Optical recording disc adapted to storing data using
an ultra-violet |aser source The present invention
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usi ng a recordi ng/ readi ng device. Said
recording/reading devi ce conprisks an uItra vi ol et

havi ve the ra f 230 nmto
- B tia et Sxmar g eaiing deBainie b SISy SsuRee it
| ens for focussing the |aser beam on the optica
recordi ng disc. The objective |lens has a predeterm ned
nunmeri cal aperture NA. Optical data storage systens
have seen an evol utionary increase in the data
capacity. Optical storage systens and in particul ar
optical discs are read by a monochromatic |aser beam
which i's fOofiSR&Ent\h@n@dh RRERES hY Eptlc8NEcR cdrh& 16 §i6ring data using
The data capacity of the optical disc is |limted by
t heecording/wshding deviase Said preprdinggradingdayins GemPHIe €7 eltqaafs@ﬁt laser

3&5\2}% Ovtg\ﬁ@a‘{gjt ! ﬁken tﬁlilés) eggf‘%f?ép'nﬁ 319 Q?H THQ%IC rgﬁgtdgﬁce comprises an

n ubjectiuead:nsafpeﬁotussmg tfe lashebaablj cmcthe vlaldabmsordmgﬁlsc -Tha dj&ctive lens

The t ot dat capaC|t optical disc is
E?Sear?ﬁe at aregal e&?“tlﬁ‘g optical spot of the

r eadout and/or recordi ng system By increasing the
nunerical aperture (NA) of the objective |lens and
reduci ng the | aser wavelength (I) the total data

capaci ty wa@pticaFdaeas@tlod 5y66M6 bdelost s dvolitiondds G;cfbase in the data
| =780nm to 4 7 Coyte (DVD, NA=Q. 60, |=650nm, .and
e GEHCES QBSWIétOE@ SY%‘%?%]%’P imppRticpEqptige) dlSF&%fSSfi?ﬂ) y afppuochromatic

BRséBletm! fYicRisolustiatvia Et§dctive Was oslik idke driferda déf%‘élty of the
DVD capacity via optical scaling. The focused | as

b@ﬂ‘iiﬁahél@@ isginitediby die sizg o4 thedpeal B?mh%féh"aﬁP%‘Pﬂ“%‘B‘“F llﬁi%r beam. The
gté%af %lf sﬁélsgﬁ%ﬂéﬁfﬁlﬁlty t}fe%e{v@]\éﬁgh dethe Riged 1826 ﬁ%ﬂt (@rand the

di'ng of he track is the area on t i sc,
i numl@ha@%m@r%hqmct@ lees A ecor ded. Commonly the
track has a spiral shape. The focal point of the |aser
beam has to fol | ot track in order to read or
record information the disc. To this end, a spiral

groove str Upielb®l dafa APy G ein BFANIISN T ustallmldécs@ th&€ike of the
groove- onlgthrecordll;g data are witten in the groove

plopkieehspet g the Fradpi apdipreending sySFPbl at eaux. In this

By increasing the numerical aperture (NA) of the objective lens and reducing
the laser wavelength () the total data capacity was increased from 650 Mbyte (CD,
NA=0.45, A==780nm) to 4.7 Gbyte (DVD, NA=0.60, A=650nm), and even 25 Gbyte (BD,
former DVR, NA=0.85, A=405nm). The BD (Blu-ray Disc) data density was derived from the
DVD capacity via optical scaling.

The focused laser beam must be driven by a control mechanism, so that the
track is accurately followed during readout or recording of data. The track is the area on the
disc, in which information is to be recorded. Commonly the track has a spiral shape. The
focal point of the laser beam has to follow the track in order to read or record information on
the disc. To this end, a spiral groove structure is provided on an optical disc. For groove-only
recording, data are written in the groove plateaux or on the adjacent land plateaux. In this

text, we denote the plateau closest to the incident laser beam the on-groove plateau. The



text, we denote the plateau closest to the incident
| aser beam t he on-groove pl ateau. Thepl ateau fart hest
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i n-groove plateau. Data may al so be witten on both
the in-groove and on-groove plat2aux. This recording

schene cal roo e/ on- rooye ding. Fi
P e D oL SEG TSt PHo 1 el SO g Vs gean. Data may
I e0dd iwtiten bh @oﬂlrtﬁ@ilﬁ-gr&v‘ét&ﬁd bl@@ﬂ%b@ﬁlaﬁé@lﬁ( Q‘hfsrf'@coﬂﬁﬁé‘scheme is
are %bltten in the on-groove or ingrogve plateaux

