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1 Optical master substrate with mask layer and method to manufacture
high-density relief structure The present invention relates to an optical
master substrate with mask layer for manufacturing a high-density relief
structure. Such a relief structure can, for éxample, be used as a stamper for
F? i RRYERUOR P4 ESRARNIRAKK TN (RENY) RN PIR8HRR YRShWBSPRERT
(R) and rewritable (RE) discs. The invention further relates to a method of 5
Fﬁ%ﬂﬁi&’fﬁcturmg such a high-density relief structure. The invention further
relates to the optical discs manufactured with the processed optical master
substrate. Optical record carriers have seen an evolutionary increase in the
data capacity 10 by increasing the numerical aperture of the objective lens
and a reduction of the laser wavelength. The total data capacity was
increased frofsEsMPYiGebh NAEO 3 an B ticaPmAsT: Wisktfafe IR (AN er for
NA=0.65, a,=670 nm) to 25 Gbyte for the BIu -ray Disc (BD, NA=0.85, a,=
H}?B“f@%%ﬁg Pe‘HSdeéa?Hléfé'@éﬁtB’étB'fetrﬁéJ?Dﬁé SNRkSUN e(I?é‘Jq AShAABRLE, e
(Rdd)aa adteaeraphyasmplic4R M) reﬁb@@gﬁﬁnﬁeﬁd@(ﬂﬁgﬂ)@hﬂz@M@b@@@d&vme-
e chsandIasn B tRisaion. Ad herelare the sheap disiapin of content
suc audio, vi €0 uc ISC 1S, for example a

palyacbsingteushipigitelenittytinliafebiicted Pisintrokie) fanthepietaiasdo the optical
ERRUGAIRHLRR AR R RS ik caitdgis cligitapolding or a similar kind

of replication process. The manufacturing of a stamper, as used in such a
replication process, is known as mastering. 20 In conventional mastering, a

thin photosensitive layer, spin-coated on a glass substrate, is illuminated

with a modulgied Ipeused laser beam. Ihe moduiation ?rfqthﬁgse a3 he RBAT acit
causes that SOmMe. parts of the Gisd \are eing ex osedyby F e Whie the ey
mténpriessingetharemeiictepedere tidahsitbjentine rheumwb@wwcwmté theclaiisc
Wéé‘é?e%gﬁﬂ%@?oﬁ%’a?&ga'ﬁa%% PEAM LAl R RL 40 H1S RIKED ﬁ?%aﬁso

disc, a spiral of alternating illuminated areas 25 remains. In a second

QféthtHé SRy N CHE DG SIS by o e Bisn RP.
RfRCS%% 190008 Mﬂ)"‘@b‘n%‘lyr%&ﬁh RalRE sy SetB?tR@% Kﬁﬁt&tdﬁé/ee(RNéWonle

liquids such as NAOH and KOH are used to dissolve the exposed areas. The

SrELAAeqaserA e RN AYHEEIME nthie 6678 ASaRiRE eCTHRP Mi Bsge is IRecCBraR ates
RIIFRSSN RIS SR RICIBR RBEES INLrilRMRINI S fUbHIE GreMas tudidhiGéeo and other

S SHETBTDASG & 15-S8BEHEed N LS PAE AL ear 6
érudes). The pits in a replicated disc can typically be made with injection molding or a similar
kind of replication process. The manufacturing of a stamper, as used in such a replication
process, is known as mastering.

In conventional mastering, a thin photosensitive layer, spin-coated on a glass
substrate, is illuminated with a modulated focused laser beam. The modulation of the laser
beam causes that some parts of the disc are being exposed by UV light while the intermediate
areas in between the pits 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 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 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 substrate with the inverse pit structure. This
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is called the stamper. ROM discs contain a spiral of alternating pits and lands
representing the encoded data. A reflection layer (metallic or other kind or
material with different index of 5 refraction coefficient) is added to facilitate

the readout of the information. In most of #he optical recording systems, the
flatssaate Wiﬂhﬂﬂ&%ﬁ?ﬁg%ﬁﬂé@%b&ﬁ@b%&'ﬁ%ﬁ@ BBsthResiith @hdkp QBtirads and
readout/write spot to ensure optimum data capacity. Compare for example

{h &R SRRPHeh of 320 nm and the 1/e spot radius of 305 nm (/e is the
radius at whiRloWeliepticaitainte ssityl baslredattreshic e mﬁﬂaeemas’emmmthe

e o2os e o Pista ) SPOHAI IR B0 MIIR-00GR AL IS TIalls

tical record carriers, ISC IS typlca e pltch
tﬁft@@élén mﬁwmuat@d@dng‘asumghﬁaﬂqﬂmgt&feth@eaégﬁwtwforlrbpmﬁi @fthe

EpadaAtEcHrifny &SRV thinatRAM HIRAHE TEQARRW R d?h%ﬂ@é‘b@%ﬁ@@ue of

i.e. the constructive and destructive interference of light rays. During readout
HrE1RLRA o vyiE SROLIRBHE CREB WAL FARYHD Y Sy B 8 §RBIRIG e data
mtduqinamador eftegiechéorm sbBtt:faeuaﬁgﬂeeamlqu/piateawdmmﬁmm&hqhe optical

ds to a Io EE}IO veI Masterl |t stru re Wit ts of
enS| has r ﬁ e of.the maxmurP { se St BIG- ra c In c%ntrary to
appro mat € optical readou spot 9’ |ca yrequwes asér wit

wmmméwmrmbh Bplicddesrdsating. PopTHIBVID aRedwdisg itipically
hQ@%‘F BeRmRasRra L4 RE) hricrike %%E‘ﬁt%a# t!‘%‘?#@d%%&ﬁ&%%tﬂmm

d numerical aperture of the objective lens of 9. For BD mastering, a

Eﬁ?QBUU‘U Ié%‘@l"\hﬂﬂ"‘ﬁbt%?ﬁM W%ﬁé@r{éﬂq%tdﬁahﬁ%m%ﬁé'ﬁan%fﬁ% high
bohsensi(@.ehtddarield aetfiraséat |Iigmldaym IDerBigrendaster kgyydinpiather

