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Nondestructive measurement of surface resistance of indium tin oxide(ITO)
films by using a near-tield scanning microwave microscope
Soonil Yun, Sungwuk Na, Hyunjun You, Yeongjoo Lee, Hyunjung Kim, Kigjin Lee
Department of Physics, Sogang University

Abstract

AFEAFe] ©rE 1TOUYe FREAHN FUEASLE XRDS AFM(atomic force microscopy),
SEM(scanning electron microscopy)S ©l-£3td BEstdcr. HE92Q) 492 ¥S Al£35to ITO% gt
ERANAG S SRR, B2E T2 L FUELL WO wny - vjPEPAL )8 IHAY o}
olARw Hu|F & o) &3le AL ITOW S FAXNFEAA vu AF3A.

Key word : ITO (indium tin oxide), near-field scanning microwave microscope, OLED (organic light emitting

diodes), S11 (reflective coefficient)

1. M B AxolB2, 3o #W AACE Wy FA4E 8
47t 99 FF o2 ALEHE ITOY EA A
i flat panel display®] 274 3% % patterning 33
of & 9L vXNEBR, FeF 29 AEES
AARZAE F8¥ 827 B0h[5] ITO Az
RF magnetron sputtering, ion plating, pulse laser
deposition, DC magnetron sputterings ¢ 23d&
Abg-sted Az=Ela glow. Az Wyn FaEHo
w2} ITO¥ oSl AATFZ9d AAQAFI HeA @
th[6-10] & =FdAys 2 A By 2 2
Ael & ITORE (a), (b), (c)o] BEHA A7 AL
243171 93, HZFw2A<dAd 49y (four probe
station)& ol &8 FRAYL ZAHsPYm, x-ray
diffraction (XRD), atomic force microscopy
(AFM), scanning electron microscopy (SEM)E& ©]
23« wutol goix, AAA, U9 morphology
o F&2¥ 5RE& AHA}Y. ITONHe A7l A
=R2E 5337 #std via), v e 23
% vlelazs @olZ(near field scanning
microwave microscope : NSMM)[11-16)& o}4& &

Indium tin oxide(ITO)M1le 7FA|BA G HoAA of
+ =2 ¥y FASADR HYH JQgNY =
< SALEAE JHAYG. U AVH Agg e H
AL zZa glol H=xLF&(electronic), FHAF 8t
(optoelectronic), A A & A} A} A] (liquid crystal
display), plasma display panel(PDPs), & %3]
(solar cells) 2& Z&EoA rimtoezM 24
BRE A8E3 dFEe gk 53, flat panel
display®] ®okollXd F71LF4AE[2] 29 o)

o A3, WE IHYEE, ¥ Mere FHo
2 A& Ao daxFeolEofid AFEFAR &
F3x A {7 HB2AE e 2L FPEAS
2} (transparent conducting oxide) EHe] HRF L
a7%d A9 FHe AMre AVA Bty &
el 9l JFE F& oz BRuHI U4
[3-4] 71 ¢ Faxe f7IEWRRES] AT X
"ol AHAZ= 2R AEFEAH A FAY &
22 L3, dBLazte] As FAE <4 100 nm
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o A | A713 Agg NEXIE =S
SEM(scanning electron microscope)°l\d A =pe} of
234 EdygL o]83% STM(scanning tunneling
microscope)& A EH T FFo ojgHT gl
Ak, Alge AzNH FRE BFHE S Qe 9F
2 7IAz o 28y NSMMLS A, vt 8, &
AA st YESH A5 FATE SR ok
AR 72 oulAAA dg F A= FHL 7}
Az dg. B AFoAE ITO HHe A7AYE
A& NSMME o] &3 FAH3HR ITOWNY (a),
(b), (©)d +2 2 ¥4A 543 vw d7sdd.

