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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.
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Many organizations now use optical disks for long-term storage of information. It is assumed that a
disk selected for recording has already been qualified for that purpose. It is therefore important to be
able to verify that data have been recorded correctly and remains readable for the required amount of
time. Previous International Standards clearly defined requirements for interchange, but they did not

contain requirements for longevity.

Longev1ty 1s 11m1ted both by dlsk deterloratlon and by technology obsolescence Interchange is

I'e atrry-—ve tedto-assur informationon—e S recorded-dis ~orrtntetobet
Uders can have a maintenance pollcy that protects dlSkS against unantlclpated failure or use)q
making one copy, another to function as a backup or master and another for routine ac¢ess. !
support life cycles typically vary between 5 and 10 years, and technology life cycles usually en
yefars. Consequently, recordings that require a longer life cycle can have to be transferred to
platforms every 10 to 30 years.

Optical disks for long-term storage should be evaluated. Significant longevity differences
for disks from different manufacturers and even between disks fromsthe same manufact

eqgoverable.

uch as by
{ardware
d after 20
upgraded

can exist
irer. It is

preferable that disks selected for long-term preservation have a long-€stimated lifetime, which can be

estimated according to ISO/IEC 16963.

Disks with initially poor quality do not offer sufficient headroom and can reach the unrecover
thireshold before the next scheduled inspection, which is to bejavoided for long-term data sto
means that a disk of high initial recorded quality that mdintains this condition for life is ex
hgve superior longevity.

Bdcause read data are corrected by an error correction decoder, it is impossible to detect detg
without detecting the raw error rate or raw error number. The error rate measured bef

hble error
fage. This
pected to

brioration
bre error

cofrection is applied, which represents the raw-error rate, can be detected with a standard fest drive.

The quality of the disk can be specified as‘the number of erroneous inner parity detect
DVD-R, DVD-RW, +R and +RW disks. The quality of a DVD-RAM disk is defined instead b
erfor rate. Deterioration can be monitored by checking the error rate and continues to be

ons with
/ its byte
onitored.

Methods described in this document:défine a quality-control policy that can non-destructivelly identify

ddterioration, and thereby supporttimely and effective corrective action.

DVYD-R, DVD-RW, DVD-RAM,<+R*and +RW disks are based on the technology now widely know
in[the market. This entails the use of red laser diodes, two 0,6 mm thick substrates bonded
by an adhesive layer toprotect the recording layer from dust, write-once (DVD-R, +R) or pha
repording layers (DVD-RW, DVD-RAM, +RW) and a 0,60 or 0,65 NA objective lens to ensure go
margins required fox'a professional data preservation. Disks having dual recording layers wit
bgtween them afeused in addition to those with a conventional single recording layer.

Aftter the issuance of the previous edition of this document, ISO/IEC standards for the physid
of| BD recordable and rewritable disks were published in 2013. ISO/IEC 16963 was also u
influde\testing of BD recordable and rewritable disks in 2015. Accordingly, work started t
BI) recordable and rewritable disks in this document. The BD data mlgratlon part of thlS \

nas DVD
together
se change
bd spatial
1 a spacer

al format
bdated to
o include
work was

St ld l cU cpPdl dLClV d i VA= . '_ dilU ':V' ' { UUcCU ' . O

are also

incorporated. The error rate measured before error-correction is applied is also defined in each

International Standard of CD-R, CD-RW, BD recordable and BD rewritable disk.
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Information technology — Digitally recorded media for
information interchange and storage — Data migration
method for optical disks for long-term data storage

This document specifies the data migration method for DVD-R, DVD-RW, DVD-RAM, +R, #+RW, CD-R, CD-
RW, BD Recordable and BD Rewritable disks for long-term data storage. By applying this dochment for
information storage, digital data can be migrated to a next new disk without loss frem the pr¢sent disk
if data errors are completely corrected before and during the migration and provided copyjng of the
dqta is allowed.

This document specifies:
—{ adata migration method for long-term data storage;

—{ test methods for measuring maximum data error, including ambient condition, test area, fest drive,
disk preparation and test execution;

— aninitial performance test and a periodic performancetest that check an error rate of datalrecorded
on the disks with categorized maximum data error.tables;

—| precautions to reduce the possibility of deteripration in order to assure the integrity of|the disks
during their use, storage, handling or transportation; and

—{ the estimated lifetime of B, (Bgooy) life to determine the test interval for the| periodic
performance test.

2| Normative references

The following documents aréwreferred to in the text in such a way that some or all of their content
copstitutes requirements-of-this document. For dated references, only the edition cited applies. For
urldated references, thelatest edition of the referenced document (including any amendmentd) applies.

ISP/IEC 16963, 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

3| Terms.,and definitions

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

[ISOand TEC maintain terminological databases tor use 1n standardization at the following addresses:

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

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

3.1

B, life

lifetime (3.9) for use of data migration (3.5) and identical to B o, 1 life which is 0,000 001 quantile of
the lifetime distribution (i.e. 0,000 1 % failure time) or 99,999 9 % survival lifetime

Note 1 to entry: See Annex E.
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3.2
Bg life
5 percentile of the lifetime (3.9) distribution (i.e. 5 % failure time) or 95 % survival lifetime

[SOURCE: ISO/IEC 16963:2017, 3.4]

3.3

(Bg life),,

95 % lower confidence bound of B life (3.2)

[SOURCE:1SQ/IEC 16963:2017 3 5]

