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Abstract—One of the most serious technology road-
blocks for SiC DMOSFETs is the significant occurrence of
early failures in time-dependent-dielectric-breakdown testing.
Conventional screening methods have proved ineffective, because
the remaining population is still plagued with poor reliability.
The traditional local thinning model for extrinsic (early) failures,
which guides the screening through burn-in measures, simply
does not work. The fact that improved cleanliness control in
the fabrication process does little to reduce early failures also
suggests that local thinning due to contamination is not the root
cause. In this paper, we propose a new lucky defect model where
bulk defects in the gate oxide, introduced during growth, are
responsible for the early failures. We argue that a local increase
in leakage current via trap-assisted tunneling leads to early oxide
breakdown. This argument is supported with oxide breakdown
observations in SiC/SiO, DMOSFETs, as well as simulations that
examine various defect distributions and their impact on the
resultant early failure distributions.

Index  Terms—Burn-in, DMOSFET, early (failures,
power MOSFET, reliability, SiC, time-dependent-dielectric-
breakdown (TDDB).

I. INTRODUCTION

ILICON carbide (SiC) DMOSFETs are poised to replace
Sconventional silicon devices in power applications due
to lower switching losses and higher operational tempera-
tures [1], [2]. However, the quality of the gate oxide and
the oxide/SiC interface continue to cause serious reliabil-
ity concerns that could prevent SiC-based technology from
widespread adoption [3]-[6]. There are two major reliability
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Fig. 1. TDDB results on a total of 432 SiC DMOSFET (200 x#m x 200 xm)

with a 50-nm-thick oxide SiO,/SiC. The collective data from several TDDB
test fields (6.8-10 MV cm_l) and temperatures (25 °C-275 °C) were
normalized to a breakdown time of 10* s. Most of the failures follow an
intrinsic lifetime (straight line) with a significant tail of extrinsic failures.

challenges for SiC MOSFETs: 1) bias-temperature instabil-
ity (BTI) and 2) gate oxide breakdown. Generally speaking,
BTI is the result of charge trapping in the oxide and its inter-
face [3], [5]-[7]. Recent advances in annealing and interface
passivation techniques [8], [9] have significantly reduced the
impact of BTI [2], [10]. Recent studies have also shown that
the intrinsic gate oxide breakdown reliability of SiC MOSFETSs
is similar to thermal oxides grown on silicon [4], [11]-[14] and
should be of little concern. However, the extrinsic or early
failures greatly determine overall product reliability and have
received little or no attention.

While recent time-dependent-dielectric-breakdown (TDDB)
studies have shown intrinsic similarities between SiC/SiO;
and Si/SiO, devices and have succeeded in allaying earlier
worries of a limiting role for SiC MOSFET oxide break-
down [4], [11]-[14], most of the failure distributions in
these studies contain extrinsic breakdowns [4], [13], [14].
In some cases, the early failures were removed to focus on
the intrinsic portion of the distribution (fitted to a straight
line in the Weibull plot) [4], [14]. When sufficient breakdown
events are observed, the failure distribution generally looks
like Fig. 1. This is most often characterized by: 1) a rela-
tively tight distribution in which the majority of devices fail
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Fig. 2. Illustrative reliability bathtub curve of SiC compared with Si. The

high random failure rate in SiC makes burn-in ineffective. No amount of
screening can reduce the failure rate low enough to guarantee high reliability.

(the intrinsic portion) and 2) a long tail of early fail-
ures (extrinsic portion) [13]-[15]. Fig. 1 shows the results of
TDDB experiments that are explained in detail in Section II,
which are representative of those typically observed in SiC
TDDB. Early failures are common in product reliability and
are usually removed through a burn-in process (screening).
The criteria required for successful burn-in is twofold; first,
the early failure population must be sufficiently distinct
from the intrinsic failure distribution. Second, the intrinsic
time-to-breakdown (TBD) must be long enough such that the
lifetime consumed by the burn-in is insignificant. The relia-
bility performance that satisfies these criteria is captured by
the famous bathtub curve, as shown in Fig. 2 for both typical
silicon devices (broken line), and SiC devices (solid curve)—
the latter not quite resembling a bathtub.

