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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 ngn= —in—tiat f ; f - i of information
technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

ional Standards are drafted in accordance with the rules given in the ISO/IEC Directives| Part 2.

The mgin task of the joint technical committee is to prepare International Standards. Draft International
Standgrds adopted by the joint technical committee are circulated to national bodies for voting.| Publication as

ion is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ]SO and IEC shall not be held responsible for identifying any .gr-all such patent rights.

ISO/IELC 16963 was prepared by Ecma International (as ECMA-396) and was adopted, upder a special
“fast-track procedure”, by Joint Technical Committee ISO/IEETC 1, Information technology, [n parallel with
its appfoval by national bodies of ISO and IEC.

© ISO/IEC 2011 — All rights reserved Vv
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Introduction

Markets and industry have developed a common understanding that the property referred to as the lifetime of
data recorded to optical media plays an increasingly important role for the intended applications. Disparate
standardized test methodologies exist for Magneto Optical media and recordable compact disk and DVD
systems. It was agreed that the project represented by this International Standard be undertaken in order to
provide a common methodology, applicable for various purposes, that includes the testing of currently

available writapte-€B-andbBVvb uptiba= medtar

ISO/IEC JTC 1/SC 23/JWG 1, which is a Joint working group among ISO/TC 42, ISO/TC 171.@nd I$O/IEC
JTC 1/SC 23, [initiated work on this subject and developed the initial drafts with assistance’from| Ecma

International T[C31.

Vi
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Information technology — Digitally recorded media for
information interchange and storage — Test method for the
estimation of lifetime of optical media for long-term data
storage

1 Sc¢ope

This In
retrievd

This tg
applied
update
This In

—  stn

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

st includes details on the following formats: DVD-R/RW/RAM, +R/+RW and CD-R/H
to additional optical disk formats, with substitution of the appropriate specifications, an
d by committee in the future as required.

ernational Standard includes:

ess conditions

Basic stress condition and Rigorous stress\condition testing for use with the Eyrin
testing for use with the Arrhenius Method-

lifetime of the

W. It may be
d may also be

g Method and

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

- de

conditions with full-time air conditioning. Eyring Method is used to estimate the life
storage condition.

Harsh storage condition, e.g. 30 °C and 80 % RH, representing the most severe cong

users handle andistore the optical media. Arrhenius Method is used to estimate the
this storage cendition.

pluation system description
ecimen-preparation and data-acquisition procedure

finition of and method for estimating lifetime of stored data on specified media

Controlled storage condition/e.g. 25°C and 50 % RH, representing well-confrolled storage

me under this

itions in which
lifetime under

- da

ta analysis for lifetime of stored data

— reporting format for estimated lifetime of stored data

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

© ISO/IEC 2011 — All rights reserved
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2 Conformance

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

3 Normati

ve references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced

document (incl

ISO/IEC 1014¢

uding any amendments) applies.

19895 Information—technology——-Data—interchange—on—read-only—120 mm-optical-dat

a disks

(CD-ROM) (EQ

ISO/IEC 12862

side) DVD recdrdable disk for dual layer (DVD-R for DL) (ECMA-382)

ISO/IEC 1317(
side) DVD re-r

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

ISO/IEC 16444

ISO/IEC 17597
side) DVD rew

ISO/IEC 17341
+RW format —

ISO/IEC 17347
side) DVD re-n

ISO/IEC 17344
+R format — (

ISO/IEC 23917
side) DVD Red

ISO/IEC 25434
+R DL format -

ISO/IEC 26924

MA-130)
:2009, Information technology — 120 mm (8,54 Gbytes per side) and 80 mm (2,66 Gby/

:2009, Information technology — 120 mm (8,54 Gbytes per side) and 80.mm (2,66 Gby/
bcordable disk for dual layer (DVD-RW for DL) (ECMA-384)

:2002, Information technology — 80 mm DVD — Read-only. disk (ECMA-268)

:2004, Information technology — 120 mm (4,7 Gbytes‘per side) and 80 mm (1,46 Gby
ritable disk (DVD-RAM) (ECMA-330)

:2009, Information technology — Data interchange on 120 mm and 80 mm optical dis
Capacity: 4,7 Gbytes and 1,46 Gbytes per, side (recording speed up to 4X) (ECMA-337)

:2004, Information technology — 80 mma* (1,46 Gbytes per side) and 120 mm (4,70 Gby
bcordable disk (DVD-RW) (ECMA-338)

:2009, Information technology, — Data interchange on 120 mm and 80 mm optical dis
apacity: 4,7 Gbytes and 1,46_.Gbytes per side (recording speed up to 16X) (ECMA-349)

:2005, Information technology — 80 mm (1,46 Gbytes per side) and 120 mm (4,70 Gby
ordable Disk (DVD-R}ECMA-359)

:2008, Information technology — Data interchange on 120 mm and 80 mm optical dis
— Capacity:8,55 Gbytes and 2,66 Gbytes per side (recording speed up to 16X) (ECMA-]

:2009s-Information technology — Data interchange on 120 mm and 80 mm optical dis

+RW HS form

t —\Capacity: 4,7 Gbytes and 1,46 Gbytes per side (recording speed 8X) (ECMA-371)

tes per

tes per

fes per

k using

fes per

k using

fes per

k using

64)

k using

ISO/IEC 29642:2009, Information technology — Data interchange on 720 mm and 80 mm optical dis

k using

+RW DL format — Capacity: 8,565 Gbytes and 2,66 Gbytes per side (recording speed 2,4X) (ECMA-374)

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

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

© ISO/IEC 2011 — All rights
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4 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

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

4.2

baseline

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

4.3
basic s$tress conditions
accelerated aging conditions for estimating the lifetime of data stored on optical mediaiin-a reaspnable amount
of time|and labour

4.4
B:s Life
5 percgntile of the lifetime distribution (i.e. 5 % failure time) or 95 % survivalMifetime

4.5
(Bs Llfe)L
95 % lgpwer confidence bound of B; Life

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

4.7
controlled storage condition
well-controlled storage conditions with fulltime air conditioning (25 °C and 50 % RH) in which the lifetime of
data stpred on optical media may be extended

4.8
Eyring method
accelefated aging model based on the effects of temperature and relative humidity

4.9
data efror
data effror on the sample disk measured before error correction is applied

410

harsh ptorage condition
most szmwmwﬂﬂ in which the

lifetime of data stored on optical media may be shortened

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

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

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

© ISO/IEC 2011 — All rights reserved 3
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413
retrievability

ability to recover physically-recorded information as recorded

414

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

4.15
stress

temperature and relative humidity variables to which the sample is exposed for the duration of test incubation

intervals

4.16

system
combination @
reproduce info

5 Conven

5.1 Repres

A measured v4

it follows that
allows a range

5.2 Names

The names of

6 Listofa3
BER byte

BLER  block
Pl parity

Section 2 —

f hardware, software, storage medium and documentation used to record,,'fetrie
‘mation

lions and notations

pntation of numbers
lue is rounded off to the least significant digit of the corresponding specified value. For in

h specified value of 1,26 with a positive tolerance of+,0,01 and a negative tolerance o
of measured values from 1,235 to 1,275.

