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Foreword

2017(E)

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
committees established by the respective organization to deal with particular fields of

technical
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,

[SP/TECTTC T

The procedures used to develop this document and those intended for its further maintenance are

ddscribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria n
the different types of document should be noted. This document was drafted in aecordance
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Afttention is drawn to the possibility that some of the elements of this doCument may be tH
of| patent rights. ISO and IEC shall not be held responsible for identifying any or all su
rights. Details of any patent rights identified during the development of the document will
Infroduction and/or on the ISO list of patent declarations received (se® www.iso.org/patents)

Any trade name used in this document is information given for thle convenience of users and
stitute an endorsement.

Far an explanation on the voluntary nature of standards, the meaning of ISO specific t
ressions related to conformity assessment, as wellYas information about ISO's adheren
rld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the
L: www.iso.org/iso/foreword.html.

This document was prepared by Technical €6mmittee ISO/IEC JTC 1, Information technolo
Dipitally recorded media for information interchange and storage.

This third edition cancels and replaces the second edition (ISO/IEC 16963:2015), which
tefhnically revised.

The main changes compared to\the previous edition are as follows:

— minor enhancement has been made so that the stress condition and the disk testing loc
independent of each pther and the cross-combinations of them are applicable; and

— minor editoridl-¢hanges have been made to conform to the latest version of the ISO/IEC I
Part 2.

This correeted version of ISO/IEC 16963:2017 incorporates the following corrections:

— cortection of the formula in E.3 that uses function In L = In L(3,0) to express the Fisher inf
matrix [ in E.2.
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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 versus recordable compact
disks and DVD systems. The first edition of this document 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/]WG 1 Wthh isa ]omt Worklng group comprlsmg ISO/TC 42 ISO/TC 171/SC 1 and
ISO/IEC ] S
Ecma Int¢rnational TC 31

After thefissuance of the first edition of this document, ISO/IEC standards for the physical formats of BD
Recordablle and Rewritable disks were published. Accordingly, ISO/IECJTC 1/SC 23/JWG 1 started wdgrk
again to ipclude testing of writable BD optical disks in the second edition of this document. Additional
details fof lifetime estimation are also incorporated.

The third edition was issued as a minor enhancement of this document. It is clarified that the strgss
condition[and the disk testing location are independent each other and the cress-combinations of thgm
are appligable.

vi © ISO/IEC 2017 - All rights reserved
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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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Scope

is document specifies an accelerated ageing test method for estimating the, lifetin
trievability of information stored on recordable or rewritable optical disks.

e method is based on the theoretical assumption that the lifetime of data recorded on an oy
s a lognormal distribution.

tailed testing is specified for the following formats: DVD-R/RW/RAM disks, +R/+RW dis
V disks and BD recordable/rewritable disks. The testing can be“applied to additional optical-disk
'mats with substitution of the appropriate specifications and cdn also be updated by the c
the future as required.

is document includes:

stress conditions:

— Basic and Rigorous stress-conditions for testing and subsequent analysis using both t|
and Arrhenius methods;

ambient storage conditions in which thelifetime of data stored on optical disk is estimatg

— a Controlled storage-conditien; Temp = 25 °C and RH = 50 %, representing ful
conditioning. The Eyring method is used to estimate the lifetime under this storage c

— aHarsh storage-condition, Temp = 30 °C and RH = 80 %, representing the most severe g
in which users handle and store optical disks. The Arrhenius method is used to est
lifetime under this storage condition;

a description of the evaluation system;
procedures foy Specimen preparation and data acquisition;
definitiens'and methods used in testing specific disk types;

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

e of the

tical disk

ks, CD-R/

bmmittee

he Eyring

d:

-time air
bndition;

onditions
mate the

aformat 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 lifetime.

2

Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements 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 2017 - All rights reserved
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ISO/IEC 12862, Information technology — 120 mm (8,54 Gbytes per side) and 80 mm (2,66 Gbytes per side)
DVD recordable 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 per side)
DVD re-recordable disk for dual layer (DVD-RW for DL)

ISO/IEC 17341, Information technology — Data interchange on 120 mm and 80 mm optical disk using +RW

format —

Capacity: 4,7 Gbytes and 1,46 Gbytes per side (recording speed up to 4X)

ISO/IEC 17342, Information technology — 80 mm (1,46 Gbytes per side) and 120 mm (4,70 Gbytes per side)

DVD re-recardable disk (DI/D-PIA/]

ISO/IEC 1
format —

ISO/IEC 1
DVD rewn

ISO/IEC 2
DVD Recol

ISO/IEC 2

DL formag

ISO/IEC 2

HS formatg

ISO/IEC 2

DL formag

ISO/IEC
and stord
Recordab

ISO/IEC
storage —
Quadrupl

ISO/IEC
and stord
Rewritab

ISO/IEC
storage —

ECMA-39
ECMA-39

7344, Information technology — Data interchange on 120 mm and 80 mm optical disk using
Capacity: 4,7 Gbytes and 1,46 Gbytes per side (recording speed up to 16X)

7592, Information technology — 120 mm (4,7 Gbytes per side) and 80 mm (1,46 Ghytes per sig
itable disk (DVD-RAM)

3912, Information technology — 80 mm (1,46 Gbytes per side) and 120 mm [4,)70 Gbytes per siq
rdable Disk (DVD-R)

5434, Information technology — Data interchange on 120 mm and.80 mm optical disk using
— Capacity: 8,55 Gbytes and 2,66 Gbytes per side (recording speed.up to 16X)

6925, Information technology — Data interchange on 120 mmyand 80 mm optical disk using +R
— Capacity: 4,7 Gbytes and 1,46 Gbytes per side (recording speed 8X)

9642, Information technology — Data interchange on*120 mm and 80 mm optical disk using +R
— Capacity: 8,55 Gbytes and 2,66 Gbytes per side (tecording speed 2,4X)

30190, Information technology — DigitallySrecorded media for information interchan
lge — 120 mm Single Layer (25,0 Gbytes per disk) and Dual Layer (50,0 Gbytes per disk) |
e disk

0191, Information technology —- Digitally recorded media for information interchange a
- 120 mm Triple Layer (100,0 Ghytes single sided disk and 200,0 Gbytes double sided disk) a
b Layer (128,0 Gbytes single sided disk) BD Recordable disk

30192, Information technology — Digitally recorded media for information interchan
lge — 120 mm Single Layer (25,0 Gbytes per disk) and Dual Layer (50,0 Gbytes per disk) |
e disk

80193, Information technology — Digitally recorded media for information interchange a
- 120 mm TripleLayer (100,0 Gbytes per disk) BD Rewritable disk

4, Recordable Compact Disc Systems CD-R Multi-Speed
b, Recordable Compact Disc Systems CD-RW Ultra-Speed

R

je)

e)

¥

R

w

w

ge
5D

hd
hd

ge
D

3 Terms and definitions

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

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— IECE

lectropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.org/obp

31

Arrhenius method
accelerated ageing model based on the effects of temperature only

2

© ISO/IEC 2017 - All rights reserved
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3.2

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 h

3.3

Basic stress-condition

accelerated-ageing condition for estimating the lifetime of data stored on optical disks with a reasonable
amount of time and labour

well-controlled storage-condition with full-time air conditiohing (Temp = 25 °C and RH = 50 %) which

can extend the lifetime of data stored on optical disks

3.

Eyring method

acrelerated-ageing model based on the combined‘effects of temperature and relative humidity
3.

ddta error

mpst-severe condition in whigh users handle and store the optical disks (Temp = 30 °C and RH = 80 %)

E(C Block of BDs using Long-Distance Code

[SOURCETISO/TEC 3019072016, 1376]

3.13
Maximum Data Error
greatest level of data error measured 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.

3.14
retrievability
ability to recover physically-recorded information as recorded

© ISO/IEC 2017 - All rights reserved 3


https://standardsiso.com/api/?name=0e5141ad315c8a78f799cd90a79d0977

ISO/IEC 16963:2017(E)

3.15
RH
variable for relative humidity used with %

3.16

Rigorous stress-condition

accelerated-ageing condition for estimating the lifetime of data stored on optical disks with higher
confidence

3.17

shelf life
maximui time an unrecorded disk can be stored under specific conditions and still meet\the
performalnce requirements specified

3.18
shelf ti
time of afp unrecorded disk spent on the shelf

3.19

stress
temperatire and relative humidity variables to which the sample is exp6se¢d during the incubatipn
(3.11) suly-intervals

3.20

system
combinatjion of hardware, software, storage medium, and docurentation used to record, retrieve, ahd
reproducg information

3.21
Temp
variable for Celsius temperature used with °C

4 Abbreviated terms

BER Byte Error Rate

BLER BLock Error Rate

DL Dual Layer

ECC Error-Correction Code
LDC Long-DiStance Code

PI Parity (of the) Inner (code)
QL Quadruple Layer

RSER Random Symbol Error Rate
SER Symbol Error Rate

SL Single Layer

TL Triple Layer

5 Conformance

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

4 © ISO/IEC 2017 - All rights reserved
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6.

ISO/IEC 16963:

Convention and notations

1 Representation numbers

2017(E)

A measured value is rounded off to the least significant digit of the corresponding specified value.
For instance, it follows that a specified value of 1,26 with a positive tolerance of +0,01 and a negative
tolerance of -0,02 allows a range of measured values from 1,235 to 1,275.

6.

2 Variables

A

6.
TH

yariable with “*” above the character denotes that its value is obtained by estimation.

3 Names

capitalized.

7

7.

