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Introduction 

 
Some questions asked in connection with the 
today’s state-of-the-art and practices in the 
area of reliability evaluations and assurances 
of microelectronics and photonics materials 
and devices, including medical devices, are 
formulated, and some references to the 
related published work are indicated. The 
emphasis is on the author’s publications 
during his long career in the field of 
electronics materials and devices reliability. 
The substance of the recently suggested 
probabilistic design for reliability (PDfR) 
concept, the attributes of the failure-oriented-
accelerated-testing (FOAT) and Boltzmann-
Arrhenius-Zhurkov (BAZ) constitutive 
equation (model) are briefly discussed and 
numerical examples are provided. It is 
concluded that the application of the PDfR 
concept and its experimental basis FOAT, 
geared to the flexible and physically 
meaningful BAZ model, put the art of creating 
reliable electronic products on a “reliable” 
applied science foundation and, owing to 
that, enables making a viable electron device, 
and particularly, medical device, into a 
reliable product.  

 
Today’s practices and some questions 
asked 
 

 Electron devices that underwent highly 
accelerated life testing (HALT) [1, 2], 
passed the existing qualification tests (QT) 
and survived burn-in testing (BIT) [3, 4] 
often exhibit nonetheless premature field 
failures. Are these methodologies and 
practices, and particularly the HALT 
procedures, adequate [5]?  

 Do electronic industries need new 
approaches to qualify their products, and if 
they do, what should be done differently 
[6]?  

 Could the existing practices be improved to 
an extent that if the product passed the 
reliability tests, there is a way to assure 
that it will satisfactorily perform in the field 
[7]?  

 In many applications, such as, e.g., 
aerospace, military, long-haul 
communications, and, certainly medical, 
high reliability of electronics materials and 
products is particularly critical. Failures are 
a catastrophe and are not acceptable. 
Could the operational (field) reliability of an 
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electronic product be assured, if it is not 
predicted, i.e., not quantified in advance, at 
the design and product development stage 
[8-10]? It is well known that when NASA 
receives such products from big 
companies, NASA has to re-qualify these 
products and established their “remaining 
useful lives (RUL)” to make sure that these 
products are good enough to be installed 
in a, say, space shuttle. But it is too late in 
such a situation to change the materials, or 
the designs, i.e., too late to create a 
“genetically healthy” product.  Such a 
practice triggered therefore the s.c. 
prognostics-and-health monitoring (PHM) 
practice. Such a practice might be good in 
addition to an effort of creating a 
“genetically healthy” product, but not 
instead of it. Agree? 

 And if such a quantification is found to be 
necessary, could that be done on the 
deterministic, i.e., on a non-probabilistic 
basis, or, since nothing is perfect, and 
because the difference between a highly 
reliable product and an insufficiently 
reliable one is “merely” in the difference 
between their never-zero probabilities of 
failure, the probabilistic approach should 
be applied [11-19]?  

 Should electronic product manufacturers 
keep shooting for an unpredictable and, 
perhaps, unachievable and unnecessary 
very long, such as, e.g., twenty years or 
so, product lifetime or, considering that 
every five years a new generation of 
devices appear on the market, the 
industries and particularly medical device 
manufacturers should settle for a shorter, 
but well substantiated, predictable and 
assured lifetime, with a high probability of 
non-failure?  

 And what should be the role of predictive 
modeling, both computer-aided 
simulations, like, say, finite-element-
analysis (FEA) and the “old-fashioned” 
analytical modeling [20-24]? 

 What role could play the recently 
suggested Failure-Oriented-Accelerated-
Testing (FOAT) and Boltzmann-Arrhenius-
Zhurkov (BAZ) analytical model in 
predicting, on the probabilistic basis, the 
device’s probability of failure and its useful 
lifetime [25-28]? 

 It is clear that higher specified probabilities 
of non-failure result in shorter expected 
lifetimes. Then how such lifetimes should 
be related to the acceptable (specified) 
probability of non-failure for particular 
products and applications? 

 Considering that the principle of 
superposition does not work in reliability 
engineering, how to establish the adequate 
physically meaningful stressors, their 
combinations and levels for the appropriate 
accelerated tests?  

