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Abstract—The test escapes due to latent gate oxide (GOx)
shorts have been challenging the relentless pursuit of zero
defects, despite of voltage stress testing executed to screen such
defects. This scenario underscores a prevailing uncertainty in
semiconductor testing, “Are we stressing enough?”. Moreover, the
increasing complexity of digital circuits, coupled with stringent
test time requirements, makes 100% fault coverage an unrealistic
target.

This paper presents a solution to optimize voltage stress
methodology, and quantify and maximize stress coverage for
Integrated Circuits (ICs). The proposed solution involves three
key methods. The first method, Critical Thickness Model (CTM),
addresses the question ”Are we stressing enough?” by determin-
ing the minimum stress period of n and p type MOSFET with
gate oxide (GOx) thickness in the sub-3nm range. The second
method, Stress Coverage Quantification Algorithm (SCQA), as-
sesses actual defect coverage by calculating the percentage of
transistors stressed. The third method, Coverage Maximization
Algorithm (CMA), aims to reduce customer returns due to GOx
shorts by minimizing test escapes. Finally, the paper explores
the possibility of Stress Aware ATPG and discusses the trade-
offs between under-stressing and over-stressing. The application
of CTM resulted in stress time reduction by a factor of 103,
thereby reducing test cost and improving yield. Furthermore,
SCQA reveals that the ATPG reported coverage is overestimated
and differs with SCQA by 6.2%. CMA selected patterns resulted
into 2.88% higher coverage, reducing voltage stress test escapes
by 10%, improving the quality of voltage stress test.

Index Terms—latent gate oxide shorts, voltage stress, stress
coverage, stress time, defect activation, test cost, yield loss

I. INTRODUCTION

Moore’s Law and Dennard’s Scaling Law, introduced in
1965 and 1974, respectively, revolutionized the semiconductor
industry with scaling trends [1] [2]. Along with increasing
transistor count and shrinking sizes, the challenge of screening
production defects in highly dense integrated circuits (ICs) is
increasing [3]. Concurrently, advancements in the automotive
industry is driving a demand for more reliable ICs, especially
for higher levels of automation [4]. A significant challenge
to achieving higher automation level in the vehicles is the
activation of latent GOx defects when devices are deployed in
the field [4]. To screen such defects, a widely used technique is
the Burn-in test, which has proven effective in identifying de-
fective devices [5]. However, Burn-in has notable drawbacks:
it is time-consuming, requires significant infrastructure, can
damage products, and is inefficient in terms of time-to-market,
often consuming up to 80% of the test time [5].

To address these limitations, the voltage stress (Vstress)
methodology was introduced [6]. In this method, a Device
Under Test is subjected to a higher voltage level outside its
operational range to assess its behavior in extreme conditions
[7]. Burn-in and Vstress, both accelerate the early failure
phase of the Bathtub curve, but they differ in their execution
and efficiency. While Burn-in uses high temperatures over
extended period, Vstress involves subjecting the device un-
der test (DUT) to high voltages, with exponentially quicker
activation and screening time [8]. Figure 1 demonstrates the

Fig. 1. Vstress v/s Burn-in [9]

impact of Burn-in and Vstress on automotive ICs in terms of
GOx returns over nine years. Burn-in resulted in comparatively
higher customer returns as compared to Vstress. However,
despite these improvements, GOx failures still contribute to
customer returns, indicating that the Vstress methodology
has reached a saturation point in its efficacy [10]. Figure 2
shows the distribution of gate oxide customer returns over 15
financial quarters, where Vstress was employed. The trend-line
indicates that the effectiveness of this methodology is nearing
its limit approaching saturation, with only small improvements
(shown as the deflection from the saturated trend line) at-
tributed to advancements in the fabrication process and other
DfT techniques. This saturation suggests the need for further
optimization of the voltage stress methodology to improve
defect screening efficiency.

To address the limitation of voltage stress methodology and
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Fig. 2. Saturation in Vstress Efficacy [10]

improve the screening efficiency, this paper presents a struc-
tural method to stress that establishes first a relation between
stress voltage and minimum stress time that can be used to
minimize the stress test time and therefore minimizing stress
test cost, following which it present two algorithms which
eventually deliver ATPG patterns, that have the maximum tran-
sistor level coverage, to execute voltage stress methodology
at the tester, minimizing stress test escapes (by 10% for the
testchip in experiment).

