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Mast er substrate and net hod of manufacturing a

hi gh-density relief structure FIELD OF THE | NVENTI ON
woheospuexent invention relates to a nmaster Sub®CTAB®05/053355

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
Mastet btatratp mnd asesesl afangmiffaturmgantpel-depatyushef sagctyre

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
FIEINS O $AE INSENTRI$EsS that sone parts of the disc are

bei ng exposed by UV light while the internedjate aJeas

i n bet weéhe pigeenpinventiehislaiesinaprdaFubsiFts a1d R Ia?té%‘? of

rotates n . er beamis gradually
maﬁﬂfalcé“&mtg(% %éé%ﬁitg?&%?gguég@t he disc, a spiral of

alternating illum nated areas remains. In a second

step, the exposed areas are being dissolved in a
BA(K MW@EWNEWGSS to end up wth physical

hol es i ngi ¥ ' r id tic8lWrélesses can,

such as &g@ﬁ sgrﬂgtu%%%aé@%gégfaétg%gi Os? st'({;}}3 5, gfhéf dtgfzoﬂex p olij sed
foreaxanple, Bhasedtas actamyeed fonthé moes-ieplisatimeefuest only swpmore (ROM) and

pr %MS{R%F%} %QI@MIF t(%igﬁ r'elw%{;@?e &gé)\f/%?%sﬁ gﬁg gfaﬁﬁﬁt’%lgﬂ%%{ chgka stamper,
as TBRESARYRafbn SroRSL! RltkBOWh b nfabRribgver se pi t

structure. This N substrate with protrudi ng bunps is
separ at eth ¢anyemtidnal sabicting tadhin nhietesaesiti v ByeTasmacalsd @n a glass

is called the st er. i ' ' . Of
oo B8 b LR B Y FLBERB80 P AR e e
beSdtdused tHabldBE par@ofl tBY Bisc bviettlg dxposdd 1t URTlight nililethe intermediate
material with different index of refraction

arene & betwieeithy pits reporia aneposet Winlethe dissdotaleadadithofocpspd laser
be!fl‘%gg é%?gélﬁ&éléllﬁ@ t&@%}qouﬁér Jdi%r ARt dis@la sgﬁﬁpcff%'lt&glaﬁﬁ( iR fnated areas

pi as the sane order of nmagnitude
re@8ink. 18 askamdatept tie expoiedateas esduming dissdleedsipatsotaglled development

o e TSR SRt SOTREL 3 S b st o
NatR aRIKOM SrelRed REERWBe BEposbd Gieal. NeheQRLEERA 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
Ni substrate with protruding bumps is separated from the substrate with unexposed areas and
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 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 in a ROM disc is
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intensity has reduced to 1/e of the maxi numintensity)

in case of Blue-ray Disc (BD). In contrary to
wonpiem4sriee and rewitable optical master subsPCaiB®)5/053355

the pit width in a ROMdisc istypically half of the

pitch between adj acent data tracks. Such small pits

are necessary for optinmumreadout. It is well known

typidally hROW diegsikhawtvdepadjaoeit daiaaraoha sSachodall pits are neicessary for

opt,tugsey@%gqrﬁsg)fu{ ﬁglts Irv{@i]c}%&?vnégaq I%ﬁ]&]te%h\s/% | g}e%égpix{ }%ag)ﬁa modglatlon i.e. the
cmL ﬂ??tweei’nﬂgﬁgtngﬁltvm&fékﬂ&t of 1RherAy 8 h@siLdaddn r@f‘lcﬁ%eppﬁs

om an ected formthe adjacent 1and pl ateau
deshactivesintanfekaive beadsn ﬂlgh‘araymvékecneéfﬂoac’thﬁm hastpg) and reflected form
Mast ering of a t stru

theaaﬁlﬂﬂ%‘ktl lﬁ‘ﬁj( IélF‘S‘r’a‘ﬁ q:ur% ﬁvélléb]lgff‘%at\émaﬁg‘ggroﬁﬁe%bo& leYelpl cally

requi r eshBisleRneof WiplthtracthRWoith YRy ef ﬁ?&tﬂnbﬁ%ﬂhalﬁthé%dcal readout
for readout. For DVvD masterl ng e Laser Beam

spdeymealbrrequiBR) lagepivitl4 lpwgpwamle@ﬂathaa isvased) fengpapows For CD/DVD

maﬁégag,ghaggﬁe? %e%ilgqc&;dﬁ Egﬂé}'ﬁ' ﬁgf)call{?)&??rgt@s QF%M bv%’lﬁelgxgé;ﬁ oPh13 nm and

nuﬂ’@ﬂ@il %ﬁ&hﬁe o thésdhkctivle RAFBE Na=OEN MértBD ﬁlabtegth\J#déeprﬁ;V laser with
for far-field and 1.25 for liguid.i

257mimwez@gth is iesest ienomiinagion vaithehigh S ina Y- 8&01%@6@ and 1.25 for
llqalﬁg{%fr%ez%gﬁ %‘{a[s@hﬁg)a iy é@%f’?&dfs,o{ %&?gaﬁﬁd(ﬁpﬁBRQ% f&flred to make a

ion I'ona antage o '
stagpey fntheodirtenpbpticat eise génemaimeAhmgdiitisnalhhsadumh@ phva@nventional

phot on effect, The degr.ad t| on ot 0-.sen
ph@t@fﬁg@ﬁﬁ)@sq@ﬂng H‘eth?:) ﬁgpglfga‘ggq otpny (lact 'ﬂmeﬁ%@ﬁé‘%{ 101 ﬁg hetpgloto sensitive
coﬁgmqﬂé l?gtofeglkﬂ%né} orth)B@l S It Sm Qlint P 1L ABHESH The sides of

