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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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The following

updating

removal

modification of definition 3.10 (life expectancy);

modification of 5.2 on block error rate;

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stan
the technical committees are circulated to the member bodies for voting.CPublication 3

Standard requires approval by at least 75 % of the member bodies casting-a vote.

rawn to the possibility that some of the elements of this document may be the subject of
nall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 42, Photography.

edition cancels and replaces the first edition (ISO 18927:2002), of which it constitutes a
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of normative and bibliographical references;

of the original Annex A.
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INTERNATIONAL STANDARD

ISO 18927:2008(E)

Imaging materials — Recordable compact disc systems —
Method for estimating the life expectancy based on the effects
of temperature and relative humidity

1

This |nternational Standard specifies a test method for estimating the life expectancy!of, informat
recordable compact disc systems. Only the effects of temperature and relative thhumidity on th
considered.

This

2

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
docupent (including any amendments) applies.

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

IEC §0908:1999, Audio recording — Campact disc digital audio system

Expeyimental statistics, U.S. National Bureau of Standards Handbook 91, 1963

3

For the purposes of.this document, the following terms and definitions apply.

31

base]ine
condjtion¢representing the disc at time of manufacture

O = TR + (TRT] [T + et : + I i £t -
NOT TS 15 CUSWUITIATTy UTE 1Titdl ParditiCier TMedsurerreTit IdRETT PO WU diTy dppliidaliuolin U StUess. 1

$cope

ormative references

Terms and definitions

on stored on
e media are

International Standard does not cover the effects of light, air pollution, or time-dependent flow
phenpmena.

t. For dated
b referenced

data disks

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

3.2

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)

1)

Equivalent to ECMA 130.

© 1SO 2008 — All rights reserved
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NOTE

input of the C1-decoder during playback at the standard (1X) data rate.

[IEC 60908:1

3.21

999]

maximum block error rate

max BLER

maximum BLER measured anywhere on a disc

3.3

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

compact disc=recordable

CD-R
recordable o

NOTE 1 In
NOTE2  TH
34
cumulative
F(1)
probability tH
population w
3.41
lognormal ¢
F(r)

cumulative d

ptical disc in which information can be recorded to certain areas in compact disc format
ormation can be recorded once and read many times.

e term “compact disc-write once” (CD-WOQ) has also been used to describe this type)ofidisc.

Histribution function

at a random unit drawn from the population fails by time #or the fraction of all units i
hich fails by time ¢

umulative distribution function

stribution function in which the logarithm of thex€elevant parameter, in this International Sta

the disc lifetilne, has a normal distribution and is defined by the following equation:

_1(|n(X)*#| )2

2 o| dx

e time;
variable representing disc lifetime;
e log standard deviation;

e logimean;

e natural logarithm of x

h the

hdard

F(t)=Q
where

t isth

x isa

o isth

4 is th

In(x)is th
NOTE

predicts that half the samples have failed at that time.

3.5

disc-at-once recording
method of recording a CD-R disc whereby the entire CD is recorded in one pass without turning off the laser

3.6
end-of-life

occurrence of any loss of information

When ¢ =e*1, the lognormal cumulative distribution function evaluates to 0,5. In other words, the model
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3.7
extended-term storage conditions
storage conditions suitable for the preservation of recorded information having permanent value

3.8

glass transition

reversible change in an amorphous polymer from, or to, a viscous or rubber condition to, or from, a hard and
relatively brittle one

3.8.1

glass transition temperature

T
g

apprgximate mid-point of the temperature range over which glass transition takes place

NOTH 1 T, can be determined readily only by observing the temperature at which a significant change tgkes place in a
specific electrical, mechanical, or other physical property.

NOTH 2 Tg can also be sensitive to the moisture content of the polymer.

3.9
information
signgl or image recorded using the system

3.10
life expectancy
LE
length of time that information is predicted to be acceptabl€’in a system after dark storage at 23 |°C and 50 %
relatiye humidity (RH)

3.10.1}

standardized life expectancy
SLE
minimum life span, predicted with 95 % Confidence, of 95 % of the product stored at a temperature not
excegeding 25 °C and a relative humidity (RH) not exceeding 50 % RH

3.1
retrigvability
ability to access information as-recorded

3.12
stress
expefimental variable*to which the specimen is exposed for the duration of the test interval

NOTH In this/International Standard, the stress variables are confined to temperature and relative humifity.
3.13

survivor function

R(z)

probability that a random unit drawn from the population survives at least time ¢, or the fraction of all units in
the population which survive at least time ¢

NOTE R(t) =1-F(¢).
3.14
system

combination of material, hardware, software and documentation necessary for recording and/or retrieving
information

© 1SO 2008 — All rights reserved 3
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3.15
test cell

device that controls the stress to which the specimen is exposed

3.16
track-at-onc

e recording

method of recording a CD-R disc whereby each track is recorded individually with 150 empty sectors
immediately preceding it and two run-out sectors immediately following

