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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
work. In the field of information technology, ISO and IEC have established a joint technical committee,
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Introduction

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 did not contain
requirements for longevity.

Longev1ty is hmlted both by dlsk degradatlon and by technology obsolescence Interchange is regularly
ver sstre-thatinfornra 5 eUsers can
hgve a malntenance pohcy that protects dlsks against unant1c1pated fallure Oor use, such asthy making
orle copy, another to function as a backup or master and another for routine access. Hardwarg-support

P after 20
yefars. Consequently, recordings that require a longer life cycle may have to be transferred to ppgraded
platforms every 10 to 30 years.

Optical disks for long-term storage should be evaluated. Significant longevity differences|can exist
for disks from different manufacturers and even between disks from:the same manufactprer. It is
preferable that disks selected for long-term preservation should have@Jong estimated lifetifne, which
can be estimated according to ISO/IEC 16963.

Disks with initially poor quality do not offer sufficient headroom and can reach the unredoverable-
erpor threshold before the next scheduled inspection, whichds\to be avoided for long-term datp storage.
This means that a disk of high initial recorded quality thatmaintains this condition for life is|expected
tolhave superior longevity.

Bdcause read data are corrected by an error-correction decoder, it is impossible to detect degradation
without detecting the raw error rate or raw error number. The raw error can be detect¢d with a
standard test drive. The quality of the disk can‘be specified as the number of erroneous inper-parity
ddtections with DVD-R, DVD-RW, +R and +RW-disks. The quality of a DVD-RAM disk is defindd instead
byjits byte error rate. Deterioration can beZmonitored by checking the raw error numbers and fontinues
to[be monitored. Methods described {in.this document define a quality-control policy that|can non-
dgstructively identify degradation, and’ thereby support timely and effective corrective action.

DVYD-R, DVD-RW, DVD-RAM, +R and +RW disks are based on the technology now widely known as DVD
in[the market. This entails the use of red laser diodes, two 0,6-mm thick substrates bonded together
by an adhesive layer to priotect the recording layer from dust, write-once (DVD-R, +R) or phage-change
recording layers (DVD-RW, DVD-RAM, +RW) and a 0,60 or 0,65 NA objective lens to ensure gopd spatial
margins required for@professional data preservation. Disks having dual recording layers with a spacer
bdtween them aredised in addition to those with a conventional single recording layer.

Affter the issuance of the previous edition of this document, ISO/IEC standards for the physidal format
of|BD Recordable and Rewritable disks were published in 2013. ISO/IEC 16963 was also updated to
influde testing of BD Recordable and Rewritable disks in 2015. Accordingly, ISO/IEC]TC 1/SC 43 started
work todnclude BD Recordable and Rewritable disks in this document and held joint discusgions with
Ednia,[nternational TC31. The BD data migration part of this work was standardized sepdrately by
Ecmmaintermatiomatas ECMA=413;atongwithr contributionsfronr the fapamese atiomat tommittee of

SC 23. CD-R and CD-RW disks included in ISO/IEC 16963 are also incorporated.

ISO/IEC 16963 was initially listed as a normative reference in this document to introduce the lifetime
estimation method. However, as the application of this method is strongly recommended as opposed
to required, ISO/IEC 16963 was moved from the Normative references clause to the Bibliography for
conformance with the ISO/IEC Directives Part 2.
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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
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is document specifies the data migration method for DVD-R, DVD-RW, DVD-RAM, +R, #RW,
V, BD Recordable and BD Rewritable disks for long-term data storage. By applying this doc
formation storage, digital data can be migrated to a next new disk without loss frem the pr¢
long as data errors are completely corrected before and during the migration.and provide
the data is allowed.

is document specifies:
a data migration method for long-term data storage;
test methods including test parameters, test area, test drive, disk preparation and test ex

an initial performance test and a periodic performance test that check a readability of
recorded on the disks with categorized Maximum Data¢Error tables; and

a necessity of precaution to reduce the possibility of deterioration in order to assure the in
the disks during their use, storage, handling ortrdnsportation.

is document offers guidelines to use disks with estimated lifetime of Bmig (Bo,000 1) Lifg
r'roduced using Bs Life and Bsg Life specified in ISO/IEC 16963.
Normative references

e following documents are referred to in the text in such a way that some or all of thej

CD-R, CD-
iment for
psent disk

1 copying

pcution;

the data

tegrity of

which is

r content

constitutes requirements of this document. For dated references, only the edition cited applies. For

urj

IS
DV

IS
DI

IS
fo

dated references, the latest'edition of the referenced document (including any amendmentg

D/IEC 12862, Information technology — 120 mm (8,54 Gbytes per side) and 80 mm (2,66 Gbyte
‘D recordable diskfor'dual layer (DVD-R for DL)

D/1EC 131707Information technology — 120 mm (8,54 Gbytes per side) and 80 mm (2,66 Gbyte
‘D re-recordable disk for dual layer (DVD-RW for DL)