ry spot SO | the adj acent traces during
thenfottised A inf spot lso uhlumlhetes madaicemtrtmcks duririgswriting pppiés in the central

sure | eads to |l ocal denj of the t
et BRI bR drEa e Begl ToRs De o Dy g oo
indr&AUE bit %Blsgf(pt@ér? 5isd for weduRabh BNcrosili@misdidn| adas small as p0551ble
possi bl e focused | aser spot is required. Another

fodissabvanspays restuirstiofnethe disadyantagd ofl Rhofsesisiapntprials as used in

ent ion erin
R R e S
Dlm%ﬁ%f%@@@ob@ﬁﬂﬁasﬂ%dsab betherironghsidé elizesdgeto ﬁhﬂéong:polymer
t he | ong pol yner chaijns. BEartl cul ar n case of

chgingrin ReNjcukA D g6 Of BYS Qf%R n&rgéWéa lot Bt Bpde! fptaes for
wr\{% 148 @g) G RhrifBe: q@g’r&b(}ﬁ&lt $n§ r s g@du‘é%ﬁésgﬁ%)y 1644

n ess may I on~of
defeeﬁﬂatiah ﬁm@mh@wﬁlghﬂe opttm-prememowd RROMI mtStamdern@brded R/RE data.

recorded R/ data. Acc cen
c oncept, Alfﬁcﬁﬁl%ﬁ'eﬁ?s% WHF’& C%@&%B‘?‘fff’é’?fﬁ el é%n%‘gy 18 FHlcmres can
c&th B bhits o sé n%fxsﬂ&@ﬁﬁstéflﬁg‘&’ltMP PHABRS trfiditih materials can
asetran tron materials can be transforned

beftramﬁorrhed froint the hnluaiwmwtrmn stateatoe differgntistate ealasersipdecsd beating.
Heatmg o? al%rréclzor} lfllgesgacig can, fo1gexample, cause mixing, melting, amorphisation,
phase-separation, decomposition, etc. One of the two phases, the initial or the written state,
dissolves faster in acids or alkaline development liquids than the other phase does. In this
way, a written data pattern can be transformed to a high-density relief structure with
protruding bumps or pits. The patterned substrate can be used as stamper for the mass-
fabrication of high-density of optical discs or as stamp for micro-contact printing. It has been
proposed to use fast-growth phase-change materials and recording stacks for phase-transition

mastering. The growth-dominated phase-change materials possess a high contrast in
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Heati ng of the recording stack can, for exanple, cause
m xi ng, mnelting, anorphisation, phase-separation,

wdeowrmpsxiti on, etc. One of the two phases, thecrmBion&053355

or the witten state, dissolves faster in acids or
al kal i ne devel opment |iquids than the other phase
does. In this way, a witten data pattern can be
disstosdrofasesk the amoiphgiis siehaidtyllinebhak. She arnbdmpheusnbils, obtained by
r ot rudi ng or. pit The t d bstr at
mgg -qpeBehing ogghgpﬁ%@}allf@rmgtﬁ@alnﬁagg?ea ?qrog\geldl 1g§o€qern%at%d %ggventlonal
afthGils &Je%@ﬁ);pﬁny héﬂfldso Q&dhccélK@Hsagﬁ I\‘P{) ORButiIdR zfc‘i)({s like HC1, HNO; and
m cro-contact printing as been proposed to use
Hb 804 -Ryr- mmllmmﬁﬂ ¢heatage! et waikayss wad to edocaihagnark length in a

GBI TR b BT AR CHANEE RRALe Godk e e - pysgization in
QR bafle hit{i&PRlUkiRBniRiR, Rfth Bh&lgﬁm&ﬂéf)ﬂﬁn%@optlcal spot size. In
crystal line phase. The anpr phous marks, obtained by
ﬂneh@thenmgmngldﬂaﬂhﬁﬂwny§ua@tmné material, can be
di ssol ved | n c ir at.ed onventl o%a

devel oper Itj1s %P thsiogen 12&30 Rroyt fa_fate&?atg/ra Sgneept of thermal

nAGlefifig lddﬁﬁ)rﬂﬂg, a d*fﬂé}%nﬁ@aoﬂdﬁé%ck@ dﬁfétéﬂt&éddrdlﬁg in@hddism and a
t he tall of the mark was used to reduce the mar

meghogtdf Writing daghinrsgrh e geopeding stack whishrledds go anlnghqd@a@erehef
of the small est mark, the 12, the re-crystallization
ST tail of the mark led to a crescent mark, with a
Iength shorter than the optical spot size. In this
t he tan ential data density was increased. It is

SH P@étOFoT EHN iENESY on to provide an alternative
concept Oirpl Q@({(mlbjegﬁsa%rg L& b}‘;m t&feE‘gf edhdd Jﬁﬁ@éﬂi claims.
ac m and

recordi ng st erent recor an

Fnﬁhdfratévdbpmenm land)petéireed emtsdirhersts Dﬁthe nmremgon azeccbutl\mh:dalm the

Iea E .a high-density relief structure. SUMVARY OF
PON The above objects are solved by the

f eat Ur es B adcBRIahQASHE QG erfoal fhere iF Hfdvli‘&ﬂ a recording stack for
devel opnents and {)r ef erred enbodi ments of the
1

Obnamemg 2 bighatessityute cﬁﬁé@cume,mmpdlepe md’erﬁftrewrémgslayqrr@n top of a second

acc nce wth the nt.i on
rtidin FP{‘@r étlearS%"rfh&? IS, eﬁn%upé’oﬂ %ﬁy a&ns a¥e lg?é‘r‘dr Bperein, upon
pidjécti Wght of ﬂiéﬂécto‘ﬁdhﬁg la’cyefd & $dcal ﬁﬁfﬁﬁdidﬂg)f |tlﬁ?6/1%bo@llihgt leykers leads to
# a second recording layer, the recording | ayers

nisgisp the bput obelogyl Oéla%gﬂo@ftth@p@pﬁﬁvé withjgancet o chewéml agents of the
ref%:]?den?%fabr&% bh?ﬁ): e}]ﬂgertl&ﬁlc &ﬁ&{tﬂg}er A gerg I’Sdut?%i 2@@'3& able to

