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The present invention relates to optical storage disks, and in particular,
to smal | woae/nessd cal storage disks formed with a nul ti - lpayarsozpissE al
coating. BACKGROUND OF THE | NVENTI ON 10 Optical data storage nedia often
take formin a data-carrying layer fornmed on a disk shaped polycarbonate

substrate. These devices typically fall in the category of
substrate-incident nedia since data recorded in the data-carrying |ayer is
retrieved by 15 illum nating the data-carrying |ayer through the

substrate. Mre particularly, i HYBRIIhQPTKALDP@HK for reading the data
first passes through the substrate before being received by the
data-carrying |ayer surface. 20 Optical data storage nedia or disks have
different properties and can be characterized by their attributes, such
as read-onl yFaplLDcQiF dafEa INVEMNEHON nedia or wite-once optical data storage
nmedia. In. read-oply optical data storage dia, data .is _recorded 25 in the
dat a- carrying | aygh‘ea§%58§@ﬁ gSvett %@%r‘r"%%r% B[R SEOFRESe physi cal
marks or bunps s@k€ ahPiieAday-tfierRE USiNGm@n 1 1 8 il didig RIpeess.
Once forned the physical marks or bunps cannot be erased or overwitten.
The physi cal dFgkis formegns. t30 shawd tdi-flifseteshtordiifdalactdakd st oper t i es when
conpared to areas of the read-only data-carrying |layer that |ack physical
mar ks or bunps. Data retrieval in read-only 1 WO 02/093569 PCT/ US02/ 13865
BACKGROUND OF THE INVENTION

10 Optical data storage media often take form in a
data-carrying layer formed on a disk shaped
polycarbonate substrate. These devices typically fall
in the category of substrate-incident media since data
recorded in the data-carrying layer is retrieved by

15 illuminating the data-carrying layer through the
substrate. More particularly, illumination light for
reading the data first passes through the substrate
before being received by the data-carrying layer
surface.

20 Optical data storage media or disks have different
properties and can be characterized by their
attributes, such as read-only optical data storage
media or write-once optical data storage media. In
read-only optical data storage media, data is recorded

25 in the data-carrying layer as a series of physical
marks or bumps. These physical marks or bumps are
typically formed using an injection-molding process.
Once formed the physical marks or bumps cannot be
erased or overwritten. The physical marks or bumps

30 have different diffractive properties when compared to
areas of the read-only data-carrying layer that lack

physical marks or bumps. Data retrieval in read-only



optical data storage nedia is facilitated by the difference in diffractive
properties. Wite-once optical data storage nedia commonly take the form
of a pol ywerlkosssbe substrate spin coated 5 with a | ayer @CTArsganses dye.
Data is recorded by illumnating the organic dye |ayer through the
substrate with a |light beam whose intensity is nodulated in accordance
with data to be recorded. Select areas of the organic dye subjected to
high 10 intensity light chem cally change and result in "dark" areas,

i.e., areas opHichihawe aa duaieigd ingtiia ref |eetiMidaradhesy adopared to areas
of the organic dye which are not subjected to high intensity light. To
achi eve conpHtiisinancg Wit KIfEaRTnive SPiTRAIt fit-a 15 storage nedia, data is

recorded as a se € Rcd T8l ey do6 3K i LNSoRASGM Pne of which
is positioned bgdti\ei\%(e\en Osﬁjac%?toji‘%ll gh refl eocft%‘{/i ty. This di ff%r ence in

reflectivit dkacidtie dicasn ddt & metlnvieudionatthewisimats spamgecdtred he
organic dye is.irreversible. 20 Thus, dat itten to the.arganic dye |ayer
cannot bg INetd e &fqu%f"rb]fc (RE di g??vgc’:%nmoer‘?%%l? ea%ce%}gby i ncl udi ng
bot h read- o 1yi 130iGh AMiirdcf tHE & RUR 1 ONSyONL L Whkidh sheles of the di sk.
However, in order to manufacture 25 such a disk, the organic spin-coated
dye is pattauharraheewithe ailsiohi theaiepihreie HHeS¥of the read-only

portions and w .fag{e?%k%%&%@ I%E&&ﬂr%ﬁéﬁ bde e &HPLEXI ty, and

t hereby t he cost, emin partially coating a
surface is tdulteddf a3raghicl dilg cowoEnidiedeetswe aurddcer Theghef fective

e ol sty Moy AlaAd0n o Qs AN R PO
areas, i.e., areas which have a lower light
reflectivity when compared to areas of the organic dye
which are not subjected to high intensity light. To
achieve compatibility with read-only optical data

15 storage media, data is recorded as a sequence of low
reflectivity dark regions each one of which is
positioned between spaces of high reflectivity. This
difference in reflectivity facilitates data retrieval.
The chemical change in the organic dye is irreversible.

20 Thus, data written to the organic dye layer cannot be
overwritten.

Utility of the disk can be increased by including
both read-only and write-once portions on one or both
sides of the disk. However, in order to manufacture

25 sguch a disk, the organic spin-coated dye is patterned
over the disk with separate areas for the read-only
portions and write-once portions. This increases the
complexity, and thereby the cost, in making the disk.
The problem in partially coating a surface is that of

30 shielding over the active surface. The effective
shielding of the surface requires that an inner or

outer annulus be covered without causing a shadowing



2 WD 02/ 093569 PCT/ US02/ 13865 effect (e.g., in sputter coated disks) or

w t hout dye streaking during spin coating, as in the case of dye based

di sks. FuwDlen93sshi s nust be acconplished with a vari abl ecadaporessed
coverage fromdisk content to disk 5 content. In practice, this is very
difficult to achieve wthout affecting process yield and associated scrap
cost. Accordingly, an optical disk is desired that overcones the

di sadvant ages di scussed above with 10 conventional optical disks. SUMVARY
OF THE | NVENFE £t n (acgor danceput tbroseaaspedtisik)t be whvkplicodyean

optical disk has a nmulti-|ayer tuned optical cgating 15 overlying both
smal | bunps £breebiBIpfEriBEofHed CPAESPHat PSn1EnGH aﬁé?eoﬁﬁoéﬁﬁich
information Lgso¥r i LRB-t Orapehsrbseaugnilyer 8adabbemp1 Th8apLical o coating
i ncludes a phase-change netal/alloy layer forned over the disk substrate
and a di el ecvartabagedegfetopfedovesrgehErphadé skhangsehiy&o. dAskopt i cal

di sk ac rdinﬁ to, the invent%on ha§ sgecific to g%%@%%%k tEpatures and

si zes. Accor PHGePE- onkPeRbodrhERt, TRISuBSt YEFE had IShpSsifel y faci ng
first and seggndesdrtacasutAbrkeasting2prbheski Ksktlsuahdcaskasiacpd t ern of
bunmps and surroundi ng pl anar regions representing a read-only portion and
a spiral pat E8FAPofoFAnds and grooves representing the witeable portion.
A first netal/alkggogaxg? gs gﬂrﬁggigggrg§¥knqstQ%sﬁgggtt%gtsurface of the
substrate. The first neta } ['l oy yer is forned fromtin, antinony and an
el ement sel eovedcomes the disadvantages discussed above with

10 conventional optical disks.

SUMMARY OF THE INVENTION

In accordance with one aspect of the invention, an
optical disk has a multi-layer tuned optical coating
15 overlying both small bumps to store pre-recorded
information and lands onto which information is
written-to and subsequently read from. The optical
coating includes a phase-change metal/alloy layer
formed over the disk substrate and a dielectric layer
20 formed over the phase-change layer. An optical disk
according to the invention has specific topological
features and sizes.
According to one embodiment, a substrate has
oppositely facing first and second surfaces. At least
25 the first surface has a pattern of bumps and
surrounding planar regions representing a read-only
portion and a spiral pattern of lands and grooves
repregenting the writeable portion. A first
metal/alloy layer is formed overlaying the first
30 surface of the substrate. The first metal/alloy layer
igs formed from tin, antimony and an element selected

from the group consisting of indium, germanium,



fromthe group consisting of indium germanium 3 WO 02/093569

PCT/ US02/ 13865 alum num and zinc. After the first netal/alloy layer is
formed, awbDiemp3sdd el ectric layer is forned overl ayi ng t hepCirrso2/mssal / al | oy
| ayer. This dielectric layer is formed fromsilicon oxynitride, 5 -

al t hough other dielectrics are also suitable. The first netal/alloy |ayer
is positioned between the substrate and the first dielectric |ayer. These
two layers forma continuous optical coating overlying both the read-only
and witeabl elpaihuens anbheitli.ckadterl @hend ioptd cadtadotedtlant dgfert he

coating can he adjusted far specific wavelengths. In this enbodi nent,
there is a stgniPrEgAr 2adddftagl Sie e Cudé tJﬁ:efg?q”i‘ n oxynitride

