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Mast er substrate and net hod of manufacturing a
hi gh-density relief structure FIELD OF THE | NVENTI ON
wab@efpuRsent i nvention relates to a master sSubBCT/HI2005/053352
and to a nmethod of manufacturing a high-density relief
structure. BACKGROUND OF THE | NVENTI ON Rel i ef
structures that are manufactured on the basis of
Maﬁ@’tshﬁs‘}lateoe{ng% B&BofGRMmfLAFing % RIFAL RnsiBerelsgudsra
stanper for the mass-replication of read-only nmenory
(ROVM and pre-grooved wite-once (R) and rewitable
(RE) discs. The manufacturing of such a stanper, as
used in a replication process, is known as mastering.
In conventional mastering, a thin photosensitive
| ayer, spincoated on a glass substrate, is illum nated
wi th a nodul ated focused | aser beam The nodul ati on of
FIELDEOF 387 nbaaTpses that sone parts of the disc are
bei ng exposed by UV light while the interngediate eas
i n bet wada prasent pveationsielaics t%&@ﬂs%@&?tf%?l}demtaﬁléeﬂa‘?a‘i
, ] ser beamis gradually
m%@%%ﬁ%aoﬁgﬁgé%gyfé@&g?g‘%ﬁ%? the disc, a spiral of
alternating illum nated areas remains. In a second

re being dissolved in a
BA?&@@%@@S@ @Smlt@ﬁ%g\gcess to end up with physical
hol es i msdlidestivbirghnidt arermemiufictural/@r the Bhdiadf apéicalipgesestss can,
such as Na and KOH_ are used to dissolv he expo
for RGNS, D NGRS ot i T 6o G S S ERY (e EaD and
preWrddve@ whitd-Bnddl (R BXEfewritaBleARER dME The RTa@GRstEring 6f sich a stamper,

sputter-deposited NI layer is further grown to a thick
as yyeth et blicatinp PEAGRSSt i kDY HAYHEE; nver se pi t

structupg, N&hﬁorﬁﬁ nﬁé’t@ﬁt{g‘; Ahfin W:lc;t@seﬁﬁﬁt'é 14gdrNGikidnR8 oh § glass

separate romthe substrate w th unexposed areas and
subtsate,a$ llechindiel it apedulaRblecyseidases beanai The anagiglatign opthe laser

alternatin it l.an . ' .
o R 0 R s S R RRESL 6 RHACHE s
arediFih ®eivikn Wet fits dérhdie naedpoded dWhile fherdifcrratates,cmd the focused laser

coefficient) is gdded t.g facilitate.th eadout ...of .t
besir g RBRLIS o A5t s PR B A a1 AT ) Bl e
renfai. Hod Rcbi@idp, BictkPodaa srebdvie BARE d3kslesd infa somglied destelopment

as the size of the optical readout/wite ot. t .
progess ¢t endop Withbsiee bhderdade o PRSABERY layg: i@%@i‘ﬂﬁﬁﬂmﬁﬁﬁmh as
Naggga%ﬁtlrr{](?lﬁ rPisk& B BbsoRRIMEXDERE atddS THeBtriRAted badiodss Of

e I's the radius at which the optical _ ,
sublserjuentdy ¢qvetedsvitheaithireNi leyer lha gsivapieeronsss, timimuHeredrppeilpyl Ni

layé\ﬁ?lﬁ %%_ﬁ]e Ofov&I tg % ity mtra)h aeb(h%g% sub's{ﬂatg QiR MvéiQe ?it structure. This

ShEe and “revrita lcal raster substrTates,
Ni sutetrate twithi padthuding bunkfGNs sbparatei] Stoppibe alibsyrateatith wiexpdsed areas and -

. pjl,tch between adjacent data tracks. Such small pits
1s Cﬁjrl%‘fﬁéé@g@ﬁ?y for

ROM discs contain a spiral of alternating pits and lands representing the
encoded data. A reflection layer (metallic or other kind of material with different index of

refraction coefficient) is added to facilitate the readout of the information. In most of the

’optical recording systems, the data track pitch has the same order of magnitude as the size of

the optical readout/write spot to ensure optimum data capacity. Compare for example the data
track pitch of 320 nm and the 1/e spot radius of 305 nm (1/e is the radius at which the optical
intensity has reduced to 1/e of the maximum intensity) in case of Blue-ray Disc (BD). In

contrary to write-once and rewritable optical master substrates, the pit width ina ROM disc is
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optimumreadout. It is well known that ROM di scs are

read out via phase-nodul ation, i.e. the constructive
wa@pwedertr ucti ve interference of |ight rays. DecT/mBpo05/053352

readout of |onger pits, destructive interference

between light rays reflected fromthe pit bottom and

reflected formthe adjacent |and pl ateau occurs, which

typicaff Balf O tBe iﬁﬂ’é@ﬁfet\{/@efnlaﬁfaﬁ:érﬁ Qath @¥Elts. SHASHRNIpHY aféfneaes@d for
structure wt its roximtely half the optica

optirend eradow plo is ka@am tyatrlﬁgM dies ot PHLEH vigRHRSeampaRiEfon, . the

COH%M(?JVS glg& Heshﬂ@[pve lﬁteffgtgﬁjce Oqlil génﬂ 1n§9€ad&@l OP}@IgCI' pltS,
masteri ng, L

aser  Beam REcor typi ca g
destrpeli\&tuﬁsrfa'enc& betweeh dight tay orfeflda &l ﬁqmah@plhbnf@m gy retlected form

rt t he obje ns BD
%ﬂaﬂa Plaeay Q&Y quﬂl%]slg?‘dsiﬁ) # I%O%%e%l%l\%qengt his
used in M&mﬁiin@&ﬁ” @it sthiétlireavitti @ity d¥Apprerimately Balf ihe optical readout

far-field and 1.25 for liquid.i sion tering)
spQjpisal R agCs aala?Félethgae‘ﬁ‘éfF’é‘f’?‘éﬁan%E’?%ls BeEhiot BACTE B DVD

ma@teﬁﬁ? %%asé@eaﬁf@e&wef EBRPPpicHIR) otk & 08RANEENgMIof A3 nm and
additi onal di sadvant age of conventi onal photoresi st

numerstebarierfyrei of therabjestine leas PYEARASt dar BPfraasteringpedeep UV laser with

