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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
establl : o . . - . L and IEC
te¢hnical committees collaborate in fields of mutual interest. Other international organizations, geernmental
and non-governmental, in liaison with ISO and IEC, also take part in the work. In the field\of ipformation
te¢hnology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

Infernational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Parf 2.
THe main task of the joint technical committee is to prepare International Standards. Draft Infernational
Standards adopted by the joint technical committee are circulated to national bodies for voting. Pubfication as

an International Standard requires approval by at least 75 % of the national bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subjec} of patent
rights. ISO and IEC shall not be held responsible for identifying any,or.all such patent rights.

ISPD/IEC 16963 was prepared by Ecma International (as ECMA-396) and was adopted, under|a special
“fgst-track procedure”, by Joint Technical Committee ISO/IEC JTC 1, Information technology, in parallel with
its|approval by national bodies of ISO and IEC.

© ISO/IEC 2011 — All rights reserved Vv
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Introduction

Markets and industry have developed a common understanding that the property referred to as the lifetime of

data reco

rded to optical media plays an increasingly important role for the intended applications. Disparate

standardized test methodologles eX|st for Magneto Optlcal media and recordable compact dISk and DVD

systems. |

provide al common methodology, applicable for various purposes, that includes the testmg of currently

available

vritable CD and DVD optical media.

ISO/IEC JTC 1/SC 23/JWG 1, which is a Joint working group among ISO/TC 42, ISO/TC 171~and ISO/IEC

JTC 1/SC

International TC31.

Vi

23, initiated work on this subject and developed the initial drafts with assistarnce-from Ecina
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Information technology — Digitally recorded media for

information interchange and storage — Test method for the

estimation of lifetime of optical media for long-term data
storage

1| Scope

THis International Standard specifies an accelerated aging test method for estimating the lifeti

refrievability of information stored on recordable or rewritable optical disks.

THis test includes details on the following formats: DVD-R/RW/RAM, #R/4+RW and CD-R/RW.

applied to additional optical disk formats, with substitution of the appropriate specifications, and m

updated by committee in the future as required.
THis International Standard includes:

— | stress conditions

testing for use with the Arrhenius Method.

— | ambient storage conditions in which the lifetime of data stored on optical media is estimated

storage condition.

this storage cohdition.

— | evaluation system description
— | specimen\preparation and data-acquisition procedure

— | definition of and method for estimating lifetime of stored data on specified media

— | “data analysis for lifetime of stored data

e Basic stress condition and Rigorous stress.condition testing for use with the Eyring M

e Controlled storage conditione.g. 25°C and 50 % RH, representing well-controlle
conditions with full-time air"conditioning. Eyring Method is used to estimate the lifetime

e Harsh storage condition, e.g. 30 °C and 80 % RH, representing the most severe condition
users handle and\store the optical media. Arrhenius Method is used to estimate the lifejme under

me of the

t may be
by also be

bthod and

j storage
under this

s in which

— reporting format for estimated lifetime of stored data

The methodology includes only the effects of temperature (T) and relative humidity (RH). It does not attempt
to model degradation due to complex failure-mechanism kinetics, nor does it test for exposure to light,
corrosive gases, contaminants, handling, or variations in playback subsystems. Disks exposed to these
additional sources of stress or higher levels of temperature and relative humidity are expected to experience

shorter usable lifetimes.

© ISO/IEC 2011 — All rights reserved
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2 Conformance

Media tested by this methodology shall conform to all normative references specific to that media format.

3 Normative references

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

ed
ed

ISO/IEC 10149:1995, Information technology — Data interchange on read-only 120 mm optical data™dis
(CD-ROM) (ECMA-130)

ISO/IEC 12862:2009, Information technology — 120 mm (8,54 Gbytes per side) and 80 mm (2,66 Gbytes f
side) DV recordable disk for dual layer (DVD-R for DL) (ECMA-382)

ISO/IEC 1j3170:2009, Information technology — 120 mm (8,54 Gbytes per side) and 80 mm (2,66 Gbytes [
side) DV re-recordable disk for dual layer (DVD-RW for DL) (ECMA-384)

ISO/IEC 16448:2002, Information technology — 120 mm DVD — Read-only disk(ECMA-267)
ISO/IEC 16449:2002, Information technology — 80 mm DVD — Read-onljydisk (ECMA-268)

ISO/IEC 17592:2004, Information technology — 120 mm (4,7 Gbytes per side) and 80 mm (1,46 Gbytes f
side) DV rewritable disk (DVD-RAM) (ECMA-330)

ISO/IEC 17341:2009, Information technology — Data interchange on 120 mm and 80 mm optical disk us
+RW format — Capacity: 4,7 Gbytes and 1,46 Gbytes per side (recording speed up to 4X) (ECMA-337)

ISO/IEC 1)7342:2004, Information technology — 80 mm (1,46 Gbytes per side) and 120 mm (4,70 Gbytes [
side) DV re-recordable disk (DVD-RW) (ECMA-338)

ISO/IEC 17344:2009, Information technology ~ Data interchange on 120 mm and 80 mm optical disk us
+R format|— Capacity: 4,7 Gbytes and 1,46 Gbytes per side (recording speed up to 16X) (ECMA-349)

ISO/IEC 23912:2005, Information technology — 80 mm (1,46 Gbytes per side) and 120 mm (4,70 Gbytes [
side) DV Recordable Disk (DVD-R)AECMA-359)

ISO/IEC 25434:2008, Informatioh technology — Data interchange on 120 mm and 80 mm optical disk us
+R DL forinat — Capacity=~8,65 Gbytes and 2,66 Gbytes per side (recording speed up to 16X) (ECMA-364)

ISO/IEC 26925:2009, \Information technology — Data interchange on 120 mm and 80 mm optical disk us

ks

er

er

er

er

er

ECMA-394, Recordable Compact Disc Systems CD-R Multi-Speed

ECMA-395, Recordable Compact Disc Systems CD-RW Ultra-Speed

2 © ISO/IEC 2011 — All rights reserved
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4 Terms and definitions

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

4.1
Arrhenius method
accelerated aging model based on the effects of temperature only

4.2
baseline
inifiar test analysis measurements (€.9 b a stress

accelerated aging conditions for estimating the lifetime of data stored on optical media;ina reasonaljle amount

4.
B4 Life
5 percentile of the lifetime distribution (i.e. 5 % failure time) or 95 % survivablifetime

Life)._
9§ % lower confidence bound of B; Life

4.
Bs, Life
50 percentile of the lifetime distribution (i.e. 50 % failure time) or 50 % survival lifetime

4

cdntrolled storage condition

well-controlled storage conditions with full-time air conditioning (25 °C and 50 % RH) in which the |lifetime of
data stored on optical media may be extended

4,
Eyring method
accelerated aging model based’on the effects of temperature and relative humidity

ddta error
a error on the sample disk measured before error correction is applied

0

rsh storage condition
st _severe conditions in which users handle and store the optical media (30 °C and 80 % RH) in|which the
time ‘of data stored on optical media may be shortened

3z

=

4.1
incubation
process of enclosing and maintaining controlled test-sample environments

412
maximum data error
maximum data error measured anywhere in one of the relevant areas on the disk:

- for DVD-R/RW and +R/+RW, this is the Maximum Pl Sum 8,
- for DVD-RAM, this is the Maximum BER, and
- for CD-R/RW, this is the Maximum C1 Ave 10.