In Si/SiO, MOSFET technology, extrinsic TDDB failures
are generally modeled as a variation of localized effective
oxide thickness (local thinning) due to contaminants that tend
to inhibit oxide growth [16]. At these thinner spots, the result
is a much higher effective oxide field and, subsequently,
a lifetime much shorter compared with the intrinsic lifetime.
Thus, the extrinsic (early) failure population can be removed
by screening without significantly altering the intrinsic life-
time. Examining the silicon device curve in Fig. 2, a burn-in
time of 10 s will effectively remove all the early failures.
Additionally, the 10 s burn-in will have a very small effect
on the 10000 s of lifetime before wear-out begins. Moreover,
once wear-out sets in, the failure rate is relatively low, and
therefore, high reliability is realized. On the other hand, for the
typical SiC/SiO, gate oxide failure behavior shown in Fig. 2
(based on the failure distribution shown in Fig. 1), no amount
of screening (burn-in) can reduce the failure rate to levels low
enough to realize high reliability. Fig. 3 shows this point more
clearly by comparing how various levels of screening impacts
the failure distribution. Increasing the burn-in time to screen
off more early failures (first through third screening) leaves
the remaining lifetime distribution with a shorter mean time to
failure and a shallower Weibull slope. The shallower Weibull
slope is quite alarming and indicates that a lower overall failure
rate cannot be achieved by screening in these devices.
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Fig. 3. Multiple screenings of early failures from the failure distribution
collected in Fig. 1. Increasing the burn-in time to screen off more early
failures (first screening = 5.2 ks, second screening = 6.5 ks, and third
screening = 7.3 ks) leaves the remaining lifetime distribution with a shorter
time-to-failure and a shallower slope.

The inability to lower the failure rate by screening indicates
that for SiC/SiO, devices, the early failure distribution is not
sufficiently distinct from the intrinsic distribution and suggests
a related origin. Using the varying effective local oxide
thickness model that is typically invoked to describe these
observations would require a continuous thickness variation.
Since local thinning is due to localized contamination during
oxide growth [16], a continuous thickness distribution is very
unlikely. Furthermore, efforts to minimize contamination dur-
ing oxide growth, as suggested by the oxide thinning approach,
have been shown to have little or no effect on the early
failure population in SiC [15]. Collectively, these observations
strongly suggest that early failures in SiC/ SiO, gate oxide
breakdown are due to some other physical mechanism.

To show that the local thinning model cannot explain
the experimental data requires a large number of samples
to be tested to achieve good statistics. This was done by
Ogier et al. [17]. While they found that using a joint probabil-
ity distribution without assuming any model works well to fit
the data, an alternative model was not developed. This lack of
an alternative physical model means that there is no guidance
of what to do after the reduction of extrinsic failure reaches a
limit regardless of how much more effort is put into improving
the wafer cleaning. In this paper, we introduce a new defect-
based model to explain the occurrence of extrinsic failures
even in the absence of contamination. This new model suggests
improving the oxide growth process itself as the next step to
combat the extrinsic failure problem, once contaminations are
thoroughly minimized or eliminated. In other words, the model
provides a physics-based path forward to overcoming the
extrinsic failures problem.

II. LucKy DEFECT MODEL

It is well known that gate oxides grown on SiC have a
much higher density of defects than those grown on sili-
con [18]-[20]. Considering this high defect density reality,
we have developed a new lucky defect model to explain the
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Fig. 4. Measured gate leakage from two identical SiC DMOSFET
(200 gm x 200 pm) with a 50-nm-thick oxide SiO,/SiC. The current
progression clearly shows defect generation during stress and two distinct
failure times for two identical devices.

extrinsic (early) failures of SiC/SiO, gate oxides. The basic
idea of our model is that a lucky defect with the appropriate
energy level and spatial location will locally enhance leakage
current via trap-assisted tunneling (TAT) during high-field
stress. The increased leakage current will lead to an increase
in oxide wear-out rate and, therefore, a shorter lifetime. The
defect density of the oxide is related to the oxide growth
process and, as mentioned earlier, is not dictated by conta-
mination. When contaminants are present, local thinning can,
of course, contribute to early failure. However, we assume that
the contamination control has been improved [15] to the level
that this mode of extrinsic failure is negligible.

