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TI TLE "OPTI CAL STORAGE SYSTEM' :
FI ELD OF THE | NVENTI ON THI'S I NVENTION rel ates to an opti cal
storage -system 5 incorporating a conpact optical storage means and an
optii cal YWEERY/02563 . particular it relates to a hol ogr aghiategniss al
storage card able to store | argé anmounts of data in a relatively
smal | area and a read/wite/erase Head for use with the storage
card. BACKGROUND_TO THE | NVENTI ON 10

Current electronic parallel conmputers arﬂl&ﬁpabl e of processing
ggﬁl?estedrgﬁlffl mleln !tﬂteod;'?: i nvol v@?gggﬁﬁl n ﬁﬁ En%vﬁlefm(r:rgpybgf t he _
s Ts typical ly E”‘”Sfe”ed tmwmé or obl ams. Such s 15
sci entifi %:lpsi mul gti @‘%ﬁﬁ?ﬁﬁﬂe CQ c&natpmlﬁﬂ ﬁbtﬂmee systeg) ass

[ ncI udes 3af210 %ﬁﬁgzpknoﬁwgﬁ%gm%mnt%ogl c%??#yné,

i mage processi particular it relatesitona halographic @pticak stogage card able to gsterei c

storages and docunent retrieyal.. These applicgtions are

i nput / out put i I‘ﬁ"&?s?m@uaﬁj"f dala UhatYégi"E!Y Wbﬁ&)ﬂ S fead/wrfelerass ocess

a vast anount | n .~ main nmenory but nust be
\nﬁt?to 8'3it¥agh'dard

retrieved from secondary rage. Therefore, the performance.

of the secondary nmenory systBAG_ﬁB&Wand is usually

?re;ﬁ;][neped Pgst\(/\?nf %ﬁtorsl é 8ra@bﬂﬂsa"e!3 cagam ta}/%iln gggog and &?t ?rust

be as high as pptsi & Pateb wel GAto fs eFmpgfange Tneséepéaef‘ra{es K88

with the constant increase | n database vol unes, nmust al
access to Teralaﬁmeﬂoulytwhemthemmmmmde mrthemammemoryofmeWth

"1 or mati o i o SYatR e €86 s, BaRfER o 158 Hratessind e 2t igh geessor 30
'ei'”e%?r?2“??2%2“*‘&%2*3?@3&"0?'*%%%5?“?% WWWW%‘*%
t anper ed M t h, seirntificssimedationsi and fpating paintcaleulations)a Acdifferenticlass of e
problems, known collectively as non-numerical processing, includes data
and knowledge base management, logic inferencing, image processing,
machine visioh, computer-generated holographic storage, -and document
retrieval. These applications are inputfoutput intensive and rely on the
20 computer's ability to process a vast amount of data which cannot fit in
main memory but must be retrieved from secondary storage.

Therefore, the performance of the secondary memory system
becomes crifical and is usually determined by two factors: storage
capacity (in Mbytes) and data transfer rates (in Mbytes per second). Both

25 of these quantities must be as high as possible. In order for storage
devices to keep up with the constant increase in database volumes, they
must allow access t¢ Terabytes of data in a relatively short time.

With existing technology the most inexpensive means of storing
information is magnetic storage. Magnetic storage allows the storage of

30 large amounts of data but has a number of limitations. Magnetic or
electric fields can erase or corrupt the data, the storage medium can be
tampered with, and the readiwrite process limits the data fransfer rate
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«2 r achi evabl e. Optical storage nedia based on

. hol ographi c data storage have greatly increased the anmount of data
whi ch can be stored as well as I nproving security and dat access
time. TWONM3comon application 5 of this technol oBGTIAZISMBE3di 0 or
vi deo conpact di sks. The audihLo CD was introduced jointly by
Philips and Sony in 1982. it stores digital bits as pits (or the
absence of pi t%ﬁ)’g'é% ssed inits refl ective surface al ong
concentric tra hsparent plastic protects the surface. which
is scanned by the bOptical storagei miediaabaséd o hbivgraghie datd storadd Have
wavel engt h. The audi o CD stores 640-680 of |nforrrat|on or about
74 ninutes of oNeRtly ncteaned,the ampunt @a%‘a gan be stored-gs well as  5ng

rCodi TG impreying SRR RRCRARRTRL” THE mkPofits) Sipiekipl,

Toshi ba/ T ne Vbtﬁ\isfteﬁhmh@dsmaudb‘ﬁ)vldetshonmmsksy pr oposed, the :

latter is a two-1|ayer dISkt t can hol d on_a single | ayer for a
total capacity of 7 Qe@y 'q seémlgﬂvbvd’@m%m 1982

side, for a t Ofy ns (or t 'Mego t di sc
systens are Iarge and ery us"e1 u I|m )ﬂ nechani cal
parts and, to mﬂmtmsarfapelajongcomemﬁetmobs TmpmeMplasnctﬂmeuIsﬁaty of

o R e %a?@medbvtﬁ%i'eee“ﬁ%@?fméd ot laser havirid Arong

vari ous her %@%@ﬁ nfoﬁﬂéﬁ&i’"
menor i es?bsuch as voI une ogr ans an'gcfl'E - phot on rremy]e!%ﬁ orpear
very attracti vabout 74 miguteshoCmusic; assumirigestantdard)sanipling rate; freqaency, ;

capacity, fast data transfer rates, and short access tinmes. Current
storage technof epeoding- | i nited in that t hey do not simultaneously

provi de each of theggyq tm%hﬁg Lﬁ,gamag for hlgh derﬁhg argkg %‘(’b pegppsed
on thernoplastic have been "devel ope ul'te recent such devi ce

i s that descriaadounces® Ahess5Sony/Philips Multhadlae 6D T(MMGD)(Ka]'iUl stheat ent
describeg a t gl oRn Fhime Wimer'SUger Dénsity (SD) disk. As cumently proposed,
the latter is a two-layer disk that can hold 3.7 GB on a single layer, for a
total capacity of 7.4 GB. The proposed SD disk stores § GB on each
side, for a total of 10 GB. . -
Storage capacities on compact disc systems are large and thus
20  very useful but limited by the mechanical parts and, to some extent, by
the cost Furthenmore, the majority of known holographic data storage
systems are read only. Such systems include CD ROM and WORM (write
once read many).
Among various other storage systems, three-dimensional (3-D)
25 optical memories, such as volume holograms and two-photon memories,
appear vely atfractive. Holographic storage offers large digital storage
capacity, fast data transfer rates, and short access times. Current
storage technologies are limited in that they do not simultaneously
provide each of these three features.
30 Erasable devices based on thermopiastic have been developed
- quite recently. One such device is that described in EP 256554 in the
name of Teifin KK This patent describes a thermoplastic substrate for
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3 use in optical menmory cards The patent details a |amnated card
structure having defined |anination thicknesses to inprove image '
contrast. A random access optical nenory device has been
descri bedW§)9782863  Uban and Urban in US 5311474. The opt i ®OT/ANN00423

medi um i s divi ded into a matrix of sjorage fields which are

accessed in parall eI by using a beam nul ti pl exer to si mul t aneous

address each stoypagd %?ﬂ:a memo w%ﬁt&ﬁ g i C
storage techni ques |ncI l ws% age crofrche onto Nﬁiitr—:il @Rp
substrat es usi ngstrushireghaviric defings laminatian ¢hickpessesh rioquimpnive cimagee

m crofiche is stgrﬁg opto a master plate and the master is
donverted to an ng master for stanping out onto Myl ar or

pol yest er substrates. mmmmmwmnw gevicechas been desetibed Itsy
master plate it g no _inventor is

not aware of any pg%ﬁ% “‘Ps%g‘?%ﬂ? ifediyided: o
that is 'wite %éqaé:rwwsméﬁb fiéldaSWhich are accessed! i lﬁfmﬁhga

Presently, processor speed far exceeds the ab| i ty of conventlona

rotating di sk debeassmuliiplexesto Wmﬂd@ﬁ% storagefield.or

mani pul ations. As ar ﬁm qﬁ@g BMC sﬁ&%@ tggi"ﬁ'é?
20 wi dening at a steady rate as digita ﬁp cessor technol o coﬂ%lly

advances. Hol ogr storiagedok mierolichgconie Mylas slubsﬂaﬁlswgngmttnhgraphm image

Gat o band- Wit h BSHPY dpirifide %&?%@%ﬁ@% o0 L fredls Jpi o

capacity in the girghthe enaﬂagcs Mmmmmmmasmmmpm oul5
hol ogr aphi ¢ data storage s sef u or, optlcal I nt rqonnects
nul tinedia tel ec&%rﬁ% % q\ﬁﬁeﬁ ve F@%&Bﬁt Imageoh is placed
processors to Neknt@thd Hitlstat piate Rt Afangel'in BAywWRL| ar, opti cal

t el ecommuni cation networks offer data transfer rates in the gi gabit per

second range commensurlie IRYenop ds et MI@gwmhﬂfb volame,

system capafy’l i ti rage c%hﬁ\a qkntg qTérﬁp ess
i nvol ves thteg i nter oqraghlc sto devi co ent,” par al gagarl satlon
| i ght beans on aranginewsitable).e _

Presently, processor speed far exceeds the ability of conventional

rotating disk devices to import or to export the data needed for
manipulations. As a result most computers are VO bound. This O gap is
20 widening at a steady rate as digital processor technology continually
advances. Holographic data storage devices have the potential to
overcome this gap by offering much faster data acecess time and higher
data band-width than for conventional rotating disk devices having similar
capacity in the gigabyte range. In addition to computer applications
25 holographic data storage systems may be useful for optical interconnects,
multimedia telecommunications and associative readout in optical
processors o mention just a few examples. In particular, optical
telecommunication networks offer data transfer rates in the gigabit per
second range commensurate with potential holographic data storage

30 system capabilities.
The usual holographic recording pracess involves the interference
of two coherent, parallel polarisation light beams on an appropriate
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phot 0seNP M3 gt er i al (phot opol yneri sabl e/ phot ocr oss| i PCIIAUSS00423t | S
acconpl i shed by conbini ng an i mage- beari ng, | i ght beam and a reference
beamin a recording nedium The variation thi ntensity in the resulti ng

modul at ed 3@3#?‘3@%3@5%@%&%@% ablelpRolcRFSssTABIRRC , 1, ¢

phot oef r act i ve aiedinpished by cotfbininyhe ﬁﬁgémﬁng@hemamandareﬁeﬁeéi from

i mpurity centres in_the presence of ht and subsequent ]|
trapped. The r &8amM A seearding, fﬂau% vaﬂatmm !meﬂﬁt}t incthentrsulting .