2. M9
Al E2F9 E4el ©& I1TOYHS  alcohol,
acetone, distilled water®] A2 zZtZ 58 F¢
Z25% AFNE ol &3] AAYF F, ILIEE
st Az:AZG. AY5He 487 A4 A
Z4utA ol semiconductor parameter  analyzer
(Aglient, 4156A)s} QA2 E 423 Y& o) &3 v
ote] A3 g AU ITORTLY FxH &
B3 2APE FASY) %9 AvA EH o
AAA=5x1075¢] x-ray( 1=15409 A)E o] &3
x-ray @& ZAsATH £ ITO A% ¥4
image %} 3371 $8 Field
emission scanning electron microscopy (FESEM,
S$-4300, Hitachi)& AF&-3tc). dtet Ede] A7)
8l #4x9 oluAE atomic force microscopy
(AFM, D-3100, Veeco)® Ab&3tel ZAairh.
ITO% e H/AEEE A7 A8 A& 2
A vlelzazy FulFd] @ F2EE 191 9
et FA Fos4E 9 57GHzE #E #3
A FH7E AESEY. /AA FAAY e
F34E7 & =209 Ba(ZrTa)0y7t Aaw =gl
FA7) Ao Bzt YQow, fFAA RFL <
% 99 AEe] 2 mm, vt2Z A Fo] 14 mm, 0]
7} 58 mm 9] & #IL ok /FAAE ARU:
Ado mge] ulR cavity®] A7) X E°) 32 mm
olo} ®ol7t 14 mme FZE 23 Atk ol F
2 -’f—-“}#—‘—:— Network analyzer (Aglient, 8753ES)&
AbgEte] 243lg o 4EH tipe A3 3L F
A8, 1 Abe]9) AelE x-y-z controller stage
St PZT tube& ©l€3 < computer AojstaAA
10 nm& §A3te wotel FNAEE Gge =Hs
.

grain sizeg&

XyZ

Sampie —» Kzl

Tip ——p ﬂﬂTunmg ol

Dielectric
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-
~

Lock-in amp,

'_’RFout

RF in
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HP8723ES

Computer -

a8 1. FA4A FAE AHER 49 Hde FxE
Fig 1. Diagram of the experimental configuration with
of a dielectric resonator

3Zda o n@E

vtetol A4 A3 grain sizer WHe] FAAYFL F
e oY a4 gAA ATHI7-18). 9
o Aan AAPAY, A et JAE Uolny]
Aty wtetel FAASGS 4aA PO HAFHP
2zt (a) 892/ om?, (b) 122/ om?, (c) 158/ com?
o FEAEY gol BEHHUG. FZe] ITON S F
AL FA37] ¢913ld XRDE &3 3o

IY2e M FFe BAEEAl & T4 1500 A
ITO¥%te] XRD patterng EYuisict (211),
(222), (400), (440), (622)9] peakol Z+zt 2 47} 21°
30.5°, 35° 50° 60°¢ JEbwtch Al ZHA] ITOWH =
% In2039 (222) peaks} (400) peak$9 intensity”}
7V ZetAl JdElen, 22 peakH A ANAM M= o
€ intensityS YERAT (222), (400) peak intensity

= A= (@7 713 33, ABE9 (400) peak
intensity7} ddidez 13 ofskAl BEHUG.

Fullwidth half maximum(FWHM)® gto]l &zt  A)
g (@-b)-(c) A4 = (222) ,peak°] 0.25, 0.45, 052
(400) peake] 0.19, - 02, 0458 F7}5 Q.
(400)/(222)2] intensity ratio®] 32 1.087, 0.873,
02782 Z43At. AR (b)9h(c)® XRD pattern®l
(222), (400) peake]l % 7}A] peak2Z E & =0} Ao}
HEHJTG. ol we FaF st ¢4E, Jiwe
2xst TL F3 A9 B4 AE
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28 2. A% By F3 230 e TR (a),
(b), (©)®1 XRD pattern.
Fig 2. XRD spectra ot the ITO films different

deposited conditions.

159 stressol] 9§ Zow vpdpel PR A4
& W3 AJle ez g3Ad JuiI9-21] A8
(byskHc)e Hate] 227 B§ Aojul, A g (a)Wto]

TE W7 ALE BEEUY. dAAHY wine
FEUGFol AerE AYg gol oA =

In2032] (400) Peak® intensity7} Adiydoez %7}
TEHSE uurgy el Ade] Yol AYHL BS
st ok, wtet FH el AA7VI, grain sizest EHA g
;e AAE ¢4y dstd AFM3 SEM& o] £ o
EHg ##sidd.

