Record carriers and nethod for the production of
record carriers The invention relates generally to the

wo p@baex2po record carriers. Mire specifically, PEEIB2004/052696
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invention relates to optical record carriers having at
| east a portion of data that is read-only. Optical
record carriers are ubiquitous. Every year, mllions
of optical record carriers injthe formof Conpact Disc
(CD) and Digital Versatile D sc (DvVD) data storage
Redird cariers gyl nektlzad [fordeaproduptéonbrebetd cayinrs cal record
carriers conbine light weight, small size, high data
capacity, fidelity, ease of storage, and durability.
Optical record carriers are by far the dom nant form
of media encoding film nusic and data. A recent

i nnovation is the devel opnent of a new format for
optical record carriers known as the Bl u-Ray(tm D sc
(BD) st ande thverDoh retads gemiauy tb thafield effrscofddatrieisniioreone
gs]é%cﬁﬁ%lfr, %e i Cv%rtltgogo%létessto 0 tlc%la% {ell%t%gw alé Yeg{t] rg %?rﬂapéf%ata
dhﬁtgﬁ)reaémﬂyre witeable (wite, erasable,

re-witeable). Wien the optical record carrier is an

optical disc, each of the aforenentioned types of
optical r &¥wed reeaidcpigers g aBNEEES Eaeryr iR af gpfical record
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rEspeet to one another. Since the marks constitute
areas of a different depth in the disc to the

i nt er veni rigpticd Fregrdicprriem &lldntg ene of severzhgafegorighdnclyging asad-only
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descri bed gefg. oy SptRl@ldRkd wﬁ@é@%m@a&ﬁl thchl%rnﬁ' bEITORSF sthture.
produced, a subStrate layer, made of, for exanp
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process using a mould referred to as a stamper’ or ‘master.” The manufacture of the stamper
is referred to as a mastering process, and is described in more detail below.

Once the stamper is produced, a substrate layer, made of, for example
polycarbonate, is produced from it. The information on an optical disc is encoded as a
sequence of symbols (marks and spaces) molded into the top of the polycarbonate layer

which has a reflective coating. The length of the symbols on read-only discs is an integer
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wo b@slen2gt h of a standard bit

"nomnal length' of the mark. A nom nal length of 3
for a synbol indicates that the synbol is three tines
| engt h. The i nt eRET/1B2004/052696
nunber used to determi ne the | engths of nmarks and
spaces can take val ues between d+1 and k+1. In the
case of the Blue Ray Disc (BD) standard, d = 1 and k =
7. In the case of a CD, each gmrk is approxi mately 125
nanonet ers deep by 500nm wi de, and varies from 850nm
momer imggnwnitlengt, thd efeedadi biidengh. Threnteger eqsppondsrig th so-Tled
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ative thi ¢k substrate layer of the disc in the
éa§@m@gun93ﬂ@wgﬁ§rhaﬁﬂ through a relatively thin cover
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ﬁlnﬂqefﬁ%ngk?%n@tﬂe PR oG ofslfg@ﬂ@ﬂ&gnéjﬁaﬁﬁ ﬁ'l@)rrarkl n accordance
MAth one aspect of the present invention, there is
provi ded an optical record carrier, the opt|cal record
carrier conprising a data storage Iayer i ncluding a
relief strycture for storing data ad,. .wherein
The ol eft St tBew PRoBoRHY sty Py dpahaRd nod i

read-out from optical record carriers, reducing the variation between input and output data

(data stamped onto the disc during manufacture, and data read out by an optical scanning
device).

In accordance with one aspect of the present invention, there is provided an
optical record carrier, the optical record carrier comprising a data storage layer including a
relief structure for storing data to be read, wherein the relief structure comprises a data track
encoding data which is read-only, the data track comprising: a sequence of symbols having

nominal lengths corresponding to an integral multiple of a standard bit length, the symbols
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wo enghbezor responding to an integra

encodi ng data which is read-only, the data track
conprising: a sequence of synbols having nom na
nmul ti pl ePOT/1BR004/052696
standard bit length, the synbol shavi ng edges

positioned according to a set of reference points

which are regularly spaced along the data track and
separated by the standard bitslength, wherein the data
track includes a first such edge, wherein the first
balgeg ddgesphiifianediacabrding ta dwst efaeferenceaeikts which Areresyjody: spaged
V\E 91@ dQ%ria&f ﬁﬁﬁﬁg@bﬁﬁé ﬂ&nﬁard IBi¢ le%gtfﬂ \Mg’enptflé @a@it&ack includes

el n ta trackK includes a Second such
et Bich ederenisesinthe fistielee isshide 3lengdhefatrigels wah gt ore of
4i@ Fdforenth ﬁdﬁnﬁ B$ R giesk oﬁfs@t Wﬁ@%lﬁﬁfe dafa tiaé ifol6dRE @é’e@cﬂﬁ@uch edge,
poi nt

wherein . the m ud
Plbereiadissttpordes gt onrhed oors b i S, HRSREG MAPEAR CEFed e
frdferiice pbifits &y .a sédndl efiet, whasin deanagnitidb of theseksd affet i dHbesat
in.the data_st | ayers of optical record carriers
gﬁ%%g%@ﬁ%%afﬁgggﬁgﬁﬁﬁ to their length. Wen the
read- out %is deratibefl boveshe mks andispacesan the dafa steriagerlayjers of optical
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joptioabyecaxd vasres isegeluaeds the quimt V'%lteéﬁ’ﬂ@ée@ figutheJeapth et e SW?@IS

RV fr P RE eeadfo@mg%aeﬁ L&y Edus! 16 Oliifakied Iﬁ;n@ e the
the mark or space. A mar k. of no nal . | engt
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[fues o ar eater hese are syst emati C
rliesd awystematw readrguitpitdengthresrors gag theh eAsThueury Henablimp the dise
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& O% s on
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vention are I ncorporated, systematic read-out errors
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S AR S e e B e BB ReCt P e o s
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spaced r efP?egegﬂ)gﬁ tl?,%' fgttra&yl &lﬁhegg f‘ 1%? mbélr&n& Qée@ \ﬁ’@}’mbo‘]l éhe

synbol es an
ifirst symbol havmg a first nominal length, the ﬁrst nommal length correspondmg to a first

integral multiple of the standard bit length, the second symbol having a second nominal

length, the second nominal length corresponding to a second, different, integral multiple of
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center (i.e. noving the synbol as a whole.)
Preferably, the data track includes a first synbol and

w@a2@eneneh synbol, the first synbol having a fiPGI/1B2004/052696

nom nal length, the first nomi nal |ength corresponding
to a first integral nmultiple of the standard bit

| ength, the second synbol having a second nom nal

| ength, the second nominal |epgth corresponding to a
second, different, integral multiple ofthe standard
Wietstapdandybihlength avheiein saidifigst fynpbot inglydes edid fisicdderiand wherpig said

éécBﬁsy%gﬁn@ﬁQsWegdnﬁe%| d second synbol includes
sai d Second The first s may have a third

edge whi cHhe §rsgwmb9léaay\}a%a*# ‘giﬁ%t"’h‘@é“éh‘ﬁ%‘ﬂh Igpect toa

geditiderfinyg bl iR sthardsit Bndh, by b &g ofset Mbtitor eitier eligo bf s59bol
Bot h ?1{ ei t her [

d f nbol be shift b
Py D th I AR BIE B iR UR e e G g LT g the
sriies ot theymyy differt he same, or they may differ. Al though
two synbol fASItthﬂu \«Qoe sy%bn_{3 ag 38 gﬁhe ds% 9m1n6§e%ngttht he &%@ts Bf the

of fsets o

ow puibalsady didteo rQifSﬂg mtajobthhlateﬁ eccpuding yaboth féﬂgtmnaé fengh ofa

sc‘}\ﬁﬁ:%@ Lmdatﬂgn&xhﬁal ﬂe‘fl?fh %ﬁéno{h%” Q&Ehb@ﬂngas%w%coﬂaﬁlgg h@ @15 kéagence
. Accordi ng he Sequence conprisés a third

