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WO 2004/ 114294 PCT/ | B2004/ 050975 Optical information
carrier containing Bragg reflectors The present

i nf or mat i on CRECT/IR2A004/050975
to a read-out device for the optical information
carrier and to a witing device for witing
information on an optical information carrier. The
invention also relates to a nmethod for readi ng out
information froman optical ipfornation carrier and to
a method for witing information on 5 said optica

| Opftiedl Ebrin@tlonCoafiiet @htainibg Bi&g rdlector§r oW ng dermand i n
reliable optical information carriers of digital

i nformati on for conputers, video systens, nultinedia,
etc. This information carriers should have high
capacity. 10 Currently required storage capacities
make the use of three-dinensional storing necessary.
Current nulti-Ilayer technol ogies, as for instance

known fr omyiSteseRh ikRRidABRatestS Bn bt iFSrERINin BB to drkadast
stora e materi al Information |l a ers ar e seP rated.b

9S8 e lygeon et LR WIS 85 Wi fopatonon
pihldf)taial iformdtioh BenGdr Mk irventio Yy ﬁlates toszatrﬁntﬂoé (ﬂor réaﬂlng but

éatlaérrléaélglé g%ﬁlgopilgzﬁ gg nrfglgtqanm 1?Ilr grnang a me hogl&}’or WIT &mﬁ 1n%ormat{on on
Smddmhaynmsnﬂmmcdmmraddressed for MWItI ng/readlng by
f ocusi ng bt £ digital
el ect | vi (0 i RN KRR op ARl corirs of gt
Ilafgmatlb@ﬁ)ﬁ?f?mﬁu@ﬁisi’lti%ﬁ smtemSh@ulrl@e‘a% etcSBm infoapatign pagEgss should
mdgﬁgh&ﬁﬁﬁyln t he non-addressed | ayers, thereby
heating up only the desired spot above the threshold
tenperature and degrading the fluorescent active
material to 20 fluorescent inactive material. Reading
out an ad er can be achj by.focusin he
Feadi g bodifrs e P o e i PR TS e 8L S S cha
ojtring adceday Cucantmivdti-lajey teoheldzis, s Ed instesed kngyvnl fegedS beam

I 6S 0 th9) 0@? Yl ttﬁ.{glfegcegt%alte? ag sllgéégé 1111&943? §1&§%ﬁonolfcl}g%ra!reasregagated by

uorescen sectrons from non-
Ithlylemcm: dﬁmrs e thesgintubii-layer Hiscsaphird iy ofdufprimatien laersipgacked. In

f a4 ?a’%lgr iR fkdRGat oﬁ?a%rs beam be%@&gssgﬁan@ bhtlecﬁg le GheikiMg 4r¥ reading

can bé achi eved use of electronic filter neans
swhIriddavey C@é%e@éqr%sépd@rgﬁams/reaﬂlﬂg B ﬁqw@ﬁg aMeitinggigading laser
fHe% R RCIEICRAP %}Qﬂihﬁ is 'ﬁtfﬁﬁ&ed ByeH Rt 1456 HaSh Sty at the focal

resent data on1t e in-f er
B L 31%“01? el B ety Batin oo psived
rb@biﬂaeove(ﬂ&l’thlﬁglofdrt@ﬁpeﬁhire and degrddirdfgabe fiotegigirastive\Bfdterial to

%904/ 14294 P p2004/050975 2 Fl uorescent em ssion

can BEHRCER S rﬁy coll ectors. A disadvantage of the
Readlng out an addressed layer can be achieved by focusing the reading beam

on it. Reading out data from a 3D optical data carrier by one focused reading laser beam is
inevitably followed by fluorescence of a large number of fluorescent sections from non-
addressed layers confined within the conical surface of the focused reading laser beam. Read-
out selectivity can be achieved by use of electronic filter means separating detected signals
into high and low frequency components. High frequency components represent data signals
from the in-focus layer, and the low frequency part is responsible for background noise

coming from all out-of-focus layers.



10

15

20

25

30

waele@advaem ages are the use of additional

described nmulti-layer technology is the |ow collection
efficiency of the isotropic emssion. O her

filter means and | arge background noise. 5 It is
therefore an object of the present invention to
provide an optical information carrier, which can be
read out nore easily. It is further an object of the
invention to provide a read2out device and nethod
provi ding a higher collection efficien

C
10 to pr &lHorsecent afission prs by detpeiad b aﬁeﬂleﬁt@fsr}%dmwﬁm@apﬁhe

d@%lb&ﬁhulﬁ%&ﬁé&hdl% iCBE robv%BllecffJﬂ &ﬁ&ghb}e@ﬂthe(iﬁif?roﬁle emission.
chi an o on, carrier, for

G igpagen o Mg S At P Bt TSEHY: FILHES topkesgpme
mpti cal beam conprising at | east one information

| ayer containing material having Bragg refl ector
characteristics for reflecting light of said optica
beam when said material is heated above a reflectance

threshol Qt it fﬁgf@ﬂeaz;nl%ﬁctk&thé ?llegnt 1ﬂfv':_énf?c91ttb Sﬁbldpﬁ?dﬂlca-fh €

present i nvention uses reflectance characteristics of

igfgrmagian sapricaoYhicheran prreasrquiinore fasile Ads Birthr & phigghpicthe invention

tf) bfé@fd@& ﬁ:@dﬂ-@% d@ﬁcef&& ﬁl%ﬂh@(ﬁﬂoxhdﬁng zhlﬂgl&l’ %olletﬁ@ﬁ laﬁi@igﬁﬂt ds @i bs
irection al_beamingcidenting in

taﬁm&ﬂgﬂs%s?g Jeicy g 06 ﬁrﬁ%ﬁgp&ﬁ@ MR Bt i on

carrier d&&&ﬁﬁctrcaf beexctiiévad by aroiptitah fapation abrrienforanmyitg on

1{\ﬁ)¥errr1ar‘u§ } (o) bre]: rea Ol,lt%n gx}eans [o) arboé)];:lca? Bealm comgﬁ?%ra{t YC%S% 81’16%!1%01‘[19&@101’1

[Pec {3 can easi
laysp camiriingt reatey @l lhaemg Bragg reTlhitey Ch@acmmsths s redleeting rhght of said
&8P Blafd WL& sf.ﬂd %Ee%aq&ﬁatate& L&Q@QEﬂé&%QJtﬁﬁlﬂoﬁ%rﬁ&Faﬁdr@ﬁy%md
ere only about 4% of the isotropic em ssion can
%@Wﬂb@ﬂbd usi ng an objective lens with a nunerica

apert ur e 9t preFRvéiion ed réﬂe@mfcha@megarcg bﬁrpn@aqm halivels
at | east one information | ayer.

