





FO
12
Sl

L A% : 384 AF SAFES] =edd R IYL AT 1
2. 4777 : 2010. 1. 1 ~ 2010. 11. 30

3.9 F A : AFAYA o F &
FEATY o U ¥
FEATE A A o

4. 9734 2 924

b} @A AFTRAIL FrheEA
A&, 13, FFoA AP, P23
FFol A A3AF L ITO 5 F44 UF 3H3E9] AHgo]
g we 22 =& b A
AF} A AzE A
B A7E 2030 24 FEA AF RES =E34Y 2 BdS
EE37) A% 472 14 dEal 3 =
7 1% A1BATFE FA%2A s, IAAE AT FAA

243 a
ARZEE et Aok AA, OF 2 984 AE 539, HF 2
FERFE IR BA, IF 2 984 AFe) AFTITY 8L



5. 79y
AEY F&-¢ A AF F5E £7FFZ =2 HS Codert 20024
of HARHA o]F FFFIYPI £ 9 ARE FAHA= U A

o

AT AdE AA, AEAR A4, =4, A3

w B ITO target A= 44, AA, LCD, LED, #ete] FA 2] (CIGS) &
9] ITO target= °]-§% ¥etdF Az 44, YA, 4sdF 2 ITO
1

target AZFA A A &2A], 3 ITO target 5= °] 823 AdF
ARG o MY AFFLE o] ZASIG L 7 A ZATY
] ZASE=

e BAZAE AN F, 4 P A9 FER A4
T

¥ 2 5}"3’3«1 SA- A FHdeE dE S AEARNA
WAEE F 2 ITO £3lo] SA A =3 oA ARS8l d=
SA-EPEE V122 39 fEZ#ESH=n E3El(Inductively
coupled plasma, ICP)¢} F524%=e=nl AZEA7](Inductively coupled
plasma-mass spectrometry, ICP-MS)E ¥4 E XA st FA -4
W& AXELA g

A APL ulo]lmaR o] Bgl(Microwave digestion system), 7}€ %
(Hot plate), S9&EZ5 A £3]Ax](Graphite block digestion system or



= oy B
Ho oMY T =
T TEEEE yRlEEC
a = T 2Ty T OROR °
a7 o}y o ! o) ﬂ_ﬁ_c % Fﬂ w_Ao "2 o °
CI R wow e Y e
XA N E“_ﬂol,_ﬂl o,& n_AlxMu
Y ﬂ.loh_,_mu ﬁﬂ.ﬁﬂz_oﬁ
Eoom TR %ﬁi%ﬁm
) —_— °
W.m ! ‘mw._WﬂWIA.Uh .;M,IE.N Wﬁ
R Lt s FRIAYE
= 5 A deE LT3
oy FH T Ty N hz =
E_E 1-./! Z.E T _z_l = E._ 3 ~o qi —_ & = .Cl
i > I T = Lx_oﬂﬂlo_n_a
< [ ._nM‘_A»i ROu }O‘_Wuz.*%_ﬂa
To oK N oF A N & o "W i
- x K R o — R
R pELee W T ELRT
- o M_.%%mmo_LW ,_,_Eub;,oaa
R LEIEl EFEdaLE
woomow e EE M w®
o 2RTTAT Coxxa R
— T T TE = A e
= B A N o &
oy R R T TR By
ol T A
= i) ‘.ﬂ E_E ._ﬂyl e~ ﬂ_nl 2_.* “_MM ﬂr»o A U
O O S T LT EA
N s B DR g L BET
§ L = o e i uﬂaurﬂ]a
TEEY G - T o IR -
= W K oW o B %iiiom
oy b o T o S > X 3 U -
g = o . W TTE OBX LT xS
EH T e ¥ o LTS 22N 7 &S
T o o R Mo R MR T

Az

}

9
v

G B P

(]

H7HE AA

ol AUE

2]
<

Hd 4.39%% wge g FHris Q).

T
LY

Hs}

H

EREELH

ANog AzH ANEE ICPE ¥

ITO target 3},

O~ L
_r-

=

wu)
] WA 1% w)gk, ICP/MS

<7
3ol

=



ITO B2gadoz zzd AEE ICPIA 1% ulwk. ICP/MSA:E 34
5.09% =% B7}s 9}

AgE FJr1E 93 23§ 243
A 4, idg vy, SAES !
08.9%°] 3¢ AFE dgon ICP/MS vHH-L 88.1% o]Ao| gt}

AdEF = IT0Y T2A =E47ts SdHEe &4 9= ICP =&
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ARG 5 AE o] B Ao i ICPE o83l #4383, sputter
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OS2 AEHE dEasH R e, 3) BEA Tl AMEEHE AdusdE
ojth. w3t gE 2= In(CHy)s, In(CoHs)s, In(CeHs)z¥ 22 LA 8+,
InClg, In(OH), In(NOq)q, A1 HF A& (InoOs, InoO, InO), InPO,, InS; &
o] glom CIFEAINEL ITO targete] FLIAEEZ AR FHT o] 9o =
Ll ﬂ A E 24 InSb, InAs, InP 5o] AFEH 1 YN 5347 EH
2007. gh=rAb BoA ] 2~ 2011).

AA AAASRE QAFY F AEFES HaEd 8§ I E AxF&E
= ITO AxFEo=z ol59 a7l AA Adu5ad of 81%E AHA
st, 1 ¢ &%, compound, ¥FEA So] oF 10%ZE A& JrH 1Y
1-1). 53] ITO target Alx F9o 8H]52 LCD, LED, dee] &7
s Atdol AAsHA 1 FaFS FUME Aom AdEHI gl

S8t 5, 2007). oleld FoF el wEl A A AAFE 20114
74 AN EAAHAI B E S A s dEY HAA SR yA
UTHA A B A F-, 2011).
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AzHRom, oA duEH FAHeo HEFE AR HiuHI 9

o] % FdTol 4% TAS 304 EANAME Fde TAdol LAY
Ao g HiEi QUHNTP, 2009). W= NIOSH®| Cummings= ITO®}
OE HFETAAA ZF3 29 ZE2A A AA FE ¥ =(Pulmonary

Alveolar Proteinosis, PAP)o] A&t ttal Haistd o, dE2 Aol
ko] Omae wow H(74), v=@24d), Tx5011)Y ITO ==
A Al WEAISE H 3 S AlElE Z2ASEY] ITO 9 Qlgo= whAsh
#H 43S “Indium Lung”2} ™8 8} % tH(Cummings, 2010. Omae, 2011).
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ol A~ZA3ste] ITO target= Xﬂ]Z:f?}E}. = ITO target AZHFA= 4
AL (F), SdT5HF), deiliAl so] dom, Ao g
HARD S ]Xa 5, PlrolaEo] At Sdx]XaE, n2kolasgS ZA

?:13}04 ITO 7F¥ % back plate] ITO targetS 7 g3}
AR PR ARG FUlel Al ITO targets 791 3He]
back plate®} A% 3}04 ) star gl

ITO target AlZFAE= AFaEHS Al 7M1 A2Z FYst] AL
A Il AEFAREY Y, A dE, T S oETE

sk 9l
T4, AA A ITO target, 23}2lEF % ITO target ?ﬂ]Z:FJr@QJ 2]
s= U7 AAGAAA AVt FEE Qs SN BHE

ITO W E 58S 374 sputtering &HY Adx W((Energy
T 7HA WS o] &Skl feld, ZE 3 7] ¥(wafer)ol