%W@PS hihiyd ﬁ@l@h@vs@am@ S%Wﬁraval leagth @%th%@cqrﬂéyg@é@ﬁ@he third

Syt has 28 RELetshi®ed By 4 Busysrhed, thb asrtRBrrROES) wehuiffdeatioe sdcond

f urth of fset, the fourth of f set may be different to

PH¥ second of f set. The sequence may be arranged such

t hat the S0essqoensywHObe ainan@y sick it the skednd sphies BRYBthatically

eéent?el“;i%tdjta%e%t tg rc])rele (())rrm TS fu?theru [ tdggj;'r}n%d %?r‘%o‘lesr md%q?n?‘&é!@‘%ﬁs
a@fea@gmllymcgswmg aé]acemjp @nmrﬁﬁc@q dfferedt @mhhlmredetermmed symbols. In
&{ﬂ.@ﬁc@ DRy YRR Systehfti@panE nﬂé@f‘%ﬂ%ﬁbel hoeha 1&5@% e symbols

aln syst emati c patter ns of nom nal g
(aﬁfaglgwl@l lsngth gay pRped nwéfrﬁrwa?nﬂw dnrg erbely! et é‘al?‘m'h‘d‘?“éth
Ah%ﬁg’@dﬁ' symbd? ?156’ ohel vy Ofalue H&!@ﬁdn@lﬁﬂ tRlomiRNghdih of/?)n@or

PG i Sl Shiseh P S YR P Gret pamisg g Bevedect
ﬁﬂ;na mtmdroplbi&ao &ﬁigeut eBynthad athead, irspagientawlien fidlowedly, or

?e?%jtred P)Pi gi\r%}gm (ﬁ GF a celg[etijin %f%epepp n{lrr%i lee%ﬁ %Q%e x%ni%%l ag g%gs%} lflrl:e% be
phi Bedelyesnh offpet hawwmmmtuﬂe ofbatween abannd il §% ef thestandendibit &ir a

|
Ly g o FR o o
Bemiddened-t for a symbol of noninal length 3, in

parti cul ann ¥43&arict witﬁ a ﬁﬂdhkr%‘é&dt dB¥he p%enprne&ﬁ&g @helws prdvided
accordance wt

# iR P?‘ﬁ%fﬁ‘ga&‘f”“% a 9?89% Fegt SRR e ot g the

plethed d@flprising: writing digital data to a surface, the writing comprising forming a data

track including a sequence of symbols having nominal lengths corresponding to an integral
multiple of a standard bit length, the symbols having edges positioned according to a set of
reference points which are regularly spaced along the data track and separated by the
standard bit length, wherein the sequence of symbols includes a first such edge, wherein the
first edge is shifted along the data track, with respect to one of said reference points, by a first

offset, wherein the data track includes a second such edge, wherein the second edge is shifted
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W@ upneRdNng: witing digital

a nmethod of manufacturing an optical record carrier
conprising a data storage |ayer, the nethod

data to a surfacepPCT/IB2004/052696
witing conprising formng a data track including a
sequence of synbol s having nom nal |engths
corresponding to an integral nultiple of a standard

bit length, the synbols having edges positioned
according to a set of reference points which are

dleg thaddta/trsadtidespbo togandthe of seidrefereacdpointrd biseparndtodiett.by
&/Heﬁgﬁ?l%%%ﬁlﬁldg gfsth%a & (Iglﬁig{fséﬁ}c i?elréglt {onﬁe V\lﬁ rf‘é’tﬁiﬁ %t?tﬁgﬁrs} orffsset
edge i s sHhemnetlpddn @q@grdmvewahﬁlaasp%eﬁéhe RAPSER inverfipa @rovides for

20 GraRifad@h O d s%fnﬁi’ele 68 si@pdd ndy tHY bSuskd foptodaéd patal carrlers
wherein the data track includes a second such

ed
CEisng 2 friuense elohr beltgrsoiee Snrembadimen 6t iovepuon, the offets
toriBCdequenibd dT syesoRaedvidife tﬁ@ﬁiﬂﬁﬁzﬁmaﬁ irsréddcout @fatityelB@eibed above.

oints, .by a ond of f set h
Fre St S56° F e PP MBSO G HiaR 8 A5t e
facilistingthé petess divdfseretlmddion.iTha taberngniae ing dchowmhorgpmore
n ntion provides for the manufacture
gcfmlw??ngghg%? ak]iltﬂ){;@sfe‘?s,t anper may then be used to produce
optical carriers conprising a sequence of synbols
according to an enbodi ment of the invention, the
offsets in the sequence of synmbols providing t
i npr ovemﬁvﬂhehfe?t@aaar@&évaa@aqslof {he fention wébbeawparrfﬁ frgm
@a@‘@&féw&gm&sm@m o@ﬁlfe&ﬁtscsermoam%ﬁtts of thk Meshtivd, fgl”l/eﬂi Bf \ezinﬂTC e
to a acilitatin

SmeroR i b BRAE TSR s o D e O SR o
one or nDF@umadnid aghenhatin ghgamﬁmxmbpmfaf satningfdgyitdwperating

lfélec% h&ign ﬁlaxg 1@5] ;r&?ﬁ%%a&lfer gcp ?dlhg%eaﬂ tm'nQ(Qh .nlt Lf t?e s

ar ent owi ng description of pre
'@Ntmlcln,nents of the i nvention, given by way of exanple

only, whi ef3,le$oJthRd Qb motx}fhnroﬁﬁe%rl%m&camr bR6rdfiE GPARADYAiRht
drawings in which Figure 1 is a schematic diagram

gﬂbwrﬁﬁmaﬂveaﬁeﬁnr cal scanni ng devi ce operating in

conj uncti Biguﬁee; Mhnaeb SHOMW aGdrk fnetBeddath sCodgt 12§ér ol €@ @ptitalnecord
to.an egtﬁo i ment rese I nvention, Figures 2a

t he
satEero PR SiEYARd SrBTS 58‘51(’“ de%eaPV ?yCar rier according to an
enbodi nenFigok 4tshevspeadsmnérrarntighbvedagn defegrad fom Balyaindf 3b

gim%i”gteg régﬁ-roht daﬁ bta%?eg og FJ&O%Vn%ﬁ)Rgamgcgh &N Fdrs of the optical

ecord carrier ew and Cross-section
respect i vEigyres ﬁagldﬁ arg histegtams phwaiingongasieqdrreadsout dpta frampthe

PSR oﬁ;ﬁéa@ rh&d cmlasnlmﬁﬁmmg bR de¢1at§,h et &6 dh£R6 Bl hofakia

based on known optical récord carriers, Figures 5a and
Dieeg@luRs SWBbUTE showi ng measured read-out data from

t he Figure 6 is a deviation matrix showing measured inter-symbol interference,

Figure 7 shows a sequence of marks and spaces in the data storage layer of an
optical record carrier in accordance with an embodiment of the invention,

Figure 8 shows a further sequence of marks and spaces in the data storage
layer of an optical record carrier in accordance with an embodiment of the invention,

Figure 9 is a graph showing the read-out errors detected from analysis of the
simulated read-out data of an optical record carrier comprising a sequence of marks and

spaces in accordance with an embodiment of the invention,



10

15

20

25

30

known optical record carriers, illustrating the
deviation in read-out data fromthe nom nal integer

wo a00em6220d synbol s, Figure 6 is a deviati on naRCT/KB2004/052696

show ng neasured inter-synbol interference, Figure 7
shows a sequence of marks and spaces in the data
storage | ayer of an optical record carrier in
accordance with an enbodi mentg of the invention, Figure
8 shows a further sequence of marks and spaces in the
dat a st or Higerell@yjserfurtifer graphoshewioa theread outeriogrdeteded from analysis
gﬁﬁ%ﬁ@%g re\ra]ﬁ_glr} o2 P ARPHEATRRErd Qhrril B RNk RBnce BF QS

IS a grap ow ng the read-out errors detected from
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PYSOTInBIt AR elﬁfbﬁglfnémfgﬁﬁeénvﬁmp&t her graph showi ng the
read-out errors detected fromanalysis of the

simul ated read-out data of an optical record carrier
conprising a sequence of marks and spaces in

accor dancgigwl thowaa sehemaiid disgtoodif ae ppticalfscanhiag flqvice with which
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optical record carrier according to an enbodi nent of

g arrgngodietaperate. Thegptical ssprmips daviecindmdes p &digtiagrurs Gforan
OREpEA seREHARRG 1HVEGRinkvh Hi et GAUiMPh b&al7. A BE Shlitter 8, for

carriers in the formof discs according to enbodi nents
BrRMPHE HPESERATHRERT BFEdC BIRH &@df?‘g@méﬂ?é% towarlhygn
OlgédtivalensSIAIMNE RPs Setdi GluideCd dotisatad 1dna o @l an ObjeiOtlfeel 06,
f(r)arn gg(eﬁl%plag ﬁic% ar)r(ils-lgonductor | aser, emtting a

