WO 03/083845 PCT/1B03/01377 1 Optical data storage nedium and use of such
medi um The invention relates to an optical data storage nedi um for

recor di ngwioyw3/osmafns of a focused radi ati on beam havi ng a wawraBengst”?, and
entering through an entrance face of the mediumduring recording, at |east
conprising: - a substrate, including a guide groove with a depth g, the
gui de gOptied dats sieragesmpdismeand use of buchgnetéuref t he substrate opposite to the
entrance face, - a recording stack of layers on the substrate at the side
of the guide groove, which stack includes: - a wite once recording |ayer
of a material having a conplex refractive index fiR=nR - i*kR at the
wavel ength ?, and having a thickness dRG in the groove portion and a 10

t hi ckness dRL in the portion between grooves, being present adjacent the
substrate, - a non-netallic layer of a substantially transparent material,
bei ng present adjacent the wite-once recording |ayer. The invention al so
rel ates to the us@hefnvenddn mhatespd ian abtickhtiatastooagegeediaai fomecording tyt andar d

optical data stpra di um r eadi ng/ r ecor di deyice.. 15 One of the driving
[ hct or s TR HA BEUTLE A NEHRT DG DIIE ¢ Pl enedr  HBd P aFRUEan Splignctat o
capaci t YaceAIf (RS R8E 0 Riridp dbcoddias kat Radi doddprigipsat i | e Di sk Recordabl e nmedi um
(DL- DVD+R) is being devel oped, which wil'l increase data storage. capacity

by al nost a fact or a2@bstrais, mwludinga gurdyDovevshdalspth glithkguide So0B: bring

dual z1 ayer DVDtR ¢ ed.to 4.7 n, a single |ayer DVD+R A further
doub? | ngrSrT Rl SR Iy e BaE Pl e g RrReRE Thovi g to

quadr upl e- st ack DVRréedhg sltieotiasds of Be SAWEHIR) at b Side bE ¥Rl MideSicdved
gquadrupl e-stack nmediumw ||l al so be based on reflective storage | ayers.

Swi t chapthech ggekrigcludesy  t her nochroni c, photochronic, or el ectrochronic, are

less Tikely to be_ gg&ﬁé gﬁéeelgcéﬁ{dhr%lrjlgie? BFa maieaia'l\lﬂﬁﬁné Q@Bm%;\%g r%i?e(c'ﬁ"vé ffaek 1S

often referred to ayer, a a sta conprrses nor e ayers.
The t er g =gt ihky attthe dWaskleagth Aumdhavimperthichmgaldkyin the gomse poftioduad ast ack
DVD+R di sk, it Eas, been r.ec dyes are the t attractive

ni zed t hat S
candPdatBiEkagss feicigribs Pf_gt%g%mesm g B R GrR e AR e HEgHaEr anspar ency
at the recordi nglneadifdalRYS.E004 E'hbsfﬁﬁﬁél%ﬂ?érﬁgax@htsrﬂatfeﬁél, Baihd presdr@ck di sks
dyes will be used as the WO 03/083845 PCT/1’'B03/01377 2 recording material.
Most | i kdjagentftir wtitteordeepmsdingiayek a conventi onal DVD+R stack design
The invention also relates to the use of such an optical data storage medium in
a standard optical data storage medium reading/recording device.
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One of the driving factors in the optical data storage field is the increment of
the data capacity. At present a dual stack Digital Versatile Disk Recordable medium (DL-
DVD+R) is being developed, which will increase data storage capacity by almost a factor
20 twoona 12 cm DVD recordable disk: 8.5 GB on dual-layer DVD+R compared to 4.7 GB on
a single layer DVD+R. A further doubling of data storage capacity can be gained by moving
to quadruple-stack DVD recordable disks (QL-DVD+R). Most likely, such a quadruple-stack
medium will also be based on reflective storage layers. Switchable layers, e.g.
thermochromic, photochromic, or electrochromic, are less likely to be considered at present.
25  Note that the term stack is often referred to as layer, although a stack comprises two or more
layers. The terms medium and disk are used interchangably.
In case of dual-stack DVD+R disk it has been recognized that dyes are the
most attractive candidates as recording material due to their intrinsic high transparency at the

recording/reading wavelength. Therefore, also for multi-stack disks dyes will be used as the



can be used. Miulti-stack designs nmay be represented by a synbol Ln in which
n denotes 0 or a positive integer nunber. The stack at which the radiation
beam arriwe3/083833, i.e. the stack closest to the entrane®eTiiBex13i7’s cal | ed
LO, while each stack further fromthe radiation source is 5 represented by

LL Ln. Thus in case of dual stack nedia two stacks LO and L1 are present in
whi ch dessording @attsiabiMest likely; foopie deepsst stagkp ¢enyentienali DIVD-dhe satkedestgne

"deepest” recording. | r. The LO stack.in a dual qstack DVYD+R use a
i soft PF SepP e e oo g rRe el b Db T R SR AR e
Such analgosisitaeltedtasumbér. RS Shlsatavhict thalhadihti@08éam diemeyist, i Enth€ktalVD+R

di sks, further L2 and L3 stacks are present and the LO and LI 10 stacks
requi r e cosest thihgirarance dacenissallethLGavkitseash stagk furthgr Gromythe Fagletiop sowehiseve
Suf 15 C1 @heseflod ML L IHITHOCndBEPEF duafs@lifmkcta 14,8 Sthtks 1 MGAEEP LA LOR in
transm ssion by using even thinner netallic layers I's not an option
becaus e whigtedesihymritlydametes yhebitophresordinglihymahd €1 delooves the ,“dedpesthi rdcoathsgpar ency

stacks can bt ai ned by conbi nj dyes with.non-netallic reflective

ayer o, 185, Thd] Seoine SieF R VIRRIASERE ARaPTH et e For 't r ol y
usef ul §ét?&|ﬁv@|?a§/b19@.%a a IGYRI Ak 1HRF. BBk 8 BoTURk hRea BhAshisaneotbbyt 6@RL I M zed:
reflection and transm ssion, nodul ation of witten marks and servo tracking

