2-P-108

Effects of sputtering of a-C:H films on the chemical composition
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Abstract: We simulated effects of Ar™ and Ne™ irradiation to a-C:H films on their structure
and chemical compositions using the SRIM code. Compared to Ar ions, Ne ions tend to
sputter more H atoms out than C atoms. This tendancy brings about reduction of H
concentration of a-C:H fims as well as efficient structure change from sp? to sp® configuration.
Eventually, harder a-C:H films are realized by Ne* irradiation compared to Ar* one.
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1.Introduction

Carbon is a material that can have a wide range of
structures depending on its bonding configurations. The
structures include diamond, graphite, glassy carbon,
graphene, fullerene, and carbon nanotubes, while
amorphous carbon (a-C) can also be classified into various
categories depending on its properties. This is due to the
fact that carbon has three types of hybridized orbitals: sp?,
sp?, and sp'. Due to its material abundance and the various
structures and properties, carbon is one of the most useful
and the most frequently utilized material. However, the
various structures of carbon related materials often lead to
difficulty of the fine control of structures and properties.
This is ture for amorphous hydrogenated carbon (a-C:H)
films, which consist of sp?> and sp*-hybridized bonded
carbon atoms and hydrogen atoms [1, 2].

Using H-assisted plasma CVD reactor we developed, we
demonstrated conformal, sub-conformal and anisotropic
deposition on trenched Si substrates by selecting
dissociation degree of source gases, flux and kinetic energy
of ions impinging onto surface, and atomic hydrogen flux
[3-13]. This demonstration clearly shows that kinetic
energy of ions impinging on a-C:H films is the key to the

feature profile evolution, in other words, deposition profile.

Such ion irradiation to films also modifies structures and
chemical compositions of the films. This paper compares
effects of Ar* and Ne" irradiation to a-C:H films on their
structure and chemical compositions using the SRIM code.

2.Simulation method

We simulated effects of Ar* and Ne™ irradiation to a-C:H
films using the SRIM code. Simulations were performed
on a-C:H films with 35% hydrogen content and 1.8 (g/cm?)
film density, bombarded by 100 eV Ar and Ne ions at an
incident angle of 0 degree. The total number of incident
ions was 10000 and the calculation area was 3 nm in deapth
from the surface..

3.Results and discussion

Figures 1 and 2 illustrate the penetration profiles of Ar,
and Ne ions into a-C:H films. Ne ions have a larger spread
parallel to the film surface than Ar ions. This is caused by
a significant change in the direction of travel of the massive
ions when they collide with each other in the a-C:H film.
The penetration length of Ne ions is smaller than that of Ar
ions, namely Ne ions penetrate into a relatively shallow
region. The penetration depsth profiels of Ar and Ne ions
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Figure 1. Penetration profile of Ar ions into a-C:H
films.
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Figure 2. Penetration profile of Ne ions into a-C:H
films.

show the following things. The Ar ion density is 1.4x107
(atom/cm®) /(atom/cm?) at a depth of 1.3 nm. Given that
500 (atom/cm?2) Ar ions are implanted, 1.4x10” multiplied
by 500 gives a density of 7.0x10° (atom/cm?) of Ar ions
there.

Figures 3 and 4 show the original positions of sputter out
C and H atoms induced by irradiation of Ar ions and Ne
ions. Table I shows sputtered out H atoms and C atoms as
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Figure 3. Original positions of sputtered atoms due to
Ar ion irradiation to a-C:H films.
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Figure 4. Original positions of sputtered atoms due to
Ne ion irradiation to a-C:H films.

well as theira ration H/C for each ion irradiation. Compared
to Ar ions, Ne ions tend to sputter more H atoms out than
C atoms. This tendancy brings about reduction of H
concentration of a-C:H fims as well as efficient structure
change from sp? to sp® configuration. Eventually, harder a-
C:H films are realized by Ne" irradiation compared to Ar*
one.
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