16 To arof cotiergics) e é‘%r'*'?%eﬁ‘nee IR oo TRIEb " 1)

diffract im summrammmmmwumbﬁﬂwmedm i mage- beari ng
wavefront. I n hal ographi c data storage data are converted
to an optical signalll @ bulk ph UW%ESBV% megdiur, ehasgasuare or ) .

s Then 1 acor dSACRACHON Wﬁ%ﬂ%%ﬁ%ﬁ?&é‘“"i?y@?!{ﬁ%ﬁﬁﬁﬁ%ﬁ%ﬁ e

vol une hol ogr api CThei resu pace-titaligencauses modulation in ﬂTélQﬁde)abﬁ tWO
est abl i shed net hods of rrul t] pI exi ng the_hol ograms wi thin the
recordi ng nedi Q&F%'P quﬂeﬁ-emmm%ﬁm

dat a are 4 ore e
This is o S%ne %3&?3?%1 ng t wo- rrensr onal aéﬁurr W %‘?’H‘WW

hol ogr am arraysmﬁmi:tl in such aswayl dsoitot feproducd cthe- etiginal) dmagg-bedring
second is angul ar nultiplexing, in which hol ograns are conpletely
superi nposed w Lcomon vol une. This techni que is nost useful for 25

Lheir highly angul o el apHic iaRa shHGS) Baleh i ST 5 oh lteal Siordt,

Opti cal heads rbwas@eﬁ.m&ﬂdr(sbaﬁall light moqutator). aAthdugrauBeonbspondingto
known- optlcal dta_stora teng noDs s . the opti.cal .
reader uddr in'@EnHHEY i%peergagnﬁegg h&\ogm S‘P ?&59@ n3

di ode that ill ehbe &yStal 201 ofhetcbaitdte \F&l@rherﬁﬂ BOfpHic TeCordingt

reflected from't I sk A signal processing algorithm derrves di gital
I nformation frcmedhmreflected signals which is transforned to the desired

There are two established methads of multiplexing-the holograms

within the recording medium. The first is spatial multiplexing, in which the

20 data are stored in spatially adjacent but separate areas of the medium.
This is often done by forming two-dimensional Fourier-transform
hologram arrays and is most useful for thin surface-storage media. The
second is angular multiplexing, in which holograms are completely
Superimposed within a common volume. This technique is most useful for

25 thick volume-storage media such as photorefractive crystals because of

~their highly angularly selective behaviour arising from their thickness.

Optical heads have been described in the prior art for use with

known optical data storage systems. The most common is the optical

reader user in cornpact disc readers. These heads comprise a laser

30  diode that illuminates the disc and a detector that records laser light
reflected from the disk. A signal processing algorithm derives digital
information from the reflected signals which is transformed to the desired
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I ncor porating specific features are al so known. Ref er ence may be
‘had to United States Patent nunmber US5148421 assianed t

Mat sushi ORI i ¢ Industrial Co Ltd which describes an Am‘&ﬂﬂscal

head for rewitable discs. The head is desiggned for use with either

si ngl e-si ded or doubl e-sided discs and incorporates correcting optics to
account for aber ions. An actuator neans positions the correcting
optics. The nechanical conponents and conplexity of the optical train

limts the applicati @thef optiealdwesdsdncorpopating specificisaiuresarealso khdenbe
had to German Pat ent nunber 17605 as d to Qy cal |
Co Ltd. This pat@f@%r@%gzeai' ?‘?ééﬁ“ed States an‘%fﬁ h‘gg%ﬁ%ﬁtards
that uses a | aseiseldiod'id MaGysfila dlekirs Irlustrial Co Lid Wi Geséribes an

or I's use

mul ti-segnent d to provide accurate focal | ength

control and t heroptigal headaim‘e‘eﬂhblﬂd%emh?admdeﬂgaedfwmmﬂ\gﬁber
able to performa co e read/wri e C
cl ear frgmthe %‘i mﬁﬁgﬁﬁﬂﬂmwwﬁ% be

addressed in theg bengﬁbﬂgraﬂﬁ Thedind positiohs 'the correcting

Crosstal k betvveen superl nposed 1 mages reduces the useful data
capacity and is gptics] oThem\emmnalromnpommte\mdacomerofrthemumham 20

result there is a tradeoff Etv\eﬁﬂﬁd a_capacity and the achi evabl e signal -
to-noise ratio 3*’!“‘ﬁ'referablethat the resol ution of

the 10 st or agm@@éﬁ% to Gefman PaAienGiurhter DE3TAY8OS N0t h

of |ight use han by the recordi ng nmedi um chosen.

A viabl e hol ogr agssigned o Qiympus: Opticel CadkidonThis palent desgribes gn optical
t technolo I

Stof age medi um readite RB5A'S5H cBhe hal Skl Bip) i Wi i RLED for

It is an object Riadifif PACHER-ségment mﬁsmsedetmrwwdecadmraw foral

means which is able to be witten, read and erased rrultlpl
It is a further lepgthcootrot and | m@@g g@'ﬁﬁéﬂﬂ HEQ%

Pt is o yel St ur AP B aerBrmaf ool fagivarerid deséﬁr ontical
it is clear from the above dlswssmnthata number of issues need
to be addressed in the design of a holographic data storage system.
Crosstalk between superimposed images reduces the useful data
capacity and is a major contributor to the overall system noise. As a
20 result there is a tradeoff between data capacity and the achievable signal-
to-noise ratio or bit emor rate. It is preferable that the resolution of the
storage process be limited by the optics or by the wavelength of light
used rather than by the recording medium chosen.
A viable holographic storage system depends on suitable key
25 component technologies, particularly the optical head and the optieal
storage medium.
ECT OF NTION
it is an object of the present invention to provide an optical storage
means which is able to be written, read and erased multiple times.
30 it is a further object of the invention to provide an optical head that
effects write, read and erase functions in an optical storage medium.
It is a yet further object of the invention to provide an optical
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rsystem that incorporates the optical storage nmeans and opti cal
head. Further objects will be evident fromthe foll ow ng
di scussi on. DISCLOSURE OF THE INVENTION 5 -

I n one VSOOI hough it need not be the only or indeed tREI/AUSH0423
broadest form the invention resides in ar&opt’i cal storage system

conpri si ng: an optical storage nedanhs for hol ographic storage of
dat a, id optical tQr. | Si t di [
Wi tabi o roadatpeae gystom el IBGEpras 68 o3l Sixfod rRed s aniieal * "

radi ation for \Wedd ng said data in said optical storage means;

a source of coherent radiation for reading said data from said optical
storage neans; 15 Furthesabjeas will beiey, fromythefollowing.disgussiencal st orage .
means; . an optical hegd ' ' A e, ent radiation for
witing, said coher ef rg~and said neans for

erasing tc.r1 sai d optijgabne form, altitugh2itensBd ot be the only droiidedld MRENS
for controlling the optical head to wite, read and erase 20 sai d dat a;
and sibyoadest joms.sithg invention oresides dnn gnt iepticah storager system on
for witing . .and decodi ng the coherent radiation for reading.

The source of CYRRNMEradiation for witi ng is preferably a | aser

operating at ady ¢ptidal storagé means for holographic SiSrapeloF datd, sdidcstital

radiation for reading is suitably a |aser _ operating at a red
wavel engt h. storage means GoMpPrsingsa raiprage, Mediumeheing negadable ce or

an electrj¢c fie . but nore preferably is a |laser operating at a
wavel engt{rﬁi n %ﬁ%ﬁ%‘on . band of the storage nmedi um 30
I n preference shsgurRdfastherentradistionfos wiitwigl sdid datarirsaidaoptical storage

detecting neans in signal connection with said signal processing neans
such that the fBE@Sti ng neans encodes the coherent radiation for

a source of coherent radiation for reading said data from said optical
storage means,

15 means for erasing said data from said optical storage means;
an optical head for directing said coherent radiation for writing, said
coherent radiation for reading and said means for erasing to said optical

storage means, -

a contral means for controlling the optical head to write, read and erase
20 said data; and

signal processing means for encoding the coherent radiation for writing

and decoding the coherent radiation for reading.

The source of coherent radiation for writing is preferably a laser
operating at a blue wavelength. '

25 The source of coherent radiation for reading is suitably a laser
operating at a red wavelength.

The means for erasing may be a thermal source or an electric field
but more preferably is a laser operating at a wavelength in an absorption
band of the storage medium.

30 in preference said optical head includes modutating means and
detecting means in signal connection with said signal processing means
such that the modulating means encodes the coherent radiation for
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witing with nodul ations generated by the si gnal processi ng nmeans and
the si gnajyoumegssi ng means decodes nodul ations detect ed bi‘(gi‘)l
rise a

det ecti ng neans The system may furter conpri

servo- nechani cal neans for 5 performng relative positioning of the
optical head with respect to the opti cal storage neans.

In a further forggitihgwith nsdulationsegentsatéd by the Bigral| protessiog mears and
for an optical storage system conprising a substrate coat ed W|th
a reflective natthe ﬂgﬂﬂlpmm&lﬂgr Mﬂ’ig deggdes fmpdulations odetescted; by the

said tracking | a plurality of tracks, eachtrack
having a tracki n%&ﬁélﬁé d adata witing - portion; and

an erasabl e storage IFHelSystEmomayddriher chmptise ck setvd-mechanical means for
wherein-data is stored in the erasable storage nediumas diffraction 15

patterns. 5 performing rejative; positioning eh the pntical head withskespeet §0 dbei ¢
but preferably Eﬁea e substrate nay be coated with any
reflective mat ermﬁ%gﬁg @ a netal such as alumniumis

preferable. lnamrth'e'hmrm fwkinvention cesides jr ah aptical/storagenineansd
surface relief |ayer. The | ayer is swtably about 30 [err]mthick.
The tracking porfar@m optical Mﬂsmé‘ NG:a |inear strip and the

data writing por #*@EW iatdphs. Each dot preferably has
a di arrétsgpsg?te; ou | £|s The tracking

portion angigt he gdateiing hyegdepommemmmamt@ayermdmd to

be cl osely adj acent so as pr ov Xi rum st or age nsi
Tracks are pref cpifsa Pﬁﬁéaﬁﬁﬁ”g'%ﬂ&@g&?bﬁ'@“dad%

preferably divi dsg’qo“t nunber of fields. The fields are suitably
sel ected bmone or nore of the following fields; a sector

i dentification fanletasablestoragée med'uﬂetlﬂpdﬂtedtormemmﬂd'lg Mm check and
Che orasabl o ot oMGEeiC AR TH&JOR0 1 fiG praseie siorage medium o8 Gifacite”
15 pattemns.
The substrate may suitably be glass, or plastic but preferably
. Mylar. The substrate may be coated with any refiective material aithough
a metal such as aluminium is preferable. .-
The tracking layer is preferably an embossed surface relief layer.
20 The layer is suitably about 30um thick.

The tracking portion of each track is suitably a linear strip and the
data writing portion is suitably an array of dots. Each dot preferably has a
diameter of about 0.5um.

The tracking portion and the data writing portion of the tracks are

25 arranged to be closely adjacent so as to provide maximum storage
density.