si gnal HawvevendmQbfDVE-Rediskesk furthign LB endibB stacks are pedsentrand i 10 prt bt dabl e
opti.gal di sk (either ,si.ngle-st.ack ual - st o, OF l.ti-stackl .so-called
oot 407 oefsbinlir fFD Hme v RISy valbB ot T e Bt peigR Sl

i nt er nedighhPfrb@tes dépemil gt Lhstacld! [reddasing eled @AighiSiaachy isngdeeashihed. The
pre-grooves result in a phase-difference between light reflected fromthe
gr ooves mgdllicilayses ip ap) anqnbign Peeawse layer hasnqgenpity becgareherableanicgHeygws.
(lands) ..: As . d] : — | ' pL1tudes
on 1 and 15 EARIEAHES Raf be biNindl bl 2Bl GNP SHul Rl BEGI Rl diRe,

di f f r actlegbrs, e\hdielcdaicanirads, wihigesrk knotvhén ihetaet f er ence between the 1 st and
Oth diffracted orders of t 25 reflected |ight results in the so-called
pushpul | si gnal %&‘?FHHIYC% gl dFIY- BHe3 qrE‘EFte_rstrF“éﬁf%!eﬁﬁmg%?%ﬂ%o keep
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two radi ation-sensitive detectors arranged in the path of the beam that has
been r &bt exched tferstavks.he optical data storage nedium so that the detectors

recei ve radi al l 1 fferent rtions of the reflect beam Th i fference
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spot can be WD 03/083845 PCT/| BQ3/ 01377
P amplitudes on land and groove, the?ncoming radiation beam, e.g. laser-light, is diffracted.

When detected properly, the interference between the +1st and Oth diffracted orders of the

25  reflected light results in the so-called push-pull signal which can be used by an optical
tracking system to keep the laser-light spot on the pre-grooves. In practice this method
employs two radiation-sensitive detectors arranged in the path of the beam that has been
reflected from the optical data storage medium so that the detectors receive radially different
portions of the reflected beam. The difference between the output signals of the two detectors

30  contains information about the radial position of the laser spot relative to the groove. If the
output signals are equal, the center of the laser spot coincides with the center of the groove or
the center between two adjacent grooves. Hence during recording the groove is employed for
detecting the radial position of the laser light write spot formed on the recording layer by the

focused laser beam, relative to a groove, so that the radial position of the write spot can be



3 corrected. As aresult of this, |ess stringent requirenents have to be
i nposed on the drive and guide nmechanismfor noving the wite beam and the
optical dwDa3msssenge mediumrelative to each other, enablpcagBes/@stpl er and
cheaper construction to be used for the3wite apparatus. In order for an
optical drive to track properly on an enpty disk, it is essential that the
push- pukdrredseds Agraaesulizaf thist lesst sringeot teguirera¢nghhatisdo ke suposed o the driesad The

reqwre vial ues are .usual.l RES fi inthe standard of t
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si gnal aich dtRerferlablig@a sixiptartand @lieapaecbrisyrudtivn tpbausedifot fierere appattweem | i ght
refl ected from | and and 8%oove Usual ly the 1%ul de .groove, or E?r egroove track
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intensity . can roduce an |caII det ect in.t
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of the groove and the light intensity froma witten part of the. groove 15

nor mal i Zpidaltggoavigan ﬁmrmmﬁr@ﬁt subraratops 1ntgrmagskate laysr and thp gecopdinglayening t hat

B e

exanpl e dah&tctagyrabding siyface Thafocused ldye lighhbeakn, 08 pufficiedgphiphtigendity can
spi ncoat i ng a solution of such a dye on the substrate surface. \Wen a

| ayer ofPrefjuse pg optissily dgteegblg Cbﬁ@eg}r@é%w streating drvgntThe spesiulaien depthum
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trackin V\/nchl different fromt c
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between the radiation reflected from the recording layer at the location of a groove and

25  radiation reflected from the recording layer at the location of a land. This additional phase
shift gives rise to a differential tracking signal which is different from the case in which drg =
drL. A leveling parameter may defined as: L = (drg - drr)/g. When L =1 the grooves are
completely flattened out by the recording layer, that is the groove structure is not present
anymore in the surface of the recording layer opposing the substrate. This may occur for very

30  shallow grooves (g << drg). However, in most practical cases, e.g. Compact Disk Recordable
(CD-R) or DVD Recordable (DVD+R) disks, the leveling parameter L 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 nm and the dye thickness on-land is 40 nm: L = (100 — 40)/160 = 0.375. When



WO 03/083845 PCT/1B03/01377 4 the dye is deposited by a different

techni que such as evaporation the leveling can be nearly zero, i.e. the
sanme t hi cwo@3s83sf5 dye on-land and in-groove. 5 It is an olpCe#aBoanf131h
present invention to provide an optical 4data storage nedium of the kind

described in the opening paragraph, which has a sufficient push-pull
si gnal &heddyg is deastedeby a dbterana fachniaye sychicaseHerPratinnibe lemeling eas; hegieasly

achi eve(}elioni'gc(ﬁé)%ag% | ﬁc%ségggggoﬁ_%g%hgﬁggﬁvgn optical data storage

medi um as “descri ning paragr whi ch is characterized in
that the 10 groove depth g is in the range (X/ 655)*20 nm< g < (Al655)* 140
nmwth X, expressed in WMh. The invention is based on the recognition of
the problemthat for an optical storage nedium according to the opening

par agraph having # ;09hob; L b eREAY. i \4g be
push-gpul | signal gtflggﬂgﬁﬁgét?g&%&%&ﬁgént he vtaﬁudg%ggvlgﬁge}?%g{}/c% ?m%lgt}(og%gl on are not
suf fi ci emdiundef ghedumd desciitheglin ¢heopehmgeparagraphs wihsthdras ashffdidnt pushAmal bet ween

the normalized 15 _push-pull signal PP.(defined below) in case of a netallic
and a nd q?“ég‘f“é‘fql@%443&5‘8“%’25}%9?&3%9%{3&rmre i nportant, for the typical
groove depth of 17@isypjaes Rthchitved MAHcCordanRIwilVRERventibA byah aptidat d4ef | ecti ve
| ayer, the push-pull in the case of dye-on-dielectric stack 1s nearly

zero, whstastes medibmgsdaseribed bt apersng Byegraph.aviiieh jsscharagterizedinl thatithgossi bl e.