 The best engineering product is the best 
compromise between the requirements for 
its reliability, cost effectiveness and  time-
to-market; it goes without saying that, in 
order to make the desired optimization 
possible, the reliability of such product 
should also be quantified, but how to do 
that[29]? 

 Bathtub curve, the experimental “reliability 
passport” of a mass-produced device 
reflects the inputs of two critical irreversible 
processes – the statistics-of-failure 
process that results in a reduced failure 
rate with time (this is particularly evident 
from the infant mortality portion of the 
curve) and physics-of-failure (aging, 
degradation) process that leads to an 
increased failure rate with time (this trend 
is explicitly exhibited by the wear out 
portion of the bathtub diagram). Could 
these two critical processed be separated? 
The need for that is due to the obvious 
incentive to minimize the role and the rate 
of aging, and this incentive is especially 
significant for products like lasers, solder 
joint interconnections and others, which 
are characterized by long wear out 
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portions and when it is economically 
infeasible to restrict the product’s lifetime 
to the steady-state situation, when the two 
irreversible processes in question 
compensate each other [30].  

 A related question has to do with the fact 
that real time degradation is a very slow 
process. Could physically meaningful and 
cost-effective methodologies for measuring 
and predicting the degradation (aging) 
rates and consequences be developed 
[30]? 

 Yet another related question has to do with 
the BIT of electron devices. It is unclear 
even whether such testing is always 
necessary, and if it is decided upon that it 
is, how long should it last and at what 
level, so that the infant mortality portion of 
the bathtub curve is eliminated [31-33]? 

 
In the references to the published work below 
many questions asked above the outline that 
follow (including references) some of these 
questions are answered on the basis of the 
recently suggested PDfR concept. The next 
sections summarize some main features of 
this concept, address the attributes of the 
FOAT vs traditional HALT, and show some 
simple examples of the application of the 
PDfR concept, including BAZ model. 
 
PDfR and its “ten commandments” 
 
The PDfR concept is an effective means for 
improving the state-of-the-art in the 
electronics and photonics reliability field by 
quantifying, on the probabilistic basis, the 
operational reliability of a material or a 
product by predicting the probability of its 
likely failure under the given loading 
conditions and after the given service time, 
and to use this probability as a suitable and 
physically meaningful criterion of the 
expected product’s performance. The 
following ten major (governing) principles 

(“commandments”) reflect the rationale 
behind the PDfR concept: 
 
1) When reliability of a product is 

imperative, ability to predict it is a must; 
reliability cannot be assured, if it is not 
quantified; 

2) Nothing is perfect;  the difference between 
a highly reliable and an insufficiently 
reliable product  is “merely” in the level of 
their never-zero probability of failure, and 
therefore such a quantification should be 
done on the probabilistic basis; 

3) Reliability evaluations cannot be delayed 
until the product is made and should start 
at the design stage; it should be taken 
care of, however, at all the significant 
stages of the product’s life: at the design 
stage, when reliability is conceived; at the 
accelerated testing stage, using electrical, 
optical, environmental and mechanical 
instrumentation;  at the 
production/manufacturing stage, when 
reliability is implemented; and, if 
necessary and appropriate, reliability 
should be maintained in the field during 
the product’s operation; then there will be 
a reason to believe that  a “genetically 
healthy” product is created and its “health” 
could be maintained by using various 
popular today prognostics-and-health 
monitoring/”management” (PHM) 
methods, as well as redundancy, trouble-
shooting and other more or less important 
means that could be considered to 
maintain adequate reliability level, 
especially if the “genetic health” of the 
product is not as high as it could and 
should be; 

4) Product’s reliability cannot be low, of 
course, but need not be higher than 
necessary either: it has to be adequate for 
the given product and application, 
considering its lifetime, environmental 
conditions and consequences of failure; 
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5) The best product is the best compromise 
between the requirements for its reliability, 
cost effectiveness and time-to-market; it 
goes without saying that such a 
compromise cannot be achieved if 
reliability is not quantified; 

