;e3ex8u\: 6T8IR T ~ ., , 1 WO 03/ (1 GUHI -4 PCT/ EPO2/s1) 001 Optical data
storage medi um and use of such nedium The invention relates to an opti cal S0

dat a storggesmemblm for recording by nmeans of a focused r agiratphDEoheam
havi ng a wavel ength (err) and entering through an entrance face of the

medi um during recording, at |east conprising: -a substrate, with a surface
i ncluding a guide groove with a depth g, 5 -a stack of |ayers on the

substrate, whi chOpticat datarstdrageemediuan aref dseafisueh magiem of a naterial having a
conplex refractive index nMerr), = nMerr)- i*kMerr), at the wavel ength

(err), nMerr) denoting the real part and kMerr) denoti nﬁlmmm"“mmmll”mary

- part of nMerr), present adjacent the surface of the subs

substantial conformty with the surface, -a transparent |ayer.fgough which
the radiation beamis incident during 10 recording and of a material having
a conpl ex ref ractleemnvemtmn mhtes t@an‘ﬁfitlealldaﬂa'ﬁfmage medmunfoainmrdlagby of a

mat eri al havi n gn&lex refr ctl ve ind havi ng a

thi ckndBeAREATASUSRL B HAYG1E wHEvEoHaRh Md Setering RIER B R
bet weeng, gr gene lﬂf&}'&ﬂuh tr&roﬁﬁﬁgdat?ﬁ "eeibrishify: refl ective |ayer and the

transparen ayer he 1 vent| so rel'ates to the use of such an optical

dat a st orage nedi-ansubstrdt& veith opirfacalindediag atgurcb@ommdwu}mrdepthug;g/ recordi ng

devi ce. An enbodi nen q(%f such (i\ ]t))tl cal ‘“3‘6 e medi umis known from
I

20 Japanese pat en@S dayersopn thgis %ﬁ%%ﬁﬁa ¢S:Regar di ng the mar ket

for optical recordi ucgesst ul
format so far is q lgﬂ%d‘k] rgk%?{n%ém%oﬁﬂgg QSBE% g%%@?lgﬁm?%[}ﬁf

Al t hougiftkihst thamvav,ﬁgthlmnmmbtmgd& teyl [ﬁmmﬂdtmlﬂeﬁktl@meumaghmry(mm has
been predicted since a |on t he act ual diais

still oy pigsent adjagenidhe 81'?%%?*%%@5@&? gb?ubﬁ‘ﬁaﬂa fceflfoeﬁl%Wﬂg@FtSHgfe ASfore t he
most inmportant par %@%ﬁ&;{.tqg*e‘?fdﬁr\éﬁgmw&mﬁe%Atmﬁgg%%a@&&ﬁﬁlﬁ%w Dle

medi a, not for r ket is stil

e. 910 begandmgaind\dfanhatabiaingsd ecnﬂple)drmuomnfdex G- RW- Peywever, the
R-format has been proven very attractive due to its 100% conpatibility.
Next to the Digita&reqadiwlpys @ﬂatWaY@BI@WWWC%Y%WQﬁ’F Bry BRIy a

now Ve KR g e ikt et s PoPu RO Thd h MIERS: daPnafy pogc. The
at t ent i petwasn gidoléR) beingrhtesopgbbétwee thB\x‘EﬂRVibeAa)mﬁaﬁd ﬂieetramspmaitl layers t hat

t he end custoners have becone so famliar with an optical wite-once format
t hat they ni ght atbepventionglperelajes wh? Hesolsuch apoptical datarstoragg mediym s e

forlPOt an op 1caﬁdé:’{ gtoRVé/e 185%11%&%@/?& Hé h&fc£apacity and therefore

IR EVARI
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An embodiment of such an optical data storage medium is known from
Japanese patent application laid open nr. 11-066622. Regarding the market for optical

20  recording, it is clear that the most important and successful format so far is a write-once
format, Compact Disk Recordable (CD-R). Although the take-over in importance by
Compact Disk Rewritable (CD-RW) has been predicted since a long time, the actual market
size of CD-R media is still at least an order of magnitude larger than for CD-RW.,
Furthermore the most important parameter for drives is the maximum write speed for R-

25  media, not for RW. A shift of the market to e.g. CD-RW is still possible, e.g. because of
Mount Rainier standardization for CD-RW. However, the R-format has been proven very
attractive due to its 100% compatibility. _