The basis for our model is that current flowing through
the oxide during stress plays a critical role in TBD. We note
that this is not generally accepted for thick oxide (>30 nm)
breakdown. The more commonly cited mechanism for thick
oxide breakdown is the feedback runaway model triggered by
impact ionization [21]-[25]. However, this particular model
was challenged since its inception [26]-[29], and the debate
has never been completely resolved. The resulting debate
compromise is that above a critical field, impact ionization
dominates, while below the critical field, breakdown is due
to the time-dependent accumulation of stress-induced defects.
Though the exact mechanism of defect generation under elec-
trical stress is still under debate, widely accepted experimental
evidence [30] suggests that defect generation is related to
charge injection. The notion of a critical defect density, and
therefore a critical charge to breakdown [30], is the foundation
of all later breakdown models and is also the foundation of our
model discussed here. Thus, in order to justify the approach of
our model, we need to ensure that our TDDB data is collected
at fields that support the defect accumulation model.

Fig. 4 shows the progression of measured gate leakage
current of two typical 200 um x 200 gm SiC/SiO, power
MOSFETs during TDDB stress (9 MV em~!, 150 °C, and
positive gate bias). The gate current exhibits three different
phases. In phase I the gate current increases with stress time,
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Fig. 5. Device structure of the SiC DMOSFET used in the experiments.

likely due to positive charge (hole) trapping in the oxide.
If the breakdown is dominated by impact ionization current,
the leakage current will continue to increase until breakdown
occurs. However, there is clearly a phase II in which the
gate current decreases, likely due to negative charge trapping
overtaking hole trapping. Phase III is the abrupt increase in
current (breakdown). The increased electron trapping before
breakdown indicates that the device undergoes a long period of
defect generation and electrons are trapped at these new defect
sites. The behavior shown in Fig. 4 is the confirmation we seek
in order to justify the approach of our model, as discussed
earlier.

A. TDDB Experiments

The devices used in this paper are 200 um x 200 um
SiC/Si0, DMOSFETs (Fig. 5) with a 50-nm-thick thermally
grown SiO gate dielectric. A total of 432 devices were tested
and were separated into 24 groups of 18 devices. Each group
was tested under a different TDDB stress condition. Positive
stress voltage was applied to the gate while the drain was
held at ground (the n-layer of the drift region under the
gate is at accumulation) and the source was floating. A wide
range of oxide fields (6.8—10 MV c¢cm™!) and temperatures
(25 °C-275 °C) were studied.

The stress-induced TBD of each group can be plotted in the
Weibull scale where the failure distribution is given by

B
F(Tgp) = 1 — exp [— (%‘;) ] (1)

where F(Tgp) is the cumulative failure fraction, Tg39, is the
characteristic time (characteristic time at which 63% of the
tested population is broken), and S is the Weibull shape
factor (Weibull slope). Assuming the breakdown mechanism
is the same for all stress fields and temperatures, we can
expect all the groups to have the same g for the intrinsic
part of the distribution, since the oxides are identical. On the
other hand, the characteristic time (7¢39,) does change with
area, applied field, and temperature. Thus, for the intrinsic
part of the distribution, we can normalize the different failure
distributions to a given characteristic time, and then plot them
together to increase the sample size for better statistics and to
highlight the early failure tail.
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Fig. 1 shows the resulting distribution for all the measured
devices normalized to the characteristic lifetime, Tg39, = 10 s.
The majority of failures (more than 90% of the population)
appear to follow a straight line with a Weibull slope
f = 5.4. This intrinsic failure distribution is, as can be
expected, actually affected by the extrinsic early failure dis-
tribution. The true intrinsic failure distribution is likely to
have a Weibull slope greater than the extracted 5.4 value.
To extract the true intrinsic Weibull slope, the data should
be analyzed using a joint intrinsic and extrinsic probability
analysis [31]. In [4] and [12], the reported f values are much
higher, reaching past 20. It is important to note that those
results were obtained on capacitors. Our DMOSFET devices
underwent many more processing steps and have a much more
complicated structure. The reduced f observed here reflects
a uniform degradation, but is not the focus of this paper.
Here, we focus on the extrinsic or early failure part of the
distribution.

