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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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INTERNATIONAL STANDARD

ISO 18921:2008(E)

Imaging materials — Compact discs (CD-ROM) — Method
for estimating the life expectancy based on the effects
of temperature and relative humidity

1

$cope

This [International Standard specifies a test method for estimating the life expectancy (LE) o

store

effecfs of temperature and relative humidity on the media are considered.

2

ormative references

The following referenced documents are indispensable for the)‘application of this documen
refergnces, only the edition cited applies. For undated references, the latest edition of th
document (including any amendments) applies.

ISO/IEC 10149"), Information technology — Data intétchange on read-only 120 mm optica
(CD-ROM)

3
For

3.1

Terms and definitions

the purposes of this document, the fallowing terms and definitions apply.

cumulative distribution function

F(1)

probability that a random-unit drawn from the population fails by time ¢, or the fraction of al
population which fails bystime ¢

3.2

survivor function

R(1)

probability \that a unit drawn from the population will survive at least time ¢, or the fraction o
population*that will survive at least time ¢

f information

d on compact disc (CD-ROM) media, including CD audio, but excluding recordable meglia. Only the

t. For dated
b referenced

data disks

units in the

units in the

NOTE R(t)=1-F(t).

3.3

baseline
condition representing the disc at time of manufacture

NOTE

is usually ¢ = 0 for a stress time equal to zero hours.

1)

Equivalent to ECMA 130.

© 1SO 2008 — All rights reserved
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3.4

block error rate

BLER

ratio of erroneous blocks to total blocks measured at the input of the first (C1) decoder (before any error
correction is applied)

NOTE The more commonly reported value for BLER is the number of erroneous blocks per second measured at the

input of the C1
[IEC 60908:1

3.5

-decoder during playback at the standard (1X) data rate.

999]

CD-ROM
compact disq

3.6
end-of-life
occurrence g

3.7
information
signal or ima|

3.8

-read only medium

f any loss of information

ge recorded using the system

life expectancy

LE
length of tim
(RH)

3.81

standard lif¢ expectancy

SLE
minimum lifg
exceeding 24

3.9
retrievability
ability to acc

3.10
stress
experimenta

NOTE In

3.1

span, predicted with 95 % confidence, of 95 % of the product stored at a temperatur,
°C and a relative humidity (RH) not,exceeding 50 % RH

y
bss information as recorded

variable to whieh the specimen is exposed for the duration of the test interval

this International Standard, the stress variables are confined to temperature and relative humidity.

e that information is predicted to be retrieved in a system at 23 °C and 50 % relative humidity

B not

system

combination of recording medium, hardware, software and documentation necessary to retrieve information

3.12
test cell

device that controls the stress to which the specimen is exposed

3.13
test pattern

distribution of the characters | and 0 within a block and the block-to-block variation

© 1SO 2008 — All rights reserved
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4

4.1

ISO 18921:2008(E)

Purpose and assumptions

Purpose

The purpose of this International Standard is to establish a methodology for estimating the life expectancy of
information stored on CD-ROMs. This methodology provides a technically and statistically sound procedure

foro

4.2

The yalid

5

5.1

The
abilit

a hig
eleva

IEC ¢

rate,

BLER

For t
when

maxi
maxi

onse

5.2

5.21

[

o

1

btaining and evaluating accelerated test data.

Assumptions

aecumntinnc:
HOHS

definad byv thic Intarnatinnal Standard raliac An thraa
GeHRe Ry TS HeHatoRa—tahRaararenesS-eh—HeeasSsSHhp

he dominant failure mechanism acting at the usage condition is the same as_at the
onditions;

he dominant failure mechanism is appropriately modelled by an Eyring acceleration model;
life expectancy is appropriately modelled by the two parameter Weibudll distribution (s

Bibliography). The shape parameter of the Weibull distribution is assumed to be independent
level.

Measurements

Block error rate (BLER)

bbjective of measuring the block error rate (BLER) is to establish a practical estimation of
to read the pre-recorded bits using a standard-drive. This International Standard considers
h level estimate of the performance of the system. A change in BLER in response to th
ted temperature and humidity is the principal quality parameter.