Next to the Digital Versatile Disk ReWritable (DVD+RW) standard recently a
new Digital Versatile Disk Rewritable (DVD+R) standard was developed. The new DVD+R



5 recording tine because only single-stacked nedia are present. For

DVD- Vi deo read only (DVD- Vi deo-ROM, dual stacked nedi a have a consi derabl e
mar ket shgp®snbysdbal - stack DVD+RW di sk is probably feasi blpgq/digysngr . it
has beconme clear that a fully conpatible disk, i.e. within the reflection,
nodul ati on and tracking specification of the dual -stack DVDROM is very

di fficul j ; N\ fuls TR I Ecedari

dual - ot araptg YRR 5 agi Ve bitpiton 3 o impGRAR b I DVHIRYE IS pOSTUIE pechry

sai d knashaothiciendlcustatnarssiave dgeomeso fumilimewihiad epticad ovrte-@mcp Fasgrab thatthey ack

conprises, a spiral groove in the tran pfar ent substrate and the recording

- layer i dnightagcapy ihipere easily than aseawiifadle I9FMk gani ¢ dye. A focused | aser beam
of sufficiently highidil £R8ohVine Ralf RUUKEmAR e IGRKY cARLRC hRDIEroRtaNGe

in the recording l'ayer. e gui de groove extends 15 across the entire

opti sal rd@rdingttmiabRanstinlysimglct aacked msaddd drg passent. Fpi PAID-Vided read pelyor di ng

the groove is enployed for detecting the radj.al position of the |laser wite
ROM gt shg sBEf

spot f or(BPOfidet bSpah %kPQWiWVFWéOP%E@B paf, g} Walsekye to a
groove, ]§9Pt+§§i/ dtiﬂcﬁs @%a@i  B23bik]I ABweYer! #Ra¥bddome I 18R ARy COMpaIEd. As
aresult o IS, 1ess stringent requirenents have to be i nposed on the

drive antislgukedrithinceheréfleotiégmaedwativn doiderackingespbeficatimdfithe dogitstack DAt a 20

storage nediumrel ative to each_other, enabling.a sjinpler an heape

const r udkOWh i verydliffisul ta éthﬁ\we“o%h%azﬁlﬂba?rawg’ﬂltﬁ‘h@e SHefeas oﬂ%&@ﬁ%@ﬁof t he
| aser, wrj t: LY : t i tected by neans of the

So- ?gl I eﬂga‘%ﬁlg@g’lb%ﬁ:ﬁbg‘rﬁ?gﬁ elﬁ%%tgtlrlgﬁﬁﬁs&o % 9 Thi s net hod enpl oys two

radi ati on-sensi ti via sditlapivar spthal dageidrdge mddupahdguitie plvovb eaprdghatdvehas
been reflected fromthe 25 optical data storage nediumso that the .

det ect orttackewaiprises aspieal RyooYE it grecranspaent yhaTats and thereqarding dayes dspthin e
differenge b t u .S gnal . - Al

nf or et PO St Exp N QbhicTly PR Repa 15 jolh SSuBiotdy KRR oAy qan

groove. prodidtcartopitivully dktgetable chngesiaubd recofiingpéreThe puide@romeeaxtendst
coincides with the center of the groove or the center hetween two ﬁglacent

gr ooMes. acTpss the entise optisal datarsterehipednhauiasamsyallyascysyimlyDpingsceiiiigiept h

of the grooves i.s such at S Lt . i-atel refd.ect ed
froma oreaie Ve RRE P el S A BaRLho b RE b i R a8
QLOOVG Lx%}géﬁﬁlit | @%&&ﬂiﬁﬂg& f&é(dsé’d gbnsdir)b‘eta.ni{\/f@4 ﬁt@e}”tﬁ& girqsox&l;lm;]d} ﬂiﬁeﬂe_rradiflhmsﬂh tionldfi s
phase shi is given by: (err) = -4*~c*n*g/~,, in ich gis e groove
dept h, ntheheitespetzanibesorraeted. A a rasult of Bus, legsstringent regpirgments Baye 1o bepe

wavel ength of ,the radiati,on.used, repy . : ] | i gnal
the. ampl Ieeed 87 ¢ Gy i ReerstnE R Fiosisd e S Rsh AR etk