bntities, e.g. specific tracks, fields, zones) etc. are capitalized.

cronyms
error rate
error rate

(of the) inner,(code)

- Test-and Evaluation

e and

stance,
f - 0,02

7 Measurements

71

7.1.1 Stress

Summary

Incubation and Measuring

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

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

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

7.1.2

Assumptions

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

specimen life distribution is appropriately modelled by a statistical distribution,

the Ey|
relativg

the do
conditi

the cor
archivg

a hard
inform4

the rec

713

Of all g
each s

Each [
Each [
Each G

Data ¢
failure

7.1.31

Per IS
8 is md

ring Method can be used to model acceleration with the both stresses involved (te
humidity),

minant failure mechanism acting at the usage condition is the same as.‘that at tf
bNS,

npatibility of the disk and drive combination will affect the disk’s initial recording quality ar
| test outcome,

vare and software system needed to read the disk will be available at the time the
tion is attempted,

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

Data Error

pecimen media, the data errors shall be meéasured in the disk testing locations as defi
bmple the Maximum Data Error shall be determined.

VD-R/RW, +R/+RW disk will have its"Maximum Pl Sum 8 (Max Pl Sum 8) determined.
VD-RAM disk will have its Maximum Byte Error rate (Max BER) determined.
D-R/RW disk will have its Maximum C1 Ave 10 (Max C1 Ave 10) determined.

Dllected at each timetinterval for each individual disk are then used to determine the pr
for that disk at that'stress condition.

Pl Sum.8

D/IECG-16448:2002, a row in an ECC block that has at least 1 byte in error constitutes a P
asured over 8 ECC blocks in any 8 consecutive ECC blocks. The total number of Pl err

Pl Sum

mperature and

e accelerated

d the resulting

retrieval of the

ned in 7.5. For

bdicted time to

| error. Pl Sum
prs, also called

8y before error correction shall not exceed 280

7.1.3.2

BER

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

7.1.3.3

C1 Ave 10

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

© ISO/IEC 2011 — All rights reserved
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Thus, the number of C1 errors per second before error correction which is averaged over any 10 seconds,

called C1 Ave

10, shall not exceed 220.

7.1.4 Data Quality

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

7.1.5 Regression

The log 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 Arrhenjus

7.2 Test specimen

The disk samg

of the final pro

Consideration

test results. Sh

7.3 Record

Before media

le set shall represent the construction, materials, manufacturing process(-quality and v
Cess output.

shall be made to shelf life. Disks with longer shelf time before recording and testing may
elf time shall be representative of normal usage.

ing conditions

bre entered into accelerated aging tests, they shall-be/recorded as optimally as is prac

according to the descriptions given in the related standard. ORPC (optimum power control) during the

process shall
recorded medi
tests when th

respective star

The choice of
based or spe
specifications.

The recording

NOTE It is pxpected that lifetime of data on a disk may be affected by recording conditions including recording
7.3.1 Recording test environment

When performing thexrecordings, the air immediately surrounding the media shall have the fo
properties:

temperature: 23°C1035°C

relative humidi

atmospheric pressure:

erve as the method to achieve minimum data.errors. It is generally assumed that op

pir data errors and all other media parametric specifications are found to be with
dard’s specification limits.

speed used for testing shall be reported.

ecording hardware is at the discretion of the recording party. It may be either commercig
ciality recording tester based.™lt” shall be capable of producing recordings that m

Method.

ariation

impact

licable,
writing
fimally-

p will yield the longest predicted lifetime. Media is deemed acceptable for entry into th¢ aging

n their

| drive-
eet all

speed.

llowing

ty: 45 % to 55 %

60 kPa to 106 kPa

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

instructions of

the manufacturer of the disk.

7.3.2 Recording method

Specimen disks shall be recorded in a single session and finalized.

© ISO/IEC 2011 — All rights

reserved
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7.4 Playback conditions

7.4.1

Playback tester

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

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

7.4.2 Playback test environment

When ime

temperature: 23°Cto35°C

relativg humidity: 45 % to 55 %

atmospheric pressure: 60 kPa to 106 kPa

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

The test equipment should be calibrated as prescribed by its mianufacturer using calibration dish

said m
conditi
initially|
The m
measu

deviati
measu

7.5

7.51
All dats
7.5.2

Testing
locatio

Disk testing locations

anufacturer and as needed before disk testing. A _c¢ontrol disk should be maintain
and after each stress sub interval.

ean and standard deviation of the contrel’ disk shall be established by collecting
rements. Should any individual data error differ from the mean by more than three time

bn, the problem shall be corrected and, all data collected since the last valid control po
fed.

Rigorous stress condition testing

areas on a disk-shall be tested.

Basic stress'condition testing

owing properties:

s approved by
ed at ambient

bns and its data error should be measured at the'same time the stressed disks are mpeasured, both

at least five
s the standard
nt shall be re-

d outer radius

locations shall be a minimum of three bands spaced evenly from the inner, middle ar

disk cg

ns/on-the disk as indicated in Table 1. The total testing area shall represent a minimu
pacity ; I‘l

. For DVDs and +R / +RW disks. each of the three test bands shall have more fthan 750 ECC

of 5 % of the

blocks for 80 mm disks, and 2 400 ECC blocks for 120 mm disks. For CDs, each of the three test bands shall
have more than 5900 sectors.

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

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

8.1 Genera

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

for this testing

is provided in this document.

8.2 Stress conditions

8.21

General

Stress conditig
conditions are
storage or usa
property that g

Regarding ussg
minimum num
stress conditid
shown in Tablg
Regarding use

The total time

ns for this test method are increases in temperature and relative humidity (RH). The
intended to accelerate the chemical reaction rate from what would occur normally'at 2
ge conditions. The chemical reaction is considered to be degradation in some desired 1
ventually leads to disk failure.

ber of specimens for those stress conditions that shall be used, are. shown in Table
ns for the Basic stress condition testing, and the minimum numbers’ of specimens a
3. Additional specimens and conditions may be used, if desired forimproved precision.
of the Arrhenius Method, stress conditions are given in Table.&.1 and Table C.2 in Anne

for each stress condition as given in Table 2 and Table 3 is divided into five and fou

stress
mbient
naterial

of the Eyring Method, five stress conditions for the Rigorous stress condition testing, and the

p. Four
re also

x C.