ITOE ZZAZ F2AF% PET 28 Solle ol22(Ar) Ze=ntE
S AFE5hY, W tho]l 2 =(Light emitting diode,

o] &3t sputter &4
= A= oy A W FH(IE 2-1)S AFEE)

LED) 7139 ITO=
Sputter W& FAHo| A ol Zgt=ntet ITO targete] ZE=9
ol&] ITO o] EA7F WEHa, WEH ITO o] 2&A7t freldd S2H &
ottt ITO ol &A7F freldel] F2helA] K35t ITO targeto =
sEoket ITO targetel F-2F&H WA=
T U] AEE Ad vt a9
oA H "o FAH oA ol x W ITO targeto] =3}
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ITO ol2&A7F WEHia, WEE ITO o247t 7o FHH+=
W ol

Sputter W41& ZA F /FAE v 4 vk ITO target¥ frel7t
FAoZ AHAAE sputter(y 2-2)9F FHOZ AHXH sputter(1H

2-3)2 AEFS At o 4 H S sputter Aol FEl 3 Y

Hol Zgete WA eRE TV, HFEY BEYUYH S ol&¥i glom,
T3 WL oy Ao e fEE EHE Fd olsAlIH FTERSE
o g FUES el TSk AFEsta At 4 HHe 59
W R H) 7y avkelw) AlEe] AV An, AUEE sk 2
AH&E T PET(Polyester) 25 59 &2 Al dFol ITOE

SHAANZD U= 3 FHORE ITOE SFANTHE 2-4).

= < LCD, LED, ful& 5 txZde] Ad dut
o ;] AF&F iR At} ITO targets ©]&€3F ITO S22 2ol 543
2L 7)ol whel thE A dubd o2 ITO targete] oF 30%WHS A&
=% ITO target AZARE AlFS dFa dom, oF 70%9 ¥ ITO
target> A ZAIZ RUAY A ZAFE A AALGAZ B JE55
o2 A A W FHAAE sputter 3HI FAIA 2F 30%9]
ITO targetWhS AR-E-3htt,

I[TOE Z23= U UEAQ 7|dozs Admudo] AZgo)(F),
A AZF), AALED(F), AHASDI(F), LGUAZdol(F) 5¢] t7]1¢do]
gom FA7|Ye AVE, EAE AAEREY g7 AIgES FHow

deal BrEe] 9
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1o wg g2 WS AAs e o SAWH
ID-121-2 hot plate$} A4FS o] &3l A& AAS & AAFH3F
o]

(Atomic Absorption Spectrometer, AAS)E

~

i 9l o™, NIOSH method 7303 -2 hot blockollA] 4tz dAito =z
A5E AAYS T fFrAdtEtEvl 233 %= A(Inductively  coupled
plasma, ICP)Z #A3sl=% 3lal o, HSE MDHS 99 HH L nfo|a =2
o]B 3} A=A 2] &H] (Microwave digestion system)ol] ZAF A2b EAFS
EFete] A F ICP= EAe== skal vk EIFF o] WRES
¥ 9Y=4d JUE A8 AAE BHS ofyal o8] TR a5EES
Astr] 918 Rt HrpEolth. o] FAmFAA wiHE
2 B E 9% ITO A= A #g 7lel=aklaAs 554
oz ITO EAS AFHs] Fez2gzeizvt  ZEdE47|(Inductively

_

coupled plasma—mass spectrometry, ICP-MS)Z #A1sl= v -S A A &1aL
Rovt AlEAHY EAY #EE A AEe AAEA FRATHEA
wBA, 2011)
B AFoAM = ZF 7ol AAEL = BN S s AT
o

A APz ARE POR UF B4

=1 REA 1 O p I8 y
A2 A E AHacid) 2 AAY ARE dA Y gy A, EA ] e
AEFEEA R BAEATA AA, AAE BRe Age 3 AEE 24 S
= &3 ATEAEES Ngeaat g

D AEAH wA 2 247

(1) A3
OSHA, NIOSH, HSE®] 34 -ZA] W o A]
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olFES =A% Yal AFAEE mixed cellulose ester membrane(Z
7Z:3Tmm, 3 =:0.8um, Millipore, USA)E AF&3taL gt} & Ao =
5T olye) Akl E ¥ ITO #3192 213 wixl= MCE oA =

(2) ANEAAY A £ AAY &

MCE o 3]l A3 d A5, A3kelH 2 ITO A= AAgE
e Arle Ul AR APdA Y AdE aeste] Al 7HA e ARE
ARsd. g Fuls AA, vlolazgolBa  3]3t7](Microwave
digestion system, CEM, USA), =4, 7F<4¥(Hot plate, 2133
Korea), A A, AL 2 E3)%X](Graphite block digestion system or
Hot block, ODLAB, Korea)o|tH(ZL& 5).

du H I EEE 4 A &4 A Aot a5 3=
Ao met Aot JdF 5459 AAHEE FAHNitric acid A.C.S
reagent 70%, Sigma-Aldrich, USA)S Alg3le £ ZAI3E Ao}
AbskelE R OITOE wideo® A dH] AFZA3 AdAs Ak
G A e, Ak *O“E*HQ ATH LR 6). 2 AFollA= vlo] A= o]
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a3 2-6. ITO EXA|E(



(Standard solution)

FT8A2S AR UE F 7HAE AR
g 1,000pug/mle] EFEE&AE Fufste] ARE-
ston I g2 FFEHE Alfa Aesar(USA)ALIA ERHE o] #
FA5EZ2 Fgsl= ITO(Vacuum deposition grade, 99.99%(Metal
basis) & @Aitell dABFS &HrZ 5 Mt ALEEATE HF &

Mol AF =T 1,060ue/meo] AT,

&
i
A
>
b

duE EAS X}tﬁﬁ =AAAS), FrEdgdEehzrt 233=A

ICP) 3 freZddEdt=v-dA A 7(ICP-MS)® 4 o] 7lsatrt 359

A A F 2 AFelA= ICP(Varian, Australia)$t ICP-MS(Bruker,
_]

Az Agste] BAMPES AlASaA ) B
Aulol ] AAFFFEAT A AL P AW S BA
7Vedt AZESHAI(OSHA @ 0.1pg/me)7F =7 wiolth ITO A= AFE ]
FEom LEAL wEH] R 945D

.
o -
TAE A =F H7bel FARAsith. ICP(NIOSH : 0.015¢8/ml,

=
2!
=
=N
g =
iy
iz
>

HSE : 0.01pg/mb)= AFEadH<s ol&ste AkslE A=, ITO target
Az A4 2 F ITO targeto| vt S8 AE o] &3to] AFS A=
Ab Ao A Abgo] 7hed Ao R FuHEh o] ITO targetS ©]-&3)

ol ITO 5&& 33+ LCD, LED, Bt e A 59 AL AolA =
ICP-MS7F A¢d Aoz dAddn. d&o w=aFAdodr 2y
ITO H= AHFEY #g 7tel=gla = ITOS #Ed e 2ol
Al ICP-MSE °] &3 B7HE 3t 2011).

ki
Jfu
ol
=
22
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>



]

3) HETA R A FEA

ICPe} ICP-MSE o]&3t g A4 7&E3H= method detection
limit(MDL) ®¥H o2 3713t} Instrument detection limit(LLDL) X.t}
2 ~ 3 =& FEFFY ARE A Xt 73] HwHE BEA3o] FEHAE

T3 & A 99% A FF7Ee] T value 9l 3.14(n=7)E &3l

MDL =5 X (t—value) «---eoeeeeemeereneen (A 1)
MDL = method detection limit
s = sample standard deviation
t-value = 3.143(n=7)