Rl G e ooy teRerene B A ebed Pt BeRreod i B B ek
dirttichfleA O piticsl dbanbBcitanviByia e El@ﬁd’bf aicidesaion A bptical information

t t B th
TR Y P TSk gl AT PREL P e
dligff irectfleand light emtbekalily enipeeddtyapmoprhae colctoscTlanis en band

L [ r
'Ripm%%ﬁ%lrﬁgog%gmfl K eﬁl%\)geg(%ﬁtr sto'r%ﬁI ﬁﬁ}#rrn tﬁoq 051‘1}16@ vﬁféﬁ O'il godgou 3o
oinetonigemidsipn canthe cﬂ@atpcwngraag@eqﬁéfr le@&:\tf@ra nugptieabapgrture of
NReigenting optical beamlight. The 30 reflected |ight
can be coll ected and eval uated. Materi al haV|n sai d
ref | ect arfeenfoRBAtiaR casisr eqntains aklaast eng nfanmation igyer- dhe material
mmg Baigg reflehied BEh@éristoslid tﬂahépdreﬁtrfyﬁh@dpuadn Beaknl vehivElehgth at
cr in t

al | ed Iue hase sho flect
e Sl e R R N e
B&mg&ﬂmm&aﬁﬁuaeﬁb&h&ﬂwa@ﬂ@mmﬁnﬂmeh@mdhdm&nbhﬂoﬁmeﬁkgg
xiegecFola % Eirfteg\%\/ & log i %}hw 2re il ctopnp%is%g I @J%{rerfe%gt% SERE Bﬁltcéﬂrbgang '

Consequenﬂy, the heated Bragg reflector reflects incidenting optical beam light. The

reflected light can be collected and evaluated.

Material having said reflectance characteristics can contain liquid crystal.
Cholesteric liquid crystal and liquid crystal in the so called blue phase show a reflectance
band. The position of the reflectance band depends on the temperature. The reflectance band

can be shifted to higher wavelengths with increasing temperature or to lower wavelengths

el ect PONIR2004/050975
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WO 2004/ 114294 PCT/ | B2004/ 050975 3 with increasing
t enper at ure dependi ng on the choice of the cholesteric

WO p@uitdizes ystal . There are liquid crystals haRCnB206wns0975

characteristic of altering the width of the
refl ectance band depending on the tenperature. Bragg
refl ectors can al so be obtained by alternating |ayers
with different 5 refractive indices. In this case
each | ayer can contain bl ockacopol yners. The crystal
and alternating |ayers consisting of block copolyners
witleingeersing teimperaiuipalepanding prothepheice ?@leétmcwqa@amstab%ere
&b ﬁﬁm{ ka¥s hatiRE the Bk efbistic BF S thORidHAT Eie@¥flebiBiRE BirdS
two information |ayers and at |east one
@ﬁ%@é‘go{lg’fiéﬁm@é‘ﬂ‘é‘?atl ng the at least two information
| ayers afBiagngdaﬂb@torsl"Ql zllé’oaia shaibety aft@hating By @ptvitls diffedotam
| n this_enmbodinent nven e storage
elisied B SR Sred e ra st Sppbatopd et of 10° .,
i nf or mat iTha cnyaalrahéalsarrramglwemcmglsangmf blogk ¢apylymérs are known in
hof.or mat gﬁmeﬁm-‘?%ﬁh% capacity can be enl arged

correspon ernoreflective Bragg reflectors are

sui tabl e Pé@ff,reléy,alnel opticaf igformatieqy pariier lcefadps af lspsh Predfforption

fé?e‘ﬂ dnB bt 1643t &0 %b&@éybx%@ b Nihd a1 QSUFE hi@Rhtichadyers @RTbeng
beam The 15 focal spo? of the focused optical beamis

‘F\%"Fpa@ﬁbfﬂbtll?e PRYCYPPFR: t he refl ectance band of the Bragg
refl ect OIn §1 dnfvadimeitt ot:mammrﬁen;the heragwﬁdceﬁgteiﬂax@éd 4t heast by

B b G0, G A mainr o B s P e aR R g TR &
dnée Brlagy coeésbedingly. Htermaefiottin Brage mlesters ame@ultable eSPeclally

fo¥ Qﬁﬁlﬂ%ﬁpﬁﬁom&nok Iaﬁ“n&% &oﬁ‘ﬁ) nalk?o%‘%mh a%ge%f ?{1&‘11 re&chfg beam "I;he

beam can cross a I nformation [ayers

fm%, PPOIt @fsthe fasiged eptipad beamds ol erprghyto @Wﬁﬁh@éeﬂ?étaw érarsroa@g Bzagg

feBlck R S8 @kt i BmbhRs fhe %Lele%gtﬁ br@é oﬁtiaa b@ﬁnﬂ mutsﬁeqatf&m sh&the
spacer |l ayers in lti-layer optical information

@@Pffr%r@ss "P%‘@Wé? énﬁt the “iﬂﬁ‘ff%‘ﬁ“n%?ﬁi &fﬁ‘f“é‘;héﬂ%’e Breerlpeyeher
&ﬂﬁénﬂﬁhlbéfatuﬁﬂsl t)/an'éﬂ'é&nﬁblatﬁ@opuﬁ&ﬁéaﬁﬁ trdrefivethd dptitdd Geafnaaal

heat b th fl t
Y L L
aﬂtc.tor Tihige folgl elmt of tBe Peamt Bmausathh spavee thyy inanulé-dagteraptical