I equal

incubation subtintervals respectively. The temperature and relative;humidity (RH) during each incubatipn sub-
interval shall be controlled as given in Table 4 and shown in Figure 1. All specimens shall be measurgd after
each sub-interyal of incubation.
Table 2 — Rigorous stress conditions for use with the Eyring Method
Maximum Minimum .
Test stress \ . . Minimum
. Number of incubation total Intermediate S
condition . . . . equilibratign
. ) specimens™| sub-interval incubation RH o
Test cell (incubation) . . duration time
time time
number
Temp (°C) | % RH hours hours % RH hours
A 85 80 20 300 1500 30 7
B 85 70 20 400 2000 30 6
o 85 60 20 600 3000 30 5
D) 75 80 20 600 3000 32 8
E 65 80 30 800 4 000 35 9
Table 3 — Basic stress conditions for use with the Eyring Method
Maximum Minimum -
Test stress . . . Minimum
e Number of incubation total Intermediate . :
condition specimens subinterval incubation RH equilibration
Test cell (incubation) P i i duration time
number ime ime
Temp (°C) | % RH hours hours % RH hours
A 85 80 20 250 1 000 30 7
B 85 70 20 250 1000 30 6
Cc 65 80 20 500 2000 35 9
D 70 75 30 625 2500 33 11
NOTE Incubation duration should be decided according to media characteristic.

© ISO/IEC 2011 — All rights
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8.2.2 Temperature (T)
The temperature levels chosen for this test plan are based on the following:

There shall be no change of phase within the test system over the test-temperature range. This restricts the
temperature to greater than 0 °C and less than 100 °C.

The temperature shall not be so high that plastic deformation occurs anywhere within the disk structure.
The typical substrate material used for media is polycarbonate (glass transition temperature ~150 °C). The

glass transition temperature of other layers may be lower. Experience with high-temperature testing of DVDs,
+R/+RW disks and CD disks indicates that an upper limit of 85 °C is practical for most applications.

8.2.3 |Relative humidity (RH)

Experiénce indicates that 80 % RH is the generally accepted upper limit for control‘ within mqst accelerated
test cells.

8.2.4 |Incubation and Ramp Profiles

The relative humidity transition (ramp) profile is intended to avoid moisture condensation on|the substrate,
minimize substantial moisture gradients in the substrate and to @end at ramp-down completion with the
substrate equilibrated to the ambient condition. This is accomplished by varying the moisture|content of the
chambgr only at the stress incubation temperature, and allowing sufficient time for equilibrafion during the
ramp down based on the diffusion coefficient of water in polyearbonate.

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

Temperature Relative humidity Duration
Process step
°C % hours
Start at Tsho at RHamb —
T, RH ramp to Tine to RH;q 1,5+0,5
RH ramp at Tine to RHi¢ 1,5+0,5
Incubation at Tine at RHinc See Table 2
RH ramp at Tine to RHj 1,5+0,5
Equilibration at Tine at RHiy See Table 2
T, RH-ramp to Tamb to RHamp 1,5+£0,5
end at Tamb at RHamb —_—
amb =room ambient T or RH (Tamb, or RHamp)
= inc Minc)
int = intermediate relative humidity (RH,,) that at T;,. supports the same
equilibrium moisture absorption in polycarbonate as that supported at T,

and RHzmp
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Process step

T,RH RH Incubation RH Equilibration T,RH %
Ramp Ramp | Ramp Ramp o)
I h '\ 5

~ 7 \
> , \ T
E / \ 3
© U \ =.
5 / \ S
o 1 \ <
£ ! \ —
[} ! \ X
(SN / Temp. \ ~
\\ Vi \ /, X
- —_
N II RH ‘\ L7 =

R ’ \ 7
\\'I A '/
Start , End
Time (Hour)

8.3 Measuling Time intervals

For data colled
measurements
baseline meaj

dependent on

Using each di
condition it wa

8.4 Stress

Table 2 for the Rigorous stress condifions and Table 3 for the Basic stress conditions speg

temperatures,
minimum num

each stress co|

All temperatur
maintained wit|

The intermedi

ambient condit

the equation:

_0’

int —
03

where:

Tamb and Tinc

RHamb

RHint

10

24+0,0037x T,

Figure 1 — Graph of typical transition (ramp) profile

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

urement and 2) after each sub-interval of ingubation. The length of time for intef
he severity of the stress condition.

Ek's regression equation, the failure timg for each disk shall then be computed for the
5 exposed to.

Conditions Design

relative humidities, Maximum Incubation sub-intervals, minimum total incubation tim
ber of specimens for-each stress condition. A separate group of specimens shall be u
hdition.

bs shall be-maintained within + 2°C of the target temperature; all relative humidities s
nin + 3 % RH of the target relative humidity.

bte. relative humidity in Table 2 and Table 3 are calculated assuming 25 °C and 50

D-RW),

for each disk will occur: 1) before disk exposure to any stress condition to determine its

vals is

stress

ify the

e, and
sed for

hall be

% RH

ions? If the ambient is different, the intermediate relative humidity to be used is calculate

d using

x RH

amb

24+0,0037xT;

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

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

8.5 Media Orientation

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

9 Lifetime Estimation

9.1 Time to failure

All diss subjected to stress conditions shall have their time to failure calculated-at the stress|condition they
have been subjected to. Failure criteria values are: Max Pl Sum 8 exceeding 280 for DVD-R{RW, +R/+RW,
Max BER exceeding 103 for DVD-RAM and Max C1 Ave 10 exceeding 220 for CD-R/-RW.

and mpterial degradation. The chemical changes are generally “expected to cause test dpta to have a
distribdtion that follows an exponential function over time. Therefore, test values of: Pl Sum 8, BER or C1 Ave
10 as functions of time are expected to exhibit an exponential distribution.

Material degradation manifests itself as data errors in the disk, proyviding a relationship betw%en disk errors

The bgst function fitting an error trend can be found by.regression of the test data against timg¢, for example,
with a |east squares fit. The time to failure per disk typecan be calculated using the error trerld function and
the failpre criteria.

9.2 Accelerated Aging Test Methods

9.2.1 |Eyring acceleration model (Eyring Method)

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

1 479 M IKT ((B+CIT)<RE

where

t is the time to failure;

A is the'pre-exponential time constant;

T isthe pre-exponential temperature factor;

AH isvthe activation nhargy per maolect ||n;

k is the Boltzmann's constant (1,3807 x 10”** J/molecule degree K);
T is the temperature (in Kelvin);

B, C are the RH exponential constants;
RH is the relative humidity;

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

t= AeAH/kTeBxRH

or, 1n(t)=1n(A)+%+BxRH

© ISO/IEC 2011 — All rights reserved 11
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9.2.2 Arrhenius accelerated model (Arrhenius Method)
The Arrhenius Method uses only temperature stress for accelerated aging.