0908 states that the BLER averadged over any 10 s shall be less than 3 x 102, At the stand
the total number of blocks per second entering the C1-decoder is 7 350. Thus, an equiv
R is 220 blocks per second.

the BLER, measured.as erroneous blocks per second, exceeds 220 anywhere on the disc,
mum BLER exceeds—220. It is recognized that the correlation between actual loss of inf

um BLER is véry“system dependent. A BLER of 220 is an arbitrary level chosen as a pr
of uncorrectabl€ errors and thereby end-of-life.

Test equipment

accelerated

be [1] in the
of the stress

the system's
BLER to be
e time at an

ard (1X) data
hlent limit on

he purposes of this International Standard, recorded data are considered to have reachéd end-of-life

i.e. when the
prmation and
pdictor of the

Compact disc test system

Any compact disc test system (tester) that is in accordance with ISO/IEC 10149 may be used. The make,
model and version of the test equipment (including software) shall be reported with the test results.

5.2.2 Calibration and repeatability

Calibration according to the tester manufacturer's procedure shall be performed prior to any measurement

data

being collected. A calibration disc shall be available from the tester manufacturer.

© 1SO 2008 — All rights reserved
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In addition to the calibration disc, one control disc shall be maintained at ambient conditions and its maximum
BLER measured before and after each data collection interval. A control chart shall be maintained for this
control disc with = 3 o action limits. The mean and standard deviation of the control disc shall be established
by collecting at least five measurements. Should any individual maximum BLER reading exceed the action
limit, the problem shall be corrected and all data collected since the last valid control point shall be
remeasured.

If it becomes necessary to replace the tester, a method shall be followed for correlating tester outputs (see [2]
in the Bibliography).

5.3 Test specimen

A test specimen is any disc that meets ISO/IEC 10149 specifications and contains representative| data
extending to within 2 mm of the maximum recording diameter.

6 Accelgrated stress test plan

6.1 General
A CD-ROM ¢f good manufacture should last several years or even decades/Consequently, it is necessary to
conduct acceglerated ageing studies in order to develop a life expectancy estimate. The key is conducting and
evaluating al test plan that will provide the information necessary to ‘satisfactorily evaluate the parfjcular
product.

Many accelerated life test plans follow a rather traditional approach in sampling, experimentation and| data
evaluation. Tlhese “traditional plans” share the following characteristics:

a) the total[number of specimens is evenly divided amongst all the accelerated stresses;
b) each stress is evaluated at the same time increments;

c) the Arrhgenius relationship is used as the acceleration model;

d) the leas{ squares method is used for-all regressions;

e) the calclilated life expectancy isfor the mean or median life rather than for the first few failure percertiles.

On the othgr hand, “optimum~test plans” have been proposed which differ in significant aspects|from
traditional plans. These plans_have the following characteristics:

— two and|only two@cceleration levels for each stress;

— alarge number of specimens distributed mostly in the lowest stress levels;

— the need to know the failure distribution, a priori, in order to develop the plan.

The maximum effectiveness of a plan can either be estimated before the test starts or determined after the
results have been obtained. As each CD-ROM system has different characteristics, a specific, detailed
optimum plan is impossible to forecast.

This test plan borrows from the optimum plan, the traditional plan, previous experience with the systems, test
equipment and accelerated test stresses to put together a “compromise test plan”. Modifications of this plan
will be required to design the best plan for other applications. The methodology shall be applicable to all
CD-ROM media assessments.

4 © 1SO 2008 — All rights reserved
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6.2 Stress conditions

6.2.1 Levels

As mentioned in 6.1, an optimum test plan utilizes only two stress levels for each parameter evaluated, since
in an ideal case the relationship between changes in the parameter investigated and changes in stress is
known. The compromise test plan documented in this International Standard does not make such an
assumption; therefore, three different stress levels per parameter shall be used so that the linearity of the
parameter function versus the stress level may be demonstrated.

