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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,
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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/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 31.

After the issu
Recordable af
again to inclu
details for lifd

The third edi
condition and

are applicablq.

hnce of the first edition of this document, ISO/IEC standards for the physical formatp of BD
)d Rewritable disks were published. Accordingly, ISO/IEC]TC 1/SC 23/JWG Lstartefl work
de testing of writable BD optical disks in the second edition of this document. Addjitional
time estimation are also incorporated.

fion was issued as a minor enhancement of this document. It is cldrified that the|stress
the disk testing location are independent each other and the cross:combinations df them
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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]
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rability of information stored on recordable or rewritable optical disks.

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

bd testing is specified for the following formats: DVD-R/RW/RAM disks, +R/+RW
ks and BD recordable/rewritable disks. The testing can be\applied to additiong
s with substitution of the appropriate specifications and ean/also be updated by
future as required.

bcument includes:

"ess conditions:

and Arrhenius methods;

a Controlled storage-conditien, Temp = 25 °C and RH = 50 %, representing

a Harsh storage-conditionh, Temp = 30 °C and RH = 80 %, representing the most sev
in which users handle and store optical disks. The Arrhenius method is used td
lifetime under this\storage condition;

ocedures ferspecimen preparation and data acquisition;

finitions and methods used in testing specific disk types;

locument specifies an accelerated ageing test method for estimating the“lifetime of the

n optical disk

disks, CD-R/
1 optical-disk
he committee

Basic and Rigorous stress-conditions for testing and subsequent analysis using bgth the Eyring

\bient storage conditions in which thellifetime of data stored on optical disk is estimated:

full-time air

conditioning. The Eyring method is used to estimate the lifetime under this storage condition;

bre conditions
estimate the

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 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.
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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-recordable disk (DVD-RW)

ISO/IEC 1734

format — Cap

ISO/IEC 1759
DVD rewritab

ISO/IEC 2391
DVD Recordah

ISO/IEC 2543
DL format —

ISO/IEC 2692
HS format —

ISO/IEC 2964
DL format —

ISO/IEC 3014
and storage -
Recordable di

ISO/IEC 3019
storage — 12|
Quadruple Lay

’njfnrmnffnn technalogy
15— et Ot EEH1O1HE

acity: 4,7 Gbytes and 1,46 Gbytes per side (recording speed up to 16X)

P, Information technology — 120 mm (4,7 Gbytes per side) and 80 mm (1,46 Gbytes pq
e disk (DVD-RAM)

D, Information technology — 80 mm (1,46 Gbytes per side) and 120 mm (@70 Gbytes p
le Disk (DVD-R)

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

b, Information technology — Data interchange on 120 mpayand 80 mm optical disk usin
[apacity: 4,7 Gbytes and 1,46 Gbytes per side (recording speed 8X)

D, Information technology — Data interchange on\120 mm and 80 mm optical disk usin
[apacity: 8,55 Gbytes and 2,66 Gbytes per side (recording speed 2,4X)

D0, Information technology — Digitally¥ecorded media for information inter
- 120 mm Single Layer (25,0 Gbytes per disk) and Dual Layer (50,0 Gbytes per di
15

1, Information technology —. Digitally recorded media for information interchany
) mm Triple Layer (100,0 Gbytes single sided disk and 200,0 Gbytes double sided dis
rer (128,0 Gbytes single sided-disk) BD Recordable disk

ISO/IEC 30192, Information techriology — Digitally recorded media for information inter

and storage -
Rewritable di:

ISO/IEC 3019
storage — 12(

ECMA-394, Re
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k

3, Information” technology — Digitally recorded media for information interchan
) mm Triplé-Layer (100,0 Gbytes per disk) BD Rewritable disk
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3 Terms and definitions

For the purpo

ses of this document, the following terms and definitions apply.

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

— ISO Onlin
3.1

IEC Electropedia: available at http://www.electropedia.org/

e browsing platform: available at http://www.iso.org/obp

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

2
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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

3.4
Bs Life
5 percgntile of the lifetime distribution (i.e. 5 % failure time) or 95 % survival lifetime

3.5
(Bs Life)y,
95 % Ipwer confidence bound of Bs Life

3.6
Bsg Life
50 pergentile of the lifetime distribution (i.e. 50 % failure time) or 50.% survival lifetime

3.7
Controlled storage-condition
well-controlled storage-condition with full-time air conditioning (Temp = 25 °C and RH 3 50 %) which
can exfend the lifetime of data stored on optical disks

3.8
Eyring method
accelerated-ageing model based on the combined‘éffects of temperature and relative humjidity

3.9
data error
measured error on a sample disk before error correction is applied

3.10

Harsh|storage-condition
most-devere condition in which users handle and store the optical disks (Temp = 30 °C and RH = 80 %)
under which the lifetimeof\data stored on optical disks can be reduced

3.11
incubation
procegs of enclosing and maintaining controlled test-sample environments

3.12
LDC Bleek

1 b L DI - . d I Val 1
ECC BIULI\ Ol DUS USIIE LOIIg=DISL4AIILT LOUC

[SOURCE: ISO/IEC 30190:2016, 13.6]

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
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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

shelflife
maximum time an unrecorded disk can be stored under specific conditions and still meet the
performance fequirements specified

3.18
shelf time
time of an unfecorded disk spent on the shelf

3.19

stress
temperature pnd relative humidity variables to which the sample is exposed during the incybation
(3.11) sub-intprvals

3.20

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

3.21
Temp
variable for Cglsius temperature used with °C

4 Abbreviated terms

BER Blyte Error Rate

BLER BlLock Error Rate

DL ual Layer

ECC Error-Correction Code
LDC Lpng-Distance Code

PI Pprity (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 Convention and notations

6.1 Representation numbers

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

6.3
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This d
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ot
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Summary

Names

hmes of entities having explicitly-defined meanings for the purpose ‘of-this ¢
ized.

leasurements

Stress incubation and measuring

p of disks shall be measured at four stress 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-conditig
ress conditions shall be used for the Rigorous stress-condition testing.

ptal incubation time is divided inte>several incubation sub-interval time periods

bntial curve during analysis. Each disk in each group of disks has its initial data ern
exposure to a stress conditien. After each incubation sub-interval, each disk shall
data errors again.

rol disk used for monitoring the measurement equipment may also be measur
tion sub-intervale

Assumptions
bcument.is based on the following assumptions for applicability to the optical disks

e life-distribution of the disks is appropriately modelled by a statistical distributio}

locument are

psting, or five
l. For analysis
n testing and

The purpose

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

ors measured
be measured

ed after each

to be tested:

)

lative humidity);

me as that acting under the stress conditions;

herwise affect the resulting lifetime estimation;

e information is attempted;

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

EC 2017 - All rights reserved

the Eyring method can be used to model ageing with both stresses involved (temperature and

the dominant failure mechanism acting when disks are in use under normal conditions will be the

compatibility of a disk and drive combination can assure the initial recording quality and will not

a hardware and software system needed to read the disk will be available at the time retrieval of
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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 disks d
ISO/IEC 1317
IEC 17341, IS

DVD-RAM dig

CD-R disks an

7.1.3.2 RSE

Per ISO/IEC 3
(RSER) is def
are counted n

2 (Eq

i=1

lefined in ISO/IEC 23912 and ISO/IEC 12862, DVD-RW disks defined in ISO/IEC ¥73
D, +R disks defined in ISO/IEC 25434 and ISO/IEC 17344, and +RW disks defined
D/IEC 26925 and ISO/IEC 29642:

Maximum PI Sum8’(Max PI

ks defined in ISO/IEC 17592:

Maximum,Byte Error Rate (Ma

d CD-RW disks defined in ECMA-394 and ECMA-395, respectively:

Maximum C1 Ave 10 (Max C1 4

R

0190, ISO/IEC 30191, ISO/IEC 30192 and ISO/IEC 30193, a Random Symbol Errg
ned as the SER where all erroneous bytes contained in burst errors of length 24
either in the numerator nor in the!denominator of the SER calculation:

_Ebi)

Nx75392

where
ist
ist

E,

1

he number of all erroneous bytes in LDC Block i;

helriumber of all erroneous bytes in burst errors 240 bytes in LDC Block i;

12 and
n ISO/

bum 8)

ik BER)

ive 10)

r Rate
bytes

N

is the 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.

© 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
not 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.
X C (o 4 x b3 C C b 4 C X X X C c [ [ x
«——— burst length =9 bytes S
number of erroneous bytes in burst = 6
c =correct byte, x =erroneous byte
Figure 1 — Example of burst error
7.1.3.3 PISum$8
Per ISQ/IEC 16448 or ISO/IEC 16449, a row in an ECC block that has,at least 1 byte in errpr constitutes

a PI er
errors
not ex

7.1.3.4

The n
pass
total
meas

7.1.3.1

1SO/IH
(1X)d

Thus,
called
exceed

7.1.4

Data q
fitline

7.1.5

ror. PI Sum 8 is measured over any eight consecutive ECE)blocks. The maximum
also called Max PI Sum 8, before error correction, medsured over the area specifi
reed 280.

. BER

mber of erroneous symbols shall be measured in any consecutive 32 ECC blocl
the decoder before correction. The BER"is the number of erroneous symbols d

umber of symbols included in the 32\consecutive ECC blocks. The maximum val
ed over the area specified in 7.5 (Max BER) shall not exceed 10-3.

C1 Ave 10

IC 10149 specifies that thie BLER averaged over any 10 s shall be less than 3 x 10-2. A
hta transfer rate, the total number of blocks per second entering the C1-decoder is

the number of C1 érrors per second before error correction which is averaged oy
C1 Ave 10. The maximum value measured over the area specified in 7.5 (Max C1 Av|
220.

Data-quality

number of PI
bd in 7.5, shall

ks in the first
ivided by the
e of the BER

F the standard
¥ 350.

er any 10 s is
e 10) shall not

ality is checked by plotting the median rank of the estimated time-to-failure valug
t;_lrﬁ'h'i‘rl—mf—m_ﬂ_l_or €ach Stress conaition. The INes are then checked for reasonabpie parallelism.

Regression

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

s with a best-

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.

©150/1
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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 disks are entered into accelerated agelng tests, they shall be recorded as optlmally as is
practicable ageording-tothedese o ‘ 3 3 rtrol (OPC)
during the writing process shall serve as the method to achleve minimum data errors. It is generally
assumed thaf optimally-recorded disks will yield the longest estimated lifetime. Disks @yse deemed
acceptable for entry into the ageing tests when their data errors and all other disk pardmetg¢rs are
found to be wiithin their respective standard’s specification limits.

The choice of fecording hardware is at the discretion of the recording party. It maybe based either on a
commercial dirive or a specialty recording tester. It shall be capable of producing recordings thqt meet
all specificatipns.

The recording speed used for testing shall be reported.

NOTE It i expected that the lifetime of data on a disk can be affected by recording conditions influding
recording speed.

7.3.2 Recording test environment

When performing recordings, the air immediately st¥rounding the disk shall have the following
properties:

Temperafure: 23 °Cto 35 °G;
Relative humidity: 45 % to.55 %;
Atmospheric pressure: 60 kPa to 106 kPa.

No condensatjon on the disk shalkeccur. Before testing, the disk shall be conditioned in this envirgnment
for 48 h minitpum. It is recomimehded that, before testing, the entrance surface be cleaned accorg¢ling to
the instructions of the manufacturer of the disk.

7.4 Playback conditions

7.4.1 PlaybacKtester

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

7.4.2 Playback 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.
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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 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
point shall be re-measured.

7.5 Disk testing locations

7.5.1

Disk t¢sting locations for Data Error measurement shall be Rigorous testing/location of
locatidn. Rigorous testing location should be applied combined with Rigoreus stress-con
Basic festing location should be applied combined with Basic stress-condition testing. A ¢
Rigordus testing location and Basic stress-condition testing and a comibination of Basic te
and Rigorous stress-condition testing are also applicable (see 8.2.1).

7.5.2

Rigordus testing location is all data areas on a disk to bé\tested.

7.5.3

Basic 1
radius

5 % of the disk capacity. For BD disks, each of the three test bands in each layer shall hz

10 00(

have npore than 750 ECC blocks for, 80 mm disks or 2 400 ECC blocks for 120 mm disks.

eacho

General

Rigorous testing location

Basic testing location

regions on the disk as indicated in Table 1. The total testing area shall represent

LDC Blocks. For DVD disks and +R/+RW disks, each of the three test bands in ez

f the three test bands shall iave more than 5 900 sectors.

Table 1 — Nominal radii of three test bands

Basic testing
lition testing.
pmbination of
sting location

esting location is a minimum of threexbands spaced evenly across the inner, middle and outer

h minimum of
ve more than
ch layer shall
For CD disks,

DirTensions in mm

BD Recotdable disk/ | DVD-R/DVD-RW/ k
BD Rewritable disk +R/+RW disk ) . CD-R/RW disk
(SL/DL/TL/QL) (SL/DL) DVD-RAM disk (inger radius)
(inner radius) (inner radius)
120 mm 80 mm 120 mm 80 mm 120 mm 120 mm
Band 25:6 256 25-0 24-3+te25;0 24-4+e-25;0 25,0
Band 2 40,0 30,0 40,0 29,8t038,8 | 394t040,4 40,0
Band 3 55,0 35,0 55,0 34,6t035,6 | 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.

