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Optical master substrate with mask | ayer and nethod to
manuf acture hi gh-density relief structure The present
WO pwenoi3esh rel ates to an optical naster substrBCEIBR0OIN51165
mask | ayer for manufacturing a high-density relief
structure. Such a relief strlucture can, for exanple,
be used_as a stanper for mass-rep Ilcatlon of. read-on I%(
Opticahaygpiessubsieaig with é}laﬁlf kg 96 wagthad iq @aw&fécterﬁ)hl%lh%ensﬁy relie
structdrW i tabl e (RE) discs. The invention further relates
to a method of manufacturing such a high-density
relief structure. The invention further relates to the
opti cal discs nmanufactured with the processed opti cal
master substrate. Optical record carriers have seen an
evolutionary increase in the data capacity by

o LB Gk A AEER ko v
manutbl\ﬁ{ugxhgjgﬁgﬁ—d@%kg%ﬁey sﬁt\@ﬁuﬁb ;Siégﬁ@ﬂﬁeil; §tﬁmﬁéaaélb/gigfeﬁ?1ﬁ1g&0be
= = to te =
used ap fptapgeripr @aysrr@pk%}w% H@eﬂwmsgveﬁ%%&@w anpdrpreyegepved write-
once (kTﬁQﬁre@mabl@E) QRks. TRE v £8h hirdles rtals B wdthdder t ype

Wi te-once rewitable (RE) and read-only nenory

manufpRON)E suthe h@he«éms@dr@heﬁsag@tm eHngies fyrther Wéat%sﬁeﬁpﬁ optical
dlSCS aclEu? %vi“tﬁ‘ttﬂ occdddd 8%)1!109&{ bt s Tgkgrafeheap di stribution

con suc as au eo and ot her data. Such a
R(]\/I disc is, for exanple, a polycarbonate substrate
with tiny replicated pits (holes). The pits in a
replicated disc can typically be nade with injection
ol di r@ptieal @edrt Ghrkiafs Haifer@eﬁfanre@lﬁldtlﬁﬁztrb@ﬂibrmeﬁﬂﬁs datd bepacity

manuf acturing of a st sed jn su
by inciegpIE BierrEEH deutes of B Reis e Srhgiona the lasr
wavelGR2RY §BL kRN alata R ﬁ&c@c?'\%g incealsBll RroRNGSPSBYERI (EDY RA=WS! A =780
spi n-coat ed on ass substrate, is illumnated with

nm) toed. rEduted DD, ﬂ‘b‘k:’eﬁs@fd M=aHarm P 632[5 GWW@ fottie Bat-rayDief (Bhe

t f the.di
NA=0 3, R0 GTEY o oGt ST PEoL e IR R TR
(RE) dnf r&RALOMBEMebS (RIOM). TRE Rl HinexR286 88 ROM idististitechdhs mass

rotates, and the focused |aser beamis gradually
rephcqé@m ad thaseiorrethe gheap distrehutiorn of igentgnistuch as aygliq, yjdeppnd other

data. sglt h ﬁ@g'dﬁg@ i, |fJ)1Ué§1aﬁ¥ feS8p él%féﬁ%oﬁa%‘?d fate lveqt nﬁlﬁ'&gf&g’ced pits

P, e expose eas a bel ng I ssol ve ] o
(holes} drhe pit$ @k meh@ltqdpimman psfpmélsfsbetmactqmlﬂu pjeetiom n}gl@y@' @red similar

kind o? 96&)2 éatlon %a%%s g %&\ng?t\ér?n a %t%%ﬁg% éb‘i;ééﬁl %h oiscgtgon
proces&;@&ﬁowﬂhﬁnsitasrmgt ur ed sur f ace i s subsequent I y cover ed
thin Ni a I C.pr.ocess,
Sput t Jp Citerpabbna BREring, § oo dRol SRl BRG i oAt o augless
substratB 2 dRaRhLedNvith b BfidaRtd fdulsad lder baawe mhe n{b‘dhlatlon of the laser

structure. ThisNi substrate with pr.otrudi ngw ere}g
beam eaupenthatseme pars ¢fithe disphare Peime sipesrd ey dish 8 ingergpediate

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. Ina 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 stanper. ROM discs contain a spiral of

alternating pits and | ands representing the encoded
waola10a/10139% ef | ection | ayer (netallic or other kPEeMIB™005/051165

material with different index of refraction

coefficient) is added to fa@ilitate the readout of the

information. In nost of the optical recordi ng systens,
Ni substigie gaiprotrusing imenstis rrrarateddramy the subsale %131 W%él?ﬂvS?(& gfgas and
is call@Biht B@mpkze of the optical readout/wite spot to

ensure optinmum data capacity. Conpare for exanple the

dat a tRQMidissicentaisfa spirgl of pterpatinghpits pnd lapdprepresitios ther
ot B Rl e 4P ol bRt ket s o
refraction @wafeiat) iBhddeddy fAdildate themeaziontt crfahqmlf@‘mmm én wosteof dred

t abl i I
optlcagreﬁi\gﬁl/in&?sg%gxpg %‘i/‘%}?%g?‘%}’“ﬁg}l?s % g%er{l]es 0rdert% ﬁx%ge{n}Me% tchel dize of
the optielj]l aexdbiit/whate apcttrtaei@re o‘@uﬁimnsﬁmé baﬂébit}s Cangpareefoesample the data

track é’gé ?g%@ gllétrgna I%‘l%dlga tgg)é raﬁIBJd lfl’if gﬁ% %rﬁi%wgvi\gth% ?%éus at Ell%i‘l SElg:esoptical
mtensWHz?stI’é&{%ﬂ Y&1/810d t}fé%ixhﬁ&h liMénsit) Brhes &TBlﬁ—r@f Dis¢. @A tontrary to
rays. rmn readout of onger ItS destructive
write-ripe @nd éfr-éf leentiglapcord g%ﬁlerﬁéii%w shqthan 2 BOM diss istwigally
lg
half O%[g%:hr o] Ieegnﬁjdltla%&]g%ta tf%ﬁ% 5h& ﬁl‘ijdl?;flﬁrgre h@:@ﬁga@ ﬁtcﬁﬁﬁmm

) s to a lower retlection | eve
readoqulsisew¢1h1§fxoan‘n taaqii(t)Mshsca eteuralow Yih pbaﬂeanﬁulaﬁon, ie. the

appr.oxi f t he [y
constrpcl ﬁiapgga % Y 1P erfﬁ Ny (‘f’\ll/%g?ay‘?‘/vave E%qéﬁfﬁé%ﬁ’ 5 ﬁsSed
destruétbdfe ineaheute bde@éenCL@hDd@s rﬁlstted from, thb bﬂe bbiase indBeflented form

Reco LBR erates vel engt h of

the adjpqopt ﬁﬂﬂ%é%% ’c ah{?é‘}sttg oY r? tIBB}f%’S]tl ve | ens of

' NA=0. IMadt@ing? ImsdtREROwitepidesiipbMxinaey hu\nftﬂa ogﬁaal Béﬁuout
wavel ength i's used in conbination with a _hig

spot typiradly respuirpsat laperavith aletyen wowelength thag ifiuged Fﬁ%ﬁaé%ff orEBDVD
mastefife ttlf‘erllaﬁgl) Bealn{‘RQ&J?@eE G!@R%pm@llﬁ@ﬁ%at&% analvtl @ﬁ%ﬂlrml'%m and
requi red make a stanp for the current opti cal
numerenals@egl@rfecrfahfr ohiecting leag df Nﬁoﬁél For Bitmagtieriagea dﬁfep UV laser with
n t | at
257 SN ERNLATELUELANEL B yTRSLHEA B9 L (NETENEARLN 5 o
liquid dompsiondnasterinige Ip tiowesis st nebcamramsn [ﬁBBp:s retqumﬂhﬂo mhake a
t nmount .of .i | l,um nati on.
stammp; o, A et o et 0 o AT B Bt e e iRl
photorekiktl thikerfie iPihk Sumilatinepigd d’fﬁict ﬂ'rha@lsgraa'dﬁoﬁ ofMlik phgtbensitive
exp os%ee Ieads o |l.ocal bro n of t{]ﬁ@ its ailg .
compquid iip ¢ rPé‘OTt"EFS%fh 3y ficls B‘é’g%‘a'%‘? upy ¢fyiflwpinationy {he gidgs of

the focﬁﬁé’d"ﬁfrl‘y @ﬁot%ﬁso‘ﬁlﬁﬁﬁﬁaieg {néniifaaddt ﬁrﬁces AWriAS whiths bf Iﬁﬁs in the central
ossi bl e focused | aser spot is required. Another

track. Ehlg manlp ag@sgfe lpads toloealibseadpming of B pita and ihergformto an
1ncrea§ei%l}\{ 0@ %ﬁ& &r! r&ﬁﬁc ich éfrl:?osjs m%lat‘? n }afﬂ?s Mllya Bﬁible
ns pr ssolu the