The forthcoming part of the paper is organized as follows:
Section II presents the problem statement; Section III discusses
about State of the Art solutions and their shortcomings;
Section IV presents novel Critical Thickness Model; Section
V provides insights about Stress Coverage Quantification
Algorithm; Section VI discusses Coverage Maximization Al-
gorithm; Section VII presents the results and the observations
followed by conclusion of this work in Section VIII.

II. PROBLEM STATEMENT

A. Uncertainties regarding Defect Activation

Fig. 3. Schematic of Inverter-NAND-Inverter Circuit

The most widely accepted methodology to screen out the
latent GOx shorts is to subject the product to Vstress-Iddq

signature [11] [12]. A Vstress-Iddq signature is the methodol-
ogy to accelerate the ageing by applying the extremely high
voltage potentials to the IC aiming at eating up the Infant
Mortality regime of the Bathtub Curve before delivering the
IC into market [13]. This signature is based on Pseudo Stuck-
At (PSA) fault model, and hence is preferred in industrial
applications as it comes with the coverage of Stuck-At faults
[13]. However, it does not say if the fault model is optimal
for pattern stressing. Consider the sample circuit in figure 3.
The stress coverage of the GOx of the pull-up in the third
CMOS stage illustrates how the Pseudo Stuck-At fault model
may not provide adequate stress coverage, leading to potential
test escapes due to insufficient activation of latent defects and
keeping the question open, “Are we stressing enough?”. And
on the other hand, there is a probability that the useful lifetime
of the pull-down in the same CMOS stage is being eaten up by
the same pattern. Conclusively, not only the fault model is not
optimal to execute voltage stress methodology as not all the
transistors are stressed but also among the stressed transistors
there are some which got stressed for 10% of the time and
some got stressed for 90%, leading us to an uncertainty, how
much stress efforts are optimal for screening latent defects.

B. Meagre Stress Coverage of the Screening Test

Fig. 4. (a) NAND schematic with (b) exhaustive PSA pattern {1,1} (c)
exhaustive PSA pattern {1,0} (d) exhaustive PSA pattern {0,1} on its inputs
a,b underlining the stressed MOSFETs [14]

Fig. 5. A NAND based circuit [14]

The exhaustive Pseudo Stuck-At pattern set of a 2-input
NAND gate as presented in figure 4 is {(1,1) (1,0) (0,1) }.
However, there is no way to stimulate the combination in
figure 4(d) featuring 0 and 1 respectively on a and b inputs of
the 2-input NAND gate D as shown in figure 5, categorizing
the applied PSA pattern as complete but not exhaustive. The
complete PSA pattern set therefore fails at stressing MOSFET
P1 of NAND gate D in figure 5. This observation denotes that
there can be significantly more number of MOSFETs in the
circuitry experiencing 0% stress when subjected to Vstress-
Iddq signature, resulting into compromised stress coverage,
which is not reported out by ATPG.
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C. Unstructured way of pattern selection to execute Vstress-
Iddq signature

Based on complete Pseudo Stuck At fault model, of which
the shortcomings at the transistor level have been discussed in
II.B, ATPG generates n number of patterns for the gate level
design. Out of those n patterns, a few are used arbitrarily
to execute Vstress-Iddq signature on an IC. However, there
exists no structured solution to figure out which patterns
shall be sent to ATE to execute the Vstress-Iddq signature
to cover maximum transistors and to ensure minimum stress
test escapes.

Recapitulating, the Vstress-Iddq signature needs to be opti-
mized due to three prominent problems:

• Improper defect activation (due to Pseudo Stuck-At fault
model, voltage potential or low activation time)

• Unknown stress test coverage at transistor level
• Unstructured way of pattern selection

III. THE STATE-OF-THE-ART

In 1988, Lee et al. presented an extrinsic defect-related
breakdown model called Thinning Model to model the GOx
defects in a MOSFET [15]. These extrinsic defects can lead to
a higher local electric field, higher intrinsic defect generation,
or higher current density [15]. Thinning model states that the
presence of an extrinsic defect will deplete the oxide thickness
Xox by an amount of ∆Xox. A term “severity of defect” was
introduced in [15] which is measured as ∆Xox

Xox
. This model

states that a GOx short reduces the effective thickness, and by
employing the concept of the 1/E model, calculates the time
to breakdown [15].