3.17
uncorrectab

le error

lavihanle Aots thot o caorractabla th roc H

error in the
IEC 60908 a

P

naot XV oo o ntarian
Ty oot Uota ot 1o ot COmTootaorc— oy tiic— Croso— mrehcay

5 implemented in a system

4 Purpose and assumptions

4.1 Purpd
The purpose]
information

statistically s

The method
information.
libraries and
expectancy,
minimized.

se

of this International Standard is to establish a methodology for estimating the life expectar
stored on recordable compact disc systems. This methodologyprovides a technically
pbund procedure for obtaining and evaluating accelerated test data.

blogy deals only with the effects of temperature and humidity on the retrievability of s
For this reason, this International Standard is primarily dirécted to those storage applications
archives, in which exposure to other influences (potentially detrimental to informatio
such as chemical agents, intense light sources{and improper handling, is controlled

4.2 Assumptions

The validity g

specime

the dom

f the procedure defined by this International Standard relies on three assumptions:

n life distribution is appropriately‘modelled by the lognormal distribution;

the kinetics of the dominant failure.mechanism is appropriately modelled by an Eyring acceleration n

inant failure mechanism acting at the usage condition is the same as that at the accele

conditiofs.

Publications
compact disq

by Hamadacsand Stinson provide data indicating that these assumptions are applical
-recordable (€D-R) systems (see references [5] and [6] in the Bibliography).

5 Measu.1rements

cy of
and

tored

, e.g.
n life
and

odel;

rated

le to

5.1

Summary

A sampling of 80 recorded discs shall be divided into five groups according to a specified plan. Each group of
discs (test cell) shall be subjected to one of five test stresses, combinations of temperature and relative
humidity. Periodically during the stress conditions, all discs from each stress group shall have their block error
rate (BLER) measured. Data collected at each time interval for each individual disc are then used to determine
a lifetime for that disc.

The disc lifetimes at each stress level are fitted to a lognormal distribution to determine a mean lifetime for the
stress. The resulting five mean lifetimes are regressed against temperature and relative humidity according to
an Eyring acceleration model. This model is then used to estimate the distribution of lifetimes at a usage
condition.

© 1SO 2008 — All rights reserved
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5.2 Block error rate (BLER)

End-of-life is the occurrence of any loss of information. Ideally, each specimen is tested until the first loss of
information occurs. Realistically, this is impractical. This International Standard considers max BLER to be a
high-level estimate of the performance of the system. The objective of measuring BLER is to establish a
practical estimation of the system's ability to read recorded data without uncorrectable errors. A change in
max BLER in response to the time at an accelerated temperature and humidity is the principal quality
parameter.

IEC 60908 states that the BLER averaged over any 10 s shall be less than 3 x 102. At the standard (1X) data
rate, the total number of blocks per second entering the C1-decoder is 7 350. Thus, an equivalent limit on
BLER 5220 btockspersecond:

A BLER of 220 is an arbitrary level chosen as a predictor of the onset of uncorrectable.errors| and thereby
end-¢f-life. A BLER of 220 corresponds to an upper limit for error correction. As a resultylower BLER discs are
recorpmended to use for long-term storage.

5.3 | Test equipment

5.3.1] General requirements

A compact disc player that conforms to ISO/IEC 10149 and software\capable of producing a display of max
BLER.

If it Hecomes necessary to replace the test equipment, the*US National Bureau of Standards Handbook 91
shall pe followed for correlating test equipment outputs.

The mhake, model and version of the test equipment (including software) shall be reported with the test results.

5.3.2| Calibration and repeatability

Calibration according to the tester manufacturer's procedure shall be performed prior to any measurement
data peing collected. A calibration disc shall be available from an accredited source.

In adfition to the calibration discysone control disc shall be maintained at ambient conditions and its max BLER
meagured before and after each~data collection interval. A control chart shall be maintained fdr this control
disc.

The mean and standard deviation of the control disc shall be established by collecting fat least five
meagurements. Should any individual max BLER reading differ from the mean by more than thfee times the
standard deviation{the problem shall be corrected and all data collected since the last valid contfol point shall
be refmeasured.

5.4 | Test'specimen

5.4.1 General requirements

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

5.4.2 Specimen selection

All discs shall be nominally identical with regard to substrate groove structure, layer structure, coating
composition, recording capacity, and age prior to test initiation. It is preferred that the CD-R media be chosen
from different lots and production lines in order to be representative of normal process variations.

All discs shall be maintained in the manufacturer's transportation and storage conditions prior to recording.

© 1SO 2008 — All rights reserved 5


https://standardsiso.com/api/?name=2abf6d7d43bc77bec4ab4f5b1ad14276

ISO 18927:

The nominal

2008(E)

disc capacity shall be reported with the test results.

