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SUMMARY

1. Title

Development of a coating process for a large area and the estimation of coating

properties

II. Object

Products such as solar cells, flat display panels, optoelectronic components and
thermally-insulating architectural glass have one thing in common: they need to
combine opposing material properties, namely optical transparency and metallic
conductivity, in order to produce spectrally-selective characteristics or transparent
electrodes.

In principle transparent conductive coatings can be either (i) a multi-layer arrangement
based on thin metal layers or (ii) a homogeneous coating based on transparent
conductive materials.

The magnetron sputtering of tin-doped indium oxide (In203:5n, indium tin oxide, ITO)
is one of the best-researched thin-layer processes. ITO layer systems that are both
transparent in the visible region of the spectrum and also electrically conductive play a
key role as transparent electrodes in every flat panel display (FPD).

Despite this highly developed existing ITO technology there is a strong need for
advanced coating processes and improved layer systems, in order to (i) achieve high
quality coating properties and (ii) reduce the high costs of conventionally produced
ITO layer systems.

This outline addresses both aspects. The starting point is the large area magnetron
sputtering of advanced ITO layer systems, an economical process for the high-speed

deposition of high-quality layer systems on glass substrate for flat panel displays.



M. Research Contents

Year Research Contents

e Development of a high qualities of ITO coating glass
- Transparency : over than 87%
Electrical conductivity : 102/ o
- Film thickness : 1600 A
- Surface roughness : 40A
- Development of deposition rate
o Analyses of ITO coating systems
- Analyses of coating layers by using the AFM, XRD and
photo-spectrometer

1st year
(2001)

o Development of a high qualities of ITO coating glass
- Transparency : over than 88%
- Electrical conductivity : 102/ o
- Film thickness : 1500 A
- Surface roughness : 30 A
- Development of deposition rate
o Analyses of ITO coating systems
- Analyses of coating layers by using the AFM, XRD and
photo-spectrometer — Establishment of production data

2nd year
(2002)

IV. Research Results

Research Contents Results

) - Transparency : 88%
o Development of the optimum ) o
- Electrical conductivity : 102/ o

processes of ITO coating on glass for . ) .
- Film thickness : 1500 A

FPD
- Surface roughness : 30A
> Development of a high deposition - Deposition rate : over than
rate of ITO film S00A /min

o Establishment of data for production | - Establishment of automatic process of

factors of ITO coatings a large area coating system

V. Applications of research results
Theses results will be supplied the fundamental data in order to produce the

high quality ITO coating glass in domestic industries.



CONTENTS

Chapter 1 Introduction

Chapter 2 Status of the Art for Development of TCO coating technology
2-1. Introduction
2-2. Status of the Art for Development of the Domestic and Foreign

technologies

Chapter 3 Research Contents and Results
3-1. Sputter Coating System
3-2. Results of the development for Coating Processes
3-2-1. Study on Pre-treatments
3-2-2. Study on Transparent Conductive Coating Films
3-2-3. Study on the Transparency and Conductivity
3-2-4. Study on Surface Roughness
3-2-5. Estimation of Film Properties
a. Adhesion Test
b. Steel Wool Test
c. Salt Spray Test
d. Humidity Test

Chapter 4  Achievement of R&D Goal and Contribution to the Other
Technologies
4-1. Achievement of R&D Goal
4-2. Contribution to the Other Technologies

4-2-1. Technical Contribution



4-2-2. Economical Contribution

Chapter 5  Application of the Results

5-1. Application Plan

Chapter 6 Infomation of Foreign Technologies

Chapter 7 References

Appendix



Hr

A1 AFETAY Ae

A 2 =TUel ZlehE ¥3

Ard A E

R

B

A3 A A7Esy e 3% 2%

Ald 2HE 18 A 2F

A28

1 A47 A7

0

wir

o~
;OO

K
1A
Wi

ZE Ao] A7

B
22!

