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Investigation of physical properties of conductive, transparent RF
sputtered ITO thin films as a function of thickness and post annealing
Temperature
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Abstract: Thin films Indium tin oxide (ITO) with various thicknesses, from 130-620nm, have
been deposited on the thin glass substrates by RF sputtering using ITO ceramic (90% wt.
In,0; and 10% wt. SnO,) target, and subsequently annealed in vacuum at various
temperatures. Electrical and optical characteristics of ITO samples, before and after annealing
at different temperatures, were investigated by four point probe and UV/VIS/IR
spectrophotometer. Structural properties of layers deposited at optimum temperature of 400°C
were analyzed by XRD. SEM analysis was used to investigate the morphology of the optimal
surface layer. Results show that by increasing the thickness, crystalline structure varies, so
that sheet resistance, resistivity and transparency of films vary. Layer deposited with 130nm
(lower thickness) has 83.71% transmittance and 2.34x10*Qcm resistivity. In contrast, 620nm
thickness film with 79.07% transparency has the lowest electrical resistivity about 1x10™*Qcm
at 400°C. This layer can be used as an optimal film with 1.6 Q/o sheet resistance for many
applications.

Keywords: thin films, tin doped indium oxide, crystalline structure, annealing in vacuum,
thickness variation, sputtering



QA B AN dmio 5LAY Jlar o) 8yled iemozils Jlu o

o 3 &8 4 00 VT oy s ST Bl g By S50 sloas (SO 3 (plgs (o)

s

Mo 50 ez 3l oo 9 cwls

' Slowku ol audl ol g yb 105 Lo e " S g3 dosro (P60 (gare (S

u//é’# oliils ;u_;_g' PRL WA ;j.;j.u..ob/j G el ajjf.@‘b' ‘_;[;254;; yu_;b.,._m i a@bj[— )
b plpeai dxloz o oKLl (G, (pwdigeo oSl T
Sl 5 je] 0uKingh st (515 5 pple ollings -1
b pllpeai dxloz o ol «KlSo pwdigo 0uSiil>-F
manavizadeh@ee.kntu.ac.ir ; s SN Ceuy

OYASIFN A Sl a5 AYAFITIYY allie il o)

ogus 4 S5 aded slaa¥ i p V-2V nm Galisee slpolies L (ITO) ald as ooV o] 0T S50 slaasy touus
23le 5 M Lo 10 w9 Slid 4Y (1) - Wt SnO; 578+ Wt InyO3) ITO  Sesl jas B 3l ooliial b g RF b gasS
S S0l s G g @ caliie slalos ;o (23l S I (5 i dTO (slaaiges (Sl g (S0 2SI (Slot pos 0l
FeotC dge slos o oud a0l S slaasY (5,5l lsle o auslio § owyp UV/VIS/IR g s § (gm0l Canglia
S &S 0 atege Y (s )L ooy gl 5 SEM ST 58,5 18 addllas 5550 XRD (Gl 555 (35 50T L
w03l (S g (S5 (gloaidh yow o5 pobs Lo i 5 bbayY Caalies al33l L a5 aws e yLas bajlUT 51 Jols s ous
FeetC sles 5o a8 Cwlis L VY nm &Y a5 jsb 4 S oo ot by Codlad g oy Craglio o oo Ceoglie ol
Casglio pyyieS Fe o TC Lo VY codlad LY nm LY ol YYF x Ve T OQMC 855 canglie 5 JATYY Codlad gl s
Lo )l5 61y V8 QD xbaws Casglin b aesed digr Y Glsie a1y 5T s oo 45 ams o s |, =) x V7T QIMC 33,4

25 (Erre hlize

olgdS ol ki ‘5{;'-)o 2ol (5,0l Lzl (254 a%YIM@/M‘;SL‘L;ZmQY:‘Sq,,JS sojlg

(b site) o>y cid 5nST b oduznly (429 4w o S
(d podzemly sty oot o 35,0 0 In™ 5 YF &

LL oy &l a4 eunVT sl oSt ilas S gl site)
oSl o5 A8 Al gl b el apnST YT
-0 el aelST Eob S (S Ll o I’ sl
o e B sl e ol o 0 F e U wisd
ol sduzmmly eS a5 1) asll b osite slplSe a5 aums