5.4.3 Recording system

Specimen discs may be recorded in any appropriate recording device. Since the extrapolated lifetime is a
function of the system including the CD-R media, all discs shall be recorded identically to the extent possible.
Similar recording devices shall be used, as well as similar software and recording conditions. Discs recorded
on different physical devices shall be distributed as equally as possible across the test cells.

The make and model of the recording device, the linear velocity employed during recording and the software
used in the recording system shall be reported with the test results.

544 Amb

Ambient con

relative

During recor

5.4.5 Recaording method

It is strongly

using the "tn
purpose of th
shall not be ¢mployed.

Independent

6 Accele

6.1 Gene

Information
even decad¢g

expectancy
satisfactorily

Many accel¢
and data evg

a) the total
b) each stre
c) the Arrhe
d)

e)

tempera

ent recording conditions

Hitions during recording shall be within the following limits:
fure: 15 °C to 35 °C;

humidity: 45 % to 75 %.

ling, the recording system shall be isolated from external vibrations!

recommended that all discs be recorded using the "dise-at-once" method. If discs are rec
ack-at-once" method, all errors occurring at the gap’between tracks shall be ignored fg
is International Standard. Packet writing (in which,several write events are allowed within a

rated stress test plan

al

s. Consequently, it\is-hecessary to conduct accelerated ageing studies in order to develop
bstimate. The key/is conducting a test plan that will provide the information necessa
evaluate the particular system.

rated life\test plans follow a rather traditional approach in specimen selection, experimen
luation,~These traditional plans share the following characteristics:

of the writing method, the specimen discs Shall be recorded as a single session and finalizedl.

brded
r the
rack)

roperly recorded in a\CD-R system of good manufacture should have a life of several years or

a life
ry to

ation

number of specimens is evenly divided amongst all the accelerated stresses;

ss is evaluated at the same time increments;

nius relationship is used as the acceleration model;

the least squares method is used for all regressions;

the calculated life expectancy is for the mean or median life rather than for the first few failure percentiles.

On the other 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 acceleration levels for each stress;

© 1SO 2008 — All rights reserved
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— 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-R system will have different characteristics, a specific, detailed
optimum plan is impossible to forecast.

This test plan borrows from the optimum plan, the traditional plan and 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-R
medigassessments:

6.2 | Stress conditions

6.2.1| Levels

As meentioned in 6.1, an optimum test plan utilizes only two stress levels for each parameter evalliated. This is
becapise, in an ideal case, the relationship between changes in the parameéter investigated angl changes in
stresg are known. The compromise test plan, documented in this International Standard, does n¢t make such
an agsumption; therefore, three different stress levels per parameter shall be used so that the lipearity of the
parameter function versus the stress level may be demonstrated.

The fest plan shall have the majority of test specimens placed-at the lowest stress condition. This minimizes
the eptimation error at this condition and results in the best éstimate of the degradation rate at a |evel close to
the upage condition. The greater number of specimens at the lower stress condition also tends td equalize 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 ]:xinimum distribution of specimens_among the stress conditions that shall be used is shown in Table 1.
Addifjonal specimens and conditions may/be used if desired for improved precision.

Table 1 — Summary of stress conditions

Intermediate ini
Test stress Incubation | Minimum total RH eMLIJriIIIirt?rliltTm
lest cell Number of duration time ?1 .
ngmber | T(inc)® }RH(inc)? | specimens RH(int)° uration
€ % h h % h
1 80 85 10 500 2 000 31 6
2 80 70 10 500 2 000 31 5
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 incubation temperature and relative humidity.
b RH(int) is the intermediate relative humidity that at T(inc) supports the same equilibrium moisture absorption in polycarbonate as
that supported at room ambient temperature and relative humidity.

© 1SO 2008 — All rights reserved 7
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6.2.3 Temperature (T)

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

temperature to greater than 0 °C and less than 100 °C;

there shall be no change of phase within the test system over the test temperature range; this restricts the

the temperature shall not be so high that plastic deformation occurs anywhere within the disc structure.

The typical substrate material for CD-R media is polycarbonate (glass transition temperature ~ 150 °C). The
glass transition temperature of other layers may be lower. Experience with high-temperature testing of CD-R

discs indicat

6.2.4 Relafive humidity (RH)

Practical exp
is due to the
cable ports,

the chamber

6.2.5 Rate

The process
conditions to|

(or ramp) ddiration and conditions shall be chosen to allow sufficient equilibration of absorbed sub

moisture.