layer, whichybsi1884e 0k @3B aeth) /he cspultaid Ng 9f1d5 silicon through
a gas mxture of oXxygén and nitrogen. The Silicon oxynitride |ayer can be
adj ust ed anddiedrtitaliced ayied tis dginsal finedeeiByi acay wxupithaldeati os  of
oxygen angd ni_trogen. This fine-tuning of the tical_,index .allows a high
degree of " tu éftglglulglht ?t;h(?rZ(Silae(;‘r%Cetvrel 8 SrreeciasleS%gpétl}lgcaé}b]teu'ni n%l.e Par anet er s
that can befeestr alded /and ovanigerane Yo iivionesiedwiax tigont rol through
oxygen and nitrogen m xture control and_ thickness contrql. Optical tuning

of the di el eBHPRETALEy MRS ST i od ST ab HEVRIgr e BISS it ace 25
Gogr oo, of T a8y Sbaar it on rar hx P opee, TR B RS I e
i nvention, thbecoatidngnliys aandsiwnjlteatdst poudusrsay erTlst ridctakresshat does
not 10 and optical constants of the coating can be adjusted
for specific wavelengths.
In this embodiment, there is a significant
advantage in the use of the silicon oxynitride layer,
which is made, for example, by the sputtering of
15 silicon through a gas mixture of oxygen and nitrogen.
The silicon oxynitride layer can be adjusted and
controlled in its optical index by varying the ratios
of oxygen and nitrogen. This fine tuning of the
optical index allows a high degree of tune-ability to
20 achieve a precise optical tuning. Parameters that can
be controlled and varied are the intrinsic index
control through oxygen and nitrogen mixture control and
thickness control. Optical tuning of the dielectric
layer can result in a suitable degree of surface
25 reflectance for tracking and focusing, while
maintaining a sufficient degree of laser absorption for
write-ability.
Further, with the present invention, the coating
is a single continuous layer structure that does not
30 require any shielding on the disk and is applied over

the whole surface at once. The coating is continuous



30 require any shielding on the disk and is applied over the whole surface
at once. The coating is continuous 4 WO 02/093569 PCT/US02/ 13865 and does
not vary wWepengisng on the degree of the disk that is prePCaasozexscdr
wite-able. In one enbodinent, the optical disk has a spiral pattern of
bunps and/or a spiral land, where the outer 5 dianeter of the disk is no

| arger than 50 nm and is typically 32 nmor |ess, and the thickness is
typically 0.6 nm The lands are forned such that the sidewalls of the

| ands are notarqnbrdp:@madin@tm arrartyo dtdpeerbijing)mrofthmelegﬁeﬁﬁ.ofrctmmdirdkze

push- pul | %% ef fici enc t 10 .achi eve suitable manufacturing
process yi el ¢23théSakgfe ™ SC afd%r ‘ely 40 and 50, with a

typical angle of I@on@n@n@)o‘d@nﬁdeﬁd ot Ptaca&b@\i%kt % o &g&sal he di sk
is difficult to extract fromthe nold, fecting process yield. Below this

angl e, the siogrdlerns ot Pagsh ainst @ﬁrﬁrcﬁﬁls@cl Ipmsl hethgie dfhe aitisshd is 85
nm+ 5 nm I I i t | en
centerli nes\l\%'rh31 (?tttaé%etrtl)tfa?%glneggl%{ l0g %F l(ﬂ%er&a%?% éljdh %erhcp%’fg\?he | and,
measured at fi-J:_ylld:Lcasmq/t B 2hainf -orax exs a amel deok dJ]:ﬂJC,knéBsdfGQs ngpi &l Inm or 20
approxi mat el y 55% of the pi tch The. | an or ned. havi_ng a

si nusoi dal wibi é(‘)m ‘wi £ bré“}iif?n q’aﬁg‘a&nﬁlbﬁ Lﬁ:l“éie"far}]o%e

enbodi ment , r 128 2A05ks kiie et t‘gérbe@lrunmr b et 1Qin tdte dyack
pitch), respectl vely. Hi gh frequency wobble marks (HFWVs) are 25 fornmed in

t he wobbl e, wheke t Ho awpllintirge mfsfterlMF\m@nals edprabanait end egial to the
litud t +25%. f FVWs
2P U8 SIS 50 S SRR A0S e QU lnd NN 1

is between approximately 40° and 50°, with a typical

angle of 45°, and a variation of +15°. Above this
range, the disk is difficult to extract from the mold,
affecting process yield. Below this angle, the signal

15 strength is compromised. The height of the land is 85
nm + 5 nm, while the track pitch, i.e., the radial

- distance between centerlines of adjacent lands, is 0.74

um + 0.03 pum. The width of the land, measured at full-
width half-max on a molded disk, is 400 nm + 50 nm or

20 approximately 55% of the track pitch. The lands are
formed having a sinusoidal wobble, with the wobble
frequency and amplitude, in one embodiment, at 128.2051
kHz and 55 + 15 nm (or 7.5% + 2% of the track pitch),
respectively. High frequency wobble marks (HFWMs) are

25 formed in the wobble, where the amplitude of the HFWMs
is approximately equal to the amplitude of the wobble
to within +25% and the frequency of the HFWMs is
between 384.6153 and 641.0256 kHz, corresponding to 3
to 5 times the frequency of the wobble.

30 The bumps, which are formed during manufacture and
store the mastered information, have a width (measured

at full-width half-max on the molded disk) of 225 + 20



to 5 times the frequency of the wobble. 30 The bunps, which are forned
during manufacture and store the nmastered information, have a width

(measur edwoar/o9asbe - wi dt h hal f-max on t he nol ded di sk) of

02/ 093569 PCT/ US02/ 13865 nmor 30% + 3% of the track pitch. The t
pitch between centerlines of adjacent bunps, in one enbodinent,

+ 0.03 m As with the lands, the bunps are fornmed with angled sid
with the 5 angl e between 40 and 50 and a typical angle of 45. The
of the bunpsninso8538%5+nAkt ahdthhetlrenyt bdtchf. t Rbhebtmpskvaiychn int eger
| engths of 179 nm Thgngégient i§¥entLon mﬁl%_be nmor,e fully wunderstood

when taken i
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accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a top view of a first surface optical
disk according to one embodiment of the present

invention;

Fig. 2 is a side view of the optical disk of Fig.

1 along sectional line 2-2;

Fig. 3 is a plot showing the relationship of the
angle of the sidewalls of the lands to the push-pull
signal efficiency and the process yield;

Fig. 4 shows a portion of the wobble and HFWMs
according to one embodiment of the invention;

Fig. 5 shows Iiang @and Igroove in relation to the

cross track and push-pull signal;

Fig. 6 is a side view of the optical disk of Fig.

1 along sectional line 6-6;

Fig. 7 is a top view along a ROM portion of the
optical disk of Fig. 1;

Fig. 8 shows Igpace and Ipump in relation to the

cross track and push-pull signal; and



Fig. 7is atop view along a ROM portion of the optical disk of Fig. 1; 30
Fig. 8 shows |Ispace and Ibunp in relation to the cross track and push-pull
si gnal ; awo 08/0¥¥B692/ 093569 PCT/ US02/ 13865 Fig. 9 shows tireTarsat/omg6s eadback
signal fromrandom ROM data and vari ous associ ated paranmeters according to
one enbodi nent. Use of the sanme or simlar reference nunbers in 5
different figures indicates sane or like elenents. DESCRI PTION OF THE
PREFERRED EMBODI MENTS I n accordance with one aspect of the present

i nvention, an optiT:- st oFlaRjes dilkk ampley meehdbank asigBatubsomat e havi ng
smal | ol ded Jhyms, f ' r ecorded or. mastered informtion and
spiral |ands for wrrft%l\f %%%P%}%a‘?al%lno o And T e %?(%gp‘_f“ﬁ?%?’f‘r%’f? on from A
phase- change amtcatdiald dyo |@ayerenisodiapasi t ed on the top of the bunps and

| ands, followed b)i] deposition of a 15 dielectric |layer over the

phase- change | ayer .Serrﬁ§ Che sIATS Rf ohcAT coaterenedvewebetmstant i al |y
the entise surioee! {haudislandaa Mand uediito oshsgldic opti cal
wavel engt h ranges. The "tuning" is achieved by varying e thicknesses and
optical indices 20 of the phase-change and dielectric layers. A disk with

t hese snal |l 'ﬁs‘i’ﬁﬁ U i

- aropert associated with it, such
as a size notarge eﬁéﬁ P P EQT N er di aneter. Disks

according to the iInvertdearddasee va th Siﬂerlfatsﬁéwﬁhé/\/@ﬁébe?& i ncl ude
differing density witeable and pre-recorded (or portions and high

and | ow f r eqd&WEF GBI &8 ORfSHY Wtdragsediske ir%%%s@mnataed with

t hese 10  substrate having small molded bumps for storing pre-

recorded or mastered information and spiral lands for
writing information to and reading information from. A
phase-change metal/alloy layer is deposited on the top
of the bumps and lands, followed by deposition of a

15 dielectric layer over the phase-change layer. This
resulting optical coating covers substantially the’
entire surface of the disk aﬁd can be “tuned” to
specific optical wavelength ranges. The “tuning” is
achieved by varying the thicknesses and 6ptica1 indices

20 of the phase-change and dielectric layers. A disk with
these small molded bumps has specific properties
associated with it, such as a size no larger than
approximately 50 mm in outer diameter. Disks according
to the invention have a distinct topology, which

25 include differing density writeable and pre-recorded
(or ROM) portions and high and low frequency wobbles,
along with specific ranges associated with these
features.

