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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 established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
work. In the field of information technology, ISO and IEC have established a joint technical committee,

ISO/IECJTC 1

The procedur
described in
the different
editorial rule

Attention is d

of patent righfts. ISO and IEC shall not be held responsible for identifying any or all such patent

Details of any
and/or on the]

Any trade nagne used in this document is information given for the contvenience of users and d¢

constitute an

For an expla
assessment, a
to Trade (TBT

The committg
recorded med

This second
technically re

es used to develop this document and those intended for its further maintenar
the ISO/IEC Directives, Part 1. In particular the different approval criteria_neeq
fypes of document should be noted. This document was drafted in accordance w|
5 of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

rawn to the possibility that some of the elements of this document may be the §

patentrights identified during the development of the documentwill be in the Introd
ISO list of patent declarations received (see www.iso.org/patents).

endorsement.

hation on the meaning of ISO specific terms afnd* expressions related to conf
5 well as information about ISO’s adherence to theWTO principles in the Technical B
) see the following URL: Foreword - Supplementary information

e responsible for this document is ISO/IEC JTC 1, Information technology, SC 23, D
a for information interchange and storage:.

pdition cancels and replaces thefirst edition (ISO/IEC 16963:2011), which ha
vised.

ce are
ed for
ith the

ubject
rights.
uction

es not

hrmity
hrriers

gitally

5 been

iv

© ISO/IEC 2015 - All rights reserved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/home/standards_development/resources-for-technical-work/foreword.htm
https://iecnorm.com/api/?name=ed3060427dbac01e0fdbe95591e3d6d8

ISO/IEC 16963:2015(E)

Introduction

Markets and industry have developed a common understanding that the property referred to as the
lifetime of data recorded to optical disks plays an increasingly important role in many applications.
Disparate standardized test methodologies exist for Magneto-Optical disks vs recordable compact disks
and DVD systems. The first edition of this International Standard provided a common methodology
applicable for various purposes that included lifetime testing of then available writable CD and DVD
optical disks.

ISO/IEC]TC 1/SC 23/JWG 1, which is a Joint working group comprising ISO/TC 42,1SO/TC 171/SC 1 and
ISO/IEC JTC 1/SC 23, initiated work on this subject and developed initial drafts with assistance from
Ecma International TC 3T.

After tlhe issuance of the first edition of this International Standard, ISO/IEC standatds fdr the physical
formats of BD Recordable and Rewritable disks were published. Accordingly, ISOAE®]TC 1/SC 23/JWG 1
startefl workagaintoinclude testing of writable BD optical disksin this second edition of thgInternational
Standdrd. Additional details for lifetime estimation are also incorporated.

© ISO/IEC 2015 - All rights reserved \%
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INTERNATIONAL STANDARD
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Information technology — Digitally recorded media for
information interchange and storage — Test method for
the estimation of lifetime of optical disks for long-term
data storage
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a dlescription of thelevaluation system;

pr]
de

ternational Standard specifies an accelerated aging test method for estimating.the
rability of information stored on recordable or rewritable optical disks.

bthod is based on the theoretical assumption that the lifetime of data recorded on 3
bgnormal distribution.

bd testing is specified for the following formats: DVD-R/RW/RAM'disks, +R/+RW di
nd BD recordable / rewritable disks. The testing can be applied\to additional optica
ibstitution of the appropriate specifications and can also beaupdated by committeg
hired.

ternational Standard includes:

ress conditions

and Arrhenius methods;

a Controlled storage-condition, 25 °C and 50 % RH, representing full-time air con
Eyring method is used to estimate the lifetime under this storage condition;

users handle and store optical disks. The Arrhenius method is used to estimaf]
under this storage'condition;

ocedures ferspecimen preparation and data acquisition;

finitions and methods used in testing specific disk types;

lifetime of the

n optical disk

tks, CD-R/RW
-disk formats
e in the future

Basic and Rigorous stress-conditions for tésting and subsequent analysis using b¢th the Eyring

bient storage conditions in which thelifetime of data stored on optical disk is estimated

itioning. The

a Harsh storage-condition, 30 °C and 80 % RH, representing the most severe conditions in which

e the lifetime

an

alysis of test results to determine the lifetime of stored data;

a format for reporting the estimated lifetime of stored data.

The methodology includes only the effects of temperature and relative humidity. 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.

2 Conformance

A disk tested by this methodology shall conform to all normative references specific to that disk format.

© ISO/IEC 2015 - All rights reserved


https://iecnorm.com/api/?name=ed3060427dbac01e0fdbe95591e3d6d8

ISO/IEC 16963:2015(E)

3 Normative references

The following referenced documents in whole or in part, are normatively referenced in this document
and are indispensable for the application of this document.. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including any
amendments) applies.

ISO/IEC 10149, Information technology — Data interchange on read-only 120 mm optical data disks (CD-

ROM)
ISO/IEC 1644

8, Information technology — 120 mm DVD — Read-only disk

ISO/IEC 164’4‘ ’\, l’llj[UI Illul‘:l.UIl tCLI’lIlUl’Uy_y - 3[’) ITIrrt D{/’D - RCUd'UIlZ}/ U’l’bl’(

ISO/IEC 17592, Information technology — 120 mm (4,7 Gbytes per side) and 80 mm (1,46 Gbytes p¢r side)
DVD rewritable disk (DVD-RAM)

ISO/IEC 1734, Information technology — 80 mm (1,46 Gbytes per side) and 120 mm (4,70°Gbytes p¢r side)
DVD re-recordable disk (DVD-RW)

ISO/IEC 2391, Information technology — 80 mm (1,46 Gbytes per side) and 120.mm (4,70 Gbytes per side)
DVD Recordable Disk (DVD-R)

ISO/IEC 1286Q, Information technology — 120 mm (8,54 Gbytes per side)and 80 mm (2,66 Gbytes per side)
DVD recordabfe disk for dual layer (DVD-R for DL)

ISO/IEC 13170, Information technology — 120 mm (8,54 Gbytes.per side) and 80 mm (2,66 Gbytes pe¢r side)
DVD re-recordable disk for dual layer (DVD-RW for DL)

ISO/IEC 2543H, Information technology — Data interchange on 120 mm and 80 mm optical disk uging +R
DL format — Qapacity: 8,55 Gbytes and 2,66 Gbytes perside (recording speed up to 16X)

ISO/IEC 1734}, Information technology — Data interchange on 120 mm and 80 mm optical disk uging +R
format — Cappcity: 4,7 Gbytes and 1,46 Gbytes pér'side (recording speed up to 16X)

ISO/IEC 17341, Information technology —Datua interchange on 120 mm and 80 mm optical disk using +RW
format — Cappcity: 4,7 Gbytes and 1,46 Gbytes per side (recording speed up to 4X)

ISO/IEC 26925, Information technalogy — Data interchange on 120 mm and 80 mm optical disk using +RW
HS format — (apacity: 4,7 Gbytessand 1,46 Gbytes per side (recording speed 8X)

ISO/IEC 2964, Information teechnology — Data interchange on 120 mm and 80 mm optical disk using +RW
DL format — (apacity: 8,55°Gbytes and 2,66 Gbytes per side (recording speed 2,4X)

ISO/IEC 30190, Information technology — Digitally recorded media for information interchange and
storage — 120 mni Single Layer (25,0 Gbytes per disk) and Dual Layer (50,0 Gbytes per disk) BD Recqrdable
disk

ISO/IEC 30191, Information technology — Digitally recorded media for information interchange and
storage — 120 mm Triple Layer (100,0 Gbytes per disk) and Quadruple Layer (128,0 Gbytes per disk) BD
Recordable disk

ISO/IEC 30192, Information technology — Digitally recorded media for information interchange and
storage — 120 mm Single Layer (25,0 Gbytes per disk) and Dual Layer (50,0 Gbytes per disk) BD Rewritable
disk

ISO/IEC 30193, Information technology — Digitally recorded media for information interchange and
storage — 120 mm Triple Layer (100,0 Gbytes per disk) BD Rewritable disk

ECMA-394, Recordable Compact Disc Systems CD-R Multi-Speed
ECMA-395, Recordable Compact Disc Systems CD-RW Ultra-Speed

© ISO/IEC 2015 - 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

analysis of an initial test (e.g. initial data errors) after recording and before exposure to any stress
condition, i.e. measurement at stress time t = 0 hours

4.3
Basic ptress-condition
accelerated-aging conditions for estimating the lifetime of data stored on optical disks with a reasonable
amour]t of time and labour

4.4
Bs Lifé¢
5 percentile of the lifetime distribution (i.e. 5 % failure time) or 95 %.survival lifetime

4.5
(Bs Life)L,
95 % lpwer confidence bound of Bg Life

4.6
Bs Life
50 perrentile of the lifetime distribution (i.e. 50 %failure time) or 50 % survival lifetime

4.7
Controlled storage-condition
well-controlled storage conditions with full-time air conditioning (25 °C and 50 % RH) which can extend
the lifetime of data stored on optical disks

4.8
Eyring method
accelerated-aging model based on the combined effects of temperature and relative humifity

data error
measured error ofiia sample disk before error correction is applied

% RH) under

411
incubation
process of enclosing and maintaining controlled test-sample environments

412
LDC Block
ECC Block of BDs using Long-Distance Code

[SOURCE: ISO/IEC 30190:2013, 13.6]

© ISO/IEC 2015 - All rights reserved 3
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4.13
Maximum Data Error
measured data error anywhere in one of the relevant areas on the disk

Note 1 to entry: For BD Recordable SL/DL disks, BD Recordable TL/QL disks, BD Rewritable SL/DL disks, and BD
Rewritable TL disks, this is the Maximum RSER; for DVD-R/RW disks and +R/+RW disks, this is the Maximum
PI Sum 8; for DVD-RAM disks, this is the Maximum BER and for CD-R/RW disks, this is the Maximum C1 Ave 10.

4.14
retrievability
ability to recover physically-recorded information as recorded

4.15
Rigorous stress-condition
accelerated-aging conditions for estimating the lifetime of data stored on optical disks @ith fhigher
confidence

4.16

shelflife
maximum tinje an unrecorded disk can be stored under specific conditions and stilhmeet the performance
requirements|specified

417
shelf time
time spent on|the shelf

4.18

stress
temperature gdnd relative humidity variables to which the‘'sample is exposed during the incubation (4.11)
sub-intervals

4.19

system
combination ¢f hardware, software, storage medium, and documentation used to record, retrieye, and
reproduce infprmation

5 Conventions and notations

5.1 Represgentation of numbers

A measured yalue is rounded off to the least significant digit of the corresponding specified|value.
For instance, fit follows that a specified value of 1,26 with a positive tolerance of + 0,01 and a ng¢gative
tolerance of - 0,02 atlows a range of measured values from 1,235 to 1,275.

