's Holographic Storage
A Viable Alternative

for Space?

While it shines in rugged environments and offers gains
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in capacity and access speeds, helography still faces an uphill fight .

5 space missions venoure

farther into the depths of

the vuniverse — and far-

ther from Earth — en-

Bineers are preased o devise dara
storage syatems that will prove more
capable and more rellable, While
holegraphic sterage haso't been cho-
sen yet as the answer to these prob
lems, its large storage capacity, fast
record and access lmes, and ruggerd
design might someday be able to offer
space applications what they need,

Developers of holographie storage
already have their eyes on the gen-
eral computing markel, hoping to re-
Place other oplical discs such as CD-
ROMs and digital video dises. Bt il
the technology ever has a chanee of
cormning down ta a competltive price,
it must find sueeess in niche mar-
kets, such as archival applications
requiring a huge capacity and very
Fast retrieval times,

Space missions could make use of
holographie storage capabilities. For
s proposed mission 1o Flule, NASA
plans to boost the memory capabil-
itles of the spacecraft, according to
Tom Fraschettd, manager of the ob-
servadonal systems division ac the
det Propulsion Laboratory (n Pasa-
dena, Calif. Because the data rate
from Pluto is so low, the missien will
have o be able w store some data

by Aaron J. Hand"
Senlor Editor/Technology

onboard while other data are being
transmitted back to Earih, Con-
ceivably. such needs will anly con
thieae 1o Hroaw,

But the space industry is nod going
£ farm on anew cechiology [ust be-
cause it's advanced. A technology
must prove s warth, prove thar i
can offer something considerably
moee advantageous thon the last de-
sign and that 1 can do so without
foreing the players 1o spend much
MOre Money,

Holographic storage has its work
cut out for i, [ may be able to offer
capacitica 100 times that of olher
storage technologics and recrlove a
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Lillion bits of data o cne seconsd. b
iCE can't do 5o ar a competitive price,
and if designers can't convines usors
that they need these kinds of capa-
bilides. then the technology will ge
nowiers,

How it works

Holographic storage aciually Las
been around for decades, having
breen proposed Orac in the 196068, B
photonics techoology has seen sov-
eral advances, particulacle in e L s
10 years, that huve enabled this soor-
age svslem wo be alken mare sev
eusly. Improvements i spatisl lici
madulaters. detecior arraves and niw
terials have helped holographic soe-
AZE progrees. Other componens,
such as laser dlodes, will allow
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designers to get the syslem down 0
a reasnralble size.

Holographic slorage wses volu-
metric i'mlugmph}'- in which the in-
fermation is stored throughoul (he
volume of the mateeial. Other storace
syslems such as CO-ROMs and mag-
neto-opie systems sioce information
only on the surface,

(v bhotographis sterage, each bit of
dala s stored as an tnterferencs pal-
tern throughout the storage mediom.
First, the data — whether imades or
bir arrays — are puLanio spatial ight
miocdulators, tvpicaliy liguid crvstal
display devices, representied in cross-
word-pusdelike patierns of on and off
pixels. Qe laser beam alkes on the
data when it shines through the spa-
tial light modulator. This beam inter-
feres with o relerenas haam o creats
tnierlerence on the storage malerial,
therely storlng the data. The stored
data then can be retrieved by shin
ing the reference besso cnlo e stor-
age material al the same angle al
which it ereated the holegram.

Page at a time

What makes recording and re-
wrieval times so fasc labout 1 Gh/s)
1w the Tacl thad the infarmation 1s
siored a page at a tlme. The more
PEREES & SVELEM Can Slore N one spoed,
the faster the access dmes and the
greater the storage capaciey. 5o de-
velapers are vsing angle muliiplexing,
in which 1he relerence heam shills
abronat DO0LT Tor cach page written.

