; DEe3eN<nNOLb6TN* -, METHODS AND APPARATUSRFOR REDUCI NG THE SHRI NKAGE OF
AN OPTI CAL DI SC S CLAMP AREA, AND THE RESUMI NG OPTI CAL DI SC BACKGROUND OF
THE INVENTION 5 This invention relates to single-substrate optical discs,
such as single-substrate audi o or video DVDS. Optical discs having pits and
| ands that forman o tlcal track structure on one surface are known as 10
si ngl e- subjmm m\lmmm di scs, while doubl e-substrate optical discs, in
whi ch two ate discs are bonded to each other back to back, are
known as dual subsissxat e optical discs. Wien a dual -substrate disc is

manuf actured, the clanp area is characterized by the 15 aggregate thickness
of the two bonded substrates. ("Clanp area"” is the are i's
covered or engaged by the clanp nechani smof the reproammmm ‘Bﬁﬁﬁ tus
during play-back of the DVD. The word "area" is freque ereinto
refer to what is actually 20 a three-dlnensional portion orS®®ion of an
optical disc. Thus the clanp area of a disc is not just a twodi nensional
surface area, but also the thickness of the disc in that two-di nmensional
area. A certain volume, quantity, or anmount of plastic mat eri al is
therefore 25 required " ea" In an
apparatus for reprod 1?2; 5 5ﬁ§g§§§§%%§% % gﬁIgﬁ Qﬁﬁio or video
DVD, the clanp that ﬁ néd 'Iy for the

t hi ckness of the clanp ar ed01 qﬁ%ﬂgqﬁﬂ&51§9 BFLSEL ?ﬁécblanp area of a

commercially available 80 mMmm DVD is usually | ocated within the annul ar
regi on having an outer radius of about 33 nmand an inner radius (defining
the central aperture) of 22 mm

BACKGROUND OF THE INVENTION

5 This invention relates to single-substrate
optical discs, such as single-substrate audio or video
DVDs.

Optical discs having pits and lands that form

an optical track structure on one surface are known as

10 single-substrate optical discs, while double-substrate
optical discs, in which two single-substrate discs are
bonded to each other back to back, are known as dual-
substrate optical discs. When a dual-substrate disc is
manufactured, the clamp area is characterized by the

15 aggregate thickness of the two bonded substrates.
(*Clamp area" is the area of a DVD that is covered or
engaged by the clamp mechanism of the reproducing
apparatus during play-back of the DVD. The word "area"
is frequently used herein to refer to what is actually

20 a three-dimensional portion or region of an optical
disc. Thus the clamp area of a disc is not just a two-
dimensional surface area, but also the thickness of the
disc in that two-dimensional area. A certain volume,
quantity, or amount of plastic material is therefore

25 requlired to make the "clamp area" of a disc.)



A typical reproducing apparatus in*comrercial 10 use today is designed for
doubl e- substrate optical audio or video DVDs. The thickness of the clanp
area in such doubl e-substrate discs is typically about 1.2 mm which is
conposed of the thicknesses of the two bonded substrates, about 0.6 mm
each. In order to 15 satisfy the specifications of the clanp designed for
use with doubl e-substrate discs, the thickness of the clanp area in a

si ngl e-substrate optical disc nust be nade substantially the sane as that
of a doubl esubstrate disc. For exanple, 4+f2the thickness of the 20 clanp
area in a single-substrate DVD is increased to about 1.2 mm it becones
possible to play a singlesubstrate 0.6 mmthick DVD on a pl ayer desi gned
for use with bonded 1.2 ﬂn}hhiabpﬁwﬁtusAfcnnreptb@main@auh@f acconpl i shi ng

this 25 object, manuf acturi.ng an o tlc dISC | F havi ng two
regi ons 20 and* %goa%a&ﬂPPerﬁPréﬁﬁcRHeé e@u ?iY%& éé@ﬁén is a
cylindrical regiaf ofcharnngtrapsctﬁsSdssetm@gtCB@saeéygm@@ §pec eG4 Hly

portion of the_o t| a econd region 30 is the 30
r emai ni ng out ef® nﬁ%@aF iE PSﬁsoP tﬁ edF EmPTﬂEe?h?gkﬁ%gg BP¢ 95t region