Large depar
substrate or
the thicknes
cause signifi

In order to m
be used. Thg
to avoid

to minim

to prod(

The profile
temperature,

u mi 1 | ] I

erience shows that 85 % RH is the upper limit for control within most acceleratedtest cells

viper handles, etc. The droplets may become dislodged and entrained in the circulating air
If these droplets fall on the test specimen, false error signals could be preduced.

of stress change

described in this International Standard requires that discs undergo a transition from the an
stress conditions and back again a number of times during the course of testing. The tran

ures from equilibrium conditions may result in.the formation of liquid water droplets insid
at its interface with the information-recording layer. Gradients in the water concentration th
5 of the substrate shall also be limited. These gradients drive expansion gradients whic
cant disc curvature.

inimize the effects of moisture-cofncentration gradients, the ramp profile outlined in Table 2
objects of the profile are:

any situation that may cause-moisture condensation within the substrate;

ize the time during which substantial moisture gradients exist in the substrate;

hccomplishes this by varying the moisture content of the disc only at the stress incuk

of water in p<|>lycarbonate.

'1‘0

This

tendency for condensation to occur on cool sections of the chamber, e.g. observation windows,

ithin

bient
sition
strate

e the
ugh
can

shall

ce at the end ©f)the profile a disc that is sufficiently equilibrated to proceed directly to tgsting
without dlelay.

ation

and altlowing sufficient time for equilibration during ramp-down based on the diffusion coeffjicient
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Table 2 — Temperature and relative humidity transition (ramp) profile

Temperature Relative humidity Duration
Process step T RH h
°C %
Start at T(amb)?@ at RH(amb)2 —
T, RH ramp to T(inc)? to RH(int)° 1,56+£0,5
RH ramp at T(inc) to RH(inc)P 1,5+0,5
Incubation at T(inc) at RH(inc) See Table 1
RH ramp at T(inc) to RH(int) 1540,5
Equiljbration at T(inc) at RH(int) See Tgble 1
T, RH ramp to T(amb) to RH(amb) 1,540,5
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. Rampl|transitions may
be coptrolled automatically or manually.

@  T(amb) and RH(amb) are room ambient temperature and relative humidity.

b 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 pglycarbonate as
that sppported at T(amb) and RH(amb) (see Table 1).

Figure 1 graphically portrays the temperature and relative humidity changes that would occur dur|ng one cycle
of indqubation at 80 °C and 85 % RH, as specified innTables 1 and 2.

¢ 100 100
q =
2 5
S T N IS
b = - Heo 2
:_)_ . A Y q.)
= L . =
|.9 ; N 5
, . [0}
. . ilsp C

) 4|40

RH RH
ramp incubation ramp equilibration ramp 20
3 503 504,5 510,5 514
Time, h
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 relative
humidity conditions in the test chamber during the stress test.

© 1SO 2008 — All rights reserved 9
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6.2.7 Spec

imen placement

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. A space of at least 2 mm shall be

maintained b

etween discs.

6.2.8 Other influences

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

6.3 Accel

In order to e
shall be obs
80 °C/85 % H
Assigning a

necessary nt

Specimens t
Type | censo

To compute
BLER, such
techniques §|
be computed

If ten failures

6.4 Time

For data coll
measuremer
be constant.
opportunity f

6.5 Testyp

Table 1 sped
distributions
constitutes a

All temperatd

erated test cell sample population

stimate the log mean and log standard deviation of a lognormal distribution, at least)ten fa
erved. Observing at least ten failures is generally not a problem for a realistic test tin
RH, but becomes more difficult at milder stress temperature and relative humidity’combina
arger percentage of the specimens to the lower stresses increases the chance of observin
mber of failures within a practical time interval.

hat have not failed at the end of the test duration shall be time censoré&d. This is also knoy
ring (see page 233 of Reference [7] in the Bibliography).

he estimated failure time for each disc, it is necessary to first determine a transformation o

as In(max BLER), that results in a linear time dependence. Standard linear regre
hall be used to find the best fit to the transformed dataiThe failure time for each disc shal
by interpolation using each disc's regression equation:

are not observed by the end of the test durationithen failures may be estimated by extrapo

ntervals

bction, measurement of max BLER-<shall occur at four time intervals for each disc. The bas
t (at test initiation) shall be an additional data point. Within a stress condition, the intervals
At the milder stress conditions, the intervals are longer. The longer time intervals provid
br more failures to occur at theimilder stress conditions.

lan

ifies the temperatures, relative humidities, time intervals, minimum total test time and spe
for each stress ‘eondition. A separate group of specimens is used for each stress condition
constant stress test plan.

res have an allowed range of + 2 °C; all relative humidities have an allowed range of + 3 %

lures
he at
tions.
g the

VN as

max
Ssion
then

ation.

eline
shall
e the

imen
This

RH.

The interme

liate relative humidity, RH(int), in Table 1 is calculated assuming 25 °C and 50 % RH an

bient

conditions. f

following equation:

ZRH(int) =

where

ZRH(int)

YT(amb)

10

0,24 +0,003 7yT(amb)
0,24+0,003 7y M)

is the intermediate relative humidity, in %;

is the ambient temperature, in °C;

the ambient is different, the intermediate relative humidity to be used is calculated using the

(1)
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YT(nc) IS the incubation temperature, in °C;

ZRH(amb) IS the ambient relative humidity, %.
The stress conditions tabulated in Table 1 offer sufficient combinations of temperature and relative humidity to
satisfy the mathematical requirements of the Eyring model (see 7.2) to demonstrate linearity of either max

BLER or In (max BLER) versus time, and to produce a satisfactory confidence level to make meaningful
conclusions.