QBRI DAL S 1AL 1o ke SRS Or R CHLP R m
optical aisc genera IOI’] al |sa vantage o conventlo
prectdipssivtland pletdng osqne, wmhhad@tphdwterdﬁﬂe@tlmh@uﬁgradatlon of the

photo- Sens't'%sf?e?i’ﬁﬂ)%&t'@tm&?@W%ﬂ%@bﬁFd%nH%‘?él(}’ﬂ%'e@p&ﬂ%l readout

amount of illumination. The sides of 25 the focused Airy spot also illuminates

BRat AVRLAEM I BREES dIlRSPIQNIRAAG ST pravEieReE é@%ﬂr‘élust‘%gékf RO Wh BpiP/DVD
SR leadssto heaml Recaden(ing F@)‘ tj1Rcaits @Watb@&ﬁim\lé]ea@thmﬁﬁ_@ﬁﬂﬁ and

htheorIS %Ittett)reAFt% fo re UC gnnsco) ﬁ&s é” @5 se? ass ?e 6§/Iaser \{Vlth
ossb cusedase?d po & requwed vantagé 6 ﬁnotoress
ﬁﬁtem‘amwaug&dlsmsedmvmmnaumazztﬂarmggh e lensdEhOdbtHar piehgraed 1.25 for

ORI TRHRRGEN fﬂa&*ﬂ&uH&"iﬂrﬁﬁbﬁtw%pd?'ﬁ%qgﬁb%ﬁ}ﬂ@?@%ﬁ]ﬂ&% RS

to rather rough side edges due to the for;g mer chains. In particular in

SREp B Erev ey tatidhosresation ha %B%@J disrdypatagerh conventional
prigerense{B)eang .wi&ahi@le(RE)oa@u@hcaf@nSDH@t&@daﬁmuﬂhmg@m&ynsmve

I TR S A R T S
the focused Airy spot also illuminates the adjacent traces during writing of pits in the central
track. This multiple exposure leads to local broadening of the pits and therefore to an
increased pit noise (jitter). Also for reduction of cross-illumination, an as small as possible
focused laser spot is required. Another disadvantage of photoresist materials as used in
conventional mastering is the length of the polymer chains present in the photoresist.
Dissolution of the exposed areas leads to rather rough side edges due to the long polymer
chains. In particular in case of pits (for ROM) and grooves (for pre-grooved substrates for
write-once (R) and rewritable (RE) applications) this edge roughness may lead to

deterioration of the readout signals of the pre-recorded ROM pits and recorded R/RE data.
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3 Itis an object of the invention to provide a master substrate with mask
layer for making a high-density relief structure, for example, for
mass-replication of high-density read-only memory (ROM) and recordable
(R/RE) discs with the advantage of a bettér signal 5 quality of the
pre-recorded data in ROM discs and a qualitatively better pre-groove for
improved data recording (R/RE). In particular the use of a mask Ia%/er enables
the making oft '3 HERHSATGH He HAEPTNAP BRYITE R MAstelithsy 1 yath sk ayer
fatimakingod egh-abtieyinl@tkoocs réufmhemmmeowdmasmeplnoahoﬁ ofakigdensty
re e. Fin ti opti |
o e B BT S R b i
auaiamfrtba bEtreeeordeskdalj R {aM chres/and oy prtitaidiaty é&ﬁfﬁﬁ@rggbmr&fe

E?B\Vb%! @Qtélr%b@ﬁi@tﬂ?}ﬁﬁ?rl ﬁ?@rﬁcmﬂ'ﬂ& %ﬂ&h&’s@ﬁ@%@mmmﬁe making of

trate layer, the recording stack comprising: - a mask layer, and - an
ﬁw@@%@@Wa‘iﬁéﬁs%F&i\ﬁﬁéﬁé&“ﬂét\!\feé’ﬂt@ﬁ@m%@?@%%&}“&néfﬂ?glé%gt%émﬂ%‘“on IS
sa@itlgn@sie daitrronsiuisoignakiegending mgatemhtgpreiwmmgtmarkmam the
TRRRES, eueRe e sncpded ARl S rTing oL MY it o
ermal alteration GEUSEd Taser Deam And said MATKS aving a ditrerent
pressssititasyiche Uﬁﬁ@&f@tﬂi@tﬂ&tﬁaterlal characterized in that a metal heat sink

layer is presefhpiue e aemiccd F@%tﬁy%r@ﬁﬁﬁﬂgsl%%r%%ﬂwﬁ a%Qbstrate

Preferred embodlments of the master substrate with mask layer are defined
iﬁy%h@‘ﬂé‘ﬂ@?f&@ﬁ‘@d’éﬁ‘ﬁQe%%%emw%%d%n‘@%ﬁ%ﬁ%mﬁté%ﬁ?@pfﬁé"g
master substrat@asioriisasda growth-dominated phase-change material,

said material is an, allo I‘ISI ttwo material of the,ar
torias contirte e T HR A A BRI BRI e e
preferred enﬂwﬁmaelntayhecmmgwgwwr@dnmwémfsm alyszmd SPaceS

ragiEdAti pﬁ’&?%\%ﬁéo@ﬁt@@%&rﬁ%&ﬁ@%Fmﬂ% @%ﬁ@'by’lk@ﬁﬁé‘?‘éﬁérﬁ%%? a

doped with Ge and In. In another preferred embod iment, claimed in claim 4,

fﬁéuﬁﬁgéfé?rélﬁ%‘t?&fésétﬂﬁiﬂﬁ%@&'”gﬁ dHeEsL aiNase HhaReHa LFe pRIFRS TSR R

the composnmauﬁm&aedaem a B Aeat bR1lOIayBIEH MikesR-BRRRYR said

u%t%% Is Ieg'c_ia'l[rq Saldall n{e cr stallisation in the tail of the mark enabling
iy uﬁ AYetta SR of the '@RarinEl it length, and thus the tangential data

der_lsuty. _30 Tﬂfrefameetmmwngésm treemesigks|iptratasvitiaimeekl laylamdefised in
HRinedi R, i ”ﬁ%&reﬁ%%%ﬁ@ﬁ%@ﬁﬂ’&%@%@ ﬁagsiy?“su?s‘&?ate

preferred materials fo interface layer are claimed in claim 6, 7 and
comprises a growth-dominated phase- change material, said material is an aIon comprlsmg at

least two materials of the group of materials containing Ge, Sb, Te, In, Se, Bi, Ag, Ga, Sn,
Pb, As. In another preferred embodiment, the master substrate comprises a Sb-Te alloy
material doped with Ge and In as recording material, in particular Sb,Te doped with Ge and
In. In another preferred embodiment, claimed in claim 4, the master substrate comprises a
Sn-Ge-Sh-alloy material, in particular with the composition Snigs - Geize - Sbge . The
claimed phase-change materials lead to so-called re-crystallisation in the tail of the mark
enabling the further reduction of the channel bit length, and thus the tangential data density.
The thickness range for the mask layer as claimed in claim 1 is defined in claim 5, namely 2-
50 nm, preferably between 5 and 40 nm.