Seill holodraphic slorage sysiems
face a significant challenge because
the areal depsity of the zquares of a
spatial lght medulacor is about 440
vimes less than that of oday's hard
drives, according to Ecic Elas, se-
nior industey analyst with H5E)
Copsulling in Menle Pack, Calif

“In erder to be exciting, this {ech-
1||_|I-:_:-§_q reeedls [ e alale i ceyeral
1lwousand pages In cne spot. and Sco
lar 1 haven' seen anyands demon-
arrace this level ol perdformance,” Elias
sanled.

Rockwell Science Center in
Thowsand Caks, Calill, bas devel-
aped & helographic system that can
[t 1004 i:ui:lgl_'.-j orla ane spot, ac-
rording o John Hond. manager of
the microvwave and photonics de-
parcmet.
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a1 the Massachusetts Institute of
Technoelogy in Cambeidge, Mazs,,
researchers are hoping thefc syslem
will be able o place 15,000 pages on
one spot, salkd Sclim Shabriar, re-
search scientst at the losticute’s
Research Lalboratory of Electronies,

What makes the MIT sypslem's ca-
pabilities so high is a new holo-
graphic material. called photopoly-
mer with diffuston amplification, that
wias developed by Russian sclentists
and improved by Shahelar and other
MIT researchers.

The major stumbling block io holo-
graphic storage invelves indiog and
cxplaiting the right storage material.

Lithivm niobate crysials pr-:-'fluusiv

were thoupht to be
the srswer, bul 5e0-
cral developers have
abandonad them
{avor of palymers.
Tiae difficult search
is o for a material
that w7l hold the
darta indefinitely,
ihat will e corsls-
tently reliahle and
that wooan't be foo e
Pensive,
Photopolymers
last a reasonably
leng time., accerding -
te Yong Qhag, chiel
engineer ar Holoplex
[ne, in Pasaden,
Calil. Afler the holograpbic system
exposcs the material with an infer-
lerence pattern. ultravielet tech-
miques [x the patlern ente the ma-
perial, Although some covstals last a
lomg time, others decay quickly.
The availability of comumerclally vi-
able materdals s 0]l an ohstacle,
(3o said, s almost there, boat not
guite.” be sald, “There are a lot of
parameiers to consider, with the
three main ones bedng sensilivity,
slorsse e and dynarmie ratge. For
commercial applications, the mate-
Tlals need 1o be very reliable.®
Although photopolvmers look in-
teresting, SR Elas said, shrinkage
al the flms could Limit the nomber
o ]||_|I|_|Er."|1113 that can be srored.
“Thiese films shrink during exposuce,
and may also move around due oo
changes In temperature o huwomidity,
anad that coubd be a problem,” be said,

e
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o

Foclowel] S0 vses Lithiam niokbale
because it alfers an attractlve thick-
ness fwhich alfecis bow close o-
gelher holograms can be stored), but
Homng sald the cormpaey is 5100 look-
ing for a more viable alternative. The
phoorefracidve crystals, be sald, are
sHI too varlable from source 1o
souree, and oo expensive,

MIT s material is a Plexiglas sub-
sirate with a special dye put ineo i1,
The development process lar 1his
material is dey, which allows re-
scarchers to use a very thick holo-
gram, “Once we've made the holo-
gram and fixed it there's no shrink-

age, " Shahriar said.

There are scveral approaches (o

the shape L:-J the hlJlng‘l ﬂphlt malm-
ial. One approach invelves a cube ol
matecrial that wses an elecire-oplic
scanning rechnigue to access cach
lecation. Another is o dise. a B
thicker than a CO-ROM. that allows
storing information along (be deptls
of the dlisc,

Finding a niche

How materials research develops
could make or break halographic
atorage's coirance inkoe the marker-
place, iag estimates that icowill be
several years before i is comamanly
marketed, noting that its price 1ag
will keep it in niche mackels ag fGese.
“I°s a relatively new technology, ol
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doeso’t have the volume (Bal other
starage svstems have,” he said.
The space industry is one niche
thar could make use of holography's
capabilites, according fo Qiac, With

Photonics andthe Universe s = o m m =
Holographic Storage

all the data and images that gec
downloaded Trom satellite Inks or
planelary missions. the ndusiry
could use a storage device with a
large capacity, Also. bolography's

high recording rate conld helyp
data move across those lnks &0 g
higher speed.