1n§o¥mz§;uonfcz%%eﬁ£ atet 11%8'\%\1}1 &‘H%’qucg !ea%fl]othég?e%éggs%ﬁ&otﬁgﬁiaggl

rses
fefi¢otnr nwthindlre fp@j/ mot is bented abave thg rerﬂa@t@m Bikeshrdd/femper&pra grgucing

Bgﬁér&&gg&s@&%%&g%ﬁf cs for reflecting l'ight of an

optical beam when said nmaterial is heated above a
r ef | ect anté obiR#t ésiHBicachishiddy arear-Qut deupforisddingeut information

SOHBE bystic) Ghfdrnlati € YarrRQ WhicR c&ﬁ’ﬁri&és lafigasB e G’nf@rﬂfatl&ﬁhyeb eam
whi ch can be djrect ed onto sai d E%ﬁ %g Pfor tion
gagfeiningmatyrigtfiging frage teflpgior charqgtedstiop i, etlecting light p aélc%%b e
bdame@hmlsdd R sl iskcat£abod s kR tn@UtreheMit@eperuite, said device
foa)np%squ Etl ilgqlrt1 so%:{r:lcre Igalln%nghsa \cll optlcol bga%n,e rhgc elg & 11re(\:”c\édt otPlto sai ﬁ gl?tﬁztal

information carrier producing a temperature above said reflectance threshold temperature.

Read-out device and information carrier have to be engineered with respect to
each other. Especially intensity and wavelength of the optical beam on the one hand and the
Bragg reflector characteristics on the other hand are adapted to each other. The Bragg
reflector at ambient temperature is transparent for the optical beam. The intensity of the

optical beam has to be selected such that the focused optical beam is hot enough to heat the
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each other. Especially intensity and wavel ength of the
optical beam on the one hand and the Bragg reflector

w@b@nacees i stics on the other hand are adapt edPCDIERAGHN50975

other. The Bragg reflector at anbient tenperature is
transparent for the optical beam The intensity of the
optical beam has to be sel ected such that the focused
optical beamis hot enough to heat the WO 2004/ 114294
PCT/ 1 B2004/ 050975 4 Bragg refl ector above the

refl ec |on threshol d tenperature. Focusjng can
Rugsssfsgorprovebeteshipnipresholddrmperagye. Pa%@gf?gbeéclgevechw
atﬂprbl;ﬁiaablheensdhj feauksiny,@.d. /NEljustaidabl é’tﬂvd b, Biaﬁﬁgthé Bfalggﬁa?l&ftor

hi, f f | ect
éesﬁllfls 1}1 35 }ﬁ? éc’ retle O l%ang' ﬂbefegrflgegge thb 59? &PT céff&lee ragg rgﬂector
S@de@dtfbﬁﬂlc}sﬂhdhhqmabd ztdde gh’ma‘efed shiftell reflggtiort thed efngpriges the optical
I .
vvav efvgﬁleltﬁﬁlfx 'I?lg E&l&%n{%?ﬂge %P&Bgnbz l%ét(e:%%e Tl?e[Hnll ﬁﬂgoé ca?r‘iee‘?l 0n be
desd @Bttm?a:/ timprdeadine ey dreotgablest RO pppdieation Af tb‘emvemé@zd out

many ti mesorlr@acdunge f)&m@n %ﬁ%ﬁéa@ﬁfdﬁ@ﬂoﬁE%léﬁ%téb‘ﬁﬂecpgy
the |nV€ tlon For read-out €OS|t|0n of

PRI WP IEGPAHORSRITIgRIn & Zosnasle: ﬁ’rgferg %9 lrl%aaﬂsgl car%eéaqtatﬁgn
tilie@edepthads. Meile BEInC@4d duBthe teadife Be @G g lonERekie @dekdof the
tes

s e S herPeRoT Ry DuEhR et B ARy St
wnd ¢ah beevialuated by afapplaprialeCvalndtion davtce.on carri er and the
sequence ghyaEldoaal M and, ﬂ%ll[?bsént%{jtﬁ%é}!tf@ﬂ bhen, %sstesﬁg{ahf&s a

by a detector can be eva
&0 s alt spetirablidibe Bhe typed RtaggesBestdr js selgctedauer thmlartasps

GRGS&BthfiOdonth&d ‘B? 'ﬂie Qé‘lectt%ﬁ @ﬁﬁd oe e ﬁéatéd'}ﬂekgg GRS Very
smal | spectral w d ]},{he Bragg reflector is

sel ected SRRy ePtrPétthet"FYém}oé etisysdrhy rrnethed & pesing e
nforiragon fefnl ﬁtﬁiptléhm mﬁhﬂiﬁ@hoﬁfcarflaewllﬁﬁﬁdofﬁ@ntﬁﬁ ag&strcﬁé krﬁ&ﬁ]d @on
ec e | nve (0] S ur er _acni eve
IO Brteri etk ot e heelof SRt oy are Gabt shen
ioptical trah,i vdiren ¢ha mrakedinl, is daied hbo«z@mﬂem& tﬁltesﬂoﬁla;&hpeﬁdﬁﬁ‘e

| 5]{:\1% ttl‘je%{cl S Af%}é? tin, ondto 1[19 TR 84 orma 1o|nI ar%fr%érqgéﬁlg

or char ac ot refs'Tnec 'Y
éfp@ Fléfalllal b@malmﬂwfa@l{fﬁethmg rtémepleraiuge, Hetertinglsigiials\eingireflected

?Edlfﬁe%@@&gteﬁﬁ PR A in g?ﬁ@&ﬁe@{eﬁ Elg hals, CONPri sing the

eps of directing sai tical Beam on said
i nf or mat i 5 %eéfrqducwbefcamemﬁmth@wmd@w devipradeaqribed abaysov e

$’ﬁ9féiiabll}e fnk @pthcANSEn b T &SI End &@E@ {rdribifon 1881 ?&thbﬁﬁg said
bei.ng reflected by said heated rmaterial and
éR? r@gﬁm @alégf’ﬂa“ﬁlé? @aﬂ@&fl tRIPRFFARIS Theﬁ?é%ﬁ%‘f%dw%%mlme
tnﬁterlal@dthimuhe fokal kpot dbeve rEdhrebld eRVdifChadi@sdini b fadie:
gf erably, the optical beamis focused on one of said

ormation |layers for heating said naterial above
s ai d r ef | Eotohjectef theirsidtioh ¢ atse aghévat hyracwritinh Ge\ﬁ@dmﬂing