ref | gyt egofdgl Mddian 9618@%EtoBash ofier,auBling Dsifrpiér agll chéuper achsaiuciion todfel wed ed
fromthe area surrounding the groove. These requirenents are net if the

r ecor di nfprithg/writé apparated. ati vel y thin | ayer of equal thickness both inside

t he grooves and be en.t,he grooves i.s.th i L gi.t al
Versatile D sk Re\/\frpl?eéatﬂl% Hoaf@mi#ﬁheclgieé “Zrlt% ﬁﬁcﬁ(}gn% ‘é% %;ﬁh?c%g"?‘lsengggtﬁ&mgﬁh
can be f gleaRdofie VoeHILE FRBRPULT ONdi¢forddYial@amad Ofhie nihdd @nplogs wocess. |t
has been found that | ayers of specific d){ﬁ; are very suitable for use as a

r ecor di neadiationrseositive getectgrscuraagedn the prthaithe beant gt hasdepen reBertasd fromdhe

Such dye,. be, for exanpl e cy.ani ne co ! . sited
by s%?ncSH’i‘ﬁéat& SLpPRft ’?‘18‘?‘1“‘ Sostaéﬁhiée§°t85sr$8?r}'ﬁ§%§ﬂalw@ﬁ§%gg$@g? gs gﬁ@ ace.
Wien a | ayfictedibedine The daRRbdc@betwech tRE Gut?ﬁ@ﬁgﬁﬂs ePthetab ddfictorstamaige medi um
substrate the grooves are filled partially or conpletely and_the thickness

of the | anfermation dbout the sadialrpositiontnf thy besrspoiariatixg K9 thgemeevs. [ithe eutpyt ger

h h hi ck b h 2. Th
1081 o el ae coRGert Hh et 3P R Vi iRt RO fefbecs
whi ch i s .gpidabethverd Hfo SifeRkrooa8s. atididiffQ8mtial Padiciflg Bithdd eachy wed Dnlieif ween

,the radiation reflected fromthe recording |ayer at the |ocation of a
grooge arnik depth af fhergromfcs isctueh that dle plase slafidetivern theyasiation reflected &pmia y of

1 ach] g SEoqR A BHhaton ar AdetetE ot fref i Rutdii b St 1 BB ket 4
| evel i ng w@ﬁﬁ{ﬁi&’e&?k@fﬂy ar? Fgé%é?ﬂuﬁa%ér. tI‘BE)s:pl{anift iSBEA By: Npen ke bt e

grooves are conpletely ttened out by the recording |ayer, that is the
groove stwhich gristhe growte d2pthp ndberefragtivenindex ofithe isabsttate meteriet andvetheecor di ng

| ayer opposi ng the substrate. i.s could happen fo ery _shal | ow qr.oqy
(dR Q).  ofjthe Fﬁﬁ‘&tl%r‘ﬁé{i gje0o¥ s Eog,an@%ﬁmu& é.f{%?g EﬁgB?aJ tk%é@ﬂh@@? §%
(CD-R) or DVD Recordabl e (DVD+R) di sks, the leveling paraneter ranges from

0.2 to 0.5. For instance, for a typical DVD+R the groove depth is 160 nm
the dye thickness in the groove is 100 nmand the dye thickness on-land is

L A NN ~ - 1 A 7~ N N - A o o o e



30 disk, the grooved sections that confine the dye are pointing towards the
| aser's entry surface of the disk. In the case of an inverted stack, the
grooves agg @3akdabj g away fromthe laser's entry surface; pich/dpphso6fse the
| and secti ons, vvizn ch are in between the grooves, are pointing towards the

| aser's entry surface. Such an inverted stack structure is used for

for the. Lietechlin Rt 450, FREONS R PR Rl artsdtomal so
cal | ed Blthe areysidrakd{ogBhe ghdoivej - st ack designs nay be represented by a

synmbol Ln in which n denotes 0 or a positive integer nunber. The stack at
whi ch the radi ati o hBteaiefuiFemens aregget if fheaecqrfing daysp ésa redatinely this layat ofed