A

st
by
fo

E4
of
ex
be
fo

A
in
7
Th

Measurements

Jl Summary

1.1 Stress incubation and measuring

Fess conditions for Rigorous stress-condition testifig, for analysis by the Eyring method. Fo
the Arrhenius method, three stress conditionsshall be used for Basic stress-condition te
ir stress conditions shall be used for the Rigerous stress-condition testing.

ch total incubation time is divided inte~several incubation sub-interval time periods. Th¢
the sub-intervals is to provide sufficient data points to enable proper fitting of the d

fore exposure to a stress condition. After each incubation sub-interval, each disk shall be
" its data errors again.

control disk used for monitoring the measurement equipment may also be measured 3
fubation sub-interval

.2 Assumptions

is documentdsbased on the following assumptions for applicability to the optical disks to I
the life~distribution of the disks is appropriately modelled by a statistical distribution;

the Eyring method can be used to model ageing with both stresses involved (temper:

e names of entities having explicitly-defined meanings for the purpose(ef‘this document are

broup of disks shall be measured at four stress conditions for Basic stress-condition testing, or five

I analysis
sting and

purpose
hta to an

ponential curve during analysis. Each disk in each group of disks has its initial data errors ]Eeasured

easured

fter each

e tested:

ture and

relative hnmidifv)'

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;

a hardware and software system needed to read the disk will be available at the time retrieval of

the information is attempted;

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

© ISO/IEC 2017 - All rights reserved
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7.1.3 Data error

7.1.3.1 General

Data errors shall be measured at disk testing 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:

Maximum Random SER (Max RSER)

DVD-R difks defined in ISO/IEC 23912 and ISO/IEC 12862, DVD-RW disks defined in ISO/IEC 17342 ahd
ISO/IEC 13170, +R disks defined in ISO/IEC 25434 and ISO/IEC 17344, and +RW disks defitted in ISP/
IEC 17341, ISO/IEC 26925 and ISO/IEC 29642:

Maximum PI Sum 8 (Max PI Sum|8)

DVD-RANMI disks defined in ISO/IEC 17592:

Maximum'Byte Error Rate (Max BER)

CD-R disKfs and CD-RW disks defined in ECMA-394 and ECMA-395, r€spectively:

Maximum C1 Ave 10 (Max C1 Ave 10)

7.1.3.2 |RSER

Per ISO/IEC 30190, ISO/IEC 30191, ISO/IEC 30192 ‘and ISO/IEC 30193, a Random Symbol Error Rgte
(RSER) iy defined as the SER where all erroneous,bytes contained in burst errors of length 240 bytes
are counted neither in the numerator nor in the denominator of the SER calculation:

N
(Eai — Ey, )

N
Nx7§392- 3" E,
i=1

is the numbér of all erroneous bytes in LDC Block i;
Ey, is thesmumber of all erroneous bytes in burst errors =40 bytes in LDC Block i;

N isthe number 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.

6 © ISO/IEC 2017 - All rights reserved
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The number of erroneous bytes in a burst is defined as the actual number of bytes in that burst that are

no

t correct (see example in Figure 1).

The maximum value of the RSER measured over the area specified in 7.5 (Max RSER) shall not
exceed 10-3.

«——— burst length =9 bytes —_—

7.1.3.3 PISum8

Pe

number of erroneous bytesin burst = 6

c =correct byte, x =erroneous byte

Figure 1 — Example of burst error

r [SO/IEC 16448 or ISO/IEC 16449, a row in an ECC block that has\at least 1 byte in error c(

nstitutes

a PI error. PI Sum 8 is measured over any eight consecutive ECCblocks. The maximum number of PI

erfors, also called Max PI Sum 8, before error correction, meastred over the area specified in

ng

T}

p4
to
m

7.

IS
(1

T}

called C1 Ave 10. Thefmaximum value measured over the area specified in 7.5 (Max C1 Ave 10|

ex

7.

Da
fit

.1.3.4 BER

t exceed 280.

e number of erroneous symbols shall be measured in any consecutive 32 ECC blocks in
ss of the decoder before correction. The BERis the number of erroneous symbols divid
fal number of symbols included in the 32\consecutive ECC blocks. The maximum value o
pasured over the area specified in 7.5 (Max BER) shall not exceed 10-3.

1.3.5 C1Avel0
D/IEC 10149 specifies that the.BLER averaged over any 10 s shall be less than 3 x 10-2. At the

us, the number of C1errors per second before error correction which is averaged over a
ceed 220.

1.4 Data\quality

ta quality is checked by plotting the median rank of the estimated time-to-failure values w
line.for each stress condition. The lines are then checked for reasonable parallelism.

K) data transfer rate, the total number of blocks per second entering the C1-decoder is 7 35(.

7.5, shall

the first
bd by the
f the BER

standard

hy 10 s is
shall not

th a best-

7.1.5 Regression

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 method.

7.2 Testspecimen

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

© ISO/IEC 2017 - All rights reserved
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Consideration shall be made for shelflife. Longer shelf time of optical disks before recording and testing
can impact test results. Shelf time shall be a representative of normal usage.

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

7.3 Recording conditions

7.3.1 General

Before d
practica
during t
assumed
acceptab
found to

The choig
commerc
all specif

The recot

NOTE
recording

sks are entered into accelerated-ageing tests, they shall be recorded as optimally 4as
e according to the descriptions given in the related standard. Optimum Power Contrel (OP
e writing process shall serve as the method to achieve minimum data errors. It is,'genera

for entry into the ageing tests when their data errors and all other disk parameters 3
e within their respective standard’s specification limits.

al drive or a specialty recording tester. It shall be capable of produging'recordings that mg
cations.

ding speed used for testing shall be reported.

speed.

7.3.2 Recording test environment

When pe
propertie

Tem
Rela

Atm

No conde

rforming recordings, the air immediately surrounding the disk shall have the followi
S:

berature: 23 °Cto 35 °(;

Five humidity: 45 % to(55*%;

bspheric pressure: 60%Pa to 106 kPa.

nsation on the disk shalloécur. Before testing, the disk shall be conditioned in this environmg

for 48 h thinimum. It is recommended that, before testing, the entrance surface be cleaned according

the instry

7.4 Pla

ictions of the manufacturer of the disk.

yback conditions

7.4.1 Playbacktester

disks shall be read as described in the relevant format standards identified in Clause 2.

is
C)
ly

that optimally-recorded disks will yield the longest estimated lifetime. Disks-are” deemged

re

e of recording hardware is at the discretion of the recording party. It m&dy be based either o a

et

It is expected that the lifetime of data on a disk can be affected by recording conditions including

nt

Specimen

742 P

layback test environment

When measuring the data errors, the air immediately surrounding the disk shall have the following

properties:
Temperature: 23 °Cto 35 °G;
Relative 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.

8
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7.4.3

Calibration

ISO/IEC 16963:2017(E)

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 and after each stress sub-interval.

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

el 111 1
pL ITIU SIIAIT DC TC-IIICAdS Ul .

7.6 Disk testing locations

7.5.1 General

Disk testing locations for Data Error measurement shall be Rigorous testing location or Bag
lo¢ation. Rigorous testing location should be applied combined with Rigofeus stress-conditi
Bgsic testing location should be applied combined with Basic stress-condition testing. A com
Rigorous testing location and Basic stress-condition testing and a combination of Basic testin
arld Rigorous stress-condition testing are also applicable (see 8.2.1).

7.5.2 Rigorous testing location

Riporous testing location is all data areas on a disk to be.tested.

7.5.3 Basic testing location

Bgsic testing location is a minimum of three bands spaced evenly across the inner, middle

rafdius regions on the disk as indicated in Table 1. The total testing area shall represent a mi
5 %o of the disk capacity. For BD disks, each of the three test bands in each layer shall have 1
10 000 LDC Blocks. For DVD disks and®*R/+RW disks, each of the three test bands in each |

ic testing
n testing.
ination of
b location

hnd outer
himum of
nore than
hyer shall

hgve more than 750 ECC blocks for 80 mm disks or 2 400 ECC blocks for 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
Dimensijons in 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 (inner radius)
(inner radius) (inner radius)
120 mm 80 mm 120 mm 80 mm 120 mm 120 fnm
BandA4 25,0 25,0 25,0 24,1 to 25,0 24,1 to 25,0 25)0
Band.2 40,0 30,0 40,0 29,8 to 38,8 39,4 to 40,4 40)0
Band 3 55,0 35,0 55,0 34,6 t0 35,6 | 549t055,8 55,0

For Multi-layer disks, it is recommended that additional test band(s) at the outer diameter covering
data in the transition(s) between layers in the disk be included in the test.

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.
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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.

Regardin
condition
are show

g the use of the Eyring method, five stress conditions shall be used for Rigorous stress-

h in Table 2. The four stress conditions that shall be used for Basic stress-condition testing a

the minimum numbers of specimens are shown in Table 3. Additional specimens and conditions may
used if dgsired for improved precision.

The total

incubation time for each stress condition shall be greater than or equal to thé minimum to

incubatiojn time. The minimum total incubation time for the Rigorous stress-condition is defined

Table 2. T]
data erro
minimun
for thats

The incuk
time. The

total incubation time and the continuation of testing is judged as rrelevant, then the testi
ress condition may be stopped.

The maxiEum incubation sub-interval time for the Basic stress-condition is defined in Table 3.

The num
sub-inter

er of incubation sub-intervals depends on the total incubation time and the incubati

he minimum total incubation time for the Basic stress-condition is defined-in Table 3. If all t
's of specimens for a certain stress condition far exceed the failure criteria (see 9.1) before t

val time. For example, the total time for each stress condition given in Table 2 and Table 3

testing and the minimum number of specimens that shall be used for those stress conditions

hd
be

ral
in
he
he

ng

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

bn
is

divided iI;to five and four equal incubation sub-intervals, respectively, in the case of a combination

the maxi
to set the

a specimgn reaches the failure criteria (see 9.1) before the minimum total incubation time.