Tracks are preferably divided into sectors and sectors are
preferably divided into a number of fields. The fields are suitably selected
from one or more of the following fields ; a sector identification field, data

30 identification field, error check and correction field, and data storage field.
in preference the erasable storage medium may be a thin medium
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allows the recording of a single hol ogram onto a surface or a thick
medi um al |l owi ng recording of nultiple holograns at nultiple angles into

t he rredwy gg.%preferred medi um al | ows erasure of the h&[{g&‘r‘am but
has | ong 'f orage capability and fast recording resp V9619423 o
Sui tabl e material s include i norgani ¢ photochronic crystals,
photorefractive nmateri al s chal cogeni de 8eni conductors, or gani c_and

pol ymer materl al s therrm astl C d| a. rever5| bl e record| ng in TeI I er| um
conpounds, m surfaeher & th

'h pref E?iﬁ?%ﬁi‘“ﬂr aﬁﬁi’%waﬁée ne“éﬁﬁ?n Phagers o p'ﬁ'é‘ﬁﬁfeeﬁﬁ&ss”vﬂto

materi al er asthe mediumppThe mreferred: mediurhi allowsoerasute of dhe hologram but
phot orefractiyve pol r material that is erasable by applying a strong
el ectric fleIBa%M @"E’tfﬁﬁwmﬁ MBf the storage

oref orabtc Sl ‘Jeim“faﬁ“iﬂ% s BAfdRe | Bhetdirbini? bR °°

st andar ds. photorefractive Imabrﬁstbhalcbgenidehsemmdumrm
met hod of hoLﬁé’{UgPehl C dat a [ ncI udl_g& the steps _of:
produci ng a %sﬁcﬂg%& T‘St‘?@'eﬂﬂatks 20

produci ng a bigm Bﬁﬂéc oﬁil%ﬁﬁlﬂ wfﬁ" %W"ﬁg
reflective coatl ho ﬁh 0ssi ng the bT‘ank opt’ cal “st orab}ﬁérkans from

t he master plepictentidngnand light stinuiated recombinatianduminescence. coat i ng t he

enmbossed_opti cal or a rreans W th an.erasable stgra e 25

hol ogr apfli gal ly vvr N eﬁﬁ?& a@?@% "ﬁ@“ b @Wﬂe@%ans
d data b t ia0hefhd ﬁgﬁ%

sai at a bei él'?alt g Choéée‘*%%t % € "fiokd ga‘neéa sgb@ase

di fference betWE'en are eren eam and a witing coherent

beam 30 vphotorefratiivel polymer matdnabﬂlajrlaptrasable/byyapplmr ansfrongynal s
Lo e peanploctA® ek hashirfy o ok Rui L it Bt oAt
readi ng the dgjedigmcor ded
15 The size and type of tracks and the tracking process preferable
comply with ANS! and SO continuous composite format standards.
In a further form the invention resides in a method of holographic
data storage including the steps of:
producing a master plate containing a negative of a plurality of tracks;
20 producing a blank optical storage means being a substrate coated with a
reflective coating;
embossing the blank optical storage means from the master plate to form
a plurality of tracks; '
coating the embossed optical storage means with an erasable storage
25 medium;
holographically writing data onto the tracks of the optical storage means,
said data being in the form of diffraction patterns generated by a phase
difference between a reference coherent beam and a writing coherent
beam;
30 wherein the data is read holographically by measuring signals from the
optical storage means when {liuminated by a reading coherent beam.
In preference the step of holographically reading the data recorded
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the optical storage neans includes the steps of illum nating the optical

st orage gans with a readi ng beam of the sanme wavel ength as the
ref erenc P63 d at the sane angl e as used to record thd@aEraBs60B423aN
alternative nethod the data is read hol ographically using a readi ng beam

5 having a different wavel ength to the r& erence beam and at a d| fferent
angle to that used to record the data.

suitably be recoinithe pptnaalpstorage meaps ingudes the steps of ||lummagag@1e optleai

reans. 10 " storage el Wi 3 feRcirlf pegff F Be Solfie WevSlnati 57

Feadi ng by referetite bbam drtd attHesamerarigle adarsed tdaecord the dital dacirded -
sector preferably i ncl udes a code which is readable to decode t he
order of writingaltemative method the«data is read bolagraphigaliy usingia

Therin. g havind & dfteldhe Wivelength to g K b faﬂ&res.%gﬁf’

optical head for aapletomatusedwremuthedme system conpri si ng:
mul ti pl exer neans for selecting one_or, nbre sources of coher ent

radi ati on; dé‘!ﬁ,uﬂﬂtﬁ)mﬁbeﬁum gecordeddn# plyrality-ot.2ppes, each
radiation into thd BI0&

nodul ation to oggobb%e5p°691We ITUMI pi e BE in ' a?@%rreans ?%r
defl ecting the mygedr.ed nmultiple beans to a deS| red | ocation in

an optical storage neans. The neans for coding a .

nodul ati on 1 ef er abl y'ﬂ!ﬁrﬂﬁ%é% W protgcied ?9?“@6 W‘-’iﬁ% reading by
nmodul ati on and/ or, f | ket

means for codi ng WZ‘? |on m) ulatron to one or Q&l Rf)gf the
nul tiple beams. includes a code whichrisreatiablenteedetadertiven srder oftwifiting ! |Tmt he

nodul ated mul tiple beans_ further conpri,ses a pluralit of
defl ector cells davehebsecurity may sutzbly ¥ary ngegﬂéi‘bﬁe&ﬁm

nodul at ed mul ti pl e defl ection cell
The optical head Spr%!%ft@ﬂ?tcﬁer corrprdligdelmneefag‘s for receiving

15 in a yet further form the invention resides in an optical head for an
optical storage system comprising : '
multiplexer means for selecting one or more sources of coherent
radiation;
demuitiplexer means for dividing the selected radiation into multipie
20 beams; '
means for coding a modulation to one or more of the multiple beams;
and means for deflecting the modulated multipie beams to a desired
location in an optical storage means.
The means for coding a modulation preferably comprises means
25 for coding an amplitude modulation andfor means for coding a phase
modulation and/or means for coding a polarization modulation to one or
more of the muttiple beams.
in preference the means for deflecting the modulated muitiple
beams further comprises a plurality of deflector cells and means for
30 switching one or more of the modulated multiple beams to a desired
deflection cell.
The optical head may further comprise means for receiving
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10 ¢ reflected radiation and directing the reflected radiation to a
det ect or nmeans. The detector neans detects the phase, anplitude
and - woemasss ari zati on codi ng. - I'n pretf opti cal
head is adapted for use with three 5 sour ces of cor@wation
correspondi ng to wavel engths for reading, -10 witing and erasing an
opti cal storage neans. The neans for codi ng anplitude

modul ation and péfedtedadialion and directingi the p@mmﬁuia\ibhotoeaeieteczor
preferably a Mach- Zehnder I nterferoneter. he
nmeans for codi n§eanse| A Gﬁ&mmm f dheypphase. amphtude and

el ectrooptic orgegwmol ari zation control device.
BRI EF DETAI LS " To assi st in understanding

the invention, prefeineprefetemtenthe ptical head s | ddapied bfer dase rwitte cthréé h
referencetothefollo n whi ch FI

schematic &f hoﬁeﬂm&w M@Wﬂl W&mhsfqgegdmg,
schemati c of aﬂﬁﬂg FIG 3 s a
schematic of a holographic er smS asse > means. FIG 4 IS an

optical schematic of The mansaforsoodlageamphw modulation anditheSmeansifor a

bl ock di agram of gn optjcal stor system 20 FI G 6 shows a '
schematic of a &88!99 eRbPﬁ@ Mﬁgﬁﬂ@nt preferably FFG%M"’!“’STSMM ic
of an optical s éﬁ?f‘olﬂ?é S; FIG8 depicts the track
structure of th?a’ﬁop I ca g’torage nmeans of ) FIG 7,
FIG9 1hows an afffwer meams foratoding fan polarizgtide modilstion is préferablyfue 10
shows an absorpt on file for_ spiropyran.n PV FIG 11 S
a detail ed sche QP? W"I&iﬁ“@mﬁ r%lde\nce FI G 12 is a't
schematic of the nmultipl exeriﬁml_%m IS a schematic
of the demultipexer of FIG 1 shows details of the
phase or anplitude rrﬂ'@laasist infuridesstandisg the invention, preferred: embodiments FI G

16 Snows dot a0l Bobe EsBib wiRpeRie Ik BruSure ours mutich: T

15 FIG 1 is a schematic of holographic writing assembly;
FIG2 is a schematic of a holographic reading assembly;
FIG3 is a schematic of a holographic erasing assembly;
FIG 4 is an optical schematic of an optical storage system;
FIG5 isa bloclg diagram of an optical storage system;

20 FIG6 shows a schematic of a data reading arrangement;
FIG7 is a schematic of an optical storage means;
FIG8 depicts the track structure of the opfical storage means of

FIG7; '

FIG9 shows an absorption profile for fulgide in PVCz; -

25 FIG10 shows an absorption profile for spiropyran in PVCz;
FIG 11 is a detailed schematic of the optical head of FiG 5;

FIG 12 is a schematic of the multiplexer of FIG 11;

FiG 13 is a schematic of the demultiplexer of FIG 11;

FIG 14 shows details of the phase or amplitude modutator of FIG
30 11;

FIG 15 shows details of the polarization modulator of FIG 11:

FIG 16 shows details of the electro-optic switching amray of FIG 11;
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11¢ ) FI G 17 shows details of the beam.deflector of FIG 11, @o14/031
FIG 18 shows the tracking of an optonechani cal head; and FIG 19
shows the structure of an optical drive that enbodies the

opti cal wWO9M2s6system 5 DETAI LED DESCRIp¢htiatibedosssE

DRAW NGS : In the draw ngs, Irke reference nunerals refer to

i ke parts. Referring to FIG 111there is shown a conventi onal
arrangenent for ol ographi c recordr ng in an optrcal storage medi um

A laser 1 provi d&GHA7 ?‘6!'& the baam deflesloe PERIG 14di at i on . The

gggnmsf)l : tst erz)l I5t lﬁiéqr ef ere%%m&ﬁ@m [ n?@?ﬁbre :t b%/he

optical storage 1p@gi1gn 6. Ahoiws the Stricture of an Muall trive dhai emtbotlies the
redirect one of the beans to the optical storage medi um

A nmodul ation can be pl aced apticah@oRge syfemeam 3 by rmdul ator 8. 15 The
modul at or 8 y be el ectrog ket one
or nore of t'he phase, anpl

El .
conputer 9 is typical lrummdmmmmmm@ftotmml ator in a
known way so as to encode the béﬁn?’ W th desired inforpgation which is
subsequently stored i M 1 ﬂ]wmalmnse'mfor

byt he LPIQLS@%L%@'%#OM#@ i %E“’a%'r"%‘?'ﬁé%g {30 ek i Brovides a ©

ij::‘?enrgﬁte\(/jvayeltgn th tzomfédbél witin ase'ramaﬁﬁnﬁlr;?? e rz;ssip#m;?]d Writi(rar1
is occgrrr P at h(hgqqnér% PH Mb%4ll?%g&@mﬁph%qg &

25

t he sam \émr;g%@tron Xitéﬂﬂ@ﬁ% Qﬁélﬂrﬂé{oﬁgr nges a ?et ector t7b§/

whi ch s umprmatlysreguired too redipastcore of thecbeamseto the optleda*stpsaget )
decode t he encoded i nfornation. The information
stored in the opt'P%ﬁ'P"!st orage nmedi um 6 can be 30 eraeed by irradi ation

with a beam 14 from aAmu’m%%w got h,
as depicted in FIG 3 eoptrca storage syste s epl ct ed
in FIG 4. Tt | askhe modulator 8 may be electrooptic or acoustooptic and may modulate
one or more of the phase, amplitude and polarization of the beam 3. A
computer 9 is typically used to control the operation of the modulator in &
known way so as to encode the beam 3 with desired information which is
-subsequently stored in the oplical storage medium 6.
20 The stored information is retrieved from the optical storage medium
6 by the amangement shown in FIG 2. The optical storage medium 6 is
illuminated with a beam 10 from a laser 11. Typically, the laser 11 has a
different wavelength to the writing laser 1. Since the reading and writing
is occurring at different wavelengths the incident angle of the respective
25 beams with the optical storage medium will be different and set by the
Bragg relation. A reflected beam 12 impinges a detector 13 which
supplies signais to, typically, a computer 9 for analysis to decode the
encoded information.
' The information stored in the optical storage medium 6 can be
30 erased by imadiation with a beam 14 from a laser 15 operating at a
different wavelength, as depicted in FIG 3.

