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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

elect

The

desc
diffe
editd

Attention is drawn to the possibility that some of the elements of this documént'may be t
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proteatfres—Hsea—to—aeverop—ta cameht3a c—rendea—+tor— arther—athatenance are
Fibed in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
Fent types of ISO documents should be noted. This document was drafted in acéordapce with the
rial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

he subject of
nt rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of any
it rights identified during the development of the document will be(inthe Introductign and/or on
50 list of patent declarations received (see www.iso.org/patents):

frade name used in this document is information given for the'éonvenience of users gnd does not
fitute an endorsement.

hn explanation on the meaning of ISO specific termis and expressions related to| conformity
sment, as well as information about ISO’s adherence to-the WTO principles in the Technjcal Barriers
ade (TBT) see the following URL: Foreword - Supplementary information

fommittee responsible for this document is ISOYTC 42, Photography.

second edition cancels and replaces the first edition (ISO 18938:2008), which has been technically
ed.
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Introduction

In addition to storage conditions, the proper care and handling of optical discs is also vital to prolonged
disc life. This is becoming increasingly important as optical discs are widely used for the recording and
storage of information. This International Standard gives guidelines for their recommended care and
handling and will be beneficial for all digital optical discs, regardless of their inherent stability.

NOTE

Standard, the former spelling is used.

Itisrecognized thatboth “optical discs” and “optical disks” are acceptable spellings. In this International

Probably no_form of data storage has been accepted and adopted as rapidly as the optical disc. It has

become the
storage of i}
density, but
transmissio
long period
format such

While the a
expectancy
namely the |
and softwarj
Another imj
as high as g
availability,
discs may n

The finite 1
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the future d
become pof
older, super
become diff
issues are of
the optical d
media is to

objective, it
than either {

As with pap
and decay.
extrapolatid
conditions.
chemical red
avery wide

medium of choice for numerous applications with ever increasing use for the recordin
nformation. Information is recorded in digital format that not only provides high“stq

h. It is of tremendous benefit for audio usage since it permits uninterrupted_playbad
5 of time. Information in a disc format can be accessed very quickly, unlike that in
as magnetic tape, which requires longer search time.

dvantages are many, as with other media, there are nevertheless_concerns about th
pf recorded information on optical discs. This depends upon three independent compon
permanence of the disc itself, the disc drive and the software, Obsolescence of the disc
e, lack of playback device or inoperability of the playback device are all serious uncertaif
pbortant issue is the quality of the initial data recorded_onto the disc, which needs
ossible. In addition, the very popularity of recordableroptical discs has led to their
and wide variability in the quality of discs for long térm preservation of information. I
bt be of sufficient quality for long term use.

fe of optical discs is well recognized and ete approach to addressing this issue

transferring or reformatting the information. In addition, the ability to play back a d
epends on the existence of functional playback equipment. As newer formats and equip
ular, equipment manufacturers will jprobably discontinue production and support g
seded equipment. Eventually, usable’ equipment to play obsolete optical disc formatg
cultto find. Before this occurs, itisadvisable that a migration plan be in place. However, {
1tside the scope of this International Standard, which is only concerned with the stabil

ensure that the disc is notthe weak link among the necessary components. To suppor
is advisable that steps)be taken to maximize the optical disc’s potential to be more s
he hardware or the-software.

er records, photographic film and magnetic tape, optical discs are subject to both dai
[hey have.a{inite life. Predictions of the life expectancy of optical discs have inv
ns of preperty retention after high temperature and humidity incubations back to pra
These<extrapolations follow mathematical treatments that were developed for sir
ctigns, and therefore the results need to be interpreted with some caution. Predictions
Fange, from 25 years to over 250 years, which vary with the manufacturer and the disc
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Their effect

Ive l1fe can be Increased or decreased significantly depending upon the conditions u

nder

which they are stored. Storage recommendations for optical discs are given in ISO 18925. Following
these recommendations promotes the physical integrity of the media and increases their effective life.
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Imaging materials — Optical discs — Care and handling for
extended storage

1

Scope

This International Standard establishes general principles for the care and handling of digital optical

discq

proc
techpiques and methods often cause physical damage to the discs and to the content recor
Exte

well

For t

disc

(BD)

afa

e recorded data (information). This International Standard includes recommendatiens
bdures to maximize the effective life of optical discs. Faulty handling, packing'and

nding the longevity of optical discs requires the identification of appropriatefiandling
hs well-developed and implemented training programs.

he purposes of this International Standard, the term “optical disc” inclindes the familie
[CD), digital versatile disc (DVD), high definition digital versatile.disc (HD DVD) and
1), and any hybrids of these families. The term “optical disc” als@\includes each type o
ily, including injection moulded [read-only memory (ROM)},dye-layer [recordable (R

chanige [rewritable (RW, RE), random access memory (RAM), and recordable (BD-R)] techn

Whi

spec
Stan

some of the recommendations in this International Standard (e.g. those for staff tra
fically to large-scale or long term usage, the basics of all recommendations in this I
lard are intended to be applied in circumstancesWhere the desired result is long-term

medjum whether archival, commercial or personal.

This

International Standard does not cover magneto-optical (MO) discs, laser discs (LD) of

At thle time of writing, International Standards do not exist for HD DVD and Blu-ray discs. |

itis i
appl)
indiy

The

elieved that the recommendations ifthis International Standard for care and handling
' to them. It is recognized that sonte of these requirements are not necessarily pos
idual user to achieve.

following are within the sgopé of this International Standard:

use and handling envirenments, including pollutants, temperature and humidity and lig
¢ontamination coneerns;
inspection;

¢leaningand maintenance, including cleaning methods and frequency;

franSportation;

erve access
or handling
ansporting
ed thereon.
methods, as

5 of compact
Blu-ray disc
disc within
] and phase
ologies.

ining) apply
hternational
usage of the

glass discs.
Nonetheless,
can equally
sible for the

ht exposure;

) ) ) L . )
disasters; including watert; fire, constructiomand postdisaster procedures;

staff training.