D/IEC. 17341, Information technology — Data interchange on 120 mm and 80 mm optical disk {
‘mdt.~— Capacity: 4,7 Gbytes and 1,46 Gbytes per side (recording speed up to 4X)

) applies.
5 per side)

5 per side)

sing +RW

IS

DVD re-recordable disk (DVD-RW)

O7TEC 17342, Information technology — 80 mm (1,246 Gbytes per side) and 120 mm (4,70 Gbytes per side)

ISO/IEC 17344, Information technology — Data interchange on 120 mm and 80 mm optical disk using +R
format — Capacity: 4,7 Gbytes and 1,46 Gbytes per side (recording speed up to 16X)

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

ISO/IEC 23912, Information technology — 80 mm (1,46 Gbytes per side) and 120 mm (4,70 Gbytes per side)
DVD Recordable Disk (DVD-R)

ISO/IEC 25434, Information technology — Data interchange on 120 mm and 80 mm optical disk using +R
DL format — Capacity: 8,55 Gbytes and 2,66 Gbytes per side (recording speed up to 16X)

© ISO/IEC 2018 - All rights reserved
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ISO/IEC 26925, Information technology — Data interchange on 120 mm and 80 mm optical disk using +RW
HS format — Capacity: 4,7 Gbytes and 1,46 Gbytes per side (recording speed 8X)

ISO/IEC 29642, Information technology — Data interchange on 120 mm and 80 mm optical disk using +RW
DL format — Capacity: 8,55 Gbytes and 2,66 Gbytes per side (recording speed 2,4X)

ISO/IEC 30190:2016, Information technology — Digitally recorded media for information interchange
and storage — 120 mm Single Layer (25,0 Gbytes per disk) and Dual Layer (50,0 Gbytes per disk) BD

Recordable disk

ISO/IEC 0191:2015 Infnrmnﬁ'nn fpr'hnnlngv — l')igifnll\/ recarded mprlinfnr infnrmnﬁnn infprr‘hnngp and
storage + 120 mm Triple Layer (100,0 Gbytes single sided disk and 200,0 Gbytes double sided diskJgpd
Quadruple Layer (128,0 Gbytes single sided disk) BD Recordable disk

ISO/IEC B0192, Information technology — Digitally recorded media for information-interchange
and stordge — 120 mm Single Layer (25,0 Gbytes per disk) and Dual Layer (50,0 Gbytes.per disk) BD
Rewritable disk

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

ECMA-39H, Recordable Compact Disc Systems CD-R Multi-Speed

ECMA-39p, Recordable Compact Disc Systems CD-RW Ultra-Speed

3 Terms and definitions

For the plirposes of this document, the following terms and.définitions apply.

ISO and [EC maintain terminological databases for use:ift standardization at the following addresses

— IEC Hlectropedia: available at http://www.electtopedia.org/

— ISO (nline browsing platform: available atthttp://www.iso.org/obp

31

Bmig

lifetime (3.9) for use of data migration (3.5) and identical to By, oo 1 Life which is 0,000 001 quantile|of
the lifetirhe distribution (i.e. 05000 1 % failure time) or 99,999 9 % survival lifetime

Note 1 to ¢ntry: See Annex E:

3.2

Bs Life

5 percentiile of the¥ifetime (3.9) distribution (i.e. 5 % failure time) or 95 % survival lifetime
[SOURCE]ISO/IEC 16963:2017, 3.4]

3.3

(Bs Life)y,

95 % lower confidence bound of Bg Life

[SOURCE: ISO/IEC 16963:2017, 3.5]

3.4

Bs Life

50 percentile of the lifetime (3.9) distribution (i.e. 50 % failure time) or 50 % survival lifetime

[SOURCE: ISO/IEC 16963:2017, 3.6]
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3.5
data migration
process to copy data from one storage device or medium to another

3.6

Error Correction Code

ECC

mathematical computation yielding check bytes used for the detection and correction of errors in data

Note 1 to entry For DVD R, DVD-RW, DVD RAM +R and +RW dlsks the Reed- Solomon product code defined in

- : Shs - 2 reg Distance
0192 and
() and the

inftial performance test
test of the recording performance of data recorded on a disk before'storing

3.9
lifetime
tine that information is retrievable in a system (3.18)

3.10

Max BER
maximum byte error rate (3.7) at any consecutive 32 ECC (3.6) blocks on a disk as measured ih the first
pdss of the decoder before correction

Ndte 1 to entry: Max BER is applied to DVD-RAM disks.

3.11
Max C1 Ave 10
maximum number of C1 errorsyper second before error correction averaged over any 10 s

Ndte 1 to entry: See ISO/IEC210149, ECMA-394 and ECMA-395.