The ,gqui [OQVE, .. RO SPihal i tch d
o o iaro et o is BRIl (LRSS0 A £ SP0I sy 003 p R o R G pen,
For DVD the pitchTheiigveafigh Basal &l e Gecddnitioh oF tHe pJhideinhiBat fumareddiegt h X, is

approximately 655 nm For different wavel engths the optijpumrange needs to
be scal tPrageBedipmgcsordmedo thegipesing parpsrannfiaying:s ponympipllicasilestine layenthe t he

opti mum T d * 655) * 140
rim Gen\{g?daél ;hé': ‘ﬂ{as)’;?b‘g ﬁ@% {F&gs\?g)lr?af %&&gggfugg)gl%gy&%%%lg%@ﬁgﬁ %ﬁéat signal s

| R and Isufficiom AhshominghtFigunel 3 Ithefre ischetubstantial ldiffarenaefbetvén thphormatie¢dect or

that _.is present.i eflected Iight.path of the |aser be urin

scarkil ngSh-pal signg MaEeRELEO iy it pbpe N Bt R LGP B s ¢ ne
push- IOU|Eve§'n€lc§i€|imb&1d?ﬁ1rfﬂﬂhlel‘ypi9a¢{gkdm€ d@sthdf 190 AR ise€sh AAsRIBeDWRE <IR -
IL>/[IR + ILJ in which formila <IR - IL> denotes the maxi mim difference of
| R - | L waitinofetaRlicreflectivadayst.abe pusb-pulleindbgecase plidyoon-dRlectriq stedkamnedily | aser
spot noves radi,al | y. out wards across .the .guid oQves.. e that this PP is
36°not vt st mplef el T 988 o B B oAb aREBS o B AGF &%,

i tal i cs)nohblthfemrd ea spiefl)j e d pitsh plaRd prdfembly e af hagagowvidihe igrigpfangs t he
nornal i zed fUSh_ pul |l signal PP for a stack, including_a non-netallic

ref 128ct i Fd)-3 BT mgs Pl ardnEPitenpitth piscpnroxyepely -4 eonEodeVRhS  different
Lo Nevegaget L e TSRkl 5 b ke Ml hgohe L1
t he anpltotbedealed adchedipgigte.g. for A =405 nm multiply by 405/655. Hence the optimum range
for A = 405 nm would be (405/655)*20 nm < g < (405/655)*140 nm. Generally the push-pull
signal is derived by subtracting the signals I and /; from the right and left detector halve of a
25  split detector that is present in the reflected light path of 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 = <Ig—I;>/[I + I;] in which formula </ — I;>
denotes the maximum difference of Iz — I; and [Ir + I;] denotes the average value of Iz + [}
when the laser spot moves radially outwards across the guide grooves. Note that this PP is
30  not the same as the unnormalized push pull signal denoted by PP (in italics) which can be
defined as (/ — I;). The shape of the graph of the normalized push-pull signal PP for a stack,
including a non-metallic reflective layer, as a function of groove depth is considerably
different from the case with a normal metallic reflective layer, which is shown in Fig.3. A

different track pitch and/or groove width may slightly influence the amplitude of the push-



WO 03/083845 PCT/1B03/01377 5 pull, but this effect is considerably

smal l er than the effect of groove depth. Normally the groove is shaped as
shown i n Wog3bsisas whi ch drawi ng the definition of the gro®eandepinri s
shown. According to the DVD+R standard, 5the phase depth of the grooves
shoul d not exceed 90 degrees, this neans that in the presente

cal cul aPPBrRut fHgetfers Fﬁ%&ﬁllde@PfYtWllﬁb?hﬁwhesﬂcf&@ko%gf§ﬂﬁu¢@ﬂbé‘l%@§ﬁ¥ thée. The
recogni é?&gg L5 &%EW?QF?%%&@M 1§é) h\é ﬁmﬁo‘ﬂ%f H6ved th”‘“sd range

of groove s'In case o non- et a ectlve Ia r co aredt
nor mal showge Am‘cordg;mg)t«)\xhe DR stabdardyrthe phaﬂsaﬁepﬂnof dre groovesshoudd abt eicsdds

havi ng metallic reflective | ayer. e advapt age, of . thi.s solution is that
o o SZkeE e Feeks e 1B hTEPried sRlERlRaYs Mg FkPulf 4 e ek
non- get ahbilg be bdiged i ve | ayer becomes possi bl e and that furthernore the

nodul ation of witten marks is sufficient. In an enbodi nent the

non- net al I | c | ayeﬂhersﬁcagnylzebmbiegeeuthnqdmbew gan esodeaddry usiashe Flﬁen‘gi oup of
t ranspar Iastl |IC de HLI n|tr| f SI nd
cor b Gedte Byt fepby i lor SEbERRaRle Sl E I cbp8iEH 1 Ehordle 28 oF ¢

t hey ha\geo@erdebtag i1 y&hm tbll@bnnifoaa@rmnmydendhaﬁ@g aeie@etlhc/faﬂyctsxeabyee O her
suitable dielectric nmaterials are ZnS-Si 02, and oxides and nitrides in

gener al . [hegdyantageas ghip selutionyts thatardiplgusioppl] tiagking op sughes disk heving a seckhm < g
f |
< 133 nm, dnﬂzfnod %e{am%h@%re 19>Fer bEdntR p%sﬁtg@gﬁ%%& hﬂhehﬂgrer{ﬂéjh&})aﬁlh@& kf dr ops

maxi m ze roove range ran nmodul at 1 on
to rel atwrvte:lnynakaislsuﬁ‘amm% Therefore the said range of groove depth g for

a non-netallic reflective,|layer record DVDI e stack i s pr rre
o = e5e |+ In & embedimElGihe RER e fayCr main b GoraES & gt e

shal | ow f%ﬁ)ql\éegsow@f ti%%ﬁmmtldlasﬁt m@donP&la&yonﬁ%ﬁemﬁﬁleabf ¥i@iboh 440 snal I
which wll resul unreliabl € trackl ng. 25 In an enbodi ment, in which),