LOQ: MDL X 10 v (2 2)
LOQ = limit of quantification
MDL = method detection limit

4) BA 34 o] A% (precision of analytical procedure)

AF BARAY AdEs AT AY diEFE oz dojx = &4
kel E3dhH o]l A4 ((pooled coefficiency of variation)® 2 A a1 th(A]
3). ICP9 AHAHEEE= dF ==7] 01lmg/molA 720¢ AHAE AlZAFHA
FR(F 72u2)9 0.1 ~ 1H] AtolelA AA skt 3/ FLEgFo) A

Z}-
7t 63 w8 ZAeigen] v Ad wel Aums Brlssh
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ICP-MS¢ AdEE= g9 =75+ 001 mg/me= ICPe 43t
A 87tk

CV = E&Wol A4 (pooled coefficiency of variation)
CV = ZTHAY A, WAool

fi = AFEAET - 1)

i=Fhers

98t Hrle 39S (recovery test)S 7FHAlal Hrbsiiow 1 7
OSHACI A A Alsk= ol wel S=astdv. ICPY Ao=e dF
=71 0lmg/moll Al 720¢ A= A SAHAA F=(F 72u9)9] 01 ~ 19
Abol el Al A AlEEH o) ICP-MSe] Hg e+ AF9] 71+S 001 ng/m'e
E:

2 ko] ICPSH S UsA Brhsth 4 wA

[e)

MN
-

Lo

Hﬂéi 37H ) it—r—roﬂ

A 7y =edEE 6719 HI7MA E(spiked sample)E WFEglom, o] & &
A A2oA Wxs &= ZAAT. IJTE&ES Fohv 342 U
Fdgus

3] =& (recovery test, %) = (F4=/H 7)) X 100
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AE PA oA ITO target A=

=
H
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olo

"

Zeo] 2,

At = dE ARE AR A, ITO A=Y, H=

(e}
A

7} A QuH(2¥ 3-18).

TS
ol A 2]

AQgE meotedo] f

1
) .

5

dEe A

s
A

}-

1.9 NikkoAF<}

o)t

3 ek = Ao JESeAe ITO

3|

= ITO Ax AP Ao )

A=Sye]
=

o #9974

1 =R At

Z

Az

il

o)/

0

A Fid

Hl ARE-E 1A, ITO 44

s

ITOE A4t

= o
H =

ol

g4 dehew Ay

target FE|Z A x5 o] LCD, OLED, PDP

t}. Display ¢
¥ H targetS ITO Az Aol A

10%+ =3 3(&

ok
ol

el

—
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o

9] display

p=12
[}

. ITO=

51_

bof Abg

ALE-3

=
o=

302
Fol Az AoNA FAE =3
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ITO target

1
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p=1
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[e)
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S AZGANA T a9 oF 40%E FTFEL JoH, 60%= Ui
FANA ITOE L& et oA Fdstd Tl v =F# oAkl
saotl e Ao Husy v a2y =ul ITO AxJA7E 24
FA S olFo] 20119 HAE Sl wele] H&o] 70 tf 309
TEZ ITO targets w53 & ASZ FALEITH
U ITO AiteFo] Azb oF 7002 AS 7eotstd yas
So A AFgEI A 9 ITO targetS A7F oF 950%E HALx= AT
T AT 9B0E T AHA #AY T A8EHe= ITOY 4 AA =+
30%S AH&37] wjiEo] AAZE oF 300E0] AFEETW YuA 70%9
Gt 650= AFB| AL A 3]Gt} H2RolgE 5 Y
FTHFAA= 3FE ITO targetS L¥E = gt A A&
3 gdor oA AAEE AFES ITO targetdt 2F3kolE 2 ITO A
At el £ A Y & dete] of 0= R FA S Ut

[ Overseas ] [ Japan ] [ China [ Others country ]

[ Domestic ] ‘ ITO Target \ ‘ Display \
—>

=3 NS /%
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Indium Metal
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B
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e 2

]

oledo] }sfoled(ZnS)e] FEl= A H ] or

o) weEol Phslol Atk ok Pl A

°F 0.025%7F = ot

[] o} 3 (Copper in concentrate)
] ¥ % (Roasters)

Hlo
sl

b

0

23}
5

=
=

[e)

T

[e)

ot

A 71 &F3Fobed (ZnS)

olA(ZnO) FEi7F HH, F(S)2 o1hstsH(SOz) &= Hi

i

o] 2t 3} 2H(S0s)

H =

.

=
(HSOn o2 35381 ALS

[ Z/A M (Leaching/Purification)

|

7

¥ 3tol

=
-

o
=

2H(H2S04)

(¢}

Zkstobd (ZnO)ol

4& AR
kol (ZnSOy) B4 o=

Ho

vl &~
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°F 5-10g/Le] 1E°]

1

H-8 HN(Indium solution)

S (cake)® WHEA Hr}
(H2SO4 base)el

s

A

ol

=

113 9
Z(Solvent Extraction)

o olu A1E§
ot

PR

=

L
.
e

Y
=

O &

o

w
]

Q3

=z E
= T

o EA &1j(solvent)

bol g

3|

o]
H

=
-

[e]

FHHCD S

A
jul

H o]

=

o

&

Eipl

4

ol H5—8 v (solvent) =

To-

i
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589
°F 70-100g/Le] AF°]

|

o
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(solvent) ¢} QNHFS F A7

Atk

o]

=

j

1
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=
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J

£

(HCI base)el|

=

ol

TH JdFEE
=3
[] %] & (Substituent)
Ol 5N (HCI base)dl

Ol HF & HN(HCI base)l

- 3
] A Al (Refining)
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E]
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[e)
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=

Cathode =

o] Anode°l| 4] CathodeZ ©]%A]Z

) .

5

2t base?] &dE& ALE
[e)

-

af)

A3
=
H

|

(e}
R84

FH(+)
bol

©

=

=

fl (Electrolysis,

Anode
gz
[ ] Cathode

9

=
H

|

O 7]+
-9l

B

i

o

=
H

|

sol ¢

=

Cathode ol A

Fo}

9 §F4L=(156T) By =2 °F 210T

|

(e}
R84

S HA7|ZA Ingot FEH=

=
H

|

#
2o 2E =
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T
ol Ades 73
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L - )

) 2F38}Q1E (Indium oxide) A|ZE 2 ITO target Ax

LCD, LED selA #2 Ee Fgt2E dFd ITOE 341717
Aaie 2 T4 EAo = ITO targete] A|ZFHoloF 3l ITO
target> Ak}l H (Indium oxide) ¥ 2F3F21(Tin oxide)S &3] A4S
Z&) AxstA "l ITO target AZGA N E= A Ee Eda4ds
3l AA Alxzste] ARESEaL o, AFStFA S Alx e TS Fl

il

- Aake] EolglE WS Z(HE)d AF(Indium metal) S £-3)

[] %4 (Precipitation)

- F S0l A WS R In(NOy)E Z=54=(DI water)9} 9o}
(NH)7F &9 Hgx2=2 o]F3te] In(NO3)E In(OH)s=
wE= FAoIth olul In(OH)s= H Ay ol & 3| 4=3kc)

] A" (Washing)

3" In(OHsE &5 ol&stol FAaAolA Holsd=



0f0
0x
re
mn
lob
oo
MHO
1o
H
T
nx
o
e
e
o
ol=
©
re
-
~

(2) ITO target A

} 4~ (Calcination)

Rl 5% AT

A Z(Drying)
- A" In(OHiE dx=2oA 100T o4 &X' x5}

TS AATH.