© ISO/IEC 2011 — All rights reserved 3
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413
retrievability
ability to recover physically-recorded information as recorded

414
rigorous stress conditions
accelerated aging conditions for estimating the lifetime of data stored on optical media with higher confidence

stress
t t 2l lats | HPAH Y il 'y buialkth 1 H oL £ 4l ol FH £ 4 3 |
emperature-anareratvenumiaity-vartaoreSto-wnten—tne—Sampre—S—exposea-rormneauratton-orestcudaton

intervals

4.16

system
combinatipn of hardware, software, storage medium and documentation used to record;) retrieve and
reproduce] information

5 Conyentions and notations

5.1 Representation of numbers
A measurgd value is rounded off to the least significant digit of the corresponding specified value. For instance,

it follows {hat a specified value of 1,26 with a positive tolerance of* 0,01 and a negative tolerance of - 0,02
allows a r@nge of measured values from 1,235 to 1,275.

5.2 Names

The names of entities, e.g. specific tracks, fields, zones)etc. are capitalized.

6 Listpf acronyms
BER byte error rate
BLER plock error rate

PI barity (of the) inner (code)

Section|2 — Testiand Evaluation

7 MeaFurements

7.1 Summary

7.1.1 Stress Incubation and Measuring

A sampling of disks will be measured at four stress conditions for the Basic stress condition testing or five
stress conditions for the Rigorous stress condition testing for use with the Eyring Method, or three stress
condition for the Basic stress condition testing or four stress conditions for the Rigorous stress condition
testing for use with the Arrhenius Method.

4 © ISO/IEC 2011 — All rights reserved
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Each stress condition’s total time will be divided into sub-interval time periods. Each disk in each group of
disks will have its initial data errors measured before their exposure to stress conditions. Thereafter, each disk
will be measured for its data errors after each stress condition incubation sub-interval time period.

The control disk for monitoring of tester can also be measured following each incubation time interval.

7.1.2 Assumptions

This International Standard makes the following assumptions for applicability of media to be tested

specimen lite distribution Is appropriately modelled by a statistical distribution,

th¢ Eyring Method can be used to model acceleration with the both stresses involved (tempefature and
refative humidity),

the¢ dominant failure mechanism acting at the usage condition is the same as (that at the agcelerated
conditions,

thé compatibility of the disk and drive combination will affect the disk’s initial recofding quality and thg resulting
ar¢hival test outcome,

a hardware and software system needed to read the disk will be available at the time the retrigval of the
information is attempted,

the recorded format will be recognizable and interpretable by.thé reading software.

7.1.3 DataError

Of| all specimen media, the data errors shall be measured in the disk testing locations as defined |n 7.5. For
edach sample the Maximum Data Error shall be determined.

Egch DVD-R/RW, +R/+RW disk will have its‘\Maximum Pl Sum 8 (Max Pl Sum 8) determined.
Egch DVD-RAM disk will have its Maximum Byte Error rate (Max BER) determined.
Egch CD-R/RW disk will have its-Maximum C1 Ave 10 (Max C1 Ave 10) determined.

Data collected at each time-interval for each individual disk are then used to determine the predicted time to
faijure for that disk at that_stress condition.

7131 PlISum38

Par ISO/IEC16448:2002, a row in an ECC block that has at least 1 byte in error constitutes a Pl errr. Pl Sum
8 is measured over 8 ECC blocks in any 8 consecutive ECC blocks. The total number of Pl errors, also called
P1|Sum 8;-before error correction shall not exceed 280.

7.1T.32 BER

The number of erroneous symbols shall be measured in any consecutive 32 ECC blocks in the first pass of
the decoder before correction. The BER is the number of erroneous symbols divided by the total number of
symbols included in the 32 consecutive ECC blocks. The maximum value of the BER measured over the area
specified in 7.5 shall not exceed 10-3.

7133 C1Ave10

IEC 60908:1999 specifies that the BLER averaged over any 10 seconds shall be less than 3x102. At the
standard (1X) data transfer rate, the total number of blocks per second entering the C1-decoder is 7 350.

© ISO/IEC 2011 — All rights reserved 5
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Thus, the number of C1 errors per second before error correction which is averaged over any 10 seconds,
called C1 Ave 10, shall not exceed 220.

7.1.4 Data Quality

Data quality is checked by plotting the median rank of the estimated time to failure values with a best-fit line
for each stress condition. The lines are then checked for reasonable parallelism.

7.1.5 Regression

The log prledicted time to failure values shall be calculated using linear regression.

Multiple limear regression is used for the Eyring Method and linear regression is used for the Arrhenias Meth

7.2 Tedt specimen

The disk 9
of the fina

ample set shall represent the construction, materials, manufacturing process{ quality and variati
process output.

Considergtion shall be made to shelf life. Disks with longer shelf time before recgrding and testing may impact

test result

7.3 Rec

5. Shelf time shall be representative of normal usage.

tording conditions

Before megdia are entered into accelerated aging tests, they shall be recorded as optimally as is practicable,
according|to the descriptions given in the related standard. OPC (optimum power control) during the writing
process shall serve as the method to achieve minimum data(errors. It is generally assumed that optimally-
recorded media will yield the longest predicted lifetime. Media is deemed acceptable for entry into the aging
tests when their data errors and all other media parametric specifications are found to be within their
respectivg standard’s specification limits.

The choicg of recording hardware is at the discretion of the recording party. It may be either commercial driye-
based or|speciality recording tester based:\t" shall be capable of producing recordings that meet |all
specificatipns.

The recordling speed used for testing shall be reported.

NOTE It is expected that lifetime of data on a disk may be affected by recording conditions including recording spe¢d.
7.3.1 R¢cording test environment

When pefforming the~recordings, the air immediately surrounding the media shall have the following
properties

temperature; 23°Cto35°C

relative humidity: 45 % to 55 %

atmospheric pressure: 60 kPa to 106 kPa

No condensation on the disk shall occur. Before testing, the disk shall be conditioned in this environment for
48 hrs minimum. It is recommended that, before testing, the entrance surface be cleaned according to the
instructions of the manufacturer of the disk.

7.3.2 Recording method

Specimen

disks shall be recorded in a single session and finalized.

© ISO/IEC 2011 — All rights reserved
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7.4 Playback conditions

7.4.1 Playback tester

All media shall be read by the playback tester as specified in each of the medium’s standard and at their
specified test conditions.

Specimen media shall be read as described in the format standards identified in Clause 3.

temperature: 23°Cto35°C

refative humidity: 45 % to 55 %
atmospheric pressure: 60 kPa to 106 kPa

Unless otherwise stated, all tests and measurements shall be made in this‘test environment.

7.4.3 Calibration

THe test equipment should be calibrated as prescribed by its manufacturer using calibration disks agproved by
sajd manufacturer and as needed before disk testing. Axcontrol disk should be maintained gt ambient
conditions and its data error should be measured at the“same time the stressed disks are measpred, both
inifially and after each stress sub interval.

THe mean and standard deviation of the control disk shall be established by collecting at |least five
m{/asurements. Should any individual data error‘differ from the mean by more than three times the¢ standard
d

iation, the problem shall be corrected and) all data collected since the last valid control point shall be re-
asured.

m
7.5 Disk testing locations

7.5.1 Rigorous stress condition testing

All data areas on a disk-shall be tested.

7.5.2 Basic streésscondition testing

Tgsting locations shall be a minimum of three bands spaced evenly from the inner, middle and olter radius
logations.on'the disk as indicated in Table 1. The total testing area shall represent a minimum of % of the
digk capacity. For DVDs and +R / +RW disks, each of the three test bands shall have more than| 750 ECC
blocks for 80 mm disks, and 2 400 ECC blocks for 120 mm disks. For CDs, each of the three test bpnds shall

have-more-than-5900 -sectors-

Table 1 — Nominal radii of the three test bands  (Unit; mm)

Dvgifgllfl‘_"; ’ :: /' SE:I\T;;;) DVD- RAM disk CD-R/RW disk
80 mm 120 mm 80 mm 120 mm 120 mm
Band 1 25,0 25,0 24,1-25,0 24,1-25,0 25,0
Band 2 30,0 40,0 29,8-30,8 39,4-40,4 40,0
Band 3 35,0 55,0 34,6-35,6 54,9-55,8 55,0

© ISO/IEC 2011 — All rights reserved 7
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8 Accelerated stress test

8.1

General

Accelerated stress testing is used in order to estimate the lifetime of the optical disk. All information needed
for this testing is provided in this document.