In the otoreS|st tion o
focused oS gubt wle@srddeAdstherailsadVdneageroﬁ phétorssidiemachipdsasdhged ino

conveltltE]oenai r%ggcelri)lggl ¥ rt‘i‘lserlength 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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chains. In particular in case of pits (for ROM and
grooves (for pre-grooved substrates for wite-once (R
wap@snewrs t abl e (RE) applications) this edge rpUDBE6H051165
may |l ead to deterioration of the readout signals of
the pre-recorded ROM pits andl recorded R'RE data.lt is
an object of the invention to provide a naster
substrate with mask | ayer for nmaking a high-density
relief nf3Ee
i gh. din LSRR LA EHER, foyio paee b aRl STk 2k Rler
for mglRhRE hight-deositywielipl stinetuee \ﬁ(amxagpleoﬂor majserepliqatien gﬁagh—densﬂy
ality o I .
reac-f{2iepitry (ROVE a8 RapRRE PERIIBR, e HMaBRGR R Refler signat
qualitiy@¢ ciedbragedoRleRAata ih ROM discs addar qltahatmﬂg beifer @ren‘g'@kve for

. | a enab Ki n of .a de dens relief

impray@ i gregrcine GURR IR Parop g SR AIG SIHI Bfecppiine of

a dee@ﬁlghhﬁnblf%@ﬁéﬂ sOictufe, {.8lnibes la¥%é aE?&VfaﬂS A&n BBjbh oM tHefinvention is
maki ng_such a hlgh density re structure. Finall

ﬁlrthqrﬁ@pmw@mm@hocap plgapanch giighndengitgeichmaeiig Finalipdbe
I f [

e B B Bl R LR € oG mihod of
procepsmg/sismthragn@tmsbsantesubst rate conprising a substrate

| ayer (.8 e tr

| ayer , é}ﬂﬁg Jre(ét Clg rggﬁlé\)gg b?%?cﬁ)‘dngﬁ P %Et.teles%b&&té &) mﬁ'{%ﬁ% sﬂgﬁrate
layer andi rdcotding stk de@yseﬂed £ | Iﬂth/ﬂubhmde ]Iag&ryﬁe receﬂin[g smklcompnsmg

I gyéer and the substrate, said mask | ayer conprising a
- A MAKED Wi ng material for forming marks and spaces

- an iKtCARRIEVr isi@ivathcdbeRetef sslahsp Rlytiedd thesbstratr m ng of
marks by thermal alteration by a focused | aser beam

said 1adids layer QOTBINES mERFPTINEIRIPHEL feﬁ‘?fm‘ﬁﬁ Fagksangd fpacprepresenting

an entbe8 GaGRHeMBLEL fo%lnmg%f?ﬁa?lfsr BAhEERe Q{e@ﬁfbﬁl%y%f foEtﬂ@d laser beam
mast er substrate wth | ayer are definéd in th

and said peavkielrrtving sadiffsrent phage tb\ﬁ@ﬂ@rlmwmélﬁ@)wtemht cl ai msd
in cl a'}’?ogrredt %]I?bdﬁ’ﬁﬁérﬁg ofSt Q TabeBt ﬁlbgtpa%)fv tﬁ ﬁl%sl?la#gtaé? (Iiegned in

gr ow h m na asec ange materi a sal d
the de;&ndﬁmt alainasy Im:a:p;crfeprmdragab@tlm@aastalmvblnm:arz shesnasfer swtstrate

comp%éé)su 8€V§]ﬁ t lgihcﬁgn al n ernGg sglﬁ é?atcggﬂ I r%l aélo% 1%1pflsmg at

least Wmﬁﬁﬁhl@ﬁf&ﬁ@&édp&?f&nﬁﬁmdoﬁaﬁmﬂg 8b-SkeTal Ih,OS’e BatA, iGal Sn,
e W t n as r.ecoraln rraterla

Pb, Aﬁaﬁ‘tﬁ“&%ﬁ?”%‘fgén’&%‘@ﬁnwlteﬂn@éﬂé trplg COPRTISES a&#&e alloy

matefM1 %B? ¢d ®fih 68had IR ecor@ing mii&al, in Fﬁrﬁblﬂh‘gbz'l‘@@oﬁéﬁﬁlﬁme and

substrate conprises a Sn-Ge- Sb- al mat eri al in

In. In@@pthpgpﬂe@*remembo@m@nb sleppd injckim gﬂﬂ@ r%pster gybstratg compgises a
t
oG5Bl Sl A TE aOPRCH RO ARIBLIBLAG] G2, | 680, £ Qo The

oca i sation | e tal
claimedh abasmgartgaenaftmaﬂhbad toesdenatledre-afstalhsation arthe failgifithe mark

enablln‘%ntg?( Eié‘t w30 rde Hc':'][%% otg I; i %ﬁ‘r%?grt Ileingth %mathu eﬁﬂg !tatﬁé?tl-gpgatzr dens1ty
The tﬁlckl‘iesﬂﬁlﬁlg@&d t]heﬂmﬁdk&iayer 5s claﬁm"ﬁl i cﬁim 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-Si0;, Al O3, Si0,, SizNy, as
interface in the master substrate as claimed in claim 1. Claim 7 discloses the use of organic
materials of the group dye materials containing phthalo-cyanine, cyanine and AZO dyes, as

interface layer in the master substrate. Claim 8 discloses the use of organic photoresist
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50 nm preferably between 5 and 40 nm The preferred
materials for the interface layer are clainmed in claim
wW®200%/160398 8. Cl aim 6 di scl oses the use of di el PCT/IB2005/051165

materials, such as ZnS-SiO, A28, SiM2, Si3N, as

interface in the master substrate as clainmed in claim

1. daim7 discloses the use of organic materials of
materigl§selgeisd fromybe gropp rI?1arosa@ﬁrﬂoam@rlﬁ@aﬁ@ﬁtr%ﬁt%%d%ﬁméayer (1D).
The pie¥ egfydrtﬁlcﬁf&gs 2R ﬂ%&?&ce?ﬁl EOEEL 588 td B0SIm, iR pirhSuiBRk®ten

strate. Claim8 discl gses the use of organic

20 ambhkitmn,e@dst thaclesedan slagePect ed from the group

Di azo p [ e

(1) R PRBGHRRRE s by ot el G b i
mask fayﬁfnsﬁzlaﬂnﬁed m élﬁﬁ] nlﬁnﬂian cp@aptises alpm‘tedmeh \l@enad;ﬂ:emtﬂe ihjhﬁk layer

at a s@e@eﬁaﬁr}%@hﬁe ersg Eé grltegagd 691&{.1}@@? ?ﬁ {;o?ectlon layer (81),

disclo$edlis tladh @ 1 s bbtw¥ess & ah@ye hma s FeridiuliR Betwe 5 @hdB0nm. The
further conprises a ?r otection | ayer adjacent the nask
preferfedpagterigls gre glisgloserbigiclaimniptandlp ol &2 pigpetes diedise pheielectric
k t \i
materfg{sgg se%u% Ei(gzr g?%? 1S1162’| %ﬂ‘%eﬂvz\geﬁfahh Q8 gtc@%%s tl(e&li'sﬁ of organic
photorgsist m@tends, ihpenicelar Slested fBon ﬂmgrqupel)pzcetaelrtheunnone-based

resmtsnﬁ&%én% e%sg BF ‘sjo:h%gug gliglaﬁ]itc %a@érmslgucﬂ Q? Pﬂvﬁ/IA% (’ﬁsﬁeslza The

pr op osest ric nmateri such
protecﬁmSlaSIeﬁs ,pa:v%icu@rly a®iaofage@is thlpia2larGt adain ﬂliﬁrq:tmopxﬁsﬁﬂien

phase ﬁgar{gegrgﬂt%}al glétﬁ%%t{fega&quﬁg%gggﬂgraﬁ%%%e apphcatlon The protection

layer Adeds A RRBIIKIORUS BRMNEIDRESdinzash rﬁtureEtHat heleAtyudterdddiring
use aof sol ubl e qrganic materia such as PMMA i s

writingthediighsdepsity peliep Ficsut inbihemaasicr Strbétrﬁarftr%ltﬂr &ppartant

requlré}g&?trﬁ A8y fo‘}efﬁf)@é/ i lailé}rv%eet&ﬁ@é @fltmlgarpﬁ‘éﬂo@éﬂ &f:hlng liquids.
nol ten phase-change naterial. This effect wl

Other golyenis sischlsoqossible fo Temova st dovent lnyss. sugihes 45e190® etQ-@rﬁpanol etc.
Even @Mﬁﬁlcgfﬁqurslé ?ﬁ b ﬂrgt%l:ﬁ’c;rpl HeriQa E%@lg 1ok fefroPd ﬁ“ﬁ%gn 1'1]13 master

eratur at ‘are encounter ng witing t
substranegftedenstﬂtng relief structure in the naster substrate

Anot he orta r,e hea | i t.
this I aélggler %reget”g i %‘S’ © Ptﬂh T B0 6%%Se teé’tl%h aSk 15
claimdd iglals. 1 fther coaphiveand ﬁc@’fcﬁn&kiﬁﬂa lpps Setoteen the sﬁbsmtedayer and
cover | yer s.uc. ac .. 1S0=pr .
the infpi)er G REHPLRE TORPNRR 5eT BT it B Rs erebhiag
high r&@siatceltta tHe)étdhﬁlgflﬁziﬁmlﬁch tthakt BRMCHR] ITREMET ackURSdadkA bamer
after recordin anot her preferred enbodi nent

The dgnil phthesisbed pRpEeangIptis sslict %twfur%\e detespingd by Hleéhlﬁkrrﬁsaof
the matswl Shnd @errtt%aérf IRRe! Nfhel tﬂltﬁret hé 866hd afeme@ﬁ &h@

rate ayer an e interface efyer not facin
clalmqmnrctbemtlﬂ aghtangqs dhtweeT AD gnd hH@Gmrh etahgyéaet\meeflé raaé |59 nm.
has a high,resi c et
o o LR PS5 b AE o SRS LA & i
10 or ﬁ@ﬁhﬁeﬁéoxﬁﬂlﬁeeﬁ atfeend hept @mk&syea(fn) btthzeen the Isuh:sfratstlaryecanﬂme

1nterface lac}l/%} %rot agl%g thgl mmgenttlg]sleg {(Q‘rt ’Phe 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.