2¥ 3& 1TO¥ e ¥ AFM imagest EH A
A7) data°lth. HH AFM imageol M (c)¢l grain
sizeb 7v¢ A1 (@) (b)9] grain size®r iy e
2 FA BHEAL. NE (@-b)-(©)9 A ot
gt rms(root-mean-square)gt°o] 0.938 nm, 0.973 nm
2729 nmZE FrIstA T AR (@9 (b &Y

< Adres #Hygsden Mg (0 HdHol u
% AAA e grain size’t 33, FHe] AR

+% ool EW A% gol AFEL BAANUC
29 4% wety ERYEHs Agel nAe dBE
golmsl #sel Ed MY AFM  imagesh

SEM image(x90K)el k. AFM imageZ -8 (c)utet
9 E9o] 71 AR A& & 4 It} SEM image
A B 4 gRe] AR ()t Adoz HIH
EAEAQE Jehuid, A8 ©F #do wg Al

(b)

(c)

O 3 & 24 stdAM F3EY ITOSY AFM image
9 B A7 data

Fig 3. AFM image and Cross Section data of different
ITO Films.

A GEbwch vt E@ AYge BAHFE, ¥H9
AAZ, EH9 FHY #FHo| Y& BEF AL
(222), (400) peak®l intensity”} Z 31, peak®l ZAA
HAE7 o9 grain size?t A3, ¥Ho] vjnnal g
& waho] o] dolAE AL BRI
%, B99 AAM A%y uwute] ¥W XNYzHE 2
HAE 388 2290 BEHYCH) oY Wty

£4¢ WAE 6w B4 NSMME AHgsho]
QL NAHAF(S )8 F5t9 9o Ay g )
e Bkl

Y 5% BlAHLAd NSMME A8t e A
7b7} wkete] Sy graphelth. Vi/Viz =
dee gz, 4843 A9 o 28 439
Aol vlE Yedz o) F wgeR vt FUE
A g o £ ok FoFe AVAYE o)E
Hoz Hygdelzz AHEP microwaved £7F HhA}
HA gormz A veiux olF FF JEe] H
v WA ez Jeldo, W3 Py Aol @
2 F401282 R microwavert YHHW oy
o] wHAlElol & AT E FANEDE Adyer =
& wAAS Ze JEld

ITO%=re] ZAS PtRue AHgeo] zzaln, F7)9)
e ¢ Hag 2n A8 ¢ F A 4+

Sne,
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- a¥ 4 1TOR R (a) 49 AFM imagest (b) SEM image.
Fig 4. (a)Three dimensional AFM image and (b) SEM image of ITO thin film.

4E "X & F UKo, A8 (a)e] WAHASF
ol 13 22 AR ()7 MR 22 e 3dn
AeH, A8 ()7t ddHez & AFE 1 US
€ BFIAUYG. ol 493 Yoz ZAHso & 9
ol Ay atn A& uH @ AN} ddd
2RS4 ®EESHE vFF vy B
NSMME 4183t ITORH RS §A4% 4% & 3
s

4. 8 &

ITO4tete] B A&7 A71d M-S OLEDS
LCDZ L txEdel E4EGNME vl F8F
247 8 v AZIRYE ZE ITOZ W] A
Asl g753z Urh. B dAFdAMEe
diffraction®] Z s SEM3 AFMe image®ZF-E
vtobe] ERSAHE AHRgicl olge Az REH
g F Ae e T2 549 B9 EH4E ¢

e vHEZ - vun B4 2P vlojmzy @
ol Z(NSMM) e ¥hAMAS(Sn)@te 39 ITO%
go] A EA3 FASEHEL A28 £+ UAA
. Be $E&EckAA AEEHR e ITOZ RS
SEA4d04g NSMME B39 by - v yd3 ey
o2 gopd F Ut

X-ray

adAte 2

2 =82 2002¢ ¥3EIE AT A o
3t A7 5 A&, KRF-2002-015-CS0018.
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Fig 5. Reflection coefficient( $11) of ITO thin films
for sample (a), (b) and (c).
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