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Abstract

The ITO films were deposited on glass substrates by RF-superimposed dc reactive magnetron sputtering
and were annealed in N, vacuum furnace with temperatures in the range of 403 K~573 K for 30 minutes.
Electrical, optical and structural properties of ITO films were examined with varying annealing temperatures
from 403 K to 573 K. The resistivity of as-deposited ITO films was 5.4x10™*Qcm at the sputter conditions
of applied RF/DC power of 200/200 W, O, flow of 0.2 sccm and Ar flow of 0.2 sccm. As a result of annealing
in the temperature range of 403 K~573 K, the crystallization occurred at 423 K that is lower than the crys-
tallization temperature caused by a conventional sputtering method. And the resistivity decreased from 5.4x10™* Qcm
to 2.3x10™ Qcm, the carrier concentration and mobility of ITO films increased from 4.9x10%/cm” to 6.4x10%/
cm’, from 20.4 cm*/Vsec to 41.0 cm’/Vsec, respectively. The transmittance of ITO films in visible became
higher than 90% when annealed in the temperature range of 423 K~573 K. High quality ITO thin films made
by RF-superimposed dc reactive magnetron sputtering and annealing in N, vacuum furnace will be applied
to transparent conductive oxides of the advanced flat panel display.

Keywords . Indium fin oxide, RF-superimposed DC reactive magnefron spuftering, OLED, Resistvity, Mobility,

Surface roughness, Transmitfance
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Table 1. Condition of RF-superimposed DC reactive
magnetron sputtering

Parameters Conditions
Target In,05(90 wt%)-Sn0,(10 wt%)
Ar gas flow rate 20~80 sccm
0O, gas flow rate 0.1~0.3 sccm
Base pressure 1.0x107 Torr
DC power 50 W~200 W
RF power 100 W~300 W
Pre-sputtering time 30 min
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o} Agt" ITO #ute] FA = Surface Profiller whal v A gk Wl 25 24 £ Ao ITO ¥t
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sttt wZell Atart At SHE YA 9§ 1TO
ulure] Zxa| ol AWE BAEY] YA 2
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Table 2. Resistivity variation of ITO films by RF-superimposed DC reactive magnetron sputtering with Le(3*) orthogonal

array
Ewperiment No. | RF/DC Power O, content Ar flow rate Rs (€/cm) Thickness (A) | P (x107*Qem)

1 100/50 0.1 30 299466 233 6977.6
2 100/100 0.2 65 737.1 800 59.0
3 100/150 03 80 129.5 1382 17.9
4 200/50 0.1 65 211667 436 9198.4
5 200/100 0.2 80 252.3 1329 33.6
6 200/150 03 30 35.1 1835 64
7 300/50 0.1 80 1773 667 118.3
8 300/100 0.2 30 34.8 1753 6.1
9 300/150 0.3 65 117.6 1674 19.7
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Table 3. Resistivity variation of additively experimented ITO films by Table 2. data

Ewperiment No. | RF/DC Power O, content Ar flow rate Rs (Q/cm) Thickness (A) | P (x107™* Qcm)

1 200/150 0.15 20 42.0 1352 5.7

2 200/150 02 30 619 1242 7.7

3 200/150 0.25 40 298.9 1205 36.0

4 200/175 0.15 30 37.8 1441 5.4

5 200/175 02 40 714 1374 9.8

6 200/175 0.25 20 39.5 1490 5.9

7 200/200 0.15 40 45.1 1544 7.0

8 200/200 0.2 20 32.7 1637 54

9 200/200 0.25 30 49.8 1499 7.5
— & 2 4 94 Qo) ABE Je SFoz
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Fig. 2. Main effects plot for S/N ratios in Table 2.
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Fig. 5. (a) Specific resistivity, (b) carrier concentration,
{c) mobility of annealed the ITO films at different
temperatures.
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Fig. 6. AFM image of annealed the ITO films at different temperatures. (a) as-dep., (b) 423 K, (c) 473 K, (d) 523 K,
(e) 573 K.
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107 Qemelth. oA A3 AAHe S/NHIZ ITO
ko] SAA] A7]d B0 dEgS FE 8UAS
A% A7 Abd st} ofl2 2 skl ITO
dhakel Al A7 BEA 7P & IS 1A

2L Hue 97 A%l AYF F& A

syt dAglon, AFE7AM Y GA T AL
3 . GAE exrt FHES
£ Sn 927 In Aol L&stA x)@=o] A2l
FE7F F7F B A Qs Aol olF =
7} Z7hsted 573 KellM HIAE 2.4X 107 Qemd] 7t
5 ANH B4 BAvh B3 EX4E &
T Z7tol 9% dAFo s Fol AA AHA
573 Ko/l RMS 1.587 nmZ Yelgtou, Axde
2 959 d FEAYL Vepiich AEA o
oMo FatH FEFgLE 150°C o] A=
e BT 90% oo Frtshe §9 ITO Hhet
o] H71H, #8Hy EA4do] Felapl A Al
thr} 7]1E9 RF ¥ DC £HE T o] Z#od
% U] d713 54& vusEde W RF
DC A7 st ER AFE Y F3Yo] Z
Zulo] ot B 44 Fo HU1E A A
FFH ol ATh
webs ZEFF ITO ¥Ehe RF/DC FAA7F 7t
Y EE AHEEY FAYPORE AoEta 55 4
g 53l AT 5 Aok 2aEH7] AFstl
Aol GxEe ITO Bte] H714, 384 54 &
Aol aFFola w3t AL AR} rHegeEM
5 JRiste}l ESHAME wg d8Ad AL
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