Regardin
Annex C.

The temp)
in Table 4

and shown in Figure 2.

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

um incubation sub-interval time and the miinimum total incubation time. It is recommend
number of incubation sub-intervals to greater than or equal to four, considering the case tlat

b the use of the Arrhenius methed;stress conditions are given in Table C.1 and Table C.2|i

of
ed

erature and relative humidity during each incubation sub-interval shall be controlled as given

Maximum Minimum . -
Test Stress . . Intermediate | Minimum
N, Number of | incubation total . - .
Test condition . . . . relative equilibrati
. . . specimens | sub-interval | incubation- g . ljln
specimen (incubation) time time humidity |duration time
group
Temp RH h h RH h
°C % %
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

10
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Maximum Minimum . .
Test stress . . Intermediate Minimum
.. Number of | incubation total - o ]
Test condition . . . . relative equilibration
g . . specimens | sub-interval | incubation- g - .
specimen (incubation) time time humidity | duration time
group
Temp RH h h RH h
°C % %
A 85 80 20 250 1000 30 7
B 85 70 20 250 1000 30
C 65 80 20 500 2000 35 9
D 70 75 30 625 2500 33 11

Tgtal incubation time and incubation sub-interval time should be determinedy-from the ageing

ch
fa
ex

8.
TH

T}
T}

Th
st
alf

T}
ar|
te
83

8

EX
w

8
T}

aracteristic of the disks under test. In the situation where only one conditipnor less re
lure criteria during the minimum total incubation time, it is recommended‘that the test
tended for all conditions until at least two conditions reach the failure criteria.

.2 Temperature

e temperature levels chosen for this test plan are based on the following.

hches the
chould be

ere shall be no change of phase of moisture within the test system over the test-temperatyre range.

is restricts the temperature to greater than 0 °C and less¢than 100 °C.

e temperature shall not be so high that plastic_deformation occurs anywhere within

the disk

ructure. In case a stress condition would be destructive for a disk to be tested, see Anhex D for

ernative stress conditions.

e typical substrate material used for optic¢al disks is polycarbonate (glass-transition temp

brature is

pund 150 °C). The glass-transition temperature of other layers can be lower. Experience with high-

mperature testing of BD disks, DVD disks, +R/+RW disks, and CD disks indicates that an upp
°C is practical for most applications:

.2.3  Relative humidity

perience indicates that 80" % of relative humidity is the generally-accepted upper limit fi
thin most accelerated test cells.

.2.4 Incubation-and ramp profiles

e relative-humidity transition (ramp) profile is intended to avoid moisture condensati

supstrate;minimize substantial moisture gradients in the substrate and end at ramp-down c

w

th the,substrate equilibrated at the ambient condition. This is accomplished by varying the

br limit of

dr control

n on the
dbmpletion
moisture
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Table 4 — Temperature and relative humidity transition (ramp) profiles for each incubation
sub-interval

Process step Temperature Relative humidity Duration
°C % h
Temperature,
Relative-humidity to Tinc to RHint 1,5+0,5
ramp
I\Bldtl\;.:'r;lll;)llllull.y at Tinc tO RHinc 1’5 + 0’5
Incubation at Tinc at RHinc See Table 2 or Table 3
Relative-humidity at Tine to RHine 15405
ramp
Equilibration at Tinc at RHint See Table 2 orTable 3
Temperature,
Relative-humidity to Tamb to RHamp 15.# 0,5
ramp

arhb = room-ambient temperature or relative humidity (Tamp or RHamp)-

—

nk = stress-incubation temperature or relative humidity (Tinc or RHinc)-

int = intermediate relative-humidity (RHjy) that at Tiyc supports{the same equilibrium moisture
aBsorption in polycarbonate as that supported at Taymp and RHamp.

Process step |
Temperature, ) Temperature
Relative- Relaplv_e— . Relative- - . Relaﬁve- '
humidity humidity Incubation humidity Equilibration humidity
ram ramp ram
p o -xQ = A SN S0 1.1 S RH .
! \ =
T fommmmmmmemenan ©
p— inc i \ ®,
< 4 \ é’r
P ! \ @
§ ‘I \ =
: \
£ ' \ E
=" 7 \ =
g ! T . \ =)
= 7 emperature A =
‘cHamh [~ 1 \ " RHamI) é
o 7 , e \ .
v - — — = Relative humidity \ 3
\\ 7 LY s
N ’ \ G
il U i | \ 2
~ o e e RH:;,
Tamh i T:lmh
Start End
Time (h)

Figure 2 — Graph of typical transition (ramp) profile for each incubation sub-interval

8.3 Measuring-time intervals

For data collection, RSER (BD Recordable SL/DL disk, BD Recordable TL/QL disk, BD Rewritable SL/DL
disk, BD Rewritable TL disk), PI Sum 8 (DVD-R, DVD-RW, +R, +RW disk), BER (DVD-RAM disk), or

C1 Ave 10 (CD-R, CD-RW disk) shall be measured on each disk

a) before disk exposure to any stress condition to determine its baseline measurement, and

12 © ISO/IEC 2017 - All rights reserved
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b) after each incubation sub-interval. The length of time for intervals is dependent on the severity of
the stress conditions.

In case all the data errors of specimens do not reach the failure criteria (see 9.1) within the minimum
total incubation time, testing at a particular stress condition may have to be stopped (see A.2.1 for
guidance).

8.4 Design of stress conditions

A separate group of specimens shall be used for each stress condition.

TJble 2, for the Rigorous stress-condition, and Table 3, for the Basic stress-condition, specify the
temperatures, relative-humidity values, maximum incubation sub-intervals, minimum/etal ihcubation
tijne, and minimum number of specimens for each stress condition. All temperatures| shall be
maintained within *2 °C of the target temperature; all relative-humidity values.shall be mpintained
within *3 % of the target relative humidity.

The intermediate relative-humidity values in Table 2 and Table 3 are calculated assuming 25 °C and
50 % ambient conditions. If the ambient is different, the intermediate relative humidity to lye used is
calculated using the formula:

0,24+0,003 7XT 1
int = XRH ymp,
0,24+0,003 7xT;,.

where

Tamp and Tinc are the ambient and incubation temperature in units of °C;
RHamb is the ambient relative humidity;
RHint is the intermediate relative humidity.

The stress conditions in Table 2, Tablé\3-and Table 4 offer sufficient combinations of tempergture and
relative humidity to satisfy the mathematical requirements of the Eyring method.

8.p Disk orientation

The disks 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
dgposition of debris,which could negatively influence the data-error measurements, on the disk surface.

9| Lifetime-estimation

9.1 _ Time-to-failure

Id 9]]}7’ 2l dic]lc cubjnr‘fnd tn strogg r‘nndifinnc chnu]d ]f\a"rn t]ncn'r times-to Fai]uvn P’J]r‘u]af d at the
stress conditions they have been subjected to. The time-to-failure of a disk is determined by the test

data including the Maximum Data Error (see A.2.1). In case any times-to-failure are not available for a
stress condition, however, see A.2.3.

Failure criteria are: Max RSER exceeding 10-3 for BD Recordable SL/DL disks, BD Recordable TL/QL
disks, BD Rewritable SL/DL disks and BD Rewritable TL disks (see Annex F), Max PI Sum 8 exceeding
280 for DVD-R/RW disks and +R/+RW disks, Max BER exceeding 10-3 for DVD-RAM disks and Max C1
Ave 10 exceeding 220 for CD-R/RW disks.

It is assumed that the data errors on a disk are the result of material degradation. The chemical changes
are generally expected to cause test data to have a distribution that follows an exponential function
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over time. Therefore, test values of PI Sum 8, BER, C1 Ave 10 or RSER 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, for
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).

9.2 Accelerated-ageing test method

9.2.1 Eyring acceleration model (Eyring method)

Using the| Eyring model, the following formula is derived from the laws of thermodynamics ahdcan pe
used to handle the two critical stresses of temperature and relative humidity.

o A]"aeAH/kTe(B+C/T)XRH

where
t is the time-to-failure;
A is the pre-exponential time constant;
Ta is the pre-exponential temperature factor;

AH | isthe activation energy per molecule;
k is the Boltzmann's constant (1,380 7 x 10-23J/molecule degree K);
T is the temperature (in Kelvin);
B, C | are the relative humidity exponential constants.
In this document, T (in Kelvin) is set as T =273,15 + Temp.

For the tgmperature range used in/this test method, “a” and “C” shall be set to zero. The Eyring-model
formula then reduces to the following formula:

£ = AJAH/KT JBxRH

AH
1 =In(A)+—3%+BxRH
n(t)EIn(A)+ kT+ X

9.2.2 rrhenius acceleration model (Arrhenius method)

The Arrhenius method uses only temperature stress for accelerated ageing.
The time-to-failure is assumed to be governed by the following Arrhenius-model formula:

t = AeAH/KT

1n(t)=ln(A)+ﬁ

14 © ISO/IEC 2017 - All rights reserved
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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);

9

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

a)
b)

f)

g)

h)

A Result of estimated disk life

Annex E: Interval estimation for Bs Life using maximum likelihood.

The number and title of this document;
Ambient storage-condition for the lifetime estimation:

Temp = 25 °C and RH = 50 % (Controlled storage-condition) or Temp = 30 °C and RH = 80
storage-condition);

Disk testing location:
Rigorous testing location or Basic testing location (see 7.5);
Stress and testing condition:

Rigorous stress-condition testing or Basi¢ stress-condition testing and whether oj
alternative condition was used;

The recording speed used for testing:shall be reported (see 7.3);

Time-to-failure data:

Complete data or data with.the substitutes of missing times-to-failure;
Sample information:

Number of samples.tested under each stress condition;

Estimation method and the estimated data:

Maximums-likelihood method with the least squares method/acceleration-factor metho
estimdted log standard deviation;

Do (Harsh

not the

1 and the

likelihood method with least squares method:

Bgo(Life, Bs Life and 95 % lower confidence bound of Bs Life [= (Bs Life)] for the n[aximum-

Bsg Life, Bs Life and the point estimates of the 5 percentile with variation (= Bsy Life) for the

acceleration-factor method.