Iy ov]aos Jlesl el

dodio
shls (ITO) &l & sa¥T ol asST S5 slaay
A is b b (Bixbyite) cobuSo (onSo 5ok Lo
C-type Lols go 5l g lizle oz ae Vo)A
T, (1a3) olas 095 5 5 SB ob slaasT sslyls
axly V8 oolsle ol e wolsls A ast D el
ol @31 A Glls Al e aSy b 4y cud IO05 Jge
SlessslS wad oo oy VIS 45 a5 aSiliy Sl ol o
P I g cie Sige 4 lieal gaw 55 s ol



ay

ST Bl 5 bl S35 slaa (Suud _plss oy

e wnpbly (G958 9 DC RE g5 51 Bhgass 850
L olosd B b Glis Y 4 glge olend sleds,
L olpes e 25Ty 5 (PECVD) wcily talsil slowsdly
sl slas aY 55 o lul (Spray Pyrolysis) asladl
Pl RE (il gasS pics b allie onl sletalosl 40 by o
S @Y s slacda, b amlia 3 s, oal ol 42,5
e )l (5 500 S (5lm0 0I5 g 035y aty3e oS L
yais (o J55S g 035 b Glid 4 Sl g, el 5o
bl S0 jhcwl pdy Ol Y ;5 35290 yolie (i
G?M S Sl Golj..S; sla¥ 4 glws gl o2
Al ¥ s e b oewlie

b o Coyil g cwlks )""L’ op d e cpl o
oy oY ol sk 5 oSS (Sl olys M
obgasS g, & ITO laasy doiole;] ol jo .l oas
2 e 9 00b Jlas a¥ SHLAid glea s g5, RE
Wloads et W bagme jo Fee TC 5 ¥ e glos

& by
4 (Corning) 5L sleases sy, 5l alio cpl o
oals oolaiwl Sl Y (gl yieg S YO+ oo ,8 Cwlis
RCA 6t & baV,; (JSlas aY 5l s ool
s (V)0 Cod 4 (39,00 STy 5 «Sigal DI )
ITO Sulp Gae g RF olgauS w5l ol
oolail glas aY (gl (£V-wt. SnO; 4 74 -wt. In,03)
$x\-"Torr Olme as albases Lad o) 5l e oSl o
Yox\ - TOIT sgam 4o ,Lid 5 59,5 Sonl J,uS b g
seax 0 ITOGbaY Sl 4 ogd o aiils a5 ool

ol (5,98 codlads mils Jdo 4 (SL sy oyl
ol b S Calie 5 (CTA) (e Al
sbhaxio gyl cEle o olges (™) Qem)
sy90 [F] oWggmd sloolidl o [0 F] cov slo,Sasles
Olgse oole ol slas IS oo 5laijle glos s solasul
oS 5,5 ¢ cnblineg iSI zlgel (slroos cladle 4
oo, 33l [A] 658 Suls! V] Laglon o Jorogsl aiess
5392 11s  ogdle sole ol 3,8 o,Lal . g [A] Sag,S'g 2SI
5 ol 79,8 Zlgel 00050 o ol 9,8 4 pamie ol
(295 Shez g Sl e ol (S 5l 5
Iyl Syl ey 15 glsil
aY Ll gl st oos 4 ITO S3b sbay oly>
J5 s (ieST Gim slad @y gles pdai ¢ Sl
50 Sl Y 5 e g Y g g Bue Aol alaions
wloads 3,55 el ol e daly «Ylis 5l (5 o
Pl p | calis b R 5l il Grien
L as ITO sloay olss Jlie sly silos,S adlas ITO
o oads Slis Y (PLD) o5 55 L Fe-AY-nm culs
2oy cwbs S pemen ol sad (555 DV s
5 DC (ihgasS b9l 4y o5 ITO oy (58 (ol
5O s Wog ol Slas Y (A TC) aY ;5 ol sles
el onds 3,155 VY]
ITO S3b slay glas 4 lp 6ol sleds,
ol Gl Y sleoged plgioe I sk 4 el gl
Olse Sexd sleeds, 5l 2,5 saes, (CVD) olears
9 st 0 b e (oS AL L i (oo S eSS

