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1 Write-once optical record carrier for high-speed recording The present
invention relates to a write-once optical record carrier, such as a DVD+R,
in particular to a single-layer DVD+R, which is adapted for high-speed
recording of data thereon. At present, the development of a high-speed
.DVD+R standard has a_hi riority. Current dye-based high-speed
WIS OGP ERR S AE DR IRy 1o ax or ever G The
power margins, however, are getting more and more narrow at higher
speeds. It is believed that at the high powers required for high-speed
recording delamination occurs at the dye-metal interface, i.e. at the
interface between the recording layer made of an organic dye material
and a metal reflective layer provided for cooling of the recording layer. 10
These problems raise concerns about the possibility to achieve higher
recording Bpepdsanitmveritierordsaaticalwdecsdcearpigesl tecpedtiantir, such as a

+R media, comprisipng a recording layer made o organic dye .
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dye has only a ver or heat cgnductign, the efficient cooling by the
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ossible that.mechanical stress that may.result from this, steep aradient .
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sequer?tlgﬂy STACKEA O a substiate. THe thickhess 6F the Fetlective layer
of theratieniar ds loavaphtemliey of i€ooded disc on existing players due to the dye’s intrinsic

high transparency which allows (together with a reflector layer) a high reflectivity disc.

The thickness of the metal reflective layer is usually around 100nm. An
important effect of the presence of the metal reflective layer is its large cooling power, i.e. its
high heat capacity. It is thus believed that a reduction of the thickness of the metal reflective
layer will result in a less efficient cooling of the dye recording layer. Since the dye has only a
very poor heat conduction, the efficient cooling by the metal reflective layer induces a large
temperature gradient near the interface between the recording layer and the metal reflective
layer. It is possible that mechanical stress that may result from this steep gradient leads to the

above-mentioned delamination problem.

US 5,718,961 discloses a phase-change type optical disc in which a first
dielectric film, a second dielectric film, a recording film and a reflective film are sequentially
stacked on a substrate. The thickness of the reflective layer can be in a broad range of 10 to

120nm. By use of ZnO-BN as material for the first and second dielectric film a high
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120nm. By use of ZnO-BN as material for the first and second dielectric
film a high 2 recording sensitivity and thermal stability can be achieved,
and heat produced during recording can be rapidly dissipated to the
reflective layer. 5 It is an object of the prgsent invention to provide a
ite-once .optical record carrier which allows higher recordin eds but

recopinc, PRI A Jes el SRR e P e s B asat eAdba during
recoreirey dimgolaygyidindiissepaetabreftectiee tidgdayeravoid mechanical

problems such as delamination. This object is achieved according to the
present invention by a write-once 10 optical record carrier as claimed in
claim 1 comprising: a substrate layer, a recording layer of an organic dye

ihckncss BEAR ARSThT TE AT ENR S R o A e Bagecor

carrilemahi%aﬂbwmghéoémmay@mm{ihdgrngrédat;edaemeyam reqyrudient at the
. elieve, a reduction of the thickness of t tal. reflective layer,can be .
inte R e AL PYBL AT THB TS RO S ke el
probtealingdhesablamieat @fficient, which, however, leads in consequence to

a temperatyure gradient gt.the nterface between the recording |ayer and

tho. motan i CHIRA 1980 GYREA TIPS T Ak e o DALY & wte-once
opticaleetanicalrathess daichdodretigid0 lpcengnistrejamination. It has thus been

recognized tlba%aq‘gc?terioration of the cooling in the recording stack may
e

actually ir%SF v aﬁ‘l%rl'l-speed recording performance. This means that

by this inveregordinis |pyepofeanl dogdoithuy e pratsiial trotopufathespbstsata thysr and
field commaniy, ?&#ieevt?v*é’?é?efr‘?éf S?ﬁ’f&cé"sfsf"ﬁé?oﬂ&aé’&ﬁﬁna (7 par .'crlﬁa'r?ﬁiﬁégl 30 nm
made of an ofganic dye material or madé orap ase-chané) material.
on tdprefaheberntiadilaygarts of the invention are defined in the dependent
claims. ile an improvement ofthh rrl?lt%ears&]e?d re{:ordl 19 erformge ce
ayet thic

can be ac Elgvlgge&t/i A 'he g?ege?%ctﬁlé fekness e ov(%/8 Orrr]l, §ICVe a
redufutitinesfithe tbiekmess tof dinebeetad iefedity legd ucamgoe advantageous. It has been found
that by a reduction of the thickness, the cooling becomes less efficient, which, however, leads
in consequence to a temperature gradient at the interface between the recording layer and the
metal reflective layer which is more gradual. This will reduce mechanical stress and thereby
prevent delamination. It has thus been recognized that a deterioration of the cooling in the
recording stack may actually improve the high-speed recording performance. This means that
by this invention it is proposed to do the opposite from what experts in this field commonly
believe both for record carriers having a recording layer made of an organic dye material or
made of a phase-change material.