8.2 Stress conditions

8.21

Stress co
conditiong
storage of

Gdneral

nditions for this test method are increases in temperature and relative humidity (RH). The)strg

are intended to accelerate the chemical reaction rate from what would occur normally, at“ambi
usage conditions. The chemical reaction is considered to be degradation in some desired mate

property that eventually leads to disk failure.

Regarding
minimum

shown in T
Regarding
The total

incubation

interval sh
each sub-

use of the Eyring Method, five stress conditions for the Rigorous stress condition testing, and {
number of specimens for those stress conditions that shall be used, are’shoéwn in Table 2. Fq
stress comditions for the Basic stress condition testing, and the minimum numbers' of specimens are a
able 3. Additional specimens and conditions may be used, if desired forimproved precision.

use of the Arrhenius Method, stress conditions are given in Table C:1 and Table C.2 in Annex C.

fai

SS

fime for each stress condition as given in Table 2 and Table 3 is divided into five and four equal
sub-intervals respectively. The temperature and relative humidity (RH) during each incubation st
all be controlled as given in Table 4 and shown in Figure 1. All specimens shall be measured aff
nterval of incubation.

Table 2 — Rigorous stress conditions’ for use with the Eyring Method

b-
er

Test stress Nzximum Minimum Minimum
condition Number of incubation total Intermediate equilibration
. ) specimens\’ sub-interval incubation RH q o
Test[cell (incubation) . . duration time
number time time
Temp (°C) | % RH hours hours % RH hours
A 85 80 20 300 1500 30 7
B 85 70 20 400 2000 30 6
G 85 60 20 600 3 000 30 5
D 75 80 20 600 3 000 32 8
E 65 80 30 800 4000 35 9
Table 3 — Basic stress conditions for use with the Eyring Method
Maximum Minimum -
Tceosrzdslttrl'izs Nur I IbUI Uf ;I |\.,u'uatil.n 1 tUtd: :I |tc| LI |cu'iatc e(l:]vll;lrl-llltr:::t:r;n
Test cell (incubation) specimens subnpterval |ncgbat|on RH duration time
number time time
Temp (°C) | % RH hours hours % RH hours
A 85 80 20 250 1000 30 7
B 85 70 20 250 1000 30 6
C 65 80 20 500 2000 35 9
D 70 75 30 625 2500 33 11
NOTE Incubation duration should be decided according to media characteristic.

© ISO/IEC 2011 — All rights reserved
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8.2.2 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 shall not be so high that plastic deformation occurs anywhere within the disk structure.
The typical substrate material used for media is polycarbonate (glass transition temperature ~150 °C). The

glgsstramsitiomtemperature of otherfayers Tmay befowerExperiencewithtigh=temperaturetesting of DVDs,
+R/+RW disks and CD disks indicates that an upper limit of 85 °C is practical for most applications.

8.2.3 Relative humidity (RH)

EXperience indicates that 80 % RH is the generally accepted upper limit for control(within most afcelerated
test cells.

8.2.4 Incubation and Ramp Profiles

THe relative humidity transition (ramp) profile is intended to avoid moisture condensation on the |substrate,
minimize substantial moisture gradients in the substrate and to end at ramp-down completion with the
supstrate equilibrated to the ambient condition. This is accomplished by varying the moisture confent of the
chamber only at the stress incubation temperature, and allowing' sufficient time for equilibration furing the
ramp down based on the diffusion coefficient of water in polyearbonate.

Table 4 — T and RH transition (ramp).profile for each incubation sub-interval

Temperature Relative humidity Duration
Process step
°C % hours
Start at\amb at RHamb —
T, RH ramp t0 Tinc to RH;q 1,5+0,5
RH ramp at Tine to RHi¢ 1,5+0,5
Incubation at Tine at RHinc See Table 2
RH ramp at Tine to RHj 1,5+0,5
Equilibration at Tine at RHiy See Table 2
T, RHramp to Tamb to RHamp 1,5+£0,5
end at Tamb at RHamb -
amb =room ambient T or RH (Tamp of RHamp)
inc = stress incubation T or RH (T, or RH;.)
int = intermediate relative humidity (RH,,) that at T;,. supports the same
equilibrium moisture absorption in polycarbonate as that supported at T,
and RHzmp
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Process step
T,RH RH Incubation RH Equilibration T,RH %
Ramp Ramp | Ramp Ramp o)
g\)/ '\ 3
0 N z
S \ 3
® \ 3,
= \ o
g \ Z
£ \ —_
A \ ﬁ\c>
= Temp. “ g
\ S D
RH \ . =
\ ’,
\ .7
\ R
Start , End
Time (Hour)

Figure 1 — Graph of typical transition (ramp) profile

8.3 Measuring Time intervals

For data o

measure
baseline

ents for each disk will occur: 1) before disk exposure to any stress condition to determine
easurement and 2) after each sub-interval of incubation. The length of time for intervals

dependent on the severity of the stress condition.

Using eadh disk's regression equation, the failure time, for each disk shall then be computed for the strg

condition it was exposed to.

8.4 Str

Table 2 f

ss Conditions Design

ollection, Pl Sum 8 (DVD-R, DVD-RW, +R, +RW), BER (BVD-RAM), or C1 Ave 10 (CD-R, CD-RV

V),
its
is

SS

br the Rigorous stress conditions and Table 3 for the Basic stress conditions specify the

temperatures, relative humidities, Maximum Incubation sub-intervals, minimum total incubation time, and
minimum phumber of specimens for each stress condition. A separate group of specimens shall be used for
each stregs condition.
All tempefatures shall be-maintained within + 2°C of the target temperature; all relative humidities shall pe
maintainefl within = 3 % RH of the target relative humidity.
The intermediate ‘telative humidity in Table 2 and Table 3 are calculated assuming 25 °C and 50 % RH
ambient cpnditions. If the ambient is different, the intermediate relative humidity to be used is calculated using
the equatipn:
0,24 +0,0037x T,

L=~ amb . pry

" 0,2440,0037x T, , amb
where:

Tamb and Tinc

RHamb

RHint

10

are the ambient and incubation temperature in units of °C;
is the ambient relative humidity;

is the intermediate relative humidity.
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The stress conditions tabulated in Table 2, Table 3 and Table 4 offer sufficient combinations of temperature
and relative humidity to satisfy the mathematical requirements of the Eyring Method to demonstrate linearity of
either Max Pl Sum 8, Max BER, or Max C1 Ave 10, or their logs respectively, versus time, and to produce a
satisfactory confidence level to make a meaningful conclusion.

8.5 Media Orientation

Media subjected to this test method shall be maintained during incubation in a vertical position with a
minimum of 2 mm separation between disks to allow air flow between disks and to minimize deposition of
debris on disk surfaces, which could negatively influence the data error measurements.

9

9.

Al
ha

Lifetime Estimation

I Time to failure

disks subjected to stress conditions shall have their time to failure calculated at the stress con
ve been subjected to. Failure criteria values are: Max Pl Sum 8 exceeding280 for DVD-R/RW

Max BER exceeding 103 for DVD-RAM and Max C1 Ave 10 exceeding 220 for CD-R/-RW.

M
a

material degradation. The chemical changes are generally’ ,expected to cause test data

digtribution that follows an exponential function over time. Therefore, test values of: Pl Sum 8, BER
10 as functions of time are expected to exhibit an exponential distribution.

THe best function fitting an error trend can be found by regression of the test data against time, fo
with a least squares fit. The time to failure per disk type-Can be calculated using the error trend fu

th

failure criteria.