In1: b site
In2: d site

O : Oxygen

"+ : Vacant site



‘S;LQ.A..LM: JAO‘ ‘6)b‘JD ‘t5iL° ‘Os}‘)d}:\u

af

wiloass mole,S Fee TC glos o a5 Slaay o b
Cwles L &Y gly ials aig,y cpl iz el i
» L@g\_,y Q"‘ sl ijn.c ).:QLM | oot £Y .nm
9 Yoo ‘5LQLQQ )s} (SQQLQ; 9 alises 6LQ(*AL7‘*0 >
—odd Ao Y Joaz 4o (yheST 5l g)le Jasee o Fee °C
R OJ-A" \J5J~>

Ol L) Jea 0 sdel Caws a4 polie 4 axgs L
asl, 2ol s bay sy Caglie S 5 Couil s
LITO S5L slaayy jo culaa )15 5 5l L5 jsb 4 .ol
=L kr sl xRl (V) 29,5 o0 Syge Jelo g0
5 dny03 4l Ll o o] slos!l sl 4 8 Lallst
W Lameo o o aSealSin oy 5nST slals 45 3925 (V)
S5 oY g lga 40 dg>ge 3T ienST po 2aSTy Judo
Sl 5l ol 0gd co yian ol5T slasg xSUI edale JITO
Clale g oo olj] (ngr 0l i maw (59, 4 S (eS|
S slay b5y Cuwglin ases jo b g ial33l Lodol>
Dyl asl o L2als ITO

Sly YA ols (23333 oels) L 05,1 slewdl
WY oloj yeets FY oM FY Y- Y- il glpialis
Slis Y coll Kol bowido Ver b asds Yool Slas
o b bay ol cubrs wel cess 4 SFA/min
3 e Y Cou .ol (6 45e;lusl alpha-step(Dektak500)
SLas aY bl 5l o W Lawme j0 0 C 5 ¥ gles
Caoglin (6,505l ohiie 4y 28,5 Sy Yh e 4
o Sl 5 5 (SIS ez e 3l oY (S
UV/VIS/IR  riw il U1 5 sl Syl s>
solitul M5 ,5 a0le,S 5l L g Ui (Varian Cary 500)
g Sl UL baY Gl sk Pl s W
sy 0,90 Foo TC &y sles ;o XRD (Philips) -]
e Ll ) @ly 55 SEM GJUT 51 e s )8

el 00l ool ladiges

ITO gbaY S xSl plgs (o)
Slom s Gl baised daw Cuglie wid aS Sl
0ad (55 ol IS ez i Aiwy & (o3l S
slay ho cwglie Ol e YUSS o ol
CEuilb s s p Oglite slpels b glaaY ITO
A 55 e loged (nl 4 az g b agd e sualine M5 5o
S s ey b by Gl L e culis (285

140
120 |

4 100 1

)

_35 80 |

3 60

%

3

N 40
20 -
O T T T

—e— 130nm
—=— 310nm
—a— 420nm

—%— 620nm

50 100 150 200

250 300 350 400 450

(o R3il) iyl (slas

walisee slotalns 51 M 8 Couil sles s oxbaw Canglie yis loged ¥ JSCS



a0

ST Bl 5 Ll SHU slodyY (658 oleS o)

c@ole,S sles g Culies i p ITO laasY (Sl 5 (S0 Sl gloaids ps V) Jou

Tir (800-2000nm) (%) | Tuis (400-800nm) (%)|px10* (Qem)| REQUD) | ("C) ciusl slos|(Nm) 4 cuslies
A ) AY A ADND W | ese bl 8 Y
Ya,£0 A+ AD VE VS BVEY | ey bl ).
BOFY V504 Y8 VFO | ey bl e fY.
Y AN VA Ye V4,8 YN0 | csy bl U sY.
YV ¥F AY XY Y50 i Y. Y-
D%\ D A OF Y £ Y. ¥y
fOAY Y0 V10 Y VE Y. Y-
BYVY Ya s £ Vera Y. 5Y.
A+ XY AY N YYF A oo Y-
FF ¥4 AYA$ \E 07 .. ).
VA YV £ Tk \ .. Y-
YVY 4, v A9%) V5 .. 5Y.

