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BACKGROUND OF THE INVENTION
15 Relief structures that are manufactured on the basis of optical processes can,
for example, be used as a stamper for the mass replication of read-only memory (ROM) and
pre-grooved write-once (R) and rewriteable (RE) discs. The manufacturing of such a stamper,
as used in a replication process, is known as mastering.
In conventional mastering, a thin photosensitive layer, spincoated on a glass
20  substrate, is illuminated with a modulated focused laser beam. The modulation of the laser
beam causes that some parts of the master substrate are being exposed by UV light while the
intermediate areas in between the pits to be formed remain unexposed. While the disc rotates,
and the focused laser beam is gradually pulled to the outer side of the disc, a spiral of
alternating illuminated areas remains. In a second step, the exposed areas are being dissolved
25 in a so-called development process to end up with physical holes inside the photo-resist layer.
Alkaline liquids such as NaOH and KOH are used to dissolve the exposed areas. The
structured surface of the master substrate is subsequently covered with a thin Ni layer. In a

galvanic process, this sputter-deposited Ni layer is further grown to a thick manageable Ni



separated fromthe master substrate and is called the stanper.
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dissolved in concentrated conventional alkaline developer liquids, such as KOH and NaOH

but also in acids like HCl, HNO; and H,SOs. Re-crystallization in the tail of the mark can be
used to reduce the mark length in a controlled manner. In particular in case of the smallest
20  mark, the 12, the re-crystallization in the tail of the mark can lead to a crescent mark, with a
length shorter than the optical spot size. In this way, the tangential data density can be
increased.
A challenge of such a material system might be the relatively large number of
recording stack layers needed to optimize the thermal and optical behavior of the recording
25  stack. Another difficulty is the ability to make deep pit structures with such a material
system.
It is therefore an object of the present invention to provide the possibility to

create high-density relief structures on the basis of a relative simple recording stack.

30 SUMMARY OF THE INVENTION
This object is solved by the features of the independent claims. Further
developments and preferred embodiments of the invention are outlined in the dependent

claims.



This object is solved by the features of the independent clains. Further
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and 100 JyRrinR4RS REARh¥MP NiVRBMbeing limited thereto, Blu-ray disc mastering is a possible
application of the present invention. In this case recording is preferably done with 405 nm,
but other wavelengths are also possible. All dye materials with sufficient absorption at this
20  wavelength can be used for this application. The high-density relief structures created in
accordance with the invention can not only be used to make stampers, used for the mass-
replication of optical discs, but also for other two-dimensional structures like channel
structures for biosensors and displays.
With preferred embodiments of the present invention, the dye of the dye layer
25  is selected from the following group: oxonol-based dyes, phthalocyanine, cyanines, AZO.
The thickness of the dye layer is, for example, between 40 and 100 nm, preferably between
60 and 80 nm.
In accordance with a further development of the present invention, the
recording stack further comprises at least one reflection layer arranged below the dye layer.
30 The reflection layer is preferably made of a material selected from the
following group: Ni, Ag, Al, SiO,, Si3N4. The material used for the reflection layer in any
case should have a different index of reflection than the dye of the dye layer. The thickness of
the reflection layer may, for example, be between 5 and 40 nm thick, preferably, between 10



60 and 80 nm In accordance with a further devel opnent of the present
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The same applies to a third aspect of the present invention, directed to the use
of a master substrate that comprises a dye layer to create a high-density relief structure in the

20  dye layer by shrinking dye layer material by applying laser pulses.

In accordance with a fourth aspect of the present invention, there is provided a
master substrate comprising a high-density relief structure that is formed in a dye layer by
shrinkage of dye layer material. Such a master substrate may be obtained by carrying out the
method in accordance with the first aspect of the present invention, and therefore, as regards

25  details, reference is again made to the corresponding description.