34
Bs life
50 percernptile of the lifetime (3.9) distribution (i.e. 50 % failure time) or 50 % survival lifetime

[SOURCE]ISO/IEC 16963:2017, 3.6]

3.5
data miggration
process tp copy data from one storage device or medium to another

3.6
error cofrection code
ECC
mathemaltical computation yielding check bytes used for the detection and correction of errors in data

Note 1 to ¢ntry: For DVD-R, DVD-RW, DVD-RAM, +R and +RW disks; the Reed-Solomon product code defined|in
ISO/IEC 16448 for DVD-ROM systems is applied. For BD recordable and BD rewritable disks, the long-distarjce
code (LD() + burst-indicating subcode (BIS) defined in ISOMEC 30190, ISO/IEC 30191, ISO/IEC 30192 ajnd
ISO/IEC 39193 is applied. For CD-R and CD-RW disks, the-¢ross interleaved Reed-Solomon code (CIRC) and ghe
Reed-Solomon Product-like Code (RSPC) defined in ISO/IEC 10149 are applied.

3.7
error rafle
rate of erfrors or error count measured ¢nythe signal at the input of error-correction decoder, which
represents raw-error rate of data recorded on a disk

3.8
initial pdrformance test
first test pf the error rate (3.2)-of data recorded on a disk before storing

3.9
lifetime
time that|informatiowis retrievable in a system (3.18)

3.10
maximuim byte-error rate
BER . Tl

greatest level of byte-error rate at any consecutive 32 error correction code (3.6) blocks in one of the
relevant area on a disk as measured in the first pass of the decoder before correction

Note 1 to entry: BER ., is applied to DVD-RAM disks.

3.11
maximum C1 average 10

Clave 10,max
greatest level of C1 errors per second at the standard (1x) data transfer rate in one of the relevant area
on a disk measured on the signal at the input of error correction decoder averaged over any 10 s

Note 1 to entry: See ISO/IEC 16963.

2 © ISO/IEC 2021 - All rights reserved
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3.12
maximum data error

gr

eatest level of error rate (3.7) anywhere in one of the relevant areas on the disk

[SOURCE: ISO/IEC 16963:2017, 3.13, modified — Note 1 to entry has been deleted.]

3.13
maximum parity inner sum 8

PI

sum 8,max

2021(E)

greatest revel of parity (of the) inner code error count at any consecutive 8 error correction code (3.6)

bl

Ng
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jofc
3.
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leas £ 1 & RN | I DS, RO LY o RO | .| laaf
pCKSTHTromeor tnererevalrcarcaomraarsKas meastrea i ere i St passor tneaetoact DeroreT
te 1 to entry: See ISO/IEC 16448, ISO/IEC 23912, ISO/IEC 17341, ISO/IEC 17342 and ISO/IEC 17344

14

hximum random symbol error rate

;ERmax

catest level of random symbol error rate measured on the signal in one ofthe’relevant area
the input of error-correction decoder, which excludes burst errors of lehgth greater than o
bytes

te 1 to entry: See ISO/IEC 30190, ISO/IEC 30191, ISO/IEC 30192, ISO/IEC.30193 and ISO/IEC 16963.

L5
riodic performance test
riodic test of the error rate (3.7) of data recorded on a.disk during the storage

L6
trievability

a

[S

u
er

< w

1

ility to recover information as recorded

URCE: ISO/IEC 16963:2017, 3.14]

correctable error
For in the read<out data that cannot be corrected by the error-correction decoders

19
hig interval
gration‘interval (year) which is determined by the user

rrection

on a disk
 equal to

rieve and

z 3

te<l to entry: See Annex F

4

General

Information is physically recorded on a disk as digital data. Although it is inevitable to cause errors
in the physical recording process, error correction technologies can retrieve the physically recorded
information completely from the read-out raw data with acceptable errors. If the errors in the read-
out raw data exceed the error correcting capability, some of information is lost and the original
information cannot be retrieved. The main cause of the errors is the physical deterioration of a disk.
The deterioration can be measured by monitoring the error rate, and the original information can be
migrated to a new disk in advance of an appearance of uncorrectable errors. Using the data migration
method described in this document, the physically recorded information can be stored without loss of

th

e original information, then the retrievability is maintained for a long time.
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In order to check the error rate of data recorded on a disk, the maximum data error is measured using
a test drive.

When data are recorded on a disk, the error rate shall be checked with the initial performance test.
Depending on the test result of the initial performance test, the disk is judged to be used for long-term
data storage.

The error rate of data recorded on those disks shall be periodically checked in the storage duration with
the periodic performance test unless the data are migrated to the new disk before the first periodic
performance test. Depending on the test result of the periodic performance test, the necessity of the
data mig[thiuu s judscd.

In order fo determine the test interval for the periodic performance test, B, life: (see Clausel6 for
detailed glefinition) is used. ISO/IEC 16963 specifies an accelerated aging test method for estimatipg
the lifetiine of the retrievability of information stored on recordable or rewritable eptical disks.
ISO/IEC 16963 offers Bg life and Bs life, and By, life is introduced using B life and B; life\(see Anney E
for detailpd definitions). ISO/IEC 16963 shall be the referee test method for the lifetime estimation|of
disks and alternative test methods with equivalent statistical accuracy may also{be applied, such |as
ISO/IEC 10995 for DVD disks or ISO 18927 for CD disks.