{ VEFGT G F 8B At T6n~beam 7. A beam splitter 8, for
exanpl e aThemilinatahmp diseuranged ot teansfprn the disgrgiaglbear 7 emitted
Frggqgj%&iat%ﬁgo &evéeiﬁgla@gbsgﬁ@em& Zolgfﬁ%& géjmlalp ﬂgjoﬁj%tfvg fens 10 is

ens ens systemincludes a collimator |ens 9
arepgerho dapséam; theaingidgantcollnatad raginjien beamb kg nta A coyy piRigg peam 14,
Birsy alBlectdunfeBibd] bpBRURIINAE RhicH chifiesdb h aﬁ!’bﬂﬁﬁonta()ayer of optical
transformthe di verql n% geam 7.emtted [f)romthe )

Fisqi Gpsefiralboitastorageilayeic’: deseiifisd inmere 4ptpY dely 4 fisigeligp system
& adiad alsbeohb eoliateditisve, tbgeftsr dith the beuhr sphitye @, ateoprovided sf dereat a

N I e —
agjest theaeial( @Ndyadiahposition eheebjectiveessgdt 18 on a | ayer of

opti cal di . i fi Ly y o
descr | bedﬁﬁoégélggggyaa% {;@gg?élg%@td%agtg%é%tg}? Btﬁ'ﬁgsﬂi‘*giﬁm ‘é

kpier” dis) eemnkiple Iptp prevlpyre@so-galed tradiedapiar digg)rH ephediment of
Qﬁgmawl disk 1184 shBwn Rrfor®dc@alll ifl €1ds.128 aftEite Blgurd 201bWs an optical
i nformation %I gnal aEd_focu and track ng eééa?r v di
SRt &PTEier aRFArCRS 1928 CRAkP O RTRATRHEM 1 §)° B tireadppgly dise
axiférmirgriel the B @dndpo Geteinatfenéd tt REBD @CDisy/ Ehds emspeitide 22,
surrounded by a clamping area 24, which fits into a mechanism (not shown) to rotate the disc.
Entrance face 5 is shown. The spiral track of symbols in the data storage layer (shown in Fig.
2b) originates at lead-in area 26 and ends near the edge of disc 1 at lead-out area 28.

Disc 1 is made up of a number of layers in cross-section, shown in more detail
in Fig. 2b. Optical disc 1 comprises a transparent layer 2, which has entrance face 5 of the
disc on one side and at least one data storage layer 3 on the other side. The transparent layer

2 essentially presents a refractive carrier for the converging beam 14 to pass through. The
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The optical disc 1 may have a single data storage
| ayer (a so-called '"singlelayer' disc) or multiple

wala108/060209 age | ayers (a so-called 'nulti-| ayerPCHiB004)052696

An enbodi nent of single layer disc 1 is shown in nore
detail in Figs. 2a and 2b. Figure 2a shows an opti cal
record carrier according to an enbodi nent of the
invention, in the formof a read-only disc conform ng
to the BD standard (herein referred to as BD-RO). Disc
dbtalsmsagariayap er lnyars a2 2y tugarranged de shpbyrtive subsiratoi4nthealpte atorage

lg)é:r 3 g@ilﬁgs Jélehé:tlll& §)efr Ih %ﬁ.%pé}%cé rfa&l{éoarw T% PrQIWrt]ﬂe tﬁaﬁspﬁlgﬁt

ntrance I's showr. plra
forming atsbieEstieiue Hehe delichstycyreagmprisgy da t(%ﬁcmﬁie PRt sgquence of
rgzgﬁs 4 'sﬁéc@@tl"ﬁ‘egreﬁéf shr@@e IsTorfHe @/ tg@da&rbg)rﬁg qj&?erﬂﬁﬂﬁg thd'Bastering
edge disc 1 | ead- out area 28. is made up
RgpceR ‘Fﬂ}l’fﬁ ésrdeiff‘b?ddi} goee qeppil belg¥s - sect i on shown in nore

detail i nInFthegcase?dI a n@lﬁ-la@éﬂdlsd 1t&6 olm6r® 634 $t61€§e I&yers are arranged
has. ent.ranc

B R BRN SR f Barip o e nR® e PR STl ple '
urage ey eobhefurtbér drenspdia ldyen ﬁqunaiata Nioragalaper idoated et dlﬁetréry
QRFSERL R 8 bl ARELING, G8chis Aars (he converging beam

ass F ou ata storage |ayer, or |ayers,
are in tuFlﬁS anr arm@éuo‘mn@m;?@@f HW@U%S@QIWM?@&W wihidhgorms

HALANS LOIRURIAANE the Fath Bola ggﬁ%@ of ﬁgd E6hd MEk i @ed idthe data
Its upper face, facin romthe transFar ent

Y5388y of & PhihgptigalFRACTARITISE | BIEYAIRRING tnlayqr gt gpurtace known as 2

é@a;n{pblﬁﬁ)ﬁxh@d CONRFhERE (dafcmpxbﬁeagis aesmmsie irlkpore Hetdl] S@gENCE
0 mar Ks

the data E@%@gﬁ%wa aﬂaé%Vl%?ﬁ{%egm%r ’%“%’rmﬁ a%e‘rgl%gnwe inthe
witfhee hof tle ddesoraghigeri Thembycatiietgh bf theerhai20 Uh ag ﬂhESI@ﬂS e
SQJm Ba ) W dgéﬁe tﬁhdé SmaniBet Ak, mga%urg@zﬂ@ngﬁg@‘%ggﬁmé AV

arrange |rst transparen
mmk delsyasn agk@aclna@ld trpiding edsay @omPoint Bim PaHOY N Ele tetal lgpgth [

BlMAPR tWa¥EE eWz QndftHé &eh&n ptnruain ﬁ%,f @ﬁgleﬂgaweff the ERAID0
data storage r ent

GAmpTieh = ek SRk ﬂwé%@&i Ot EPathahih eSS Rw s vt the
xBn@&ld 1_ea%hgaeﬁlﬁ ﬁﬁbleﬁhwﬁﬁlpmdﬁ o€kt fﬁmc;m rfeﬁ] ‘be aér:))_edf
"stadiu | or ar e relief .
structur eTﬁerf%F'ﬁaég\,gléfeggtg fS&HeZléage ‘fng)?g ?at%gﬁ? regord garder, apd o
depenkls mlsorftber typbofithe redoed chaiea Is the cag ef 4 BY-RO Bithod capdwéy of around
]# thL %&fﬂagd bqa«[;r{étlr 1rs 7§'nnkfJ y}f}étn@lq%hlrl&lg{h%r Alﬁysea{nd ‘éY&aEéE ckh
ace or me

ma ' master

t@lwmal@ps bﬁrtweeesiél g lﬁéswhqreb@d angh ki T erefere cthe avpidabisviptygers for

args ana SRONS BD R PR Y LW sots 7t R Sn'ﬁl{el"wdt-ﬂr&ptﬁﬁﬁckwil%gﬁ
P profile in the surface of the data. stora

q“@nylév YmWé” Bryarks op aIBQTBQNI 2§ supsiantiphyy igendiepl (“/")formégo s
cﬁlb(}ﬂ%dl £2dhk Yengih anfpe ﬁhallknhg Ibl3Bovik 5k 20 intcfves-$ektion, ﬂlﬁstratmg the

B an B imelt Pedredtt - ukiora ] il L i hirh
ipmndh 2b i&om}mspma miltiplicity dhrearkoduetl aslnearig2hin/ datariatky depsrated bEa

t V\m2 and the central portion |-ewn The
?O\Aﬁan?ﬁgfanoef the mark 20

The spaces between the marks also encode data by nominal length in the same

way as marks. The length of a space is measured along the same centerline as the marks,

from the trailing edge of the last mark in sequence to the leading edge of the next.
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conprises an integral multiple of the standard bit
I ength, which nultiple corresponds with the nom nal

wo esogbbe29and further may conprise an offset (wWCTIB20®Y052696

be zero). The standard bit length is the base unit of
data for a record carrier, and depends upon the type
of the record carrier. In the case of a BDDROwth a
capacity of around 25 GBytes,gthe standard bit |ength
is 75nm The nominal |length for marks and spaces can
t ake val uBig. bist\geph stdwingsimblitedireadndvepacedtage arpd oktheknown