-+ AL2(8007C) 9 stA=Eel In(OH)zE %al 7FEste] In(OH)szel
i}

ofi W] AN EE ARE AADT

2o )
aZo|A OH7I7F AAEM HF AEA 2FSFQIHE (Inp0s) ]

by
of
o2l

] &3t/+ 2l (Mixing/Milling)
- AFsERlE H(In0s) ¢ AFEF41(Sn0:) 91= Ejtete] dA &
2712 ZHT F =5 €o] EFIH
% AT B4 weh 955 991 5 et ARsta 9l
[] AZ(Spray Drying)

- ARERIEI s S Sk A ARRRE RS AEH

CiEe] AA"E AElEd s A sd=2 AloadH e

T

gkt

y
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D

[1 A3 1xHCold pressing)

- AZFAHAA e AolaE ZYAE o] &35l oA

ol 2 =] ¥ g
[1 A38 2xHCold Isostatic pressing)

12 AE S S wrEAX AlolaE ek, - el A
Y aw AP old AFe Ar]= dAvlA e gl whef
1A 24 Az

[] Sintering(&4)

- AE 23l A wEO X AFS AFEREANA a(eF 1,500~
L600C)ell A 7ha st =
= Aol

AANZEE F 17U (eF 1400413 &<F 7Fd g
/<At (Machining)
AL T3 WER ITO targete A%< dH, 27 5&
Hate] 71AA Tk s g
[] A2 Bonding)
- ITO target= back plate(-s¥, EElH 39} Zdets #AHC=

AGAE AFEFES AT

T O UH ua T =

k>

1 7F

o

b

=~

- 91FS ITO targety} back plate Abololl Wi AF<] §§HHT}
2 25 2500)= 7Hd F 228 gs Wy ez ITO
target¥} back plateE =3t}

[] <3 #H A Ultrasonic Inspection)

AFE3 dol 2535 o] &3t ITO target FHBF7He
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D

3) IdA fg2EF o] (Liquid crystal display, LCD)

TFT-LCD #l¥d¢ TFT(Thin film transistor) #|Z3&7, Color
filter(CF) A|Z&4, Cell AlZ&4 1831 Module AZ342 47 34L&
ol AFo]l AdtdEnh TFT 343 CFeAds AX + /M9 #FeE 7HA L
cell A4 1719 s do] wtEoixa, e 345 AXA =W A5
EYHY TV S o7+ TFT-LCD g 1%g0o] &Y. ITO+=
SHTAANANE AHEEHE ddS B4 T 3 TFE AFEEHIL o
TFT AZ349 8tad=(Pixel electrode) ¥4 CF #AzFA 2 ITO%

Z3 BN AHE B

i

(1) TFT(Thin film transistor, &% EAXN2H) AZFA

724 AFE FAste FHoE M 7] 2ol HW

13 3-4. Thin film transistor =X Z3H/=



- TFT pattern &%
gL v skl
A= HE A4S Ay | AXA "o 4 Y egelA s
SAANES THE 7
<227 ITO #xlo =%2 7FsAde] de 82 FHATBo=
sputter W-o] A X9 ITO targets 2337 ]k uf ITO =3

A<
2 5 3

[ < 2ZHDeposition)

e o HFASEATO ) Al EXshe 3402
sputterE ©]-&3e] F23t}. RF powertt DC powerell 2] &
B8 Zg=vt W =2 oUYAE 7HA = 7ol 2 (Ar)9]
target(ITO 5)3 F&=3te] 523t} sk target YA=©]
Fojuet frejvt 7)ol S3E T

- wEARY AE ol=2 ZEEuE o] &3 sputtering WA S
o]-&ste] F2A7IAL RE=AY AA9e] A -ol= PECVD
WA o] &3kt

- Sputter= AHAIFES] B wEl AEFS FHoE MY F
Zhsk= WOl sputterét AlES FHEOE ¥ oE
ZZ3F= sputters Ab-g3kt}

- TFT dAlA ITO =4 + U= X2 SFETAHAA
t}. sputter’} &9 FTol= AFHFHE FA8L o] AFI

EE2E gE52 ul§ o ITO target A, GH| 2 SollA

Jz
mo

= AdAE el =22 7hFede AL vk 3 ol
sputter W SAES AAT ¢ A Hojdou A
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FAN A L} [TOZF ] Ho] =234 Halx
Holdls 4 7] wEelth
1 A A (Cleaning)
- sZe] B fEW A o)EHE AAg
[] PR=Z ¥ (PR Coating)

- Mol B frEld 9o #3EZ (Photo register)Z ¥ H

gyste FAolth olul FH e Aol Mol
S BBAL Aew

[1 =33 (Exposure)

sputter W +4-9l|

olo mfc;

sk

=

- PRE® O] Bt Fod ol via=a dEe H9] Al =

A7 Aol
a7

[1 &’ (Develop)
=38 fFEE A4 HY rtaa deHesw il
EEE FES ofaiA 1, WA & S PRI AHE
FrA A H ot

= FHNN AL wEHA B PR AT T Ue
A

A

T2 2 ZF(Wet Etching)S AFE-3Fa, ¥ <}
21 Z+(Dry Etching)S AF-&3ht},
[ ] PR¥g] (Photo register Strip)

-9 PRE &AlE o] &3to] AAs= sAH T

] A AHInspection)

- 2H $E F ool #TE F

1]

i
_l (
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(& = |»( 4 3 | mag o = 2 |o 8 ¢« |
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| 2 & | mua e 4 =z |

e /

g 3-5. TFT N ZEF739] pattern 3=

(2) Color filter(CF) AZFA

TFT-LCD+= PDPY OLEDAH 7p A Ax2 wbgshs Zlo] of
Yzl back lightoll Al Yo+ 443t 2& 7 A e o
Zdste] gl WrE 2dIdT. WgolE A= WA FolER
Hlds WEAA Yo e HEsAR A 7] 913 R(Red),
G(Green), B(Blue)E W&7] 93] CFe 9&o] Foslth. CF= TFT
gd o] Aol X8t TFT A= e T4 Aadrt. CF
e A AFEoE FREXIY AA CF 7|3 s Fdste
Color filter pattern, &4 Red, Green, Blue Cell Ato]9] &3} 3 =t
&S F= black matrix, AA oA Aol HSIVIE A% &5 A=

(ITO ®te) o= FAH Aok FEX7E ITO #3ldd =Fd 7Hs A o

F
o
-

M o
N

Ji= FHLE FFFHOE sputter HF AAE ITO targetsS 3t
stAY el o ITOd =549 4+ 9
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Blue Red Black Green ITO

Matrix

1= 3-6. Color filtero] =

4 )

[ 2 = ]»[BlackMatrix]-)[ Red |=| Green |

Pattern A Pattern B Pattern B

Pattern B

[ ITO ] @ [ Blue ]

Pattern A

% o

1= 3-7. Color filter J= IHT
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- Black matrix(Pattern A) &9 &4
Color filter®] Red, Green, Blue 3|®¥ A}olo] $1Xx35}H pixel
electrode”’} @A H A &2 HE3} pixel electrode FHFo] A H+=
reverse tilted domaing XHA7]E HHow Mt} I black
matrix= TFT®] 2x4Ql 3 2ALE abdste] TFTY +4 Af{ S7HE

WA ets 9Ee s, 49 544 ITOE AHE8HA] B+ Aol

ol

4 %
[gg]#[ﬂﬁ]‘[PRi%]Q[i%"]‘['ﬂﬂ]
4

(5 e Crm e (o e )

e /

13 3-8, Black matrix(Pattern A) &9 3& T

— Color filter @9 &4
TFT-LCD+ Red, Green, Blue® 37F4 A& AAdst7] A&l 7t
ARGDB) ¥=2 ¥E9 Y g4 das o " ¥4 TFTE
Folvt BMEAB 3= HEA 23 AR #8e] 2o glo] AYE %

T AR =de BXehY =, A9 A4S AXYE Ao

) .