ISO/IEC 16963, ISO/IEC 10995 and ISO 18927 specifies the details of the-accelerated test methqd.
In case that the test conditions such as the acceleration conditions and/or the sample numbers gre
different from those specified in the standard, the estimated lifetime may’be used on the condition that
the statidtical accuracy is maintained. Users of this document candetermine the migration interyal
(Xini0) (Amnex F for detailed specifications) with no relation to the‘estimated lifetime of the disk. In cgse

m
the )g(mig i$ introduced, follow the procedure defined in Annex F.

5 Testimethod for measuring maximum data-error

5.1 Maximum data error for each disk

The maximum data error to be measured for adisk defined in each international standard is as follows:

For DVD-R disk defined in ISO/IEC 12862.and ISO/IEC 23912, DVD-RW disk defined in ISO/IEC 13170
and ISO/]EC 17342, +R disk defined in ISO/IEC 17344 and ISO/IEC 25434, and +RW disk defined|in
ISO/IEC 17341, ISO/IEC 26925 andASO/IEC 29642, the each maximum parity inner sum 8 (PI

sum 8,m x)
shall be measured.

For DVD-RAM disk defined in4SO/IEC 17592, the maximum byte-error rate (BER,,,) shall be measured
(see Anngx C for additional4information).

For CD-R|disk defineddn ECMA-394 and CD-RW disk defined in ECMA-395, each maximum C1 averalge
10 (C1,ye fio may) shall be measured.

in ISO/IEC30192 and ISO/IEC 30193, each maximum random symbol error rate (RSER,,,,) shall pe

measured (cnn Annev H faor additinha] thnrmatinh)

For BD r¢cordable disk defined in ISO/IEC 30190 and ISO/IEC 30191 and BD rewritable disk defian

5.2 Ambient condition of maximum data error measurement

The ambient condition is the surrounding condition in a room where a test drive is located. The ambient
conditions for the maximum data error measurement are as follows:

— temperature: 15°Cto 30 °C;

— relative humidity: 20 % to 75 %.

4 © ISO/IEC 2021 - All rights reserved
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5.3 Testarea and sample disk
The test area is the recorded area to be tested in a disk.
The whole recorded area of all disks shall be tested for the initial performance test.

The whole recorded area of all disks should be tested for the periodic performance test. Although the
integrity of the data becomes lower, the user may reduce the test area and/or the number of sample disks
based on a certain sampling method, considering the value of information (see Annex G for additional
1nformat10n) For the reductlon of test area, see ISO/IEC 16963 2017 75 for addltlonal information.
ample disks
,|the disks
pplied on

each group with the statistical effectiveness.

5.4 Testdrive

5 I.l General

F
PI

r DVD-R and DVD-RW disks, +R and +RW disks, the test drivecshall have capability to| measure

um 8,max-*

Fdr DVD-RAM disk, the test drive shall have capability to measure BER .,
Fdr CD-R and CD-RW disks, the test drive shall have capability to measure C1

ave 10,max"

Fgr BD recordable disks and BD rewritable disks, the test drive shall have capability to| measure
RYER .«

The test drive shall have the capability to evaluate the error rate level specified in the initial performance
teft and the periodic performance test.

There are two cases of the test drive..Qne is that the drive serves both as a test drive and g recorder
which records the data on the disk.The other is that the test drive is different from the recgrder. For
bdth cases, the data recorded on the)disk by the recorder shall fulfil the error rate level specified in the
in{tial performance test and the periodic performance test.

NOTE The measuring cireuit for RSER described in ISO/IEC 30191 and ISO/IEC 30193 is diff¢rent from
that described in ISO/IEC 30190 and ISO/IEC 30192, especially in HF signal pre-processing circuit. See
ISP/IEC 30190:2021, Annex H, and ISO/IEC 30191:2021, Annex H, for additional information.

5.4.2 Testdrive)check

The test drive shall be checked by using a reference disk prepared by the test drive manufdcturer or
the disk<prepared by the user, so that it fulfils the requirements in 5.4.1. When using the [reference
difk prepared by the test drive manufacturer, the check of the test drive shall be done at the|intervals
recommended by the manufacturer. When using the disk prepared by the user, it is recommgnded for

. - oy 1 1. 1 1l . PR FuR | e 1
th USTT LU STLAIT dpPpPIUpPIIdLT IHILTI VAL dIIU LU LIITCK LTHIC LES U UTIVE dU LT TTILCT Vdl.

5.5 Disk preparation

Prior to conducting tests, the disks shall be checked that there is no dust, fingerprints or other
contaminants on them. If there is dust, fingerprints or other contaminants, such contaminants shall be
removed in accordance with the procedure recommended by the disk-manufacturer. Certain options are
contained in Annex B. Microscopic examination can reveal physical deterioration, such as delamination
and porosity of the protective coating.

© ISO/IEC 2021 - All rights reserved 5
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5.6 Test execution

Before testing disks, the test drive shall be verified by the procedure defined in 5.4.2. If the drive does
not pass the verification, the test drive shall not be used for the test.

On testing disks, care handling of the disks shall be taken in order to avoid introducing unexpected

defects (s

ee Annex [ for additional information).