The thickness range is disclosed in claim 17. The metal heat sink layer is made of a material
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the mask |layer and the first interface |layer. The

t hi ckness of the second interface layer is clained in
w@b@smmBs and ranges between 10 and 100 nm pref/aad/051165

between 15 and 50 nm Li another preferred enbodi nent,

the master substrate as claifred in claim1, 10 or 14

further conprises a netal heat sjnk |ayer, (83) between
or an alioy Raserken %.fr@tqnaﬁ%t}th%\ar@u? ﬁémaﬁ?@isfcaatélnp% ,ggn% Ag, Ir, Mo,

Rh, Ptf R 04 W Bed binsisdelor! BRRE chhpbitiont AR ARIARkd ReMimSignk
I's added for duick heat renoval during recording of
dat a. Ae phiectdnfvither qehiey pbbyraroyidingenmethipd Rf magudpctering a
. . ' of
stamph (0 el B CRF e IBRERhO R PRORE Rl
- pilbignateg 4 mastidrsebgrate astdhemas fradrdyi ane lofiyleimsi Is-18arfgstrtime with
t han d% nm . N gardt itculbar | arger than 15 nm The
twlclﬂ(n%ages Pg‘%erﬂ PP Bsed in claim 17. The netal
- heiating iheklHuaimtedinsastor eebsabtedayen b €iidt siherwitina ddvelRpel) B&ieE one
OB SRS e Sl AR s Tkl b oo P o

tRaO2R ik OH @6 LaRIATROS iih WaRS, sabiethdi $8dsRe® st Reliet dlubtulSresults,
The object is further achieved by providing a nethod

- ofPutisrderasitionof g mactallia layes iy partiowasiai Niskdl fgyer hi gh
Jeneit . e e
- oSS herks YRhAE RO Myl ol SiRg

ostemper,clains 1 - 18 a first tine with a nodul at ed

focused r.adi ation, be - xinsing the illum nated
) rrsae&aear%n%ﬁ eslPer‘Satﬁresu saﬁ?gepﬁ%mfﬂilersrs%?mﬁghe Wi th a devel oper,

bei ng Theolgéctanfusthisadchizeedby piovialiigth mettjod &k clginet e elbiny 19,
furth sel ect ed ?lfﬁ f he group of solutions of NaOH KOH HC
LU R SIRBE 8- such that a desired first relief

- SiftétGinsing themdbtbSsubstraiihe REtRED dfintihAhghe RtciEMaldrof the -
| ayer, in particular a N ckel la - Sl({;al vani cal |y

| ayer, . .
gPasiehebete &1 dreemddippibraugh thalist relief dmetutsesqryiag as a mask,
- U hhekpaRsnifinalel nlted bARREE ’IQI}%? R %ﬁh& Rfhe WG af@eﬁt‘:l%ﬁer, being

substrate fromthe stanper. e object is further

aemnd efanchlialing oo en afiid fqadrprefeoblaselestediofgy gronpodfaohtioss of

; g _ i nei
ARDEERRTCL BGOSR, S4ER S8 om, B A SR pene
i tot farhacecdndyreliefafruttive. mast er substrate for a second
time thro f .structure

ok, ARG el o hEpute S SR PRl plaims
1,10, 84 &e¢6He naskelayéritaving dakiek@Re in th @inge 5B3@ndHhésin a pre- L
groove‘gi:,sgla?lﬁclecggrsg Eﬂlig{] qtgﬁlglg%#lf%%: fm;rir : ,igz{tjgg loﬁwgitee{;&%tg %gqll gefwr}ta?bele
opticaVBb& is diblebed B@laihPe. first relief structure is

deepened to forma 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 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
22. 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
interface. After processing, the relief structure comprises the patterned mask layer and the

etched interface layer.
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A nmethod as clainmed in claim19 using a naster

substrate as clained in clains 1, 10, 14 o r 16, the
wore®k/10@yer having a thickness in the range 5-BSI/IBR005/051165

wherein a pregrooved shaped first relief structure is

formed for replication of wéte-once and rewitable

optical discs is disclosed in claim2l. A nethod as

cl ai mett Methed a5 gleimed iy Piapn &0 Heigs élmaé%gbtbﬁ'a%te ag@aimed in claim
1, the ‘f'ﬂa@k %6r haVifd Aikndss it bhe e85 48 whbRin RS L‘ecl)l?tyl%ﬁef structure

having thi ckness in the range 5- 35’ nm wher el n
is furtBardlsprened] hyegiching, de farmea thsrdfrdrquuthe lseghrthatiike Tﬂmé kelief

s 150 B8 60 BB LB AR B Bl

discloseglshk clagpe3, with a thickness in the range 10-35 nm

serves,as Kk Ia such at, t he ture i s
cont ai d° tFH(?%So(El?i‘ ﬂén ?Fﬁ's%ttp%&l@ﬂms lr%%f#‘f ) Wbleﬁﬁ‘ﬁé%"ek’per
solutidriy @ked thNecdnbéRfatias €-308y, prefehblf®stvaden Lh@d RORGESlaimed in claim
exposed to the etching liquid. The data pattern
24. recorded in the mask | ayer is transferred via etching

into thRihnseHdARE a ﬁxfetr%"for@é'cpéiﬁ&ﬁ' Qs reﬁl'fl‘%teﬁ%llihQ;fle stamper
structure conprises the patterned nask |ayer and the

manufgetyred gvith thempetbed ofzapsonpofelpimsdl 9o 241 eharpsterived ioltmit therrelief
b Iy

stroct S b e 3 B S PR ibes fpRlBshger: Ui tonger
pits haniregr sedwialtdve simped traliling ledgef andtthat ¢hamelief srufture ik eaplicated in the
opti ggie(gened, by etching, to forma third relief structure
PUCALHEH that the third relief structure i s contained in

the mask layer, the interface |ayer and partly in the

substrate is disclosed in claim23. A nethod as

claimed in any of the clains 18 to 23, in which the

devel opgs invEitidhni vl o lair®dan GRNE 84l Rith AFerdncd3 3 Ghe

preferably between 2 and 20%is clained in claim24.
drawiggs4n whpeh di scl oses a pre-recorded optical disc

repli gat.e B&ista with the

met hod g ?gl‘é}lﬁﬁ%ﬁ&e of ?@%?tﬂéﬁrﬂééfé&%ﬁ}’%;g aracterized in

t hat tlig. 2 ehavesfnustention andegrowtht prebabiilitres enrvsuiofftwoelasses of

[ t n ical scent and

phase- %Rﬂ}g,g I&ﬁgrlagl%a S dO%ll}lﬁcte(P %bdw-tg egtlé%e mina }e(c:l I}i)gase é:ﬂaénggn d
materbiRat the relief st ruct ure IS repl i cat ed in the opti cal

di sc. he | nvention w | w be ai ned | or e )
Qoo 13 VRN haRebistion B M RECP T TEND itk gt wiiten
amorpﬁb@%aﬂcb@n basptical RYerdicaier bixed BB t1B-cSHAE phade Rharfsk Gnatetial,

shows nucl eati on and gfr owt h probabilities curves of
two clHBig€sdshqyys an atomicTorce mlcroscopy (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,

Fig. 7 shows the measured residual layer thickness as a function of the total
dissolution time for a SnGeSb phase-change composition in case NaOH and HNO3 are used
as developer,

Fig. 8 shows the layout of a preferred master substrate with mask layer,
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phase-change materials: grow h-dom nated and
nucl eati on-dom nat ed phase-change materials, Fig. 3

WG bwa301398Tr ansm ssi on El ectron M croscopi c ( TERT/IB2005/051165
picture of witten anorphous marks in an opti cal
record carrier based on a fast-growth phase- change
material, Fig. 4 shows an atom c force m croscop