The test plan shall have the majority of test specimens placed at the lowest stress condition. This minimizes
the eftimation error at this condition and resulis in the best estimate of the degradatfion rate at.a |evel close to
the upage condition. The greater number of specimens at the lower stress also tends to equaliz¢ the number
of failures observed by test completion.

6.2.2] Conditions

For implementing the test plan documented in this International Standard, five stress conditions shall be used.

The minimum distribution of specimens among the stress points that shallbe-Used is shown in|Table 1. For
imprgved precision, additional specimens and conditions may be used if desired.

Table 1 — Summary of stress conditions

Intermediate ini
Test stress Incubatiofn™| Minimum total RH Mlvll.r;lfm
Test cell Number of duration time e?’m |t_r|um
ngmber | T(inc)? | RH(inc)? | specimens RH(int)° uration
°C % h h % h
1 80 85 10 500 2 000 31 6
2 80 70 10 500 2 000 31 8
3 80 55 15 500 2 000 31 4
4 70 85 15 750 3 000 33 8
5 60 85 30 1000 4 000 36 11
@  T(inc) and RH(inc) are the stress irncubation temperature and relative humidity.
b H(int) is the intermediaterelative humidity that at T(inc) supports the same equilibrium moisture absorption in pglycarbonate as
that spipported at room ambient'temperature and relative humidity.

6.2.3| Temperature (T)

The temperature levels chosen for this test plan are based on the following:

— there shall be no change of phase within the test system over the test temperature range; this restricts the
temperature to greater than 0 °C and less than 100 °C;

— the temperature level shall not be so high that plastic deformation occurs.
The typical substrate material for CD-ROMSs is polycarbonate (glass transition temperature ~ 150 °C). The

glass transition temperature of other layers may be lower. Experience with high temperature testing of
CD-ROMs indicates that an upper limit of 80 °C is practical for most applications.

© 1SO 2008 — All rights reserved 5
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6.2.4 Relative humidity (RH)

Practical experience shows that 85 % RH is the upper limit within most accelerated test cells. This is due to
the tendency for condensation to occur on cool sections of the chamber, e.g. observation windows, cable
ports, wiper handles, etc. Droplets may become dislodged and entrained in the circulating air within the
chamber. If these droplets fall on the test specimen, false error signals could be produced.

6.2.5 Rate of stress change

The process described in this International Standard requires that discs be ramped from the test conditions to
stress conditions and back again a number of times during the course of testing. The ramp duration and
conditions sHall be chosen to allow suificient equilibration of absorbed substrate moisture.

Large deparfures from equilibrium conditions may result in the formation of liquid water droplets.inside the
substrate or gt its interface with the reflecting layer. Gradients in the water concentration through thé thickness
of the substrpte shall also be limited. These gradients drive expansion gradients which can.cause significant

disc deflectian.

In order to miinimize moisture concentration gradients, the ramp profile specified in Table 2 shall be used. The

objects of th¢ profile are:

— to avoidjany situation that may cause moisture condensation within the substrate;

— to mininfize the time during which substantial moisture gradients existin the substrate;

— to produce, at the end of the specified profile, a disc that is sufficiently equilibrated to proceed diregtly to

testing without delay.

The profile accomplishes this by varying the moisture content of the disc only at the stress inculjation
temperature,|and allowing sufficient time for equilibration during ramp-down based on the diffusion coefficient

of water in polycarbonate.

Table 2 — Temperature and.relative humidity transition (ramp) profile

Temperature Relative humidity Duration
Procgss step T RH
°C % h
Start at T(amb)?@ at RH(amb)? —
T, RH ramp to T(inc)° to RH(int)° 1,5+0,5
RH ramp at T(inc) to RH(inc)? 1,5+0,5
Incubation at T(inc) at RH(inc) See Table 1
RH ramp at T(inc) to RH(int) 1,5+£0,5
Equilibration at T(inc) at RH(int) See Table 1
T, RH ramp to T(amb) to RH(amb) 1,5+0,5
End at T(amb) at RH(amb) —

Transitions should not deviate from a linear change over the chosen duration by more than £+ 2 °C and = 3 % RH. Ramp transitions may
be controlled automatically or manually.

a

b

c

T(amb) and RH(amb) are room ambient temperature and relative humidity.
T(inc) and RH(inc) are the stress incubation temperature and relative humidity.