Fig. 1 is a top view of a first surface optical

30 disk 100 according to one embodiment of the present

invention. Disk 100 has a first or mastered (ROM)

portion 102 that contains pre-recorded or mastered



features. Fig. 1 is a top viewof a first surface optical 30 disk 100
according to one enbodi nent of the present invention. D sk 100 has a first
or nasterwo oeBLIFH9 portion 102 that contains pre-recordedprer/usazissed 7 WO
02/ 093569 PCT/ US02/ 13865 information in the form of bunps 104, planar
regions 106 between bunps 104 along the sane spiral, and planar regions
107 between bunps 104 across spiral tracks and a second or witeable
portion 108 having | ands 110 that 5 can be witten to by the user. Note
that |ands ardd‘fHuRSscar dpridte KBS PUIRS di%ie dht A sTARIUS t he

opt i cal read g e NoAshyd-ansls A davse. volpl esp: AN Mg Qsf g vat | ons

that allow optical heads to™ track al ong the wobbl ed | ands for accurate
readi ng. 10 Mestiemed 107 REMweet immdd 2l Masardsenesp densityadks andr age

capacity than witeapl e portion_ 108 s. w || di scussed i et.ail bel ow.
TP ahoul d be hIEThaE "G AR FYC O AR AT | TR 1] et it
correspondi NGart DN thie T RM s tudy) . anvbdandsad Wah@abdey 15

portion), optical disks according to the invention can have all mastered
portions on PWikke ars PrgtRuERE Worthorkish & sikr, site LEIMT nati on of

both, with R(%\g J ti gﬂd i l e | 119%, anywher e
and in nmultip etlgjggag%o%n% 'gahqu I's e,{uﬂ} ace. I%g{%éughnf%i S séggggﬁ’ges%ri bed in
comonl y- ownethdJ.nS.crieatf 1 uddppit i Ges | @latiNosl 1 H9/offd G2, head s tted
"First-Side Dual-Layer tical ta Stora Di sk _and Met hod. of

VenUf actur | nd A SHiBe B9 GPDRTES RSP (HSE0 Y8 2SR ed
“"Mniatung OMdfalrdd o ROIM B idp Prge"s fdwed dPisi @B, 02000, and

UNKNOWN, entitled "A
storage capacity than writeable portion 108, as will be
discussed in detail below. It should be noted that
although Fig. 1 shows specific portions corresponding
to both bumps (ROM portion) and lands (writeable

15 portion), optical disks aécording to the invention can
have all mastered portions on a side, all writeable
portions on a side, or a combination of both, with ROM
portions 102 and writeable portions 108 located
anywhere and in multiple areas on the disk surface.

20 Such disks are described in commonly-owned U.S. Pat.
Appl. Serial Nos. 09/764,042, entitled “First-Side
Dual-Layer Optical Data Storage Disk and Method of
Manufacturing the Same”, filed Jan. 16, 2001,
09/560,781, entitled “Miniature Optical Disk for Data

25 Storage”, filed Apr. 28, 2000, and UNKNOWN, entitled “A
Dual Density Disc With Associated Properties” (M-12013
US), all of which are incorporated by reference in
their entirety.

ROM portion 102 contains a sequence of bumps 104

30 that are read to reproduce the stored information.
Bumps 104 are formed during the manufacture of the

disk. Writeable portion 108 contains spiral lands 110,



Dual Density Disc Wth Associ ated Properties" (M 12013 US), all of which
are incorporated by reference in their entirety. ROM portion 102 contains
a sequencwoal/opasaps 104 30 that are read to reproduce theCTusozmses
information. Bunps 104 are formed during the manufacture of the disk.
Witeable portion 108 contains spiral |ands 110, 8 WO 02/ 093569

PCT/ US02/ 13865 where the | ands are the portions of the disk closest to
the optical reader or head. Lands 110 are witten to and read fromfor

storing and Wegrediidiendarhe araf PRaPPER 1SS pécithgeld) skarrd A€ twéishl ed
lands are 5 ‘&%%d ok bhackibng, Eeatunes (€.g3s Hh9 bled Jiandsg), that are

used for tracking“miust be the same as the ones cut by the original
mast eri ng beamd Heas, ftrons foregubréngt heddirspricound ngadée rom not her

stanpers as .described below. Details of using a her _st er for 10
manuf act ur i ng™& Odek 18P dFSEEGSEd Sy 'céﬂt‘ﬁorﬂl’% Wéedu.lgnaﬁta.rewpl :
Serial Nos Uulé_@@/\@ore%tﬂatc'k@t@lggusﬁe%ftur%t her, oSt ampRy Wodib1Qt i16alady sk

Mol di ng", bearing Attorney cket No. M 11628 US, filed January 24, 2002,
whi ch is i ncohpdr ared Uspdr dber smaekilng muséntier dthe spReMBshdhesimfser s have

recesses andc@{tf’%&i%ﬁeh%tri gg&ie'ﬁ‘g%@%rg%%gg%&%i gifnals | %E,ﬁrs cut. Resin or

pol ycar bonat € I'nto thése recesses oves,  'su as t hrough
i nj ection nohkeigg.reso ther @itske tbuises maded frand mattharheteptdeaal adi sk. It is
nore difficult 20 for resintoflowcorrplete,lréé:&nto mal | recesses (to

form the smaFeSEFHRSY 54 % o PR&ER-dFerLsid Lo AR dith smal |
pits) }/\hP@ f oI dhigksg USERgK atkel iHAMRIS 1 CRIMERIHERI I dmdde smal |
S o U.S. Pat. Appl. Serial No. UNKNOWN, entitled “Use of

Mother Stamper for Optical Disk Molding”, bearing

Attorney Docket No. M-11628 US, filed January 24, 2002,

which is incorporated by reference in its entirety.

15 Mother stampers have recesses and grooves that
correspond to the original laser cut. Resin or
polycarbonate flows into these recesses and grooves,
such as through injection molding, to form the bumps
and lands of the optical disk. It is more difficult

20 for resin to flow completely into small recesses (to
form the small bumps) than to flow over small
protrusions (to form small pits) when forming disks
using father stampers. Consequently, the small size of
the bumps (discussed in more detail below) limits the

25 size of the optical disk formed using a mother stamper
to approximately 50 mm or less, and more preferably to
32 mm or less.

This size limitation is attributable to a variety
of factors, one being the ability for hot resin to

30 completely f£ill the small recesses of the mother
stamper. This requires the resin to completely

displace the air in the recesses, which requires that



the bunps (discussed in nore detail below) |imts the 25 size of the
optical disk formed using a nother stanper to approximtely 50 mmor |ess,
and nore woakesB¥y to 32 mmor less. This size |imtati ®@TIES0A138635 but abl e
resin to-30
conpletely fill the small recesses of the nother stanper.
the resin to conpletely displace the air in the recesses,
that 9 WO 02/ 093569 PCT/ US02/ 13865 the viscosity of' the resin be as |ow

to a variety of factors, one being the ability for hot
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Nfe Hife OUGTr ESTHAST0 ST Y*°

RSl

way is to

use a | ow nmokgeuhag i tWeidRorndBiaioral ; HRWRY @he <o INRIYE GHAI Wicflr Ccan
conproni se the physical integrity of the disk and can also |ower the
maxi mum use ténpéeatise othcheasday titngs dicslachafstehdmhenaptisado heat the

resin to 2 VELLOR IS LeTher G, haversls RSN Tl

short nol di ng

. e
typically al ready usé maxi nu eratures 1 n or 0

get

dyPcesses

cycles, so anmplBed befmpsncrease would result in charring and resin

degradation. The third way is to mninize the cooILng of t

flows 20 through LS EEssdLTemMROSEHP e oo |

e

L

resin as it
Sviting the

di stance;y he (Le3hNHada dy aVRinePWaMhRi% to use a low molecular

weight material; however, low molecular weight can

compromise the physical integrity of the disk and can

also lower the maximum use temperature of the resulting

disk. Another way is to heat the resin to a very high

15 temperature; however, injection molding processes

typically already use maximum temperatures in order to

get short molding cycles, so any further increase would

The third

result in charring and resin degradation.

way is to minimize the cooling of the resin as it flows

20 through the recesses. This can be accomplished by

limiting the distance the resin has to travel outward

during the molding process. It has been determined

that with current injection molding processes, the

maximum distance is an optical disk having an outer

25 diameter of approximately 50 mm. Better results in

terms of process yield and recess-fill are found at

lower diameters such as 32 mm. Diameters smaller than

32 mm result in disks having too small a storage

capacity for practical use.