Hﬁgﬁ%%_a%grfep %‘hgé{zﬁ% S %%Ji‘g% Trg%%ggg‘u%alf geﬁys%tf E’é S%%t%@éﬁ Sout

fiferp e BDRE iklaPlusaligy @f symiqls. i-RE sy mboblengths in thesimmitina haye the
ARl PIR d?sHhﬁﬁ&{Hs 'tlﬁ:' swbdlyﬁmﬁel cﬁﬁlstoragé ﬁg&romfar 20r drBD-

encoded in the I ength the mark shows mark
BOs-i The readre et PeraiRgs {107 qni ﬂersx fxiy Ip H@ﬁqdﬁéal%ﬁéﬁle Rit peeth qheach
shatol. Mag&samggpaw‘s afep@tI8BbKseparhe hﬂba,taa 1rﬂtc@tk@gﬁcah ay en Batof

d Figs. 1. 2a and

RS P PERe 5o Bith SR B ey S af 88 TPhaiife forop gepest v
Iseghy. tacairaoy inareagionus syanbbl lehgst marts éo a [ohyef epao;@stybatthvemmded
\;arh?e Me%?m%l%@ll E&?&%ﬁ)ﬂg%ﬁﬁe Q%tplﬂ?xmnr%ﬁal leCengt hin the

a space i s neasured
aI ong t heTlsﬁamecentegﬂeemr is ﬁerlvaé frpmherﬁmlktsm if pvsrpge pigread-out

IEBQh kérﬁ&re@%ﬁ"xe %mﬁlﬁqedg@lsﬁ)r dﬁaswﬁbélp Tﬁ@ﬁé‘r@:ﬂtﬁ &eolaﬁ(nﬁs the

| eadi ng show ng
RSTPRIREE %fdl ? gaad B‘u{en@ér%’élﬁ?lé@%m@ﬁ%kn@f 2 fuﬁ éeafé QBLOS average as
pL AN ﬁhndﬁﬁ%ﬂ&gﬁﬁf)d $hokt — mﬂﬂ& aekadogitob Shodtehd &tﬁﬁbsfafeWaverage read

o a%sé?a‘t}all)? @ Y, a%gr% S%IF.CiSe eg}'f)ra.g ﬁfégﬁgﬁt r@ %%9 dg}ﬁ;ﬁ%ﬁ afrer on average
beawerint19 andl 2%h@o sangHpades an stmwer 10Pretos ng while cpagks erg 128G ¢tbo

%}pgtrs‘glgl%% bf)rﬂ)m%%l {ei?@lbw#ﬁd 5‘% tg I(}ﬁorﬂ&&é%d 3O Ai?‘xgo%uha%éﬁ hs of

prior ar ) e read-out er centa e err
and dhevey spasds gnd marss thoweliffenige pereantagdwarop byt foliopcg srrmldﬁrr pattern

’Pl"i‘ig BarfdtiHe Bhtterd ek St @agra%ﬁﬁ'ﬁﬁ%f AE SynftloPfat Bkt o IINROA D er
i nes, as indicated. can be seen that marks and

figalaecort arrisy Kl Sas; aé%ﬁfer% Pafterrol ERaf-QUIPRTSEIage eFgk t er n
of per cenFigg&a aid 3 ase lditodiMnd shbiing {neﬁgltem fead-bitalan WoRGknown

AT IRk RIS L EACP O B Bl ey e
Yeticul pdy epredents the nombep of syhrbolsrdall eutdhdihe hdriventpleuis espteagnts the
A5 oSt LA IS A 0L Y30 Bl o
eyrebioing to iMtpger pisvalesst age devi ation is the percentage of

a standar ghighitsnb@nat Risto |sBac@f 1t BRI PeRedn thee rﬂi@ﬂuhd t%e nﬁ on
read out on average as 2% of a standard bit |ength

1§R prizontalpxisicerreppedingiop Pis stk okt Herg e wide Hpquei dsrbution
Y, @hdferefoRAdndidékabRG/atitdh &l xyac( 8 dcamB Fod Gac&bAE Bordinkl Gngth of

f b it con t on.aver.a
SRR BBy SS0R s  bERap  yePhuQp A0
1&68th 0athd mﬂgbutm B0 B shghtl sightrsRevled Yichon small but appreciable amount of

spaces read out as having a bit length of around and over 2.5. This indicates that spaces of a

nominal length of 2 vary considerably in length when read out. There will therefore be a
considerable amount of error in a dataset comprising a high frequency of symbols of a

nominal length of 2.
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| ong. Synbols of nomnal |ength 4 are around 6%t oo
short at read-out. At nomnal |lengths of 5 and above,

wapasmee22oand mar ks show di ffering percentage erPOr/IB2004/052696

follow a simlar pattern. This particular pattern of
error is characteristic of the synbol paraneters of
BD-ROs. Ot her optical record carriers will have a
differing pattern of read-outgpercentage error. Figs.
5a and 5b are histograns shovm ng neasured read- out
data froriiha HealooifregBoROIisbwion Batsicagerehdightivb dieiright of bit
e
feﬁ H'3 Qidfic ﬂ%‘@a{ 248 bM& oA %@ﬁ% %’QP@% anJal‘i n%?ci P belg

tIC presents S rea

eitgbtbatﬁ@loean blqu?rz@ﬁ idth efithesdigtrdhytion 3his §arfq’i@r thptt the wisg of
@iftribdi®n 50/ ﬂf@@éaﬁn%ﬁlatr@al%pw& h T hrcdashed hkél%&mrqumefmn 3

t he 0|nts on t ean|st at correspon to int
511 r?adspa'i Bifdengthe There gre als dizeernipg PR{feEns dhpigher Plb%en@gﬁa]a@@butiops
84 86,had BeRTicAtb bt spade® biftdmiidaBlefdh ML5, ©6r 1 Heudaatryi rEa(dﬁilﬁ?ds being

(o PR SHRBR b0 e i bRl S

panigi fdxtabl e variation in read-out |ength for spaces

of a nomﬁg?a%‘gap[%pmg}t bezmscgl“at t ﬁleg]. ﬁ%ﬁ‘a‘ﬁnﬁ@‘ read-out

distributio I'S centere ] .
freiensa shiong iy BigelSto Itistrifiution ¥ingeaks apa re@éreutdﬁng@lrof Blbuiiprerggide,

iviih 2alid S04 y 5" dnd Bls; RERNRE o sitlilhdvaRaioiBh the R4l - oamra%%ﬁm £d
amount of aces read out as_ havi ngl a hbit |engt

sheess Ate %?Hla‘a \rapthpf 8; Norgthes disijytioqinkist 14t ass”b‘%%*’ééh%ibu‘éon 50,
RN sidlar de@Bgédin @fe f%qﬁ{e&l@/oiﬁm&ivﬂﬂiﬂa@hycah Be dee) QKB dishiBiition

N X T R
feacbgtu enigyeapd ti®pitheigth o nagks nbamanghal leegryfs3. dfistizbulibre SHSISS,
?(Laénd {6? glgit%ﬁfg ?hag%n?&% Iglﬁl%‘ir 119&21e§%h§ CP% é%ﬁ&]gb%(lce% ﬁéu'al E:eldyaCEu ate]y

atin aces o
prohd pealis of dlridpose @fftri@tiamear@g@n@reé moyndrtégmﬂesm O%t eityonyingl read
sltheafth! y too I ong. However, the width of the
distribution 32 is narrower. than the w dth_ of

di st ri but'f G& %%9 beiserd; @g’tt%]@s"?ﬂﬁﬁ?s tHe Ry Rkal bit EH%]E freqgiency

m@@@swmlglgtﬁaﬁerb bﬂé&ioYehiyﬁleQGMOWff bitddnigh ﬂﬁamﬁg&a Distributions
read-out t There.are al so di scernibl e
LER0 1P Motrie e R0 S s g s R B S5TPBine! 1Guetn g, are
fansnaB8& andidsscdenee mhradnysplanmhstr1mmommrﬁlgsa$a dné Algtithlic4ting3hat 6
%}nb&s a%oiﬁﬁ%iéfétg o?@%e%tle ar Fénlg% ghé &HJT lhé(ndt #9 mﬁg Qhmon

Strl ution oes not cC Icate a pattern o

pyabells a1g thoger @ fgrominad lengih 3, g5 ndédateg by fhe sridtaanddiightof istributions
mnh 86, riﬁ,thgaaplﬁ %di’da&(&{t Bgihofs ro@ mohaeloﬂlhrﬁt @@i@m Bdth ma;nlsst

r ead- out guenc%(ﬁfs own in % tribution

PRy anghthem @@ gepne i read-Bt TN o zfefOEﬁ}Pe iy of e i read-ont
Wiver likedy o Be %bﬁipﬂbﬁns%d5 and 2.5, indicating a simlar
variatio the read-out, dat o)