[ColorPREE ]ID[ L ]"[ o ]"[ a M ]

1= 3-9. Color filter(Pattern B) ©9] &&



- ITO &9 &4
2 el BM, R. G. B A& 343 § ITOE A §o FAate=
2F 2 2 black matrix s 43 s L3 I H(pattern A) T4 S TP
ITO &2 AF oA &t Zg=ulE 0|83 sputtering W2
sy, 222 =EFL ITO wAHY FARESF Aol A

%
Z3¥el7) 93 sputter U3ol ol gl ITOS] 2247} s 4 vk

s

e Can ) (s )+ (=5 )+ (s
4

| 2 & | mua e 4 =z |

e /

3 3-10, ITO(Pattern A) &9 3R

[] CF, TFT AA (Cleaning)
- CF, TFT & fol Hof Jd&x] B2 o524 S AASH
(] vkt 2l (Alignment layer printing)

Tl 2ad FEolwt wigus =X =¥y oRs

H:
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[

[

spining, dipping, roller coating o] Alg&sl=d, F2
roller coating W& AF&3lal A},

Rubbing
ekt Qo] dAs 3 &£ wW3Eo R FH(rubbing cloth)$
Tdy FH Zol AA, AFo] wigd & A == A
ojtf, T3k LCD A8 &% YA LCDY AlZHE=
rubbing A A AASA Hu

Spacer 4+ (Spacer dispensing)

- TFT 7|13 CF 7|3 Abolel] A4 s 1AL 91Ast7] 913

spacers APESTEH APEIHE A2 FAORE ol AH,

H 4]
T4 FATAR 1S FE AT

s+2H(Assembly)
- TFT 7133 CF 71395 &&d. F 7|89 9x7F £50]
g oy EEEe] goR ke Ao &St

A (Scribing & Breaking)

CFERE Re TH WA A,

W

%3
ol A =<1 (Liquid crystal injection)
L% J)@Atele] AL FPFAL FYTE )
A A Autoprobe inspection)

- 3PS E 7Skl 2 FAANE AAIRTH
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CF[ N = ]-}[uﬂ;tmouﬂ ]lb[ Rubbing ]-}[ Seal Q12{ ]

T )

[TFT[ H o H ]#[Hﬂé.*‘lt?_lﬂi ]-b[ Rubbing ]»[Spacert*i]

o

Je #z7e Je 2 o e & =z |

a3 3-11. Cell X ZRE

(4) Module A %3 A
A A zFgAoA TR gde] HF3 PCB, back light unit

[}
oo FEEtel HE SAES SAske s

1 Al A (Cleaning)
A AzFANA s A AHaE FHOR WAD

dAe S e @St el A 7] wZol Al w9

-] A ostetel HFdS FEsteE e Aol
[] TAB %2HTAB Attachment)

- PCB 3|25 d43s7] 913 TAB= F &3
[J &3 (Autoclave)

© AL, ASES o] &sto] sid e WA S =Sl
[J PCB %2HPCB Attachment)

- TABe| PCB 71#& HF&#3ht},
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[] Back light unit %% (Back light unit assembly)
- 7193} Back light unitS Z 93t}

[] # AFInspection)

[] Aging

1 #Z#7 AHInspection)

[ w4 = o[ meesx o mess |8 v = || eesx
4
[ z % ]“[ H M ]ﬁ[ Aging ]ﬁ[ a A ]C[ B/L =2

a9 3-12, Module H|Z 3HE



wo} gl=dl, 713 N d=52 ofolo] HAs o 7] Wiol dAi7t 42 &
A g vtk 71del dFE 7k, AF7F PASI NSl 5557
mioll, PA=lA Qe (+)o] MEHaL, N A=l AxH-)7F FEfyT

g
(hole)3} A7k Agtshd oy E947F stopAlm WEs= oux|7 de
o

Ry, AeEE dteA e 22kAd) general FolAE GaP, GaN, GaAs,
GaAlAs, super oA+ GaAlAs, GaAsP, GaN, InGaN, GaP 181l ultra
oA = GaAlAs, InGaAlP, GaN, InGaN©o] A}8-% 31 9t}

LED Az 71 (wafer), o3 (Epi) dol¥ Az, JA4 T2
H7174 B EEge] U dAE 78T 7 drh 7R A A AR A

Tl skel Agaha 9lr.

[ ol 9 (Epi) ANels A=

A& 715 FHo] MOCVD(metal organic chemical vapor deposition,
F7le5 38t SER) ARIE ol&sle] sigtE WHEAE AAATIE AYew
A 23S A5 Hepitaxial growth), patterning, 1vHback lapping)2] &
oz Fust = gk A2 7]3(Sapphire(Al0;) E=SiC)oll N& WA
(N-GaN)¢} &4 35(InGaN), PY RHE=A|(P-GaN)E MOCVD=Z Ad= 3
¢ § patterning A3 7138 SHES Anpste] o9 SolH = Az

ITO= ¥ T ITO WHdE SR AR, T2
& YA W(E-beam) W= AREETH oA W AYLS g ol A

T wel #Ad Tl TEAY AdFE =F FsAHS e ey

f
1



ITO target n A, AW 1A o 2 Q15 H A H|
7FsAd ol

Ao A= ITOd =&

3 A=

g ol &AgolA ik 719 LED J w9z dd, 2

Aeiggoltt. loln Awe FAFHoIN A4S HulZ AHgsht Avkd o]
Ao 8 He welshs Aelols Fagel B Rl g ok

T

=] -
OI_‘

O] A7 € s
LED A=

Jm

doll BHA 7+ FE 29Heke 3Aolth

[ Wafer ] [ Hadd ]»[ Patterning ]Q[

-
—
B
rm
=
—
2
o
)

Wafer of| | (Epi) ol M= H A

a3 3-13. LED F= ZHE



5) AXA "E (Polyester conductivity film)

PET 4& 5 Ze2¥ dF ITOE SHse= a4L frewd
[e]
el

ITOE Zz3a wo A3 sputtering WHS o] &3le] F3)
dell ITOE S st Wi Aolxle 53 257 v=ve 3
oy dF0 SN oA FRE & (7] wdel AelA Aol
o|FolXt}. EetxaE HEo FHHE ITOY F7A% 15~20m=

Bup gHA € Sputtere frEl SERPEWAE oE2A vl AR
71 olfi sputter W§-o] PET 59 258 ¥ PSS Fds17] v

ojth. & S /e AulE 7IE2oE del 10~143] A= w3k

st A& 5~73] Z=F&E o 1719 ITO targetS wshslar gt
AEdIE Az AFGFel A ITO°ﬂ = 7HeAdel e X2 ITOE
42 gHo] &3+ =234 Deposition) o)ty =2 Aol = AH| 7}
ASHHE 21gat7] witol] LEA =Fo] Pn|E Ao= e &
w gk ITO target WA Z1ga FHl FAdS & o == 7} ol
m] ¢ =t} Sputter®] & o] YF =il sputterd WS o=
WAow da gow AflES Fasty] wie SdEd AAV gA 47
ol AT wEE The A WS AT
] ¥ A 5 (Raw materials)

PET Ta AFEY HA ve d5S dastt

Jud 5SS S Z F99 FA HAL AFAA 5=

gl gt



[ ] Outgas
-85 BHE 9 80T A9 dIHE ol &35ty E(H0) wAE
g & -150T=E 55 Y4AA & FAE Al Ag
[ ] Barrier