BNV OPEERAVAFT5gYdingy Fign b FeheFAGRLY FeRrgpEe beth imeroove/on-
o rgvae Q3Brd A tridttadid i Q9% Bbn HRerd ROk HEGALE, Rthe orT %Foove or in-
di stance between two tracks is called the track-pit
( ER)ove PREREY (EERAVAPISK fcenrding), potlypH the rneg@@vmtdmegrovmlateau (in-
d | _
ST EARER S0, G o BOE BB L gl v
focal poi nt Thestragking lerotie thterdifferénce hetweem the desited pogitiorcanid the actual

gf}%ﬁa I@f; th%‘%ﬁ:ﬂnt;n Fl‘{} oEﬁlQ ¢1sBt Beglg T%edeg#?fﬁﬁsﬁ %f' {hgrﬁoecal point is at the

own as

r e:cntmbfnlgﬁ traskdl’ heg)pdeallpamnhas u&d)foﬂ geawr;ttmwhetractkirg dhor signal is
gener a_pushs: pu ba ed on
SEPTREhIb o By Sty B AR e GRRE B B R ar dettors

t Her geﬂexahngmplmh puilisignaldageah thogrbdwe strihetalke. in iBhEr to detect a spatial

R LA b ek SRS 2SS Sl o convr

thbtﬁlhtoﬂ;ﬁhatt Ipesitisrawk radufdinptheb @b doAseq@éntlyige ftd oihben the track
groaqve struc%gﬁe i s characterized by the groove depth
d Juppgrofation Ot thediss o, the groove width LI and the

groove dut YTKgb&ve sEh&uldﬁi tHaldcleARSt B e gﬂou%ﬂdépﬂl cF'tfgs ffank angle 6,
In case of an in-groove alignnment shown in Fi

|thw0%@tw@@rL land theagraeveriutygysley ke definitiesparn @yén ) lflaé’ In case of
r oov %ﬁbkﬁﬁlgnglgﬁt SAHRR YR 1geipttln: ;ﬁ’rchg t?\}é %%E dfhcﬁxt g}cn)g%%corresponds

e groove duty cyéles
oftO thia dragjt pitvheThe graowei d@eﬂi doly theldepthrofithe gmdvchThEI%rOOWh duty cycle is

I B LB AR OB R RRD B, Fh0BR e

an acen eau

omlgireﬂmmes theﬁlepésbdt\eeetnh%r@@ktan@ﬁn idjﬁ:eﬁﬂ.ﬁ]aédualrﬁthé B@tent @efinition, on-
aser. beam

rst s ent
| A Ge i8S e puT obE HESTRLS TGS T St sk PG et eam (e
f @laltefa&)’, 1ragawvef 13 folge pancifaiR subdtasahatieARhét @y from the incident
oove). In addition, the groove shape has also a

kﬁﬂ*?@@JWFgﬁﬁﬁgkt on the local |ight absorption. It

i's, for exanplidtiok M todveQagetas hisdsl4ighiAoMe imRePsthd theal light
scheme, i n t he initial phase of the Blu-ray Disc system

( ehrormtior: 1 {sfos syammatknpwe fioayibe ndiepevorpeordingsehenis in the initial

e’ﬁﬁés@ bl &6 B Hy%@@gysfeﬁp@{eqb@ﬁ sPRENAAR IR lahdarddBoove plateaus
and/?roove défini ti on schenme di st’i nct
exhibifed different recording phenomena. In the land/groove definition scheme distinct
differences between land and groove heating were observed with respect to write power and
thermal cross-write (the phenomenon that marks in adjacent tracks are partly erased by
writing marks in the central track). Groove (in-groove) heating leads to higher write powers
and more thermal cross-write. A proper selection of the groove shape with optimum
performance both with respect to tracking and optical absorption is therefore of utmost

importance for high-quality optical data recording.



di fferences between | and and groove heating were
observed with respect to wite power and thernal
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tracks are partly erased by witing marks in the
central track). Groove (in-groové) heating leads to
hi gher wite powers and nore thermal cross-wite. A
proper selection of the groove shape with optinmum

per f or mancelthodbjectbt the prS@R Givelitnitd pokids @n dpiaPREb@Rhrrier for

absorption js therefo of utnost inportance for L .
hi 53?{1“&5% 3 Y Cli‘.)[ﬁ‘si %Sﬁ?le% E%ta C3RIeiby @r AgPrV reorseern ippptimised with
t hespRetas aadkingdwhddplii abrpioRyi de an optical record

carrier for_storing data, which has a scal ed data

capaci ty foFheigst Byolved by an peficatiacard caspier for Yetingatcharacterized
 &53RAGkralifhck haGd 19 AR RPIHERlceRBS DA 0 32 £F both

i s solfved by an optical record carrier for storing

d agreove latyaant] énr-goede/ iy g@ospiecaldingr Ja skhdraaicteggth df ttgeakltra-violet laser

itch. TP hetween. 0. 55*| / and 0. 75*] [ NA f bo ) )
GrSE B e AR TR o BULIPBEE S BSR4 LB i . WA i gnumerica
waipelteagi fhe objedtive lanks st fot Rlc@dsink AschsetiB&eh 636 the optical recording

readi ng/ r.ecordi ng, data, and ranges bhetween 230 nmto

D0 UG Pungrieg! ?Hﬁﬁiéﬁeif%l?lg%ﬁ%&%ﬁ“@%?nﬁeﬁéuﬁb?séﬁww used for

| ensBlisiag Digelsydies.Us NARQ. 85hR tha e, 6 i@t Sk BRlius RO, i.e. the radius
og&a&al recordi ng disc. A typical nunerical aperture

f

e iGN Byjol dheilessr snokbasclecisaet toalde efify My m gigpsity, of a
I %&st&h SvifR! 266 Blﬁ@%ﬁﬁﬁﬁﬂm viide SMs g’é‘n%ﬁ'r&l ok \%ﬁtl%g E)ther three

e effective spot radius RO 1.e. the radi us at
t Haownsystemst(FDoPVithand Bi3kin Teplstl. Ake, e mlaabspdt area diidenticipated

