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Abstraci—The kinetics or time dependence of a device quantity

* has an explicit effect on the time-to-failure distribution resulting

from a given distribution of device degradation coefficients. In par-
ticutar, for nth power kinetics, the larger the value of n, the smaller
the deviation from the mean,

INTRODUCTION

N A PREVIOUS paper [1] we examined the interac-
I[ tion between the time dependence and the stress

dependence of failure mechanisms that causes the
activation energy of the failure rate to differ from the
activation energy of the failure mechanism. The kinetics
of the device quantity was also shown to be of crucial
importance in determining how the failure rate depends
on the failure limit. In this paper we shall examine
another interesting effect, how the time dependence of
the failure process can map the form of the distribution
of the entities which give rise to the distribution into a

different distribution of times-to-failure.

REVIEW oF TERMS

Suppose that there is some pafticular aspect of a de-
vice which we are concerned with; let us denote this as

the device guantity gi. The device quantity can depend -

on material constants, structural dimensions, etc., which
can be denoted as properties p;. The device quantity can
vary in time due to stresses sz, due to signal changes,

“and due to the effect of failure mechanisms acting
~ through the properties,

@i = qi(Pir Sxs 1)

The time-to-failure vfor a device r;determines the failure
rate of a device.F; through the definition
' 1
Fi=—"

T

6))

“The tiiﬁé-to-failllre is simply the time required for the

device quantity to change by an amount equal to the
failure limit §gp. This statement or condition can be

restated by the following equation: T

."‘d.' o A 3" §py  dgi!
aqpsf % g =f [Eii+—]dr
o dit o 7 0p; 6l at
where we have presu.med the applied stresses are con-
stant; if there exists any explicil stress dependence of

the device quantity, a stress term
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must be added. The derivative terms, e.g., 8p;/8¢, denote
partial derivatives if the other variables of the property -
are presumed held constant, otherwise they are total
derivatives; an excellent discussion of the cases where
one approach or the other is advantageous is given by
Sokolnikoff [2]. L
If we neglect the explicit time dependence of the de-

vice quantity 8q;/8¢, then the above equation, which we

" shall call the constraint equation, becomes
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dgr = f (2) -
o
“This equation can be considered as one of the basic
equations of reliability. The individual terms in the
sum are interesting in themselves. Let us denote the.
kinetic sensitivity as '

@

where the first partial derivative represents the sensi-
tivity aspect, and 3p;/8t denotes the kinetics of change
of a particular property due to the action of the failure -
mechanism. By denoting the failure function as the
sumn of all the kinetic sensitivities

Y= Z di “4)

the constraint equation simplifies to

i -
dgp = f Pdt.
o

Hence, the failure function represents the time rate of
change of the device quantity due to the failure mech-
anisms.

MAPPING OF VARIABILITY

Now let us consider a distribution made up of a num-

. ber of devices. For a device located at the mean of the

distribution, the constraint equation is

Bgr = f ydt
o

where 7 and ¢ are the mean time-to-failure and the
mean of the failure function. The constraint equation
holds true, of course, for any other device in the distri-
bution '
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dgp = f Audt,
0

Suppose we regard the 7; and ¥ for the #th device as
variations from the inean, or '

ri=7+br, and ¥ =P+

- Then the constraint equation for that device becomes

8qr = f 'Ed:+ f faw.-de-;- f_"?bdr+ f ”a\b.-d:. (6)
0 0 n r T

But by (3) the first term on the right-hand side is equal
to the left-hand side, which means that the last three
terms on the right are constrained to sum to zero!
Hence, '

[Twar= [ @+ ovom ™
i ] g

However, the mean value theorem for integrals says
that we can find a mean value of the integrand such
that ~

G+onb—rl= [ G+aan  @®

Then, neglecting the 8y; term in the left-hand side of
. (8) and substituting into (7), we have
- . o _
: ‘ . Sudt
o~ - 6 ’ ’ (9)
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which is an approximation valid for narrow distribu-
tions. E

To examine the effects of the kinetics, suppose that
the device quantity varies-in time as
. g = a;p = ai° 7 )

-and that it is the variations of the constants a;, which
we shall call the degradation coefficient, that give rise
to the distributions of times-to-failure. Since only one
property is present, the failure function is just the
kinetic sensitivity, so

dg &p
h=¢p=——
op bt

"= ami~l,

Now the mean value of the failure function is

¥ = an(r)~!

and

(10)

é
Sy = —ﬁﬁa.- = ni"Ya;

where the deviation of the degradation coefficient of the
ith device from the mean is

30.":" a; — d,
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Fig, 1. Effect of failure mechanism kinetics on mapping of device -
variability into time-to-faiture distributions.

Then substituting (10) in (9), and pérfcrming the time
integration yields ‘ ‘
—_ . ;ﬁa.-
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The appearance of the power of the time dependence of
the device quantity # in the denominator of (11} thus '
has proven the following general conclusion, which we
shall denote as Theorem 3 (Theorems -4 can be found

in {1]).
Theorem 5 -

The time dependence of the device quantity has an’
explicit effect on the mapping of a distribution of de-

or

(11)

- gradation coefficients into a distribution of times-to-

failure; in particular, for nth power kinetics, the larger
the value of 1, the smaller the deviation from the mean.

This result suggests that failure processes with
catastrophic type of kinetics, #3>1, will give rise to
narrower, more peaked failure distributions than
saturating kinetics, #<1. For negative values of #, the
distribution of times-to-failure is reflected about the
mean. Fig. 1 portrays this mapping of a distribution’of,
degradation coefficients corresponding to a Weibull
distribution with shape parameter $=3.0 into distribu-
tions of times-to-failure for different values of the power
of the kinetics. The validity of Theorem 35 is clearly
evident, demonstrating again the importance of ascer-
taining and knowing the time dependence as well as the '
stress dependence of failure mechanisms.
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