3 Sy90 ol o s e lid ol sl 4z 0 Fee 5 Y
a5y ek 4 wps o lis 0g5 5l Sglate S8, FYenm &Y
SHlFTC los po Y I (gy0ee 9 o) eSkee
b Glgse Iy Y cpl cudlad lie s b oo Seun
5 2ok, Sl e a8 cudls by g0l Jlsle s )
JOUES I CIC ORI PR EY W Lases 3o bdged coy
ails;pe 5l e SuSTn Glie doa¥ Gl 650k bl
DYl sg anlgs @glie
Seop ik slezse Job o F 5T lalaged 4 axgi L
Flae 5o g ool aulS by codlad 5l Fiwgd b 4
395y S8l e ol g a5l Lol eogaste (pl o sy
e lodds du M5 0 FeetC gles o a5 SlaaY

ITO slaa¥ (Sl (olgs (o) 2
Slgeles b as 1 ITO slaa¥ 5l g5 595 il YISO
S s couil 5l i ead Slas Y aid g4, Sglite
G5l L el ples azil ams 0 0Lt 5o Job e
Wl LY 5l )50 59 5 SBD Oliee 5l LaaY Culis
oYl Gome e b Sl Jols mlS 4 azg b ogd e
30 dgzge Sledbl 5 Gglae slls sl ITOG
L Gome 9 deyd Sl a5 098 oe osalin ) Jouo
PY-NM b s 5 2alS FY 1M b oY caslieds ol
5 Cwls s p LAY Sl doye b e Gl
g FeocAenm glzge Job 8L 0 il slales
Soged FUSS 058 o cdalive Y Jgu> j0 Aee-Y--enm
sloles o ) alidee s b sboarY I 5,500 58 2oy



‘sslAA.l.hAJ JA@‘ ‘6)b‘d} ‘élae ‘oé‘)dw

a5

100

80

(1) 399 y9ue W20

20

0

iy 3l s 31 i3

0 500

1000

1500 2000

m) zgo Jsb
2L 5l i ITO Galizes slpnlses s 0 (55900 595 duo o jloges ¥ JSCU

100
SRl azyd Foo glos 0 ey b
80
2
3 604
&
B
9 404
20 A
0 T T T T
0 500 1000 1500 2000
Mm) zge Job
X.. C 9 Yo

SN saies ol a5 glds el pl e asiee (InnOs)
Olis 45 5l sezy il g)sk t3Lle 45 SnO, 5 SnO
38 5 ] el 3l ol Sl sleesl wnd o0
Lol 0ol In,O;

amio | Blite A Bad i ¥ Jpoz 4 4z b
&l (1222)/1(400)) (F++) amio b bl 45 a4 (YYY)
S 4 U0y Jlews Y. nm o4 FY. YV slaasY
ol 5 IVFl el g0 cdls 0 ITO Gl o)1 s st
VY2 il jo g)sk Olxan ba¥ (] )0 a5 aas
Ailos,S (6 pSKians

SNl Slpidpm 5 s b oy slaie
L (D) leails 55l 5 (a) &5 <ol dTO S35 cboayy
5 eslaal b aSes culi ol dcwle XRD cibs 51 oolisu
ool dsloes 5 (V) alay

1Pk )

d? a’

(1) 6r8 g8 2239

100
SRl a4z ys Yoo slod po oy 5k
80 -
60
40
20 -
0 T T T T
0 500 1000 1500 2000
nm) zge Jgb

+°C oo 0 ITO Cilisrs Slptles a1 5y 3e 98 oy loges PSS

ITO gloaY s)sb plgs (o)
5 omb e Cowglio 1o "C slos o laaY o5 Lxl
Ll o5k JLalo gy 2 i)l 5 (omslin (55508 o)
ITO slay 4 by XRD b o aislopy bes ol jo
aY (S5 died Glaa¥ gy, Sglite leels L oS
2ok ,S FeoC osles o g S 3O e 9 0l glis
S ol 4 A b oogd oo camline O S o iloads
sl wix VYo M &Y o> ITO 36 cloayy olos
O JSi e aSilis axies [YYY] Qe glewl, l)ls 5 00g
A slls Ly VYenm cwlbrs b glaY ol o cvnlin
A o ,w @ cwls ol bl (VYY) dxias b bl
FY+ NN Cwls o 5 oads ol (Frr) axian L bl
Ol 5o oad snalive slaald o) oo a4 Al ol Sul
sl o ol oy sl a5 cwl ol 51 S b
pranl aeST Col S oS Sl 6l f..°C



ay

ST Bl g e, S50 slaay (Sopd ol oy

ol ol cas ol gladils g 550 a0 |, Y ol
bals; e J& Jrall 4 o wls s3lasl uoli8l s s
plo 4 (s ol 5o (6 S sledel> dlaws ] JLds 4 5 00y
Cunglie g oo yiion ol lodal> olows gyl 51 ol

oo (B2l 039

~

~

o o

9

M £Y -nm
1. —— p—

YY)

