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Abstract:

In the third year research work, there are four
main subjects studied. The first is the technology
of oxidation of SiO, by anodization in D.I. water
on SIC substrate. The second is the preparation
of HfO,/SIO, stacked MOS structure by HNO3
oxidation of sputtered Hf metal on SIO,. The
third is the preparation of Al,O3/SIO, stacked
MOS structure by HNO3 oxidation of evaporated
Al metal on SIO,. The fourth is the extraction of
ultra-thin oxide thickness based on the portion of
C-V curve with low dissipation factor.

In the first subject of the technology of
oxidation of SIO, by anodization in D.l. water on
SIC substrate, it was found that SO, can be
quickly grown on SIC substrate by room
temperature process. After 850°C anneal for 10
sec, the prepared oxides exhibit breakdown field
of over 5 MV/cm. The temperature dependency
of saturated current isrelated to n; value. It is of
importance for the preparation of insulator on SiC.

In the second subject of the preparation of
HfO./SIO, stacked MOS structure by HNO;
oxidation of sputtered Hf metal on SO, the
sputtered Hf was oxidized in HNO3 to become
HfO,. The HfO, was the annealed at 380 ~
450°C. The samples exhibit an EOT of 1.5 nm



for the thinnest devices. Under 2.3 nm region,
the structures exhibit excellent high-k gate
dielectric performance in gate leakage current
characteristic. The effective oxide breakdown
field for 1.8 nm samplesis larger than 12 MV/cm.
The prediction of lifetime for 1.8 nm samples
stressed at 1.8V is 10 years.

In the third subject of the preparation of
Al,0O3/SIO, stacked MOS structure by HNO;
oxidation of evaporated Al meta on SO, the
evaporated Al metal was oxidized in HNO; to
become Al;Os;. The Al;O; was annedled at
650°C. The current is smaller than SiO; for the
Al,O4/SIO, stacked structure with an EOT of 1.9
nm. The frequency dispersion of C-V curves
measured under the region of 10K~1MHz is small
and the hysteresis phenomena of the curves are
also negligible. The extracted D;; at flat-band
voltage from 1 M and 1KHz C-V curvesis around
1.25x10" cm®?ev. The flat-band voltage shift
for 1.7 nm sample stressed under 100 mA/cm? for
500 sec is 46 mV. The electron trapping during
current stress was found. The I-V curves before
and after stress are amost the same. This
process is cost-effective and is potentia for the
development of high-k gate dielectrics.

In the fourth subject of the extraction of
ultra-thin oxide thickness based on the portion of
C-V curve with low dissipation factor, it was
suggested that resistance in accompany with

capacitance are recorded during C-V measurement.

From the analyses of the distribution of
dissipation factor D versus bias voltage under
various measurement freguencies, one can obtain
the region with lowest D values. At these
regions, the measured capacitances are close to
the original capacitances without much
attenuation. From the comparison of the
regression slopes of capacitance versus voltage
between measured data and theoretical ones, one
can obtain the oxide thickness. It is noted that
the regression slopes in these low D region is very
sensitive to oxide thickness. The experimenta
observation of 1.6 nm oxide thickness was
demonstrated which is unavailable to obtain via
the conventiona two-frequency  correction
method.

Keywords: SiC oxidation, High-k insulator, HfO,,
Al,O3, Ultra-thin oxide thickness.
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proposed to oxidize the SIC substrate. Oxides are rapidly grown on
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insulatorson SIC.
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