I1on O e recor rks on
chdigichlsinseradt vaith eackabthehdndies ofay taheixpd staer it l@allpiobtained. Since the

mru?es sgcgtg hgs? dl%itc]e?err?t gr%lper%%g ?r} rSela(%Ionttct)1 chemical agents than adjacent regions, a
relief structure can be manufactured by applying a chemical agent, i.e. a solvent to the
illuminated recording stack. The recording layers have preferably the same thickness. A
thickness between 10 and 60 nm is proposed. The lower values are proposed for shallow
relief structures, for example, pre-grooved structures for rewritable or write-once discs, the
higher values are meant for high-density pit structures.

According to a preferred embodiment, a heat-sink layer is arranged between
the substrate and the adjacent recording layer. The heat-sink layer, which is generally

provided as a metallic layer is able to remove excessive heat deposited in the recording stack

due to the laser induced heating. Metal alloys comprising Ag, Al, etc. may be used for the
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recording layers. Due to a | aser induced heating the
two recording |ayers are able to chemcally interact
woizods/oezaln other. In this way a m xed state i SPCOaBI0bY053355
obtai ned. Since the m xed state has different
properties in relation to chem gal agents than
adj acent regions, a relief structure can be
hém ik asfet ITee tlhaykxad@pkm agbawetie?0 aad 1 50p@t)tpreferably etween 50 and 100
solvent to the |IIun1nated recordi ng stack. The
Nmecordi ng | ayers have preferably the sane thickness. A
t hi cknes T
val ues. ard R An e AR Ao R BPRE e g gThyer and the
a@l(@lﬁpfeéordpfgdagﬁrD&uﬁ&n&hfen@tmlaysr hay saresws dnaditlestop in order to provide

p# b BT ASptR Alierpi el TS Kot FyergoY B Byl a pl) in order to
QlinERBYths gf fRe gits St dHehi@nil diei;ec@lf[cr l@?@? %éﬁee{smnsmeslc Si3Na,

strat adj acent recording 1ayer.
Ah@gtetcsarﬂ klsctchgssnterfam }alyenssT@thmwsya]pgeg\bp@@gn égmé 100 nm,

c la ble to renpve excessive heat
pggﬁg@?’#’%tﬁ’ef%%ﬁ%g?@%di ng stack due to the |aser
i nduced hﬁ@édrdﬁﬁ tdvE fdthed bleI¥se LaANPYdiBERTa Pbteotion 18/e€ is arranged on
may be used for theheat Sink layer. The thickness

tqpmfghsrep@ﬁmestaconmQronewnMaypr @f@&d@mfy m@@rwé dlrpt W”aFH@FOIVeS in

m ferab | aye
BT g AR OO ARS e DU SRRy migion
of Ayemateil Griad heatirg, hxich doajdemaitiby ajgeiMecase ceﬂitﬁﬁlgal forces
stop in order to provide pits of a defined dept

dpying the setptes of the ARbSTAICEF RIdRs, the peteghion 1ayer gray r'i)&t?tpeh%%to improve
tfg&&&l@é}l&l (g{_] gﬁFerS c‘#@?é 1%851% t&c‘ﬂewﬂﬁ%%%ctqg l'éf%% Blll Ell%d absoEptlon The

ectric ayefs such as ZnS-Si 0O 2,
pRtEdNibn 1428y bt enadaié ZuS0g phototasist, angnhcapcdymersﬁﬂ:e PMMA and
thlckn Ss r.ang

el S AT TR TR Adr B 16 Thab it of eheptegion layer s
ppéfggg ng RAGHSELI on |ayer is arranged on top of

the reécor ng stack. The protection layer is nade of a
mat eri al Theatvewsidn id psﬂmulaely adwantm09@mrrpbtlapm freembeyfiment in

ek intgicact o of Mishadietend Heodie Ty P ged s, e
%éﬁ%&i J)ﬁjlsrﬂ?)'t Pls¥i ARPG3 sntl)gﬁ@ ﬁ&'ﬁ 8f Rlcofdfitt Ialdrb O rather a larger

rces urlng the rotation of the substrate. Further,
nuimberprfcpaes: tandre prayided,rmayas b@baplpib itepreparcidegnes pits it the relief

e BB bR Sho bl LESED b BT BRkoptat ey possivs
séﬁﬁédﬁsﬁm&&c%ﬁ ZnS- Si O 2, phot oresi st, organi c
pol ymer’s ke P and dyes as well as thin netal

sheet's |ifecosding o a peifersedembppiment, ernelstie sgcordiag layers comprises
AR ra%td%(fet (I)tﬁer} rleca(%gmg lgyer comprises Si. Due to the heating of the Cu layer as the first

recording layer and the Si layer as the second recording layer a silicide is obtained that has
different etch properties than the initial unwritten state. It is also possible to invert the order
of appearance, i.e. the first recording layer comprises Si and the second recording layer
comprises Cu. A different etch liquid is then needed to obtain a relief structure of the
recorded stack.