30 Minimizing the amount of resin injected (the

“shot” size referring to the amount of resin used per

gshot in the mold) maximizes the speed of injection,

10



during the nolding process. It has been determined that wth current

i njection nolding processes, the nmaximumdistance is an optical disk
havi ng arwouwk®e3sad di amet er of approximately 50 mm Bett ePCTAS02/13863 n
terms of process yield and recess-fill are found at |ower dianeters such
as 32 mm Dianeters smaller than 32 nmresult in disks having too small a
st or age capacity for practical use. 30 Mnimzing the anount of resin
injected (the "shot" size referring to the amount of resin used per shot
in the nol d) whixihredes dentspdad s ‘qmjt@@w@mr@ N3 02/ OO3BBILLY -

PCT/ US02/ 138 which QL trlbut nim N esin ISC i1 Thi s
i s because tﬁ% rllyge%e ges g? Ilaeraberngi esi hoftzs agrf l§ 1'zlavse a%ard

tinme fl ow ng ﬂeﬂid)taal’e@SfeOfa tHaarde | 1ok kbl F T igiceaitredo czcméa@goﬁrmhé ower
velocity. The 5 less the tinme to inject the resin the shorter tine it

resides in tF®4%hjRE iteh PFEAL S FAN 1L L IATGHY VolRetsY i n That process.
It has begn flcétg;d Ak ARl 18, OO R0 Gl Bl epol ygrhonate 1o

suitable, resulting in a ness of approxi mat mm 10 or
| ess, with a negiides Jifhltd'ieneSSJQIfthDIG jogines aOlCD&hﬁnlei@vmoJanmjnt s woul d

result in di sks t hat, be too thin for ab|I l.e hi anount s
woul d resul t G Ehot* lll"fles Rt e dﬂrfki‘%su #%Iiyrh(%% d%é?e‘?e

t enper at ur es.sibiegghE camuNtD W ld RAlso @Imrw&sadé i5 élﬁil’@alﬁi'é cker disk
(undesirable froma product _perspective) or require that_the out er

di aneter of tHRELIHISWY H& énldrged R ifiRes el anRiEesi i ¥y v Orebl em
expl ai neqpabqye1 - A S A Shsieed v Al ptd Go¢ dj.'6skmnjro£) & PG

Lower amounts would result in disks that would be too
thin for stability, while higher amounts would result
in shot sizes that are difficult to maintain at desired
temperatures. Higher amounts will also either result

15 in a thicker disk (undesirable from a product
perspective) or require that the outer diameter of the
disc be enlarged, which exacerbates the flow problem
explained above.

Fig. 2 is a side view of optical disk 100 along a

20 sectional line 2-2 of Fig. 1 containing writable
portion 108. Writable portion 108 includes lands 110
and grooves 112 formed on a substrate 200, such as a
polycarbonate substrate by injection molding. The data
surface of substrate 200 contains the lands and

25 grooves. Because this is a first-surface disk, light
from a laser 250 used to read and write data impinges
first on the data surface of substrate 200. An optical
coating layer 212 is formed over the substrate 200.
Optical coating layer 212 includes a phase-change

30 metal/alloy layer and an overlying dielectric layer.
Note that optical coating 212 layer is a substantially

continuous coating that covers both ROM portion 102 and

11



20 sectional line 2-2 of Fig. 1 containing witable portion 108. Witable
portion 108 includes | ands 110 and grooves 112 formed on a substrate 200,
such as awoOpoloyise? bonat e substrate by injection nolding. Pog/usar/ssesurface
of substrate 200 contains the | ands and 25 grooves. Because this is a
first-surface disk, light froma laser 250 used to read and wite data
inpinges first on the data surface of substrate 200. An optical coating
| ayer 212 is formed over the substrate 200. Optical coating |ayer 212

incl udes a pHESE-HRAREITLFet!dd a8 & 1 dyreard an DR HEdi Brect ri ¢
llayer. Note dihats Qpt i ga) a‘}faatdﬂqg;}?elz.saln@’%idﬁés 1%%%%3%(@%gyorigfgﬁ' nuous

coating that covers both ROM portion 102 an
PCT/ US02/ 138682 wrid ealilteghdret ipprticsy 1608y , Ty athi2khdssatepoSitiesd in  the

sanme way and _at_the.sane tine over. bot portion 102 and wjteable
portion 108.ﬁﬁ%§%TﬁQﬁ%¥%§€§%ﬁ ?W%(ﬂﬁﬂéggg%ﬁéﬁﬁyq%jﬁVl&ﬁﬂYﬁ%ﬂ tric
| ayer cansbe asdretlry depand e Brddevdasidpg mavelengtieLf d44e read and

wite |laser. Details for depositing the phase-change |ayer and dielectric

| ayers, as wéfiites lagambl Oetpdils ifan danpgirtdme thihss Rifessrcthange
described in 1 r frﬂj{. 'di%q@ctrs_‘t%’ '1%1'3/'%%,' .aQ.sglJeqzﬁi Oazléz ﬁﬁq:la%% 854, 333. 10
t ata | s witten on an

According to e present 1 nvention, S 110 instead
of in groovematEziials arfd stopsuntfiace off dacilheadd reisctiffeateldittlsis a
reflects off the

First surfacd (e, QEP e o BB ng o8 Toflis 243) CHedd 3. 11151
travel ling throughctorsiihst tat @ et did tifgddied Nfprdmtion or data
| ayer. Wen witing on the |ands, as conpared with witing on
written on lands 110 instead of in grooves 112 in a
first surface disk. The first surface disk is a disk
in which the read or write laser impinges on and
reflects off the first surface (e.g., optical coating
15 layer 212) instead of first travelling through a
substrate before hitting the information or data layer.
When writing on the lands, as compared with writing on
the grooves, the optical phase shift results in an
effecfively shallower groove. This yields a higher
20 contrast between the written-to and unwritten portions.
Consequently, the optical system receives higher
reflected signal amplitudes, thereby improving system
performance. Additional details of the effects of the
grating structure and phase-change material are
25 disclosed in commonly-owned U.S. Pat. Appl. Serial Nos.
UNKNOWN, entitled “Use of Mother Stamper for Optical
Disc Molding”, bearing Atty. Docket No. M~11628 US,
filed January 24, 2002, and UNKNOWN, entitled “A Dual
Density Disc With Associated Properties”, bearing Atty.
30 Docket No. M-12013 US, filed February 26, 2002,
incorporated by reference in their entirety. It should

be noted that although the description refers to a

12



t he grooves, the optical phase shift results in an effectively shall ower
groove. This yields a higher 20 contrast between the witten-to and

unw i tterwpariodasns. Consequently, the optical system rec@cCrdasoniigher
reflected signal anplitudes, thereby inproving system perfornmance.

Addi tional details of the effects of the grating structure and
phase-change material are 25 disclosed in commonly-owned U. S. Pat. Appl.
Serial Nos. UNK entitled "Use of Mther Stanper for Optical D sc

Mol di ng", bee?ﬁngNt%%Fa Béeiedt Wo 2 WifesE de gutisplighiddry W 2002, and

UNKNOWK, -~ ent igthted 1':A dualon BeRSidey aRies G 1Wd hy it B operties”,
bearing Atty. 30 Docket No. M 12013 US, filed February , 2002,

i ncor por at ed dgplefs@dernde darmardivr-cemead ét.\6 . |Ratshdppl . emctledid.hat

al t hough theogzs]%rqci Riion refers to a 12 WO 02/093569 PCT/US02/13865 single
data | ayer on si'de of the optical disk, two data |layers on a side are"

al so suitéble, suah apmedientPEeRknitd ,CAUBERY ¥ eMet.S1Rats ApRl . Seri al
No. 09/764,042. 5 In sonme enbodiments, using a ShinSn alloy as the

phase- change PRESECHENGT M2 taiindo a sk phistidiigora ©¥ie t 1ids & itihe | ayer,
the thicknesgas1kargs J napaboyt B8Qy, ; s@}%pq%g%% i}, typi cal

t hi ckness of 85 r?m + 3% arpnd 'abo&t Qgir&{t%lte%bout mwva#mﬁ%%%ygbgal 10

t hi ckness of n§6 temabdsy Slespecmiivél v thbitedblthiptirtdsen 0@ 5 med udes a
plurality of ,.alternating_lands 110a-c _and graooves 112a-b, which are shown
as having thd °s§‘rtrl§ v?n%é)t >4l o GgR hésr r’\m'dt‘“‘l"llé:\f1 Codi¥@45& 1di f ferent .

G ooves 1d2athiak@eis® UTe skomm af 335 addprrgivayth inclined left and right
si dewal | s 202 , N
Writeable portion 108 includes a plurality of

alternating lands 11l0a-c and grooves 1l1l2a-b, which are

shown as having the same width, although their widths

could be different. Grooves 112a-b are in the form of

15 a trough, with inclined left and right sidewalls 202
and flat bottoms 204 and can be arranged in a spiral

pattern or another desired pattern. The left and right

sidewalls 202 are typically inclined at an angle «o
(alpha) ranging from about 30° to about 50°, with a

20 typical angle of about 45°. The angle is measured
relative to the bottom of groove 112 of an uncoated
disgk and along the groove wall between 0.1T, and 0.9Th,
where T, is the height of the groove. The range should
be +15° from the 45° nominal.

25 Fig. 3 is a plot showing the relationship of angle
« to the push-pull signal efficiency and the process
yield. The push-pull signal is defined here as a
measure of the electrical signal that is detected by
the components of the split detector in the optical

30 head that contribute to the tracking error signal.