(AFNM) e @ sipwsareraovetiugiuresmpdecyith theipronpsed @W‘?ngubﬁl’ﬁ’@te and
accorcﬁh%{ﬁﬁﬁ,}g osb@ n‘}‘étﬁ&i ng vel ocity of the anorphous and

hase, 'Fig. 5 shows the measured residual
| ayer Kipi lé)lshews tlrse eeliefistotctues aiftaindsefor onealasaipowel it i on
hange conposition in case

| nGe
lmmerﬁﬁ(@l détﬁe efﬁ&}lieér% u%’glg as 581“%811 ‘oper, Fig. 6 shows the
nmeasurkigl INekodyahret satief stivthek oBamed forahrbel differann lasér pohers at

total dissolu or a SnGeSb phase-change

10 miggesdBererfifhiny i{i?ﬁ?&)}ﬂg‘lﬁql‘?% used as devel oper, Fig. 7
shows pibe2Re&Md M pRstindsial a SRyedit \bﬁﬂt&k\ﬂﬁSﬂlet})‘io@sed master
function of the total dissolution tine for a SnGeS

substrajp aadacepuiigdodBapeprsadgnethed. c as e NaOH and HNO3 ar e
used aiq% g@‘éﬁ&% %Eherrga!tlgal ﬁh@?ﬂ sst %ﬁlh?ﬂ%%asﬁfleg@r ’éo obtain a

preferr mast er str th mas ayer
deepeshehvéelaltgr@eﬁetre«tw«;ture made with the proposed mast er

substraf g and aggor ¢ t(l)le NS RT3 ﬁ &quer f Stain an
or -one

10 sh three're ures obta

even H@arhlgtem1t3bwéhafmm¢tmed at di fferent t| mes in 10%
NaOH sol ution, Fig. 11 shows three relief structure
obtai ned for three different |aser powers at 10
m nutes inmersion in 10% NaOH sol ution, Fig. 12 shows
AFM pictures of a short pit witten with the pr.oposed

mast erPhasrdpnge aaigisaae em&ieﬁgn ths Wellﬂe‘“‘ﬁf"’é'ﬁéé’%f&a%tiﬁ%d

formafs! Sich 3SDYDIVENSHQ SRBLLEGRTY ird MR P BREA DR (BI?—REQ HhR&-change
mask |ayer to obtain a déeper high-density relief

materiglsicere thange fr@mjhe agdeproved soerpheus stai¢ toythe prystpline slgte Vi laser
heatmgslln%élg t?:gse %—Iﬁé;?{sfc{;cp arﬁ%rﬁgﬁ ﬁg a§ 'c{g]h %ﬁ%@a@ﬁne prior t

nSI ruc e nmateri
recorchrrgnfalp*al Tm:imtn'al tehystallglel state canbamadmﬂcajﬂiws by $ased 1nduced

heating P TR0 PR Ry raea: BRINGETREY &Y hy PEIGRHEE S very
rapidlg begRdodwn) B¢ Hié amsrpliepostitt eenAnD Mhb amsrphvad Maikdatehecan be
made crystalthn!: !agla?nebys thgetlt%gvtilg arlnca)lrspgous 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 HC] 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
of the height and the width of the obstacles of the relief structure. The relief structure can, for
example, be used to make a stamper for the mass replication of optical read-only ROM discs
and possibly pre-grooved substrates for write-once and re-writable discs. The obtained relief

structure can also be used for high-density printing of displays (micro-contact printing).
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heating. In many cases, the as-deposited anorphous

state is made crystalline prior to recording of data.
wab@sien3ps al crystalline state can be nmade anoP@B2E0INF1165

| ased i nduced heating of the thin phase-change | ayer

such that the layer nelts. I§ the nolten state is very

rapi dly cool ed down, a solid_anorphous state remains.

The an{\;lr%ﬁ‘@ﬁé thegpastenyubayate withieaskdayer propesediapeqsding to the

preselﬁgg{}eﬂtl e£%1 ygorﬁ scd %&quﬁﬁ gﬁz knld@ o W&aﬁ%ﬁe ephase—change

[1sation t erature mechani sns
materfah@nd af interfacelayet (Ab) sandwached bhfawge sgig owskllaygr (12hand the
substr%{%ﬁlld) C?‘Hé éha@gg i née? l’eli{]ageﬁglg ?or usee fl? lhecord %%Cr{u%r{ena in gatug magkglayer is
select&bba&e@m the@ptcay sidadHeimal [ﬁﬂphrﬂémffpﬂimmsteﬁh]l&ﬁeh thEt i€ ¥ sigable for

kno t he di solu i process o
recordif TR fhe Relediel wiELAD T PRRGIES et Ops B @ gl e
amorphbREstRE, FRIMBIY marks @reiebsBEE€ dGehd NuidabioN.Th @&del e te8ddihg
to a relief structure. Suitable etching liquids for

layer spwitigihypintheicrigpling states prerdbeugpmarks pregeeerded. Diging developing,
one oﬁtﬁg @ Stafder nssﬁl% G afiafge orsé%:(f(h d 't'(gesﬂpgl A0 stljuf:ture
t he propose ase- change naterla are used as mask
| ayer Phah@clna@g¢ edmpositietsisar be ahs&nﬁedmﬁmlm@ep@t-domma'@bymd

growth-gc%?r%&gedtlgat aéé i g??eatﬁﬁ%?ﬁ%na%eﬁp%ﬁ%e gg?a ﬁP erlagth%\t/el $ rella%ive

high frbleabiibg teaiota stablk ctyletallind medei Stomuehich erysibitignermirketan be formed.
structure can,..faor exa sed to ma st a

On thg gontiap Ui ST SO G By oarA SplrpioRlsgron

domirfiteRiGRatadilk 426 &%l @clzvremraeldg}eszsu@ﬂeﬁﬁmﬁlﬂat@@“&mommated materials
wite-once and re-witable discs. The obtained relief

are chatarigRizet By alan naplseyi e Probakilibgindri hish aromdlh raje. Fixpmpiepy erowth-
domnﬁ{edqihﬁﬁ-@ﬁ{ﬁéd&r@ﬁﬁfﬁﬁ@&t@c{ﬁe RE&188el REhpb&tibHsBH; Be éoﬂ-eﬁ Svith In

master substrate wth nask |ayer proposed according to
and Gelgad §n@s~°émlloynﬂ@nmp&mtle@ gechgionith probehhivyi eeees @f theskiwo classes

of phels@ fidn nga}er %?e Bbown BrF Qp!l"ﬁe Bﬁ ol SRSV e @s&il g!ldn
sRins i IR i

| nte ace | ayer sandw et ween
charactersstics aﬁ/aetruc(eiﬁ()n-wlﬂlrtateel Iﬂlakrsd:haag@métbﬁ)ll (ZIh eandlcates the

o B ARRRES ) Bl 0 oG S50 M i G

relativielieliigR bropaReTtd fem ahble lﬁﬁclﬁﬁﬂr(ﬁﬁ ivatlichstie Bmbiphbud ihatefial can

ui table for recorq%n .usi ng e selected vel engt h.
erystaflige &5,8 goly frastaliSs BeT e satipR progersys HAstpgd  the msert

of the HPRFD MBYSro8ds@bLeryfth nhiddd frH1Q stBIe'ﬁﬁ;cﬁ:E e3) 8L @kﬁstpﬁwsuﬂak
lum nation. In case the recording layer is initial

il
(24)1 un A cvﬁtéll@ﬁ packarqund €2 Briasehematienlyribawn nhlaaighy panel shows thg
crystagI i o lgc@'ﬁt ng Q%a fﬂpdo%natgfﬁl dag]t: Ic%{h%a TPeril E&@%nélhﬁates

1 ne or ac to resu
the prgbabdity ef nsieation, (370 1nﬁahasethc ireotgbilicpopgreintli. dhssecnaterirds have a
relatlve!yals\?\kwhpr%bo ﬁ%h;%{o farrrllﬁ%t e C;ﬂ’s alﬂmgtllc %%oarhwgngﬁ]cwg{aélgle marks can
be forﬁi&&i&n theabgearymahegroaklh vElaviey B lirge &idh\fcﬁ‘athb-@fystalhsatlon can be
robabllltg to fo m st abl e crystallijne nuclej

fostinggic - RSyRROH PR LRE REST a8 S By Fhbrogiis i Wostaied n the
insert ©Othe e as . TheVath 8iphbSAhh RN FPRREy stallide¥ RiaCbwih fofMhe
An exampl e of nucl eation
crystalline-amorphous interface.
In case crystalline marks are written in an initial amorphous layer, typical
marks remain that are conform the shape of the focussed laser spot. The size of the crystalline

mark can somewhat be tuned by controlling the applied laser power, but the written mark can
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dom nated materials are CGel Sb2Te4 and Ge2Sb2Te5
materials. G owth-dom nated nmaterials are
w@bmsaees i zed by a | ow nucl eation probabil it yPErnmB2805/051165

hi gh grom h rate. Exanple of growthdom nated

phase- change conpositions ame the disclosed

conpositions Sb Te do[)ed wth In and Ge and SnGeSb
hardlyde|neage sigBeriha Gappiinal spobl Ly cesa Fngpbhrbndrks gregyitipadn af

. . r
erysalfiE Bt W &) AYETp R proB USSR HE TR P, R od Bl fman
that is shmallerdhar the bptoml gpfot siza llhcpzarat:ulan mncoss gmmudphnmedqihawg@ange

21 d obab
materi R ek 0F B Ao B OTARS BPOBABIATED o8 o PR b
applicdtive ofpt@et Eiberﬂék&m pRPertime sedlesrelayive igihe Pt ihiidht the

0 forg1 st abl e nuclei from which the anorphous
amoIpReNsIParg s WHHer ystal | i ze to a pol ycrystal Ii ne mark.

