Jouranl of Surface Analysis Vol. 3 No. 3 (1997)

Y. Homma

Fommation mechanism on ion bombardment InP surfaces

Formation mechanism of indium microcrystals on ion-bombarded InP surfaces
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Surface topography of argon-ion bombarded InP surfaces was investigated using in
situ scanning electron microscopy. The density of indium microcrystals on the ion-
bombarded surface was found to be proportional to the square root of the sputtering rate.
The size of thses crystals decreased with increased sputtering rates. These results suggest
that the density and size of indium microcrystals are determined by nucleation kinetics of free
indium atoms created by preferential sputtering, just like the growth islands in deposition.

1. Introduction

Surface topography induced by ion-beam
sputtering often causes degradation of depth
resolution. For InP, the preferential sputtering
of phosphorous results in indium-microball
(microcrystalline island) formation [1,2]. In
particular in depth profiling using Auger electron
spectroscopy (AES), in which the ion energy
and current density are lower than those used in
dynamic secondary ion mass spectrometry
(SIMS), depth resolution deteriorates drastically.
Ogiwara et al found that the depth resolution in
AES depth profiling depended on the sputtering
rate of InP; the higher the sputtering rate, the
higher the depth resolution [3]. To clarify the
physical meaning of their observation, we
investigated surface topography of argon-ion
bombarded InP surfaces using in situ scanning
electron microscopy (SEM). In this paper, we
discuss the effect of sputtering rate on the
surface morphology of InP.

2. Experimental

We performed argon-ion bombardment in
an ultrahigh vacaum SEM instrument [4]. The
sample chamber pressure during Ar’
bombardment was 2x10” Torr using differential
pumping. The ion energy was 4 keV. The Ar*
beam was not rastered and was directed to an
InP(001) surface at an impact angle of 30° to

surface normal. The spot size was 0.5 mm in
full width at half maximum. There were fine InP
particles or other dust particles on the InP
surface. These particles acted as masks during
the ion bombardment and created shadowed
regions, as schematically shown in Fig. 1. Thus,
the sputtered depth could be evaluated at these
particles from the center of the beam to the halo
region, where the current density changed by
two orders of magnitude. The surface
morphology was observed by SEM near each
particle. The maximum sputtered depth at the
center of the beam spot was 3 pm.
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Fig. 1. Sputtering-rate dependence
measurement.
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Fig. 2 SEM images of Ar* bombarded InP surfaces.
Sputtering rate and sputtered depth: (a) 4.6 nm/min, 0.1 pm, (b) 11.5 nm/min,
0.3 pm, (c) 26.5 nm/min, 0.69 pum, and (d) 115 nm/min, 2.9 pm.

3. Results and discussion
SEM images of the sputtered InP surfaces
are shown in Fig. 2 for four different sputtering
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Fig. 3. Sputtering-rate dependence of In-
island density
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rates. The sputtering rate in Fig. 2(c) is close to
that in dynamic SIMS. Surface topography is
produced due to the formation of In islands. The
size of the In islands is smaller for higher
sputtering rates but the density of islands
becomes higher.

Although the sputtered depths are different
for these surfaces, the morphology showed hitle
dependence on sputtered depth for the same
sputtering rate.

The sputtering rate dependences of the In
island density and size are shown in Figs. 3 and
4, respectively. These were evaluated using
SEM images. Note that the island height is
affected by the sputtering rate difference
between In and InP. The density is proportional
to the square root of the sputtering rate. The
average island area determined using the island
diameter exhibits almost the reverse dependency
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as the density, thus the surface coverage of the
In islands is almost constant. The deviation
from the inverse-square-root dependency at
higher sputtering rates might be due to three-
dimensional growth of islands; island height
might not be negligible for smaller islands.
These sputtering rate dependences suggest that
In-island formation is governed by the
nucleation kinetics of islands, as is the growth
of films.

The steady state concentration of In atoms
created by preferential sputtering should be
independent of the sputtering rate. However,
the creation rate of In atoms J (atoms cm? s™) is
proportional to the sputtering rate R. Therefore,
the results shown in Fig. 3 mean that the In-
island density N, is proportional to ~/J . This
corresponds to complete condensation of
adsorbed atoms in vapor phase deposition [5],

N, = J7/D,, M)

where D, is the surface diffusion coefficient of
the adsorbed atom. This is the case where the
lifetime of the adsorbed atoms before collision
with other atoms A_ is shorter than the lifetime of

the adsorbed atoms before desorption A,
A <Ay (2)

That is, adsorbed atoms collide with each other
to form nuclei before desorption can occur. In
the present case, the surface coverage of In
islands is independent of the sputtering rate,
indicating that all the In atoms created by
preferential sputtering condense completely.
Thus, inequality (2) should be satisfied.

The sputtering rate is smaller for In than for
InP. Under a high sputtering rate, small In
islands are completely sputtered away and a
slight topography remains. However, the In
island density is so high and the sputtered
material is so ample that the topography is
smoothed out. Under a low sputtering rate, on
the other hand, larger In islands are more
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Fig..4. Sputtering-rate dependences of In-island
sizes and area

resistant to the sputtering and cause cone
formation before being sputtered away.
Therefore, the lighter the sputtering conditions
(i.e., lower energies and lower current densities),
the rougher the sputtered surface. The height of
an In island was comparable to the sputtered
depth for the sputtering rate of 1 nm/min.

4. Conclusions

We have shown that indium islands on an
argon-ion bombarded InP surface grow due to
the nucleation kinetics of free indium atoms
created by preferential sputtering. The island
density was proportional to the square root of
the sputtering rate. The island size decreased
with increased sputtering rates. These results
explain the previously reported results that a
higher depth resolution was obtained by
increasing the sputtering rate in AES depth
profiling [3].
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Comments & Replies
Referees: Singo Ichimura (ETL) and Shigeo
Tanuma (Japan Energy ARC)

Ichimura: The explanation of the experimental
results is quite clear except one point described
below.

The island density is proportional to the square
root of the sputtering rate (R) at the region
R<100 nm/min. However, it seems that the
island area is proportional to the inverse of the
sputtering rate at the region of 10 nm/min <R<
100 nm/min. (It is not proportional to the
inverse square root of the sputtering rate.) Does
it mean that the surface concentration of In
depends on the sputtering rate at higher
sputtering rate region? This point should be
made clear in relation to the sentence "The
steady state concentration of In atoms created by
preferential sputtering should be independent of
the sputtering rate”

Author: The deviation from the inverse-square-
root dependence on spattering rate might be due
to the fact that the In islands are not two
dimensional, but three dimensional. If the nuclei
are two dimensional, the island area should be
exactly proportional to the inverse square root of
the sputtering rate. However, the area become
smaller when 3D nucleation occurs. For larger
islands, the height of the initial island might be
negligible, but it is significant for smaller islands.
This had been stated in the original text, but it
was misleading. So I changed the expression
(3rd page, upper left) to make it clear.
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