In accordance with a fifth aspect of the present invention, there is provided a
stamper for the mass-fabrication of optical discs, wherein the stamper is characterized in that
it is made by the following process:

- providing a recording stack comprising a dye layer;
30 - shrinking dye layer material by applying laser pulses to create a high-density
relief structure in the dye layer; and
- making the stamper on the basis of the high-density relief structure by

providing a metal layer on the dye layer.



shrinkage of dye layer material. Such a master substrate may be obtai ned by
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described above. The making of the optical disc itself is well known to the person skilled in

the art and is therefore not described herein.
In accordance with a seventh aspect of the present invention, there is provided
a microprint, which is characterized in that it is made by the following process:

20 - providing a recording stack comprising a dye layer;

- shrinking dye layer material by applying laser pulses to create the high-density
relief structure in the dye layer;

- making a stamp on the basis of the high-density relief structure;

- using the stamp to make the microprint.

25 Again, the high-density relief structure can be formed in accordance with the
method of the present invention. The making of the stamp on the basis of the high-density
relief structure is well know to the person skilled in the art and can be carried out similar to
the making of the stamper described above. The micro-printing process itself is also well
known to the person skilled in the art and is therefore not described herein.

30 These and other aspects of the invention will be apparent from and elucidated

with reference to the embodiments described hereinafter.
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DESCRIPTION OF PREFERRED EMBODIMENTS
Figures 1a to 1¢ schematically illustrate a first embodiment of a method for
providing a high-density relief structure 18 in a recording stack 12, 14, 16 of a master
substrate 26 for making a stamper for the mass-fabrication of optical discs.
20 Figure 1a shows the master substrate 26 in its initial state. The recording stack

12, 14, 16 is carried by a glass substrate 10 and comprises, in order of appearance seen from
the direction of the incident laser beam, an absorption layer 16, an organic dye layer 14, and a
reflection layer 16. The absorption layer 16 is etchable and is relatively thin, for example,
between 5 and 40 nm, preferably between 5 and 10 nm. The dye layer 14 is preferably of the

25  type oxonol dye. The dye layer thickness is between 40 and 100 nm, preferably between 60
and 80 nm. The reflection layer 12 may be Ni, for example, between 5 and 40 nm thick,
preferably, between 10 and 20 nm. Also Ag and Al are suitable materials. Other dielectric
layers such as SiO2 and Si3N4 may be used as reflector as long as the index of reflection
does not match that of the dye.

30 Figure 1b shows the master substrate 26 after the application of one or more
laser pulses in a region where a pit 18 is to be formed. The pit 18 is formed by a heat-induced

shrinkage of dye layer material.



providing a high-density relief structure 18 in a recording stack 12, 14,
16 of a master substrate 26 for making a stanper for the nass-iabrication
of opti cavodnesos285ki gure |a shows the naster substrate PETIIR2005/85437T8 ti al
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to thosepifreE bty R drBused to illustrate both the formation of a stamper 20 and a stamp 24, it is
clear for the person skilled in the art that the properties of the high-density relief structure 18
depend on the application. In any case the high-density relief structure 18 is formed by a
20  heat-induced shrinkage of dye layer material.

In accordance with Figure 2c a metal stamper 20 and a metal stamp 24,
respectively, is formed on the basis of the high-density relief structure 18. To provide the
metal layer, for example, a thin Ni layer is sputter-deposited on the high-density relief
structure 18 formed in the recording stack 12, 14 of the master substrate 26. This Ni layer is

25  subsequently electro-chemically grown to a thick manageable stamper 20 or stamp 24. The
stamper 20 or the stamp 24 is separated from the master substrate 26 and further processed
(cleaned, punched etc.).

Figures 2d and 2e schematically illustrate the production of an optical disc 22
on the basis of the Ni stamper 20 as it is well known to the person skilled in the art.

30 Figure 2f schematically illustrates the making of a microprint 26 on the basis
of the stamp 24.

An example of a pit structure written in the L1 stack of a DVD+R dual-layer
disc is given in the Atomic Force Microscopy (AFM) picture in Figure 3. The disc was
recorded at 658 nm wavelength (NA=0.65). The recording stack, comprising a thin Si;N,



Figure 2b shows the master substrate 26 after the application of one or
nore | aser pulses in a region where a high-density relief structure 18 is
to be forweadnocAl7edsough Figures 2a to 2c are used to il | @srnBroes/haBTs t he
formati on of a stanper 20 and a stanp 2 it is clear for the person
skilled in the art that the properties of the high-density relief structure