= 655 nrﬁarltlcffﬁeotf@él@mdl ng layer has a thickness dRG and 145 nm < dRG * nR <

R e A 3 St T

wi t h t hitgansp@éhchabahbid 1@1alnay1§> IstabBel OftheRkuitdbee diele@it M@eAfP aRXIIRSIO, Valdues
apply: dT = 110 nm dRG =80 nm g = 80 nm the dye is an azo dye with nR

= 2.45 Oﬁld@@ae@métldﬁtshegﬁ%ér di ng wavel ength. 30 In another enbodinment, in

1L h X2005% T, 4P 4 RSP LOVEE L, Dk AKRESP0R 2pS St < OFC
t hi cknesis irddortant fdreeliabiegeaddut tira theddodwlatofl ismaxinmizéd dn freefresveatdtpthindaog ment
20 g>125 nm the modulation M drops to relatively small values. Therefore the said range of
groove depth g for a non-metallic reflective layer recordable DVD-type stack is preferred.
For A = 655 nm, it is preferred that 50 nm < g < 125 nm because for very
shallow grooves the push-pull signal PP may become relatively too small which will result in
unreliable tracking.
25 In an embodiment, in which A = 655 nm, the recording layer has a thickness
drg and 145 nm < drg * ng <245 nm and the non-metallic layer mainly comprises SiO and
has a thickness dr in the range 10 nm < dt £ 120 nm. In the preferred embodiment with this
non-metallic layer material the following approximate values apply: dr = 110 nm, dgg = 80
nm, g = 80 nm, the dye is an azo dye with fix = 2.45 —1*0.08 at the recording wavelength.
30 In another embodiment, in which A = 655 nm, the recording layer has a
thickness drg and 132 nm <dgg * ng <220 nm and the non-metallic layer mainly comprises

SiC and has a thickness dr in the range10 nm < dr < 60 nm. In the preferred embodiment

with this non-metallic layer material the following approximate values apply: dr = 52 nm,



with this non-netallic |ayer material the foll owm ng approxi mate val ues
apply: dT = 52 nm WD 03/083845 PCT/1B03/01377 6 dRG =70 nm g = 120 nm
t he dye iwoan/0sssas dye with fiR = 2.24 - i*0.02 at the rec®CuilBgs/01377

wavel ength. In a further enbodiment, inéwhich X = 655 nm the recording

| ayer has a _thickness dRG and 154 nm < dRG * nR < 264 nm and t he

non- net 8ké IOk = Aa pmythe gp is Aeazo dye yidrxiod24sii*0-82 gf the sprerding a

t hi Ckne%éavgl-gnétﬂ the range 1 nm< dT < 20 nm In the preferred enbodi nent
with this non®netallic layer material the foll ow ng approxi mate val ues
apply: dT = | Onmin dR@tler &@Bodimeny irwh2B ArmH53 e, thy eedosdiag lsgzohadye Wit h nR

= 2.24 - i*¥0.02 at t recor di ng el ength. I n anat her enhodi nent. at
east ofUCKHFSt s g Adns{ 264 POV PSEEe e HERHLC 1218 TRy DRSS
subskr ataghorpHifuk S8 (291) an@HAIEhEKAS4R W tHR rangéePhR Od4i €206 RS, BAMKE pFIRS&R1 as g,

the guide groove being present at the side of the further substrate
opposi t embodinent enthrthismendmatallic idyer mpigrihibe follvong ppryoximatkvalvrsiappiyndr - a

further wite onc ecor di | ayer of .a material.  havi a.¢ | e

Fef ract Vi dag e HORIL g PO niihe &V i o dye it 7, 244 S 1T Rathe g o

t hi cknesécoildiRowaRelehghgr oove portion 15 and a thickness d'RL in the
portion between grooves, being present adjacent the substrate, - a further

non-met al | i ¢ | ayedn apothermbodamgnt af legstope AYEEF essording gackas prasentiidiaceitesent

di ' ¢ s ; ; .
e g e SEAR (iR PRARY BRRRE DI Ak n INPRREIRERE BRI
achi eve gaoowgl Heingirasehit atebosidadf the funddir substrateeppesitead thdentraace faet,alhd | ¢ | ayer

i s advant ageous because.a relatively high 20 transmi ssion is possible with
a non- n&b‘gﬁ?rirﬁcqrgf’gé@f’lfwlq r. Especially when using three or nore

recording stacks nQyARL Akt onéA8sRiRY lg‘il‘_yﬁe?‘%‘fﬁri‘ﬁai‘&?ﬂH%iggﬁ%H&ﬁllereﬁmivE
relatively high optical transm ssion. e substrate of "the optical data

st or age indaki filp=irdr ati*k’ e asthe waxelspgth drand heving aghickeass dircon theemroo wepoetiangt h.
For .DVD the substrate.i s disk-shaped and has.a di aneter of .120, 25 nm and a
T Aokl RigREEsh 3t iy e oo AR SR BPPuet oBeife ST hiaes T 83 Bhsb % et
recordi ng stack beiafrtha@ndwkietic pakneensiRensbstriabareaidatehad, baihd her
substrate. The guide groove is often constituted by a spiral-shaped groove

and is fraeseetiadizcenhie Sumther watteronge reeqrdingrlayes b reeqrdingstaek appduding tenpul d