QE%\%@Z)P? glﬂlrcél S}{%ﬂaﬁda% %ﬁ' g? nwélﬁh aéé%nsésrllt ggs? on qut%lfma%ignoltayer

SUTaGNg naferiaf kaving Bragg reflector characterlstlcs comprising a light source emitting

an optical beam to be directed onto said optical information carrier for changing reflection

characteristics of said material.
Surprisingly, it was found that writing optical information carriers containing
Bragg reflectors can be achieved by directing an optical beam on said Bragg reflector to

change its reflection characteristics permanently.
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The object of the invention is also achieved by a
witing device for witing information on an optica

w0 pdosnredd on carrier, which conprises at | eastPCHEB2004/050975

informati on | ayer containing material having Bragg
reflector characteristics conprising a |ight source
emtting 30 an optical beamto be directed onto said
optical information carrier for changing reflection
characteristics of said matersial. Surprisingly, it was
found that wijti ng optical information carriers

cont ai ni ngV gty b5 reptetqnshelestesiq ligd grutizl aged@s Bipeg reflector
dhdngied h pighdNsathdt&dl reRBRFIOM BbdreBcigOchaRbb@GEOr tO

change it ecti har act er i t| CS. permane
S00a 11420 Be T BB POALE A S B R eptine
thnrpeatuediheshokltvd badBrgg efldctoq tor degradingts&ill Brage cbflagorBr ag g

reflectory 92@ j r. res i ng
in an altere HQHL og%ahcﬂ gscat%gdrngré%%tth% 'lﬁ%ht}on Ca[gl?a ©
Broeves pentairing Ibre%ﬁmeﬁmm meiesial ot Enﬁmrlaﬁomaéom@dbem&matmn layer

deasRdF M grogv%g% %@Jté&raﬁmre RS dg}%n% t%pe?@t'lrg th?é’sl?(g(gof said Bragg
reflector for degradi ng sai | ector.

ESARRLPTL F@ﬁedaﬁtth%dgsraﬂlﬂg Gmﬁea%tvrs f?swtéy%ﬁh% clyewf &}eﬁ@ﬂeet@nt he
iR REtRE Taébnch ae/geade@B@@g/@ﬂeccbeﬂb@bmsugag@rmof @htagEdshls

{ {
PRipanly Tot fsreeUpte g e de e gl e
degr adi ngTheslkpebaitiomatibir @seotad betvrigai adcdBmad ggd out many

6 96 Rine FIRSPAPA LS 4 a0 At g dispper ature resul ts

in the change Raract eristics. The
once degr BeedicBrodihy inverftior istalsp schieyerstys matlwd Byrargiging
k28 rnB6dn@h aft BRICAGLBIRE Gitied WhRE CORPRE aE Kast IQanéﬁrglﬁ@Hjl%r

Bragg reflector becones transparent for optical beam
F?an mafiel bpving Bragg aeﬂeﬁ?réhﬁeatqr@vfs cerpprisg theaiep pedirecting an
ptichIbRdin O8] oPAEh! In@Rlat LarfB Y chirgHB Sefledtith ShdrdteliftRs of said
M application of the described invention. The
%8¢t of the invention is also achieved by a net hod
f or wri tiPrgferablyf satidnmitdrialis heated BbodPi tepidding Rneraitd tiBshold of
395&53&¥ whi ch conprises at | east one information
ayer 15 contai ning material having Bragg reflector
characteristics conprising the step of directing an
optical beamon said optical information carrier for
changi ng reflection characteristics of said naterial.
Pr ef er abl The igntépnydll aew kg explgingein meep dgiad wéth zefefenge todheng
a@wgggghmﬁglthreshold of said material. 20 The
invention will now be explained in nore detail wth

ref erenc eF ig. (} spﬁv&s a Rﬂsﬁ?jﬁﬂ}‘f‘g‘gew ¢f3 mylli-faper disc and a magnification of a

cut-out showing written tracks,

Fig. 2 shows a cross-section of the multi-layer disc in Fig.1,

Fig. 3a and Fig. 3b show a helix of a cholesteric phase and a view indicating
the sense of the corresponding helix.

Fig, 4 shows reflectance and transmittance characteristics of the cholesteric
phase according to Fig. 3,

Fig. 5 shows a transmittance/wavelength diagram for cholesteric phase
depending on the temperature,

Fig. 6 shows a reflectance/layer thickness diagram of cholesteric phase,

Fig. 7 shows a Bragg reflector consisting of alternating layers,
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Fig. 1 shows a perspective view of a nmulti-layer disc
and a magnification of a 25 cut-out showing witten

W0 e@els12941 g. 2 shows a cross-section of the PCT/IB2004/050975

multi-layer disc in Fig. 1, Fig. 3a and Fig. 3b show a
hel i x of a cholesteric phase and a view indicating

the sense of the corresponding helix. Fig. 4 shows
refl ectance and transnittance characteristics of the
chol esteric 30 phase accordieng to Fig. 3, Fig. 5
shows a transm ttance/ wavel ength di agram for

chol est erfFig 3paekEe. 84 cheridppripten depprdencs 9hthe Fangpétangijogihe

@r%?%\f@ct@ agc%,fdn%q& apce/ | ayer th| ckness di agram of
cho

esterij.c ase, . Fig hows a Bra flector
consi sting 3?1 El%ﬁﬁalmvw&pf %\fféwéface mﬁz%%alﬁ%%zwduce a disc
RCHIInBZOAIIn0LA85 6 Fig. 8a and Fig. 8b show
t enper at ur.e .depen of  t e fran mttan
B ago. 1 et TBPbE AL TGy et A0S e B Roauee g
9aosivgie tht mpsitiof. a surface treatnent nmethod to produce
a disc according to the invention, 5 Fig. 10a, Fig.
10b and Fig. I Oc show a radiation nmethod to produce a
disc according to the invention. The informtion