According to a further preferred embodiment, one of the recording layers
comprises Ni and the other recording layer comprises Si. Both orders of appearance as the

first and the second recording layers are possible.
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preferably between 5 and 50 nm The invention is

particularly advantageous in relation to an embodi ment
wonoostus4a stack of n pairs, n > 1, of first BAWIB2005/053355

second recording |ayers is provided. Thus, the present

invention is not restricted to @& single pair of

recording |ayers, but rather a | arger nunber of pairs

can be pripiiatiechossibleaBatianclof tirlrbeorting fayepac@ngiisep €o and the other

pits into the reljief structure. The gairs of r cor?{ﬂg
reeqrdipRdaycE SAPPTIET Y Aaan: besh PEcEYi2RBCATARFE A8 heghitgt and thE second

P [ 18d by interface layers. According to a
reﬁ%@?@?#ﬁﬁ§§ﬁ%g%%nﬁnt, one of the recording | ayers

conpr i sesAddordimglto htilbfirther prefeorediemipotimyant, aemfthersording layers

Si. Due to the heating of the Cu.layer, as the first. .
congeispuPhEd g ghenfreotdiRe lyver Gyiss S USS axene 16 s embodiment
bdgl? ?]?fegs' mpg@:a)f ceds S GistEnd fie 9RloAl RRGrdiR@layBASare possible.

ifferent "etch properties than the initial "unwitten

state. |tAisrdihst potsripreferel ¢mbatimentheneeidbe resording layers

appearance,. i.e. the first recordi l.ayver .conpris
codirisiiit 40g (e ARG SpRNY PHPEPes e Sl HERARPIE both orders of

appedrhfdceithtifshahd Gheisdedrdl febR8inp e8ERctré podiilai n a
relief structure of the recorded stack. According to a

further prhsfiyensigndsparticwerly adwntagesustinselpéemiopnrggnbodiment in
ayers_.c rises. N r.di
whEH e, My e L SRR Bl tayers. Ao
addittbnhhitesREONGer IBEREEH thg rb@yding layes ip assl thipeotitle wre stability to the
al so possible that one of the recording | ayers )
unygin e Coe ratoch dayist Feruld red dowy tg9 EFCOE R fgrapsgatures, which
ar?'betvégfri‘bg@ aRPEL gf,dtgrt erCdnaBRARAANES %&rfa?@r dikf1§bn 2L interface
he second recording [ayers are possible. According to
lagerdtak blpréfemredthickpesftetwesh kaklbdnment, one of the

recordi ng, | ayers conpr.i se i and the other recording. .
| ayor - compoLEes 6 Plares ety B8 HrRShafgoutaeh fisolution
rafth Pésﬁ&rt $o RbaRieRRALRIRRa BBehthBar lekhs BN thelfiiSt 1RE&AREY layer
recordi hg | ayers are possible. According to another
adjacehictortbe marksohuse fite, uroréttenifirstirecarding datien gan b ehasmically removed so
conprises |In and the, oth recording | [ -
thg A DR 5Ty PR IBR AR AR R B T e E AN R BiRte! aheight of he

buss édgaﬁtth@m:khb@ oFeROfIEht FeRomlind lager] Ay efivera ®@plica of this bump
possi bl e. The invention is_ particularly advantageous
stiusture centhion pitowith acleptueawehio thethygkness ofthg fitskrecqrdang layer.

| ayer is g&@@gg _@'o %;Mﬁﬁ?e? %réfg?edférﬁbcbtdilﬂ&g, HE GRS have a smaller

recording Ta
dissolution rate with respect to a particular chemical agent than regions of the first and the

second recording layers adjacent to the marks. On the basis of this embodiment, both the first
and the second recording layers can be removed, leading to a relief structure having the
height of both recording layers. The written marks are the bumps in this relief structure.
According to a still further preferred embodiment, the marks have a larger
dissolution rate with respect to a particular chemical agent than regions of the first and the
second recording layers adjacent to the marks. In this case, by etching a relief structure
having a depth of the first and second recording layers is obtained. In contrast to the
previously discussed embodiment, pits are obtained at the positions of the written marks.
According to another preferred embodiment, the marks and adjacent regions of
the first recording layer have a larger dissolution rate than regions of the second recording

layer adjacent to the marks. In this case, etching leads to a removal of the written marks and
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additional interface | ayer between the recording
| ayers is used to provide nore stability to the
wanweiousam areas. The interface | ayer shoul d breahBmowws3355
at the recording tenperatures, which are between 250
and 800 OC, to then enable the gequired interlayer
di ffusion. The interface |ayer has a preferred
thé Fikst krosdind By @dnleqabiilyh anelicfAaacrt wigh the Iright ef érersecond
enmbodi nent, the marks have a smal|er djssolution rate
reggrdmglash sgpaing wiEhpits ot 1he PaFItieRLel | g%niwrlé‘ﬁ’é fatthan
regi ons t
ks, Ths {EeloR i prFRRks R BB ARRR Lo dlidiment n
wiiieh dfeastadingylayeesrmsredassombskatueh burpk sstpr(mﬂcd for the further etching of
remains, the witten nmarks representi bunps.
e RS, BRTCHIEY R AR OR EV T HC RHBEE of 1 he
first reqfrdifdal@¥eih th@"ih\)eﬂ’é{&{ Stl@eré RPfubtRS [Qf)Vltdei & nk¥Ra of
structure contains pits with a depth equal to the
mamifakumdssa bightdessify relief strciowrelom g nasiee subspgieothd m@tftréubstrate

further preferr nbodi,nen the ,marks h ve.
compggsmg&f FrePhiddhe e PalBake g% TR End B S B Bviaie vers
AYEMppbAGILY § Shiatcdhyd e hidiifdd nthrishe thes f.
recordlng l'ayers adjacent to the marks. On t basi s
of thi s enrbisatimghight dndhdreconsling lﬂgqrs,ath@rebm@dy@és @ddocal interaction of

recaor C
o SR h bR € AR DR o AR B poris wi
redpeet 1r dheingdal argémofacherdchﬂiutgjmsrs; andthis reli ef

structure. According to a still_ further preferred

enbodi merfreatipg ghelipminated masien sypgEate Wits doplvienh herghyeobtaining a
reﬂneitstgmc&&gect to a particular chem cal agent than
regions of the first and the second recording |ayers
adj acent Tie loba interacson isrpattiuuiarblaaél,lcebﬂoy @tlotrl tgmperature rise.

