Optical data carrier with a thernochromic |ayer The invention relates to an
optical data carrier conprising a thernochromc |layer including a

di el ectriwotzn@nertison materi al and metal nano-particl esperhiBzhdgds2838 sai d
transition material for absorbing at |least a part of an irradiation applied
to said optical data carrier for readi nq out data from said optical data
carrier and/or for recording data on said optical data carrier. The

i nventi orbg Hglt(ﬁgdrc B@ér%ﬁl%\t‘n&n%@hﬁﬂﬁé &9 master for manufacturing an optical
data carri‘e $ai G opti cal rmaster conprising such a thernochrom c | ayer.

The use of ther rmchromc materi al s has been suggested in optical recording
for various purposes, such as for enhancing the sensitivity, thus
mnimzing the size of the recording spot which gives the possibility of a
hi gher density in optical recording, or for nultilayer optical recording.
The size of optical spots is |imted to a mninmnumsize in relation to the
wavel ength of the used irradiation. However, even snaller recording spots
can be achi eved byThalivBgtidaasieh to £f optibal dhﬁt(‘darrielﬂabmpﬂi@ng athefisochyongé t he
optical spot is higher in its center of the spot tha in |t out er parts.
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absor pt i caridhiferreddingoutdata fionesaid éptieeldatreaptier landfpr for rrcerdng data qmsaist her
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i ncrease the absorbance of the layer and thus |leads to a further heating.
This effect is called auto acceleration. Further details on multilayer
optical data carriers and different thernochromc materials to be used in
such nmultilayer optical data carriers are disclosed in WO 2004/ 0@3466
(PHNL020794) , whi chp gsepfitbaspophiemiqrartatialehanbepn prgeetiedin oppeR) Ferqul:
descrjpedgt aﬁfoqlg S{ﬁﬁ)gégs CoubRhEfok @ﬁlﬁn&]ﬁ‘@ tHI QBRI )idyY thR® kit hb B0 of @

cat egori es e organi c conpound, inorgani c conmpounds, polynmers and
sol - gel . ﬂdomrdmgrspottwmmglmsethd! possibiity of a highersensitydn pptiea) rospelingesit bned above
in optical rriershecause of problenms concerned with, for instance,
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stability lg WEHOPUSHIFY IR0t t he absorption
The size of optical spots is limited to a minimum size in relation to the

wavelength of the used irradiation. However, even smaller recording spots can be achieved
15 by taking benefit of the fact that the intensity of the optical spot is higher in its center of the
spot than in its outer parts.

In order to be able to write on or read from a multilayer optical recording
medium, it is necessary to have a high transmission. Furthermore cross-talk between different
layers has to be minimized by providing, for instance, an absorption which is a non-linear

20  function of light intensity. In other words, at low intensities the absorbance is substantially
constant at a negligible level whereas above a threshold intensity the layer starts to absorb
more. This leads to a heating of the layer which may further increase the absorbance of the
layer and thus leads to a further heating. This effect is called auto acceleration.

Further details on multilayer optical data carriers and different thermochromic

25  materials to be used in such multilayer optical data carriers are disclosed in WO 2004/023466
(PHNL020794), which is hereby incorporated by reference.

Previously described thermochromic materials can generally be divided into
four categories which are organic compound, inorganic compounds, polymers and sol-gel.

However, there are limits for use of the materials mentioned above in optical data carriers



band, the tenperature above which the thernochrom c effect takes place, or
the way the thernochromc effect is realized. It is therefore an object of
t he presew0 2000uemtiBon to provi de an optical data carri ePConBzns/ofsixal
master with a thernmochromc material which allows a selection of the
position of the absorption band and of the tenperature at which a

t hernmochrom c effect takes place and whiZch is further suffici ently fast and
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as claimed 1n ereln sald transition material has a first value
of a mat érhlthcthmperetuer itove whisbithgtharngsbiontis effecd faliaeplacss pothe #ay Hier mal
expansi on, coefficie of said transition material below a transition

t enper at Hpgmg%o%llcseg%8tnl n?/azif%é of said material characteristic above said
transition tenperature, said second val ue being higher than said first

val ue.. Further an optical master for manufacturing an optical data carrier
i's préposed as clainmed in claim 13, wherein said transition material has a

first value of a nptighiRkors HRBEEEHEE iRipréektahwgtion &NR6Viflt an ystcaldatand/ or a
t hermal expansi on coefficient of said transition ,rratfri al
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first val e Invention is based on'the insight that there is a relation
bet ween thleeabd whjzhiiofurthér suffmientlyrfadt ehdsfabdeid t he density of the material or

medi surroundi ng.t hese nano-parti. . D a2 change
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and so on, thus show an effect which s sel.f .accel.eratin n
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absor pt i afnskieh tdhhpRAkirk 6hES sécanaplige Of sajdl rasomn chhsaédtic abowi shiditnsitivel une V
wi t h di mensions substantially smaller than, the ‘g@l\éel ength of the light to

be absor Heapsratugs, said secendralphbeipphigha thanssgiddpst gire:. » - (1) | e, +2enf
+el "iswhere 1 and egl&RE SEMI ndalier fof Blan@Rudidar SPRRAINRLYcaRRE isSproposbd e

mat erial dielectric function and emrepresents the dielectric constant of
t he surr casrltimed imsdiimnh3, whereh sail tpasitiom maiesisihase dirstyalye of pgsisdialent of the

wavel engt cqiaralgt%lr'istgc re‘inhgear spceiglhglvgl%m{eealn%F gthteﬂngl Qgpeﬁlgl%ﬁtc[)&lﬁcient of said
transition material below a transition temperature and a second value of said material
characteristic above said transition temperature, said second value being higher than said first
20 - value.