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

t= AeAH/kT

AH
ln(t) = ln(A) +ﬁ

9.3 Data Anpalysis
Data analysis is contained in the following Annexes:
Annex A: Qutline of Media Life Estimation Method and Data Analysis Steps
Annex B: Media Life Estimation for the Controlled Storage Condition (Eyring Method)
Annex C: Media Life Estimation for the Harsh Storage Condition (Arrhenius Method)
Annex D: Interval Estimation for BS Life using Maximum Likelihood
9.4 Result pf Estimated Media Life
Estimated lifetime based on the data analysis shall be reported as/follows.
(1) Number apd title of this standard
(2) Ambient storage condition for lifetime estimation
25 °C / 50|% RH (Controlled storage condition)or'30 °C / 80 % RH (Harsh storage condition)
(3) Stress and testing condition
Rigorous stress condition testing o Basic stress condition testing
(4) The recordling speed used for.testing shall be reported. (see 7.3)
(5) Bsy Life, Bs Life and 95 % lower confidence bound of Bs Life (= (Bs Life),)

NOTE In case a more ‘precise analysis is required or a large estimate & is found, the 95 % lower corfidence
bound of Bs Life|should:be computed according to Annex D.

12 © ISO/IEC 2011 — All rights reserved
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Annex A
(normative)

Outline of Media Life Estimation Method and Data Analysis Steps

A.1 Data analysis for media life estimation

A.1.1 [Assumptions for data analysis

Data analysis for lifetime estimation is based on the following assumptions.
- The|lifetime of data recorded on an optical disk has a lognormal distribution.
- The|Eyring Method is used for the Controlled storage condition (25 °C, 50(% RH). (see [Annex B)
- The|Arrhenius method is used for the Harsh storage condition (30 °C{80 % RH). (see Annex C)

A.1.2 [Lognormal model and point estimation of In B, and InBy

As lifgtime t is distributed with lognormal distribution LN(u, &) , log lifetime y (=In7) fpllows normal

distriblition N(u, o%), where L and o are the expected valugs of y and variance, respectiviely.
VEU(X)+O -z
=B + X + fox,to -z

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

The p|percentile of the lifetime distribution, or Bp Life, is widely used in reliability endgineering. The
point gstimation of In B, is described as

In ép = ﬁo +,5A’1x1 +/§'2x2 +Zp/1006- -
Then the point estimates_of the 5 percentile and 50 percentile of the lifetime distribution afe given by

I B, = B, + By + Byx,, — 1,646

In By, =B, + Bixo + BrXy .-

Where, 10> 120 it (0] H )

A.1.3 Interval estimation for optical disk

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

lower confidence bound of log lifetime lnép is given by the following equation.
(InB,), =InB, +z,,,Var[ln B, |)

where, Var[lnf?pl denotes variance of lnf?p (see Annex D)
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When ¢ is relatively small, we can put,/Var ln1§p ~ o . Then the 95% lower confidence bound of BsLife

becomes as follows.

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

NOTE

= exp (1nl§5 -1.646)

of Bs should be analyzed according to Annex D.

A.1.4 Estim

The multiple lin
Yi=Po+

where, ¢; den

The estimate
yi=PBo+

Also, the sum

Se = Zn:(y
i=1

The regressior
BO’ ﬁ’\l and :éz

The estimate

ion O an using the least squares method

ear regression model for i th specimen is described as follows.
B1x1; + Brxy +&; (i=1~n)

ptes errors, and n denotes total number of specimens.

. is given as

1x1; + PaXy; -

bf the squared residual errors Se is computed as
-3’

coefficients of 7, can be obtained by‘applying the least squares method to Se . The es

are obtained by solving 110 linear.regression equations of group A, B, C, D and E.

52 of variance is given as follows.

e _Z(yi_j’i)z

where n—-2-1

The estimated
regression ang

D-1)  (n-2-1)

is the number.of degrees of freedom.

lysis of statistics software tools.

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

B50 Life =

Bs Life =

exp (In éso)
exp (B + Bixio + Prxa)
exp (In BS)

exp ( By + Bixg + Brxyy — 1,640 )

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

14

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

imates

regression coefficients 5,, B, and 8, and variance of residual errors &, are obtainedl using
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Also, 95% lower confidence bound of Bs Life becomes

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

A.2 Data analysis steps for lifetime estimation

The following is an outline of steps to estimate the media lifetime using the least squares method for the

Eyring

Method, as a function of ambient temperature and relative humidity.

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

2. (S
Fa
dg

3. PI
cd

NOTE

Clause

4. M
ad
C3

5. Bs

For the
used

C
cg

6. Calculate the normalized time to failure at the ambient condition for each specimen group U

aq
7. Bs

NOTE
for Harg

CIIcuIate regression coefficients using the log mean failure time.

teps 2 and 3 are for data quality check)

termine the median rank of each specimen.

nditions are reasonably parallel to one another.

7.1.2 shall be checked.

Lltiple regression coefficients and the standard error can beicalculated using the least sq
ross all data of the log failure times, which were obtained at'the five or four stress conditi
Iculation can be performed by multiple regression analysis of statistics software tools.

conventional acceleration factor method, in.addition to above steps 1 to 3, following stef

Iculate acceleration factors from.the difference between the estimated log mean at each
ndition.

celeration factors, and plot these data on a lognormal graph.

Data analysis steps using the Arrhenius Method are almost the same as the Eying Method. S
h storage’temperature can be used for the Arrhenius Method.

r each stress condition, the specimens are ordered by increasing time to failure values in) order to

bt the median rank versus time to failure on a lognormal graph. Verify that'the fitting lined for all stress

In the case where the fitting lines are not determined to be reasonably parallel, the assurhptions made in

lares method
pns. This

o Life, Bs Life and 95% lower confidence bound of Bs Life at the Controlled storage condifion are
cdlculated using the multiple regression coefficients,and standard error.

s4to7 are

stress

sing the

o Life, Bs Life and 95% lower confidence bound of Bs Life at the Controlled storage condifion are
cdlculated using fand 6 obtained from the fitting line.

ingle regression

© ISO/IEC 2011 — All rights reserved
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Annex B
(normative)

Media Life Estimation for the Controlled Storage Condition

(Eyring method)

In this Annex, two media life estimation methods by the least squares method using all data and the
conventional acceleration factor method for the Rigorous stress condition testing are shown.

B.1 Data analysis and lifetime estimation using the least squares method

Step 1

Determine the
Data Errorto b

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

Use the initial
specified acce

For each speq

variable and time as the independent variable. The time‘to.failure of the specimen is calculated from th

and intercept ¢
BER of 107, 0

Table B.1 sho
five stress con
the mathemati
Step 2

For each stres

The median r3
failure order ar

Table B.2 shoy

time to failure for each specimen at the stress applied following the procedure described
e measured is as defined in 7.1.3:

data errors measured prior to accelerated aging-plus the data errors measured aftg
erated-aging incubation sub-interval.

imen, a linear regression is performed withzthe In (measured data errors) as the dep

f the regression as the time at which theispecimen would have a Max Pl Sum 8 of 280
Max C1 Ave 10 of 220.

vs calculations leading to an estimated time to failure from a hypothetical data set. The ¢

Hitions (Group A, Group B, Group C, Group D and Group E) are offered solely as an exa
cal methodology used in thisstest procedure.