6 Testinterval for periodic performance test

In order t

By life
deviation|
In case B,

of the tes
unaccept

— The¢
— The¢

The amb
(tempera
R; =809

is far frogn the controlled storage condition or harsh storage“eondition, the estimated lifetime may

adjusted
The occu

When teq

of the same type, the same age or the same lot to ascertain their conditions. Replacement of all dig

affected
problems

7 Test

7.1 Ini
The initia
Table 1.

At least,
not be us

0 determine the test interval for the periodic performance test, B, ..., life is used.

mig

i, life is not available as shown below, the test interval should be three years orless. Relaxati

hble, the test interval of three years or less is strongly recommended.
stimated lifetime data is not provided.
stimated lifetime data is provided but lacks the statistical accuracy.

ent storage-condition for the lifetime estimation shouldybe controlled storage conditi
fure, T = 25 °C and relative humidity Ry= 50 %) or hafsh’storage condition (7 = 30 °C a
b). The estimated lifetime is affected by the storage condition. If the actual storage conditi

[see Annex D for additional information).
‘Tence of retrievability problems can indicate-aneed for immediate testing.

ts indicate deterioration of one disk, additional tests may be performed on the other dig

by similar conditions should be.considered if such additional tests indicate significd

result evaluation

tial performancé-test

he initial*érror rate shall be within Level 1. Disks showing a Level 2 initial error rate shoy
bd. Disks showing a Level 3 initial error rate are out of the specification and shall not be use|

If the init

t interval causes the risk of data loss and failure in the data migration. Ip case such a risKi

l error rate isjeategorized as Level 1, 2 or 3 according to the maximum data error as shownl|i

bhall be calculated according to Annex E, and Bs life and Bg life or Bs life and Stahdard
o, shall be provided (see Clause 4). The test interval shall be determined according'to‘Annex F

bn
hd
bn
be

ks
ks
nt

ialerror rate is worse than I evuel 1’ the pnr{:nrmanr'o ofthe disk and drive used for recordi

the data should be verified because the maximum data error depends on the performance of both disks
and drives. If the drive is not good, the drive should be replaced. If the disk is not good, another lot of
disks should be used.

© ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=73dd4cf3358134130ef98b04611c8d93

ISO/IEC 29121:2021(E)

Table 1 — Category of error rate at initial performance test

Level Status DVD-R, DVD-RW, DVD-RAM CD-R, CD-RW | BD recordable, BD
+R, +RW rewritable
1 Recommended <140 <5,0x 104 <110 <5,0x 104
5,0 x 104 5,0 x 10~
2 Should not be used 140 to 280 to 1,0 x 10-3 110 to 220 to 1,0 x 10-3
3 Strattotbeused 280 H0~=10-2 226 >+0x10-3
Maximum data error PL\im 8 max BER .« C1,ve 10, max RSER .«
7. Periodic performance test

The error rate at the periodic performance test is categorized as Level 4, 5-0r 6 accordipg to the
maximum data error as shown in Table 2.
If the error rate is within Level 4, the disk is good enough to continue to.be Gsed.
If the error rate is within Level 5, the data stored on the disk shal]l be-migrated to another digk as soon
as|possible.
If the error rate is in Level 6, the data stored on the disk shall be copied to another disk immegliately, as
faf as the data can be retrieved. Please note that the maximium data error is high enough in Level 6 to
difable retrieval the data without uncorrectable errors,
Table 2 — Category of error rate at periodic performance test
L.evel Status DVD-R,:DVD-RW, DVD-RAM CD-R, CD-RW | BD recprdable,
+R;*+RW BD revwritable
4 Use as is <200 <71x 104 <160 <7,1% 1074
Migrate data as soon as 71 x 1074 715104
5 possible 200 to0 280 to 1,0 x 1073 160 to 220 to 1,0/ x 103
6 Migrate data immediately >280 >1,0 x 1073 >220 >1,0 k 1073
Maximum data errort Pl \im 8,max BER .« Clave 10,max RSHR %

D3

ta migration flow fof the initial performance test and periodic performance test is shown in

Figure 1.
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— Maximum
data error
Test drive
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8 Prevention of deterioration

Necessar
integrity
their effe

implemer

Disks int¢
extreme {

ted.

emperatures or humidity.

rtain environment

Level 6: Migrate data
immediately,

Level 5: Migrate-data
as soon-as possible.

Level 4:Use as is.
For detailed information on periodic
performance test, see Annex F.

Figure 1 — Data migration flow for optical.disks for long-term data storage

y precautions shall be taken to reduce the possibility of deterioration in order to assure t
of the disks during their use, stordage, handling or transportation. Causes of deterioration a
cts are noted in Annex A. For long-term storage, the recommendations in Annex B should

ended for long-term stordge should not be left in drives, nor remain exposed to light, dust

he
hd
be

or
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Causes of deterioration for optical disks for long-term data storage

A

1 Deterioration

Optical disks for long-term data storage are composed of recording layers and reflecti

De

In

TH

A

terioration of the recording and reflective layers can occur in the following environments:
storage at high temperature and/or high humidity;
storage under sun light or UV light;
storage in a high density of corrosive gases (hydrogen sulphide, etc3);
storage in fluctuating environments (temperature change, humidity change, etc.);
addition, the laser incident surface can be damaged or contaminated during use.

is deterioration increases the error rate of disks.

2 Disk structure

D\
S

D-R, DVD-RW, DVD-RAM, +R and +RW disks' comprise a recording substrate bonded to
bstrate for a single-sided disk, or they comprise two recording substrates bonded with each

a flouble-sided disk. The recording substrate is covered with recording and reflective layers.
bdtween the two substrates is controlled to minimize distortions associated with changes i ambient

C
st

D\
ad

CI
o

CI
re

BI
al

ditions. The adhesive material-sélected for bonding of the two substrates is selected to
resses resulting from the bonding-process.

D-R and +R disks adopt prganic dye recording layers, whereas DVD-RAM, DVD-RW and H
opt inorganic phase-chdange recording layers.

-R and CD-RW disks-comprise a recording substrate covered with recording, reflective
ating resin layens.