relief structure, hav h of th first and
second r B BVER W’:@ egr? teé %\ngfd r?r%‘glﬁﬂgﬁltoqtlgal data carrier
)i §t£ék£@ 5&1@:@%@ siagdc iRhtioRi tS are obt a. ned
ustlﬁEa ec p(l) tIOI’]SCOf the witten rmrlé% Accordi ng_
an ot her pFlefsernédthentspeitsrefithe inveation il be Appaseijt e
ns of e have a | arger
Wﬁﬁg‘istg‘ieﬂfq ?8’?‘% {hﬁé?ﬂsd%&?rbﬁg%ﬁen%/a%{grsecond recor di ng
| ayer adj acent to the marks. In this case, etching
| eads to a renoval of the witten marks andthe first

BRE&%D@SE@IPE%N OICHHEMRANINGS a relief structure wth
t he hei g e f!i}%ﬁ)%eacsg %n{t C&Bs"y s@ clnat flec‘tr{ﬁ%sﬂﬁ‘ s%étpate according

pits at t pos I ons en rrar

toitﬁé/pmér@mv@tlmbéﬁoMmcésmgﬁvant ageous inrelation to

an enbodi nent in which the recordin S serve as .
mask. Suchgareragiowss ﬁSP%@tkfe%WSo%eCtﬂ(%’etllﬁ%lﬂ{l ﬂépaséqréﬂﬁﬁ&\?e according

to%he gﬁgﬁftl \}eﬂﬁoé@Mﬁﬁﬁcal@%&fa‘éfé'd%é%n@,n interface |ayer
or even e substrat e,

Figure 3 shows a schematic cross section through a first embodiment of a

and elucidated

master substrate according to the present invention after being processed with an etch liquid;
Figure 4 shows a schematic cross section through a second embodiment of a

master substrate according to the present invention after being processed with an etch liquid;
Figure 5 shows a schematic cross section through a third embodiment of a

master substrate according to the present invention after being processed with an etch liquid;
Figure 6 shows microscopic pictures illustrating traces written in accordance

with the present invention;
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In accordance with the invention, there is further

provi ded a nmet hod of manufacturing a high density
woebie@i3xtructure on a naster substrate, the nRETAB2005/053355

substrate conprising a first recording |ayer on top of

a second recording layer, the recording |ayers being

supported by a substrate |ayer, the nethod conprising

the stepsigfre 7RhoWS 6h IARM (dtghic forcet mizroseops) dm&agurement at the
| ayers, thereby inducing a | ocal interaction of

crossing af an‘@f“l‘f‘e‘iv&%‘ﬁ in a&dr PifeeQdgrkask aier Heatpass St gt iquic
| ocal gﬁ'e %fsh5?§ a RUAREHL B5s %(Ittn)nrtﬁﬁﬁgﬁ b é‘&ﬁ“th embodiment of a

chem cal nts the recording layers, treating

midi& substthn madbelihgneshe preset siveatien wfterrbeangspovessed with an etch liquid.
thereby obtaining a relief structure. The | ocal
interaction is particularly induced by a | ocal

DE§€E?1§P@LI©FVP ERRED EMBODIRENHSt her relates to a

produci ng an optical data carrier using a
r ecor di nFigiradkshaws ersdiengpticeress seqsioagbromgh aveaster gubstrate according

oL BRI PR SO BT aaPed 'RIPR TEMSAGS RIS g secton through
a ﬁﬁa@ldéd%t%@ a&%ﬁﬁfﬁg Reghe bedsentnaddntion v febalRERfSRIREH 1ons. The

ure 1 shows a schematic cross
rescgdtngcﬁtaﬁﬁﬂ@ ugmpaseﬂwsﬁrét resegingrlayes 14cnoippiohd seeond freording layer

TR AL R B SRR T 2 o

A6 g1 Merfabe lager utwe@anthe irdvoedihg Iayew 1toh 12 ocaktaitic heat sink layer
|nteract ed regl ons; Figure 3 shows a schemat.i c cros

beswear BA substraiggi fﬁldfth? sacodrissadiay e 1 Zaancepy igierface layer between
th% lﬂg&ﬁld%c%rﬁﬁé Pa& ﬁ[g%ﬁ@thg Iﬂ@at%ﬁ?éﬁgél déﬂ&é §Blto't&ﬂoﬁ‘i fon top of the first

nNg proces an etch ure 4 shows a
reseidapEhyer 10 nassotshewn dor thé sake it sanpimmynth @dtradipnepate the recording

st%ktn]g)[%tfgrvé F%légg%%%é%éggg%eghp %hg gqctgpf{s pg f?lg?(sqxla é(}euggc%modulated laser
b&ﬁﬁf@’&ln@cﬁ& Bﬁt@%ﬁé fopQh it of ﬁﬁ‘e%é&ﬁmtgrﬁéékgkm athbRby ?hducmg a local

ment of st'er substrate according to the
heatieg end thua‘aeluﬂmmﬂy afdueed Intdraggioprbstessndhie mcmdlmt@tkdhaterlals In the

LRI R T e ———
1PARP ENredpBAtRBEy. Mot thatdlso dthedsMenRhs AN @b- SN Bi-Smaa@In-Sn can be

usrgd(;g grsl glc‘)cgrrel'c)ltlvr;efgf tlilre%rlrlt?glt mgtterlglhs(}efstem The recording layers have preferably the
same thickness. A thickness between 10 and 60 nm is preferred. The lower values are
proposed for shallow relief structures, for example, pre-grooved structures for rewritable or
write-once discs, the higher values are meant for high-density pit structures. The interface
and metal layers are used to optimize the laser light absorption and to control the heat
diffusion during writing of the data. Conventional dielectric layers such as ZnS-SiO,, SiC,
Si3N4, ALOs etc. are used as interface layer. The thickness ranges between 5 and 100 nm,
preferably between 10 and 30 nm. Metal alloys comprising Ag, Al, etc. may be used for the
metal layer. The thickness is between 20 and 150 nm, preferably between 50 and 100 nm.
The resulting structure is shown in Fig. 2. Due to laser induced heating marks 16 that consist
of a Cu silicide are generated.