5.2 Variables

A variable with “*” above the character denotes that its value is obtained by estimation.
5.3 Names

The names of entities having explicitly-defined meanings for the purpose of this documentare capitalized.

6 List of acronyms
BER Byte Error Rate

BLER BLock Error Rate

4 © ISO/IEC 2015 - All rights reserved
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Dual Layer
Error-Correction Code
Long-Distance Code
Parity (of the) Inner (code)
Quadruple Layer

Relative Humidity

NOTE
RSER
SER
SL

TL

Tesare meaning a5 Tetative Tumidity —amnd used for tie umit withr 96:
Random Symbol Error Rate
Symbol Error Rate
Single Layer

Triple Layer

7 Measurements

7.1

7.1.1

A groy
stress
by the
four st

Each t

bummary

Stress incubation and measuring

p of disks shall be measured at four stréss conditions for Basic stress-condition t
conditions for Rigorous stress-condition testing, for analysis by the Eyring methog
Arrhenius method, three stress conditions shall be used for Basic stress-conditia
ress conditions shall be used for the Rigorous stress-condition testing.

btal incubation time is divided into several incubation sub-interval time periods. T|

the sub-intervals is to provide sufficient data points to enable proper fitting of the data to 3

curve

during analysis. Each. disk in each group of disks has its initial data errors me

exposuire to a stress condition. After each incubation sub-interval, each disk shall be m¢

datae

A cont

'Tors again.

rol disk used\for monitoring the measurement equipment may also be measur

esting, or five
. For analysis
n testing and

he purpose of
n exponential
isured before
asured for its

ed after each

incubdtion sub-iiterval.

7.1.2 | AsSumptions

This International-Standardisbased-onthefoHowingassumptionsfor-appheabilityte-the optical disks
to be tested:

— the life-distribution of the disks is appropriately modeled by a statistical distribution,

— the Eyring method can be used to model aging with both stresses involved (temperature and relative
humidity),

— the dominant failure mechanism acting when disks are in use under normal conditions will be the
same as that acting under the stress conditions,

— compatibility of a disk and drive combination can assure the initial recording quality, and will not
otherwise affect the resulting lifetime estimation,

— ahardware and software system needed to read the disk will be available at the time retrieval of the
information is attempted,

© ISO/IEC 2015 - All rights reserved
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— the recorded format will be recognizable and interpretable by the reading software.

7.1.3 Data error

7.1.3.1 Gen

eral

Data errors shall be measured at disk locations defined in 7.5. For each format, the Maximum Data Error
used to estimate the time-to-failure shall be determined as follows:

BD Recordable SL/DL disks, BD Recordable TL/QL disks, BD Rewritable SL/DL disks and BD Rewritable
TL disks defined in ISO/IEC 30190, ISO/IEC 30191, ISO/IEC 30192 and ISO/IEC 30193, respectively :

DVD-R disks d
ISO/IEC 1317

ISO/IEC 1734
DVD-RAM dis
CD-R/RW dis

7.1.3.2 RSE

Per ISO/IEC 3
(RSER) is def
are not count

Maximum Random SER (Max

lefined in ISO/IEC 23912 and ISO/IEC 12862, DVD-RW disks defined in ISO/IEC-173
D, +R disks defined in ISO/IEC 25434 and ISO/IEC 17344, and +RW disks defined in
[, ISO/IEC 26925 and ISO/IEC 29642: Maximum PI Sum 8 (Max PI §
ks defined in ISO/IEC 17592: Maximum Byte’Error Rate (Ma3
ks defined in ECMA-394 and ECMA-395 respectively:

Makimum C1 Ave 10 (Max C1 A

R

0190, ISO/IEC 30191, ISO/IEC 30192 and ISO/IEC 30193, a Random Symbol Errd
ned as the SER where all erroneous bytes;contained in burst errors of length = 4(
bd, neither in the numerator nor in the dénominator of the SER calculation:

RSER)
12 and

um 8),

. BER),

\ve 10)

r Rate
bytes

N
Z(Eai ~ Ey, )
i=1
N
Nx753921- > Ey,
i=1
where
E,  number of all erroneous bytes in LDC Block i;
1
Eb,- nuinber of allérroneous bytes = 40 bytes in LDC Block i;
N nu1|nber of LDC Blocks.

RSER shall be averaged over any 10 000 consecutive LDC Blocks with the condition that all Blocks are
recorded either in a continuously-written sequence, or in a discontinuously-written sequence excluding
disk defects.

Abursterroris defined as a sequence of bytes where there are not more than two correct bytes between
any two erroneous bytes.

For determining burst errors, the bytes shall be ordered in the same sequence as they were recorded
on the disk. The length of a burst error is defined as the total number of bytes counting from the first
erroneous byte that is preceded by at least three correct bytes to the last erroneous byte that is followed
by at least three correct bytes.

The number of erroneous bytes in a burst is defined as the actual number of bytes in that burst that are
not correct (see example in Figure 1).

6 © ISO/IEC 2015 - All rights reserved
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The maximum value of the RSER measured over the area specified in 7.5 (Max RSER) shall not exceed

10-3.

7.1.3.3

Per IS
aPler

also c:
exceed

7.1.3.4

The nu

of the

numbe

R << O« [« [0 - IO« [ [ ][« [

&—— burstlength = 9 bytes

_
number of erroneous bytes in burst = 6

¢ = correct byte, x = erroneous byte

PI Sum 8

280.

| BER

decoder before correction. The BER is the number of erroneous symbols divide

over the area specified in 7.5 (Max BER) shall not exceed 10-3.

7.1.3.1

ISO/IE
standd

Thus, {
is callg
not ex

7.1.4

Dataq
line fo

7.1.5

C1 Ave 10

C 10149 specifies that the BLER averaged over any 10 seconds shall be less than
rd (1X) data transfer rate, the tetal number of blocks per second entering the C1-de

teed 220.

Data quality

hality is checked by plotting the median rank of the estimated time to failure values
" each stfess condition. The lines are then checked for reasonable parallelism.

Regression

Frg'm'mrpre_[msmrm'—. —_—

/IEC 16448 or ISO/IEC 16449, a row in an ECC block that has at least;I"byte in err
ror. PI Sum 8 is measured over any 8 consecutive ECC blocks. The maximum numbg
1lled Max PI Sum 8, before error correction, measured over thé. area specified i

mber of erroneous symbols shall be measured in afny consecutive 32 ECC blocks in

r of symbols included in the 32 consecutive ECC blocks. The maximum value of the F

he number of C1 errors persecond before error correction which is averaged over a
d C1 Ave 10. The maximum value measured over the area specified in 7.5 (Max C1

br constitutes
r of PI errors,
7.5 shall not

the first pass
1 by the total
ER measured

Bx10-2. At the
foder is 7 350.

fny 10 seconds
Ave 10) shall

with a best-fit

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

Multiple linear-regression is used for the Eyring method and linear regression is used for the Arrhenius

metho

d.

7.2 Testspecimen

The sample disks shall represent the construction, materials, manufacturing process, quality and
variation of the final process output.

Consideration shall be made for shelflife. Longer shelf time of optical disks before recording and testing
may impact test results. Shelf time shall be representative of normal usage.

NOTE

©150/1

In case the support of disk manufacturer is available, it is recommended to use the disks gathered from
as many production lots as possible.

EC 2015 - All rights reserved
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7.3 Recording conditions

7.3.1 General

Before disks 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 disks will yield the longest estimated-lifetime. Disks are deemed acceptable for
entry into the aging tests when their data errors and all other disk parameters are found to be within
their respective standard’s specification limits.

The choice of
commercial
all specificati

ive or a specialty recording tester. It shall be capable of producing recordings thg
hNS.

The recording speed used for testing shall be reported.

NOTE It i expected that the lifetime of data on a disk may be affected by recording¢onditions in

recording speed.

7.3.2 Recording test environment

When performing recordings, the air immediately surrounding the\disk shall have the fol
properties:

temperature: 23°Cto35°C

relative humigity: 45 % to 55 %

atmospheric pressure: 60 kPa to 106 kPa

No condensat

for 48 hrs mifiimum. It is recommended that, before testing, the entrance surface be cleaned acc

to the instruc|

tions of the manufacturer of thée-disk.

7.4 Playback conditions

7.4.1 Playbpck tester

Specimen disks shall be read as described in the relevant format standards identified in Clause 3|

7.4.2 Playbpck test environment

er on a
t meet

cluding

owing

on on the disk shall occur. Before testing, the disk shall be conditioned in this envirgnment

prding

owing

When measuring the data errors, the air immediately surrounding the disk shall have the fol
properties:

temperature: 23 °Cto 35 °C,

relative humidity: 45 9% 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 needed or prescribed by its manufacturer using calibration
disks approved by said manufacturer before disk testing. A control disk should be maintained at ambient
conditions, and its data error should be measured at the same time the stressed disks are measured,

both initially

8

and after each stress sub-interval.

© ISO/IEC 2015 - All rights reserved
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The mean and standard deviation of the control disk shall be established by collecting at least five
measurements. Should any individual data error differ from the mean by more than three times the
standard deviation, the problem shall be corrected and all data collected since the last valid control
point shall be re-measured.

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 stress-condition testing

Testing locations shall be a minimum of three bands spaced evenly across the inner middle and outer
radius|regions on the disk as indicated in Table 1. The total testing area shall représent § minimum of
5 % of the disk capacity. For BD disks, each of the three test bands in each layer shall hdve more than
10 000 LDC Blocks. For DVD disks and +R / +RW disks, each of the three téstbands in eqch layer shall
have more than 750 ECC blocks for 80 mm disks, or 2 400 ECC blocks fer 120 mm disks|For CD disks,
each of the three test bands shall have more than 5 900 sectors.

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

BD Recordable disk/ DVD-R / DVD-RW /
BD Rewritable disk +R / +RW disk . CD-R / RW disk
(SL/ DL/ TL/ QL) (SL /DL) DVD-RAM disk (ihner radius)
(inner radius) (Inner radius)
120 mm 80 mm 126/mm 80 mm 120 mm 120 mm

Band 1 25,0 25,0 25,0 24,1to0 25,0 | 24,1t0 25,0 25,0
Band 2 40,0 30,0 40,0 29,8t038,8 | 39,4 to 40,4 40,0
Band 13 55,0 35,0 55,0 34,6 to 35,6 | 54,9 to 55,8 55,0
NOTE For Multi-layer disks it is*dfecommended that additional test band(s) at the outer diajneter covering

data infthe transition(s) between layers in the disk be included in the test.

8 Acgcelerated stress‘test

8.1 General

Accelefated stress testing is used in order to estimate the lifetime of the optical disk. All information
neededl forythis testing is provided in this document.