3.12
Maximum Data Eyrror
greatest level of datd error measured anywhere in one of the relevant areas on the disk

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

3.13

Max PISUM 8
maximmum Parity of Inner (PI) code error count at any consecutive 8 ECC (3.6) blocks on|la disk as
measured in the first pass of the decoder before correction

Note 1 to entry: See ISO/IEC 16448, ISO/IEC 23912, ISO/IEC 17341, ISO/IEC 17342 and ISO/IEC 17344.

3.14

Max RSER

maximum Random Symbol Error Rate before error correction, which excludes burst errors of length
greater than or equal to 40 bytes

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

© ISO/IEC 2018 - All rights reserved 3
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performance test

periodic test of the recording performance of data recorded on a disk during the storage

3.16

retrievability

ability to

3.17
storage t

recover physical information as recorded

ime

time that

3.18
system
combinat
reproduc

[SOURCE

3.19
uncorrec
errorint

3.20
Xmig
migratioy

Note 1 to ¢

4 Test

4.1 Tes

For DVD-
and ISO/
ISO/IEC 1

dicleial H 4+ d o daot dod 4] dial
d UISIN IS UCllls SLUITU SITILT Udld dIT TTLUTIUCTU UIl UIIT UISKN

ion of hardware, software, storage medium and documentation used to record,yetrieve a
b information

ISO/IEC 16963:2017, 3.20]
table error

he playback data that could not be corrected by the error correcting’decoders

interval (year) which is determined by the user

ntry: See Annex F.

method

t parameters

R disk defined in ISO/IEC 12862 and ISO/IEC 23912, DVD-RW disk defined in ISO/IEC 131
EC 17342, +R disk definedsin ISO/IEC 17344 and ISO/IEC 25434, and +RW disk defined
7341, ISO/IEC 26925 and\ISO/IEC 29642, the maximum inner-parity error shall be measur

atany co

secutive 8 ECC blocks (Max PI SUM 8) in the first pass of the decoder before correction.

For a DVPD-RAM disk defined in ISO/IEC 17592, the maximum Byte error rate (Max BER) shall
measured (see Annex C}

For CD-R|disk defined*in ECMA-394 and CD-RW disk defined in ECMA-395, the maximum C1 Ave
(Max C1 Ave 10) shall be measured.

in ISO/IEL30192 and ISO/IEC 30193, the maximum Random Symbol Error Rate (Max RSER) shall

For BD Recordable disk defined in ISO/IEC 30190 and ISO/IEC 30191 and BD Rewritable disk definEd

in
ed

e

measured (see Annex H).

4.2 Testarea

The test area for the initial performance test shall be the whole recorded area of all disks.

The test area for the periodic performance test should be the whole recorded area of all disks
(see Annex G).

© ISO/IEC 2018 - All rights reserved
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4.3 Testdrive

4.3.1 General

For DVD-R disks defined in ISO/IEC 12862 and ISO/IEC 23912, the test drive shall comply with each
standard. For DVD-RW disks defined in ISO/IEC 13170 and ISO/IEC 17342, the test drive shall comply
with each standard. For +R disks defined in ISO/IEC 17344 and ISO/IEC 25434, the test drive shall
comply with each standard. For +RW disks defined in ISO/IEC 17341, ISO/IEC 26925 and ISO/IEC 29642,
the test drive shall comply with each standard. The test drive shall have the capability to measure Max
PI SUM 8

Fgr DVD-RAM disk, the test drive shall comply with ISO/IEC 17592. The test drive shall|have the
capability to measure Max BER.

Fgr CD-R and CD-RW disks, the test drive shall comply with ECMA-394 and ECMA-395, respectively.
THhe test drive shall have the capability to measure Max C1 Ave 10.

Far BD Recordable disks defined in ISO/IEC 30190 and ISO/IEC 30191, the test drive shall comply with
each standard. For BD Rewritable disks defined in ISO/IEC 30192 and\1SO/IEC 30193, the test drive
shill comply with each standard. The test drive shall have the capability)to measure Max RSER.

NQTE The measuring circuit for RSER described in ISO/IEC 30194 and ISO/IEC 30193 is diffgrent from
that of described in ISO/IEC 30190 and ISO/IEC 30192, especially in' HF signal pre-processing cjrcuit. See
ISO/IEC 30190:2016, Annex H and ISO/IEC 30191:2015, Annex H.

4.8.2 Testdrive calibration

The test drive shall be calibrated by using a calibration disk prepared by the test drive marIxfacturer
based on the calibration procedure defined by the’manufacturer. The calibration shall be d¢ne at the
infervals recommended by the manufacturer.,

4.4 Disk preparation

Prjior to conducting tests, the diskgshall be checked that no dust, fingerprints or other contamlinants on
thpm has been confirmed. If there are dust, fingerprints or other contaminants and approprjiate, such
coptaminants shall be removed.in accordance with the disk-manufacturer’s recommendationg. Certain
oftions are contained in Annex B. Microscopic examination can reveal physical deterioration, such as
ddlamination and porosity-ef the protective coating.