L on nati G g SR il ey of B R R Ry et
&doh biberas theifoien afsa st oftdpts bach irapres&ffing a measured read-out of a

combination of a mark and a space, the read-out length of the mark given on the y axis and

the read-out length of the space given on the x axis. The dots form spreads around the
intersections of integer values, where the integer values are shown in dashed lines. A small
white square is shown at each intersection of nominal length values, to indicate the average

read-out value for each combination. It can be seen that a particularly high deviation is seen
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and a simlar decrease in the frequency of marks with
| ength can be seen. Like distribution 32, distribution

w®B2005/06228€ent ered slightly to the right of a biP2CT/EB2004152696

of 3, indicating a tendency in read-out to increase
the bit Iength of marks of a nominal |ength of 3.
Distributions 54, 56, 58, 60 and 62 indicate that

mar ks of nom nal |engths of 4,and above are usually
read accurately as the peaks of all those

dhet erielspmbolris ofzpominaklength 2 andethooii ist df @omintldgeths, tib center of
; @%ad@[ﬁlﬁ ﬁféllntérgé%go t\{'h: \J/h%{égl]ier}loplirtal ﬁ;&ger%ﬁ% r? Gt. %‘ﬁe%}'ore it

| st ogr ans

uev,lﬁ appsarsthafingighhogpgyimbols ﬁéwnml tength ﬁ@n@% htye s emt anmhr
Brhdr, dafdRgd Roteada-dui QH)@ fhan RAySditlel M‘leﬁﬁ&l éf%ylﬁm bR %ngths This

i ndi cat.i ng the read -qut |l engths of spaces and narks
Bifectmaydif tHaed |leeﬁf§tdﬁpeefier%mtea.Sbénhﬂoéint%%rﬁmee?ecaﬁathr geadsout error
akedrsed fdrEEsmdslyvaidshedordihSto tietHethT tHeRydb@ Snd DikighB&in® Bymbol.

i ndi cat i f I t h_of .

the | oast Mt SANERT A6 DEHY BEHGIETAIE e oo
Ao of reatles dnh emeeson the datastoage lnen gl dn dficahecord dirdatied
Ry T
F@rpglﬁeﬁ aép@e HémmtrhéZ psitspdce éw@me 78 heb & eminpbein lqugth me mark

Y Dhak 8 AGkn M ruf [eﬁ%ﬁ nahd SIS:JE@ ?Lﬁﬁa@ Bﬁmhgqum‘gl@ﬁétﬁ £y, wRbre b8 and m’
data at read-out is ver be conprom sed.

BF g T GRS ROV | MV 8P Eude g hip hegid Standard e
m&g@h&)&m RSN bot-3. ”ﬁfefsﬁﬁdarcﬁﬁﬁlbngﬂ{ B Ak 'Epm e Jed rWlfi)Jh is
?‘hfé é)gs each representing a neasured read- out of
P5 187edgr bepwRmamati apdg sBisgclde offprt mapalep e a shift in

ihep@tthn@ft}khmtmrksmbben on the y axis and the

r ead- out t t.he space en on.t
tors Tor mENRL e Blulidfnd BRE: e b e SRodal athi Seiiieaf IBe o
siallarespospihirte the frguf sngnag brknowh opalae@rdsdaoiers, markglag hgdes are

itérﬂ%& 1ntc£‘th§ GEL kn m'ttgrﬁ I:c] aﬁ%gtﬁ ré% 'ﬂfé"éﬁhaﬂl 1nﬁﬁggrgl in hneear teﬁns

I ntersecti on of 'nom ues to |
Byedp fg ey stematic suers \daﬂcu@dfﬁmveémt%ﬁmahﬁvm aknovinrdise aill yrey

ﬁ@ﬁﬂleq,{e@{de@m@arstgngul arly high deviation is seenwhere
one synbo i s of nom nal, Ienfqth 3 and the other is of

noni nal Optiog! regqyd carrigr aegordye tp rreerisrinegt qdhegrasert he
invdne6rs &eteld@?. bbtwaen iRy d lspreesri@dshitell by Bt &mer distzakd) @s
ore it would ap tht ne hbor i
S5 oL Ot ol R A R 1 SRR s
@aeﬂpomhrl&no thecideasbingy nutpr@ siged.dhordge hetwcnn thevaare d0gndohdraark
gt bi | S e
AT 2l IRl 0L LSO I
tlbesp_aws% is pheftedewer-aglittanes EGQp) ded emthedglft Glthe aomomoﬁihe center of
C

RS B LT, 1, T 10 s

totat lpagth IsT Pt &h,m FE TABdRk Cf b phy&lbal teagth ofimerd& 72 Ilsehe;refém the@ased by
n,m Z"'%?-Ug)g %13{(%‘1(#? edtg nd %?elgf gpultlrﬁlﬁ P t%e gtgrE ardsb tqe 3 %ntl:r%ier

When the marks and spaces shown in Fig. 7 are scanned and read-out, the output signal will

be an improved match to the ideal binary output signal.
By altering the length and center position of the symbols on the record carrier,

systematic read-out errors are compensated for, and read-out data quality and fidelity



accordance wi th an enbodi nent of the invention. The

sequence of marks and spaces conprises a space 70, a
WOorenog/0d29nd a space 74. Space 70 has a nom naPCT/IB2004/052696

l engthm mark 72 has a nominal run length n, and space

74 has nomnal run length m, where n, m and m are

i ntegers taking values fromd+1l to k+1. As noted

above, according to the BD standard the integers would

therefore be 2-8. The standard bit |length is Dxcick.

improleds withao aéddse tilfer etistio réading bymipnienie By alsding the adcorkiharier, the

GH98 RE PER Ronl B e AR Rpch i Bl 21 SO

sy nbol | Geearbddyout sigral @ bp optingregrbavaring theaffsaEG. byoraHe

Mﬁa?@h%tﬁ§@glﬁés%n9§d/ﬂ1 Qalylé L kndg lerﬁéth%kfg@tg 181 a SmbRiafo AN

nput si gna known optical record carriers,

hk R spagk cophinationggsa f@etmwé sfandadcpitlpngtheifos a BPrR@ in accordance
Wied dn@biboliRht EXRGHVeMidnCTe@fkdis £dVE bédh Q@EMhindd PY bimbilagoto
in lLinear ter Due to the systematic errors
WEHLCLE 195 de%BG§ t he out put signal froma known disc
will vary fromthe intended input signal. In an
,ﬁ% |cal record carrier according to an enbodi nent of

€ present invention, the edges between marks and
spaces are shifted by an offset distance, in

%Ep_qr'r se Wt therparks Snulu Spgices fpundjgr the

rior art. Injconparison wth | engths| corresponding to
Mp& i depl binary output sjgnal,|the edge between the

gpace 7D and the mafk 72 |'s shifted by an of fset
distance FlnmDxciCkto the |left and t he
aP &rtnce

Trark 72| &NA ¢ h&%%&pard®a | Q%R [P ovEI®h
F(N>M) "~ DoobaeK | ooo7é he-0036ghf-0.10Bhie] p.oBH T [-aov4DT | -0.5826 Cent er

of —nmark!l 72 i ¢ hnn chifte over!l a distance

LEcnm ) | E0RRy | BOR G4 of PRES ) AL TR a2 hhs
jotal |pnesh —OQ%EnO()lﬂD +E0pnp DXMI@(>'Idm79phy)s)b45al
Lonath f My 79 fnr o ner anlend
CIIUL LI} Ul I. T T & L UQ_ y
?E( n, m +|:Q(Obfrirl1 ?'ggom ulog%gwog'Fgg tg'“féﬁ i ﬁ?“éﬁr P0319 [t ple
of the poemdlarelod t | VLR 00390 er 0110 \ARGA! t he028ar ki
and—spaces o Kt o8P Seanretosns reas ot
he output signal wll bel an i nproved nmatch to the
i deal binary output signal. By altering the I ength and
ﬁ&@&&trthé’agﬁ éan%nQJ uskd' YR P 19Re HNE: Ju?&e%\g iCGEH ﬂh%rthe

systenmat | rea errors are conp ensat
m@aﬁa digetiefeis alwgirahd dipctipncat theds W%ﬁ Bokdnd prape, Frich goes

