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With ever deaeasing feature sizes of advanced
integrated circuits, the st of photolithography is
rapidly beacoming ali mitation to further advances of
IC technology. Using self-assembly tedhniques to
form the smallest features may all ow pradical
cortinuation d 1C techndogy scding.

One method d forming self-assembled structuresis
to employ epitaxial deposition d one material on
another material with a different lattice nstant.
Although the first few atomic layers may depaosit
uniformly onthe substrate, the stressresulting from
the lattice mismatch increases with increasing layer
thickness Once the stressincreases beyonda
critical value, threedimensiona structures may form
to reduce the stress When the stressisthe samein
two dmensions, the resulting structurestendto be
equi-axed.

The formation of Geislands on Si has been
extensive studied and reported [1-3]. The 4% lattice
mismatch between Ge and Si strongly influencesthe
size of theidandsformed. To obtain smaller
islands, a set of materials with alarger lattice
mismatch is needed. In additionto appropriate
lattice mismatch, using a material compatible with S
IC technology is especialy advantageous. Titanium
silicide is one attractive candidate materia because
it iswidely used in integrated circuits and, with
proper precautions, is compatible with IC fabrication
facilities.

Titanium silicide can be formed by reading
chemicdly vapor deposited Ti with Si from the
substrate or with Si smultaneously added from the
vapor phase. This paper reports a study of titanium
silicide nanoislands formed by depaositing Ti from
the precursor TiCl,, with the Si coming from the
substrate or from added gas-phase SiH, or SiH,Cl..

For nanoidand fomation, only mondayer amourts
of Ti areto be deposited. The amourt of Ti
deposited can be controlled by varying the
deposition temperature within the reaction-rate
controlled regime of deposition. Temperatures
between 630and 69°C are especially useful. At
these temperatures, Ti layers containing 10" — mid-
10" atoms cm® can readily be formed. The low
temperature li mits reaction with the substrate, and
very small, probably sub-stoichiometric islands form
with compasition TiSi, with x<2. After deposition,
the number of islands varies only wegkly with the
amourt of Ti deposited, but the number of atoms per
island varies more strongly. Within the range

investigated, the number of Ti atomsin anidand
varies from about 800to about 2x10". The linear
dimension of aTiSi,cube containing the same
number of Ti atoms varies from 3 to 10 nm.

When the layers are anneded at temperatures above
80C°C, the Ti reads with the substrate to form
stoichiometric TiSi,. Significant masstransport of
the Ti causes the number of islands to decrease and
their sizetoincrease, asshownin Fig. 1. After
annedling, the island size depends only wedkly on
the anourt of Ti in the layer, while the number of
islands varies more strongly.

Threedifferent types of idands are formed after
annealing. The dominant islandtype isanearly
equi-axed, flat-top island that has been studied in
detail by scanning tunnreling microscopy (STM) and
by transmission e ectron microscopy (TEM) [4].
The properties of the islands vary considerably. The
islands catalyze the decomposition of subsequently
introduced silicon-containing ges, with ore of the
minor island types being espedally effective. The
caalytic decompasition of asilicon-containing gas
alows formation of nanowires; these nanowires may
be virtually defect free and have diameters as small
as20 rm[5].
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