4.5 Test executian

Bdfore testing'disks, the test drive shall be verified by checking the calibration disk supplied with the
tept drive erpublicly verified. If the drive passes the calibration check, the disk to be checkef shall be
tested by:the test drive.

O:r testing disks, care handling of the disks shall be taken in order to avoid introducing urjexpected
def

arftc CSaon Annay |
reectS—oee e

Test results shall be judged by Maximum Data Error. Maximum Data Error is Max PI SUM 8 for DVD-R,
DVD-RW, +R and +RW disks; Max BER for a DVD-RAM disk; Max C1 Ave 10 for CD-R and CD-RW disks
and Max RSER for BD Recordable and BD Rewritable disks.

5 Testinterval for periodic performance test

If estimated lifetime of the disks is known, the test interval may be determined according to the
estimated lifetime; otherwise, the disks should be checked every three years or less.

In cases where the estimated lifetime is provided in accordance with ISO/IEC 16963, the disks should
be checked according to Annex E and Annex F.

© ISO/IEC 2018 - All rights reserved 5
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Disks having well-defined characteristics that are stored under conditions described in Annex B are
carefully handled and are read infrequently may require testing only every few years. A history of
satisfactory longevity with similar disks would encourage longer intervals between testing.

The occurrence of retrievability problems or long read times may indicate a need for immediate testing.

When tests indicate deterioration of one disk, additional tests may be performed on other disks of the
same type, age or lot to ascertain their condition. Replacement of all similarly affected disks should be
considered if such additional tests indicate significant problems.

6 Testlresult evaluation

6.1 General

The readpbility of the data recorded on the disks is checked by the initial performange*test and the
periodic performance test. When data are recorded on disks, the initial recording performance shall pe
checked By the initial recording performance test. Depending on the test result of the initial recordipg
test, disks are selected to be used for the long-term data storage. The performangé-6f the recorded ddta
on those (disks should be periodically checked in the storage duration with.the periodic performance
test. Dep¢nding on the test result of the periodic performance test, the nec€ssity of the data migratipn
is judged

6.2 Initial performance test

The initidl recording performance is categorized as Level 1, 2<and 3 by Maximum Data Error as shoyn
in Table 1.

At least, the initial recording performance shall be within Level 1. Disks showing the initial recordipg
performalnce of Level 2 should not be used. Disks shewing the initial recording performance of Leve| 3
are out off the specification and shall not be used.

If the initfial recording performance is worse-than Level 1, the performance of the disk and drive usged
for recorgling the data should be verifiedbecause Maximum Data Error depends on the performance
of both djsks and drives. If the drive is not good, the drive should be replaced. If the disk is not godd,
another 1pt of disks should be used.

Table 1.—Category of initial recording performance

Level Status DVD_R, DVD-RW, DVD-RAM CD-R, CD-RW | BD Recordable,
+R, +RW BD Rewritablg
Recommended <140 <5,0 x 10-4 <110 <5,0 x 10-4
bhould nof be used 140 to 280 5,0 x 104 110 to 220 5,0 x 104
to 1,0 x 10-3 to 1,0 x 10-3
3 Shall not be used >280 >1,0 x 10-3 >220 >1,0 x 10-3
Maximum Data Error Max PISIIM S8 Max BER Max C1 AvelQ Max RSER

6.3 Periodic performance test

The recording performance at the periodic performance test is categorized in Level 4, 5 and 6 by
Maximum Data Error as shown in Table 2.

If the recording performance is within Level 4, the disk is good enough to continue to be used.

If the recording performance is within Level 5, the data stored on the disk shall be migrated to another
disk as soon as possible.

6 © ISO/IEC 2018 - All rights reserved
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If the recording performance is in Level 6, the data stored on the disk shall be copied to another disk
immediately, as far as the data can be retrieved. Please note that Maximum Data Error is high enough in
Level 6 to disable retrieval the data without uncorrectable errors.

Table 2 — Category of recording performance at periodic performance test

Level Status DVD_R, DVD-RV, DVD-RAM CD-R, CD-RW | BD Recordable,
+R, +RW BD Rewritable
4 Use as itis <200 <71 x 104 <160 <7,1x 10-4
5 Migrate-dataas-soonas 200-t0-280 Q=4 160-t0-220 Ay 10-4
possible to 1,0 x 10-3 to@;() x 10-3
6 Migrate data immediately >280 >1,0 x 10-3 >220 >1,0[x 10-3
Maximum Data Error Max PI SUM 8 Max BER Max C1 Avel0 Max RSER

D4ta migration flow for the initial performance test and periodic performance test is shown in

7 | “Prevention of deterioration

Disk @
y

—_— 2

> Level 3: Shall'nhot use.

Maximum Level 2: Should not use.

Test drive
Level 1: Recommend to use.
Initial Bt ded and
ata are recorded an
erformance test , , ; ; .
p diskwill be kept in certain environment.