RH(int) is the intermediate relative humidity that at T(inc) supports the same equilibrium moisture absorption in polycarbonate as
that supported at T(amb) and RH(amb) (see Table 1).

© 1SO 2008 — All rights reserved
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Figure 1 graphically portrays the temperature and relative humidity changes that would occur during one cycle
of incubation at 80 °C and 85 % RH, as specified in Tables 1 and 2.

g
8

.9 ;
r 2.. rA
(5 o100 e " ?
¢ . =
l © . c
| & B 3
E " =
L8 © . w
! g
- . ;g
+0 ~ g
7 — NiE:
1 2 3 4 5 6
L 20
[} 1.5 3 403 S04.5 5103 $12
time (h)
{ 1 i i i | i i
Key
temperature (T)
........ relative humidity (RH)
1 T, RHramp
2 RHramp
3  ipcubation
4 RHramp
5  ¢quilibration
6 T, RH ramp

Figure 1 — Graph of-nominal 80 °C/85 % RH transition (ramp) profile

6.2.6| Independent verification of chamber conditions

A system independent of the ‘chamber control system shall be used to monitor temperature and humidity
condijtions in the test chamber during the stress test

6.2.7| Specimensplacement

Disc [specimens/shall be placed uncovered, either vertically or horizontally, within the test chamber. Discs
shall [be aligned so that their surface is parallel to the chamber airflow, and a space of at least 2l mm shall be
maintained ‘between them.

6.2.8 Other influences

During the course of the test, the discs shall be shielded from excessive illumination and potentially corrosive
fumes, gases and liquids.

6.3 Accelerated test cell specimen population

In order to estimate the shape and scale parameters of a Weibull distribution, at least ten failures shall be
observed. Observing at least ten failures is generally not a problem for a realistic test time at 80 °C/85 % RH,
but becomes more difficult at milder stress temperature and relative humidity combinations. Assigning a larger
percentage of the specimens at the lower stresses increases the chance of observing the necessary number
of failures within a practical time interval.

© 1SO 2008 — All rights reserved 7
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Specimens that have not failed at the end of the test duration shall be time censored. This is also known as

Type | censo

ring (see [3] in the Bibliography).

To compute the estimated failure time for each disc, it is necessary to first determine a transformation of the
maximum BLER, such as In (max BLER), that results in a linear time dependence. Standard linear regression
techniques shall be used to find the best fit to the transformed data. The failure time for each disc shall then

be computed

by interpolation using each disc's regression equation.

If ten failures are not observed by the end of the test duration, then failures may be estimated by extrapolation
using the above technique.

6.4 Time

For a test pla
for data coll

points. Withif a stress condition, the intervals shall be constant.

As the mild
opportunity f

6.5 Testp
Table 1 speq
test time and
stress. This ¢
All temperaty
The stress ¢
satisfy the n

maximum Bl
meaningful ¢

6.6 Meas

Between strg
Foreign surfa

7 Datae

valuation

ntervals

n where the “exact time to failure” is to be the result of extrapolated rate data, five time inte
pction shall be used for each disc. The baseline measurement (at 1= 0) is one\0f"these

er stress conditions get lower, the intervals are longer. Longer time._intervals provids
br more failures to occur at the milder stress conditions.

lan
ifies the temperatures, relative humidities, number of specimens, time intervals, minimum
specimen distributions for each stress condition. A separate group of specimens is used for
onstitutes a “constant stress” test plan.

res have an allowed range of + 2 °C; all relative humidities have an allowed range of £ 3 %
bnditions tabulated in Table 1 offer sufficient. combinations of temperature and relative humig
nathematical requirements of the Eyringcmodel (see 7.1), to demonstrate linearity of

[ER or the In (max BLER) versus timeiand to produce a satisfactory confidence level to
pnclusions.

