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Scandium oxide is considered to be a high-k dielectric with good leakage
properties. In combination with rare earth elements like dysprosium, gadolinium, and
lanthanum, scandium produces ternary metal scandates that exhibit promising
characteristics. These oxides have dielectric constants of ~22, have large bandgaps and
high conduction band offsets with respect to silicon, remain amorphous to high
temperatures, and are thermodynamically stable. Using ALD to deposit films for
advanced MOSFET and DRAM applications is becoming more prevalent, and as such
new ALD precursors and deposition methods are needed to have access to many different
materials like the rare-earth scandates. In the first step towards synthesizing scandates it
is necessary to have a fully developed scandium oxide ALD process.

Scandium oxide thin films were deposited using ALD from a new scandium
precursor Sc('Pr,amd); and water. The precursor has sufficiently high volatility (0.04 torr
at 100°C) and reacts with water to produce Sc,O3 with a minimal amount of carbon or
nitrogen incorporation in the thin films. The growth rate of the film saturates at 0.7
Alcycle and the ALD temperature window extends from 225°C to 300°C. The thickness
is linear with the number of cycles and has an inhibition of 8-10 cycles on HF last silicon.
The composition of the films was determined by Rutherford backscattering (RBS), and
the crystallinity was determined by low-angle x-ray diffraction (XRD). The films were
amorphous as-deposited, but were polycrystalline upon annealing at 600°C. Other
characterization methods used include atomic force microscopy, spectroscopic
ellipsometry, and cross-sectional high resolution transmission electron microscopy.
Electrical measurements were made using either sputtered Pt contacts or in-situ ALD WN
to form MIS and MIM capacitor structures. Capacitance-voltage and current-voltage
curves were measured for films with various thicknesses. The dielectric constant was
determined to be 13 with a leakage current density of less than 1 x 10°® A/cm? for a film
with an EOT of 2.0nm.
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