-R disks adopt-an organic dye recording layer, whereas CD-RW disks adopt an inorganic pha
cording layer.

recopdable and BD rewritable disks except the BD recordable triple layer double-sided disk
ecording substrate. BD recordable triple layer double-sided disk comprise two recording s

e layers.

q dummy
other for
[he angle

minimize

RW disks

hnd over-

e change

comprise
ubstrates

b

nded with each other The rpr‘nrding substrate is covered with rnr‘nrding’ reflective and ovd

r-coating

resin layers.

BD recordable and BD rewritable disks adopt an inorganic phase change recording layer. For some
types of BD recordable disks, an organic dye recording layer is also used instead of an inorganic phase

ch

A.

ange recording layer.

3 Causes of deterioration

Recording and reflective layers can deteriorate during long-term storage in an extreme environment,

as

indicated in A.1.

© ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=73dd4cf3358134130ef98b04611c8d93

ISO/IEC 29121:2021(E)

Recording layers can be degraded by corrosion, cracking, decomposition, etc. As a result, reflectivity
and quality of recording signals are degraded. Recorded marks can be also deformed during long-term
storage in such an extreme environment. In the case of phase change disks, amorphous recorded marks
can be partially crystallized at random, and then fluctuations of the rim and change of the reflectivity
of each mark can occur. Those phenomena result in reduction of the signal modulation or increase in the
jitter noise. In the case of dye-type disks, a recorded mark is formed with a change in refractive index
of the dye material or with physical deformation of the substrate material. On receiving environmental
stress, discolouring of the dye material or a relaxation of the physical deformation can occur. Those

phenomena also result in the reduction of signal modulation or an increase in jitter noise.

Reflectiv§ Tayers can be degraded by corrosion, cracking, decomposition, etc. As a result, reflectv
and the qpality of recording signals are degraded.

ty

As with a]l optical disks, small defects are allowed at the time of manufacture. Over time, under extreine

environmnjental conditions, these defects can grow. The growth of defects as well as the detérioration

of

recording and reflective layers as mentioned above can be shown to follow Arrhenius, laws and this

method cpn be used to confirm the predicted lifetime of optical disks for long term data-storage.

Storage ih fluctuating environments can also degrade mechanical property, such-as tilt, and axial
out.

. Additionally, particulate damage or contamination can cause‘transients in the servo sign
e drive to maintain focus and tracking to the required accuracy. One of the most freque

procedurgs. Cleaning of disks should only be carried out in accotdance with the procedures contained

A.4 Nature of deterioration

The operfting environment determines the nature of the deterioration. In the case of disks used ir
library, tHis environment is well controlled. However, operation of disks in stand-alone drives potentia
subjects fhe disks to a wider range of contarhination and environmental extremes. In particular, dig
left in unjcontrolled storage can be subjéct to physical abuse or contamination that goes against t
manufactjurers’ recommendations.

A.5 Effects of deterioration
The combination of beam~0bscuration and possible disturbance of the servo signals is to generatg

the data reaching the error-correction decoder. While the error correction code has a v¢
correction‘capability, a large dust particle can cause this capability to be exceeded.

A.6 Unexpected deterioration

or

ts
s

nt
hd

ly
ks
he

For protefction from unexpected serious deterioration of the disks, it is recommended to have a back
system for the long-term data storage according to the characteristics and importance of the data.
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Recommendations on handling, storage and cleaning conditions
for optical disks for long-term data storage

B{1 Handling

The fragile protective coating on the label surface is vulnerable to damage and should be protected
topether with the read-out surface. It is recommended to handle the disk carefully; touching only the
oyter edge and inner hole. It is strongly recommended not to touch the read-out surface.

)

Disks should be protected from dust and debris. This is especially important for recordable and
rewritable disks during the recording process. The use of a deionizing environment is recomrended to
neutralize static charges on the disk that can attract and retain loos€eontaminants.

B2 Storage

Far general storage such as in an office environment, it is recommended to limit the storage enylironment
to[the ranges given in Table B.1.

Table B.1 — Recommended conditions for general storage

Ambient condition Recommended range
Temperature 5°Cto 30°C
Relative humidity 15 % to 80 %
Absolute humidity 1 g/m3 to 24 g/m3
Atmospheric pressure 75 kPa to 106 kPa
Temperaturegradient 10 °C per hour maximum
Relative humidity gradient 10 % per hour maximum

If [long-term storage is desired, the storage conditions should be controlled more tightly,|and it is
recommended tolimit the storage environment to the ranges given in Table B.2.

Table B.2 — Recommended conditions for controlled storage

Ambient condition Recommended range
Temperature 10°Cto 25°C
Relative humidity 30 % to 50 %
Absolute humidity 3 g/m3to 12 g/m3
Atmospheric pressure 75 kPa to 106 kPa
Temperature gradient 10 °C per hour maximum
Relative humidity gradient 10 % per hour maximum

There should be no condensation of moisture on the disk. Cool and dry storage condition is preferred.
To maintain the desirable temperature and humidity fluctuation tolerance levels, and to protect against
high intensity light and pollutants, storage of optical disks for long-term data storage in clean insulated
records containers is suggested. Dust or debris in operational or storage locations should be minimized
by appropriate maintenance and monitoring procedures, especially when recording disks.
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B.3 Cleaning

Prior to performing cleaning operations of disks containing useful data, tests should be carried out
on disks of the same type and from the same supplier that do not contain any useful data, in order to
ensure that no adverse reaction occurs.