8.2 Stress conditions

8.2.1 General

Stress conditions for this test method are increases in temperature and/or relative humidity. The stress
conditions are intended to accelerate the chemical reaction rate from what would occur normally at
ambient storage or usage conditions. The chemical reaction is expected to cause degradation in some
desired material property that eventually leads to disk failure.

Regarding use of the Eyring method, five stress conditions shall be used for Rigorous stress-condition
testing and the minimum number of specimens that shall be used for those stress conditions are shown
in Table 2. The four stress conditions that shall be used for Basic stress-condition testing and the
minimum numbers of specimens are shown in Table 3. Additional specimens and conditions may be
used, if desired for improved precision.

© ISO/IEC 2015 - All rights reserved 9
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The total incubation time for each stress condition shall be greater than or equal to the minimum total
incubation-time. The minimum total incubation-time for the Rigorous stress-condition is defined in
Table 2. The minimum total incubation-time for the Basic stress-condition is defined in Table 3. If all the
data errors of specimens for a certain stress condition far exceed the failure criteria (see 9.1) before the
minimum total incubation-time and the continuation of testing is judged as irrelevant then the testing
for that stress condition may be stopped.

The incubation sub-interval time shall be smaller than or equal to the maximum incubation sub-interval
time. The maximum incubation sub-interval time for the Rigorous stress-condition is defined in Table 2.
The maximum incubation sub-interval time for the Basic stress-condition is defined in Table 3.

The number of incubation sub-intervals depends on the total incubation time and the incubation
sub-interval fime. For example the total time for each stress condition given in Table 2 and Ta&le 3is
divided into ffive and four equal incubation sub-intervals respectively in the case of a combination of
the maximum incubation sub-interval time and the minimum total incubation-time. It is recomnended
to set the number of incubation sub-intervals to greater than or equal to 4, considering)the cas¢g that a
specimen reaghes the failure criteria (see 9.1) before the minimum total incubation-tithe.

Regarding us¢ of the Arrhenius method, stress conditions are given in Table C.1 and Table C.2 in Afinex C.

The temperatre and relative humidity during each incubation sub-intervalshall be controlled a$ given
in Table 4 and shown in Figure 2.

Table 2 — Rigorous stress-condition for use with)Eyring method

Test Test stress Number of Maximum Minimum . .
: s . . ! Intermediate Minimum
specimen condition specimens incubation total : Y
. . : . . relative equilibfation
group (incubation) sub-interval {\incubation- s . .
: : humidity duratiop time
time time
YEir(‘r:l)p % RH hours hours % RH hours
A 85 80 20 300 1500 30 7
B 85 70 20 400 2000 30 6
C 85 60 20 600 3000 30 5
D 75 80 20 600 3000 32 8
E 65 80 30 800 4000 35 9

Table 3\— Basic stress-condition for use with Eyring method

Test Test stress Number of Maximum Minimum . -

. W, . . . Intermediate Minirhum

specimen cendition specimens incubation total relative cquilibkation
group (incubation) sub-interval | incubation- humidit dl?ration time
time time y
?irg)p % RH hours hours % RH hours

A 85 80 20 250 1000 30

B 85 70 20 250 1000 30

C 65 80 20 500 2000 35

D 70 75 30 625 2500 33 11

NOTE Total incubation time and incubation sub-interval time should be determined from the aging

characteristic of the disks under test. In the situation where only one condition or less reaches the failure criteria
during the minimum total incubation time it is recommended that the test should be extended for all conditions
until at least two conditions reach the failure criteria.

10 © ISO/IEC 2015 - All rights reserved
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Temperature

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

There shall be no change of phase of moisture 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 notbe so high that plastic deformation occurs anywhere within the disk structure.
In case a stress condition would be destructive for a disk to be tested see Annex D for alternative stress

condit

ions.

The typical substrate material used for optical disks is polycarbonate (glass- transmon temperature is

of o rlavarx

+tha ¥-AIL SEB-ariar
oottt rayersiha

S foranaratiien
ASS—tFasitoh—temperature

arounA 1 I:ﬂ Of‘) Tlnn aglacc

baola B
DEe-10Wer: TPt

TIC—ST

ce with high-

temperature testing of BD disks, DVD disks, +R/+RW disks, and CD disks indicates that anfupper limit of
85 °C is practical for most applications.
8.2.3 | Relative humidity
Experjence indicates that 80 % RH is the generally-accepted upper limit for control] within most
accelerated test cells.
8.2.4 | Incubation and ramp profiles
The r¢lative-humidity transition (ramp) profile is intended~to avoid moisture condengation on the
substrpte, minimize substantial moisture gradients in the‘substrate and end at ramp-down completion
with the substrate equilibrated at the ambient conditipn:This is accomplished by varying the moisture
conterft of the chamber only at the stress-incubatien“temperature, and allowing suffigient time for
equilifration during the ramp down based on the diffusion coefficient of water in polycanbonate.
Table 4 — Temperature and relative humidity transition (ramp) profiles for eachjincubation
Sub-interval
Temperature Relative humidity Duraltion
Process step
°C % hoyrs
[emperature, . .
relatjve-humidity ramp t0 Tinc to RHint 15405
relative-humidity ramp at Tinc to RHinc 1,540,5
Incubation at Tinc at RHinc See Table 2|or Table 3
relative-humidity ramp at Tinc to RHint 1,540,5
F quilibration at Tinc at RHint See Table 2|or Table 3
[emperature, 0 Tt t0 RH sy 1540,5
relative-humidity ramp
end at Tamb at RHympb —
amb  =room-ambient temperature or relative humidity

(Tamb or RHamb)

inc = stress-incubation temperature or relative humidity
(Tinc or RHinc)
int = intermediate relative-humidity (RHjn) that at Tipc

supports the same equilibrium moisture absorption in
polycarbonate as that supported at Tamp and RHamp

© ISO/IEC 2015 - All rights reserved
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of stress conditions
bup of specimehns’shall be used for each stress condition.

he Rigorous stress-condition, and Table 3, for the Basic stress-condition, spec

SL/DL
1 Ave

RW disk) shall be measured on each disk+?) before disk exposure to any stress condition

me for

data errors of specimens do 10t reach the failure criteria (see 9.1) within the mipimum
total incubation time, testing at a particular stress condition may have to be stopped (see Al

.1 for
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relative-humidity values, maximum Incubation sub-intervals, minimum total inc
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The intermediate relative-humidity values in Table 2 and Table 3 are calculated assuming 25 °C and
50 % RH ambient conditions. If the ambient is different, the intermediate relative humidity to be used

is calculated using the equation:

©0,24+0,0037x Ty
Mt 0,24 +0,0037xT.

inc

RH xRH

amb

where
Tamb and Tipc are the ambient and incubation temperature in units of °C;

RHamb is the ambient relative humidity;

RHint is the intermediate relative humidity.

The stfess conditions in Table 2, Table 3 and Table 4 offer sufficient combinatiens of temperature and

relativie humidity to satisfy the mathematical requirements of the Eyring method.

8.5 isk orientation

The disks subjected to this test method shall be maintained duting incubation in a vej

tical position

with alminimum of 2 mm separation between disks to allow, air-flow between disks anfl to minimize
deposition of debris, which could negatively influence the data=grror measurements, on thg disk surface.

9 Lifetime estimation

9.1 Time-to-failure

Ideally, all disks subjected to stress conditiens should have their times-to-failure calculate
conditjons they have been subjected to."Fhe time-to-failure of a disk is determined by
including the Maximum Data Error (see A.2.1). In case any times-to-failure are not availalj
conditjon, however, see A.2.3.

Failur¢ criteria are: Max RSER exceeding 10-3 for BD Recordable SL/DL disks, BD Rec
disks, BD Rewritable SL/DL disks and BD Rewritable TL disks (see Annex F), Max PI Su
280 for DVD-R/RW diskswand +R/+RW disks, Max BER exceeding 10-3 for DVD-RAM disK
Ave 10 exceeding 220 for.CD-R/-RW disks.

It is aspumed that the data errors on a disk are the result of material degradation. The che
are generally expécted to cause test data to have a distribution that follows an exponential
time. Therefore;test values of: PI Sum 8, BER, C1 Ave 10 or RSER as functions of time ar
exhibif an exponential distribution.

d at the stress
the test data
le for a stress

rdable TL/QL
8 exceeding
s and Max C1

mical changes
function over
e expected to

g anearrartrand oo b o d by vagenccin Af v o oot Ao o o4

inst time, for

The b Par iy SEREWAr S PG SR S L S R
COoU TUITICUIUIT llLLllls aAIll CIivul CICITU CAdIl UC 1UuIIu U_y l\/Bl COOIVUIT Ul UIIU tLolU Udatda usu

example, with a least-squares fit. The time-to-failure per disk type can be calculated using the error-
trend function and the failure criteria. But if a determination of time-to-failure is judged not to be

effective then that case should be treated as a missing time-to-failure (see A.2.1).
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9.2 Accelerated-aging test methods

9.2.1 Eyring acceleration model (Eyring method)

Using the Eyring model, the following equation is derived from the laws of thermodynamics and can be
used to handle the two critical stresses of temperature and relative humidity.

t=ATAeAH/kTg(B+C/T)xRH

where
t is thretime-to-fatture:
A is the pre-exponential time constant;

TA  isthe pre-exponential temperature factor;

AH  isthe activation energy per molecule;

k is the Boltzmann’s constant (1,380 7 x 10-23 ]/molecule degree K);
T is the temperature (in Kelvin);

B C argthe RH exponential constants;

RH  is the relative humidity.

In this International Standard T (in Kelvin) is set as T = 273,15+Temp (°C).

For the tempgrature range used in this test method, “a” and “C” shall be set to zero. The Eyringimodel
equation therf reduces to the following equation:

t=ATAeAHkTeBxRH

or, In(t) = ln(A)+ﬂ+BxRH
kT
9.2.2 Arrhgnius-accelerated model (Arrhenius method)
The Arrheniuf method dses only temperature stress for accelerated aging.

The time-to-failureis:assumed to be governed by the following Arrhenius-model equation:

t:AeAH/kT

AH

ln(t):ln(A)Jrﬁ

9.3 Data analysis and judgment of effectiveness

Data analysis and a method for judging the effectiveness of the data are contained in the following
Annexes:

Annex A: Outline of Disk-life estimation method and data-analysis steps,
Annex B: Disk-life estimation for the Controlled storage-condition (Eyring method),

Annex C: Disk-life estimation for the Harsh storage-condition (Arrhenius method),

14 © ISO/IEC 2015 - All rights reserved
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Annex E: Interval estimation for Bs Life using maximum likelihood.

