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METHODOLOGICAL IMPRECISION OF PREDICTION
OF ELECTRONICS’ MEAN LIFE TIME

The paper presents the methods for evaluating the mean time to failure (MTTF) of electronics products
based on the application of DN distribution for various experimental and reference data on reliability —
failure rate, failure probabilities, minimal time to failure, FIT. It is noted that MTTF predictive estimates
based on exponential distribution are overstated by 70-500 times as compared to those based on DN
distribution.
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Introduction

To solve practically all problems of reliability, we use specific theoretical models of reliability
(time to failure distribution functions). Researchers of equipment reliability have recently used
solutions of various reliability problems based on application of various theoretical models of
reliability (exponential, Weibull, logarithmical normal, diffusive [1] and other distributions
[2, 3]), which lead to substantial discrepancies of final results. Below you can find the results
of assessing (predicting) the mean time to failure of electronic devices (ED) obtained with
the use of various theoretical models of failures.

Assessment and prediction of ED mean time to failure

Modern hardware components are electronics products that feature rather high reliability.
Owing to this, ED mean time to failure (MTTF) as a feature needed by ED producers as well
as by developers of technical systems can only be assessed by a parametrical method, i.e.
by means of application of respective theoretical models of time to failure. The application
of one or another theoretical model of failures stipulates corresponding methodological
imprecision of MTTF assessment. And the reliability of electronic devices is such that test-
ing manages to provide products life corresponding to the experimental failure probability
F(t) =0,0001...0,0005, and based on these results, it makes it possible to predict mean time
to failure of these products. It is known [4,5] that prediction of a mean value for quantiles
of the specified probability level while using a one-parametric exponential law leads to
overstatement of assessment by several orders of magnitude as compared to the known
two-parametric laws. Naturally, the prediction of ED mean time to failure based on two-
parametric distributions is more precise.

Below you can find the results of research and the causes of variation of predicted MTTF
estimates using various theoretical functions of time to failure distributions exemplified by
integrated circuits (IC).

To reduce the volume of testing for IC reliability assessment, major producers of electronic
components make accelerated testing capable of getting assessments of reliability parameters
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for the time considerably shorter than the real longevity
of IC. The main way to reduce testing duration is to force
IC operation modes by temperature accelerating the basic
physical and chemical processes of degradation of electronic
components.

Acceleration coefficient 4, in relation to temperature is
defined by researches according to the Arrhenius law:

where E, is the energy of activation (for IC £, = 0,7¢B);
k is the Boltzmann constant (k = 8,617-107); Tyis the tem-
perature at which forced testing was made (in K); 7, is the
operation temperature of components (in K). IC testing for
reliability under increased temperature is generally made
according to MIL-STD-883, method 1005 [6].

Table 1 presents acceleration coefficients in relation to
temperatures of forced testing used by researchers [6,7]
based on the above theoretical assumptions. However there
is no experimental proof of these data and it is practically
impossible to get it, as it is almost not real to get statistical
data in normal operation conditions.

Table 1. Acceleration coefficient values in relation
to forced testing temperatures

IC testing IC operation Coefficient
temperature, °C temperature, °C A
150 55 258
140 55 162
135 55 128
125 55 77
100 55 20

The level of modern IC reliability is so high that even
forced testing for reliability under increased temperature
doesn’t make it possible to identify the reliability param-
eters of some integrated circuits. Therefore, assessment of
reliability parameters is done in generalized form and the
parameters are grouped as to types of technology or rather
numerous classes of integrated circuits. Thus, input data
of reliability assessment (generally failure rate) includes
methodological imprecision of temperature conversions as
well as influences of various technological processes related
to manufacture of individual integrated circuits.

Prediction of IC MTTF based
on the results of experimental
assessment of failure rate

As source data, quite huge results of testing of BICMOS
integrated circuits produced by Analog Devices [7] are used.
[6] shows that IC like BiCMOS has reliability of FIT=5. FIT

value was defined based on testing of N=26980 samples,
and in this case the product (IC)x(hour))=EDH (total time
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of testing), i.e. EDH = 2763317240 hour, the number of
failures for observation time » = 12. We shall calculate the
mean time to failure 7, (MTTF) of this IC.

Letus define the averaged time of testing for each sample:

- EDH
i =—

H

=102420 h. Now we calculate the experimental

~ FIT
failure rate: A(7,) = 0 =5-10"" 1/ h. Then we calculate the

failure probability for moment 7 : F¥ )= % =0,00044.

Since there is no statistical data for assessment of
parameters of two-parametric distributions, we assume
that the variation coefficient of time to failure distribution
is equal to entity (v = 1), as for exponential distribution.
Note that researchers using a one-parametric exponential
distribution to solve tasks automatically assume that the
variation coefficient of time to failure distribution is equal
to entity. Then using the source data (7,, A(7,), F(7,)) and
various theoretical functions time to failure distribution
(exponential (£), Weibull (W), logarithmical normal
(LN), DN and DM distributions) we get predicted MTTF
estimates:

1 1
Exponential distribution: 7} =—=——= =

200000000 APy 5107
_ .10 )= 200000000 _ e s

Weibull distribution: with the variation coefficient equal
to entity,
T =T} = 22830 years.
Logarithmical normal distribution:
The parameter of ¢ form of logarithmical normal distribu-
tion can be calculated from the following relation:

6 =+/In(v> +1) =/In2 = 0,833.