© ISO/IEC 2017 - All rights reserved
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Annex A
(normative)

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

A.1 Dalta analysis for Disk-life estimation

A.1.1 General
Data anallysis for lifetime estimation is based on the following assumptions.
— The ljfetime of data recorded on an optical disk has a lognormal distribution.

— The BEyring method is used for the Controlled storage-condition (Temp = 25°C/and RH = 50 %) (see
Annex B).

— The Arrhenius method is used for the Harsh storage-condition (Temp.="30 °C and RH = 80 %) (see
Annex C).

The maximum-likelihood method (see Annex E) is applied for a ptécise analysis and a precise interyal
estimation. Thus, the lifetime estimation in this document s specified based on the maximum-
likelihood method estimation.

The calcylation for the maximum-likelihood method is complicated and it is not so easy to adopt{ If
the lifetine data are complete and its distribution is;lognormal, then the estimated lifetime can also
be calculgted using the least-squares method and the calculated results will be the same as that of the
maximunp-likelihood method. Thus, for the complete data case, the least-squares method, which|is
relativelyleasy to calculate, is adopted as the practical calculation method for estimating the populatign.

For the ¢ase that the lifetime data are_not complete and there are missing times-to-failure, the
estimation method is shown in A.2.4 as an informative subclause.

The acceleration-factor method has_been widely used for the lifetime estimation of DVD disks. Thdse
who need the evaluation with.relation to the past data can refer to the acceleration-factor methqd,
explained in A.2.6 and B.3.

There cap be the case of-the multi-layer disk that the Maximum Data Error occurs in different laydrs
is
he
sk

As time-to-failure t is distributed with lognormal distribution, LN(y, o? ), log lifetime (y = Int) follows

anormal distribution, N(u, o? ), where pu and o2 are the expected values of y and variance, respectively.

u can be expressed as a function of x as follows:

y=u(x)+o-z

=By +B1x1 +Byx,+0 2
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where

z  denotes a percentile of N(0,1), Bo =In A, f1 = AH/k, B2 = 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.

NOTE1 xisavector with two dimensions (x1, x2).

The 1 pnw‘nnfi]n of the lifetime distribution or Bp Life is U\ridn]y used-in rn]iahi]ify engineering. The

pdint estimation of InBp is described as

lan =B, + Bixy +Byx, + Z,/100C
THen the point estimates of the 5 percentile and 50 percentile of the lifetime distribution are given by:

~

InBg = B, + B1x,o + ByX,0 — 1,640

InBgy = By + B1xq9 + ByXyg
where
X10, X20 denote the Controlled storage-condition (Temp = 25 °C and RH = 50 %).

(x10=1/(273,15 + 25), x20 = 50)

NQTE 2 The purpose of the lifetime estimationgs'to estimate the lifetime of the population. Thus,|(0)?2 is the
unbiased variance.

Al1.3 Interval estimation for optical disks

Fdr interval estimation of lnép for'dan optical disk, one may consider only the lower bound. (100—06)%

lower confidence bound of loglifetime lnE}p is given by the following formula:

(lan)L = lan F20//100 [var(In Bp)

where

~

var (In B, ) denotes the variance of lnép (see Annex E).

Al Estimation of # and o using least-squares method

The multiple linear-regression model for the iji;, specimen is described as follows.
Yij=Bo+Bix1j+Baxyj+e; (i=1ton;)(j=1to])
where

€ denotes errors;

nj  denotes the number of specimens in each group;

] denotes the total number of groups.
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The estimate jlj is given as

}A’jz

where

Bo + Bixyj + Byxy;

x1j=1/(273,15 + Tempy);

x2j = RH;.
Also, the sum of squared residual errors Se is computed as
J, L .
=1 i=1
If the lif¢time data are complete and the distribution is lognormal, then the estimated regressi
coefficierlts obtained by the least-squares method are the same as that of thédmaximum-likeliho

method ajnd they can be used for the estimation. The following shows the way to utilize the calculati

results ol

The estinpated regression coefficients of jlj can be obtained by applying the least-squares method

Se. The eq
B, C, D an|

Let (6lsm

is given b

(6-lsm

where

=
1
il |

n-3 =n-2
(tempera

tained by the least-squares method.

timates BO, Bl and [;’2 are obtained by solving 110 lin€ar‘regression formulae of groups
d E.

2 .
) be the unbiased variance obtained by the least-squares method, then the estimate (Glsm

/
b 1 and it denotes the total number of specimens.
=1

1. -1 is\for the limited number of the sampling and -2 is for the number of degrees of freedd
fure and humidity).

bhn
bd
bhn

A,

m

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.

The estimated regression-coefficients B, B, and 8, and the estimated variance of residual errors

(Glsm ) are obtained using regression analysis statistics software tools.

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

Bs Life = exp (lnéso)

18

=exp (By + B1X1 + ByXy0),
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~

Bs Life = exp (InB)
=exp (B, + Byxyg + ByX,y —1,640),

=exp (B, + Byx g + ByXx,y — 1,64 6lsm ),

where
X10,X20 denote the Controlled storage-condition (Temp = 25 °C and RH = 50 % ).
By substituting o, for o, var(InBc,) and var (In B. ) are obtained as follows (s€€ E.3).
_ } -1
n 1 1
S0 x -
~2 c2 T ~2 J72j
Olsm Olsm Jj=1 O 1smJ=1 1
A 1 ¥ 1 -, 17
"ar(lnBso):[1 X10 %20 ] 5 anxlj 5 anxlj 3 anxleZj X10
O-lsm j=1 o-lsm j=1 Ism Jj=1 X
20
1 < 1 ¥ 1 <
n.x.,. nix.x,.  —— Y n.x5.
) Z JjU 2] ) Z JN1j72j -2 Z jo2j
Olsm Jj=1 Olsm j=? Olsm J=1 i
- -1
J J
n 1 1
~2 ~2 znjxlj ~2 zn]XZJ 0
Olsm Olsm J=1 Olsm J=1
] J J 1
1 1 ) 1
) 2 Zn]xlj 2 ZHJ.XII e Zrzjxlszj 0 .
var (In BS)=|:1 X1 Xp0 —1,64:| Ism /=1 Ism J=1 lsm /=1 10
J J J X
: Ly LS ol ||
2 A j¥2j 2 4 Mj%1%2; 22 A Mj%2; -1,64
Olsm J=1 Olsm J=1 Olsm J=1
2n
0 0 0 —
L O-ls h |
where
J
n= an and it denotes the total number of specimens.
J=1
Ustmg the Tesuttof the above formuta; tire fower tomnfidemnce boumd of tog tifetime 5, =55 Life)y, is

given by the following formula.

(Bs Life)y, = exp[(lnI;’S)L] = exp[lné5 —1,64,/var(In 1§5) ]

A.2 Data analysis steps for lifetime estimation

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

Before the lifetime-estimation calculation, the effectiveness of the test data shall be checked, following
the procedure listed below.
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Calculate the linear regression or the polynomial regression of the logarithm of test-data error rate
(Errort) = In(Errort) against incubation time and plot In(Errort) versus the incubation time and their
best-fit line on the linear-scale graph for each test-condition specimen.

Step 2:

Check the following three conditions:

a) The best-fitline increases monotonously.

b) All lrJ(Errort) are almost on the best-fit line.

c¢) Thek
If all thre
If the thrg

There are

— The flirst case is that there is a sample that shows unexpected deterioration during the first sy

inter
this ¢
samp
be tr

number of specimens as it is.

— Thes
total
in th
satisf
conti

If there are some In(Errort)s that show abnermal value, it is recommended to check the reason wi

those val
values or

Step 3:

For each
failure cr

For a test;
the minir
the best-f

est-fit line has reasonable increase and is not flat nor is having a negative slope.
e conditions are satisfied, then go to Step 3.
be conditions are not satisfied, then that time-to-failure shall not be determiined.

two cases where the above three conditions are not satisfied.

ral time of the accelerated-ageing test while other samples satisfy the three conditions.
ase, the deterioration mechanism of the abnormal sample can be different from that of oth
les. The sample whose error rate cannot be obtained after the first sub-interval time sh
pated as having the missing time-to-failure. Then go to.Step 4 in A.2.2. In this case, keep t

econd case is that there is a sample in a group which does not deteriorate within the minimu
incubation time and its best-fit line does notishow reasonable increase while other samp
it group satisfy the three conditions. The case when the time-to-failure of a sample does 1
y the three conditions shall be treated as the missing time-to-failure and the procedure sh
hue at Step 4 in A.2.2. In this case, keep'the number of specimens as it is.

es are abnormal, if possible,-and it is also recommended to judge whether to adopt thd
not.

test-condition speeimen, determine the time-to-failure where the best-fit line crosses t
teria.

condition spécimen for which the measured error rate did not reach the failure criteria with
hum totalincubation time, the time-to-failure may be determined using the extrapolation
it line efin(Errory) as a predicted time-to-failure.

After Ste]i) 3,-go to the procedure in A.2.2.

b-
In
er
hll
he

m
es
ot
hll

hy
Se

in
of

A.2.2 Judgment of complete data

Follow the procedure listed below.

20
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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.2 Step 2).

