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When CO-ROM was infroduced in 1883, it started a revalution in data
storags that is still going on. But it was not until 1992, when the first desktop
CD Recorders were shipped, that the real power of compact disc reached
consumers. The ability to make on ones own deskiop as few a8 one disc with
up to 650 Megabyta of data in a formal that was readable on any compater
with a CO-ROM drive, made massive dala starage and file interchange a real-
ity. That revalulion is continuing with the advent of DVD-Recordable in 1998,
allowing up to 3.9 Gigabytes on a single disc. In the next year or 5o, storing
the full 4.7 Gigabytes specified in the DD standards will be possible.

What does this mean for those of us wha have large datasets to archive
and distribuie? Power, religbility and, thanks, to the standards-driven formats,
the assurance that we will rof have to consiantly migrate (o newer media just
to be able to read our files.

These somewhal broad statements are supported by the facts. Let's start
with a discussion of the physical atiibutes of recordable compact disc media,
then discuss data format standards.

Physical Characteristics & Manufacture of CD-Rs & DYD-Rs

The materigls used in archive-guality recordable compact discs ane ex-
tremely stable: palycarbonzte, gold, polymear dye and acrylic lacquer. If prop-
erly stored and handled, good quality discs that are well-recarded will last for
decades, and prabably centuries. The catch, of course, is how to be sure that
your owm discs are geod quality and well-recorded. This is not as easy as it
should be, but now there is a standard (ANSI [T3.217) that provides guidance
far how ta test, store, and handle CDs to prevent deterioration of the physical
medium 1o 1he point of unreadability.
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Testing equipment and testing sarvices are available from several compa-
nies for those who absalutely must know if their data is properly recorded. For
others, who cannot afford aither the specialized lesting equipment or individual
testing by a service, redundancy and periodic re-recesding is affordable thanks to
the: fzet that CO-R offers the lowest price per megabyle of any recordable me-
dium avallabla today. Even with adequale testing facilities and well+ecorded
discs on good media, though, making sevaral capies and storing them in differant
Incations is the best procedure for critical files. Luckily, CO-R media is inexpen-
give, 50 this is not @ very costly thing fo do.

Just what are the oplimal condilions for storing and handling compact
discs? Stated simply, a normal office environmant (perhaps a litthe cooler than
some) is idedl: low humidity, moderate, stable temperatures and filtered light.
The: condifians that damage discs are high humidity, high temperatures owar an
extended lime (especially when combined with high humidity) or rapid tempera-
Ture changes, and exposure |0 broad-bandwidih light that could cantain wave-
lengths that would cause the photosensitive dye [ayer to decompose.

Recordable Compact Disc Composition

CD-R and DVD-R discs start with an injection-molded, optical-quality paly-
carbonate subsirate, which has a spiraled track pressed info it (propery called a
wohbled groove) o ensure compatibility 2mang users. This graove provides a
path for the recording laser to fiollow. On the grooved or data side of the sub-
strafe, a palymer dye is applied (it might be either liquid or a film), fhen the reflec-
tive metal (gold or a silver alloy) is sputiered on, and a Uv-cured lacquer is spin-
coated over the metal to protect it from abragion. A label, printable or profective
surface may be applied over the [acquer, but that is optional,

These materials are individually and in combination very stable, Polycar-
bonate may over time absorb moisture and become clouded (heal accelerates
this process), but if the humidity and temparature are controlled and moderale,
that will take a very long time, up to centuries before the substrate is sufficiently
clouded to prevent reading by present-day devices. The polymer dye is also
chemically stable, allhaugh it must be sensitive to certain wavelengths, since that
is how the data image is recarded. If the dye is protected from expasure (o these
wavelengihs excepl during the recording process, the dye could also lzst for
centuries sealed within the disc strecture. If the metal layer is 24K gold, the non-
corosable properies of this noble metal ensure that comosion 1o the point of
unreadability will not oocur during the lifstime of the other materals. Clher metals
are sultable for discs used for applications other than archiving, but shauld
probably be aveided for long-term data storage,

Dr. John van Bogart of the National Media Lab wrole ma (see btz
co-nfo.com/CDIC Industry/news/email-220428.5mi) that recent tests they have
done on CO-ROMs shaw life expectancies exceeding 100 years, and they are
frequently crilicized by the industry for baing too conservative, Since audio CDs
ane made with the same materials and using the same procedures (although with
less errar comection coding), they should last nearly as long. More information on
Ihese tests might be available at the NML website (hilp:fwaww.nmlarg), bul given
ihe problems they have had with misused materials from their site, maybe not
Read the whole stary &l hitpdeww cd-info.com/CDIC ndustry/news/media-
profblem.himi

Hazards to CD & DVD Media

The biggest dangers o discs that are well-made and well-recorded are
improper storage and handling. Scralches, even very tiny anes, can accumulate
and either allow the metal reflective surface to ba interrupted, or occlude the
polycarbonate substrale 1o the peint of unreadability, and clouded polycarbonate
fram high temperature and humidily could prevent reading by a laser baam,
which must travel through this layer on the way o and from the reflective surface
before rezching the laser pickup sensar in the reader. If the metal layer is miss-
ing or coroded, or If the substrate is opague, of If the dye layer deteriorates and
beccmes cpague to the reading |aser's wavelength {in places whera it should be
clear), this laser beam will not be reflected back to the reader, and the signal will
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not be recaived by ihe decoding circuilry. The accumulation of enough of these
errors {called BLER ar Block Emar Rate) will cause the reader’s emor detaction
error comecton drcuils 10 reject the disc as unreadable. For more information
apout BLER and other disc testing issues, please see "ls Therz a CO-R Media
Problem® by this author on The CD Information Center website.2

The disc is recarded by buming it with a laser, According to The Compact
Disc Handboak by Ken Pahlmann:

The recording mechanism itself may be describad as a heal-mode memary.
The recording layer is aclually a photo-absarbtion surface in that it absorbs
energy from the recording laser as heat. Temperature at the focused spot
rises above 250 degrees cenfigrade. This causes the substrale layer to ex-
pand info the absorplion layer and mix with the dye materials there. To-
gether, the palymer mixed with dye decomposed from heat acts to form pits
in the substrate. These pils create the change in reflectivity required by - stan
dard CD player pickups.®

The readout wavelength and power is difierent from that used to recond

discs, so there Is no danger of a reader inadvertently recording to a disc.