255’% %@é‘éﬁé}{h OlIse& nleco%%aﬁoﬁ %ﬂi' tﬂl%‘l?Ngqgiﬁcw @qbll ﬁr— 1@1@ and 1.25 for
otores ayer 1s proportionalr to e anount

hqmlihmmenminl rtmterfﬁg)s Iis bitlerswarls, tahrexf ganesiion BBRyjis @gmtreda:bsmﬁke a

stafnnert fg]%tﬂgtgﬁﬁ?%gg? aghﬁg ger%%f bfC Sa (*ftrénggdlsadvgﬁtg o(}fﬁoﬁ)\}eht?ional

exposure
photfesikt lﬂfsﬂﬁﬂg i e c@rﬁulﬁaﬁﬁa fHotch e’:ffkdt tme ﬂ@rﬂfa&oﬁ of tha photo-sensitive

i ncreased ﬁpt noi se |tter (%qgltlo Eh d £
compeywd i the q«qlgfs]sbllaryeréﬁprggo@ﬁléql |to nina%ta)ge € sides o
the f@§tf‘s€d ﬁﬂ?%}gdt%lsf) ‘?ﬁiﬁhﬁlﬁ@s thARGbSk trﬂd:e‘é @dﬂ@%ﬁﬁl@% &fpits in the central

P hotoresi st materials as used in conventio

tragha Jhisminidple sxpdyere|leadg thloedl brcnaéelp;ag phibe Pénaidiberpioestesp
. hat i
m(‘TIreQis%gbqttrpo Q (ﬁﬁ&? 'A?ltso of?r gﬂé&ﬁte d llﬁrﬂlﬁatﬁ?ﬁﬁ%%%nﬁﬂl%élf)osmble

ora roug ue to
foqneddylnser spoh & mqmreldnAmahetru mumntaga of ah@omlstpnat@la(la‘ a§rused in

copyen @aﬂw&%éror%/lgi}?&f orl@,ﬁf %gg?lgg%e%am% Sle%f';l rP%ftoﬁﬁsISt

DidBgion 6L1BB BRSSediyasl leaid td ﬂtt}féetcﬂrgh Grdatedgm doé tatthe long polymer

readout .signals of th rded its a
chiii, O B RECS OA PSR G aroomgw Pgﬂrﬁfag Sppstrates for
wr&@ bh&f( ?Md&‘é%’fa%lé?@@i) heBlicaNAEp s fe Y6iRHnds® mal m@d to

l'ication of optical discs. The data, encoded in
dei@rlt)@tl@f ofgth¢ readarisignelp of the presreridebBOM pifs a9 aecerded R/RE data.

modul at i R@me&!{b%eﬁ lthe ﬁlgﬂﬁgnsﬂ rﬂel&@rs{rﬁ&\ﬂje &n fop @xa%ﬂle be used for the

depth, i's optim Ze n opti mum r eadout

 repdioaticnct epiicd idisss. ThodatBbaRaet di pitsof differeyilengthe fstrnadoyt via phase

a und. 80 .n S
oSt pi gty ciepler (el eBe AbeR AEEF bRy ghintm readou
chibiétSrikeies. Fot BSSR%M mgqs;emle phidepthés typmelﬁgt iljr@tlmd_t&!i) 1. mlzn @lfﬂt@p as
mast er_recor at. deve ensity relie
possitle,wall Fsé’TG\‘ﬁeFFfi gngles ‘?qji‘é{?e“a@é‘“gﬁir‘gg‘%ﬁsr 9 BWS‘H’;/?" st eep
wal |'s. SUMARYG bt diHke IWMEREI tErovide a master record that develops to a

high-density relief structure with pits that are characterized by steep walls.
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The above objects are solved by the features of the
i ndependent cl ains. Further de-vel opnents and

w@e@bmsnezrl enbodi nents of the invention are oupCT/IE003/053352
t he dependent clainms. According to the present
i nvention, a nmaster substrate gor optical recording is
provi ded conprising a substrat'e |ayer, a first

QUL oF Ty exvandtensecond recordi ng | ayer above the
substrate layer, and an interface |ayer between the

first re&byehongobigyenreanlyct b thedewwes piibe mdeprydentpiims.
Fuk & cfees%?)({p%eﬁgs An@%%fé’réﬁ%oﬁﬁx‘ﬁ & & IR@s&nHh %f@(ﬁlthned in the

materi a perties wth respect to chem cal
depgyepttslaphs.whi ch may be altered due to a phase-change

i nduced C ht n the r
| nduced. BRSPS D Sy B o
prée@aisioheis@d @ stisstiattdaypr.ol @6t ﬁdofding hdyer ﬁﬁlrlﬁil‘ead)ﬂdyrﬁcordlng layer
phase- change materials hav h abﬁ ance.