Thi s rgngfyaiadilidsien le)@esﬁ’ §OERSRlated it Figuad 3 &he@niida t he
insert of the figure. The process of crystallisation
Transmisgigh Slegpe Mickosewpy (PBYD) pictugn ofamerphewsmagks k3 1) 2ajttepan a
Q
e EAALANE AP, 400 (ko Sy S8l oot
phase-chranga otagrial spasficatly a SQZMdmmﬁmmadceadd pﬁ&sleauﬂl &ieg€he shortest

ndi cat t he I bhabj . .
marks T . opacteF o4 b S W PUER ol ol s BRRg 0 thee speishisapion
inducellig g tfﬁllﬁxfgr ddak of thavearla(de Taid I\bﬁgqt rhaake QSSDEBE&SX’ $iflilyir £e0

form bl.e ¢rystallin h Iline
crystalligation 8 Vi % B imecries ﬁéB ?ﬂfeg{n 19e to(%'@ éwo the marks.
This r&Ely9GilE¥idnSenhBlEOBe Sk g bhAhrkLsred1és tah Itﬁ@@gticmpsmebe

fast in case an anorphous-crystalline interface is

pr'esent differencp inpdigsobition rate pfigheramazphqus apd erysigdime stagsy is made

visibld 1H%1%dr9ﬂ rﬁeaﬁgu\f*@ gﬂows glr? gmﬁﬂp F&QQ Hﬁﬁﬂ%ofic(;géﬂlre of a relief structure

re-crystallises via ormt
that is @bmnea lafterrensanpoy Phasichang @loh.apetly inthe asfetaﬂiny shd phiitlyén the
amorp us s§at? r\;\ﬁtﬁh\r’vr Istllga%rr']le Iscﬁuttuﬁl ¢1 Bdéor lélgégglﬁ or{ Y 1? nzltegﬁ'y 1ot ]plattcﬁlu “4n
refers f;cx])helﬁﬁimﬂ (hrasphospstate oTthe phazceclﬁfngb figm CT Igﬁsmgit h)lalt@u 17#2)Ks the

write B PATTER o & R S50 Tk S LSt ARt G B

dlssolﬁtmriat% betwRh ktemorpidlus aﬁcﬂcr?éﬁﬂm@ PRAR Y WsRd !pﬁasarcﬁange
enin a crystalline |ayer, the crystallisation

mate”b‘r@hé'?etqoégd pithihardHelse- change material allow for a

mar k- tNigdsufed dRBILGH ralel @R hldSrOREiSRL 5THOL Sl§3'1‘§ Qompé&kition
particular in case grow h-dom nated phase-change

doped yeithdpiang SeaFigugsieghowsthe messured r@aiuqa yerfhickueess ag 4 fugction of
the totglhcﬁss%iﬁ?PR lﬁ%Spr?% kctn& "f?}%) anée-ﬂl%fe% 9{1&? aIthI (31?)‘1/)9 fof the
proper e

aser nme sca es relat
curve ddnetds ithedissolwell ilayter mhknesmpelphmtl timepwhich $s dempteti@n theﬁnssslutlon

rte. P SN e e e BPuk 2 i g sl Rosoe

compq@itibh UF & 109, NHOHPIMe disdtatidtSrate3ib)abviit 1L5 ﬁllﬁ/rhiilu& for this particular
ystal line back%rbound | ayer (32). The use
InGeSBF%\g%nwawge WHICSLIPKIS g a0 SYcd Ve Spth e édhncﬂon of the total

dissolution time for 10% NaOH. The grooves were written with a laser beam recorder (LBR).

Measurements are shown for three different laser powers (indicated with LON). The
dissolution rate is also 1.5 nm/minute. Figure 5c plots the measured groove depth as a

function of the total dissolution time for 5, 10 and 20% KOH solution. The dissolution rate is
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phase- change material, specifically a Sb2Te
conposition doped with In and Ge. The shortest marks
w@ 3®y/1ew3e8 char act eri zed by a so-cal |l ed cresceneCHIBRPE/051165
due to the re-crystallisation induced in the trailing
edge of the mark (34). The |bhger marks (35) show
simlar recrystallisation behaviour in the trailing
abowt d gap/gyute firoge KOFH ipbeyt £ amémpryte fm7§ %o KOFhandrhoks3 nm/minute
for 1004 Bole-crystal l i sation enables the witing of nmarks
smal | er _than the optical spot size. A difference in
di ssol uthegneasared restduphayes tielgressiss afithctioty of the kdtalelissolution
- o oY Si ' Mgure 4. The fi e S n
time b AR, L BRERX eO St INiOR ety S rd et s BJtC fioess
compdrition Thaslom ofahk aftedenvientientjsolveddser elidags fer bt time,

.partly. in the.crystalline tly i.n the anorphous
whidf 3, enbrige pReciSa R rive Tou PR BT bobsRalain i = ot 2.3
nm/iindtét fBSthis Pagtidul SnGESE Qpokifibh. refers to the initial
(anor phous) state of the phase-chanﬁf film The right
pl at eaul Re4Dyaswisd rsistugllpyer drckmess at mfunctien ofsthatatal digsolution
timeFOOP% NG LR comphi@l i1 0908 i Fideler 288 FheBsneR80 coralgosétlj]o&. The

~contrast in dissolution rate befween the anorpho
dissqdwtjostrate|of BN Qhisgreuch thighaethars that fiTaSaO heangpdy Whtmimialite versus
2.3 dovigdfic doped with I'n and Ge). Measured dissol ution

rates are shown in Figure 5 for a Sb Te conposition
doped \iiheHayout afwh iGproved guster Sabsahie\is givhe inBigsnerse The recording

resi dual .l ayer. thi ess, as. a function of the total
stac{ CERBIVER A et ) oR et BB Be Fanid e, an
interfaob Liybio1 1), FRecost ape Rk 14y8e(Se) &/ elBRHassiilhRysH (85 indad

| a egythi kness ?5& unjt tine, which is denoted as the
ProtegHidn & e (P OhPmiqp &1 thegpask iy ria Ehe meel hepissidi layardnaddstl éo papitrol
the HMQAUEurdul I AL it RE off BAiS aRREEdoGH. 3 pdBEARDT Srarks are written

conposi tion. For 10% NaCH, the dissolution rate Is
by ampphisationsofiihy Phapurekangomatetipls itga impertrang that @t Bhsfieckly removed

j it Ei . depth .

R T e G S
The pia@etionagergs adsled so pvevant largetdcate migriticm dfasetenphaserchange

[ r.der -( LBR urements are shown.for thre
R e e e O R
protadiieslyertshowld bat&isiant &l thohigh bedvlifg fetheratiie®fafound 600-800 C in

ots fhe neasure roove depth as a fun on of the
caso B RGOS ITT IS BT O P tection e SIS Foavable opform
the b€ sthBi5 i lthe Okhsk Bily6r dnd %mclllln S et B ferl(P1) andlstfddate (10)
about 2 nmmnute tor 20% KOH and about 3" nni i nute

aswglhr 1006 KOH. The measured residual |ayer thickness as

a functdgeydRhnddd 2?%33%}&%&5& ?ska%{eir Qﬁbs'ﬁja{geanﬁ%c&&ﬁ]%i!oot%%

and 20% concentr at ¢ solution are given I n Figure
propegsed grethed SpecdSwndw Higusd 9. iTha grokives sleoprittanfat b lgeoava taek pitch of

' e r. thicknes er..ynit tine,
70 R0 ) BSOS LSBT o
and Hall @n dbsstiteltnsonitli mirgericsl dpburte 6T NBA=0.9. The total dissolution time was
10 minutes in 20% NaOH solution. The resulting groove depth was 19.8 nm.