during ir{Hn?rﬁééaﬁil’éirg‘H;%c‘?iivE'?ag% i} BE repdbred TA‘?@% (' AAETE o il ?t%ck flch Eﬁ‘lgt L‘\’/e' y

formed in arep I'on proce a syn I'C resin, exanpl e
l'i ght 30meditmbThe arofitied gon-mbiatite 1agsriesdvaatagbeusfbacdusen ralubady hiigh af ter
iCﬁr ;ng. trl{asn%m?sfsiotnqg p(())s%}bllec \%&th gar;[og-nslétgﬁig%eeﬂergggé gryeré%ggercgialllggwﬁe% utsﬂleg tﬂ)rgg ?)rn thon
more recording stacks non-metallic layers are advantageous because of their relatively high
optical transmission.
The substrate of the optical data storage medium is at least transparent for the
radiation beam wavelength. For DVD the substrate is disk-shaped and has a diameter of 120
25 mm and a thickness of 0.6 mm and a further substrate with a thickness of 0.6 mm, the
recording stack being sandwiched between the substrate and the further substrate. The guide
groove is often constituted by a spiral-shaped groove and is formed in the substrate or further
substrate by means of a mould during injection molding or pressing. These grooves can be
alternatively formed in a replication process in a synthetic resin, for example a UV light-
30  curable acrylate, which serves as the further substrate after curing.
Use of the optical data storage medium according to the invention in a
standard optical data storage medium recording/reading device suitable for tracking by means

of the push pull method onto a guide groove of a standard recordable optical data storage

medium, which guide groove is present near a metallic reflective layer, has the advantage that



standard optical data storage nedi um recordi ng/ readi ng device suitable for
tracking by neans of the push pull nethod onto a guide groove of a

st andar d wewassisles e opti cal data storage nmedium which gecaEaBey@eve i s
present near a netallic reflective |ayer;, has the advantage that WO
03/083845 PCT/1B03/01377 7 no nodification in the push-pull signal

pr ocessinvgné&dificitionrin dge mishiphd sighabprdtesgihg erdirogjcslef/the eecording/gding edvicdhe
push-pull signal_w Il haye a sufficient_value. 5 The invention will be

el uci dat‘é&FqPHe‘ngé’&tpéFhﬂ&;{é‘igPale’ilﬁlaP’%?é‘r‘%‘ﬁl’?@t YdY%-he acconpanying drawi ngs,
in which Fig. 1 is a schematic |ayout of an optical storage nedium
according to the invention. Fig. 2 is a schematic |ayout of an optical
storage nedi um according to the 10 invention having two recordi ng stacks.
Fig. 3 shows the rnal i zed h-pul |l of dye on a.nmetallic (Ag) netallic
refl &ctive |ayer gﬁ‘ﬁ B OI(Hi";éalllllg%Flﬁlclgat(egi“bgeaﬁpéaftggtwlﬁ}]ere*eé%g‘ t(g%lfsus gr oove
depth g a@bo@{pa}, ﬁfg&irawfﬁgs,ﬁh@vhié}ﬁx shows the nornmalized push-pull PP for a 80
nm AZO-dye/ 110 nm 15 SiQ2 stack for three values of leveling L as a
function of the gri®dsasphamagicdayput of gropticahstorage gmedinm atrouding tedhe

nmodul atiiggenl}{lol;lor a 80 nm AZO-dye/ 110 nm Si 02 stack for three val ues of

| evel i ng as a function of the groove depth g at a, = 655 nm Fi.g. 5A
shows the nornal i Zégl 2pis alselmmdticREyduoof & difdicahstdedge ehediunb2cdordigt 6 thst ack f or

threg)oval ues, of leveling L.as a function of the groove depth g at X = 655
nm B PRYentiop hayigaive FEoHiBgFatiSon M for a 70 nm AZO-dye/ 52 nm Si C st ack

for three val ues P‘?%\.Bj S%Q)sitROndmAfiz& FudRGulI VT d9E oh AenAINCY R RARINCI at?, =
655 nm Fig. 6A sho the normali zed push-pull PP for a 100 "nm AZO dye / 10
nm a- Sirefediovk ldyer agdore dieddctres(SoD.)Irelestive tpyer veses graorct depth it X hé5Hr oove
depth g at X = 655 nm Fig. 6B shows the nodulation Mfor a 100 rim
AZO-dye ™10 nm a-Si stack for 25 three values of leveling L as a function

of the groove depthiggtAthdivsthéadrmidlifkd pukhFhIUPE fok aB0SEHAVRD-Ufe/AN 0% Section
of an optical data storage nedium 10, according to the invention, for

r ecokXi n@iOBystask dprstheste values efievalingalipae funstipe ahihg areovsiismin g 2t3g™ Genm.
radiation beamis g 'L?BS&[ov%etfi@}n%ﬂglfaﬁ&%@fo‘?’g‘%'&R%dg)-ﬁ%af 19RR] SRIg! Y 655
ce race (0] Iu

nm and enters throué‘h an entran the ne uring récording.
The nunefor date aadstafleyeliodB)asaffuhdinfod chesgdoedspth g aDL 6%55Hhe medi um

conprises a substrate 1, including a guide rogve with a depth _g. The
gui de groove is pridgett slg{wstqhgngqr@pélzgc?p@q%@tgﬂ%%%r@t’@ P PP/ g npeiC

stack for three values of leveling L as a function of the groove depth g at A = 655 nm.
20 Fig. 5B shows the modulation M for a 70 nm AZO-dye/ 52 nm SiC stack for
three values of leveling L as a function of the groove depth g at A = 655 nm.
Fig. 6A shows the normalized push-pull PP for a 100 nm AZO-dye / 10 nm a-
Si stack for three values of leveling L as a function of the groove depth g at A = 655 nm.
Fig. 6B shows the modulation M for a 100 nm AZO-dye / 10 nm a-Si stack for
25  three values of leveling L as a function of the groove depth g at A = 655 nm.