h hi
ablpyg e %B?‘Ethyé’h apd an |oiggface EY?refEﬁjaﬁitV?egﬁh% bronew f fapfthe

se&fndtr&%rcﬁﬁé:ﬁ&g‘ e ré@ﬁ/cﬁﬁg faQ&rs l@?@ﬁlbniu@g APkds8Bhanfe material, the
phase- change ayer of nore nm t hi ckness is

proyerties avithyespegide ghemvisalrfigemys pfw‘é{thb may bg aligred fluedaghasegthange
m(ﬁLEgd iéypélloﬂe%{e}hg l glgc%% tfleel%%}ﬁ tl‘%%rp ?L{ gﬁ%ec ayge paﬁlcuﬁﬂy induced

conséquenc enperatu e pro
bydbgphdat ddpotinel duayethe pTdU ecterblightrGeanendy hadsse- ﬂ@ngé ma‘rends have a

R e R
1a)taer @cbrtrrrl]afrﬁ RhiasioMA ﬁha@élgl_ll_dngw@ybr ﬁl”tg(bre ﬂlanEbemf 'fﬁmgﬁm 1§1fpt1cally
he shortest pjts, T a it
clpsgdh qrgsnimg ihat galy agtmals f)f ey E‘ﬁ“ ﬁ@ﬁ’p@’r‘%ﬁ s e pofenges 2
coh&q@eﬂé@ttﬁé J[C?f{p@;ahﬁ)@ pﬂ)fﬁlé NRaySFAY BE Yeth of e 18RE AU cholten area has
his context, it 1s nmentioned that a

thgp@rﬁ % ¢stml shapprtes/daepertin dre layes. e paTyra theraparphpus area. After
GiGREY fith BXoRBR A bt erfhibd Wit GRARLAA ndIEW FhS Ao BY Bk shortest

ween T oresist a straté in case
pits oNVE it bhedupathe Melrbihlgngtﬁ’ﬁa cmtoé BID- ROIMaysaﬂlelahmpered and leads to

%ﬁ%{%&gms 8&% rSCfOVFIH/ gti; erﬁeg v 2 rﬁetho;c):gﬁﬂgﬂ 1? ?nt%é—% that a
sigiifidagt iuipeovsiieht @ﬁ%ﬂ@dm q&alﬂﬂﬁwaﬂ@hﬁivﬁﬁw ul@ll)hﬁg e &in metallic

rovided. The re rlals f
g{fa@&ﬂ"‘-‘ééfl petwee 6 CHO ﬂgltsaél éﬁ%ﬁgtg?ﬁg%sg :of %rengfentl(};lal mastering.

Tﬂ%rlﬁ‘étﬁh@ palﬂr Ao ﬁ'xg)?oxféﬁ RROSALL §t68dpnesSvBRFofnid s Now,-onIhe basis of

. 2Te doped with In, Ge etc, such as
thqa n@@bmentmnd areéleﬁﬁmcémwnth dgwn Ritsdaving sieen Wallsrag baiprRyided.
TR g kAl b oAb O Ul Fle Brobl bifthe-ERUC rlcfils
profetabkyerf the comapodiGion; rﬁnQBSbf(%mabJr (}eﬂ@ et Slesen(AtGo)nd ST e daped with

cordin eferred rrbodl
L e T
trabSfrthé o rafralief stracyc&[resnzaétehlﬁg e bhieknass ofiehd rec&ﬂmg layers is between
t hi ckness j s 1b% 8

5 and 40 nm, preferably tween 10 and 15 nm.

According to a preferred embodiment, an interface layer is provided below the
second recording layer. The interface layers are etchable as well. The thickness is between 5
and 50, preferably between 10 and 15 nm. The preferred material is ZnS-SiO2.

The present invention is realized with embodiments, wherein a stack of n

pairs, n = 2, of recording layers and associated interface layers is provided. By more than two
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and 50, preferably between 10 and 15 nm The preferred
material is ZnS-Si 2. The present invention is
w0 e@biozed2 wi t h enbodi nents, wherein a stack of PCI/mE005053352
n > 2, of recording |layers and associated interface
Iayers is provided. By nore th@n twor ecordi ng | ayer,
e.g. three recording layer, deeper pit can be achiever
rebbrdingSayiek,le. I OVE Beordhf 1805 deqftr PRAn 5 KRARNESHat still prov1de the
Pre er?bly, a heat-sink layer is provided directly o
pllgtrepnettost rat e. The heat sink-layer is
eferabl t t
pr PYefBREE, § hOMsIRUA)er 1s-£pcﬁvld'5% cﬁljelsﬂgﬁ? %%&"t@%ﬁ%ﬁ?&te The

as heat sink |ayer to renpbve the heat recor
haapsiurigypris quraémemﬂﬂh |ﬁm>gl m@@lh Thdinetattistlayes saves a&gl,eat/kink layer to

re%ge th-yﬂg%c iy oIrmg Hcgl%tull I,ﬁeenabele k ngéc’nséplngf gltl %1 eprpegélé Are lgg, Al, etc.

Thmmehht@hwmﬁhmkmhasﬁxﬂh&ngeammlﬂTmﬁJ of the first and
the second r [ the same. |I.n this case,

cordin rs i
the ol s BieliiR  oad e KL e ds el Thisoiw s Shenee
mbi8risl S8 kHeersttaAa thd RBéndCreREiRE 1al s i ¥8e fdrhé In IBCOLA 'tl'ﬂ“gmo lten area
| ayer. The re-crystallization of the anorphous mar k

Crf’?é‘?demé]i‘e jesend teporfling dayien issmelierteandghafi qn@gltqday dresfir Sm@@dmg layer.
TIRLERERGi AP bf the gﬁl‘oﬂﬁlo Ilhprk"i‘ﬁ 1"?151%' or cfs%? Simhi ittt | ndbo-J[_lll1 feRodtd Ing layers.

