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Abstract

Compared to conventional Indium Tin Oxide (ITO) film deposition methods, cesium (Cs) assisted sputtering
offers higher film characteristics in terms of electrical, mechanical and optical properties. However, it showed
highly non-linear characteristics between process input factors and equipment responses. Therefore, to max-
imize film quality, optimization of manufacturing process is essential and process characterization is the first
step for process optimization. For this, we designed 2 level design of experiment (DOE) to analyze ITO
film characteristics including film thickness, resistivity and transmittance. DC power, pressure, carrier flow,
Cs temperature and substrate temperature were selected for process input variables. Through statistical effect
analysis methods, relation between three types of ITO film characteristics and five kinds of process inputs
are successfully characterized and eventually, it can be used to optimize Cs assisted sputtering processes
for various types of film deposition.
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1.M B o7 g2 AgEY fe /1B FH0E gd §
o] gAT Aok ¥ % o4l Zalo)

2 faEZgol(display) AHdd F&% A3 (polymer)& ©]&-8}7]% P9, 7]Eo)= OLEDY
N&e] WEE taEFo] AFE A A3 BaoaEg o] 7| 1TO ke A9 A1717] ¢
JAZE 7AYol A A Yo, 2o wt ¥ &) DC 3= RF Q4= 9} u}:LLﬂE ZHE g
Fo Agslel AAdrte] Fzho] gFEo] 2|5 WS ARl a8y DC AYFAE AHS &
k. olgdt ol fE 7|Ee F7IE t]AEy ol AL 52 FHEE ?FLEP;L Azl §olido]
2212 grlao @ giHsle] B8-S moly Bl& Q= W whete] A gErht BHAL oF (target

o3

g zol7] 9% A7t AAHL Y,
59l 7

I ET ®A7F 2E ¢ glon, RF
Aol 1 Axwe s @o] AMS-H= Indium AYFAE AT 7

ko

<]

_?, xHoj/\-]o] 01*7 Blul_o/] %

Tin Oxide(ITO) #Hetolth2, ITO WPete 7A%A 42 P 5 9 B0l o S3ws)
Jolol ¥ AEES FAEE e S e WS =¥ 9ol itk wE Fehxv} YEE ¥
oA B 1%k o 1% 5 $GAR o) ARG DA A A 8 g o

Fhstelol SRt o] A< ITO Bl 249 #

*Corresponding author. E-mail : tkim@catholic.ac.kr



166 NAZ 9/ =R H T

3] 40 (2007) 165-169

4 T ITO ] =2 Eirel o
WA &S Z7] fsiA AR 300°C o) o= T

fo &8
[

o,

N

N

HLEE NHEATIAY FE5IR R XS 8
Fojol dth. 2y ITO ¥hehe do|u Apef Azt
e Hap e o] FE Foll o HA &4
S 4L F ] Wi oled EAE A
Hall gol23t A MFoles ol&dtd 7|EY vl

THEE v ulnd Fehxet YEst o
yn|

&%, ZARY nATE, A28, FoY S40) &
S ueke A% S ook 2E Unsge B
st dgole FAA Wl we MAYA

B =Edxe MEE AegEx 28y A3
Hht 598 Gopuy] 5k 574R] dEEaQ] DC

9], F85H (Pressure), A7t (Carrier Flow),
g 25(Cs Temp.), 7]32¢] 5% (Sub.
Temp.)S ARSI 2459 AP AEHQ-level
design of experimentyS AAISt] g Wol] w
XA, AFALYE o8&
7};]g] Nfsq QI’»}E 7(]—\:]]94 BIoLE.

i S B |
g /T Qo) F9#

tilo
i
1L
]
A
i&
:1

> ox
e
mlo

7‘-‘&3 Si glelse} Falg AMgstH o,
upko g whupe] B4 o 60 1) 3=
57HA ﬁz}i Aelstsirt. ¥
AE7FEF#, Cs Xﬁ%}%ﬂiﬂ
49 sien, 1 & 7+ 9
AFg vrdste] Aajxioh. DC J]r