Another example of grooves made with the proposed master substrate and
proposed method are shown in Figure 10. Three different phases of the dissolution process
are shown, namely the result after 5 (left image), 10 (middle image) and 15 (right image)
minutes immersion in 10% NaOH. The grooves are written at a groove track pitch of 500 nm

with a laser beam recorder which operates at a laser light wavelength of 413 nm and a
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nm mnute for this particular SnGeSb conposition. The
nmeasured residual |ayer thickness as a function of the
wao odoahodssol ution tine for 5% HNO3 i s conpar eRCT/iB20@F651165
NaOH in Figure 7 for the SnGeSb conposition. The
di ssol ution rate of HNO3 isiquch higher than that for
namely 12 nmmnute versus 2.3 nnimnute. The
numelll%’rl}/ apartuse offhe iohiseiaxpdensraf NAsT0. (The resatliéng grogyadapt was 20 nm
after lgrgﬂlqlgesgmmyg?m%ecordl ng stack conprises the mask | ayer
12) based ast-growt h phase-change materials, an
i nt er f Ge@venyettey Wmll Yiffezent bsommbwiend € tlfeaIdéR Iam@ow(l&ifigure 11.

he IS I8P bk Yy ) o0, B P B e
result obgied IaSmadhdﬂdlaiem powéatandlthd Ih@t heade SOM4TLd RELIOsbLEIMEd BChigh
and rooves..Iln particular if

laser weefvﬁ%t hglsif?%? W hingtes i %ﬁ%@é@%ﬁg@m The

figureNBiisBiatos that |thetprbﬁosé&ﬁ@i’t&@%sﬁa‘f@&ndhﬁﬁhoﬂ Sndbi @K lt¥rmation of
renpved fromthe mask | axer during recording to enable

groovegwith qUEm By Ve vidth Thideveestprrrg allwitagsithet 2 groayve of widih 160
nm caRb8 L& fich QR aiaz{?fnrhi AR ALy, Qre%\c{ﬁlm { %rngﬁﬁ E%i(ﬁl d’ﬁaster substrates

m gration of nolten phase-change :
for replisplieremC25 (3 BberayDisaRB I(refmntabis) ahdrR {gritebdmte) discsoThe hrack

e 580G ALY i T18-PIRLECA LR LEYGI SOH8) B

groovﬁ/@lﬁid 80§ Gclervfcase Tie vathhraihigusrooves thn Ge filrtct hlnead i€ a laser

veam it RUEG2 PR e eoHilr PgpEroR e e SRYIET et spot

and theRf@E hagewéraygiten(grddves. aFHél silalstspat will 4190 FR\INE ke writing of
Grooves made with the Eosed mast er substrate and

smalles magksy ppythersforg avilh ﬂ%ﬁé‘é}é‘ﬂ ‘ﬁ@@ﬁdj&n%i'ﬁ@s shown in Figure
9. Theag t’tﬁ?es JEE st pit KRB e‘}%ﬁ? {]eﬁeh‘fzﬁte? Sishaffan él

740 nmw t | aser beam recor was operate
according g th%\B@POﬁingmﬂmaare givawy ithF lgﬁreAZSThmcaaidilisahitlamtlme was 10

mlnuté%tﬁl QB% SOi—Iesgﬁ.m t’ll["h R)gtq?ﬁén%?e& \?ﬁﬁlﬁ{}?%@ erh%fpé%ao 2. rr-lrb €s the

s sol
typlcah@bsg:bn@hapersfethe simmﬂestlnntgksgshowen H@ntehzmlse fibwhitlhimalmost twice -

the lenAla'lo?thtSr ©pft ;’gtlrgjpdﬁgn%th %r & g ggtﬁﬂ?e.fjée\t{\ncﬁ%%ta }Zétl@h%%%ts ﬁ]ﬁthe tail of the

pit (12F). ge@résent mrpee)fdjeﬁﬁﬁk werﬁbmﬁ@@s;&ném the 86 dtfucRfe. The
, namely the result after 5 (left

cess ar sho
depth &ffgﬁBtwaf g0mm dhis cpsvage) and 15 (right i mage) m nutes
| Mer st exiaMpik Hl¥asEl thal R8-S0 éfc‘ﬁaﬂge' ﬁ&t@lnal?f)os@ess a high

gr.oove track pitch of 500 nmwt | aser beam
contrayide disglptigihiaghbesiseandheamerphensiaad éhe ¢rysitlingabast Hejs howfast in

dlssohﬁgo?l rQ@cQﬁ‘ Be aﬁté%rﬁg% gﬁ%a? %H%ﬁtrdggs\?tg% eéflhkﬁ gﬁjree]%&hé/ Slaglﬁager The
hlgh-dgﬁﬁlmrglmf@guq:tnwmas be nontamed 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.

A high-density relief structure in the form of pre-grooves can be used as
starmper for the replication of recordable (R) and rewritable (RE) optical discs. A high-
density relief structure in the form of pre-pits can be used as stamper for the replication of

pre-recorded read-only memory (ROM) discs. In particular in the latter case, the typical

crescent shapes that result from writing in fast-growth phase-change materials, are present in
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G ooves witten with different |aser power of the LBR
are shown in Figure 11. The left inage shows the
w0 e®aho13gdht ai ned at | ow | aser power, the m ddl BCT/mRges/051165
shows the result obtained at nedium | aser power and
the ri ght image shows the rerult obtained at high
power. The total dissolution time was 10 m nutes
the Wﬁhrqlﬁnaltmd)@f\ﬁm% apd pesmiuatinwill pgjpnsiemred atorthe ertieahROM disc
via iéflRaf¥oPOsed master substrate and nethod enabl e the
formati on of grooves with different groove widths. The
| onest Ipt\pepsible tarsserthe pasternad mask @V@rovéh odliefiftgacture 69a mmsk
L nab
layerfﬁgﬁﬁntglﬁ%ég%fgﬁﬁlem zl}ea\%ng%r:fvﬁgla gr Feﬁh elvgbjglpel% 5 HR further
selecﬁS@ r@haevat afymbiesial fRim (IreenaMfelr Elﬂ:btrﬁ)? 1arpirﬁ%u(annﬁoﬁ1etm ﬁﬂt@x)face

layer: l@xggﬁl The er:eg)glgrgs%f[ g‘f&ﬂ FIS gﬁ:ﬁeg? ?igg[y s%\(/)wn in Figure

13. The Qgp@/ﬂgafﬁj(f%ufew 3ayHofs ‘fﬁe rﬁ&z%r sﬂ_ﬁbﬁat@ Hth pﬂftec‘hbﬁ layer (81), mask
layerg(éooves can be furt her reduced if a | aser

£ iHefacgilayer 843 matlipysr (e and MbsfFree (K- zeﬁtrr. lélaml@ﬁetl and
deveWpHg (Bhe¥enifg)SoTRhd BhsklI: (R tgpggsn%l@ Qenlif? ﬁ?ﬁfeq?ﬁ thF etching

rower written grooves. er Spo
11qu1¢ 9@1 ¢omepineontaet wikh the irgeréice dayat (1) asmerelk sSelfatmle thesat @tf the

mterl%fh 311:1%8 Qhel 801{”{1%%]1%(1 \Qﬁ%%n g Hp {htelrgﬁ af sﬁﬁ!:\q.\f)e e%begged fr)lfthea mask

It wi propose er su rate

layerds ﬁlrﬁlcnwmdfanqdumo tﬁeengerfa@daﬁd (mat Tidsl 1sasfohelgatv@lly ishown in figure
[gure di.ssol.u S.10 mnutes .
13e. ThO 465, Kesr a5 BroSuRemf to it g WG DR Rt bfe crching
11qu1cT h&drfblt et&hﬁg)&leﬁﬁ!tsﬁi&h@&r e bt YPA Gider &t BFRARdn BRAREd & pattern
he shortest marks shown in Figure 2. The pit width is
thenéi‘IS]FrEf’é”tvm ce the length of the pit. The pit length is

reducedn¢hsd Ifol'}ﬁetﬁlﬁc G Y88 ik gt i:h@ Reledf S%Etufer\:ah I?)% fﬁl%ér etched
of the pit (121). Thé crescent shape of the mark

into the pubsirateyo pblaingf farthesdleensningef thei el stmetut This, prfmes is
scherﬂ?t?d’ah%/ ; aov&rhl?hfﬂ %ﬁrf &Sy I%Qnsﬂféh 'sﬁl%s{rglje 2o 1°'1§es n@’?tg@%ﬁ'{%&lgs (81),a

te ast’- gr owt ase- c
maskpleges €53, an niggfacebperdhend subsmats(;kﬂ) uiftmllnmiretlbeanuaeevelopmg

(pattérﬂ?léfmflg n&%ﬁ? 1a9erd(t15é)hﬁle%s}é§tgﬁlelnl ng %\grh al%%n%ﬁ ste Em%qgltulr csétn come

SsO ron’rate’ can 0P 2
in cohfaghwitteths |nttyrfatoella}ef (19) suweilrSelective dx@osms lof i:h%Mﬁt%rfa@'l@yer to the
structure C@{I he Contgned in the