-2 3 8~10mme] FAZ SiO, barrier layerES &32F3kc}.
[1 5234 (Deposition)
- Barrier layer 9o 5% AEA9 ITOE =24 7]+= A7l
- ITO Z22 AFdee] sputterol Al &t Zgt=ntE o] &3}o
e "Bgd FFHE ITOY FA+ oF 15~20nme]th
] A AFInspection)
- dEol FFE 7
SA5t] AT &
[] %=](Laminator)
&5 T2 ITO b BEsy] 98] RedES X s
] A< (Slitter)
- AEe arAe v AEAAEES ATE

%]

o

&

g ]’[ Eot=ofHH ]*[ Outgas ]’[ Barrier ]Q[ IO == ]

-
|
TuE!

adg 3-14 AZPEE N= 378=



6) Z8t=Zn} F A 9] d(Plasma display panel, PDP)

AEe] Ao 2A AdE fEldel sputtering WHoZE ITOE
Z235ko] AFS AL ITOS 5&3F+= sputter WH9o 5% <F
500Ce =2=eA 52 #AYS st vk PDP A+ =
ITOS ZZ&oksle= fal7F vl =7 W&o d sputterE AF-8-3shol,
AE ITOS ZFA 7] 2 == sputterdl] &S FAsH7] wjFof
L2 =87 v H oy ITO target WA, W2a wsk A zkg]

SolA 2RAel wEY 5 9

O F2lda

misE
felel due A Fu AEa

0 39
frelel gateel FHS el fUE AFE W AFe] 9
ol MEHES g

[ ] Sputtering
freld el 54 dEA9 ITOE F2A7]
- ITO 28 1349 sputterdll A & Zgf=nlE o] &8¢

ZT&ste AEo) FAEE 1TO9 F7% <F 1,200A 0t

e
>
~
o



[] # AFInspection)
ol S&E FHAEAy ks HAlste] AlFe] B i

g PAe.

N

miE
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((saez |»( zemz o 2a |9 2 2 | 4 3 |9 mosx |
4
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I, A+23 - 45

7) 7123 }o] @ =(Organic Light—Emitting Diode, OLED)

OLED® &4¥4& TFT(Thin film transistor) %343}
OLED AzF4oz2 UE 5 k. ITOx= TFT AZzdFA4ddA AbE5
Aew, TFT-LCD$ #AMe &4 s 7FAal itk OLED &3l
e ITOE A}ﬁovl gow, TFT AzgAolA Azxd 712 o

SAHNA LES ol gste] FrIHE FAA F BIE FHE €
&g ol

oZ:
>

(1) TET(Thin film transistor, B2 EW A ~H) AxEA

TFT-LCD #AS FAFstH, ITO= dIYH-Ed T sputter < 2Hol| A]
AbEE L Qo 22A7F ITO 46 w&dE 7tsAo s A4S
ZZFTHoR gputter HHol Ax¥E ITO targetS A3kl S8

o ITOY =¥ + 9

[] Pre Treatment :
- TFT 7]3& DI waterg o]&3to] Mz 3 4S5 Agste] TFT
713 Holdde TS AT
[] Evaporation(RGB Source)
el A 1A 7718 d& ol&sto] 7ISAA 7]l 3

A7 %7 ELZ(HIL, HTL, RGB4 EML $)& 843 374
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[] Evaporation(Metal Source)
- g AEel A LA metals F& o]&3ste] 7ISAIA Tl F3
ot AHAds AT
[] Canister Clean
712 RGB source®} metal sourceE K 337] €3 encap
glass& DI waters o|&sto] AlH3 F I35 Aot FES
A A g}
[ ] Getter Input
- TFEs AAS] s FEA F-AE

[] Seal Dispensing

- TFT71%3 Encap GlassE #2387 ¢8) AFAE vl2= 34
] <=
- TET7]#3} Encap GlassE UVE o|&3le] ghztsh= &4
[] Aging
713 Tr % 23 H43t AAF= 54
[] Cell Cut

L PEE ARG Ao REE AFHER A2E B

[Pre Treatment ] = [ RGB Source ] L2 [Me‘tal Source] = [ Canister Clean ] = [ Getter Input ]* [ Seal Dispensing ]
4

X ]
=1

e

[ Cell Cut ]1-[ Aging ]q-[

13 3-16. OLED NZ= ZAE



9) 1F AA(Recycling)

(1) 4373
AN AL dwel =g57]dife cycle)e] whA = TA o 4
#H ITO target, AF8}SlE AZ9} ITO target AlZHAANA HAs= 2
=X Z

=4, ITO target} 123t TN T E 238 58

o =

_I_4

A ABES] 0% (indium metal) .2 A= ZA ot} &4 AT AHL
AT Ade AQstas i s @ vk Ty gk,
B, 2F T ZYo] o]FoX= A= ITO e FEA QlFo
& g e st e AAREE Abg o] & A7) 7] a3
sRoR oA E w=Ed F Ut AR JaolN du A7t
TrEo) A 7|7k o] FA L oF 10~12¥°] 28 ¥

]

2] 5 (Raw materials)

- ¥ ITO target, sludge, bonding scrap &< YA=E7F YasA

= v 2 2dz9s T8 dAHAAVF HES I st
- I E R E AR Ydaste] oF 900TCY 22 AAs

[ &3l (Melting)

o 35069 GG BAYE Sz AWRE P §3)



- ErE AAE TGS Bzl Yol AAEH oln EEol

T8 AAEHEE I

[] 3+ (Reduction)

- ok S ofgske] & = dEe &Y AT o

=

5 =
dE AFS FAYOR fFste] F2FYE AX anode W2

=

[1 A 7] &8l (Electrolysis)

CAdze] #9 FHAA WEo]W FFE AL Anode #HS

He ¥, 93 AT cathode B ol AVBAE A
gt
A7 RS AN FFel e AFel FFOR o],

=]
of BEEE A AFS £E7F 99.99% o]iFo] Ht
7

NES oF 210C 9 2&=olA &&3dte] dF A& weHh

[(ame |®( 8 o |9 3 2 |9 2 8 |9 wiza o[ 7 5 |

1—

ag 3-17. A5 ™8

oH

BE(SAE%)



(2) A4FA
AX QA FAL H target(ITO, 1Z0), ilse
ol F (indium metal) &2 QA3 = T A9

=3
2 ITO =549 7tsAS 7R A= Zholt).

[] ¥Al 5 (Raw materials)

- ¥ target(ITO, IZO), bonding scrap 55 YA B2 AL-g3t}
(] &4 (Crush)

CHARE FAY S AFT 272 EH

-2 AelA ITO Soll =52 7teds 7HA L v
[] 2 (Reduction)

- A7) RAA A5t ZAALE Yol dud FoldE ARO)E

Al A ket
dEI T4 59 Edo] FHYHE SASHA A

[] A " (Refining)

- SFAF AL A% crude metalS oF 250TC o] Lo A] Aoz

2 A8 S89e JuEY o

ot

g3t =4

=
O] 5240 7 A Z3h)

- Ad A @A : crude metalS A7]EEH ] A £ AFS

[

A8 B @Al - A A dANA 22 JdES A7 sk



- A C A
99.99% L&
[] %(Casting)

. O

7HA= R

) ES oF 210C 9 &% A]

((sms |2 = a | =

FL

|2 3 2 o z1zam |

4

[ =

z & mrgso |&| 26 |

19 318, A5 Y FHEABY)

| B |
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ol

(1) o] 24 ol B 3} 237 ¥

7h 3¢ FHAEZEEH TS A

njfo] A Z 9| o) H.o] &7](vessel)d] %71t}

el 3]

vlo] A2 ¢ o] B 3]5}7] <]

717F Ae w7k 71|

ojo
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N
ER

8719l 2ol

)]

iy

2 vlolazso]

ol

TC
T

= ol £7]e]

jol-
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Zalnz T,

10~25 m &3

T ¥

el

gt

HZF &l 10~25 m Al
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2]
T

ol

4=t

1]

eN

<

3] method

S

gz

3T
=

10~25 ml &=

kel
RS

.

e}
T

ZiET

TC
7

==

=

el A 8-71¢]

o3 us
=

7bell A% &0l 10~25 meE A

ICP2} ICP-MS
detection limit(MDL)

o=
]
)

o

0

K

Tor

N

ol
o

)
=
=

-
, it

101

[e3

A
0.9955 ng/mé ©] vt

9 ol

) .