@ Level 6: Migrate data

i’ immediately.

Level 5: Migrate data
as soon as possible.

~e

Test drive @
Periodic > Level 4: Use as it is.
performance test

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

Figure 1.

Necessary precautions shall be taken to reduce the possibility of deterioration in order to assure the
integrity of the disks during their use, storage, handling or transportation. Causes of deterioration and
their effects are noted in Annex A. For long-term storage, the recommendations in Annex B and Annex D
should be implemented.

Disks intended for long-term storage should not be left in readers, nor remain exposed to light, dust or
to extremes of temperature or humidity.
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Causes of deterioration for optical disks for long-term data storage

A.1 Deterioration

Optical

Deteriordtion of the recording and reflective layers can occur in the following environments:

— stor
— stor
— stor
— stor
In additig

This dete

A.2 Dig

DVD-R, D
substrate
double-si
between
condition
stresses 1

DVD-R ar

isks for long-term data storage are composed of recording layers and reflective\laye

e at high temperature and/or high humidity;

e under sun light or UV light;

e in a high density of corrosive gases (hydrogen sulphide, etc.);

e in fluctuating environments (temperature change, humidity change, etc.);
n, the laser incident surface can be damaged or contaminatéd during use.

rioration will increase the error rate of disks.

ik structure

VD-RW, DVD-RAM, +R and +RW disks comprise a recording substrate bonded to a duminy

for a single-sided disk, or comprise two-r€cording substrates bonded with each other foy

Hed disk. The recording substrate is cetered with recording and reflective layers. The ang
the two substrates is controlled to minimize distortions associated with changes in ambig
s. The adhesive material selected-for bonding of the two substrates is selected to minimi
esulting from the bonding process.

compriselarecording substrate. BD Recordable Triple Layer Double-sided disk comprise two recordi

substrate
over-coat

d +R disks adopt organicdye recording layers, whereas DVD-RAM, DVD-RW and +RW dig
ganic phase-change recording layers.

a
ble
nt
ze

ks

e_

64 n.orne ) o Qrralng D ale A ered A 0 eCcoralng £ e _d

ing 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-
change recording layer.

A.3 Causes of deterioration

Recording and reflective layers can deteriorate during long-term storage in an extreme environment,
as indicated in A.1.
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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.

Ré
an

AS

tine, under extreme environmental exposure, these defects can grow. The growth, of defec

as
Arx
te

St
ra

D3
in
us

causes of uncontrolled contamination is casual cleaning of disks using unapproved matg

pr
in

A

Th
in
w
In

coptravention of manufacturers’ recommendations.

A

Th
a

correctioneapability, a large dust particle can cause this capability to be exceeded.

flective layers can be degraded Dy corrosion, cracking, decomposition, etc. As a result, 14
d the quality of recording signals are degraded.

with all optical disks, small defects are allowed at the time of manufacture. Over a/long

the deterioration of recording and reflective layers as mentioned above can‘be shown
rhenius laws and this method can be used to confirm the predicted lifetime pf optical disk
'm data storage.

brage in fluctuating environments can also degrade mechanical property, such as tilt, an
dial runout.

mage or contamination on laser-incident surface can obscure the recording layer and create
the data. Additionally, particulate damage or contaminatignycan cause transients in the ser}
ed by the drive to maintain focus and tracking to the required accuracy. One of the most

ocedures. Cleaning of disks should only be carried out in accordance with the procedures
Annex B.

4 Nature of deterioration

a library this environment is wellocontrolled; however, operation of disks in stand-alo
1l potentially subject the disks.to a wider range of contamination and environmental
particular, disks left in uncentrolled storage can be subject to physical abuse or contam

5 Effects of deterioration

e combinationof-beam obscuration and possible disturbance of the servo signals will be tg
{ropout in_the-data reaching the decoder. While the Error Correction Code has a very h

A16 Unexpected deterioration

flectivity

period of
[s as well
to follow
s for long

1 axial or

dropouts
o signals
frequent
rials and
rontained

e operating environment will determine the nature of the deterioration. In the case of djisks used

he drives
bxtremes.
nation in

generate
igh burst

For protection from unexpected serious deterioration of the disks, it is recommended to have a backup
system for the long-term data storage according to the characteristics and importance of the data.

© ISO/IEC 2018 - All rights reserved


https://standardsiso.com/api/?name=004c60526bd554ae5ef9e5bb3a25f831

ISO/IEC

29121:2018(E)

Annex B
(informative)

Recommendations on handling, storage and cleaning conditions

B.1 Handling

The fragile protective coating on the label surface is vulnerable to damage and should be“protect

together

outer edge and inner hole. It is strongly recommended not to touch the readout surface.