6.6 Measurement conditions

Betwpen stress intervals, the specimens shall be maintained within the ambient recording condititFns specified
in 5.4.4. Any surface particulates that may accumulate shall be cleaned from the disc prior to(testing by use of
a prepsurized stream of clean, dry air or nitrogen.

7 Data evaluation

7.1 | Lognormal distribution model

7.1.1] General

The llognormal distribution model shall be used for characterizing-the failure rate distribution. The lognormal
distribution has been found to be very flexible and to fit many.applications in the corrosion of thin fnetal films. It
is likely to be the best distribution model for cases in which the dominant failure mechanism relieq on chemical
reactlons or diffusion. This distribution has also been found to be applicable to the analysis of failure data of
CD-R media (see reference [6] in the Bibliography).

7.1.2] Model validity

The pccuracy of life estimates and confidence limits depends on how well a model fulfils [a few basic
assumptions. One important assumption for the lognormal model is that the log standard deviatiop, o;, has the
samg value at all stress levels. It is important to verify this assumption.

The preferred method of testing log standard deviation 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 log standard.deviation confidence intervals. If the 95 % confidence interval for the|log standard
devidtion at one stress.level overlaps the interval at other stress levels, statistically the paramgters are not
significantly different~The LR test is, however, more robust than the interval method.

If a software package is unavailable, log standard deviation equality can be tested subjectively by visual
inspgction ofleghormal plots. If best-fit straight lines drawn through sets of failure data plotted pn lognormal
graph paper.are reasonably parallel, then the data sets have equivalent estimated log standard d¢viations.

If a pignificant difference exists among the stress log standard deviations, examine the estimates and
confidence limits for each log mean and determine how they differ. In the absence of testing error or human
error, it may very well be that a different failure mechanism is operating at the different stress conditions. In
that case, a life expectancy estimated by this method, or any method with similar assumptions, should be
considered unreliable.

7.2 Eyring acceleration model

The Eyring model has found broad application and shall be the model for estimating life expectancies of CD-R
systems (see Reference [8] in the Bibliography).

© 1SO 2008 — All rights reserved 11
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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.

I509, = AT %

AH [T o (B+C/T)RH

(2)

where

t509, IS the time to 50 % failure;

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;

T is|the Kelvin temperature;

B,c ate the relative humidity exponential constants;

RH is|the relative humidity.
For the temperature range used in this International Standard, it is common practice to set “¢” and “C” to|zero.
The Eyring njodel equation then reduces to the following (see Reference [9] in the Bibliography):

ts09, = N AH IKT o (B)RH 3)
7.3 Accelpration factors
Once the lod mean and log standard deviation have been determined for each acceleration stress, then the
Eyring mode] shall be solved by a regression of temperature, relative humidity, and log mean to determine the
estimated log mean at the storage or usage condition of interest (25 °C and 50 % RH). The diffefence
between the [usage log mean and the accelerated stress log mean is used to compute the acceleration factor
for that stresb relative to the usage cohdition, such the acceleration factor is eL#(Usage)-#(stress)].
By multiplying the failure times.'at-each accelerated stress condition by the acceleration factor for that gtress
condition, th¢ data are normalized to the usage condition. This normalized data shall then be plotted gn the
same lognormal distributiaf.graph to determine the estimated distribution of failures at the usage condition.
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 =4+—FH}—From-its—definiion R{+-is—theprobability that any-given-dise—will surdve at

LLI S P AN L2y A

least time ¢, or the percentage of the entire population that will survive at least time .

A plot of the survival fraction R(¢) versus time is useful for graphically representing the characteristics of the
specimens tested. The confidence intervals of the survivor fraction shall be calculated using the method of
asymptotic normal approximation. From these results, one shall state the fraction of product surviving at least
time ¢, the statistical confidence level used and the storage temperature and relative humidity combination
chosen for the model.

The life expectancy statement shall indicate the caveat that only the effects of temperature and humidity are
included. For a standardized life expectancy (SLE), this would read: “At a storage condition of 25 °C and
50 % RH, 95 % of the product evaluated will last a minimum of x years with 95 % confidence, considering only
the effects of temperature and relative humidity”.
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A listing of computer packages, along with their key features, that may be useful for life expectancy data
analysis is given by Nelson (see pages 237 to 239 of Reference [7] in the Bibliography). Equivalent software
may be used.

Annex B shows an example of a CD-R media life expectancy calculation.

8 Disclaimer

Using
50 %

shortgr life.