I O o, BT S A K o
otdatrcapdeitg f K0r65Gbysy s aetidEpadtédIor YD Va§dteBDIhé gaideiitlags chpacity is

Al so he rel at.ed ot. are nd. anti ci pated data
c ALY iy ae%“f%‘ﬂfléalgaﬂ-‘}%ﬁ? Ao P o byl pErtE SA=0.55.
(pRO2) is considered, it can be seen that a data

' ' ipated for the I/

| 3
g%’%‘i’ﬂl The ¢&i ned ﬁét al Bhpaci| thotiages ower| Dag cagacity
uner i cal apey el NA=Q. @a)t hapnipr a nunegisal
erture NA= (681{%?)’ Tabl e(gl po r(Ilgizz)e and srgal ed data
b8ci ties of 7Bour | §éherd®si ons 7dpti3cal st drGage

+ 1

YRR 1T g Hushor; e—effective—spotratdtus—RG-S
pout” 100 nm FZ? I:gg% njr% and R&EJ?SS. f4 too smal |
BOK pitch id40pursues,| tshe optvigals spot |wsl | Targely

rerap—wtHhrtheafdipeenrt tra¢ks—and-with wittend
ni-ch may Ieaaééo d%g% obé)teri ()?’épr]én, opt 8% cross
ARy duri ng feggloufpgd [dapa, apRdrS@vere 1egiagii on of
he push-pull trackinglsignal M the other hand, if 3
too broad track pitch is pursued, the targeted data

i1t i i A .dat
SRR e 24l 5 QRS TP Ee AR (APl k.
accept abl e

In conclusion, the effective spot radius R0 is about 100 nm for A=266 nm and

TS0 TOYDMWOR :')‘UJO

NA=0.85. If a too small track pitch is pursued, the optical spot will largely overlap with the
adjacent tracks and with written data which may lead to data deterioration, optical cross talk
during readout of data, and severe reduction of the push-pull tracking signal. On the other

hand, if a too broad track pitch is pursued, the targeted data capacity will never be obtained.



optical cross talk, acceptable push-pull signals, and
maxi mum achi evabl e data capacity is achieved by the
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cross-track (lateral) tenperature profiles for a CD,

DVD, BD and UV systemare given #n Fig 1. Fig. 1 shows

t ross-track (Il ater tenperature profiles for CD,
DC‘% 3 Wae% RFh Wtaslhgesw tq rpigRpng thepmal gEass-wits, ageeptable

h E@hbaﬂ @ro(s§ﬁlkn écdéf)ﬂable pALSASI onall AR irhinB BciBév@ble data capacity is
nor zbcrad with the maxi numtenperature at the centre

ofachig Y&E%Praﬁ‘at prertioa Numerigak simpletions of thergress-track (lateral)
c rt&ﬁﬁer&tﬁ@%ﬁll:ﬁfo@ﬁ a) m@p@% DRtEV SGabe Qre\gntep it B 1.

effective spot size (RO. I's seen that

t enper at ur eigr bﬁhq“é§he§é@ﬁ8érapb(latml)émr@mewfdescfm ¢B, DVD, BD
Fr. fii t

CM S ) SIS AL D s

t mermalicedrivith thermeximpm ienperaire at the cemigi of thegosk Bmcbpfiotted as a function

Y# tﬂgcbrosh QraBE gét@nraaf) Q@&gﬁ‘la@ %g'a?% \{/?ﬁ’\fhe teﬁgltﬁ/? glgc}t Fﬁg RO).

di scs Cross-wri

( par tial) r E4meylstllal ali tsaperanreqiroﬁteer dcsleltmt}khmnag@rﬂﬁeﬁhve. From
AC i.n the, central ck.

Las e%r(g%réj uecsgg th\rN{efhg tlfr? ghtP? G I;[ T8 &g megajgfent track has dropped to 0.2

t eimps lt}wtmm&mumhmperathxe Totiak st akddliaz pbditioh y=@ARer at ur e

200- 3000) . . Th t ture (Tmax) in the o
t(r ack is ;b e%?g‘g))é mi)rfnwgﬁ 1tt'1 e é)H%CE?ﬁ -éls%? -t gfcr(gs-wrlte 1S 1n

s lpﬁlfticﬁllaﬁ‘il (ﬂaptlabrr%@sﬁﬂfsktlon@ﬁﬁﬂ@ i) theQBjatdie trﬁﬁ&ts @hé ROvriting in the
a tenperature 0

ro of t recordj materi al
b <SHfmirads Listindpredih R alla ocpurs Rt teperiies sbvatsiccerystallization
C r’cérﬁ}ﬁ-i'atﬁl@ (26D°B00T ). Tﬁ'@ﬁﬁ&ﬁxﬁauﬁ&&ﬁﬁe‘r%ﬂet(?makﬁn i thack R3Bout 800°C-
t}ggt enhperature st aéi bel.ow 200 C at the adjacent
tr