.2 Accelerated Aging Test Methods

.21 Eyring acceleration model (Eyring Method)

ing the Eyring model, the following equation is derived from the laws of thermodynamics and ca
handle the two critical stresses \of temperature and relative humidity.

t:ATaeAH/kTe(B+C/T)xRH

Jition they
+R/+RW,

terial degradation manifests itself as data errors in the disk, providing a relationship between gisk errors

o have a
or C1 Ave

example,
hction and

n be used

where

t is the time-to failure;

A is the\pre-exponential time constant;

T issthe pre-exponential temperature factor;

AR is the activation energy per molecule;

k is the Boltzmann's constant (1,3807 x 10”** J/molecule degree K);
T isthetemperature-tim<etvir);

Bv

C are the RH exponential constants;

RH is the relative humidity;

For the temperature range used in this test method, “a” and “C” shall be set to zero. The Eyring model

€q

or,

uation then reduces to the following equation.

t= AeAH/kTeBxRH

AH
In(¢)=In(4A)+——+ BxRH
() =In(4) T

© ISO/IEC 2011 — All rights reserved
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9.2.2 Ar

The Arrhe

rhenius accelerated model (Arrhenius Method)

nius Method uses only temperature stress for accelerated aging.

The time to failure is assumed to be governed by the following Arrhenius model equation.

t= AeAH/kT

AH
ln(t) = ln(A) +ﬁ

9.3 Data Analysis

Data anal
Annex
Annex
Annex

Annex

sis is contained in the following Annexes:

A: Outline of Media Life Estimation Method and Data Analysis Steps

B: Media Life Estimation for the Controlled Storage Condition (Eyring Method)
C: Media Life Estimation for the Harsh Storage Condition (Arrhenius Method)

D: Interval Estimation for BS Life using Maximum Likelihood

9.4 Result of Estimated Media Life

Estimated
(1) Numk
(2) Ambi

25°C
(3) Stres

Rigor
(4) Ther
(5) BsoLi

NOTE
bound of B

lifetime based on the data analysis shall be reported as follows.

er and title of this standard

bnt storage condition for lifetime estimation

/50 % RH (Controlled storage condition)or’'30 °C / 80 % RH (Harsh storage condition)
5 and testing condition

bus stress condition testing or.Basic stress condition testing

pcording speed used for testing shall be reported. (see 7.3)

fe, Bs Life and 95 % lower confidence bound of Bs Life (= (Bs Life),)

. Life should be-computed according to Annex D.

In case a mgre-precise analysis is required or a large estimate & is found, the 95 % lower confider]

12

ce
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Annex A
(normative)

Outline of Media Life Estimation Method and Data Analysis Steps

1-Data-analysis formedia life-estimation

1.1 Assumptions for data analysis

Data analysis for lifetime estimation is based on the following assumptions.

A9
di

dq

TH
Pa

TH

wh

The lifetime of data recorded on an optical disk has a lognormal distribution.
The Eyring Method is used for the Controlled storage condition (25 °C, 50-% RH). (see Ann

.2 Lognormal model and point estimation of In B, and In3y,

btribution N(u, o%), where L and o are the expected valués of y and variance, respectively.

y=u(X)+o-z
=P+ Bix) +Prxytoz

z denotes percentile of N (0, o?), and Po=Ind, p,=AH/k, B, =8B

int estimation of In B, is described as
lnép = ﬁo +,5A’1x1 +/§'2x2 +Zp/1006- -

en the point estimatés)of the 5 percentile and 50 percentile of the lifetime distribution are gi
lnés = ,Bo +ﬁ1x10 + ﬁzxzo -1,64c
In By, =8, + Bixy + Brxsyg -

ere {x,y, x,9} denotes the Controlled storage condition ( 25 °C and 50 % RH )

X B)

The Arrhenius method is used for the Harsh storage condition (30 °G;~80 % RH). (see Anneix C)

lifetime t is distributed with lognormal distribution LN(ux;6%) , log lifetime y (=In7) follows normal

e p percentile of the lifetime distribution, or Bp Life, is widely used in reliability enginedring. The

ven by

A.

1.3 Interval estimation for optical disk

For interval estimation of lnép for an optical disk, one may consider only the lower bound. (100—«a) %

lower confidence bound of log lifetime lnép is given by the following equation.

(InB,), =InB, +z,,,Var[ln B, |)

where, Var[lnf?pl denotes variance of lnf?p (see Annex D)

© ISO/IEC 2011 — All rights reserved
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When ¢ is relatively small, we can put,/Var ln1§p ~ o . Then the 95% lower confidence bound of BsLife

becomes

as follows.

(BsLife), =(exp(InBy)), =exp(In Bs —1.64Var|ln By |)

NOTE

= exp (1nl§5 -1.646)

In case a more precise analysis is required or a larger estimated & is found, the 95% lower confidence bound

of Bs should_be analyzed according to Annex D
A.1.4 Estimation of # and @ using the least squares method
The multigle linear regression model for i th specimen is described as follows.

Vi =Po+bixy +Brxy+e (i=1~n)
where, ¢, |denotes errors, and n denotes total number of specimens.
The estimpte y, is given as

Vi = §0 "‘leli +B2x2i :
Also, the gum of the squared residual errors Se is computed as

‘n
D ARy

Se = )_1‘()’1' i)
The regregsion coefficients of J, can be obtained by-applying the least squares method to Se . The estimafes
,50, ﬁl an 1,32 are obtained by solving 110 linearregression equations of group A, B, C, D and E.
The estimpte &7 of variance is given as follows.

"2 Se Z i =i )’

(o} = =

n-2-1)  (n-2-1

where n—2 -1 is the numbgeriof degrees of freedom.
The estimated regression coefficients BO, ,31 and ,32 and variance of residual errors &, are obtained using
regression analysis:of statistics software tools.
Bsy Life, B Life'and the 95% lower confidence bound of Bs Life are described as follows.

Bsp Life = exp (In éso)

=exp (ﬁo +ﬁ1x10 +ﬁ2x20)
Bs Life = exp (InBs)

= exp ( By + Pixig + Paxy —1,645)

where, {x,, x,,} denotes the Controlled storage condition ( 25 °C and 50 % RH )

14
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Also, 95% lower confidence bound of Bs Life becomes

(Bs Life), = exp(ln/§5 —1.646 ), when & is relatively small. (see A.1.3)

A.2 Data analysis steps for lifetime estimation

The following is an outline of steps to estimate the media lifetime using the least squares method for the
Eyring Method, as a function of ambient temperature and relative humidity.

1.[ For each specimen, ordered by increasing fime 1o failure values, compute (via linear regression)) the
predicted time to failure.

2.| (Steps 2 and 3 are for data quality check)
For each stress condition, the specimens are ordered by increasing time to failure values in order to
determine the median rank of each specimen.
3.| Plot the median rank versus time to failure on a lognormal graph. Verify that the fitting lines for all stress
conditions are reasonably parallel to one another.
NOQTE In the case where the fitting lines are not determined to be reasomably parallel, the assumptions made in

Clause 7.1.2 shall be checked.

4. Multiple regression coefficients and the standard error can belcalculated using the least square$ method
across all data of the log failure times, which were obtained)at’'the five or four stress conditions.|This
calculation can be performed by multiple regression analysis of statistics software tools.

5.1 BsolLife, Bs Life and 95% lower confidence bound of Bi Life at the Controlled storage condition gre
calculated using the multiple regression coefficients@nd standard error.

Fgr the conventional acceleration factor method, in addition to above steps 1 to 3, following steps 4 fo 7 are
used

Calculate regression coefficients using’the log mean failure time.

24
(72}

Calculate acceleration factors fromnthe difference between the estimated log mean at each stre
condition.

6.| Calculate the normalized time-to failure at the ambient condition for each specimen group using|the
acceleration factors, and(plot these data on a lognormal graph.