The preferred materials for the interface layer are claimed in claim 6, 7 and 8.
Claim 6 discloses the use of dielectric materials, such as ZnS-SiO,, Al;03, SiO;, SizNg, as

interface in the master substrate as claimed in claim 1. Claim 7 discloses the use of organic
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Claim 6 discloses the use of dielectric materials, such as ZnS-SiO2, A1203,
SiO2, Si3N4, as interface in the master substrate as claimed in claim 1.
Claim 7 discloses the use of organic 4 materials of the group dye materials
containing phthalo-cyanine, cyanine and AZO dyes, as interface layer in the

MaskRISHRRY 86y I aiari oot Ry el Eganie RyatRiesint Anatagialsas

selected from the group Diazonaphthoquinone-based resists as interface
f&%@&fiﬁy%%ﬂﬁgfﬁ%é%ﬁ&%%ﬁ?%Q'ﬁﬁl@%‘fa&*ée IERQESTRANE BTRMES P00
mmtetralpaemnnéarftwhvmegroﬁpzm avodaphthsyuinansthaseiseise dsimeefine Sayler &11).
e st f th u '
e e R R PR et
3apusehtane maglisidigetosad ingideémIost remote from the substrate. The
preferred th'QH'&ep?%fQFr&B'§rPc§9&ﬁﬁE'ﬁkntlﬁyr%E&% HIRKIOPER LtaifUdstid® with

between 2 and 50 nm, in particular between 5 and 30 nm. The 10 preferred

ateR 356 AR Kutlainclafither SARPTSeTaRrotegs Bripyesadart ke pask layer
dteleﬂﬁummé&mdémmh@mﬂmﬁt@ DR AréR03d PRSI thiT@dtectidainydid81),
piepesas RSP aans PoOIeSISt malaials, It spRsef from

e group |azonap oqumone ased’ resists ermore r%He use of
sitestedangtenid maredisalssesliore agTPM el ﬂ@oﬁ@@l@s&pmh@sepﬁbeemm (hgleetric

ﬁ&éﬁﬂ@%ﬂb’a@%@rﬁ e%ﬁ)@ﬁﬁ%Y@%N?ﬁ%@Qﬁ'&rﬂ‘i@r&%Bs% {H@!I&rbiérgamc

phase-change material. This effect will be discussed later in the application.
RIS CORSFY by & PPéBEJ& FospleGiad e is e hIgRAEBRIREHERS 3k es
thaétareLem@ﬂuaﬁerm abermgowmlartgg‘dnﬁchmmdmﬁwrrab@ﬂwmwd@sdrotdae The
ieros Bsirate. Anoiner Imagriant reduicement is e ablib o remeye (s
aroeercwa etenin WHﬁ ﬁey ropos rﬁ) ?’ L9 Othér sdvents are also
pbwiﬁt@mcerémwé thbigeffect layik besijsﬂmsoue@trdnéhwmi@q@@noﬂ@tpromtlon
EV@Pn@é@Q'E@B‘é%&%ﬁ RS hHiBR RESHFABHRYRT PR RASFIPEHROIN IR LD RN r%;t

from the master substrate after recording. In another preferred embodime

et Pighsansity Eitef ﬁﬁ%@!&*fﬁ&%%@%ﬁ?ﬁém%}aﬁw&h% HARS BBnprises
pegeicanehtnianagsiliay ey H@ﬁweelﬁistlr@@ruh@mtﬁd@mmanapthmabeétaqada‘,qards.

ré?t fampv%t e |nc [dent la rI| ht. Th| mterfa e layer ﬁ)refera%br}/ has a 2 hilgh
her o Safesd P%OSS' Oove The Caver T ayer; sch a8 d &30 Rropanor; etc.
residiande'to etching |qU| SR thaf g <& nisiface aetd

hsenralebzamieal pﬂlmgleﬁtth@pthecm@h@dayno@\wssmtltxotneserreweﬁtstm@tmri@ster
g{%&p%t}ﬁ@ﬁgé&gﬂ@ickness of the mask layer and the first interface layer.
The thickness of the second interface layer is claimed in claim 15, and

ranges betwd@ANPBISIBEA SN bREIERaRI{P S BWFEE SUREaR Ak faver as
annikenpreriredantpesinnads the dasipleutsiEge revalainrdibstlainadér and

the interface layer not facing the incident laser light. This interface layer preferably has a
high resistance to the etching liquid such that this second interface acts as a natural barrier.
The depth of the etched grooves and other relief structure is determined by the thickness of
the mask layer and the first interface layer. The thickness of the second interface layer is
claimed in claim 15, and ranges between 10 and 100 nm, preferably between 15 and 50 nm.
In another preferred embodiment, the master substrate as claimed in claim 14
further comprises a metal heat sink layer (83) between the substrate layer and the interface
layer, not facing the incident laser light. The metal heat sink is added for quick heat removal
during recording of data. At the same time the metal heat sink layer can also serve as a
reflector to enhance the absorption of the incident laser beam by the recording layer. The

preferred thickness of the metallic layer is larger than 5 nm, in particular larger than 15 nm.
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30 further comprises a metal heat sink layer (83) between the substrate layer
and the interface layer, not facing the incident laser light. The metal heat sink
is added for quick heat removal during recording of data. At the same time
the metal heat sink layer can also serve as a reflector to enhance the

R MRIAB Ot REHREIBEdAIECRARTY YHOMERFREREhIAYPEr EhRad¥r6T@rReLerial

thickness of the metallic layer is larger than 5 nm, in particular larger than 15
Ahinaslloy, Bai5H RA B TIN: SEAbR PAHAY L addidMhéat Sk Tadlr
BhrRdRipOa, nvadediallogs arratibyr hesead rapoaitivaseairiatist idvedirocipiof 18.