Disks shguld be protected from dust and debris. This is especially important for recordable a

rewritab
neutraliz

B.2 Stc

For gener
to the rar

for optical disks for long-term data storage

ith the readout surface. It is recommended to handle the disk carefully, touching only t

e disks during the recording process. The use of a deionizing environment is recommended
b static charges on the disk that can attract and retain loose contamifrants.

rage

al storage such as in an office environment, it is recommended to limit the storage environmg
ges given in Table B.1.

Table B.1 — Recommended conditions for general storage

ed
he

hd

nt

Ambient condition Recommended range
Temperature 5°Cto 30°C
Relative humidity 15 % to 80 %
Absolute humidity 1 g/m3to 24 g/m3
Atmospheric pressure 75 kPa to 106 kPa
Temperature gradient 10 °C per hour maximum
Relative humidity gradient 10 % per hour maximum

10
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If long-term storage is desired, the storage conditions should be more tightly controlled and it is
recommended to limit 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 3g/m3to 12 g/m3
Atmospheric pressure 75 kPa to 106 kPa
Temperature gradient 10 °C per hour maximumn
Relative humidity gradient 10 % per hour maximum

Th
Tdg
hi
re
by

B

Pr
oM
en

Lg
o

S

w
be
re
co

ere should be no condensation of moisture on the disk. Cool and dry storage-condition is preferred.

maintain the desirable temperature and humidity fluctuation tolerance levels,and to prote
bh intensity light and pollutants, storage of optical disks for long-term data storage in clean

Ct against
insulated

cords containers is suggested. Dust or debris in operational or storagelocations should be npinimized

appropriate maintenance and monitoring procedures, especially when recording disks.

3 Cleaning

ior to performing cleaning operations of disks containing’useful data, tests should be c3

rried out

disks of the same type and from the same supplier that do not contain any useful data, i order to

sure that no adverse reaction will occur.

ose contaminants can be removed by short, one‘second bursts of clean, dry air, avoiding ex
d propellants. Even if the manufacturer has.siot supplied any cleaning information, organi

strate disks can be cleaned using a lint-fiee cloth of a non-woven fabric and either clean
ter. It is recommended not to use detergents or solvents such as alcohol. All wiping actio
in a radial direction, taking care notto’exert isolated pressure or to scratch the disks. It ij
commended not to use abrasives:\lt is recommended not to use acrylic liquids, waxes,
atings on either surface.

bulsion of
f polymer
or soapy
hs should
strongly
or other
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Relation between BER and PI SUM 8

The byte error rate BER is the number of erroneous bytes divided by the total number of bytes. Because
the lengttt of one code word of the inner code is 182, the probability of an erroneous inner code wo

Npj, can

e expressed as a binomial probability on the assumption that errors occur at randoni,

shown in|Formula (C.1):

N

pi

2D 182Ci xp % (1-p

182 182-i
) ©

i=1

where p denotes BER.

The number of PI errors in 8 ECC blocks, Np;sg, can be expressed by FormulaC:2) because the length

the outer|code word is 208, as shown in Figure C.1.

N

12

pis8

=208x8xN C
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1.6E+03 va
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1.0E+03
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6.0E+02 l’

4.0E+02 /

d,
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2)

2.0E+02
/’ﬁ

0.0E+00
1.0E-05 1.0E-04 1.0E-03 1.0E-02 1.0E-01

BER (p)

Figure C.1 — Relationship between BER (p) and PI SUM 8
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Guideline for adjustment of the estimated lifetime to higher stress
conditions

Infactual storage conditions, the temperature and relative humidity can deviate from 25 °C/ SO(L%, which
chlanges the estimated lifetime. In this case, the estimated lifetime at 25 °C/50 % should beadljusted to
the estimated lifetime at the actual storage conditions as described below.

Adcording to ISO/IEC 16963, the estimated lifetime Bs Life, based on Eyring-Method, is derived in
Fdrmula (D.1):

BSLifezexp( By + By Xyo+ By Xy — 1,646) (D.1)
whnere

B, =InA, B, =AH [k, B,=B

x10 and xp are the temperature-dependent factorand the relative-humidity-dependent factor at
the Controlled storage-condition (255C/50 % relative humidity) respectively;

A is the pre-exponential time constant;

AH is the activation energy per molecule;

k is the Boltzmann constant;

B is the relative humidity exponential constant.