7.1 Bsolife, Bs Life and/95% lower confidence bound of Bs Life at the Controlled storage condition gre
calculated using _frand 6 obtained from the fitting line.

NOQTE Data analysis steps using the Arrhenius Method are almost the same as the Eying Method. Singlel regression
forlHarsh storage(teniperature can be used for the Arrhenius Method.
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In this A
conventio

B.1 Dat|
Step 1

Determine
Data Erro

For DVD-
For DVD-
For CD-R

Use the i

Annex B
(normative)

Media Life Estimation for the Controlled Storage Condition
(Eyring method)

a analysis and lifetime estimation using the least squares method

the time to failure for each specimen at the stress applied following the prosedure described belg
to be measured is as defined in 7.1.3:

R/-RW, +R/+RW:  Max Pl Sum 8
RAM: Max BER
-RW: Max C1 Ave 10

nitial data errors measured prior to accelerated aging plus the data errors measured after eg

specified accelerated-aging incubation sub-interval.

For each

variable a
and interd]
BER of 10

Table B.1
five stress
the mathe|

Step 2

For each 1

W.

ch

specimen, a linear regression is performed with\the In (measured data errors) as the dependgnt

nd time as the independent variable. The time t@;failure of the specimen is calculated from the sloj
ept of the regression as the time at which theispecimen would have a Max Pl Sum 8 of 280, a M
. or Max C1 Ave 10 of 220.

shows calculations leading to an estimated time to failure from a hypothetical data set. The data
conditions (Group A, Group B, Group C, Group D and Group E) are offered solely as an example
matical methodology used in this test procedure.

tress condition, the 'specimens are ordered by increasing log time to failure values.

The median rank of the)specimens is calculated using the estimate (i—0,3)/(n+0,4), where i is the time

failure ord

Table B.2

er and # s the total number of specimens at the stress condition.

shows>the ordered log time to failure and the median rank for the example data.

e
aX

for
of

16
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Order Group A Group B Group C Group D Group E
Number 85°C/80%RH 85°C/70%RH 85°C/60%RH 75°C/80%RH | 65°C/80%RH
1 429 613 864 1728 5455
2 451 640 913 1882 5730
3 476 649 915 1907 5908
4 484 675 945 1989 6114
5 493 679 951 2020 6326
6 495 696 993 2076 6431
7 501 703 994 2129 6544
o} 512 709 008 2151 6632
9 521 719 1009 2180 6711
10 526 732 1014 2227 6779
11 534 739 1027 2277 6860
12 540 743 1030 2318 6935
13 542 747 1037 2352 7038
14 548 751 1049 2404 J108
15 557 766 1069 2443 7202
16 576 778 1080 2512 7285
17 579 785 1098 2589 7362
18 586 804 1125 2590 7454
19 618 856 1222 2716 7562
20 645 896 1249 2891 7569
21 7710
22 7827
23 7955
24 8067
25 8250
26 8405
27 8546
28 8700
29 8953
30 9452

Table B.2 — Log time to failure and median rank for example data

Group A 85°C/80%RH Group B 85°C/70%RH

Order Time to In(H) Median Order Time to In(H) Medifin
Number Failure(h) (=H) Rank Number Failure(h) (=H) Rarfk
1 429 6.0611 0.034 1 613 6.4184 0.034

2 454 6.1115 0.083 2 640 6.4615 0.043

3 476 6.1654 0.131 3 649 6.4754 0.131
4 484 6.1822 0.181 4 675 6.5147 0.141

5 493 6.2005 0.23 5 679 6.5206 0.2B

6 495 6.2046 0.279 6 696 6.5453 0.299

7 501 6.2166 0.328 7 703 6.5554 0.338

8 512 6.2383 0.377 8 709 6.5639 0.3%7

9 521 6.2558 0.426 9 719 6.5779 0.446
10 526 6.2653 0.475 10 732 6.5958 0.47%5
11 534 6.2804 0.525 11 739 6.6053 0.545
19 =, Val L.120412 O.L574 10 249 o eoin Q.51
13 542 6.2953 0.623 13 747 6.6161 0.623
14 548 6.3063 0.672 14 751 6.6214 0.672
15 557 6.3226 0.721 15 766 6.6412 0.721
16 576 6.3561 0.77 16 778 6.6567 0.77
17 579 6.3613 0.819 17 785 6.6657 0.819
18 586 6.3733 0.869 18 804 6.6896 0.869
19 618 6.4265 0.917 19 856 6.7523 0917
20 645 6.4693 0.966 20 896 6.7979 0.966

Mean 531 6.2692 Mean 734 6.5943

© ISO/IEC 2011 —
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Group C 85°C/60%RH Group D 75°C/80%RH
Order Time to In(H) Median Order Time to In(H) Median
Number Failure(h) (=H) Rank Number | Failure(h) (=H) Rank
1 864 6.7616 0.034 1 1728 7.4549 0.034
2 913 6.8167 0.083 2 1882 7.5403 0.083
3 915 6.8189 0.131 3 1907 7.5534 0.131
4 945 6.8512 0.181 4 1989 7.5953 0.181
5 951 6.8575 0.23 5 2020 7.6106 0.23
6 993 6.9007 0.279 6 2076 7.6381 0.279
7 994 6.9017 0.328 7 2129 7.6632 0.328
8 998 6.9058 0.377 8 2151 7.6739 0.377
f 1009 6.9167 0.426 9 2180 76871 0.426
0 1014 6.9217 0.475 10 2227 7.7085 0.475
11 1027 6.9344 0.525 11 22717 7.7308 0.525
12 1030 6.9373 0.574 12 2318 7.7484 0.574
13 1037 6.9441 0.623 13 2352 7.7632 0623
14 1049 6.9556 0.672 14 2404 7.7850 0.672
15 1069 6.9745 0.721 15 2443 7.8008 0.721
16 1080 6.9847 0.77 16 2512 7.8287 0.77
17 1098 7.0012 0.819 17 2589 748592 0.819
18 1125 7.0255 0.869 18 2590 7.8594 0.869
19 1222 7.1082 0.917 19 2776 7.9286 0917
40 1249 7.1301 0.966 20 2891 7.9695 0.966
Mg¢an 1029 6.9324 Mean 2272 7.7199
Group E 65°C/80%RH
Order Time to In(H) Median
Number Failure(h) (=H) Rank
1 5455 86043 0.023
2 5730 8.6535 0.056
3 5908 8.6841 0.089
4 6114 8.7183 0.122
5 6326, 8.7525 0.155
6 6431 8.7689 0.188
7 6544 8.7864 0.22
8 6632 8.7997 0.253
9 6711 8.8115 0.286
10 6779 8.8216 0319
11 6860 8.8335 0.352
12 6935 8.8443 0.385
13 7038 8.8591 0418
14 7108 8.8690 0451
15 7202 8.8822 0484
16 7285 8.8936 0516
17 7362 8.9041 0.549
18 7454 8.9165 0.582
19 7562 8.9309 0615
20 7569 8.9319 0.648
21 7710 8.9503 0.681
22 7827 8.9653 0.714
23 7955 8.9816 0.747
24 8067 8.9955 0.78
25 8250 9.0180 0813
26 8405 9.0366 0.845
27 8546 9.0532 0878
28 8700 9.0711 0911
29 8953 9.0997 0.944
30 9452 9.1540 0977
Mean 7296 8.8864
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Step 3

The data can be plotted in different ways. If lognormal graph paper is employed, the data is plotted with time
to failure on the abscissa and median rank on the ordinate.

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

Figure B.1 shows lognormal plots of specimen groups A, B, C, D and E from Table B.2. Each best fit straight
Iine is drawn through the plotted data. If the lines are judged to be reasonably parallel, the assumption of

0 nlr\nl‘ |An ol—nnnlnv-rl An 1ot oR annl nnhln I-n +hn nrl r~|| ialdata cate 1o varifind
e
©9—> S\HEHOF TP oo totor o Cto o vV eTe T

An estimate of the log standard deviation can be obtained from the graphical treatment of the fajlure data.
First, for each stress, estimate the times corresponding to 15,9 % and 84,1 % failure based on the best-fit
straight line through the time to failure data. The estimated log standard deviation & (s then calg¢ulated as
follows.

