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Characteristics of ITO films strongly depend on sputtering method There is a possibility that 
bombardment of recoiled oxygen with high energy from target influences the characteristics. Ion 
beam sputtering has the advantage that substrates are separated from plasma, so that there are two 
ways to deposit the films by sputtering using mixed gas of oxygen. One exposes substrates to the 
oxygen as absorptive gas ( Ar+[ 0 2 ]), and the other introduces the oxygen gas into ion source (Ar+0 2 ) 

to generate the recoiled oxygen with high energy. So, the ITO films were deposited by sputtering in 
the two ways, and the dependence of the characteristics on the ratio of oxygen to total gas flow 
including argon R0211Ar+o21 has been investigated The composition of the films was almost same 
between them. But the structure, the resistivity p and the transmittance T of the films were 

remarkably different. p oft he films for ( Ar+02 ) took the minim urn value of6.5 xl o· 4 Q cm at R0211A r+02i 

around 0.33. T for (Ar+02 ) was higher than that for (Ar+[02 ]). It was found that bombardment of 
the recoiled oxygen enhanced T without the increase of p. 
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1. INIRODUCTION 

Transparent conductive films, represented by In 20 3 : 

Sn (ITO) and ZnO are widely used as electrodes for 

flat panel displays, solar cells and 

electroluminescence (EL) devices. 11
H 21 Fspecially, 

ITO films are prepared by various methods such a 

chemical vapor deposition (CVD), evaporation, 

sputtering. Recent technology requires a preparation 

of ITO films with high quality at low temperature to 

use a top electrode on sensitive materials such as 

organic. Among these methods, ITO films with low 

resistivity are frequently deposited by rf magnetron 

sputtering 131
, de magnetron sputtering under low 

sputtering voltage 141 and FTS of plasma free process 
151

• For the conventional plasma sputtering, the 

substrates are near the plasma in the apparatus, 

so that the films are always bombarded by 

recoiled argon, oxygen and plasma. It is known 

that energy of the recoiled argon and oxygen is 

con si derabl y high. So, there is a possibility that 

bombardment of the recoiled oxygen strongly 

influences the characteristics. In addition, 

adsorption in atmosphere of introduced gas also 

occurs. 161 So, to deposit ITO films with high quality, 

the effect of the recoiled and adsorptive oxygen must 

be clear. 

Ion beam sputtering has the advantage that 

substrates are separated from the plasma. For 
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this reason, there are two ways for introduced 

gas on ion beam sputtering. One is sputtering 

using adsorptive oxygen in atmosphere by 

oxygen introduced into chamber, and the other is 

sputtering using oxygen recoiled from target by 

oxygen introduced into ion source. In this study, 

the ITO films were deposited by the ion 

beam sputtering in their ways, and the 

dependence of the characteristics on the ratio in 

flowing rate of oxygen gas to mixture gas 

including argon R 0211Ar+o2 > has been 

i nv es ti gate d. 

2. EXPERIMENTAL PROCEDURE 

Figure 1 shows the schematic illustration of the ion 

beam sputtering apparatus used in this study and the 

introduction ways of the gas. Kaufman-type ion source 

was used. Specimen films were deposited on water

cooled glass substrates by ion beam sputtering using 

the ITO (ln35Sns060) target. The residual gas pressure 

in the chamber was lower than 6 X 1 0'5 Pa. Argon gas 

of 99.999% in purity for sputtering was introduced 

into the ion source at flowing rate of 2 seem, so that 

argon pressure was as high as 3.6 mPa. Oxygen gas 

was introduced by the two ways into the chamber 

(Ar+[02]) and into the ion source (Ar+OJ, as shown 

Fig. 1 (a) and (b), respectively. The flowing rate was 

varied in the range between 0.125 and 16 seem. The 
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mean free path of oxygen was longer than the distance 
oftarget andsubstrate at the flowing rate of 16 seem. 
So, the recoiled oxygen from the target directly 
arrives at the substrates. The sputtering voltage and 
current were fixed at 1200 V and 30 mA, respectively. 
Film thickness was 500 nm. 1l1e composition and the 
crystal structure were analyzed by XPS and X-ray 
diffractmetry. The morphology in the films was 

observed by SEM. The resistivity p was measured 
using by a four probe method. Concentration Ne and 

mobility of free electron J1 were estimated from Hall 
measurements by Van del Pauw method. The optical 
transmission spectra of the films were measured by a 
spectroscope in the wave range from 300 to 2500 nm. 