The optical storage system is depicted in FIG 4. The laser beams
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the wite/read/ erase cycles are provided by a frequency doubl ed di ode

| aser 16 operating at 488nm a diode |aser 17 operating at 780nm and a

hel i um neon | aser 18 operating at 633nm The |aser beans 19, 20 and 21
respect W¥N02562 directed to the optical head 24 by mirr aCTIRAM60082323. The
5 optical head 24 perfornms all necessar{ beam processing to effect

hol ographi c data recording in the optical $8orage nmeans 25. The

operation of the optical head 24 |s control | ed control S 26.
si gnal processof Wn@&rﬂ"‘ mﬂeg aaffﬁq'dmagﬂgﬁdﬁﬁ"%e

opti cal st or age (IEGNfg ﬁﬁ‘ﬁ Iiﬁﬂei f 0
optical storage neans %ée I ca heaa&# s1g7ﬁg pr cessor meansé
27 and control maummomlasecdsxoparamgateasma’uedaserrbmsﬂspﬂeland21
conput er. ser., s rc e desc ed
exanpl e onI y anwewmgm&%aﬁ?hﬁ 'i!ﬁ#%;?ﬁgv 5?&5}%50'[“
coher ent di at | [ I

ca g?&e”]té&%érﬁﬂh@'all néoéssa beam'prétédsing S& ﬁﬁ&&en

emts at 4 0 nm | aser can be very corrpact

provided as a PhblograpHispaiatal recordingr iimr theuoptical estorage Imeans 25 The
| t | d 1017 d
535nm “bot h of - APEERUGH B dpe; eliRL ezl 24 8 %ﬁa@%‘q@w RIA a
| at I t
20 ot rol  of KTl f¥B08ssch medOT wenfoimE Yhceiferddiaion tﬁﬂﬂéﬁore )

Erow de ]tge I optlcal smmgeanganz 2f5)rand)dbeodm| oﬁmrtﬂlsrmleengldti:bm gﬂé?m
eam coul d al so use re material s although it is
general Iy Wesir 9&%99! taragg m W%eap?@'ﬁﬁ?ﬁstm qrr'ﬂ 0% e

writing wavel en@7han& CoHiriN ibasks 26 may Ry 56 geféarﬁal
pur pose. The control neans 26 controls the vvavel ngt.h
selection in th@ompuler optical head 24 (described bel ow) and operation

of the lasers as required 10 t r, den |t|es
the Prlerr] laser is%ﬂ?e m%mﬂ%ﬁﬁ%ﬁ@%%
this function i sydt¥inififig.CAR ElitemeiRe soutée of coherent radiation mmeuueﬁ& ion

exanpl e the approximat e power densities required and achlevable
are 5- 10mascni eiis ja Rr*Jesentas emits at @nmm@éér @sqtmbnmmmpact

a0 ns ¢ oSGk B EHa5kd fupride s yp senysrsioh tadd! By
conversion laser is pumped by two laser diodes operating at 1017nm and
835nm, both of which are available laser diodes: The .Pr** also has a
relatively strong emission at 635nm which can be selected by appropriate
20 control of the laser operation. The Pr** laser can therefore provide the
wavelengths for both writing and erasing. The 635nm beam could also be
used for reading most materials aithough it is generally desirable to read
at a different wavelength from the writing wavelength. A 780nm diode
laser can be used for this purpose.
25 The control means 26 controls the wavelength selection in the
optical head 24 (described below) and operation of the lasers as required.
To obtain necessary power densities the Pr* laser is operated Q-
switched and the control of this function is by the control means 26.
By way of éxample the approximate power densities required and
30 achievable are 5-10mW/cm?® at 490nm for writing, SmWrent at 780nm for
reading and 10mW/cm2 at 635nm for erasing.
it will be appreciated that erasure may be effected thermally or by
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electric field. In these cases the application of the thermal or electric
energy is._controlled by the control neans. The choice of optical, thernal
or el ect r\Y@?% g re i s dependent on the storage nmedi um of
st orage neans. 5 Data is storeql in the optical storage neans
in a series of diffraction (Ary) patterns Conventlonal opti cal

storage uses onl n Eﬁse rgfqﬁ SMEfbcthiRt

hi gher order ég %%?%Cﬁé@oregh t s'sfathrreeapp“‘ﬁﬁm;i éta storage area as

'(I:'Ererggf)!tg gf:darran eysfﬁmmgtgbgggetm 3&%] Tﬁ‘gamlo';edl%phmerr .gtfd

on 1[err]mcentr ®§.€ h’ﬁ@!‘q B(ASWS IS drpendent on \é&'ﬂﬁ? fjpsse PB&'P‘?&P‘H

pattern can be r%ﬁ‘?ﬁgg he 0.5[err]m spot providing the wavel ength of
su

t he ICI ently short for two waves separated in phase
to interferes As Data isstorediin dhe loptical stbragermeansinsa sedes ofidiffraction

wavel engt h of 490nm _The .optical storage neang (s illum nated by
a reference beam(8iy) patipms; %W&'WY#WW%M
beans interfere s ‘f,dre,'e@ ds' édiPBe i same
The fringes contg &E)Bﬁ:ﬁg}'lase an én’%ﬁf’ﬁj e |mér?at|on \?VFII cﬁlrghe
extracted by the dataobtomgmmalas currently usgdnhis ish typicdllycatspbt 0.6am ng

beamis detected and the nten5|ty I S rreasured Th nt ity of the
refl ected beam v@aw@ssm iSPOtS” ae t@cﬁﬁh@‘iﬁg mm

between th ef er céﬁ?eﬂw Eﬂeﬁﬁfhave \ Egonfor
a given frglq(ijenc rrpllﬁmc?le [ Wé e realised tsl?at dihatadlﬂtﬁ e

intensity (the sqsferncantteeretarded irvithe 8.5pnsspotiprbvigingthe ewavielendthiof thée
phase difference between the beans. The signal from a si Ie det ect or 25
such as a sili colightds suffisaentiv.shart for. Wﬂé re.As

the orain resol ulTEioRe) %@Wébmga‘."ﬁ'g Nk b ﬁ%@gﬂ%ﬁr 90 Fhe Y
the detector. They twmwmﬂsuﬂmma byra ceference béarntandraywiiting
5™ the dré s Siﬁééée'séaéﬁﬁ'eéi":ﬁ?pa%&f ofhe’ o, Boaits - aligre i prodoe °°
consi der ati ons. interference fringes.

The fringes contain both phase and amplltude information which is
extracted by the reading beam. In one arrangement the refliected reading
beam is detected and the intensity is measured. The intensity of the

20 reflected beam varies essentially as the cosine of the phase difference
between the reference beam and the writing beam.

Thus, for a given frequency and amplitude it will be realised that
the intensity {the square of the amplitude)is essentially proportional to the
phase difference between the beams. The signal from a simple detector

25 such as a silicon photodiode can be used to differentiate between
recorded interference patterns. This gives a digital range only limited by
the grain resolution of the recording medium and the signal resolution of
the detector. The inventors hypothesise that ten or more digits may be
possible. Four digits is equivalent to two bits using binary recording, so

30 the data storage capacity is doubled in the absence of other
considerations.
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in this case, one diffraction spot will be equivalent to 1 byte of
informati on. Each airy pattern will be picked up by a photodetector, and
the i ntgdqnssggonverted to the phase, and anplitude infor Lon recorded

i n each spot. The phase information would correspond to'&%ﬁf‘war 4

5 bit state, and the anplitude would cqgrespond to a particular 4 bit
state. The two states conbi ned together would yield an 8 bit

bi nary code which 0 ShftFyisi ossm r r dot
Thus, both the anpl |lput5“s case;oné and otl I nf %aetalt‘o”r?ﬁe'g tEaca e broken

down into 16 diiffozmation. Ead\alrynaﬂemwluaelmwttup\hna metemr and
correspondi ng t articul ar bi de n _conbi

t oget her pr oduég dﬂ@W&"é‘?’eﬁéﬁ’gﬁ’A‘f Pg'%sgpﬂﬂ’&amp"“‘& df“"“&'m to
t he requir ementjpf f icularo4 Ot

m@ﬁm
di ameter, it has beenfoundthat a Fraunhof er D|ffrac I on tern wll
contain tHe di fhit statecand dhe amplitude, would somespond te @ mwgrehbnmtegh t he

apertore, nﬁ“néytﬁea%éeé%ﬁ@ e bl Vit BB by S e

i s t hrréiipoids BURRObte dtiiffontation per dot! Thus/Biath the angsinade t he
Fouri er anal ysi s_of t edlffractlng aperture, in this case a
grating or hol canchrphase informationceach rean: thes breken own dnta <16 different

Gl Ty acton on igbiy, et with pefzee'e&g@&w%%}%rﬁ%@%% Binay,
sine grati@gs. cﬁwmmﬁwmwmmmmmmb@m Fouri er

syntesi s when exposed and adds together the | i ndi vi dual sine
waves caused by the Pue Mmﬂgﬂ“@& ng suacearea by decreasingt he

Uhdi vi dual gy acTHRgSiatcter, B s BIGH bR 4 Lt hficon Fafiern yit
25 and pol ardgritairpthecdifftdttion patieny withinnthe désighstedspot afed iroughdhence

beam "On reillumnation at_the reference beam angl e, the encoded
readi ng beam writing of jAiry qatiemas afhelight beam orignates & sircularch

SE5C T | s o 2 T e

opt onechani cal mylafea Fraurihefem diffractiard pammt,awuadepmentseme Fpuriert he
b def | et or <anaS<HY B, HEasing Aeoi el JAapis 858 o Eratinet o FEIGHIB. be
The diffraction patten consists of an undeviated beam (the “dc”
component) plus one order of diffraction on each side. The pattem is &
20 superposition of two sine gratings. The optical storage means thus
' perfooms a Fourier synthesis when exposed, and adds together the
individual sine waves caused by the interference between the reference
and the writing beam. The result is a complex periodic wave pattem. The
individual gratings can be encoded by modulating the phase, amplitude,
25 and polarization of the writing beam, with respect to the reference beam.
On reillumination at the reference beam angle, the encoded reading beam
is retumed and directed to a photodetector which detects the intensity
change and decodes the object beam.
The optical head may be an integrated optical device or a hybrid
30 optomechanical device. In the integrated optical head the steering of the
write, read and erase beams is achieved by acoustooptic or electrooptic
beam deflectors. The structure of the integrated optical head is described
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15 in nore detail below. In the optonechanical case, the head is
physi cal |y noved for the wite, read and erase beans to access

di fferent C,g addresses on the optical storage _neans. The

opt omechalli ad is | al so described in nore det M3 s
A bl ock di agramof the control neans is proygded in FIG5. The

control neans conprises a povver supply 28, i ch powers an opti cal

Ihﬁa?hgogfo[ glrrelgﬁgmcé&é case e optlcapaﬁ)g%@%bard gg&h& 24

control the servanoved for the eﬁte tmdnamtserase beaniscto acoess actferentastorageo