materials containi LA u 0, Rh. Pt, Ni d.alloys
thereof. Th eiﬁ‘%:% ﬁ%@éﬁt}})ﬁr@%r&gﬁd‘% é’éboéﬂ%grf)ﬁ/ %‘fﬁna %t%?eoog?ehc fI%S(L' %}ﬂqear
slenpsicdaropnhestitrighiphriensddl llinfatiucioremppasBseatnpt tiestepphtating
a high density;[ighsfFiUrRETERe ARRREINR SEBRSrHHMRINAUA First

master substrate as claimed in any one of claims 1 - 18 a first time with a

HBRIVARSBdale] FaRHsRIHREAA Pe3Rsing the illuminated master substrate
layer a first timimsiithtiee dikwaloged, nasiergubseaé Biysalkaiistaioreavitaciddi@toper,

referably selected of the group of solutions of 10 Na KOH, HCl and
B YRR AR AR el A R o o s o

oGt rkdidoditibind HiN2 1alwatery suchirifad atidasisadefiRsioleb Efayracture results,
galvanically 9@5%@%%&0§BHH%‘F‘Q%%§H@%@X% &%gﬂ& AesirgektickRess

forming a stamper, and - separating the master substrate from the stamper,
15 characteriZ&1BY falbnerotBRegHS Ay treSRISLSH 51 &R IR SIFRY SAA ARy
sorpdti@testirepirshitione, illuminating the interface layer of the master

substrate for a second rt'me throu B Eh f%rst r%ief structure, serving as a
- s%)ara(x)fm% he Master sunstrafe Trom e stamper, . .
mask, and - rinsing illuminated master substrate [ayer a second time with

a20 develop@m@hﬁgm&w arthdkafinpusiag @ﬂ@idteipfm'xﬂ2 preferably selected
of the group of,BQIHIRNR, AN AR Kbtk RRH RN M I‘(Yﬁ%%tﬁ#bqkéhat

the first relief structure is’ deepened to form a second relief structure.

HEHBEE dVerphieg RastaaUPStAIM P A hisctBr Simstiurial Biainedelittiaims
&rilOuld, ssriinglae amasiklayer having a thickness in the range 5-35 nm

wherein a 25 presgrapyetl shaed fitstrelich srugtiyee Js Jomed for. oy
replication of white-once and Tertabre optical discsis disclosed in claim 20.
developer, being one of an alkaline or an acid liquid, preferably selected of the group of
solutions of NaOH, KOH, HCI and HNO3 in water, such that the first relief structure is
deepened to form a second relief structure.
A method as claimed in claim 19 using a master substrate as claimed

in claims 1, 10, 14 or 16, the mask layer having a thickness in the range 5-35 nm wherein a
pre-grooved shaped first relief structure is formed for replication of write-once and rewritable
optical discs is disclosed in claim 20.

A method as claimed in claim 19 using a master substrate as claimed in claims
1, 10, 14 or 16, the mask layer having thickness in the range 5-35 nm wherein the second
relief structure is formed in both the mask layer and the interface layer is disclosed in claim
21. In this embodiment, the recorded and patterned mask layer, with a thickness in the range
10-35 nm, serves as mask layer such that the relief structure is contained in both the mask
layer and the interface layer. The interface layer etches at the places exposed to the etching

liquid. The data pattern recorded in the mask layer is transferred via etching into the
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A method as claimed in claim 19 using a master substrate as claimed in
claims 1, 10, 14 or 16, the mask layer having thickness in the range 5-35 nm
wherein the second relief structure is formed in both the mask layer and the
interface layer is disclosed in claim 30 2161n this embodiment, the recorded
GHISTEEHEGIS IGES S k’éﬁ’ e Y\él‘i@f%tm!ﬁ!ﬁ@ec%w igae t@%ﬁe%@d?’rﬁa@ma?@rr YSPtAS
mask layer such that the relief structure is contained in both the mask layer
SWB%@E:?{@F%%GI ayer. The interface layer etches at the places exposed to
the etching qumelthmesdﬁetarﬁameu‘anewwdgra m&maahsMerass:manaieweldim

Y'%h%t%pkglé){épﬁg m%1 ﬁeg&%gﬁs rg@%gs\%n cﬁ %he %tr'?-]!%%ere ief structure

comprises the patte 2d mas Iayer an erace ayer.
inédrber deepriierlcleyiptehiion o danginghirdraked sisutidtecteathal dhaddrdraligim

drlBRIAMRLORREN AN RIRIGYBE B BB ER THRPIRPA Fﬂ%/‘{mﬁéeéﬂbgﬂﬁte is

second relief structure 5 is further deepened, by etching, fo form a third relief
SIPRlOREFEIR GAMIA the third relief structure is contained in the mask layer, the

interface layex m@dw@aaﬂylmrﬂee mmmtmeeldmgmmmmlwmﬁﬂ\e/&mﬂﬁped

laimed i raané/ of the, clai h't(): the luti o
so utjan is used In g concent a@ /? éore era wee g(%o iSC |me clalm
usedin a concentratlon preferably ween 0ISC alme in

éRim 10 23. Claim 24 discloses a pre-recorded optlcal dISC replicated with

the stamper @@H\L‘f@%%ﬁﬁe‘é’%r@PeéBRf@lP@bﬂEéWs@%@éa@é@'Wﬁwltﬁet&%er

characterized in that the relief structure on the stamper surface comprises
SHBHESIYERS Wik i Beioral erusret s1MeAg & 2&.@@{3@&?{&% in that the relief

siaiiow shap et iiedlingrfadg eoaprisbadtibieesepng B&mnguarq/mcmmhm@d dndthedger
will now b Ialn ore detalil W

tical disc.. The jnventi
P S e A e R T R S B e e
aptistddisabstrate, Fig. 2 shows nucleation and growth probabilities curves of
two classes of phase-change materials: growth-dominated and
nucleation-dominated phase-change materials, Fig. 3 shows a Transmission
Electron Microscopic (TEM) picture of written 25 amorphous marks in an

optical record garfighbased b frRsixgranah iphace-chaingatinaterate fithed
apae,vvyreggpn%\tl n}]c force microscopy (AFM) picture of a relief structure

Fig. 1 shows the basic layout of the master substrate,

Fig. 2 shows nucleation and growth probabilities curves of two classes of
phase-change materials: growth-dominated and nucleation-dominated phase-change
materials,

Fig. 3 shows a Transmission Electron Microscopic (TEM) picture of written
amorphous marks in an optical record carrier based on a fast-growth phase-change material,

Fig. 4 shows an atomic force microscopy (AFM) picture of a relief structure
illustrating the difference in etching velocity of the amorphous and crystalline phase,

