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ABSTRACT

In this thesis, we study the impacts of pre-treatments on the
properties of HfO, gate dielectric. We ‘study the physical properties of
HfO, film by material analysis, and study -the electrical properties of
HfO, film by measurement of the MOS :capacitor (MOSCAP) and
MOSFET devices. Using carrier-separation technique, the breakdown
mechanisms of HfO, film can be further determined.

Material analyses show that the as-deposited HfO, film is
amorphous. After annealing at temperatures higher than 600°C, the film
Is crystallized. The HfO, films on RTO-treatment substrate show perfect
polycrystalline structure while those on SC1-treatment substrate shows
disordered polycrystalline structure. The thickness of interfacial layer
increases after annealing.

Electrical analyses on MOSCAP structure show that the as-deposited
SC1-treatment sample and all of the RTO-treatment samples have
identical leakage mechanisms : Ohmic tunneling at low field and
Fowler-Nordheim tunneling at high field. The annealed SC1-treatment

samples shows totally different mechanism : Frenkel-Poole tunneling at



any field. Since the leakage mechanisms do not correlated to the
interfacial layer thickness, it is believed that carriers tunnel through the
interfacial layer easily. It is thus postulated that the as-deposited HfO,
films on both SC1- and RTO-treatment substrates and the annealed HfO,
films on RTO-treatment substrate have low defects density so that the
Fowler-Nordheim tunneling dominates leakage current at high field. On
the other hand, the annealed HfO, films on SC1-treatment substrate have
high defects density, therefore, the Frenkel-Poole tunneling results in high
leakage current. This postulation is consistent with the observation of
micro-structure.  Hysteresis phenomenon was observed during
capacitance-voltage measurement. \oltage swept measurement with
various voltage ranges indicate that the hysteresis phenomenon arises
from hole-trapping under negative gate bias.

Although thermal annealing increases the effective oxide thickness
(EOT), the driving current increases—-with: the increase of annealing
temperature. This observation is.explained by the higher mobility due to
thicker interfacial layer because phonon scattering and coulomb
scattering becomes less significant as the interfacial layer becomes thick.
Due to the same reason, the mobilities of the RTO-treatment samples are
higher than those of the SC1-treatment samples. Positive biased
temperature stress on HfO, gate dielectric shows that the threshold
voltage instability is primarily dominated by the HfO, bulk trapped
charges rather than interface charges.

Before post-deposition annealing, the breakdown field and the time
dependent dielectric breakdown performance of the SC1-treatment
sample are better than those of the RTO-treatment sample. The results are

opposite after annealing. Carrier-separation technique indicates that hole



Is the dominant carrier for leakage current and breakdown occurs mainly
in the HfO, under negative gate bias. Therefore, the dielectric breakdown
depends on the quality of HfO, film mainly and the interfacial layer
thickness plays minor role.

Considering all of the evaluated factors, SC-1 treatment might be a
better choice because thinner EOT and acceptable electrical performance.
The projected operation voltage for 10-year lifetime is higher than 1.3V

and is fulfill the requirement for next generation.