4eC'th enafile msikiae v sulgienily brond marki DARRAL RS Qrathe fctaifed properties
t R réotdifl mﬁﬂéﬁﬁl”@{enﬁoéﬁﬁﬁ’e 4. iﬁnm 108 PP R Eht thik R a

Gaussian profile is fitted on the spot intensity
direapenaplstcrigsion figavoidthpigl ergssextiieelnghis saseothe Raipsrature stays below

0 %@. @ @tdthe RYTQnbfack: i weltdie 2FPNQ")Rd & e ﬁa%{mﬁf@ @ﬁ%@@' ek pitch,

hermal cross-wite as mnuch posSsI
pﬂ@reﬂlrcws-wrﬁ@ masrb&zvmdydﬂrﬁa@agssm*prqﬁlg stﬂitte@@n b) spot intensity

T Arfihidon NGy R W RIR R RBpMRele O- 63 19
clalne namnmel y
R0=0.52*1.22*A/(2*NA)
In order to avoid the thermal cross-write as much as possible, TP=2*R0 is
preferred. Thus
TP=2*R0
TP=2%0.52%1.22*A/(2*NA)
TP=0.63*A/NA
A range around the value 0.63 is claimed, namely
0.55*A/NA<TP<0.75*A/NA
The lower limit 0.55 is dictated by thermal cross-write in practical materials.
The upper limit 0.75 relates to the data capacity. Therefore, an optical disc for UV-lasers is

provided, which has an optimised track pitch



0. 55* / NA<TP<O0. 75*I / NA The lower limt 0.55 is
dictated by thermal cross-wite in practical
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capacity. Therefore, an optical disc for UV-lasers is
provi ded, mhich has an optim sed5track pitchPreferably

t he opti cal rdin di cis characterlzed

groove dept %re Iy tfe phigz Um%rldéﬁgrﬁils§é? ¢ha %Plé’ei)@‘ﬁoYesdepth d,
bet ween - *- ng being a rpfmﬁctlve i ndex of

a Viheren spid aroe%ﬁ/@pth 1&9@‘%’*’3@? 15 he s opt i paf - +dsing avgfrantive index of a
The groove depth determ nes™t ﬁe anpl i tude of the

p wherpa@lei' ofstheg npticaliseatding rd1st:rﬁ&:|grmye d&'ﬂ»ﬂe dptesiingsthe amplitude of the

iRy TRt P30 BT it PulREE! mieS Sl B oraer o

defetehmins, wiitse thedasehspot ah tpak bi k. dest r uct ive

|nterferenc occur s, between a | of wavel e

"ot 1 act edl IR GOAFRn TG e AR St U efonce occurs

0 rbeﬁﬁééﬁ‘é@ight' Yeath V2 waRSIbEM A F&icakd B drosvelad Yi’gl@c'beﬁrﬁ &f wavelength Aon
ight beamreflected fromthe |and and the |ight beam

r @rpqygt Igthefaptieal rterdgiiandigtvees theylighbeam reflected from the land and the light
e{ct%d ﬁtog-‘ethﬁg%t p@ﬁ'ﬁ@nﬁﬁ) ) eﬁ#?’l&)ﬁ?ﬁ? qhg{\%el;ea{ns cancel out each

conp etely an ot al ect I nt ens
f roglmar t:dsrapletplyl and thedbwtreiflscted h]ghlmitensimqfrbm t]ndmotlcaifmaas mitémal. n0 is

b
R AR PLiE Mot BEREn e FERE St i T e .
Ofcaﬂe&u" doaertib osedNitje irRlek bhidefradtiohme icaterf theadesr nedteridl, dor air-incident

ariteosbite AL 4 RAR P hfenpand oD gib6 SpRol i ARusink bebween beams

r aéil}]@gerd]g?mf rnogfbm 2t 99\eeo0RB.ATHR PP EEad paécﬁ‘ diffehercepétive@ on-groove and
pat i fference bet oove and in-groove is

derisHedc é?é{ gn‘?ﬁicf‘s&rg a4 halfﬁ%gfg‘ﬁ?l retardafit- ar dat i on. Thus,

the groove ggR! e ghRVE Qe;ﬂ?s%ﬁﬁlﬂe%ﬁlaﬁé?%ndﬁw(@‘]n(ﬁ Gh ordef‘to avoid

order to avoi d conpl ete destructive interferencé which

r ecs>m|pte§ deptrucgivg intesiranse whish eebults ighveryi lawaelldeted lightiintensity and hence
I An gk (el f )