If there is a sample that shows unexpected deterioration during the first sub-interval time of the
accelerated-ageing, then its missing time-to-failure shall be given the median rank smaller than that
of the shortest time-to-failure when sorting times-to-failure for the determination of the median rank.

If there is a sample that does not deteriorate within the minimum total incubation time, then its missing
time=to-failure shall be given the median rank Iqrgpr than that of the ]nngpcf time-to failure when

sorting times-to-failure for the determination of the median rank.

Step 5:

Plpt the median rank versus the time-to-failure on a lognormal graph, with timie-to-failufe on the
abscissa and median rank on the ordinate, for each specimen of the stress group:

Plpt the best-fit straight line for each specimen of the stress group.
Step 6:
CHeck the following conditions.

a)[ All the times-to-failure corresponding to each median rank are almost on the best-fit strfaight line
of each stress group.

b)[ The best-fit straight lines of all stress groups are reasonably parallel with each other.

If [both conditions listed above are satisfied, thén*the data are deemed complete. Procegd to the
priocedure in A.2.5 (maximum-likelihood method with least-squares method) or in A.2.6 (accgleration-
fagtor method). For the precise analysis or the‘precise interval estimation, go to the procedurg in A.2.5.

If p time-to-failure is away from the bestxfit straight line, then that time-to-failure shall not b¢ used for
the lifetime estimation. That time-to-failure is treated as a missing time-to-failure.

If at least one condition listed above‘is not satisfied, then go to the procedure in A.2.3.

AR.3 Condition for lifefime-estimation effectiveness

Fdllow the procedure listed below.

Step 7:

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

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

b)[ ,Exclude the missing times-to-failure, then check if the specimens of each stress group havg 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 can
be possible, but the method is complicated and is not easy to apply. There is a possibility that it is not 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 A.1, it was assumed that the lifetime data have 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.
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A.2.4 Lifetime 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
can be longer.

a)
time
medi
b) Maxi
inA.2.5.
0)
A25 L
squares

Calculatidn of the maximum-likelihood method with the least-squares method can be done as listed beld

a)

b)

Substitution of times-to-failure

For each missing time-to-failure, check the corresponding median rank and substitute the missing

taofailira yalua vuith tha valia swbhara tha bact fit ctvraight Iina cvraccnc tha coreacnands
tO-rahbFe—vartde—with—ne—vatde—where—+ne-—se S5t gtt e—cHo55¢ e—co+es

Substitute all the missing times-to-failure and prepare the complete data set. Then follew the ste

Acceleration-factor method application

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

Calcylate the multiple regression coefficients and stafidard error using the least-squares meth
acrogs all times-to-failure. This calculation can be performed by multiple regression analysis usi
statigtics software tools.

The ¢oefficient of determination is expected.to be over 0,8. If the coefficient of determination
the multiple regression analysis is too small, then it is recommended to reconsider the accelerat
ageirlg-test condition.

Bso llife, Bs Life and 95 % lower €onfidence bound of Bs Life at the Controlled storage-conditi

are c
squa

A2.6 L

Calculati

a)
b)

c)

d)

Calcylate regression coefficients using the log-mean failure time.

Calcylate aeceleration factors from the difference between the estimated log-mean at each streg

cond

TITT U—CIT PoTTeT

hn rank on the lognormal graph.

mum-likelihood method with least-squares method application

fetime-estimation calculation method (maximum-likelihood method with leas
method)

hlculated using the multiple vegression-coefficients and standard error obtained by the lea
‘es method and the formufae of maximume-likelihood method (see B.3 and E.4).

fetime-estimation calculation method (acceleration-factor method)

dn of the conyentional acceleration-factor method can be done as follows.

tion.

g

pS

ps

SS

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

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

[ an

NOTE

22

d o obtained from the fitting line (see B.3).

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 General

In|this annex, the analysis of the complete data case using the results of a least-squares met
conventional acceleration-factor method for the Rigorous stress-condition testing-are shown.
B{2 Data analysis and lifetime estimation using least-squates method
Step 1:

Determine the time-to-failure for each specimen at the stress applied following the procedure
bdlow. The data error to be measured is defined in 7.1.3.

BD Recordable disks and BD Rewritable disks: Max RSER

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

Ude the initial data errors measured prior to accelerated ageing plus the data errors meast
h specified accelerated-ageing incubation sub-interval.

Fgr each specimen, a linear regtession is performed with the natural logarithm of measured d
as[the dependent variable andtime as the independent variable. The time-to-failure of the sp
calculated from the slope@nd intercept of the regression as the time at which the specimen w|
a Max RSER of 10-3, Max'\PI Sum 8 of 280, Max BER of 10-3 or Max C1 Ave 10 of 220.

le B.1 shows calenlations leading to an estimated time-to-failure from a hypothetical dat
data for five stressiconditions (Group A, Group B, Group C, Group D and Group E) are offered sc
mple of the'nathematical methodology used in this test procedure.

Fareach stress condition, the specimens are ordered by increasing log time-to-failure values.

nod and a

Hescribed

red after

hta errors
ecimen is
puld have

h set. The
lely as an

The median rank of each specimen is calculated using the estimate, (i-0,3)/(n+0,4), where i is
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)

24

order Group A Group B Group C Group D Group E
number | Temp =85°C Temp = 85 °C Temp = 85 °C Temp =75 °C Temp = 65 °C
andRH=80% | and RH=70% | and RH=60% | and RH=80 % | and RH=80 %
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 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 2 352 7 038
14 548 751 1049 2404 7108
15 557 766 1069 2443 7 202
16 576 778 1080 2512 7 285
17 579 785 1098 2589 7 362
18 586 804 1125 2590 7 454
19 618 856 1222 2776 7 562
20 645 896 1249 2891 7 569
21 7 710
22 7 827
23 7 955
24 8 067
25 8250
26 8405
27 8546
28 8700
29 8953
30 9452
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Table B.2 — Log time-to-failure and median rank for example data

Group A Temp =85 °Cand RH =80 % Group B Temp =85 °Cand RH=70 %
Order | Time-to-failure Hy In(Hy) Median Order | Time-to-failure Hy In(Hy) Median
number h rank number h rank
1 429 6,061 1 0,034 1 613 6,418 4 0,034
2 451 6,1115 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 6,182 2 0,181 4 675 6,514 7 0,181
) 495 6,200 5 0,250 ) 679 6,520 6 0,230
6 495 6,204 6 0,279 6 696 6,545 3 0,279
7 501 6,216 6 0,328 7 703 6,555/4 0,328
8 512 6,238 3 0,377 8 709 6,563 9 0,377
9 521 6,255 8 0,426 9 719 6,577 9 0,426
10 526 6,265 3 0,475 10 732 6,595 8 0,475
11 534 6,280 4 0,525 11 739 6,605 3 0,525
12 540 6,291 3 0,574 12 743 6,610 7 0,574
13 542 6,295 3 0,623 13 747 6,616 1 0,623
14 548 6,306 3 0,672 14 751 6,621 4 0,672
15 557 6,322 6 0,721 15 766 6,641 2 0,721
16 576 6,356 1 0,770 16 778 6,656 7 0,770
17 579 6,3613 0,819 17 785 6,665 7 0,819
18 586 6,373 3 0,869 18 804 6,689 6 0,869
19 618 6,426 5 0,917 19 856 6,752 3 0,917
20 645 6,469 3 0,966 20 896 6,797 9 0,966
Mean 531 6,269 2 Mean 734 6,594 3
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Table B.2 (continued)

Group C Temp =85 °Cand RH =60 % Group D Temp =75 °Cand RH =80 %
Order Time-to-failure H¢ In(Hy) Median Order | Time-to-failure H; In(Hy) Median
number h rank number h rank
1 864 6,761 6 0,034 1 1728 7,454 9 0,034
2 913 6,816 7 0,083 2 1882 7,540 3 0,083
3 915 6,818 9 0,131 3 1907 7,553 4 0,131
4 945 6,851 2 0,181 4 1989 7,595 3 0,181
5 o571 5,857 5 0,230 5 2020 7,6100 0,230
6 993 6,900 7 0,279 6 2076 7,638 1 0,279
7 994 69017 0,328 7 2129 7,663 2 0,328
8 998 6,905 8 0,377 8 2151 7,673 9 0,377
9 1009 6,916 7 0,426 9 2180 7,6871 0,426
10 1014 6,9217 0,475 10 2227 77085 0,475
11 1027 6,934 4 0,525 11 2277 77308 0,525
12 1030 6,937 3 0,574 12 2318 7,748 4 0,574
13 1037 6,944 1 0,623 13 2352 7,763 2 0,623
14 1049 6,955 6 0,672 14 2404 7,785 0 0,672
15 1069 69745 0,721 15 20443 7,800 8 0,721
16 1080 6,984 7 0,770 16 2512 7,828 7 0,770
17 1098 7,001 2 0,819 17 2589 7,859 2 0,819
18 1125 7,025 5 0,869 18 2590 7,859 4 0,869
19 1222 7,108 2 0,917 19 2776 7928 6 0917
20 1249 71301 0,966 20 2891 7,969 5 0,966
Mean 1029 6,932 4 Mean 2272 7,719 9
Group E Temp = 65 °Cand RH =80 %
Order Time-to-failure H In(Hy) Median
number h rank
1 5455 8,604 3 0,023
2 5730 8,653.5 0,056
3 5908 8,684t 0,089
4 6114 87183 0,122
5 6326 8,752 5 0,155
6 6431 8,768 9 0,188
7 6 544 8,786 4 0,220
8 6632 8,799 7 0,253
9 6711 8,8115 0,286
10 6779 8,821 6 0,319
11 6866 8;833-5 8,352
12 6935 8,844 3 0,385
13 7038 8,859 1 0,418
14 7108 8,869 0 0,451
15 7 202 8,882 2 0,484
16 7 285 8,893 6 0,516
17 7 362 8,904 1 0,549
18 7 454 8,916 5 0,582
19 7 562 8,9309 0,615
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Table B.2 (continued)