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

nk of the~Specimens is calculated using the estimate (i —0,3)/(n+0,4), where i is the
d n is:the total number of specimens at the stress condition.

below.

r each

endent
b slope
a Max

ata for
mple of

time to

vS\the ordered log time to failure and the median rank for the example data.

16
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Table B.1 — Ordered estimated time to failure for example data (Rigorous stress conditions)
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Order Group A Group B Group C Group D Group E
Number 85°C/80%RH 85°C/70%RH 85°C/60%RH 75°C/80%RH | 65°C/80%RH
1 429 613 864 1728 5455
2 451 640 913 1882 5730
3 476 649 915 1907 5908
4 484 675 945 1989 6114
5 493 679 951 2020 6326
6 495 696 993 2076 6431
7 501 703 994 2129 6544
8 512 709 998 2151 6632
9 521 719 1009 2180 6711
10 526- 32 1044 222 6779
11 534 739 1027 2277 6860
12 540 743 1030 2318 6935
13 542 747 1037 2352 7038
14 548 751 1049 2404 7108
15 557 766 1069 2443 7202
16 576 778 1080 2512 7285
17 579 785 1098 2589 7362
18 586 804 1125 2590 7454
19 618 856 1222 2776 7562
20 645 896 1249 2891 7569
21 7710
22 7827
23 7955
24 8067
25 8250
26 8405
27 8546
28 8700
29 8953
30 9452

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

Group A 85°C/80%RH Group B 85°C/70%RH

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

2 451 6.1115 0.083 2 640 6.4615 0.083

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

5 493 6.2005 0.23 5 679 6.5206 0.23

6 495 6.2046 0.279 6 696 6.5453 0.279

7 501 6.2166 0.328 7 703 6.5554 0.328

8 512 6.2383 0.377 8 709 6.5639 0.377

9 521 6.2558 0.426 9 719 6.5779 0.426
10 B2G R.’)RE’) n.A-lE 10 122 R.RORQ 0475
11 534 6.2804 0.525 11 739 6.6053 0.525
12 540 6.2913 0.574 12 743 6.6107 0.574
13 542 6.2953 0.623 13 747 6.6161 0.623
14 548 6.3063 0.672 14 751 6.6214 0.672
15 557 6.3226 0.721 15 766 6.6412 0.721
16 576 6.3561 0.77 16 778 6.6567 0.77
17 579 6.3613 0.819 17 785 6.6657 0.819
18 586 6.3733 0.869 18 804 6.6896 0.869
19 618 6.4265 0.917 19 856 6.7523 0917
20 645 6.4693 0.966 20 896 6.7979 0.966

Mean 531 6.2692 Mean 734 6.5943

© ISO/IEC 2011 —
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Group C 85°C/60%RH Group D 75°C/80%RH
Order Time to In(H) Median Order Time to In(H) Median
Number Failure(h) (=H) Rank Number | Failure(h) (=H) Rank
1 864 6.7616 0.034 1 1728 7.4549 0.034
2 913 6.8167 0.083 2 1882 7.5403 0.083
3 915 6.8189 0.131 3 1907 7.5534 0.131
4 945 6.8512 0.181 4 1989 7.5953 0.181
5 951 6.8575 0.23 5 2020 7.6106 0.23
6 993 6.9007 0.279 6 2076 7.6381 0.279
7 994 6.9017 0.328 7 2129 7.6632 0.328
8 998 6.9058 0.377 8 2151 7.6739 0.377
9 1009 6.9167 0.426 9 2180 7.6871 0.426
10 1014 6.9217 0.475 10 2227 7.7085 0.475
11 1027 6.9344 0.525 11 22717 7.7308 0.525
12 1030 6.9373 0.574 12 2318 7.7484 0574
13 1037 6.9441 0.623 13 2352 7.7632 0623
14 1049 6.9556 0.672 14 2404 7.7850 0.672
15 1069 6.9745 0.721 15 2443 7.8008 0.721
16 1080 6.9847 0.77 16 2512 7.8287 0.77
17 1098 7.0012 0.819 17 2589 7.8592 0.819
18 1125 7.0255 0.869 18 2590 7:8594 0.869
19 1222 7.1082 0.917 19 2776 7.9286 0917
20 1249 7.1301 0.966 20 2891 7.9695 0.966
Mean 1029 6.9324 Mean 2272 7.7199
Group E 65°C/80%RH
Order Time to In(H) Median
Number Failure(h) (=H) Rank
1 5455 8.6043 0.023
2 5730 8.6535 0.056
3 5908 8.6841 0.089
4 6114 8.7183 0.122
5 6326, 8.7525 0.155
6 6431 8.7689 0.188
7 6544 8.7864 0.22
8 6632 8.7997 0.253
9 6711 8.8115 0.286
10 6779 8.8216 0319
\N| 6860 8.8335 0.352
12 6935 8.8443 0.385
13 7038 8.8591 0418
14 7108 8.8690 0451
15 7202 8.8822 0484
16 7285 8.8936 0516
17 7362 8.9041 0.549
18 7454 8.9165 0.582
19 7562 8.9309 0615
20 /069 0.9019 0.0648
21 7710 8.9503 0.681
22 7827 8.9653 0.714
23 7955 8.9816 0.747
24 8067 8.9955 0.78
25 8250 9.0180 0813
26 8405 9.0366 0.845
27 8546 9.0532 0878
28 8700 9.0711 0911
29 8953 9.0997 0.944
30 9452 9.1540 0977
Mean 7296 8.8864
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Step 3

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

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

Figure B.1 shows lognormal plots of specimen groups A, B, C, D and E from Table B.2. Each best fit straight
line is drawn through the plotted data. If the lines are judged to be reasonably parallel, the assumption of
equivalent log standard deviation applicable to the individual data sets is verified.

An estjmate of the 10g standard deviation can be obtained from the graphical treatment or the failure data.
First, for each stress, estimate the times corresponding to 15,9 % and 84,1 % failure based|on the best-fit
straight line through the time to failure data. The estimated log standard deviation & is_then calculated as
follows|

=(In losar — In to’lsg) /2

D E

a / Grow A

B

ATy

90

f
|

=r(l))

M"’“—.—uq_.___
L ]

50

& =0.09433

6, =0.1407

1

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

Median

—_
s N
.:_-‘T-—;.-_::_-_-‘-_

~J OO0
o]

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

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

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

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

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

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

NOTE The standard error estimate & (=0,13169) at the controlled storage condition is fairly large in comparison with

the averaged e

stimate (3"” of the five specimen groups. Variation in the best-fit lines among the five groups and the

lognormal distrig

Table B.3 — 110 sample data for regression analysis

20

utions of each group are among the anomalies that may affect the log standard error.