9.4 Result of estimated disk life

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

a) number and title of this standard.

b) ambient storage condition for the lifetime estimation:

25°C /50 % RH (Controlled storage-condition) or 30 °C / 80 % RH (Harsh storage-condition).

c) st
Ri
c

d) th

e) time-to-failure data

Cdmplete data or data with the substitutes of missing times-to-failure.

N

g) es

M
es

h) Bjg
m

Bs
ac

f) sa‘[nple information

pa 3 pa B
CTOoo dIllu LCDLIIIS CUIIUILIVUIL.

dition was used.

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

mber of samples tested under each stress condition
timation method and the estimated data

hximum-likelihood method with the least squares method / acceleration-factor m
timated log standard deviation

o Life, Bs Life and 95 % lower confidenee bound of Bs Life (= (Bs Life)1) for the maxim
bthod with least squares method.

o Life, Bs Life and the point*estimates of the 5 percentile with variation (= Bsy
celeration-factor method.

orous stress-condition testing or Basic stress-condition testing and whether ornot the alternative

bthod and the

im-likelihood

i Life) for the
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Annex A
(normative)

Outline of Disk-life estimation method and data-analysis steps

A.1 Data analysis for disk-life estimation

A.1.1 Gene
Data analysis

The lifeti

— The Eyriy
The Arrh

The maximun
estimation. T
maximum-lik

The calculatigpn for the maximum-likelihood method is complicated and it is not so easy to ad

the lifetime d
calculated us
maximum-lik
relatively eas

For the case t
method is sha

The accelerat
who need thg
explained in 4

There may bd
after each inc

recommended to confirm that there is not any abnormal Maximum Data Error value. In such a c3
e of multizayer disk should be estimated for each layer and the time-to-failure of the disk

time-to-failum
should be the

ral
for lifetime estimation is based on the following assumptions.
me of data recorded on an optical disk has a lognormal distribution.

g method is used for the Controlled storage-condition (25 °C, 50 % RH) (see Annex

enius method is used for the Harsh storage-condition (30 °C, 80.% RH) (see Annex

hus the lifetime estimation in this International Stahdard is specified based
elihood method estimation.

hta is complete and its distribution is lognormal, then the estimated lifetime can 4
ng the least-squares method and the calculated results will be the same as that
blihood method. Thus for the complete~data case the least-squares method, w
/ to calculate, is adopted as the practical calculation method for estimating the popy

wn in A.2.4 as an informative.sub clause.

on-factor method has beefi.widely used for the life time estimation of DVD disks.
evaluation with relation ‘to the past data can refer to the acceleration-factor n
.2.6 and B.2.

the case of the-multi-layer disk that the Maximum Data Error occurs in different
ibation sub-interval time according to the acceleration condition. In that case at fi

minimum one among the layers.

B).
D).

h-likelihood method (see Annex E) is applied for a precise-analysis and a precise inpterval

bn the

opt. If
lso be
of the
hich is
lation.

hat the lifetime data is not complete'and there are missing times-to-failure, the estifnation

Those
ethod,

layers
'stitis
se the

A.1.2 Logn

rmal model and point estimation of 1n1§5 and lnl§50

As time-to-failure t is distributed with lognormal distribution, LN(u,c;Z) log lifetime (y=Int) follows a

normal distribution, N ( u,c 2) where p and 62 are the expected values of y and variance, respectively. u

can be expres

sed as a function of x as follows,

y=u(x)+oc-z

=Bo+PB1x1 +Brxyt0 2

NOTE Xis

16

a vector with two dimensions (x1, x2).
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where

z denotes a percentile of N(0,1), Bo=1nA,Bf1=AH / k,f2=B
(for the definition of A and B see 9.2.1);

x1 represents the variable related to the temperature, as x1 = 1/T;
x2 represents the variable related to the relative humidity as x; = RH.

The p percentile of the lifetime distribution, or Bp Life, is widely used in reliability engineering. The
point estimation of InBp, is described as

lnlt?p =By + Bixy + Byx, + Zp/looé
Then the point estimates of the 5 percentile and 50 percentile of the lifetime distribution pare given by:

InB; = B, + Byx1g + ByXyy — 1,646

Inkey = By + B1Xq0 + ByXyg

where

X1p, X20 denotes the Controlled storage-condition25 °C and 50 % RH).

(x40 =1/(273,15 + 25) , x20 = 50)

NOTE The purpose of the lifetime estimation is to estimate the lifetime of the population. Thus ()2 is the
unbiasg¢d variance.

A.1.3 | Interval estimation for optical disks

For inferval estimation of lnf?p for an optical disk, one may consider only the lower boungl. (100—a)%

lower fonfidence bound oflog lifetime lnép is given by the following equation:

(lnlf?p)L = lnl§p +29 100 var(ln ﬁ’p)

where

valr (In Bp ) denotes the variance of lnép (see Annex E).
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A.1.4 Estimation of # and o using least-squares method

The multiple linear-regression model for the iji, specimen is described as follows.

Yij=Bo+B1X1j+Poxpj+e; (i=1ton;)(j=1to])

where
E s

J

nj

denotes errors;

denotes the number of specimens in each group;

J

The estimate

y]' = ﬁo §
where
X1 = 1/(2

Also, the sum

J
S, = Z
j=1

Ifthelifetime

denj)tes the total number of groups.

j/j is given as

Byxq; + By

73,15+ Tj(in°C)  xzj = RHj.

of squared residual errors S, is computed as

nj

Z(J’ij‘

=1

)’

atais complete and the distributionistegnormal thenthe estimated regression coeff

obtained by t

e least-squares method are the sanye as that of the maximum-likelihood method ar

icients
d they

can be used f¢r the estimation. The following-shows the way to utilize the calculation results ohtained

by the least-s

The estimates
DandE.

Let (6,5,) b

is given by

E

The estimated regression coefficients of jlj can be obtained by applying the least-squares metho

uares method.

, Bo' Bl, and ﬁz aréeobtained by solving 110 linear-regression equations of group

e the unbiased variance obtained by the least-squares method, then the estimate (

n

d to Se.
A, B, C,

. 2
7Ism )

/
n=an

J

18

J

L
2
-1

pASTRNS

1

~.

1
(n-3)

and it denotes the total number of specimens.
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n-3 = n-2-1. -1 is for the limited number of the sampling and -2 is for the number of degrees of freedom

(temperature and humidity).

NOTE This clause shows the case for the Eyring method. In case of the Arrhenius method the degree of

freedom is 1 (temperature only) and n -3 becomes n-2.

. . o 54 5 . . : A \2
The estimated regression-coefficients ), B, and B, and estimated variance of residual errors (Glsm)

are obtained using regression analysis statistics software tools.

Bsg Life, Bg Life and the 95 % lower confidence bound of Bg Life are described as follows.

L (1ap
BSJ Lqu — CAP \111”50}
= eXp(ﬂo + B1Xqo + ﬁzxzo)

B.[Life = exp (lnlg’ )
= exp(ﬁo + ﬁlxlo + ﬂzxzo 1, 646)
= exp(,B +IB1 10 +ﬁ2 20 1’64615m)
where
X4, X0 denotes the Controlled storage-condition ( 25 °C-and 50 % RH ).

By sufstituting ¢, for ¢, var (lnéso) and var (lnés) ane obtained as follows (see E.3).

: LS zn i
<2 -2 J°1 G2 J°2j
Olsm O-Ism J 1 Ism]/' 1
- 1
va (lnBSO)z[l X1 Xzo] v Z”'le - Zn le TZ”'leXZj X4
Olsm J 1 Clsm J Clsm j= 1 %20
n.x —— ) n.X,.X,. n.x
AZZJZJ AZZ]UZJ AZZJZJ
O Ism J=1 Olsm j=1 Olsm j=1 ]
- —1
n 1 4 1 0
2 2 Z”jxlj 2 anxzj
G}sm Olsm Jj=1 O-Ism/:l
= - 2 - 1
i 2 LMy T ANy o ANy | O .
vai (lnBS)=[1 X10 X50 —1,64} Glsm J 1 crlsm/ 1 Ism = 1 e
20
2 Z niX,; Az Zn X1 %o Az Zn Xz, 0 -1,64
lb"l I lb"l l lb"l J 2
n
0 0 0 5
L O lsm
where
J
n = an and it denotes the total number of specimens.
j=1
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Using the result of the above equation, the lower confidence bound of log lifetime lnLA?5 = (BS Life)L is

given by the following equation.

(Bs Life)

A.2 Dataa

= exp ((lnéS)L) = exp(lnf?5 - 1,64, |var (lnés))

nalysis steps for lifetime estimation

A.2.1 Judgment of effectiveness of test data and time-to-failure determination

Before the lif
the procedursg

Step 1:

Calculate
rate (Err
and their

Step 2:
Check thg
a) Theb
b) AllIn(
c) Theb
If all thre
If the thre

There a

— The first case is that there i§_a'sample that shows unexpected deterioration during th

sub-inter
this case
samples.
be treate

number df specimeris.as it is.

— The s

time-estimation calculation, the effectiveness of the test data shall be checked, fol
listed below.

the linear regression or the polynomial regression of the logarithinyof test-datz

best-fit line on the linear-scale graph for each test-condition specimen.

following three conditions:

st-fit line increases monotonously.

Errort) are almost on the best-fit line.

pst-fit line has reasonable increase and is not flat nor having a negative slope.

e conditions are satisfied, then go to Step 3.

pe conditions are not satisfied, then that time-to-failure shall not be determined.

e two cases where the abové.three conditions are not satisfied.

val time of the accelerated-aging test while other samples satisfy the three conditi
the deterioration-mechanism of the abnormal sample may be different from that o

 as having the missing time-to-failure. Then go to Step 4 in A.2.2. In this case ke

bcondwease is that there is a sample in a group which does not deteriorate with

minimuni

samples in‘that group satisfy the three conditions. The case when the time-to-failure of a 3

totaliincubation-time and its best-fit line does not show reasonable increase whilg

owing

error

bry) = In(Error) against incubation time and plot In(Errorg) versus 'the incubatiop time

e first
pns. In
f other

The sample whose’ error rate cannot be obtained after the first sub-interval timp shall

ep the

in the
p other

ample

that does not satisfy the three conditions shall be treated as the missing time-to-failure and the
procedure shall continue at Step 4 in A.2.2. In this case keep the number of specimens as it is.

If there are some In(Errorg)s that show abnormal value, it is recommended to check the reason why
those value are abnormal, if possible, and it is also recommended to judge whether to adopt those values

or not.

Step 3:

For each test-condition specimen, determine the time-to-failure where the best-fit line crosses the
failure criteria.

For a test-condition specimen for which the measured error rate did not reach the failure criteria
within the minimum total incubation-time, the time-to-failure may be determined using the
extrapolation of the best-fit line of In(Error¢) as a predicted time-to-failure.