Irement conditions

ss intervals, the specimén shall be maintained at the test condition specified in ISO/IEC 1
ce contaminants shallbe-cleaned from the disc prior to testing.

7.1 Eyrin

The Eyring
(LEs) of com

acceleration model

rvals
data

b the

total
each

RH.
ity to

Bither
make

D149.

odel has found broad application and shall be the model for estimating the life expect

The following equation was derived from the laws of thermodynamics and, in this form, can readily be seen to
easily handle the two critical stresses of temperature and relative humidity:

(1)

_ 4T aAH KT o(B+CIT)RH
to = AT % e )
where
t s the time;
t. is the characteristic life, also called the scale parameter;
8 © 1SO 2008 — All rights reserved
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A is the pre-exponential time constant;

T“ is the pre-exponential temperature factor;

AH is the activation energy per molecule;

k is the Boltzmann’s constant;

r is the Kelvin temperature;

B,C are the relative humidity exponential constants;

For t
The B

7.2

The
cumy

wher

=

=

NOTH
produ

The

meta
one
the fi
expe

7.3

Oncs

H is the relative humidity.

Pl

e temperature range used in this International Standard, it is common practice to set“a” an
Fyring model equation then reduces to the following (see [5] in the Bibliography):

o = A /KT g(BIRH

Failure distribution model

Weibull distribution model shall be used for determining theyCD-ROM life distribution.
lative failure equation is:

F(r)=1- (!1c)m

Y%

. is the shape parameter;
. is the scale parameter (or charagterjstic life).

When ¢ =t , the Weibull equation becomes [F(¢) = 1—e’1] and equals 0,632. Therefore at ¢
ct has failed.

Veibull distribution has beeh found to be very flexible and to fit many applications in the cor
films. It is likely to be\the best distribution fit where the failure mechanism is one where fai
f many competing site's for failure. A simple example of this might be a chain, where the cha
st link breaks, regardless of the condition of the other links. It has been shown to be applica
ctancy of compaet discs (see [4] in the Bibliography).

Acceleration factors

the Weibull scale parameters have been determined for each acceleration stress, then the

1 “C” to zero.

()

The Weibull

©)

63,2 % of the

rosion of thin
ure is due to
in fails when
ble to the life

Eyring model

shall

be” solved h‘\’/ a maximum likelihood rngrneeinn of the fnmpnrnhlrn, relative hllmirﬁfy a

hd the scale

parameter to determine the estimated scale parameter at the storage or usage condition of interest, i.e.
25 °C/50 % RH.

A ratio of the usage scale parameter to the accelerated scale parameter produces the “acceleration factor” for
that stress relative to the usage condition. For example, the acceleration factor 80 °C/85 % RH relative to
25 °C/50 % RH is equal to the estimated scale parameter at 25 °C/50 % RH divided by the scale parameter at
80 °C/85 % RH.

By multiplying the failure times at each accelerated stress condition by the appropriate acceleration factors,
the data is normalized to the usage condition of interest. This normalized data shall then be plotted on the
same Weibull distribution graph to determine the estimated distribution of failures at the usage condition.

©I1SO

2008 — All rights reserved
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The accuracy of life estimates and confidence limits depends on how well a model fulfils a few basic
assumptions. One important assumption for the Weibull model is that the shape parameter, m, has the same
value at all stress levels. It is important to verify this assumption.

The preferred method of testing shape parameter equality is by “likelihood ratio” (LR) tests. Many software
packages offer a significance level for this LR test.

An alternative procedure, the “interval method”, is a comparison of shape parameter confidence intervals. If
the confidence interval for the shape parameter at one stress level overlaps the interval at other stress levels,
statistically the parameters are not significantly different. The LR test is more robust than the interval method.
If a software package is unavailable, shape parameter equality can be tested subjectively by visual inspection
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ven by Nelson (see [3] in the Bibliography). Equivalent software may be used. Annex B sho
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data
VS an

example of ¢D-ROM lifetime calculations.