6) One cannot design a product with 
quantified, optimized and assured 
reliability by limiting the effort to the widely 
used today “black box” -  highly 
accelerated life testing (HALT);  
understanding the underlying physics of 
failure is crucial, and therefore highly cost-
effective and highly focused failure-
oriented-accelerated-testing (FOAT) 
should be considered and conducted as a 
possible and natural extension of HALT; 

7) FOAT, unlike HALT, is a 
“white/transparent box” aimed at 
understanding the physics of failure and 
should be geared to a limited  number of 
pre-determined simple, easy-to-use and 
physically meaningful predictive reliability 
models and is viewed as the experimental 
basis and important constituent part of the 
probabilistic design for reliability (PDfR) 
effort;  

8) Physically meaningful, easy-to-use and 
flexible multi-parametric Boltzmann-
Arrhenius-Zhurkov (BAZ) model  can be 
used as a suitable one for the assessment 
of the remaining “useful” life (RUL) of an 
electronic product,  

9) Predictive modeling, not limited to FOAT 
models, is a powerful means to carry out, 
if necessary, sensitivity analyses (SA) 
with an objective to quantify and 
practically nearly eliminate failures by 
making the probability of failure 
sufficiently low; this principle could be 
referred to  as the “principle of practical 
confidence”.  

10) Consideration of the role of the human 
factor is highly desirable in the PDfR 
effort: not only “nothing”, but also 
“nobody” is perfect, and the human role in 

assessing the likelihood of the adequate 
performance of a product,  

 
FOAT (“transparent box”)  vs  HALT 
(“black box”) 
 
A highly focused and highly cost effective 
FOAT is the experimental foundation and the 
“heart” of the PDfR concept. FOAT should be 
conducted in addition to and, in some cases, 
even instead of HALT, especially for new 
products, whose operational reliability is 
unclear and for which no experience is 
accumulated and no best practices nor HALT 
methodologies are not yet developed.  
Predictions, based on the FOAT and 
subsequent probabilistic predictive modeling, 
might not be perfect, at least at the 
beginning, but it is still better to pursue this 
effort rather than to turn a blind eye on the 
fact that there is always a non-zero 
probability of the product’s failure.  
Understanding the underlying reliability 
physics for the product performance is 
critical. If one sets out to understand the 
physics of failure in an attempt to create a 
failure-free product (in accordance with the 
“principle of practical confidence”) conducting 
a FOAT type of an experiment is imperative.  
FOAT’s objective is to confirm the usage of a 
particular more or less well established 
predictive model, to confirm (say, after HALT 
is conducted) the physics of failure, and 
establish the numerical characteristics 
(activation energy, time constant, sensitivity 
factors, etc.) of the particular FOAT modal of 
interest.   
 
FOAT could be viewed as an extension of 
HALT.  While HALT is a “black box”, i.e., a 
methodology which can be perceived in 
terms of its inputs and outputs without a clear 
knowledge of the underlying physics and the 
likelihood of failure., FOAT, on the other 
hand, is a “transparent box”, whose main 
objective is to confirm the use of a particular 
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reliability model that reflects a specific 
anticipated failure mode.  The major 
assumption is, of course, that this model 
should be valid in both AT and in actual 
operation conditions. HALT does not 
measure (does not quantify) reliability. FOAT 
does. HALT can be used for “rough tuning” of  
product’s reliability, and FOAT could and 
should be employed when “fine tuning” is 
needed, i.e., when there is a need to quantify, 
assure and even specify the operational 
reliability of a product. HALT tries to “kill 
many unknown birds with one (also not very 
well known) stone”.  HALT has demonstrated, 
however, over the years its ability to improve 
robustness through a “test-fail-fix” process, in 
which the applied stresses (stimuli) are 
somewhat above the specified operating 
limits. This “somewhat above” is based, 
however, on an intuition, rather than on a 
calculation. There is a general perception that 
HALT might be able to quickly precipitate and 
identify failures of different origins. FOAT and 
HALT could be carried out separately, or 
might be partially combined in a particular AT 
effort. Since the principle of superposition 
does not work in reliability engineering, both 
HALT and FOAT use, when appropriate, 
combined stressing under various stimuli 
(stressors).  
 