B. Model Development

For thick oxides, conduction under high-field stress is
accomplished through Fowler—-Nordheim (F-N) tunneling.
Since we do not assume local thinning, tunneling is uniform
across the face of the oxide in the absence of defects, as shown
in Fig. 6. When defects are present in the oxide, as is clearly
the case for SiO, grown on SiC, enhanced tunneling can occur
at locations where the defect is luckily located at the appropri-
ate energy and spatial location (distance from the cathode) for
optimum TAT efficiency. Since tunneling by definition involves
no energy change, the defect energy level must match the
electrons in the inversion layer, as shown in Fig. 7(a). Note
that this increase in current is only local and has little or no
influence on the total gate leakage current measured across the
whole area of the device. Note also that the electron does not
stay trapped in the defect; instead, it tunnels out to the oxide
conduction band. (Otherwise, it is simply charge trapping and
not TAT). The important consequences of this are, first, there
is no trapped charge to distort the electric field in the oxide,
and second, the conduction is no longer uniform across the
oxide surface, as shown in Fig. 7(b).
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Fig. 8.  TAT probability is controlled by the probability to tunnel into
the defect (71), and the probability to tunnel out to the oxide conduction
band (72). The total tunneling current resulting from TAT is at its maximum
when T1 =T2.

Since TAT is determined by the joint probability of tunnel-
ing into the defect from the inversion layer and then tunneling
out from the defect to the conduction band of the oxide,
Tl and T2, respectively (Fig. 8), the efficiency is highly
dependent on the location of the defect from the cathode. It can
be shown that the tunneling current resulting from TAT is at
its maximum when the probabilities to tunnel through both
barriers are equal (T'l = T2), which corresponds to the
position x of the defects as

x(Eox) = W(Eox) * [1 —+/2/2] )

where W(Eox) is the width of the total F-N tunneling barrier
at a given field. Note that the location x (Epx) is independent
of the barrier height which is a simple consequence of the
triangular geometry of the total F-N barrier (77 and 7, are
proportional to the barrier areas By and B, respectively).
Thus, a defect at the lucky location x(Egx), or sweet spot,
with the proper energy has the maximum impact on the
tunneling current. The lucky energy level and spatial location
is, of course, oxide field-dependent.

The lucky energy and location both have distributions that
define their values. For energy, the distribution is 2k7/q wide
centered on the inversion layer energy level, where k is
Boltzmann’s constant and 7 is temperature. For location,
the effectiveness decays exponentially away from the
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sweet spot, but never reaches zero. Both must be accounted
for in the subsequent model simulations.

While TAT is modeled as a two steps tunneling process, it is
not an inelastic tunneling process. The treatment is in fact for
a resonance tunneling process. The charge does not spend any
appreciable time at the trap and does not get trapped at the
defect site. Consequently, it causes no field distortion.

The best established experimental understanding of oxide
breakdown is that there is a critical charge (conducted through
the dielectric) to breakdown for a given field and a given
oxide [30]-[33]. Thus, we can link increases in conduction,
without field distortion, to a faster accumulation of the required
critical charge to breakdown. To simplify the model calcula-
tions, we assume that the total tunneling current change during
stress time, as shown in Fig. 4, remains constant in shape,
with an additional component of defect mediated TAT. While
defects are indeed created during stress, resulting in the curve
shown in Fig. 4, here we are only modeling the effect of as-
grown defects. In other words, the higher tunneling current
caused by the defect mediated TAT simply shifts the entire
current versus time curve up. Alternatively, we are making the
Markov Process assumption for defect generation, common to
almost all oxide breakdown models.