Fig. 5 shows the measured residual layer thickness as a function of the total
dissolution time for an InGeSbTe phase-change composition in case NaOH and KOH are
used as developer,

Fig. 6 shows the measured residual layer thickness as a function of the total

dissolution time for a SnGeSb phase-change composition in case NaOH is used as developer,
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illustrating the difference in etching velocity of the amorphous and crystalline
phase, Fig. 5 shows the measured residual layer thickness as a function of
the total dissolution time for an InGeSbTe phase-change composition in
case NaOH and KOH are 30 used as deVeloper, Fig. 6 shows the measured

residual layefifioknegs e %éHﬂﬁE@%QHU&?I& E@kh@ﬁ@%ﬁ@&'ﬂiﬂ%ﬁ&ﬁ%ﬁthe total
SnGeSb phase-change composition in case NaOH is used as deveIoFger, 7

ERPOURARBHAY AedatrB S GIAI95 eMRITIBLR SEse AR bINRE f3taised

déstakltiper,time for a SnGeSb phase-change composition in case NaOH and

HNO3 are u @j‘?ﬁ%‘é‘?ﬁ%@? ol S BRNE NGBy SiRhR RiglGhied lmaater
substrate with hask 1ayer. 5 Fig. 8 SHOWS & groove structure made with the
proposed mddtePOshbwlyaterequs siochiigimgde W piropepeseenasihtsd sisfrateand

shonsdh s enesliehsledstistrsyobtained for one laser power but immersed at
different times in 10% NaOH solution, Fig. 11 shows three relief structure

obtained for fifeddfiRRMEARTEEEN LIPS 90 BRrhiRLRBS RRRHRILBIPHT 109
Matdrbapdutiferériptihasihaom AEDH¥otuies, of a short pit written with the
proposed maﬁter“]s th%g%ere%r}e i%llc thr)Lﬁgt'Lrl]r% t%t%'?r?e E‘OP ﬁ’]sr’ee ddri'%‘]ﬁetgr(?tqas@ 'o%%ers at
shows schematica I§/ € process of using the mask(fayer?o obtain a d eper
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Phase-change materials are applied in the well-known re-writable disc 20
RYRTIERS, G GTCQEUHY 0 RR AT ARRPEAEFIR¢htly introduced Blu-ray Disc (BD-RE).
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25 rapidly cooled down, a solid amorphous state remains. The amorphous
mark (area) can be made crystalline again by heating the amorphous mark

to above the crystallisation temperature. These mechanisms are known from
rewritable ph Sa%_egc aérlll g r¥1% eorlra isn%é-ggﬁied in the well-known re-writable disc
formats, such as DVD+RW and the recently introduced Blu-ray Disc (BD-RE). Phase-change
materials can change from the as-deposited amorphous state to the crystalline state via laser
heating. In many cases, the as-deposited amorphous state is made crystalline prior to
recording of data. The initial crystalline state can be made amorphous by lased induced
heating of the thin phase-change layer such that the layer melts. If the molten state is very
rapidly cooled down, a solid amorphous state remains. The amorphous mark (area) can be
made crystalline again by heating the amorphous mark to above the crystallisation
temperature. These mechanisms are known from rewritable phase-change recording. The
applicants have found that, depending on the heating conditions, a difference in etch velocity
exists between the crystalline and amorphous phase. Etching is known as the dissolution
process of a solid material in an alkaline liquid, acid liquid, or other type or solvent. The
difference in etch velocity leads to a relief structure. Suitable etching liquids for the claimed
material classes are alkaline liquids, such as NaOH, KOH and acids, such as HCIl and HNO3.
If the proposed phase-change materials are used as mask layer, the relief structure can be

made deeper thereby leading to an larger aspect ratio. The aspect ratio is defined as the ratio
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applicants have found that, depending on the heating conditions, a difference
in etch velocity exists between the crystalline and amorphous phase. Etching
is known as the dissolution 30 process of a solid material in an alkaline liquid,
acid liquid, or other type or solvent. The difference in etch velocity leads to a
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with In and Ge and SnGeSb alloy. The nucleation and growth probability
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wlatlvely high probablllty to form stable nuclei from WhICh the amorphous material can
crystallize to a polycrystalline mark. This re-crystallisation process is illustrated in the insert
of the figure. The process of crystallisation from stable nuclei (23) of an amorphous mark
(24) in a crystalline background (25) is schematically shown. The right panel shows the
crystallisation characteristics of a growth-dominated phase-change material. (26) indicates
the probability of nucleation, (27) indicates the probability of growth. These materials have a
relatively low probability to form stable crystalline nuclei from which crystalline marks can
be formed. On the contrary, the growth velocity is large such that re-crystallisation can be

fast in case an amorphous-crystalline interface is present. The process is illustrated in the
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25 relatively high probability to form stable nuclei from which the amorphous
material can crystallize to a polycrystalline mark. This re-crystallisation
process is illustrated in the insert of the figure. The process of crystallisation
from stable nuclei (23) of an amorphous Hark (24) in a crystalline
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amorphous and crystalline state is made visible in Figure 4. The figure
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Irrefgrls? to the initial (amorphous) state of the phase-change film. The right plateau (42) is the
written (crystalline) state. A smooth step is found, which illustrates a good contrast in
dissolution rate between the amorphous and crystalline phase of the used phase-change
material (Sb,Te doped with In and Ge).

Measured dissolution rates are shown in Figure 5 for a Sb,Te composition
doped with In and Ge. Figure 5a shows the measured residual layer thickness as a function of
the total dissolution time for 5% and 10% concentrated NaOH solution. The slope of the
curve denotes the dissolved layer thickness per unit time, which is denoted as the dissolution
rate. For 5% NaOH, the dissolution rate is about 2 nm/minute for this particular InGeSbTe
composition. For 10% NaOH, the dissolution rate is about 1.5 nm/minute for this particular

InGeSbTe composition. Figure 5b plots the measured groove depth as a function of the total
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amorphous state, with an alkaline solution (10% NaOH) for 10 minutes. The
left plateau (41) refers to the initial (amorphous) state of the phase-change

film. The right plateau (42) is the 25 written (crystalline) state. A smooth step
is found, which illustrates a good contrastin dissolution rate between the
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thickness as a function of the total dissolution time for 5% 5
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layer (81) on top of the mask layer. The metal heat sink layer is added to _
E9RYiGe mask layer during recording to enable melt-quenching of the phase-change material.
The protection layer is added to prevent large-scale migration of molten phase-change
material under influence of centrifugal forces during rotation of the master substrate. The
protection layer should be resistant to the high recording temperature of around 600-800 C in
case of amorphous writing. Furthermore, the protection layer should be removable to form
the relief structure in the mask layer and possibly in the interface layer (11) and substrate (10)
as well.