© ISO/IEC 2017 - All rights reserved


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

ISO/IEC 16963:2017(E)

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 the 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 shownin’
the minimum
used if desire

The total incy
incubation t
Table 2. The
data errors of
minimum tot
for that stress

i
rIlinimum total incubation time for the Basic stress-condition is defined.in Table 3. If]

numbers of specimens are shown in Table 3. Additional specimens and condition’s
1 for improved precision.

bation time for each stress condition shall be greater than or equal to thé minimu
e. The minimum total incubation time for the Rigorous stress-condition is def

specimens for a certain stress condition far exceed the failure criteria (see 9.1) bef
1l incubation time and the continuation of testing is judged as.itrelevant, then the
condition may be stopped.

The number
sub-interval
divided into

n

g and
ay be

total
ed in
all the
re the
esting

sub-interval time shall be smaller than or equal to the maXimum incubation sub-interval

able 2.

f incubation sub-intervals depends on thetotal incubation time and the i

ncybation
ime. For example, the total time for each stress condition given in Table 2 and Ta%le 31is

ive and four equal incubation sub-intervals, respectively, in the case of a combin

ion of

the maximum] incubation sub-interval time and the minimum total incubation time. It is recommended
to set the nunpber of incubation sub-intervals to gr&ater than or equal to four, considering the cafe that
a specimen reaches the failure criteria (see 9.1) béfore the minimum total incubation time.
Regarding th¢ use of the Arrhenius method; stress conditions are given in Table C.1 and Table]C.2 in
Annex C.
The temperatjre and relative humidity during each incubation sub-interval shall be controlled a$ given
in Table 4 and shown in Figure 2.
Table 2 — Rigorous stress-condition for use with Eyring method
Maximum Minimum . -
Test Stress . . Intermediate | Minimum
= Number of | incubation total . R
Test condition . . . . relative equilibration
. . . specimens | sub-interval | incubation- g . .
specimen fincubation) time time humidity |duratiop time
group
Temp RH RH
oC % h h % h
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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Table 3 — Basic stress-condition for use with Eyring method

Maximum Minimum . .
Test stress Number of | incubation total Intermediate Minimum
Test condition specimens | sub-interval | incubation- relative equilibration
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
Total fncubation time and incubation sub-interval time should be determined froi the ageing

charad

teristic of the disks under test. In the situation where only one condition.'or les

s reaches the

failurq criteria during the minimum total incubation time, it is recommended(that the fest should be
extended for all conditions until at least two conditions reach the failure criteria.

8.2.2 | Temperature

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

There [shall be no change of phase of moisture within the test\system over the test-tempg¢rature range.
This r¢stricts the temperature to greater than 0 °C and less than 100 °C.

The tgmperature shall not be so high that plastic deformation occurs anywhere within the disk
structfire. In case a stress condition would be destructive for a disk to be tested, sed Annex D for
alterngitive stress conditions.

The tyJpical substrate material used for optical’disks is polycarbonate (glass-transition temperature is

aroun

tempe
85°Ci

8.2.3

¢l 150 °C). The glass-transition temperature of other layers can be lower. Experier
Fature testing of BD disks, DVD disks, +R/+RW disks, and CD disks indicates that an
5 practical for most applications:

Relative humidity

ce with high-
upper limit of

Experjence indicates that.80 % of relative humidity is the generally-accepted upper linpit for control

within

8.2.4

The re
substr]

with t

most accelerated test cells.

Incubation'and ramp profiles

lative-hiimidity transition (ramp) profile is intended to avoid moisture conden
ate, minimize substantial moisture gradients in the substrate and end at ramp-dow

hesubstrate equilibrated at the ambient condition. This is accomplished by varying

sation on the
'n completion
the moisture

content of the chamber only at the stress-incubation temperature and allowing sufficient time for
equilibration during the ramp down based on the diffusion coefficient of water in polycarbonate.

© ISO/IEC 2017 - All rights reserved
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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
Relative-humidit
ramp y at Tinc to RHinc 1,5+0,5
Ihcubation at Tinc at RHinc See Table 2 or Table 3
Relafive-humidit
ramp y at Tinc to RHint 1,5+0,5
Equilibration at Tinc at RHint See Table 2 orAable 3
Temperature,
Relafive-humidity to Tamb to RHamp 1,5%0,5
ramp

amb = foom-ambient temperature or relative humidity (Tamp or RHamp)-
inc = stiress-incubation temperature or relative humidity (Tinc or RHinc).

int = intermediate relative-humidity (RHjn) that at Tiyc supports the same equilibrium moisture
absorpfion in polycarbonate as that supported at Taymp and RHamps

Process step |
Temperature, Temperature
Relative- Relaplv_e— . Relative- - . Relaﬁve- '
humidity humidity Incubation humidity Equilibration humidity
ramp ramp ramp ram
e — — R e e B RHinc
! \ Py
I ©
p— inc i \ ]
g I \ ;"J'
£ / % -
a ‘ \ £
£ ’ \ =
=" 7 \ =
: ‘ ; ' -
= l emperature \ =
RHamh a 1 \ " RHamI) é
o ‘ , i \ .
, — — — = Relative humidity \ 3
\\ I A 4
S ’ H T \ G
M | \ 2
~ o e e RH:;,
Tamh : T:lmh
Sthre Etret
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
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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.

Table 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/tofal incubation
time, pnd minimum number of specimens for each stress condition. All tempeératyires shall be
maintained within £2 °C of the target temperature; all relative-humidity valuesshall e maintained
within +3 % of the target relative humidity.

The intermediate relative-humidity values in Table 2 and Table 3 are calculated assumfng 25 °C and
50 % qmbient conditions. If the ambient is different, the intermediate xrelative humidity] to be used is
calculgted using the formula:

_0,24+0,003 7Ty,

RH,, =
Nt 0,2440,003 7T, TP

T

where

Talb and Tine are the ambient and incubation temperature in units of °C;

RHamb is the ambient relative humidity;

int is the intermediate relative humidity.

The disks subjected to this test method shall be maintained during incubation in a veftical position
with al minimum of 2-mm separation between disks to allow air flow between disks andl to minimize
deposition of debrisywhich could negatively influence the data-error measurements, on the disk surface.