The quality of the data written on the disc is outside the scope of this International Standard. However,
a high quality result of the recording phase is important to the longevity of information. It is advisable
that a rigorous program of data integrity testing be implemented, as this forms an obligatory part of
all digital long-term storage. In addition, when keeping digital information for archival purposes, it is
advisable that a multiple copy/multiple location strategy be in place.

1) Blu-ray DiscT™ and Blu-ray™ are trademarks of Blue-ray Disc Association, and Blu-ray Disc and HD DVD are
examples of suitable products available commercially. This information is given for the convenience of users of this
International Standard and does not constitute an endorsement by ISO of these products.
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2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 14644-1, Cleanrooms and associated controlled environments — Part 1: Classification of air cleanliness
by particle concentration

ISO 18925, Imaging materials — Optical disc media — Storage practices

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

31
acclimatizgtion staging
process of cpnditioning material from one set of temperature-moisture conditions to'another

3.2
balance
precision vertical position of the disc as it spins

3.3
blister
localized delamination that looks like a bubble

34
Blu-ray Disg
BD
optical disc|having a cover layer around 0,1 mm thiek and a substrate around 1,1 mm thick on which
data is read|or recorded by an OPU using 405 nmlaser diode and NA = 0,85 lens

3.4.1
Blu-ray Disg Read Only Memory
BD-ROM
optical disc|to which information i§ transferred during manufacture to moulded areas in the Blji-ray
disc format pnd can be read multiple times by an optical beam

3.4.2
Blu-ray Disc Recordable
BD-R
recordable ¢ptical dis¢ in which information can be recorded once to areas in the Blu-ray disc format
and read many times

3.4.3
Blu-ray Disc Rewritable

BD-RE

recordable optical disc in which information can be recorded to areas in the Blu-ray disc format and can
be erased, rerecorded and read many times

3.5

carton

box outer container that can hold one or more individual units and can be a fabrication of paper, card
stock or plastic

2 © ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=053f5be604a249d9be8415df49f9b0d9

ISO 18938:2014(E)

3.6
compact disc
CD

optical disc in which the information layer is located near one surface of a substrate and the data can be

read by an optical beam with a wave length of 780 nm
Note 1 to entry: Described in IEC 60908.

3.6.1
CD read only memory
CD-ROM

disc format and mes by an optical beam

CD-
recordable optical disc in which information can be recorded once to afeas in the compact]
and read many times

3.6.
CD Rewritable

CD-RW

rewifitable optical disc in which information can be recorded to areas in the compact disc
can be erased, rerecorded and read many times

3.7
conditioning

disc format

format and

expofsure of a material to air at a given relative humidity and temperature until equilibrium is reached

3.8
contpiner
box, fan or carton used for storage and shipping of recording materials

EXANPLE The box into which areel, cassette, cartridge or shell is placed.
39
delamination

separation of a laminate'into its constituent layers

3.10
digital versatile disc
DVD
optidal dis¢ in which one or more information layers are located between two substrates §

ind the data

can heread by an optical beam with a wave length of 650 nm

Note 1 to entry: Formerly called digital video disc.

3.10.1

DVD read only memory

DVD-ROM

optical disc in which information is transferred during manufacture to certain areas in the
and can be read multiple times by an optical beam

Note 1 to entry: Described in ISO/IEC 16448 and ISO/IEC 16449.

© IS0 2014 - All rights reserved
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DVD Recordable

DVD-R, +R

recordable optical disc in which information can be recorded once to areas in the DVD format and read

many times

Note 1 to entry: Described in ISO/IEC 23912, ISO/IEC 17344 and ISO/IEC 25434.

3.10.3

DVD Rewritable

DVD-RAM, DVD-RW, +RW

DVD optical
Note 1 to ent

3.11
enclosure

case, cartriglge, folder, envelope, sleeve or clam shell that is intended for physical protection ag|

mechanical

3.12
extended-t
storage con

3.13

high defini
HD DVD
optical disc
can be read

Note 1 to ent

3.13.1

Fy: Described in ISO/IEC 17592, ISO/IEC 17341 and ISO/IEC 26925.

damage

brm storage conditions
litions suitable for the preservation of recorded informationhaving permanent value
fion digital versatile disc

in which one or more information layers are loeated between two substrates and the
by an optical beam with a wave length of 405.5hm

"y: Sometimes called high density digital versatile disc.

HD DVD read only memory

HD DVD-R(
optical disc
format and

3.13.2

HD DVD re(
HD DVD-R
recordable
read many |

M
in which information is transferred during manufacture to certain areas in the HD
fan be read multiple times by an optical beam

rordable

ptical disc imwhich information can be recorded once to areas in the HD DVD forma
imes

3.13.3
HD DVD re
HD DVD-R

ritable

ainst

data

DVD

t and

HDDVD optical discs that can be written, read and overwritten many times using phase change

technology
3.14

information
data recorded using the system

3.15

insulated record container
storage box designed to provide an environmental buffer against temperature and humidity fluctuations

© ISO 2014 - All rights reserved
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1 case

plastic enclosure featuring a hinged lid and one or more trays, each containing a hub clamp to secure
and protect the disc surface

3.17

keep case

case

3.18

designed for DVD discs slightly larger than a jewel case

macroenvironment

atm
Note

3.19
med
matd

3.20
micr
atmd

Note

3.21
optig
disc
layer

3.22
optid
oDC
optid

3.23

recording layer

layer]

3.24
relat
RH

ratio
atsa

Note
at saf]

L. o pa H 1 H lLiale | 1 i
DlJllCl IC CUIITUILIVUILIS 11T ad Idl SC dlTd 11T VWITICIT T TLUIUS dI' T I\CPL

1 to entry: Atmospheric conditions are temperature, relative humidity and pollutants.

jum
rial on which information is recorded

oenvironment
spheric conditions inside a storage enclosure in which records@re kept

1 to entry: Atmospheric conditions are temperature, relative humidity and pollutants.

ral disc
Fhat will accept and retain information from light modulation changes in a recording
that can be read with an optical beam

fal disc cartridge

al disc enclosure required for the operation of the disc

of an optical disc on which data is written either during manufacture or in use

ive humidity

defined as-a\percentage, of the existing partial vapour pressure of water to the vapd
furation

1 tocentry: It is usually, but not always, equal to the percentage of the amount of moisture in
utation.

br reflective

ur pressure

he air to that

3.25

replicated disc
disc made by an injection moulding process where the land and pits that make up the data are physically
pressed into the polycarbonate

3.26

retrievability
ability to access information as recorded

3.27

slimline case
slimmer version of the jewel case
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snapper case
alternative to the keep case with a cardboard cover

3.29

storage environment
conditions for storing materials

Note 1 to entry: The conditions are temperature, relative humidity, cleanliness of facilities and atmospheric

pollutants.

