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Nondestructive measurement of sheet resistance of indium tin oxide(ITO)
thin films by using a near-tield scanning microwave microscope

Soonil Yun, Sungwuk Na, Hyunjun You, Yeongjoo Lee, Hyunjung Kim, Kiejin Lee

Abstract
ITO thin films (7150 nm) are deposited on glass substrates by different deposition condition.
The sheet resistance of ITO thin films measured by using a four probe station. The
microstructure of these films is determined using a X-ray diffractometer (XRD) and a scanning
electron microscope (SEM) and a atomic force microscope (AFM). The sheet resistance of ITO

thin films compared s
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1.4 &8

Indium tin oxide(ITO)E 7HA1BA G oA
T2 3 FREHTH FHYHd G449
TAMSAE 7Rt @ #o)1F AYs Z@
zki1 9o} A =F (electronic), FA
2} & 8} (optoelectronic), o A & Al A (liquid
crystal display), plasma display panel(PDPs), &}
%A A (solar cells) &2 SEEoA Vge=
A od HARE AHgH3 d7FHe] At &3,
flat panel display9 #okolA f71EF2xE ¢
2Fdgele duHs, wME FTEEE, ¥2 4%
2o FHoz A zAMu gaEdolLopfA
FEA2 &Fsn gld §7) w3 a2 S
£ B9 A r=%(transparent conducting oxide)
e HHggS 973 vt gH AMV[E
713 F5A EA 3o FF¥FE F= AL
Husn o] frid3xae f71&

X HOHE

3.
1}

9 FAAY WY AAINE 439 BEE
Aol mj$ Fa3 842 L} L

FaAe HdA FAE ¥ 100 nmA = DR,
459 39 AAZE WS Fa3 847 €
FFo=2 AEEHE ITOY EA AWrie flat
panel display®] 3% %A% patterning FAR o &
2 FY¥E nAoB UG A EES F
AAE F8F 247t d92]. ITO &AL
RF magnetron sputtering, ion plating,
laser deposition, DC magnetron sputterings
e Algdte] AERE glow. Az uyu
F&zde wel ITOYetel AAFTx} AR
F7F #atA g.(3-5] B =&edAde 247 A
g 3 2ol g ITOY® (A), (B), (C)
o] 9 ANAG S 487 A, HEFEAR
49 A} (four probe station)& ol&3ld FHAE
€ &A%Y 3, x-ray diffraction (XRD), atomic
(AFM),

pulse

force microscopy scanning electron
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a1 FAA FAVNE A 2HF vtelazg
dn| 7o AFE.

microscopy (SEM)E o] &3t wtube] FH I
244, £A9 morphology®t &4 53L& 4
Hesidh ITOwRe A7] A=z g &3y 9
ste] v e, vFH &Y ZHF vfolaRn &
u) 7 (near field scanning microwave microscope
! NSMM)[6-8]% ol &3ta] W H7A A&
#2349t SEM(scanning electron microscope)
ojvf  Axle YA HdygL o8&
STM(scanning tunneling microscope)< ®|lAE
| T2 g oj&Hn UAN, AEY HAY
H FZE EAHNY £ gt ¢¥E A I
a8y NSMME =i, B=d, fHA AEd
A} Alge EUTR EAR oflg AAUY F
Z olu| AR d& F U FHE /T vt
B dFdgME ITO w99 AZALEALS
NSMM$€ ol83td ZF4syn ITOHS (A),
B), ©9 7z ¢ W EA437 vz J+3A
1=

2.4 ¥
A FFe U 2 AYEA & ITOoH%
£ acetone, alcohol, distilled waterd] <AM2 7
7 58 B¢ =& HFHVE ol&dd NG
¥, dartag Aged AxARG AVEHL
ZA387] s HEFAQ!  semiconductor
parameter analyzer (Aglient, 4156A)} <429 4

Intensity(arb. unit)

2-Theta (degree)

ag 2. 53 2#Ho ©& ITO ¥ (A), (B),
(C)9] XRD pattern.

92 Mg o] &3te wute A3} e FAHHA
o, ITOwey 323 5 AFIdgE A
8t7] 98t oA Ealsol aAMA=5x10"°¢
x-ray( A=1.5409 A)E ol&3d 15 ~70, 7A
x-ray patterng ZF s8I £ ITO 9
2d EAEL &Asr] 93 Field emission
scanning electron microscopy (FESEM, $-4300,
Hitachi)& AF&3tsich wte e AAr|e 4
z2+9l olu]x]+= atomic force microscopy (AFM,
D-3100, Veeco)& AH&3td 243 At ITOW%
o HINAEEE ZAH3Y] A AHET 23
tlojazy guiAe] g FEREE ¥l o ¢
BBl 37 Fa4e o 57GHzE #e #4
A FRA7NE AT FHA FANY F2

+

Fe 4F Yo NEo] 2 mm, vHEF A Fel 14
mm, %°|7} 58 mm ¢ F2& 31 Jv. {Fd
A RuYe 49d 2L WF cavityd] 7]
t Aol 32 mmely E°j7t 14 mme] F=2E
Zkn o, dojd 33 FaeE  Network
analyzer (Aglient, 8753ES)& At43ld &3
o MER tipe HE3 3 FAIHA, 1 A
ol¢] Agle x-y-z controller stage$} PZT tube
£ ol&38to] computer2 AoIdAA 10 nme
A&ty wtete] AIIAEE e At
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¥ 1. XRD pattern & &3 ITO Al89 +324 X,