The invention is based on the insight that there is a relation between the
absorption of nano-particles and the density of the material or medium surrounding these
nano-particles. The absorption can effect a change in the density of the surrounding material
which can have an effect on the absorption. This effect again may lead to a further change in

25  the density and so on, thus showing an effect which is self accelerating and non-linear.

The extinction coefficient k, which corresponds to the absorption, for N

particles capable of plasmon absorption within a volume V with dimensions substantially

smaller than the wavelength of the light to be absorbed is given according to Mie’s theory by

V 1.5 ’
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A (g +2¢,) +¢

30

where €, and ¢, represent the real and the imaginary parts of the material dielectric function

and &, represents the dielectric constant of the surrounding medium, which is generally



properties of nmetal nano-particles and nano-particles in general reference
Is made to "Spectral Properties and Rel axiation Dynam cs of Surface Pl asnon
El ect roniwoQ@e@id2rasi ons in Gold and Silver Nanodots andPRanBroosiss285sy
St ephan Link and Mostafa A El-Sayed in J. Phys. Chem B (1999), 103,
8410- 8426, which is hereby incorporated by reference. Equation (1) is valid
for particles with a size of about 50nm> For | arger particles a shift

tovards highel 98y ﬁ#@}%&ﬁ okfne%%fe}{%ﬁ. A5 faer DGkl 0R1200 th ES $agang particle
size. An Inportan ture of equation (1) is that the extinction
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related to their tenperatur t preci se tenperature.dependence of the
ref r act i VEBrfceR @a(rqg%gé W g%]toé@‘%6ﬂﬁlchéﬁﬂ$§/’ 19{:‘993067{%5%%2?}@0,[6 o thermal
expansi on as descr ghgdioRY1\ifealldRF PBliclexWARS sigd o L4t S@inkFor Difgedue a change
of the volune of the material occurring during a_ phase change |ike nelting.

An i ncr egueticlds ashift opetds highey wpyplmeds it phservpdipsd e Rf B PRMENRT s due to
a phase change or to thernal expansion as a result of an absorption of an
applied iTradiation causes a shift of the absorption peak as described by
equation (1). Thi sAsHiportanhfeabwadf ¢quatiorh(lyisdhat sesextipetiapreopfiicineshapisiai ed

I rradjation I ch cauges the terial t . f f : ' ds to
furt e s‘%’Pf’f “AY cB’ftﬁ? algféﬁt&gl?.(’l%ug %ﬁ‘ﬁg e gg’lg%négﬁg'eﬁ%g&ég%é%%ﬁﬁghﬁ? sel f. :
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urther conprises a recordin terial o that .said t hernochr,oni,c. | ayer i
adapt ed 1?5t Feqast off Rpoe°s _h’c”g.mq ur’?‘é%otpﬁlaﬂﬁ‘tﬁﬁ?gsr‘ﬁ%glanca?ﬁaretrﬁ%{r%%g% r gm'g >
material @pB.ARMIHGHMNe th¥@tula@ptliRicd if t1efrha@leinddiean bs adjteddThof t he
t hernochromic material inproves or even enabl es the recordi ng. of
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arranged lidjmelting. Anoneaisd of ffesperifi¢ vriume of the transition material either due to a
phase change or to thermal expansion as a result of an absorption of an applied irradiation
causes a shift of the absorption peak as described by equation (1). This shift may lead to a
higher absorption of the applied irradiation which causes the material to be further heated
20  which leads to a further shifting of the peak. Thus the effect may be accelerating itself.

In an embodiment of an optical data carrier said thermochromic layer further
comprises a recording material, so that said thermochromic layer is adapted for recording of
data. If recording material and thermochromic material are combined or mixed together in
one layer the absorption of the thermochromic material improves or even enables the

25  recording of information in said recording material and/or the read-out quality of said
information. |

In another embodiment said optical data carrier further comprises an
information layer, wherein said thermochromic layer is arranged adjacent to said information
layer for improving a read-out quality and/or a recording sensitivity of said information layer.

30  In order for said improvement said information layer and said thermochromic layer may also
be different layers.

In a further embodiment of an optical data carrier said metal nano-particles are

made of gold, silver and/or palladium. The production of nano-particles made of these metals



layer for inproving a read-out quality and/or a recording sensitivity of
said information layer. In order for said i nprovenent said information

| ayer andweanes/2iEBNOCchr om ¢ | ayer nay al so be differ entClrapmns/os28ss a
further enbodi ment of an optical data carrier said netal nano-particles are
made of gold, silver and/or palladium The production of nano-particles
made of these netal sis rather common, and there are a nunber of suitable

et hods §0hRf QibdAnd fcft ARARRALLFEbld HleBodI6f Hodfsh gent of an

optical data carrier said nano-particles have a size of 300 nmor |ess,
pr ef er ablpyrticl@®nm or [ ess. I n general, the wavel ength of the absorption peak

is shifted to hig ratrgmﬁﬁérer'ﬁ%?‘t’&?m %‘Par?%tg:rapc?agef’éarﬁﬁértshﬁln%ﬁ%-?%ﬁﬁghé\%rager :
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layer i s jhPorddethhAfEEnAb-phRicRIQR Within b Rarg8lof kigenavhitinthe ear exhiidt thé 50- 500
nm preferably in the range of 50-100 nm In_anot her. enbodi msntl of. an