Number Int X Xy Number Int X X,
1 6.061055 [0.002792 80 7 1 7.454918 0.002872 80 S
2 6.111467 |0.002792 80 2 7.540276 [0.002872 80
3 6.165418 [0.002792 80 3 7.553358 [0.002872 80
4 6.182176 [0.002792 80 4 7.595322 [0.002872 80
5 6.200509 [0.002792 80 5 7.610634 [0.002872 80
6 6.204558 [0.002792 80 6 7.638060 [0.002872 80
7 6.216606 [0.002792 80 7 7.663173 [0.002872 80
8 6.238325 |0.002792 80 8 7.673915 10.002872 80
9 6.255750 [0.002792 80 9 7.687122 [0.002872 80
10 6.265301 [0.002792 80 L Group A 10 7.708528 [0.002872 80 L Group D
11 6.280396 |0.002792 80 11 7.730831 10.002872, 80
12 6.291310 [0.002792 80 12 7.748371 [0.002872 80
13 6.295266 [0.002792 80 13 7.763199 [0:002872 80
14 6.306275 |0.002792 80 14 7.785036¢) 0.002872 80
15 6.322565 [0.002792 80 15 7.800846 [0:002872 80
16 6.356108 [0.002792 80 16 7.828687 |0.002872 80
17 6.361302 |0.002792 80 17 7.859160 | 0.002872 80
18 6.373320 [0.002792 80 18 7859351 [0.002872 80
19 6.426488 [0.002792 80 19 7.928609 [0.002872 80
20 6.469250 | 0.002792 80 - 20 7.969480 | 0.002872 80 -
1 6.418365 [0.002792 70 7 1 8.604288 [0.002957 80 3
2 6.461468 [0.002792 70 2 8.653471 [0.002957 80
3 6.475433 [0.002792 70 3 8.684063 [0.002957 80
4 6.514713 [0.002792 70 4 8.718337 [0.002957 80
5 6.520621 [0.002792 70 5 8.752500 [0.002957 80
6 6.545350 [0.002792 70 6 8.768885 [0.002957 80
7 6.555357 [0.002792 70 7 8.786365 [0.002957 80
8 6.563856 [0.002792 70 8 8.799662 [0.002957 80
9 6.577861 [0.002792 70 9 8.811503 [0.002957 80
10 6.595781 [0.002792 70 ~Group B 10 8.821630 [0.002957 80
11 6.605298 [0.002792 70 11 8.833463 [0.002957 80
12 6.610696 [0.002792 10 12 8.844336 [0.002957 80
13 6.616065 [0.002792 70 13 8.859079 [0.002957 80
14 6.621406 [0.002792 70 14 8.868976 [0.002957 80
15 6.641182 [0.002792 70 15 8.882172 [0.002957 80 L Grouwp E
16 6.656727 [0.002792 70 16 8.893573 [0.002957 80
17 6.665684 [0.002792 70 17 8.904087 [0.002957 80
18 6.689599 [0.002792 70 18 8.916506 |0.002957 80
19 6.752270.[0.002792 70 19 8.930890 [0.002957 80
20 6.797940-/0.002792 70 - 20 8.931860 [0.002957 80
1 6.761573 |0.002792 60 n 21 8.950273 [0.002957 80
2 6.816736 [0.002792 60 22 8.965335 [0.002957 80
3 6.818924 [0.002792 60 23 8.981556 [0.002957 80
4 6.851185 [0.002792 60 24 8.995546 [0.002957 80
5 6.857514 [0.002792 60 25 9.017968 [0.002957 80
6 6.900731 [0.002792 60 26 9.036582 [0.002957 80
7 6.901737 [0.002792 60 27 9.053219 [0.002957 80
8 6.905753 |0.002792 60 28 9.071078 10.002957 80
9 6.916715 [0.002792 60 29 9.099744 [0.002957 80
10 6.921658 [0.002792 60 L Group C 30 9.153982 [0.002957 80 -
11 6.934397 10.002792 60
12 6.937314 [0.002792 60
13 6.944087 [0.002792 60
14 6.955593 10.002792 60
15 6.974479 [0.002792 60
16 6.984716 [0.002792 60
17 7001246 0002792 A0
18 7.025538 [0.002792 60
19 7.108244 [0.002792 60
20 7.130099 [0.002792 60 -

© ISO/IEC 2011 — All rights reserved


https://iecnorm.com/api/?name=200078cecdce10622060bda0793e215f

Step 5

ISO/IEC 16963:2011(E)

Table B.4 — Regression analysis results

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

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

coefficient estimates ﬁo, ,él and ,82 and standard error estimate & which were obtained.in/Step

Then £

1

=

he regression
4.

50 Life, Bs Life and 95% lower confidence bound of BsLife at the Contraolled storage condition (25 °C
/50 % IRH) can be calculated using In Bs, and In Bs (see A.1.3).

Bso = By + Bix10 + Brxy

=-35,3479 + 15 777,96 x 0,003354 - 0,02979x 50

= 16,0823

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

Bs

95

= 16,0823 - 1,64x0,13197
= 15,8659

Life = exp (15,8659) .7 770 875 hours (887 years)

% lower confidence bound of BsLife: (Bs Life),

={exp(In B;)), =exp(In B; + z,,,,0y Var|ln B, | ) = exp(In B, —1.646)

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

= 6 258 580hours (714 years)

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

Step 4

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

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

Group Log mean Temp 1T % RH
A 6,2692 85 0,002792 80
B 6,5943 85 0,002792 70
C 6,9324 85 0,002792 60
D 7.7199 75 0,002872 80
E 8,8864 65 0,002957 80

To determine[the coefficienis A, AH/ k and B of the reduced Eyring equation, the regression ana
done using fie log mean values obtained at the temperature and relative humidity in Table Bx5

logmean; |= In(4) + (%) X (TL) +BxRH, +¢;

where, i =145

The estimate falues are determined as follows.

In(4) =f, =—35,6889
AH [k =, =15904,21

B =B, =-0.029978

Step 5

The acceleration factors are calculated from the diffefence between estimated log mean at each
condition and that at the controlled storage condition (25 °C /50 % RH). They are listed in Table B.6.

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

1

Stress condition OE.ilcu.lated Acceleration
lifetime .
factor
1/T Ln (lifetime) Lifetime (h)
85°C /80%RH 0,002792 6.3202 556 18685
R5°C /7% RH 0,002792 6.6199 750 13 846
b5 °C7/60% RH 0,002792 59196 1012 10261
-munDH Q0029792 15957 1990 5218
65°C /80% RH 0,002957 8.9467 7682 1352
25°C /50% RH 0,003354 16,1557 10383119

Step 6

ysis is

stress

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

which were calculated in Table B.7.