shape i1s very suitab l'eve
Aftgrenhirigng pit eeraaifuwith erstaarm@ wlaﬂreTins pit fleppaseyr mmabﬂg dor multi-
VRt é@g;of the first and the second recording | ayers

are é erent. On the basis of a variation of the

pr opert i dscaflinghea Ifllnﬂ&e emb(alirgeatmaé phdsalcBangt et R&RT 18 first and

the pits be nodi f
ot ieReriE MR St e ROl e thagreperies of the

phase-¢hah@singteridly, ke §Ha@@ottlhs a8 de Gl mterial in the
second recordi ng | ayer. ﬁe nmolten area created in the

second r E&GREMR F%I%lﬁser@awqt@ral Buthe ifigst serofding lagertinof a
fadt&SPpd tﬁarpfh)f %)B?s]elc'h o Blterial RELET cBﬁ@re@B leetr hﬁ-t(frhtgl?e'il area

recordi ng ar er but the anDr
creptgg is éh@@cqnd rm@ng éayer l;z smaller butis isuhjectéme laese sejbltystlaﬂlzatmn The

m(ﬂﬁ:ﬁ &BQH ﬁle%gﬁl&' G&II' dlﬂg E)J &c O ?gée? IbX E’lQ gmg a gtl% ﬂ}b‘]]eﬁ Cla éO more

rst and secon a er.
repmtaIIMm Thewrdshlt és ateanybrpltoﬁemalﬂabﬂ appﬁ&ﬁﬁmﬂy i@ samme size in both

t | th
R s aRoogins e A g 1ty gp wall
p hase- chasgedifB teirother eRaniphs tRqhagdcHaREOhMHAS ih @¥Srst recording

ted in the second recordi ng | ayer
e 5 BT B 16 (6 B e Paigntlan g sscond recording ayer. The

mdlRf %bé%fcﬁﬂa{:ekﬁﬁ‘me%@con-ﬁngco@hé ﬁfi‘er%’ ﬁﬂaliep altx(h% alsb sﬁ% ected to more re-
record gmyayer 1S arger and is al so supj e

crys'@gga?l@n Hroden areg tin thq firstigsonking lpyro uslarger knd n atsb eubJ ected to
Jesk | h{ &&stﬁlﬁ%ﬁfoﬁ' ?ﬁeeéuﬁgr? Sneaég 121?%@ Hrs?te%cr)]ltdlmagl lligetr AhSs Substantially
largQIGharl’tgat in thei secandmedondingualyér. Afisit eao‘,lﬁﬁ@&@nt remains with a staircase
wall. This pit shape is very suitable for multi-level recording.

According to a still further example, the melt-temperature of the phase-change
material in the first recording layer is higher than the melt-temperature of the phase-change
material in the second recording layer. The molten area in the first recording layer is then
substantially smaller than that in the second recording layer. After re-crystallization, the

amorphous mark in the first recording layer is of approximately the same size as that in the

second recording layer. After etching, a pit remains with a very steep wall.
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wall. This pit shape is very suitable for nmulti-Ievel
recordi ng. According to a still further exanple, the
woredob/0snper at ure of the phase-change mat eri al PEIB20&5/053352
first recording layer is higher than the
mel t-tenperature of the phase-change material in the
second recording | ayer. The molten area in the first
recor di ng sla"I’s)b os§1§le Eﬁé@ﬂle%ﬁ@%ﬁxﬁ&ﬂaﬁké é/f tﬁ@%ds@-@h&%@ﬁha’terlal in the
that in th cond recordi ng |ayer.
first escordjngt laydr |1szlawlemhlan tm@@h@mh@mse @ﬁﬁhkphaﬁeﬁh@gﬁ inpagqrial in the
record | dTRdt [
Secf)ﬁ& fecoﬂdﬂ'%ﬁé@sz.gf;hgn ol?eélcage%ﬁlﬁ% ) rgér&fdlkggag&aigtﬁl% sﬁ@stﬁﬁlally
largar tthanetha i EheW'Bctdnd aeooafnyg l‘apﬁeAﬁmielcrjstalhzstmi sl qmesrphduisenark in

that th t-te re of .th cha
the 1S reonging By s SO B e T {haRe ot it oyef Afer
ctchRb! a HiEFRRIR I fhirdaBewh aner Hhageis Waityehitale for nitg-level
second recor di ng layer. The nolten area in the first
recpEdRf- di ng | ayer is then substantially larger than that
in the %gseﬁﬁﬁ(pgn@bﬁgs Alﬁ)ycﬁfecteé‘fté £nethod of manufacturing a high
re-crystalll zati on e anor phous mark I1n the first
denrséy oslef stouchay en a imsseupbsizate.ithd ngstéranbptratet domprisingta substrate
lay|¢ rargisrﬁ rgc\r}%ﬁgc%lég %0 rr?agla r% ngcgoég rreciopgutlgrl::ﬁl er a%gxqu%% s sg%lt'é laver and an
int&tict dMykebdtweennttié fitst Feevingrleyeo i sﬁg)nd'Fbt&)rdmg meat the recordmg
i nventi.on is lsﬁ dlrectg? o a,net hod. of o
layRis SOMRETRR F RESS CRRMAT TORITTE A @e mERPLFoRRrisie e Slop T projecting
lighfshi tBE reoiafiiol 1@ cfs, tHeldy MR ths YRpbiiied Fitk Ss¥PEdt S Ekndcal agents
substrate | ayer, a first recording | ayer and a second
of thg eesoringylay ey dye f@m})@serﬂ@ng%@b? geedingyyers- and an
interface | ayer between the first recording | ayer the
second recording |ayer, the recording | ayers