carrier ithefiBrmatiod Gurrfr Q'P‘a‘»g:l (nglsQf(Clﬁ)VﬁbVﬂ)) ﬁ&d’é&ﬁi‘ﬁg ¥Gnhd O
the . 10 invention. A central hole 2 is ada

e & e hefet IR ETHYe B PR @tabahzmg a
p&stioh oDhe Bikc duhﬁg hit%i6n. dU§ distGohteihdinfolatiod igersl bt&ked parallel to

t ai [ t ked [
S PR g PR T Y <o PR oy a5
enirolinguliel hole 2 eopemtrivaliypin Bed thermaghigieBout-entchavsltiregpatatie
@e% 163115 %fth&ﬁﬂ&a%@% (6 FhdiY 3 C&Hfherr&p%call a&i}gmﬁ@ Righe tically |

cut - out ‘hree para t1ons o thre
Bractivp material SkBingy errimnailcm ipgsarpdclyl thedisydhution nwmm@isalv th¢

@J&;derfw&ﬂ thdphidally Bcthvh ﬁﬁ{ehM @1{6@4 4l 'o?ﬁcal%» 1n§'t1{)@iﬁé‘cerxal areas 5.
information is stored buti on,

bt o1 Sel yHerise | SeR AR SIS NG et Fie. 2a dis

rmamg eidht ﬁlﬂﬁ&amﬂ 136 6 @@hﬂa@aw vintpacki l‘d}Qrsn'ﬁiE a{owal A®peas
i sc, congalns

i pErs Fagen b soovprlr oot L b G e s e
Briftaediaformatioh ayeud&uﬁbﬁfe@amgt Bgkr bgans%mma bpager 1d 1ay1eins
cove

gog{\}sz ipﬁ){qxg%/\{\@f} laz'e‘eﬁg? [aJcScHrlcc)l\l?I\}lf%) Zb?lfetfjgcra%}/ Tpo Osis c1rcu1ar ang 1ts %{mmet‘ter
iscapent thR Giz8of t1Bt icacke widtn Loy inmbsity nf thsfomeacdla@ubeabw 1f1 dxem@alrsgot

Jo ls%gf fed P(?SQI Bt c%tl@allg Q&f:'\'lla m§t@9atl sﬁlo% 4 Bptg!ﬂllyr%hvg rﬂﬁ&f&l spots

i nfor tlon ayer cordi ng
Fpyt-ofifgeys 3nf@rp],a@qn layersdgppt pttnglla(quéﬁ@{gb ibecause of lack of intensity.

If the focal spot 10 coincides with spots 4 containing optically active material,
the stimulated optically active material reflects radiation, which can be detected by a detector
(not shown) and evaluated by an evaluation device (not shown). If the focal spot 10 coincides
with optically inactive material areas 5, no detectable reflection occurs. The laser beam 9 is
focused by means of an adjustable objective lens 12 onto an information layer 6 turning that
information layer 6 into the in-focus information layer 11. In this embodiment of the
invention the adjustable objective lens 12 also serves as collector for the reflected light by the
optically active material spots 4. The numerical aperture of the objective lens 12 is about

NA=0.6. The spacer layers 7 thermally isolate the information layers 6 to each other. They
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spots 4. Optically active material spots in

out-of -focus information |ayers is not stinulated
enough because of lack of intensity. 25 If the focal
spot 10 coincides with spots 4 containing optically
active material, the stinulated optically active
material reflects radiation, which can be detected by
aredepwarerrior thewavelspainef)thedprer lighia Foraeadimeioyt thadiss\idt isieotatadly
@@d(édqlear{e{ﬁ% ﬁd?@ﬁé@bbtaclkfnoﬁ&%wﬁ)ocm spot 10 COI nci des

with opti <¥q1 ctive material areas 5,
det ect abI cqorfinede fhednyepion the optiop acfl‘é“s‘é?tefﬁ‘é‘éﬁﬁ‘eép?t%“ has
fBospg sefdctbychareaatiaf Bagy lad¢cuﬁst @dthermoefletive. The pMtion dikheir

nf I
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does_not _reflect or the reflection band does not
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1@ chflestenie phase ths pobition obthe tslentivioband canhhtam &chanpgzonten a
Fcu%{deﬁfﬁe' @5&&4&&%%&%%&&%@&@&9 he CFJP gﬁhtés Q?zfut Lhe: iy B Figs. B%and

wavel en [ aser beam e reflecte

K idisgfe %’Fé‘ﬁ%}loﬁ éfr?cge efthe dvﬁ%ord\mltcbp of peingle hefik dy #émd@ﬁ the

|dﬁ§éﬁcfe90v§rtv&)¥ch thel BREMALERRE 3600k, 11aQ, Hewe b-enekila9 and &}anary
‘F%ﬁer because t he ref| egcifnce band is not shifted

giive indipes §f aupiaxiplly prieptghphagesiasnestyely al | | ayers 6, 7
W| t hout nMckflebiass batdd4as sﬁdsw:olﬁglgc $fI:¢h€ g%smmamemmpﬁﬁentm
ete racteri S 0 ifferent Bra
s RS DhE des O DR et P S e e
‘iol'ﬁ@addrl\{& BhlR e BV, a{gg reﬁ@t,fte{ngacﬁa%wﬂtﬁ AR 1%&1&@%&%1‘1 Gy AL=
phase accor di ng to Fig. 3a. Cholesteric liquid
A iy Shniad = prase. i s obtained when a nematic |iquid
crystal i gﬁ}lglefgr t}% éergsex%t(?nv%ﬂ on ?sqhei tllgxlnf;e%turggep%gd’élnc%%f the