9 Lifetime estimation

9.1 Ime-to-failure

Ideally, all disks subjected to stress conditions should have their times-to-failure calculated 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 Eyrjing model, the following formula is derived from the laws of thermodynamics and jcan be
used to handlg the two critical stresses of temperature and relative humidity.

t:ATaeAH/kTe(B+C/T)><RH
where
t is the time-to-failure;
A is the pre-exponential time constant;
Ta is the pre-exponential temperature factor;

AH  isfhe activation energy per molecule;
k is the Boltzmann's constant (1,380 7 x 10723J/molecule degree K);
T is the temperature (in Kelvin);
B,C  arp the relative humidity exponential constants.
In this documlent, T (in Kelvin) is set as T=273,15 + Temp.

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

£ = AeMH/KT BXRH

In(t)=In A)+ﬂ+BxRH
KT

9.2.2 Arrheniusacceleration 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
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Data analysis and judgment of effectiveness

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

9.4

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);

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

Result of estimated disk life

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

a)
b)

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

Tegmp = 25 °C and RH = 50 % (Controlled storage-condition) or_Tentp = 30 °C and RH 3
stprage-condition);

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

Rigorous stress-condition testing or Basi¢s stress-condition testing and whethg
alternative condition was used;

The recording speed used for testingshall be reported (see 7.3);

Time-to-failure data:

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

Sample information:
Nymber of samples.tested under each stress condition;
Egtimation method and the estimated data:

Maximum:lkelihood method with the least squares method/acceleration-factor mg¢
estimdted log standard deviation;

80 % (Harsh

r or not the

thod and the

B 9, i , i 0 aaw o1 C
likelihood method with least squares method:

e maximum-

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 Data analysis for Disk-life estimation

A.1.1 Gene
Data analysis

The lifeti

The Eyriy
Annex B)

The Arrh
Annex C)

The maximun
estimation. T
likelihood me|

The calculati¢pn for the maximum-likelihood method is_cemplicated and it is not so easy to ad

the lifetime d
be calculated
maximum-lik
relatively eas

For the case
estimation m

The accelerat
who need thg
explained in A

There can be
after each inc

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

g method is used for the Controlled storage-condition (Temp = 25-°C'and RH = 50 9

bnius method is used for the Harsh storage-condition (Temp.2 30 °C and RH = 80 ¢

hus, the lifetime estimation in this document<is ‘specified based on the max
thod estimation.

ata are complete and its distribution isdognormal, then the estimated lifetime c3
using the least-squares method and the'calculated results will be the same as that
blihood method. Thus, for the comiplete data case, the least-squares method, w
I to calculate, is adopted as the practical calculation method for estimating the popu

that the lifetime data are/not complete and there are missing times-to-failu
bthod is shown in A.2.4 as.an’' informative subclause.

on-factor method has been widely used for the lifetime estimation of DVD disks.
evaluation with-relation to the past data can refer to the acceleration-factor n
.2.6 and B.3.

the case ofythe multi-layer disk that the Maximum Data Error occurs in different

recommend

e
time-to-failu%

should be thejminimum one among the layers.

ibation sub-interval time according to the acceleration condition. In that case, at fiy

0) (see

0) (see

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

imum-

opt. If
n also
of the
hich is
lation.

e, the

Those
ethod,

layers
st, it is

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

se, the

llle disk

A.1.2 Lognormal model and point estimation of lnl§5 and lnéso

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

16
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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 p percentile of the lifetime distribution, or Bp Life, is widely used in reliability engineering. The
point estimation of InBp, is described as

Inp, = By + Byx{ + Byx, + Zp/looé
Then the point estimates of the 5 percentile and 50 percentile of the lifetime distribution pre given by:

InBe = B, + B1x,y + ByX,0 — 1,640

InBsy = By + B1xq9 + ByXyg
where
x1p, Xx20  denote the Controlled storage-condition{7emp = 25 °C and RH = 50 %).

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

NOTE 2 The purpose of the lifetime estimationisto estimate the lifetime of the population. Tlhus, (0)2 is the
unbiasg¢d variance.

A.1.3 | Interval estimation for optical disks

For inflerval estimation of lnép foran optical disk, one may consider only the lower boungdl. (100—06)%

lower fonfidence bound of log litetime lnE}p is given by the following formula:

(lme)L = lan 257100 [var(In Bp)

where

A

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

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+Byxy;+€; (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

Y is given as

Vi =Byt Byxyj+ Byxy,

where

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

x2j = RH;.

Also, the sum

of squared residual errors S, is computed as

J
Se= 2
j=1

If the lifetim
coefficients o
method and t
results obtain

The estimate

Se. The estim
B,C,DandE.

Let (G, ) b

is given by

n-3 =n-2-1.

n.
J

Z(J’ij‘

i=1

o

b data are complete and the distribution is lognormal, then the estimated regi
btained by the least-squares method are the same as that of the maximum-likg
hey can be used for the estimation. The following shows the way to'utilize the calcpilation

ed by the least-squares method.

1 regression coefficients of jlj can be obtained by applying the least-squares met

htes f3 , 3. and f3, are obtained by solving 110 lipear'regression formulae of gr¢
0> P1 2 y 8 8 g

ession
lihood

hod to
ups A,

2
e the unbiased variance obtained by the least*squares method, then the estimate ("715m )

and it denotes the total number of specimens.

1 is for the limited number of the sampling and -2 is for the number of degrees of fr

pedom

(temperature

and’humidity).

NOTE

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

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

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 Li

Bsp Life =

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

exp (lnéso)

=exp (By + B1X1 + ByXy0),

18
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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 sulfstituting o\ for ¢, var(InB,) and var (In B; ) are obtained as follows (see E.3).
- ) -—1
n 1 1
5 5 anxlj 5 Zn]XZJ
Olsm Olsm J=1 Ok, J=1 i 1
- 1 ¥ 1 -, v {
vaf (In BSO):[ 1 x50 Xy ] - anxlj - Zn}.xlj v anxlszj X410
O-lsm j=1 o-lsm j=1 Ism /=1 XZO
1 < 1 ¥ 1 < -
. anXZj S anxleZj TZ"]-XZ,-
Olsm Jj=1 Olsm j= Olsm J=1 _
- 1-1
J J
n 1 1
~2 ~2 znjxlj ~2 zn]XZJ 0
Ism Olsm J=1 Olsm J=1
Ji J J 1
1 1 ) 1
- Zn]xlj - Zn}.xlj > anxlszj 0 .
vaf (In BS)=|:1 X10 X450 —1,64:| Fasm J=1 Tlsm J=1 Tlsm J=1 10
1 d 1 d 1 < 5 . *20
2 2.1, 2 PRI 2 2% ~1,64
Olsm J=1 Olsm j=1 Olsm J=1
2n
0 0 0
o
L sm _|
where
J
n¥ an and it denotes the total number of specimens.
<)