Group E Temp = 65 °Cand RH=80 %
Order | Time-to-failure Hy Median
number h In(Hy) rank

20 7 569 8,9319 0,648

21 7710 8,950 3 0,681

22 7 827 8,965 3 0,714

23 7 955 8,981 6 0,747

7 o UL/ 0,770 0 U,/70U

25 8250 9,018 0 0,813

26 8405 9,036 6 0,845

27 8546 9,053 2 0,878

28 8700 9,071 1 0,911

29 8953 9,099 7 0,944

30 9452 9,154 0 0,977

Mean 7 296 8,886 4

NQTE Some tables in this document show values with many digits."Those digits are retained fluring the
cajculation in order to estimate the lifetime without introducing e&gessive round-off errors. HoWever, the
refulting estimated lifetime is not intended to be quoted or relied ofi¢o the same high level of precisiof.
Step 3:
The data can be plotted in different ways. If lognormal-graph paper is employed, the data afe plotted
wlth time-to-failure on the abscissa and median rank-on the ordinate.
NOTE On most lognormal-graph paper, the actital ordinate scale is the probability of failure, and the median
rahk 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
ju
in

An estimate of the log standard deviation can be obtained from the graphical treatment of t

da
ba
c

the probability of failure. Each bestéfit straight line is drawn through the plotted data. If thq

Hividual data sets is verified.

ta. First, for each stress-condition, estimate the times corresponding to 15,9 % and 84,1
sed on the best-fit straight line through the time-to-failure data. The estimated log standard
is then calculated.as follows.

G=(lnt07841 ~In to.159 )/ 2

lines are

lged to be reasonably parallel, the assumption of equivalent log standard deviation applicable to the

he failure
% failure
deviation
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Group A
fia = 6,270
G4=01036

99

Group B
fiy = 6,592
gp = 009759

90

Medianrank x 100

NOTE

The avera

O T

Step 4:

Table B.3
analysis.
method. |

Estimate

Group C
fic = 6,927

¢ =0,09633

50 |

GroupD
fip = 7,720

10 )
ap=01407

- Group E

: e up = 8888
:

Wit

dg =01378
5000 10000 20000
Time-to-failure (h)

200

Verify that the fitting lines for all stress condition$ are reasonably parallel to one another.

gure B.1 — Best-fit lines of specimencgroups A, B, C, D and E on lognormal paper

ged log standard deviation estifiate & m Of the five groups is then calculated as
(0ptOg+0.+0,+0g) /5
(0,103 6+0,097 59+0,096 33+0,140 7+0,137 8)/5=0,115 2

shows all 110§ample data points belonging to specimen groups A, B, C, D and E for regressi
The regression coefficients and error variance are calculated by applying the least-squar
[able B.4-shows the result of regression analysis performed by the statistics software to

“ 2 ~
1 variance of residual errors (Glsm) , estimated log standard deviation o, and estimat

es
ol.

ed

regressio

regressio

NOTE

h‘coefficients Bn’ ,31 and B7 are quickly obtained. Other statistics tools can also be used for

n analysis.

The estimated log standard deviation &lsm (= 0,132 35) at the Controlled storage-condition is fairly

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

Variation in the best-fit lines among the five groups and the lognormal distributions of each group are among the

anomalies

28

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

Number

In t X1 X2 Number In ¢ X1 X2
1 6,061 055 0,002 792 80 |\ 1 7,454 918 0,002 872 80
2 6,111 467 0,002 792 80 2 7,540 276 0,002 872 80
3 6,165 418 0,002 792 80 3 7,553 358 0,002 872 80
4 6,182 176 0,002 792 80 4 7,595 322 0,002 872 80
5 6,200 509 0,002 792 80 5 7,610 634 0,002 872 80
6 6,204 558 0,002 792 80 6 7,638 060 0,002 872 80
7 6,216 606 0,002 792 80 7 7,663 173 0,002 872 80
8 6,238 325 0,002 792 80 8 7,673 915 0,002 872 80
9 6,255 750 0,002 792 80 9 7,687 122 0,002 872 80
10 6,265 301 0,002 792 80 2 . 10 7,708 528 0,002 872 80
TT 5,280 396 0,002 792 80 TTOHPTY TT 7,730 831 0,002 872 30 proup D
12 6,291 310 0,002 792 80 12 7,748 371 0,002 872 80
13 6,295 266 0,002 792 80 13 7,763 199 0,002 872 80
14 6,306 275 0,002 792 80 14 7,785 036 0,002 872 80
15 6,322 565 0,002 792 80 15 7,800 846 0,002 872 80
16 6,356 108 0,002 792 80 16 7,828 687 0,002 872 80
17 6,361 302 0,002 792 80 17 7,859 160 0,002 872 80
18 6,373 320 0,002 792 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 6,469 250 0,002 792 80 20 7,969 480 0,002 872 80
1 6,418 365 0,002 792 70 \ 1 8,604 288 @,002 957 80
2 6,461 468 0,002 792 70 2 8,653 471 0,002 957 80
3 6,475 433 0,002 792 70 3 8,684 063 0,002 957 80
4 6,514 713 0,002 792 70 4 8,718 337. 0,002 957 80
5 6,520 621 0,002 792 70 5 8,752°500 0,002 957 80
6 6,545 350 0,002 792 70 6 8,768-885 0,002 957 80
7 6,555 357 0,002 792 70 7 84786 365 0,002 957 80
8 6,563 856 0,002 792 70 8 8,799 662 0,002 957 80
9 6,577 861 0,002 792 70 9 9,811 503 0,002 957 80
10 6,595 781 0,002 792 70 1Q 8,821 630 0,002 957 80
11 6,605 298 0,002 792 70 Group B 11 8,833 463 0,002 957 80
12 6,610 696 0,002 792 70 12 8,844 336 0,002 957 80
13 6,616 065 0,002 792 70 13 8,859 079 0,002 957 80
14 6,621 406 0,002 792 70 14 8,868 976 0,002 957 80
15 6,641 182 0,002 792 70 15 8,882 172 0,002 957 80
16 6,656 727 0,002 792 70 16 8,893 573 0,002 957 80 Liroup E
17 6,665 684 0,002 792 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 6,752 270 0,002 792 70 19 8,930 890 0,002 957 80
20 6,797 940 0,002 792 70 20 8,931 860 0,002 957 80
1 6,761 573 0,002 792 60 21 8,950 273 0,002 957 80
2 6,816 736 0,002 792 60 22 8,965 335 0,002 957 80
3 6,818 924 0,002 792 60 23 8,981 556 0,002 957 80
4 6,851 185 0,002792 60 24 8,995 546 0,002 957 80
5 6,857 514 0,002 792 60 25 9,017 968 0,002 957 80
6 6,900 731 0,002 792 60 26 9,036 582 0,002 957 80
7 6,901 737 0,002 792 60 27 9,053 219 0,002 957 80
8 6,905 753 0,002 792 60 28 9,071 078 0,002 957 80
9 6,916 715 0,002 792 60 29 9,099 744 0,002 957 80
10 6,921°658 0,002 792 60 > 30 9,153 982 0,002 957 80
11 6,934397 0,002 792 60 Group C
12 6,937 314 0002 792 60
13 6,944 087 0,002 792 60
14 6,955 593 0,002 792 60
15 6,974 479 0,002 792 60
16 6,984 716 0,002 792 60
17 7,001 246 0,002 792 60
10 7,UL5 5:)0 U,UUZ 7‘.7[. OovU
19 7,108 244 0,002 792 60
20 7,130 099 0,002 792 60
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Table B.4 — Regression analysis results

Estimated log
Estimated regression coefficients standard
deviation
ﬁo ﬂ 1 ﬂ 2 Olsm
-35,3811 15 789,57 -0,029 74 0,132 35

were obtained in Step 4.

Then, Bsq
(Temp =2
B = By + B1x14 + ByXy
=16,0901
Bgy L

lnB5

Bs Life =exp(15,8730)=7826 297 h(893 years)

The 95 %

= 15,8730

= BO + ﬁ1x10 + ﬁ2x20 -1,640 = 1n350

= 16,0901 -1,64 x 0,132 35

ated regression coefficients [30, /31 and [32 and estimated log standard deviation/c tHat

=-35,3811+15789,57 x 0,003 354 - 0,029 74 x 50

jfe =exp(16,0901)=9724 120h (1 110years)

~ 1,640,

lower confidence bound of Bs Life is therefore

(Bs Life);, = exp[(lnéS)L] = exp[ln)f?5 + zs/lokoar(ln és) |= exp[lné5 —1,64,/var(In LA?S) ]

= exp (15,873 0 - 1,64 x /0,021 129 ) = exp (15,634 6)

i lnB at the Controlled storage-condition (Temp = 25 °C and RH = 50 %) are obtained*usipg

Life, Bs Life and 95 % lower confidence bound of Bs Life at the Controlled storage-conditipn
5°Cand RH =50 %) can be calculated using lnB pand lnB (see A.1.3)¢

NOTE

=6 166 241 h (704 years)

See E.4.

B.3 Data analysis and lifetime estimation using conventional acceleration-factor
method (Steps 4 to 7)

Step 4:

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

30
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Td determine the coefficients A, AH/k and B of the reduced Eyring formula, regression analys
uging five average values obtained at the temperature values and relative humidity values in

as|

where
i =1~5.
The estimated values are determined as follows.

St

Th
st

RH =50 %). They drelisted in Table B.6.