1}, Steel Wool A&

off| 8} 7] =

gl

=
7

e

2%

A 5

A 28A 8

B

A

Al 6 & AN



A3 1 Aol A 103 o) ol
3 2 7ldsa g @
ohowl2e AxE g

A AAA

®
o
,.3
]
2
ol
e
ko
.y
N,
ol
=
of
2
E=
i)
oy

[EL I VA < =)
A o 3L N

=R AN)
rOl‘ ﬁ lO

X
1o
o
Hi
o
o
3
2
o
(i rlr
ok
|
30
rir
uz
o
2
R
K
“1—‘
2k
H!

ol
el

CRT Aol A oF 25%9 Al AF&S #x2 don, doze
FAME CRTZF AAst L e A1 %

o}t o]F LCDY Afol&E

g AastAl 2 Aol 4090
) PDPE A 7 ANA o] &&= d
Tt 3] HDTV W% Aldjel] 875+ 4090 % S 3 x
PDP7} #4% FHojw, HDTV W&o EAXoz wygd 200040 FxtalE=
Aol A Ha BAZA AF T 30%0l4, @ 20098 7E=2 Aidste= 7
He AAdEokeltt. a3 mz A AAdAM 71EH FHE

Zol BE o] HE g A4 Aol A L AFS
Aol A el =Rl AAEE 2r3r] M E 7093 A71Y iy PDPE At E
Ae dH L AaArls Y &R AFE] olFold Zavt dd.

PDP A4t 8] F 43} F50 Fa3 Y& AA}2 U= Ao] In-lined
w2 39 AXoelct. PDP, LCD, ELD 55
8 Glass Alz71&9 =4ste &5 ¢
° tejol X 53] PDPel 49 Mg
A g Eojo st vl O F

ol
A
g o

=

An)
g
P~
ox off ot
=
-

—

<

-

>,
AN

2

ﬁ: i

=u)

—

i

N

lo U

[o
—i‘-:-'
oft
fo
fuor

D)

. ol
)
e

P>
ol ko O e
rlo E

&
s
2

422 |y
i)

ok o
o2
)

SR
t
-3
of¥

& o
ot

<l

3

oL Hu
32
Noox
o

o Ry
3
=)
N
i
e
R
Al
o
lo
gv)
W)
av}
—)L
ol
oX
0

ko o 2

= e
Sl of ol

%
o8

2
Cl

to I oft SN

A Zlest el 44, & Throughput? =& Target Material
4 9= Plasma Cathode #AZ7]%9 #H7F Fa38 #7do] "o}
A= In-line® 28 AXE ZAsE7) ¢siA

=
2" FAY A8, BFE AR vle, A 7 FY
2 =
=2 (=]

>~ r‘{N' —\?—": =
X
wr
1o
L)
11
N
)
g
fo
_9"15
L
s
1)
ok
N
>
flo
v}
5
=8
o
=
2
B
=
D,
=
Q.
=
oo
o
oX

MU ogt
o

12 oq
tl

k]
e
o
sk
K
oft
o
oN)
w
w
1]
ox
2
o
4
9,
r

...10-.



N 2z el 7= o

N
—
2
X
¢

L rROR ox o el B
=z
5

opto-electronicsw-obe) e w} FHFH
] =olx 3 9}t Mochol® Litteleton %
e olg & AFAEd o8 F

A

o rl
oL
™ O

—

o

= [o e Bl |
A9 Fx 59 B4 Ao B3 AFE F8 T don, =3 Hlﬂé}ol y
Fohgol oA E2dd 4 gstdoz gAY €wekg sy Y A5AY
TE 7]&ol1 9t

D FRAT HEE PDPS 2o Buy FAad g A% w44, 24 &
A 5 2% AN o gH: gom Sn0y Os W Ty AT ozAuko]
styer F-el 3 2, Ad WAk Hgg gerle) desae R

(o3
Ny
fru

o oo

z
2
o

e

X,

2

Is]

1=

iz
o
o
—m
of
a3
J
1o
2
BN
o
flo
Lo
£
)
ol
s
&
e
i)
2
oE
oz
{ o
el
Hm
:im
£ e
)

ek 3t
A Awsd 2 SnCly, InCls, (CH2)2SnCly, Sn(CHaz)y, $2 E9 dE& ) s 7t
A7 Bgel A ES AT Aoz A &d T EH(Spray pyrolitic method of
solution) 2 33} & A (Chemical vapor deposition method; CVD) $o] o
(C:HisCVD)sIn 55 ol &3te TXHE Atk o a3 AHe Fzp=v CVDYS
e AFols 400C olste A9 AE sbEsiy B
8% s}y_i PDP& fre|7l&& Agste 49 4

