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Advanced, radiation-hard silicon-based MOSFETS are
needed for space-based applications. The quality of the
dielectric-Si interface plays an extremely important role
in the development process [1], and much of the success
of MOS devices has followed from improvements in this
interface. As part of the continued development of these
devices, work continues on primary degradation
processes, such as negative-bias temperature instability
(NBTI) [2] and radiation effects [1]. In this presentation,
we focus on the common features of these phenomena
and show that they have many similarities. As will be
discussed in this presentation, these similarities allow us
to use NBTI data to develop models that apply to both
NBTI and radiation effects. For both cases discussed here,
we focus on the creation of interface traps. As will be
shown, injected holes start the processes that create the
interface traps for both the radiation and NBTI
mechanisms. In the case of NBTI, an electric field leads
to injection of the holes into the oxide. This mechanism
involves tunneling of holes from the Si substrate to traps
in the oxide located near the interface. In the case of
radiation effects, the holes are released by ionizing
radiation throughout the dielectric.

For both radiation effects and NBTI, the holes cause the
release of atomic hydrogen in the form of protons which
react with the hydrogen-passivated interface traps to
create depassivated interface traps. Thus, for both
mechanisms, the end result is the creation of interface
traps. The understanding and control of these phenomena
has received much attention. In the presentation,
calculations focused on these phenomena will be
compared with experiments.

The phenomena involve release of protons following
capture of holes at oxygen vacancy sites. Some of these
protons are released by the cracking of molecular
hydrogen at charged oxygen vacancy sites. The released
protons undergo further reactions to be discussed. A
fraction of them reach the interface where they create
interface traps by a depassivation reaction. In the case of
NBTI, the cyclical process of using a gate bias causes a
flow of holes into and out of the oxide. However, the
creation of interface traps is an irreversible process at the
temperatures used in the experiments.

The threshold voltages were measured as a function of
time in response to cyclical biases [3]. These
measurements were performed on 130 nm channel length
p-channel MOSFETs manufactured using a proprietary
technology, the gate dielectric being SiON with [N] ~ 0.5
atomic percent. In order to enhance the degradation effect,
devices were stressed at 120 C with the gate biased at -
3.25 V with respect to the source, drain and body
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contacts; relaxation at 0 V was also carried out at 120 C.
Details of the stress/relaxation and measurement
methodology and the conversion of measured source-
drain current variations into threshold voltage shifts can
be found elsewhere [3].

In the data to be presented, three threshold voltage shift
contributions will be discussed: recoverable charge, field
recoverable charge and non-recoverable charge [3]. The
recoverable charge will be linked to oxygen vacancies
near the interface. The permanent, non-recoverable charge
will be linked to interface states. As discussed, their
presence is linked to hydrogen reactions at the oxygen
vacancies.

In summary, our data and analysis indicate that the NBTI
data can be interpreted in terms of the same defects
identified in radiation studies. Thus the physics of
radiation effects and NBTI will be shown to have
similarities that arise from the common role of the
hydrogen cracking reaction that releases protons as a
consequence of trapped charge. The end result is the
creation of permanent interface traps in both phenomena.
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