7.4 Surviyor analysis

Once the failure distribution F(¢) is known for time ¢, then the survival fraction R(¢) shall be calculated| from
the relationship [R(¢)=1-F(¢)]. From its definition, R(¢) is the probability that any given disc will survjve at
least time ¢, ¢r the percentage of the entire population that will survive'at least time ¢.

A plot of the

specimens tested. The confidence intervals of the survivorZfraction shall be calculated using the meth
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time ¢, the s
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brmal approximation. From these results, one'shall state the fraction of product surviving at
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e model.
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[ a standardized life expectancy (SLE), this would read: “At a storage condition of 25 °(
% of the product evaluated will last a minimum of x years with 95 % confidence, considering
temperature and relativel humidity”.
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ight, corrosive gases, contaminants, mishandling and variations in the playback system.
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Annex A
(informative)

Step analysis outline

The following is a brief outline of the steps required to estimate the life expectancy of information stored on
CD-ROM media as a function of temperature and relative humidity:

a)

b)

)

etermine the failure time for each specimen;

r each stress condition, determine the median rank for each specimen and plot the’mediar
ilure time on a lognormal graph;

erify that the plots for all stress conditions are reasonably parallel to onetanother; the
deviation for each stress condition may be calculated using standard-techniques or es
gtraight lines drawn through the plots;
calculate the scale parameter for each stress condition;

sing the reduced Eyring equation in 7.1, regress the temperature, relative humidity, a
Iarameter; calculate the scale parameter at the standardized temperature (25 °C) and relg
50 % RH);
determine the acceleration factor for each stress condition;
mormalize all the failure times by multiplying,€dch failure time by the acceleration factor
¢ondition;

¢omposite lognormal plot;

g¢stimate the shape and scaletof* CD-ROM life expectancy at the usage conditions from thig
the combined data;

¢ompute the maximumilikelihood confidence intervals for the survival function.

rank versus

log standard
limated from

nd the scale
tive humidity

for its stress

¢ombine all normalized failure times-and censored data into one data set; for this entire s¢t, make one

plot or from
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Annex B
(informative)

Example of test plan and data analysis

An example of a test plan and data analysis that follows this procedure and uses the ten steps from Annex A
is given below. For this model, a purely hypothetical data set was generated. These values were completely
fabricated for this assumption and are not to be considered indicative of any actual media, system,

manufacture| or any other real situation. The data is offered solely as an example of the mathemiatical

methodology

Step 1

used in this test procedure.

Following the test plan in Clause 6, the exact times to failure were interpolated for each, disc. Discs failing or

censored du
test completi

Table B.1 is
condition. Fo

pN.

Table B.1 — Estimated time to failure (in hours)for example data

ing the test length were not replaced. Those surviving the test duration were censored as ¢f the

a summary, by stress, of the failure times obtained (or interpolated) at each accelgrated
r the purpose of this example, failure is a maximum BLER of 220«

Failure ordger Stress 1 Stress 2 Stress'3 Stress 4 Stress §
1 223 117 497 503 1046
2 231 239 538 1089 1219
3 379 514 575 1317 1246
4 473 666 576 1457 1419
5 535 700 645 1573 1629
6 564 V55 672 1614 2 005
7 691 770 693 1751 2323
8 800 808 722 1843 2629
9 903 1138 781 1871 3183
10 903 1383 790 1954 3236
11 — — 862 2303 3399
12 — — 1390 2538 3621
13 — — 1 566 2 864 3963
14 — — 1798 Disc 14-15 Disc 14-15
15 . . 1962 censored censored

Step 2

From this hypothetical data, a Weibull scale parameter for each stress was calculated as shown below. The
failure times were plotted along the abscissa (x-axis) and the sample median rank was plotted along the
ordinate (y-axis) of the Weibull graph paper. For determining median rank, the estimate (i—0,5)/n is used.
The failure order is represented by i, and the total number of samples is represented by n. The results for
“stress 1” are shown in Table B.2.