optical @eet of awrface plagepyFRsoranerst hieh gt abamd imitin Al Riomsasi Wity
therrmchrﬂg)en%u(fk.l ayer is in the range of 2-90% in particular in the range of
10-80% preterably in the range of 50-80% If said thernochromic |ayer is

t hi ck, the concent hamther embadahepttof i epticabdptafardeiadhisknrss phsaid cl es may be

| oner,,. and vice versa, .t.0 achiev | e i '

i L r adPat Rﬂeﬁ‘."‘(’%ﬁ%mbcc}%ééﬁstlpélﬁ B d %f%gb %‘ﬁﬂ: nag‘g@‘?% gﬁn{hggargﬁgzgggg% ch’ t hat
the maxi puTablyan frregefof 6i0hieml ayer is in the range of 0.1-2, preferably
in the range of 1-2. In a yet. . further enbodi ment of .an.optic ta carrier
sai d nano-particl e¥ ?éﬁog‘eﬁﬁ%l_éodﬂff‘eqﬁo ?’EIP%UCS?Q%? ?%?Ié%efgﬁgtagﬁl%n (gtjriq’alﬂglra g‘?1ave

di f f er entp,§icken {04 theRRERATIOhybE DB dMdoh20D%s i hriddutaribilegank ofai d
irradiation b/y sai d thernochronic |ayer. In another enbodi nent of an
optical d&t¥% areferably dmihg rangaef PSPl es substantial |y have a shape of a

03 31 Fon S O, ARSI sl tosshshnhsesbiposusard
a peak ofsaigdaiato-plasicledimay be lower, and viceX/(ea:rrsa,ch aclgévefaosqlitgbqg ngslo?p iOEl fg)(% sa?c(lj sition of
irradiation. The concentration and the thickness can be chosen such that the maximum
absorbance from the layer is in the range of 0.1-2, preferably in the range of 1-2.
In a yet further embodiment of an optical data carrier said nano-particles are
20 made of mixture of different metals and/or have different sizes for increasing the bandwidth
of said absorbing of said irradiation by said thermochromic layer.

In another embodiment of an optical data carrier said nano-particles
substantially have a shape of a disc or a rod for increasing the bandwidth of said absorbing of
said irradiation of said thermochromic layer and/or for changing the position of a peak of said

25  absorbing.

In a further embodiment of an optical data carrier said transition temperature is
lower than a temperature needed for said recording of data. If the thermochromic effect starts
at a lower temperature than the recording the whole area of a recording spot may take benefit
of said thermochromic effect.

30 In a preferred embodiment of an optical data carrier said transition material is

substantially non-absorbant to said irradiation. Thus, there will be no loss of intensity of said

irradiation even when said irradiation passes a number of thermochromic layers.



In a further enbodi nent of an optical data carrier said transition
tenperature is lower than a tenperature needed for said recordi ng of data.
I f the thworp@monsc ef fect starts at a | ower tenperat uPeTihz005/032833
recording the whole area of a recording spot may take benefit of said
thernochromc effect. In a preferred emgodi ment of an optical data carrier
said transition material is substantially non-absorbant to said

irradiation. Thus,pthefe Wilddid&t BPad GiRaldatd BHeBShili ¥raRSitiGRindtelifiriagdi at i on
even when said irradiation passes a nunber of thernochromc layers.In

anot her d&nbrgolyeret, iopainulappalystirentarodycadopitera gashinkad aaelate enpxpraeséical is a
| i near pog%spﬁ);mini o artic }e%(rﬂesool ystyrene pol ycarbonate, a crosslinked

g mass m . .
acryl ate oXy resin, or glass formng | ow nass nol ecules. In the

followi ng, the invention will be explained further in detail with reference
to the figures, in which: Fig. 1 shows a cross-section of an enbodi nent of
an op?i cal data carrier conprising thernochromc |ayers according to the

present inventi on, ;h@fol@wilpOMS iveffiOs HilBRCdpbinedffugied inhdstaibwibiodi ment of an
optical data carrier conprising thernochromc |ayers according to the

present ireforened orhe figuges, m whighis a cross-section of an enbodi ment of a

t her mochromi c | ayeﬁigafgm!a%osggeétf&ﬁ o b SRBbdiinRN I ah BPtical 418 carfigs  4b show
graphs illustrating specific volume versus tenperature for a gl ass

transi t i enmarising trermedhtdmig layessipending &t the prisept iBvesius a graph illustrating
the ﬁ@sor bance ver 1“82 \SIY?O\(Veslaecrr]&tsgecgfon%@%&E‘tﬁ&%ﬂ{lﬁoﬁmenpg)f Og)lﬂgf:ﬁ%réﬁlqiac l ayer
5en n el o

acco ingtothepge I"nventi on above an w a glass transition
t enper at ubgprifihg thefmsdhemsic daygrsagobording ts the prdseng itvwetiaysor bance ver sus
wavel engt h of absogbeg Ioié{%ht of a _ther.nochromi

ot &

present invention ¢ BerHetien AR FREO ‘E‘r%‘btle??éﬁ%?sf‘é‘gc Cf?%l.gcl ]‘ggesrthgwts hg
graph il Iag%gigg ke RBeBSRAtA)CE versus wavel ength of absorbed |ight of
t hernochrom ¢ Tayers according to the present .invention with diff er ent
di mensi on ratios, Figs.4a,4b show graphs illustrating specific volume versus temperature for a
15  glass transition and for melting, respectively,
Fig. 5 shows a graph illustrating the absorbance versus wavelength of
absorbed light of a thermochromic layer according to the present invention above and below
a glass transition temperature,
Fig. 6 shows a graph illustrating the absorbance versus wavelength of
20  absorbed light of a thermochromic layers according to the present invention above and below
a melting temperature,
Fig. 7 shows a graph illustrating the absorbance versus wavelength of
absorbed light of thermochromic layers according to the present invention with different
dimension ratios,
25 Fig. 8 shows a cross-section of an optical master according to the present
invention, and

Figs. 9a, 9b show graphs illustrating an intensity profile and a temperature

profile of an optical spot.