5 Flo¥ bl UGN R ST Wb redil il BRNEOBR SRty ofthe push

t rmﬂknacigngeslgwdi fevesve Thersfore] lrtepreétm’akxllsqs,m ;pntladrtfﬁemabe around A/8 is

di sc ath diff nce ar i s use

R T e Mt e A7 12l usayieg f 3P gieRty laree tracking

S WidnbIC TEB Y 6t b A olificdgikdeBe SusBpall ampitude diéi)eﬁt!%tnoﬁoﬂlﬁl bfl groove
bound since _the push-pull anplifude depends not onl

orflepthdyias V&Fé'mwfrqsla it TogdpmEergck Plé@ksomewéﬂ shaligpwer ariogzé«?s can be

t ragdpteRl t ch sonewhat shal | ower grooves can be

The invention covers both groove-only recording and in-groove/on-groove
recording. Groove-only recording is the recording scheme in which only the in-groove or on-
groove plateaux are used for recording. In in-groove/on-groove recording, both plateaux are
used for recording. The two recording schemes are illustrated in figure 13 for Blu-ray Disc
conditions. The arrows indicate incident laser beams. A graph for in-groove/on-groove
recording (upper graph) and a graph for groove-only recording (lower graph) are shown in
Fig. 13. The lower graph represents a recording scheme, in which on-groove plateaux are
used for recording. The track pitch TP of the lower graph is equal to 320 nm and corresponds
to the distance between the centres of adjacent plateaus. The track pitch TP of the upper

graph is equal to 300 nm and corresponds to the distance between the centre of a plateau and



accepted. The invention covers both groove-only
recordi ng and i n-groove/ on-groove recording.
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only the in-groove or ongroove plateaux are used for
recording I'n in-groove/on-groove recording, both

teaux are used for rdln The recordi ng .
fRRRt PR L e e dTR G beoves e ferbysheay Mecsat plteaus in
C ainchigpeogisph ﬁb@aafd@a&lm ndi cate i ncident |aser beans.

A graph for ve/ on- roove recordi ng (upper
graph) and %r ﬁfaibhtg? grticg} &/}@S&rﬂ%iw?é%%cg?lﬁgpcﬁl’w 30% and 70%

01TEHB Hut§aBpid e 0%dr FO@e tli’e:’pus}IB@ll Lo Varideph
represents a recordlng sche in which on-groove

pl at eaux ar‘e PirdEed fes’fb%ilé@amf tf*@Pre%émWf&l@R will pew b pesgribed with
t efeleRNED tH RBIMpaRicAUAYing® 320 nm and corresponds to

the distance between the centres of adjacent plateaus.

The track pitch TP of the upper graph is equal to 300

nm and corresponds to the di stance between the centre

of a plateau andthe centre of an adjacent groove. The

di st ance belfigrren shoves adingramf ofosy- mke(mma:l)awmppiamr@muﬁles for CD,
[ erabl

oth\IIE g%ﬁ'%ﬂfel SUCV%ggcﬁgoﬂsﬁag ggéééﬁi u ﬁse@%&se O 1S V}I{ltgag}oses). The
amebiiterd forthkized UN1§h th@mamamhetsm@@ﬁamre étﬁi&;%ehﬂn@of the track and p]otted

PHED SRl ROkt SRR PR i

r §R@&rence to the acconpani ed dravvl ngs. Figure 1 shows

di t | at t
o of a1 VEED: FNORS R ORI TF BIRETHA cipbpdigentof the

Obrdsasﬁi’fveﬁtidnse heat i ng (50 ns wite pulses). The

profiles arge gnﬁllzed with the maxi mum tenperature
at the cent %“r?) W Fosgdieck irappiapie pigfiles mserpoysd BLhgnd UV media.

oBh&w0HS the iBGodvk aﬁ&&@gr)ooc@@ﬁlgolaﬁ}ee r6fRs.ed wWith the
effective oPptlcaI spot si ze Fp gure 2 is a

schematic ridBied hawstaresstigek teﬁ@era%# @rlof kg fas i erporehaating for

OEevEfa@gﬁbﬁeS&éﬁihsl(UV%Bédrﬁﬂg cdrdfidng). 3 shows cross-track
tenperature profiles in grooved BD and UV nedia. Shown

are the in-tigwBeyehosyseress: %@%@Wel@éﬁ%@@lﬂa fas opreadave beating for two
Fg&%&@dé)t}ﬁQGWeé“omﬁéc&{dﬁﬁJﬁst enperature profiles for

i n-groove heating for sever aI groove depths (UWV

recordi ng dags 6 ishm@)push pull signal as a function of a radial position normalised to

the track pitch. Recording is carried out through the cover layer. The track pitch TP is equal

to 175 nm and the groove duty cycle is equal to 50%.

Figure 7 shows a push-pull signal as a function of a radial position normalised
to the track pitch. Recording is carried out through the cover layer, the track pitch TP is equal
to 200 nm and the groove duty cycle is equal to 50%.

Figure 8 shows a push-pull signal as a function of a radial position normalised
to the track pitch. Recording is carried out through the cover layer, the track pitch TP is equal
to 225 nm and the groove duty cycle is equal to 50%.

Figure 9 shows a push-pull signal as a function of the radial position
normalised to the track pitch. Air-incident recording is performed. The track pitch TP is equal

to 175 nm and the groove duty cycle is equal to 50%.