Chiral ol écy
reflectance band 14. Flg 5 shows the transmlttance plotted against the wavelength of incident

light for different material temperatures, namely 30°C, 35°C and 55°C. The cholesteric is a
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substituted nol ecul es which are not the sanme as their
mrror image. Liquid crystal consist of 20 rod-like

wordoeau2es 13. A director, indicated by an arrpPul/1B2804/050975

i ndicating the nmean orientation direction of the

nol ecul es 13. The chol esteric phase is defined by a
hel i cal superstructure. In the cholesteric phase the
position of the reflection band can show a change when
a tenperature is altered. Inghe cholecteric phase the
director rotates about a helix. Figs. 3a and 3b
inpPEpraetic XS, qopmsiciali avilabies BORO entaiing 2§PaC8a$ and 28%6CC6. At
Q'ténﬁﬁraﬁlr&ff 3@0@@&@ aﬁa Hgﬁd edvebrScadB0iaREeh. 80 thli§refiéded by the
5# tance over e director, rotates 360. n_and ne

eserp liguq ¢l d“rt%ér‘%/th%ﬁfﬂreﬁ?lﬁ‘io‘i‘fe&ﬂ?v"rl 4 Grossing tha matgdal
@hd wavdiBhgbsi baﬂ“}eyn ar joenhed. jﬂoalﬁﬁi;re eRapd CAti 588t WaveRngth between
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oF ar i ar G BN skt ul R Ry oeh ey BF Pt e
Gpper " and | ower min boundarl es of the reflectance
band KB
rof Lot anie Bandur e MO 7. ARBendiE SRRk Bl o ol
ensifyPE therapgr bearp 9 e foe! spoe&@ﬁh? ot hengang Hig tipe alighid crystal

il MEEMoleOBrid fhadelB tHeQMREKAL ME ?eléé@@ SAIBRCS eth ofhBe A usable read-
refl ectapce band 14. Fi the transm ttance

hows
SFGPT s A Pt 057 et S ambeH oS et enpreghtse psio
té frirspapent formik Wavadngmanme Ia8dr B9, ThalaR) YeadQGs foditd aiidla
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%th&%H@ﬁlﬁEé%ﬁecﬁfthe%ngl &, lT}f dl@‘gécted'lagathgk?tec SdliebBa %50
and rrmis re ecte esteric
IeYaéf@Fed cr yst al. At 35C the af orenenti oned wavel ength

are crossiigad tbege{‘%uﬁfcleﬁd reﬂe@{’(ﬁl) dﬁ@ﬁéﬁ} £ gﬁcﬁ’éteﬁ@é Befoa.
500 and ca, 550 nm.are reflected. At 55C wavel engt'h

S s ok a5 Doyl 1S s (s ST il he AR R el lotted
as bﬁhctibﬁﬁﬂhﬁﬂ eHidRBest foamﬁabﬁt rd A6t 0B MRS eFib G it dafl Bk Sken that a

[t | N th t t h
T o e 28 Filoe el o Sple B - T mERGI sy g P
{Thecalcakption foethenii@gram istviakid foolight inppetirciBr iarivdtion ere. Wisand
t hol esteric
08 1LHEh LAY Sl s Rl gl eoter e
ot her. A Yrsdisineulii-tsier disO 1 thate apeomme reigirementiVeardingthd 05
%ﬁerp{léhsﬁlﬁ the%nﬁﬁgioﬁ A tht fIH&ES ﬁltfdfﬁlgtl&h%exchga:ng }?e t%{x]tl LoF- focui]

hase has to be transparent for the wav
Fré%r@ﬁtl%é%ﬁsgme tprsigngl faneaut ofdherpienaljinfersit: {ps thy d%?ﬁ‘trcb’l%g layers. The

tgepliosdTate clfof-fbhR uﬁmlatﬁﬁltla[yblcsh&h@E@QWaﬂdm% a@%ti@ﬁl bt tMe in-
osed to the focal spot_ 10

ctive mate
s RO g an R e Rp B i e OR P =B ey
thhmhom enpastaic|.€ 2001€. Awitet eqliemnte rqiianahd ekl RS I1Re light
gg lelégsgél at% tgeTrgl\?/ng rlceai %p% trg gf tLe dcb_]eerctnl/e lglht12 IS%A— (? 6 atrack
w1dth of 400 nm is needed.

There are different ways to manufacture the disc 1 containing cholesteric
phase. A substrate with the necessary pit distribution can be used. The pits can be filled using
spin coating,

A second method to produce a disc 1 with the necessary distribution of

cholesteric phase is surface treatment according to Figs. 9a and 9b. Predetermined areas 17 of
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In order to get a sufficient reflection intensity the
chol esteric phase | ayer should be as thick as

w@omgilbi2es Fig. 6 shows a diagram w th the nmaxPemm2004/050975

refl ectance plotted as a function of |ayer thickness
for different refraction indices. In Fig. 6 it can be
seen that a reflectance of nore than 40% can be

obtained for a sanple with a thickness of ca. 800 run.
20 The calculation for the di9agramis valid for |ight
in one circular polarization state. Wien unpol arized

thegprface are splestpd pag irested indfie 9¢- Aligehavivg dens thpsurace featment B

hmesteF@{)ham@ a}iﬂ%d ﬂotﬂe&ﬁéﬁéd s@ff&o@ add cleb&it@orﬁth@urﬁl@ﬁf&i areas
ul.re

rdi,n sor F‘rﬁégg and the
1pf° Frdngt esre%‘ﬁregf g aﬁ‘eéﬁ‘ﬁss i b i) Bn layer 11 and
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P ﬁ)’bSFthlyttﬂibareﬁt"e@éHéleWelwﬂhase dyed ®Sfixell bPRbod eRposdh Aechrdihg

d and the nunerical aperture of the Obj ective
@H ?% is NA= 0.6 a track wi dth of 400 nmis needed.
30 There Hn‘&rltfblnfdfsai‘ cGﬁthmM@g@oxte@ﬁh&ilfWiﬂﬁﬁMbﬂtdﬂcb]‘&@e clinde wiitten

ﬁg& %‘éll[%’tﬂtgn 9 %gt ? %Cb?anp wﬁ‘hS an in nssc{'J %Scfaérgcsleﬁré@etertmmeg areas.

ri I on can
Ble @qgraki@obhglssrtwg phasp pemersatlyi Ingpes it &@g@hdaqhmstﬁp@d% tisgble

wna ISEm BoHbrSE20ImW itk 408 ﬁmn%&‘eﬁsc‘@feyultd&a@ﬁs ole Eeu&ans’ Qon%mng

cholesteric phase is surface treatnent accordi ng
Eholesterigphasgyand systionscenirinieg deiaded matesigharg gbtaifed with the