Figure 3 shows a schematic cross section through a first embodiment of a
master substrate according to the present invention after being partly processed. In the case of

this recording stack 100", the unwritten first recording layer has been removed, and a bump
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crossing of a witten trace in a Cu-Si-recording stack
after treatnent with an etch liquid; Figure 8 shows a
weehwrmasilie cross section through a fourth enbo#CTEBL0086053355
a master substrate according to the present invention
after being processed wth an egch |iquid. DESCRI PTI ON
OF PREFERRED EMBODI MENTS Figure 1 shows a schenatic
StAIcOE8 raraihd. Por txunmplg theaunvasitearCisarbs isrratneved eiaretihivgg wah an acid

t he present inventjon before praqcessi Fi qure. :
salwiinns suehastiEN Ry I_é&L OEELS Qe tstiIrBHTe m@h Bﬁh%{_ ciefids may be possivle
a Qﬁtﬁ‘yu?ttaﬁe QSﬁ%%g&lstrQnéJ‘@et@Eéﬁp%t arld™S0BAL SRR oWid #soluble for these

ocally interacted regions. The recording stack 100
etch higuiids.€&hedbuimpssire repoasented by IteywrnttdrOmarkstlépThé height of the bumps

second r.ecor di l.ayer 12. The two recordj.n rs
e o tiflGoe i OB T Gk AREVFSE TR o Biigfiiop structure
cORMBE Bits WRA a WEHIRIGaAD thethRkhaGf HiRy@kt RES MR Tajdte
recording layers 10, 12, a netallic heat sink layer

bet ween t Figusubshtovestaeschamatigicrosresestearpiioughcotedpnshembodiment of a

| ayer .12 and an interface |ayer.between the seco
mp b e PRl b B Tenl Ao gRRE Pph P aSed. Inthe case of
tHRIredREihp @Ack APGT d@fbtéd)ﬂl Fhurehig tHel wigtten 1060 Ahga ladee issolution rate
10 are not shown for the sake of sinplicity. In ord

raer
with respegidpe @ periwulas egerdithag the adikcenbrgiars otthdiengrdipg layers 10, 12.
i ef;. re_ ihnte. t i )
ThGL 50T S 55 PLBGHB RaRL AP el K e 10,12 ken
tdgather with pithet the oeipthahposstiaslof #0markker eby i nduci ng a

| ocal heating and thus_a thermally induced interaction
bet ween t WgUfeet StV srigScaematic Fraseierapst rcr%%t%%ur embodiment of a

maQkt Qe agbr&’ilﬂgltf.ﬂlleﬁﬁ?sﬁh@ilﬁ%htﬁ) _a?t’éﬁ?&aﬂ)}é?%lftl?g)r&&%ed. On the basis

recordi ng mater e recording and 12,
of the perotding btack NoQ"g atrhlf siustwreohdverg sgeptlenfthaseddnd $ecording layer 12

o s RRH B SRS RPN AP LM as o tower
ARSI @iahaPine WitterSBRs bhd HeMRSSrecddindilgfeRess
between 10 and 60 ran is preferred. The | ower val ues

are pr opoBiguref @shostsan exampld ¢fdfaces writtenines Si-€v recording stack. The
exanpl e re-arooved, st.ructur.es ;f.or i |
TR LSRR8 30m SPUSHLAR BB oo
oVerBbwetqBS40 ¥miBitlayk bl H0RESCu Hyer)] Thedahgtewandotygt atated with an

| ayers are used to optimze the laser |ight absorption | )
eighdiquid. Tonwrist spohbadaatidthiof 0@ Law resultinggn WPP Hinhyidgftraces in which

t}tfrg_a%? g%zﬁlnc‘%l V?Q é%l@%%ﬂly%n%%éé{. .;[‘.ﬁe l}ae?g %Ejas ezy %1’2 eﬁ?nple of a well-

write £ irhés €ht dyreied sTiedd, ek ifeSareaDQ s Aekiffeest dptidsictontrast than the
100 nm preferably between 10 and 30 nm Metal allo

URBHSET aEh 2 Abhe rasordimgstackdpd Bd S wsrupsd atlpampst kyer. %ﬁe right image
sﬂpo%ei'n' ex%{il; le{o&' KRS 261 ivﬁ?}%ﬁ&%@?ﬁvﬁov@é@le&éﬁg Bhinwanted bubble

refera etvween
formation in the recording stack; the thickness of the Si and Cu layers was 40 nm. The

unwritten trace is shown at 26.