BMBH@ESQM@TI@%@ESHJEWN@$ erial, the nethod
conpri Si e f [
f ecor di nlg a e}:léws g ﬁcglr g%{l(p l:r%? se&%n t{-u%néh ? giaétjrglte substrate fuhcordlng
to the ppBeait 1ﬁx@nndsrem cal agents of t he recor d| ng | ayer S due
to a ph of, the recordin ayers. BRI EE
DESCR, PTEREARIES AR IS VR Gh L2 SRS 16 ENas A s oser
poﬁéﬂﬁ:ﬁor&ﬁl'g‘ttd) fhe prdieRUsVendoBSiverdiSitbatreptRn@aness ding to
the present inventign; Figure 2 shows a data pattern
written JEWS 3phever data pattera aticn pig maste %ﬁtr'c}t%\g@ag a second
las Ghd PrebABiREARENE th N @REcPRpleSeri M
s %ﬂ%}[ gér‘lct%ft?lggp@ese}%teat [ 1onns Fi gltJre 13 sh O\I\g eae dat gs
patter n Figite ohownamenugedimaga bt e Pl Meitigs withy the speershldser power;
| aser C
i 1 er or g3 80l Bfa bl b S Bk B AR A acBrdiiflo e
presem gievenfiorainpwd diffarétt esprevetthtidnse second | aser povver '

Fi gure 5..sho a data at ern witten pn tl
subst r at gfﬁna‘f@]@dtag T comparing a single YeSor ing layer to a

" recording stack according to the present invention with respect to recording depth and mark

width.

DESCRIPTION OF PREFERRED EMBODIMENTS

The top layer of the recording stack is a protection layer 10 made of a material
that well dissolves in conventional developer liquids, such as KOH and NaOH. The
protection layer is preferably made from ZnS-SiO, or photoresist. The protection layer

should be resistant to the high recording temperature of around 600-700 °C in case of
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present invention in two different representations;
Figure 6 shows a diagramfor conparing a single

wo ewondizny | ayer to a recordi ng stack accor di nBCT/B20é¢053352
present invention with respect to recordi ng depth and
mark wi dt h. DESCRI PTI ON OF PREFERRED EMBODI MENTS The
top layer of the recording stack is a protection |ayer

am&@)h%%nt‘ﬂ{ FhBY thﬁime@{]fs‘tbeﬂ@eh 5Ghd ?@(b Hlﬂsk%e'ﬁrab between 10 and

nvent i onal dev oper liquids, such
25 frmeUpdm@clt fhe rprdterylen laiyer 165 efiest atﬂoydlmmldeerflﬂorrpm@esr The
hot OF € Si St .

rec?r leJpat ate alg are, efer E(r) r%elgegﬁflas? %rclv?%%er 3 % rgﬁeréarlsd [E)reéerably
of the Qorﬁ@&slt@nl 'nGﬁ@ﬁ(Sﬂ&@m@Qb@SB@MAt Yohgpr SBHEE dapyé |W1th In Ge etc.,

s IS5 £ S UED, S ot 100, E St et S0l ety

to 4 telist stiub®Ry Wh B@hingdYBle tidkreSs G tAY tding Thyer ﬂ,@@%éﬂw% 5 and 40
materials are preferabl yrlhso call ed fast-growth

nmpprgfeeabi betyyeenth and; 141nsn. The dirst regprdingolpysrié iz Bripwst by ah:
interBCE §9e1( lsﬂévﬁlcff is, hgﬁfoﬁo@ed Jlscﬁse%ogd {efbrds @%)m}%& 1§bﬁ1-f§second

ope
recpralhtgdayerllé has cctm;ambrlerprormreesraedmmrsmcdréme rlay_elel helts alsgpossible

t d
thaFﬁ] 6‘?%??& ’é,g %r,r%tq 629‘?@% ot di ﬁéer ayer %?%d¥é%rfé\%gkglgl %’ebe
follbWed B’z aBé(&jl‘nﬁ ﬁI&bﬂfa{:; b@%ﬂ\fﬂb llehé. thtexfecte dyersnare éﬁbl]fablel a‘[s|8/12ell. The
recordai.n 0]
thickpeshl i PSTATRIATATL S PEEER gﬁmfgS@ Sedfiab b e 19 2pd Japm. The
prel@red HMt&ria3 RCARISHE CPHeGvE Patr¥BecokBing %S/eﬁsqlfp 86 é‘rlili fterface layers

properties as the first recordi ng |ayer it is also
14 pl@gpgp bt éoliopgd by jeae preaerediupipr pwfge@dla& aaygrg 20 aad interface

laygrI f2f? of il Etﬁck-rﬁ ?01%%%9@9 rrﬁ&ﬁ?@l ggr JPYE serkBs BBY hé%@ sink layer to

a second’i nter | ayer 18. The interface
renlmy eheshaat @rmgcrh@bdheg wenalge lmelthvethmg: Rniable wtaisaee Ag, Al, etc.

Th%glie eﬁ‘i?@r g%gm%glls kgwt Wel% ng 130 ng Qhe TIS{)G(}‘ ??A%rdlng layers and

referred
intefe Kyl .cad be idcvdasqdaa foSmOFatwleﬁXﬁ rsﬁhhnegmhlalyleya sthk isIGPHRM, with

interface |ayers 14, 18 can ol | d one
C: p{g)ltqcﬁglp laggrl, Psrearprd}ngéqyleal @tqrrg%{a er2%@9¥%@¥erf g%@mﬂ;eewhole

sta!:l@r)é%ﬁéma% a EbSraiick is followed by a netallic |ayer
hat serves as a heat sink layer to renove the heat

d ur | ng rl"elemeﬁ:h? g5 shyvethe bselt pb¢xperuerie Hiahbavedgen pgsfosmed on a
t
S e O SRS 0L A

thelregoediag mydrslwﬂremﬁd’e:ﬁ hG@y$HhI® witina tlm:klleﬂerédl@ enh, aixd the interface
formul ati,on It| C(PI)n

ROt g G AR PR ruer thkness D i B gy fd Wb mace

frohNA € hiaeea tadk@ess oMlO(ITﬁhaT e ghakeptRhge Ayers &ereTﬁﬁddMiyﬂta‘lhne with
stack is carried by a substrate 26. Fi res

an SR PTRIOF S BRETHE. S5 P HE ReleRiiabe, Bauhinciiding an N-1
wrRE§ BT, QRtrftegy using N-1 write pulses for a mark having the length of N times

the channel bit length T. Short pulses were used to write amorphous marks in the crystalline
layers. The disc has been developed with 10 % NaOH for 5 minutes.

