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Abstract

Indium tin oxide (ITO) thin films were deposited onto polyethersulfone (PES)
substrate at room temperature by negative sputter ion beam technology. The optical
and electrical properties of ITO/PES thin films have been improved by introducing
the Cs vapor during sputtering. Under our optimal condition, the resistivity of
ITO/PES can reach 4.3% 10'4QCII1, which is lower than 1.58x10°Qcm of the traditional
RF sputtering films. The optical transmittance is 85% in visible region and surface
morphology of the ITO/PES substrate shows the optimal surface roughness to be 0.95
nm (Ra: 0.74 nm).

In addition, we use negative sputter ion beam technology to deposit gas barrier
layer on the plastic substrate. Under optimal condition, we can get the Rms of 1.54
nm and 0.63 nm for Si\Ny and Al,Oy, respectively.
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Abstract

Indium tin oxide (ITO) thin films were deposited onto polyethersulfone (PES) substrate at
room temperature by negative sputter ion beam technology. The optical and electrical
properties of ITO/PES substrates have been improved by introducing the Cs vapor during
sputtering. Under our optimal condition, the resistivity of ITO/PES can reach 4.3x10™ Qcu,
which is lower than 1.6x10°° (2¢cm of the traditional RF sputtered ITO films. The optical
transmittance is 85% in visible region and surface morphology of the ITO/PES substrate

shows the optimal surface roughness to be 0.95 nm (Ra: 0.74 nm).

1. Introduction

Due to their high transparency and high electrical conductivity, indium tin oxide (ITO) films
deposited on glass substrate have been used in organic light emitting devices (OLEDs) for a
long time. Recently, there is a growing interest in applying plastic substrates instead of glass
substrates for OLEDs because they can be bent and are unbreakable'. Several deposition
techniques of ITO films, such as chemical vapor deposition (CVD)?, spray pyrolysis®, and
magnetron sputtering4, have been reported’. One common feature among these techniques is
that the substrate has to be heated to a temperature well above 200 “C during deposition or
post-annealing of the films to achieve reasonable electrical conductivity and optical
transparency. Due to the low T4 (< 200 “C) of plastic substrate, it is still troublesome to sputter
ITO films on plastic substrate by these deposition techniques. The best way to avoid this
problem is to find a technique, which can deposit ITO films with excellent properties at room
temperature.

The problem seemed to be solved by D. Kim et. al. at IBM® who invented the so-called
negative sputter ion beam technology. By introducing a limited amount of cesium vapor onto
the ITO target surface, it produces negatively charged ion beams. The ion beam with kinetic
energy has been claimed to form good ITO films at room temperature.

In this work, we sputtered ITO film on PES substrate at room temperature by using the
negative sputter ion beam technology, and compare its resistivity, transmittance and surface

roughness with the results obtained by normal RF magnetron sputtering without cesium vapor.

2. Experimental

ITO films were deposited on 0.2 mm-thick PES substrates (FS-1300), which were
supplied by Sumitomo Chemical in Japan. The glass transition temperature and surface
roughness of the bare PES substrate are 223 and 2.2 nm, respectively. The
RF-magnetron sputtering system (RFS-1305A) was equipped in the passivation chamber of
Ulvac’s SOLCIET coater, and 6-inch ITO target was surrounded by the round cesium injector.

The architecture is shown schematically in Fig. 1.



Prior to deposition, the chamber was evacuated to 8x10™ Pa. Then, the argon flow rate
was kept constant at 27 sccm and cesium vapor was emitted from cesium injector to the
surface of target. The volume of cesium vapor was controlled by the temperature of cesium
injector. Until the temperature of cesium injector was stable, we turn on the power of

RF-magnetron and start to deposit ITO film on PES substrate.
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Fig. 1. Schematic diagram of the
RF-magnetron and cesium injector equipments

In our previous experiments using RF-magnetron sputtering system, we found that 300
watt of deposition power has the lowest resistivity. At first, the deposition power was kept at
300 watt and temperature of cesium injector varied from 100 to 170 . Samples were
prepared on these conditions, and then resistivity and transmittance were measured.
Secondary, the temperature of cesium injector was set as the optimal value of 150 and
deposition power varied from 50 watt to 450 watt. Resistivity and transmittance were also

measured.