When expressed as a percentage, the push-pull signal is

the differential intensity given as a percentage of the

13



and flat bottons 204 and can be arranged in a spiral pattern or another
desired pattern. The left and right sidewalls 202 are typically inclined
at an angwe 0a/09358% pha) rangi ng from about 30 to about 50, PRiTtUSOA1IBES t ypi cal
angl e of about 45. The angle is neasured. relative to the bottom of groove
112 of an uncoated disk and along the groove wall between 0. Th and 0. 9Th,
where Th is the height of the groove. The range should be +15 fromthe 45
nomnal. 25 Fig. 3 is a plot showng the relationship of angle a to the

push-pul | si gu&l odf fuhe ik tind gpvsdddss - yifd din T’ isesh-pul | signal is
defined here ur f.ithe elegtri Sl I at. i s detect.ed by

t he corrponentd?%(;%atﬁ%?ple?ftﬂd:e %ﬁ%’r q-‘?lﬁe t%qgél% I?lglgle%%l#]le%%cfﬁlaﬁ c%%%t ribute
to the trackiedagriner offgralencyWeeh hepresseaecheas di HrLerd@gsgridle
push-pull signal is the differential intensity given as a percentage of

the 13 WD O FO@SW@@F/@:%Q%%@S tatah gret HerEtiBISi i ensitSes. As in
optical difihach o ceidufl QLY ad i Ruh RMd ¥ ffGleicy, ig the relative

efficiency of the returned diffracted signal as a percentage of the total
returned' i nt @oesiwiyisTied S lexactPmimtdiantts ol QUerical iDiscfydeerddund in G
Bouwhui s et agl._ . "“Principles af t{gal s ens", Adam Hi |l ger,

Bri stol 1985,%‘d€i1map1){ielrg L grlssce{—‘eonlcf‘]lrdo%ﬁFicgap}e?E}e're is a tradeoff between

process yield and appusfeqpuliran gniad. ef f itticareis Bhec rdde s béiddersi gnal
efficiency is shown as |ine 300 and the associated ordinate 303, and the
process yi el #ECSESshieles aheP B BiHd thengsls & bt TP di nathe 304. For

the presept ipyventhan, Apall agle Rl APRBIAIB € ¥ine 300 and
the associated ordinate 303, and the process yield is
shown as line 302 and the associated ordinate 304. For

the present invention, a wall angle o of approximately

_45° provides a desirable mix of process yield and push-

15 pull signal efficiency. It should be noted that if a
design required a higher process yield or a higher
push-pull sigﬁal efficiency, a different angle can be
chosen, with a corresponding decrease in the
performance of the other characteristic.

20 Referring back to Fig. 2, the height Ty of
sidewalls 202 (i.e., distance from the top of the land
to the bottom of the groove) ranges from about 80 nm to
about 90 nm, with a typical height of 85 nm, without
coating. The physical pitch or distance Tp of the

25 adjacent center lines (where data is written to or
recorded) of lands 110a and 110b typically is about
0.74 pm + 0.03 pm and can be in the range from about
0.70 to about 0.78 um, where the physical track pitch
is the average distance between adjacent physical land

30 centerlines, measured in the radial direction.

The width Ly of lands 110 and the width Ty of the
bottoms of grooves 112 are typically approximately the

14



.45 provides a desirable m x of process yield and push 15 pull signal
efficiency. It should be noted that if a design required a higher process
yi el d or woheghsss9 push-pul |l signal efficiency, a differemCcTarsgt/e386in be
chosen, with a correspondi ng decrease in the performance of the other
characteristic. 20 Referring back to Fig. 2, the height Th of sidewalls
202 (i.e., distance fromthe top of the land to the bottom of the groove)

ranges from about 80 nmto about 90 nm wth a typical height of 85 nm
wi t hout coatsieng. Fne piesiloaligiath it ding aeh TP islevalel 25 Gdjatcent

center lines t t ) a0gds aand 110b
typically is %Q%%?m%% Zalq) %h\g Ogta(%%‘n i {gﬁcga can e%?ﬁ trﬁéeoalr angedjt rom about
0.70 to aboutis040® @m wvtm)remt hien phyeSIemﬁ:lodJImit [t dppﬂ@cidtm:ahmrage

di stance between adj acent physical |and 30 centerli |n t he
radi al di r ecti®6n OITh&SwtdaT LW g arrds "ER6UARE f"ltre%\‘/ﬁat [y %%%0%

bot t oms 0§ gtrfaaveSA%l%larleﬂa/@ﬁﬁéalm oxjdmtvaly, tihe (whihcWose2/ 093569
PCT/ US02/ 13865 sane, and the inclined left and right sidewalls 202 are

appr oxi mat el )lamld§ §a@é Iaewgt’ﬂw (Fadtan ofintbat batdgis, ofwgriooveg0 13@)+ 50 nm
in one enbodi nmen I OXi, e, 55% of the t tch Tp, neasured at
full -width ha® 1 Esrentl ICi eé/radplpr c?natte% aﬁgwelvcea?t T (width of |ands
110) and Tw ([wwfétvl&xqf ﬁh@a&iﬁitQf@canis@rmmﬁ)pommzbetmfdﬁsent
depending on the application.. However, in part, because witeable portion
108 does nof%tedifidid remEMalda\Aa s 8% ttﬂekfei 1Tidd A HgiAD manuf act ure,

t he datatdent»damf%@tu% highergdhand s RMc01dd o k2 i duatodlensi ty

al l ows process yie
portion 102. This dual density allows process yields

to be maximized when manufacturing optical disks
according to the present invention.
Writeable portion 108 of the disk contains tracks
15 intended for a continuous servo tracking method. A
physical track consists of a groove-land-groove
combination, where each groove is shared with a
neighboring physical track. The land is a continuous
wobbled spiral over the entire writeable portion of the
20 disk. Wobbles are known, such as described in U.S.
Pat. No. 4,791,627, which is incorporated by reference
in its entirety. Address information is embedded in
the wobbled land as High Frequency Wobble Marks
(HFWMs), which are a single cycle of wobble at a higher
25 frequency (typically 3 to 5 times higher) than the
primary wobble. Fig. 4 shows a portion of a wobble 400
with a HFWM 402. HFWMs in the wobble of the land on an
optical disk are used to store physical address
information. The presence of a HFWM at a negative zero
30 crossing (i.e., on the negative slope region of the
waveform) of the wobble indicates an active bit while

the absence of a HFWM at a negative zero crossing of

15



to be maxi m zed when manufacturing optical disks according to the present

invention. Witeable portion 108 of the disk contains tracks

15 i nt ended

for a conwDroesseser vo tracki ng nethod. A physical trackPCansoz1sedf a

groove-| and- groove conbi nation, where each groove is shared with a
nei ghbori ng physical track. The land is a continuous wobbled spiral
the entire witeable portion of the 20 disk. Wbbles are known, such
US Pat. No. 4,791,627, which is incorporated by reference
inits entirethe widdrlessirnidifatest icon iiracerﬁbe&jd@d:j n Altttfe:wmbmeeky,l and as

descri bed in

H gh Frequen
a higher 25 f

t he wobbl e of
address i nf or

i ndi cates an

n e of . wobbl e at

over
as

Wohbl e Nhrk ( re a si
SRR S 2 T g & e i e gk s oy
wobbl e. Fig. t‘héhﬂyhﬁal% peidict < = wohbiee 400 Wi ithe actdr\Wih42-e HEMWE i n

the land on an optical disk are used to store physical
FetiBh atTIe ORSiddice Tra FARHT Lhdgr ivRPB¥ o 30 crossing
(i.e., onsthe negat

f I
seaﬁici crt%g}é)'boé thehe %ﬂHF%s& "G Woho! e

actlve |t whi the a sence o

crossi ng of IEFWAD 12/1093863 Rﬁ'ﬁlﬁSﬂZ# 1386Iegtdrs wobbtlee ipwé tlata@s an
Al t er nat resence of. a HF t, a sitive zero
T ot eanle i oS WIS (et e o o

i nactive bit.
crossi ng of

HFWM at a posifd Vet GOS8 armim I herwobdd & &1 i € af@s1@dle | Nactive bit.