Since accumulated charge is a product of the current and
stress time, one can now directly translate the increase in
tunneling current to the decrease in characteristic breakdown

time. We can write
JEN Isp
T];D = Tgp - ( —

— ) =— (3)
JEN + JTAT n

where T, is the new reduced characteristic lifetime and 7 is
the current enhancement factor. This lifetime shortening idea
is straightforward, but not correct. Here, we have used the
characteristic breakdown time Tgp of the entire device area
and the tunneling current Jpy of the entire device area. The
highly localized nature of the conduction enhancement must
also be incorporated into the description.

Oxide breakdown is commonly described by a weakest link
model [34]. In other words, one can think of a single large
device with area A as n smaller devices each with area A/n,
connected in parallel. If any one of the n smaller device fails,
the whole device fails. In general, smaller devices tend to
have a longer time to failure. This is true for extrinsic failures
caused by contamination as well as intrinsic failures due to
the accumulation of charge. While the area effect for extrinsic
failures is intuitive, the area effect for intrinsic failures is not.
One useful explanation was given by the percolation model
for breakdown [35].

In Weibull statistics, this area effect is accounted for by area
scaling according to the Weibull slope

A\ /B
Tgp1 = TeD2 - (—) “4)
A

where Tgp; and Tgpy are characteristic breakdown times for
devices of area A; and A», respectively, and £ is the Weibull
slope of the intrinsic breakdown distribution [34]. Thus,
Tsp in (3) must be adjusted to the size of the local conduction
enhancement area. Finally, we can write for a single lucky
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defect in a device with area A
1 1
JEN A \7 1 A \7
o () () - ()
BD Jen + Jtar /) \ ApF n \ Apr
(5)

where ApF is the area of the enhanced conduction area due to
TAT. Defining an appropriate value for Apg is, admittedly,
difficult. A defect is often thought of as a point with no
dimension, but this cannot be true. Consider a quantum well
with infinitely small dimensions, there can be no energy level
in it because of the quantum confinement effect. From this
consideration alone, one would conclude that a defect must
be at least a fraction of a nanometer in dimension at the point
where the lowest energy level is located. For our simulation
we choose a physically reasonable size of 1 nm?. Notice that
the size of the defect appears in area scaling only. With a S
value greater than 5, a small difference in defect size has very
little impact on the simulation result.

It is useful to get a sense of the magnitude of this sweet
spot driven current enhancement effect. There are two factors
affecting the lifetime; one is the area scaling factor and
the other is the current enhancement factor. Considering a
typical device of area 1073 cm?, the area ratio becomes 10!
(using a localized defect area of 1 nm x 1 nm). Taking this
area ratio to the 1/5 power (assuming S = 5) yields a factor
of approximately 150. The current enhancement factor can be
calculated, using the Wentzel-Kramers—Brillouin approxima-
tion [36] for F-N tunneling

2 B
J = AEgxexp| ——— (6)
Eox
_ ¢’msic B— 42me)'? 3
167 2hmoxop 3qh b
where mox = 0.5 mg [37], msic = 0.39 mg [38], and

@p1 = 2.7 eV is the barrier height for injection from the SiC
conduction band into SiO,. For TAT, the barrier height @2
(Fig. 8) can be calculated using geometry and (2)
_  W(Eox) —x(Eox) @
»B2 = @Bl W (Eox)

As can be seen from Fig. 8, the first step of the TAT process
is a direct tunneling process. While there are models for direct
tunneling, the calculation is complex. We avoided this by
leveraging Ty = T, (B1 = B;) when the defect is located
at the sweet spot. Tunneling through B; (with barrier ¢p2) is
an F-N process that is correctly described by (6).