(Inty g, —Inty5)/2
D E

6=

C

” IR o f1,=6.270
AR SR EERVEIR O ¢ =0.1036

Group B

B

O
o

1y =6.592

REM

;? b
!. GroupC
i =

H

¢

M"’“—.—uq_.___
L ]

(9,
[w]

fip =7.881

6, =0.1407

f | / Group E
; ; N S . =8.888

Median Rank X 100 (=F(2))

—_
(=)
.

200 500 1000 5000 10000 20000
Time to Failure (h)

l:i 4 N man = = N
(Verify that the fitting lines for all stress condltlons are reasonably paraIIeI to one another)

The averaged log standard deviation estimate &, of five groups is then calculated as
G6,=(,+6,+6.+6,+6,)/5

=(0,1036 + 0,09759 + 0,09633 + 0,1407 + 0,1378) / 5=0,1152
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Step 4

Table B.3 shows all 110 sample data points belonging to specimen groups A, B, C, D and E for regression
analysis. The regression coefficients and error variance are calculated by applying the least squares method
to 110 failure data that were obtained under the five stress conditions. Table B.4 shows the result of

regression analysis of the statistics software tool. Residual error estimate Se , variance estimate &%, standard

error estimate 6, and regression coefficient estimates ,BO, ﬁ’l and [, are quickly obtained. Other statistics
tools also can be used for regression analysis.

NOTE I'he standard error estimate o (=0,15169) at the controlled storage condition Is fairly large in comparison W

the averagpd estimate o”'m of the five specimen groups. Variation in the best-fit lines among the five groups_and
lognormal diistributions of each group are among the anomalies that may affect the log standard error.

20

ith

Table B.3 — 110 sample data for regression analysis

Number Int X Xy Number Int X X,

1 6.061055 [0.002792 80 7 1 7.454918 [0.002872 80 ~

2 6.111467 |0.002792 80 2 7.540276 |0.002872 80

3 6.165418 |0.002792 80 3 7.553358 10.002872 80

4 6.182176 [0.002792 80 4 7.595322 [0.002872 80

5 6.200509 |0.002792 80 5 7.610634 |0.002872 80

6 6.204558 |0.002792 80 6 7.638060 | 0.002872 80

7 6.216606 [0.002792 80 7 7.663173 [0.002872 80

8 6.238325 [0.002792 80 8 7.673915 [0.002872 80

9 6.255750 |0.002792 80 9 7.687122 10.002872 80

10 6.265301 [0.002792 80 L Group A 10 7.708528 [0.002872 80 L Group D

11 6.280396 [0.002792 80 11 7.730831 [0.002872 80

12 6.291310 |0.002792 80 12 7.748371 |0.002872 80

13 6.295266 [0.002792 80 13 7.763199 [0.002872 80

14 6.306275 [0.002792 80 14 7.785036 0002872 80

15 6.322565 |0.002792 80 15 7.800846_[10.002872 80

16 6.356108 [0.002792 80 16 7.828687 [0.002872 80

17 6.361302 [0.002792 80 17 7.859160 [0.002872 80

18 6.373320 [0.002792 80 18 7.859351 10.002872 80

19 6.426488 [0.002792 80 19 7928609 [0.002872 80

20 6.469250 [0.002792 80 - 20 7.969480 [0.002872 80 -

1 6.418365 |0.002792 70 1 1 8.604288 |0.002957 80 I

2 6.461468 [0.002792 70 2 8.653471 [0.002957 80

3 6.475433 [0.002792 70 3 8.684063 [0.002957 80

4 6.514713 |0.002792 70 4 8.718337 10.002957 80

5 6.520621 [0.002792 70 5 8.752500 [0.002957 80

6 6.545350 [0.002792 70 6 8.768885 [0.002957 80

7 6.555357 |0.002792 70 7 8.786365 |0.002957 80

8 6.563856 [0.002792 70 8 8.799662 [0.002957 80

9 6.577861 [0.002792 70 9 8.811503 [0.002957 80

10 6.595781 |0.002792 70 L. Group B 10 8.821630 | 0.002957 80

11 6.605298 [0.002792 70, 11 8.833463 [0.002957 80

12 6.610696 [0.002792 70, 12 8.844336 [0.002957 80

13 6.616065 |0.002792 70 13 8.859079 10.002957 80

14 6.621406 [0.002792 70 14 8.868976 [0.002957 80

15 6.641182 [0.002792 70 15 8.882172 [0.002957 80 L Group E

16 6.656727 |0.002792 70 16 8.893573 10.002957 80

17 6.665684 |.0:002792 70 17 8.904087 [0.002957 80

18 6.689599710:002792 70 18 8.916506 [0.002957 80

19 6.752270°10.002792 70 19 8.930890 |0.002957 80

20 6.797940 10.002792 70 - 20 8.931860 |0.002957 80

1 6.764573 [0.002792 60 Bl 21 8.950273 [0.002957 80

2 6.816736 |0.002792 60 22 8.965335 10.002957 80

3 6.818924 10.002792 60 23 8.981556 |0.002957 80

4 6.851185 [0.002792 60 24 8.995546 [0.002957 80

5 6.857514 10.002792 60 25 9.017968 10.002957 80

6 6.900731 |0.002792 60 26 9.036582 |0.002957 80

7 6.901737 [0.002792 60 27 9.053219 [0.002957 80

8 6.905753 [0.002792 60 28 9.071078 [0.002957 80

9 6916715 10002792 0 29 9.099744 10.002957 0

10 6.921658 [0.002792 60 L Group C 30 9.153982 [0.002957 80 -

11 6.934397 [0.002792 60

12 6.937314 10.002792 60

13 6.944087 [0.002792 60

14 6.955593 [0.002792 60

15 6.974479 [0.002792 60

16 6.984716 [0.002792 60

17 7001246 0002792 A0

18 7.025538 [0.002792 60

19 7.108244 10.002792 60

20 7.130099 10.002792 60 -
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Table B.4 — Regression analysis results

] o Sum of squared Standard deviation
Regression coefficients residual errors of residual errors
BO ﬁl BZ §e o
-35,3479 15 777,96 -0,02979 1,86350 0,13197

Step 5

In|B, and In B; at the Controlled storage condition (25 °C/50 %RH) are obtained using the

cogfficient estimates ﬁo, ,él and ,82 and standard error estimate & which were obtained in-Step 4.

THen Bs, Life, Bs Life and 95% lower confidence bound of Bs Life at the Controlled storage condit
/50 % RH) can be calculated using In Bs, and In Bs (see A.1.3).

lnéso = ,éo + ﬁlxlo + Iézxzo
=-35,3479 + 15 777,96 x 0,003354 - 0,02979 x 50
= 16,0823

Bs Life = exp (16.0823) =9 648 593 hours (1101 years)

= 16,0823 — 1,64x0,13197
= 15,8659

B; Life = exp (15,8659)=,7770 875 hours (887 years)

95% lower confidence bound of BsLife: (Bs Life),
2(exp(In B;)), =exp(In B + z,,,,0y Var|ln B, | ) = exp(In B, —1.646)

= exp (15,8659 - 1.64 x 0, 13197) = exp (15,6495)

egression

on (25 °C

= 6 258 580hours (714 years)

B.2 Data analysis and lifetime estimation using the conventional acceleration factor

method (Step 4-7)
Step 4

Table B.5 shows log mean time to failure for each stress group A, B, C, D, and E (see Table B.2).