If the storage temperature and relative humidity differ from 25 °C/50 %, Bs Life is repldced with
Bq Life(m,n), which will"be expressed by the following formula, where m and n denote pumerals
representing the €emperature and the relative humidity respectively. x1,, and xp, reprgsent the
temperature-dependent factor at temperature m and the relative-humidity-dependent factor 4t relative
hymidity, n, xéspectively in following formulae. Bs Life in Formula (D.1) can be also desfribed as

Bq Life(o,0)dmAnnex D, applying Formula (D.2):

BgLife,, ) =exp(By + By xy,+ B, x5, — 1,646 (D.2)

Then, the adjustment coefficients normalized by Bs Life (Ad (m,n) = Bs Life(m,n)/Bs Life) are derived using

Formula (D.3):
Agimn) =e5P(By + By Xyt By x5, = 1,64G ) / exp( By + By X1 + B, X ~1,646

= eXp[ﬂ1 (le _X10)+ﬁ2 (XZn _Xzo)}
Corresponding to the ISO/IEC 16963, an example computation of the adjustment coefficients, Aq (m,n),
for the estimated lifetime, Bs Life (Year) (Bs Life/24/365), is shown in Table D.1. It is calculated by
changing the temperature from 25 °C to 30 °C in unit of 1 °C and the relative humidity from 50 % to
80 % in units of 5 %, under the condition that Bsg Life(Year) at the 25 °C/50 % is 1 110 years and Bs Life
(Year) is 893 years.

(D.3)
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Table D.1 shows that the estimated lifetime shortens abruptly when the storage conditions of
temperature and relative humidity become more severe than 25 °C/50 % even in the recommended
conditions for general storage shown in Table B.1. For example, the estimated lifetime at the storage
conditions, the temperature and relative humidity of 30 °C/80 % shortens by about 1/6 compared with
that of 25 °C/50 %. Therefore, careful consideration should be given to the actual storage conditions.

In addition, in order to calculate the adjustment coefficients for a disk, the estimated lifetime of the
population to which the disk belongs and the estimation values of the coefficients based on the Eyring
method are needed. Except for the case where life estimation using ISO/IEC 16963 is performed, it is
recommended to inquire of the disk manufacturer as to the adjustment coefficients of the disk.

Table D.1 — Adjustment coefficients for the estimated lifetime

Relative humidity(n)
BE 0 1 2 3 4 5 6

I BEEX 55 % 60 % 65 % 70 % 759, 80 %
0 25°C 1,00 0,86 0,74 0,64 0,55 0,47 0,41
1 26 °C 0,84 0,72 0,62 0,54 0,46 0,40 0,34
Tem- 2 27°C 0,70 0,61 0,52 0,45 0,39 0,33 0,29
ts:,:(a,;,) 3 28°C 0,59 0,51 0,44 0,38 0,33 0,28 0,24
4 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

NOTE This is an example calculated by using the test data of ISO/IEC 16963:2017, Annex B.
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Calculation for Bpjg Life using Bsg Life and Bs Life

ISO/IEC 16963 defines the estimated lifetime of optical disks as Bsg Life, Bs Life and 95

% lower

confidence bound of Bs Life[= (Bs Life);]. The estimated lifetime of Bs Life means 5 % of prodyu
fallure. Therefore, from the viewpoint of reliability, it is not appropriate to use Bs Life as.the’
lifetime, when determining a test interval and deciding on data migration, for longsterm s
refain the integrity of original data.

In|the case of data migration, it is necessary to have low enough failure probability. Ther
tine at which one millionth products reach their time-to-failure is used as.the estimated 1

cts reach
pstimated
torage to

bfore, the
fetime to

dgtermine the test interval or migration interval in this document. By oo 4 Life is 0,000 001 guantile of

the lifetime distribution (i.e. 0,000 1 % failure time) and defined as Bpjg i€ in this document
can be calculated using Bsg Life and Bs Life as follows.

~

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

~

In Bp = [30 + B, X0t B, X50 + 251000

where, z denotes percentile OfN(O,O'Z) and (xq9,X4g) denotes the temperature dependent f

the relative-humidity factor at the Controlled storage-condition (25 °C and 50 % relative h
regpectively.

(E.1)

hctor and

umidity),

Uqing Formula (E.1), In Bg,000 1 which i$_the estimated lifetime with the failure probability of one

millionth is given by Formula (E.2). The-estimated lifetime with the failure probability of one
cofresponds to 4,75 o provided the-distribution is normal.

InBy 5901 =Bo + By X198y X590 —4,750 =In By, 4,750

On the other hand, Bs is'given by Formula (E.3):

InBg =B + B3 o+ B, Xy —1,640=InB., —1,640

Pytting Bsg-Life and Bs Life into Formula (E.2) and Formula (E.3) gives Formula (E.4):

; A - A lnlg’50 —In és
By 000 1 Llfe:eXP( In By —4,750‘)=exp InBg,-4,75 ———

millionth

(E.2)

(E.3)

1,64

\

:exp(2,9 ln§5—1,9 lnéso)
Thus,

B g Life = By g0  Life = exp(2,9 InBg 1,9 In By )

© ISO/IEC 2018 - All rights reserved
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For example, ISO/IEC 16963:2017, Annex B gives the data of Bsg Life and Bs Life at the Controlled
storage-condition (25 °C/50 % relative humidity) introduced based on Eyring method.