Figure 2 shows a data pattern written on a master substrate using a first laser
power according to the present invention in two different representations. The marks were
written with an N-1 strategy and with a rather low write power of 30 ILV (ILV = absolute
laser power). Under these conditions very small marks appear in the recording stack. After

development with 10 % NaOH, 13 nm deep pits remain. An atomic force microscopy (AFM)
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30

C(PlI')n=3M stack, where the protection |ayer was a
phot oresi st having a thickness of 25 nm the recording
wo 200e083202r e made of I nGeSbTe with a thi cknessP@F/1B2005/053352
nm and the interface |ayers were made O ZnS-Si O
havi ng a thickness of 10 nm _The netallic | ayer was
made from Ag having a thi cknéss of 100 nm The
plcmpéqﬂs’tﬁes%qﬁtg %egp{/&yiﬁ bR VLS PRAT gy S Al éx;pﬂgr #hddd 188 cross section

initralize rror to na terlng Sever wite
throughtlat ieige st thablackbem i esdangi the digestiog obrecoudingyibearrows in the

strate e pul ses for a
UPPER an(ﬁtth gvvlyer re‘%rﬁ gtla%nsg’fﬁlg? ﬁ%{ glr%%l%ntgﬁ\é@ %annel bi t
| engt h FEgurSBQ;hbwsandieﬁ:ﬁﬁaﬂAﬁr eritteech 4 mavted stubsamamshxgwssecond
marks in fhe el stalllne I aye sc has
laser paygy %ﬁ?@&ﬁ% O T AT g SR T R e ‘a’aatfl'é - Bribiss
expeAnGAL 8 hibdet RFif Iawei {5 @PpIA, fanids LIEV =s10LSH hadRer USbWGh&
first laser power accordlqg to the present invention

amorpRoys,gars prtendtathe sepndesording &wer 2Rl Wik Sapbe decogmized in
o S i S PRLoAR i 8 Bt e s
of a funfdes sdahpomd thovmpet ﬂepmsenmloy 1sm058-s¢ah¢astham$1aﬁle iimageadong the
blaclﬁﬁﬁ? ;[g gf %rtga %%«%{]zteg kﬁ ;fpé?ﬁ Cr$ntAs eX Pa(l:tgégi l{gé\?eqt_llle a%g’orptlon
deca{zNM ﬂepfth UT}ferdﬁ)retthemeltm #18a insthgupren recnrdﬁdgeldy_emrlargalr than in

thl u(rleiahg. %P elsacLosssctlon

c QKT SR G PR B PRIy ey SHSRE FHBROR TS 8RS e

crystglhrz@cﬁd SMhOprelBEY WHifih aﬁ&?b&ﬁﬁ%léﬂ th the Qeétﬁﬂ@ﬁar@ﬂﬂthe mark,
| ower representations point to corresponding

an efﬁw Prashasrhegi plseryed Favro Bstahpse- %ﬂgee‘?lﬁtewlﬁ P e i secording
Velo{{gés: e wHRRIdWA - h‘i‘l@zaﬁo& %e BRWEHhAEGPLaGh Mk lower

resent I n ntlon Int f erent
recondénglem ng smhallendut has atsmléar@hmr Thrﬁe\ivndth ef the ghark apibietleading part

is sn% I t #bm tﬁﬁ,&gﬁ( T re’corr&%l ths case, AL ge-%&%?ﬁ?zr?&ig? \%e}g?%

exte he second T
com;&lSte\bﬁishrevdflﬂfﬂieaﬁ{g JLE ) crfelamgsm‘km thei lawelhecdrdrmg layer. The trailing

resent ations of Fiqure Aga
part 8} BBEhct s peetart g aesshiioh By piick bRl e-ssplized Afer
devefdpaidnt, aRGollBRI piPRETaidsePr esentation is a cross-section
t hr ough_t he |nage al ong the black |ine. The pits are

char actiigyrg dhpyys 2p enfapedimage ahwpit waittey putky the geenmd dassr power.
The E%% 8088 rsﬁ’atlfomegf?rfge}}ﬁ% Wi § BrndQRIcH is SHRMEH I & pith BBtained at low

ten area in the upper recordlng l ayer is’|arger
write praver Fhis msarlSdhaé ther depthrdsemaplesdethickmess opthe fiest F%ﬁordmg and

unm?vgzhgpghggwﬁggrphous marl cs cause recrystallization
Oaf: . . .

