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Lanthanum Aluminate Gate Dielectric Technology with Direct Interface
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The further miniaturization of silicon large-scale integrated circuits (Si LSIs) has required the replacement of conventional silicon dioxide
(SiO,) gate dielectrics with a material having higher dielectric permittivity (i.e., high k), in order to realize thin gate dielectrics and suppress the
gate leakage current.

Toshiba has proposed lanthanum aluminate (LaAlOs) as a high-k gate material. ~ We have succeeded in directly bonding LaAlO; film with
Si substrate without any interface layer, thereby achieving an ultrathin equivalent oxide thickness (EOT) of 0.31 nm.  Moreover, defects in
the LaAlO; film were dramatically reduced at the same time, resulting in a remarkably low leakage current as small as one-millionth that of
conventional SiO, gate dielectrics.
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Structural change to high-k gate dielectric on account of miniaturization
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Transmission electron microscope (TEM) image of molybdenum
(Mo)/LaAlO,/Si structure
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Si X-ray photoelectron spectroscopy (XPS) spectrum observed in
Mo/LaAlO4/Si structure sample
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Capacitance vs. gate voltage (C-V) characteristics observed in
Mo/LaAlOs/Si structure sample
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Relation between EOT and leakage current for LaAlO; compared
with that for hafnium (Hf)-based dielectrics and SiO.
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