In Figure 1 a schematic cross section of an optical data storage medium 10,
according to the invention, for recording by means of a focused radiation beam 9 is shown.
30  The radiation beam is a laser beam and has a wavelength A of approximately 655 nm and
enters through an entrance face 8 of the medium during recording. The numerical aperture
(NA) of the focused beam is 0.65. The medium comprises a substrate 1, including a guide
groove with a depth g. The guide groove is present at the side of the substrate opposite to the

entrance face 8. A recording stack 2, 3 of layers is present on the substrate 1 at the side of the



entrance face 8. A recording stack 2, 3 of layers is present on the
substrate 1 at the side of the WO 03/083845 PCT/1B03/01377 8 gui de groove.
The recorwprg/ossatk i ncl udes a wite once recording | ayer PRTABOZN3ZZO dye
having a conplex refractive index nR = 2.45 - i*0.08 at the wavel ength and
having a thickness dRG = 80 nmthe groove portion and a thickness dRL = 32
nmin ttgeiqgcgrm\&nTbsetemmding sgrokdn@sdeswwma onog reeelpidngjlayd:rci of dnewzeldyeg L =

0. 4. wite on rdi.ng laye esent the substrate
T ad adehperie e s nds rigelE S hare R BRRT it ar 3 fmde
of Si 02 thiskdts&8&H 80 AREhE gﬂfé\&@ p8RiRhAng athiblkhesé 83, 33 HintiA®Ke SIRSH b&@heerft 1S
present adjacent the Si0Z layer. The values of the nornalized push-pull

si gnal RFoGyies Whieh ersthspends éma laveling LG= ©6. Bhedwotesmer eesprding lagen2 ismrgsent
val ugs aadjacgﬁ{ftlflé s(ﬁ'bg éte OA?]B&:%?FIL e WiBS cggecgnﬁ %@9&2 2 H{) ]elQal%ca aFéxng re 2 a

schemat i Cross SEC Ion or° anotner e an optl st or age

medi um Zﬂad%cuf@ﬁ(d;i_ iB@rdsentt Tiee grovendi¢poin g =s80sdimWA ﬁnﬂ&-freﬁlmee: misrpaersalhts 1, 2, 3,
4, 8 and .9 denote the itens as ?escrlbed urt her recordlng

stack 2'adjagentithe BiQsdayst. Td’&]"éb’éﬁ? thgdopmzlizsd rpugluagl? ﬁl&{l@ PX anﬁﬁhe mgylagen
recor di ng .8 @6 adi 043 e ﬁ,gwcm VallRs ﬁa{ p%? ck%g ag(g?éaad' ng

stack 2, 3. 15 I'n Figur normal | ze a dye on a
netalllcnmg reflective Iayer and on a dlelectrlc Si 02 reflective | ayer

d d K 80
Vevalli g L'< 0° i byt £ STHEBRE Giass TR B afpih “HRRImeh FE &° Prisaleste 515
X = 655 s'idrﬁge?fﬂ@'dlm 70 &c&émgﬂb%dﬁ%éﬁio‘n&?%oﬂ#ﬁ ReRuérce aniefhlﬁi%wi 8and .
netallic or a dielectric reflective layer is substantia different. It is

even noredinefsohe dems ahdasciigedwith thelwﬁiuélwr rgmbvestd@lpzm%fs prgeninm  used in
si ngl e-| %}' centl?h %her stulf') tr;rgé gl 'Hlec Efsr'dm% tacﬁ&er ntl ?alrr{rﬁle sal%g
push- pulal Rithe case or dye: on- ricestack ’|s né’aﬂy zero and

t r acki ngnaterisibiaditha rébosking Stagk A, i cal I y inpossible. In the follow ng
descrlptlon of figures 4A - 6B the used wavel ength X = 655 nm and NA =
0.655 In Fi gure 4 A0 Frared theenormabized push-pull sigppl Bioef adwormgmatalicdy®/ 110 nm

Si 02 ZQeﬁEcgﬁ% M%F ﬁ(ﬁ)d‘&??ﬂi\éiﬂe'c SS@E rétfe%ﬁbélfzége}ve%s%rgd{z@(ahg@szﬁé c{))rﬁgﬁga oove

depth g is yond rimtHhe nor pul |
val ue PPH&Mmﬂhmkmhesnegemaﬂ(sOlnﬁgdnmﬂlrtgdo— Ol4und dre rpalgperoftheatykelsng. The

e O Rk L5550 B 18 055 D SIS e o
k1 SOOI, S
f or 280 70fon theAm@cd@ovszleptﬂmof 170 nm, used in single-layer DVD+R with metallic reflective
layer, the normalized push-pull in the case of dye-on-dielectric stack is nearly zero and
tracking on such a disk is practically impossible. In the following description of figures 4A —
6B the used wavelength A = 655 nm and NA = 0.65.
In Figure 4A the normalized push-pull PP for a 80 nm AZO-dye/ 110 nm SiO,
25  stack for three values of leveling L as a function of the groove depth g is shown. Note that
beyond g = 125 nm the normalized push-pull value PP shows a decrease and becomes too
low for proper tracking. The same holds for small values of g, e.g. <20 nm.
Figure 4B shows the modulation M for a 80 nm AZO-dye/ 110 nm SiO, stack
for three values of leveling L as a function of the groove depth g. The preferred groove depth
30 g for this stack is 80 nm.
Figure SA shows the normalized push-pull PP for a 70 nm AZO-dye/ 52 nm
SiC stack for three values of leveling L as a function of the groove depth g. It should noted

that PP value stays at an acceptable level until about g = 180 nm. However the modulation M

tends to decrease at lower values of g. Hence a trade off is made between PP and M.