Figure 7 shows an AFM measurement at the crossing of a written trace in a
Cu-Si-recording stack after treatment with an etch liquid (5% HNO3). The layer thickness of
the Cu and Si film was 15 nm. The image (b) is a surface scan, the image (a) is an average
cross-section of the lower image. The left plateau indicates the written phase (silicide), the
right plateau refers to the initial phase. The image (b) partly shows the formed silicide (the
left part of the image) and the initial recording stack (right part of the image). The

corresponding points in images (a) and (b) are marked with A and B, respectively. From the



The resulting structure is shown in Fig. 2. Due to

| aser induced heating marks 16 that consist of a Cu
weubwirds21ar e generated. Figure 3 shows a schenBCTAB2005/053355

cross section through a first enbodi nent of a master

substrate according to the presgnt invention after

being partly processed. In the case of this recording
otssbAcH stplit is ¢dirludadtiat thenilicideslleft platadiof thel stypd dishalses faster than

been renoved, and a bunpstructure renmins. . fFor exanple .
the pritiglRape, EIFrEiruds Beop ctr‘@%v’@dilvpgﬂ@flgmuwg Thie G et is rather

5 O, R [ U e
exBetided the Cudn cempiendly omsovied age a bmboheli stiffacenentainsdo

Silicon is insoluble for these etch liquids.. T b S

are repr eé‘gH{eefg SWSte}?@gW‘?t{“t EPSSgPH :uggﬁefongﬁ ﬁﬁ’#gglp’em ofa
m{a&@r RYEPse S%@hﬁét’c@ gletpﬁ’ésgftrlﬁé"e?lti_%ﬁ agtglebéﬂSl% Phrtly §FOcdicdIThe

ayer. An inverse replica of this bunp structure . '
recondimg stackpiO0s" piavides thiegrossibiditjutor obtaining arélief lshveiyredfaving a height

he first recording |ayer..FEigure.4 ows_a.schenat i c
obipeds ecoiting GRCTAETGRTRT T & sy e AL ByiRg MRl fimat lead o
maHR VAL S [B86ePHREdIG T atetBarihe $&dkdihp ¥EREs on af t er

being partly processed. In the case of the recording

st ack 100Equigplentsadd medificgtions not dessaibog phqveAnapglrgbe employed

nav | ar ger di;ss t . W LR {: :
w3 BarBpeTigahb R il LR AR BEfedif f accompanying
cligOrding layers 10, 12. Thus, a relief structure can

be obtained that has a height of both recording | ayers

10, 12 taken together with pits at the origina

positions of the marks. Figure 5 shows a schematic

cross section through a third enbodi nent of a master

substrate according to the present invention after

bei ng partly processed. On the basis of the recording

stack 100"', a relief structure having a depth of the

second recording |ayer 12 can be obtained. This is

achi eved by providing a second recording |ayer 12 that

has a | ower dissolution rate than the witten marks

and the first recording layer. Figure 6 shows an

exanple of traces witten in a Si-Cu recordi ng stack.

The traces were recorded at nomnal wite power (a: 15

run Si | ayer and 15nm Cu | ayer) and overpower (b: 40

nmSi |layer and 40 nm Cu | ayer). The sanple was not

yet treated with an etch liquid. The wite spot had a

width of 100 mm resulting in 100 nm w de traces in

which the Si and Cu filnms have chemically interacted.

The left image is an exanple of a wellwitten trace.

The formed suicide, the witten area 20, has a

different optical contrast than the
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unwitten area 22. The recording stack had a 15 nm Cu

and a 15 nm Si layer. The right imge shows an exanpl e
wohomr4snace 24 witten with overpower, | eadi ngCTMB2005/053355

unwant ed bubble formation in the recording stack; the

thickness of the Si and Cu | aygpgs was 40 nm The

unwitten trace is shown at 26. Figure 7 shows an AFM
Chepgefr enent at the crossing of a witten trace in a

Cu-Si -recording stack after treatnment with an etch

liquid (5% HNOG3) . The |ayer thickness of the Cu and

Si filmwas 15 nm The image (b) is a surface scan,

the image (a) is an average cross-section of the | ower

i mage. The left plateau indicates the witten phase

(suicide), the right plateau refers to the initial

phase T r b o

LR of o PPy Sl RE cblaby MM QstPIREFSAKHEL S mprising

stack (riagfixst maﬁrﬁn@flaydn{w)rmgeﬁx of Thecoandrre@sgiog thyey(12), the

0|nt3|n|mages ed with A and B,

fe?@%@dﬁye\%ll’%mg P‘ii1 gﬁ B%‘PS\VQ 12}(%3 i s concl uded
that the S &hd@pogll ﬂ?{)]te %:1 Qﬁ‘%n%e fel?@rcﬁﬂgelﬁ}erg'aslﬁé’eh\(ﬁéractlon of

faster than t e|n|t|a ase, where s in contact
theirédordihglagiers dedds to orarksi (d161) ah th¥ hesiCaf pllmle@hang@ﬁthc hroperties with

rough, which is ed by inconplete
reéﬁ’@&ﬂ QE‘FWP%GD&D‘?&?? r?ﬁ@%@%ﬁ? ution time is
extended, the Cu is conpletely renoved and a snooth Si

surface remains. Figure 8 shows a schematic cross
2.section tHreoeghdmgfstackabcasdiba i elaiv lowhereieshest-sink layer is arranged

oy pare e SLAR bR bR FERR R X" 100

provi des the possibility for obtaining a relief
structure_ havi ng a height of both recording la et[
3.t aken t ogéieregor TPE@?Cké‘*C%WPé\WeBlaW 2pWhgeHy Hintertace layer is

RSB B R B 12

Equi val ents and nodi fi cati ons not descrl bed above may

also be enpl oyed. wi t hout departi fro the sc o .

4he. i rvertIRgRtOHRECH R R PG S e oh PR D laver is

rﬁg b&fﬁn%%r&ordﬁl 4 85Q ding stack for obtaining a
IR

y relief structure, conprising: a first
recordlng | ayer (10) on top of a second recordlng
Ia er t he recor ers bei.n ort
Ssubst r at ﬁhearﬁ‘éqrdtnﬁﬁac liné 1o 6i3BA 1 Bfré §¥° ?fgﬁealfs n=1,of
Padd&c ﬁﬁfg hAN%Es ﬁd&pcal interaction of the
ﬁI(rgerél:or% aye?gé g%afdsﬁ%rg mar ks (16) on the basis of a
| ocal change of the properties with
6. The recording stack according to claim 5, wherein interface layers are

provided between the pairs of recording layers.