Grooves made with the proposed master substrate and according to the
proposed method are shown in Figure 9. The grooves are written at a groove track pitch of
740 nm with a laser beam recorder, which was operated at a laser light wavelength of 413 nm
and had an objective lens with numerical aperture of NA=0.9. The total dissolution time was

10 minutes in 20% NaOH solution. The resulting groove depth was 19.8 nm.
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20 the heat accumulation during writing of data and grooves. In particular if
marks are written by amorphisation of the phase-change material, it is
important that heat is quickly removed from the mask layer during recording
to enable melt-quenching of the phase-chinge material. The protection layer

is added to PG lBEARPRCBIYIMIYER IROWMTIOIER b IRRBSSRr FBRG SUTRARM AL

under influence of centrifugal forces durin rﬁ rotation of the master substrate.
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of the pre-recorded groove is TP=320 nm. A groove width of 160 nm gives a

eI B PRORae 'BF@@%‘@'GI'(‘—:‘%lﬂ‘tﬁ'éf‘%%?&@\i@@'ﬁ?ﬁ%‘étfﬁ?tﬂw was 10
FeAUESAnNL8%aR0H solution. The pit is denoted with (120). The pit shape resembles the

typical crescent shape of the shortest marks shown in Figure 2. The pit width is almost twice
the length of the pit. The pit length is reduced via the re-crystallization effect in the tail of the
pit (121). The crescent shape of the mark is perfectly transferred to the relief structure. The
depth of the pit was 20 nm in this case.

The examples illustrate that fast-growth phase-change materials possess a high
contrast in dissolution rate between the amorphous and the crystalline phase. This contrast in
dissolution rate can be utilized to make a high-density relief structure in the mask layer. The
high-density relief structure can be contained in the mask layer only, but also in the mask
layer and interface layer (11). Interface layer (82) acts as a natural barrier to etching since it
is designed to have a very low or zero dissolution rate for the used developer liquids, such as

alkaline or acid liquids.
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beam recorder with 257 nm was used. A smaller optical spot will give a
smaller thermal spot and therefore narrower written grooves. The smaller
spot will also facilitate the writing of 20 smaller marks, and therefore will lead
to higher data densities. AFM pictures of & short pit written with the proposed
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replication. It is possible to use the patterned mask layer with relief structure
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After illumination and developing (patterning) of the mask layer (12), the

f@@dnegwgﬂrﬁteﬂ@@Fgalr%fqﬂgeégﬂqpe@mg of the relief structure. This process is

schematically shown in Figure 14. The master substrate comprises a protection layer (81), a
mask layer (12), an interface layer 11 and substrate (10). After illumination and developing
(patterning) of the mask layer (12), the result given in figure 14b, the etching liquid can come
in contact with the interface layer (11) as well. Selective exposure of the interface layer to the
etching fluid will cause that the relief structure embedded in the mask layer is further
transferred into the interface layer (11) and substrate (10). This is schematically shown in
figure 14c. The great advantage of this embodiment is to obtain even deeper relief structures.
It is also possible to use the patterned mask layer with relief structure as a
mask layer for further illumination of the interface layer 11. The interface layer 11 is, for
example, made of a photosensitive polymer. Illumination of the master substrate with for
example UV light will cause exposure of the areas which are not covered with the mask

layer. The areas of the interface layer covered with the mask layer are not exposed to the
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15 liquid can come in contact with the interface layer (11) as well. Selective
exposure of the interface layer to the etching fluid will cause that the relief
structure embedded in the mask layer is further transferred into the interface
layer (11). This is schematically shown |rilﬁgure 13c. The great advantage of
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14b, the etching liquid can come .in_contact with the interface layer (11)

Wé?Fe@’éQé’&EK}é'%&BHgU}%%?’Ih'e'WEHQE@W%{%PWE‘F{E‘%&:NH@JSWGF&BMP%%&
ihateabetrelmfrﬁérmuammmmddedbmdh@nea§blawels furdkeeris thesssie aeghinto
{%r”t‘?f‘%‘c o (b SHB3 at%&l‘?én SERSmalcalY SHoWI Ik o,

e reata vantag e IS emBoalmen F Lb aln even deeper
wn@rr @amwug@gr BOax @‘mﬁ@qb@gs(m)@w gisel mﬁbepmf@rre@dn@fmw@thmm

tENRERIHEIEReaS Bt H&“’r’é“éﬁt'%@%ﬁﬁ £%mr£%nm€9maﬁ.ﬂb%m@m§elewge

11. The interface layer 11 is, for example, made of a photosensitive polymer.

IRYehiA B HIhE ﬁ?é%?e‘r'%ﬂ%éﬂ'ﬁtlé Wﬁ??%P”éQBHTﬁIE B“{?%?gﬂla\ﬂﬁlﬁ By5ee

sigpiTRiare @hobet aferat wiliche aoet mb@@ver@nlqwmmlhe Thitshedielges haﬁheta:reas

EF} the interface, 13 Very A RoVRigewilh e mask | gt i “Otﬁ gﬁiheeé’rﬁoretcor &7s, the
Umination SINCE the Madk fa%/er is opaque Gt thé used ﬁ 4>

v Kt dsgreroner cﬁlmb@er@mdeammﬁdadbh@lbpaﬁwn@teymmwa

dpveloping ligrighpahp SFERSRENMBRWAR sB%fn?h?sS@'é%HM% 'f'r%‘?ﬁ‘tF@ %Fglrﬂeat

the mask layer. In this way, the relief structure present in the mask layer is

ﬁi%{ﬁ%%}gé’&%otﬁ‘@ Hﬁ?é?f&éé’ié}ﬂé’@ﬂi@ﬂﬁﬁ' ﬂ?&?%c%é'bg}er@ﬁé?@tﬁféﬂ?r@?éks'ayer

Thtaineds Tedqieporedr Rpasieusehainattoyiie bb@‘mtfqnelay@énﬁ AsOfocused

erfectly suited for masterin W|th liguid, immersio iquid.immersio
e, S o e B b G OF R 28 hng ek n

oljeetivedéhs alatoodactor W atesest préxevicastanf theemassdigts, tatedidisprgading
Rriviase the QRIS %f'%%@ﬁ%?&ﬁr@lﬂﬁ%tﬁ}é'ﬂsgﬁ% Wsi5a (ﬁo@é@#ﬁeﬁ%d’\’@ﬂ%ed

has a h| her index of refraction (n) than air. In the preferred masterin

ally {BAYERA RRASS FRAAUQS P IS RERA BHES- BG@%WBG; Lﬁﬁéatfb'mé@fks and
m@ialttga%aaeeam@ed@hmge

The proposed protection layer acts as a good insulator, preventing the heat loss
from the mask layer. In case such a protection layer is applied, the optical spot resembles
almost the thermal spot such that small marks can be written. The thermal conductivity of the
proposed organic protection layers is between 0.2 and 0.4 W/mK.

