4 0.208 (111)| 0.1181 72.4

Cu 5um [50.5 0.180 (200)| 0.1476 59.51 67.045.5
74.2 0.128 (220)|  0.1440 69.17
43.4 0.208 (111)| 0.1440 59.38

Cu 1um [50.5 0.180 (200)| 0.1800 48.8 59.1+8.3
74.2 0.128 (220)|  0.1440 69.17

O 2 05umls, 4 WO ZF 0.054m
Tof vls] FA7F kol 110 o2 £55 9 5% WO F 0.05umfs, T2 ek
O 0.005.msE ABFH Al FFH AH EF ] wgFor Aol Iy EH=
ERb A2 Aolo ml#stA Edlo]Zel Y| whdEo] Fbete e Hldn &

doj=rt AAS APk £F AR AWl EAGE FRYe] mEs #3

rir

A WpEke] o] EL AEEly 43 WEo w AALS ZHlE] Ri BEA =

_/,:
WAh Fig 441 Al FF7) AR it QA A dolE o PHdeie] Yol
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Table 4.2 Mechanical properties of Electro plated Cu films by cutting

Sample 0[] Y P [N/mm] T [MPa]
10pm 42.2 1.508 0.045 326.4
Sum 40.2 1.551 0.3 328.2
1um 37.0 1.626 0.049 298.5

Z=4" Ay 7T X 300MPa~328MPal] ¢l gJoltl, B3 FAbe| wE A7 =
]_

o] a7t dslev, S E= Ao Aole gle Zo] gRlF gtk

oz Agolxe] AXH W AA 9} HAA HAA vuwE s SEM 57
S A Fh Fig 4-5%= Culpm 72 SEM olnx] =74 ZAxto|t}. Fig 3-25 (a)= thzt
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e

Fig 4-5SEM image of Cu 1 #m (a) Top view and (b) Diagonal view
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Table 4 .3 Crystalline Analysis of Sputter Cu by XRD

SAMPLE|26° | D-SPACING(nm) [(hkl)|FWHM(26°)| Grain size(nm) | Average (nm)

43.4 0.208 (111)[ 0.2066 41.39
Cu 100nm 39.3+2.1
50.6 0.180 (220) 0.2362 37.20

Fig 482 100nm ¢ uhebel A4 dloele #& Je] %74 delejelth. S

AlAE 100nme] FAE zta Qorm R, FAOF 5nmls, FEHOE 50nm/se] S5 A

<

3 F7bte @9e woln, Y FAZA Aol YR F RE 3HFo)

—_L
=]
bR e Bath selsk ® ARl £3 ol%S Agstel 3 da

o]# Htg
o] R3]0, Fig 4-8(b)o] L Azolt},
Copper data [100nm Copper data [100nm
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Fig 4 -8 Cutting results of Sputtering Cu films (a) 100nm cutting data and (b) 100nm
adhesion data
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H o Table 449} 2t}
Table 4 .4 Mechanical properties of Sputtering Cu films by cutting

Sample o] y P [N/mm] T [MPa]
100nm 28.3 2.07 0.016 416.8
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Fig 4 -9 SEM image of Cu 100nm (a) Top view and (b) Diagonal view
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Table 4.5 Contact angle of Hydrophobic thin film

Sample Bare Si wafer p(PFDMA) p(PFDMA-co-DVB)

Contact angle 60° 140° 120°

P(PFDMA)$} p(PFDMA-co-DVB)2| W74 #tolZ #elaly] 913 vmpn el 2E7}
APy, 4 270 TR 1kg? %S Fo] 500cycles HHE YntRE w83
o, 44 cycles mitt H5H2HS S A5 MtE AP HAETF 1005] 1
HHAE 7 p(PFDMA)J A=A 7 §otow gelE Jre wo|u, p(PFDMA-
co-DVB)i= 5008] WHH & wlm= A HA7F vlas] Aok 5008 574 5% ¥
Hslad 57 wskE vk T A3 p(PFDMA) ] 735 103] RbsiE 57

] AA "Wolx= WA, p(PFDMA-co-DVB) 9] 7% A =7} slgto] 79 ¢l o] ¢l

rﬂl

L

¢

o

Fig 4 -13 (a) Abrasion tester, (b) p(PFDMA) thin film scratch on 1kgr 100cycles, (c) p(PFDMA.-
co-DVB) thin film scratch on 1kgr 500cycles
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Wear resistance test (1kgf, 500cycles)
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Fig 4 -14 Changes in water contact angle during abrasion test
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w-areje] A9 % ouier BE oF 0.03N/mm § st

Table 4 .6 Mechanical properties of hydrophobic thin films by cutting

Sample o] y P [N/mm] T [MPa]
p(PFDMA) 27 2.085 0.030 44.7
p(PFDMA-co-DVB) 30 1.908 0.028 123.6
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Fig 4 -16 Cutting result of p(PFDMA-co-DVB) by iCVD coating
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