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Abstract

A neutral beam system has been developed to
produce hyperthermal neutral beams composed of
indium, tin, and oxygen atoms. Using these hyper
thermal neutral beams with energies in the range of
tens of eV, high quality indium-tin oxide (ITO) thin
films have been obtained on glass substrates at
room temperature. The optical transmittance of the
films is higher than 85% at a wavelength of 550 nm
and the electrical resistivity is lower than 1x107
xm.

1. Introduction

High quality thin film deposition of indium-tin
oxide (ITO) at low temperature is a key issue in the
development of organic flexible displays such as the
organic light emitting diodes (OLED). Especially, top-
emitting OLEDs[1] require a direct deposition of the
ITO film on organic layers.

Magnetron sputtering is the most popular technique
to deposit ITO films. However, this technique needs
high substrate temperature, typically above 250 T,
for the film to have good optoelectronic properties
such as high transmittance and conductivity. During
conventional sputter deposition processing, it is not
easy to avoid plasma damage due to the high
sensitivity of organic films to radiation and charged
particles from plasmas: electrons, ions, and UV
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photons.

We have developed a neutral beam deposition
technique for plasma-damage-free deposition of ITO
films with good optoelectronic properties at room
temperature. Instead of heating the substrate to supply
reaction energies to the reactive atoms on the substrate,
we produce reactive atomic beams which are already
accelerated enough for the reaction energy in the
neutral beam source earlier before they reach the
substrate. In order to apply this technique to the
deposition of the indium-tin oxide films at room
temperature, a neutral beam source has been
developed and performed a capability test by the
deposition of the ITO thin films on glass substrates at
room temperature.

2. Experimental

Our developed neutral beam source consists of an
inductively coupled plasma (ICP) source, a magnetron
sputter source, reflector, and limiter as shown in figure
1. The magnetron sputter source supplies solid
elements such as indium and tin atoms into the plasma
in which the solid elements are ionized. The ions are
accelerated in the plasma sheath between the plasma
and reflector, and then neutralized mainly through the
Auger neutralization [2]. The neutralization efficiency
depends on the impinging angle, reflector material,
surface roughness, etc [3]. We use a polished stainless
steel (SUS316L) plate for the reflector. The neutral
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Fig. 1. Conceptual diagram of the neutral beam
source.

beam energies are ca. a half of the impinging ion
energies [4]. The accelerating potential is the sum of
the plasma potential and biased voltage. For instance,
in case of a bias voltage of —30 eV with a plasma
potential of 10 eV, the impinging ions are accelerated
up to 40 eV and then the reflected neutral atoms keep
a half of the energy, i.e., ca. 20 eV.

The atoms neutralized at the reflector surface return
back into the plasma and can be re-ionized. So, the
plasma should be as much thinner as possible
compared to the ionization mean free path of the
reflected atoms. The plasma volumetric extension is
limited by a limiter which is an array of permanent
magnets. The limiter prevents charged particles from
flowing down to the substrate.

3. Results and discussion

The measured ion current density at the reflector
surface is larger than 2.5 mA/cm? of which about a
half may be equivalent to the neutral beam flux
reflected on the reflector, i.e., ca. 1.6 x 10 atoms/
cm? s. The measured ion beam current density is
shown in figure 2. The ion current density J; is not
changed as the reflector bias voltage is increased over

—20 V due to the relation between the plasma sheath
width d and the reflector bias voltage V, i.e., [5]
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Fig. 2. lon current density at the reflector
surface as a function of the reflector bias.

RF Power : 1 kW Reflector Bias Voltage
104 Gas : He 1 mTorr U —a= 120V
i Z\A —o—-90 V
1 -
8 P b oV
2 \
= I \
5 6+ i \
g | \
< \
8 44 \
c \
§ 3\
2 A,
B
X FRAAAAAALL
KQ%'O’O ooooooooooooooooo
04
—_————r—T———

LS
-10 0 10 20 30 40 50 60 70 80 90 100 1X(

Energy [eV]
Fig. 3. Measured neutral beam energy
distribution as a function of the reflector
bias voltage.

The sheath width increases as the reflector bias is
increased. So, the ion current density keeps a constant
value. With this ion current density, the deposition rate
is independent of the reflector bias voltage and
obtained up to ca. 10 nm/min.

Figure 3 shows the measured neutral particle beam
energy distribution as a function of the reflector bias
voltage. The peak energies of the neutral particle
beam are ca. 45% of the reflector bias voltage and in
good agreement with the theoretical estimation.

Figure 4 shows the loss current density through the
limiter. The most electrons are confined in the plasma
by the limiter but some ions are lost. The ion current
is much smaller than plasma current compared to
Figure 2.
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Fig. 4. Resistivity as a function of the
reflector bias.

The resistivity of the ITO films deposited on a glass
substrate by the neutral beam is shown as a function
of the reflector bias voltage in figure 5. The resistivity
is very sensitive to the neutral beam energies.
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Fig. 5. Resistivity as a function of the
reflector bias.

The lowest resistivity of 1 x 10 Qcm is obtained at a
reflector bias voltage of —40 V which is equivalent to
a neutral beam energy of 25 ~ 30 eV. The resistivity
does not almost change up to a reflector voltage of 50
V and then increases rapidly over 50 V.

The transmittance of ITO films deposited on glass
substrates by neutral beam is shown as a function of
the reflector bias in figure 5. The transmittance is very
sensitive to the neutral beam energies. The best
transmittance is obtained at a reflector bias voltage
of-40 V and the transmittance is better than 85 % at a
wavelength of 550 nm.
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Fig. 6. Transmittance as a function of the
reflector bias.

4. Summary

We can make a performance test of the neutral
beam system applying it to the deposition of the ITO
film at room temperature. The optoelectronic qualities,
optical transmittance and electrical conductivity, are
as good as those of the ITO films at higher
temperature over 250 C. We expect also that the film
should be free of the plasma damage since most of the
charged particles are prevented from flowing down to
the substrate. Therefore the neutral beam system can
be applied to the ITO film deposition for the OLEDs
as well as the flexible displays since the film quality is
supposed to meet the requirement of them.
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