In 1999, following a similar direction as that in [15], but
on a different path, H. Katto proposed an approach that also
fundamentally focused on probing the effective oxide thick-
ness, but through voltage-to-breakdown (Vbd) measurements
[16]. H. Katto proposed a model that relies on the assumption
that a device having a certain Vbd would have a short time to
breakdown τ0 when subjected to the stress potentials of Vbd

[16]. Here, τ0 represents the applied stress time and is constant
for all devices. The Vbd measurements were taken using an
idealistic approach, where the breakdown voltages of devices
with different thicknesses were recorded when subjected to
varying electric fields. Then the Vbd was selected according
to the acceptable values of electric field across the gate oxide,
and under the aforementioned assumptions, modifying the E
model, minimum stress time was calculated in [16].

Further in 2018, Wim Dobbelaere et al., adding to the
direction presented in [15], defined a parameter of activation
for each latent defect, which can be calculated as :

Activation =
∫ Test Time
0

1
MTF dt [17]

where, if the activation parameter of a latent defect scores
1 or more, the latent defect should be considered as activated.
Here, the parameter MTF represents the function for modeling
the breakdown over time of the latent defect, notably based
on the famous 1/E model of the TDDB mechanism, which is
equal to the τbd value calculated in [15] [17].

Fig. 6. Compiled TDDB data for different oxide thickness
[18]

Putting in a nutshell, the three contributions in the direction
of probing the GOx defects, whether using breakdown voltage
measurements or time to breakdown, were fundamentally
dependent on the field-driven empirical breakdown models E
and 1/E.

Field-driven TDDB models exhibit a key property: for a
given gate oxide area and test temperature, TDDB occurrence
is independent of oxide thickness [18]. Figure 6 shows a
set of TDDB data compiled by McPherson referenced from
various sources for constant of 8MV/cm electric field across
GOx and 125 deg C test temperature. In the range of GOx
thickness from 5nm to 25nm, the field-driven models hold
true. However, for oxides thinner than 5nm, a significant de-
viation is observed. The breakdown time diverges, suggesting
that factors beyond the electric field are influencing oxide
breakdown [18]. This challenges the applicability of field-
driven models for sub-5nm oxides. Sune et al. in [19] have
demonstrated that oxide breakdown in ultra-thin gate oxides is
energy-dependent rather than thickness-dependent. The widely
accepted Power-Law Model, based on the Anode Hydrogen
Release (AHR) physical breakdown model, typically applies
at high voltage potentials [20] [21]. However, in ultra-thin
SiON oxides, Nicollian [18] showed that AHR is valid for trap
generation and breakdown at low stress potentials (< 3V ) and
not high stress potentials due to the release of hydrogen species
(H+ and H0) from the anode caused by vibrational excitation
from tunneling electrons. Referring figure 7, V Model, based
on physical mechanisms of Bulk Trap Generation, similar to
Power-Law Model, does not strongly depend on thickness for
oxides thinner than 3nm [22].

In conclusion, neither Electric Field driven nor Energy-
Driven dielectric conduction models effectively estimate
breakdown voltage or time to breakdown for ultra-thin gate ox-
ides. The problem lies in the energy of the tunneling carriers,
not the oxide thickness, which causes defect generation leading
to breakdown. Thus, a new model, with a stronger dependence
on oxide thickness or energy-related physical parameters, is
required for these ultra-thin oxides.

The work presented in further sections was carried out in
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Fig. 7. V-Model & Power Law Model v/s oxide thickness
[22]

2020-2021, and we are glad to see that in the meantime,
a research has been conducted by S. Eggersglüß and A.
Glowatz in 2024 that proposed an approach based on Cell-
aware Transistor State Stress Model (TSSM) [31]. There,
Siemens, with the access to ATPG algorithm, reports out
the transistor level coverage for both Elevated Voltage Stress
(EVS) and Dynamic Voltage Stress (DVS). The approach uses
a TSSM view of a cell for analysis and then executes Iddq and
Toggle patterns to check the stress coverage [31]. Section VII
discusses about the comparison of this approach with one of
the outcomes of this paper, i.e., Stress Coverage Quantification
Algotithm.