18 deperdbserptibiiayanpl100 abi tick dys 18Ry afds €00 i Ag effletidislaldr, va 'dqfosﬁéd ucture
18 is forned by a heat-induced shrinkage of dye |ayer material .
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18. To provi l'ayer or exa ayer
sput t er -the pxris¢areamleadyeto iparial cerbaiizationaifitles oxgamcl dzttmreeanﬂ&héreforedo an the

recordi n ck 12 4 of the ter btr e h N '
subs éq:,l g@?“;‘? &plume. The gregted pitp ha 5B %‘r%ﬁmg‘g?; ¥ath ?’E‘i‘“ﬁﬁ%%é;‘%é)bil@l’ ]%Eﬁﬁ.lgf 20 or
stanp 24, %é"i% d%fe?rm’ﬁ%& bg thPbsbipfior hAfe 2ftht SyS BRAY. %@Qbéo&ﬂiﬂn%‘r@ﬁl@% HiRE

substrate 26 and further processed (cleaned; punched etc.). Figures 2d and
2e schertanddchyt 1lhy diy¢ layst thakeesshihe pptionad metallio indenlaygst(reflettod) and apdptiondlhe

basi s of t tSt%Z% 20 as it is well known to the person skilled in the
art. | S?fpéo(%l tically illustrates the making of a mcroprint 26 on

the basi s of t he FLaF 423flowdd se¥idnRl Bagfis df BetreSllf dfahs!pRcHal b Rpindnt t he LI
stack of a DVD+R dual -layer disc is _given in the Atom c Force M croscopy

(AFND pishewnan Figur e mat shywa inidgteilwa Eiguerb perbyriten bewepmiordiaseninyeh
( NA=0. 65 |C{Q§9fg§ﬁ%sq’eﬂgst§ép§9%o o tllO%eH%Pect hi n Si 3Ndabsorption | ayer, a

100 nm t ayer -an gre %ion | ayer, was deposited on

top of a pre-gr OO\I&glﬁrbhbﬁo" ailistréb ey reslc@T OiffgrentifleS cdhisifig Gakboriagiar @S i nt o
two hal ves at the LI dye |layer. The disc was separated at the dge Si 3N4

i nt er f ac@d Thegagl Ci‘rrﬁulm,e@ac A@@Mlﬁ@T%A) measwsxpeds perpaned pnthgdasisohar t i al
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The created pits have very steep wa ere |veydeép I's pit
shapgé i svetebareficiakbfbr imyasteniag dbisomekative mass mwdudteoni mngdsefrouhyeo ka§@®@%. The
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Figure 6 illustrates DSC and TGA analysis of a DVD+R dye (Fuji®). In this
case, the sharp reduction in mass occurs at about 250 °C. The relative volume change is more
20  than 90 %.
Figure 7 illustrates DSC and TGA analysis of a DVD+R dye (Bayer®). Here,
the sharp reduction in mass occurs at about 290 °C. The relative volume change is more than
30 %.
Figure 8 illustrates DSC and TGA analysis of a DVD+R dye (MCCpds2211°®).
25  With this dye the sharp reduction in mass occurs at about 290 °C. The relative volume
change is about 40 %.
Finally, Figure 9 illustrates DSC and TGA analysis of a DVD+R dye
(MCC16X®). The sharp reduction in mass occurs at about 290 °C. The relative volume
change is about 60 %.
30 It is to be noted that equivalents and modifications not described above may
also be employed without departing from the scope of the invention, which is defined in the

accompanying claims.



shown in Figure 3. The pit shown in detail in Figure 4 and witten between
to adj acent pregrooves conprises very steep walls, as nentioned above.

Fi gures Swoao®/i7edsastrate the results of Differential SeamnBHgs/GABTX i met er
(DSC) and Thermal Gavinetric Analysis (gfGA) measurenents, perfornmed on the
basi s of conventional DVD+R dyes. The tran5| tion tenperatures are around
250- 300 @l.AMIsch is very beneficial for nmastering. The relative nass

reduction ranges from30 to 90 % Figure 5 illustrates DSC and TGA anal ysi s
of a DVD+R dye (Organica 1140 (r)). The sharp reduction in nmass occurs at
about 270 C. The relative volunme change is 25 % Figure 6 illustrates DSC

and TGA anal ysis of a DVD+tR dye (Fuji(r)) . In this case, the sharp
reduction in nass occurs at about 250 C. The relative volunme change is nore
than 90 % Figure 7 illustrates DSC and TGA anal ysis of a DVD+R dye