Figure 5 shows cross-track tenperature profiles for
on-groove heating for two groove depths (UV recording
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function of a radial position normalised to the track
pitch. Recording is carried out #hrough the cover

| ayer. The rac ptch TP is.e I 175 n

groove dut yﬁlgyrc?l Y b%wse%ﬂgp pplhs %B@as %%ﬂﬁ 9‘%1’1@%@ position

pusimglised toshgmadk pitsh.a\if-iielehtascordingispaeib@hedP®is iablOfitch TP is equal
the track pitch. R rd| ng is carried

d
03?%’:“13335%51?#&00889%?% E‘requ*llﬁ% Pack pitch TP is

equal to 2 Oﬁigtﬂrm 1aBHoWEPGh AN @lgﬂélta}i a Gtfeti6n biSth& PRl pdsition
50% Fj shows a .push- pul | gnal as a function

oflOEm4lis ‘é?l thep%%ﬁktpiltelh AfbIRienTerrdins tsiperformedythg fraelypitch TP is equal

RQGQ@)Gjﬂlrﬁgndﬁle%ﬁfoR/éﬁﬁ’ty‘é 1ets eiehsdope cover layer, the

track pitch i s equa 25 nm and the groove duty

cycle is eqfighretld sbpvs m.gg@héreyr@ﬁém cepspiradk tpmpgrature profiles for

Si @sndPorl #06¥d 1A inloBfca ROSkdoveR 138, 50%
R R iR B T R PG B QTR 41368, 50% and

pe7|0f/<orrred The track pitch TP is equal to 175 nm and

t he groove ) .

a push- pul Iﬁg%‘r%r%g?{sci &hérﬁ %ﬁg rgn&il cﬁq{ﬁ?eérg%{rg iagﬁgroove \éﬁy heating

p@sdtdcondingorrml ised to the track pitch. Air-incident

recording is performed, the track pitch TP is equal to

200 nm and the groove duty cycle is equal to 50%

Figure 11 shows a Push-pull SI gnal as a function of

the radi al positi.on norma t track.

AT ol dertiERE2dT ARIGMTG SRFrgiRho! pHR it it presen

Thhviesti@g itahowoth2 @ﬂ)pﬁﬂﬂd&ﬁﬁifofd‘ihﬂ gfyopetpel hllthy MIPE bick @1 refers to metal,

equ 0,50% Fiqure shqws . t wo aphs r.epresenting

o ides 168 idesls it F Ghemmiest <hiiec regh SR aon & re-grooved

0 @ul@tr@l@vﬂlel’tﬁpﬁbél A€ol dlcadirisEén ﬂlfﬁé? 2 AN S 18 Rﬂl‘é@m%tlﬁ%rs a cover
cl es of .30% ?O% and 70% gaure 13 is a schematic

i |4Ya§1art%ﬁ diglretee %yarnarg%ss\?éa%ﬁ Vg Roieotamydielecttic layer, a metal

angef £RIGTEIIPthe shbsBfeday?ri S @ schematic representation
of an enbodi ment of the present invention. It shows

t he proposethecons &t wdicatlgy e diedion pEthe forasserl mcidenirigctiomagnetic

r %cﬁ‘eft%n 'b@anﬁTQB%koov@: rdf&§ ?J the h%stgllgﬁ gwo% ﬁlcthé ’SLﬁ)si!rﬁé( A Ero@\%jonly
is the g@nse change | ayer) eposi t

pqu;:o@]lartgd;y e is being considered. An 1n-groove/on groove-recordlng scheme is a further

realisation of the present invention, which is not covered by the present embodiment. In case

of the in-groove alignment shown in Fig. 2, the pitch between two adjacent grooves
corresponds to the track pitch TP. Other groove dimensions are the flank width FW, the in-
groove width L1, the on-groove width L2, the flank angle 6 and the groove depth d. On-
groove are the land plateaus. As can be seen in Fig. 2, the track pitch TP of the recording
medium is equal to 200 nm; the groove depth is equal to 20 nm; the groove duty cyéle is
equal to 50 %. Both the on-groove and in-groove width L1 and L2 have a width of 100 nm.
The flank angle 6 is equal to 60°. The flank width FW is equal to 11.5 nm.

The following table 2 represents the properties of the optical disc of the
present embodiment shown in Fig. 2. N is the index of refraction of the reﬁpective layer and

K is the absorption coefficient of the different layers at the wavelength of 266 nm.



substrate. The optical record carrier shown in Fig. 2
consists of the follow ng |ayers: a cover |layer, a top

wdizeds@ssaisc | ayer, the phase change | ayer PC, &aCboB1005050786
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dielectric layer, a netal layer and finally the
substrate Iayer The cone 29 indBcates the direction

ocu ent electro tic radiation
bé%?ﬁ?r 2I]|f‘f‘3’§P 6‘@01? wféﬂ%/e%w%mﬁés %@3?5@%@6{% (At avelpagth A=266nm).
sUlpsidiafees A g QOVe- ONKY T eqohtikhéss &mene i's being
considered. Anlin-groove/on-lgroove-recordi ng schene is
a|Coveher real i dd68on| Of t he >r§§esent i nventi on, which
I ST ﬁ)iéi&‘ﬁ?d' ed ?)655 he| presertzgnbodiment]. I n case of
t he -groove alignment shown 1n Fig. 2,/ the pitch
be ﬂ’@elewrtshﬁe adJ adent gt%vec l1eorrespondg to the track
pirct TR O her— o U||||:| ofris—atre—tHe flank w dth
F/\)Bogﬂ%lmelegcrt%% 2}6\?\;) h LI, tné on-groovg width L2, the

f | amdtalaizgl € q anmthe gwove 1idepth d. Oqgroove are the
ad—plateaus As_canl h i i the track