Preferred embodiments of the invention are defined in the dependent claims.
While an improvement of the high-speed recording performance can be achieved by a metal
reflective layer thickness below 50 nm, a further improvement can be achieved by reducing
the thickness even more below 30 nm.

According to another preferred embodiment an additional dielectric layer is
provided between the recording layer and the metal reflective layer. This dielectric layer acts
as a thermal barrier and can mimic the reduced heat-sink capability of the reflective layer.
The introduction of the additional dielectric layer, e.g. SiO,, ZnS, ZnS-SiO, mixture (e.g.
8:2) ,TiO, or an other dielectric material, slightly enhances the reflection of the recording

stack at the cost of reduced absorption. However, it can be foreseen further, to use a thinner
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the thickness even more below 30 nm. According to another preferred

embodiment an additional dielectric layer is 30 provided between the

recording layer and the metal reflective layer. This dielectric layer acts as

a thermal barrier and can mimic the red8ced heat-sink capability of the
ﬂec ive layer Th f the additional di tric_la

recOR8 IR S M A Ct 5] LHE 0P G PR G K value, k
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thinner 3 QBUGRAL ety s B eRR B regorcing
Iayedaﬁdhhvlmgaaﬁalgh&ydf \ialp@rticulwlngl ier oVeagtiAyyRef thef Wie lkomyaleting stack.

refr ct| inde ,i order to nsate this. Optionally, anot ectri
A s e s e R e Grite TV SR S et ue Tayer has
a thulamsslbemmwﬂm tin lpamou@rsmmwweﬁmme whole recordlng stack. 5 At

least the first d electric layer pet een dln era meta

refoctve G R AR 0t BE A eIV E e B AT Bb st of
silveprdgiretbmererjaltfer theterialsibnefesting J!ayer sdimtmtmﬂwmbsmeobés well.

silver (Ag). However, other materials such as Al, An or other metals can

be used as well. 10 The invention will now be explained in more detail
with reference to the drawings, in which: Fig. 1 shows power margins for

A R B B R TR S
drawjrs;slhummafter applying a DC-power level to a conventional write-once
E)egord CaEfg " lF Vo %hoevrv?n%hr&te?&f;{ ?%W%ﬂ?aﬁ's%“&é? é%b SR L{gggy
power léve Ate- 0N SpticAl Fecord Caffier Heedraing o't
present wﬁngnﬂ@pﬁngpdv@mghe foemniV DisRibistomifload9athekg layer;
embOdimE?gt.%I ﬁg\c/)v%dth%(%er%gr%ru?r%cg s?rpb%ttlgﬁ[h?térr“é%ﬂ Iycfrrl'g a DC-power level to
a conventional write-once record carrier;
Fig. 3b shows the temperature distribution after applying a DC-power level to
a write-once optical record carrier according to the present invention;
Fig. 4 shows the thermal distribution for another embodiment of a record
carrier according to the invention;
Fig. 5 shows the thermal distribution for still another embodiment of a record
carrier according to the invention;
Fig. 6 shows a schematic layout of a first embodiment of a record carrier
according to the invention; and
Fig. 7 shows a schematic layout of a second embodiment of a record carrier

according to the invention.

Fig. 1 shows a typical power margin in case of a thick reflective layer, in
particular a 100nm Ag layer, in a DVD+R disc. Shown is the jitter in percentage over write
power in mW for leading and trailing edges of bits to be recorded on the disc. This power
margin needs to be compared to the power margin for a thin reflective layer shown in Fig. 2

where the reflective layer made of Ag in a DVD+R has a thickness of 10nm. As can be seen
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Fig. 5 shows the thermal distribution for still another embodiment of a
record carrier according to the invention; Fig. 6 shows a schematic layout
of a first embodiment of a record carrier according to the invention; and
25 Fig. 7 shows a schematic layout of absecond embodiment of a record

carrier accarding to the invention. Fjg. 1 shows a typica rmar inin
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margin netfst'Be" HEPH R BE AP PR FUpiG R gonventiona
DV DewrRefeiopting Rthdd. FAvivger ehible refllatieci dgel mad@ off g (T0eNY Rridye
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according to the present invention is shown in Fig. 4. Therein, compared to the record carrier
shown in Fig. 3a, an additional dielectric layer 5 made of SiO, having a thickness of 20nm is
provided between the reflective layer 1 having a thickness of 40nm here and the recording
layer 2. Not shown in Fig. 4 is the dummy substrate that is glued by means of a UV-curable
lacquer on top of the 40 nm thick reflective layer. Further, the recording layer 2 has a reduced
thickness of 80nm which leads to a more efficient absorption as is apparent from the
somewhat higher maximum temperature that is reached. The introduction of the additional
dielectric layer 5 further reduces the temperature gradient between the reflective layer 1 and
the recording layer 2, and thus reduces mechanical stress and prevents delamination.

