, with the time exponent close to 0.5
[11]P[14]. 3) A fraction of damage that is generated during
classical hot carrier stress is found to recover on the removal of
the stress conditions [13], [14]. 4) The degradation is believed
to be due to broken SibH bonds at the Si/SiGnterface,
as conbrmed by the isotope effect observed during the stress
[11], [15]. 5) The classical hot carrier degradation shows no cor-
relation with the dielectric breakdown (TDDB, [16]D[18]), pre-
sumably because TDDB results from brokenSiDOD bonds.
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and electron density underneath the gate, corresponding to the
interface damage region obtained from lateral probling exper-
iments. The integrated hot hole and electron densities along
with the interface trap generation rate for various drain biases
are plotted in Fig. 8(c). The generation rate for interface traps
is inversely proportional to the time required for the interface
damage to reach an arbitrarily specibed level. A good corre-
lation between the damage rate and the hot hole density also
conbrms the fact that the dominant contribution is due to broken
SibOD bonds.
Unlike the damage due to brokenSibH bonds, there exists
no formal theory that explains the time evolution of damage due
to broken SiBDOD bonds. The time evolution of the interface
damage during th@FFstate stress at various drain biases is
shown in Fig. 9(a). It can be seen that the degradation curves
show faster degradation rates 0.8 at short stress times and
low stress biases, which gradually saturate 0.2 at longer
stress times or at higher biases. The most striking feature about
these degradation curves is the fact that they exhibit a universal
behavior, which is demonstrated by the fact that individual
degradation probles can be scaled along the time axis to form
a single degradation curve! This implies that the degradation
at each stress drain bias is following the universal curve, albeit
at different rates determined by the stress bias. To prove this
Fig. 8. (a) Time evolution of interface damage for various stress drain biad@@int independently, a long time measurement was carried out
and temperatures. (b) Time evolution of interface damage during consecui@tea stress drain bias of 6.0 V [see Fig. 9(b)], and the mea-

stress and relaxation phases. (c) Integrated hot hole and electron densjtj ; ; : .
underneath the gate overlap region for various drain biases (see Fig. 7). Damga'lgged degradation follows the predicted universal curve quite

generation rates at various stress biases are also plotted and found to corr@l@@ely
well with the integrated hot hole density.

and are measured as interface traps. The high time exponent and IV. THEORY OFUNIVERSAL DEGRADATION
lack of recovery also points to the fact that the additional dam-The universality oforF~state degradation and its saturating
age should be due to brokenSiDOD bonds. A generalized hobpehavior set constraints to any theoretical model put forward
carrier degradation model, even @i-state, should therefore to explain the degradation mechanism. Note that the universal
account for both broken SibH and SiBPOD bonds. degradation curve exhibits a fast degradation phase at early time
To distinguish between damages due to these two bond types, 0.8 and enters a gradually saturating phase at later time
we note that the 2-D R-D model limits the power law time expo- 0.2 . To understand the underlying physical mechanism,
nent of degradation due to brokenSiDH bonds to a maximumwe start with the phenomenological rate equations for interface
value of 0.5, and further suggests that a fraction of the brokgap generation. Unlike the broken SiDH bonds, the rate
bonds recover on the removal of the stress conditions. Tirgguation for broken SiPOD bonds has only the forward
evolution of the interface traps durirarrstate degradation for reaction term, and no reverse reaction term, as brok&P0OD
various drain bias and temperature is plotted in Fig. 8(a). It cBdnds do not recover on the removal of the stress conditions.
be seen that the degradation shows a much higher time exporgié corresponding rate equation is
(0.7D0.8) than the upper limit of 0.5 set for brokenSibH
bonds. In order to check for the presence of recovery, devices
were subjected to relaxation phase following therstate _— Q)
stress, in which all device terminals were grounded. The inter-
face damage during consecutive stress and relaxation phases is
shown in Fig. 8(b), which does not show any signibcant recowhere s the initial number of SiDOD bonds, s the
ery during the relaxation phase. The high time exponent durifgmber of broken bonds, andis the forward reaction rate
the stress phase and the lack of recovery during the relaxatighich depends on the hot hole densityNote that a linear
phase point to the fact that the dominant contribution to tt#pendence of reaction rate on hot hole density is observed in
interface damage duringrrstate stress should be from brokerrig. 8(c). By solving (1), we Pnd that
SibOD bonds.
The third clue to this puzzle comes from the correlation 1 (2)
of the interface damage with hot hole density. It is shown
in [24] that SiBDODP bonds are preferentially broken in thdnlike the universal degradation curve, (2) exhibits a hard
presence of hot holes. To check this, we integrated the hot helurating behavior. Hence, the above simple framework needs