22
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Table B.7 — Data for composite lognormal plot

-I;:”arillirt: Group b;%zrgjgg;dRﬁ) Ln Group |Accending| Order M;:;in EZE :: Group ’1052232%::?:? Ln Group |Accending| Order MF::;T(”
429 A 8012443 | 15.89651 E 15.7432 1 0.0063 1728 D 9019222 | 16.01487 c 16.13085 61 0.5498
451 A 8426726 | 15.94692 E 1579238 2 0.0154 1882 D 9822901 | 16.10023 A 16.13295 62 0.5589
476 A 8893839 | 16.00087 E 15.82297 3 0.0245 1907 D 9952244 | 16.11331 E 16.13446 63 0.5679
484 A 9044142 | 16.01763 A 15.8327 4 0.0335 1989 D 10378769 | 16.15527 c 16.13487 64 0.5770
493 A 9211476 | 16.03596 E 15.85725 5 0.0426 2020 D 10538914 | 16.17059 B 16.14156 65 0.5861
495 A 9248845 | 16.04001 A 15.88312 6 0.0516 2076 D 10831952 | 16.19801 A 16.14497 66 0.5951
501 A 9360953 | 16.05206 E 15.89141 7 0.0607 2129 D 11107416 | 16.22312 c 16.14583 67 0.6042
512 A 9566482 | 16.07378 E 15.90779 8 0.0697 2151 D 11227376 | 16.23387 c 16.15077 68 0.6132
521 A 9734643 | 16.0912 B 1591875 9 0.0788 2180 D 11376638 | 16.24707 E 16.15688 69 0.6223
526 A 9828066 | 16.10075 E 15.92527 10 0.0879 2227 D 11622800 | 16.26848 B 16.15711 70 0.6313
534 A 9977542 | 16.11585 A 15.93707 11 0.0969 2277 D 11884935 | 16.29078 c 16.16351 71 0.6404
540 A 10087039 | 16.12676 E 15.93857 12 0.1060 2318 D 12095230 | 16.30832 B 16.16606 72 0.6495
542 A 10127018 | 16.13072 E 15.95041 13 0.1150 2352 D 12275916 | 16.32315 c 16.16643 73 0.6585
548 A 10239126 | 16.14173 A 15.95382 14 0.1241 2404 D 12546937 | 16.34499 C 16.1732 74 0.6676
557 ra) +0407267 +o-+586% = +59665% t5 0-+382 L) 1) 12740870 163008 1= 1611549 75 0.6766
576 A 10762293 | 16.19156 B 15.96185 16 0.1422 2512 D 13106751 | 16.38864 C 16.18471 76 0.6857
579 A 10818346 16.19675 A 15.97216 17 0.1513 2589 D 13512304 16.41911 B 16.18998 77 06947
586 A 10949138 16.20877 E 15.97237 18 0.1603 2590 D 13514883 16.4193 E 16.19213 78 0.7038
618 A 11547043 [ 16.26194 B 1597581 19 0.1694 2776 D 14484070 | 16.48856 D 16.14424 79 0.7129
645 A 12051526 | 16.3047 A 15.97621 20 0.1784 2891 D 15088313 | 16.52943 A 16.14814 80 0.7219
613 B 8487790 15.95414 E 15.98325 21 0.1875 5455 E 7372725 15.8133. (o] 16.20359 81 0.7310
640 B 8861640 15.99724 A 15.98825 22 0.1966 5730 E 7744402 15.86248 D 16.29732 82 0.7400
649 B 8986257 16.01121 C 15.99069 23 0.2056 5908 E 7984979 15.89307 E 16.20999 83 0.7491
675 B 9346261 16.05049 E 15.99799 24 0.2147 6114 E 8263399 [.1502735 c 16.2]383 84 0.7582
679 B 9401646 16.0564 E 16.00789 25 02237 6326 E 8550584 | 1696151 [ 16.23036 85 0.7672
696 B 9637034 | 16.08112 A 16.00997 26 0.2328 6431 E 8691841 15.9779 E 16.2$865 86 0.7763
703 B 9733958 16.09113 B 16.01509 27 0.2418 6544 E 8845106 15.99537 A 16.2409 87 0.7853
709 B 9817036 | 16.09963 B 16.021 28 0.2509 6632 E 8963504 | 16.00867 D 16.24928 88 0.7944
719 B 9955499 16.11364 E 16.02108 29 0.2600 6711 E 9070276 16.02051 B 16.2$265 89 0.8034
732 B 10135501 16.13155 A 16.0274 30 0.2690 6779 E 9162595 16.03064 C 16.2%465 90 0.8125
739 B 10232425 16.14107 E 16.03248 31 0.2781 6860 E 9271658 16.04247 D 16.2646 91 0.8216
743 B 10287811 | 16.14647 A 16.03695| 32 0.2871 6935 £ 9373024 | 16.05335 D 1628202 92 0.8306
747 B 10343196 | 16.15184 E 16.043 33 0.2962 7038 E 9512234 | 16.06809 E 16.24289 93 0.8397
751 B 10398581 | 16.15718 B 16.04573 | 34 0.3053 7108 £ 0606843 | 1607799 B 16.28832 94 08487
766 B 10606276 | 16.17696 c 16.04585 | 35 0.3143 7202 E 9734449 [16.09118 D 163]713] 95 0.8578
778 B 10772431 | 16.1925 c 16.04804| 36 0.3234 7285 3 0846068 | 1610258 D 1633788 96 08668
785 B 10869356 | 16.20146 A 16.05204 | 37 0.3324 7362 E 9950138 | 161131 c 1633736 97 08759
804 B 11132436 | 16.22537 E 16.05542 | 38 0.3415 7454 E 10074481 | 1612552 D 1634108 08 08850
856 B 11852444 | 16.28804 B 16.05574 | 39 0.3505 7562 E 10220441 | 16.1399 c 16.38921 99 08940
896 B 12406296 | 16.33371 A 16.06296 | 40 0.3596 7569 E 10230357 | 16.14087 D 16362401 100 09031
864 ¢ 8865428 115997671 B 11606424} 41 0.3687 7710 E 10420478 | 16.15928 | D | 16.34479] 101 | 09121
913 ¢ 9368213 11605283, A 116066911 42 | 03777 7827 E 10578610 | 1617434 D | 1649233 102 | 09212
915 c 9388735 116055021 E 1160698 | 43 | 0.3868 7955 E 10751609 | 1619057] D | 164]716] 103 | 09303
945 ¢ 9696562 11608728 E 11607077 44 1 0.3958 8067 E 10903080 | 1620456 | D 16439 | 104 | 09303
951 e 9758127 | 16.00361 A 116077921 45 04045 8250 E 11150317 [ 16.22698| D | 1643481 105 | 09484
993 e 10189086 11613683 B 116078241 46 04139 8405 E 11359808 | 1624550 D | 1644265 106 | 09574
994 e 10199347 116137831 G 160803 | 47 04230 8546 E 11550377 | 16.26223| D | 165]312] 107 | 0.9665
998 c 10240390 | 16.14185 c 16.08663 | 48 0.4321 8700 £ 11758516 |16 28009 D 651331 108 09755
}g?i g }gigiggg }g}gg?é f\ }g-ggi‘z? ;g g-:g(‘); 8953 E 12100459 | 16.30875] D | 16584257 109 | 09846
1027 c 10537957 | 16.17049 B 16.09616 | ~ 51 0.4592 9452 E 12“7:::5 :g?ggg? = 16643441 110 09937
1030 c 10568740 | 16.17341 E 1610424 52 0.4683 e
1037 c 10640566 | 16.18018 | B | 16:10568| 53 | 04774 Deviation | 0.131013
1049 c 10763697 | 16.19169 D 1610888 | 54 0.4864
1069 c 10968915 | 16.21058 B 1611108 55 0.4955
1080 c 11081785 | 16.22081 B 16.11645] 56 0.5045
1098 c 11266482 | 16.23734 E 16.12047 57 0.5136
1125 c 11543526 | 16.26164 B 16.12179| 58 0.5226
1222 c 12538835 | 16.34434 A 16.12776 | 59 0.5317
1249 c 12815879 | 16.8662 c 16.12984 60 0.5408