Coldte] HeeEg

3

rg
oX
llo OH“
o
ol
N
fins
=
Anj
o
)
>,

2
:JID
:?l_i,
N
X
= > o
o mu gt
Jjm
Nogg
N O
Koo
39
RuA
dq 4%
o
Ha
roL
Mo 2o i

£
Q
I
o
m
5
.
©
[
%)
by

In:O3

¥2

)

g

&

T

v

=

e o

fil AE

N

[>

= y

0 1% T

2 ool g

ot

o
5 W
e
jom}
o
e
X
=
g)@» :

B>

NOHEMm
ﬂlmg
> 2

1 oo

i.?Lz.i[

E‘rlr_i‘

E—{ﬂﬁ

N

no i

o N £ g om

X
o
e
N
N,
Ir
ol
=)
£
I
rie
ro, o

WOQO3, MoOs;, WO, MoO;

A gow oleg 24w T
@7} PDPYl AHgHT e FHA

I to gl HE A E YR ofs] AFEIL e
M Iny03°0 SnO27t EEE o = ITO(Undum-tin-Oxide) 8ol o}, PDPoll Al&-5 &
ITOE o] B8 EMoges BEiE 86%0l4, AZ1A 150/[J0lsh T4 Tdd=
£7%0)8te] 548 2751 gon, HuPgA A4xee Eol7] fa HFAE
1500A 0] &}7} = ojof gtr},

_11_



tH, A9

[

J
=

A %

HE Fol M ¥

Eal

A7k

o
H

1

[84

ez 7lwatel Aelst U

A BE A71BAe Aol aA dEY

ofof

=

50mm ~ 100mm

L

o

}™ Step coverage’}

[

o)

o) 5
) oy
=

1

Z A Z]dAtelel A

fui
dol/7)@e| Aol wj& 13~15

w
eEF 40~60%
B & AL Eeld 1

77914
AstE sl wAel 17~23 ¥7k 9o o) A% B @l W@ 13

=]

5+

i

—

T

s

Wee A Z2AAD g0 vg g F3E %2 particled]

o

o EtA

[t

o] A48 :

2 o]do] A

]
o

H
q

A
.

s

% AzAAel ojur o

.]

x
(Y

!

[e]
f

J

%
~

of Zx

/z)\—

of &4
1

pm g

L

gl

1ol =71 of

=

A

[o)
Ll

_]

=
—
3

]

=13

olf Fo| wat o 712 HeE RF Glow HHAA Arc

Aok DC w1y

[e]
=

N
el

Ao LFIE Zoba 7idol

fobA o2

37 A A4e &

t}. Reactive Sputter 3<& 1TO9 Sputterol A

IEEETEE

3

3

} Charge upg ®e F7)o F3ste 59 il
- 12 -~

olzzgZ of3j

<)

Fed
A

)

Yol Mg o wat o8 71A Plasma A&, Al & Cu £A}

AHE

F

=
=2
L84

e A W ol2shg el sidAteld] &2 A A

==

ok
=
F

=
_'_o)
=
T

[
E‘__Z]‘_‘_:_.

q

Bi-polard =933
S

WA A} 7) A
ol 1Yl E



°] 1990 did#=

]