The enhancement factor as a function of applied field for a
50-nm-thick oxide is shown in Fig. 9 (the effect of flat band
voltage has been ignored). As can be seen, in the range that
is commonly used for TDDB experiments (6—10 MV cm™ 1,
the enhancement factor varies from 10* to 10%—substantially
higher than the area scaling factor. The overall result is a
substantial reduction in characteristic breakdown time for the
small device of the locally enhanced conduction region. By the
weakest link model, this dictates that the large area device, as a
whole, has a shorter characteristic lifetime.

To sum up the lucky defect model: when a defect in
the oxide has the right energy and the right location,
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Fig. 10. Simulation structure with a 4-cm? wafer featuring 100 x 100 devices
with an area of 200 #m x 200 xm each.

local enhancement of tunneling current leads to shorter break-
down time. Depending on the applied field, the lifetime
shortening factor can be very large. It is also instructive to
examine the impact of the model on thinner oxides. For a
thinner oxide, the f value tends to be smaller and therefore
the area scaling impact will be larger. At the same time,
the TDDB tests are done at higher oxide field for acceleration
because the operation field is higher, leading to a smaller
current enhancement factor. Thus one expects the lucky defect
model will lose its effect for oxides less than 10 nm thick.
This is consistent with the large body of reliability literature
on thinner oxides.

III. BREAKDOWN DISTRIBUTION SIMULATIONS USING
THE LUCKY DEFECT MODEL

A. Methodology

We now examine the effect of the lucky defect model on
the gate oxide breakdown distributions in SiC DMOSFETs for
the two most often discussed defect distributions. To simplify
the simulation, we assume all defects have the appropriate
energy to promote tunneling. Furthermore, we include defects
that are not quite at the sweet spot, but close enough in location
to impact the results. We consider a wafer of area 2 cm x 2 cm
containing 10000 DMOSFETs, each with an area of
200 um x 200 um (the same size as the measured devices)
(Fig. 10).

The first defect profile examined is a uniform distribu-
tion throughout the 50-nm-thick SiO, dielectric film on a
SiC substrate (Fig. 11) with a density of 103 cm™3. This
is a very low defect density, even for a thermally grown
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Fig. 12. Simulated failure distribution with a uniform distribution of defects.
More than 1% of the simulated devices experience early failures, which results
in an early failure tail similar to the experimental results observed in Fig. 1.

oxide on silicon. However, since only the defects located
(energetically) within 2 kT = 0.104 eV centered on the top of
the inversion layer are effective (and we consider only those
that are effective), the implied actual defect density could be
orders of magnitude higher. We artificially choose an intrinsic
characteristic lifetime of 107 s for defect-free devices stressed
at Eox = 8.3 MV cm~!. The Weibull slope was assumed
to be 15. At this field, the width of the total F—N barrier is
approximately W(Eox = 8.3 MV cm™!) = 2.5 nm, and the
calculated sweet spot is x(Eox = 8.3 MV cm™!) = 1 nm
from the interface.

To perform the simulation, we construct an intrinsic break-
down time distribution according to the assumed Weibull
distribution. We then map the random defect distribution
to the device distribution. The result is that some devices
will have a lucky defect, while most do not. With a large
enough device population and a random defect distribution,
this simple approach is statistically valid. For each device,
we then identify whether or not there is a defect at or near
the sweet spot and calculate the lifetime reduction. In the
case that there is more than one defect at or near the sweet
spot, we choose only the one closest to the sweet spot
for the lifetime calculation. The result is a new breakdown
time distribution. Upon sorting the breakdown time, a new
Weibull breakdown distribution is created, as shown in Fig. 12.
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Fig. 14. Simulated failure distribution with an exponential distribution of
defects. About 11% of the simulated population experience early failures due
to the higher amount of lucky defects in this distribution.

The failure distribution shows an early failure tail of approx-
imately one percent of the population. While not as bad as
the distribution of Fig. 1, the basic characteristic is there. One
can imagine that a moderate increase in the assumed defect
density would easily raise the early failure population closer
to those observed experimentally in Fig. 1.