ISO/IEC 16963:

Table B.5 — Average log time-to-failure for each stress condition

Group Average Tcircnp 1/T Ig/?
A 6,269 2 85 0,002 792 80
B 6,594 3 85 0,002 792 70
C 69324 85 0,002 792 60
D 7,719 9 75 0,002 872 80
E 8,886 4 65 0,002 957 80

2017(E)

log-mean;.

1

log-mean; =ln(A)+(ATH]X(TlJ+ BXRH; +¢;

In(A) = B, =-35,6889
AH [k= B, =15904,21

B

B, =-0,029 968

Ep 5:

e acceleration factors,are calculated from the difference between the estimated lifetim|
ress condition andCthé estimated lifetime at the Controlled storage-condition (Temp = 4

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

TE1 The average in Table B.5 shows the average value of the In(Hy)s of each acceleration condiLion in the
Mg¢an row of Table B.2. Instead of such average value, the centre value of the median rank can alse.be us
mean; in the following formula.

ed for log-

is is done
Table B.5

e at each
5 °C and

. Calculated lifetime .
Stress condition — Acceleration
Temp/RH 1T Ln (Lifetime) Lifetime factor
85°C /80 % 0,002 792 6,320 2 556 18 685
85°C/70 % 0,002 792 6,619 9 750 13 846
85°C/60 % 0,002 792 6,919 6 1012 10 261
75°C/80 % 0,002 872 7,595 7 1990 5218
65 °C/80 % 0,002 957 8,946 7 7 682 1352
25°C/50 % 0,003 354 16,1557 10 383 119
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Step 6:

Using the acceleration factors in Table B.6, calculate normalized time-to-failure at Temp = 25 °C and
RH =50 % 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. From the fitting line for those data, the log-mean (i =16,15) and standard deviation

acf
(6acf =0,132 4) can be obtained. These values are almost the same as the values that were calculated
in Table B.7.
NOTE 2 (O:acf )2 is the estimated variance of population.
Table B.7 — Data before sorting for composite lognormal plot
Tjme- Normalized to Time- Normalized to
tojfail- | Group | Temp =25 °C Ln to-fail- | Group | Temp =25 °C Ln
yire and RH =50 % ure and RH=50 %
129 A 8015 865 15,896 933 3 1728 D 9016 704 16,014 589 4
151 A 8426935 15,946 943 7 1882 D 9 820.276 16,099 959 8
76 A 8894 060 16,000 894 2 1907 D 9950726 16,113 1561
484 A 9043 540 16,017 561 2 1989 D 10378 602 16,155 256 7
193 A 9211705 16,035985 5 2020 D, 10 540 360 16,170 722 3
195 A 9 249 075 16,040 034 1 2076 B, 10832 568 16,198 067 7
501 A 9361185 16,052 082 4 2129 D 11109 122 16,223 277 1
612 A 9566720 16,073 8010 2150 D 11223918 16,233 557 6
b21 A 9734 885 16,091 226 4 2180 D 11 375 240 16,246 949 6
626 A 9828 310 16,100 777 6 2227 D 11 620 486 16,268 280 1
34 A 9977 790 16,115 872 2 2277 D 11881 386 16,290 483 5
40 A 10 089900 16,127 045-5 2318 D 12 095 324 16,308 329 5
42 A 10127 270 16,130,742 3 2352 D 12272736 16,322 8908
48 A 10 239 380 16,141 751 6 2404 D 12 544 072 16,344 758 8
657 A 10407 545 16,158 041 6 2443 D 12 747 574 16,360 851 5
b76 A 10 762 560 16,191 584 0 2512 D 13107 616 16,388 7040
679 A 10 818,615 16,196 778 8 2589 D 13509 402 16,418 896 4
86 A 10-949°410 16,208 796 1 2590 D 13 514 620 16,419 282 6
b18 A 117547 330 16,261 964 8 2776 D 14 485 168 16,488 635 8
45 A 12 051 825 16,304 726 7 2891 D 15085 238 16,529 227 2
b13 B 8487 598 15,954 116 6 5455 E 7 375 160 15,813 628 2
40 B 8861440 15,997 2198 5730 E 7 746 960 15,862 8111
49 B 8986 054 16,011 184 4 5908 E 7987 616 15,893 4029
75 B 9346 050 16,050 464 % 61T% E 8266 128 15,927 6768
679 B 9401 434 16,056 372 8 6326 E 8552752 15,961 763 7
696 B 9636 816 16,081 101 3 6431 E 8694712 15,978 225 6
703 B 9733738 16,091 108 6 6544 E 8847 488 15,995 6441
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 9073272 16,020 843 5
732 B 10 135 272 16,131 5322 6779 E 9165 208 16,030925 1
739 B 10 232 194 16,141 049 6 6860 E 9274720 16,042 8030
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 9515 376 16,068 419 6
32 © ISO/IEC 2017 - All rights reserved



https://standardsiso.com/api/?name=0e5141ad315c8a78f799cd90a79d0977

ISO/IEC 16963:2017(E)

Table B.7 (continued)
Time- Normalized to Time- Normalized to
to-fail- | Group | Temp =25 °C Ln to-fail- | Group | Temp =25 °C Ln

ure and RH=50% ure and RH=50%

751 B 10398 346 16,157 157 3 7108 E 9610016 16,078 316 4
766 B 10 606 036 16,176 933 8 7202 E 9737 104 16,091 454 3
778 B 10772188 16,192 478 2 7285 E 9849 320 16,102913 0
785 B 10869 110 16,201 435 4 7362 E 9953 424 16,113 427 2
804 B 11132 184 162253509 7454 E 10077 808 1612583463
856 B 11852176 16,288 022 0 7562 E 10 223 824 16,140231 2
896 B 12406 016 16,333 692 1 7569 E 10 233 288 16,141 1545
864 C 8865504 15,997 678 3 7710 E 10423920 16,159 6137
913 C 9368 293 16,052 8415 7827 E 10 582 104 16,174 6748
915 C 9388815 16,055 029 6 7955 E 10 755 160 16,190 894 2
945 C 9 696 645 16,087 290 5 8067 E 10 906.584 16,204 874 2
951 C 9758211 16,093 619 6 8250 E 11454 000 16,227 304 7
993 C 10189 173 16,136 836 2 8405 E +1 363 560 16,245924 3
994 C 10 199 434 16,137 842 8 8546 E 11 554 192 16,262 5549
998 C 10 240478 16,141 8589 8700 E 11762 400 16,280 414 6
1009 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 16,1734197 Deviation 0,130956|0
1037 C 10 640 657 16,180 192 8

1049 C 10 763 789 16,191 6982

1069 C 10969 009 16,210,584 5

1080 C 11 081 880 16,220 8219

1098 C 11266 578 16,237 351 2

1125 C 11 543 625 16,261 6439

1222 C 12 538942 16,344 349 7

1249 C 12815989 16,366 204 1
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Table B.8 — Data sorted in ascending order for composite lognormal plot

Normalized Normalized
Group | ,¢%¢omh gy | Order| Mot | |Group| ,e0 ST | order| Motln
=50 % =50 %
E 7375 160 1 | 00063 B | 10398346 | 61 | 05498
E 7 746 960 2 | 00154 C 10404654 | 62 | 0,5589
E 7987 616 3 | 00245 A | 10407545 | 63 | 05679 A
A 8015 865 4 | 00335 E 10423920 | 64 | 0,5770 Q'\
E 8266 128 5 | 00426 C 10538047 | 65 | 05861 (],
A 8426 935 6 | 00516 D | 10540360 | 66 | 0,5951 {.Q)(b
B 8 487 598 7 | 00607 C 10568830 | 67 | 0,60420)
E 8552 752 8 | 00697 E 10582104 | 68 | 06132
E 8694712 9 | 00788 B 10606036 | 69 [(g6223
E 8847488 | 10 | 0,0879 C 10640657 | 70( )" 0,6313
B 8861440 | 11 | 0,0969 E 10755160 | 7% | 0,6404
C 8865504 | 12 | 0,1060 A | 10762560 )'72 | 0,6495
A 8894060 | 13 | 0,1150 C 10763789 | 73 | 06585
E 8966464 | 14 | 01241 B | 10772188 | 74 | 06676
B 8986 054 15 | 01332 A | 40818615 | 75 | 06766
D 9016704 | 16 | 01422 D_|p10832568 | 76 | 06857
A 9043540 | 17 | 01513 B[ 10869110 | 77 | 06947
E 9073272 18 | 01603 |.[5E | 10906584 | 78 | 07038
E 9165208 | 19 | 01694 N[ A | 10949410 | 79 | 07129
A 9211705 20 | 01784 C 10969009 | 80 | 07219
A 9249 075 21 | 04875 C 11081880 | 81 | 07310
E 9274720 22 |\01966 D 11109122 | 82 | 07400
B 9346050 | 23\| 02056 B 11132184 | 83 | 07491
A 9361185 (24 | 02147 E 11154000 | 84 | 07582
C 9368293, 25 | 02237 D 11223918 | 85 | 07672
E 9376420° | 26 | 02328 C 11266578 | 86 | 07763
C 9988815 27 | 02418 E 11363560 | 87 | 07853
B |{9401434 28 | 0,2509 D 11375240 | 88 | 0,794 4
E~J 9515376 | 29 | 02600 C 11543625 | 89 | 0,8034
A~ 9566720 | 30 | 0,2690 A | 11547330 | 90 | 08125
AVE 9610016 31 | 02781 E 11554192 | 91 | 08216
s 9636816 | 32 | 072871 D | 11620486 | 92 | 08306
C 9696645 | 33 | 0,2962 E 11762400 | 93 | 08397
B 9733738 | 34 | 0,3053 B 11852176 | 94 | 0,8487
A 9734885 | 35 | 0,3143 D | 11881386 | 95 | 08578
E 9737104 | 36 | 03234 A | 12051825 | 96 | 08668
C 9758211 37 | 03324 D | 12095324 | 97 | 08759
B 9816814 | 38 | 03415 E 12104456 | 98 | 0,8850
D 9820276 | 39 | 03505 D | 12272736 | 99 | 08940
A 9828310 | 40 | 0,3596 B 12406016 | 100 | 09031
E 9849320 | 41 | 0,3687 C 12538942 | 101 | 09121
D 9950726 | 42 | 03777 D | 12544072 | 102 | 09212
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Normalized Normalized
=50% =50%
E 9953 424 43 0,386 8 D 12 747 574 103 0,9303
B 9955 274 44 0,3958 E 12779 104 104 09393
A 9977790 45 0,404 9 C 12 815989 105 0,948 4
E 10077 808 46 0,4139 D 13107 616 106 0,957 4
A 10 089900 47 0,4230 D 13509 402 107 0,966 5
A 10 127 270 48 04321 D 13514 620 108 0,9755
B 10 135272 49 0,4411 D 14 485 168 109 0,984 6
C 10 189 173 50 0,450 2 D 15085 238 110 0,993 7
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 10342962 58 0,522 6
C 10 353 349 59 0,5317
D 10 378 602 60 0,5408
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Figure B.2 — Plot of composite data on lognormal paper