=
f

=z} o
e

200mmo) 2 &%

ok
o}

=

=

} 22} UBM(Unbalanced Magnetron Sputter) Z

9] Hauzer Techno Coating®l] <& #¢F 7ias n}

9ol

51

=59, B 7ieAtel o Ag

o 2y
= "1 3

]
=1
=2
=2

b

WY O of o W Er = W W L og BOF W A o T oW T W o T
F2HTSE o Baedd T Ty Sgww . 0w
Fom g R ey R e T Mg o T )
T iER Gz fEechzh ozl EEEE <0
‘mﬂ ~re Q \_ —_— 0 f E —_— ‘.h“ D
;cl ﬂW 1Ew.”| ‘LE of =) < % ME ‘ol_o o#a _H ,NE W ™ c_ CT m ) % ma
w20 T wE g BT ST R e
R o| Hu of XM oo B do m_ = T 5 or % o
U o = o w N RIS L ) N
wr o E_ Ot | 0 T ﬂ ‘Q ) o 3.1 O# x° —_ uAlL
G %ﬂ 5 B Moo < 7o T oy W i W W LW« <o M.M o
o e o S FEWG S DL TUR fb
o T &2 = B AR 8w g T oo P oo < N
- X 5 my e = R V| I 4] y oy
ot T e A+ od © - oy 2 ,w_. S P I =
Moo E 4 e o B B o S 2 = D W ow T/ =
—_ o] i ol S %6 B 9 B 9o <0 5 oA
T e R - B A i I .
A4 B0 3R ey = N ooy = g X oo DN o — o N oMo L
ErweF THe SxgREOTSML gL T
g - K~ o oy e AW 63
O B T o AR - i N B TR
H k)
mam@rﬂ%i %wwﬂ&ua%%%%qimaqm%uruo%
TR (S AR ® e R ops oo R
CUNNCS =X e R W — [ R e =5
TS T 4 ke T o mo W oo o B D T M KD E M WX
m_%ﬂwwm %\m.%%%ﬁm&ﬂwg@%x&ﬂ%mﬁﬂw
GEngoF BYayg s, _dNpITToalyr
T Iyt Frey tagaiPE5T o888 %7 4
e = I B " UL S M P SO T ¥ B N o~
of mw OE :.L Lo m.._‘ _MV < :ﬂ — A_l e_a U o e_a \_t - ﬂ_% KO _zT N
iy I~ = F - =0 ~N S & - o <0
i X ON e X = L. = S o K
w Mo T T w T3 g = w5 3 H e X s o o
R . QTR - U T g 47 M ¥
T d s g B NF D = R o PNT 5o oo g ®E Wy
w Ew P d DB e MG msk g oo
8 o X g ok F & T~ = 5 . T o U S|
—_ 2] X (i) B — OFE — OT ﬂ T = ~X o i [mEEENS -
[y ow w2 LR T = B oy by &
H AT g ® T S ®op I it g o T o
oo o 0o M R SR -l Il B i
= = =0 e al 0
C U _ 2_0 .:O Z_.O O._\_ X _u.b OO OM ~ 0/0 O E uu_l OM mMO ,Nn\_ \m.O WNIH i O_E \.mu ﬂ_.MO m_l R
AN T RToTMLRLIY T IETHAA T RM T E

- 13 -

I} Maintain &4

3]

<4

A

Particle™

O

T

71E

iy

kel

&



W
NJo

4r

Plasma Cathode A %7}

I FEoR Fst

=
2 9] Von ArdeneAl$t Fraunhofer &40t} d

Hey AZ Makeroll A A7 7]

2=

pe=8
=

o2

=

e
™

F
Hio
B!

ol
%

ol

0

"

i

b itk ITO

ul ol
=M

A ITO oA

x

Az 71&0] 9

ol
H

o] 875 Ut [Figlle <

7}

©] FraunhoferolX 73 9= ITO qhat

B ool ITO et

ube}o) )

ZnO:Al

T
.

of

-9} EL&

Ho

ATk

] A=

1)

3 el &

$57] 9

1022

1021

10*°

1019

g &
b
s 2
£ o
< E 1.
@ Q
- N
2% X x
2000
EE&S
® ®
b P
MR D
¢
&
L 4
*
L '_.... L L
- N ” v “
=) © -] (=]
- - -
[woys) d

1x10

n, [cm'3]

o] wst

Pt

@

ol w2 HA

o)
=

_14..



A3 & dmlged e 2 Z

o
N
NTH

1=

ol
=
olo
ox
)
[>
ol
o
bru
rr
<
a

=)

fo
ofo
oft
tlo
PN
rr
<
2

jes!
1)

s

4
o

®

il
>
ofo
o
R
£

[Fig. 2] h2ue} A28 2583 229

_15_



Aol A ALgEal e 2FHE gAY MPFxzoly [Fighls 1EFH FHIEA AH

=& gAsr s AR ./.:ﬂEi gAle] sZFzolty. [Fig4]d Balanced

£ Unbalanced Magnetron 23 E el olgt

gIAR o2 M 2HE YA FFAUAE S E}et
3

Se EAAE e WS FASA oz WYY 54T 23 &
le dolth 442 AFAE HHe B ATNM AT FA44Y A Fed
FHsE P olgel AN AAT LASRE P, AN FAE Azt Py,
A4 olgse P 5 Y A7 A & Yok [Figslal AN e
A 959 AMe 23 A $HAROLM BHAZBAIAY A A71E 1007+%
2 ol3tz BaAA B BRNARE Fohzvig WA FLEAA FEs olge