© ISO/IEC 2011 — All rights reserved 23



https://iecnorm.com/api/?name=200078cecdce10622060bda0793e215f

ISO/IEC 16963:2011(E)

Step 7

B50 Life, B5
(25 °C/50 % H

B50 Life =
Bs Life = ¢
=8

95% lower con

99 | ¢
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Figure B.2 — Plot on lognormal paper for composite data

Life and the 95% lower confidence of B; Life at the Controlled storage copdition
H) can be calculated as follows.

exp (4 ) =exp (16,15) = 10,324 187 hours (1 179 years)
xp (1—1.646 ) =exp (16,15 - 1,64 x 0,1324)=exp(15,933)

309 118 hoursy(949 years)

fidence bound of Bs Life: (BsLife),

(exp(In l§5 ), =exp(In 35 + 25,100y Var|ln és )=exp(In 1§5 —1.646)

24

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

6 687 348 hours (763 years)
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C.1 Stress conditions and data analysis steps for the Arrhenius method

Media Life Estimation for the Harsh Storage Condition

Annex C
(normative)

(Arrhenius method)

ISO/IEC 16963:2011(E)

Here, g test method is shown for the Harsh storage condition at higher temperature and relativl humidity than
that of fhe Controlled storage condition (25 °C and 50 % RH).

This tept method follows the scope in this document, which is based on an environment of 30 °(
represg¢nting the most severe condition in which users handle and store the optical media. Th
also uges a different stress test design that makes possible the use of the Arphenius method.

The same assumptions and data analysis method apply for the ambient storage condition, stre
Eyring [equation. The controlled storage condition of 25 °C and 50%-RH is replaced by an ex

user environment of 30 °C and 80% RH.

Table €.1 and C.2 show summary of stress design for the Arrhenius Method.

and 80 % RH
is test method

ss design, and
pected harsher

Table C.1 — Rigorous stress condition testing for use with the Arrhenius Method
Maximum Minimum .
Test stress p - . Minimum
i Number of incubation total Intermediate . !
condition ) . . . pquilibration
. ) specimens sub-interval incubation RH o
(incubation) . . uration time
Tes{ cell time time
nunpber
Temp (°C) | % RH hours hours % RH hours
A 85 80 20 300 1500 30 5
B 80 80 20 400 2000 31 7
D 75 80 20 600 3000 32 8
)] 65 80 30 800 4 000 35 10
Table C.2 — Basic stress-condition testing for use with the Arrhenius Method
Maximum Minimum -
Test stress . . . Minimum
i Number of incubation total Intermediate . :
condition ) . . . pquilibration
specimens sub-interval incubation RH o
(Imcubation) ! ) uration time
Test cell time time
number
Temp (°C) | % RH hours hours % RH hours
A 85 80 20 250 1000 30 5
B 75 80 20 425 1700 33 7
C 65 80 30 600 2400 35 10

Regarding data analysis steps in Annex A and B, step 4 is replaced as follows.
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Regression coefficients and the standard error can be calculated using the least squares method across all
log time to failure data, which were obtained at the four or three stress conditions. This calculation can be

performed by regression analysis of statistics software tools.

C.2 Data Analysis

Step 1 and Step 2

For each stress condition, the specimens are ordered by increasing time to failure values. The median rank of
the specimens is calculated using the estimate (i — 0,3) /(n + 0,4) . Table C.3 shows the result of ordered time to

k.

and

(B °C\

failure and medtan—+ank—ferthree—stress—grotps—eot-A+{85—CHB{86—-C-CF5—=CrandB{65—2C);
relative humidity (RH) is kept constant 80 %.
Table €.3 — Ordered time to failure and median rank for example data (Rigorous testing)
Sample Group and Stress Conditions (80 %RH)
Sample Group A (85 °C) Group B (80 °C) | Group C (75 °C) | Group.D)(65 °C)
Numper | Time to | Median | Time to | Median | Time to | Median | Tinte,to | Median
Failure(h) | Rank _|Failure(h)] Rank [Failure(h)| Rank |Failure(h)] Rank
1 429 0,034 1015 0,034 1728 0,034 5455 0,023
2 451 0,083 1040 0,083 1882 0,083 5730 0,056
3 476 0,132 1080 0,132 1907 01132 5908 0,089
4 484 0,181 1203 0,181 1989 0,181 6114 0,122
5 493 0,23 1151 0,23 2020 0,23 6326 0,155
6 495 0,279 1165 0,279 2076 0,279 6431 0,188
7 501 0,328 1193 0,328 2129 0,328 6544 0,22
8 512 0,377 1215 0,377 2151 0,377 6632 0,253
9 521 0,426 1230 0,426 2180 0,426 6711 0,286
1( 526 0,475 1239 0,415 2227 0,475 6779 0,319
11 534 0,525 1260 0525 2277 0,525 6860 0,352
p 540 0,574 1295 0,574 2318 0,574 6935 0,385
13 542 0,623 1310 0,623 2352 0,623 7038 0418
14 548 0,672 1425 0,672 2404 0,672 7108 0,451
15 557 0,721 1360 0,721 2443 0,721 7202 0,484
16 576 0,77 1388 0,77 2512 0,77 7285 0,516
17 579 0819 1420 0,819 2589 0,819 7362 0,549
18 586 0,868 1472 0,868 2590 0,868 7454 0,582
1 618 0,917 1540 0917 2776 0917 7562 0,615
24 645 0,966 1625 0,966 2891 0,966 7569 0,648
21 7710 0,681
23 7827 0,714
23 7955 0,747
2 8067 078
25 8250 0813
26 8405 0,845
27 8546 0,878
28 8700 0,911
29 8953 0,944
30 9452 0,977

26

where
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