Byy Life =1 110 years (= 9 724 120 hours)

InBg, = In (9 724 120) = 16,090 12

Bs Life =893 years(=7 826 297 hours)

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

Bmig Life |s calculated by substituting these values to Formula (E.5):
Bmig],ife =exp (2,9InB; —~1,9InB,,) = exp (2,9x 15,873 00-1,9x16,090 12)

=5 180 811 hours=591 years
For the other example, ISO/IEC 16963:2017, Annex C gives the data of B§p Life and Bs Life at the Harfsh
storage-cpndition (30 °C /80 % relative humidity) introduced based-en Arrhenius method.

B, Life =1 62 years (: 1417 280 hours)

InBg{ = In (1 417 280) = 14,164 25
By Life = 124 years (= 1 087 462 hours)
InB, = In (1 087 462) = 13,899 36

Bmig Life |s calculated by substitutifig'these values to Formula (E.5).
Bmig],ife =exp (2,9 InB; £1,9 InB,,) =exp (2,9x13,899 36 —1,9 x 14,164 25)

=657413 hours =75 ygars
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Guideline of test interval and migration

F.I General

T}
di

Ad

Sp
lo

H
an
ng
a{
de

TH

In
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th
in
th

If

tining.

F.
a)

ks whose lifetime is estimated and known and for disks whose lifetime is unknown.

cording to this document, optical disks are periodically tested and when disks errors e
ecified values in Table 2, data migration is carried out. Therefore, if the estimated lifetime
g enough, the migration interval of disks can also be increased.

wever, if generational changes of the system, including reading deévices and/or the file s
d/or applications, occur during the migration interval, there is a\p05ssibility that the stored
t easily retrieved. Moreover, if the stored data have high value,ithe user might like to mig

fined as Xmig (years) and this value is determined by the user of this document.
e migration interval Xnjg may be also applied even if the estimated lifetime of disks is unkn

Annex E, the estimated lifetime for test interval and data migration is defined as

e periodical performance test (PP test) is carried out. After two times of PP test, which m
fervals reach to Bpig, in case the test result'is equal to Level 4 in Table 2, next test intervg
ree years or less. In this case, the test istecommended to be limited twice.

the test interval is long, it is reconimended to carry out sampling check of the disks in ap

2 Test interval and 'data migration

In case the initial.performance test result is equal to Level 1 (Recommended) in Table 1 (d
Level 1, it should.not be used or shall not be used.):

1) If Xmig=Bmig/2 is greater than 0, test interval of the first periodic performance test
should-be set to Bmig/2 (see Figure F.1).

2) JEXmig — Bmig/2 is less than or equal to 0, test interval of the first PP test should be s
Data migration should be carried out at the first PP test in spite of the test result (see Fi

b)

is annex describes guidelines for choosing the test interval and performing data migratiof both for

kceed the
pf disks is

tructures
| data are
rate after

horter interval for safety. In consideration of these factors ds stated above, the migration interval is

own.

Bmig Life

B0,000 1 Life: 0,000 1 % failure time). Half of By,jig thereafter Byig (years)] is set as the test interval and

eans test
lis setto

propriate

ther than

(PP test)

gure F.2).

In case the PP testresult o 1) 1s equal to Level 4 (Use as'1t1s) In 1able Z (other than Level 4, migrate

data as soon as possible or migrate data immediately):

3) If Xmig - 2 x Bmig/2 is greater than 0, test interval of the second PP test should be set
(see Figure F.1).
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4) If Xmig — 2 x Bmig/2 is less than or equal to 0, test interval of the second PP test should be set
to Xmig — Bmig/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 Xmijg - 2 x Bmig/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).

6) I Ym;s -2 x R“_;BI/') =13is pqnq] to =2 or =1 then the testinterval of the third PP test should be
st to one year and two years, respectively. Data migration should be carried out at the thifd,PP
test in spite of the test result (see Figure F.2).

d) In cape the test result of 5) is equal to Level 4 in Table 2 (Use as it is) (other than Level4; migrdte
data ps soon as possible or migrate data immediately):

7) I Xmig = 2 x Bmig/2 - 2 x 3 is greater than or equal to 0, the test interval of the fourth PP t¢st
should be set to three years. Data migration should be carried out at thefourth PP test in spjte
df the test result (see Figure F.1).

8) If Xmig — 2 X Bmig/2 - 2 x 3is equal to -2 or -1, then the test inter,val-of the fourth PP test is et
tp 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).

a) 1) P Bmig/z ......... ;'\ . :
5 First PPitest ;
i | Judge Level;in Table 2 i
pass :
V :
b) 3) PG Bmig/2 ......... ;\ ;
- : Second PP test
N i | Judge Level in Table 2
= ' !
" pass :
5 : i
9 o5 W=3p ;
i Third PP test
i | Judge Level in Table 2
pass :
d) 9 Yo g !
\ [Fourth PP test
Data migration
0 X

mig

Storage time (year)

Figure F.1 — Timing for periodic performance (PP) test and data migration in case the
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estimated lifetime is relatively shorter than the user-defined migration period
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