The fest method specified in this International Standard does not attempt to meodel degrad
exposure to light, corrosive gases, contaminants, mishandling and variations in theplayback syst

this model, the standardized life expectancy (SLE) is defined for discs maintained, g

t 25°C and

RH. Discs exposed to more severe conditions of temperature and humidity are expected {o lexperience a

ation due to
bm.
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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 in a
CD-R system as a function of temperature and relative humidity:

a)

b)

c)

d)

e)

f)

g)

h)

14

determine the failure time for each specimen;

for each|stress condition, determine the median rank for each specimen and plot the medianrank v

failure ti

verify that the plots for all stress conditions are reasonably parallel to one another)the log sta
deviation for each stress condition may be calculated using standard technigues’ or estimated

straight

calculate the scale parameter for each stress condition;

e on a lognormal graph;

ines drawn through the plots;

Ersus

hdard
from

yring
ative

tress

r the

regress the log mean, temperature and relative humidity for all stresg”conditions using the reduced B
equatior] in 7.2; calculate the estimated log mean for the standardized temperature (25 °C) and re
humidity] (50 % RH);

determinje the acceleration factor for each stress condition;

normalize all the failure times by multiplying each failure time by the acceleration factor for its 3
condition;

combing all normalized failure times and censored data into one data set; for this entire set, mak¢ one
composite lognormal plot;

estimatg the log mean and the logsstandard deviation at the usage conditions from this plot, g
combingd data;

calculat¢ confidence intervals-for the survival function.

© ISO 2008 — Al rights re;
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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 example, a hypothetical data set was generated in accordance with the
of 4.2. The data set was assigned the following characteristics at 25 °C/50 % RH:

1, =In(10x365x24h) =11,38
wherg
b, =0,1;

4 =0,17" years;
B =-0,01/% RH.

Thesg values are not to be considered indicative of any actuakmedia, system, or manufacturer.
offergd solely as an example of the mathematical methodology used in this test procedure.

Step|1

assumptions

(B.1)

The data are

Following the test plan in Clause 6, max BLER is-measured for each specimen at the specified ipterval. Discs

failing or censored during the test duration aresxnot replaced.

For gach specimen, a linear regression,is.performed with In (max BLER) as the dependent varia
as the independent variable. The failure-time of the specimen is calculated from the slope and in
regression as the time at which thexspecimen would have a max BLER of 220. Table B.1 is a
stresg, of the example max BLER data and the interpolated failure times of all the specimens.

Step|2

ble and time
ercept of the
summary, by

For gach stress condition," specimens are ordered by increasing time-to-failure. Specimens that have not failed

during the test duration are time censored unless less than ten failures are observed. In that
specimens with thetshortest time to failure are retained.

NOTEH While all example specimens from the 80 °C/85 % RH and the 80 °C/70 % RH stress co
(i.e. >1220/max BLER) during the time of the test, only four failed at 80 °C/55 % RH, nine at 70 °C/85 % R
60 °C{85.%"RH.

ase, the ten

hditions failed
H and none at

The median rank of the non-censored specimens is calculated using the estimate (i—0,5)/n, where i is the

failure order and n is the total number of specimens at the stress condition. The resultant data for
conditions are gathered in Table B.2.

© 1SO 2008 — All rights reserved
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Table B.1 — Estimated time to failure for example data