20
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After Step 3, go to the procedure in A.2.2.

A.2.2

Judgment of complete data

Follow the procedure listed below.

Step 4:

For each specimen of a stress group, order the time-to-failure values by increasing incubation time.
Calculate the median rank of each specimen for each time-to-failure (see B.1 Step 2).

m
wi

St

Pl
ab

Pl
St
CH

a)
lin
b)

If
th

(a
pr]

If
fo

Ifatle

A.2.3

ting times-to

the shortest time-to-failure when sor -failure for the determination

nk.

there is a sample that does not deteriorate within the minimum total incubation
ssing time-to-failure shall be given the median rank larger than that of'the longest
nen sorting times-to-failure for the determination of the median rank,

bp 5:

bt the median rank versus the time-to-failure on a lognoymal graph, with time-to-
scissa and median rank on the ordinate, for each specimen™f the stress group.

bt the best-fit straight line for each specimen of the Stress group.
Pp 6:
eck the following conditions.

All the times-to-failure corresponding‘to each median rank are almost on the be
e of each stress group.

The best-fit straight lines of all'stress groups are reasonably parallel with each ot

both conditions listed above are satisfied, then the data is deemed complet
e procedure in A.2.5 (Maximum-likelihood method with least-squares method
cceleration-factor method). For the precise analysis or the precise interval estima
ocedure in A.2.5.

h time-to-failureis away from the best-fit straight line, then that time-to-failure sha

hst one'condition listed above is not satisfied, then go to the procedure in A.2.3.

Condition for lifetime-estimation effectiveness

- the lifetime:estimation. That time-to-failure is treated as a missing time-to-failurg.

al time of the

aller than that

bf the median
Ltime then its

ime-to failure

failure on the

5t-fit straight-

1er.

. Proceed to
) or in A.2.6
fion, go to the

1l not be used

Follow the procedure listed below.

Step 7:

Check the following three conditions and judge the effectiveness of the time-to-failure.

a) The lognormal data plots of each stress group are almost on the best-fit straight-line.

b) Exclude the missing times-to-failure, then check the specimens of each stress group have
effective times-to-failure that span over one-half of a median rank point.

c) The best-fit straight lines of all stress groups are reasonably parallel with one another.

If these three conditions are satisfied, we can assume that the lifetime distribution is lognormal. In
case there are missing times-to-failure the calculation based on the maximum-likelihood method
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may be possible, but the method is complicated and is not easy to apply. It may not be as precise as
the maximum-likelihood method but the other method in which the missing times-to-failure are
substituted is shown in A.2.4.

In A1, it was assumed that the lifetime data has a lognormal distribution. If the three conditions are not
satisfied, it is proven that the assumption is not effective and a reliable lifetime estimation cannot be
obtained.

A.2.4 Life-time estimation when there are missing times-to-failure (Informative)

As shown in Step 7 in A.2.3 there are cases that lifetime distribution is lognormal but missing times-to-
failure exist. The method to substitute those missing times-to-failure is shown in this clause. Be aware
that this method uses substituted data in the best-fit straight lines and the estimated lifetime.jnay be
longer.

a) Substitutjon of times-to-failure

For each missing time-to-failure, check the corresponding median rank and substitute the nmpissing
time-to-failure value with the value where the best-fit straight line crosses the corresppnding
median rgank on the lognormal graph.

b) Maximunp-likelihood method with least-squares method application

Substitutg all the missing times-to-failure and prepare the completé data set. Then follow the steps
in A.2.5.

c) Acceleratjon-factor method application

Substitutp all the missing times-to-failure and prepare.the complete data set. Then follow the steps
in A.2.6. for the precise analysis or the precise interval estimation, go to the steps in A.2.5.

A.2.5 Lifetime-estimation calculation method (Maximum-likelihood method with least-
squares method)

Calculation of the maximum likelihood method with the least-squares method can be done aq listed
below.

a) Calculate|the multiple regression coefficients and standard error using the least-squares method
across allftimes-to-failure. This calculation can be performed by multiple regression analysi$ using
statistics|software tools,

The coefflicient of determination is expected to be over 0,8. If the coefficient of determina‘Eon of
the multiple regression analysis is too small then it is recommended to reconsider the accelerated
aging-tesf condition.

b) Bsp Life, Bgdife and 95 % lower confidence bound of Bs Life at the Controlled storage-comdition
are calculatedusing-the-multipleregressioncoefficients-and-standard-errorebtained-by-the
squares method and the equations of maximum-likelihood method (see B.2 and E.4).

A.2.6 Lifetime-estimation calculation method (acceleration-factor method)
Calculation of the conventional acceleration-factor method can be done as follows.
a) Calculate regression coefficients using the log-mean failure time.

b) Calculate acceleration factors from the difference between the estimated log-mean at each stress
condition.

c) 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.
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d) Assuming that the normal distribution of the population varies according to the 95% lower
confidence bound of the normal distribution, Bsg Life, Bs Life and the point estimates of the
percentile with variation (= Bsy Life) at the Controlled storage-condition are calculated using ¢ and
o obtained from the fitting line (see B.2).

NOTE The data-analysis steps using the Arrhenius method are almost the same as with the Eyring method.
A single regression at the Harsh storage temperature can be used with the Arrhenius method.
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Annex B
(normative)

Disk-life estimation for Controlled storage-condition (Eyring

method)

B.1 Gene

In this Annex
conventional

B.1.1 Data
Step 1

Determine th
below. The d

I

hcceleration-factor method for the Rigorous stress-condition testing are showh.

analysis and lifetime estimation using least-squares method

a error to be measured is defined in 7.1.3:

BD Recordable disks and BD Rewritable disks: Max RSER,

DVIP-R/-RW, +R/+RW disks: Max PI Sum 8,
DVIP-RAM disks: Max BER,
CD-R/-RW disks: Max C1 Ave 10.

Use the initialldata-errors measured prior to accelerated aging plus the data errors measured aftg

specified accdlerated-aging incubation sub-interval.

For each specimen, a linear regression is performed with the natural logarithm of measured data-
as the dependent variable and time as-the independent variable. The time-to-failure of the speci

calculated frgm the slope and intercept of the regression as the time at which the specimen wou

a Max RSER o

Table B.1 sho
data for five s
example of th

Step 2

10-3, Max PI Sum 8.0f 280, Max BER of 10-3 or Max C1 Ave 10 of 220.

vs calculations\leading to an estimated time-to-failure from a hypothetical data s
fress conditions (Group A, Group B, Group C, Group D and Group E) are offered solel
e mathem@atical methodology used in this test procedure.

For each stre{

s‘eondition, the specimens are ordered by increasing log time-to-failure values.

the analysis of the complete data case using the results of a least-squares niethod and a

e time-to-failure for each specimen at the stress applied following the procedure degcribed

br each

errors
enis
have

bt. The
y as an

The median rank of each specimen is calculated using the estimate, (i-0,3)/(n+0,4) where i is the time-
to-failure order and n is the total number of specimens at the stress condition.

Table B.2 shows the ordered log time-to-failure and the median rank for the example data.
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Table B.1 — Ordered estimated time-to-failure for example data (Rigorous stress-condition)

Order Group A Group B Group C Group D Group E
number | g5°¢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
6 455 696 593 2076 6431
7 501 703 994 2129 6 544
8 512 709 998 2151 6 632
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 7108
15 557 766 1069 2443 7 202
16 576 778 1080 2512 7285
17 579 785 1098 2589 7362
18 586 804 1125 2590 7 454
19 618 856 1222 2776 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
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Table B.2 — (1 of 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- . Order | 1ime-to- .

number failure H In(H) Median rank number failure H In(H) Median rank

(hours) (hours)
1 429 6,061 1 0,034 1 613 6,418 4 0,034
2 451 6,115 0,083 2 640 6,461 5 0,083
3 476 6,165 4 0,131 3 649 6,475 4 0,131
4 484 | 61822 0,181 4 675 6,514 7 0,181
5 293 | 6,005 0,230 5 679 6,520 6 0,230
6 495 | 62046 0,279 6 696 65453 | _C027p
7 501 | 62166 0,328 7 703 6,5554 .V 0,328
8 512 6,238 3 0,377 8 709 656390 0,37
9 521 6,255 8 0,426 9 719 6,577.9° 0,426
10 526 | 6,2653 0,475 10 732 | /65958 0476
11 534 | 6,2804 0,525 11 739 (1\'6,605 3 0,525
12 540 | 62913 0,574 12 7430 66107 0,574
13 542 6,295 3 0,623 13 | 6,616 1 0,628
14 548 | 6,3063 0,672 14 751 6,621 4 0,67p
15 557 6,322 6 0,721 15. %] 766 6,641 2 0,72t
16 576 6,356 1 0,770 i | 778 6,656 7 0,770
17 579 6,3613 0,819 7 785 6,665 7 0,81
18 586 | 63733 0869 | 18 804 6,689 6 0,869
19 618 6,426 5 0917 A | 19 856 6,752 3 091y
20 645 | 64693 0966 20 896 6,797 9 0,966
Mean 531 6,269 2 «O Mean 734 6,504 3
&
Q-
O
O
Q
Q~
O
R
\<</C)
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Group C 85°C/60%RH Group D 75°C /80 % RH
order | alren | gy | Medan || order | dien | gy | Meden
(hours) (hours)
1 864 6,761 6 0,034 1 1728 74549 | 0,034
2 913 6,816 7 0,083 2 1882 75403 | 0,083
3 915 6,818 9 0,131 3 1907 75534 | 0,131
4 945 6,851 2 0,181 4 1989 75953 | 0,181
5 951 6,857 5 0,230 5 2020 76106] | 0,230
6 993 6,900 7 0,279 6 2076 76381 | 0,279
7 994 6,901 7 0,328 7 2129 |n:76632| | 0328
8 998 6,905 8 0,377 8 2151_O\P 76739 | 0377
9 1009 6,916 7 0,426 9 2180 | 76871 | 0426
19 1014 69217 0,475 10 2927 77085 | 0475
1] 1027 6,934 4 0,525 1 |~\2277 77308[ | 0,525
1] 1030 6,937 3 0,574 12 D 2318 77484 | 0,574
1 1037 | 69441 0,623 130" | 2332 77632| | 0623
14 1049 | 69556 0,672 4 2404 77850| | 0,672
13 1069 6,974 5 0,721 \\‘( 15 2 443 78008| | 0721
14 1080 | 69847 0770 “P| 16 2512 78287| | 0,770
1] 1098 7,001 2 0,8190 17 2589 78592| | 0,819
1§ 1125 7,025 5 0,869 18 2590 78504| | 0,869
1 1222 71082 | 0917 19 2776 79286 | 0917
24 1249 71301 O 0966 20 2891 79695 | 0966
Mefin 1029 69324 Mean 2272 7,719 9
@
Q-
O
O
Q
Q~
O
N
\Q/C)
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Table B.2 — (2 of 2) Continued