New products present natural reliability 
concerns, as well as significant challenges at 
all the stages of their design, manufacture 
and use.  An appropriate combination of 
HALT and FOAT efforts could be especially 
useful for ruggedizing and quantifying 
reliability of such products. It is always 
necessary to correctly identify the expected 
failure modes and mechanisms, and to 
establish the appropriate stress limits of 
HALTs and FOATs with an objective to 
prevent “shifts” in the dominant failure 
mechanisms. There are many ways of how 
this could be done (see, e.g., [8]). The FOAT 
based approach could be viewed as a 

quantified and reliability physics oriented 
HALT. The FOAT approach should be geared 
to a particular technology and application, 
with consideration of the most likely 
stressors. 
 
 
Some simple PDfR examples 
 
Adequate heat sink 
 
Consider a device whose steady-state 
operation is determined by the Arrhenius 
equation (1). The probability of non-failure 
can be found using the exponential law of 

reliability as  .expexp
0
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 Solving 

this equation for the absolute temperatureT , 

we have: 
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/

0
. Addressing, 

e.g., surface charge accumulation failure, for 
which the ratio of the activation energy to the 

Boltzmann’s constant is  K
k

U 011600 , 

assuming that the FOAT- predicted time 

factor 0  is 5

0 102  x hours, that the 

customer  requires that the probability of 
failure at the end of the device’s service time 

of 000,40t  hours is only 510Q , the above 

formula yields:  CKT 00 3.793.352  . Thus, the 
heat sink should be designed accordingly, 
and the vendor should be able to deliver such 
a heat sink.  The situation changes to the 
worse, if the temperature of the device 
changes, especially in a random fashion, but 
this situation can also be predicted by a 
simple probabilistic analysis, which is, 
however, beyond the scope of this article. 
 
Reliable seal glass  
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The maximum interfacial shearing stress in 
the thin solder glass layer can be computed 

by the formula: maxmax  gkh . 

Here 



k  is the parameter of the 

interfacial shearing stress, 
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max  is the maximum normal stress 

in the midportion of the glass layer, t  is the 

change in temperature from the soldering 
temperature to the low (room or testing) 

temperature, gc   is the difference in 

the effective coefficients of thermal 
expansion  (CTEs) of the ceramics and the 

glass, dtt
t

t

t

gcgc )(
1 0

,, 
   are these 

coefficients for the given temperature ,t  0t  is 

the annealing (zero stress, setup) 

temperature, and )(, tgc  are the time 

dependent CTEs for the materials in 
question. In an approximate analysis one 
could assume that the axial compliance   of 

the assembly is due to the glass only, so that 
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and therefore the maximum 

normal stress in the solder glass can be 

evaluated as t
E

g
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1
max . While the 

geometric characteristics of the assembly, 
the change in temperature and the elastic 
constants of the materials can be 
determined with high accuracy, this is not 
the case for the difference in the CTEs of the 

brittle materials of the glass and the 
ceramics. In addition, because of the 
obvious incentive to minimize this difference, 
such a mismatch is characterized by a small 
difference of close and appreciable 
numbers. This contributes to the uncertainty 
of the problem in question justifies the 
application of the probabilistic approach. 
Treating the CTEs of the two materials as 
normally distributed random variables, we 
evaluate the probability P that the thermal 
interfacial shearing stress is compressive 
(negative) and, in addition, does not exceed 
a certain allowable level [9]. This stress is 
proportional to the normal stress in the glass 
layer, which is, in its turn, proportional to the 

difference gc    of the CTE of the 

ceramics and the glass materials, one wants 
to make sure that the requirement  

tE

g

g
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 1
0 *  takes place with a 

very high probability.. For normally 

distributed random variables c  and g  the 

variable  is also distributed in accordance 
with the normal law with the mean value and 

standard deviation as  gc    

and gc DDD  , where  c   and 

 g  are the mean values of the materials’ 

CTEs, and cD  and gD are their variances. 