B . He Th
ol at1 vehvoi ume. ciaisthoR 8t ol B highdiineGERUR, G APRbodld dack 76,
anal ysi g12f143 16MFmagter s(ubﬁﬁﬁd(i%?,lpaﬁ(du)a)rly a Midtér substsatel (25) fckrenﬂhﬂg )

reduction in nass. occurs at about 290 C. _The rel ative volune change is

about 4crtamperi3) forthe massrfabrigation ofqptigaledisen€l?) 5@ master subytipts @6bfora DVD+R
dye (|VCq,a1§12% i gﬁ,rrg . The
relative vo Hé}mﬁa(n e ?%@g&?ﬁ@hﬁﬂﬁﬂﬂf?&?@% tthﬁgﬁmgm‘t?ﬁga ents
and Bodifications pnmhdﬂgatrmdnédgataoh(almy kﬂ)sompasmgpldwwem(lmmcnmﬂ
departing fromthe scoeof t he inv i on defi ned

aC(F:)orrpangl ng cl ai fEL ﬁﬂ%" layer I}f‘\atﬁ’églﬁly B’r‘n%ké‘?fll’(ﬂ'?sr‘?ﬁmacrﬁ?tﬁﬂlegﬂﬁ%ﬁ?’iﬁltyel i ef
structurr@héfsﬁa}méﬂn(lg)ﬁletﬁgﬁ%ﬁge 13k (12, 14, 16) of a master substrate
(26), particularly a master substrate (26) for nmaking a stanper (20) for

the mass-iabrication of optical discs (22) or a master substrate (26) for

Fol | ovi g st ops: - Msmunel &St REledint, et med® fe SRERTEDI D, 2°

dye 1loay eelected)fiondtié following group: oxonol-based dyes, phthalocyanine, cyanines, AZO.

3. The method according to claim 1, wherein the recording stack (12, 14, 16)

further comprises at least one reflection layer (12) arranged below the dye layer (14).

15 4. The method according to claim 3, wherein the reflection layer (12) is made of

a material selected from the following group: Ni, Ag, Al, SiO,, SizNa.

5. The method according to claim 1, wherein the recording stack (12, 14, 16)
further comprises at least one absorption layer (16) arranged above and/or below the dye

20 layer (14).

6. The method according to claim 5, wherein the absorption layer (16) is made of

a material selected from the following group: Ni, Cu, GeSbTe, SnGeSb, InGeSbTe.

25 7. A master substrate (26) for creating a high-density relief structure (18),
particularly a master substrate (26) for making a stamper (20) for the mass-fabrication of
optical discs (22) or a master substrate (26) for making a stamp (24) for micro contact

printing, wherein the master substrate (26) comprises a dye layer (14) in which the high-



shrinking dye |ayer material by applying | aser pulses to create the

hi gh-density relief structure (18) in the dye layer (14). 2. The nethod
accor di ngvoaoelaesswl, wherein the dye of the dye | ayer @Ca)iB2w5/8RBTCt ed
fromthe follow ng group: oxonol-based dyes, phthal ocyanine, cyanines, AZO
3. The method according to claim1, wherein the recording stack (12, 14,
16) f ur tdeasitycretipf staRfuré(18) @adtbeToEnddety @lﬂiﬂ?lals@fxﬁﬂlseé i) slainkaiygasyepel ow t he
dye layer (14). 4. The nethod according to claim3, wherein the reflection
| ayer (13terial npde of a material selected fromthe foll owing group: N, Ag,
A, SO, Si3M. 5. The nethod according to claim11, wherein the recording
stack (12, 14, 16) further conprises at |east one absorption |ayer (16)
arranged.above andiseroflaehasver stisstrdied26pther copdptises Hdyellagenm@é hocdtreatehighng t o

claimb5, wherej.n.the ab ption | ayer is made of a material selected
£t ot el HFtGrBR o it e TRheng ¥ bY ohenses Gyclenaier by apRineor
substr atjgsel gfiked Or creating a high-density relief structure ( 18),

particularly a master substrate (26) for making a stanper (20) for the
mass-iabrication of optical discs (22) or a naster substrate (26) for

maki ng stanp (24) for m.cro tact printi. erein th er .