10 the optical storage rreans Data,is recei vig an
| DE board 31 t hatadqdresses,op 98"@ ftpeage means. T%MW ead s | s

moved from an ext Bsa%(g | DE board 31 to the
optical head cont@%ﬁa oar @%‘E?ﬁgﬁée the optical head . 24 on
dat abus 32. #\ control mtﬂoaedagrpm)ofﬂw means| issprgwidesd in FIG 5. The
The signal processor, 27 anal yS| he si |s_r q,;éo the | cal R

storage means 25. WB’% Rt ﬁ‘ﬁ@g 'ﬂb!cg %q%f'amwl
si npl e det ector) ﬁ@édéﬁﬁﬁo%&'%&ﬁualmémdpeﬁﬁ bFfhie SpticabFebd 24,

shown in FIG 6. he process is essentially a heterodyne

det ection processin thiweptom%ammleﬁsecﬂndomlﬁad contpol; bOaMtZSaﬂlﬂcnlSOOn

phase ot ect or aeborHiRl e PEVEfnashanism 30 that ol dificnl fdaga 1Bl 19 .5

with a freq ncywsm§m h8o%. optical signal 41 is mxed

ina mxer 42 with a'reference signal 43 and then goes to the

detect or 38 whi ch al soDatisi receivedeviaran IRk dpard 33 that is alstspowered by dbene
det ect |t

frequency of t hespﬁaﬁﬁv%ﬁ%&wmgﬁwmwm IRG
thus indicating tpaard @b #e Sﬂtlﬁlﬁiwr&hﬁdw@brdasmmm

phase di f f erf ence. The detector 36 provides an anplltude
si gnal 45 whi ch d24 entdatabus 32. A contral bus33 isrevided foteonrolisignalss | ect ed

DA 15 oy oROD P RNB 2R 68 Sy AR B Bl
the phase storage means 25. One scheme for eﬁectmg the signal processing (a
simple detector) has been described above. A more efficient system is
shown in FIG 6.
The process is essentially a heterodyne detection process . The
20 reflected beam 34 is split with a portion 35 going to an amplitude detector
36 and a portion 37 going to a phase detector 38. The portion 37 is
combined in a Bragg cell 39 with a frequency ramp 40. The combined
optical signal 41 is mixed in a mixer 42 with a reference signal 43 and
then goes fo the detector 38 which also receives the frequency ramp 40.
25 Heterodyne detection results in a phase signal 44 when the modulati_on
frequency of the reflected beam equals that of the frequency of the ramp
thus indicating that modulation frequency which is proportional to the
phase difference.
The detector 36 prowdes an amplitude signal 45 which directly
30 indicates the amplitude of the reflected beam.
An altemative signal processing technique is to use Fourier
transforms. Fourier transform signal processing provides the phase
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‘rather than indirectly as in the nethod descri bed above. Direct
measur enent of the phase difference between the reference and object

beans %ﬁa‘goubl e the data storage since the phase can vary
bet ween™- to I11/2 corresponding to a data range of PCHAUS6MM2hher eas
5 t he above signal processing based on asuring anplitude can only

have a data range of 0 to 1. Depending on avail able resolution the data

range i s quanti LA 00 Rhase
directly there ??g%ﬁﬁrocesm ng ov}eérﬁﬂk%dv'\ﬂ %“&@h‘%%@%"gm@@
the data accessmieasureriefit of the mwmmmequefmaﬁhiéﬁ‘ ct
Keyi ng, and Pol ari zati on_Shift Eéa can be englleoyed for nodul ation

and denodul at i oRe@ms; provides, fauble eSincg Pheses €8R viatyns
decodes the phagg t thr

coher ent heterogy‘r‘]%é’é(}gt gj’?ﬁgnweommﬂak&dpé?%a t@f: StgnPa@Hg%ﬂf/n I n
FIG 6I altlgws ﬂ]ﬂ'reag!bovét slgazletpmssﬁlg basey! ont luimsh | uﬂnyha’niplmma\/ruaﬁh ders hhomyn be
correl ated wi re-stored date ol ographi ¢ phot o) ,hence

3I | owi ng plos:jtlto ?&ﬂ?ﬁ%?frﬁgg1 an)gna |aB %W%ﬁ’a*ﬁhree
i mensi onal da ﬁ“@e uantised %@[@ W@h ans
is depicted in 7|s q TFloe st orage ngﬁconprl se base eri aI 46

whi ch i s suit abdiyectiypthere isea ﬂmmm%whlﬁeahmphblﬁbxﬁﬁdl S
enbossed with a trackl n | ayer 47. The tracking |layer 47 may sitably

be a hol ographlg‘ ncorporatl ng the tracks. This layer i s

suitably 3 [err] m t hhﬁfﬁgﬁimé Wby Fbiaﬁéé}@ﬁ
t he track| ng process a provi ggs &EhnageSIl\lﬁ A&orrra ion n er sabl e

storage medi um K&ylng webeemployedfw modulation and demadulaticry of fhiecerscodeay e
g??:c ;12101[ iSoLyB:af 5 er r%?t hi ck and abl e 6 ﬁt ore e phase. EE'UPEW-%M
15 g e gy et Yt et
i nformation requi r edOplicat detsdtiog as shown)in\FIG 6 rallowshstorage: of phase anda 30
be. zor oed e ng PR eNBE piruision Wbiel 46y 5% sofelsted with pricedfed Adleled e '
holographic photo) hence allowmg positive identification of a person by
comparison of three dimensional data.
The structure of the opfical storage means is depicted in FIG 7.
The storage means comprises a base material 46 which is suitably a
20 metallised Mylar sheet The base material 46 is embossed with a tracking
layer 47. The tracking layer 47 may suitably be a holographic layer
incorporating the tracks. This layer is suitably 30um thick. This traddng
layer 47 serves to assist in the tracking process and provides tracking
information. An erasable storage mediurn 48 is coated over the tracking
25 layer 47. The storage medium is typically 50um thick and able to store
multiple diffraction patterns at varying depths. A clear protective outer
layer 49 is then coated over the storage means to give durability.
The tracking layer 47 provides all track, sector and alignment
information required for tracking in the x-y plane. The tracks act as a
30 virtual linear incremental optical encoder. Initially the optical head must
be zeroed using zero reference marks for both the x & y coordinates. The
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control neans nmay then keep track of which track or sector it is in via
sinmpl e addition and subtraction of track and sector Ilnes passed.

I nformati on as commonly found on existing credit cards. For certain forns

5 of optical storage nediumit is also necessary to add additional
| ayers to facilitate erasure of data. For exanple, an oxide |ayer
i s requi hog ohfses thermal |y erasable optical storg3gg,[fdedes

The optical storage means is commonly produced as a card about
the size of a standard credit card. The fir3f step in producing the card is

to 10 produce a master plate from whi cha{wgg:gard I s enbossed to form
tracks. corteol means may, then, kee oF segiiif 3% dn iR

which the erasab'élmpleaddmonmmld{mﬂwm%séﬂﬁer pl ate

may be formed using an tronic or |aser scrlbl Cess.
data density can be as‘h‘?é‘&f’e'éga"e"f ‘base fufgal A P%a&eﬁ e 000

| |hnes/ cmin cur][qmr?rd?mar%swdnﬁﬁlyfguhdin ex:ﬁﬁ!lidmuﬂg:ards For certain forms
The structure of the data dots 50 .and.tra I nes, 51 .1is own, [ n

FIG 8. As di3cus FORIRR Storege megdium, it,is 8"?@9’ aﬁé?ana'kaverw
1.0[err]m facilitaenérsstrgiof datald . Fof example)i e lbxiden kayer ds reqgired for has
a wdth-of 0.5[e ' tage each card only hol ds

relm . At thisg s
the raw tracks. ‘I‘hg@ﬁ%ﬁﬁﬁ?me°98m'% e‘%ﬂ'ri ng the wite process. The

data capacity of the cypé Magemnsmcbhﬁmrﬁﬁﬂ&ua@asarﬁmdmr
wi t hout enhanced stora e te

capacity of the JP® #ﬁﬁ"&%ﬁﬂdﬁmg‘“ﬁs‘s@m %%Sﬁé)’%ag%

recording. dppa i mdddepéenéweﬂatemMMﬁie)gmﬂﬁblmbossedmthI ng

angie 11 15 poss Ee card fatarmid 75 prrastplisst vt skrtine 0B vt e epeable
recording at diffsiopide ariealiam. |sWopite¢eSme| masmsplateai\éwbelfenneummmgnof
Tl ek o ko S by 10 Gy L s B g
i nventor envi sages0000 dinksiom roompered avitly 5000 lineslcnb dm elirentidot prirgéd CD
applicati on1gf th&ch%%ngyt'.on descri bed herein although it will be

The structure of the data dots 50 and tracking lines 51 is shown in
FIG 8. As discussed above, the data dots are 0.5um diameter on 1.0um
centres with a 0.75um pitch. The tracking line has a width-of 0.5um.

At this stage each card only holds the raw tracks. The encoding

20 occurs during the write process. The data capacity of the card is more
than 250MB in a single layer without enhanced storage techniques.

The data storage capacity of the optical storage card ean be
increased by recording data in multiple layers. Since a holographic
recording is only reconstructed by illuminating at the original recording

25 angle it is possible to make multiple recordings in the same spot by
recording at different angles. The process is essentially the recording of
multiple stack of thin film holograms. It is possible to record ten or more
thin film holograms in the same diffraction spot.

The inventor envisages a card format as being the most beneficial

30 application of the invention described herein although it will be
appreciated that the invention is not limited to cards. An optical data
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'ar()’r‘r:’)/rmcr at edzthat the invention is not limted to cards. An optical data
18 - storage card can be used for storing digital information such as
digitised phot ographs, pictures, information and digitised sound:

recor di @y will range fromstoring of digitised photographs,
and rel ategln orrratlon for driver'ss |licences as M

f ool proof verification security device andg 5 associ ated. hand hel d
peri pherals for police and nom nated departnent of transport

officials, to eterdige EaridicaiBelligd forstoririy digithy inféithatin éuaﬁés l?ed

appllcatlons to aread/wite card which can be inserted in place

magneti c di sk fphotegraphg.ecpistvness information apd digifised rsopndcrocordmgs sUses

pol y (et hyi._ oWl AppPs,frgm S16ring drtiyfsH irkfhorabh o ST YireRation

with ful gide Efo(&ammba}afastandfbmédfﬁrhﬁéﬂd?ﬁéwmydewceand

(adamant yl i dene) - succi ni c anhydrlde (an organic dye

Aber chr om® 670)Bsseeiated tnnpubmanttnmngnted departmeyltbal line -

by rrad at i on KSR Wﬁﬁorﬁt%%@éﬁﬂéﬁ%ﬁd M Sepicaion.

band is in the applitdlionsrouacrcadirite Sardhwhicts can &b insdricdd if?(isl of a

hol ographi cal ly wi t h,a witing wavel ength of 355nm'which can be supplied
by a frequency Magnatic disktar- Prposes, tevideo cand incplace pf existing
wavel ength is we? he absorption band at 670nm which can be 20
provi ded by a e raser. The recorded data is erased by absorption in

the 525nmgband of ao:a!saﬁatge\mlehmtotagsmwm:ﬁpmm ebthicrylate
frequency doubl ed YAGI ser or -633nm pr ovi ded b HeNey'I aser )

The absor pt i on O5rRAlY (VY |ﬁ) pplymer daprd with E-e(R/Sedimetingb 35 Ul |

a55nm and_the. 40Nc FAREng P (dertfiddtiertucbin) stiieinib Gl Bradile i °

with irradi ati soldeas ABe&rhrome 670) Fulgldeﬁéler typically oyelione orp orainge
systens will also be suitable optical staorage rredl um One
such exanpl e i $¥%pal W%}éd%‘ﬂ'?ﬁ‘hmmmlmeﬁm be ghanged cal
TR TRt e e e
read at 488nm tandq iz rinytheovisiblie  droahe) 525dm Data is stored in the medium
holographically with a writing wavelength of 355nm which can be supplied
by a frequency tripled diode-pumped NdA:YAG laser- The reading
wavelength is outside the absorption band at 670nm, which can be
20 provided by a diode laser. The recorded data is erased by absorption in
the 525nm band of an erasing wavelength such as §32nm provided by a
ﬁequency doubled Nd:-YAG laser or 633nm provided by a HeNe laser.
The absorption profile of the fulgide in PVCz is shown in FIG 9. The full
line shows the absorption spectrum after writing with tradiation near
25 355nm and the dashed line shows the absorption spectrum after erasing
with irradiation near 532nm.