An additional advantage is the protection against water of the mask layer. The

protection layer can be seen as a seal during liquid immersion mastering.
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layer. In particular in case a liquid film is present on top of the phase-change
layer, a significant amount of heat will be lost through the liquid film. This
heat loss leads to: 1) a very higher Iaseri)ower for recording data. In most
laser beam recorders, the 15 available l&der power is limited. Therefore, a
gipAifigant heat loss is not permitted. 2) broadening of the thermal write spot.
This is explained from the lateral heat spreading due to the presence of a
good thermal conductor in the vicinity of the mask layer. The size of the
focused laser spot is determined by the optics of the system. This focused
laser spot causes laser-induced heating by the absorption of photons in the
recording stack. In 20 case a good thermal conductor is present in the vicinity
f the mask layer, later reading .will ca E ing,of the .
perature & A D B B G HBAROE LR SRR 4
treghasiéat ph dsestrizatisitéd ags ritie tempbmgmjaeldmmademnw leads to larger marks
and leads to_g fedug tdﬁtf) density. The proposed protection layer acts as a
good insulator, preveriting the heat loss 25 from the mask layer. In case

such a protecfiBringyaradaysiiida steviphrcbaisencaishmngs phe thes

thestrad spot such that small marks can be written. The thermal conductivity

of the proposea g? rotectlan Iayers IFT between nd 0.4 W/m aﬂcf
additional adv4h{d &g XHProYaRe A HeRIHUAUAE 8 %&9 (BHS Fgepaces
pEoEsetitinglay encaedds saeticas, asst & rdungngf ligarks iprihersiaraessteringald
Fob O Brsdr BRIMESIE Y RSHRLS RATR RHRG ARSI A lf’f%%(&&)r@é&%%tenal

recording stack deposited on the substrate layer, the recording stack
comprising: CHARER 18N Btand - an interface layer (11) sandwiched

between said maskHaueirkneygs3) $ipstiaicsatdimarksidyeaeomprisiodsn
reco din&\‘r?{a@ei'al for forming marks and spaces representing an encoded

Hﬁ?&%ﬁt id forming of marks by thermal alteration by a focused laser
beam and said marks having a different phase than the unrecorded material,

gharacterized| a&ﬂ@?F g&ﬁrﬁ?eeﬁ E&'n’;ﬁ‘%lﬁ‘gfﬁﬁ (RRLISPLERAAL AR SRS a

Substrate layer said |nter ace ayer ( 2. A master substrate™as
raniied o iR PhaghetaedareFebRthgateaad ididoy comprising at least two

materials of the group of materials containing Ge, Sbh, Te, In, Se, Bi, Ag, Ga, Sn, Pb, As.

3. A master substrate as claimed in claim 1, wherein said recording material is a

Sb-Te alloy material, in particular Sb,Te doped with Ge and In.

4. A master substrate as claimed in claim 1, wherein said recording material is a

Sn-Ge-Sh-alloy material, in particular with the composition Snigs - Geiz6 - Sbeg .

5. A master substrate as claimed in claim 1, wherein said mask layer (12) has a

thickness in the range from 2 nm to 50 nm, preferably between 5 and 40 nm.

6. A master substrate as claimed in claim 1, wherein said interface layer (11) is
made of a material of the group of dielectric materials containing ZnS-SiO,, Al,O3, SiO,,
Si3Ny.



10

15

20

25

30

growth-dominated phase-change material, said material is an alloy
comprising at least two 15 materials of the group of materials containing Ge,
Sh, Te, In, Se, Bi, Ag, Ga, Sn, Pb, As. 3. A master substrate as claimed in
claim 1, wherein said recording material i®a Sb-Te alloy material, in

particular SbRTg-dlePashiste GeANdiRA-fmA MASER SKasHalasIS/RITaY

in claim 1, wherein said recording material is a Sn-Ge-Sb-alloy materjal, |n
PR AMERHAD RIS s hed T goup BREFO Ky A i Qygnine and
ARG gde as claimed in claim 1, wherein said mask layer (12) has a
thickness in the range from 2 nm to 50 nm, preferably between 5 and 40 nm.

25 6. A master substrate as claimed in claim 1, wherein said interface layer
BL1) is madeohasieiehséikts ahelayrordootldialdctmeraierialniesiacailyry (11)

Z&%ﬁé@@ar’?@rﬁ%c pHoRrestiBNtbclea oI SSAIh RS GRIHBACDASed resists.

claim 1, wherein said interface layer (11) comprises at least one organic dye

selected from the group phthalo-cyanine, cyanine and AZO dyes. 5 8. A

master substpamasmlmmté b3 claimed imdigiren saistdintesfadadeyes I612) (11) has
rise oresist selected from

e e R R R aE e o L R aosoeinm

claim 1, wherein said interface layer (11) has a thickness in the range from 5

A to 200 N, iR, ReriGkaRRaRERdAREiML0 \Nﬁéréﬁ tﬁ@re%d?a%%j%fack further

substrate as claimed in claim 1, wherein the recording stack further

EBMIIERE B PRSHABHBHE P %@@y%m J%émsﬂﬁ@%%@@é&éﬁ'@fﬁ% 5108 frRyBithe
sap3ateefrom the substrate. 15 11. A master substrate as claimed in claim 10,
wherein said protection layer (81) has a thickness between 2 and 50 nm, in
particular between 5 and 30 nm. 12. A master substrate as claimed in claim

10, wherein gaitapiesteidistintéaser (@19d is piicelof wiergiosmiciedtastien layer (81)

MRICHRAR RO RN SRR S Rm/ thfdRicalS etled¥s i2h na 13. A master

substrate as claimed in claim 10, wherein said protection layer (81)
comprises an organic material, in particular selected from the group

Drazonaphthpaviseneutaaechpbiaioeesisigaior i mHbeigsaldpssbdah pganil)

Ers]eﬁwtgééal?’tthlggrgup Igl'eol'ectric materials containing ZnS-SiO,, Al;O3, SiO,, SisN4, Ta,0.