Group E 65°C /80 % RH
Order Time-to- In(H) Median
number failure H rank
(hours)
1 5 455 8,604 3 0,023
2 5730 8,653 5 0,056
3 5908 8,684 1 0,089
4 6 114 8,718 3 0,122
5 6326 87525 0,155 5
6 6431 8,768 9 0188 |
7 6 544 8,786 4 0220 :]”
8 6 632 8,799 7 0,25300°
9 6711 8,8115 0,
10 6779 8,821 6 29319
11 6 860 88335 |\ 0,352
12 6935 88443 P 0385
13 7038 88591 0" 0,418
14 7108 8,8690 0,451
15 7 202 88822 0,484
16 7 285 “08,893 6 0,516
17 7362 ooff 89041 0,549
18 7454 &\ | 89165 0,582
19 7562\ 8,930 9 0,615
20 7 569 89319 0,648
21 2710 8,950 3 0,681
22 U 7827 8,965 3 0,714
23 k7955 8,981 6 0,747
24 8 067 8,995 5 0,780
25 O\ 8 250 9,018 0 0,813
265 8 405 9,036 6 0,845
~527 8 546 9,053 2 0,878
o7 28 8 700 9,071 1 0911
29 8953 9,099 7 0,944
30 9452 9,154 0 0,977
Mean 7296 8,886 4
NOTE Some tables in this document show values with many digits. Those digits are retained during the

calculation in order to estimate the lifetime without introducing excessive round-off errors. However the resulting
estimated lifetime is not intended to be quoted or relied on to the same high level of precision.
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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. The ordinate scale
is the probability of failure. Each best-fit straight line is drawn through the plotted data. If the lines are
judged to be reasonably parallel, the assumption of equivalent log standard deviation applicable to the
individual data sets is verified.

An estiimate of the log standard deviation can be obtained from the graphical treatment
irst, for each stress condition, estimate the times corresponding to 15,9 % ‘and §
based pn the best-fit straight line through the time-to-failure data. The estimatedlog$tang

data.

o is then calculated as follows.

~

O

Intygy —1In t0,159) /2

of the failure
4,1 % failure
ard deviation

Group A

iy =627
6 o =0,107

Wk

Group B
fip = 6,591

G5 =0,097

Group C

50

fic =692

G = 0,09

Group D
ip =772

Median rankx 100

-
‘;:;
:5?#‘
 mmns ix
:‘ee'f‘
{ Kil
}6

6,=014

i
-

s
im

Group E

fi; =8888
65 =0137

200 500 1000

5000 10 000

Time-to-failure (hours)

20000

Figure B.1 — Best-fit lines of specimen groups A, B, C, D and E on lognormal paper (Verify that
the fitting lines for all stress conditions are reasonably parallel to one another)

The averaged log standard deviation estimate o, of the five groups is then calculated as

Om

Step 4

=(64+0p+0,+6,+0,)/5

=(0,1036+0,09759+0,09633+0,1407+0,1378) /5=0,1152
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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. Table B.4 shows the result of regression analysis performed by the statistics software tool.

. \2 . e :
Estimated variance of residual errors (Glsm) , estimated log standard deviation o, and estimated

regression coefficients /3’0, /3’1, and ﬁz are quickly obtained. Other statistics tools can also be used for

regression analysis.

NOTE The estimated log standard deviation 6Ism (=0,132 35) at the Controlled storage condition is fairly

large in comparison with the averaged log standard deviation estimate 6m of the five specimen groups. Variation

in the best-fit liesamong the five groups amnd tie fogmorat diStributions of eacit group are aimong tie anpmalies

that may affecq the estimated log standard deviation.
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Table B.3 — 110 sample data for regression analysis

Number Int X1 X2 Number Int X1 X2
1 [6,061 0550002 792| 80 1 [7,454 9180,002 872 80
2 6,111 467]0,002 792 80 2 [7.540 276 10,002 872] 80
3 16165 4180,002 792] 80 3 17,5533580,002872] 80
4 1618217610002 792| 80 4 [7.595 3220,002 872] 80
5 6,200 50910,002 792 80 5 [7.610 634]0,002 872] 80
6 6,204 55810,002 792 80 6 7.638 060 0,002 872] 80
7 16,216 606 10,002 792 80 7 [7.663 173 10,002 872] 80
8 16,238 32510,002 792| 80 8 [7.673915]0,002 872] 80
9 16,255 7501 0,002 792| 80 9 7,687 122]0,002 872] 80
10 ﬁ")ﬁ': 201 n‘nn') 7Q7 QN 10 '7,'7“0 52Q n,nn') Q7 Q0
11 [62803960002792] 80 |/ “"PA11 1773083110002 872] 80 > Group D
12 (6,291 3100,002 792 80 12 [7.7483710,002 872 80
13 [6,295 266 0,002 792 80 13 [7.763 199]0,002 872 | 80
14 [6:306 2750,002 792 80 14 [7.785036]0,002 872~ 180
15 [6:322 5650,002 792 80 15 [7.800 846 0,002 872" 80
16 6,356 1080,002 792 80 16 [7,828 6870,002 873 80
17 6,361 302]0,002 792| 80 17 (7,859 1600,002;872 | 80
18 [6:373 32010,002 792 80 18 [7:859 351]0,002.872 | 80
19 6,426 488]0,002 792 80 19 (7,928 609 0,002 872 | 80
20 16,469 25010,002 792] 80 20 17,069 48040,002 872| 80
1 [6418 365[0,002 792 70 1 8,604 288.10,002 957 | 80
2 6,461 46810,002 792 70 2 [8,653.471]0,002 957] 80
3 6,475 433]0,002 792 70 3 [8,6840630,002 957] 80
4 (65147130002 792] 70 4 [8,718 337/0,002 957| 80
5 6,520 621]0,002 792 70 5 (8752500]0,002957] 80
6 6,545 350]0,002 792 70 6 <, 8,768 8850,002 957 80
7 16,55535710,002 792] 70 7 18,786 365 0,002 957| 80
8 16,563 856 10,002 792 70 8% 8,799 662 0,002 957 80
9 16,577 86110,002 792| 70 9 19,811 503 0,002 957] 80
10 [6,505 7810,002 792 70 >Gmu [0 10 (8,821 630]0,002957| 80
11 [6,605 298 0,002 792 70 P 11 (8,833 463]0,002 957 | 80
12 (6,610 696 0,002 792 70 12 [8,8443360,002 957 | 80
13 (6,616 0650,002 792 70 13 (8,859 0790,002 957 | 80
14 [6621 4060,002 792 70 14 8,868 9760,002 957| 80
15 [6:6411820,002 792 70 15 [8:882 172]0,002 957 | 80 Groun E
16 6,656 727 0,002 792 70 16 8893 5730,002 957 80 P
17 6,665 684 10,002 792 70 17 (8,904 087]0,002 957 | 80
18 [6:689 599 0,002 792 _, 70 18 [8.916 506]0,002 957 | 80
19 (6,752 2700,002 792] 70 19 (8,930 8900,002 957 | 80
20 [6,797 94010,002 7920 70 20 [8,931860]0,002957] 80
1 [6,761573]0,002 792] 60 21 18,50 27310,002957| 80
2 6816 73610002 792 60 22 [8,965 3350,002 957 80
3 16818 92410,002-792] 60 23 [8,981 556 0,002 957| 80
4 16,851 185]0.002 792| 60 24 [8,995 546 0,002 957] 80
5 1685751410002 792| 60 25 [9,017 9680,002 957] 80
6 6,900 73170,002 792| 60 26 [9,036 582 0,002 957] 80
7 16901387 0,002 792| 60 27 [9,053 2190,002 957] 80
8 1690575310,002 792| 60 28 19,07107810,002957] 80
9 16916 715]0,002 792| 60 29 [9,099 744 0,002 957] 80
10 16,921 658]0,002 792| 60 >Gmu o[ 30 (9,153 982]0,002 957 80
11 (6,934 397 0,002 792 | 60 P
127, 6937 31410002792 | 60
13 A,QA.A_ 087 n,nn') 792 60
14 [6,955 593 10,002 792] 60
15 6,974 47910,002 792 60
16 6,984 716 0,002 792 60
17 7,001 246]0,002 792| 60
18 [7.02553810,002 792 60
19 [7.108 244 10,002 792 60
20 [7.13009910,002 792 60
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Table B.4 — Regression analysis results

Estimated log stand-

Estimated regression coefficients Lo
ard deviation

BO Bl ﬁz

-35,3811 15 789,57 -0,029 74 0,132 35

O Ism

Step 5 lné50 and lné5 at the Controlled storage-condition (25 °C / 50 % RH) are obtained using the

estimated regression coefficients /;’0, /;’1 and /32 and estimated log standard deviation ¢ that were

obtained in Sfep 4.

Then Bsg Lifg, Bs Life and 95% lower confidence bound of Bs Life at the Controlled storage-comdition
(25°C /50 % RH) can be calculated using InB;, and InB; (see A.1.3).
InByy = iy + B1x10 + ByXyg
=-35,3811+15789,5x 0,003 354 — 0,029 74 x50
=16 0901

Bg Life=eixp(16,0901)=9 724 120 hours (1 110 years)

InBg = B§ + Byx1o + Byxyy — 1,646 =In By, 1,646,
=16,090 11,64 x 0,132 35
=158730

Bs Life=exp(15,8730) =7 826 297 hours (893 years)

The 95% low¢ér confidence bound of By Life is therefore

(35 Life)L = exp ((lnéS)L) = exp (lné5 25100+ |var (lnés)) = exp(lné5 - 1,64, |var (lnés))
= exp(15,873 0-1,64% \/0,021129) = exp (15,634 6)

= 6 166 241 hours (704 years) (see E.4)

B.2 Data dnalysis and lifetime estimation using conventional acceleration-factor
method (Step 4-7)

Step 4

Table B.5 shoys(the average of time-to-failure for each stress group A, B, C, D, and E (see Table B.R).
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Table B.5 — Average failure time for each stress condition

Group Average Temp(°C) 1/T % RH
A 6,269 2 85 0,002 792 80
B 6,594 3 85 0,002 792 70
C 6,932 4 85 0,002 792 60
D 7,719 9 75 0,002 872 80
E 8,886 4 65 0,002 957 80

NOTE
Mean r
log-me

To det
using |
as log-

log

where

i

The es

In
AR

~

B
Step 5|
The ag

stress
They 4

Theaverage i Table B-5showstheaverage vatue of theinfH)sof eachacceteraton T
pw of Table B.2. Instead of such the average value the centre value of the median rank ¢an
in; in the following equation.

ermine the coefficients 4, AH/k and B of the reduced Eyring equation, regression ar
ive average values obtained at the temperature values and relative humidity valug

Imean;.
—mean; =In(A)+ AL +BxRH; +¢;
k T;
=1~5.
timated values are determined as follows.
A) =P, =-356889
/k =B, =15904,21
= B, =-0,029968
celeration factors are calculated from the difference between the estimated log-

condition and the estimated log-mean at the Controlled storage-condition (25 °(
re listed in Table/B\6.

ndition in the
Iso be used for

alysis is done
s in Table B.5

mean at each
/ 50 % RH).