LO, whil l. (o) radi af i 0 e i s.represepted L 1..
L Thus S5 EleAEE 6ol PG el bRt aRlto ot f BRGSERY S e i 1
+ whi chs deDigifal NereigitoDak ReWritdb@uasihich egserathiitmb@y &loyais dséd wHRAQRA Be t NE
"top" recording layer, of a dual-stack recordable DVD disk, as e.g. known

from sai dormsddessumatdeppsifppr bumesns of\bsmitiering prasess. convent i on devi at es

fromearlier notati | i k. clasest . the radiation
source. From now o%%gtbggf ﬂryéﬁ\?\}l%ﬁaﬁeo%%gﬁfggﬁ ?%rgt‘fe%wliag’iles%w?ﬁ/@ﬁ i on
has beenrécevding &er bloweyesroottd optidal Gith sRRigeaRbdifinSabstidty Such@ c(y@'ﬁnay?@

DVR) are tuned to hack on-groove, meaning tracking and focusing on the
portion &9 eXABPi 2 ¢¥anjne e9@PaYnd, sthichcanderdsposited byrspinspating asolitien dbsweh of

h L = d hi i d f i ng.
the 18t ¢ BsiPOha@SE s shBbrat shifhs Yo BuRy o2 A b ikt fhd Prestrbrisl aifisal
f ocusi ng d@tla-st@{i\% Bedvaesubbiige IROS66es alb BllbOpatianik opéorﬁ?lpbéw&cﬂm'thi%kﬁe%

disk and a DVR-R disk is inverted, in which case the reflective layer Is 15
present Béthgdayermhtherleeasioniodghd grpevesaird willgeperply balargentlian the thizkness ldkght

is incid ough a transparept | ayer e.qg.. a,cover,|layer, (in case . DVR)
or a spaggttrweI‘L"lg>Ii/heerg e onﬁescig a5F bﬁ%ﬁ%ﬁﬁgﬁéoggsalé Bsoc %%ﬁ(@d\'m%‘éﬁrf’ﬂ@t %f?tg’ék is
i nvert ed difft@erveSh 1436t thicinesa wiiPisleuio W &Il &6, AP adlifiGR pha@fshifP6ccurs

requi renent that the organic dye disks require In-groove recording, I.e. in

t he pdrt betvesn thenadintion refinstes frena thig rechrdjng layer at itheclocationrafra @oRvedid
on-groove j.s.still needed. 20 This neans_ that for.the DVR syst the radial
tracki ngrasch%lﬂncfebwt?‘g © ?’ﬁé%cr‘?rqr;‘ﬂgéf}y(?BQ}’ethF(YﬂC"b‘Wa%%t&‘E BERRYE- %ﬁsﬁagzt‘ﬁn%lnd

| N- gr 0oV @hAsRishiff §i#8¢ Asdto BditRrentidbir QY is Pt i 1 to
st ack LOgi n ; D\%+R dfjal stacf<enrrledi%@?%ﬁ?&%ﬁ?gggﬁnﬁé@?ﬁ% ﬁéég rive
per spect iwhich drai=sdirs Aaleveling paréraeter mlay elefin¢diast Lo (dee adme/wMWhen Le = 1 the

functionalit‘%ﬁ]has to fgj'il %Igt (int tBe driye n order to detect which type
of |ayer 851° f‘r_é?r?"’sﬂpé YItEREReq QUiRY e rerqrtiag L. Al isihg groqyiei sHustRLis A
have hi prdseritGinly R inl the SdadeTNiRd %Grd{‘ﬁglfta%ﬁsﬁ%ogﬁ% ﬁmkt?é}kermg bl h?

di sks that require in-groove recording. n oBj ect of the presen
i nvent i ohappengoovéryshaltoveo gtdovas (dkat>ag) Hovayer, 30mostipractical cases; ekg. @mpact

descri bed..in t h i h, inclydi | d,. di ng st ack,
wht ch camitloReoigdRs (RSP Socdabin AV RS Gk e e e amrameior ranass
recor di NGofeyLas 0,5TRof i3S ol £ tyRidhl RATHR N'tha GFRAVEABEE iV B nh e djent i on

by an optical data storage nedi um as described-in the opening par acg'r aph,
whi ch i s thibkuestinethe gewdviens 1 0nmtand the dyeahickRéssianoland i 4AGTHERS2(1900( | 1 s

o o BRI 0 G o T b ot B
=0 adelif@dan Bo Reafly¥efh, 4 <R Same tichesd BEAYIWERNH ARG 3 ottREI ON. Lhe