20 is greater ghae.thenehicgknpssreh secandommgienaddy §v§h1Qb§§Ss@aﬂnbe
created by nolding,a hub with_extra _material jn the - clanp area of

the disc, as d@ggrﬂﬁeHsPﬁlﬂﬁtéPﬁéFPénHFtthIFE%tFB%“%E?Q%?QB%&ShaY¥n9

addi ti onal ﬂatsﬁlaht@ttgaalhhl6Ens§§u@f3§bﬁmta9d6aﬂﬂ1hﬁeﬁvfgéﬂu9nt0 a
substrate 30 wth the thickness of _about O. nn%athe total thickness 5 of

regi on 20 will (Pe&dRiggotibe1 conkkplTRAPSTHBERYNCkukes™t possible for a

reproduci ng appar at us deﬁlapﬁqcag ReBYodaEbhe- §F9§£a@ﬁ§ Py Dsofhifle PE 8Y1
singl e-substrate DVDs as , we prior art_solution, however,_ has a 10

variety oflalsHé@aﬁP§§¥slsF3FSé9§ﬁﬁlEormﬂ@Hb&edFBESF§aHﬁn9PEE?E¥ed

according to tBﬁdé%Sb&nvﬂaaerbbgg abeye, thﬂ@khéégeoﬁnﬁﬂetc@&mﬁaéﬁééa| used
in formng the hub cause the hub to _shrink radia vertically,

pul ling in natén.apchréﬁpaﬂﬁeﬁubégraﬁg QFSFﬁelal§¥P1$5XFHCPHGPﬁgl 2

I nformati on- Caﬁﬁylaaleagh@n%omﬁebgdwatptﬂe EHQEQH@BQBSWBZ preatyyel y affect
the tilt, stress, birefringence and el ectrical properties of the disc.

Attenpts at reégéﬁﬁg ENPStEREREMEABRUESAch BY PAEReasTAgOEEBF-BBwn time in
the mold fog eesb gE?ﬁﬁh%ﬁ@E%%ﬁ%%chh%oﬁEfb@'EHEYcQmeh8e9E§ﬁeHaEH§aCtUr'ng

process. SUMVARY . .
use with double-substrate discs, the thickness of the
clamp area in a single-substrate optical disc must be
made substantially the same as that of a double-
substrate disc. For example, if the thickness of the

20 clamp area in a single-substrate DVD is increased to
about 1.2 mm, it becomes possible to play a single-
substrate 0.6 mm-thick DVD on a player designed for use
with bonded 1.2 mm-thick DVDs.

A conventional way of accomplishing this

25 object is by manufacturing an optical disc 10 (FIG. 1)
having two regions 20 and 30 of different thicknesses.
The first region 20 is a cylindrical region of annular
cross section constituting the central portion of the
optical disc 10, and the second region 30 is the

30 remaining outer annular region of the disc. The
thickness of first region 20 is greater than the

thickness of second region 30. Such discs can be

created by molding a hub with extra material in the



I.n accordance with the principles of the present invention, the
above-descri bed war pi ng 25 phenonenon and its related negative effects on
t he manuf acture and performance of the disc are reduced by altering the
design of the hub structure, thereby decreasing the anount of materi al
necessary to enul ate the thickness of a doubl e-substrate disc. For exanple,
30 the solid hub of the prior art, such as the hub shown in FIG 1 and
described in International Application w0 98/10418, may be replaced by one
or nore relatively - 4 small protrusions tocated in the clanp area of
the disc. These protrusions may be of various shapes, for exanple, spokes,
bunps or rings, and may vary in nunber, |ocation, shape and size. In
addition to 5 ckdup ageehefshhenllage, i ast@estuboed rimtImeerndt Somapr oach

results in redyced. facturi by_al | ow ter | di ng. of 1he
di scs and decr ngﬁgggﬁg%a@§u%?9%?9§%ferF§|aﬁ@%gg%ﬂ$§ %E%?%%L @}g%'% cl anp
area. Further nbhéckhnleaspogsabbutnoeat monial hokded hentd® preodbiestrate ofodi scs