Si C stack for three values of leveling L as a function of the groove depth
g. It should noted that PP value stays at an acceptable | evel until about
g = 180 rwp.o3Mkssever the nodul ation M tends to decrease &CTHBI&I13Val ues of
g. Hence a trade off is nmade between PP%nd M WD 03/083845 PCT/1B03/ 01377
9 Figure 5B shows the nodulation Mfor a 70 nm AZO-dye/ 52 nm Si C st ack
for three val ues dfigurevBlshays Lheasothﬂarti@nd\ﬂif@rmmmmhéezémm e StGistgek Not e

t hat beygan = 125.,nm.t he nodul atiop,val ue sho ecrease and comes
oo 1 on b aes oF IRt E STRRNRoh BF ¥ Bt BB TR ERS B R 2550 nck
is 120 nim the dodildtRnGAlLE s b ldecroge aBd beethddushtoptior pRief f%ad dutl @8e NM
AZO-dye / 10 nm a-Si stack for three values of leveling L as a function of

the grodvefedehermoye denth grier B staskus 13h@mnodul ati on M for a 100 ri m AZO- dye
10 nm a-Si stack r : A CA 49!

ar oogle depth g. m%@r%ﬁgtﬁgggg{ﬁg g glflzfg?ﬁ%\gﬂl?ﬁg %%@%#?é\zggrﬁélmhom a
decr ease-3inthchdonties tabes lobleveling baop&mctieadf thetgrooMealepth@. pr ef erred groove
depth g for this ack is.120 nm shquld b ot e at the .

above- nent i oned e_rSlF‘IEJ%}HF ﬁ_érﬁ‘gwf‘ F}}edg‘?‘l";ztt’é’nﬁtfﬂre? ?Q(ﬂ%‘ﬂ &({)'ﬁy?ébw&ﬁ‘rﬁ}@ﬁi on,
and t hatfo} {hassahlds o &Geli ILE@ a?ﬁﬁcti\bh Ef tﬂé%r@@e‘%lebﬂlhgj.?\ﬁit&gﬂlaggégﬁn@b_t——elrﬁat' ve

enbodi nents wit hout depar g fromthe scope of the appen clainms. In the
cl ai ns, ramthe meduatimoalus Mrsboyk adededse ang becopeasdon lowstes padpat teadiout. Bhe

construed as Limti he. clai m ,Th 5 word "conprising"” does not exclude
thesltf))r espéﬁf(%,rere%gro&vﬁﬁg%t{ig%?!héﬁsé%cé( l%f%oé?mt han those listed in a claim The
word "a" or "an" pgt&met fondsd shefeabovdaasntitkd exbbiidentshBudatsemesthah a

plurality of such elenments. The nere fact that certain nmeasures are recited

i n mut ualmijs thgiinveatiamtand dbas thase skiledinthe ag &4l he ebleig desigremepygltegnative

conbi nat | - - AC ding to
the i nveérﬁlﬁ% gﬁﬁgﬁy g’?)tfﬁ P‘gﬁﬁﬁg@? g f@?g{rﬁgé%&b%né)é i ungb#) %ﬁd@gc\é%{r}lgﬁ%gh%égmﬁéa s of a

f ocused refetinat isigns praed betweargpacnhases gradjtrio) be censthasd ad lrading Tirecl@afhent er s

t hrough an entrance face of the nmedi um dur ] recordi ng.. Th di um at
Ie_as]tg cowfiﬁgwasmgu rat @sc?qdﬁgfmmcgogagﬂsm@%m@ W%rﬁﬁ%r%eﬁ g The
gui de gr 9Q\®aiinS TRE /8D ta"a)r "hiEpreddhgh eldrint AHESTJt Rk Qu@PReDtdsénde @b he
entrance face. A recording stack of "layers is present adjacent the 25

subst r at gluratityt ¢fesuch diemehtst Hee gaiedfectghas comain Tirasweaak réaiet inlmstuallyr i t e once
recordin ayer of .a terial havin compl,ex .refractive index nR,= nR -
RO T T R it S S R e T
and a t hhgkaesdadRkei N the portion between grooves. A non-netallic |ayer
of a substantially transparent material, is present adjacent the wite-once
recoti ng | ayer. Thecogtinginthgdpiention ansontisat ¢asa parage nedies SyrroIdiag Ry g <

(A1655) " med PP focused radiation beam having a wavelength A is described. The beam enters
through an entrance face of the medium during recording. The medium at least comprises a
substrate, including a guide groove with a depth g. The guide groove is present at the side of
the substrate opposite to the entrance face. A recording stack of layers is present adjacent the

25  substrate at the side of the guide groove. The stack includes a write once recording layer of a
material having a complex refractive index fig = ng — i*kg at the wavelength A and having a
thickness dgg in the groove portion and a thickness dg, in the portion between grooves. A
non-metallic layer of a substantially transparent material, is present adjacent the write-once
recording layer. The groove depth g is in the range (A/655)*20 nm < g < (A/655)*140 nm

30  with A expressed in nm. This range achieves a sufficient push-pull tracking signal and a

sufficient modulation of recorded marks.



30 with 2 expressed in nm This range achieves a sufficient push-pul
tracking signal and a sufficient nodul ati on of recorded marks. WO

03/ 083845wBb@3088B@3/ 01377 10 CLAIMS: 1. An optical data CoABEHNIAEd um
(10) for recording by nmeans of a focused radiation beam (9) having a

wavel ength X and entering through an entrance face (8) of the nmedium
during £é&dMBl:ng, at |east conprising: - a substrate (1), including a guide
groove with a depth g, the guide groove 5 being present at the side of the
substrate opposite to the entrance face (8), - a recording stack (2, 3) of

| ayers on the substrate (1) at the side of the guide groove, which stack
includes: - a wite once recording layer (2) of a material having a conpl ex
refractive index 11R = nR - i*kR at the wavel ength X and having a

t hi ckness dRG in the groove portion and 10 a thickness dRL in the portion

bet ween jgrooves, RhgidgpdcAd@&aSMragdndiant (101 $atsdiA@be meandoMORcaRHal | i C
| ayer (3) of a substantially transparent material, being present adjacent