Other organic-doped polymer systems will also be suitable as the
optical storage medium. One such example is spiropyran-doped poly(vinyl
carbazole). An optical storage medium of this material can be written at

30 355nm (frequency tripled diode-pumped Nd:YAG laser or frequency
doubled diode laser), read at 488nm {frequency doubled diode) and
erased at 633nm (He-Ne laser). The absorption profile of the material is
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er'ased ‘at 633nm (He-Ne | aser) The absorption profile of the material is
WD 97/ 02563
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shown in 99 The full line shows the absorption spectrumafter witing
with irradiati near 355nm and the dashed |ine shows thePEBASINFMEH
spectrum after erasing with irradiation ne 633nm A

further choice for optical storage nmediumis a photochrom c dye

5
di spersed in fulgh'agn el %ﬁ@éﬁ&r@ L] o St
exanpl e described a o?/‘gwh‘@?mter?‘g‘hﬁ, en expose ﬁ?’ﬁ*@%‘?‘{‘]&ﬁﬁ%“ﬁ“{‘%
wavel engt hs, cr ewithsinadiation oear 886nm antectheadashed linghshowsc tHeo absoiptiohe s

have the ability _to undergo .reversibl.e fransitjons. These reversible
transitions all OW‘?‘F*@"RQF@FP%S% 'mmﬂrﬁ?réﬁnmased with nultiple

10 exposures (up uHMer ¢BBiceShor opti Fslﬁ)‘i#ee hmaaﬁg%ﬁ L.al
S . very sta%lqe andqﬁg's no m%onmen a cons???ﬁ%]ts. e's f
[I_ihf edoI thes ?iipelrsethimﬁulgide dombl %ewlmdsmnw& e fitst
e data is conplete npn recoverabl e er_erasure, an e .
absor ption band M#plwr -dovii Wéﬁ@aﬁs‘”aﬁgom@b@ﬂt@m 1
5 of bit mgr 5’,@@,%;}@ Eﬁé@gmﬁ%' ﬂ’lé%%féﬁ.ﬁl Thes
The percent age o?’hdye |sf)_ersed in the PMVAt"?:an e varied tgcolourcentres
al | ow wavel engt hhave the abiliy toundergo-many seversibie ransitionsy Thesegevessible
material to suit,the.yaye teristi f, the,laser, . .
It has been dem)ﬁé{‘ﬂﬁﬁ% #W%@%ﬁéﬁﬁ%ﬁﬁﬁﬁﬂt'ﬁr&%@%w&m‘we
llevel beforg er agii@sured (apRbant0,000 rebersitiieocycies BhaCindrb). ?*N&ma'ﬂé’ﬁ'dﬁelgs

wavel ength sel ective, the erasing beamw || not affect the prerecor
data when ot her vagestable and-bas nedenvicomnenigl sogstaints.cthe shelf life of the

Typically, the tertal. requj - a W

| anp/ sour ce bef g&@%ﬁ'ﬂ&%&%&ﬁ%%ﬁ)ﬁtgaygﬁ the 490nm region.

25  ‘Theoretically, Théi dath ¥ Comiplstely Rohf rédoveratle afdr érasule,’ 8hd athe

| onger gggi od may fix the rra{*(rari al permanently and al l'ow the
material to be absorption banddscampletely broken-dawna| Thereris alsounpypassibilityngl e
separati on_pet we - f C l.tf ng beans for this
materi al i §920[ eﬁflﬁtnﬁgt’aﬂon duetog’srﬁi&%%r}ga%ér“r'ed formthe optical

head consists of an i Thegercentage Gldye dispersed inthatPMMA ¢ahi 5é Nariadd to

fibre-optic bundle that accesses_nultiple . .
allow wavelength shifting to occur in order to selectively design the
material to suit the wavelength characteristics of the laser. -
it has been demonstrated that the material has a threshold energy
20 level before erasure takes place and the data is affected. Thus, being
waveiength selective, the erasing beam will not affect the prerecorded
data when other layers are accessed via Bragg angle selection.
Typically, the material requires a pre-exposure to a UV
lamp/source before the material can be written to in the 490nm region.
25 Theoretically, a fixed pre-exposure of the material to UV for a fonger
peribd may fix the material permanently and allow the material to be
wavelength selective at all times. A typical angle separation between the
reference and writing beams for this material is 20°.
In one preferred form the optical head consists of an integrated
30 optical element comprising a fibre-optic bundle that accesses multiple
addressable spots on the storage means at any one time. The fibre-optic

array is modulated and beam steered using electrooptic and acoustooptic
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i_adﬁﬁ/gésagl € 'Spots on the storage neans at any one tinme. The fibre-optic
array is nodul ated and beam st eered using el ectrooptic and acoust ooptic
WD 97/ 02563
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nmodul athU'ﬁ The structural conponents of gﬂmﬁhead 24
for directing coherent radiati omgor witing, reading and erasing
are shown schematically in FIG 11. A nultiplexing array 52
converts the t hpRRIulAtBEE. 5 beans to one output beam that is

wavel ength swi tched in accordance with the wite/read/ erase cycle

A demul ti pl exer arrayhe3sypriwral camponepts of an optical head 241 fordipeeting i t v

comprsing & pniSaoiebf, rBnea, B "9 YR, and serasing "B i
pol ari zati on naehématcalytin FIG M| Ae:nummﬁ%@raqpsz cohventy B tisteeli 10

beans enter an el ectrooptic swtchi ng array 7 and_ are then col l'i mat ed by
a hol ogr apBi ¢ opeads ta-paeoHtput wavelgngthy

acoust oopti c be I re

optical stor age%ané %aspe%% E&ﬁan@ uﬁﬁfw&?%ﬁ%ﬁ@h(ég

mul ti pl exer 52 peafhinto a'pioraity of beams fom_rlrl]ld int6 GIVintegrated biptical one
ser e inputs ar

fibre-optic input 60a 60b and 60c, per e
sel ectivel y swi waveguide MN@&?‘?%WE‘@%MW@%M s

gtzarrﬁln'(tjr Sl?)exer Sg olarization m&hﬁxﬁgmﬁsgur ntsé.’ ?ﬁ%qm‘%ne begﬁlﬁr S %vrr%@fr pl exed

into a numier obehﬂﬁmtéomelmmmﬂllnmaﬂayﬁmmmwlmaﬁdbﬂhe
derul ti pl exer 53 i, mi S ture t he rmultipl exer 52
with switching @ W%ms’saﬂgwr&ﬂ € O uch
as 65. ﬁcoustoo e Odefldiae S90MiIdH el rbeamyl tre

achi eved t hroug use of optical nodulators. The optica
nodul ators ar e opticaledtorageaneans 25 at specific@angles:s fabricated fromsilica

glass or lithium ni The optical uide deyice
that controls the anﬁffﬁwﬁ'mfsz Is shown M%emrm %e’%s mpnses
Interferoqglricgngl efipréYplie tivpat B0a, SEOH 4rd '6ud)- per laser. The’ WRas’ afe/ Pe

interferonéter shown in detail in FIG 13. The devic conpri ses
mul tipl e nodul aselectivelyeswitchad-to the eatpLtfih byl daquﬂs: switching elements
62 and 63.

The output 61 becomes the input 64 to the demuitiplexer 53 as

shown in FIG 13. The beam is demuitipiexed into a number of beams for

20 launching into phase modulator 54. The demuiltiplexer 53 has a similar
structure to the multiplexer 52 with switching provided by electrooptic
switching elements, such as 65.

Amplitude, phase and polarization modulation is achieved through .
use of optical modulators. The optical modulators are optical waveguide

25 devices fabricated from silica glass or lithium niobate.

The optical waveguide device that controls the amphtude and
phase modulation is an interferometric intensity modulator, such as Mach-
Zehnder type interferometer shown in defail in FIG 13. The device
comprises multipie modulator elements such as 66. Each element 66

30 comprises two Yjunctions, such as 67 and 68, that give an equal division
of the input optical power. With no potentiai applied to the electrodes, the
input optical power is split into the two arms at the Y-junction 67 and
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30 conprises two Y-junctions, such as 67 and 68, that give an equal
di vi si on of the input optical power. Wth no potential applied
to the el ectrodes, the i nput optical power is split into the two
arnms at _the Y-junction 67 and WD 97/ 02563
PCT/ AU BY@ BHEISES PCTIAU6/00423

arrives at the second Y-junction 68 in ph ge giving an intensity maxi mum
at the wavegui de output 69. When a potenti P difference is appl i ed

bet ween the el ectrodes 70 and eratfe in.a ush ul |. node on
the two arns of af¥ives ﬁ%@ﬁ%ﬁ@?ﬁlxﬂu“@% é’FB Ape giving ap 1 W@%t ed

5 bet ween th a}aﬁreb %uiﬁiﬂ P‘ﬁ%{@ﬁm
gi ves %Igls%’e to a Val’l atron rn the | nt ensi ty of the out put eam
whi ch is conver between the electrodes¥() and@d, wininh aperate imarpushipulcmodeone 54

Such'i nt or f o orBe 0 S LG oterfergubinie A diiwsnbe! BRase change s created
operate at gh Ighg%%ﬁééﬁ é?.éna%tﬁa%mnmwma ferttécomBihation gives
mm 1 nt

reported for a rometer enploying a 3.8 volt nodul ati on depth
across a 0.9 ni cisertotavanation i therintensity of the output beam which is converted ton

nmodul ator 56 is sh i n .det FLG. eyxice
conprises two emﬁm@ ﬁﬁ&!\‘ﬁﬂ séﬁd'%z!'?# %ﬁﬂ' “d?hgsem%!}ﬂﬁ? "ae
non-linear devi GRedrd denNice 88. silica glass or X-cut |ithium

ni obate. The | ongitudinal el ectrodes 74a and 74b are pl aced

symetrical |y over a Sugh dptesferometie !@dﬂ@o@ favee baep semanstiated to

| i near substrat e, e gbksgs ﬁi&ﬁ?ﬁ mm ﬁééh
field that' *tan (ﬂﬂ%ﬁ{éataag ﬁ'ﬂﬁp ari za |on g# a propi(;lbé'z?ltl ng vvavehlslrsl any

20: direction. miﬁbrt&dtfochrs mmmtéfferameter 8r\|ultahb§lu|wehldeptht hod
of pol ari zat i on .control le has been denonstrated in both
| aboratory and @across a0.9 miceamete -cal fibre systens, with no

measurable sens V' ¥he polarjzation MBHEIkidre56 if Sholh i méRd ue&mﬂﬂ%fi 56

produces nul ti-|evel Keyi ng bet ween TE and nodes.
These pol ar.i zat i'fie sagmee comprises two 28lementsi 2ai and @2bi rBach aelementi on

W|th|na5|ngle node fibre. The m)dlat 56.has _a ni. SSi on
rate of 5605 M t@@g@ses a hon-inear device e SUEh. 88, silica glass; pf ?{%Gmé\'may

57 1s shoun i ibGafict 3t | Vorgifidinal - electrodeld- 744° dHd 37467 &TPpiaed 2
plurality of inpu res, suci as 75, an
symmetmally over a Z-pmpagatmg waveguide diffused into the non-
linear substrate. Voltages applied to the electrodes produce an electric
field that can orientate the polarization of a propagating wave in any
20 direction. This technique offers a robust, mechanically stable method of
polarization control which has been demonstrated in both laboratory and
field installed optical fibre systems, with no measurable sensitivity
penalties. The polarization modulator 56 produces multi-level phase shift
keying between TE and TM modes. These polarization states are then
25 maintained during transmission within a single mode fibre. The modulator
56 has a transmission rate of 560 Mbits/sec.
The electro-optic switching array 57 is shown in more detail in FIG
16. The array 57 comprises a plurality of input fibres, such as 75, and a
plurality of output fibres, such as 76. A matrix of electrooptic switching
30 elements, such as 77, are arranged such that any input, or combination of
inputs can be switched to any one or more outputs.