The probability that the above  condition 
takes place is 

)],(1[)()( 1
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 is the error  

function, 
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  is the SF for the CTE 

difference and 





D

*
*   is the SF for the 

acceptable level of the allowable stress.  If, 
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e.g., the elastic constants of the solder glass 

are 26 /1066.0 cmkgxEg   and  ,27.0g  the 

sealing (fabrication) temperature is ,485 0 C  

the lowest (testing) temperature is C065  

(so that Ct 0550 ), the computed effective 
CTE’s at this temperature are 

Cxg

06 /11075.6   and ,/11020.7 06 Cxc

  

the standard deviations of these STEs are 

CxDD gc

06 /11025.0   and the 

(experimentally obtained)  ultimate 
compressive strength for the glass material  

is 2/5500 cmkgu  . With the acceptable SF 

of, say, 4, we have 2* /13754/ cmkgu   . 

The allowable level of the parameter    is 

therefore  

./110765.2
550

73.0

1066.0

13751
06

6* Cx
xtE

g

g

a 






  

The mean value   and variance  D  of 

the parameter    are 

Cxgc

06 /110450.0     and 

2012 )/1(1025.0 CxDDD gc

 , respectively.  

Then the predicted SFs are 2726.1  and 

,8201.7*    and the corresponding 

probability of non-failure of the seal glass 

material is .898.0)](1[)( 1

*

1  P  

Note that if the standard deviations of the 
materials CTEs were only 

CxDD gc

06 /1101.0  , then the SFs 

would be much higher: 1825.3 and 

5559.19*  , and the probability of non-

failure would be as high as .999.0P  

 
Extreme response in temperature cycling 
 
Let an electronic device be operated in 
temperature cycling conditions, and th 
random amplitude of the induced stress, 
when a single cycle is applied is distributed 
in accordance with the Rayleigh law, so that 
the probability density function of this 

amplitude is 
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objective is to assess the most likely 
extreme value of the stress amplitude for a 
large number n  of cycles. The probability 

distribution density function and the 
probability distribution function for the 

extreme value nY  of the stress amplitude can 

be found as    
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  is the sought 

dimensionless amplitude. Its maximum value 
could be determined from the equation

0)( 
nyg , which yields: 
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 . If the 

number n  is large, the second term in this 

expression is small and can be omitted, so 

that   01
2

exp
2














 nn


, and 

nDDy xxnn ln2  . As evident from this 

result, the ratio of the extreme response ny , 

after n cycles are applied, to the maximum 

response xD , when a single cycle is 

applied, is nln2 . This ratio is 3.2552 for 

200 cycles, 3.7169 for 1000 cycles, and 
4.1273 for 5000 cycles.   
 

 Quantifying reliability using BAZ model 
 

BAZ model 






 


kT

U 
 0

0 exp  can be used 

when the material or the device experience 
combined action of elevated temperature T
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and external loading   (not necessarily 

mechanical). Although in Zhurkov’s tests the 
loading   was a constant mechanical 

tensile stress, it has been recently 
suggested that any other stimulus of 
importance (voltage, current, thermal stress, 
humidity, radiation, etc.) can be used as 
such a stress. The effective activation 

energy  



 0

0

ln UkTU  plays in the 

BAZ model the role of the stress-free energy 

0U  in the Arrhenius model ( 0 ). The BAZ 

model and the Arrhenius equation can be 
obtained as the steady-state solution to the 
Fokker-Planck equation in the theory of 
Markovian processes. This solution 
represents the worst case scenario, so that 
the reliability predictions based on the BAZ 
model are conservative and advisable in 
engineering practice [12]. Let the lifetime   

in the BAZ model is viewed as the MTTF. 
Such an assumption suggests that if the 
exponential law of probability )exp( tP   of 

non-failure is used, the MTTF corresponds 
to the moment of time when the entropy of 
this law reaches its maximum value.  Indeed, 
from the formula PPPH ln)(   we obtain 

that the maximum value of the entropy )(PH

is equal to 1e  and takes place for 

.3679.0.1  eP  With this probability of non-
failure, the BAZ model  yields: 

.exp0 









kT

U
t   Comparing this result with 

the original  Arrhenius equation  we 
conclude that the MTTF expressed by this 
equation corresponds to the moment of time 
when the entropy of the time-depending 
process )(tPP  is the largest.   