=2
=

A

&

0.0238ug/mb ©] t}.

a

3

1

) .

HA

0 ~ 02 pg/ml

=59} 9 F9 intensity7te] @A GH)E 09990 ATl ICPA A A

0.0075 pg/méel o A =F
0.3126 ng/m!,

1

) .

HA|
ICP¥

0]
RS

ol

Nr

K

glo] Akde] B ITOo ==2

3T

SEat

1

) .

]_

S

ATRCER=

°©

Aok 12y ITOE AR
=712 0148 o]
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=

7

r~ value

2
range

Concentration
0.0238 pg/mé 0 ~ 0.2 pg/ml

LOQ

LOD,

0.999

0.0075 pg/mé

ICP

0.999

0.9955 ng/m¢ 0 ~ 80 ng/ml

ICP-MS  0.3126 ng/me

2) B4H4e Fax

=
=

ICP¢} ICP/MS

A A gs o dAol

A

sttt

bol 24

ANEE Axs

CRIR

L
-T-

stk ICP

o] Az

o] 4] o
o Ao

=
=

FAl 10, 25, 50 pg

Ao, ICP/MS A5+ 80, 200, 400 ng

3|

e
=

=

|

F9)3el

(1) ICP &4+

B

=y
!

ﬁo
1
aH

0

)

2] el u

A =

1]

3|

. ICcP= A

o

To-

A 2

e IR SSETE IS I BEE B

=
=

SR AT (%)

Ul ITO 22 §dor Alxd A

] ©]

o
+

°] 0.67, 7}

Gt

=0

H

3 A4

H
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56 - 8N OIE TS LEAR Y Balyo o7
B 32 QA5 EFE&NW A= FMAIKICP)
Mcrowave
dgrstion sy Hot Plate Hot Block
10ug 2018 Dug 10ug  2opg  Nug 10ug 2518 Dug
104 2530 2085 97 2464 4996 1012 2472 4946
1006 2518 9045 980 248 014 987 2487 4958
104 2542 083 970 2492 95031 1008 2474 50.02
1006 2516 4993 980 A8 499% 986 2434 50.06
1036 2546 9055 98 MM 5040 1008 2516 50.17
1001 2498 4986 987 2487 4991 9% 2481 4915
Mean 1009 2525 5042 980 248 5011 999 248 4974
ST 013 018 04 006 013 020 011 016 040
CV(%) 131 070 087 066 053 041 114 064 081
Fooled 0.9 054 089

Ccv




I, o2za - 57
H 3-3, ITO 2 A=9] EMZAIKICP)
Mcrowave
) Hot Plate Hot Block
digestion system

10ug  25pg  SOug 10ug  25pg S0ug 10ug  25pg  S0ug

1055 2668 5375 1033 2555 5194 1047 26.67 53.81

1064 2716 5374 1016 2596 51.69 1065 27.06 53.72

1079 2710 53.46 1015 2571 5222 1065 26.67 54.49

1070 2713 5394 1036 2565 5212 1066 26.47 53.06

1060 26.84 53.25 1031 2615 52.06 1095 26.73 54.02

1068 27.07 5345 1036 2594 51.93 1061 26.86 54.15

Mean 1066 27.00 53.60 1028 2576  52.00 1060 26.74 53.87

STD 008 019 025 010 024 018 008 020 048

CV(%) 080 071 047 095 092 035 074 074 090
Pooled
CV

0.67 0.79 0.80




H 34 Q5 BFEEA Alzo] EMZAIKICP/MS)
Mcrowave
) Hot Plate Hot Block
digestion system

HOng  200ng  40ng POng  V0ng  40ng SOng  00ng  400ng

8L63 1913 39843 474 106 FBLI6 B4 103 015

039 19419 35615 H76 19103 38D 619 16433 36041

8L67 1977 40915 7463 19216 3950 7030 186 3015

001 19604 40238 474 1774 PLD 630 177123 346D

‘NH 1P6  ILH 047 1M 36660 614 16066 3H46'M

‘P48 V7D 40749 7230 11840 36954 626 17478 6101

Mean 049 194 40072 D48 1BVB BB 7197 17417 H2HA

STD 098 469 6.93 266 8% 11Xb 45 6.60 6.51
CV(%) 12 236 1.73 353 474 307 6.33 379 1.3
Pooled

1.833 384 439

cv




H 35 ITO 23t A|]29] EMZIHICP/MS)

Mcrowave
Hot Plate Hot Black

digestion system
Ong  A0ng  400ng Ong  200ng  400ng Ong  200ng  400ng
1 8§67 2150 42719 TR 21291 300 B4 107 37
2 048 227 4060 WML ABL 1P TR 169 3Bl
3 605 2611 4937 T4 ABET W16 AN 10 3769
4 NG 22T 4B VB A5 LT R IR 364
5 8627 20237 4366 8L19 U WM 205 1074 3BT
6 &2 21962 51754 047 ABR 3B T4l 165 3071
Men ST 21947 44636 5 637 3970 M2 1013 IRF
STD 264 58 BB 206 410 1154 170 76 629
CV(e) 301 254 789 05 19 28 230 40 1

Pooled 509 252 204

cv




A r Hrhe= 3 FE(recovery test)S 7HAa Hristgleow 1 v)Ee
OSHACA AAeH= WHol wel Fastdtt 37 sL7TodA 7 sEE=E
67012 H7FA S(spiked sample)E THER O SFEHF A2oA WA & A

Bty

(1) ICP &A%+
s A4 ARE 449 dAY wHer AR F, ICP=
wAeto] 3 e A= & 363 2 vhola RS
We e 1006%0HS 1 994 ~ 1038, FEE=HA ¢ 0.99),
| HE 99.3% (9 @ 983 ~ 1009, SFE=HA
8 A A 2 989% (RS ¢ 968 ~ 1005 THEEHAL

054010tk Alm dAle] Wyl wE 3¢ae] Aol= gl

(2) ICP/MS 4%

ICPMS 24 es £43 38 Ayl 3 379 2tk vol=
dofBat HdAe] WY 34EL 99.9%CH9] 1 968 ~ 103.6, FF &
Azl 0 1.83), 7HEd RS 93.3%CHS 1 876 ~ 1003, THEFHA} ¢
3.84), SAEY AF FalFA] HE 881%(HSY] 1 819 ~ 9B, FF
Ak o 1.83) oItk Als AT B ol B&e] Zkel7h of 10% A4
WAsta Qe ICP/MSE ol &3to] As= 54 dugs 24T