26 atlobAR4 iPRE s B3RO ASEL:fe Sha(ge ilaQe Sl 86RridaRng the

sel ected and treated in Fig. 9a. After having done the
‘ace treatnment the cholesteric phase is applied to
t he t r eat Rrh sseonhd atidaie d eRASEitHn Blagh Rdfletttrt be alagdof

el et %n B}Ee(ﬁ)s %C Il(g] %’é}bgl ﬁelrﬁr? grl : 1%g %ggslor}elStcf g é@%ﬂgggﬁ%m S
@dﬁaftg'r: frgex mgmcpatrt adhcanhider 16 hmh a rfrhatienindexalf ni have B thickness of d
Sl . L RIS, RS LSRR bt
shovHamellat phapec F phidsesgirefipeter With nggafiveirefleiiph eueéﬁc@ot theapesition of

AN eLletiinct Issndoi@mesttﬁ,ql mgiapdowem&leagﬂ%h @és‘sﬁnglt Gpehh{ue
radiation or heat is emtted onto t eterrp at e an

ehsinye i fis 8o Bypaeasflegiprs itk pesiiiyp exfledion eoefficicabsho dhersverse h

ChaeRRICRR thotvh @Fie. @b, THR the@biRb@BAR bl 13SncvEGWM higher lal-
e treated cholesteric p a,setjaeyer 19 is

TRb U S BB AR G oP R DTG e

Wavaldnpth éninditaaidy centvariwag.gr ooves filled w th
chol est er inccugé}l?%gltigl%}gr (Qgcs %Aréstcenrt] material is used to store information.

Fluorescence is isotropic resulting in a low collection efficiency of such systems. To improve

the collection efficiency Bragg reflectors can be used as storage material. Bragg reflectors
reflect signals instead of absorbing incident light and emitting light of a different wavelength.
The reflected signals are directed and have a higher intensity improving the collection

efficiency.
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Bragg characteristics. A usable witing beam power is
20 mMWfor a 405 rimlaser. As a result tracks of
sections contai ning 15 chol esteric phase and sections
cont ai ni ng degraded naterial are obtained with the
informati on stored in the setfuence of cholesteric
phase and degraded material along the tracks. In a
§EAMY enbodi nent of the invention Bragg reflectors
are made of alternating |ayers 15, 16 with different
refractive indices ni and n2. A layer 15 with a 20
refractive index nl and an adjacent |layer 16 with a
refractive index of n2 have a thickness of d as shown
in Fig. 7. Such Bragg reflectors can be obtai ned by
usi ng bl oolsticabipmlyaei cartid (1) for catydng ihfanmetibrato bpteadert bFor
a Bra reflector. W th.negative reflection coefficient
PW@“@%%?W%&%%% @?ﬁgmpgg?ectance band 14 moves from
hi gher t oatlleaslame idormhtion dtybr (G dohtaining matssplhgvingProes raflqgoe
i i 0 i lid He¥t€d above
?E%r?cQQMS led? reﬁ'fe%%nig %th oﬁaﬁl&%’sfaﬁlﬁéaﬁq%, WRen'Whil gnaféﬁﬁ id He

ection coefficrent show the reverse 2
@heffegtence thresheld tepergtyesiii sqidonticy begb®)-Ther e t he
refl ectance band 14 noves from higher to a | ower

wavel ength wi t h_decyr easi ng .t enperat ure. appropri.ate.
@hoi ce of qpﬁ‘@i ’IHEP%?I“’B&%"%\M%QE@H inﬁfafn% l’éﬁﬂi“‘g%tzeéd 8 E)hf{ said
tnhb@eriM@niaing Dywsd cyseser. I n current nulti-layer discs
fluorescent material is used to store information.

Fl uorescence is isotropic resulting in a | ow

Sol | ect i o®ptda infireaioy cafier{Dahclsiysd srpiaim Tochpragierzedin typsaid
Lf RlhEAL RG] ifiligRsy, Bragg refl ectors can be used
as storage nmaterial. Bragg reflectors reflect signals

i nstead of absorbing incident light and emtting |ight

of a diffeyenl int@NMRloR B (1) ad BEimee ol RErh @ Lherb@&RbSIN #absaid
directed and have a hlqﬂerhlnten5|ty i nproving the

deAtqrisbqonigins lighq srestad idle PINgmhag04/ 114294
PCT/ 1 B2004/ 050975 10 CLAIMS: 1. Optical information

carrier (1) .for _carrying information.to.be read .
means of ;#UﬁgFW%%ﬁﬂ%ggﬁvégfs98%59F§%ﬁ%4’%%mqgg%fﬁgﬁg%m
i nft@ian@hiamg alkenating 16@)s (CH A6)avithi diffpremateéadtiag indiaesi ng Br agg
reflector characteristics for reflecting |ight of

sai d optical beam (9), when said material is heated
gbove 5 &ptiedl Infarmativo earti¢rree elpigied intclairp & dpragierizpd indhgf epch

qp}te} fi@,'lG?@cﬁl%r&%)ock &polflbik.cal information carrier (1)
as ¢

ained in claim1l1;] characterized in that said
material contains liquid crystal.

7. Optical information carrier as claimed in claim 1,
characterized by at least two information layers (6) and at least one spacer layer (7)

separating said at least two information layers (6) and being transparent for said optical beam