3.30

storage hoﬁsing

physical str
Note 1 to ent

3.31
substrate
layer which

3.32

system
combinatior
information

3.33
WORM disd
optical disc
optical bearn

4 Comp¢

4.1 Gene

Optical disc

Typically, thiese layers include the polycarbonate substrate (plastic) layer(s), the data layer(s), the 1

layers(s) or
for labelling

4.2 Polyd

The polycar
coloured for
through thi

icture supporting materials and their enclosures

Fy: It can consist of drawers, racks, shelves or cabinets.

may be transparent or not, provided for the mechanical support ofthe'recording layer

of media, hardware, software and documentation necessary for recordingand/or retrig

in which the data in specified areas can be written only once and read multiple times |
N

psition of optical discs

ral

5 are composed of a series of layers made of different materials assembled like a sandj

reflective layer, the-metal protective layers, the adhesive layer and an optional extra
or added protection? These layers are listed in Annex A.

arbonatesubstrate (plastic) layer

bonatessubstrate makes up most of the disc. The polycarbonate is typically clear, but m
appedrance or to prevent copyright infringement.@The laser beam of a disc drive tr
5 Sybstrate for CD, DVD and HD DVD and through the cover layer for BD. The subs

bving

Dy an

ich.
netal
layer

hy be
qvels
trate

provides th

gives the disc enough strength to remain flat for CD, DVD, HD DVD and BD.

tayerdepthecessary tomaintaim taser focus for €0, DV Damd HD DV Thesubstrate also

A CD is one continuous 1,2 mm thick polycarbonate layer. Both DVDs and HD DVDs are made up of two
0,6 mm thick polycarbonate layers bonded together. BDs are made up of 1,1 mm thickness polycarbonate
layer and 0,1 mm thickness cover layer. CDs and BDs are read from one side only. DVDs and HD DVDs are
read from one or both sides.

4.3 Datalayer

As its name implies, the data layer of optical discs is the layer that contains the encoded data. The
encoded data appear as marks or pits that either transmit or alter light from the laser beam back to
the laser photosensor by way of the metal reflective layer. Write-once (-R, +R) discs use organic dye
material or phase change materials, whereas rewritable (-RW, +RW, -RAM, -RE) discs use phase change

6
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materials as the layer(s) for holding record data written by a disc drive. ROM discs do not use a separate
layer, but the data has been pressed in the form of pits from injection moulding on the inner surface of

the p

4.4

olycarbonate substrate during the disc manufacturing process.

Reflective layer

The metal layer in optical discs reflects the laser beam back to the laser photodiode in the optical pickup
unit (OPU). Three main types of reflective metals typically are used for this layer:

a) aluminium or aluminium alloy,
b) gotd;,amd
c) gilver or silver alloy.

In “dual-layer” DVDs, silicon is sometimes used as one of the semi-reflective layers. Some

copp

Aluny
alum
or ot
even

Silve
ared

In “d
i.e. if
layer

To sy

q

4.5

A vel
envil
also
(e.g.
isd

Somé

$tability: aluminium < silver or silver alloy < gold.

coagll;g, dueto.the reflective layer location in the middle of the disc.

er alloy for the purposes of appearance.

jinium is used in ROM, RW and RAM discs. Silver, silver alloy or geld are used in R
inium is too active to use with dye. Aluminium is also prone to corrosion when exposed
her pollutants that penetrate into the disc. Oxidation of the alumihium diminishes its
fually making the disc unreadable by the laser. This is sometimes referred to as disc “1

I can lose reflectivity due to corrosion on exposure to pollutants such as sulfur dioxide.
esigned to inhibit corrosion.

al-layer” DVDs, the outer reflective layer (silicon, geld, silver or silver alloy) is only se

and then reflect back.
mmarize, the relative properties of the three main types of reflective metals are as fo

[ost: aluminium < silver < silver alloy=< gold;

Protective layers

'y thin lacquer layer(is)applied to the label side of CDs to protect the metal from exp
onment. Withoutthis protective layer, the aluminium will oxidize within several day
bives some limited protection from writing on or labelling the disc. Some solvents use
kylene, toluerie)Can also affect lacquer coatings and expose or react with the metal. O

aged, thé laser cannot read data in the damaged areas. DVDs have no such proted

times a manufacturer will add an additional layer designed specifically to provide mor

reflects back some of the laser beam and allows.sSome of it to pass through to the fur:ﬁ

discs use a

discs, since
to moisture
reflectivity,
ot”.

Silver alloys

i-reflective,
y reflective

lows:

bsure to the
(s. The layer
in markers
e the metal
tive lacquer

e resistance

to fix

gerprints and scratches on the label side of CDs.

Protective layers also are available to place on the laser reading side of the disc. These are specifically
designed for protection against scratches and other surface damage.

4.6

Adhesive layers

The discs of all DVD formats are formed by bonding two 0,6 mm discs together. Disc durability and
reliability require excellent bonding. The bonding methods include hot-melt bonding and ultraviolet
(UV) bonding. The bonding layer needs to be optically transparent for some dual-layer DVDs.

The DVD bonding process mainly uses the following three methods:

— the spinning method, using a radical UV resin;
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— the screen printing method, using a cationic UV resin;

— the sheet method, using a double-sided adhesive sheet.

It is essential that the adhesive layer be uniform within close tolerances, that it does not introduce tilt
out of the range of the DVD specification, that no defects such as bubbles occur and that it is optically

transparent

in dual layer DVDs.

4.7 Additional layers

An optional layer may also be added to optical discs to provide a writable, printable or coloured surface.