 
Multi-parametric BAZ model 
 
Let us elaborate on the substance of the 
multi-parametric BAZ model [27] using as an 
example a situation when the product of 

interest is subjected to the combined action 
of the elevated relative humidity H and 
elevated voltage V.  Let us assume that the 
failure rate of a product is determined by the 

level of the leakage current: .II   Then 

one can seek the probability of the product’s 
non-failure as 

.expexp 0
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  Here 

the   factors reflect the sensitivities of the 

device to the change in the corresponding 
stressors. Although only two stressors are 
selected – the relative humidity H and the 
elevated voltage V - the model can be easily 

made multi-parametric, i.e., generalized for 
as many stimuli as necessary. The 
sensitivity factors   should be determined 

from the FOAT when the combined action of 
all the stimuli (stressors) of importance is 
considered. Because of that the structure of 
the multi-parametric BAZ should not be 
interpreted as a superposition of the effects 
of different stressors (as is known, 
superposition principle does not work in 
reliability engineering), but rather as a 
convenient and physically meaningful 
representation of the FOAT data.  The 
physical meaning of the above distribution 
could be seen from the formulas  
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 where PPPH ln)(   is the entropy of the 

probability )(tPP   of non-failure.  The 

following conclusions can be made based on 
these formulas:  
 
1) The change in the probability of non-
failure always increases with an increase in 
the entropy (uncertainty) of the distribution. 
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This probability decreases with an increase 
in the leakage current and with time, which 
certainly makes physical sense.  
2) The last two of the above formulas show 
the physical meaning of the sensitivity 
factors : they can be found as the ratios of 

the change in the probability of non-failure 
with respect to the corresponding stimuli to 
the change of this probability with the 
change in the stress-free activation energy.  
The equation for the probability of non-failure 
contains four empirical parameters: the 

stress-free activation energy 0U  and three 

sensitivity factors :  leakage current factor, 

relative humidity factor and elevated voltage 
factor.  Here is how these factors could be 
obtained from the highly focused and highly 
cost effective FOAT data.  First one should 
run the FOAT for two different temperatures 

1T  and ,2T  keeping the levels, low or high,  

of the relative humidity H  and elevated 
voltage V  the same in both tests;  recording 

the percentages (values) 1P  and 2P of non-

failed samples (or values 
11 1 PQ   and 

22 1 PQ   of the failed samples); assuming 

a certain criterion of failure (say, when the 
level of the measured leakage current 

exceeds a certain level )*I , we obtain:  

.expexp
2,1

0
2,1*2,1
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Since the numerators in these relationships 
are kept the same, the following equation 
must be fulfilled for the sought sensitivity 

factor I  of the leakage current: 
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 . Here  1t  

and 
2t  are the times, at which the failures 

were detected.  It is expected that more than 
just two series of  FOAT tests and at more 
than two temperature levels are conducted, 

so that the sensitivity parameter I  could be 

predicted with a high enough degree of 
accuracy (certainty).  At the second step, 

FOAT tests at two relative humidity levels 

1H  and 
2H  should be conducted for the 

same temperature and voltage. This leads to 
the relationship: 
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ln  .Similarly, at 

the next step of FOAT tests, by changing the 

voltages 1V and 2V , the following expression 

for the sensitivity factor 
V can be obtained:  
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stress-free activation energy can be 
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VH
tI

P
kTVHU




*

0

ln
ln  

for any consistent humidity, voltage, 
temperature and time.  The above 
relationships could be obtained particularly 
also for the case of zero voltage, i.e., without 
a high-voltage bias.  This will provide 
additional information of the materials and 
device reliability characteristics.  Let, e.g., 
the following input information is available: 1) 

After ht 351   of testing at the temperature 

KCT 00

1 33360  , the voltage V=600V and 

the relative humidity H=0.85, 10% of the 
tested modules exceeded the allowable 
(critical) level of the leakage current of 

AI 5.3*  and, hence, failed, so that the 

probability of non-failure is ;9.01 P  2) After 

ht 702   of testing at the temperature  

KCT 00

2 35885  at the same voltage and 

the same relative humidity, 20% of the 
tested samples reached or exceeded the 
critical level of the leakage current and, 
hence, failed, so that the probability of non-

failure is .8.02 P  Then the equation (12) 

results in the following transcendental 
equation for the leakage current sensitivity 

factor I : 