BRe e tc@ldwFds % nfti (?eg"erfe@%jh&‘@n S0McRIFBMNon of¥e ﬁh&@r EdE
t he r%gord carrier

ta d t [
epie iy Ll 14 ﬁteélmns%iowtthf‘eedaﬁ ?%ws%ﬁh%%ﬁw%%&%ﬂf and e SRRl .
cBhﬁmEt&ﬂdsh&hlﬂ béd)fgsﬁﬁh tllﬁ ia[}edﬂen Oﬂllhé lli’fhrKEIhe aghiay ofitte éfi3et is thus
n na
Sttty B ol feee 30T Rt pE BB Fish e R ndte o
wifichemmedlj aantio eachl sigpeitie ezd@enbl nation, as a fraction of
standard pdrtexelnﬁ)tﬂé% Eequgn% mQy &Qéiggf b RaftG? %rgiﬂgl(fe%gth 4, a space

of nominal length 2, a mark of nominal length 3, and a space of nominal length 4. The edge

between the mark of nominal length 4 and the space of nominal length 2 is shifted by an
offset of 0.0396 (i.e. it is shifted by +3.96% of the standard bit length in the direction of the
mark, or -3.96% of the standard bit length in the direction of the space). The edge between

the space of nominal length 2 and the mark of nominal length 3 is shifted by an offset of -
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wi th an enbodi nent of the invention. The of fsets have
been determ ned by sinmulation to optim ze read-out

W@ e@bi062299 Tabl e 1: Space - > 2 3 4 5 6 7 8 MarRCIIB2004/052696

0.0131 0. 0619 -0.0149 -0.0293 -0. 0087 -0.0097 -0.0058
3 -0.0646 -0.0074 -0.0860 -0.1036 -0.0834 -0.0745
-0.0876 4 0.0396 0.1006 0.0190 -0.0025 0.0228 0.0228
0.0038 5 0.0234 0.0923 0.0109 0.0129 0.0142 0.0179
0.0045 6 -0.0011 0. 0610 -0. 0194 -0.0434 -0. 0197
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@éﬁerﬂlﬁ% Sh fhe ?épecﬁ‘;EQegétﬁse&ttﬂe%l@indtsbaﬁ:e 'R bkedto cgﬂéhsa%%xr the
determ nes how t he _edge bet ween
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of fset i rrig. heh@srmldhrbf atlath heckronrakl opticalredtbdatriet eenpdifing a

th ffset | [ to t 1.nal .
L NN e R T
oy el is wh itccdealarOne atljaamel teat Gromaight ts lafipischovinhia tirekgections. A

% gﬁﬁmﬁﬁ?\;@ é) od%cﬁs }ggﬁ{g\%&%h% %%g%h ch{k '?%Eegen?efd b%éts ﬁenter
Bfe. Hisripshed verteealghidizig linesd 12 shopdoe/ tb«f datmthh isldivided dptchregular,
a8 88 i%nﬁ%ﬁhl*é\ﬁﬁc@s tfﬁx@m alre 18fy PRI R@dredc8 P Thred R Pﬁé,

b40aceo ]ﬁ is shifted by an offset o
40333%*‘“(11“@513?"?5@&’5 B ARchiFOhsre showgeos of the standard
bit | engtine ndﬁgﬂtha@taﬁ@fd BiOBng®H (Ahe) ifEHokin iOFig.-83asI0d4itdnce

0SSN SRS o B0 SR S o ERS efiee ot 2 ety
gackd hlogg thadda tofck notarsadcingemgdspondingso thhsthided bityengih (AXic).

gytn];b%g g1 datQ tr?c%é}iﬁe é}lheeﬁ wnh'ihe &)%Sﬁ(ms 0% &lglr Pé/gte%%te?rrgi(rg%(f;cg%rmﬁg

st an Irection o
tpahaaréfwme ptnhté 18%, an@l with giypn offsetp.gihl npminglHengdh of eachisypbobis

§hB%n§nFﬁ§@)in tem%f%&,%rr bydaen gl tt@%rﬁiafﬁlhn&és o sBard LRSI

and ace of nom naI 4 is shifted by an
ﬂ)"FtF%c%tg“’@ﬁ Y. 1he sésesmop purgeral; f?uoi"‘@d EhiNfted by -8.60% of the
st andar d skpacte 1|1$f§@ilzlitleluﬁ of iondhdl @Bkth 0N2,0f sHolve btk the@pace

0 .
(dlsstaggc)e {ol&]) {"he nommtal lengths of all the symbols in the data track of Fig. 8§ are shown

by the measurements represented by horizontal arrows beneath the symbols. Following the
space 114, the mark 116 has a nominal length of 2 (measurement 116N), and edges 116A and
116B.

In accordance with an embodiment of the invention, the edges of the mark 116
are shifted by an offset. According to Table 1, the optimal offset between a space of length 2
(here, space 114) and a mark of length 2 is 0.0131, or 1.31% of the standard bit length, in the
direction of the mark. The edge 116A of mark 116, between space 114 and mark 116, is
therefore shifted by this distance, shown as offset 120. Space 118 is also of nominal length 2
(measurement 118N). The edge 116B of mark 116, between mark 116 and space 118, is
therefore similarly shifted by 1.31% in the direction of the mark, shown as offset 122, It can

be seen, therefore, that, according to an embodiment of the invention, the edges of a symbol
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length in the direction of the space). It can be seen
that the value of the optinmal offset varies dependi ng

womoshe20especti ve | engths of the mark and spaP€l/1B2004/052696

order to conpensate for the |ength-dependent
i nter-synbol interference described above with
reference to Fig. 6. Fig. 8 shows a portion of a data
track on an optical record cqgrler conprising a
sequence of synbols according to an enbodi nent of the
nBVIeRt twdrsimifal gffseB, if thedyabpl avpiatded andollowedrtgt syBbdOdf atsidnilar
8¢ le. One data track, read fromright to left, is

, in three sections. A scanning device projects a
scanni ng Mirgig4 hesameminehigngiaei= (Ehoamlby inkasurementr I84Nn Refdrring

%‘@it& ‘;ab?ethhgred eingA b&%erf’% el‘i's; déE 314 19éhYﬂte‘3' g &{65‘&5&

ow the data tr

6 #thtdhinsionioghg BrwidFisparse et 161 Feredear BB PR Pk 124,
*&Wééﬁ @he 'hﬁfkelfzﬂ Qﬁ@th@ %a@& $30 (Imo%amﬁ%ﬁ: 3)(1331@ﬁed1>§40 0017349r

By g e s e Bt TR 5 O Lo RS26
dnidg28 &ryd @esezfcsber -gi46%6paae.doet, w@mf)an RarOe s@ensttrefdite, that the

st anqar er e rereren
55 TG L G SeRRabuar s PREEbE 7 K Re i
lmsaduffa:gntd@lgﬂlaspondl ng to the standard bit |ength
(Dxci ck) .g %@”f% fh§s oﬁbnhﬁ‘a‘? gﬂ%ﬁ 3l {n?e%ne% gt BoRsE ?é”f&lfawed by

t he positi Fons "0 determ ned accor
mirk 136 Mdick plsehisai mmglallmgth afrﬁimﬁﬁ%lr?mgm\ﬂéﬁNbf\ﬁ@édl@ to Thlée 1,

ﬂﬂ&@fo&a!)ffs'eﬁ@ﬂmo@67@&@)“74%/1H’%|du&<§m§ Gﬁ}ﬁ‘@mhrﬁ Fig. 8in
terms of the corresponlnglnte mul tipl es of the

lothis 6pse: &f oBt e seeh Gerrirs dhah pabol Sgg v@Har@ymtrﬁ engd BREIRe
mﬁ%ﬂt%ffse:isg&épt@%@%f@yn e n&ﬂﬁhﬁlﬂe@géorflg&glﬁmtd%e@ﬂlbglﬁ The mark 124
S PieralaS0 Fa orfiat RoR AEN RouRat e VabSe MR R vary - in
Sigrkaipde, bifset 116 ig@tcd6 tar aG#6% 6f aFstadar@ biateagtls,vdhila offset t32ds -
FRE AP Sl SRISRROLE T, B SR RUTRYR BRCAR 14
ks n@mhpralffsert éAytakhayeh Qle (fﬁ@afwrsm istnotshewy. The feaeth @fefGet 135

J«&@ﬁvéﬂtc&&iﬁ to th@leﬁ@ﬁ@f’tﬂ@fb@@wfﬁ@gﬂ%@n enmbodi nent Of the
i nventi1 on the mark 116 are shifte

of f set. A@E’é? Ehe rﬁ?jgthet ﬂ?%ﬁfsét op eaghyide g2 bl Bex ‘éeéi‘ffefenf he
Retererame sfmbdadeEnal as tiengind halfwah @llbﬁg itsSlpaee mhjl di}o wnlifiad

K | th 2 ..31% of t and
B0 BHgeRToPmoR a7 R PR et Lt i renee
&hGehoinf. Refarckcelctkfirepbiat 14€ris pprioeed hildwaradongtrelnothing] lengsh of

ROGISL2E M A bbbl LS ARG, RO B bhieRAC o

Space 1 SO o noni nal
10prk é%"ms elnﬁqqltrelm‘@m referepse extgyepoint 637, élﬂe tpr@he lffieti@ng of edap YA

Hﬁrl Kap §Bera0d, 8 BAOAR sdchBhat bﬁ'se%sréﬁér%e‘l&%t(}ﬁdnmcérﬁ%ﬂ)cﬂnt%m 6 as
y131%|nthe direction of th shown as offset

ahole.| ¢ can
It will be understood that Fig. 8 is illustrative only, and that the invention is

not limited in any way to the specific example shown therein. The invention may be applied
to sequences of any length, and of any combination of symbols.