the wri radiginneenmd) baving 3 wyesleqh A apd antating Hirough anrengraage fape(8gobthge dept h
gis in _the ran X/ §55) * nm < g.<  (X1655)* 140 nmw th X expressed in
nm 15 EF’ﬂﬂng%&&%%ﬁm§5§%m§?%¥383p%%3%un1(10) as claimed in claim1l
wherein the non- rekalstra® (1R Yeludisy a gaidslgyoovenyith Sésptiagde guidalgreekect ed

fromthe group of transparent plastic, . silicon, oxjdes of silicon,
ni t r P dePeHE PEFeRI theasids b puhstaatgopResitedo e epgrance fage Gt i cal data st orage

nedi um (10) as cl ah?@c@rdiﬂa&&%&ﬁ{ﬁ?g%?ﬂéy&s oM s%-b?tréf’cggli) SYn‘@\(é%%d%rlﬂttllfb i

approxi mately 655 nm 4. An ata storage ne ) as cfainmed in
cl ai m 3 grodver ehichgtack iRbides:un. 25 5. An optical data storage nedium (10) as

clainmed in clains 3 or 4, wherein > 50 nm 03/083845,PCT/ | B0O3/ 01377
11 6. An optical d&r4"8 959655&0%& ey @d)(% aﬁate?vgihﬁﬁ@giwmexoﬁ&a Vecl ai s 3
- 5, WHRIRIH} £ HiE- 1RGQF S RehveRYEIh Nahld Hadga thivkReH BRS iR gddtie bRioAMnd dRG
* nR < 245 nm and the
10 athickness dg, in the portion between grooves, being present adjacent the substrate,
- a non-metallic layer (3) of a substantially transparent material, being present
adjacent the write-once recording layer (2),
characterized in that the groove depth gis in the range (A655)*20 nm <g <

(A/655)*140 nm with A expressed in nm.

15
2. An optical data storage medium (10) as claimed in claim 1, wherein the non-
metallic layer (3) mainly comprises a material selected from the group of transparent plastic,
silicon, oxides of silicon, nitrides of silicon and carbides of silicon.

20 3. An optical data storage medium (10) as claimed in claims 1 or 2, wherein the
wavelength A is approximately 655 nm.
4. An optical data storage medium (10) as claimed in claim 3, wherein g < 125
nm.

25
5. An optical data storage medium (10) as claimed in claims 3 or 4, wherein g >

50 nm.



non-netallic layer mainly conprises Si02 and has a thickness dT in the
range 5 rim:S dT < 120 nm 5 7. An optical data storage nedium (10) as
cl ai med iwoangsmme of clains 3 - 5, wherein the recordi ngClrapeyoibzs a

t hi ckness dRG and 132 nm < dRG * nR < 220 nmand the non-netallic |ayer
mai nly conprises Si C and has a thickness dT in the range 5nnkdT<60nm 10
8. An omtical dat Amdémicalgitaoiagemedidin @9) ed caimed ihAanpoye ofdaiafs 31 Hi ms 3 -

5, wherein . the recqrding |l ayer has a thickness dRG and 154 _nm < dRG * nR <
264 nm aHETHREC etz haaﬁgvcwﬁm s da@rgr“p%a%gn o B dhas o
thi cknesgndethific 148r FRANMIE cdmpridds SiOLhdHAB Mthidneds dfh tAPHnEak ndRka, &t or age
medi um (20) as clainmed i'n any one of the preceding clains, wherein at

| east on@0mar.t her recording stack (2', 3') is present adjacent - a further
substsrate (4), including a guide groove with a depth g' in the sane range
as g, the guide groove being present at the side of the further substrate

(4) oppogite to 20 éfiRakdtid &bfge frdRin( @) as clatied iMlahhiehe bRERG NY5 st ack
(2", 3") including: - a further wite once recording layer (2') of a

mat er i al Wheasin teg rgCording laer haes thigknpspedrcigé SAnR <dge Ror 230 mat t he

wavel en 2 i -1 ¥ j RTols ' and a

t hi cknegagsqactl]'-l eﬁt&?ﬁe{aﬂ}g lpg)gerr'?lll %ﬂ&%égﬁggeﬁ é§§8§§§§9 é?l%lsgsgdr@ggt%&g ] acent 25

t he subsimmatedr <6@nfurt her non-netallic layer (3') of a substantially

tra %par ent material, being present adjacent the further wite-once
recording layer (2'). 10. Use of an optical data storage nedium (10, 20) as

claimed g n any oneyofsided-30sBr86 BRURE Cl03LiBlairhéd B S dnd8l daR{i cal data
storage nedi um recordi ng/ readi ng device suitable for tracking by nmeans of

t he pushwiputin thetehodinglayerdag a thdekngssodreand fl 54 ngt Adekat dr r€2@t ealahéd theopt i cal

dat & stop age HRAL oS RofhdS SHoRMSs SPall ERYMicRSAS o3 BE hdgeS i <
dr <20 nm.
15
9. An optical data storage medium (20) as claimed in any one of the preceding
claims, wherein at least one further recording stack (2°, 3”) is present adjacent

- a further substrate (4), including a guide groove with a depth g- in the same

range as g, the guide groove being present at the side of the further substrate (4) opposite to
20  the entrance face (8),

- the further recording stack (2’, 3°) including:

- a further write once recording layer (2”) of a material having a complex
refractive index fi’g = n’g — i*k’g at the wavelength A and having a thickness d’rg in the
groove portion and a thickness d’gy, in the portion between grooves, being present adjacent

25  the substrate,
- a further non-metallic layer (3°) of a substantially transparent material, being

present adjacent the further write-once recording layer (2°).

10. Use of an optical data storage medium (10, 20) as claimed in any one of the
30  preceding claims, in a standard optical data storage medium recording/reading device suitable
for tracking by means of the push pull method onto a guide groove of a standard recordable

optical data storage medium, which guide groove is present near a metallic reflective layer.