Such surfad
layers are a
sided discs.

5 Failur

5.1 Gene

Optical disc
discitself. T

5.2 Physi

Optical disc
including m
breakage, W
differential
condition thj
permanent

5.3 Layel

5.3.1 Gen

Proper care
which makd
structure of

ESInciude thermal-primntable, inkjet-primtable amd sitkscreen-primtable surfaces. 1
pplied over the lacquer layer on CDs, or over the polycarbonate substrate on other si

b mechanisms

ral

performance depends on the performance of the disc drive and*the characteristics d
his clause only discusses failure mechanisms due to the disc:

cal stress

5 are typically handled directly by users. They are‘Subject to a variety of physical strd
echanical impact and thermal shock. Mechanicalimpact can result in scratching, fracty
rarpage or delamination. Thermal shock is;a‘rapid temperature change that can (¢
bXpansion or contraction resulting in warpage or delamination. Warping can be a tempq

hese
ngle-

f the

sses,
ring,
ause
rary

at returns to normal, but severe warpingor repetitive warping can cause delamination and

lamage.
sensitivity

eral

and handling of optical discs requires knowledge of the sensitivities of the various I
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through the polycarbonate substrate. Eccentricity, manufacturing flaws, off-centring, lack of flatness or
balance creates tracking and/or reading problems. This may be caused by physical stress, exposure
to high or rapidly changing temperatures, humidity or manufacturing errors. Surface or penetrated
containments can hinder or obstruct the laser beam.

5.3.3 Datalayer

In ROM (replicated) discs, the data are moulded into the substrate and the data layer is not a separate
layer as in R, RW, RAM and RE discs. The recording layer in R, RW, RAM and RE discs can be damaged by
light, heat or moisture. The recorded signal therefore can be degraded by unwanted exposure to these
factors or by chemical degradation due to aging. Physical damage that is deep enough to reach the data
layer will also damage the data.
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5.3.4 Reflective layer

This layer serves to reflect the modulated optical beam to the receiver. Any change in reflectivity caused
by dents, abrasion or corrosion due to moisture or other contaminant penetration is very detrimental.
Any change in flatness will change the laser beam angular reflection.

5.3.5 Protective (lacquer) layer

This layer exists on the label side and edge of CDs to protect the metal layer. Any removal, abrasion or
chemical reaction can destroy the reflective layer and the information it contains.

5.3.4 Adhesive layer

In addition to maintaining the integrity of each layer, it is essential that the disc does-Aot indergo any
delamination. This may occur because of an inherent weakness of the disc, exposure to rgpid changes
and ¢xtremes in temperature and humidity, mechanical stresses, edge damageor'the effecf of external
agents such as solvents and adhesives.

5.4 | Scratches

5.4.1 Scratches on the laser-reading side of optical discs

Scrafches that are deep, wide or bunched together are most likely to affect adversely the readability of
the disc. These scratches can cause the laser to misread enough data to make error correctipn remedies
ineffectual.

If scjatches are deep enough to damage the data onréflective layer(s) on the reading side ¢f a disc, the
data|cannot be read or repaired. Tangential andccircular scratches can be more damaging than radial
scrafiches because it is more difficult for error correction software to repair sequential errgrs.

5.4.2 Scratches on the non laser-reading side of optical discs

A scifatch on the non laser-reading side of a CD can easily damage the reflective and data layers directly
benepth the surface and therefere cause direct and severe damage. A surface scratch pn the non-
laser|reading side of a DVD, HD_DVD or BD only scratches the polycarbonate and does not jmpair laser
read|ng/writing.

5.5 | Effects of disCplay

5.5.1 General

Opti¢al dis¢§do not wear from friction as vinyl records or magnetic tapes do. There is no mechanical
contactbetween the disc and the optical pickup unit (OPU) of the player or the drive, which uses more
than| one photodiode to achieve correct mutual positioning between them. There is, However, the
potential for wear on the hub from repeated insertion and removal of the disc from reading devices.
Such wear may cause imbalance in the spinning disc and exacerbate manufacturing flaws.

5.5.2 ROM Discs

Generally speaking, the laser light will have no effect on the data or reflective layer in ROM discs. It is
possible for the disc to be read so many times that the cumulative effect of the laser light can eventually
affect the polycarbonate. There is, however, no record of such discs having been played a sufficient
number of times to incur damage from laser light. Accordingly, it is felt that any effects of laser light
on ROM discs are negligible. The disc would likely fail much earlier from some other condition than
from the effects of laser light. However, some ROM discs are required to record a special code for each
disc, such as a serial number, before shipping. The special code is recorded on a ROM disc by using a
high power laser. Thus there might be the case that an excessive read power may damage the reflective
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layer of a ROM disc. It is recommended to control the read power requirement of ROM discs in case it is
existing in the specifications.

5.5.3 Rdiscs
Although R discs may have alimited number of read times, it is possible for the discs to be read more than

106 times. As with ROM discs, there is no recorded evidence of the ill effects of laser light. Accordingly,
it is felt that any harmful effects of the laser light on R discs are negligible.

5.5.4 RW discs

In RW discs| unlike the other types, the recording layer can “wear-out”. However, these discs sheulld be
rewritable thany hundreds of times. While the maximum number of possible read times after-writ{ng is
unknown, if may decline after each successive writing.

5.5.5 RAM discs
In RAM disfs, as in RW discs, the recording layer can “wear-out”. However, these discs should be

rewritable geveral thousands of times. While the maximum number of possiblé-read times after wiyiting
is unknown] it may decline after each successive writing.

5.5.6 RE discs

In RE discs,|as in RW and RAM discs, the recording layer can “wear-out”. The specifications relatpd to
the overwrite and the read stability are specified for RE discs. A user shall refer to those specifications
(combinations of the power and the velocity) in use of RE dis¢s.

6 Handljng techniques

6.1 General

Proper handling techniques will help maximize the life of discs. Discs shall be handled by the edge

1L

6.2 Flexing

Flexing (berjding) the disc by anymeans, such as removing it from a jewel case without releasing the hub
clamp, may harm the disc bycausing stresses. The disc should be stored in its case.