recognition that r a“specific groove dept range an ra specific
wavel engt h of the dmdnatgaoiv dysebhsed speordifig stadl)illekmesdirptocess igeitinigl | ndex
of the re orﬁlié;%fla er, 'th?l@jﬁ]utﬁh_gu” signal .of the groove is reversed. By
‘rever sal ¥ © Yhems py H f, date ag eecgrded jigcqnfiagd Jithin thegregves peasent

tracki ngon e Siftfase bEMR HBbtratdUhichS 5fﬁ%bbggrefg{a¢%$§ﬁ% i.ﬁ.pef’bpﬂklcjlr Dbl from

groove to bet ween groove or Vvice versa. r explanation o t he

‘reveBBal dishethe)gpdaedtseationsithattchefinkethe dyp arcpoinfingtosards the laseey et surface
conmparison, 10..is de betyween the "nornmal " and the reversed push pull
si gnal . ?E gxeﬂgglﬁ _Ilga}q cagg @%Qgr} Hyeyted stack, the grooves are pointing away from the laser's

entry surface; in this case the land sections, which are in between the grooves, are pointing
towards the laser's entry surface. Such an inverted stack structure is used for instance for the

new Digital Video Recording Recordable (DVR-R) disk, which for the blue wavelength



has the advantage that an optical disk-drive that tracks normal stacks
on-groove, wWill automatically track the inverted stack of an optical data
st orage npgigigs@ecording to the invention, in-groove, whi gpq/egyane ai ned
above, inproves the quality of recordgd data in the dye. The reflective

| ayer can be characterized by one paraneter only, it's k~ ~~ -value (the 15

i magi nar ts | tNaNgs_d . The
ormi a Terun b g e BIPGF SE (B0} WA Ces s MY RSTPAL Y o
groove, wsymbellyinf whickad desotes Opirmglositivadntaggrinnaiben Thedtaekak ehadhl e has an
average w dth in the range o 0.7 tines 8 The present idea is

0.3 t
appl i cabF¥IRHPNCHEam %Iflv%k?sfgh%~3L? geeneslotacd isgalledb. whity eachistagk sdnser to the

recor di nQ,4:S¢; i A ~ Of =K] i i VR- BD- R
a1 s oo i R AL 0T R B 6 of il Sety eniel A SefebLp or)
- signaf nayd bé acapesémtiedhidht desipadl dendtdsfhacbivest” eedoedihgldyenandE 1 Bumdtes hed

in Principles of Optical Disc Systems by G Bouwhuis, J. Braat, A Huijser,
J. Pasnaie P EsRoIde Ay @not 3 dualistackapenifabie P ViDydiskkas eagdwmomin fgem saidd,

Bri st ol Jy. 2 i_qr i i ) i ti
AR T e
det ect or witi¢lch0 inas tireesisoktclosest toehe eiditiohsdulct dbmpgdvi o] stabing Mathl ths ®D beam

during scannj n% of the guide groove. In optical disk standard . '
speci fi céP‘?%‘!fﬁ“sa iPRethis conYeRitan hgs bsen reversad e ever.cdk suseeat aptical diskriives ed

par angt er <75 > o U e ' rmll g <IR .- > denotes the
maxi %m é? f gygfo@%{? Ll{‘el;{ﬁﬁél(ﬁo t%adﬁ o(nl %O%’E’%ahglﬁo gsultghagdggébg@eowtglpue of IR
+ | L whepoition dfabeguidp gioove yactirdicaldsytoatié prnelsf Bidease bhhe JatelHght RAMES -

Note that this PP is not the sane as the unnormalized push pull srgnal
denot ed Kgr & g PV thisameanstragking|pnd fpcusingcsr the batter of fiR gropye, formhe new

push- pul | j I i ed stack a function of gr e depth for
Pypt ol DR MR meds (R XEA KR 5T B8 pehbhL e Eo G- PAEEY St B9

| ayer sheygD&Rdughstackvdisicadd MDAR Rhisld @nihberted0in Whigh @hdedfic SEMRMEe iagel ® t he
specified range of claim1l and the other conditions of claim1 are

ful f 191 edresentraefweenthe tecording tayehand the gubsirategandrthe daser lightinincidentthraigh aand

pcr/ eroorerdigin R et BT sh ¥ Lnihr RIS A b &S Ghee YD R aye
or in betduwelaadkh HYE B NhéntBe Blabk & invéktdd the E?ﬁlllll §igﬁ:¥l sRbiIa beaRGErR 4900V e