T O —oa&rt g ]

I eaus-
pthSE"Pt"ﬁg of thelr&8or ng ﬁjd’ﬁgm is equgl to 200 nm
t he groove depth 'S equal to 20 nnmp the groove duty
cycle is e\(}I to 50 % Both the on-groove and
i n-groove wiiptdptied] regaeflingpdiprashewa inFigt hiseptimed firha lasaehaving a
flv@d%leﬁ’é’zﬂ E(?Jaﬂto'ﬁ6% Ul aﬁ%bfégtlve-rg% li)lllﬂggnﬁ‘fn%&l h rﬂu?e NA 0.85.
equal e followmng ta repres
p rﬁlpellack pichefual e2ptn (sz-glveahbs/d“ Pof 0 ’6#1’@»/I]§Ae'§lss1 is Well w1th1n the range
enbodi nent shown in Fig. 2.Nis the index of 1 1
r ebvered byoappeidell bRini ¢ SPiecdrocve depiierf 2 clrréspohdydto — *— , which is
absorption coefficient of the different |ayers at7-ihao

I trQfsn S
B g e P I SOt Bl el
| splewmaple uldes apgendesbdlaimetor di ng di sc shown in Fig. 2

367 o b ARSI, B IR SR L A o
apesordicagridiiwith @ gBBve dépgh of 2ok ik otheepuraheters f@0he BMsiask were

RPN 121 05 B LEOS— T3, (4500, ol el OB R06 roove

overed b pend alrm ove
2 Ghapmveoe TE*SZ}QO mnhs FWa=1-1 5*nm,, L Iwh2e100ing M#SO%)ITheI’UV h’tfbdlum

LD Ee§Ris i cta@RENT 20 ShoNupise M Gareraft RhpHIS: for in-groove

Crand sn-gfoackhdaeng ermabmrgmq% 9fdﬂl£&r€ﬂ,¥z &“Pghi\ftem td Aciffitale thd comparison

f BD and U\/OBtlcal r rhers with a%roove
o TS0V Al R Br T el Pl deh DA B S et
V\/@H&ré‘fﬁes'i?e@wéémm-gl\%{fe éndi)dﬂg'fbmld liehtZigl6Orelitiv€1L)6mall) ¥or.BD recording

the paraneters for UV _groove
conditions (NA=0.85, 7»“405 nm) while differences are significant for UV recording

(NA=0.85, A=266nm). For both recording systems, on-groove heating leads to lower side
lobes and broader central peak temperatures.

The narrower two curves shown in the graph of Fig. 3 represent the UV-
temperature profiles for in-groove and-on groove tracks. The temperature distribution of the
UV-curves is better than the distribution of the BD-curves, since the UV-curves have smaller
side lobes and a high peak. Therefore, thermal cross-write is more easily avoided.

Thermal cross-write is the phenomenon that marks present in adjacent tracks
are partly erased or overwritten during writing in the central track. In-groove heating will

cause higher temperatures in the adjacent tracks and therefore, in-groove recording is more



shape were TP=200 nm FWsl 1.5 nm LI=L2=100 nm
(DC=50% . The UV nedi um corresponds to the enbodi nent
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i n-groove and on-groove heating. The on-groove

profiles are TP shifted to facil9tate the conparison

bet ween i n-groove and on-g roove heat i ngEcl For
C
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foove on-g
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r @Bﬁ'ﬁh&ﬁteﬂpétﬁtu?e pmbfikdrebdiedfor @ax@eeoSsntallelugaytiesal

plateau, nPl%’srh-pull tracking signals are shown for different optical disc structures in
figures 6 to 11. The push pull signals in Fig. 6 to 11 are calculation results. A tracking signal
for A =266 nm and NA = 0.85 was assumed for the case of recording through a cover layer
(refractive index n0 = 1.5) and for the case of air-incident recording (refractive index n0 =
1.0) for three different track pitches (TP).

Figure 6 shows push-pull signal as a function of a radial position normalised to

the track pitch. Recording is carried out through the cover layer. The track pitch TP is equal

to 175 nm and the groove duty cycle is equal to 50%. In figure 7 recording is carried out



recording is beneficial. One can advantageously use
the relatively high side | obes and only noderate power

woOevwslssase required for witing the marks. | f POQanBmWs/050786
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mar ks are pursued, for exanple to further reduce the
data track pitch, on-groove recoroding i s recomended.
Froma thermal point of view, the Eézferable gr oove

ddbongh the Se¥sEfayon thegraglpitah bR is sawb o2 00msandrthe grooysy duty cycle is

d quﬁal%( 96% Ingi uWeE@Hﬁfng isl &l Jueboush titoYerQ¥rek 8hd Back pitch TP
expl ained in for Blue-ray Disc condi tions, The

upgpequalioZdh nmn%ﬂlge groaveshybyigycle is edppkie 20t & figure 9 air-incident

di ré@l;alﬁg IslyRofba. The GLRBHE: T8 EUMING 175ThE oh PUR lorih@Billy cycle is
shows a tenperature drstribution for

oraqgala@ﬁfé%rléd‘tguch Wepir-inbident repotding lﬁ@brfqrmed,gh@mﬁdi pite TR is equal to

d l &b
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n a]ﬂfﬁbljmf’?vloﬁiﬁ tlﬁ(:]%nmhdI‘P? 0 Bquat & zi)ﬂmnmandnh®grpwegh1ap¢wle iThgual to 50%.