© ISO/IEC 2011 — All rights reserved
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Table B.5 — Log mean failure time for each stress condition

Group Log mean Temp 1T % RH
A 6,2692 85 0,002792 80
B 6,5943 85 0,002792 70
C 6,9324 85 0,002792 60
D 7.7199 75 0,002872 80
E 88864 65 5-802957 86

To detern
done usir

logm

where, i

The estin
In (121
AH |
B

Step 5

The acce

nine the coefficients A, AH/ k and B of the reduced Eyring equation, the regression analysis
g five log mean values obtained at the temperature and relative humidity in Table B.5

ban ; :ln(A)+(%)><(TL)+BxRHi +&;

1

1~5

ate values are determined as follows.
= B, = 35,6889

k=, =15904,21

= 3, =—0.029978

eration factors are calculated from the diffefence between estimated log mean at each strg

condition and that at the controlled storage condition (25 °C /50 % RH). They are listed in Table B.6.

Table B.6 — Calculated lifetime and acceleration factors for each stress condition

Step 6

Stress condition OE.ilcu.lated Acceleration
lifetime .
factor
1/T Ln (lifetime) Lifetime (h)
85°C /80%RH 0,002792 6.3202 556 18685
85°C /7Q%RH 0,002792 6.6199 750 13 846
85°C/B0% RH 0,002792 59196 1012 10261
7%°C /80% RH 0,002872 7.5957 1990 5218
Rﬁop‘/QﬂUnDl—l 002957 29467 J /89 1372
25°C /50% RH 0,003354 16,1557 10383119

S

SS

Using the acceleration factors on Table B.6, calculate normalized time to failure at 25 °C / 50 % RH for each
specimen group A, B, C, D and E. Table B.7 shows data for a composite lognormal plot. Figure B.2 shows a
lognormal plot using the composite data of Table B.7. From the fitting line for those data, the log mean
(4=16,15 ) and standard deviation (6 =0,1324) can be obtained. These values are almost same as the values

which were calculated in Table B.7.

22
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Table B.7 — Data for composite lognormal plot

-I;:”arillirt: Group b;%zrgjgg;dRﬁ) Ln Group |Accending| Order M;:;in EZE :: Group ’1052232%::?:? Ln Group |Accending| Order MF::;T(”
429 A 8012443 | 15.89651 E 15.7432 1 00063 1728 D 9019222 | 16.01487 c 16.13085| 61 05498
451 A 8426726 | 15.94692 E 15.79238 2 00154 1882 D 9822901 | 16.10023 A 1613295 62 05589
476 A 8893839 | 16.00087 E 15.82297 3 0.0245 1907 D 9952244 | 16.11331 E 1613446 | 63 05679
484 A 9044142 | 1601763 | A 15.8327 4 00335 1989 D 10378769 | 16.15527 c 1613487 | 64 05770
493 A 9211476 | 16.03596 E 15.85725 5 0.0426 2020 D 10538914 | 16.17059 B 1614156 | 65 05861
495 A 9248845 | 16.04001 A | 1588312 6 0.0516 2076 D 10831952 | 16.19801 A 1614497 66 05951
501 A 9360953 | 16.05206 E 15.80141 7 0.0607 2129 D 11107416 | 16.22312 c 1614583 | 67 0.6042
512 A 9566482 | 16.07378 E 15.90779 8 0.0697 2151 D 11227376 | 16.23387 c 1615077 | 68 06132
521 A 9734643 | 16.0912 B 15.91875 9 0.0788 2180 D 11376638 | 16.24707 E 1615688 | 69 06223
526 A 9828066 | 16.10075 E 1592527 10 00879 2227 D 11622800 | 16.26848 B 1615711] 70 06313
534 A 9977542 | 16.11585| A 1593707 11 0.0969 2277 D 11884935 | 16.29078 c 1616351 ] 71 0.6404
54 A 10037039 +6-12675 c 15,0385 2 5.1050 prers 5 2005030 6.20832 = reTyyS 72 06495
54 A 10127018 [ 16.13072 E 15.95041 13 0.1150 2352 D 12275916 | 16.32315 c 16.16643] | 73 0.6585
54 A 10239126 [16.14173| A | 1595382| 14 0.1241 2404 D 12546937 | 16.34499 c 16.1732 74 06676
55 A 10407287 | 16.15802 E 15.96054 | 15 0.1332 2443 D 12746870 | 16.3608 E 1647549 | | 75 06766
57 A 10762293 | 16.19156 B 1596185 | 16 0.1422 2512 D 13106751_| 16.38864 c 1648471 | | 76 0.6857
57 A 10818346 [16.19675| A  [1597216] 17 0.1513 2589 D 13512304 | 16.41911 B 1648998 | | 77 06947
58 A 10949138 16.20877 E 15.97237 18 0.1603 2590 D 13514883 16.4193 E 16.19213 78 0.7038
61 A 11547043 | 16.26194 B 15.97581 19 0.1694 2776 D 14484070 | 16.48856 D 16.19424 79 0.7129
64 A 12051526 | 16.3047 A 11597621 ] 20 0.1784 2891 D 15088313 | 16.52943 A 1619814 | | 80 07219
61 B 8487790 15.95414 E 15.98325 21 0.1875 5455 E 7372725 15.8133 C 16.20359 81 0.7310
6 B 8861640 | 15.99724 A 15.98825 22 0.1966 5730 E 7744402 | 15.86248 D 16.20732 82 0.7400
64p B 8986257 | 16.01121 c 15.99069 23 0.2056 5908 E 7984979 | 1589307 E 16.20999 83 0.7491
67b B 9346261 16.05049 E 15.99799 24 0.2147 6114 E 8263399 [1592735 c 16.21383 84 0.7582
6 B 9401646 16.0564 E 16.00789 25 0.2237 6326 E 8550584 . |A5.96151 c 16.23036 85 0.7672
6 B 9637034 | 16.08112 A 16.00997 26 0.2328 6431 E 8691841 15.9779 E 16.23865 86 0.7763
7 B 9733958 116.09113 B 16.01509 27 02418 6544 E 8845106 | 15.99537 A 16.2409 87 0.7853
700 B 9817036 | 16.09963 B 16.021 28 0.2509 6632 E 8963504” | 16.00867 D 16.24928 88 0.7944
Al B 9955499 | 16.11364 E 16.02108 29 0.2600 6711 E 9070276 | 16.02051 B 16.25265 89 0.8034
7 B 10135501 | 16.13155 A 16.0274 30 0.2690 6779 E 9162595 | 16.03064 c 16.25465 90 08125
7 B 10232425 16.14107 E 16.03248 31 0.2781 6860 E 9271658 16.04247 D 16.2646 91 0.8216
7 B 10287811 | 16.14647 A ]16.03695| 32 0.2871 6935 E 9373024 | 16.05335 D 16.29202 | | 92 0.8306
7 B 10343196 | 16.15184 E 16.043 33 0.2962 7038 £ 9512234 | 16.06809 E 16.29289 93 0.8397
IE ] B 10398581 | 16.15718 B 16.04573 | 34 0.3053 7108 E 9606843 | 16.07799 B 1629832 | | 94 0.8487
7 B 10606276 | 16.17696 c 16.04585 | 35 0.3143 7202 E 9734449 [16.09118 D 1631713 [ | 95 0.8578
7 B 10772431 | 16.1925 C_ 116.04804] 36 03234 7285 E 9846068 | 16.10258 D 1632788 | | 96 0.8668
786 B 10869356 | 1620146 | A | 16.05204| 37 0.3324 7362 E 9950138 | 16.1131 c 1633736 | | 97 08759
8Op B 11132436 116.22537| E 116055421 38 | 03415 7454 E 10074481 | 16.12552| D | 16.34108| | 98 08850
85p B 11852444 | 16.28804 B 16.05574 | 39 0.3505 9562 £ 10220441 | 16.1399 ) 1635921 | | 99 0.8940
8 B 12406296 1 16.33371| A 11606296 40 | 03596 7569 E 10230357 | 16.14087| D | 16.36249| | 100 | 00031
8 ¢ 8865428 115997671 B 11606424} 41 0.3687 7710 E 10420478 | 16.15928 | D | 16.38479| | 101 | 09121
91 ¢ 9368213 11605283 A 116066911 42 | 03777 7827 E 10578610 | 16.17434] D | 1640233 | | 102 | 09212
91b c 9388735 116055021 E 1160698 | 43 | 0.3868 7955 E 10751609 | 1619057] D | 1641716] | 103 | 09303
94b ¢ 9696562 11608728 | E 11607077 44 1 0.3958 8067 E 10903080 | 1620456 | D 16439 | | 104 | 0.9303
99 e 9758127 116003611 A 116077921 45 | QAT 8250 E 11150317 | 1622698 | D | 1645481 | 105 | 09484
9 e 10189086 11613683 B 116078241 46 _| 04139 8405 E 11359808 | 16.24550| D | 1648265] | 106 | 09574
9 e 10199347 116137831 G 160803 | 474, ([)0.4230 8546 E 11550377 | 1626223 D [1651312] | 107 | 09665
9 c 10240390 116.14185| G 11608663 48 ' 04321 8700 E 11758516 | 1628009 D [ 16.51331] | 108 | 09755
}g 2 g }gigiggg }g}gg?é f\ }g-ggi‘z? ;g g-:g(‘); 8953 E 12100459 | 1630875 D | 16.58257] | 109 | 09846
1037 c 10537957 | 16.17049 B 16.09676 |\~ 51 0.4592 9452 E 12&7:::5 :g?ggg? = 16623441 1110 1 09987
100 c 10568740 | 16.17341 E 1610424 52 0.4683 —