subst rars” (58) cortbraerSShite el BForSins MniglarHY rele? s Lot ; o
StrUCtUHBrrﬁéeﬁihd%retl e@@upwmﬂnmge%@a ¥iayer magdhl pul ses that shrink dye

| ayer material. 8. e of a master substrate (26) that conprises a dye

| ayd® (14) to create a highdensity relief structure ( 18) in the dye |ayer
(14) by rinking rial Yk S er. | ses. .. ster
Subst ratD (26) cortpyebioRSLmiRhEs sBmesf (ABThE hap? Rficfibne S pyity et

for med i(D2p thtyrmethad esmprding thy folewinkagps:of dye | ayer material. 10. A nethod
for maki ng a stanper _8,20) for the mass-fabricatign of optical discs (22),
the method conpri $rengdinga recordiggistagk £b2 pé. 16) covpEFing aslye &avsr tidhg st ack (12,

14, 16) conprisingyand - kil e 12
appl yi ng | aser puI%s es %{ d ?%S%re&ééﬁ?lgﬁw &Bﬁ}é?%]%s%éﬁlslgsyos{rsﬁg%%E%’a‘?en?%‘f in
t he 1dye rehefestruétird) (18pimdthe dye layer (14); and

- making the stamper (20) on the basis of the high-density relief structure (18)

by providing a metal layer (20) on the dye layer (14).

11. A method for making an optical disc (22), the method comprising the
20  following steps:
- providing a recording stack (12, 14, 16) comprising a dye layer (14);
- shrinking dye layer material by applying laser pulses to create the high-density
relief structure (18) in the dye layer (14);
- making a stamper (20) on the basis of the high-density relief structure (18);
25 and
- using the stamper (20) to make the optical disc (22).

12. A method for making a stamp (24) for micro contact printing, the method
comprising the following steps:

30 - providing a recording stack (12, 14, 16) comprising a dye layer (14);
- shrinking dye layer material by applying laser pulses to create a high-density
relief structure (18) in the dye layer (14); and
- making the stamp (24) on the basis of the high-density relief structure (18) by
providing a metal layer (20) on the dye layer (14).



maki ng the stanper (20) on the basis of the high-density relief structure (
18) by providing a netal layer (20) on the dye layer (14). 11. A nethod for
maki ng arwopbécakssdi sc (22), the nethod conprising the fPorBM0sO54318LPS:
providing a recording stack (12, 14, 16)conprising a dye |ayer (14);
shrinking dye |ayer material by applying | aser pulses to create the

hi gh-density relief structure (18) in the dye layer (14); making a stanper
(20) on the basis of the high-density relief structure (18); and using the
st anper 320) to mek®wcthed fepmaking agnistoprinb(26), the mathed camarisiag theeRiloWing st anp
(24) for teﬁjscro contact printing, the nmethod conprising the follow ng steps:
- provi dil g a recording stack (12, 14, 16) conprising a dye |ayer (14);
shrinki ng dye | ayerovidingmiratordinig aapk yiX)d4) B eomprikiaga dye lareeélidd;, a

hi gh-density relief .structure (18) .in the dye |aye 14); and ki.ng.the
stanp (24) on t he SBHu¥iag éye {a‘bf%f Hit'ghe r?ﬁpwﬁ/% @F‘?féﬁuiss?g F‘h‘)c‘F%FF g’e(hqglk e’%%?y
provi di ngji¢r sikdte dl@%ﬁ{thé agg 198 (1p dye layer (14).13. A method for making
a mcroprint (26), the nethod conptising the follow ng steps: providing a

recordi ng stack ( i2akirgla stadp (29rurthe bags of tHy bighadessity elipf strucgire (¥ ng dye

| ayer material by applyi I r. pulses to cre t he high-density relief
structure (18) in%]ﬁgt%?%g?’gﬁéﬁ t?%%k?ﬁm}ca(g)rgl?gf@m (24) on the basis of
the high-density relief structure (18); using the stanp (24) to make the
m croprint (26).




