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Mechanical Properties of ITO / Glass Thin Film
by Indentation Method
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ABSTRACT: The thin film of indium tin oxide (ITO) was prepared using the inclination opposite target type DC magnetron sputtering
equipment onto the glass substrate at room temperature, using oxidized ITO with In203 and SnO2in a weight ratioc of 9:1. The elastic
modulus and hardness of the ITO thin films, prepared at different deposition conditions, were determined through anano-indentation experiment.
The work pressure was varied from 2.6x10-1 to 8.3x10-1Pa. The results show that the variation of work pressure during film deposition could
vary significantly, according to the elastic modulus and hardness of the ITO thin films. It also can be seen that a minimum value exists in the
film resistivity for the ITO thin films,prepared according to the variation of work pressure. However, the ITO film produced at room
temperature had a microstructure in which a X ray diffraction peak is not clear, regardless of the work pressure.
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Indium tin oxide (ITO) ¥}2h2 7RA| 34 dFor & T3
&7 10°Q - on AF) B AYEL /HHE FRAzHoz
A BFRA, BAAG, B t2Fyo] B AMute) ¥i Hxjy)
A8 Tl FHASIEa AXBAFE L) AT
AeIeiE A% VIeASTed 8H3 YT (Minami et
al,, 19%). °|RAEL BF ITO vehs Sef2r|ge] gE83la 3l
7] g2 FAL FH F AHL /X2 Qi o] S
FE3}7] 8o f7]7199) ITO vheke 3|8k A1) 33}
A1 UTHNunes et al, 2003). <2 &R DCHFEnIIUER
29 Ee o3 23E  AYES Ul Polyethylene
terephthalate (PET) 71%9] WA& AASIAA H20M S5
ITO ¥he 48 = e AL BuHo] ItkShin et al, 2003).
T 719 YAtee FHAAY] FFAUAE JA T FA
A AR AL A FH2Z e R W J|Hes
7k 323K oJgto| = ¥ g ITO uhto] Aojx|&= A& Hirx o]
tHHoshi and Kiyomura, 2002). ¥4t o}uz}, In @ Sn¢l &
& B ZA=E Fv A0FZHE AkaRold RIS

RAAA F37) ¢ FAA] AT Jhoks PFE 995
051-890-1642 hkyoon@deu.ac.kr

59

FAA YA ZN1RFAE Aofshs AoEN AT I
g ITO Hhehe A3 QIHAEE 5, 2005). AutHoz k53
AL EAEL s ITO 892 54 473K o9 719
LxoA At gk 2 o]d &S g ez A}
4 A ZE9 & A% A2 F dx 71AF 54E aEsie}
oz uEbAe] J)AA B854 7Y Tl L7 UThA
Azl 5, 2004).

webd 2 dpede AAERS R sixlete Al o
% 298 4R FAHE dEAA, sEEEY] A AL
oA 7FssA g AAINEFERAE DC Wt EE 239
(DC magnetron sputtering)E AH8-3ka, EPAS] IngOs(90wt%)
9} SnOx(10wt. %) 2] &2, S}V e ARS8t ITO dhehs
A-eoA ger A A ol ZlEeze] A5 A st
o BEE AMEEHA B, BT Z19AY A E 300mmE
AFeA sl 71BE A5rpme 2 IAAA A9 Ao
A (Work pressure) 2.6x10"~8.3x10"Pas] oA 13}
AA TTO whehel BR324 243} 71418 S48 vl 28k
ol Agg ZARIA
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Fig. 1 The inclination opposite target type DC magnetron
sputtering equipment and controller

IO w=he Fig. 19 AAUSEASE DC IEE 291
AANE AHeEle AY AZY BACZE 300%62x5mme)
InpOs(90Wt%)+SnOx(10wt. %) 8] . 2AAE  AHSS e 40
mmx40mme] Z7)1E 7HAE SEAE ARSIAT. 718 oY
S22 58I 2SIAHZ F AW Yol e ATl S
7S AASQTE 4 AH ke 43x10°Pa 7HA) Wi7IF &
B EEE &% 9.9% Ar 7t2E o] 83l 1083 25E
ARE ¥tk 2 F e A AEE do] &% 99.9%9
0, 7t22 FY31e] ITO vhehe A AZ ok eblat 7189 A
& 300mmz 1, 7|18g AT A7E 9 F 45rpmS.
2 AN FAYE-L 26x10'~8.3x10"Pag) oA A%
Hoz wigiAZlon BT A5 WAFA A3t 3
E ARE3HR| @ar, AdA A 3ch B3 FEAE T o3
7rRese] A4 H3] A5t ele] ARE A JAE
WAAIZHE 30E 02 9tk AYEe AW U9 25 A
AR} o]kl AR AS Table 19 VERARITE AldHo =z
FT2NT 7NE ARSI, AFAT FAXNE 0|83
EAQAE &3

2.2 [TO =ialo] J|AN 54 FJ|

moutA|e] 71418 54 2= @AFE 8767l A3
o] d4; 734ZE4 (Continuous stiffness measurement, CSM)%t
2)2] Y=QIE (Nano indenter XP, MTS)E AME-3kch 19
Blo]de] HUHAE 160nmE AP oH, BAT € B
E AR3E 83 AN F HAgE A Fg. 2= &4
Algel Wy P el 280 EN, pE IHIY p =
B4 WEFE e, 5 = 3E Aol Jedth @-AS
g 7317 sk te 22 Olivers} Pharr (Herbert et al,
2001)0] A 2 (1)F 4 9 HE3HA