3

)

F]

= .
W st ot ¥\ .nm
p— J|| - \Y-nm
20 30 40 50 60 70 80

)W g
@l Glpels LITO sloay 4 bgs o XRD ol & i
B G PRSP RV. I S PR g
5 @G slpals L ITO slaaY (5 ksle sls pw ¥ Jogua
$e7C sles jo 0as mole S

als ojlasl s A el
(o) 1(222)/1(400) 4{-}-;-” d((22)2) (nm)

- Y Ve A YAV Ref[14]
VWA - Vo AVE vAvY Al
AR MAARIS B/ M
VAP Al V-veA YATY AN
VAYY ¥ Vv rare i

b )T 5 Y nmewbes b aY 4 by o SEM peas S
¥ 7C Glos o o

lsly 15w yslme g5k Slio dlols d doles ol 4o
Wlin cpl ;0 cwyp 9y50 ITO loay¥ (gl .ol (hkl)
oSyl s a5 (YY) amio b Blite clomio gl (V) i,
Lol oals a8 T IS il (6 mi Sad sl

O Y g 50 ol Cews a4 Al col polie
el K535 (slodgs maoy] o] St culi) VA A
5 il St ol P enm b Y s Ll b
GRSl WSed cl Gl e e GhelS ol
sl sl 4 P A g glas L ST o0yl e
5 dols b ol ass s VA A Sg glas L In'
bl Culbes o Vi o aSed S dpmlns
sladl FWHM 5l oolatwl b puoren 04 o0 odnlin
w35 Al b 5 ails o3l - o Al 5 (YYY)
1wl 00

0.94

D=——— Y
Bcosby ™

chas 0 YO ol jo a3l A8 by B g A=) 0FA a5
—aY gl leails &5lasl cenl Lol s 5 g diy Sal
AYA g 0 PYenm g FY- XY Y Culbs 4 b
e lals ol 58,5 .cwl YVAYY nm g YARS AFYO
5 Sl (elg At )3 5 ead il e JB S @
Slass dadilsj e JE> 2ol Lol co dgups Ll (S xSl
azms y0 g ol ply 4 leails; e 0 (S slysg 2SI
boo S92 598 s9ee g 0dd JeS 4 g Cuaglie

50 a5 XRD LT 51 ool s 4 &ledbsl 51 ool b
ooliinl b jbe (Souzmnly (e wodon ai>de ¥ Joor
Sl (Sozals e .l o Caws 4 (d-dg)/dg abayl,
S cal glaie 5l S ITO S5 slaY 6,4k
S Ysems V0] Wloo,s )55 Ko oL Szass
@ (Fre) s)oh Slio bial) ;o 5ok JLSle (Sawmals
a9k 4 el (VYY) Slbo ()5l slisl) 51 1S il e
3 Szl Gl ke Sledbl pl 5l eslaal b
doyd o g VY s (Fre) 5 (YYY) Glio sl
Sl 6,850 Ko ol ity bl b as el

;a8 FYe nm &Y & bg e SEM peai £ S o
sdel Caws 4 wledbl b g ead 2ole,S FeTC gles
SFSon sl 5 o CoBlad uglie (n S sl
-0 oadlin pgal (pl (o aF aSSlix 090 oo odalice (o]
o adils 3lal 5 0o slasls Ko a4 Y lisle g
oy Caaglie 03 65 Olgiee WSupsb 4 el S5 Ly



‘S;LQ.A..LM: JAO‘ ‘6)b‘JD ‘t5iL° ‘Os}‘)d}:\u

aA

light emitting diode”, Thin Solid Films 411
(2002) 12-16.

[6] Herrero J., Guillén C., “Transparent films on
polymers for photovoltaic applications”, Vacuum
67 (2002) 611-616.

[7] Kojima M., Takahashi F., Kinoshita K.,
Nishibe T., Ichidate M., "Transparent furnace
made of heat mirror,” Thin Solid Films 392 (2001)
349-354.