Althiough developers are w041
searching for the perfeet materal,
the nature of velumetric storage
makes it inberently robust, which
makes it suitable lor rugded ey
ronments. When iofoermation is
stored in a holograrm, 1t = distrb
uted throughout the velums of he
rmaterial. Each bit of informaticn neay
e stored over thousards of hiz lo-
cadons. IF vou seratch the sueloe,
viol S0 can retrieve che informerion.,
Conversely, if you scratch ihe
surlace of & CD, you lose the inlore-
mation stored ot that spoi.
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Rockorell i= part of the Holegraphic
Lrata Storage Syslem Consorliom, @
universicys indusiny S goveriment ver-
ture Including 1BM, GTE, Hodak,
Optliek. Fochescer Phooonics, S0,
Stanford Universily, the University
of Arizona and the Universicy of
Lavion. Rockwell's role 15 te develop
Npished svatems for rugged envi-
ronments, The storage medium s
muore radiation hard than semieon-
ductor memory. so it docsn't suffer
a5 much from a single-event upset,
Bt holographic storage's capakbill-
tics in TLLE;ECI!'] covironmenls come
more [rom the system's configura-
tion as a aalid-siale :-_;I1.'.=_;‘|_|_-.rr|. \:l.-'j.1_'|:| T
moving parts, Hong said. “We doni
have to apend as cuech dme roggedi-
g our system as you weald with a
hard disk drive,” be sadd.

Halographle storage faces not only
obstacles with malerdals and price,
but also competition feom existing
techinglogies, “The blg problem thar
this technology lfaces is that i's

Mghting a meving larget,” said SR['s
Ellas. whe thinks the window Tor
holographic storage could close
within five years.

Good encugh for most
Magnelis storage is a perfoedy good
solution for most applications and
coniinues (o mprove at a rapld pace,
[t has its own Meore's Law, he said,
similar to that in the semicenducior
indusiey, with capacliy doubling
about every year and a half,
Holographic storage capaclties arg
often listed at 1 Th, which s the
cuivalent of 125 GB. Holoplex is
working on this capacity on a S-in,
dise, with a recording specd of 100
Mbss and a transter rate of 1 Ghis,
Although that may sound high. it's
e longer high enough o warcant
investing In a whole new echool-
oy, Ellas sabd, Haed drives are in
the 10-GB randge pow. Seagate re-
cently came out with o 30- GB box,
incorporating 14 disca. s hecoming

....Photonics andtheUniverse » w« = « w wm m m = ® 0 0 B E - g
Holographic Storage

passible to envision a 1080-C B hard
drive with [00-MEBE /s transler rates,
Elias said.

MIT, however, aims for a suwrage
capacity of 1 TH, with recording ang
readout speeds at 1 Ghes, Fove vears
aga, MIT researchers thought they
could reach a capacity of {00 GE,
Butl thanks primacily 1o 15 pho-
‘tl:.‘-]:ll:.‘-]'_l.'?l'.l'.ltl:' marterial, I_!lq'_'_u lsvs much
higher bopes. They koow. in facy,
that they must do mouch beser than
100 GBI they are 1o gel users o
swAtch 1o e new dechnologsy,

And they are going 1o have o mos
Fast to stay abead of magntic sior-
age, "We feel very pressed o bring
sorething to the market o= quickly
as possible,” Shabiriar sod, “The
magoedls memery Indusiey s grow.
ing & fast, we have w keep oace with
the e of grorh chere. e v oo
do it slowly, we will alwars be be-
hind. Three vears ia all wo have
demonstrale something: o herwise,
we ikt as well forget i 0

" Procision sdisalle ing ligts toe
amalier or brighter in the real world
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