30
Fig. 1 shows a cross-section of an embodiment of an optical data carrier 1
comprising thermochromic layers 4 according to the present invention. On top of the carrier 1
a cover layer 2 for protection is provided, onto which an optical beam 3, such as a laser beam

or light generated by LEDs, is incident. Thereafter a number of thermochromic stacks, in the



Fig. 8 shows a cross-section of an optical master according to the present
I nvention, and Figs. 9a, 9b show graphs illustrating an intensity profile
and a tempenatumeriprofil e of an optical spot. Fig. 1 sh®eas/1B2005/02833%ecti on
of an enbodi nent of an optical data carrier 1 conprising thernochromc
| ayers 4 according to the present invention. On top of the carrier 1 a
cover layer 2 for protection is provi de(? onto which an optical beam 3,

such as elt %g%&argﬁl@mtﬂénﬂobﬂgtmgﬁmg L& priskigS s1ﬂg-°te ih@ﬁﬂldiﬁfbtrmc Hyereafter a

nunber o rnochrom c stac I n thepresent exanpl e 7 thernochromc
stacks, escprocided Tihs uthegnacmmmglsecksh endiibonrlenibe thaageehramiglayesy bided. The

therm)chrom acks and g? f re
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t her nmoc hn?msc}%l@yvems de@eét@mmhm&agpm 4tarsabmamrfr ey of padyeerbodaty, isubst r at e
6, of poly ate v | ust,rat.ed.embodi ment the
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have the f4nGhd fRREL Yo Bibt theFRAIitROfuh@loaksty oPedcardimylalies. Tt ey bé stbiedi ng

the recordi ng materi al. Fi 0. 2 shows a cross-section of another enbodi nent

of an optutlbalngdﬁtfac%émgﬁ@?eﬂfb conprising thernmochromic |ayers 11 according

to the present inveptholwHg, @p&%r@@ﬁotﬁmmoﬁﬂné:n'tgf ardoptitalHaflldaffer t O t hat
of Fig. 1. The dif rence is that said optical data carrier further

corrpr | s eler cofnprisiag ﬂmrmbdly@nm lalyzrsalrlraaqgéuilga@ freqeesentgnyation dhgsebpdmest | ayer s

her hr cordin
nat er | aI s im]ﬁgt? ]:ftsgal qr At gilFiqu ﬁgé fhfrqﬁ%{erlrlg%ﬁrt%%g%ﬁ%gtléea’rtlgé‘[!{% arlg adapt gd
for inpr qwtm c@xnpﬂs’b@nﬁbﬁnarﬂoallaytags larad/amgedaadjaeemrsaidml@prmedsomrc\lasteys bf. said
i nformati on_ | ayerg 12. Confi g%yatl ons diff from.t hos agown in Figs. 1

and 2 ar e Ggrmnshopys lyers 1 mayor may gt ‘&gh‘ LIEEHHIE A5 | nf or mat i on

layers 13j,dRRuPRel oM thauREohic @fds $paeeaaﬂtaye>r smﬁxowﬁg g read-®MHows a
cross-section of an enbodi nent of a thernoch romc Ia 20 accgf%r g to the
b

present |QW]etﬁtaF1@’ﬁr a merdmeﬁea%mymﬁseldlla%m@e w68 1 n%glﬂr g
therngch ri? %ﬁw%ghggg%npﬁﬂcﬁi B aRo HbbiL, ik Bé}tl@ﬁﬁleis'afdlff&eﬂt oad ofret al

nano- part| dinwsaidtransition material. The transition
mat er i al 1ﬁfoimatmn lf:tmrs é&almmlnechremicllmaﬂrllpmdwmﬁf layes Sas pol yst yr ene

pol ycarbonat e or af sﬁow &gss%%gt}/on%tf%n%Hl%)égm{eﬁtséﬁ theiHfochromic layer 20

according to the present invention. The thermochromic layer 20 includes a dielectric
thermochromic material comprising a transition material 21 and metal nano-particles 22

20 embedded in said transition material. The transition material 21 is, for example, a linear
polymer such as polystyrene polycarbonate or a crosslinked acrylate epoxy resin. The
dielectric constant of said transition material 21 and its density are related. Further, it may
preferably be transparent, i.e. non-absorbant, to said irradiation, at least in comparison to said
nano-particles 22. The nano-particles 22 are preferably made of gold, silver or palladium, but

25  any other metal may also be used. Since both, glass transition and melting, are fast and
reversible processes which in general do not change their transition temperature, the
thermochromic effect according to the present invention is fast and stable. The nano-particles
22 may have another shape than the spherical shape illustrated in Fig. 3, for example rod-like
or disc-like as described below.