Ao Al A AA Y WS Abesie

m '
HN

ém FN



T 36, 1CP ENYEoINY 2148

Microwave

- Hot Plate Hot Block
digestion system
10ugs 2518 Oug 10ug 2518 Oug 10ug  25pg  Nug

1001 1009 1014 971 983 99.6 1009 986 W6
1002 1004 100.6 977 990 1000 984 992 WO
1001 1014 1015 968 94 1003 1005 987 997
1003 1004 996 977 992 99.6 983 991 998

1033 1015 100.8 983 999 1005 1005 1003 100.0

P8 NP6 P94 R4 99.2 9.5 92 9RB9 9RO
Average 1006 1007 1005 97.7 99.2 99.9 P96 991 992
Overall
100.6 9RB.9 99.3
average
Pooled
0.99 0.54 0.89

CV(%)
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E 37, ICP/MS EN¥HoINe sl38

Microwave
digestion system

Hot Plate Hot Block

Ong  A0ng  400ng SOng  Ang  400ng SOng  A0ng  400ng

101.7 993 993 931 995 9.0 938 874 873
1004 96.8 985 944 952 94.3 825 819 898
101.8 996 1020 930 958 89.6 876 915 873
997 977 100.3 931 885 87.6 %1 834 864
91 95 976 100.3  96.9 91.1 842 846 864
99.1 1036 1016 904 839 92.1 %O 871 9.0
Average 100.3 994 999 941 941 91.6 89.7 868 879
Overall
99.9 93.3 88.1
average
Pooled
1.83 3.84 4.39

CV(%)
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Jo = ITO

5ol At

a9 Ak

o=
=27

- Display 4%} : LCD, PDP, OLED,

il
A
N

e

R

=
T

o] sputter &AA ITO target 1A, +¢8 S

=]
ol

AEA wa ITO7E ZHE H

ZF
2}

& gk

.

%

¢

| A Hl FA A ITO target nA|, 2

o]
H

}1\_]__

- LED

gy
N
A

4r
nn

et

ICP, ICP/MS® #43

Ao
b S

il

0.3126ng/meo] AT

ICP7} 0.0075ug/meo] o™, ICP/MS+

-
-

L OEET DIEE

0.890] 1 2., ICP/MSell 4]

439019101,

wlol el nst A W 500, 7}

-
-

ICP/MSell A

nfo] Az g o] Bt HA 2 H100.6%



(98.3~103.8%), 7F&Es "W 99.3%(983~1009%), SAE= 4F 3 i
98.9%(%6.8~100.5%) 01121, ICP/MS+ wre]Zz o] Bk 212 dH 99.9%(9%6.8
~1036%), 7FEs W 93.3%(87.6~100.3%), SAEY AF #agA W
831%4(81.9~9%H.1%) ©| .

&) 7t &3 ICP =+ ICP/MSE
2 Aol A ARG Al ZEA ] dAE W
ARoed oF T ITOY <2a =EH7E
A es w&dd wet ICP =& ICP/MSE o]835t9 H7ls)ofdtt},
AwAHE, A3 E 2 ITO Alx 22x i AY & d59 T4 Z]
2o Ao A= ICPE o] &3] EA3FaL, sputter = o YA RS
o] &35t wredE F® S 3t LCD, PDP, OLED & Y 2x=Zgo] 4k
A= ICP/MSE o] &3t & % ITO =53 7tE AAst=S g
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1.
8.

9.

. TFT-LCD 3§ ¢ &3 A, F

o O
o
o
o
S
>
4,
N
>
X,
_?£
ofll
i
o}

A=8. =& oldg. 71 dAFAE 2008

AAGAT  Srad dE, du A 24 FA(ER=AR).
A A 74 A K- 2011. http://www.mke.go.kr

stusgdAATA A ATAIYE - Fu-e] BTl Al
A, sty=8 25 , 2010. http://www.hanaif .re kr

A AARLATY  AAAY AR)E S8R AL L A

DAL B AR A 0 QYR AR St AY A HE AR A 2011

http://www.kores.net

Tsukada T. °o]&& 9. TFT/LCD. (F)&E23. 2007
Cummings K]J, Donat WE, Ettensohn DB, Roggli VL, Ingram P,

Kreiss K, Pulmonary alveolar proteinosis in workers at an indium

processing facility, Am J Respir Crit Care Med. 2010

Cummings K.L, Donat W.E., Ettensohn DB, Roggli V.L., Ingram
P. and Kreiss K. : Pulmonary Alveolar Proteinosis in Worker at

an Indium Processing Facility Am. J. Respir. Crit. Care Med.
1,181(5):458-64(2010)
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10. Health and Safety Executive. Methods for the determination of
hazardous substances (MDHS) 99; Metals in air by ICP-AES.
HSE;2006. http://www.hse.gov.uk

11. National Toxicology Program(NTP) : Chemical information profile
for indium tin oxide. Nation Institute of Environmental Health

Sciences. 2009. http://ntp.niehs.nih.gov

12. National Institute of Occupational Safety and Health(NIOSH).
Chemical information profile for Indium tin oxide. NIOSH;2009.
http://ntp.niehs.nih.gov/

13. National Institute of Occupational Safety and Health(NIOSH).
NIOSH Manual of Analytical Method. 4th ed. NIOSH;1994.
http://www.cdc.gov/niosh

14. Omae K., Nakano M., Tanaka A., Hirata M., Hamaguchi T. and
Chonan T. : Indium lung-case reports and epidemiology. Int. Arch
Occup. Environ. Health 84:471-477(2011)

15. Occupational Safety and Health Administration(OHSA). Sampling
& Analytical Methods. OSHA;2002. http://www.osha.gov
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Research on exposure and management of insoluble indium compound

Gwang Yong Yi, Naroo Lee and Jung Ah Shin

Department of Work Environment
Occupational Safety and Health Research Institute, KOSHA
34-4, Gusan—Dong, Bupyong-Ku, Incheon 403-711, Korea

While there have been increasing a number of workers, amount of
ITO usage, and adverse health effect cases by its exposure there have
been very few studies to know currently status of the chemical
exposure, and where the chemical has been used. The aim of this work
was to know the quantity of the chemical used, produced, imported, and
exported, to Investigate characteristics of the wusing processes; to
validate the sampling and analytical methods. According to our survey it
was estimated that the production amount of indium and ITO was 140
tons/yvear and 700 tons/year, respectively. Most of ITO were used in
display industry. Airborne insoluble indium could be generated in ITO
manufacturing company, display making company, and indium recycling
company. Main processes of generating airborne indium were sintering
process in ITO manufacturing company, and maintainance work, such
as ITO target replace, repair work of sputter in display making
company. The limit of detection of ICP, and ICP/MS with three different

ashing methods, such as microwave digestion system, hot plate, hot
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block was 0.0075¢g/mlé, 0.3126ng/m¢, respectively. The overall coefficient
of variation in reanalysis of indium standard solution by ICP was 0.99
In microwave digestion system method, 0.54 in hot plate method, and
0.89 in hot block method. The overall coefficient of variation in
reanalysis of indium standard solution by ICP/MS was 1.83 in
microwave digestion system method, 3.84 in hot plate method, and 4.39
in hot block method. The recovery test results by ICP was 100.6%(98.3
~103.8%) in microwave digestion system method, 99.3%(98.3~100.9%)
in hot plate method, and 98.9%5(96.8~100.5%) in hot block method. The
recovery test results by ICP/MS was 99.9%(96.8~103.6%) in microwave
digestion system method, 93.3%(87.6~100.3%) in hot plate method, and
93.3%(87.6~100.3%) in hot block method. We found all tested methods

could be suitable to analytical methods for indium.
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