with a nore aesthetical lLy.pleasing.appearapce. Further_features of the
i nventi on, itswﬁgﬁuFéeaﬁélgnggﬁsggdggﬁﬁéggsgm?TI BB bR a bt SRR FF om t he
acconpanyi ng dowregioand ot wélflokkkavhngbdetall 2dmid5 dEsisi @ésbem BRI EF
DESCRI PTI ON OF TFE DR%MVNGS.E#G. lis a croas-sectional vi ew,of ., a géior art
optical disc hEGIRE &thBFSFAErEaSRE RntERFRAGIEI LYPRATF ORF n@E 89" ®%6 mm on
the informtioBoCcply BgubldesiBseratbeDuDsctoPblay2sifghe pbabsvigreof an
illustrative enbodi nent 3& an optical disc according to the present

i nvention coinV??n&srgﬁ' I, spoke-shaped protrusions in the clanp area. 25

FIG 3 is a partial crossheegttionabryi epitigken, ahewgveéhe hasea3-3 in FIG

2. FIG 4 is viewsimlar to EFIG 2 shomﬁngﬁan alt rnat%ve engodinent of

. t,
the invent £8n. VRFEELY o J1GPEYABEARPESr t BOEI BXABPSRowW RGP 38 ShBEhEF
al ternative ermpgduffaltu@kdt hecbmdenlyi 6. the design described above,

the large amount of material used in forming the hub
may cause the hub to shrink radially and vertically,
pulling in material from other regioms of the disc,
15 including information-carrying regions. This warping
phenomenon may negatively affect the tilt, stress,
birefringence and electrical properties of the disc.
Attempts at reducing this phenomenon, such as
increasing cool-down time in the mold for each disc,
20 reduce the efficiency of the disc manufacturing

process.

SUMMARY OF THE INVENTION
In accordance with the principles of the
present invention, the above-described warping
25 phenomenon and its related negative effects on the
manufacture and performance of the disc are reduced by
altering the design of the hub structure, thereby
decreasing the amount of material necessary to emulate
the thickness of a double-substrate disc. For example,
30 the solid hub of the prior art, such as the hub shown
in FIG. 1 and described in International Application

WO 98/10418, may be replaced by one or more relatively



- 5 DETAI LED DESCRI PTI ON The invention conprises an optical disc 50 (FIGS.
2 and 3), such as an audio or video DVD, typically manufactured of plastic,
one of the 5 surfaces 52 (the upper surface in FIG 2) of the disc having
pits and | ands representing data. The pits and | ands are, of course, too
small to be depicted in drawi ngs having the scal e enpl oyed herein.

(Al't hough "pits and | ands" are generally referred to herein, it 10 wll be
understood that the data recording technology may alternatively be (or nmay
alternatively be referred to as) "bunps and lands."” The phrase "pits and

| ands” herein will be understood to be generic to both "pits and | ands" and
"bunps and | ands.") The objects of the 15 present invention are

acconpl i shed bygmmUfRtMidien Sictgitedsubsthat elappi agkadbscthe having one
or nore relatively snall rotru5|ons 60 in the cla area. As shown in

FIGS. 2 and 3, 9% exdl AFUSHORSamay & 88 YerdPuFn§haBeEne IpFesent

i nvention 20 cARkiFRS, asp%messt apunild Ybor! FARRAr Rl Gh§Cvakgped substrate
54, having on one Si de (radlally outward of t t he clanp area) optical data

storage struct MEPONPAFHPDi 5haped angh@d 28nd, TinaddétdPangOar ea,

protrusi ons 560 fq3egy dle/ diadikages ﬁelk%le' @S %@&ﬁctaéeThehlﬂsl ustrative
enbodi nent of the invention shown in FIGS. and conprises a 0.6 mmthick

di sc- shaped suBPPERASHIreFults Hiededysest I‘WW%FGPF&%OH?SGObYeaCh about 6

mm long, 2 mMm Widewi &R PNy 13 g Bl f&%edd%@&sa%%@ ek ctB8 sdhsC thapokes
60 extend generally 30 radially of disc 50, and are equally spacéd from one

anot her in t he agioWinfes diGeniadi meedesh tar Sorm the 6366i'6gcdemen t he
center of the digG. Tm&ﬂﬁw&@ Al e Y PO PR eSitN9nt BREBwWEPRKE | 1 ke

protrusions in the - cl anp area, has been found to achieve si gni fi cant
reduct i ons 1i0n ptr@da#ﬁtwmn off \ﬂelrsfﬂsngmtrh @haagies @egs hesisaddy wilelrsims prior
art hub design g ?gﬁggkagég' exanple, in FIG 1. 5 The nunber and the

di nensi ons of protrusions 60 may vary, as long as the variations do not
result in the accumnul ati dinrihedh feat urdde @ indther ilavens ioausdtgnnature

unaccept abl e a%%pr by 1 MR RIRR iR Ry 18T 'H@‘%%&faptﬂa%e%@d%‘io@tt%@ al .

