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Abstract

As device dimension scaling to nanometer regime, the ultra-thin gate oxide
(S10,) reveals large leakage current. This large leakage current will degrade device
performance and increase the power consumption. High-k gate dielectric, such as
hafnium-based dielectric, possesses higher dielectric constant. Thus thicker thickness
of dielectric can be used and reveals low gate leakage current. In this work, we study
the effects of rapid thermal annealing of hafnium silicate (HfSiOy). These include the
electrical characteristics (IV and CV analysis) and reliability of time dependent
dielectric breakdown (TDDB). We use the constant voltage stress to investigate the
TDDB reliability.

From the TEM analysis, we found an interfacial layer about 1.85 nm between
the HfSiOx and p-type substrate. There is not obvious increase the thickness of
interfacial at higher RTA temperature. For reliability testing, the time to breakdown
(Tepe32%) of Weibull plot and ramp voltage breakdown (Vgrpg) will increase with
RTA temperature. In CV analysis, we found the hysteresis of CV is decrease with
increasing RTA temperature. This because the oxide trap decreased by the RTA
annealing. And the breakdown behavior shows more clear hard breakdown and better
reliability at higher RTA temperature.

For breakdown mechanism of HfSiOy gate dielectric, we presume that charge
trapping in High K film resulted in the gate leakage current is decrease with
increasing testing time. After continuing TDDB testing, the percolation of oxide trap
will lead to the conductive path in the film, and result in the hard breakdown happen.
In other hand, the effect of N, RTA annealing treatment on HfSiOx gate dielectric,
there are soft breakdown and/or progressive breakdown phenomenon happen at higher
temperature of RTA treatment. Presumably, the microstructure has changed after
RTA treatment, and the charge trapping and/or de-trapping resulted in the breakdown
behavior. Finally, when the oxide trap or defects form the conductive path in the film,
it will reveal the hard breakdown phenomenon.

For the breakdown mechanism of HfSiOy with interfacial layer (SiOy) under
accumulation testing mode under various RTA annealing, we presume the electron
inject from the metal gate, and produce the oxide trap or defects in the film. The
interfacial layer (SiOy) reveals lower dielectric constant (~3.9), than that of the
HfSiOx (~ 12). When negative gate bias applied the gate electrode, the lower
dielectric of interfacial layer will reveal larger electrical field. This large electrical
field will let the interfacial layer produce breakdown earlier than the bulk HfSiOy
layer. After long testing time, the soft breakdown is happen in the I-t plot. After the
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soft breakdown happening, the larger leakage current through the gate stack. This will
lead to the hard breakdown happen in the I-t plot.

In conclusion, we found the nitrogen rapid thermal annealing is beneficial to
increase the time to breakdown (Tpp) and breakdown detection in the I-t plot. The N,
RTA treatment also reduces the hysteresis of CV curve. But the higher temperature
annealing will change the microstructure or crystalline phase happen in the film.
These will degrade the CV characteristics. So the gate dielectric performance and
reliability need to be trade-off. Finally, we propose a breakdown model to explain the
TDDB behavior. We presume the interfacial layer is firstly breakdown, and the

HfSiOx occurs immediately the breakdown.

Keywords : time dependent dielectric breakdown (TDDB) ~ Silicon Dioxide (SiO,) -
Hafnium Silicate (HfSiOx) ~ Nitrided Hafnium Silicate (HfSiION) - breakdown

mechanism
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