1047 c 10640566 [ 16.18018] B | 1610568| 53 | 04774 Deviation | 0131013

10}o c 10763697 | 16.19169 D 1610888 | 54 0.4864

1049 c 10968915 | 16.21058 B 1611108 | 55 0.4955

1040 c 11081785 | 16.22081 B 1611645 | 56 0.5045

1048 c 11266482 | 16.23734 E 1612047 | 57 05136

1135 c 11543526 | 16.26164 8 1612179 58 0.5226

1242 c 12538835 [ 16.34434[) ° A [16.12776 | 59 05317

1249 c 12815879 | 163662 Cc  [16.12984] 60 0.5408
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Figure B.2 — Plot on lognormal paper for composite data
Step 7

Bso Life,|Bs Life and the 95% lower confidence of Bs; Life at the Controlled storage conditipn
(25 °C/500 % RH) can be calculated as follows.

Bso Life = exp (4 ) = exp (16,15) =10:324 187 hours (1 179 years)

Bs Lifp = exp (£ —-1.646 ) =exp (46,15 - 1,64 x 0,1324)=exp(15,933)

=8 309 118 hours (949 years)

95% lowef confidence bound of Bs Life: (BsLife),

= (exp(in l§5 ) = exp(lné5 + 25,100y Var|ln és )= exp(ln1§5 —1.646)

= exp (15,933 - 1.64 x 0,1324) =exp(15,716)

= 6 687 348 hours (763 years)
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(normative)

ISO/IEC 16963:2011(E)

Media Life Estimation for the Harsh Storage Condition
(Arrhenius method)

C|1 Stress conditions and data analysis steps for the Arrhenius method
Here, a test method is shown for the Harsh storage condition at higher temperature and relative hurpidity than
that of the Controlled storage condition (25 °C and 50 % RH).
THis test method follows the scope in this document, which is based on an environment of 30 °C and 80 % RH
representing the most severe condition in which users handle and store the optical media. This tegst method
algo uses a different stress test design that makes possible the use of the Arrkienius method.
THe same assumptions and data analysis method apply for the ambient.sterage condition, stress dgsign, and
Eyring equation. The controlled storage condition of 25 °C and 50% RH is replaced by an expectgd harsher
user environment of 30 °C and 80% RH.
Tdble C.1 and C.2 show summary of stress design for the Arcthehius Method.
Table C.1 — Rigorous stress condition testing for use with the Arrhenius Method
Test stress Meximum Minimum Minjmum
i Number of incubation total Intermediate . u.
condition ) . . . equilipration
. ) specimens sub-interval incubation RH |
(incubation) . . duratipn time
Test cell time time
number
Temp (°C) | % RH hours hours % RH hqurs
A 85 80 20 300 1500 30 5
B 80 80 20 400 2000 31 7
C 75 80 20 600 3000 32 8
D 65 80 30 800 4000 35 0
Table/C.2 — Basic stress-condition testing for use with the Arrhenius Method
Test stress Maximum Minimum Minjmum
i Number of incubation total Intermediate . :
condition ) . . . equilipration
. ) specimens sub-interval incubation RH |
(incubation) . . duratipn time
Test'cell time time
Temp (°C) | % RH hours hours % RH hours
A 85 80 20 250 1 000 30 5
B 75 80 20 425 1700 33 7
C 65 80 30 600 2400 35 10
Regarding data analysis steps in Annex A and B, step 4 is replaced as follows.
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Regression coefficients and the standard error can be calculated using the least squares method across all
log time to failure data, which were obtained at the four or three stress conditions. This calculation can be
performed by regression analysis of statistics software tools.

C.2 Data Analysis

Step 1 and Step 2

For each stress condition, the specimens are ordered by increasing time to failure values. The median rank of

the specir];ens is calculated using the estimate (i — 0,3) /(n + 0,4). Table C.3 shows the result of ordered time|to
failure angl median rank for three stress groups of A ( 85 °C), B (80 °C), C (75 °C) and D (65 °C);.whgre
relative hymidity (RH) is kept constant 80 %.
Table C.3 — Ordered time to failure and median rank for example data (Rigorous testing)
Sample Group and Stress Conditions (80 %RH)
Sample Group A (85 °C) Group B (80 °C) | Group C (75 °C) | Group,BA65 °C)
Number | Time to | Median | Time to | Median | Time to | Median | Timet6 | Median
Failure(h) Rank _[Failure(h)l Rank |Failure(h)| Rank |Failure(h)] Rank
1 429 0,034 1015 0,034 1728 0,034 5455 0,023
2 451 0,083 1040 0,083 1882 0,083 5730 0,056
3 476 0,132 1080 0,132 1907 0,132 5908 0,089
4 484 0,181 1203 0,181 1989 01181 6114 0,122
5 493 0,23 1151 0,23 2020 0,23 6326 0,155
6 495 0,279 1165 0,279 2076 0,279 6431 0,188
7 501 0,328 1193 0,328 2129 0,328 6544 0,22
8 512 0,377 1215 0,377 2151 0,377 6632 0,253
9 521 0,426 1230 0,426 2180 0,426 6711 0,286
10 526 0,475 1239 0,475 2227 0,475 6779 0,319
11 534 0,525 1260 0,525 2277 0,525 6860 0,352
12 540 0,574 1295 0574 2318 0,574 6935 0,385
13 542 0,623 1310 0,623 2352 0,623 7038 0418
14 548 0,672 1425 0,672 2404 0,672 7108 0,451
15 557 0,721 1360 0,721 2443 0,721 7202 0,484
16 576 0,77 1388 0,77 2512 0,77 7285 0,516
17 579 0,819 1420 0,819 2589 0,819 7362 0,549
18 586 0,868 1472 0,868 2590 0,868 7454 0,582
19 618 0,917 1540 0917 2776 0917 7562 0,615
20 645 0,966 1625 0,966 2891 0,966 7569 0,648
21 7710 0,681
22 7827 0,714
23 7955 0,747
24 8067 0,78
25 8250 0813
26 38405 0,845
27 8546 0,878
28 8700 0,911
29 8953 0,944
30 9452 0,977
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