ldeally, the 1 otrusion structure 60 should be |arge enough to provide
st ur dy rreans t@@ﬁﬂ%@@%r@%ﬁ“@@%éﬁ%@%ﬁ&%ﬂ@@ﬁ% deft@idieshp area,
whi l e remaijy %f npugh to reduce the above-described warping
phenonenon. Pre erably, to achieve this end, the 15 anount of materi al
added to the disc's clanp area to formthe protrusions should be | ess than

about 5% of thegAEIMHe RPN Jr UsRd JWIRdB @ conventional clanp area
(that is the saﬁE—TﬁT%%ﬁE§§‘§§‘Fﬁ€‘?€ﬁﬁTﬁ6€T“T‘the si ngl e-substrate disc).
More preferably, the FIG. 1 is a cross-sectional view of a prior
art optical disc having a hub increased in thickness by
approximately 0.6 mm on the information-carrying side
20 of the disc.

FIG. 2 is a plan view of an illustrative
embodiment of an optical disc according to the present
invention comprising radial, spoke-shaped protrusions
in the clamp area.

25 FIG. 3 is a partial cross-sectional view
taken along the line 3-3 in FIG. 2.

FIG. 4 is view similar to FIG. 2 showing an
alternative embodiment of the invention.

FIG. 5 is a view similar to FIG. 4 showing

30 another alternative embodiment of the invention.



20 anount of added material is about 1-3%of the material required for the
conventional clanp area. For exanple, in the context of the illustrative
enbodi nent shown in FIGS. 2 and 3, the phrase "conventional clanp area" in
the two preceding sentences refers to a 0.6 mmthick 25 clanp area 58. I|f
the amount of material in that conventional clanp area is X, then the
anount of added material in protrusions 60 is preferably no nore than about
5% of X, nore preferably about 1-3% of X Discs according to the present
invention may 30 also, or alternatively,-cbnprise protrusions of other
shapes, for exanple, one or nore bunps or rings. These features may be
conbi ned and/or arranged in a variety of patterns. Preferably, the

protrusi ons shpgréIhd SERIPTIPNetrically. FIGS. 4 and 5 illustrate just

a few exanpl es of altefnq&qungggk giyggmﬁgggg%ngﬂt8p£§cgfc$£ggngg 5 wth

the invention. In FIG 4 protru5|on Str srngle”annul ar rlng
that i s substanfirals.y 2camdent)r,i eunht hst be eediipabrapedéarBvB6 in disc 50

A partial cros sectﬁg of _di CtSOE agros; E%Eg 60! Ry Lﬁok like FIG 3.
For exanple, at¢Pdsé QEFPQH Sr&5e90 04l BAg | PRE ASA"TR FIG 4 may | ook
li ke FIG 35 wistifr fraefear ai2cq thenepetO sardngedihoF60. . 2R af 6Re di$scof
course, in the_ clanp ar, n structure 60"

50' 5 t |

conpri ses four PBYAPS ?ﬂgge&ngq&ﬁﬁggt5ﬁPF§S§F§EHS Eﬁgazgﬁ#ﬁs|Pé 8r e 56 of
gISC 12050" CP@afa?aE@”F?éPaghmgb Ct@@SsﬁaQ&IOD bé dépmfﬁed ihLoughlone of

u S "fTB. 00 | Ke (0] a e a r 0SS Sectl en, al on
CIneCB B in b1 Graiings haYing kherrEais SHPLRVES: BRERLE. nuBLFREB9Ehanged
to 60". Funps 601 t&rendoﬂam@MWSexel@ehh&a&ﬂgﬁﬁeﬁéeﬁedftaohﬁr§¢n50%8/50 -
Recapi tul ati ng t nventl on. no ther te tic 1S ' "
oo e o S0 we bRl thalt B GEL R e Al g P bt B bR PR Al 1 y