Loose contaminants can be removed by short, one-second bursts of clean, dry air, avoiding expulsion of
cold propellants. Even if the manufacturer has not supplied any cleaning information, organic polymer
substrate disks can be cleaned using a lint-free cloth of non-woven fabric and either clear or soapy
water. It is recommended not to use detergents or solvents such as alcohol. All wiping actions should
be in a raﬁﬁmmly
recommejnded not to use abrasives. It is recommended not to use acrylic liquids, waxes or other coatings

on either|surface.
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Relation between BER and Pl 5

The byte error rate (BER) is the number of erroneous bytes divided by the total number of bytes.

Be
w
as

w

PI

Ny

th

rd, sz

shown in Formula (C.1):

182

; 182-i
Np,iZZISZCiXplX(l_p) !
i=1

nere p is the byte error rate.
um g is the Pl errors in 8 ECC blocks.

.sg1s the variable for the number of Pl , g. It can be expressed by Formula (C.2) because thg
e outer code word is 208, as shown in Figure C.1.

N

pis8 =208><8><Np,1.

PI

sum 8

1,8E+03

1,6E+03 p

1,4E+03

1,2E+03

1E+03

8E+02 /

6E402 /

4E+02

N e g R A R I

cause the length of one code word of the inner code is 182, the probability of an erroneous ipner code
, can be expressed as a binomial probability on the assumption that errors occuk,af random,

(C.1)

length of

(C.2)

2E+02

©

0E+02 e |
1E-05 1E-04 1E-03 1E-02 1E-01 BER (p)

Figure C.1 — Relationship between BER (p) and Pl . 5
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Guideline for adjustment of the estimated lifetime to higher stress

conditions

In actual
changes t
the estim|

Accordin
Formula

BS life

where

A~

By

Bs it
Bo =
B1=1
B, =

Xipa
X20

A

AH

k

B
If the sta

Bs life(, ,
the temp¢

he estimated lifetime. In this case, the estimated lifetime at 25 °C/50 % should be adjasted
ated lifetime at the actual storage conditions as described below.
p to ISO/IEC 16963, the estimated lifetime B; life, based on the Eyring methodj\is derived|i
[D.1):
= exp(InéS) = exp (,BO +[§1X10 +ﬁ2x20 -1,640) (D
is estimated value of B;
is the variable for Blife;
nA;
\H/k;
B;
nhd  are the temperature-dependentfactor and the relative-humidity-dependent factor at

the controlled storage conditions (25 °C/50 % relative humidity) respectively;
is the pre-exponential time constant;
is the activation energ§ per molecule;
is the Boltzmann €onstant;
is the constaft of relative humidity exponential.

rage tempgrature and relative humidity differ from 25 °C/50 %, B; life is replaced w
, whosewariable is expressed by Formula (D.2), where m and n denote numerals representi
braturé-and the relative humidity, respectively.

storage conditions, the temperature and relative humidity can deviate from 25 °C/50 %, whilch

to

1y

X1, and x

> vopv‘ncnnf the fnmpnrnfnrn r]nponr‘nnf factor at fompnrnhn‘n mand the relative-humidit
n

dependent factor at relative humidity, n, respectively, in Formulae (D.2) and (D.3).

14
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Bs jie in Formula (D.1) can be also described as Bs i (0,0 in this annex, applying Formula (D.2):

BS life,(m,n) =€xp (ﬁ() +ﬁ1X1m +ﬁ2X2n -1, 646)

(D.2)

Then, the adjustment coefficients normalized by B life (A4 (n,n) = Bs tife,(m,m/Bs 1ire) are derived using

Formula (D.3):

exp(B +B.x, +pB x —1,646) . .
d(m,n) = exp(B(,: +[§11xtr:+[§’22x22:—1,646) =exp[ By (x,, =0 )+ B, (%, =%, )]

(D.3)

Cq
th
th
of
89

Tdble D.1 shows that the estimated lifetime shortens abruptly when ‘the storage cong

rresponding to ISO/IEC 16963, an example computation of the adjustment coefficients, A
e estimated lifetime, Bg life (Year) (Bj life/24/365), is shown in Table D.1. It is calculated by
e temperature from 25 °C to 30 °C in unit of 1 °C and the relative humidity from 50/% £0 80
5 %, under the condition that Bg life (Year) at the 25 °C/50 % is 1 110 years'and Bs lifg
3 years.

te
C

C
th

In
pa
m
re

mperature and relative humidity become more severe than 25 °C/50°% even in the recol
ditions for general storage shown in Table B.1. For example, the Jestimated lifetime 3
ditions, the temperature and relative humidity of 30 °C/80 % shertens by about 1/6 comp
at of 25 °C/50 %. Therefore, careful consideration should be giyen to the actual storage con

addition, in order to calculate the adjustment coefficients)for a disk, the estimated lifeti
pulation to which the disk belongs and the estimation.values of the coefficients based on t
bthod are needed. Except for the case where life estimiation using ISO/IEC 16963 is perfor]

Table D.1 — Adjustment coefficients for the estimated lifetime

commended to inquire of the disk manufacturer asto'the adjustment coefficients of the disl

i (m,n) for
changing
0 in units
(Year) is

litions of
mmended
t storage
hred with
litions.

me of the
he Eyring
med, it is

h .

Relative humidity (n)

0 1 2 3 4 5

.