€ previouSly witten anorphous material in the
| eadi ngFipaets shéws héatarpathem anitted 6ree masﬂaastubhaatetr&eording to the

observed for toQ fast se-Cc e.materi o.r to
presqRE PGB B THG U BFBLT BB EHS (E TR tanion i a W¥fice scan,
the 1éferetrpfeé§ﬁtaﬂldﬂ iZ alctoRQ st bn ﬂﬁodghltﬁdi‘ﬁght Thgscanticp Hansd &n€ i the
| ower recording layer is_snmaller, hut has a

radiad figpqtigp. Apaipehe oclevgl ARt it Habknt ke Betmaalgrernony Hgymmetric
in th? Edlrdial e TR hﬁ{ch EAAfnd fhe taF%%n&%}?%e ﬁﬁ%%hﬂg layer. In

case, re-crystallization eads
Figure 6 shows a diagram for comparing a single recordmg layer to a

recording stack according to the present invention with respect to rec ording depth and mark
width. Consider a recording stack in which the phase-change composition of the first
recording layer is similar to that of the second recording layer. The molten area in the first

recording layer is larger than that in the second layer because of the absorption effect. This is
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conpl ete erasure of the leading part of the mark in

the lower recording layer. The trailing part of the
woragok/0421bot h, the upper and | ower recordi ng | BYEIBR003/E53352

hardly re-crystallized. After devel opnent, a two-Ievel

pit remains. Figure 4 shows ap enl arged i mage of a pit

witten with the second |aser”power. The depth of the
111u§tpa"i’éci 19\’1“1&{@9@ hﬂ‘@hi@ﬁ e dafuihfodBlatiV gk WidirSik ShdveH fof Qretc&%mg

pits obtained at low wite power. This nmeans that the

stackepitthtwae2(bmh pbasechange Iiyefsribal arapfeparated iy rasd0 nne iéar@rnigyer. The
maf AT eoP e U TPl SR Mgkl B e QM rcording
layérd)etehlse pf ths @bdorptiou effe¢toThd resultadord 6(f emeintk phase- change layer are

representati . The.r resentation is
alsq e Etaine Br Phpasp At Bl TG AR ol B i THS e
brobd¥sPmaR it Reitted 860 rin{ml%em@‘k beb@nstashgier fok MRatidhs Gber in the stack

radial_direction. Again, the two-level structure is

(z={9 gmp) The car}?élatWrShaw np gl Frsmatian depanieheithick (pOpmrecording
layérﬁglr-lﬁh 1Qinra%ﬁatefn9ﬁ1 withHhe Qxﬁe’éféh@ﬁsﬂ $hd Hlﬁltﬁﬁ?@ﬁ@eﬁ:k Qh thel@ntrary

ow part. Figure 6 shows a diagram for conparing a
shosis yleed madofoditipn| im fhersecapdd deepen ratording lasek Fwottbesdi ng
cal%l?at{oﬁse Pl TRE! tﬁgatl \{f]lg}etﬁg p%goggd hul{lq ?gt%(r;l% :aﬁép%i: ?r(d%e%?er pits can
be mhdlec The h&rlphﬁﬁ@mdhﬁﬂgt%aﬁ(ﬁ&ﬁﬁﬁll réctoodlngiaybh@mfhercsﬁtrolled by using

[ | ayer.is lar, tq.that of the second
e, G F Yo e R | oy

recor di Mehel@dtREhabps il BE Gest aﬁ&ébﬁoﬁd’h@&orﬂﬂlgﬂ&}%rsﬁ@ﬁ @ither be
er because of the absorption effect.

conitrgﬁﬁd bis the rséllizatiqr eshanigm; I thrgrewth YFéOCe%a 0 dheqasg-change
ma{eﬁhﬁh 'tw@seea{dkrewr&ihg 1a'y§r i BRWR slt)%r Mah BEPEAIE SoripRM6n of the first
m phase- change ers that are separated
rec@yhrg lg@r,rﬂw rmqrgqtzﬂhzg@on as/less, thm v pasplkingjing g larges amorphous mark. If
the ree &Slﬁtgl hzgtlon g %&ngrgng(g%% th &ggtgl OLI %XE) 1t* 8{ [{lllg Lflial han
corqibsmrom Iamryeﬁéepmmll a'ﬁgke carbel bbtsmédh rAISD @0 staincashibellavior can be

S s R e R e

expldled THS, intthie cAbe skt tph fp hig@tdhahge Mdteridl @ usell f§Ghddaepérirecording
mar k becones smaller for |ocations deeper in the stack

laygtz =10 nnm). The cal cul ati ons show no mark formation

deep i N faqnfkiHEHaycRAN nd SCLFFHA Qesluﬁ}pﬁ%rm 1880 h &R adcimbiRtion in
agreenent with the expectations. The [ti-layer stack

the gtack pred desnentaatys eondagvritied dauthamaace fibe nimsmhanigﬁ laypys are used as
388 ASGREN i BEPfL Ao Al AL ER e e properis
canrhel dpumliedye masidaznkthe sloppef thapitks. Videpempepwilds deaperipés can be

bt The mark shape in the first and second recording
0 Wﬁvgr can be controlled by using two phase-change

conposi tEqungleafs adil floatRatior¥alot dderis@nbevaiby Sso Bhe@nployed

mark shape in the first and second recarding | ayers
withoy departipgefromshe scope of the invention, which 1s defined in'the accompanymg

claims.
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controlled by the crystallization nechanism If the
grom h velocity of the phase-change material in the
wa@eweonda2tecordi ng |l ayer is much sl ower than theCT/mB20031E53352
conposition of the first recording |ayer, the
re-crystallization is less, fhereby resulting in a
| arger anorphous mark. |If thé re-crystallization is
CLAGORt rol led via the crystallization velocity of the
material conpositions, a very steep wall angle can be
obt ai ned. Al so the staircase behavior can be nore
enphasi zed if the controlled re-crystallization of the
second recording |layer is exploited. Thus, in this
case a faster phase-change nmaterial is used for the
deeper recording layer. The interface |ayers have no
absor pt j N t lation in the
L st ack 5%gﬁ§%§%§$hﬁggﬁ§8%%ﬁﬁ%gh f??gﬁgﬂ%Urthernnre,
t he phasmbshitmiggerl(2§)ers are used as nasks to etch the

underlyi interface er. The ]ayer. thick an

e optd s e Sipe FEEeURL G w0l ik T 1Bk RS e
subsirite 16k0Q6),ahd t he pits. Wth steeper walls deeper pits