30 Figs. 4a, 4b show graphs illustrating specific volume versus temperature for a
glass transition and for melting, respectively. Temperature T and volume V are shown with
arbitrary units. Due to thermal expansion the volume V increases below a transition
temperature Ty or Ty, with a rather small slope corresponding to a rather small thermal

expansion coefficient. Beyond said transition temperature Tg, Ty, said thermal expansion



dielectric constant of said transition material 2 1 and its density are
related. Further, it may preferably be transparent, i.e. non-absorbant, to
sai d irr aspavécony7iat | east in conparison to said nano- paCTiiB20502833 The
nano-particles 22 are preferably nade of gold, silver or palladium but any
other netal may al so be used. Since bot glass transition and nelting, are
fast and reversible processes which in general do not change their
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i nvention 1's an e nano-particles 22 nmay "have anot her shape
t han t he whiver Vdat testimpléing lindicatadan Eig. #o [Fisgiot @ecegsary thatdrpieepeed therral or

di sc-1i ke _as described bel ow. Fi.as. 4 | rating
specific PBIGIRE Ve lg{fgtstaéen%oé] F’tg?tutrggo %‘fa’bgé‘gTazés]gxﬁsgg’?{gi&ﬁ?ééﬁthﬁf&’ ?’?)’r mel ting,
respect i u@wever/gepieiablsxpankicandeffoiannaboVe shioaldsohiphanithian tir drictbebry lumi t s.
Due to theral

expansi op the volune V increases below a transiti.on
t enperat Lﬁlghefé’r?f?r?eﬁ&ﬁ%t e i ar‘gt't21 OfsaerPTlg"sr%@BSXt@btr JF@%IBS?{{&PH& 1{(% hgutf 4t her
smal |t hap ¥RingBXMRNS laQlhss Bsltiohl 2 AlphasBed likaintltidgalfhdré Rhotchameriathe e Tg,
Tm said thermal expansioncoefficient is increased and thus the volune V

i ncr easestheimehepansomereliiqigp sut ophet ghange B PEERC FAPSPAFBIOFCERIEAHR %illip| t i ng
| ndi cat ed J.f} l%:u;t gevef]tp%legstthéré isrhq{onflﬁﬁﬁ-gtzl% Yhebd i@t didpGct sBEPBGhd MRorbiRE R

expansi on coefficients are constant ow or above said transition
t enper at uhethiEgpochmmibdayexer, the thernmal expansi on coefficient above shoul d

be hi gher than the_on elow. It.4s furthe r e s a
changg{'of a consi dg}gaglsgm’é% %rr‘ﬂ)l.l llbl%%aﬁ?ﬁ &lgen{qsglﬁgllicg V%%ﬁs %Fﬁcﬁtkfnggl ({fg changes
due to a 4ps@bed liglansh theanodroraic pdyas accotianpge thd fresemeinyémign abdvetaneé beloivs no

change in the thermal expansion coef.ficient but onl ch e in specific
Vol e nct SR CRBLRT BPRERBE TSGR OB I ooV Lr iR el oeRar gt

non- | i neagit ¥algSatd 8ERrdifg qudiisd (1N6hd £Bkhdwi i Hifle. abhanladegansdn t he

t hernmochronmic layer. Fig. 5 ahqlvvs a graph illustrating the absqrbance
versus wespsflisingt Wavtet ibacoPBld K i beiw efglass) wasiige ierariravicaeof IYtor ding to

t he P> CltlandiBY fHx167 KOG alaﬁteggé&wrén@aﬁ%é sden@Rst b t@he (LHRPHAsHID-
Curves indicattng the absor bance for different tenperatures were cal cul ated
accor di ngtemgeratuiroF ¢fithe sumpunding giedinm thepesitipn o therabspi@tism band)spes oy a

o R RS e ksl | on e s
that up to the (gl &5 showns giapb illusieating it abserbagreofersuhwasdengduefdi ng nedi um
the posit aitb%(r)]rbgci liéhqeof aait Se% éhirgHQic aayré(rj acscrolgcﬁ\gg t%rH‘xé/ pr%sgnt invention above and below
20  amelting temperature. Curves indicating the absorbance for different temperatures were
calculated according equation (1) and are shown in Fig. 6. The changes of the thermal
expansion coefficient are schematically shown in Fig. 4b. It can be seen in Fig. 6 that up to
the melting temperature the position of the absorption band shows only a slight change
whereas above the melting temperature there is at first a rather large jump followed by a
25  rapid shift towards shorter wavelengths.
Figs. 4a, 4b, 5 and 6 indicate that by adjusting the temperature dependence of
the specific volume a desired thermochromic behaviour can be obtained. For example, as it
can be seen from Fig. 5, at 20°C there is a very small absorbance of a wavelength of 405 nm,
thus a very high intensity is needed so that a sufficient amount of energy can be absorbed to
30 heat up the thermochromic material. If the intensity is high enough to heat the thermochromic
material to a temperature above the transition temperature T, the absorbance will increase
considerably so the material will be further heated leading to a higher absorbance. The auto

acceleration is limited to the area where the intensity is high enough to reach the transition

temperature, in other words, where the intensity is above a certain threshold.