12
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Table B.2 — Median rank for stress 1

Failure order Median rank Hours to failure

i h

1 0,050 223
2 0,150 231
3 0,250 379
4 0,350 473
5 0,450 535
6 0,550 564
7 0,650 691
8 0,750 800
9 0,850 903
10 0,950 1704

Step|3

A Weibull plot for these data is shown as Figure B.1. The ordinate, probability of failure, is the
multiplied by 100.

Step|4

The gcale parameter (z.) is the time by which 63,2 %ailures will have occurred.

The
corre
data.

shape parameter (m) can be estimated from a graphical treatment of the failure data. F
sponding to a 99 % cumulative failure(fyg) is estimated from the “best fit” straight line throu
The estimated shape parameter isthen calculated from the equation:

In(4,6)
" In(tgg /ts)

median rank

rst, the time
gh the failure

(B.1)

which is derived from theWgeibull cumulative failure equation in 7.2.
The ¢alculated shape parameter and scale parameter for all test stresses are listed in Table B.3.[The plots for
the d|fferent stresses are nearly parallel.
Table B.3 — Shape and scale parameters for all test stresses
Stress 1 Stress 2 | Stress 3 | Stress4 | Stress 5

Shape parameter 1,72 2,05 2,15 2,60 1,86

Scale parameter 735 797 1067 2217 5384
Step 5
Using the Eyring model, the scale parameters were regressed along with the temgerature and relative
humidity values to produce a solution to the reduced equation shown in 7.1 [z, = Ae”H /KT g(BRH
© 1SO 2008 — All rights reserved 13
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The values were determined to be:

A=124

16x10" " h;

AH = 0,164 3 eV/molecule = 2,632x1072% J/molecule:

B=-8888x10"2/% RH.

The scale pa

rameter at 25 °C/50 % RH was calculated to be 4,29 x 105 h.

Step 6

This permits

the acceleration factors to be calculated and applied to the accelerated data, normalizing it

usage conditjons. For example, the acceleration factor for stress 1 is 4,29 x 105/735, which equals 584.

Step 7

To normalizs
time by 584,
five stresses

Step 8

Plot all the n
to obtain the

the estimated times to failure at stress 1 to the usage condition, multiply each stress 1 f
all the failure times at stress 2 by its own acceleration factor, etc., until all the stress times
have been multiplied by their respective acceleration factors.

prmalized failure times on the same composite Weibull*graph. This step is a graphical app
scale parameter at 25 °C and 50 % RH and should verify the mathematical treatment in steg

Figure B.2 shows the results of plotting all the normalized example data on a single composite graph.

Step 9

From the plo
distribution. ]
the 4,29 x 1@

Step 10
Figure B.3 s

estimate. Wi
figures.

t or data analysis, estimate the shapé_parameter and scale parameter of the composite W
he scale parameter is the time at\which 63,2 % of the product will fail (see 7.2) and agrees
5 h calculated in step 5.

nows the “survivor fanction” [R() = 1—F(,)] along with the 90 % confidence intervals of thg
h 95 % confidence,\the true survivor function does not fall below the lower dotted line of

Figure B.4 shows the “expanded survivor function”, zooming in on the 0,95 to 1,0 product compliance fra

The graphica
discs will su

| results show that, with 95 % confidence, 95 % of the population represented by these ex3
vive 3,2 x 104 h (3,65 years) at 25 °C and 50 % RH before reaching a maximum BLER of

o the

Bilure
at all

oach

eibull
b with

best
hese
tion.

mple
220.

This coincide

(PRt 4 ! L1 n [QL =N 1. Ao o4
S WIUTUIC Stdlinudaru e TAPeLLdiity (o) UCHTeuU 1T ©.0. T.

Therefore, the SLE of these example discs, considering only the effects of temperature and relative humidity,

is 3,65 years

14
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1000
Hours to reach max ,BLER 220

735

M Vo W o '9] O 9] —
D O ™~ ) o~ ~

63.2 K

99.9
0.1

ainjle} sAgeINWND Juasiad

NOTE Weibull probability plot, N = 10; multiple censoring, R = 10.

Figure B.1 — Stress 1, 80 °C/85 % RH
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