Fig. 9 is a graph showing simulated read-out percentage error of an optical
record carrier comprising a sequence of marks and spaces in accordance with the first

embodiment of the invention. Optimized offsets as shown in Table 1 have been incorporated
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be seen, therefore, that, according to an enbodi nent
of the invention, the edges of a synbol may have two

W@ Rews6m290f f sets, if the synbol is preceded aneiCT/IB2004/052696

foll owed by synbols of a simlar |ength. Mark 124 has
a nom nal length of 3 (shown by neasurement 124N)
Referring again to Table 1, the edge 124A bet ween
space 118 and mark 124 is shi Eted by -0.646, or -
6.46%in the direction of thé mar k, shown as of f set
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S
féﬁ‘éoraé*ﬁ & 2 BIRPHp 6<f°ﬁr1dan<rszé’f®rae*ﬁ<‘c°§ gmbRdirasyh phthe 1112%011’ are
fowh td EBRA. TilshviifledadfERE atdtReattd BY Frrthdih@thg bptindikedrottdés given
1%? E.e. hal fway al ong neasurenent 124N. However, the
RJAPlal- center point 124C of mark 124 is shifted
relative to reference centrepoint 127, due to the

of fsetting of edges 124A and 124B. Therefore, it can

be seen that offsets alter the I ength and centrepoint

of synbols as a whole. It wll be understood that Fig.
8 is illustrative only, and that the invention is
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therein. The invention nmay be applied to sequences of
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of an opti cal

i nput data is plotted agai nst nom nal

record carrier conprising a sequence of
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shown above I n 1, 'data to clock JltterIS .
TrEsirEr et P’B‘ﬁkS@Pd srersatePlaied spraielsly- Eorghctuates bbween +1

ertog israbhinalfledohe ublﬁysﬂir banniah@aﬁfspa&s significantly
reduces read bout e %{?t he 05|t| on if%{ g
edge bet W& §§?‘P6‘6 Eﬂ“&‘ﬁ r"r"‘%‘rﬂf‘ é°§m? GO POGEFS ta§/
etvoagly whionthé hﬁul@feﬂ&&hen \81t}mpt1mll2©d affdets a0 p]bttemih Figl 8, tiegenis a

slémpca"?t I'?d%!?tg] n?]’%l? %%ﬁhp%fléogr&’lﬁll?‘% | n?ﬂ‘e g(f $ érCeél

u Cc e
eqdw@d o apuaEt2 10f3%i prionﬁnaé@ngilﬁsméo @ andalnsnrtfcwlnr, err @Rk 1R@jnal

'leﬂ RS fs‘%&h"{l 0Cs35 Wr tsf)lacé)s anf ﬁﬁMelef‘/g RA L RR THRreall I?)ﬁt eéror can

|nvent|on are shown 1 n” Tab .. The sinplif
drerDetts rediesd apriegiaghdy exen Wah AL PR{MFRd OB i 2 ed of f sets

%/IHV E n i N Raking a dinhddof ofan optiddfeBord catriér idcofporutifig hatks and
spacr:es with the simplified offsets yields a data to clock jitter of 4.3%. This is not as great a

e ef-rror is

reduction in error as for a simulated carrier incorporating the optimized offsets, but is
nonetheless an appreciable reduction in error in comparison with a carrier which does not
incorporate any offsets. The simplified offsets in accordance with the second embodiment of
the invention have the advantage of being easier to incorporate into an optical record carrier,
because they can be manufactured at higher tolerances than the optimized offsets.

Fig. 11 illustrates a method of manufacturing an optical record carrier having

the above-described advantages, according to an embodiment of the invention. The
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0.000 Fig. 10 is a graph shom’ ng sinul at ed read- out
percentage error of an optical record carrier
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si mul at edn@ﬁfefhb@ﬁcc&ifdir@to@ﬁi dnﬁoﬂﬁﬁnﬂffﬁl&@iéﬁerﬁ&va{tﬂh ttﬁicbmdﬁy
nt educti.on in Eg
ormof
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402 el o 8 Arho kOO o
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i ehe %gﬁbggqutl m zed offsets. Running a SI mJI atl on
of an optical record carrier incorporating

spaces wi 1 i@ of propasief PEHNOftaR e pasr @ge i uéeétt‘é"%"l aUV
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The other layers around the data storage layer are then added; for example, as shown,
transparent layer 98 is added by spin-coating.

This method may be used for the manufacture of BD-ROs. In this case, the
layer 86 and UV sensitive lacquer 84 would form a portion of a circular disc. The disc is
rotated as the UV beam moves across the surface of the UV sensitive lacquer from the center
of the disc to the edge, thereby forming the relief structure as a spiral data track after the
lacquer is developed. The circular disc incorporating the spiral data track is electroplated, and
a circular stamper for the manufacture of BD-ROs is then taken from the circular disc. The

circular stamper is then used to make record carriers as described above.
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with, f OrIt BXATRh Srstédd §RA b eg}ﬁqrdgs)éhge% i RAaHbd {3%} tha

‘Wi{;gve t he areas of the -sensitive aC uer
IMSEEPAY % Bi5e dlgne ?f iR ﬁ%thMng‘mh OB’éléf‘??tu’feb?eﬁ?rW@d apd may
dl4vi Helugdd ifi enib@tictwith@hdls £mEf. feall€s df Byt dtRdr of 184 érffodiments, or

structure 9 th ro ted and at, Ieast one
Tt gk S oF e Sp P b s ite Ruve o
holifnagora mptalescBd abdvie ahy iatso &b siaplbgsd vetot ldeparting Stogr the scope
RSl HIRAL SerliBin B JBSHSoonlfBL LR POI yCarbonat e 94

I s stanped st anper dta stor age | ayer
96. After the data storage |ayer 96 has cool ed and
set, it is sputtered with nolten alumnumto formthe
reflective side 98 of the data storage |ayer. The

ot her layers around the data storage | ayer are then
added; for exanple, as shown, transparent layer 98 is
added by spin-coating. This nmethod may be used for the
manufacture of BD-ROs. In this case, the |layer 86 and
WV sensitive lacquer 84 would forma portion of a
circular disc. The disc is rotated as the UV beam
noves across the surface of the UV sensitive |acquer
fromthe center of the disc to the edge, thereby
formng the relief structure as a spiral data track
after the
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| acquer is devel oped. The circular disc incorporating
the spiral data track is electroplated, and a circul ar

W@ t@ape299 or t he manufacture of BD- ROs i s thenPCEHKE2004/052696

fromthe circular disc. Thd8circular stanper is then
used to nmake record carriers as described above.ln an
al ternative enbodi nent, the processing may take pl ace
after the binary data has been witten to the master
tape, but before the data is physically witten to any
cregmsed carrier. The above enbodi nents are to be
understood as illustrative exanples of the invention.
Furt her enbodi ments of the invention are envi saged.
For exanpl e, although the above enbodi ments relate to
BD- ROs, the invention could be applied equally to any
optical carrier, which conprises a data storage | ayer
with a r‘4|ef struc ure PVE eﬁc.. HF
that EFord AT ﬁbec‘{”’f} C?I”Hér °§E‘Hrésr1&g 2 Sies gy e pduding a
ehdf elictmnfosstaliag dath el redsipwhereit e rafef swttuiesodpdises milatestchck
@ wé)éncoéﬁnt zga \rzx}l%gﬂ 19 §ead ogﬁ/gtrhg ?atg {ra}cﬁ%&ﬁ% Hh ol adj acent
respec podi ment at | east
on of the socittescepﬁsym’ootsthewsg hawipal ﬂmgthfb@rrd@p@hm na intagral
o s Ut st
sebofir¢ferensd geints (112) \ghlﬁloarb eegulﬁtiﬁewgteé@@%@? datp Vaefkéat t??@afed by