7. The recording stack according to claim 1, wherein one of the recording layers

comprises Cu and the other recording layer comprises Si.

8. The recording stack according to claim 1, wherein one of the recording layer

comprises Ni and the other recording layer comprises Si.
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respect to chem cal agents of the recording | ayers. 2.
The recordi ng stack according to claim1, wherein a
woeaic/gsnk | ayer is arranged between the subst PpargBioasi)s33ss
and the adjacent recording |layer (12). 3. The
recordi ng stack according to cligim2, wherein an
interface |l ayer is arranged between the heat-sink
9.l ayer andThichecadingGedetk acemrdingitmglalmay ewhéréid)onedf thheecording layer
recording §tack according to C|alﬁl%” wherein a
commsisettp gnd thgyatherirecogding daye CORPEKS S6f t he recor di ng
stack. 5. The recordi ng stack according to claim1,
wherein a stack of n pairs, n > 1, of first and second
10r ecor di ngThcagenrdingstask avcadihg t6 claifhd, weereimdinegpfsherskording layer
accordin claim5, wherein interface |ayers are
COHHSVF%EB%B{?@&@&?{%@B% CofOMRELE} Afng | ayers. 7. The
recordi ng stack according to claim1, wherein one of
the recording layers conprises Cu_and the other .
1Ir.ecor di ngTheapesrdmgrspack seeorgding tgclaithd, whesioenepisharerording layer

according to claiml,..wherein one of the recording
CORRIEFS ]é”o%éjrtg%g@e ecgllr%n%% “other ?Se%:%r di ng | ayer

conprises Si.9. The recording stack according to claim

1, wherein one of the recording |ayer conprises Co ?nd )
12.he ot herTheggeprdinggtackypepordingp cke@s lswhergm anmggerface layer is

' r.di |3l , Wherein one of

arfiEed et MR TR Ul Qa1 s

recording | ayer conprises Sn. 11. The recording stack

accor di ng{)};o claim erein ope of the recordin

Im1, :
13.ayer ~conphd gerdmg %\y@ﬂ@) RACAING QS hy CI5fR Fhegmarks have a
sng:?fgp ﬁis%ﬁﬁgi\ﬁ?ratél%ith}_ PeltQb %g%iéti’blﬂlﬁ 'i:ﬁé‘tﬁic@lcé‘g@ﬁtdthﬁigrég%ns of the first

alm erein an interf ayer 1s arrange
rebetiveedaydriadjacentso thendakecond recordi ng | ayers. 13. The
recordi ng stack (100') according to claim1l, wherein
the marks have a smaller dissolution rate with respect

14.0 a par t TdHedbrdfipekal 0@Upacoldiantoc@inol) svhefeih B marks have a
first recording |ayer adjacent to the marks. 14. The

smaltep dighelgtien etk withOespeyt taeawrtiiulg chemichlagentthagrgiqnsof the first
t mar ks _hav smal ler. di QN rate with respect
ar{d;tﬁs S%%?P? ey (grr’g %Wg%i aggafcegﬂgtéﬁ]?é r#%ﬂgg regi ons of the
first
15. The recording stack (100") according to claim 1, wherein the marks have a
larger dissolution rate with respect to a particular chemical agent than regions of the first and

the second recording layers adjacent to the marks.

16. The recording stack (100™) according to claim 1, wherein the marks and
adjacent regions of the first recording layer have a larger dissolution rate than regions of the

second recording layer adjacent to the marks.

17. The recording stack according to claim 1, wherein the recording layers serve
as a mask.
18. A method of manufacturing a high density relief structure on a master

substrate, the master substrate comprising a first recording layer (10) on top of a second

recording layer (12), the recording layers being supported by a substrate layer (14), the



and the second recording | ayers adjacent to the marks.

15. The recording stack (100") according to claim1,
woheremuse1t he mar ks have a | arger dissol uti on r aC&1B200$1053355

respect to a particular chem cal agent than regions of

the first and the second recordhng | ayers adjacent to

the marks. 16. The recording stack (100'") according

mdtRoCthprislng Mastepk Bf:t he narks and adj acent regions of
the first recording |layer have a | arger dissqlution

rate t hamrejegingrighhpn thsaeeudingdayess Sisshyginfusyag a local interaction of

ad| i MR8 h MskaPLRGEe of th rti
RS8R oI TS AU BLRG of e propercs
wisiefeyechto ¢hefcH agdls ofAhesdchaiingfaymmparfdact uring a hi gh

density relief structure on a naster substrate, the ..

mast er ~ sdatingithe 1@8?(’5‘?‘?3 A§eR S{‘?SF‘?JEC VER 8 SOhVRY ThQVE?P/ obtaining a

4 op of a second recording |ayer (12), the
]Bé%ggPQ?ﬁ% | ayers bei ng supported by a substrate |ayer

(14), thenethod conprising the steps of: projecting

light on the recaording. | ayers, .thereby induc
1% ocal inte F%?&}fq%dﬁlpé‘?dq“?% %@@%F?}li C?? FNE e ﬁﬁtgsniufime produced
on'TRE Kssid 462 re@Brdit}estRRScSor@ingdo laf¢ 8F cleh@D® Of. the

properties with tespect to chem cal agents of the

recording layers, and treating the illum nated master

substrate with a solvent, thereby obtaining a relief

structure. 19. A nethod of producing an optical data

carrier using a relief structure produced on the basis

of a recording stack according to any of clains 1 to
17.