slight change. Above the glass transition tenperature it shows a rapid
shift. Fig. 6 shows a graph illustrating the absorbance versus wavel ength
of absor b&d 2beeghr718f a t hernochrom c | ayer accordi ng t oPCHaBpOEs813

i nventi on above and below a nelting tenperature. Curves indicating the
absorbance for different tenperatures were cal cul ated accordi ng equation
(1) and are shown in Fig. 6. The changes8 of the thermal expansion
coefficient are SCRHRHEH dnt M Bof hfh hd fzc b n€ BhE REBAGHUGTSO. ©
that up to the nelting lgerrperature the position of the absorption band
shows onlwthar shdllgBhe shpnfeidehingdbsbabwidh sy uvak mpryPaéspeiheliregothere i s

at first a rather |lar j old.owed pi I rter
wavel engt &S OFE"8 %ﬁﬁﬁo%aéfn#t Ol‘)ﬁg]?%alﬁgglgh%fd%eﬁ %gjah%%%% %@8
Legperatq&@mﬁﬁﬂﬁmﬂﬂmﬁeb@ﬁbﬁbeaﬂﬁgﬁﬁhhﬁdmgﬁumﬁxmgdmﬁdpemmbhéﬁuﬁﬁﬂhmnﬁC
ehavi our .can_be obtained. FE ex e, as. it.c seen fromFig. 5, at
20C t Rer 513§ aEOWP)FO?H’é‘FIthea‘E}gtrS‘EeB'éara?ggrlbﬁ)‘?ce%r%%ﬁogﬁeg&ﬁfe USiesS apchihup ﬂ)us a very
hi gh i nt epgielya 18gen 8EARAIROI iAo possiblelid MiepirtiasPodiffatnianaslg)in aanwag
absorbed to heat up the thernochromc material. If the intensity is high
enough t othpbandwidie malielsabetinaedased- mat erial to a tenperature above the
transition tenpera 3 rg@;}ﬁ 1 | } lty so the
material will be fsl#'g) ﬁg;rr‘gﬁg;eg)?é%ﬁﬁ%é I ng8tb}(l)aaggrh(isrgﬁ‘g?ﬁgl%;gfﬂgg%?@&ﬁb‘e auto
accel er atusomod & didcriike pdrtictest AecostiemtowheGansttheory teentinatipnicgeffivight \eiopdgh t o
reach, the transitjon t erature, in other words, where the intensity is
abovel% cmci?sﬁfwﬁ?‘g%%gﬁgglﬂ%ﬁ%'ﬁ'ieﬁg‘.latlgngglaWG it can be seen that the size
of the band or the bandwidth is rather snmall. One way of w dening the
bandwi dth is by using nano-particles, 22 of various sizes or mxing
particles 22 nade of 2wMVes wore Efalss. As described above | apger
nanoparticles 22 exhi bi Bhab bancePat hi gher wavel ength. M x?{%g
nano-particles 22 of differentEst )afdbtws to conbine the different
absorbances related to the different sizes and thus to achieve a | arger
bandwi dth. It is also possible to mx particles of different netals. In

this way the bandw dth may al so be increased. Another way for naking the
band broader or i ndhe&svalupsihedepblysation fstars for thresaxes doB and giof panorieds -
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with R=A/B. Fig. 7 shows a graph illustrating the absorbance versus wavelength of absorbed
light of thermochromic layers according to the present invention with different dimension
25  ratios, calculated using the above equations. It can be seen from Fig. 7 that by using nano-
particles 22 of cylindrical shape like a rod or a disc it is possible to increase the bandwidth
(see R=1.2 in Fig. 7) as well as changing the position of the absorption band.
Fig. 8 shows a cross-section of an optical master 30 according to the present

invention comprising a substrate 31 and a thermochromic layer 32. An irradiation beam 33,



The PJ val ues are depolarisation factors for three axes A B and C of
nano-rods w th di nensi ons A>B=C, which can be described by P13 =Pc -1 (4)
wi t h R=AABO 2Bdegp27718shows a graph illustrating the absorlpamaB200enTE33

wavel engt h of absorbed I|ight of thernochrom c |ayers according to the
present invention with different dinmension ratios, calculated using the
above equations. It can be seen fromFi 8 7 that by using nanoparticles 22
of cylindgi ek i ! hihicl a8$inhl forkn® ah BE@BRGRL L he
bandw dt ﬁ{)}(seepgg%g{.egéqt’ﬁgE?ngg;fggalg%megﬁnié&gg&gﬁ%egi ng the posi t?on %f% t he
absor pt i gherbandith #5ige asBindinaeds by Re Baid thesmedhraspicddyeamay praludg|a nhaiorsspsig
according to. resent 1 nv I I Sl

ther mochrBiire! hag B SISO ROy FRIRERSAS o8 (RERER SV ke, 1
f ocused tfor sandadiitgnmiedek ofipits dndylerdsan i dsoywsdile thet thercopeifierdtier Byertoft her eon
with a size as indi.cated by R .Saj her nochrom ¢ .l ayer. may_incl ude a

phot 0-se r?éidtRh@toﬁS&f‘%‘i‘YearPatF’i"ﬁé’r?‘ﬂieadcfﬁ%tﬁlﬁt(ﬂmﬁ ?'f%@s%’&lc? ol Oto%?sly%leil%ltn%l sters, as
for examhgngty\dikussiiioR hesdhemitically GhowFRIUHi @ Slativtiiciomay lebdeka @fnppriatuse and
lands. It is also possible that there is a further |ayer of

said .