! Orientati FWHMC) Sheet resistance Peak intensity ratio
sample rientation (Qfem?) (222)/(400)
(222) 0.265
A (400) 0.150 8 1.176
(222) 0.295
B (400) 0.230 12 0.981
(222) 0.500
C (400) 0.300 15 0.109
o Fz9 HAAGTE WE Ae AeE g8 A
3 An o pa Atk AlE B)SHO)= v FE7F A3 Aol

wato]l AYgyelel EA AAY Aze o
o] dAYgE AAFAE FAY 84 LA
otk wreke] NI AP, EE FEHiete #A
g dolry] §iste] wate] FHAYE 49
22 2X3Ad. @47 (a) 8Q/cm?, (b) 128/
em? (©) 159/ cm?9 BEAAFY o] HEHY
o} Ztzhe] ITOYEMe] AA P E ZAMEI] A%
o XRDE &4
a2 A FF9 BUEEACl & FA 1500
A9 ITOW® XRD patternd Euiich
(211), (222), (400), (440), (622)9] peake] Z+z+ 2
67} 21°, 30.5° 35° 50°, 60°¢] wElwkch Al 71X
ITOR e 2% In2039 (222) peak$} (400) peak
9] intensity7} 7H¢ %8 A UYEtden, 28 peak
YR X ME GE intensityE uebRE (222),
(400) peak intensity® A& (A)7} 7V Za, Al
2(C)9l (400) peak intensity7} ddid ez 713
k3t A #E&H A Fullwidth half
maximum(FWHM)®]  gto] 7% AE
(A)-(B)-(C) £A4=Z (222) peake] 0.265. , 0.29
5 , 0500, (400) peake] 0.150. , 0.230. , 0.30
0. 2 Z7Fst 2. (400)/(222)9] intensity ratio®]
Zke 1,087, 0873, 0.2782 Z&3Ad A& B)Y
(C)9} XRD pattern®] (222), (400) peakel + 7}A
peakZ EeHol Ugeo] FFHUC & et
3% 7tz ¥, 7189 2z T2 7/ =
Az #A dE 2HY stressoll T Aoz we

o, Alg (Aol FFE W3 gl82 XRD
pattern2. 2 #Z3¢ch AA A wrabe) Tz
37t g E AY grol Zopprh EF In2039
(400) Peak?] intensity7} AtjH oz FIiE+E
gt g o] Aol ol e AYAE AESEHAC
watel Wy, ¥ AAY EAATHRY #
AE ¢7] 938t AFM# SEME o] &3tq EW
< B
a9 32 ITO% e H¥W AFM imagest EW
AA7) dataclth. HA AFM imagedlA (C)Y
grain sizeZ} 7F4 23 (A)$F (B)9 grain size®
ddHez FA FEFHAG AE (A)-B)-(O9
Ao mwel rms(root-mean-square)gtel 0.938
nm, 0.973 nm, 2729 nm% Z7}3tYch A2 (A)
o (B)Y EHe ddHeoz AFPIgew A=
(C)e] Edo] ¢ AAA vetwtch. grain size’t
axn, gde] Ad4E utate] W A3¥ o] A
¢ @3t

a9 45 A vlolZ2 3 @A & A&t
9 ge S, adzelth WFPVE 7t e B
&olmg AgFez HL&  S,;@g dedr,
ITOu e 3§ PtRoE AT o] axg, F7]
d HEMeE ¥ AL 2 AFE A
o AdE 28N & F ARl AR (A9
AL gko]l b3 Z3m AE (C)7F ddFe=
2 AFgS 2o Ues S ol 49 4
o2 ZAH3lo & vute A3 g FHI v
Ao A71AYS SdE PSS FUEALS
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A% -5 B4 NSMME AMgshe] ITO
oo Y A3+ AT

T

6 L -
5.285 5.29 5.295 53
Frequency (GHz)

ag 4. ITOEHT (A), (B), (O)Y ¥ALAFE(S,)
e =,

4. A2 E

OLED$¢} LCD#S t=FE#Ho|#ops} Ze &
SEobdAE W EHAY, & WAVNAERE,
S FHE =2 ¥¥ A9ge Ze ITOWY

ST7HL ok HHF FEY I AVRAG
< ZE ITONEE 429 E8S F/isle
L% a0tk ITOWe WAL 49AHe
AbE3le ZA3R T XRD pattern £33 225
(222)/(400) peak? intensity ratiogto] Z71&4
£, FWHMS gto] #7185 ol e #&3)
91, AFM® SEM image24%-6 ZFHAA7 ¢
grain size?7} ZA¥FE BAGo] Lol B2
sttt £ AT e olE9 AAEREH & £
AE ITOWRY Fx3 EA3 Ed EA4L v
BF - vy $2d 2HF vlojlazg HulA
(NSMM) 9] gRAA (&S §38t ITO
2 EARE &% & AU T2 FREokNA
ALEH T AE ITO%EY] A #ets NSMME
Fote] Ho T - 8iHdE WAooz Yol ¢ U
o},

°l

Ay 2
2 =82 20029 #5847 F Ad (KRF-200
2-015-CS0018)2] = el o3t} =95 A&HYt.
in 28
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