Adsorptive oxygen Film 
Argas 

(lnSnO) 
ITO 
{a) 

Recoiled and adsorptive oxygen 

(lnSnO) 
Target 

(b) Ar+02 
Fig. l. Schematic illustration of ion beam sputtering apparatus 
used in this study and introduction ways of gas. 

3. RESULTS AND DISCUSSION 
A. Simulation of recoiled argon and oxygen 

For a sputtering, it is known that energy and 
amount of ions recoiled from target are closely related 
to mass numbers of target atoms and sputtering ions. 
The mass numbers of indium, tin, oxygen and argon 
are 114. 8, 118.7 16 and 39. 9, respectively. Oxygen 
and argon as sputtering gas are much smaller than the 
elements of the target. Therefore, there is a 
high possibility that the films sputtered using argon 
or oxygen introduced into ion source are bombarded 
by a large amount of recoiled argon or oxygen with 
high energy. So, the energy of oxygen and argon 
recoiled from ITO target was estimated by Monte
Carlo simulation 1RIM [7]. The calculations are based 
on a direct Monte-Carlo method applied to an 
amorphous I1D target. Figures 2 show the schematic 

layout of the apparatus and the angular distributions in 
energy of the recoiled oxygen. The ionized oxygen 
gas in the ion source is almost in 0 2+. 

181 So, on the 
assumption that atomic collisions at the target detach 
0 from 0 2 +, the acceleration energy of 0 is half. 
Therefore, the simulation for the recoiled oxygen was 
carried out at acceleration voltage of 600 V and 
l 00000 events. Both of the incident angle of the 
sputtering ion beam to target plane and the angle of 
the substrate from target plane are equal to 4Y. The 
small dot in the figure corresponds to an oxygen atom. 
The length and the direction to the dot indicate the 
energy and the angle projected in the plane included 
the three points of the ion source, the target and the 
substrate, respectively. In Fig. 2, a large amount of 
the oxygen is reflected from the ion source in the 
direction of the target plane to the substrate. The 
substrate was bombarded by the recoiled oxygen with 
the high energy up to 500 eV. Taking statistics of the 
oxygen arriving at the substrate, the average energy 
<E0> was 202 eV. Similarly, the average energy for 
the recoiled argon <EA,> was 280 eV at acceleration 
voltage of 1200 V. These results indicate that 
bombardment by the recoiled oxygen and argon is 
very serious fort he growing films. So, R 0211Ar+oz 1 for 
Ar+{Ozl shows the only variation of the amount of 
adsorpti ve oxygen, and the constant bombardment by 
the recoiled argon. R 0211Ar+OZ 1 for Ar+02 shows the 
variation of the ratio of the recoiled oxygen to the 
sum of the recoiled argon and oxygen, and the 
variation of adsorptive oxygen for Ar+[02 ]. 
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Fig. 2. Angular distribution of recoiled oxygen. 

B. Experimental results 
Taking effect of the recoiled oxygen and argon into 

consideration, the composition of the deposited films 
may change by the bombardment. So, the content of 
In, 0 and Sn was measured using XPS spectra of 
In3d5/2, 01 s and Sn 3d5/2. Figure 3 shows the 
R 02{A<+021 dependence of the In, 0 and Sn content (C,n, 

C0 and Csn). The content of the films deposited by the 
two ways of (Ar+[02 ]) and (Ar+02 ) was almost same. 
c,n of the films decreased from 40 to 38 at.% as 
R02{M+o 21 increased. C0 increased decreased from 55 to 
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59 at.%. C.~. was almost constant at 4.5 at.%. This 
result indicates that the amount of the adsorpti ve 
oxygen closely depended on C0 . The value of C1• of 
the films was higher than that of the target. 

Q.c,.D:Ar+[021 
•••:Ar+02 

Sn3ds;2 
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Fig. 3 R02~Ar+OZ! dependence of In, 0 and Sn content ( C1., C0 
and C.~.). 
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Fig. 5 X -ray diffraction patterns of !TO films as 
a parameter of R 0211Ar+02J· 

Figure 4 shows the typical SEM images of the ITO 
films deposited by the two ways. The left and right 
images in the figure shows ones deposited by Ar+[02 ] 

and Ar+02 , respectively. The morphology of 
film surface was very different between them. For 
Ar+[02 ], the large grains up to 200 nm in a width and 
the small grains appeared at R 02,rAr+OZ! below 0.11. At 
R 02 ,(Ar+02i of 0.33, the grain size was drastically small. 
At R02~Ar+02i above 0.33, the grain size was decreased 
with an increase of R 02A:Ar+OzJ· For Ar+02 , the large 
grains only appeared at R 021!Ar+o21 of 0.059. At Roz,(Ar+o21 

above 0.33, the grain size increased with an increase 
of R0211Ar+o21 and was longer than that of Ar+[Ozf. 