sur roundi ng theage@nt&&namewbuyebeaﬂdrama&Saunémnaaﬁbemyabearézerred
substantial ly concentr#¥plly rrou di ng

a roation is
recorded on a f°r &F Er su&gﬁcg ggF LP&FESa?goEaPﬂé disc in
thf Infornﬁtlogp&@&@.w&}hebbggﬁafm@ﬁoaunberb52gbﬁeahaotSOBethnuglused tg
refer to this firs rface of the sc has
a protrusion s@FGcﬁG SgoPEE / @GMPéxFEﬁdﬁ dﬁbSve FHE PgHﬁF geP Fgﬁlrst
surface 52 15Th%rlélélémi$§nﬁfen}tﬁ@hr u&leOBc&bﬁ@ﬂ.h@h@dGB&GﬁahﬁQact&r&ﬁggb.VE t he
disc a _ cIa %Hkhlckness é ¢ an a%%a ent, thickness to the
cl anpi ng nechaﬁl SEXFERy CRY 16 LadECLRl P2V ATaBSEr REUTP Ehat i s
greater than theikbkiieeN§semhll protrusions 60 in the clamp area.

As shown in FIGS. 2 and 3, one example of an

optical disc 50 according to the present invention

20 comprises a substantially transparent disc-shaped
substrate 54, having on one side (radially outward of
the clamp area) optical data storage structures
comprising pits and lands and, in the clamp area,
protrusions 60 of generally radial, spoke-like shape.

25 The illustrative embodiment of the invention shown in
FIGS. 2 and 3 comprises a 0.6 mm thick disc-shaped
substrate 54 with three spoke-like protrusions 60, each
about 6 mm long, 2 mm wide, and 0.6 mm high, in the
clamp area of the disc. Spokes 60 extend generally

30 radially of disc 50, and are equally spaced from one
another in the circumferential direction around the
opening 56 in the center of the disc. This particular

design, comprising three spoke-like protrusions in the



(FIG 3) of the remainder of the disc. However, to 5 prevent the

di sc-nol di ng problens that are described earlier in this specification, the
anount of material added by the protrusion structure is preferably |ess
than about 5% (nore preferably about 1-3% of the material used in a
conventional clanp area (flat 10 portion of the clanp area excluding the
protrusion structure). Although the protrusion structure 60/60' /60" my
take any of many fornms within the general paranmetric characteristics
descri bed above (exanples 15 including (1)éa-plurality of ribs 60 that
extend substantially radially out fromthe central aperture 56 of the disc
and that are substantially equally spaced from one another around the
central aperturéamp2prean,ahas deeni fgued tohachieveubsgmhfiehhly concentric
with 20 central : : d u ' of. b S " that are
substantial ly gaégﬁﬁégégaggdt??o%&%kggaﬁgt g%b%ﬁ%signgﬂgl?gg%oﬁ%entricalIy
around centr al cappatrede with, tae pmport amt habt designredownnpngfdhe war pi ng
phenonenon i n accordance w%&? tge present 25 invention is limting the
amount of adde§*REPeriar™ He “above- descri bed bounds. A particularly
preferred epbodi nent for Thehnewmbeg thdstaeddimensisrs dfiree equal | y spaced
ri bs 60 extending radi,al ly out fromthe_central _apgrture 56 _of the disc,
addi ng an anouRECEFCIGORE! &0 NPY1 RACYr s *Bpatro 12305 BF YRELARDURE OF

mat eri al form ngtt resalaninataa hereatlathitnwokl eheughdeddéqonatbaial he

foregoing is ogly illustrative of tgg princi Ieﬁ of this t ventjon -9
and that variobS f84FFi &8t "BRSCERK enﬁ88uﬁg Pho¥8*RBk'¥I &G PHIthe art
wi t hout depart gRginhkaget b€ shepadded satertadfl thaeabyent ths. - 10

Al .
CLAI MG 10 protrusion structure 60 should be large enough to

provide sturdy means to emulate a greater desired
thickness in the clamp area, while remaining small
enough to reduce the above-described warping
phenomenon. Preferably, to achieve this end, the

15 amount of material added to the disc's clamp area to
form the protrusions should be less than about 5% of
the amount of material used to form a conventional
clamp area (that is the same thickness as the remainder
of the single-substrate disc). More preferably, the

20 amount of added material is about 1-3% of the material
required for the conventional clamp area. For example,
in the context of the illustrative embodiment shown in
FIGS. 2 and 3, the phrase “conventional clamp area” in
the two preceding sentences refers to a 0.6 mm thick

25 clamp area 58. If the amount of material in that
conventional clamp area is X, then the amount of added
material in protrusions 60 is preferably no more than
about 5% of X, more preferably about 1-3% of X.