6.3 Contamination

Anything on an optieal disc surface that impedes the ability of the laser to focus on the data layef can
result in miksing'data as the disc is being read. Fingerprints, smudges, scratches, dirt, dust, solvents,
moisture and@ny other foreign material can interfere with the ability of the laser to read or record|data
on the disc.

6.4 Disc enclosures

Optical discs shall be kept in chemically inert storage containers that are designed to hold one or more
discs. Those designed to keep surfaces of the disc from contact with the inside of the case, thereby
minimizing possible damage from surface contact, are recommended. Jewel cases and keep cases are
examples that provide optimum storage. Polypropylene or other more stable cases are recommended.

For long-term disc storage, it is recommended to remove the label insert or booklet from inside the case
and attach it to the outside. Paper can produce higher moisture content in the case, and may release
harmful pollutants or in certain conditions adhere to the disc. These potentially harmful effects depend
on relative humidity conditions and the insert material properties, as well as their proximity to the disc.
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Potentially harmful enclosures, including cardboard, paper or highly plasticized materials, shall be
replaced with a standard jewel case.

Plasticsleeves made of polypropylene or polyester will notharm discs, but offer no mechanical protection.
Care shall be taken to avoid abrasion and surface contamination when inserting or removing discs from
the sleeves. Discs shall not be placed in smooth surface plastic sleeves for extended periods; adhesion

may

develop and result in delamination when the disc is removed from the sleeve.

7 Identification
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t, thermal transfer, silk screen and offset printing are commonly used methods for pr
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ers. Thesilk screen and offset methods are typically used to label replicated discs.
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sides), printing cannot be applied in the data area of the disc. Only the area of the mirror band and the
hub area (between the mirror band and centre hole) may be printed on.

The performance of higher density discs is more sensitive to any imbalance of the disc than those of
lower density. If printed ink is not uniformly distributed over the disc surface, the flatness and balance
of the disc can be adversely affected, depending on the variation of ink application.

Laser-etched labelling, or “pit art” labelling, is an alternative to traditional printing and avoids potential
flatness and balance issues. One method is to record a pattern in the unrecorded area of the data layer
if a disc has not reached its full recording capacity. Another method is to write on a special layer that is
similar to the data layer but on the label side of the disc. These two methods use different processes. The
method used with the special layer is intended to give more visual impact.
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7.4 Thermal printing

Thermal transfer printers use ink-coated films (ribbons) that are heated by a print head. The print head
is in direct contact with the uncoated side of the ribbon, whereas the ink-coated side of the ribbon is
in direct contact with the disc’s surface. During print head and disc surface contact, the ink melts and
adheres to the surface. Thermal transfer printing is applied to standard disc surfaces. Special printable-
surface discs are not required. Only specially designed thermal printers, not thermal printers designed
to print on paper, can be used to print directly on the surface of discs.

7.5 Inkjet printable surface

In inkjet printers, inks are sprayed, via droplets of an ink solution, onto a specially designed pninkable
surface matgrial on the disc. This surface is designed to hold the ink droplets in place while,absorbing
the liquid cqmponents of the ink.

7.6 Silk Treening
i

Silk screening on optical discs uses a UV-curable ink to keep the ink colours fromfunning together| This
ink cannot qontain any chemically active components that can affect the disc@fter the curing prdcess,
or abrasive [particles in the ink pigments that can damage the protective layer on CDs. Silk scre¢ning
typically is ©ised for replicated discs.

7.7 Marking

For CDs, the|proximity of the metal layer to the disc surface makes it particularly susceptible to dajnage
from scratches, scrapes or denting caused by surface markitig: A felt tip marker will minimize theg risk
of scratching or denting.

Of the three categories of markers (water-based, alcohol-based and solvent-based), solvent-hased
markers shquld be avoided because they will often‘éontain xylene or toluene that may react with the
lacquer on (Ds.

Many vendos sell CD-safe markers, and thesevary in ink solution. They should not contain any solyents
harmful to pptical discs, but should have a permanent quality. For risk-free labelling of any dis¢, the
clear inner hub or the so-called mirrgryband of the disc shall be marked where there are no datal The
same precauytions taken in labelling{CDs are advisable for DVDs, HD DVDs and BDs.

8 Contamination

8.1 Fingerprints,smudges, dirt, dust

Fingerprint$, smudges, dirt or dust on the laser reading side of the disc can disrupt laser focus op the
data. Dust chn.$pih off into the disc drive and collect onto internal components.

8.2 Moisture

8.2.1 General

Prolonged exposure to moisture resulting from a spill, humid air, condensation or immersion allows
water to become absorbed into the disc, where it may react with any of the layers.

8.2.2 Fungus

Extended exposure to humidity above 65 % RH will promote fungal growth. Fungus can cause two
problems: it can impede proper laser focusing and it can cause disintegration of the disc components.
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Organic solvents

Solvents such as acetone or benzene will dissolve the polycarbonate layer and thereby damage the disc
beyond repair. Mild cleaning solvents (e.g. high purity isopropyl alcohol, methanol or hydro-fluoro-
ether) may be used as these solvents evaporate quickly and will not dissolve the polycarbonate. They
may, however, dissolve or damage labels or optional coatings and shall not be used on the label side of
the disc.

8.4

Gaseous impurities

Gaseous pollutants (e.g. exhaust fumes and fumes from ammonia and chloride-based cleansers) cause

chenjical reactions that are harmful to optical discs. Positive air pressure shall be maintdined in disc
usagp areas to reduce ingress of gaseous contaminants.

Amnjonia and chloride-based cleaners shall not be used in optical disc storage, handlihg or psage areas.
Poly¢arbonate substrates are sensitive to reactive gases, which cause crazing) Pollutants (chlorine
and sulphide) can accelerate the degradation of the metal layer by acting or accelerating the oxidation
process.

8.5 | Consumables

Opti¢al disc use and handling areas shall be kept free of food, beverages and smoke. Food anf drink pose
a threeat to optical discs, both because they contain destructive agents and because they cap hold other
pollutants. Many foods, especially those containing sugar, have adhesive characteristics that will cause
discq to stick to each other or to other objects. Decaying\food also can result in fungal griowth or the
presence of destructive vermin.