Standards and Data Formats

The questicn anses of whether these compact discs can be read 10, 25, 50
or 100 years from now. Compact Dise is the first data storage technology lo use an
industry-wide accepted, cpen standard, cross-platiorm data farmal. If dises are
made to meat this standard {or group of standards), they will aimost cerainly be
accessible by fulure backwards-compalible disc readers, Of course, it is also ad-
visable to ves standard file formats that are likely 1o be supporied, as well as fol-
lowing the disc data formats. Operating systems and programs change much mare
rapidly than disc data standards, which should be kept in mind when making ar-
chive discs for long-term storage.

The compact disc industry has recognized the imporance of dise farmat
standards, and at least today is committed to maintaining such backwards com-
palibility. Like anything else in this world, that could change but right now it looks
goad. Te help maintain that commitment by the industry, concerned usess of he
technology should became aware of frends in the CO indusiry, participate on stan-
dards committees, and let the manufacturers know about their desire far back-
wards compatibility. They do listen. This was made evident when DVD was first
proposed o use a formal not backwards compatible with CO-ROM or CD-
Recordatle. Users and commentators raised their voices and fold the industry this
would be an important factor affecting eventual acceptance of the naw technology.
Mow, the MultiRead format has besn developed and accepted by 8% of DVD-
ROM equipment manufacturers, ensuring that most 3rd generation and later read-
ers can access data on CO-ROM, CD-Audio, CD-Recordzble and CD-Rewritable
discs as wedl as on DVD media

Another development of interast during the transition period from CD-ROM
and DWD-ROM is the fact that image files formatied with the DVD-ROM standard
can be recorded and used on CO-R and hard disks as wall as an the more costly
DVD-R media. This means that for dala up 1o 650 MB, CD-R media can stil be
used, and with the backwards compatibility discussed above, will not require mi-
gration 1o DVD-R media just to be usable with OVD-ROM readers. OF course,
these DVD images can only be read by DYD-ROM drives, but there are good rea-
sons to use the DVD format rather than earlier CO-ROM standards: compatibility
across platforms is much better than under the older formats.

According ta Mark Ely, in Fubfishing in the Age of DVD:

Faollowing the recommendations of the Hollywood advisory committes, the
VD Consortium included specific audio and video formats as well as inter-
acfive functions into tha OVD 1.0 specification. This is a major advantage
that DVD maintains aver CO-ROM. In CO-ROM there is no single specifica-
tion far audio, video, or & file system. This has led many multimedia develop-
ers ta invent their own audiofviden fomats for defivering Interactive content.
Unforlunately. there is no quarantes that content authored and developed for
ane configuration of a CO-ROM equipped computer will work with ather mod-
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els. Since OVD has specific audio format, video formats, and a file system,

content authaored for DYD has the advantage of crass-platform comnpatibil-

[ty

Mere information sbout OVD and OVD-ROM can be found in Jim Taylors
DVD FAQ* and other web sitas. A list of DVD related websites 15 available from
The CD In formation Canter wehsile as wall 7

Conclusions
Reliable, long-lived media and industry-wide standards, combined with affordable
prices and large storage capacity, make recordable CO-ROM and DVD-ROM
excallent choices for long-tem, large data set archiving. [l

Katherine Cochrane Is president of The CD-Info Company, Inc., publisher of
information products about the Compact Disc industry, technology and applica-
ticns, <http:iwww.cd-info.come= She can be reached s kathanne@od-info.com

1. Amencan Mational Standards Institule, <htip:fwww.anst.og>

2. Caochrane, Kathering W. |3 thare a CD-R, Media Problem? On the CD fnforma
fion  Cenfer.  <h#p:feww.cd-info.com/CDIC Technology/ CO-RiMedial
probiem. htmi=

3. Pohlmann, Ken C, 1992. The Compeact Disc Handbook. 2nd ed, A-R Edilions
Inc., Madisan, Wi

4, The Oplical Slorage Technolegy Association website <hirp:fwww.osiz.org=

5 Ely, Mark, 1988, Fubiishing in the Age of DVD: A Primer for Creating
Confant for OVD. 3rd Ed. Sonic Solutions. <htlp:fiwww sonic.coms

8. Video Discovery web sile al <http-fwnew videodiscovery.comfvdywebidvdy
dudfzq html>

7. Cochrane, Kathering, DVD Information Page in The CO Information Canter,
19958, <hitpcvesw.cd-info.comidvdi>

Take the following
microanalysis quiz

What is the thickness of my film?

Does the beam penetrate that particle?

What is the best kV to use for this sample?
How wide is the beam in my E-SEM?

How much does an incorrect analysis cost?
How can | improve the quality of my analysis?

Maybe it's time to take a look at the software
that can answer these guestions

Electron Flight Simulator

Analysis Simulation and Modeling Software for Windows
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