The second defects profile examined is an exponential
decay distribution with a density at the SiO»/SiC inter-
face of 108 cm™3 and zero at the other interface. Carbon
related species are created during processing as an oxidation
byproduct. When the oxide is thin, they can easily escape.
As the oxide grows thicker, the carbon species cannot escape.
This will lead to the kind of exponential distribution exam-
ined here. Note that the exponential function is an average
across the whole wafer. At any specific location, the defect
distribution looks random in thickness, as shown in Fig. 13.
The simulation result is shown in Fig. 14 which features a
distribution with a much larger percentage of early failures.
Compared to the case of uniformly distributed traps, this
higher percentage of early failures can be understood by the
fact that there are a lot more defects positioned within a small
distance from the sweet-spot [x(Eox = 8.3 MV cm™!) =
1 nm], where they have the best chance to become lucky.

B. Model Implications to TDDB Sample Size and Screening

Most TDDB experiments are performed with a small sample
size of 50 devices or less. We now examine the simulated
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Fig. 15.  Failure distribution of a random selection of 50 devices. The

results show a limited number of early failures and suggest that a burn-in
time of 1.6 ks is a viable option.
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Fig. 16. Effect of 50-devices-based screening on the total population. The
burn-in time suggested by the 50-device test does not improve the early failure
rate for the remaining of the 10k population.

failure distribution while artificially limiting the sample size.
Consider a randomly selected group of 50 devices from the
10000 simulated in Fig. 14. After constructing the Weibull
plot, shown in Fig. 15, the distribution shows almost the same
percentage of early failures (8%) as the one obtained with a
total population of 10000 devices (11%).

The limited number of early failures suggests that screen-
ing is a viable option to improve reliability. For a relaxed
screening (illustrated in Fig. 15), a burn-in time of 1.6 ks
seems reasonably tempting and one would expect a post
burn-in failure distribution that looks relatively clean, as shown
in Fig. 16 (moderately screened 50 devices).

However, the above is a false impression that stems from
taking a small sample, and does not reflect the true state
of the whole population. When the same 1.6 ks burn-in is
applied to the 10000 simulated devices, the post burn-in
distribution is completely different. Fig. 16 shows the effect of
the screening with all 10k devices and highlights that burn-in
offers no improvement in early failure rate. This echoes the
literature results discussed earlier where some reports dropped
the early failures from the distribution and concluded that the
reliability is high. This is clearly not the case when large
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sample populations are used; the ineffectiveness of screening
is immediately obvious. This clearly demonstrates that it
is important to use a large sample size when investigating
oxide reliability. Under sampling can lead to severely flawed
conclusions.

Although the presence of lucky defects in SiC devices was
shown to result in a large presence of extrinsic defects and
lead to false reliability conclusions, the exact nature of these
lucky defects in SiC remains unknown. Therefore, it is hard to
design an experiment to enhance or decrease the lucky defects
in any controlled manner, let alone electrically measuring
their contribution. However, proof may come indirectly from
process changes that might lead to the elimination of these
early failures as was shown in a recent TDDB study [39] on
SiC MOS capacitors where an improved process resulted in
the elimination of such defects.

IV. CONCLUSION

In this paper, TAT was presented as a potential culprit of
early TDDB failures in silicon carbide DMOSFETS instead of
the usual suspect of local thinning due to contamination. Using
a new lucky defect model, we demonstrate that the increase of
tunneling current due to TAT in oxide bulk defects decreases
the time to accumulate the critical charge-to-breakdown and
consequently reduces the lifetime of the devices. Through
numerical simulations, the effect of two commonly discussed
defect distributions were examined and shown to be able to
produce the kind of extrinsic failures that are observed and
cannot be screened. The success of this model points to a
different avenue to solve the early failure problem. Instead
of focusing on contamination control, the solution must come
from improving the oxide growth process. We would like to
note that a parallel can be found in the SiO»/Si history — in
the early 1990s, extrinsic failures were drastically reduced by
process improvements.
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