Stress condition Measured max BLER Time to
Specimen number T RH i failure
°c % Initial Interval 1 | Interval 2 | Interval 3 | Interval 4 h
1 80 85 9 24 58 136 322 1,770
2 80 85 10 30 98 302 1,361
3 80 85 11 29 64 155 372 1,698
4 80 85 12 29 68 166 398 1,663
5 80 85 12 33 91 257 1,425
6 80 85 10 29 76 205 549 1,685
7 80 85 11 25 61 139 327 1,77
8 80 85 10 25 64 166 422 1,694
9 80 85 7 31 94 299 1,311
10 80 85 11 25 71 189 505 1,581
11 80 70 12 29 74 187 475 1,548
12 80 70 10 20 47 107 243 1,940
13 80 70 11 26 56 123 281 1,841
14 80 70 8 22 44 99 215 1,995
15 80 70 10 25 58 148 358 1,748
16 80 70 7 21 50 117 274 1,840
17 80 70 13 25 66 172 443 1,640
18 80 70 9 26 63 156 388 1,682
19 80 70 9 24 71 201 571 1,545
20 80 70 9 24 53 127 292 1,833
21 80 55 8 18 38 85 182 2,117
22 80 55 11 25 54 114 243 1,935
23 80 55 12 23 46 98 203 2,012
24 80 55 10 26 64 157 384 1,646
25 80 55 11 20 39 76 149 2,310
26 80 55 9 22 52 127 305 1,814
27 80 55 9 19 42 95 207 2,041
28 80 55 8 15 35 83 192 2,109
29 80 55 14 25 52 105 21 2,043
30 80 55 10 21 40 80 162 2,235
31 80 55 10 23 47 100 198 2,046
32 310) 00 10 20 40 ol 162 2,220
33 80 55 9 19 41 82 162 2,190
34 80 55 10 24 64 164 425 1,656
35 80 55 9 20 40 89 180 2,123
36 70 85 12 24 57 119 256 2,848
37 70 85 10 24 54 123 269 2,794
38 70 85 9 24 58 144 352 2,601
39 70 85 9 24 65 167 440 2,459
40 70 85 11 22 49 103 223 2,997
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Stress condition Measured max BLER Time to
Specimen number T RH i failure
°c % Initial Interval 1 | Interval 2 | Interval 3 | Interval 4 h
41 70 85 12 25 56 116 251 2,871
42 70 85 11 24 56 130 300 2,728
43 70 85 10 19 43 88 191 3,161
44 70 85 12 24 53 114 249 2,893
45 70 85 10 21 42 a8 210 3,063
46 70 85 8 21 45 100 225 2,960
47 70 85 11 18 40 79 158 3,386
48 70 85 13 21 40 80 162 3,427
49 70 85 10 19 47 98 216 3,024
50 70 85 12 21 44 87 182 3,246
51 60 85 11 16 25 41 70 6,574
52 60 85 11 15 27 44 71 6,378
53 60 85 15 21 34 52 7,335
54 60 85 16 28 50 87 5,625
55 60 85 12 20 33 56 95 5,643
56 60 85 18 31 55 96 5,375
57 60 85 15 27 47 87 5,462
58 60 85 12 20 33 54 95 5,683
59 60 85 17 26 48 79 5,879
60 60 85 12 20 32 55 96 5,655
61 60 85 19 33 63 115 5,000
62 60 85 10 15 26 44 76 6,125
63 60 85 15 26 44 76 5,743
64 60 85 12 16 28 45 76 6,334
65 60 85 14 29 52 93 5,344
66 60 85 17 28 45 77 5,970
67 60 85 17 28 48 85 5,723
68 60 85 11 13 24 35 55 7,352
69 60 85 12 19 37 61 106 5,314
70 60 85 10 16 27 49 84 5,823
71 60 85 9 13 20 32 50 7,465
[#4 [510) [$19) 10 16 30 o1 o4 5,779
73 60 85 8 14 19 27 44 8,013
74 60 85 11 19 32 56 96 5,536
75 60 85 9 17 27 47 82 5,821
76 60 85 10 17 28 49 79 5,944
77 60 85 11 17 29 49 87 5,855
78 60 85 8 15 22 38 63 6,473
79 60 85 10 14 28 44 76 6,068
80 60 85 9 18 33 56 102 5,250
© 1SO 2008 — All rights reserved 17
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Table B.2 — Non-censored data for all the stress conditions

Stress Failure order 1 2 3 4 5 6 7 8 9 10
80 °C Specimen no. 2 9 5 6 10 8 4 3 7 1
85 % RH Failure time (h) | 1,361 | 1,371 | 1,425 | 1,535 | 1,581 | 1,654 | 1,663 | 1,698 | 1,767 | 1,770
n=10 Median rank 0,050 | 0,150 | 0,250 | 0,350 | 0,450 | 0,550 | 0,650 | 0,750 | 0,850 | 0,950
80°C Specimen no. 19 11 17 18 15 20 16 13 12 14
70 % RH Failure time (h) | 1,545 | 1,588 | 1,640 | 1,682 | 1,728 | 1,823 | 1,850 | 1,851 | 1,950 | 1,995
n=10 nk 0050 1 0150 | 0250 { 0350 | 0450 | 0550 | 0650 | 0750 | 0850 950

80 °C Specimen no. 34 24 26 22 27 29 31 23 28 21
55 % RH Failure time (h) | 1,656 | 1,686 | 1,814 | 1,925 | 2,041 | 2,043 | 2,046 | 2,072 | 2,109 | 3117
n=15 Median rank 0,033 | 0,100 | 0,167 | 0,233 | 0,300 | 0,367 | 0,433 | 0,500° | 0,567 | 0,633
70 °C Specimen no. 39 38 42 37 36 41 44 46 40 49
85 % RH Failure time (h) | 2,459 | 2,601 | 2,728 | 2,794 | 2,848 | 2,871 | 2,893\] 2,960 | 2,997 | 3,024
n=15 Median rank 0,033 | 0,100 | 0,167 | 0,233 | 0,300 | 0,367 | 0,433 | 0,500 | 0,567 | (0,633
60 °C Specimen no. 61 80 69 65 56 57 74 54 55 60
85 % RH Failure time (h) | 5,000 | 5,250 | 5,314 | 5,344 | 5,375 | 5462 | 5,536 | 5,625 | 5,643 | 5,655
n=30 Median rank 0,017 | 0,050 | 0,083 | 0,117 | 0,150 40,183 | 0,217 | 0,250 | 0,283 | 0,317

The data of [Table B.2 can be plotted in different ways. If lognormal graph paper is employed, the data is
plotted with fpilure time on the abscissa and median rank ondhe ordinate (see Figure B.1).