wi dth may influence the ag}glitude of the push-pul ut | eaves the sign of
t he pushTesyltiof thectegnigerdent slhas dhelpiggnicalye iskpumire Sn-gnetwedecarimgphe se the pt h

f th 1 t 90. i that, in th
br esent SRR i ftete FE S5E B Rpis ke PrebYa R Sbemansll beded
posi g ve Thiswleat thitdor 1D VK RYGdh tl?é/%ti_&m@&ﬁiggfsﬁélﬁd JRAEh %e%eﬁ%ﬁvg%o&e%r

push-pull is found to be positive. Notice t in contrast to the push-pull

of a nor phbsesehgage RWranedissandpiotgroore fonerganicdt-mendias (helsame halds fot going fiolth a

negative _si f.or increasi opve depths. this is a natural,.consequence
of gt he i r%%lgg ?‘é Jo g{aﬁg ;031{1 Pl#C% B%{ &Eg Ftaﬁgmgﬁ@,m. ?J fm 6@% ?Pttﬁﬂi ¥e°8Td“Eg1€“Y€gver t ed
stack hagpefpedtivel thayis alvapy d¥aPRRBRI siifatfdrobbcliselehfa BtidtioRMity Hab td BEpmgr mal
stack. In an enbodinent the reflective layer is a netal |ayer having a

t hi cknesdntgnhe-dide inrarderdo geteatTwhich 4y of3ayer oF mdiphestadkylevelds toebd mkiréssed.| ayer
wll,constitute a met | ayer., which ha he.advant a of a hi.gh reflection
at a2 ertﬂﬂj?{ Vﬁ?ﬂﬁr‘ﬁofh‘fvé’&ﬁ'ésfgthﬁW@aéﬁFé?@ﬁ voﬂlg\}gﬁge KOPRAtRIe WASBE ¢ han
1.5. Sui g@kgqldmcﬁﬁ@ iﬁ\fg?ocﬁ/egecd?&lingAh Cu, Au or alloys thereof. 1 SIn

anot her enbodi nent 0.25 < g* nT/~, and kr,~,, < 0.5. Wien ki,N,, < 0.5 the
reflective layer e.qg. is dielectric layer. In this case the requirenent is
represented by a nore sinplified forrmula. In another enbodi nent 7~ has a
'val ue sel ected fromthe range of 6S0 - 665 nmand k~,, < 0.2 at this val ue
of ~,. The present i ; j I eam
havi ng a wavel engt %Qgqui \%(e)‘}agr?t gfstglgz)rﬁ%%g%%bﬁngﬁﬁﬁbw %é,\%%ts}%@cratllag%’ragteog%ush pul |
‘'si gndl r esadiumg ofithe ldhd desceitiedvirethe iopemiag paeigeaph; inCluShgR@ nvéedregordin®, 5* ARG
+ 12S and, 70 < d <, 130 .. Preferahly 100 nm< g < |60 ryn. Wen g.is

wi t hin t §f3 T‘é{hlgggﬁme gsa%lwdm sfandar ri’é‘ﬁh'QHBllT?qdﬁd’gth astapdard HPFQ rgqoRding as
speci fi eqelRet he DVD+R(W standard. 25 In yet another enbodi nent ~, has a
val ue selected fromthe range of 400 - 410 nmand k~,, < 0.20 at this

val ue of ~,. Futur &hieolgecttis avhicliedins accordancBVithathe B entioie by aa optiex] daad/ or
read out using a.l aser, begm having a, wavel ength hetween e.g. 400 and 410
nm In tﬁtoga%,eaf&%dlklmrds&ﬁ’ﬁdgﬂ tha eneningpmagray Which ischagpiekized in thaldhe i n
nanoneters: 0.5*dRG + 20 < g < 0.7S*dRG + 9S and 30 nm < dRG < 80 nm
Preferably 70 30 nnkg<l110nm Dielectric |layers may be made of a m xture of
ZnS and Si2, e.g. (ZnS)80(Si02)20. Alternatives are, e.g. SiQ@, Ti Oz, ZnS,

N . o . o - T s s



WO 113/111089 PCT/ EP02/~11001 The transparent |ayer of the optical data
storage nediumis at |least transparent for the | aser wavelength. In a

typical exaWBbgsof he substrate is disk-shaped and has a dipg¥gipgssdah; 120 mm
and a thickness of 0.1, 0.6 or 1.2 mmy The substrate may be opaque when the

| aser-1ight beamenters the stack vi a the side opposite fromthe side of

the subsbhllghRie rbiuitdden® dratagillegase the metal reflective |ayer of the stack
i s adj acent tﬁe substrat e. 'lz'his is also referred to as an inverted stack.