can be ohtained. Equjval ent d nodifications not

descri b@@dntslﬁwéamgl4&@%@6&@1@%’[6%@% %fsrd%o@éﬁgébet ferignd
recoldif by di¢163cope of the invention, which is defined in

the acconpanying clains. CLAIMS:. 1. A master substrate
f or optthercordimgdaxtind2cknpempiivieg a ahasgishanga matqrigl, de
6) i ds s ( _
propb 8Lt eshictlo GRERh s SRURH AR FERE Hhaggschange
induemicbygmojectingrifght en thayeordidglpydyet ween t he fir st
recording layer (12) and the second recording | ayer
(16), the recording |ayers (12, 16) conprising a
2. phase- clirngstersilitstratadlaccordifg for dgifr 1,ivigreth hhinteefipeyert(08) is
chem cal agents of which be altered due to a
provgslﬁgQelpzivﬁg%@e@miraa@é@gﬁveb&%f{-ect ing Iight on the
recording |layers. 2. The master substrate according to
claiml, wherein an interface |ayer (18) is provided
3. bel ow tTHhe neasteo pebstrale oeedirding tosglaim ¥, Mgiereipa stqpkeofmepptran 2 2, of
substrate or di | ai erein a stack of n
recoﬁdgrllgr %Yer% a%daa%fspocggedr}gtg%f%éeﬁﬁ% rﬁég}ﬁ 5?V\§@%Jh d associ at ed
interface |ayers i s provided.
4. The master substrate according to claim 1, wherein a heat-sink layer (24) is

provided directly on top of the substrate (26).

5. The master substrate according to claim 1, wherein a protection layer (10) is

provided on top of the first recording layer (12).

6. The master substrate according to claim 1, wherein the phase-change material

of the first and the second recording layers (12, 16) is the same.

7. The master substrate according to claim 1, wherein the phase-change materials

of the first and the second recording layers (12, 16) are different.
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4. The master substrate according to claim1l, wherein
a heat-sink layer (24) is provided directly on top of
WO b@odu2st rate (26). 5. The nmaster substrate aPCDIRMOOTHNS3352
to claim1, wherein a protection |layer (10) is
provided on top of the first recording |ayer (12). 6.
The master substrate according to claim1, wherein the
g. P hase-c hﬁ'@ as@ts@d' {rgde aQJ rcﬁlﬁg tcf ﬂ{uﬁ{ 7, mretuhffle %ﬁgsg r3:‘1313.nge material
recordlng Iayers f e sdne. e master
in thelfisst rexbwliredeysr ¢ Ngs ofca @ktaq mpq_thamkl@rpélaw cthh@e material in the
erials of the first and the second

Saﬁ%@&?@%ﬁﬁ %’ rs (12, 16) are different.8. The naster

substrate according to claim7, wherein the

phase change material in the first cordin
%(12) is I%asfeéélﬁt@]:rat??ﬁ“é)rélﬂgf? ¢lpm Zyﬁ’glgﬁéelrbmﬂage-cﬁange material

in BY8% kdbrdid} 1h@ (BHGPHh JISFQ tH Ean ﬂﬂé?has@%ﬁﬁnge PhateHa®in the
mast er substrate according to claim wherein the
seqondsesodingriger ferial in the first recording |ayer
(12) is of a slower type than the phase-change
material in the second recording |ayer (16). 10. The
10mast er sllisshastt sutatrate radctcm@ng m dhiai TowWherenhthe aieﬂt -tetpperature of the

ph? b?ngp ggag F aﬁ? ﬁ{;é%elg%rf ?yer ﬁ% Esgﬁlg?%tthan t & mel? tetrrI?p%rature of

the'Phlde-dhangeanatiidl én ok stdvad plvasding hgagas)rat er | aI in the
second recording layer (16). 11. The master substrate
according to claim?7, wherein the nelt-tenperature of

11t he phasgGhang @ulﬁﬁrﬁt% rabc?ﬂrdlh@ td &18inf 7, rvﬂ{erd“u?ﬁl@ hehiltO@mbaRire of the
(12 is lower than the nel nggrature of the

Phaskebense matagial méh@ﬁrsarecplﬁhrtgﬂéveé é Hﬁjloi"vébtli%lthﬁ dnqligigaperature of
( hi gh density

e e B e B LR LB, ™ P mast o
substrate conprising a substrate |layer (26), a flrst

recordln ecprding |a
2above tﬁgngﬁﬁﬁfﬁé% &@%nn?g?§%§QEnm %ﬂ%ﬁ%wéﬁw acé™ fé%gz
sulistréik, ﬂhemaexrsubh@té ¢onSprisingeosublittge lagstgR6)( 4 Byst madrdsgdmyed (12)

recor dj t he, recordi | ayers, conprisin
o, SR ATEdR ) FBIVe o SORER BeL B PG FEHE er (1)
betsxteslpth@fﬁrg@ k&Qoffihd Ager! (1 Hind 88cohb @edofliRg Riy&q14)ame iecotdids layers

thereby altering the properties wth respect to

CO@%@%?&%ﬂ“@@éﬁF@egﬁKFﬁb recording | ayers due to a
phase-c h;ﬁg' gl%th%ﬁ c&lﬂg?& ik gfe Fﬁ)\rf &hing héﬁ on%éﬁ%@&@ﬁg q’etyers (12,

produci ng an optic at a c using a relief
16} tirenebly a heingrthel propertionwith eespm tcsclmfm@l ageotsend theubenrdiag dayers

dué Caoﬁhgllser-]tglange 0 recor%&n%l lg?ersl to 11.

13. A method of producing an optical data carrier using a relief structure produced

on the basis of a master substrate according to any of claims 1 to 11.