phot o- serdittipwiongashownan Fig- §bi Beasipgt therpachpmmip et acgﬁﬁdéf‘g_&ﬁlﬂiep‘ﬁwngﬁ’@)t may
exhi bi t QPis'prags?tﬁéf)}; é’elé%'tiﬁ%ﬁ' Bl OPanPio R ARERHnirE & énhaddeQn®sdnBitibitgto tBa Whi ch
may | ead to a tenperatur él stribution as shown in Fig. 9b. By using a

t her noc hrtemperatueeysertha e comodiingspod isdchicvedeitt ¢ sre 1n@10a@dg@§%wb10b 1I95ynadler ect i ng
a suitable transition tenmperatu . MRS SYE e
terrpe]roat Jﬁ%n ti‘gt O?NéeTOP 1car1es§?)tr 3ﬁ%sg{h§§%‘?“e?2&§crhﬁ' letveg b\?ﬁ?ﬁhg ﬂsﬂ%‘ﬁz%ﬁlé ﬂ)éiltc%lat ed by X
whi ch i s goriThas i fabertahadll dffintdbordpttb dleé resping sphiusneetonty thaimpas ! tend or

pit may be smaller th sa,iﬁg%.op ical, spot. There is further |l defined
bor der tdema?rgweéaﬂﬁla%ﬂw% lgs(‘f%%@"lbﬁl oye{hg Seﬁ%{?etds%afnmt“ﬁ%%tmé%ﬁa\grﬁgt ure
profile shaws i &idtcBordPR spbti ch is above the selected transition tenperature
results in said recording spot. The present. invention ‘iEF{O oses an opti cal

data carrier and amhQPierehnvEBRANGIORASES Wealifdl dpidrPHlr 3 PRiical mafiEr 5
carri b &?}lﬂaﬁﬁrﬁ" | AhpficiIRBLTE Y 85k ComBi8hg 2 WREHSIHoRIcOBRE, WiREiof t he
t her n@(r:hlr)fémﬁ)g ayern%]I al[ﬂkg Bandv?,i dth of t heﬁabs%r bance and position of the
band of afrepartiesrd theghermochratiickyerdike bandwidthiof & apserbencg andippsitiogeofghe
t enper at ur e ;abgve .whi ch B ' GG twald &l tShdrhture HBEve which a
t her noch?%a&d(‘??gqsf’%%?cei Fiat g? %‘dj:ﬁgsté?%s &g}rﬁ% ‘gdtJaeb e Asghang% 'y ‘densi ty I nduces
a change thermdoBronéd effiset wilbstamdhe thdrmothromicredfeat ifself is fast and stable.
A change in density induces a change in the refractive index which in return
20  causes a change in absorption. Above a transition temperature a this change in absorption
becomes stronger and a thermochromic effect occurs as soon as light becomes absorbed.
Increasing the temperature tends to increase the volume increase so that an autoacceleration

may occur. However, a decrease in volume could also cause the same effect.



causes a change in absorption. Above a transition tenperature a this change
i n absorption becones stronger and a thernochrom c effect occurs as soon as
| i ght becwoesosalzgsbed. | ncreasing the tenperature tendeCraBiospase t he
vol une i ncrease so that an autoaccel erati on may occur. However, a decrease
in volune could al so cause the sane efffé:t CLAIMS: 1. Optical data carrier
(1, 10) conprising a thernochromc layer (4, 11, 20) including a dielectric
transiti @ Amferial (21) and netal nano-particles (22) enbedded in said
transition material (21) for absorbing at |least a part of an irradiation
(3) applied to said optical data carrier (1, 10) for reading out data from
said optical data carrier (1, 10) and/or for recording data on said optical
data carrier (1, 10), characterized in that said transition material (21)
has a first value of a material characteristic being a specific volune

and/ or a thermal expansion coefficient of said transition material (21)

bel ow a transiti OnOEGéEP&a{ abitier (17 %) cBH%nﬁHQa%e%ﬁ&%&nié% @fl1sm)d materi al
characteristic abov sau] transition tenperature (Tg , 'sai d second

val ue beiingudingyhdielectigrransition fuatesial (24) and mepal napg- p@apleaé?t epheddedn p1d) as
clainmed in cl.aim r e d i o
further t@ﬁf)lb?% est%galﬁgg f?}g%‘bﬁ b%? atrl‘%gtltmgto&?hg?&ds?%l{ §ﬂ%&, rsgbr%ﬁf uFagg/er i's
adapt ed fdata daﬁib@(ljllngfoofeadmga)ut dhta @piniseidloptical date aanriee(l, (lQXla)nd@s fal ai med in

claim.1, further co i.sin nlnfor n _said.

t her mechri&Freng &%PHEMMW%L 47 PR @agda] Cg‘é’éaﬁ%nf%i(lg ll)’% Se\ﬁﬁ? S?Slmfni %l%te T4yer
(12) for (bMHa9¥%ifRd valub Bﬁﬁnﬁtéhapdlﬁfdcfeﬁst&fw@ a s’peﬁﬁé‘@bﬂhﬁ@n&&ﬂﬁtﬁermalt y of
saldlnfornatlonlayer (12 Optical, data_carrier iimed in

claim 1, xpanswarcesiiisient qfﬁalﬁﬁ@ml@% BatppplR belyy ﬁ&ﬁ?ﬁlf&qne@m(’?)??ma e flde of
gold, sil %8 ﬁtﬂ)q{l QhP Bt éa?(fifng@rlaﬁ:hal%trehﬁﬁel abB Ri CRdrsitBh tér%er@t@r)a (B3 TGH,ai med

in clalm racterized 1n that said nano-particles ( have a size of
300 nm orsaid@smndpahrbépmbﬂlgghb(mm@dﬁrségﬁue6 ptical data carrier (1, 10)
as cl %I med in claim1, characterized in that a thickness of said
thernlochromc | ayer is in the range of 10-2000 nm in particular in the
range of 50-500 nnDpticadfien alicigr (1) as bie1medngelami15mam©@rimdliﬁthmidcal dat a
carrier

t t
fracti on(%?m? ﬂ%ﬁiﬁgkgfﬁt@‘%@@?ﬁ rﬁco§§¥1§%}aﬁeg? gsr%dg% rélﬁioecr O(“gp 11,
20) is inNaydnes ddapee f@frecording of data.