[8] Luff B. J., Wilkinson J. S., Perrore G., "Indium
tin oxide over- layered waveguides for sensor
applications,” Appl. Optics 36 (1994) 7066-7072.
[9] Teixeira V., Cui H. N., Meng L. J., Fortunato
E., Martins R., "Amorphous ITO thin films
prepared by DC sputtering for electrochromic
applications”, Thin Solid Films 420/421 (2002)
70-75.

[10] Devi P. S., Chatterjee M., Ganguli D.,
"Indium tin oxide nano-particles through an
emulsion technique,” Materials Letters 55 (2002)
205-210.

[11] Kim H., Horwitz J. S., Kushto G., Piqué A.,
Kafafi Z. H., Gilmore C. M., Chrisey D. B.,
“Effect of film thickness on the properties of
indium tin oxide thin films”, J. Appl. Phys. 88
(2000) 6021.

[12] Guittoum A., Kerkache L., Layadi A., “Effect
of thickness on the physical properties of ITO thin
films”, Eur. Phys. J. 7 (1999) 201-206.

[13] Manavizadeh N., Asl soleimani E.,
Afzalzadeh R., Maleki H.,"Effects of Sputtering
Power on Optical, Electrical, Structural and
Surface Morphological Properties of Transparent
ITO Thin Films", Accepted to ICEE (2007).

[14] Guillen C., Herrero J., "Polycrystalline
growth and recrystallization processes in sputtered
ITO thin films", Thin solid films 510 (2006) 260-
264.

[15] Mergel D., Stass W., Ehl G., Barthel D.,
"Oxygen incorporation in thin films of In;Os:Sn
prepared by radio frequency sputtering ", Appl.
Phys. 88 (2000) 2437-2442.

[16] Manavizadeh N., Maleki H., "Effects of
annealing on structural properties of sputtered
Indium Tin Oxide (ITO) thin films", Proceedings of
the 14™ Symposium of Crystallography and
mineralogy of Iran, University of Birjand, Iran
(2007).

S g
by dn calire slpgtelbs LITO slaasY alie ol jo
69y = ITO ([ Sol yms Ba jloslaiwl Ly s RF 3lguss
el wads slas oY (Corning) S5L dis sbeasy 5
i il XRD slajll 5l eslil Ly Laay ool
55 3,90 SEM 5 (glasiled [loz piwaws UV/VIS/IR
Loy Calid Lilydl L aS ol olis gl b 5 13
Loasy ooy g wlboo (225 LaayY I 55 j5e o ps (:S0le
Lodasy Caglie ials o cels ¥ aaea Frr "C Glos o

el Loyl 5l Lol ] B RPWSURICN N [WPS )._,T,
o Sl daan¥ b s il b aS ol olas oas

9 039 Saglie (ol Ceaglie dzii )0 WS o0 i
Y M &Y 4 jsb 4 0lS e s o ba¥ cudlis
Codlis s £+ °C slas o ,ieS Culies oisls s
Y W YFEX) T QME g e aglie 5 JATY)
SNV cedlan Uy (i el osls L) $Y-nm
g gles o1, =X - T Qem 059 Caglie (p eS
Y lsie ] ol pliies & aas e (i 09> 51 F7C
Lo )l5 6V QU0 xbas Caglio L s dige

255 (B yre i

&=y
[1] Galasso F. S., "Structure and properties of
inorganic solids", Oxford, New York, Toronto,
Sydney, Branschweing, Pergamon Press. (1970)
90-102.
[2] Nadaud N., Lequeux N., Nanot M., Jove J.,
Roisnel T., "Structural studies of tin-doped indium
oxide (ITO) and In,Sn;0;,", J. Solid State Chem.
135 (1998) 140-148.
[3] Yamada N., Yasui I., Shigesato Y., Li Y.,
Ujihira Y., Nomura K., "Dopping Mechanisms of
Sn in In,O;  Powder Studied Using '"Sn
Mossbauer Spectroscopy and X-Ray Diffraction”,
Jpn. J. Appl. Phys. 38(5A) (1999) 2856-2862.
[4] Granqvist C. G., Hultaker A.,” Transparent
and conducting ITO films: new developments and
applications”, Thin Solid Films 411 (2002) 1-5.
[5] TakY.H., Kim K. B., Park H. G., Lee K. H.,
Lee J. R., “Criteria for ITO (indium—tin-oxide)
thin film as the bottom electrode of an organic