NOTE On most lognormal graph paper, the actual ordinate scale is the probability of failure; the median rank is
converted to the probability of failure by multiplying by 100;

If linear axeg are desired, the data can be linearized by plotting the critical value for the normal cumulative
distribution gf the median rank on the ordinate and the natural logarithm of the failure time on the abdcissa
(see Figure B.2).

The critical Jalue for the normal_cumulative distribution of the median rank is the value of ¢ for which| F(¢)
equals the miedian rank.

Step 3

Best fit straight lines ‘are drawn through the plotted data. Since the lines are judged to be sufficiently pafallel,
the assumptipn of equivalent log standard deviation among the individual data sets is verified.

An estimate of the log standard deviation can be obtained from the graphical treatment of the failure datd (see
Reference [2] in the Bibliography). First, for each stress, estimate the times corresponding to 16 %, 50 % and
84 % failure based on the best fit straight line through the failure data. The estimated log standard deviation is
then calculated from the equation:

o = |nl(’5ﬁ+MJ (B.2)
2\ t16%  150%

Step 4

The log mean is the natural logarithm of the time at which 50 % failures occur. That time can be estimated

from the best fit lines as the time corresponding to a median rank of 0,5 (or, equivalently, a critical value of
Zero).
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The log mean and log standard deviation calculated for each stress from a least squares regression of the

data are listed in Table B.3.

3 99
:’: 98 080 'C/85 %RH
c 80 'C70 %RH
g A B0 'C/55 %RH
g 95 =1 </ X 70 *C/85 %RH
8 / X 60 °C/85 %RH
= 90 77
il ;f f
0
0 Jé /° Ay
X o fo 1Y ]
X 1 ]
A
0 P !
of § /
0
Y 1./
| L7
5 o] o
h
2
1
000 10 000
Failure time, h
Figure B.1 — Lognormal plot of Table B.2 data
Step|5

The Ibg mean values-are now used, along with the temperature and relative humidity, to determjne 4, B, and
AH [k by fitting talth& reduced Eyring equation of 7.2. In practice, the regression is done using|the equation

that results from, taking the logarithm of both sides of the reduced equation:

N(Z500, ) =logmean = In(A)+(%jx(%)+BxRH

(B.3)

The values are determined to be:

A4=8,26x10""h=9,43x10""" years;

B=-9,72x10"3/% RH:;

AH Ik =7,83x10°% K:

AH =10,8x1072° J/molecule.

© 1SO 2008 — All rights reserved
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The log mean at 25 °C/50 % RH is calculated from the reduced equation to be 11,77. The t550, at
25 °C/50 % RH is then e1.77 h, i.e. 1,29 x 10° h, or 14,7 years.

2

a 0
15 [ ] {3180 *C/85 %RH
/ © 80 *C/70 %RH
A B0 *C/85 %RH
1 ,! é %70 *C/85 %RH

/ / % 60 'C/85 %RH

S
) :

Critical value of the median rank

25
7 7,5 8 8,5 9
In (failure tim¢), L
Figure B.2 — Linear plot of Table B.2 data
Table B.3 — Log mean and log standard deviation for each stress condition
Temperature, °C 80 80 80 70 60|
Stress condition
Relative humidity, % 85 70 55 85 85
Log mean 7,36 7,47 7,65 7,99 8,68
Log standard deviation 0,105 0,089 0,141 0,097 0,076

Step 6

The acceleration factors are calculated from the difference between the estimated log mean at each stress
condition and that at the usage condition via the equation provided in 7.3 and are listed in Table B.4.

Table B.4 — Acceleration factor for each stress condition

Temperature, °C 80 80 80 70 60
Stress condition

Relative humidity, % 85 70 55 85 85
Acceleration factor 82,3 73,7 61,6 43,8 22,0

20 © 1SO 2008 — All rights reserved
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Step 7

The failure times of all the specimens at all the stress conditions are normalized to the usage condition by
multiplying them by the acceleration factor for their stress condition.

Step 8
The normalized failure times of all the non-censored specimens are plotted on the same composite graph.

This allows a graphical approach to obtain the log mean at 25 °C/50 % RH and should verify the mathematical
treatment in step 5.

O 9JL, OOV

v

The mediar 3 -this—compos s—estimated-in-the g—way—Hjrst, the non-
censored specimens are ranked by normalized failure time. Then, the median rank estimate.is)¢alculated as
(i—O 5)/nl~, where i is the rank and »; is calculated for each specimen as the total number ¢f specimens
minug the number of censored specimens with a smaller normalized time to failure (see T'able B.§).
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