15 3. Optical data carrier (10) as claimed in claim 1, further comprising an
information layer (12), wherein said thermochromic layer (11) is arranged adjacent to said
information layer (12) for improving a read-out quality and/or a recording sensitivity of said

information layer (12).

20 4. Optical data carrier (1, 10) as claimed in claim 1, characterized in that said

metal nano-particles (22) are made of gold, silver and/or palladium.

5. Optical data carrier (1, 10) as claimed in claim 1, characterized in that said
nano-particles (22) have a size of 300 nm or less, preferably 100nm or less.

25
6. Optical data carrier (1, 10) as claimed in claim 1, characterized in that a
thickness of said thermochromic layer is in the range of 10-2000 nm, in particular in the

range of 50-500 nm, preferably in the range of 50-100 nm.



2-90% in particular in the range of 10-80% preferably in the range of
50-80% 8. Optical data carrier (1, 10) as clained in claim1,

char act erwpedodm7tiBat sai d nano-particles (22) are nadePofi/1B2005/83285% Of
different netals and/or have different sizes for increasing the bandw dth
of said absorbing of said irradiation ( 2 by said thernochromi c | ayer (4,
11, 20). 9. Optical data carrier (1, 10) as clained in claim1,

characterd zed in tb?ﬁca?_éét&‘cz{}ﬁE'P(‘lP?(ﬁ)ta's%laﬁﬁec(i_ﬁ%)airﬁllbsﬁa@d&éri&édlihthﬁ\é&va ighape
of a disc or a rod tor increasing the bandw dth of said absorbing o% sai d

i L radi at ifowti¢rB)f sefd nead-gartilss (P30 iy wid demmppbyongig layer(4, Doy Ohisdn B r31e %€ hangi ng
t he positj Q . . i Sy I r ical fedocarrier (1, 10
as clai mtezldﬁ?/ﬁ II(1: %Flﬁﬂﬁ%ﬂng%eaég%e?%ﬂgﬁﬁipgggrﬁglg %%Bhﬁéﬁg?ﬁ@ﬁ tenperfat ure )
(Tg, Tm is lower than a tenperature needed for said recording of data. 11.

Optical data carrier (1, .10) as,.clainmed.in claim.l r ri ..in that
sai d t ra%si tion na@BP‘?ai\flat? f%le’ig’ L@t?gtcgﬁ{l‘?ddfllc% it dn Js%gerr %%ﬁltb %t%glgi d

i L radi ?t |r@ﬂo-g§1_iicle§-%2) a@tﬂ)ﬁialofd@ﬁamﬁaacrﬂdifearex(tmetaoanm hebadifferent sizeslfad m 1,
characterized in that said transition naterial. is.a linear polyner, in
par ti cul drerpasingdhs pasdwidse Pt fﬁ@ﬂ@f@,OféaléF‘B%‘ggftlogiéf)byas@f@tﬂlwcgrﬁaﬁﬁl resin or
gl ass fogggep@’llqyé Bss nol ecules. 13. Optical master (30) for manufacturing
optical data carrier, said optical master conprising a thernochromc |ayer
(20, 32) including a dielectric transition material (21) and netal
nano-partd cles (22 1 1S @ i 4.1 .08 fal (2 .qabsor bi ng
at Ie@st da_ part of bgﬁggl?rﬁ%ggggﬁghw)%ﬁ;&ag‘g%q]itné:gﬁ{lggg%lrré gg%?%patlhgtﬁglgter (30)
for recormhogadiales(22) suaiadtidfythiavah shapstofn dis80) a raghfar mcteasing thd bamdwidtht sai d

bet g a apstnererges b amanhont RSB BTN PRI S o
transiti %aﬁ@ﬁ%amb@bsiﬁ&ﬂdfé)@ala%@idﬂaaﬁbiiﬁgi.on temperature (Tg, Tm and a

second val ue of said mat eri al characteristic above said transition
tenperature (Tg, Tm, said second val ue being higher than said first val ue.

15 10. Optical data carrier (1, 10) as claimed in claim 1, characterized in that said

transition temperature (Tg, Tr) is lower than a temperature needed for said recording of data. .

11. Optical data carrier (1, 10) as claimed in claim 1, characterized in that said

transition material (21) is substantially non-absorbant to said irradiation (3).

20
12. Optical data carrier (1, 10) as claimed in claim 1, characterized in that said
transition material (21) is a linear polymer, in particular polystyrene polycarbonate, a
crosslinked acrylate epoxy resin or glass forming low mass molecules.

25 13. Optical master (30) for manufacturing optical data carrier, said optical master

comprising a thermochromic layer (20, 32) including a dielectric transition material (21) and
metal nano-particles (22) embedded in said transition material (21) for absorbing at least a
part of an irradiation (33) applied to said optical master (30) for recording data on said optical
master (30), characterized in that said transition material (21) has a first value of a material
30 characteristic being a specific volume and/or a thermal expansion coefficient of said
transition material (21) below a transition temperature (Tg, Tr) and a second value of said
material characteristic above said transition temperature (T,, Tr), said second value being

higher than said first value.