The holographic optical element 58 is a combined collimatof and
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.plurality of output fibres, such as 76. A matrix of electrooptic sw tching
30 ' elements, such as 77. are arranged such that any input, or
conbi nati on of i nputs can be switched to any one or nore :
out put s wo 972563 The hol ographic optical elene MCorrbl ned
collimator and WO 97/ 02563
PCT/ AU96/ 00423 22 22

focussing elenent that collects the output fromthe electroptic switching

array 57 and fofsaSing elerhdit thafeblieds #5é outgl from the electrooptic switching "€

beam defl ector 59 conprises an array of acoustooptic or
el ectrooptic noauay aMMIm%emthﬁg-enbodl ment of an

an acouet ¢ v ancducder b degieludto B chigfited B AAFof aRBtRlacPBil e
The transducer E&W%oaurawddmmam%mmne emitsodimiént! &F &h
The acoustic wave produces a periodic variation in densi té (ie rrechanl cal

strain) al Bng i acoustonpliginedyatars8, is shownindie t& phisashe

'}'gus ;ef racti V&I%%&WW%%% gFﬁt Oeb‘?’i effgﬁt

produced in t heThedransdiber 79 mdmesahaveumbwmcttmmh&uﬂedhmeegh

t he nedi um 80 and crossing the path of the acoustic wave

i s Bragg di f f r adhedceusticwave-podyces a-periadigvaidationdnadensity (ie mechanical
n the opti cal  STBPIFONR lis path with gives rise to 4 nERppling erpiiin the ' °

diffracti o pat iéfradivelindek within the aieditm dud fo e pistophistie 'effect. 'lhus a
in the XY plane is_determ ned by dressing different cells in the optical
head 24. The 2 mevmgmﬁawlaaﬁq ofsacion areliga s Rrosyeer e median 80, A | he

20 i i ract HATEEeaRt pateitid GAAAH 08 Mefiim 5 i Cxtesh i bl sing 1

The acoustic savecisnBrage diffractedichy thé phasé igrating fitom 2zerd order
determ ned by the phase. anpl i tude and poI ari zation
settings in theindptigher ordeamodess det er ni ned by the

e Tead B9 addr eas; 5o fehected boams, nterfere in the optict sieablifbaRy 227k 7"

across the XY pfmnrﬁwiduhmfﬁautdmepa'ttmhMemlon of the diffraction patterns
oy e hof ar St SoE s AEr B RESGSeANRGRn colls 15 the Rt
head 24. The Z axis is written to bywntmg at varying Bragg angles to the
optical storage means 25, thus creating a series of 2D Fraunhoffer
20 diffraction patterns stacked one on top of the other in the material. The
data contained in each diffraction pattemn is determined by the phase,
amplitude and polarization setfings in the optical head 24 as determined
by the signal processor means 27.

The diffraction patterns are read by addressing the recorded
25 _ diffraction patterns across the XY plane and then in the Z plane and
reconstructing the holograms. The encoded reading beam will be retumed
by the hologram and passes back through the optical head, to a detector
which records the signal. The signal is analysed in the signal processor

means 27 to obtain the phase, amplitude and polarization codes.
30 As previously mentioned, the beam defiector 59 can be replaced
by a servo device to form an optomechanical head. The optomechanical
head is physically moved to access different regions of the optical storage
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whi ch records the signal. The signal is analysed in the signal processor
means 27 to obtain the phase, anplitude and pol arizati on codes 30
As previously mentioned, the beam defl ector 59 can be repl aced

by a Servﬁ’d’ﬁﬂlﬁ@ to form an optonechani cal head. The opto hani cal
head is physically noved to access different regions of thﬁm’%torage

WO 97/ 02563 23

PCT/ AU96/ 00423 23
nmeans. means The optonechani cal head will operate in the
sane manner as the ) optical head except that it wll

physi cal ly nove in t héThé optamechanicaighead will operate in the sameomannenas thée

system and a transduc cqil ne {ha?gi. m\/\ﬁgch ‘ylovvs f'oiheiY lane th

hi gh preci sion amgmgﬁﬁaam 'f\"!!'c imwé egve in piane through a

To assist 1N acCuhgld: dorifol|syten GricP A tatisdlitar 2o ingélikindirs Which allows for
a eads th an '

tracki ng beam 81 t e optonec I cal head 82 by an optinmum
coupsi ng angl e, dvighewecision alignment tiuring thetracldnggrocessr 47 reflects the
tracki ng beam 81 prior_to the .optonechani gal ad 8 ctual ly.reaching 1 0
the sector headers. ThE?raeﬁsfgde%ﬂé"% ; i@"ﬁ@?m %@l@@ﬁ%ﬁgﬂ
distance 'd' for ghifl beani 81 harRaAstAe dptéimetRanicaPHedd 82/t an Gpfiftitinh O
The nechani cal portion of the optonmechanical head is a two sta

servo devi ce capatoupling anglecas dgpictedd in FiG 116 nIhe tragking lgmﬁ;ereﬂmﬂz;
ith | uti f .+100 d RY2 .

A hi'gh preci si on adng Peh. S Tiidrid MeopBhinisal nedl 8 botiali hekoniig
serygnot or with hinghsrdorheddirs! The eMdeted Facking beaim isidetédted and alitivs a

position the optical head to within the span of the non-erasabl e gui dance

tracks mentioned distance ‘difor thadrive ta perpare for awrite, rgadiariesass opei@ions a

Do <0 o ee e O] 23 Tl Beirtiel o bf ek DBichMchéic pdall W3 uppte, "
20 ea , , | n
differential nodeggryo device capable of dehicvitiy lifledt AOtions W Feaxik (R, ypahd )
head relative to these tracks for accurate witing,

readi ng or er asi nyithiareselutionoh+J00 nrnametses and yglocity of 2m/s or greater.  p\/pr

(pei.zo-electric plastig) g @'ﬁl‘%ﬂ&‘ aﬁhcﬂ%s h st' ﬁﬂ' &ﬁﬂg‘

di réét ly providing m cﬁon@?i 0 enaz;enrgr grse ﬁZ%zﬂp Wlés l:"cDue
to the conpact nesgefionidtor Withohighnésuritirotdry encudemis tused for the first stage to
entire systemcan be contained in a standard size drjive that iRt'erfa es

with a personal cpapiiositheoplical head to within the, sean en-¢ e guiganceg
tracks mentioned above. The second stage is a micro positioner such as a

peizo-electric (or voice coil) element or, altemnatively, a high resolution

20 lead screw drive, similar to the first stage, working in differential mode.
The second stage centres the optical head relative to these tracks for
accurate writing, reading or erasing. In dne form of the second stage
PVDF (peizo-electric plastic) is moulded as part of the optical head, thus
directly providing micro-motion when energised.

25 Due to the compaciness of the components of the system, the
entire system can be contained in a standard size drive that interfaces
with a personal computer. A sketch of a suitable drive is shown at FIG 19.
Those skilled in the art will recognise the drive as being similar in size
and design to a compact disk drive or floppy disk drive.

30 The optical storage system described herein is not reliant on
complex optical arrangements such as CCD amays and spatial light
modulators to recompose a given data page. Rather, the system provides
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Those skilled in the art will recognise the drive as being simlar in size
and design to a conpact disk drive or floppy disk drive. 30
The optical storage system described herein is not reliant on
conpl ex OPOOTEES6dr r angenents such as CCD arrays and spati Gpciriafibdnooezs
nodul ators to reconpose a given data page. Rather, the system provides
WD 97/ 02563 24 PCT/ AU96/ 00423
24 for sinple, low cross-talk low interference and high
signal to noise fartsimple, low cross-talk, low inderferencei drkthmlsimalpatnmsewatm
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The preferred embodiménts described herein are intended to
illustrated the principles of the invention, but not to limit its scope. Other
20 embodiments and variations to the preferred embodiments may be
evident to those skﬁled in the art and may be made without departing from
the spirit and scope of the invention.
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1. An optical storage system conprising: an optical

st orage W%hol ographi c storage of data, said optical

storage neans rising a storage medium being witabl e, FCRARRS00623

and erasabl e; - a source of ggherent radiation for witing
said data in said optical storage nmeans;

a source of coherent radiation for readi ngi Aig data from said optical
storage neans: 10 means for erasing said data fromsaid

optical storage freansAn optical storage systenncomptisingl: head for directing said
coherent radiatign fox AN | . cohernent radi atio
for reading and en; gp nw Ef%?d%ﬁ”t'a"'mﬂs‘bﬁﬁﬂe &edg{la' sa'éj °ptt'°ap
storage means; storage means comprisingld StorEg@ mebiim ' tla@daBid cal
head to wite, read and erase 1 Ag said ﬁig@%tgﬁlb. e
si gBal processi ngndesasabler encodi ng the coherent radiation for witing

and decodi ng the_coh akion. f- .NQ. . . . . . The
optical storage m@%ﬁ%@ﬁ%.ﬁ%@aﬁlﬂéﬁmﬂﬂ optical éorage
coherent radiati pyedr@f Witing is preferably a |aser operating at a blue 20
wavel engt h. 3. The optical storage systemof claiml
wherein the sour 8eseurce of coherent radiation, far, reading, gaki data figm seidiopticak

suitably a | asersgé}%égbié%?at ared wavel engt h.