IV. CRITICAL THICKNESS MODEL

The Critical Thickness Model adopts the approach from
Dobbelaere et al. [24] for probing gate oxide thickness to
ensure proper defect activation, discarding the 1/E model for
time-to-breakdown estimation. Instead, it advocates using the
Direct Tunneling Model for time-to-breakdown, aligning with
the Thinning Model. Since the Direct Tunneling current’s
tunneling length is 3-4nm, it inevitably flows from anode
to cathode of SiON dielectric-based automotive products con-
sidered in the paper [23]. Given the low energy required
for tunneling electrons, aligned with the product’s low stress
potential (< 3V ), the Direct Tunneling current was selected as
a basis for Critical Thickness Model being highly sensitive to
oxide thickness, making it crucial for probing defect activation.
The model is also compatible with various gate and dielectric
materials, including high-k gate stacks, provided the equivalent
oxide thickness is used when talking about the oxide thickness.

A. Assumptions

The Critical Thickness Model is based on these assump-
tions:

• GOx of 130nm node technology and smaller expe-
rience similar types of shorts, caused by protruding
poly/semiconductor, crystalline defects in the substrate,
surface roughness at weak spots, and not foreign particles

contamination. This is supported by NXP Quality De-
partment observations, which cite advancements in fab-
rication and cleanroom processes that minimize particle
contamination.

• Intrinsic defect density is uniform across the wafer,
depending on silicon wafer quality, cleanliness, and oxi-
dation annealing conditions.

• Tunneling electrons create a trapezoidal barrier. For thin
oxides (tox < 10nm), electrons transition from Direct
Tunneling to Fowler-Nordheim Tunneling (FNT) when
stress voltage is high enough, independent of oxide
thickness. This is supported by analysis in [24] [25].

• Image force-induced potential barrier lowering is ne-
glected, as it can yield inaccurate results for thin oxides
[26]

• As CTM relies on the Philips MOS Model 11 and
Thinning Model, the assumptions of these models form
the foundation of Critical Thickness Model.

B. The Model

The Critical Thickness Model (CTM) describes gate oxide
breakdown due to intrinsic TDDB caused by extrinsic critical
latent gate oxide shirts. While technological advances have
reduced the number of gate oxide shorts, they still persist [27].
However, not all shorts need to be screened; only the critical
latent gate oxide shorts, which have the potential to cause
device failure during field operation or testing. The criticality
depends on the product’s desired lifetime (e.g. a minimum of
10 years for automotive products). CTM defines the concept of
critical thickness tox.critical, which helps distinguish between
critical and non-critical shorts. As shown in figure 8, different

Fig. 8. Critical Thickness Model

gate oxide shorts vary in size and deplete the oxide thickness
to an effective thickness, teff = tox − tdefect. If the latent
short exists with the thickness of tox.critical, it is categorized
as critical and must be screened out. This model assumes that
each MOSFET has a latent gate oxide short that depletes
the thickness to tox.critical. The critical thickness depends
on application and device physics, varying for pMOS and
nMOS at a specific oxide thickness and process node. The
calculation of tox.critical requires understanding of sub-3nm
dielectric breakdown mechanisms. CTM is applicable only
for gate oxides with thicknesses in the sub-3nm range. As
discussed in previous section, Direct Tunneling (DT) is the
dominant failure mechanism in such thin oxides. Tunneling
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electrons can lead to intrinsic defects like electron traps,
interface states, and trap creation processes. The applied stress
potential (< 3V ) triggers Direct Tunneling, invoking trap
creation. Once defect density reaches a critical level, it causes
catastrophic breakdown [23] [25]. The tunneling electrons,
with energies over 2.3 eV, cause breakdown as the current
is inversely proportional to oxide thickness. The breakdown
time tbd = Qbd/JDT [22], is used to estimate the critical
thickness. CTM relates the time to breakdown of a good GOx
to one with critical defects, providing a ratio between original
and minimum desired operational lifetimes at nominal voltage
and temperature.