9 Use environment

9.1 | General

Life pxpectancy increases when optieal discs are stored in a cool, dry environment. Tinmje out of the
recommended storage environmént ‘shall be minimized, as this will maximize disc life. Fof acceptable
stordge environments, see [SO(18925.

Duripg use and handling; many environmental factors affect the functioning and life expectancy of
optidal discs. Among thé-most critical factors are

— femperature,

— lhumidity,

— (¢leanliness, and

— thépresence of potential contaminants.

9.2 Temperature and humidity

9.2.1 General

Optical disc life is influenced directly by temperature and humidity. Optical discs should perform
satisfactorily when used under the following conditions, which are typical of non-air conditioned offices:

— temperature: + 5°C to + 40°C;

— relative humidity:5 % to 80 %.
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9.2.2 Equipment temperature

Inserting a disc in a playback machine constitutes a thermal shock for the disc. The disc endures a
temperature variation of approximately 15°C when the tray is closed. The temperature to which the disc
can be exposed can exceed 40°C. Therefore, itis vitally important not to leave discs in playback machines
when the temperatures to which the discs are exposed inside are not provided by the manufacturers.
This shall also be taken into account when determining the acclimatization time for a disc that will be

immediately inserted into a playback machine.

9.3 Water avoidance

A major cauke of chemical degradation of optical discs is the long-term interaction with water thr
absorption by the polycarbonate substrate. Precautions shall be taken to mitigate possible ihcu

of water d
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Direct sunlight or other sources of intense ultraviolet light will produce a photochemical reaction
with the recordable dye layer, causing the ablated dye to fade and the unablated dye to become less
transparent. Heat from sunlight or other broad-spectrum light sources can have a similar effect.

9.5.3 Effect of light on rewritable (RW, RAM) discs

Direct, or direct through windows, sunlight or other sources of intense broad-spectrum light will heat
the disc, causing the phase-changing layer to lose the recorded optical characteristics. Indirect or
filtered light, including sunlight, will have negligible effects on discs in a cool environment. Light has
minimal, if any, effect on RW and RAM discs, for the phase-changing film used in such discs is not light
sensitive, but heat sensitive.
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9.6 Acclimatization

9.6.1 General

Acclimatization is the process of altering the temperature and moisture content of the optical disc
recording so that it can be safely moved from one environment to another with a substantially different
temperature and/or humidity level.

Optical discs appear fairly insensitive to the usual short periods of climate variations experienced
in modern buildings and homes. Nevertheless, all necessary care shall be taken to avoid or minimize
climate changes experienced by optical discs.

Und€r certain circumstances, sudden climate environment changes may occur, e.g. breakfdown of air-
condjiitioning, transfer to another room, shipping by truck, boat or plane. In such cases;physi¢al reactions
may pccur that can affect the performance of the discs. These alterations of perforimarice arfe caused by:

— the decay of the optical properties and of the reflection quality (condensation);
— the dimension variation (thermal expansion or shrinkage);

— H)ending that produces buckle or warp: tightening or loosening stress both for simple disc (CDs) or
or discs made of two halves (DVDs).

9.6.21 Condensation

Watgr vapour contained in the surrounding air can, under-certain conditions, condense. If cpndensation
occufs on a solid surface, drops of water are formedof’'that surface. This interferes with|the reading
of the disc by the laser. A high level of water vapour\can derive from natural climate conditjons or from
poorfair-conditioning control of a room. Condensation depends on relative humidity and tenperature.

9.6.3 Dew point

The dlew point is the temperature at which moisture begins to condense on a surface, corrgsponding to
saturation for a given absolute humidity, i.e. the more humid the air, the higher the dew point temperature.

9.7 | Vibrations
While recording, the recerding machine shall not be subjected to vibration or shock. In playback,

vibrdtion can cause an inability to read data that is evidenced by skipping, freezing, distortion or other
interjruption of theglayback.

10 Transportation and shipping

10.1| Enclosures

Optical discs shall always be kept in protective enclosures (e.g. jewel cases) that hold the disc securely.
These enclosures shall be packed in cartons or containers when shipped. To mitigate negative
environmental factors, optical discs shall not be removed from the buffering effect provided by their
protective cases when in packing, shipping or receiving areas. To further buffer optical discs from
exterior environmental factors, they shall be packed in additional, non-dusting material for shipment.
Protective packing also is required to avoid damage to jewel cases.

10.2 Cartons

Cartons and containers used for transporting optical discs shall be built solidly to protect the discs.
Each carton shall be inspected to ensure that it is intact and capable of bearing the load. If the quantity
of optical disc enclosures is not sufficient to completely fill the container, the free space shall contain
packaging material so that there is no movement of the discs during transport. It is recommended that
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optical discs be packed in cartons with shock protection packing, e.g. bubble-pack or padding. Shipping
packages shall be resistant to water and dust and shall be sealed to ensure that contaminants do not
enter the package during transit.

10.3 Exposure

During shipping by public and commercial transit, the disc containers may be exposed to adverse
environmental conditions. Common carriers will not guarantee against extremes or rapid changes in
temperature and humidity.

EXAMPLE The cargo bay of any aircraft can have rapid environmental changes and extremes, from a hot,
damp envirofiiment on a tarmac to a cold, dry environment when alrborne.

These conditions can be detrimental to the physical integrity of the discs because of very different
coefficients fof humidity and temperature change between the various components of the dise’laminate.
To protect the discs from rapid environmental changes, the shipping container shall béwell insujated
and sealed.

10.4 Security

Discs whichhave permanent value (e.g. master discs, unique or original recordings) shall not be loanged or
shipped without making sure that all criteria of this International Standard are met by both the shipper
and the recipient. As a rule, duplicate or back-up copies should be shipped in the place of master dliscs.
At no time shall the disc containers or the vehicles in which they are being moved be left unattended in
open areas. [[his minimizes disc deterioration and reduces the pessibility of theft and damage.

10.5 External fields

X-ray exposjire, e.g. from airport baggage screening machines, will not harm optical discs. These fiscs
can be exppsed to magnetometers, such as hand¢held security wands. The strong magnetic fields
generated by these devises will not damage the récording.