An inverted stack 0.35/6.¢: kal"3 o Oukked gifir/d IK0.2MQ .01 kB ) di 845 amthe 0t Gl gr oove

is often, cgnstj tut a_spiral :sha rqove ang is formed in the

subst rat(g“")zg <tdr%r?§§§r€ﬁ@f§§@ﬁmﬂﬂlﬁ%§ﬁg ag‘pl“ag%uf g'6duri ng injection nolding
or pressing. TheserigigpyRionGdBaa odlthefdtakhivieh Yhat rEshebificrbGR depd | ON
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on-groove tracking drive e.g. in DVR-R or BD-R and in the L0 stack of a DVD+R or BD

20  dual stack medium. The push-pull signal may be calculated with scalar diffraction
calculations as published in Principles of Optical Disc Systems by G. Bouwhuis, J. Braat, A.
Huijser, J. Pasman, G. van Rosmalen, and K. Schouhamer Immink, Adam Hilger Ltd, Bristol
(1985). Generally the push-pull signal is derived by subtracting the signals /z and 7; from the
right and left detector halve of a split detector which is present in the reflected light path of

25  the laser beam during scanning of the guide groove. In optical disk standard specifications
the push-pull signal is normally defined as a normalized parameter PP = <I[p—I;>/[Ip + I}]
in which formula <Ip - I;> denotes the maximum difference of Iz — I, and [I + I;] denotes
the average value of I + I; when the laser spot moves radially outwards across the guide
grooves. Note that this PP is not the same as the unnormalized push pull signal denoted by

30 PP (in italics) which can be defined as (Jr— /;). The push-pull PP signal for an inverted stack
as a function of groove depth for typical in-groove layer thickness and optical constants of
the recording layer shows a sign reversal when the depth g of the guide groove is in the
specified range of claim 1 and the other conditions of claim 1 are fulfilled. Similar results are

obtained for different mirror materials and in case of additional protection, interference,
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| ayer 24a is nmade of Ag which has a conplex refractive index 0.072 - 4.4i.
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DVD+R-DL) consisting of two separate substrates with guide grooves.

30 Figure 3 shows the preferred groove depth range (shaded area) for an inverted
recordable DVD-type stack as a function of the dye thickness in the groove.
Figure 4 shows the modelled sign of the push-pull signal as a function of ky of

the reflective layer. The arrows indicate the effect of increasing ky.
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shown. The laser beam enters and entering through an entrance face of the medium during
recording. The medium comprises a substrate 21, with a surface including a guide groove
with a depth g. A stack of layers L0 on the substrate includes a reflective layer 24a of a
metal, for instance Ag, Au, Cu, Al, or alloys thereof having a complex refractive index fim, =
30  nw - i*kw( = 0.072 — 4.4i for Ag at 655 nm). The reflective layer 24a is present adjacent the
surface 24 of the substrate in substantial conformity with the surface. A transparent layer 22
is present through which the radiation beam 29 is incident during recording and of a material

having a complex refractive index fip, = nma— i*kmy. at the wavelength A, nr denoting the real

part and kr denoting the imaginary part of fir.. A recording layer 25 having a complex
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- 10< 1O<ntry surface 28, i.e. L0 is an inverted recording stack.