50 % 55% 60 % 65 % 70 % 75 %

80 %

25°C 1,00 0,86 0,74 0,64 0,55 0,47

0,41

26 °C 0,84 0,72 0,62 0,54 0,46 0,40

0,34

emperature 27 ¢C€ 0,70 0,61 0,52 0,45 0,39 0,33

0,29

(m) 28,°C 0,59 0,51 0,44 0,38 0,33 0,28

0,24

BITWIN|IFR|O

29 °C 0,50 0,43 0,37 0,32 0,27 0,24

0,20

5 30°C 0,42 0,36 0,31 0,27 0,23 0,20

0,17

DTE This is an‘éxample calculated by using the test data of ISO/IEC 16963:2017, Annex B.
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Calculation for B, life using Bs, life and B life

ISO/IEC 16963 defines the estimated lifetime of optical disks as Bc, life, B: life and 95 % lower

confiden
failure. T
lifetime,

retain the

In the ca

e bound of Bg life [= (Bs life); |. The estimated lifetime of B; life means 5 % of products reach

when determining a test interval and deciding on data migration, for long-term stoprage
integrity of original data.

time at which one-millionth products reach their time-to-failure shall define the estimated lifetime

determin|
the lifetin
can be ca

Accordin
InB
p
where

z

(%10, 1

Using Fol

e the test interval or migration interval in this document. B 4 { life is0,600 001 quantile
he distribution (i.e. 0,000 1 % failure time) and defined as B, life in.thiS document. B, 1
culated using Bg life and B life as follows.

A

to ISO/IEC 16963, lnép is given as Formula (E.1):

Byt B39+ ByXy0 2, 11000 (E

is the percentile of N (0,02 ) ;

K,0) are the temperature-dependent factor and the relative humidity factor at the controll
storage conditions (25 °C and 50 %relative humidity), respectively.

mula (E.1), In Eo 000 1 which is the estimated lifetime with the failure probability of o

to

herefore, from the viewpoint of reliability, it is not appropriate to use Bs life as the estimated

to

ke of data migration, it is necessary to have low enough failure probabilityoTherefore, the

to
of
fe

1y

ed

ne

millionth|is given by Formula (E.2). The estimated lifetime with the failure probability of one millionth
corresponds to 4,75 g, provided thedistribution is normal.

In BO’DOO L =By +B,x,,+Byxy,, —4,756 =InB,, 4,756 (Ef2)
On the other hand, ln]_f?5 i$given by Formula (E.3):

InB, + B, +B, 27, B,x,, —1,646 =InB, 1,646 (E[3)
Putting B, and 35 into Formula (E.2) and Formula (E.3) gives Formulae (E.4) and (E.5):

. . InB. —InB
BO7000 1life = €XP (lnB50 —4,756‘) =exp lnB50 —4,75%
=exp(2,9InB,-1,91nB, ) (E.4)

where B ¢ 11ie 1S the variable for By o 1 life.
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Thus,

B g tife X24%365=B( 100 1 1o =€XP (2,9InB.-1,9nB, ) (E.5)

where By, i is the variable for B ;, life in years.

For example, ISO/IEC 16963:2017, Annex B, gives the data of Bs life and B life at the controlled storage
conditions (25 °C/50 % relative humidity) introduced based on the Eyring method.

isthe variable for B Life)
oU J

B =0724120h (1 110 vears) (B
oU IITe Y J J T oUIIre

InB., =In (9724 120)=16,09012

Bs ife =7 826 297 h (893 years)

InB, =In (7 826 297)=15,873 00

ig life is calculated by substituting these values to Formula (E.5):

B exp(2,9InB,-1,9 InB, ) _ exp(2,9x15,873 00-1,9x16,090 12)

miglife 24%365 24%365
_5180811h__ . years
24x365

Far the other example, ISO/IEC 16963:2017, Annex @ gives the data of By life and B life at the harsh
stprage conditions (30 °C /80 % relative humidity).introduced based on the Arrhenius methodl.

Bs1ife =1 417 280 h (162 years)
InB., =In (1 417 280)=164,164:25
Bg it =1 087 462 h (124 years)
InB, =In (1 087 462)+13,899 36
ig life is calculated by substituting these values to Formula (E.5).

. exp(2,9 InB,~1,9 InB,,) exp(2,9x15,873 00—1,9x16,090 12)
miglife — 24%365 B 24x365

5180811 h

=591 years
24x365
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Guidelines for test interval and migration

F1 Ge

This anng
disks wh

Accordin
specified
long enoy

However,
and/or aj
not easily
a shorter
defined ap

In Annex

BO,OOO 1, life

heral

x describes guidelines for choosing the test interval and performing data migratiomboth for
se lifetime is estimated and known and for disks whose lifetime is unknown.

b to this document, optical disks are periodically tested and when disks enrprs exceed the
values in Table 2, data migration is carried out. Therefore, if the estimated lifetime of diskq is
gh, the migration interval of disks can also be increased.

if generational changes of the system, including reading devices andyor the file structuies
plications, occur during the migration interval, there is a possibility that the stored data gre
retrieved. Moreover, if the stored data have high value, the usér can prefer to migrate affer
interval for safety. In consideration of these factors as stated above, the migration interval is
5 Xmig interval (years) and this value is determined by thefuser of this document.

E, the estimated lifetime for test interval and data niigration is defined as B,;, life (equls
: 0,000 1 % failure time). Half of B, ; ig life or less shall be set as the test 1nterva1 and the

periodical performance test (PP test) is carried out. After~fwo occurrences of PP tests, which mealns

test inter
shall be s

If the test

timing.