10.6 Biological irradiation

Optical discs shall not be exposed to high power biological decontamination scanners. High lev¢ls of
radiation cajn produce sufficient heat to melt or deform the discs or their plastic containers.

11 Inspegtion

11.1 Genefral requirements

A visual inspection of the disc will help to detect any damage, abnormalities or contaminants oh the
surface, on the’edges or within the disc. The visual inspection is performed best while holding the disc
by the edgeland optionally the inner hole. For more effective inspection, tilt the disc while viewinlg the
disc surface in various angles of light reflected from a defused light source and/or indirect light. The
varying light reflections highlight damage, abnormalities or contaminants that otherwise might not be
detected by an initial inspection.

A visual inspection of the disc is recommended before recording or playback. Such an inspection is
extremely important before recording on a disc. A small amount of dust or fingerprints can reduce the
initial quality of the recording.

Many conditions impede proper disc performance. They may be broadly classified under three headings:
— types of damage, which include scratches, cracks, chips, peeling labels, warpage and breakage;
— abnormalities, which include bubbles within the disc, internal scratches or marks, clear areas within

the reflective layer, off-centre adhesive labels and discoloration;
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— contaminants, which include dust, dirt, fingerprints, food products, adhesives and liquids.

A slight difference of shading is normal between the recorded area and the non-recorded area of a
recordable or rewritable disc. The shade closest to the centre of the disc is the recorded area. Problems
in the disc outside this area that do not affect the spinning of the disc will not affect the readability of
the recorded area in the disc.

During playback, any of the above-mentioned conditions that are severe enough to cause noticeable
errors can have minor to catastrophic effects on disc performance.

Common indicators of discs that need immediate inspection include the following:

a) 1Inusic that clicks, or video that skips, repeats, freezes or does not play at all or exhibits other
qrtefacts;

b) ¢omputer program where one file or more does not load properly;
c) 4ny form of data that is read partially or not at all;

d) 4bnormal sounds emitted from the drive.

11.2 Error rate monitoring
For those with access to necessary equipment, the periodic. monitoring of error ratep and other

parameters (e.g. jitter, asymmetry, tracking) while discs are being stored is strongly recomimended.

12 (Cleaning and maintenance

12.1 General

Opti¢al discs do not require routine cleaning. It is best to clean the disc only when contgmination is
visible or when readability is impaired; ds/any cleaning has the potential to cause damage.

12.2 Solvents and cleaning compounds

If clganing with a flow of air'or-dry wiping fails to remove debris, water or water-based lgns cleaners,
detergents or surfactantsformulated for cleaning optical discs shall be preferred to clean the optical disc
surfdce. Isopropyl alcohel, methanol and hydro-fluoro-ether may also be used, as they will jnot dissolve
the polycarbonate. Salvents (e.g. acetone, benzene and xylene) shall not be used, as they will|dissolve the
poly¢arbonate and'damage the disc beyond repair. Some solvents may damage the identification label.

12.3 Cleaning methods

The polycarbonate substrate is a relatively soft and transparent type of plastic. Each timg the disc is
wiped, rubbed, treated with a solution or otherwise manipulated for cleaning, the substrdte, and thus
the disc itself, are at risk of being scratched or contaminated. The use of anything abrasive (including
paper products such as lens paper) to wipe the disc shall be avoided.

If the disc needs cleaning, the following practices described below shall be used.
a) First, use a gentle stream of air to blow or vacuum off dust and dry debris.

b) Debris that cannot be removed by an air stream should be removed by wiping the disc gently in a
centre to edge direction with a non abrasive cloth. Discs shall never be wiped in a circular pattern
following the circumference of the disc, as this can cause abrasion along the recording path of
sufficient length to overcome the disc error correction system.

c) Debris that cannot be removed by gentle, dry wiping shall be removed by wiping the disc gently
in a centre to edge direction with a non abrasive cloth that is dampened, not wet, with distilled
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water, isopropyl alcohol or methanol. Care shall be taken to avoid wetting the label side of an inkjet
printable disc.

13 Disasters

13.1 General

Optical discs are highly susceptible to damage in environmental disasters. The four most common

problems ar
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hibits playback and exposes recording layers to potentidl oxidizing or fading of the dye |
serious dye fading of the recording layer destroysthe recording.

s

ype of disaster is prolonged exposure.to water. Discs are at risk from exposure to W
emendous variety of sources from which the contamination can originate. Water expd
om many sources, e.g. roof leaks flooding, broken pipes, malfunctioning bathroom fixt
bwer problems, fire sprinkler systéms and spilled drinks.

water and various other liquids can seriously weaken or destroy the structural integr
ing in layer separation and/or oxidation or dye fade of the recording layer. Water or moi
se removal of the identification label. Water may contain contaminants that leave a re
disc, or which mayfinteract with the disc.

irios, discs' may be exposed to heat, smoke, water, fire suppression chemicals and dq
e contaminants has a different effect.

If exposed tg stfficient heat, discs will deform, melt or burn. Deformation interferes with tracking o

disc
rially
from
Even
'ding
rs of
ayer.

rater,
sure
ures,

ty of
sture
tidue

bris.

n the

disc or the ability of the disc to spin properly.

Damage during a fire is often caused by smoke. Smoke will affect most discs in the general vicinity,

leaving an o

ily film on the surface that interferes with signal retrieval.

Fire also produces particulate debris that may be deposited on the disc surface.

13.4 Dry debris

Unless a disaster results in fire or flooding, the primary concern is exposure of the discs to dry
particulate debris. Most dry debris will not interact chemically with optical discs, but disc surfaces
are highly susceptible to abrasion by contact with dry debris. Debris that adheres to the disc may also
interfere with signal retrieval during playback.
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13.5 Impact from disasters

Discs are highly susceptible to damage from impact. Physical damage (e.g. abrasion, scratches, cracks
and gouges) can be caused by falling or the impact of collapsed structures. Discs not contained in
cartridges or jewel cases are particularly susceptible to these problems.