The parameter of a size of logarithmical normal distribu-
tion is calculated from the relation for failure probability:

In7,—a

Fi)=o (U;” )= (D( ) =0,00044;

O

hereinafter ®(") is the function of standardized normal
distribution;

a=Inf, —oU; =In102420-0,833-(-3,33) =14,31.
The mathematical expectation of time to failure:
2
T = exp(a +%J =exp (14, 657):

2316168
760

2316168 h = =264 years.
Diffusive monotonous distribution (DM distribution):
The parameter of DM distribution v = 1.
The parameter of p size of DM distribution is calculated
from the relation for failure probability:
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F(i,)=DM(t; 1,v)= cp[’";“] = 0,00044;

v u le

[ oviu? viU?
w=t 1+ ~—vU, 41+ -
2 ~ 4
_ 2 _ 2
—102420[1+%+3,33,/1+(3’%J= 1332694 h.

The mathematical expectation of time to failure:

2

TP = u(H%J = 1332694°1,5=

1999041

=1999041v = =228 years.
760

Diffusive non-monotonous distribution (DN distri-
bution):

The parameter of DN distribution v = 1.

The parameter of p size of DN distribution is calculated
from the relation for failure probability:

F(i)=DN(t;p.v)= CD[ Lok J+

v/l
2 [+
+exp(—)-q> ~ LR 0,00044;
v, VU,
@ 102420 102420
: x(F(i,);v) x(0,00044;1)  0,0699
= 1465236 h.

Value x(F; v) of relative time to failure x = 7, / \Lis defined
from the respective tables of DN distribution as per values
F and v, or from solving the equation

-1 2 +1
o| X +exp(—2)-<l> - =F.
vix v vx
The mathematical expectation of time to failure as per
DN distribution:

TP = 1= 14652364 = 0020

=167 years.

The above predictive MTTF calculation of considered
IC was done upon the assumption that the value of vari-
ation coefficient of IC time to failure distribution is equal
to entity (v = 1). The experience of electronic systems
operation suggests that a more correct value of variation
coefficient of time to failure of electronic devices in opera-

tion modes, including IC, will be v = 0,8. Table 2 below
presents MTTF predictive estimates of considered IC based
on the hypothesis v = 0,8 that are calculated by analogy to
the previous case.

Table 2. MTTF predictive estimates of BICMOS IC
by Analog Devices (in years) upon results of forced
testing

v E W LN DM DN
1,0 22830 | 22830 264 228 167
0,8 22830 | 5275 155 128 115

As follows from the above data, the discrepancy between
IC MTTF predictive estimates, declared reliability (FIT=5),
for example, between estimates based on exponential and
diffusive non-monotonous distributions is about 100-200
times. If we do analogous predictions for IC with the reliabil-
ity FIT=1, then the variation of MTTF predictive estimates
will be about 500 times.

The mechanism of predictive
estimates discrepancy

The discrepancy of IC MTTF predictive estimates
obtained on the basis of the same experimental estimates
of failure rate is defined by the type of a theoretical
law of time to failure distribution. Fig 1 shows theo-
retical curves of time to failure distribution density f{¢)
(dashed lines) and failure rate A(¢) (solid lines), as well
as predictive values of mean time to failure MTTF cor-
responding to experimental data for various distribution
laws (E, LN, DN).
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Fig. 1. Curves of predicted characteristics A(¢) and £(¢)

Fig. 1 has the following symbols: £, x> foxs Mz Ay s Aoy
are respectively failure densities and rates for exponen-
tial, logarithmical normal and non-monotonous diffu-
sive. As seen, the failure rate A(¢) and the distribution
density f(¢) of two-parametric distribution at the main
time interval are quite substantially (by several orders)
different from these characteristics as per exponential
distribution, though the initial values for 7, moment
coincide. This phenomenon stipulates the same consider-
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able discrepancy of MTTF predictive values for various
distribution laws.

Therefore [5, 8], currently the application of exponen-
tial law overstates the mathematical expectation of time to
failure (MTTF) of electronic devices by 50...500 and more
times as compared to the value of the same characteristics
issued from two-parametric models, which describe failure
statistics in a more adequate way.

Conclusions

The exponential law of failure-free operation time dis-
tribution recently received wide application doesn’t reflect
real conditions for emergence of electronic devices failures.
Its application brings a huge economic damage, first of all,
to users of electronic devices who apply them as part of
avionics and in other vital cases.

As theoretical and experimental researches show, the
two-parametric diffusive distribution laws developed by
the Institute of Problems of Mathematical Machines and
Systems of the Ukrainian National Academy of Sciences
provide the most adequate parameters of reliability for
electronics products [5, 8].
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