tbd.life
tbd.crit

=
Qbd.life ∗ JDT.crit

JDT.life ∗Qbd.crit
(1)

where,
tbd.life is expected lifetime of a good GOx
Qbd.life is charge to breakdown for a good GOx
JDT.life is Direct Tunneling current through a good GOx
tbd.crit is minimum desired lifetime of the product
Qbd.crit is charge to breakdown for a critically defected GOx
JDT.crit is Direct Tunneling current through a critically de-
fected GOx and

Qbd = q ∗Nbd/Pg (2)

where, q is charge of the tunneling carrier,
Nbd is critical intrinsic defect density,
Pg is intrinsic defect generation rate

Stathis and DiMaria, in their experiment on a 3nm gate
oxide with 2V of gate voltage, showed that the intrinsic defect
generation rate (Pg) is independent of oxide thickness and
exponentially depends on gate voltage [25]. Their experiment
also established that the critical intrinsic defect density at
breakdown is linearly dependent on oxide thickness until
3nm, after which it becomes independent of thickness. This
result implies that charge to breakdown (Qbd) is unaffected
by oxide thickness and strongly dependent on gate voltage.
Consequently, the charge to breakdown for both good and
critically defected gate oxides is equal when operating at
nominal voltage and temperature. Substituting this piece of
information in equation 1, we get :

tbd.life
tbd.crit

=
JDT.crit

JDT.life
(3)

Using the Philips MOS Model 11 [28], the equation 3 can be
further expanded as shown in the following equation :

tbd.life
tbd.crit

=
t2ox.life
t2ox.crit

∗ exp(−B ∗

tox.life(
(
∮
b
−Vox.life ∗ q)3/2 −

∮ 3/2

b

Vox.life ∗
∮ 3/2

b

) ∗ exp(B ∗

tox.life(
(
∮
b
−Vox.life ∗ q)3/2 −

∮ 3/2

b

Vox.life ∗
∮ 3/2

b

)(4)

where,
tox.life is thickness of a good GOx
tox.crit is thickness of critically defected GOx
Vox.life is nominal voltage across the GOx

β is
−4

√
2mox

∮ 3/2

b

3hq
From (4), we calculate the critical thickness that classifies a

latent gate oxide short as critical or non-critical. With the value
of parameter of critical thickness being known, the following
step calls for determining the minimum stress time required
to activate the critical latent gate oxide defect under a fixed
stressed voltage. CTM establishes a ratio between the time
to breakdown of a good gate oxide at operational voltage and
temperature, and the time to breakdown of a critically defected
gate oxide at stress voltage. Substituting Philips MOS MODEL
11 for Direct Tunneling current in equation 1, we get :

tbd.life
tbd.crit

=
V 2
ox.crit ∗ t2ox.life

V 2
ox.life ∗ t2ox.crit

exp(−B ∗

tox.life(
(
∮
b
−Vox.life ∗ q)3/2 −

∮ 3/2

b

Vox.life ∗
∮ 3/2

b

) ∗ exp(B ∗

tox.life(
(
∮
b
−Vox.life ∗ q)3/2 −

∮ 3/2

b

Vox.life ∗
∮ 3/2

b

) ∗√
Vox.life ∗ (q/

∮
b
) + 1− 1

2

√
Vox.crit ∗ (q/

∮
b
) + 1− 1

2 ∗ qbd.life
qbd.crit

(5)

Equation (5) provides tbd.crit, the breakdown time for the
critically defected gate oxide or the minimum stress time to
activate the critical latent gate oxide short. The minimum
screen time will differ for pMOS and nMOS due to their
physical properties. Additionally, Vstress-Iddq signature is
conducted under temperature stress to enhance the impact, and
(3) includes the stress temperature parameter in the form of
charge to breakdown (Qbd), as Qbd is temperature-dependent
[29] [30].