The zero crossing of the HFWMis located within + 10 degrees_of the

position V\/nelrfefctlﬁ@fimlsél%ral@ Zeryeqlyedt g et dndely elgreeénfen

absence q
synchronlzatl

15

20

25

30

()4#%§%<§ﬂy%}%éﬁeﬁgéﬁéf imelude: s 4 nfaropthan syich as a

physical sector address, and an error correction code
for correcting misread of the physical sector
information. '

In one embodiment, shown in Fig. 4, HFWMs have a
sinusoidal shape with an amplitude approximately equal
to the amplitude of the wobble, e.g., within + 25% of
each other. The amplitude is, for example, 55 nm + 15
nm (or 7.5% + 2% of the track pitch) from peak-to-peak
in the plane of the disk, where the amplitude is
measured on the push-pull tracking signal while track
following. Also, as shown, the HFWM is inserted or
positioned on the slope of the wobble that is moving
toward the inner portion of the disk. Each sector of
the optical disk includes, for example, 248 wobble
cycles. Thus, for one sector, up to 248 HFWM bits may
be inserted into the wobble cycles. The wobble
frequency in the writeable portion is 128.2051 kHz (or
20 MHz code clock/156) with a scanning velocity of 2.9
m/sec, which corresponds to a HFWM frequenéy of
384.6153 kHz to 641.0256 kHz. The 156 is a suitable
divisor that places the wobble frequency in a range

suitable for the mastering bench laser modulators and
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10 tim ng, physical sector information including a physical sector
address, and an error correction code for correcting m sread of the

physi cal wearwo9356¢ nf ormati on. I n one enbodi ment, shown i nPETJIS0Z]1386#F\\Wb
have a 15 sinusoidal shape with an anplitude approxi mtely equal to the
anplitude of the wobble, e.g., wthin + 25% of each other. The anplitude
is, for exanple, 55 nm+ 15 nm(or 7.5% + 2% of the track pitch) from
peak-to-peak in the plane of the disk, where the anplitude is 20 neasured
on the push-B&F ifr 28kiiRGSEPYNBPLIHAPLE PrabRth SPPoRiRhg COALsE108% shown,

the HFWM i s irpgelked ObnaPeaLt keped; gRit Bg gl ope of the wobble that is
noving toward t'he i1nner portion of the disk. Each sector of the optical

di sk incl udes, foffhexanplicege248luebblfetRP® ppekeso-Peak, sfignadne sector, up

to 248 HFWM bits.m be inserted into the mobblﬁéc c&es. The wobbl e
frequency | noTR& Lt EEABPE°HEPEl BRTPE138 COBSECRE TEoF T S55MEE Toode
cl ock/ 156 wbblhatseawdbBleVgahacHEWMOf oZe® bot-HEGriWlkeh a8@r responds to a
HFWM f requency of 30 384.6153 kHz to 641.0256 kHz. The 156 is a suitable

di vi sor t hat Upaésserhar@dbbPé Eheqdéaky spiigfigrgéhesdicldpantor t he
mastering bench | aser nodul ators and 16 WD 02/ 093569 PCT/ US02/ 13865 vyet is
an integer nultiple of both the RLL code clock frequency and the ECC bl ock
si ze. The averageOv@bue ampide tpeal/Tompeakosignal anplitudes neasured
across 5 consecutive tracks for 5 both the wobble and HFWM over both
witten and unwitten areas of the disk satisfies the followwng: 0 . 05 <

Anppeak-t®- peak/, 1sl angws Onh.Fild. 5, and is defined as the
integrated sum signal (integrated over all the detector
qguadrants) derived from the land regions of the grooved
disc. As noted above, the peak-to-peak amplitudes of
the wobbles and HFWMs are within 25% of each other.

15 The wobble CNR is defined as the wobble signal
carrier amplitude relative to the noise floor amplitude
as measured on a spectrum analyzer. When measuring the
wobble CNR, the spectrum analyzer resolution bandwidth
is set to 1kHz, and the spectrum analyzer center

20 frequency is set to 128.2051 kHz. The wobble CNR is
typically greater than 23 dB.

Fig. 6 is a side view of optical disk 100 along a
sectional line 6-6 of Fig. 1 containing ROM portion
102. The mastered or pre-recorded information is

25 represented as a series of bumps 104 and planar regions
107 between radially adjacent bumps 104. Fig. 5 shows
th;ee adjacent bumps 104a, 104b, and 104c, and three
radially adjacent planar regions 107a, 107b, and 107c.
The series of bumps 104 and planar regions 107 are

30 typically configured in a spiral pattern on the disk
surface. Uncoated width W, of bumps 104 ranges from 200

to 250 nm, with a typical width of 225 nm + 5 nm,
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10 Iland is shown in Fig. 5 and is defined as the integrated sum signal
(integrated over all the detector quadrants) derived fromthe | and regions
of the grwowew93sed sc. As noted above, the peak-to-peak anpCrtusdesised the
wobbl es and HFWMs are within 25% of each other. 15 The wobble CNR is
defined as the wobble signal carrier anplitude relative to the noise floor
anplitude as neasured on a spectrum anal yzer. \Wen neasuring the wobble
CNR, the spectrum anal yzer resolution_bandwidth is set to 1kHz, and the
spect r um anal'§28Rreenesr t98 1f Magdténbplits meat- t gn1zglagsvek 2T Fhe wobbl e

ONR s ypigakhy gLeatchubbam 3 dB Bﬂa%caﬁ Sa@ssidesvLevinl epLLgal d sk

100 along a sectional line 6-6 of cont al ni ng portiron 2. The
mast er ed or pié&checoddednentobmdtimenti, s wkernr epbesgntied pas serserirearof bunps

104 and pl anar,.regi on 107 between radially_adjacent bunps 104. Fig. 5
shows threeagaﬁgggﬁt%ﬁﬁ 4 TB&Q?%f§4H}d§hﬁyf@4 L Bha®hr EglPBHiéPEy
adj acent Dl apahgeegions 458780 $@8bnmaNGitd/ e typheageriies obobwips 104 and

pl anar regions 107 are 30 typically configured in a spiral pattern on the
di sk surfacB® UREgHEGIWAEt Aulb i dbtinpslfomaxang8bef tamcX0®itad 250 nm

with a typical wdt fw%%é h 1,0935 S02/ 13865
nmeasur ed at ?ﬂﬁ }Mssmég}% aha f (‘%};?l riémrgeela?%/%%efqgr‘%% Cﬁe\?\}%%g%e%fo unps 104
i s typicall ya@&cen8%afnpeheantl; ack opit emboldimene ,edbodi.vanty, owlen a bunp

is present in an adjacent track, uncoated widths W of planar regions 107
5 range fronk®85 THe5B5igRt Hi PR gacypregprakedt hugb 30% ramgesedsored at

full wi dig habbugago Theebr a6Kkull 68N nm PRikE LNE,RY8R308dislange diet ween
the centerlines of
nm. Bumps 104 are formed at a wall angle B from the

planar region of the optical disk. As with the wall
angle for the lands, wall angle P is between 40° and 50°

with a deviation of +15° from the nominal, measured

15 along the wall of the bump between 0.1H and 0.9H.
After coating (with phase-change material and
protective coating), the ranges for the width of the
bumps are between approximately 340 and 360 nm. Note
that the molded disc in ROM portion 102 is also coated

20 with optical coating layer 212, which in this portion,
only acts as a reflector and is not written to. '

Fig. 7 is a top view of optical disk 100 along an

area of ROM portion 102. A sequence of bumps 104a-g
and planar regions 107a-d are shown, where an optical

25 reader scans or reads the bumps and planar regions
along the longitudinal direction. The lengths of bumps
104 have various coated and uncoated lengths, which are
shown in Table 1 below. Planar regions 107 are
generally the same length as bumps 104. The mark, T,

30 represents a minimum timing mark, with mark lengths

18



adj acent bunps and,

in one enbodi nent,
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Usually,
represents a number of binary bits.

planar regions 107 can be formed when the optical disc

Table 1

is formed using a mother stamper,

Pat. Application M-11628 US,
To summarize,

ROM portion 102 and writeable portion 108.

each bump and each planar region

Bumps 104 and

as disclosed in U.S.
referenced above.

disk 100 contains two basic areas,

portions contain a spiral track of bumps that are

embossed onto the disk during manufacture, the pits or

bumps being separated by spaces; immediately following

The ROM

manufacture, the writeable portion contains only spiral

grooves and

disk.

because the track of embossed bumps can be used by the

optical head for tracking purposes.

lands,

19
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6 1074 924 7 1253 1103 8 1432 1282 9 1611 1461 10 1790 1640 11 1969
1819 14 2506 2356 Table 1 5 Usually, each bunp and each planar region
repr esentwoanzqeasher of binary bits. Bunps 104 and pl anar PCagisons3ssd7 can
be fornmed when the optical disc is fornmed using a nother stanper, as
disclosed in U S. 10 Pat. Application M 11628 US, referenced above. To
summari ze, disk 100 contains two basic areas, ROM portion 102 and

writeable portion 108. The ROM portions contain a spiral track of bunps
that are enPeFSdPrent dhehendirtsl dwridsy hadrigerctihe tudns §ift $hey 15 bunps

bei ng separ alb'::cgo% $8%e iam@%c%i?lgl gi?rAaolwcf{gci q:LHeaCrteua\rﬂii’n ns.
writeable portion contains only spir ooves and | ands, i I"s al so
enbossed ont extitd ngdicsk. i nffverR@Yopar t imnsito sdodieetht @le@@ittiadad,a gr oove

because the ack .of enbossed bunps can be used by the 20 optical head for
t racki ng pur%%’?eéla%?atq‘ﬁéq&qr%ﬂloél 119 GRS 0@7@?3%@? RIS/ 13865

portions,sthecsiiiddls lands-helnasmd ke tuurns; Oft 1he i,0Qwe, provi de a
tracking signal during the'reading or witing of information. In the

enbodi ment degeriphedis adtd v diavalr .i nfiveretdyostalil iree hartist, ealdlielportion 5
consi sts of gryst | l.i ne "bits" .in.the ot.hertMes%Oﬁ%Dg&hous act ieve | ayer.