Table 1 Sputtering condition of the ITO thin films

Sputtering condition

Substrate temperature Room temperature

Sputtering time 30min
O/ (Ar+O) 1.0%
Coil current 5.0A

Target current 0.65A

Anode voltage 20V
Bias voltage 30V

Base pressure 5.5x10°Pa
Work pressure 26~8.3x10"Pa
Surface
profile
After load Indenter profile
removal

Original surface

i profile
/‘} - ~ h S
Surface profile T
h c
i 4

Under load
—d 3

r—

-
-7 e

Fig. 2 Schematic representation of a section through an
axisymmetric indentation used in analysis

7 3

E’D

Loading

Unloading

Load,P

~h o hy
Displacement,h
Schematic indentation
load-displacement data during on complete
cycle of loading and unloading

Fig. 3 representation - of
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AN, A AEFYHE, st 24E Jehlle A2 2 Fg. 3
AA BEnpel ol A FAe Hjsis F-19 712I=
FE 7o, A (1)d Hestd FAT B S A=)
Aot A B BARES Ge AR FH 9 Berkovich tipS
ARE-EH 7] wZell 1.034 & A-8-31 th(Han, 2002). FHFeH4A
T E3 N8 gAAT E, A AT E9 B o
3 2ok '

1 -4 (1-4)
Z & Tz @)

8 T

71N, v & v.E A7 AEFH GRRe] EZoldH|(Poisson’s
ratio)o]™, £ APelA AHE h=ElEle] thojokRE gkt
o @AS FokgulE E, = 1141GPa, v; = 0.07 °I9,
Imoutete] Eolpule v = (.25% A& =8, A=
= 4 @)F 2ol dYsEH HEFIHH(Contact area) 22
ARG & Aok

H=

|y

&)

og7|M, He A%, Pe ¢dstzold AE59948 Ax 3%
Zo)(Contact depth) /] FTE A=123.897 429 434 &
AE 7. p e FA8F 9 SANEF p 9 el A
@ 2t

P
ho=h—h,=h—cg @

FARAD AT e AR 2Ye] 0758 283 tHHan,
2002). :
3. asizn o ng

3.1 ITO/ Glass 2i2t0] XA BA

NHRH =gdhe 298" 49249 FANUA Y 2HE
A7} Je AJ4EE (Pw):Work pressure) T A€ ITO ¥t
o] ARAe BAS 2] 98k XA FHLe =AY
Fig. 4= B AF 0.65A, 29AY 30VIA Pw)E W3tz
< w9 ITO #Hete] XA 33 A=g vz ok 28E &
HEH Pw)E 26x10™~83x10"Pas WIAIARE ITO uHete] X
A 3A Axs SEks 7|9 Y9 A%E VYeidie 22 g
U 5 JAor B AFAES FAT A v=3E 9
4 ek Utsumi et al. & DC vlad|BEE A9 S ARS3e

z

< Glass

&

g
Z
8.3%10-'Pa
2.6X10'Pa
" 1 i 1 1 1 " 1 " 1 2
20 30 4 50 60 70 80
26(deg)

Fig. 4 Xray diffraction diagram of the ITO thin films
deposited at room temperature under P(w) of
26x107 and 8.3x10" Pa and glass substrate
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Fig. 5 RMS data on each work pressure
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Fig 6 Typical nano-indentation load-displacement curves of

ITO thin films deposited on glass substrates
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Fig. 7 (a) Elastic modulus and (b) hardness of ITO thin films
as function of indentation depth showing the effects of
the glass substrates on the film properties measured by
nano-indentation

ALoA FEl 71 9ol A AZ ITO ¥htell X 7|93} ebAl
o] AYE 130mm, 298 7}29k0] 03~14Pa}l 49, In Y=t
9] BN A7} 013eVoldol HE 11O =He) 314 w37}
v, B8 A0E] Jpagte] $71EGE In GAHe] E59
YAle SV B udka 9ok (Utsumi et al, 2008). wehA
£ dFdAEe 718 & FAUAZ vekd RolEta e
7h2StE 26X10'Pacl A= 013eVETH B £E5UAE vEl)
7] W&l IO ¥ete] 311 =37t vehtA] dgivka Azts
o7

Fig. 5% ITO ®¥P=t 7 9] Atomic force microscope(AMF) 2
% Z FUZEE JehllE RMS HOJHE Pw)] W3lol ual
AEe adelty a2dox & F %ol Pw)7t & ITO 4t
o] ¥ [TO ¥Hth AR WS Yehle A& ¢ = Utk
°]AL Pw)E F7MN71H ETk2rt 7kA YAke BPOA Ve
T YA Atelell P2 In AR &5 AUATE A3t V)
ool GRSl 12A FAEA K3t ITO BHte] xHo] A
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Fig. 8 (a) Elastic modulus and (b) hardness of ITO thin films
on glass substrates as function of work pressure
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3.2 ITO/Glass giate| 7|H|& =4

ITO ey E3E 3535489 (Load-load line
displacement) 1 & Fig. 6 eI Atk o2& 215} Aet
9 Az AFAHY Qe P BAFL Ut (Zeng et
al, 2003). Fig. 7(@)%} (b)E Pw)7} 53x10" PaclA A=tg ITO
utato] eAel AEE UERA Tdolt)h o]zl gddEolR
Zolo| wWe goFZR o7t F/IETFE A=rt £90] He
Ae 71me] gL e Aow FuHl I & & 3l
Xo] 10~30nme] RAoJolA Fekxe] FFo] WAA G RS
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o] AH3 AT Fxet YZE o
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9 e BFE FAslgen 1 AAE Fg 89 Uehisith
a8S A9EA Pyt F71E5E @8AF 2 AR 2
ZAadhe AFE BJ AL FERE A In PR
EEAUAL E4F dnse F9E Jvehlly] 929 Pw)
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