4.  The optical Stemof claim1 wherein the means for 25
eray ng i s a thepyadnstor efasing said data from said optical sidtagaméariyt st or age
systemof claim1l wherein the peans for .erasing.is an

electric field. an optical head for directing, saig,coberent ifadiationsTor: witing. said m 1
wavel engt h i n- an CaBreTt Fediation for reading 4F S théafis toi°SlasitorSdifl bufical
7 The optical stdregemreansst em of claim 1l wherein the optical head
el s T ol e e for canbolifg The Spical hedd T wife! i S erase
15 said data; and
- signal processing means for encoding the coherent radiation for writing
and decoding the coherent radiation for reading.
2. The optical storage system of claim 1 wherein-the source of
coherent radiation for writing is preferably a laser operating at a blue
20 wavelength.
3. The optical storage system of claim 1 wherein the source of
coherent radiation for reading is suitably a laser operating at a red
wavelength. |
4, The optical storage system of clam 1 wherein the means for
25 erasing is a thermal source.
5. The optical storage system of claim 1 wherein the means for
erasing is an electric field. |
6. The optical storage system of claim 1 wherein the means for
erasing is a laser operating at a wavelength in an absorption band of the
30 storage medium.
7. The optical storage system of claim 1 wherein the optical head
includes modulating means and detecting means in signal connection
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26 with said signal processing neans such that the
nodul ati ng neans encodes the coherent radiation for
witing | dul ati ons generated by t he si gnal
processiwgﬁgﬁ%g and the signal processing nmeans decodes PCTIAUS6R0423
nodul ati ons detected by the detecting nean 5 8. The
optical storage systemof claim1l further éﬁ“rpri sing a servo-

rechn el TS oBE b ecShi kR’ bR Yo' BB
storage means f ognddiesihe! coMeréhtOraition for MWith Gﬁtﬁ'lﬁb&ulg%i?gscgieggra#g?eblyi Al

conprising: 10 a substrate coated wth ar

a tracki ng | ayerthecpignal prooessing-meanstang the signal procsssing means decddes ng
a rali ftracks, .each track having a tracking
portion and a da@&depﬁMedhy%dm&fWﬂ‘% and

an grasabl e storgge npHé Pefo W%Hﬁﬁkﬂrﬁw%ﬂ' pia'gin a servo-
wherein data is stored in the erasable storage nediumas diffra iosn
patterns. mechanical means for perfopming:relative pgsitioningsobthecoptical head

wherein the sub ' . : 11. The
opti cal storages%ﬁkgsﬂo%blg?gl‘emogm\}/ﬂ!le_r:ellaﬁet € Substrate is 20 _
Myl ar . - 9. An optical $torage meas for the epticabstorage systemm 6f el ai n
t he substrate is L coated with a reflective material.

The opti cal CAMBAYPS “neans of claim 12 wherein the reflective

13.
material is alunjg] 3 . .optical storage neans of
o if " Rubifaté bosted with a reflectité matdHé

m 9 wherein I'S an enbossed surface
relief layer.  atracking layer deposifed orl the substrate, saidtrapkirgylayer iclisding 2 9
wherein the trackjing_portion of _each track is a |linear

strip and the daPWrafityQf {Facks, eaeh track having a jracking portion and a data wrifings

30 . optical storage neans of claim 15 wherein each
dot in the p&ﬁm'gns array of dots has a dianeter in the vicinity
of 0.5 [err] m an erasable storage medium dépositediorsthestraciing layerns of claim 9

Wh%ei N thet rac&zhggeiﬁoaétiaoys stored in the erasable storage medium as diffraction
pattems.
10. The opfical storage means of claim 9 wherein the substirate is
glass.
11. The optical storage means of claim 9 wherein the substrate is
20 Mylar.
12. The optical storage means of claim 9 wherein the substrate is
coated with a reflective material.
13. The optical storage means of claim 12 wherein the reflective
material is aluminium.
25 14. The optical storage means of claim 9 wherein the tracking layer is
an embossed surface relief layer. '
15. The optical storage means of claim 8 wherein the tracking portion
of each track is a linear strip and the data writing portion is an array of
_ dots. :
30 16. The optical storage means of claim 15 wherein each dot in the
array of dots has a diameter in the vicinity of 0.5um.

17. The opfical storage means of claim 9 wherein the tracking portion
R
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and the data witing portion of the tracks are arranged to be closely
adj acent @IHAS6H provi de maxi mum st orage density. © PCT/AU960042318.

The optical storage neans of claim9 wherein tracks are divided
into a plurality of sectors and sectors are2divided into a nunber of

fields. 5 19. _The optical_ storage neans of claim 18 wherein
the fields inclu@nd the data writing porlign of theotracks @re sarsangad e be einsely

orror check and BHAGTE SRR P Rrcd memum siomgs depplyc™ || ! On T1EL S

20. The optical 48 or e ﬂ?ﬁaﬁl anahsvwem 9 WhepsincRabics aie Hivided
mediumis a thin nmedium all ow ng recor g of holo rams onto a surface 10

21.  The opti cal l@*PcﬁE Wsality of seglors &e
t di |
g e | a2 Sl i s,

The optical stor ame ruralmref fieldsi selbcted: rfrom &hsectonsidentificatiorn dield, data
nediumis an inor.ga l

optical storage %&M%mw and dafa stomgeltr]eeid

mediumis a phot fr %ﬁb wherei eaﬁb@%fﬁée

st orage neans of Q?I'eal m V\g‘érel n the erasagfe stgra itthe

medi umis a pol ymedian isra thin medium allowing recordih‘gofhulogmus:ahtoasuéaee.

means of claim9 er rasabl e st or nedi u

the‘r‘}mpl astic materi aell'he()&l@? "%géa%gvﬁm%lmﬁ orag%r

claim9 wherein ‘é?&rager ERBHRINF LIS’ aJ%hick medium allowing 'Feébkdihg S of multlple
[

t her nopl asti c mat erasabl e by applying a thermal” field
27. The opti cal Wamgmeamglmmdﬁmtbsmmmdmm e storage

crasabl ¢ by appl g ok pefigH skiEbp HiearEpEat s wiBtdh i efeffe Sofiige

of the pol ymer ofmédianfisdrfiiorg@tic piiotochromic crystal. 28. An optical head
for the opti cal storage systemof claim 1 si ng

mul 15 pl exer nean23.or optml@tmgednemefglarm@éuheremmsee rTEi!!!)'-a‘tol‘age
radi ation; I r. ans for dividing the sel ected
radiation into nﬁp?gmlsapho%%&ivgrﬁé@

24. The optical storage means of cla:m 9 wherein the erasable storage
medium is a polymer material. -
25. The optical storage means of claim 9 wherein the erasable storage
20 medium is a thermoplastic material.
2. The optical storage means of claim 9 wherein the erasable storage
medium is a thermoplastic material erasable by applying a thermal field.
27. The opfical storage means of claim 9 wherein the erasable storage
medium is a field-erasable photorefractive polymer material that is
25 erasable by applying a strong eleciric field adapted to realign the chains
of the polymer of the storage medium.
28. An optical head for the opfical storage system of claim 1
comprising :
multiplexer means for selecting one or more sources of coherent
30 radiation; |
demultiplexer means for dividing the selected radiation into multiple

beams;
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means for coding a nodulation to one or nore of the multiple beans;

and neanwO 9wo286s | ecting the nodul ated nultiple beans to W‘B
| ocation in an optical storage neans. 29. e optical head

of claim 28 wherein the neans for coding a2®% nodul ati on
conprises neans for coding an anplitude nodul ati on and/ or :
means for codi ngmean$ frecoding arnodalation/to onexrmorecof the dnultiple beams;

pol ari zati on nodul ation to on r norg of t I tipl eans. o

50. ‘The opti cal dnwmfarﬁef@emnsr&%m@?ﬂgamﬁﬁeﬁmqﬁm@ dagired

nodul at ed rTLI|tI ﬁ%&FWé) ity of deflector cells and 10
re o

means for SV\IItChI ng one or nodul ated nmul tiple beans to a

desired defl ecti29 ceThe optlml head of claif128 \Wlaeﬂpmm&rmdomi:odlny @ 28
further conprisin ed radl atlon

t
BT et iry' L HBOHUBSR CimpHiaes, mesns, for poding an an riﬂudéem@a

15 3 e %W"W’ﬁ ns
detects ‘meafis ftﬁ’Iobl"’aﬁ“gnase anpl 1 tude and pol ari zatlon c | naméa
33. The optlcalpmmanMMMmoﬁﬁmmuMemm

one or mor 6. NacrS0enTBF drfibal TRA, of el 2B NheghT fhe MSts fir dlndiing the
optical head of mbaulatéa _miRipte 'bents Boipises’ a qeidiality of deflector cells and

pol ari zati on nodulation is an el ectrooptic or acoust oopt I c polarization
coh@rol devi ce. means for switching ope.or more ©of dhe srodulated K&Mt@mge

including the s pr odum ng a rraster pl ate
containing a negi%@ﬂ?ﬂm’ Ity of tracks; 25 pr oduci ng

a blank optical 34.0r agRe "eptieal thei 2ofS Wil 26° faAR&E ComMprisify means for
reflective coating; enbossi ng the bl ank optical storage

means from the reeceiing|reflected mllﬂhon and -directing the eeflectach radiption to &cks;

coating the enbo storage neans with an erasable storage 30
medi um a'§t%gt°?'q‘t'&ﬁ§ographl cally witing data onto the tracks of

t h¢soptical storgge nFR&soptical head of clalm 31 whierbid the detector imednisedétects of
diffraction patterns generated by a pha
the phase, amplitude and polarmatlon coding.
33. The optical head of claim 28 wherein the means for coding
amplitude modulation and the means for coding phase. modulation are
one or more Mach-Zehnder type interferometers.

20 34. The optical head of claim 28 wherein the means for coding a
polarization modulation is an electrooptic or acoustooptic polarization
control device. '
35. A method of holographic data storage including the steps of:
producing a master plate containing a negative of a plurality of tracks;

25 producing a biank optical storage means being a substrate coated with a

| reflective coating;
embossing the blank optical storage means from the master plate to form
a plurality of tracks;
coating the embossed optical storage means with an erasable storage

30 medium;.
holographically writing data onto the fracks of the optical storage means,
said data being in the form of diffraction pattems generated by a phase
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writing coherent beam wherein the data is
read hol egyeumdasesal | y by nmeasuring signals fromthe ptical-
storage neans when illum nated by a readi ng coherent beam e Iglwamﬁ

36. The nmethod of claim 35 wherein the stemg of hol ographically reading
the data recorded in the optical storage neans includes the step of

i I'luni nati ng thea.ﬁe % F@iRRéncl cbhérent Bdany d?ﬂamwﬁn@%owsm
wavel ength as the re erence eam and at the same angle as used
record the dat a.beam; The nethod of claim 35 wherein the

optrcal Storngs Whate the i ds 'ﬁe“s’r’égg'ap""'“v "B3F idRisfrih§ i ok € ¢ e
optical storage ¢t st meAovhen iliuminated Bpadeading coherent beam.

different wavel ength to the reference beamand at a different_ angle to that
used to record t daThe method of claim 35 wheein the, stepafihnlograpbicaliyreading

Jone. cor t espond, 5" ABEE, HeRAted if tip i ‘stnenge, megns inclygies”iné WER of "
optical storage iafiifating the optical storage ffeansWith abfeacing beapontwbsahey ei n

the data is protected a ai nst unaut hori sed readi ng by
witing to sect owavelangth agcthecreferencgobeam and at the same angle a8 Hseddo

claim 39 wherein corded sector is recorded W th
a code which is ?‘%R{i‘!\ﬁfée“% “decode the order of witing.

10 37. The method of claim 35 wherein the step of holographically reading
the data recorded in the optical storage means includes the step of
illuminating the optical storage means with a reading beam having a
different wavelength to the reference beam and at a different angle to that
used to record the data.

15 38. The method of claim 35 wherein the data is recorded in a plurality
of zones, each zone corresponding to a different depth in the tracks of the
opftical storage means.

39. The method of claim 35 wherein the data is protected against
unauthorised reading by writing to sectors in a coded order.

20 40. The method of claim 39 wherein a first recorded sector is recorded
with a code which is readable to decode the order of writing.
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