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ABSTRACT

Reverse Monte Carlo (RMC) modeling is a novel method of obtaining 3D information on atomic structure by com-
bining complementary data from various experiments. X-ray and neutron diffraction data, nuclear magnetic resonance
results, and chemical considerations have been used as constraints in the RMC process to model diamond-like carbon, an
amorphous hydrogenated form of carbon with unusual properties. The results have given us new insight into this inter-

esting material.

Introduction

In the last few years our knowledge of the properties of
amorphous materials has grown considerably, and the
number of their technological applications has multiplied.
One such amorphous material, amorphous hydrogenated
carbon (a-C:H), or diamond-like carbon, has been of par-
ticular interest due to its unusual physical and chemical
properties. a-C:H can be made harder, denser, and more

- resistant to chemical attack than any other solid hydro-

carbon and has a wide range of current and potential
applications.

Diamond-like carbon has been well characterized by the
Kent Group, using various experimental techniques: neu-
tron and x-ray diffraction, inelastic neutron scattering,
and nuclear magnetic resonance (NMR).>* These comple-
mentary results have provided a wealth of information on
the structure and bonding environments within the mate-
rial. Diffraction data, however, give an averaged represen-
tation of the structure and information on local arrange-
ments is lost: to obtain a three-dimensional (3D) model of
the structure of this important material, computer model-
ing techniques must be used. Reverse Monte Carlo (RMC)
modeling is a method for producing a 3D representation of
the structure of the material, which is consistent with both
the experimental data to which it is fit, and any other con-
straints included in the model, e.g., bonding considera-
tions or chemical information. .

* Electrochemical Society Active Member.

Theory

The validity of a structural model which is fit to exper-
iment is clearly limited by the quality of the experimental
data on which it is based. It is therefore extremely impor-
tant to use high quality, carefully analyzed data. Full
details of diffraction theory and the data analysis process
can be found elsewhere, e.g., Ref. 5, 6; the procedure is
outlined only briefly herein.

An amorphous material can be described by its pair dis-
tribution function, g(r), which is related to the number of
atom centers at a distance r from a given atom at an arbi-
trary origin. The average number of atoms in a spherical
shell of width dz a distance r from an atom at the origin,
is then given by

4mrinyg(rydr [1]

for an average number density n,. For a multicomponent
system with contributions from each pair type, a weighted
combination of partial pair distribution functions is used.”
According to the Faber-Ziman formalism® this is given by

G() = anbacpbpg uB(T) ) [2]

where c, is the atomic fraction of element o with scatter-
ing length b, and g,(r) represents the partial terms in G(r),
i.e., the number of B-type atoms about an a-type atom.

We can obtain a measure of the interference between
scattering from neighboring atoms by Fourier transform-
ing G(r) to obtain the structure factor, S(Q)




lon Current Density = 7.3 mA/cm?

—e - Jon LUIrent Uensity = 1.0 L=
- - - Jon Current Density = 4.2 mA/cm?

12.0
100 —= =
L 8.00 [+ \ = ]
S : S ]
S 600f ——a ]
=< o - B
Zw M i} _
g - 4.00 N \ % J
X e ]
2.00 .
- L )X 1
0.00 ===
00 500 1000 150 200.0 ~ 2500
Bias (-Vdc)

Fig. 5. Plot of AN, vs. RF-induced dc bias as a function of ion cur-
rent density. RF power was varied befween 0 and 300 W. Damage
test samples were exposed to the plasma for 60 s.

density and exposure time for times up to 120 8\ With
additional exposure to the plasma, the level of dayage
appears to saturate for all three values of ion current fen-
sity. Saturation of damage has also been reported\by
others. Seaward et al.* observed a similar result for the
RIE of SiO, on GaAs. Saturation of damage after extend:
_ed exposure to the plasma was explained by a simple
model of a layer devoid of carriers. In this model, carrier
loss is caused by the introduction of deep acceptor levels
into the GaAs layer. While this model may explain the

dependence of damage on dose, it does not explain the

damage dependence on ion current density observed here.
One possible hypothesis which explains the damage

dependence on ion current density and the saturation o,

damage with exposure time is that a residual surface laygér

forms on the GaAs during plasma exposure. The naturg of .

this surface layer is determined by the balance betyeen
jon and reactive neutral fluxes to the surface. In t i pic-
ture, reactive neutrals lead to a buildup of either polymer
(such as CF,) or amorphous layers (such as GaF, gobmplex-
es) which buffer the underlying crystal substratg from the
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Fig: 6. AN, vs. éxposure fime as a funcfion of ion current density.
Exposure fime was varied from 60 to 240 s.

Fig. 7. SEM photggraph of optimized sidewall.

incoming ion enefgy and prevent channeling. The thick-
ness of this layer/and the time for it to form is determined
by the ratio of feactive neutrals which thickens the layer
1o ion flux wifich thins the layer by physical sputtering.
For example/as the ion current density decreases, the ratio
of ions to pfutrals decreases, the surface layer thickness
increases And protects the GaAs surface from the intro-
duction #f subsurface damage. This picture is consistent
with the observations in RIE systems where the introduc-
tion of reactive gases was found to reduce the damage for
a givén RF bias when compared to an inert gas chemistry.”®
In $his picture, the deep damage occurs primarily in the
eafly plasma exposure before the surface layer was creat-
M3 while the crystal was open to channeling. Once the sur-
tace layer has formed the damage saturates (no additional
daXage is introduced for a given ion saturation current).

ther experiments are needed to test this hypothesis and
to dedermine the damage causing mechanisms which are
relevary to this high ion current, low ion energy, low neu-

. tral presgure regime examined here.

A confixmation experiment was conducted to minimize
ion current density and maximize RF power. Figure 7
shows an opbimized sidewall of a sample etched at 500 W
microwave poyer, 100 W RF power (—130 V), 78 sccm
total flow; 4 in. Rhuck height, 7% O,, upper magnet current
of 185 A, lower Magnet current of 0 A, —5°C chuck tem- .
perature, and 10 mTorr chamber pressure. This optimized

. sample had a relativgly low level of damage (AN, = 0.77 X

derisity of 1.6 mA/cm® selectivity of
axross a 3 in. wafer, and an SiN, etch’

10" ¢m™?), ion curren
1.4, uniformity of 2%
rate of 78.4 nm/min.

Conclusion

Statistically designed expriments were performed to
develop a high resolution etch drocess for the patterning of
SiN, layers over GaAs using a CF,/O,/Ar plasma in an
ECR. Plasma damage increased ith increasing ion satu-
ration current (first-order effect). Yon saturation current
increased with decreasing chamber pressure. Damage was
also increased with increasing ion energy, however this
was a second-order effect. Damage satixated with expo-
sure dose. Saturation of the damage may ke explained by
a residual surface layer forming on the GaAs during plas-
ma exposure. The addition of low level RF power was nec-
essary to provide profile control. A region in\parameter
space exists where low damage and anisotropy can be
achieved simultaneously.

We have demonstrated that a high resolution, low\dam-
age CF,/O,/Ar plasma etch process, for the patterning of
submicron features in SiN, films on GaAs substrates, was -
achieved in an ECR etch reactor.