ﬂ§§%{dgllg%glelngth@glatl on to any one enbodi ment may be
used alone, “"or In conbination with other features

descri bedvheeindhadaja ack inchdes sfises shoh cdesfbl Gt Visrin 1R fshedee

QEhifidlBonk 8RIME BSKOWitIRIYpet th Bhiec @lsaill REer@ODREIEBI b First Offset
aaas conbination of any other of the enbodi nents.
thernore, equivalents and nodifications not

descr i bedviahame: dwrz&kmldaes 590 yetl eddel( TmHAD, vdemhrthe ng

wh
%eﬁogg]g%gc 65 n%giﬁg elorg; thF §a g tlk)‘%pﬁec‘lt to !R%Eleri: dgf § 8 Céggrtgn%e F&nts
byreesecomnd offwt G20)r i er con'pr ising a data storage | ayer

i ncl udin %ﬁreﬁrﬁh%ﬁg%rﬁt{l&@&fttﬁgsgc&g berset @ﬁé)rigdlﬁﬁreﬁ 1d @1&: li’tﬁgm‘tude

read, wherein t el1ef structure conprises a
Qfﬁlﬁdkst@if&e(%lz@ncodl ng data which is read-only, the data
track conprising: a sequence of synbols having nom nal

¢ andar o BEFSPRRGEE (oon Seyheronite Sy bRt ymBl gaane

PasirdpbDNE 4@ GalOVG Hegvebtha edget ofthe syeibell eten pwicattispoint is

| ar | I .
L
wwoef siidrefeteecedaints, by andffsmﬂd;i&ﬂ)d es a first such edge

(116A), wherein the first edge is shifted along the

data track, with respect to one of said reference
.’bm nts, ”gbe secprd eagriepgffclagn 1 or claim 2, wherein the data track includes a first

W

symbol and a second symbol,
the first symbol having a first nominal length (116N), the first nominal length

corresponding to a first integral multiple (n;) of the standard bit length (Axcicx),
the second symbol having a second nominal length, the second nominal length
corresponding to a second, different, integral multiple (ny) of the standard bit length (AXcicx),
wherein said first symbol includes said first edge and wherein said second

symbol includes said second edge.
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(120), wherein the data track includes a second such
edge (124A), wherein the second edge is shifted al ong

WO b@smdex299 t rack, with respect to another of saPdI/IB2004/052696

reference points, by a secdand offset (126), wherein

t he magni tude of the second offset (126) is different
to the magnitude of the first offset (120). 2. The
record carrier of claim1, wherein the data track

i ncludes a synbol having a centrepoint (124C) hal fway
bet ween the edges of the synbol, wherein the

centrepoint is shift al_on the dat a tr

Yespect ti§° ’éﬁc?rgffg’flgﬁgga‘ Snt SIS H T Sepopd ym EPTW@’M such

dagd UesB) whivh isshifisdivith regfe@ i@ paeofBaill nfgench yoiam, tyfafthiet offset
9). 3. The record carrier of claim1 or claim 2,
rein the data track includes a first synbol and a

second synbol, the first synmbol having a first nom na

4 ength (116 wcordtcclﬂﬁfr oHlFiHL 4 %Heféﬁl thd ﬁgg%ttae%@meeéommﬂfsea

to a first Int the standard bit
Gleﬁigqcinffe(f@k@lth%}lagntﬁﬁeoéte?:@ﬁG%% haV| ng a second
nom nal |ength, the second nom nal |ength
corresponding to a second, differen

Gvul ti pl e Hhe geond gariereh pyLf §laijps 3 oen {“Fie”c %ﬁé‘?‘@%ﬁ“’k comprises a
MA@ §yRbBL tﬁahgthé banftnosinalalgth achademdsanibLf i r st edge and

wherein s con i.ncl udes ec
R et Y L R e R IS
foanttosige is yhrb@ll, whlassmctttdnone df said kefeehye p¢idi2HB) fouriheifsét £132),

pﬁlgénﬁﬁde\r@g %vﬂ E%f’eg %tztg bhe (ﬂ‘ga?gn#%de%"il{hg sécglﬁcpdtﬁgtc(%zcﬁ oi nts,

record carrier “of
cIa|n14 mhereln t he nagnltude of the second of f set

1.126) i S e frefc&rd%%mto@ clhifs, mﬂz‘lrt el@cotd syiisol idHepeblated from a
of f set 1283 .. The recggg rrier f an %f clahﬁs
foprtEsymppldHEh by it ot gLl ST gy s scpafa P b
J\?\%‘%blﬂ@@ BesatiBRthredss, ﬂnlglfoluhlﬁ r3gibol faﬁd thb &ftls §@mothas jngldtiferent
er synbo as a fourth such edge (134A)
2@%@?@%§"§£l&$%urth edge is shifted, wth respect
to one of "said reference points, by a fourth offset

132) t hﬁ]e?&&ﬁ gLMgI%f ngr \f‘? aq'rgs 3% 7d{>vf1£r9f} BekedoBd fnhe%ral

nagnltude 0 secon The record
wulfiple ) 9. cl ai m 6 wherein the second synbol is
separated froma fourth synbol (118) by said second

ed e and the third synbol is separa ed. fro
g The record carrier o¥' any preceding cla frjrln wherein magrrHtu%e o% the second

offset (126) is between 5% and 15% of the standard bit length (AXcick).

10. The record carrier of either of claims 8 and 9 when read in combination with

claim 7, wherein the fourth symbol (118) has a nominal length (118N) of 2.

11. A method of manufacturing a record carrier comprising a data storage layer,
the method comprising:

writing digital data to a surface, the writing comprising forming a data track
including a sequence of symbols having nominal lengths corresponding to an integral

multiple of a standard bit length (Axcik), the symbols having edges positioned according to a



synbol (130) by said fourth edge, the fourth synbol
and the fifth synbol having different nom nal | engths
W@ 208M2298B0N) . 8. The record carrier of any of PCl/me/ 2696

to 7, wherein the second indftegral multiple ) is 3. 9.

The record carrier of any preceding claim wherein

magni t ude of the second offset (126) is between 5% and

15% of the standard bit I ength (Dxcick). 10. The

record carrier of either o f clains 8 and 9 when read

bR oG OXRAdR iR 11 194 Wiick hidirdPuibrly YWaEddQidhg iHaQlath @UEK dRd SepRRRY b

%%18) asﬁa ngn?%al Ieng?% (%%%N) ofg2 11. A ne?ﬁod g
StARslAd oK éPﬁWlﬁ@Wé record carrier conprising a data

stor age I \ﬁﬁéﬁeﬁn thé &quéﬁa& b@g}mts@mumaésrag*rst Mmfe?gégu Q] Witein
e Wi S 0
B e it e ot it esb Py b o tis. by a

fisnafRel(120engt hs correspondlng to an |ntegral nultlple
of a standard

ed ges posi dl}ereénntg%aaéac tg‘o lu(dest a secon)d suc fegf%es(%{ gh\g eerelrb %hﬁ ts
getdr@edgetis shifted plong thegydhta trbqk mﬂamazstctab arvthet hf@aldaefa‘enqe acikts,

SERafal 9oy the standard bit length (Dxd ck),
\%gsee(lﬁln t% ase) uence of s%/nbol s includes a first such

edge ( 116\7&)%1%@%%@%@ the seeqnd @ffest (126) is Riffereido Hegrgnitude
bige slatodsdi (126K, Wi th respect to one of said reference
points, by a first offset (120), wherein the data
track includes a second such edge (124A), wherein the
$ECO n d e dl}j‘e nietho8 bf dlhiedl 1aiviengn th dirsd aff@t (1L@eid thaiséchnd offset
él% ete ne WIEth{ e(r)uf:e S%'lo%k-ru%ft%{ ence points, by a

f[? 8‘) WREr B mPiRe magni t ude of the
second offset (126) is different to the nmagnitude of
the first offset (120). 12. The nmethod of claim11,
wherein the first offset (120) and the second of f set
(126) are determned with reference to a | ook-up
tabl e.