Figure 5 shows the CuKa X-ray diffraction patterns 
of the ITO films as a parameter of R021!Ar+o21 • For 
Ar+[02 ], X -ray diffraction peaks of (222), (400), (440) 

and (622) planes of In20 3 appeared. At R02~Ar+02i of 
0.67, peaks of (440) and (622) plane vanished. For 
Ar+02 , the peak intensity of (222) planes was higher 
than that for Ar+[02]. At R 02A:Ar+OZJ above 0.33, the 
high peak of (400) plane appeared. The bombardment 
of the recoiled oxygen promoted the crystallization 
and enlarged the grain size. 
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Figure 6 shows the R02{Ar+02J dependence of 

resistivity p. p of both films took the 

minimum values at R021(Ar+02! of0.33. p for Ar-+02 was 

the lowest value of 6.5xl0'4 Qcm. p for Ar+[O 2 ] 

changed in the range between 7 .4x 1 0'4 and 1. Ox 1 0'5 

Qcm. p for Ar-+02 widely changed and drastically 

increased at R0211Ar+Ol! above 0.67. 

1 0-4 ........................................... ....<..J......_ ....... J....L ....... ...J 

0 0.2 0.4 0.6 0.8 
R02/(Ar+02) 

Fig. 6 R0211Ar+02! dependence of resistivity p. 

Figure 7 shows the R02~Ar+o21 dependence of the 

carrier concentration Ne and the carrier mobility f-1. For 
Ar+[02], Ne decreased from 1.5xl022 to 9.0xl020 cm·3 

with an increase of R02{Ar+02! in the range between 
0.057 and 0.33. Ne gradually decreased at R 021(Ar+02i 

above 0.33. For Ar-+02 Ne was constant at R ' 02;fAr+02J 

below0.33 and drastically decreased from l.Oxl021 to 

l.Oxl0 19 cm·3 at R02~Ar+OZJ above 0.50. f.1 ofboth films 
increased in the range between 0.059 and 0.50. At 

Rozi(Ar+oz1 above 0.50,f..L was almost constant.f..L for 
Ar-+02 are higher than that for Ar+[02 ]. These results 
indicate that adsorptive oxygen was required to 

increase f.l, the recoiled oxygen increased 11 owing to 
the improvement of the crystallization and decreased 
N0 and the recoiled argen increased Ne. 
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Fig. 7 Ra2!(Ar+02! dependence of carrier concentration 
Ne and carrier mobility J.l.. 

Figure 8 shows the typical transmittance T spectra 
of the I1D films as a parameter of R Tot· both 02«Ar+02r 

films deposited at R02~A>+Ol! of 0.056 was lower than 
5%. T increased to 75 % for Ar-+02 and 95 % for 
Ar+[02 ] with an increase of R02~Ar+o21 . T of films for 
Ar+02 was higher than that for Ar+[O,]. T of the films 

with minimum p were 65 for Ar+02 and 75 % for 

Ar+02• 
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Fig. 8 Transmittance T spectra of !TO films as 
a parameter of R 0211Ar+ 021 . 

4. CONCLUSION 
The !TO films were deposited by the ion 

beam sputtering in the two ways as a parameter of 

R ozi!Ar+o2 >·One is to use the adsorptive oxygen in the 
atmosphere (Ar+[Ozl), the other is mainly to use the 
recoiled oxygen with the average energy of 202 eV 
(Ar-+02 ). The composition of both films was 
almost same. The recoiled oxygen enlarged the 
grain size, promoted the crystallization and 

increasedf..L. p offilms with bombardment of the 
recoiled oxygen took the minim urn value of 

6.5x10- 4 Qcm at R 0211A,. 021 around0.33. T of the 
films with bombardment oft he recoiled oxygen 
was higher than that of adsorptive oxygen. 
Consequently, the recoiled oxygen for the ion 
beam sputtering widely changed the 
characteristics of the films, the bombardment 
enhanced the optical transmittance without the 
increase of the resistivity. 
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