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Abstract

An 150 kV gas cluster ion accelerator was fabricated and assessed. The change of surface
morphology and surface roughness were examined by an atom force microscope (AFM) after
irradiation of CO: gas clusters on Si (100) surfaces at the acceleration voltages of 50 kV. The density
of hillocks induced by cluster ion impact was gradually increased with the dosage up to 5x10" jons/
cr. At the boundary of the ion dosage of 10 ions/cr, the density of the induced hillocks was
decreased and RMS (root mean square) surface roughness was not deteriorated further. At the dosage
of 5x10% jons/cri, the induced hillocks completely disappeared and the surface became very flat. In
addition, the irradiated region was sputtered. CO; cluster ions are irradiated at the acceleration voltage
of 25 kV to remove hillocks on indium tin oxide (ITO) surface and thus to attain highly smooth
surfaces. CO2 monomer ions are also bombarded on the ITO surface at the same acceleration voltage
to compare sputtering phenomena. From the AFM results, the irradiation of monomer ions make the
hillocks sharper and the surfaces rougher. On the other hand, the irradiation of CO: cluster ions
reduces the hight of hillocks and planarize the ITO surfaces. From the experiment of isolated cluster
jon impact on the Si surfaces, the induced hillocks nm high had the surfaces embossed at the lower
ion dosages. The surface roughness was slightly increased with the hillock density and the ion dosage.
At higher than a critical ion dosage, the induced hillocks were sputtered and the sputtered particles
migrated in order to fill valleys among the hillocks. After prolonged irradiation of cluster ions, the
irradiated region was very flat and etched.
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Fig. 1. Schematic diagram of 150 kV cluster
ion accelerator
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present a strain field contrast parallel to the
thickness direction of precipitate and an
insignificant trails on the edge of precipitate as
shown in fig. 5. This means that an induced
strain still remains after a prolonged aging (300
hours) and acts as one of the important energy
acting in the morphology evolution.

Fig. 5. TEM micrographs showing the evolution
of precipitation aged at (@) 300°C, 300
hours and (b) 450°C, 300 hours.

Fig. 6 shows <100> HRTEM image of aged
sample, denoting aligned HgTe nano discs
precipitated in PbTe matrix. All three types of
aligned nano-disc can be seen with a good
periodicity.

In fig. 7, the thickness growth of HgTe
nano-disc is shown. As can be seen in this
figure, this evolution happens by the
rearrangement of atom within HgTe nano-discs,
because their density is not changed after the
thickness growth.

snm

Fig. 6. The <001> HRTEM images showing the
distribution of all three types of
precipitates in PbTe-2.5HgTe alloy aged
for 300 hours at 300°C.

Fig. 7 HRTEM images of HgTe nano-disc
showing thickness growth; aged for a)
125 hours and b) 300 hours at 300°C.

The practical implication of the shape change
is that nanocrystals of various shapes and sizes
can be made by simple heat treatment and,
perhaps more importantly, with a high quality
interface. It is somewhat unusual to have a
precipitate system where the shape evolves
without any change in interface structure. As
the precipitate coarsens, an incoherent interface
becomes energetically more favorable as strain
energy is released at the expense of interface
energy. However, the shape evolution of HgTe
occurs without such change, suggesting the
existence of a mechanism that relaxes strain
energy during coarsening. It is believed that the
mechanism of strain energy relaxation is related
to the disorder-order phase transformation
occurring within HgTe precipitates. As shown in
fig. 3, the presence of a disk-shaped precipitate
creates a long-range strain field in the PbTe
matrix. The presence of such an extensive
strain field is rather unexpected because the
lattice mismatch between the equilibrium state
of PbTe and HgTe is less than 0.1%. This
amount of strain is too small to account for the
large strain field observed. HRTEM analysis
indeed indicates that the PbTe matrix near the
HgTe disk is under nearly 10% tensile strain.
Both conventional TEM and HRTEM analysis
show that the strain decreases with aging,
which can be seen in fig. 7(a). The presence of
a large tensile strain in PbTe near the HgTe
disk and its subsequent reduction with the
shape evolution suggest that the initial HgTe
phase has a larger volume than its equilibrium
state. One of the easlest ways to account for a
larger than equilibrium volume is with a
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disordered structure. Although not presented in
this paper, our additional characterization with
Raman spectroscopy provides supporting
evidence that the order-disorder phase
transformation occurs within HgTe and is
responsible for the shape evolution observed in
the current investigation. From figs. 3(a) and 7,
the evolution of HgTe nano-disc can be
summarized using a simple model as in fig. 8,
which will be discussed in detail in next paper.

(@) ® (©) @

Fig. 8 A model for HgTe nano-disc
evolution.

4. CONCLUSIONS

Using TEM study, the following unique
experimental results were obtained and analyzed
for the precipitation behavior of PbTe-HgTe
semiconductor alloys.

(1) The controlled precipitation process in the
compound semiconductor alloy systems is very
effective in producing nanostructures consisting
of a matrix phase of higher bandgap compound
semiconductor and nanocrystals of lower
bandgap semiconductor, which is ideal for
quantum dot nanostructure.

(2) The initial shape of precipitates is
believed to be a sphericall The actual
observation of a sphere, however, was very
difficult due to the short duration time of such
stable embryos. Only strain field contrast,
generated by the spherical precipitates, can be
observed using conventional TEM study.

(3) Disc shaped precipitates are formed from
spherical embryos as a result of high strain
energy minimization involved in spherical
precipitates and exist as stable precipitates

nearly up to the final stage of the precipitation.
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