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Deposition of ITO Thin Film at Low-Temperature by
Inclination Opposite Target Type DC Magnetron
Sputtering Method

ABSTRACT

The InyO3-SnOy, ITO, thin film 1s a transparent conductive film. And
the I'TO film is one of the materials for widely practical usage in the
optical electron field.. Because the I'TO film has high transparency in
visible spectral region and low electrical resistivity, it has excellent
electromagnetic shielding effectiveness. In this study, the ITO film was
prepared onto plastic film substrate at room temperature by the
inclination opposite target type DC magnetron sputtering equipment, in
which a metallic indium tin alloy target was used . The effects of
oxygen gas flow rate and bias voltage on the electrical resistivity and
transparency of the ITO film were discussed. For low electrical
resistivity of the ITO film, the electromagnetic shielding effectiveness
was studied. The results obtained were as follows:

(DThe ITO film produced at room temperature had amorphous
structure with very smooth surface.

(2)The electrical resistivity of ITO film deposited at room temperature
showed minimum value at the oxygen gas flow rate of 0.4sccm.

(3)The electrical resistivity of ITO film deposited at room temperature
depended on the bias voltage and showed the minimum value in the
bias voltage of 70V

(4)When the optimum coating conditions were selected, the electrical



resistivity of 3.12x10“Q - cm was obtained.
(5)When the bias voltage was —70V, the ITO film deposited at room

temperature showed the most electromagnetic shielding effectiveness
(21dB)
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2.7 ITOY A &S ¢33 In¥ Sne EA
2.7.1 InY &4

AE(n, YA WE: 49, A& 114.82)2 A=A <A 11
a5082 THE Freog ot T4 AAe dafel 9z
Zlol7] wiiEel, =% 99.9%°]%ol Hrh stgEo M= T
+37k1H], +17F B 4271 dluws EFE sEEE 4R

AFY AAFULY 3ES In0s In0O, IneS, InoSe, InoTes |
t} 91 E2 EAS Table 2.3 o YERHAL

Table 2.3 General properties of In

Melting Point 156.17C
Boiling Point 2000C
Density 7.31g/cm®
Thermal Conductivity 81.6W/(m - K) at 27C
Specific Heat 233]/(kg - K) at 25T
Heat of Fusion 3.28kJ/mol
Heat of Vaporization 226kJ/mol
Atomic Volume 15.7W/D
First Ionization Energy 557k]J/mol
Electrical Resistivity 80n? - m at 20C
Crystal Structure Tetragonal
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Table 2.4 General properties of Sn

Melting Point 231.97C
Boiling Point 2270C
Density 7.29g/cm®
Thermal Conductivity 67W/(m - K)
Specific Heat 221.9]/(kg - K) at 25T
Heat of Fusion 7.1k]J/mol
Heat of Vaporization 258k ]J/mol
Atomic Volume 16.3W/D
First Ionization Energy 707k]J/mol
Electrical Resistivity 110nQ - m at 0C
Crystal Structure Tetragonal

Magnetic Susceptibility

0.027x10 %(cgs) at 18C
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Fig. 3.1 The inclination opposite target type DC magnetron
sputtering equipment

Substrate
Target Shutter
N v
P Target
e
f
Z1g

Fig. 3.2 Schematic diagram of inclination opposite target type DC
magnetron sputtering equipment

_30_



EROSION TRACK

ELECTRIC

MAGHETIC
FIELD LINES

HOPPONG
ELECTRONS

TARGET

Fig. 3.3 Applied fields and electron motion in the planar

magnetron

Fig. 3.4 Shape of used Target
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£ A9 o AUyt di7] EEH AW AW E Ea oA s
wo] Wt @dALEAH 072 coatings AotE A= A gaE
ol ¥, AgE 45 v %y & 2er)

gsta, T2, & 2431, A

QAL RERAIL S, (TEoddn & FEn Lz
o deP@FARAY ANS 1w, 44 2R (ZLE,
cRPIE B

7] spoll Alzah ITOw )]

3l Table 3.1& A2 Z#~8 o
=
=1

29 ¥ b EH(Sputter parameter)

Table 3.1 Sputtering conditions for deposition of ITO
film

Sputtering conditions
Substrate Temperature room temperature
Sputtering Time 30~120(min)
Initial Vacuum (5.53x10 "Pa
Ar gas flow rate > B0sccm
O, gas flow rate 0~1.0sccm
Sputtering Vacuum 4.4~46x10 'Pa
Coil current oA
Anode voltage 1V
Substrate voltage 0~-80V
Target current 0.15~0.45A
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Fig. 3.5 AFM(Atomic Force Microscope) equipment
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Fig. 3.6 Measurement of electrical resistivity by four—point probe

methode
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Fig. 3.7 V-550 spectrophotometer
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3.2.6 ¥ HA3 54
3.2.6.1 TRI17302 A = 7}7]

TRIN7302 A= B77l= A R dAl tie =44 S92
Aleze Ae gaE =A3E= 7]7] olt}, o] TRIN7302 A= H7t
7]% ZJ:/\] /\/\13_4 27H_4 TEM xﬂi tsﬂ/ﬂgo}x% MJ‘ TEM‘”W

o) IR A7E 377Q0] H= AL ol&sl, Al W A= &
#E FAT & 2709 TEMAS o] &3at7] 7] wiiel 2
Aol dste] G WA ¢hal F4o] Jhsatrh Figd8 % Fig.39
T o2 Aol AME® TRII7302 A= 3771e] AAAA AR
SN A A NEFEE 44 o

B oAgo] ALg3 ADVANTESTA S TRI730224 =4 371719 4
ATtA 2 ofgok 2t

(1) &34 A= : 10MHz~1000MHz
(2) =74 dynamic range : 10MHz~100MHz 40dB ©]%
100MHz~1000MHz 50dB ©]%

(3) d=9 &=t : Ng
(4) ¥=9 adapter : BNC-N ®37](JUG-201A/U), SMA-N W37
(HRM-534S)

5) d=9 dIdx ok 50Q

6) Z=AAA A+ (150mm+Imm)*x(50mm+imm) 23
7 Smmeo] &}

(7) = . °F Skg

_39_



Fig. 3.8 TEM-CELL equipment

Hork room "y
Dual TEM cell
—i Sample
II.'.‘.‘:‘.‘.‘.1.I
v v
R3361A -
x-¥ Plotter
Spectrum HP 74403
analyzer

A

Fig. 3.9 Schematic diagram of TEM-CELL
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Fig. 3.10 Spectrum analyzer equipment
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Fig. 4.1 Effect of the amount of oxygen on the resistivity
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Fig. 4.4 X-ray diffraction diagram of the film deposited at
bias voltage at the -30V and -80V
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Fig. 4.8 Variation of low resistivity of ITO film deposited

at room temperature from the center of substrate
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