si de | obes k%rtl?e? 1e %ﬂ*@nelen%tth Eglugtlb% [)ﬁs%%éd? i tl%e%gﬂg for oove

| arger for 1n-g rooVE recorar n VE

I eomeirni. theﬁpdsh-rpgl‘k sigtidl yhat ysahqnuieé &ﬂSrablan@ fWShltb a small track pitch is

| SR 8, B B 2 RS, SRBH B RS St v
t reagipkddiisiap gRRataskiag ecliabitivyn I p}ﬁctﬁ:b fd i@blised phishaaill sthnaicof 0.2

structures in figures 6 to 1 ush uIJ I

Prie ot camp i svveti tokine AT andiacel it
signal for frhea@boPAnanst gNdve dBpt th@gragﬁ sEpRd7 fsQlie curve for the
t he case of recaording through a cover

( repfieal dlise pé thepirdsrgdepbodiment shaynsig Fig %eﬁwgen%ﬁed push-pull signal
al dyededs 0.9 FH thé SERE Fenboded &fFaCTHeYoreNHE YptiRel disclofe préferred
three different track pitches (TP). Flgure 6 shows
pLesthogdiment groyidas fora Sﬁlsg 196t pushrpek sign#ladi al position
normal i sed to the track pitch. Recording is carried

out through the cover layer. The track pitch TP is

equal to 175 nm and the groove duty cycle is equal to
50% In figure 7 recording is carried outthrough the
cover layer, the track pitch TP is equal to 200 nm and
the groove duty cycle is equal to 50% In figure 8
recording is carried out through the cover |ayer, the
track pitch TP is equal to 225 nm and the groove duty
cycle is equal to 50% In figure 9 air-incident

recording is perforned. The track pitch TP is equal to
175 nm and the groove duty cycle is equal to 50% In
figure 10 air-incident recording is perforned, the

track pitch TP is equal to 200 nm and the groove duty
cycle is equal to 50% In figure 11 air-incident
recording is perforned, the track pitch TP is equal to
200 nm and the groove duty cycle is equal to 50%




A further requirenent that nust be considered in the
choi ce for groove geonetry is the push-pull signa
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pitch is beneficial fromthe data-capacity point of
view, it deteriorates the push-pdll signal thereby
Ccﬁﬁ%ﬁﬁiSIng the tracking reliability. In practice, a
nor ed push-pull signal of 0.2 provides a good
conprom se between tracking reliability and radi al
data density. The curve for a 20 nm groove depth in
the graph of Fig. 7 is the curve for the optical disc
of the preferred enbodi nent shown in Fig. 2. The
normal i sed push- pul | signal exceeds 0.2 for the

above- nenti gned, cur ve, t optical disc
t ﬁé preferr Htlcéa}r{%%rldr%lﬁ'ter épg?ﬂ% ed g sg?mgocgéﬂli‘ YT ng/ reading
E)Ld@hle@ghlld r&gqﬁ@/reﬁ‘dhﬁg N@lcae]con@fihmg arh ultlﬁ-(i'@ﬂdé&af 9}’duﬂﬂé gmlttmg
2 adapted to stor ata u a recordi ng/readin
cEama st te (19 EB%,%W@ e e afi2AQ o 270 nm and

u | ahloBjediivel 16ds (h ?ﬁﬁ(lmé @%ﬁﬁl@rl@aﬁhﬁe‘iﬂufﬁ\l & |f&%&8§'iﬁ§ ﬁi%tele‘étromagnetlc
radlatlon (29) aV|ng a wavelength | in the ran
1

2 3edigtianiog thereptisah regaiding castigreeharagisriraskhy g spirpl m%&@ hgving a track
mﬁﬁﬁ (94 ssing the

el ect?g%§8%§?P§§ia %@?ngsggﬁ%he optical recording

carrier, characterized by a spiral track (22) having a
track pltch

QOt i cal recoPfdf agrgtf;%’l\ﬁg?” igf %Cg;rb{q%o ?139%?'&%3{“[{6’%(] 1 groove depth d,
racterjzed b oove deptth d lmh&rel sai d oove
GO S GO B DS FaY by #6 iose MObeReg Telrare index of
| ayer of the optical record carrier or nq being equa
t goverilayepeldthe @ptlcalrre@pd careier qr @0 beidg eaual toek invjasenefian optical record
CQM&&r&RMﬁﬁ ﬁ§81|0a| record carrier according to
C

claim1 racteri zed by a groove duty cycle
bet ween 30@6and 70%
3. Optical record carrier according to claim 1 or 2, characterized by a groove

duty cycle between 30% and 70%.