.hi gh-d t
ety BRiaNG] ik ) BTGt R LR 5 B st fors

transfefe@ ift@ @R ih@yBde loget\11)hd QIYsRRE (109YEhis (SheBshicall §h<ﬁ>vn in
natural barrjer to etching since it is designed

figurg, kit The gesptadvaniags ofbis smbpdimsnis ioebtain even drenenesligEppotures.
doue 68 o W WD o o8 Sllat
maSkrimg?I é(?r(fw]egzﬂlanmbteom@ébb iaterfoccalapesrd 1 f The mtﬁefacebbfcﬂatls dor
examﬁ ﬁlgﬁe? szf'é’llo?os(n@m@erb%brﬁ&ﬂ flltu%l%la‘ta’loﬁ RF )Lh etlste%as{lbs(éra’?ecéfth ﬁSr
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
illumination since the mask layer is opaque for the used light. The exposed interface layer I1
can be treated in a second development step, with a developing liquid not necessarily be the
same as the liquid used to pattern the mask layer. In this way, the relief structure present in

the mask layer is transferred to the interface layer I1 such that a deeper relief structure is

obtained.
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relief structure in the formof pre-pits can be used
as stanper for the replication of pre-recorded
wo edAarshy nmenory (ROV) discs, i particular i PEEIB2005/051165
| atter case, the typical crescent shapes that result
fromwiting in fast-growth jghase-change materials,
are present inthe high-density relief structure, and
event udihepragiopsd rhestarsabsiRisrvidtpoisetdon lyenisalse perfrgiy suited for
t
mast Rt o i ioh Lhopld RSB Jo fnd B ARG coneopt o
increamther n\irmricmﬁnettmre of elvaedbgqn:tmm tenafo abloee i nBedrys prgsdnayean

t her devel.opnent ans. the furthe ctivel .
imter i oo BT o4 P S ndtd F e pagats Hfeda of air
Watepaiid d kigh@findek @fMrdfaetion (g taaca. Irﬁyepreféreerd mbsttaiﬂy' methad, a

deeper relief struct Thi s pr pcess | tical
tempelR i ineryars Qjat Bast 300-FA0 iz GES e q& thejgjase-chdnge
layer SO dulie 1rf'@a§$ & liq@idFtalifhRsapt b toBrdFt%f)lha@E‘-ch NayeB e -
mask layer (12), ‘interface layer (1 netal 1ayer

signifiegm) smaeniobbet Ml be {osbirongh (s liuid fHn vl Bt g ncs o:

devel
D el U AR ROl pRoPERK, LG Pyt R,
avaﬂddcrktsq:rrpowntsdnmltedn Thertfoee, b nigeificat diekblpes is (o ggrmaised.

) Gtoni ngrrci  FF UERaCht stolf US| Spirlifiad i Bkl Bea
spreadﬁig&iﬂld eclthe Iprdshﬁ:e 8% lgobd@ihermal Soﬁdﬂtf:ﬁob éi tlier\&t’iﬁiftﬁbf thed magk tayer.

the j rfa er (11 s schepati cal
The 5i%¢ qf; t@m gusd o Ser vt ’gﬂsfg%mlaafgfamhagatlssr Sk e &y s o%*rlhgﬁvsed
laser |s§ott09us@ma§érfln&’t%@ héf n'ngy thd 404 1@3%@§f pﬂ_dlgnseih(iﬁﬁ ﬁ@ordmg stack. In
iquid used for etching the interface ier may
B

f
case & gepd thernh condpgler tswa?ﬁetmatthm@aﬂx of Blﬁtnti ﬁawratlhtéra}r@&rkadmg
t 3hird Gisth &34 ldifod is based
will (!rag%/l e mésu{ﬂ?[l uct urlréhotggﬁé bgﬁf%?tlﬁgtr%netg %}%éﬁ ?S%Itdg t he Is base
on themipdly riadused phash transiticmsf thistt¢reperaters henidegingfleadsdo taagdr efarks and
ry I Thi rocess is schematically shown in
leadsﬁ)alﬁ‘fg&eu%i(gdat n§n£st er substrate conprises a protection
I ayer (I&H:propasemq&ktebmtﬁaye(r i&ﬁ as agoddinsuthecepréventing thelheat loss
str um nat.i. on ,and .devel opin
from e Btk 19 T G5<0PLE RETHELR syl S, 1t P Sp REsenible
almo§titNEthetnial kpd dhiéh thétsmallhifarkd &Blhlé@vrittéill«l THe €RANSIQVTRdhdBivity of the
contact. with the interface é 11) _as well.
propasgd gEEANIG PTASGHeE (YT betsen 91? é}aql Gé¢eMmfer to the
et chi ng&lfeldditﬁnw ddbarﬁé’éﬁ@tﬂe%te&f&ﬁ agﬁinkte\{fatélt Sf4AL Hiak layer. The
enbedded i the mask layer is further transferred into
protegtinn layar et b@:&eena%seaé dyring ligyér subeysioateas{erme. This is
schematically shown in figure 14c. The great advantage
of this enbodinment is to obtain even deeper relief
structures. 5 It is also possible to use the patterned
mask | ayer with relief structure as a mask |ayer for

further illumnation of the interface layer I1. The
interface layer Il is, for exanple, nmade of a
phot osensitive polyner. Illum nation of the master

substrate with for
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exanple W light will cause exposure of the areas
whi ch are not covered with the mask | ayer. The areas
w@booshe3pht er f ace | ayer covered with the mask PEHEB206VS1165
not exposed to the Oillumnation since the mask | ayer
'S opaque for the used Iightl4 The exposed interface
CLA@@% can be treated in a second devel opnent step,
h a developlng liquid not necessarily be the sane
as the liquid used to pattern the mask layer. In this
way, the relief structure present in the mask |ayer is
transferred to the interface layer I | such that a
deeper relief structure is obtained. The proposed
master substrate with protection layer is also
perfect]y SUIHEd for nasterln Wi th |I%&Id I mrer si on.
L. Liquid (PE TR SOBPTISRE 4 BT Dsiraies St | b b Ewsprdingstack
depobi@l RS s UDIRatD WYBF, itfeAbc Rk b€ hplidife 0b) ective |ens
to above 1. Watér is present as aﬁplnternedlate medi um
- a mpgk lggeniddn t he objective lens and the naster substrate
i nde fraction
on pRShERE ) apa R vch0e Rl SR L RS R B0
said mesiq)ley@rtcurr@ri‘aing pexoslind materidldasforhilfl: Badks iasd Blﬁﬂeﬂ fepfdsenting

nduce el t| of t e- cha
an engfd S R i Blpg ? BB al]gﬂgt?@g%ﬁi’y Briogis! ler beam
and shid&nﬁlhﬁﬁﬁnﬁé’lﬁﬂ@&rdnaylﬁ}i’se t}fanﬂiegﬁhkefcbﬁ@ddtmﬂ&%lm of heat
will be lost through the liquid film This heat |oss
| eads to: 1) a very higher |aser power for recording

2. data. |AnARstsubffRd 8RRl §LARIGET SwhdrB& s%ﬁqb(l:cﬁ@ﬁlg aterial is a
| aser power is limted. Thereforé, a significant ﬁl

growfhydemingted ghasgechan gemanieriab)saidrmonietio | mgn alfoyt deenprisingrad ﬂeast two
teMA1b BPth% f jahgr e
ma eSpr orth %%ug o?%a%eﬂa}]sscogfréglsl%ngg%gf *i“(g Mt E%{ E% }Xg é.%a, §}1, ?E, As.
conductor in the V|cinity of the nask Iayer The si ze
of the f s .det ned t he..o
3 ot the APRERIAREA IBfee B, \BOTR st sbeaitl afiat s o
Sb-T¢ alimyrmamdalpm@ah&malr St TeydobbewabGersadilan o f photons in
the recording stack. In case a good thermal conductor
is present in the vicinity of the mask | ayer, latera

4. S p r eadiAghastbd ubQAUSE aiRe® BOGLNY \Qﬁerélh%alﬁqr%?&lﬁé H{a?erlal is a
tribution, Since the proposed nethod is based

Sn-G?ﬁ rahQY MRAtSTIRY it BRFtigHaswith the sempesiiien Spins s Cieezwpeszoaxzu re
broadening | eads to |arger marks and leads to a
reduced data density. The proposed protection |ayer
acts ad magigotbstratadsalamed pradaiwnlt, ivvitprein eaid eaask layss(12) has a

tgmkﬁe@@m FB Sl AR 3 I BRI BRI O, L 2ver

IS ap € optica
thernal spot such that small narks can be witten. The

t her mal, conduc t I.0pOS d Qr
6 prot ect BAAY ’@ % %é’inﬁg@rfj?% g r?}ng &Wfac,&r}ayer(ll)m
madeadidinbdteind bf thdgedtipagdidletidBatBriQs &fithiah g8, WBDEISIO,,

of the mask | ayer. The
Sl3N4 y

7. A master substrate as claimed in claim 1, wherein said interface layer (11)
comprises at least one organic dye selected from the group phthalo-cyanine, cyanine and
AZO dyes.
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protection | ayer can be seen as a seal during liquid

i mrer si on mastering. CLAIMS: 1. A naster substrate
weowpnisisg a substrate |ayer (10) and a recorPRPCHB2005/051165

stack deposited on the substrate |ayer, the recording

stack conprising: - a mask |gyer (12) - an interface

| ayer (11) sandwi ched between said mask | ayer and the

- subst r afrénasierpebsheig s ¢lainsd it elaimils Mherein saetfatianglayer (11)
comﬁstgg Efé g}gggl‘ta ghé@%e{ﬂg?%lé&%ﬁ :ﬁg)nffﬂg rﬁ%&%?ﬁfﬂ()&?}éﬁl%@ﬂh{){l@b%eﬁl resists.