In Fig.3 a diagram is drawn in which the shaded area 31 indicates the preferred
15 groove depth range as a function of the dye thickness drg, which is the dye thickness in the
groove. The diagram is valid for a radiation beam wavelength of 650 to 665 nm. The dye has
a refractive index of ngy), = 2 to 2.6 and absorption coefficient of kgy < 0.2. The reflective
layer 24a is made of Ag which has a complex refractive index 0.072 — 4.4i,
In Fig.4 modelling results are shown for the sign of the push pull signal PP as
20  afunction of the groove depth g. The sign of the PP signal is normally negative, which means
that a positive value corresponds to PP sign reversal. Curve 41 represents the relation when a
reflective layer 24a (see Fig. 2) is present with a km value of 0. Curve 48 represents the
relation when a reflective layer 24a (see Fig. 2) is present with a ky value of 10.0.
Furthermore curves representing intermediate values of ky; are drawn. It can be seen that for
25  higher values of ky the range where the sign of the push pull signal is positive, i.e. reversed,
shifts to lower values. The modelling was performed with the following parameter settings:
drg = 75 nm dye and ng = 2.5, kg = 0.05, a 110 nm reflective layer and ny; = 1.4. The
wavelength A = 655 nm and the levelling of the dye L = 0.40,
In Fig. 5 a diagram is drawn in which the shaded area 51 indicates the
30 normalized groove depth range g*nr/A as a function of the value ky of the reflective layer in
which PP sign reversal occurs. In fact this diagram is a visualization of the following
equation:
0.25/(3.0+ knp®) + 0.17 < g*nr/h < 0.22/(3.0 + knp2) + 0.45.
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in a claim. The word "a" or "an" preceding an element does not exclude the presence of a
plurality of such elements. The mere fact that certain measures are recited in mutually
10  different dependent claims does not indicate that a combination of these measures cannot be
used to advantage.
According to the invention an optical data storage medium for recording by
means of a focused radiation beam is described. The radiation beam having a wavelength A
enters through an entrance face of the medium during recording. The medium has a substrate
15 with a surface including a guide groove with a depth g, A inverted stack of layers is present
on the substrate including a reflective layer with a complex refractive index fiyy, = nyp —
i*kwn, in substantial conformity with the surface of the substrate, a transparent layer through
which the radiation beam is incident with a complex refractive index fir, = ng, - i*kpy, and a
recording layer of a material having a complex refractive index figy, = ngy, — i*kgy, and having a
20 thickness dgg in the groove portion and a thickness dgy. in the portion between grooves. The
recording layer is interposed between the reflective layer (24a) and the transparent layer.
When 0.25/(3.0+ kyp?) + 0.17 < g*n7/A <0.22/(3.0 + kyp®) + 0.45 and 0.2 < (drg —drL)/g <
0.5 and 0 <dre <Mnpy and kg < 0.5 and 2 < ngy, < 2.6 the sign of the push pull tracking
signal is reversed. In such way the inverted recording stack is tracked properly without

25 modifications to the optical drive and backwards compatibility is achieved,
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recordmg, at least comprising;:

-a substrate, with a surface including a guide groove with a depth g,

5 -a stack of layers on the substrate, which stack includes:

-a reflective layer of a material having a complex refractive index fing, = nyp, —
i*kw at the wavelength A, ny denoting the real part and ky denoting the imaginary part of
fir), present adjacent the surface of the substrate in substantial conformity with the surface,

-a transparent layer through which the radiation beam is incident during

10 recording and of a material having a complex refractive index fity = np\— i*kn,

-a recording layer of a material having a complex refractive index firy, = nga —
i*kps, and having a thickness dgg in the groove portion and a thickness dgy, in the portion
between grooves, being interposed between the reflective layer and the transparent layer,

characterized in that the following requirements are fulfilled:

15 0.25/(3.0+ knp?) + 0.17 < g*np/A < 0.22/(3.0 + kyp2) + 0.45 and 0.2 < (drg —
dro)/g < 0.5 and 0 <dgrg <Mngy, and kgy, < 0.5 and 2 <ng, < 2.6.

2. An optical data storage medium as claimed in Claim 1 wherein the reflective
layer is a metal layer having a thickness dy > 20 nm and g* n1/A < 0.50.

20
3. An optical data storage medium as claimed in Claim 1, wherein 0.25 < g*

nt/A and kwm <0.5.

4, An optical data storage medium as claimed in anyone of Claims 1 - 3, wherein
25 A has a value selected from the range of 650 - 665 nm and kgy, < 0.2 at this value
of A

5. An optical data storage medium as claimed in Claim 4, wherein in nanometers:
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10 8. An optical data storage medium as claimed in Claim 7, wherein in nanometers:
0.5*%dpg + 20 < g <0.75%dgg + 95 and 30 nm < dgg < 80 nm.

9. An optical data storage medium as claimed in Claim 8, wherein 70 nm < g <
110 nm.

15
10. Use of an optical data storage medium as claimed in any one of the preceding

Claims, in an optical data storage medium recording/reading device suitable for tracking of
the portion of the guide groove of an optical data storage medium nearest to the plane of

incidence of the focused radiation beam.