Using the result of the above formula, the lower confidence bound of log lifetime lnl§5 = (Bs 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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Step 1:

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) Allln(Err

ory) are almost on the best-fit line.

c¢) The best-
If all three co
If the three cd

There are twg

The first
interval t
this case,
samples.
be treate

it line has reasonable increase and is not flat nor is having a negative slope.
nditions are satisfied, then go to Step 3.

nditions are not satisfied, then that time-to-failure shall not be determined.
cases where the above three conditions are not satisfied.

case is that there is a sample that shows unexpected deterieration during the fir
ime of the accelerated-ageing test while other samples satisfy the three conditi
the deterioration mechanism of the abnormal sample canrbe different from that o
The sample whose error rate cannot be obtained after the first sub-interval tim

number

total incy
in that gy
satisfy th
continue

If there are s
those values
values or not.

Step 3:

For each test
failure criteri

For atest-con
the minimum|
the best-fit lin

]f
The second case is that there is a sample in a group which does not deteriorate within the mipimum

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

bation time and its best-fit line does not@how reasonable increase while other s:
oup satisfy the three conditions. The case when the time-to-failure of a sample dg
e three conditions shall be treated asithe missing time-to-failure and the procedur
ht Step 4 in A.2.2. In this case, keep‘the number of specimens as it is.

bme In(Errort)s that show abnermal value, it is recommended to check the reasq
hre abnormal, if possible;.and it is also recommended to judge whether to adopf

Lcondition specimen, determine the time-to-failure where the best-fit line crosg
.

lition spe¢imen for which the measured error rate did not reach the failure criteria

e0f m(Errory) as a predicted time-to-failure.

5t sub-
bns. In
[ other

ke shall

ep the

mples
es not
e shall

n why
those

es the

within

totatl incubation time, the time-to-failure may be determined using the extrapolation of

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

A.2.2 Judgment of complete data

Follow the procedure listed below.
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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 larger than that of the longest time-to failure when
sorting times-to-failure for the determination of the median rank.

Step 5|

Plot the median rank versus the time-to-failure on a lognormal graph, with time-to-failure on the
abscissa and median rank on the ordinate, for each specimen of the stress group.

Plot thie best-fit straight line for each specimen of the stress group.
Step 6|
Check the following conditions.

a) Al] the times-to-failure corresponding to each median rahk are almost on the best-fit straight line
ofleach 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, then’the data are deemed complete. Pfoceed to the
procedure in A.2.5 (maximum-likelihood metho@with least-squares method) or in A.2.6|(acceleration-
factor method). For the precise analysis or thé\precise interval estimation, go to the procgdure in A.2.5.

If a tinpe-to-failure is away from the best:fit straight line, then that time-to-failure shall not be used for
the lifgtime estimation. That time-to-failure is treated as a missing time-to-failure.

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

A.2.3 | Condition for lifetime-estimation effectiveness
Follow| the procedure listed below.

Step 7,
Check the following three conditions and judge the effectiveness of the time-to-failure.

a) THhelogrnormal 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 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 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)

b)

Substitution of times-to-failure

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

Maximunll-likelihood method with least-squares method application

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

Acceleratjon-factor method application

Substitutg all the missing times-to-failure and prepare the complete data’set. Then follow th¢ 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 maximume-likelihood method with the least-squares method can be done as listed|below.

a)

b)

A.2.6 Lifetime-estimation’ calculation method (acceleration-factor method)

Calculation off the conyéntional acceleration-factor method can be done as follows.

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

The coefflicient of determination is expectedto be over 0,8. If the coefficient of determinafion of
the multiple regression analysis is too small, then it is recommended to reconsider the accelerated
ageing-tept condition.

Bsg Life, Bs Life and 95 % lower-cenfidence bound of Bs Life at the Controlled storage-condition
are calculated using the multiple regression-coefficients and standard error obtained by th¢ least-
squares method and the formitlae of maximum-likelihood method (see B.3 and E.4).

a) Calculate|regression coefficients using the log-mean failure time.

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

c) 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.

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
{1 and ¢ obtained from the fitting line (see B.3).

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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(normative)
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Disk-life estimation for Controlled storage-condition (Eyring

method)

B.1 Generat

In this annex, the analysis of the complete data case using the results of a least-squares
conventional acceleration-factor method for the Rigorous stress-condition testing are shq

B.2 |

Step 1}

Deterr
below.

The data error to be measured is defined in 7.1.3.

BD Recordable disks and BD Rewritable disks:
DVD-R/RW, +R/+RW disks:

DVD-RAM disks:

CD-R/RW disks:

Data analysis and lifetime estimation using least-squares method

Max RSER
Max PI Sum 8
Max BER

Max C1 Ave 10

method and a
wh.

nine the time-to-failure for each specimen at the stress applied following the procedure described

Use thk initial data errors measured prior to accelerated ageing plus the data errors measured after

eachs

For ea
as the
calculd
a Max

Table ]
data fd
examp

Step 2

becified accelerated-ageing incubation sub-interval.

Ch specimen, a linear regression is performed with the natural logarithm of measur
dependent variable and time as the independent variable. The time-to-failure of th
ited from the slope.and intercept of the regression as the time at which the specimg
RSER of 10-3, Max PI Sum 8 of 280, Max BER of 10-3 or Max C1 Ave 10 of 220.