alteration by a focused | aser beam and sai d marks

havi ng se tha recor ded terial
o 3 b blek Bl B Gl E ol S, WERE SRy (1) e
a thiglaiesh ihelondgafjoaires iol00ing, &n gHrtishlar Baweas2®eshd 110 nm.
phase-change material, said material i s an alloy
conprising at least two materials of the group of

10. mat er i aASndé@ﬁElﬂisﬁétE'ﬂs &Bime®bh c1dBn 1) Whereh thBtecohg bk further
A nmaster substrate as clainmed in claim

Comnnsem @fcémog bayer Serubiaserighormpdy laxpr (13) af aStideTmogtirgragte from the
subsH?tEe” al, in particular Sb Te doped with Ge and In. 4.
A master substrate as clainmed in claim11, wherein said
recordi ng materlal |s a Sn- Ge Sb al | oy materlal |n

particu Q
157 A rraé%arsaé%%@ J&e qu@ § nd % W%‘Trgﬂnrﬁa% pr%ﬁ%t}o& l?p'er (1)
has asthiclinesa bktwleary 2 and i(EhmJﬁa@aalc’albr bkmsﬁ 5iand Bhany ange from
2 nmto 50 nm preferably between 5 and 40 nm 6. A
master substrate as clainmed in claim1, 'wherein said
12. i nt er f ag enab@y Qibstratd 49 claieABHE2iRh 18, WRdBIhisaid g?cﬁteétfb% layer (81)
oup of dielectric materials containin
is m%ar epbthe grpypdicleptygpmateyials gonfgigingr 28950 4 1_93a§1QzJ SisNe da:0.
in cl a| m 1, wherein said interface |ayer ( 11)
conprises at | east one organic dye selected fromthe

13. group phutsstensubstzate areclaimpdin dleinan@, wideidpeid pdotegtion layer (81)
complggstést.e % %ng? Ma@etn?ilc ﬁi&%l&flg%glcétgd %llo%l e égoum‘flaﬁo&agﬁtgggtg?one-

ayer Frses an or
based phataresists f ar dront the gorup spluble azganaphiateniglsi on@vibves.ed
resists. 9. A nmaster substrate as clained in claim|l
wherein said interface layer (11) has a thickness in
14. t he r angemakteodibbtratdrast Daid0dindlaink 0 OB@Ot\iVl‘i‘diélﬁrtheh@Edﬁﬁﬁg stack
20 and, 110 nm_10._ A nmster substrate as cl ai ned
furthey comprises 3,gpa0nd intepface Iy 520 ibRYY e sald bl esng sfiddnterface
layerd1py. ot ection layer (81) adjacent the mask |ayer (12)
at a side npst renote fromthe substrate.

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 1, 10 or 14, wherein a metal heat sink

layer (83) is present between said substrate layer and said interface layer (11) or (82).

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

(83) has a thickness larger than 5 nm, in particular larger than 15 nm.
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11. A master substrate as clainmed in claim110, wherein
said protection layer (81) has a thickness between 2
w@p@sA03msn in particular between 5 and 30 nm PARIB2805/051165

master substrate as clained in claim 10, wherein said
protection |ayer (81) is madg of the group dielectric
materials containing ZnS-Si O 2, Al203, Si 2, Si3N

18. | Ta20. Aumaste sibsttetrasolidwed acdaias 1 [véiensa saud mﬂtaélhmtlsmk layers
%Qg[ r

(83) gﬁééga I?rlgftegal% %Et%&trt]ilo%{]th{i %YO%Par Se {'R Ir Mo, Rh,

Pt, Ng Ospyy didailoysathbtebbHqui nonebased phot or esi st s, or from
the group soluble organic materials, |ike PMWA 14. A
master substrate as clainmed in claiml1l or 10, wherein

19. the r emmatha@oﬁmamifadmﬁﬂgiwﬁarﬁpmbf ®pHcAIng AR density relief
interface Iaé \ (82) between said substrate [ayer and
8st

structytg PMIPESBE Rk ﬂ&y@ﬂméfl) 15. A naster substrate as

- illurfdn@i RS rafteCduBitfRid 4 cIRRE § dhySMCbr 8209 -i @5 ?i'féct "ﬁﬁ{% with a
| ayer  (82) has a thickness bétween 10 and 10

Hm@%%@i@ﬁﬁﬁﬂvkbémméﬁwn15 and 50 nm 16. A naster

- rlnsﬁ;gklﬁ% ﬁ]]gl a‘?e%l n%%(?% qg@stﬂa{éé%e?h '?qrg't tlIl;l'e ?Lbe vel e%rﬁeu% he of an

presen
alkaliselbsdr mcbhdllatjl erefantlysealedted of mef@m@ d>%sy>hmo(1s #filNaOH, KOH, HCI

and IS i i PR 1R S R PSP B has &

- sputtddi deeritich dfarngeillit hasr, In panicdlax PRIdkeClayal | arger t han
15 nm 18. A Haster substrate as claiped in claim1
- salvRRiGRIS srowinedhretuaier-AeRosites Iaver o fherdesirerhthickaess Tpriae  stammper,
- sepdfi th@asiel @64k fbAMhd fsmgroup o f materials A, Ag,
Cu, Ag, Ir, Mo, Rh, Pt, N, Gs, Wand alloys thereof
19. A nethod of nanufacturlng a stanper for
replicat [ Gy i.sing
0. (7P B AR e 4 Bl ShSU SO
- aftesunpgig tht enastst gibsirate thei ﬁrstatim}e dhunmﬁtlmg thie iterface18yea of the master

substiahd 8 5 S PRa e e o A R L PTG, SR RE RS BT ¢ <
- rmsingm ﬂmmlinaasddﬁaseelr sfisstratehigjeng sevadaimeawith b |da{reld51§br Meingbne of
on aiGfincir aybicGhanR, desie Rony e S ek shroflPur of Mg, Kot

HCI dnB#NG3 4e%itee sudhl tﬁa&tthé Bist RfiefSthdld!sRlcbfMel kS form a second relief
sputter- dep05|t|on of a netallic layer, in particular

structyrenj ckel | ayer, - galvanically grow ng the
sputter-deposited layer t o the desired thickness
formng a stanper, - separating the master substrate

21. fromt @h@dm‘eqlalm,@@ In gaimet hesdng g neister pEdtraty ag claimedlig claims
1, lO,flllirotrI]g,r th& AR 1a§é1r@2)t ﬂ%m%taetﬂ%kﬂéss 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.

22. 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 thickness in the range 5-35 nm wherein the

second relief structure is formed in both the mask layer (12) and the interface layer (11).

23. A method as claimed in claim 19 using a master substrate as claimed in claim

1, the mask layer (12) having a thickness in the range 5-35 nm, wherein the second relief
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- after rinsing the master substrate the first tine,

illumnating the interface | ayer of the master
wastomve for a second tine through the firstPCEIB2065/051165

structure, serving as a mask, - rinsing the

illum nated master substratejlfayer a second tine with

a devel oper, being one of an alkaline or an acid

struqtyrg i yrthesrdspranaIby cichings toefgrrofa thivd rejies a@umre suthuthatghs third
relieP R i Capnel P A Bt P 20 B el (P gl gy n e
substratei(8d). structure. 21. A nethod as clained in cIa|n119
using a master substrate as clainmed in clainms 1, 10,
14 or 16, the mask layer (12) having a thickness in
24. the rangendhdds mmmhiememtﬁ oﬂe af egineomed s hawnféhfther &veloper
I el |ef%ﬁtructure LS g@?e repllcat|on
solutjgn is Bsegip e CaptPERgn epreﬁsm%betafeg%% ang30 A’A met hod
as clainmed in claim19 using a nmaster substrate as
claimed in clains 1, 10, 14 or 16, the mask |ayer (12)
- havi ng 4 Rreciereded enficaklis repligatsl with the sivepes inmntifagtured with the
I tA nask
meth%gg;g% &ifel drlai dx§§ Le&l inllt, ?}%’%&Je egqlg 'rcﬂai1 th%%hefiig'uc%r ol the stamper
surfage C@haufwe elhqrwstcnlfa havif® a Gygiicat) ceesoas tsd loagdsrqrtms abeinga swallow-

shap%cL?%EEnggig% a%d ag]thre 5%1532 _ k la%%ﬁaé%%}r%th? ﬂgtl gg’éfrd

reliefstructure is further deepened, by etching, to
forma third relief structure such that the third
relief structure is contained in the mask |ayer (12),
the interface layer (11) and partly in the substrate
(10). 24. A nethod as clained in any one o f clains 19
- 23, in which the devel oper solution is used in a
concentration 1-30% preferably between 2 and 20% 25.
A pre-recorded optical disc replicated with the
stanper manufactured with the nmethod of any one of
clainms 19 to 24, characterized in that the relief
structure on the stanper surface conprises shortest
pit.'s having a typical crescent and | onger pits having
a swal | ownshaped trailing edge and that the relief
structure i s replicated in the optical disc.



