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OF NANO-THIN AMORPHOUS HYDROGENATED CARBON (a:CH)
FILMS USING MOLECULAR DYNAMICS
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ABSTRACT

Molecular dynamics computer simulations are used to study the effect of substrate temper-
ature on the microstructure of deposited amorphous hydrogenated carbon (a:CH) films. A transi-

tion from dense diamond-like films to porous graphite-like films is observed between substrate -

temperatures of 400K and 600K for a deposition energy of 20 eV. The dense a:CH film grown at
300K and 20 eV has a hardness (~50 GPa) about half that of a pure carbon (a:C) film grown under
the same conditions. :
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Figure 1. The indentation loading and unloading curves for simulated amorphoxis carbon
films. The upper curve is for a:C and the lower curve is for a:CH. Both films were grown with
20eV deposition energy, 300K substrate temperature and 4nm surface cells. The estimated
hardness of the a:C films is ~100GPa and that of the a:CH film is ~50GPa.




INTRODUCTION

Amorphous carbon films about 20nm thick are used throughout the magnetic disk industry
as protective coatings on magnetic disks. Despite intense experimental and theoretical study [1,2],
the microstructure of these amorphous films and the effect on mechanical properties such as hard-
ness is not well understood. This is in part due to the variety of deposition methods used and to the
difficulty in probing the state of the material at the nanometer length scale.

In this work we use a molecular dynamics computer model [3,4] with a reactive bond-
order interatomic potential [5,6] to simulate the growth and resulting hardness of hydrogenated
amorphous carbon films. This potential model represents the chemistry of the carbon/hydrogen
system allowing the formation of both graphitic and diamond-like regions. The films are created
by depositing a 50/50 mixture carbon and hydrogen atoms onto a diamond (100) surface (12 lay-
ers) at one atom per picosecond. The substrate temperature is controlled with a Nose-Hoover ther-
mostat and with a Langevin thermostat. A time step of 0.5fs is used and the simulation cell is
periodic in the plane of the surface. Cell sizes of 2nm and 4nm are considered. Indentation was
performed at 35m/s using a tip cleaved from three (100) planes on the diamond lattice. The tip
was blunted to create an effective radius of about 1nm. The tip atoms are held rigid during the
indentation and interact with the surface atoms through a truncated Lennard-Jones potential. The
indentation rate of 35m/s is comparable to the sliding speeds at the head-disk interface in mag-
netic recording disks.

RESULTS and DISCUSSION

Shown in Figure 1 is the loading and unloading curves (force on the indenter as a function
of height) for simulations of both a:C and a:CH films. The results for the a:C films are presented
in reference 4. Both films were grown with a 4nm surface cell, a substrate temperature of 300K,
and a deposition energy of 20eV. The indentation computer experiment was performed at 35m/s
as described above.- The step-like kinks in the loading curves are due to the onset of plasticity.
Unloading the tip prior to the first step does not give the hysteresis loop as shown. Our simulation
cell is too small to observe the formation of cracks and plasticity occurs through changes in the
chemical bonding network. The simulated pure carbon film is about twice as hard as the simulated
hydrogenated carbon film. We estimate the hardness from the loading curves and the area of con-
tact (H=L/A) to be ~100GPa for the pure carbon film and ~50GPa for the hydrogenated carbon
film.

Substrate temperature is an important control variable determining the microstructure and
hence properties of amorphous carbon films. To investigate the effect of substrate temperature we
performed a series of deposition simulations ranging in temperature from 150K to 600K at 20eV
using a 2nm surface cell. Snapshots from these simulations are shown in Figure 2. The micro-
structure of the low temperature (150K) film is qualitatively the same as the film grown at room
temperature (300K). The bonding at 20eV is dominated by sp® hybridized carbon (diamond-like)
with a small amount of sp? (graphitic) [3,4]. The presence of hydrogen tends to stabilize the dia-
mond-like carbon and the graphitic carbon atoms tend to come in pairs. The microstructure at
400K is also qua.htatwely the same as at 300K. Between 400K and 600K we find a transition to a
porous structure dominated by graphitic bonding. The snapshot at 600K displays large voided
regions within the film. In a recent experimental study of the effect of substrate temperature on the
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tructure of nonhydrogenated carbon films, Bhargava et. al [7] found an observable differ-
ence between films grown at a substrate temperature of 400K and films grown at 800K. Their
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