=

o
i
O_u
5
rr
)
@

el ok
o
2

j% &g £
M
o X
o3
2
ﬁm
rlo ot H‘U -
Lr}o

o> Ho

I o 2
o (T ol
o 2 ox

b fo o2
)

N

~ r

Jm

ox
o o

Kl

S}L

—|—‘

| Q-

£

i

o i

39

uJ

© N

¢ H

rlo

Ml o

el
b rlo
o
m
B
[ @ 1
&
iy
of 1
lo,
ofd
%

o N
ol
o
e

Table 1. Parameters ranges for DOE input data

Parameter Range Units
DC power 50, 100 W

Pressure 2, 10 mTorr
Carrier flow 3,10 scecm
Cs Temp. 80, 150 °C
Sub. Temp. 27, 100 °C

Table 2. Response parameters for characterization
analysis of ITO film

Parameter Units

Thickness A

Resistivity Qcm
Transmittance %

Welolw, ¥ 2& vhe] EHEAL 98 st
g gtol ek

X 1014 Bejd AT HAE Ve 2
Z9] full factorial designol 1709 Z7FX|(center
point)E F713t4 DOEE A8ttt HA7A 57F
A 7t dEWee) 728 DC A9 T5(W),
Pressure 6(mTorr), Carrier Flow 6.5(sccm), Cs
Temp. 115(°C), Sub Temp. 63.5(°C)olt}. A7) 2]
240 QoA AA 7)# LEG AHLE Aol
2% ZAfo]= thermo-couple wafer(process probe
1530, Sensarray Co, USAYE o83t A =Tt
glubo] &2k o ZAEA = surface profiler(alpha
step 200, Tencor Instruments, USA)E ©]&3t] &
ALRoem, HAHITLS 4-point probe(SR-1000N,
AIG, 3=1)E o] &3l SAEHAT. 285l o] ol
FAE et HA ghs AEsidvh £3 9
ko] =382 UV-Vis Spectrophotometer® ©]-§-3}
o A3

3. AlEEI o By

1

g 12 7 Wzt FAY del fost
A& YolR 7] Y3 gxe] A FEL 1gizo]
ok 28 19 yebd HE F Ao Bol "

Normal Probability Plot of the Effects
(response is THICKNESS, Alpha = .05)
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Fig. 1. Normal probability plot of the effects for ITO film
thickness.
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Main Effects Plot (data means) for THICKNESS
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Interaction Plot (data means) for THICKNESS
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Fig. 2. Main effects and interaction plot for ITO film
thickness.

Faszoln YEE A%, X5 2 299
2yl golth. Fekzrt st gEo] Zvpew
dete) S B S Sked 2 £ s

il
&
30,
ksl
o
mEI

o], Zetznt ghefdzte] W
FE0] %‘%‘ ﬂx}% FeAgste Wehe Folo £
gtzu}l g9]o] & o] oE dAe FTAE
Eias! %ﬁh‘s}b— Folo] Axrt th2A EAHUY
upebr, = welzzieA kel Frte 1TO ¥

sel 2o 27l Mdstel AR % % 3
3, dE Be ool grEe weEe) 2

B3] 9182 Yeiz Utk

Normal Probability Plot of the Effects
(response is RESISTIVTY, Alpha = .05)
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(a) Normal probability plot of the effects for ITO
film resistivity.
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(b) Pareto plot of the effects for ITO film resistivity.

Fig. 3. Normal probability and pareto plot for ITO film
resistivity.
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Main Effects Plot (data means) for RESISTIVTY
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Interaction Plot (data means) for RESISTIVTY
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(b) Interaction polt for resistivity.

Fig. 4. Main effects and interaction plot for ITO film
resistivity.
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Main Effects Plot (data means) for Transmittance
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Interaction Plot (data means) for Transmittance
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Fig. 5. Main effects and interaction plot for ITO film

transmittance.
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