13. A master substrate as claimed in claim 10, wherein said protection layer (81)
comprises an organic material, in particular selected from the group Diazonaphthoquinone-

based photoresists, or from the group soluble organic materials, like PMMA.

14, A master substrate as claimed in claim 1 or 10, wherein the recording stack
further comprises a second interface layer (82) between said substrate layer and said interface
layer (11).

15. A master substrate as claimed in claim 14, wherein said second interface layer

(82) has a thickness between 10 and 100 nm, preferably between 15 and 50 nm.

16. A master substrate as claimed in claim 14, wherein said metal heat sink layer

(83) is present between said substrate layer and said second interface layer (82).
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25 14. A master substrate as claimed in claim 1 or 10, wherein the recording
stack further comprises a second interface layer (82) between said substrate
layer and said interface layer (11). 15. A master substrate as claimed in
claim 14, wherein said second interface I%@/er 30 (82) has a thickness

between 10 f#‘ﬁ*}és@@ ﬂfb’etﬁ(@%réﬁ%&?mv@]@%%%ﬁb@%%% et BASIRK layer
substrate as claimed in claim 14, wherein said metal heat sink layer (83) is

Sradasasateloess LIReHAL R AL 1 R ietlas P eetaR d 3t face layer (82). 16

17. A master substrate as claimed in claim 16, wherein said metal heat sink

83) h ' ) ' ' I .
T A mastor AECH O A e SN Rt i ver

189 eonBIieS) cmaipirsslecierhfeaialkrgsetie @ frontetins o iy FFindsialyalRh,

AINEBLY ShdiflofRneRbNi, Os, W and alloys thereof. 19. A method of
manufacturing a stamper for replicating a high density relief structure

comprising at least the steps of 10 - illuminating a master substrate as
¢ckimed in any ek cf o aersthetl Ay trstrtiaefovitbpticatbddaiigd decsisecklief

r§diz%1tion beam. - rinsing the {Ilumi]nated master substrate layer a first time
STIIC uracomlprlsing %t east the'steps 0 . e
with a developer;” being one of an alkaline or an acid liquid, preferably

selected of thélyrouptinbsonaitaisuistERH;IKDed, iPi@1yaene PINGBhwida first
sHRIRRL A desird fisisalishplidrtegresults, 15 - sputter-deposition of a

metallic layer, in particular a Nickel Ia%/er, - galvanically growing the
sputter-deposfiBeigyes AL Hed MathRIBNEYS IRYRrrYSh Wnsiidra dRgeloper,
seipgratings theaasietsabaiiaie lianprdversipplecte¢ batactesizeof byl itohest

BRREH D f:'%eiaﬂ@?ia %%%’F,”ﬂ%h“l%at e asle iP%‘PF?.‘é%‘E (he frettime,
iilumina Ing the Interrace Iayer of'the master substrate for a’second time
through the firspuiddiedesoaitionef seneiadiakyer niapitisnldr-aiNisikel kkyer,

llluminated mfb%‘i%rﬁH&]gﬂmﬁwﬁqwﬁﬁ&%ﬁ&@ﬁe&’ig&& fave'aRGEd RfiAeone

of an alkaline or an acid liquid, preferably selected of the group of solutions of
S TADPIARIET, Rl and HNO3 in water, such that the first relief structure is

deepened to fesparadiserniastdiaiLBEHEEIOm the stamper,

characterized by further comprising the steps of

- after rinsing the master substrate the first time, illuminating the interface
layer of the master substrate for a second time through the first relief structure, serving as a
mask, and

- rinsing the illuminated master substrate layer a second time with a developer,
being one of an alkaline or an acid liquid, preferably selected of the group of solutions of
NaOH, KOH, HCI and HNO3 in water, such that the first relief structure is deepened to form
a second relief structure.

20. A method as claimed in claim 19 using a master substrate as claimed in claims
1, 10, 14 or 16, the mask layer (12) having a thickness in the range 5-35 nm wherein a pre-
grooved shaped first relief structure is formed for replication of write-once and rewritable

optical discs.
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20. A method as claimed in claim 19 using a master substrate as claimed in
claims 1, 10, 14 or 16, the mask layer (12) having a thickness in the range
5-35 nm wherein a pre- 30 grooved shaped first relief structure is formed for
replication of write-once and rewritable dptical discs. 17 21. A method as

elgimed in clamdRodSIOa AR HEI SHPETRR RS FARIANINERI9S amiQindaims
or 16, the mask layer (12) having thickness in the range 5-35 nm wherein the

detdrid LI BRUBRSK AL A AERAYIE dRPKRESTHA LR SR8 (ST ARSIt dhtace
kayerd tdjefSRtdanictihokaidaingd imstdiyed A 2ising thenastiacs idystr¢ie) as
claimed in claim 1, the mask layer (12) having a thickness in the range 5-35
nm, wherein the second relief structure is further deepened, by etching, to
f#m a third rélietbedearteignecHnickith&dthMag renesistraidriraldasolataiered iHaim

thenmRakid AYRF (1B)ndDRdaHTaGRISHEIELAhGSL RARHY IMianIHOSIEBER (B

10 23. A method as claimed in any one of claims 19 to 22 in which the )
HENRAR & TSRS 15 e BRI M ER PR o 1A 10T SIrerkiaiskF b Bl dnitrd
and 2DUct 34 ifcpnedredandad rapsichal digc2e plicatedassthaybe( stamagrartly in the
Enggpfpc(&ged with the 15 method of any one of claims 19 to 23

Sharacte |22éd in that the relief structure on the stamper surface comprises
shortest pits having a typical crescent and longer pits having a swallow-

g_@_aped trailing Relas-aREIHARIG SRYShebHEIRsI S EPISMEthie bR aRlidBher

ISC.
solution is used in a concentration 1-30%, preferably between 2 and 20%.

24, A pre-recorded optical disc replicated with the stamper manufactured with the
method of any one of claims 19 to 23 characterized in that the relief structure on the stamper
surface comprises shortest pits having a typical crescent and longer pits having a swallow-

shaped trailing edge and that the relief structure is replicated in the optical disc.