Ao EHNUAE FUA7IE FHold 2 4

< 4
oM B Aol et §Y HEE A/HAZE 79 Unbalanced Magnetron

-16—



A 29

to] 71& wbd nla] oF 30% ol FAHUSS U & £ ¢
Magnet
40
L H
1 ! 59y
1 1 o
I [}
[F5)
=2
95 |
[Fig. 4] 71& 29 gAY NHF=
Magnet
& 40
Cooling Cooling o] =
Water Water L
w
[—]
- ‘ A . » . V‘"Target
6100 19 0 25 | 19 (106 material
o : i 95 : i R

[Fig. 5] ¥ AFolM 8" =3E B A=

- 17 -



A+

2 (W/0), ol&d A(I0),

!

ITO

Z
olm

2
-

A

Z=

2 A 3
A&

A 5719
FHICHA) ] A
=8

H e
=
[¢]

X

[Fig.6]& 27 oA
o] &wl+o] 24 Assist

FAZ HEAZ

A

1000

=
=

7}
o}

=
=

)

]

R |

Ato]

3

HAE

27k2 H|S

ol
5

Jol e uhel 2

]t}. [Fig.6

7)4\0

—
T

O

&
To

fuge]

ol
E
T
w

—

[»}

A+
a\

FAEE A

°]

oj

B

R Ry

gl
b

a3

S HAEA

A2 s a4

—_—

ﬂ
Ul
ot

1A

9]

S

o= Eetg ZA)

T

2]

MH-ssoa)

IC+IA

IC

wio

[Fig.6] =g

-18 -



7w A shel

[e)

=

Nete] 3

i

-

st} AlHel AFAG7E BAEIAA

S

S ZA

o)

Ion Beam

[Fig.7} Wetting Angle( Accel. Energy: 1Kev)
- 19 -

N SRy = NOR ok T X
SaCESSLE EITCSs
o o) - o nnm T ow N o 5
®o W % AT o WK = W oo T 0
,z_ﬁ o) Z.* .i o m.\.. G N w
& T W TOE N 2P
SPEEER TS SN §-
of o ¥ om W . T o o %
nos o wt = [ 4 T e A P Y
Kk D ~ B o g4 15 I S S
s T o RN EIE Ry
o % o ) Wﬁ L e G M )
A N < = J
W owme Do %2 E mﬂw =
I R e e &
70 - e . S Mo ~— M mu o o M nm.
T — p— U* Ur_u ~ _l T¢ =] .
A _.5 o] X ot EE ‘Mﬂ e — —— Jl_nﬂ ﬂmb - o
" D a2 B X % o g & -
e aﬂiq%#aﬁ_mﬂ S 2 =
o oy A <0
= b mO _ " B mL. WS ® o N .m ) ) -
N L 4T Mgy e e | E " 2
%%_z_o,mc&aaurwﬂa. ST R o =
o NN T N I I & £ i
.mw ey ]J| Z_o 0 0 0 Aqr = w
FT NI AR L m e Tl | -
0O —_ — )
TR XY g 2T TR 3
a —— ~ ~ el <
ﬂ%ﬁg__,_#@owﬂ%m%%wwlwa s
S - A \;
7 il X © —
i z_m oy =L - off = T T o ) % Wﬁ_ i :
LAV B A B
u.m/o of B T o do ol " Mo. TR E oy mn_ o 313uy yrIU0
G w o ol R W oo TR0 IPUY 12800
I S~ ﬂWHHoT%Tid
[ WX — !
®F Wk Ry T K 5
o)l . R o) ~ 7 O
TEoR xR O EETN g gl
GO S VI - e I N - By s noE
WE W R MW P < w Ao NK