B.1 shows calculations leading to an estimated time-to-failure from a hypothetical
r five streéss-conditions (Group A, Group B, Group C, Group D and Group E) are offer
le of thesmathematical methodology used in this test procedure.

bd data errors
e specimen is
en would have

data set. The
bd solely as an

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

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)

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 6632
9 521 719 1009 2180 6711
10 526 732 1014 2227 6779
11 534 739 1027 2277 6860
12 540 743 1030 2318 6935
13 542 747 1037 2.352 7 038
14 548 751 1049 2404 7108
15 557 766 1069 2 443 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
5 493 6,200 5 0,230 5 679 6,520 6 0,230
6 495 62046 0279 &) 696 6,5453 0,279
7 501 6,216 6 0,328 7 703 6,555\¢ 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
Meajn 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
5 951 6,857 5 0,230 5 2020 7,610 6 0,230
6 993 69007 0,279 6 2076 76381 0,279
7 994 69017 0,328 7 2129 7,663 2 0,828
8 998 6,905 8 0,377 8 2151 7,673 9 0,B77
9 1009 6,916 7 0,426 9 2180 7,6871 0,f26
10 1014 6,9217 0,475 10 2227 7708’5 0,i75
11 1027 6,934 4 0,525 11 2277 7730 8 0,625
12 1030 6,937 3 0,574 12 2318 7,748 4 0,p74
13 1037 6,944 1 0,623 13 2352 7,763 2 0,p23
14 1049 6,955 6 0,672 14 2 404 7,785 0 0,p72
15 1069 69745 0,721 15 2 443 7,800 8 0,21
16 1080 6,984 7 0,770 16 2512 7,828 7 0,70
17 1098 7,001 2 0,819 17 2589 7,859 2 0,B19
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 0p17
20 1249 71301 0,966 20 2891 7,969 5 0,p66
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 8,684.1 0,089
4 6114 8,718 3 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 6860 8,833 5 0,352
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 H; In(Hy) Median
number h rank
20 7 569 89319 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
24 8067 8,995 5 0,780
25 8250 9,0180 0,813
26 8405 9,036 6 0,845
27 8546 9,053 2 0,878
28 8700 9,0711 0911
29 8953 9,099 7 0,944
30 9452 9,154 0 0,977
Meajn 7 296 8,886 4

Some tables in this document show values with many digits\Those digits are retai
ion in order to estimate the lifetime without introducing éx¢essive round-off errors

B.1 shows lognormal plots of specimen groups A, B, C, D and E from Table B.2. The

to be reasonably parallel, the assumption of equivalent log standard deviation ap
iqual data sets is verified.

imate 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 §
n the best-fit straight line through the time-to-failure data. The estimated log stang
en calculatedas follows.

(Intggey —Intg 59 )/2

ned during the
However, the
Cision.

fa are plotted

hind the median

brdinate scale

robability of failure. Each best<fit straight line is drawn through the plotted data. If the lines are

blicable to the

of the failure
4,1 % failure
ard deviation
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/ Group A
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G4=01036
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=
=
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Time-to-failure (h)

NOTE Ver{fy that the fitting lines for all stress conditiong’are reasonably parallel to one another.

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

The averaged|log standard deviation estimate ¢ m Of the five groups is then calculated as

~

0,=(0,\|tog+o.+0o,+0;)/6
=(0,103 6+0,097 59+ 0,096 33+0,140 740,137 8)/5=0,115 2
Step 4:

Table B.3 shoyvs all 110§ample data points belonging to specimen groups A, B, C, D and E for regijession
analysis. The|regression coefficients and error variance are calculated by applying the least-sfjuares
method. Tabl¢ B.4-shows the result of regression analysis performed by the statistics software tool.

“ 2 ~
Estimated variance of residual errors (ka ) , estimated log standard deviation o, _, and estjmated

regression coefficients 3, B; and B, are quickly obtained. Other statistics tools can also be used for

regression analysis.

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

>Group D

Group E

© ISO/IEC 2017 - All rights reserved

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 30 4 7,595 322 0,002 872 80
5 6,200 509 0,002 792 30 5 7,610 634 0,002 872 80
6 6,204 558 0,002 792 30 6 7,638 060 0,002 872 80
7 6,216 606 0,002 792 30 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 > 10 7,708 528 0,002 872 80
11 6,280 396 0,002 792 30 Group A 11 7,730 831 0,002 872 80
12 6,291 310 0,002 792 30 12 7,748 371 0,002 872 80
14 6,306 275 0,002 792 30 14 7,785 036 0,002 872 80
15 6,322 565 0,002 792 30 15 7,800 846 0,002 872 30
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 0,002872 80
19 6,426 488 0,002 792 80 19 7,928 609 0,002:872 80
D0 6,469 250 0,002 792 30 20 7,969 480 0,0027872 80
1 6,418 365 0,002 792 70 1 8,604 288 0,002 957 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 8,786 365 0,002 957 80
3 6,563 856 0,002 792 70 3 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 10 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
17 6,665 684 0,002 792 70 17 8,004 087 0,002 957 80
18 6,689 599 0,002 792 70 18 8,016 506 0,002 957 80
19 6,752 270 0,002 792 70 19 8,930 890 0,002 957 80
D0 6,797 940 0,002 792 70 20 8,031 860 0,002 957 80
1 6,761573 0,002 792 60 21 8,050 273 0,002 957 80
2 6,816 736 0,002 792 60 22 8,965 335 0,002 957 80
3 6,818 924 0,002792 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 6,001 737 0,002 792 60 27 9,053 219 0,002 957 80
3 6,905 753 0,002 792 60 28 9,071 078 0,002 957 80
9 6,016.715 0,002 792 60 29 9,099 744 0,002 957 80
10 6,021658 0,002 792 60 > 30 9,153 982 0,002 957 80
11 6;934.397 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 6,964 /16 0,002 792 60
17 7,001 246 0,002 792 60
18 7,025 538 0,002 792 60
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 ﬁl ﬂz Olsm
-35,3811 15 789,57 -0,029 74 0,132 35

Step 5:

ll‘léso and In E?D at the Controlled cfnragp-rnndirinn (Tpmp =285° and RH =50 (%) are obhtained using

the estimated regression coefficients B, B; and f, and estimated log standard deviation 5 that
were obtainedl in Step 4.

Then, Bsg Lif¢, Bs Life and 95 % lower confidence boundAof Bs LifeAat the Controlled storage-condition
(Temp = 25 °Qand RH = 50 %) can be calculated using InB,and InB; (see A.1.3).

By, = fiy + Byx1o + ByXyg
=435,3811+ 15 789,57 x 0,003 354 - 0,029 74 x 50

=16,090 1

Bsy Life=|exp(16,0901)=9 724 120h(1 110 years)

~

InB = B} + B, x4y + Byxyy — 1,646 = InByy ~1,645,
=16{0901-1,64 x 0,132 35
=158730
Bs Life =¢xp(15,8730)=7826 297 h(893 years)
The 95 % lowpr confidence bound of Bs Life is therefore

(Bs Life)y, [= exp[(lnés)L] = exp[ln)f?5 + 25/1001lvar(1n és) |= exp[lné5 —1,64,/var(In LA?S) ]

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

=6 166 241 h (704 years)

NOTE 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).
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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

NOTE 1___The average in Table B.5 shows the average value of the In(H;)s of each acceleration condition in the
Mean rpw of Table B.2. Instead of such average value, the centre value of the median rank can also pe used for log-
mean; ip the following formula.