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

\. Calculated lifetime Adceleration

Stress condition

1/T Ln (Lifetime) Lifetime (hours) factor
85 1C/80 % RH 0,002 792 6,320 2 556 18 685
85°C/70% RH 0,002 792 6,619 9 750 13 846
85°C/60%RH 0,002 792 6,919 6 1012 10 261
75°C /80 % RH 0,002 872 7,595 7 1990 5218
65°C /80 % RH 0,002 957 8,946 7 7 682 1352
25°C/50% RH 0,003 354 16,1557 10383 119

Step 6

Using the acceleration factors in 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 before sorting.
Table B.8 shows data for a composite lognormal plot sorted in ascending order. Figure B.2 shows a
lognormal plot using the composite data of Table B.8. The ordinate scale is the probability of failure.
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Fromthefittingline forthosedata,thelog-mean (ﬂacf =16, 15) andstandarddeviation (éacf =0,132 4)

can be obtained. These values are almost the same as the values that were calculated in Table B.7.
NOTE (éacf)z is the the estimated variance of population.

Table B.7 — Data before sorting for composite lognormal plot

TitI:_e_ Group 2lgczrcmalized to Ln Titr(r)l_e- Group N(lrmalized to Ln
failure /50 % RH failure 25°C/50 % RH
429 A 8 015 865 15,896 933 3 1728 D 9016 704 16,014 b89 4
451 A 8426935 15,946 943 7 1882 D 9820276 16,099959 8
476 A 8894 060 16,000 894 2 1907 D 9950726 16,113 156 1
484 A 9043 540 16,017 561 2 1989 D 10 378 602 16,155 56 7
493 A 9211705 16,035 985 5 2020 D 10 5401360 16,170722 3
495 A 9249 075 16,040 034 1 2076 D 10832 568 16,198 p67 7
501 A 9361 185 16,052 082 4 2129 D 11v09 122 16,223R77 1
512 A 9566 720 16,073 801 0 2151 D 11223918 16,233557 6
521 A 9734 885 16,091 226 4 2180 D 11 375 240 16,246P49 6
526 A 9828310 16,100 777 6 2227 D 11 620 486 16,268280 1
534 A 9977 790 16,115 872 2 2277 D 11 881 386 16,290 483 5
540 A 10 089900 16,127 0455 2318 D 12 095 324 16,308329 5
542 A 10127 270 16,130 742 3 2352 D 12 272 736 16,322B90 8
548 A 10 239 380 16,141 7516 2404 D 12 544 072 16,3441758 8
557 A 10 407 545 16,158 0416 2443 D 12 747 574 16,360[851 5
576 A 10 762 560 16,19%584 0 2512 D 13107 616 16,388(704 0
579 A 10 818 615 164196 778 8 2589 D 13509 402 16,418 B96 4
586 A 10 949 410 16,208 796 1 2590 D 13 514 620 16,419 82 6
618 A 11 547 330 16,261 964 8 2776 D 14 485 168 16,4881635 8
645 A 12 051,825 16,304 726 7 2891 D 15085 238 16,529 227 2
613 B 8 487.598 15,954 116 6 5455 E 7 375 160 15,8131628 2
640 B 8861 440 15,997 219 8 5730 E 7 746 960 15,862811 1
649 B 8986 054 16,011 184 4 5908 E 7987 616 15,8934029
675 B 9346 050 16,050 464 4 6114 E 8266128 15,9271676 8
679 b 9401 454 16,056 5726 6326 | ISRYAVARY/ 15,961 763 7
696 B 9636 816 16,081 101 3 6431 E 8694 712 15,978 2256
703 B 9733738 16,091 108 6 6544 E 8847 488 15,995 644 1
709 B 9 816 814 16,099 607 2 6632 E 8966 464 16,009 002 0
719 B 9955 274 16,113 613 0 6711 E 9073 272 16,020 843 5
732 B 10 135 272 16,131 532 2 6779 E 9165 208 16,030925 1
739 B 10 232 194 16,141 049 6 6860 E 9274720 16,042 803 0
743 B 10 287 578 16,146 447 7 6935 E 9376120 16,053 676 6
747 B 10 342 962 16,151 816 8 7038 E 9515376 16,068 419 6
751 B 10 398 346 16,157 157 3 7108 E 9610016 16,078 316 4
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Tir:_e- Group 2NLL_’oorCmalized to Ln Tir(r)l_e- Group N(irmalized to Ln

failure /50 % RH failure 25°C/50 % RH

766 B 10 606 036 16,176 933 8 7202 E 9737 104 16,091 454 3
778 B 10772 188 16,192 478 2 7285 E 9849 320 16,102913 0
785 B 10 869 110 16,201 435 4 7362 E 9953424 16,113 427 2
804 B 11132 184 16,225 3509 7454 E 10077 808 16,125 846 3
856 B 11852 176 16,288 022 0 7562 E 10 223 824 16,140 231 2
89¢ B 12 406 016 16,333 6921 7569 E 10 233 288 16,141 156 5
864 C 8865504 15,997 678 3 7710 E 10 423 920 16,159 613 7
913 C 9368 293 16,052 8415 7827 E 10 582104 16,174 674 8
91] C 9388815 16,055 029 6 7955 E 10C755 160 16,190 896 2
94] C 9 696 645 16,087 290 5 8067 E 10906 584 16,204 877 2
95] C 9758 211 16,093 619 6 8250 E 11 154 000 16,227 3087
99 C 10 189 173 16,136 836 2 8405 E 11 363 560 16,245922 3
994 C 10 199 434 16,137 842 8 8546 E 11 554 192 16,262 5589
998 C 10 240 478 16,141 8589 8700 E 11762 400 16,280 418 6
1000 C 10 353 349 16,152 820 6 8953 E 12 104 456 16,309 084 2
1014 C 10 404 654 16,157 763 8 9452 E 12779 104 16,363 3219
1027 C 10 538 047 16,170 502 8 Mean 16,150 284 7
1030 C 10 568 830 16,173 449.7 Deviation 0,130956 0
103f7 C 10 640 657 16,180:192 8

104p C 10 763 789 16)191 698 2

106P C 10 969 009 16,210 584 5

1080 C 11 081 880 16,220 8219

1098 C 11 266 578 16,237 351 2

112p C 11543 625 16,261 643 9

122 C 12538 942 16,344 3497

1240 C 12 815989 16,366 204 1

Table B.8 — Data sorted in ascending order for composite lognormal pl¢t
Groub 4 sraonp—Order | TR | Grown | BP0t orderl| MO

E 7 375 160 1 0,006 3 B 10 398 346 61 0,549 8
E 7 746 960 2 0,015 4 C 10 404 654 62 0,5589
E 7 987 616 3 0,024 5 A 10 407 545 63 0,5679
A 8015 865 4 0,0335 E 10 423920 64 0,577 0
E 8266 128 5 0,042 6 C 10 538 047 65 0,5861
A 8426935 6 0,051 6 D 10 540 360 66 0,5951
B 8487 598 7 0,060 7 C 10 568 830 67 0,604 2
E 8552752 8 0,069 7 E 10 582 104 68 0,613 2
E 8694 712 9 0,078 8 B 10 606 036 69 0,622 3
E 8847 488 10 0,087 9 C 10 640 657 70 0,6313
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Table B.8 (continued)

Group Zlggl‘cmalized to Order Median Group N(Zrmalized to Order Median
/50 % RH rank 25°C/50% RH rank
B 8861 440 11 0,096 9 E 10 755 160 71 0,640 4
C 8 865 504 12 0,106 0 A 10 762 560 72 0,649 5
A 8894 060 13 0,115 0 C 10 763 789 73 0,658 5
E 8966 464 14 0,124 1 B 10772 188 74 0,667 6
B 8986 054 15 0,133 2 A 10818 615 75 0,676 6
D 9016 704 16 0,142 2 D 10 832 568 76 0,685 7
A 9043 540 17 0,1513 B 10869 110 77 | 0Bp47
E 9073272 18 0,160 3 E 10 906 584 78 40,7038
E 9165 208 19 0,169 4 A 10 949 410 795( 07129
A 9211 705 20 0,178 4 C 10969009 |80 | 07b19
A 9249 075 21 0,187 5 C 11081880 ~ | 81 0,781 0
E 9274 720 22 0,196 6 D 11 109 1;{(, 82 0,740 0
B 9346 050 23 0,205 6 B 11132084 83 0,749 1
A 9361185 24 0,214 7 E 11154000 84 0,7$8 2
C 9368293 25 0,2237 D 211223918 85 0,767 2
E 9376 120 26 0,232 8 ¢ ) 11266578 86 0,776 3
C 9388 815 27 0,2418 E 11363560 87 0,785 3
B 9401 434 28 0,250 9 D~ 11 375 240 88 0,794 4
E 9515 376 29 0,260 0 e 11 543 625 89 0,803 4
A 9566 720 30 0,2690 >§ A 11 547 330 90 08125
E 9610 016 31 0,278 1| E 11554 192 91 0,821 6
B 9 636 816 32 0,2871 D 11 620 486 92 0,880 6
C 9 696 645 33 |-\02962 E 11 762 400 93 0,839 7
B 9733738 34 | 70,3053 B 11852 176 94 0,8487
A 9734 885 A5 | 03143 D 11881386 95 0,857 8
E 9737104 |36 0,323 4 A 12 051 825 96 0,866 8
C 9758211 4| 37 0,332 4 D 12 095 324 97 0,875 9
B 9816 814)" 38 0,3415 E 12 104 456 98 0,885 0
D 9 820 276 39 0,350 5 D 12272736 99 0,894 0
A 9§28 310 40 0,359 6 B 12 406 016 100 | 09031
E 9849 320 41 0,368 7 C 12 538942 101 | 09121
D 9950726 42 0,377 7 D 12 544 072 102 | 09212
E 9953 424 43 0,386 8 D 12 747 574 103 | 09303
B 9 955 274 44 0,395 8 E 12 779 104 104 | 09393
A 9977 790 45 0,404 9 C 12 815 989 105 | 09484
E 10 077 808 46 0,413 9 D 13107 616 106 | 09574
A 10 089 900 47 0,423 0 D 13 509 402 107 | 09665
A 10 127 270 48 0,432 1 D 13 514 620 108 | 09755
B 10 135 272 49 0,441 1 D 14 485 168 109 | 09846
C 10 189 173 50 0,450 2 D 15 085 238 110 | 09937
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Table B.8 (continued)
Gro Normalized to Order Median
UP | 25°C /50 9%RH rank
C 10 199 434 51 0,459 2
E 10 223 824 52 0,468 3
B 10 232 194 53 0,477 4
E 10 233 288 54 0,486 4
A 10 239 380 55 0,495 5
C 10 240 478 56 0,504 5
B 10 287 578 57 0,513 6
B 10 342 962 58 0,522 6
C 10 353 349 59 0,5317
D 10 378 602 60 0,540 8
N N .
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Figure B.2 — Plot of composite data on lognormal paper
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Step 7

Bsg Life, Bs Life and Bsy Life at the Controlled storage-condition (25 °C/50 % RH) can be calculated as
follows.