717 Bof did FEFEZL AL doA X" Fetxy g9 335/ 0.02
mlE Z+7z+ 378 "ojredl & Contact Angle Micrometer (Goniometer, Model G-1,
ELMA Inc)E ©]&3le =4 F FFFS Aok ol Wlo] 2AHA e 7|
A Ao ANz Eo i HEZ4L 7809, oj2& ol ®oz ®W NEA
5x10" Ar+ ions/cm? ZAtgkol N HZzho] 51°8 7Aasdtgon, o] M Fo] 5x10'°
Art jons/em’ o) =D 3 w7l Ankd AsteE RolA Ugkth EI A ol
Moz ¥d /A4 5x10"° O+ ions/cm’ 1/\}%}01]/\1 H&Ezbo] 24°8 7}AFIYoH,
ol@Mako] 5x10" O+ ions/cm® o] ALE 23]8] HZZo] F71aAth

ol¢} 2o Wizl o]2e] XAl &% BWAH Fe W AR Wald 7|dF
o AR, o] Wl zAlZ st} ZelxE y|BBH| A4 E Free Radical
o] BWlo] 54 H&7IE MASA Hoz HF7bo] Aopxl Aojt.

[Fig8]2 ol29 ouyx Wzl me HEHzte wgs rRgFn o o o
doseZFe 5x 10° Ar ions/Cm’@ o 7}&o A& 1500eV7A] HE& F3TA
t}. 181} 200eV o] 3 9] Wetting Angle® 45% HFEZ Yrolx o} 1250eVol/gal
HNe Hzz A 258 AL 2ozt lon Beamo 2 EHA Al Ione

Energy B the Jond] dose@ol] AulE W Aoz gt [Fig 9 24L9
HEZL Z2He ARozZA ol Ao o9& HEzo] FAH3] FolEL UTS
BojFoh o] AMdL lon SourceE: 53 Fehxd #Wel AL Frhe tiFE

Polymerol A & 7}5%4 ondicia &

4
3

Wetting Angle

—&— Ar [on(PC)
—&— Ar [on(PMMA)

Wetting Angle

0 250 500 750 1000 1250 1500
Ion Beam Energy

[Fig.8] Ion Energy W3lo] W& HZ7zh ®gt

- 20 -



1
=L

B A=A

-

ol

A %3+ Indium-tin-oxideo]

BE

Sputtering ¥ ol

Tablelo] RA1€ ups} 2.

- 21 -



Table 1. Experimental condition of deposition for ITO

Coating material Process Parameter
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SUMMARY

1. Title :

Development of industrial application processes for a large area coating
system

2. Object

PDP Makers are racing to make additional progress in excellent-efficiency display
panels, reduced power consumption, cost reductions in process and equipment,
and yield. It is quite difficult for PDPs to make progress in the home use
market at their present high price structure. Analysts estimate that demand will
have to increase rapidly before units reach the price range of at least US$3,500
to US$4,000 per set. Nowadays, Japanese suppliers produce most of the materials
for manufacturing PDPs. To increase the scale of the PDP market, it is necessary
for parts and material makers to develop low-cost products. And every PDP
manufacturers requires the development of PDP manufacturing equipment that
will guarantee cost competitiveness. For instance, the development of a large
area coating equipment can be contributed to reduce the cost and increase the
quality of PDPs.

Therefore in this study, we were focusing to develop a high efficient coating
equipment for 70" PDPs and to obtain the optimized coating processes such as
the control of particle contaminations, the improvements of conductivity, and

transparency of coating layers,
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. Research Contents and Goals

Goals Contents
Industrialization of - Development of a coating equipment for producing
the glass coating a large area coated glass
equipment for - Development of a pre-treatment by using ion
producing 70" PDP beam gun and atmospheric pressure plasma

- Development of a plasma source for the high

Industrializationof rate deposition

the coating process - Development of a coating process

for obtainung the - Study on optimizing the coating processes for
high quality 70" glass

transparent conductive - Establishment of the process control factors
oxide films for ITO coatings on 70" glass

. Results and application

- Development of a large area sputter coating system for 70" PDP devices

- Establishment of the industrialization of a manufacturing equipment for
coating systems

- Establishment of producing capacities of a coating glass for display
devices
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