The crystal | P& B %%oqﬂ%%ﬂ$o the bumps in ions, ar
formed on the lands.
The specific topological features of the optical
10 disk provide numerous advantages inythe writeable
portions. The data-to-clock jitter is in the range of
less than 9%. The carrier-to-noise ratios are over 50
dB using read power levels of less than 250 micro-watts
and write power levels of less than 2 mW at the disk
15 surface. Adjacent track cross talk levels are less
than -25 dB.
The cross track signal is the sum signal measured
when the focused beam crosses tracks. 1In one

embodiment, the cross track signal over both unwritten

20 and written areas of the disk satisfies the following:
0.05 < (Iland - Igroove)/Iland'< 0.20
Referring back to Fig. 5, Ijsng is the sum signal derived
25 from the land portions, and Igroove 1S the integrated sum
signal derived from the groove portions of the disk.
The push-pull tracking signal over the written

areas of the disk satisfies the following:

30 0.29 < Push-Pull Signalpeak-to-peak/I1ana < 0.39,

20



are anal ogous to the bunps in the ROM portions, are forned on the | ands.
The specific topol ogical features of the optical 10 disk provide nunerous
advant agewoin/0935¢9 wr i t eabl e portions. The data-to-cl ock jpPCTtE02/13865 n t he
range of less than 9% The carrier-to-noise ratios are over 50 dB using
read power |evels of less than 250 mcro-watts and wite power |evels of

|l ess than 2 nWat the disk 15 surface. Adjacent track cross talk levels are

less than -25 dB. The cross track signal is the sumsignal neasured when
the focused MBadkecthss@ssir-aeld. trackiag enisodilnaver tthe emols tteack si gnal

over both unwitten 2 NG, .k J r.eas,of t I.sk satisfies the

fol | ow ng: g&ggg %f(%g%aqvﬁ%g%%%gg)%%%quﬁfé&?#bﬁgﬁﬁﬁbferring back to
Fig. 5 Iland is the sumsignal derived 25 fromthe |and portions, and

I groove is the integrated sum_ si.gnal dﬁrived fr?p1the groove portions of
the di sk. The pusf-gdl I< & "iPh‘érls'rgdﬁ alpeaartotivarc /it 6n0- Afeas of the disk
satisfiessthe followi ng: 30 0.29 < Push-Pull Signal peak-to-peak/Iland <
0.39, 20 WO 02/093569 PCT/ US02/ 13865 while the push-pull tracking signa
over the unwihet ¥atigr eds tdle Peekditok peaki $iuisds id fsgldnadi wyer).a24 <

Push-Pul I Si I k-to-peak/]land < 0.34, 5 The_ratio_ of. the peak-to-peak
push- pul | si%%gFB%%eFrga %&%t%gna%r%%wﬁﬁ§F?8 Sﬁeﬁn%%vt%%ﬁ%%iiﬁéﬁﬁ%?
satisfies th&olllewiomi:ng: 10 0.65 < PPw PPU < 0.90 The divi ded push- pul

signal is defined as the

10 0.65 < PPy/PPy < 0.90

The divided push-pull signal is defined as the
minimum peak-to-peak push-pull signal amplitude divided
by the maximum peak-to-peak push-pull signal amplitude

15 measured over the entire writable portion of the disk
surface. The divided push-pull is typically greater
than 0.60.
In addition, the defined topology permits the
following characteristics, according to one embodiment,
20 to be achieved in the ROM or pre-recorded portion of
the disk. The cross track signal is filtered by a 2™
order low pass filter with a cutoff frequency of 100kHz
for measurements over ROM data. The filtered cross
track signal satisfies the following:
25
0.05 < (Ispace ~ Ibump)/Ispace < 0.20

Tepace @and Ipum are shown in Fig. 8, and defined as the

integrated sum signal from the detector quadrants as
30 derived from the area of the disk surface that is the

space between the bump features and the bump features

themselves.
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m ni mum peak-t o- peak push-pull signal anplitude divided by the maxi nrum
peak-to- peak push-pull signal anplitude 15 neasured over the entire

wr it abl e woroiogasednf the di sk surface. The di vided push- pwCir/use2/143sps cal |y
greater than 0.60. In addition, the defined topology permts the

foll owi ng characteristics, according to one enbodi nent, 20 to be achieved
in the ROM or pre-recorded portion of the disk. The cross track signal is
filtered by a 2nd order |ow pass filter with a cutoff frequency of 100kHz
for measurenents e REW-dutld. tIRekiiing edemadr dss aligadid dianed yati sfies

the foll ow ng: ,25 < ce: + u /]ls .20 ] spage and

| uunp are sh%wr% ingﬁ%.g%?waé]%'?%eﬁln%%pa@%eé in (ggfa%a %%Iﬁ%l:\s’icgﬁal from
t he det ect or 1qQuadirantforasie Rhirdaiented chieamrRde daren. ofTHahe iditsdeesur f ace
that is the sglace between the bunp features and the bunp features

t hemsel ves. PHSRORYS/0I3B6E1BETAISHH 1 $665 STRIRS Fidh-fu Yowingtki ng si gnal

is also fgltered by a 2nd order |low pass filter with a cutoff frequency of
100 kHz for neasurenments over ROM data. The filtered push-pull tracking
signal satisfies tH¥e Iflold ewisigpwd 10 stignalpush-opihl/ T adagnad p2ék- t o- peak/
Iland < 0.20 Jitter is the standard deviation of the tine variations of
the binary read signal, which is either a 10 positive or negative signal
obtai ned fromthe daitar iEheld tdtemdefrd Be-tieadiory cmdHd aineng edges is

nmeasured relative to the PLL clock and nornmalized by

variations of the binary read signal, which is either a

10 positive or negative signal obtained from the data.
The jitter of the leading and trailing edgesg is
measured relative to the PLL clock and normalized by
the channel bit clock period (50 nsec for 20MHz RLL
clock) . The measured jitter is typically less than 9%.

15 Fig. 9 shows the analog readback signal from
random ROM data and identifies parameters that are used
to further define the optical disk accorxrding to one
embodiment. The ratio of the peak-to-peak amplitude of
a 3T signal I; to the peak-to-peak amplitude of an 14T

20 signal I,4 is greater than 30%, i.e., I3/I.s > 0.30. The
modulation depth is defined as the peak-to-peak
amplitude of the 14T signal I;;, divided by the maximum
amplitude of the 14T signal Ij;gz. The modulation depth
satisfies the following:

25
0.33 <« 114/1141—1 < 0.48

ROM data signal envelope modulation is defined as the
variation in 14T peak-to-peak signal amplitude (TIjar
30  mmn/Tiar wax) around a track and over an entire disk

surface and satisfies the following:
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t he channel bit clock period (50 nsec for 20MHiz RLL clock). The neasured
jitter is typically less than 9% 15 Fig. 9 shows the anal og readback

si gnal frwmo2gseom ROM data and identifies paraneters thacrarse2/usesl to
further define the optical disk according to one enbodinent. The ratio of
t he peak-to-peak anplitude of a 3T signal 13 to the peak-to-peak anplitude
of an 14T 20 signal 114 is greater than 30% i . e . , 13/114 > 0.30. The
nodul ati on depth is defined as the peak-to-peak anplitude of the 14T
signal 114 di vi ded byt ravemek ntin® - @hphrowae anyt #éngig srgakl 114x. The
nodul ati on depth satisfies the following: 25 0.33 < 114/114H < 0.48 ROM
data signal envel ope nodulation is defined as the variation in 14T
peak-t o- peak asidqgnal anplitude (114T 30 M N 114T MAX) around a track and
over an entire disk surface and satisfies the following: 22 W 02/093569
PCT/ US02/ 13865 |14T M N | 14T MAX > 0.85 around any single track and 5

14T M NIsITAT MAX > Q.0 Ql‘%\%dgn@w@ sk sHFipces; ROV dakg.grosstalk is

obt ai ned by measuring the ata envel ope while crossing tracks. The ROM
data crosstalk is defined as the m ni num peak-to-peak ROM 10 data envel ope

anpli tude divided by, t aecan%xri?rgusrg aléL-S; §H%a%§§e§%(3ﬁé$%§€ﬁ| eeearrpl i tude.