The thermal distribution for a third embodiment of a record carrier according
to the present invention is shown in Fig. 5. Therein the reflective layer made of Ag has a
thickness of 30nm which still yields rather high reflection, but the thermal capacity is
reduced by a factor of 3.3. Nevertheless, also in this embodiment the thermal gradient
becomes less steep. Not shown in Fig. 5 is the dummy substrate that is glued by means of a
UV-curable lacquer on top of the thick reflective layer.

Figs. 6 and 7 schematically show two embodiments of record carriers

according to the invention. Fig. 6 shows an embodiment for which the temperature profile is
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shown. Here the reflective layer has a thickness of approximately I0nm

and is made of Ag. The thermal distribution for a second embodiment of a

record carrier according to the present invention is shown in Fig. 4.

Therein, compared to the record carrier 5shown in Fig. 3a, an additional

dielectric layer 5 made of SiO2 having a thickness of 20nm is 20 provided
SO 6 o0 R B8 T e AN Br A PR e
substegending faidodt INehahPYEsiovg whishieglivsn iy mebsirete thetdarghledacquer
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profilisbheaddiar naore aftitienttaliseprigorashisvapparigt 4reoniha second

somewhat higher maximym te rature that is reached. The introduction
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gradient bEiwembdbigniefie stivedayehd dqateteo esordingdayesasaditlss. A

educes mechapical stress revents delaminatign. The thermal ..
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Ag has a  thickness of 30nm which still yields rather high reflection, bu .
proviE B AL R BB R AL oG e KL o s,
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.Fig. 5,is the dummy substrate that is glued by means of a. UV-curable
v A o A L RSO By Ao AP Db
fabrightiontiy @ssiblecinteamts dafctesrood fabricatioracostsdiag e dheinsention. Fig.

6 shows an embodiment for which the temperature profile is 5 shown in

Fig. 5. In addition to the three layers shown in Fig. 5, a second

polycarbonate substrate layer 4 (about 0.6 mm) is shown, which is glued

by means of a UV-curable lacquer on top of the reflective layer 1. Fig. 7

shows an embodiment for which the temperature profile is shown in Fig.

4. In addition to the 4 layers shown in Fig. 4, again a second 5

polycarbonate substrate layer 4 (about 0.6 mm) is shown. The

embodiments shown in the figures are to be understood as examples. A

number of further embodiments and further variations of the thicknesses
of the different
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layers as well as the sequence and the provision of further layers is
possible. The invention provides the advantage to get broader power
margins for write-once optical record carriers, in 10 particular for DVD+R
media. Further, the possibility to go to higher recording speeds is

CLAj\@”'able' In addition, thinner reflective layers cost less time to sputter, i.e.

Rter fabrication is possible and a reduction of fabrication costs can be

obtained. 6 CLAIMS: 1. Write-once optical record carrier comprising: a
substrate layer (3); a recording layer (2) of an organic dye material on top
of the substrate layer (3); and 5 a metal reflective layer (1) of a thickness
below 50 nm, in particular below 30 nm on top of the recording layer (2).
2. Record carrier according to claim 1, further comprising a dielectric layer

1. (5 betwqmi@gﬁggggﬂgg]qé@gﬁf é%%’ﬂ@(ﬁﬁﬁi?ﬂ?g}?l rgflecti\(e layer (1).. 10
3. Record carrier according to claim 2, wherein said dielectric layer (5) is
of a thickhedRsHale Ry (\%1 in particular below 25 nm. 4. Record carrier
aCCOfd_'”gathE@H’fh&iefé‘éﬂ‘(? ePAMSIS AufictRsisitlayetop BAMEBRSRdayer
recording layer (2) and said substrate layer (3). 5. Record carrier

3); &'&ording to claim 1, wherein said metal reflective layer (1) is

substantiliy spaderREaVaRPERS NSRS A%, MpARIdMar below 30

particular made of Ag. 20 6. Record carrier according to claim 1, wherein
NM QR IAMeSIRe ESROEdng f3YeF () is of a thickness below 50 nm, in particular
below 30 nm.

2. Record carrier according to claim 1, further comprising a dielectric layer (5)

between said recording layer (2) and said metal reflective layer (1).

3. Record carrier according to claim 2, wherein said dielectric layer (5) is of a

thickness below 50 nm, in particular below 25 nm.

4. Record carrier according to claim 1, further comprising a dielectric layer

between said recording layer (2) and said substrate layer (3).

5. Record carrier according to claim 1, wherein said metal reflective layer (1) is
substantially made of a material of the group consisting Ag, Al, Au, in particular made of Ag.

6. Record carrier according to claim 1, wherein said metal reflective layer (1) is

of a thickness below 50 nm, in particular below 30 nm.