Summarizingly, Critical Thickness Model fundamentally
comprises of two equations:

• equation (4) : to find out the critical thickness of the gate
oxide

• equation (5) : to deduce the minimum screen time based
on the critical thickness

and hence, profiles the latent gate oxide short activation when
the device is subjected to Vstress-Iddq signature in presence
of temperature stress. Therefore, only if a device experiences
stress for the minimum stress time for a certain stress voltage
and stress temperature, it shall be considered as stressed.

V. STRESS COVERAGE QUANTIFICATION ALGORITHM

Critical Thickness Model addresses the first concern of
improper defect activation. The next step in optimizing the
Vstress-Iddq signature is determining how many devices in
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the DUT actually were stressed, undrestressed, overstressed,
addressing the second concern of meagre fault coverage.

Stress Coverage Quantification Algorithm (SCQA) works
on the image of transistor level schematic captured during
the capture cycle for each pattern. Following are the I/Os of
SCQA:

• Input Configuration File : This is a text file which is
Python-readable and prompts user to provide the com-
plete paths to flat netlist, and hierarchical netlist and the
capture time based on the minimum stress time calculated
from Critical Thickness Model

• Output Text File : This is a text file which is written by
the algorithm and contains the information about:

– Stress coverage of each pattern
– Detailed information of the devices that got stressed

for each pattern
– Stress coverage of whole pattern set

• Output Database : This database contains complete pro-
file of applied stress on each device by the complete
pattern set. The database lets the user know for how
much time each transistor has been stressed, how many
devices got stressed for 0%, 10%, 20%,. . . , 100% of the
times, and most importantly it categorizes each device
as stressed, overstressed or unstressed according to the
minimum stress time read in, which is calculated by
Critical Thickness Model.

Figure 9 shows the block diagram of Stress Coverage
Quantification Algorithm.

VI. COVERAGE MAXIMIZATION ALGORITHM

As not all patterns are executed at ATE due to test time
constraints, Coverage Maximization Algorithm (CMA) sorts
ATPG-generated patterns based on maximum transistor cov-
erage. Based on the Greedy algorithm (Dijkstra’s), CMA
maximizes stress coverage by minimizing repeated devices.
CMA has two inputs and an output:

• Pattern Set Stress Database: Tracks how often each MOS-
FET is stressed in the pattern set, generated by SCQA.

• Per Pattern Stress Database: Provides a stress profile for
each pattern, also generated by SCQA.

• Maximized Coverage Pattern Set: An output text file con-
taining a pattern set with maximum coverage at transistor
level.

Figure 10 shows the block diagram of Coverage Maximiza-
tion Algorithm

VII. RESULTS AND DISCUSSION

Validation of Critical Thickness Model involves determining
minimum stress time based on critical thickness and vali-
dating it through device-level simulations. These simulations
calculate critical thickness and minimum stress time, with
TCAD (Sentaurus) used to model device characteristics in the
absence of experimental data. Critical thickness and minimum
stress time, defined by equations (4) and (5), depend on
device parameters. Finite Element Modeling within TCAD

Fig. 9. SCQA flow chart

was used to solve the equations (4) and (5) as TCAD solves
fundamental, physical and partial differential equations for
discrete geometrics. For long-channel devices, use Brew’s
model, while the 2D charge sheet model applies for short-
channel devices. Critical Thickness Model calculated critical
thickness for 3nm thick SiON GOx was reported to be 2.4
nm for a given stress voltage for the application lifetime of
10 years. The ratio of calculated minimum stress time to the
in-practice stress time was reported to be in order of 10e-3
seconds, for stressing a transistor (both p and n type), when
stressed at a certain stress voltage (< 3V ).

Simulation of SCQA was performed at a 130nm test chip.
An ATPG framework was used to generate 25 Pseudo Stuck-
At test patterns, which were then processed by SCQA. SCQA
calculated coverage (transitor level) for these patterns differed
from ATPG coverage (gate level) by 6.2%. While at gate
level, ATPG reported coverage as 80.86%, SCQA reported
it to be 75.82% at the transistor level. The difference of
coverages at transistor level and cell level is concerning for
automotive applications targeting SAE level 4 and reveals
the need of Stress Aware fault model for patterns to execute
Vstress-Iddq signature. SCQA also categorized over 90% of

Regular Paper

107

Authorized licensed use limited to: TU Delft Library. Downloaded on November 04,2025 at 09:04:01 UTC from IEEE Xplore.  Restrictions apply. 