F.2 Te:

Hereafter,

a) Inca
Level

1) 1

(%)

2) 1
X
Hi

vals reach B, life, in case the test result is equal to Level 4 in Table 2, the next test interyal
bt to three years or less. In this case, it is recommended to limit the test to twice.

interval is long, it is recommended to(Carry out sampling check of the disks in approprigte

5t interval and data migration

Xmnig 1 the variable forX sy, interval and B is the variable for By, life in years.

mig life

be the initial performance test result is equal to Level 1 (Recommended) in Table 1 (other thpn
1, it should not bé\used or shall not be used.):

[ Ximig ~ Bmig fie/2 is greater than 0, test interval of the first periodic performance test (PP tept)

hould be setto B, jir./2 (see Figure E1).

FXml mig lire/ 2 is less than or equal to 0, test interval of the first PP test should be set|to
f)ata migration should be carried out at the first PP test in spite of the test result (see

;&we E.2).

b) In case the PP test result of 1) is equal to Level 4 (Use as it is) in Table 2 (other than Level 4, migrate
data as soon as possible or migrate data immediately):

3) IfX ,-2xB
life/ 2 %see Flgure E.1).

18

mig life/ 2 i greater than 0, test interval of the second PP test should be set to B,;,
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4) If Xpig = 2 X Bigiife/2 is less than or equal to 0, test interval of the second PP test should be set
t0 Xnig ~ Bmig 1ife/ 2- Data migration should be carried out at the second PP test in spite of the

test result (see Figure F.2).

c) In case the test result of 3) is equal to Level 4 (Use as it is) in Table 2 (other than Level 4, migrate
data as soon as possible or migrate data immediately.):
5) Incase of X, — 2 x Byjo i/ 2 = 3 is greater than or equal to 0, the test interval of the third PP
test should be set to three years (see Figure F.1).
F\) If Ymig -2 x Rmiglilel/7 =13ig pqnq] to =2 or =1 then the testinterval of the third PP test should be
set to one year and two years, respectively. Data migration should be carried out at the third PP
test in spite of the test result (see Figure F.2).
d)| In case the testresult of 5) is equal to Level 4 in Table 2 (Use as is) (other than Level 4, migrate data
as soon as possible or migrate data immediately):
7) I Xnig — 2 % Bpigiife/2 — 2 x 3 is greater than or equal to 0, the test interval of the fourfh PP test
should be set to three years. Data migration should be carried out atthe fourth PP tept in spite
of the test result (see Figure F.1).
8) IfXpig— 2 % Bpigrire/2 — 2 x 3 is equal to -2 or -1, then the testinterval of the fourth PPjtest is set
to one year and two years, respectively. Data migration should be carried out at the fourth PP
test regardless of the test result (see Figure F.2).
Y |
a) 1) <""-Bmiglife/z ----- >.\ ’
: First PP test |
i | Judgelevel in Table 2
pass |
\ |
b) 3) <'""Bmiglife/z ----- ’.\
: Second PP test
i | Judge level in Table 2
pass |
) 5) e |
: Third PP test
i | Judge level in Table 2
pass !
dy 7) 3>
N[ Fourth PP test
Data migration
|
0 Xmig X
Key
X  storage time (year)
Y caseinF2

Figure F.1 — Timing for periodic performance (PP) test and data migration in case the
estimated lifetime is relatively shorter than the user-defined migration period
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Y I
a) 2) [€mmmmmmmmm e Bmig life/2 """""""""" |"\' """"" >
' First PP test
‘ Data migration
b) 4) D Bmiglife/2 """"" g ey Bmig life/2 """ T'\""»
Soacond PP tact
’ Data migration
) 6) [------ Brigiite/2 ----- g e Brigiife/2 - be-- 3‘\’
. Third PP test
| Data migration
d) 8) j¢----- Bmiglife/2 B Bmiglife/z ""4'"3"'4"%'\3"*
Fourth PP test
i Data migration

0 Kinig X
Key
X  storage time (year)
Y caseipnF2

Figyre F.2 — Timing for periodic performance (PP) test and data migration in case the
estimated lifetime is relatively longer than the user defined migration period

F.3 Specific calculation examples
Case 1

In case the B, life of-the disk is equal to 20 years, migration interval X, interval is set to 25 yedrs
and initidl performance test result equal to Level 1.

According to a), ¥, ~ Bigiire/2 = 25 - 10 = 15 is greater than 0, so the test interval of the first PP t¢st
should bg 104eats. %uppose the test result of the first PP test is Level 4.

A d sl o) D 1D 20 o) 10 I s £l 0 ot oot 1l of4l d
ccordaingrto O 7 i Z "’mlg Tite/ & — &9 Z TU = J 15 gl CatCTtraiT o, SUTTHCTCSTTITIeCT v ar UT tIrc—5CTC0O

PP test should be 10 years. Suppose the test result of the second PP test is Level 4.

According to ), Xpio = 2 X Bpgife/2 - 3 = 25 - 2 x 10 - 3 = 2 is greater than 0, so the test interval of the
third PP test shouldgbe three years. Suppose the test result of the third PP test is Level 4.

According to d), X,io — 2 % Bigyife/2 — 2 x 3= -1 is less than 0, so the test interval of the fourth PP testis
two years. Data migration should be carried out at the fourth PP test in spite of the test result.

Case 2

In case the B, ;, life of the disk is equal to 50 years, migration interval X, interval is set to 20 years
and initial performance test result equal to Level 1.
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According to a), X mig life/2 = 20 = 25 = =5 is less than 0, so the test interval of the first PP test
should be 20 years. ]%ata migration should be carried out at the first PP test in spite of the test result.
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