To determine the coefficients A, AH/k and B of the reduced Eyring formula, regression analysis is done

using five average values obtained at the temperature values and relative humidity valugs in Table B.5
as log-mean;.

log-mean; =In(A)+ A—H X l +BXRH; +¢;
k T;
where
i [=1~5.

The esttimated values are determined as follows.

InfA) = B, =-35,6889
AH /k= B, =15904,21

B

B, =-0,029 968

Step 5|
The agceleration factors'are calculated from the difference between the estimated lifptime at each

stress|condition and(the estimated lifetime at the Controlled storage-condition (Temyg = 25 °C and
RH = 50 %). They arelisted in Table B.6.

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

. Calculated lifetime .
Stress condition Acceleration
Temp/RH 1T Ln (Lifetime) wtetme 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 10383 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 (1

=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.

NOTE2 (O g )2 is the estimated variance of population

Table B.7 — Data before sorting for composite lognormal plot
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%
429 A 8 015 865 15,896 933 3 1728 D 9016 704 16,014 589 4
451 A 8426935 15,946 943 7 1882 D 9 820.276 16,099 959 8
476 A 8894 060 16,000 894 2 1907 D 9950'726 16,113 1561
484 A 9 043 540 16,017 561 2 1989 D 10°378 602 16,155 256 7
493 A 9211705 16,035985 5 2020 D 10 540 360 16,170 722 3
495 A 9249 075 16,040 0341 2076 D 10832568 16,198 067 7
501 A 9361 185 16,052 082 4 2129 D 11109 122 16,223 277 1
512 A 9566720 16,073801 0 2151 D 11223918 16,233 5576
521 A 9734 885 16,091 226 4 2180 D 11375240 | 16,2469496
526 A 9828 310 16,100 777 6 2227 D 11620 486 16,268 280 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 16,308 329 5
542 A 10127 270 16,130 742 3 2352 D 12 272736 16,3228908
548 A 10 239 380 16,441 751 6 2404 D 12544072 | 16,344 7588
557 A 10407 545 16,158 041 6 2443 D 12 747 574 16,360 8515
576 A 10 762 56Q 16,191 584 0 2512 D 13107 616 16,388 704 0
579 A 10 818615 16,196 778 8 2589 D 13509 402 16,418 896 4
586 A 101949410 16,208 796 1 2590 D 13514 620 16,419 282 6
618 A 11°547 330 16,261 964 8 2776 D 14 485 168 16,488 635 8
645 A 12 051 825 16,304 726 7 2891 D 15085 238 16,529 227 2
613 B 8487 598 15,954 116 6 5455 E 7375 160 15,813 628 2
640 B 8 861 440 15,997 219 8 5730 E 7 746 960 15,862 8111
649 B 8986 054 16,011 184 4 5908 E 7987 616 15,893 402 9
675 B 9346 050 16,050 464 4 6114 E 8266128 15,927 676 8
679 B 9401434 16,056 372 8 6326 E 8552 752 15,961 763 7
696 B 9636816 16,081 101 3 6431 E 8694 712 15,978 225 6
703 B 9733738 16,091 108 6 6544 E 8 847 488 15,995 644 1
709 B 9816 814 16,099 607 2 6632 E 8966 464 16,009 002 0
719 B 9955 274 16,113 613 0 6711 E 9073272 16,020843 5
732 B 10 135 272 16,131 532 2 6779 E 9165 208 16,030 925 1
739 B 10 232 194 16,141 049 6 6860 E 9274720 16,042803 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
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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 16,2253509 7454 E 10077 808 16,125 846 3
856 B 11852176 16,288 022 0 7562 E 10 223 824 16,140 231 2
896 B 12406 016 16,333 692 1 7569 E 10 233 288 16414]1 156 5
864 C 8865504 15,997 678 3 7710 E 10423920 16515p 613 7
913 C 9368 293 16,052 8415 7827 E 10 582 104 16,17 674 8
915 C 9388815 16,055 029 6 7955 E 10 755,160 16,19p 896 2
945 C 9 696 645 16,087 290 5 8067 E 10 906584 16,204 877 2
951 C 9758211 16,093 619 6 8250 E 11154 000 16,22 308 7
993 C 10189 173 16,136 836 2 8405 E 11 363 560 16,24p 922 3
994 C 10 199 434 16,137 842 8 8546 E 11 554 192 16,26p 558 9
998 C 10 240478 16,141 8589 8700 E 11762 400 16,2800 418 6
1009 C 10 353 349 16,152 820 6 8953 E 12 104 456 16,30p 084 2
1014 C 10 404 654 16,157 763 8 9452 E 12779 104 16,36B 3219
1027 C 10 538 047 16,170 502 8 Mean 16,15p 284 7
1030 C 10 568 830 16,1734197 Deviation 0,130 956 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;2208219

1098 C 11266 578 16,237 351 2

1125 C 11543 625 16,261 6439

1222 C 12 538942 16,344 349 7

1249 C 12'815 989 16,366 204 1

© ISO/IEC 2017 - All rights reserved

33


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

ISO/IEC 16963:2017(E)

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 %
7375 160 1 | 00063 B 10398346 | 61 | 05498
7 746 960 2 0,015 4 C 10404654 | 62 | 0,5589
7987 616 3 0,0245 A 10407545 | 63 | 05679
8266128 5 | 00426 C 10538047 | 65 | 0,5861 r<\
8426 935 6 | 00516 D | 10540360 | 66 | 0,5951 q/Q
8487 598 7 | 00607 C 10568830 | 67 | 060425
8552 752 8 | 00697 E 10582104 | 68 | 06137
8694712 9 | 00788 B 10606036 | 69 | 056223
8847488 | 10 | 0,0879 C 10640657 | 70,4/ 0,6313
8861 440 11 | 00969 E 10755160 |~7 | 0,6404
8865504 | 12 | 0,1060 A 10762560C) 72 | 0,6495
8894 060 13 | 01150 C 10763789 | 73 | 06585
8966464 | 14 | 01241 B 10772188 | 74 | 06676
8986 054 15 | 01332 A | 40818615 | 75 | 06766
9016 704 16 | 01422 D J\10832568 | 76 | 06857
N

9043540 | 17 | 01513
9073272 18 | 01603 | |
9165208 | 19 | 01694 [
9211705 20 | 01784
9249 075 21 0,187 5
9274720 22 |lo1966
9346 050 2@:,\" 0,205 6
9361185 { ‘24 | 02147
9368293~ 25 | 02237
9376120 | 26 | 0,2328
9388815 27 | 02418
(9401434 | 28 | 02509
~ 9515376 29 | 02600
9566720 | 30 | 0,2690

