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Title: Investigation on dielectric Ta;Os and ferroelectric SrBizTayOo thin films, and
fundamental aspect of chemical vapor deposition

Thin films of high permittivity Ta;Os and ferroelectric SrBi;Ta;,0 (SBT) have
been investigated aiming at applications for semiconductor memory devices. A low
pressure CVD technique is established to form highly uniform 10 nm-thick Ta,0s thin
films. The large leakage current which has been considered as a serious problem of
CVD-grown Ta;Os films is remarkably reduced by a newly developed O; anncaling.
A probable mechanism for the O; annealing effect is attributed to the reduction of
oxygen vacancies in the Ta;Os film by reactive atomic oxygen. The O; annealing
process performed at low temperature and under normal pressure is found to be a simple
but very effective method for the fabrication of Ta,0s films with a low leakage current.

For the ferroelectric nonvolatile memory (FeRAM) applications, the MOCVD of
SBT was established by introducing a newly developed liquid delivery technique and
novel metaloragnic precursors. The combination of Sr-Ta bimetal alkoxide and Bi
alkoxide significantly improves the vaporization processes, and enables to control the
desired composition ratio in highly reproducible manner. Sub-100 nm ultra thin films
of SBT were successfully formed without deteriorating their electrical performance,
which will contribute to the further scaling down in FeRAMs. The two types of
practical device structure, a planar and a stacked cell, are fabricated with the SBT
ferroelectrics, showing their potential for high density memory applications.

In an effort to explore fundamental aspects of CVD processing, the model
studies were conducted using surface scientific methods with the group IV materials.
In addition to the thermal adsorption and desorption studies, photo-induced surface
reactions brought about by photolysis of adsorbed disilane or digermane on the Si
surface were investigated under ulfrahigh vacuum conditions using Auger electron
spectroscopy and temperature programmed desorption. Model mechanistic studies of
disilane and digermane with Si surface reveal the reactive intermediates that govern the
gas-solid interactions and surface reactions during thin film growth. Understanding
the reaction mechanisms underlying CVD greatly contributes to design new reactors,

new precursors, and new materials.
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