Step 7:

Bsg Life, Bs Life and Bsy Life at the €ontrolled storage-condition (Temp = 25 °C and RH = 50 %) can pe
calculatedl as follows.

Bso Life = exp (ﬂacf) £exp (16,15) =10 324 187 h (1 179 years)
Bs Liffe = exp (b, — 1,640, ;) = exp (16,15 - 1,64 x 0,132 4) = exp (15,933)

=8 3009 118'h (949 years)

The 95 % lower confidence bound of the normal distribution with variation 6§cf is -1, 646acf.

Assuming that the population has a normal distribution, the population shifted by -1, 646acf
- 1,640, with the mean value fi_  —1,640_; and the standard deviation o, is considered to be
the 95 % lower limit of the normal distribution of the population. On this normal distribution, the point
estimates of the 5 percentile are defined as “the point estimates of the 5 percentile with variation”. It is
calculated as follows:

Bsy Life = exp(In L}SV )=exp(i, ; — 1,640, ,—1,640

acf acf )
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= exp (16,15 - 1,64 x 0,132 4 - 1,64 x 0,132 4) = 6 687 348 h (763 years)

If the precise analysis or the precise interval estimation is required, then the calculation based on
maximum-likelihood method is recommended (see A.1.3 and E.3).
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Annex C
(normative)

Disk-life estimation for Harsh storage-condition (Arrhenius
method)

C.1 Stress conditions and data-analysis steps for Arrhenius method

Here, a tpst method is shown for the Harsh storage-condition at higher temperaturecand relative
humidityfthan that of the Controlled storage-condition (Temp = 25 °C and RH = 50 %).

This test method follows the scope in this document, which is based on an environngtent of Temp = 30|°C
and RH =|80 % representing the most-severe condition in which users handle afid. Store optical disks.
This testjmethod also uses a different stress-test design that makes the useof\the Arrhenius methpd
possible.

The sam¢ assumptions and data-analysis methods apply for the amhient storage-condition, strgss
design, and Arrhenius formula. The Controlled storage-condition of25 °C and 50 % is replaced by
expectedfharsher user environment of 30 °C and 80 %.

Tables C.] and C.2 summarize the stress design for the Arrhenius method. In case a stress conditipn
would be|destructive for the disk to be tested, see Annex D.

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

Test stress Mgximum Minimum Intermediate Minimum
o Number of |, incubation total . equilibration
Test condition . . . . relative .
. . . specimens(|sub-interval | incubation g duration
specimen (incubation) time time humidity time
group
Temp RH h h RH h
°C % %
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 10
Table C.2 — Basic stress-condition for use with Arrhenius method
Test stress Maximum Minimum Intermediate Minimum
o Number of | incubation total . equilibrati
Test condition . ;. R relative ; . C|ll
R . . SPCLIICITS SUDIICT Vdl IMiuodiioIil =y
specimen (incubation) time time humidity time
group
Temp RH h h RH h
°C % %
A 85 80 20 250 1000 30 5
75 80 20 425 1700 32
C 65 80 30 600 2400 35 10

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

38
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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 features 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
rapnkof the cnnrﬂmnnc is calculated ncw\n the estimate (1 n Q\ /{n-l.n A\ 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(75FC)and D
(6p °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 (RH = 80 %)
Sample Group A (85 °C) Group B (80 °C) Group C (75 °C) Group D (65 °()
number Tfi me-t0- | o gian | TIME-t0-| o jian | TIMe-t0- |\ atan | Time-to-| v qibn
ailure rank failure rank failure rank failure rank
h h h h

1 429 0,034 1015 0,034 1728 0,034 5455 0,02B

2 451 0,083 1040 0,083 1882 0,083 5730 0,05p

3 476 0,132 1080 0,132 1907 0,132 5908 0,08Pp

4 484 0,181 1203 0,181 1989 0,181 6114 0,12p

5 493 0,230 1151 0723 2020 0,230 6326 0,15p

6 495 0,279 1165 0,279 2076 0,279 6431 0,188

7 501 0,328 1193 0,328 2129 0,328 6 544 0,22p

8 512 0,377 1.215 0,377 2151 0,377 6632 0,258

9 521 0,426 1230 0,426 2180 0,426 6711 0,286

10 526 0,475 1239 0,475 2227 0,475 6779 0,31p

11 534 0,525 1260 0,525 2277 0,525 6 860 0,35p

12 540 0,574 1295 0,574 2318 0,574 6 935 0,38p

13 542 0,623 1310 0,623 2352 0,623 7 038 0,41B

14 548 0,672 1425 0,672 2404 0,672 7 108 0,451

15 557 0,721 1360 0,721 2443 0,721 7 202 0,48¢

16 576 0,770 1388 0,770 2512 0,770 7 285 0,51p

17 579 0,819 1420 0,819 2589 0,819 7 362 0,54p

18 586 0,868 1472 0,868 2590 0,868 7 454 0,58

19 618 0,917 1540 0,917 2776 0,917 7 562 0,61p

20 645 0,966 1625 0,966 2891 0,966 7569 0,64p

21 7710 0,681
22 7 827 0,714
23 7 955 0,747
24 8067 0,780
25 8250 0,813
26 8405 0,845
27 8546 0,878
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Table C.3 (continued)

Sample group and stress conditions (RH = 80 %)
Sample Group A (85 °C) Group B (80 °C) Group C (75 °C) Group D (65 °C)
number | Time-to- 1y, 55, | Time-to- | qi0p | TIMeEt0- | o gian | TIMEO- | o dian
failure failure failure failure
rank rank rank rank
h h h h
28 8700 0911
29 8953 0,944
50 94524 0,977
Step 3:
Figure C.|. shows the lognormal plot of groups A, B, C and D from Table C.3. The ordinate-séale 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 amopg
the individual data sets is verified.
A B C
99
Group A
f1, = 6,270
90 : g ,=1036
i : Group B
I 3 [ = 7,145
= -+ 5H =1,355
50
i Group C
- fic = 7,720
i G =1,407
101
L Group D
[, = 8,888
il G, =1378
200 500 1000 5000 10000 20000
Time-to-failure (h)
NOTE
Figure C.1 — Best-fit lines of groups A, B, C and D on lognormal paper
Step 4:

Table C.4 shows a total of 90 sample data values belonging to specimen groups A, B, C and D for
regression analysis. The 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 3, are obtained.

40
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Table C.4 — 90 sample data values for regression analysis

Number In t X1 Number In t X1
1 6,061 05 0,002 792 1 7,454 92 0,002 872
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 >Gr0up A 10 7,708 53 0,002 872 iroup C
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 0,002.8772
14 6,306 28 0,002 792 14 7,785 04 0002'872
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 61 0,002 872 ]
20 6,469 25 0,002 792 20 7,969 48 0,002 872
1 6,922 64 0,002 832 1 8,604 29 0,002 957
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 5 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 10 8,821 63 0,002 957
11 7,138 87 0,002 832 > Group B 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
16 7,235 62 0,002 832 16 8,893 57 0,002 957 roup D
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 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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Table C.5 — Results of regression analysis

Estimated log
Estimated regression coefficients standard
deviation
ﬁo ﬁ 1 Olsm
-36,3215 15 304,74 0,161 52

Step 5:

Using the|estimated regression coefficients ,[30 and ,[;1 and the estimated log standard deviatiof\o [in
Table C.5/ lné5 and lné50 can be calculated (see A.1.2).

The Bs Life, Bsg Life and the 95 % lower confidence bound of Bs Life at the Harsh sterage-conditipn
(Temp = BO °C and RH = 80 %) are then obtained using the calculated values of InBy and InB Jas

follows (dee A.1.3).

lnéso = Bo + B1xy

=-36,3215+ 15 304,74 x 0,003 298 7

= 14,164 25,

Bso Life = exp (14,164 25) =1 417 280 h (162 years)
B, | By + Byxyp — 1,646,

= 14,164 25 - 1,64 x 0,161 52

=13,899 36,

Bs Liffe = exp (13,899 36) 1087 462 h (124 years)

The 95 %|lower confidence’bound of Bs Life becomes

(Bs Life)L= exp[(InB ), ] = exp[InB + Zg 100 Var(In Bg) | = exp[InBy — 1,64 ,|var(In B;) |

=\xp (13,899 36 - 1,64 x /0,016 598 ) = exp (13,688 1)

=880 372 h (100 years)

NOTE See E.3.
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