0
22314.0.

ln075075.1
10536.0

ln)( 






















II

If


 . This 

equation yields: 11 )(4926  AhI  . Thus, 
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1

* 17241  hII .    This concludes the first 

step of testing.  At the second step, tests at 

two relative humidity levels 1H  and 
2H , 

were conducted for the same temperature 
and voltage levels. This led to the 
relationship: 






























 

2

24

1

14

21

ln
105800.0ln

ln
105800.0ln

t

P
x

t

P
x

HH

kT
H

. Let, 

e.g., after ht 401   of testing at the relative 

humidity of  5.01 H  at the given voltage 

(say, V=600V) and temperature (say, 

KCT 00 33360  ),  5% of the tested 

modules failed, so that 95.01 P , and after 

ht 552   of testing at the same temperature 

and at the relative humidity of 85.02 H , 

10% of the tested modules failed, so that 

9.02 P . Then the above equation for the
H  

value, with the Boltzmann constant 

,/1061733.8 5 KeVxk   yields: 

eVH 03292.0 .  At the third step, FOAT at 

two different voltage levels VV 6001   and 

VV 10002   have been carried out for the 

same temperature-radiation bias, say, 

KCT 00 35885   and 85.0H , and it has 
been determined that 10% of the tested 

devices failed after ht 401   of testing (

9.01 P ) and 20% of devices failed after 

ht 802   of testing ( 8.02 P ). The voltage 

sensitivity factor can be found then as 
follows:  

VeVx
t

P
x

t

P
xV /101107.4

ln
105800.0ln

ln
105800.0ln

400

02870.0 6

1

14

2

24  



























. 
After the sensitivity factors of the leakage 
current, the humidity and the voltage are 
found, the stress free activation energy can 
be determined for the given temperature and 
for any combination of loadings (stimuli). The 
third term in the equation for the stress-free 
activation energy  plays the dominant role,  
so that, in approximate evaluations, only this 
term could be considered.  Calculations 
indicate that the loading free activation 

energy in the above numerical example 
(even with the rather tentative, but still 

realistic, input data) is about .4770.00 eVU   

This result is consistent with the existing 
experimental data. Indeed, for 
semiconductor device failure mechanisms 
the activation energy ranges from 0.3 to 
0.6eV, for metallization defects and electro-
migration in Al it is about 0.5eV, for charge 
loss it is on the order of 0.6 eV, for Si 
junction defects it is 0.8 eV. 
 
Possible next generation QT  
 
The next generation QT could be viewed as 
a “quasi-FOAT,” “mini-FOAT”, a sort-of an 
“initial stage of FOAT” that more or less 
adequately replicates the initial non-
destructive, yet full-scale, stage of FOAT.  
The duration and conditions of such a “mini-
FOAT” QT could and should be established 
based on the observed and recorded results 
of the actual FOAT, and should be limited to 
the stage when no failures, or a 
predetermined and acceptable small number 
of failures in the actual full-scale FOAT, were 
observed.  PHM technologies (“canaries”) 
could be concurrently tested to make sure 
that the safe limit is established correctly and 
is not exceeded.  Such an approach to 
qualify electronic devices into products will 
enable the industry to specify, and the 
manufacturers - to assure, a predicted and 
adequate PoF for an electronic product that 
passed the QT and is expected to be 
operated in the field under the given 
conditions for the given time. FOAT should 
be thoroughly designed, implemented, and 
analyzed, so that the QT is based on the 
trustworthy FOAT data.  
 
Conclusion 
 
The application of  FOAT, the PDfR concept 
and particularly the multi-parametric BAZ 
model enables one to improve dramatically 
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the state of the art in the field of the 
electreonic products reliability prediction and 

assurance.   Since FOAT cannot do without 

simple, easy-to-use and physically 
meaningful predictive modeling, the role of 
such modeling, both computer-aided and 
analytical (mathematical), in making the 
suggested new approach to QT practical and 
successful. It is imperative that the reliability 
physics that underlies the mechanisms and 
modes of failure is well understood.  Such an 
understanding can be achieved only provided 
that flexible, powerful and effective PDfR 
efforts are implemented.   
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