13.6 Repair

Devices and methods to repair optical discs include sanding, polishing and/or filling of flaws in the disc
surface. Pastes applied by hand may provide improvement for very light scratches. Commercial quality
disc repair machines can provide reliable repairing of light or heavy scratches. These machines sand and

re-p(
drive
be us

14 )

lish the disc surface. Non-commercial quality repair devices, including hand-held dey
-type devices, are not recommended. It is recommended that only qualified personhel
ed in attempting to repair optical discs.

Disaster response

14..1 General

Opti
ares
has i
and ¢
subijd
strug
perfq

14.2

Disc{
and

deco
Clau

All w
as pq
shall
Discs
imm

14.3

fal discs exposed to disasters may not be destroyed by the initialexposure, but may be
ult of improper handling after a disaster or from delay in remedial work. As soon as a

een secured against possible injury to personnel, discs shall be treated to mitigate co
lamage. While discs are fairly resistant to chemical decay over short periods of time, thg
ct to physical damage. They also may be contaminated with chemicals that will react
ture during extended exposure. If possible, boththe handling and the decontaminat
rmed by specialists. Migration of data to a new disc may often be desirable.

Wet discs

are particularly vulnerable to water damage. Biological contamination, oxidatid
lelamination can occur within 24:h of exposure to water. Where liquid is present, d
htaminated and dried as soon as possible. Decontamination shall be performed as
el?.

et paper and cardboard, excluding labels, shall be removed from the vicinity of the dis
ssible to reduce water retention and potential fungal growth. If fungal growth is def
be treated only by trained personnel.

shall not be‘returned to long-term storage before decontamination and drying.
bdiately aftertinitial drying, further air-drying for several days may improve playabilif]

Drydiscs

Dry

ces or small
hnd systems

damaged as
disaster site
htamination
by are highly
vith the disc
ion shall be

n, dye fade
scs shall be
specified in

's as quickly
ected, discs

If discs fail
.

particulate debris can become airborne and spread easily to the surrounding e

hvironment.

Contaminated discs shall be isolated until decontamination is completed. Dry particulate debris shall
be cleaned as specified in Clause 12.

15 Staff training

15.1 General

While the handling of optical discs may appear simple in comparison to legacy formats, emphasis shall
be placed on the proper handling of all media. Only trained personnel shall handle optical discs intended
for extended-term usage. The preservation and effective use of information contained on optical discs is
directly related to, and enhanced by, a regular staff training programme.
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15.2 Purpose

The purpose of a staff training programme shall be to achieve the following goals:

a)
b)

c)

a significant level of technical competence among staff;

familiarity with the functional characteristics of equipment;

electrical hazard avoidance;

d)

knowledge of policies and procedures governing work.

awareness of required safety procedures, including fire control, and chemical, biological and

15.3 Train

An effective]

one for

one for

Whether sta
shall be sup
to its indiviq

15.4 Schedlule for training

New employ
shall receiv{

15.5 Upd

Staff train
changes, m
redirection

15.6 Conte¢nt of training

Staff training programmes shaltinclude the following components:

iavrg programmes shall be revised.<ahd updated whenever major changes occur (e.g.

ing paths

training programme shall consist of at least two paths:
hew employees, and

staff already employed.

ffmembers are paid or volunteer, they shall receive training. Thefermal training progra
pblemented by day-to-day supervision. Each organization shall develop a programme s
lual circumstances and needs.

ees shall commence training prior to handling of eptical disc media. Staff already emp]
updating training sessions at least once eachtyear.

e of training

hjor equipment changes, significant technology or manufacturing changes, signif]
pf mission and services).

goals and objectives of the organization;
descriptiens, stating the roles and responsibilities of each staff member;

bd standards and bibliography of other information relevant to the work of the reposit

mme
hited

oyed

staff
icant

bry;

plines and policies governing preservation and access to the materials;

cataloguing, labelling, shelf arrangement;

occupational health and safety;

instruction on the handling of optical discs and their containers;

read and/or write devices;

a) mission|
b) positior
c) publish
d) all guid
e)
software);
f)
g)
h)
i)
j)
20

maintenance schedules and procedures for equipment used in the facility (including hardware and

physical facilities issues and concerns (e.g. location of fire alarms and emergency shut-off valves);

basic instruction on the various physical and chemical compositions of optical discs and associated
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k) actions to take if a disaster occurs.

16 Minimum handling requirements checklist

16.1 General

This checklist is not a complete guide or summary for optical disc care and handling. It contains only
those items that experience and testing have shown will have an immediate or severe effect. Failure to
adhere to the items on this list may cause premature loss or deterioration, and should be considered
misuse of the medium. These are minimum handling requirements, summarizing good practices that

are

16.2 Do list

Becojme familiar with proper techniques for the care and handling of optical disgs; as outlin]

a)
b)

‘)
d)
€)
)
g)
h)
i)
)
k)

16.3
The :

I
q
|
4

]

|
I

q

|
|

$tore discs in a stable, cool and dry environment in accordance with ISO 18925.

$eek experienced help-asSoon as possible in the case of a disaster.

plained in more detail and expanded upon elsewhere in the text of this International

andle discs gently, touching only the outer edge and inner hole.

eep discs in protective and unbroken jewel cases when not in use;after removing pi
iner notes.

Protect both discs and machinery from dust and debris.

Jse only new discs when recording for long-term storage.

\cclimatize discs if below the dew point.

nspect discs for damage or contaminatien before use.

[lean discs before playback if they.show any evidence of dirt or contamination.
Learn and use correct procedures-for operating equipment.

Package discs adequately forprotection before shipment or transport.

Not-to-do list
hctions listed‘below are to be avoided.

Do notexpose discs to temperature extremes.

Standard.

ed below.

inted paper

De-not store discs in an area subject to dampness or possible water leaks.

Do not expose discs to UV radiation, including the sun, for extended periods.

Do not expose discs to food or beverages.

Do not drop or throw discs.

Do not stack or place objects on top of unprotected discs.

Do not touch disc surfaces with bare hands.

Do not leave discs intended for long-term preservation in drives.

Do not force discs into cases or machines.

Do not play discs that are dirty, contaminated or wet.
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