The ROM data crosstal satisties
M N ROMiat a @mveldepe Mi(ed dbe8while ASACEERINY txaded | nethasrdwheiaver age

val ue of the , : -
crosstalk is defined as the minimum peak-to-peak ROM
10 data envelope amplitude divided by the maximum peak-to-
peak ROM data envelope amplitude. The ROM data

crosstalk satisfies the following:

ROMgata envelope min/ROMdata envelope max < 0.85
15
Asymmetry is defined as the average value of the
14T signal minus the average value of the 3T signal
divided by the amplitude of the‘14T signal, where the
subscripts H and L indicate the maximum and minimum
20 amplitudes, respectively. Asymmetry satisfies the

following:

-0.05 < [(Taam + Tian)/2-(Tsu+Isp)/2]1/I14 < 0.15

25 The above-described embodiments of the present
invention are merely meant to be illustrative and not
limiting. It will thus be obviousg to those skilled in
the art that various changes and modifications may be
made without departing from thig invention in its

30 broader aspects. Therefore, the appended claims
encompass all such changes and modifications as fall

within the true spirit and scope of this invention.
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14T signal mnus the average value of the 3T signal divided by the
anplitude of the 14T signal, where the subscripts Hand L indicate the
maxi num awo ozioggsaum 20 anpl itudes, respectively. Asymmetr PCIaioyiises t he
following: -0 .05 <[ (114H + 114L) /2- (13H+13L) /2] /114 < 0.15 25 The
above-descri bed enbodi nents of the present invention are nerely neant to
be illustrative and not |imting. It will thus be obvious to those skilled
in the art that various changes and nodifications nay be made w thout
departing fré&mAMMS invention in its 30 broader aspects. Therefore, the
appended cl ai ns eRcopas _all such changes and nodifications as fall
within the true spi Fitand scope of this invention. 23 WO 02/ 093569

PCT/ US02/ 13865 CLAI Mo Wptel @aIndilsk Arc@fbt edngli sk, conprising: a
substrate having a circular first surface 5 and an opposing circul ar
second surface, wherei ® THRSGIRE? RAGHRE 3 SITERERY | Fu¥stntisirend surface

s approxsmately |6ep dhafesl.iml &SOlIAl Salded Nooke BUIPS RO 21 i T St

portion of the circular first surface, wherein infornmation I's stored
on and read from tifie burpsy diapetrer d@ndhent arsecand pecdndnsaffide
circular first surface, wherein j rmati.on i witten to and read from

nf
the land; and a c&ﬁi%&xjrﬁﬁff?iXa 75 opftteat® Bhiing 15 overlaying the
bunps and land on the cirepiadl patisdrsusf asempahes eh neiher opbi€abncoat i ng

of the circular first surface, wherein information
10 is stored on and read from the bumps;

a spiral land on a second portion of the
circular first surface, wherein informéfion is
written to and read from the land; and

a continuous multi-layer optical coating

15 overlaying the bumps and land on the circular
first surface, wherein the optical coating
comprises:

a metal/alloy layer comprising tin,
antimony and an element selected from the

20 group consisting of indium, germanium,

aluminum, and zinc; and
a dielectric layer overlaying the

metal/alloy layer.
25 2. The disk of Claim 1, wherein the outer
diameter of the first and second surface ig

approximately 32 mm or less.

3. The disk of Claim 1, wherein the thickness of

30 the substrate is approximately 0.6 mm + 0.03 mm.
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conprises: a netal/alloy layer conprising tin, antinony and an el enent
selected fromthe 20 group consisting of indium germanium alum num and
zi nc; andwe odiogdsextri c | ayer overlaying the netal/all oy Ipagarso2/2862. The
disk of daim1l, wherein the outer dianmeter of the first and second
surface is approximately 32 mmor less. 3. The disk of Caim1l1, wherein
the thickness of 30 the substrate is approximately Q6 nm+ 0.03 mm 24 WD
02/ 093569 PCT/ US02/ 13865 4. The disk of Caim1, wherein the width of the
bunps i s between appr Cheratstly OCIammand, 280ereinttiee widitlh oeashe ed at

hal f-wi dth fuyll-max. .. The di sk of i m wherein the wdth of .the
bunps is 30%%3% of° %}%W?%@Qﬁ?%“ﬁﬁ%?ﬂ% %(?J AR 43¢ Uk ptfrqfech bei ng

t he di st anceigitreerddiersenderid nesyi o agjpcam < bunps al ong the radi al
direction. 10 6. The disk of Claim1, wherein the average distance between

centerlines of adjacent bunps along the radial directionis 0.74 m+ 0.03

m 7. Thesdi sk of ai : r et Nt [ - 5. bunps. i.s, bet ween
approxi mately 80 nBS] anlfiR Odl\rllgr]ng (ﬁé agﬁai%;'k%e%%% E]’ﬁle J‘”mﬁ%&éicnft%ée bunps
](c:_orrpri se si ldémaiﬁssfiai 0% angl e dnf‘etné}mLtI&]gb}%rphﬁﬂa @Smtma@hm%ﬁ, a&l@e:ilg the
aLL?gx?h;fgl %ﬁ?ﬂ 6¥¥%h:%£f%g1gﬁz Afgtéhce ggg&é%n tﬁge%éhéeﬁifggge 'S

- of adjacent bumps along the radial direction.

10 6. The disk of Claim 1, wherein the average

distance between centerlines of adjacent bumps along

the radial direction is 0.74 pm + 0.03 pm.

7. The disk of Claim 1, wherein the height of the

15 bumps is between approximately 80 nm and 90 nm.

8. The disk of Claim 1, wherein the bumps

comprise sidewalls at an angle between 30° and 50°, as
measured along the first circular surface.
20

9. The disk of Claim 8, wherein the angle is

approximately 45°.

10. The disk of Claim 1, wherein the distance
25 between two of the bumps in a radially adjacent
direction is between approximately 485 nm and 545 nm,

measured at full width half max.
11. The disk of Claim 1, wherein the length of

30 the bumps, covered by the optical coating, are

multiples of 179 nm, the shortest length being a third

25



10. The disk of daim1l, wherein the distance 25 between two of the bunps
in aradially adjacent direction is between approximately 485 nm and 545
nm  neaswoadogised ul | wi dth hal f max. 11. The di sk of C aiPerijSomss®i n t he
|l ength of 30 the bunps, covered by the optical coating, are multiples of
179 nm the shortest |length being a third 25 WO 02/ 093569 PCT/ US02/ 13865
multiple and the | ongest length being a fourteenth nmultiple. 12. The disk
of Claiml1, wherein the height of 5 the land is between approxi mately 80
nm and 90 nmMmul3iplIke adidskhef 1Gngjemtl ] enhehebrithe aMfdtirteferdthe | and is
approximately 400 nm+ 50 nm the width neasured at half-width full-nmax.
10 14. The dfRtdPlE-aim 1, wherein the width of the land i s approxi mately
55% of the track pitch of the Iland, the track pitch being the distance
between the centerlines of radially adjacent portions of the land. 15 15.
The di sk of C ai ml2,. whdreeidiskhefafdrage 1, divdieasde bdiandwmiabéntodr | i nes of

(R0LR11Y 801 268t PO 900t N A0S ) P IRRRIPNSRELY O, 10 1 1
at an angl e between 30 and 50, as neasured along the first circular
surface. 25 17. The disk of  Caim 16, wherein the angle is. approxi mately
45. 13. The disk of Claim 1, wherein the width of the
land is approximately 400 nm + 50 nm, the width
measured at half-width full-max.
10
14. The disk of Claim 1, wherein the width of the
land is approximately 55% of the track pitch of the
land, the track pitch being the distance between the
centerlines of radially adjacent portions of the land.
15
15. The disk of Claim 1, wherein the average
distance between centerlines of radially adjacent

portions of the land is between approximately 0.70 um

to 0.78 pm.
20
16. The disk of Claim 1, wherein the land

comprises sidewalls at an angle between 30° and 50°, as

measured along the first circular surface.

25 17. The disk of Claim 16, wherein the angle is

approximately 45°.
18. The disk of Claim 1, wherein the land has

sinusoidal wobbles.

30
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18. The disk of Caim1, wherein the |and has sinusoidal wobbles. 30 26 WO
02/ 093569 PCT/ US02/ 13865 19. The disk of Caim18, wherein the anplitude
of the wowblee®dmbong the radial direction is 55 + 15 nm PETAG02/TI865 di sk of
Claim18, wherein the anplitude of the wobbles along the radial direction
is 7.5%+ 2% of the track pitch of the land, the track pitch being the

di stance between the centerlines of radially adjacent portions of the |and.
10 21. The disk of Claim18, wherein the frequency of the wobbles is
approxi mat el y 1281RHz. TR2. diké difsklefimClLai nwherefiar ther aowdpitiugieng hi gh

15 frequency | e s ( HEWVB | ong .t h bbl es. 23. e diisk of daim
22, wherein ?ﬁggg?eagghiﬁs SEOP etﬁﬁ dﬁéﬁa§%FS§iﬁ§Feﬂﬁ ggté %Etines t he
frequency of nthhe wobbl es. 20 24. The disk of Claim 22, wherein the

frequency of the HFWMs is between-approximately 384 kHz to 641 kHz. 25
25. The disk of Caim 18, wherein the anplitude of the wobbles and HFWW

i s withins+25% of ygachrgther oy 26 Thendisk gheChaimite WhghsingLhe
e. 30 2%

dielectric |ayer conprlseslgﬁllcon oxynitri
of the wobbles along the radial direction is 7.5% + 2%
of the track pitch of the land, the track pitch being
the distance between the centerlines of radially
adjacent portions of the land.
10
21. The disk of Claim 18, wherein the frequency

of the wobbles is approximately 128 kHz.

22. The disk of Claim 18, further comprising high
15 frequency wobble marks (HFWMs) along the wobbles.

23. The disk of Claim 22, wherein the frequency
of the HFWMs is approximately 3 to 5 times the
frequency of the wobbles.

20

24. The disk of Claim 22, wherein the frequency
of the HFWMs is between approximately 384 kHz to 641
kHz.

25 25. The disk of Claim 18, wherein the amplitude
of the wobbles and HFWMs is within +25% of each other.

26. The disk of Claim 1, wherein the dielectric

layer comprises silicon oxynitride.

30
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