The transmittance of the film was measured using an UV-Vis spectrophotometer. The
bare PES substrate has an average transmittance ~89 % in visible region. Surface roughness
measurements were performed by AFM, and the resistivities were measured by a four-point

probe method.

3. Results and Discussion

Figure 2 shows the resistivity of the ITO/PES films at various sputtering conditions. The
line with square symbol represents the resistivity versus various cesium vapor temperature at
constant sputtering power (300 watt). Deposition under 25 °C (the first point from left) means

the process is normal RF magnetron sputtering without injecting cesium vapor. From the figure,



it shows the lowest resistivity, 4.3x10™ Qcm, was obtained at 150 °C. Compared to the
resistivity of ITO films without cesium vapor, the resistivity decrease from 1.6x10° Qcm to 4.3x
10" Qcm. It is assumed that controlled amounts of cesium vapor injected onto the surface of
ITO target would easily remove one electron from itself to target, and form an internal electric
field. The field will help the sputtered ions to come out easily and the electrons in surface will
make the neutral sputtered ions to become negative ion beam. This negative beam has
higher kinetic energy caused by the potential difference between the substrate and target, will
formed a smooth and dense ITO film and hence lower the resistivity.

The second line with triangle symbol in the figure 2 represents the resistivity of ITO
deposited under different sputtering power and constant cesium injector temperature (150
C). It shows the films obtained at a power of 200-300 watt afford the lowest resistivity. We
inferred that proper energy has been provided to form a low resistivity ITO film in this region. If

the deposition energy is too low, the film may not well constructed.
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Fig. 2. Variations in resistivity of the ITO/PES films with different sputtering conditions.

Figure 3 depicts the transmittance of the ITO/PES films with different sputtering conditions.
The line with square symbol represents the transmittance versus cesium vapor temperature at
constant sputter power (300 watt). The first point from left means deposition at 25 °C without
injecting cesium vapor. From Figure 3, the highest transmittance in visible region near 85 %
was also obtained at 150 °C. Compared to the transmittance of ITO films without cesium vapor

at 79 %, the transmittance has been enhanced considerably.



Another line with triangle symbol in figure 3 reveals the transmittance of ITO/PES versus
different sputtering power at constant cesium vapor temperature (150°C). The line shows

similarly transmittance in 50-300 watt.
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Fig. 3. Variations in transmittance of the ITO/PES films with different sputtering conditions.

Figure 4 shows the comparison of the surface roughness between the ITO/PES with
cesium vapor under optimal condition and that without. From the figure, the ITO/PES sputtered
under optimal condition has smaller Rms (root mean square) and Ra (average roughness)
than that without Cs vapor.

In previous report’, the roughness has the influence in stability and efficiency of flexible
organic light devices (FOLEDs). Hence the smooth ITO/PES film would improve the
performance of FOLEDs. Besides, the low temperature technology also makes the FOLEDs
manufacturing process feasible. ITO films can be applied onto different substrates included the
low T4 (< 150 °C) substrates like PET. By using negative sputter ion beam technology, the
substrate will not be damaged by the heat of sputtering process and the development of a
variety of FOLEDs may be materialized.
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(a) Without Cs vapor (Rms = 1.00 nm, Ra = 0.78 nm)
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Fig. 4. AFM images of ITO films deposited onto poly-ethersulfone substrate.

4.  Conclusions

We demonstrated and corroborated previous reports that the negative sputter ion beam
technology could indeed form a smooth ITO/PES thin film at room temperature. Optical and
electrical properties of ITO/PES thin films can be significantly improved by introducing cesium
vapor during RF-magnetron sputtering which provided without heating the substrate, the
lowest resistivity of 3.5x10*Qcm with the highest transmittance of 85 % in the visible region.
The optimal condition for sputtering ITO film using the negative sputter ion beam technology
as applied to PES substrate at room temperature was determined to be at the sputtering

power of 300 watt and the cesium vapor temperature was set at 150 C.
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