10869 110 77 0,694 7
10906 584 78 0,703 8
10949 410 79 0,712 9
10969 009 80 0,7219
11081 880 81 0,7310
11109 122 82 0,740 0
11132 184 83 0,749 1
11154000 84 0,758 2
11223918 85 0,767 2
11266578 86 0,776 3
11363 560 87 0,785 3
11375 240 88 0,794 4
11543 625 89 0,803 4
11547 330 90 0,812 5

|

Dy

b

N

+1+554192 9t 6;821+6
11 620 486 92 0,830 6
11762 400 93 0,8397
11852176 94 0,848 7
11881 386 95 0,857 8
12 051 825 96 0,866 8
12 095 324 97 0,8759
12104 456 98 0,8850
12272736 99 0,894 0
12 406 016 100 0,903 1
12 538942 101 09121
12544 072 102 0,921 2

9616616 3t 6,276
9636 816 32 0,287 1
9 696 645 33 0,296 2
9733738 34 0,305 3
9734885 35 0,314 3
9737 104 36 0,323 4
9758 211 37 0,332 4
9816 814 38 0,3415
9820 276 39 0,350 5
9828 310 40 0,359 6
9849 320 41 0,3687
9950726 42 0,377 7

4
Um>anma>cancar(4‘9<mwnmn:>cum:>a>mm:>cwm:>nuammmma>ma>mmm
Ty
cnwcmc>cwmcr1>ncmncmwcnn>Dc}

34 © ISO/IEC 2017 - All rights reserved


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

Table B.8 (continued)

ISO/IEC 16963:2017(E)

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 1U 127 270 40 U454 1 D 15014 04U 1UO U, 775 95
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.Controlled storage-condition (Temp = 25 °C and RH = 50 %) [can be
calculated as follows.

Bsg Life =[exp (ﬂacf) =exp (16,15) =10 324 187 h (1 179 years)

Bs Life = gxp (45 — 1,640, ;) = exp (16,15 - 1,64 x 0,132 4) = exp (15,933)

=8 309 118 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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(normative)

Annex C

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

C.1 Stress

Here, a test

This test method follows the scope in this document, which is based on an environment of Temp
o representing the most-severe condition in which users handle and store optical
hod also uses a different stress-test design that makes the use, af the Arrhenius method

and RH = 80
This test met
possible.

The same as
design, and A
expected harj

Tables C.1 an
would be dest

ethod is shown for the Harsh storage-condition at higher temperature-and rglative
humidity than that of the Controlled storage-condition (Temp = 25 °C and RH = 50 %).

fumptions and data-analysis methods apply for the ambignt storage-condition,
rrhenius formula. The Controlled storage-condition of25'°C and 50 % is replaced
her user environment of 30 °C and 80 %.

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

=30 °C
disks.

stress
by an

l C.2 summarize the stress design for the Arrheniuis method. In case a stress condition
ructive for the disk to be tested, see Annex D.

Test stress Mg*Imum Minimum Intermediate Mininum
o Number of |._incubation total . equilibyation
Test condition . . . . relative .
. . . specimens(jsub-interval | incubation L1 duraflion
specimen (incubation) time time humidity timle
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
Mascns M - Mindnum
Test stress Number of | incubation total lnterme:dlate 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 20 250 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
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 °Cywithretative umidity RKeptconstant at 80 %:
Table C.3 — Ordered time-to-failure and median rank for example data (Rigeroys testing)
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-| 4. | Time-to-| 4.0 | Time-to- |\ Gony | Time-to- |y gian
failure rank failure rank failure (nk failure rank
h h h h

1 429 0,034 1015 0,034 1728 0,034 5455 0,023

2 451 0,083 1040 0,083 1882 0,083 5730 0,056

3 476 0,132 1080 0,132 1907 0,132 5908 0,089

4 484 0,181 1203 0,181 1989 0,181 6114 0,122

5 493 0,230 1151 0,23 2020 0,230 6326 0,155

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

7 501 0,328 1193 0,328 2129 0,328 6 544 0,220

8 512 0,377 1.225 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 0,319
11 534 0,525 1260 0,525 2277 0,525 6860 0,352
12 540 0,574 1295 0,574 2318 0,574 6935 0,385
13 542 0,623 1310 0,623 2 352 0,623 7 038 0,418
14 548 0,672 1425 0,672 2404 0,672 7 108 0,451

15 557 0,721 1360 0,721 2 443 0,721 7202 0,484
16 576 0,770 1388 0,770 2512 0,770 7 285 0,516
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

15 613 8,9+ +546 094+ 2776 094+ 7562 0,615
20 645 0,966 1625 0,966 2891 0,966 7 569 0,648
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
h rank h rank h rank h rank
28 8700 0911
29 8953 0,944
30 9452 0,977
Step 3:
Figure C.1 shpws the lognormal plot of groups A, B, C and D from Table C.3. The ordinate\scalq is the
probability of failure. Best-fit straight lines are drawn through the data plotted for each.group| If the
lines are judgpd to be sufficiently parallel, the assumption of equivalent log standard-deviations pmong
the individual data sets is verified.
A B C
g9 -
Group A
fi, = 6,270
q0 F ¢ ,=1036
i Group B
i i [ = 7,145
= = dp = 1355
x 30t
% i Group C
E 7 Ue = 7,720
= 6. =1407
S 10f
L Group D
= iy = 8,888
il G, =1378
200 500 1000 5000 10000 20000
Time-to-failure (h)

NOTE

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

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 &GrouDA 10 7.708 53 0002872 >Gr0upC
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 00002872
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 7,859,146 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 Group D
17 7,258 44 0,002 832 17 8,904 09 0,002 957
18 7,294738 0,002 832 18 8,916 51 0,002 957
19 7,33954 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 estima
Table C.5, InB,; and ln]g’50 can be calculated (see A.1.2).

The Bs Life, Bs5o Life and the 95 % lower confidence bound of Bs Life at the Harsh sterage-condition
(Temp = 30 °C and RH = 80 %) are then obtained using the calculated values of InB: and InB., as
follows (see A.1.3).

By, = fiy + By xy

=436,3215+ 15 304,74 x 0,003 298 7

= 14,164 25,
Bs Life =|exp (14,164 25) =1 417 280 h (162 years)
InB; = B + Byxyp — 1,640,
=14,164 25 - 1,64 x 0,161 52
=13,899 36,
Bs Life = gxp (13,899 36) =(1)087 462 h (124 years)

The 95 % lower confidence bound of Bs Life becomes

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

=880 372 h (100 years)

NOTE See E.3.
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