Bgg Life = exp( i1,y | = exp(16,15) = 10 324 187 hours (1 179 years)
Bg Life = exp(fiy 1,646 .., ) = exp(16,15 - 1,64 0,132 4) = exp(15,933)
~ 8309118 hours(949 years)

The 95% lower confidence bound of the normal distribution with variation 6§cf is —1.646acf .

Assuming thaft the population has a normal distribution, the population shifted by —1,64 6acf W]ith the

mean value &acf -1,64 C}acf and the standard deviation 6acf is considered to be the 95%dower limit of

the normal djstribution of the population. On this normal distribution, the point estimates of the 5

percentile is defined as “the point estimates of the 5 percentile with variation.” It is cal¢ulated as fpllows:
Bgy Life 5 exp(In By )= exp(f, - 1,646 - 1,646 ()

— bxp (16, 15-1,64x0,132 4 — 1,64 x 0,132 4) - 6 687 348 hour's (763 years)

If the precisqg analysis or the precise interval estimation is required then the calculation based on
maximum-likglihood method is recommended (see A.1.3 and E.3).
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Disk-life estimation for Harsh storage-condition (Arrhenius

C.1 $tresscomditions and data-amalysis steps for Arrhenius metitod —

Here, 4 testmethod is shown for the Harsh storage-condition athigher temperature atdyrelz

method)

than that of the Controlled storage-condition (25 °C and 50 % RH).

This t¢gst method follows the scope in this document, which is based on an environment o
% RH [representing the most-severe condition in which users handle and 'store optical d

tive humidity

ff 30 °C and 80
sks. This test

metho[d also uses a different stress-test design that makes the use of thé Arrhenius methqd possible.

The same assumptions and data-analysis methods apply for thezambient storage-corjdition, stress

design|, and Arrhenius equation. The Controlled storage-conditién)of 25 °C and 50 % RH

an explected harsher user environment of 30 °C and 80 % RH.

s replaced by

Table £.1 and C.2 summarize the stress design for the Afrhenius method. In case a stgess condition
would[be destructive for the disk to be tested see Annéx B.

Table C.1 — Rigorous stress-condition for use with Arrhenius method

Test stress Maximum Minimum Intermediate Minimum
Tekt condition Number of\ incubation total relative pquilibration
specimen (incubation) specimens | sub-interval | incubation humidit duration
grdup time time y time
Temp (°C) | % RH hours hours % RH hours
A 85 80 20 300 1500 30 5
H 80 80 20 400 2000 31 7
( 75 80 20 600 3000 32 8
) 65 80 30 800 4000 35 10
Table C.2 — Basic stress-condition for use with Arrhenius method
Test stress Maximum Minimum Intermediate Minimum
Tekt iy Number of | incubation total - pquilibration
specimen (i‘r':é:;;é;;ﬂ specimens | sub-interval | incubation };:rlr‘:;é‘;: duration
group time time y time
Temp (°C) | % RH hours hours % RH hours
85 80 20 250 1000 30 5
75 80 20 425 1700 32 8
65 80 30 600 2400 35 10

Regarding the data-analysis steps in Annex B, Step 4 is replaced as follows.

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 features of statistics software tools.
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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 specimens is calculated using the estimate (i-0,3)/(n+0,4). Table C.3 shows the result of
ordered time-to-failure and median rank for the four stress groups A (85 °C), B (80 °C), C (75 °C) and D
(65 °C) with relative humidity kept constant at 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 D (65)]C)
number "fime-to- Median | L€t~ | pogian | Time-to- | yogian | TIme-t0) M yiddian
ailure failure failure failure
(hours) rank (hours) rank (hours) rank (houms) rqnk
1 429 0,034 1015 0,034 1728 0,034 5455 0)023
2 451 0,083 1040 0,083 1882 0,083 5730 0056
3 476 0,132 1080 0,132 1907 0,132 5908 0,089
4 484 0,181 1203 0,181 1989 0;181 6114 0122
5 493 0,230 1151 0,23 2020 0,230 6326 0JL55
6 495 0,279 1165 0,279 2076 0,279 6431 0188
7 501 0,328 1193 0,328 2129 0,328 6 544 0,220
8 512 0,377 1215 0,377 2151 0,377 6 632 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 0319
11 534 0,525 1260 0/525 2277 0,525 6860 0,352
12 540 0,574 1295 0,574 2318 0,574 6935 0,885
13 542 0,623 1310 0,623 2352 0,623 7038 0418
14 548 0,672 1425 0,672 2404 0,672 7108 051
15 557 0,721 1360 0,721 2 443 0,721 7 202 0484
16 576 0,770 1388 0,770 2512 0,770 7 285 0516
17 579 0,819 1420 0,819 2589 0,819 7 362 0,549
18 586 0,868 1472 0,868 2590 0,868 7 454 0,582
19 618 0917 1540 0,917 2776 0917 7 562 0J615
20 645 0,966 1625 0,966 2891 0,966 7 569 0648
21 770 8,681
22 7 827 0,714
23 7 955 0,747
24 8 067 0,780
25 8 250 0,813
26 8405 0,845
27 8546 0,878
28 8700 0911
29 8953 0,944
30 9 452 0977
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Step 3

Figure C.1 shows the lognormal plot of groups A, B, C and D from Table C.3. The ordinate scale is the
probability of failure. Best-fit straight lines are drawn through the data plotted for each group. If the
lines are judged to be sufficiently parallel, the assumption of equivalent log standard deviations among
the individual data sets is verified.

A B C D

RN TSN B
o p L 4 4 542 1086
BTSN TN
. . D Group B
L PEEIE SN o = 7,145
S FiREREN My é, -1455
I R r
X . : :
E SESRAN M M
. SR b 8. =1407
S 10— —
S IRHER R Sy AR Group D
= T EEEERE LN i i, = 8,888
// / /
200 500 1000 5000 10000 20000

Fime-to-failure (hours)

Figyre C.1 — Best-fit lines of groups A, B, C and D on lognormal paper (Verify that the fitting
lines for’all stress conditions are reasonably parallel to one another)

Step 4

Table (.4shows a total of 90 sample data values belonging to specimen groups A, B, Cand D for regression
analysiissnThe regression coefficients and error variance are calculated by applying the|least-squares
method to 90 failure data sets that were obtained under the four stress conditions.

Table C.5 shows the result of regression analysis using a statistics software tool. The estimated log
standard deviation ¢ and estimated regression coefficients B, and f, are obtained.
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Table C.4 — 90 sample data values for regression analysis

Number Int X1 Number Int X1
1 6,061 05 0,002 792 Y 1 7,454 92 0,002 872 Y
2 6,111 47 0,002 792 2 7,540 28 0,002 872
3 6,165 42 0,002 792 3 7,553 36 0,002 872
4 6,182 18 0,002 792 4 7,595 32 0,002 872
5 6,200 51 0,002 792 5 7,610 63 0,002 872
6 6,204 56 0,002 792 6 7,638 06 0,002 872
7 6,216 61 0,002 792 7 7,663 17 0,002 872
8 6,238 32 0,002 792 8 7,673 91 0,002 872
9 6,255 75 0,002 792 9 7,687 12 0,002 872
10 6,265 30 0,002 792 > Group A 10 7,708 53 0,002 872 > Groub ¢
11 6,280 40 0,002 792 11 7,730 83 0,002 872
12 6,291 31 0,002 792 12 7,748 37 0,002 872
13 6,295 27 0,002 792 13 7,763 20 0,002 872
14 6,306 28 0,002 792 14 7,785 04 0,002(872
15 6,322 57 0,002 792 15 7,800 85 0,002:872
16 6,356 11 0,002 792 16 7,828 69 0,002 872
17 6,361 30 0,002 792 17 7,859 16 0,002 872
18 6,373 32 0,002 792 18 7,859 35 0,002 872
19 6,426 49 0,002 792 19 7,928(6% 0,002 872
20 6,469 25 0,002 792 20 7,969 48 0,002 872 4
1 6,922 64 0,002 832 ~ 1 8,604 29 0,002 957 Y
2 6,946 98 0,002 832 2 8,653 47 0,002 957
3 6,984 72 0,002 832 3 8,684 06 0,002 957
4 7,092 57 0,002 832 4 8,718 34 0,002 957
5 7,048 39 0,002 832 S 8,752 50 0,002 957
6 7,060 48 0,002 832 6 8,768 89 0,002 957
7 7,084 23 0,002 832 7 8,786 36 0,002 957
8 7,102 50 0,002 832 8 8,799 66 0,002 957
9 7,114 77 0,002 832 9 8,811 50 0,002 957
10 7,122 06 0,002 832 > Grotp B 10 8,821 63 0,002 957
11 7,138 87 0,002 832 11 8,833 46 0,002 957
12 7,166 27 0,002 832 12 8,844 34 0,002 957
13 7,177 78 0,002 832 13 8,859 08 0,002 957
14 7,261 93 0,002 832 14 8,868 98 0,002 957
15 7,215 24 0,002 832 15 8,882 17 0,002 957 Groub D
16 7,235 62 0,002,832 16 8,893 57 0,002 957
17 7,258 41 0,002 832 17 8,904 09 0,002 957
18 7,294 38 0,002 832 18 8,916 51 0,002 957
19 7,339 54 0,002 832 19 8,930 89 0,002 957
20 7,393.26 0,002 832 4 20 8,931 86 0,002 957
21 8,950 27 0,002 957
22 8,965 33 0,002 957
23 8,981 56 0,002 957
24 8,995 55 0,002 957
25 9,017 97 0,002 957
26 9,036 58 0,002 957
27 9,053 22 0,002 957
28 9,071 08 0,002 957
29 9,099 74 0,002 957
30 9,153 98 0,002 957
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