©)-

8. Read-out device for reading out information from an optical information

carrier (1), which comprises at least one information layer (6) containing material having
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10 3. Optical information carrier (1) as clained in
claiml1l, characterized in that said material contains

wehokaeseesric |iquid crystal. 4. Optical i nformetT/mBro04/050975

carrier (1) as clainmed in claim1, characterized in
that said material contains liquid crystal in the

bl ue phase. 15 5. Optical information carrier (1) as
claimed in claim1, characterized in that said

material contains alternatindtlayers (15, 16) wth
different refractive indices, 6. Optical information
Gapggireflectaseharagipriviies forieficrtinierdiely, of amaptisdl peam Ok whpmsaidragterial

edihted 2Mdvé aelbctdnddthreshbld t&miaawsm@r@fﬁg copol ynmers. 7.
Optical inf.ormation.carrier

characterf % S%’ﬁ}cee?imq“kgafg‘fi OP%alsl?eﬁrf‘ Zdr)ﬁﬁ]i“fhcfﬁn Pea‘gli?i’tgdl‘("é‘) said
apitabinforeamh cone (Bpacdting ageperbidle aboe pad afflbdigicShieshoit
informati on layers (6) and bei ng transparent
ftor sald optical beam 25 (9). 8. Read-out device for
readi ng out information froman optical information

oarrier (kiad-dhiesle SQMRAISE §1a1§1t8 t:l%?a%{en&ﬁ% T&?s@ﬁlgﬁfeélg R12)

| ayer (6).containing material having
rﬁzﬁf?queé@m‘/ WHerH hegm @anf%c@'gsp?téf ) é‘é‘t“éﬂa térﬁ%ﬂfaé‘éft’ ghovasaidc s

freflectaret kie@hdld Gmpéraiie o8 baidat IQRhCRtorRaRM A &)6). When sai d
mat eri al i s heated above a reflectance threshold

tenperature, conprising: a light source emtting said
apti cal bBeahroubdeyicevsi ctimeatidmclhien &) claexctetabd b hideastaind detector

‘i’é}tdk&& n lhgltt%fgagd maxﬁg{a{ehglrha&% Bra rg ec&)r F]r}%raategstlcs

tenperatu ove “sal I"ec res
tenperature. 9. Read-out device as cI aimed in claima8,

ghar act er Mﬁg%@{ncg Qf %ﬁﬁﬁgfom&% otk Qn@ptlcaﬁ H&BE)H %M& D,

sajd optical beam on a focal avi ng
POITH EPTRTIFFSE loBth 0% %faﬁnaﬁoméxqr @ésm@n& rm*t@r bvine Bragg Teflector

cengerisicy @n@Bingal d at | east one information I ayer

(6). 10 10,, .Read-out  device as clained in cl

char act er f S8t SHFe SPIHIg 48 Pptl?ﬁ@eﬁ’é €92f9t9§rd" eﬁ*‘??ronfﬂ’éﬁ‘é Bfticﬁlg
irifghibtionetiriect pfbr Hyngia) reflétdnehiradterBiosiongidBhAG R

reflector characteristics. 11. Witing device for
witing information on an optical information carrier
(2), 15 wMirigihe desivpas obésedsin clhigaldlt cheraetetizedl orthea bdidoptical peam

bRAEOMeRAbELNY 2BRE & ﬁégﬁldm%%ﬂggpﬁ tﬁ]{@&ofdeoffgegc? ﬂlgtgrtlatl for

characteristics conprisi sour ce
S‘f:ﬂr?dén&lsa‘ﬁ@é%g(@?“?fo be directed onto said optical

13. Writing device as claimed in claim 11, characterized by focussing means for

focusing said optical beam (9) on a focal spot (10) on said at least one information layer.

14. Method for reading out information from an optical information carrier (1),
which comprises at least one information layer (6) containing material having Bragg reflector
characteristics for reflecting light of an optical beam (9), when the material is heated above a
reflectance threshold temperature comprising the steps of:

directing said optical beam on said information carrier for heating said
material above said reflectance threshold temperature,

detecting signals being reflected by said heated material and

evaluating said detected signals.



information carrier (1) for changing reflection
characteristics of said material. 20 12. Witing

waleopdaei2as clained in claim1l, characterized PCI/IB2004/050975
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said optical beam produces a tenperature above a
degradi ng tenperature threshold of said material for
degrading said Bragg reflector. 13. Witing device as
claimed in claim11l, characterized by focussing nmeans
for 25 focusing said opticali2beam (9) on a focal spot
(10) on said at |east one information |ayer. 14.
Met hod for reading out information froman optica
| 13t or mat i Ovietleeras ¢lgimed ih)claim W) ickaracteipgdrbly $@8si@y anlop@at be@ii €9)
i Of [ [ r . £ont.aj ni teri.al Vi n [ agg.
T e T S O e e TR
opfldctante threshold tperabeen t he material is heated above a
30 reflectance threshold tenperature conprising the
steps of: directing said optical beamon said
i ¥9f or mat i Sfethod forivating iyformaion om gn epiia) informatiancarriery(bl which
sdin@rides il @6tcanmerh iifos Hhel (6) Joﬁﬁiﬁﬁ% AHatdfiQ hadit mﬁggi 1B ctor

ia

si.anal s .bei ng.refl ected by said heated mater and

e‘”’\‘/‘%r ﬁ%t5f1%§°%§ffsa’g&st8§8i °gfd signal's. WD 2004/ 114294

PCT/ | B2004lir&&09atoptidaPbehin. (9)\atshio dptiral infbiaf@dcairizr (b &ir m
ri . US| an optical beam (9) on

éﬁ?gggﬁ&gg%gc%%%%nﬁ%s%%%ﬂgpﬂ%@rd i nformation | ayers

(6) for heating said material above said reflectance

tipr eshol d Meaf¥R&! @iMEEin cRim f5, cﬂ%@ﬁgdﬁ)? Bea‘ﬂﬁ% steajrd';l%ie)rial above a

i pformati on on an optical information carr’
viserading EnRssatine deesheld plsaid magsrigl degrpdingraidineteritlay er  ( 6)
contai ning material having Bragg reflector

aracteristics conpys.isin e steps. of: directing an
BT ool Cholof 8 HRBL PRy PEmRr A oF atsis o ApHdea
((2) onfadiocal b6t (t0)an sdidig ld’aﬁtfog eﬁ‘bﬂtﬁtl’ﬂorﬂh}&g BE h@ﬁrilg&hid%teﬁﬁl above

' .erjal . 17 od as clained in claim 16,
%%ggg%mi@e%%@%%uym eeg{?)?dgg said material above a

degradi ng tenperature threshold of said nateri al
degrading said material. 15 18. Method as clainmed in
clai m 16, characterized by focusing said optical beam
(9) on a focal spot (10) on said at |east on
information | ayer for heating said materi al above
sai d degradi ng tenperature threshol d.