Fig. 10. CMA flow chart

stressed transistors as overstressed (eating useful lifetime and
activating non-critical latent GOx shorts). With these results
and the observations from the algorithm’s way of working,
it can be observed that while SCQA and TSSM, both are
exhaustive in nature at the gate level using transistor-level
simulation to identify specific stress-inducing states, SCQA
with the limitation of not having the access to ATPG algorithm,
reports out only steady state stress detecting latent GOx shorts
coverage but Siemens presented TSSM can report out latent
shorts and opens for EVS and DVS [31]. Table I tabulates the
differences between SCQA and the algorithm using TSSM.

For the same test chip, Coverage Maximization Algorithm
(CMA) was executed to optimize the test pattern set. The
top 10 patterns delivered as Maximized Coverage pattern set
by CMA showed a stress test coverage (at the transistor
level) of 73.96% when compared to 71.08% of (transistor

TABLE I
COMPARISON BETWEEN SCQA AND TSSM BASED APPROACH

Feature Stress Coverage
Quantification
Algorithm (SCQA)

Transistor State Stress
Model (TSSM)

Objective To report EVS coverage at
the transistor level

To report EVS and DVS
coverage

Inputs Design netlist, CDS
views, ATPG patterns

Design netlist, UDFM,
Spice views, ATPG pat-
terns

Target Latent GOx Shorts Latent Shorts and Opens
Outputs Transistor level EVS cov-

erage
Transistor level EVS and
DVS coverage

Test Patterns ATPG generated PSA pat-
tern set

ATPG generated Toggle
and PSA pattern set

Fig. 11. Time vs Voltage impact on targeting critical thickness

level) coverage of arbitrarily selected patterns. The comparison
indicates a 2.88% of coverage enhancement (adding 288,000
more transistors to the coverage for a IC of 10M transistors),
when opting for CMA. Loss of this coverage would have
resulted in approximately 10% of stress test escapes at the
transistor level.

These results bring us to three questions for discussion,
“How should we resolve the overstressing and understress-
ing with the help of Critical Thickness Model?”, “Like a
minimum stress time, is there a need of maximum thresh-
old on stress time ?”, “What is the application of Critical
Thickness Model?”. Let’s take them one by one. When a
GOx experiences overstress, this invites unwanted activation
of non-critical latent defects which if follow irreversible
behavior can eventually lead to high gate leakage current.
On the flip side, when a GOx experiences understress, the
critical latent GOx shorts are missed. From reliability point of
view, stressing is understood as an ageing accelerating event
which can lead to device degradation, which may eventually
cause the breakdown of the device. However, from testing
point of view, stressing is an event where time zero non-
critical defects become critical (get activated). The impact of
stress time on stressing is almost negligible when compared
to voltage potential as stress experienced is exponentially
dependent on voltage and linearly dependent on stress time.
For visual representation, please refer plots in figure 11 which
are completely based on in-house calculations performed with
a device physicist. Therefore, overstressing and understressing
should be understood in terms of stress voltage and not stress
time, to ensure that a transistor has experienced the stress

Regular Paper

108

Authorized licensed use limited to: TU Delft Library. Downloaded on November 04,2025 at 09:04:01 UTC from IEEE Xplore.  Restrictions apply. 



Fig. 12. Latent Gate Oxide Shorts’ Trend when stressed

voltage potential for at least CTM provided minimum stress
time, guaranteeing the critical latent GOx short screening.
However, if there is a limitation of maximum stress voltage,
in that case CTM can be used in ensuring the impact of
Vstress-Iddq Signature. This brings us to the aforementioned
second question. Indeed the additional impact of stress is low
when stressed for higher time than CTM calculated time,
however, risk of unintentional activation of non-critical gate
oxide shorts is also not zero. Figure 12 shows that although
within CTM calculated minimum stress time, all the critical
latent GOx shorts are screened out, stressing beyond will still
show some failures. However, such failures are yield loss
and unintentionally activated non-critical defects, that would
never manifest as a defect under normal operational conditions
during the lifetime and hence depicted as outliers. Screening
out such outliers will only contribute to test cost and yield
loss. Moving on to the last question, the in-practice stress time
calculation method is entirely based on the maximum allowed
stress period calculated from aging acceleration perspective
in such a way that at certain voltage Vstress, for a time
tstress, only a certain percentage of the lifetime is consumed.
Therefore, stress time for each pattern tpattern.stress as of now
is calculated as:

tpattern.stress =
tstress

n

where, n is number of ATPG generated patterns, to be used
to execute Vstress-Iddq signature. Although the method has
been asserted as good enough going by the falling trends
of customer returns (not zero yet, refer section II), the very
primitive flaw with this method of deducing stress time is that
it does not say anything about whether the allowed aging of
the transistor targets critical latent GOx shorts or causes yield
loss. To answer such questions, Critical Thickness Model shall
be employed. The model renders the information about how
much time shall a transistor be stressed to get rid of critical
latent GOx shorts. With that particular information in use,
tpattern.stress becomes equal to CTM calculated minimum
stress time of pMOS (as it is higher for pMOS than nMOS),
minimizing both test cost and yield loss while ensuring screen-
ing of critical latent gate oxide shorts.

VIII. CONCLUSION

This paper talks about three key challenges in stress test-
ing of digital ICs, namely improper defect activation (due
to Pseudo Stuck-At fault model, voltage potential or low
activation time), unknown stress test coverage at transistor
level, and unstructured way of pattern selection. Addressing
them, this paper focuses on minimizing stress time to activate
latent gate oxide shorts, identifying unstressed transistors, and
enhancing transistor level stress test coverage at ATE. The
contributions of this work include the first attempt to model
gate oxide breakdown from a Design-for-Test perspective
(screening devices in infant mortality period of the Bathtub
curve while limiting test cost), the first effort to quantify
stress quality at the transistor level of teh entire design and
the first attempt to sort the patterns to execuet stress based
on transistor profile. To develop Critical Thickness Model,
an extensive review of empirical and physical TDDB models
was conducted, along with a study of the applicability of
reliability assessment models in the Infant Mortality regime
of the Bathtub curve. It was established that existing defect
activation models fail to capture the impact of acceleration
parameters, which are crucial for effective testing for the gate
oxides thinner than 3nm - 4nm. This led to the development of
Critical Thickness Model, which incorporates oxide thickness-
dependent transport, defect generation, and breakdown mech-
anisms. The Critical Thickness Model enabled the creation of
Stress Coverage Quantification Algorithm (SCQA) to quantify
stress test coverage at the transistor level. The SCQA revealed
significant gaps in gate level ATPG coverage, motivating the
development of a Coverage Maximization Algorithm to ensure
maximum stress test coverage within minimal time, reducing
test escapes by approximately 10% (adding 288,000 transistors
more to coverage for an IC of 10 M transistors).

This paper also presents critical discussions to redefine
the understanding of overstressing and understressing in both
reliability and defect activation contexts. The thesis provides
a foundation for further optimization of the static Vstress-Iddq
signature, with the potential for higher stress test coverage and
reduced test escapes (lower test cost and yield loss). On the
basis of the results reported by SCQA, a potential future work
could be to explore how to develop a fault model for Stress-
Aware Pattern Generation as Pseudo Stuck-At fault model
does not ensure optimal stressing (also concluded in II-B).
A problem that might be faced to develop such model for
Stress-Aware pattern generation is that it will consume time
which will be outside the acceptable limits of practicality,
like Leakage patterns. To overcome this challenge, the idea
is to realize the concept of Fault Coning at the transistor
level, where the circuit can be distributed in several small
cones according to the propagating effect of the real defects
and testing on several cones can be performed in parallel to
reduce the time consumption. Here, the parallel patterns are
expected to ensure activating as many MOSFETs as possible
for the stress time calculated by Critical Thickness Model.
Another idea is to explore the possibility of realizing Toggle
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fault model at transistor level where idea is primarily neither
to have compares on Primary Outputs or Scan Outputs nor to
have a higher gate level coverage but an approach to target
activation (VGS ̸= 0) of maximum transistors, facility to
measure quiescent current during capture mode, followed by
a report out from the tool about how many transistors could
the pattern set actually activate.
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