Discs according to the present invention may

30 also, or alternatively, comprise protrusions of other

shapes, for example, one or more bumps or rings. These

features may be combined and/or arranged in a variety



The invention clainmed is: 1. An optical disc having a central aperture, a
clanp area substantially concentrically surrounding the central aperture,
and an information area substantially concentrically surrounding the clanp
area, information being recorded on a first surface of the disc in the
information area, the disc further having, in the clanp area, a protrusion
structure extendi ng above a remai nder of the first surface to give the disc
a clanping thickness greater than the thickness of a remainder of the disc,
a first amount of material form ng the protrusion structure being | ess than
about 5% of a second ampbunt of material formng the clanp area excluding
the protrusion structure. 2. The optical disc defined in claim1 wherein
the first anouof phtmetresi.al Preferaglyhethpeoprosionicns ushonEdilsein the
range of 1-3% of _the %econd gn?unilgf material formng the clanp area

excl udi ng the PFHEFIS on S PGt GRe:Y3. The optical disc defined in claim1
wherein the protrusion sFIGstuseahdssaibdughtabboyest he feweexaieples t he

first f t hat .i .0xi mat el I th hi ck th i nd
of the i so. A49F TRACBFOREAN <PeeCALPEHBATROS AFRES WRCTEr P thE hel gt Of

t he protrusgonysthueher énebaréohhe ranriedes piothesionsitsuctace ¢6'
approximately 0.6 nmm, - 11 i. The optgcgl,disc defi ned in claim1l
wherein the profr@sPIRILEr GRPH-BTcHAPPi BT a1P| BHBFFEYTHR14Y bs ext endi ng

substantial |y padiahltyieutrithoineheeiepbl ahpapeuireres Hn dbecopdi caladi sc
defined in claim5 wherein the @Luralitxé%gn?rises at least three. 7. The

optical disc dBRFR&AL FXOFSi FESTHABr 8Fn Phs2GFRSEuhiREnt? al T§¥ equal | y
Zpﬁceddfr0n1ﬁn@oakoaﬁﬁé @EGUEd.thEerékéﬁblapeétUf6558se&h£oﬁptéﬁéh di sc
efined in claiml reiin the protrusion structur opprises a rin

subst anti alPy EéﬁE@nFﬁFch%PFhAf%eleeﬁFPal4aB@Yt P8E g?ﬂghgfgpt?caylghsc
defined in claipgedrehecehunbee BOOERHALEA Sbr YOt Ur eREAGPEDSESsa Pkurality

of bunps spaced substantially equallé rog180e apot her _substantially
concentrical | ycarsgRd the t@enclaMPapErpypPe, d1gc 50'.  In FIG. 5

A A% AQ A As. ArBYrA2iBnYeflie: 3EBPERL D Ybbinpwa kek] Xbae] Bakga] sphealic”a] cal ca
] ca] ca] ca] ca] ca] ca]ca] ca ca]ca]ca]caLca]ca cahca cal ca caﬁcakc“a%ca]cRa]cRa
Jcal lkp v 11 D gguigistan ppyground the central aperture 56 oI disc

0<0221 333\ 4e4j 4pvql gbh\AkcAakea) cal pakeahtakeaksakeaktahcakcalisal salca] cal ca
]ca]ca]ca]ca]caLca]ca]ca]ca cal calc”a caLcahcaLcAakj44"78*88\999n999::k::
D<N</ / : through one of bumps 60" may look like FIG. 3. or

0<022|533\4041é&&%ngLch%ab@%]%abeabﬁahaﬁbﬁahqahgah@ahcB}Bahﬁakmelca]ca]]C
al ca] ca] ca] caJ cal cql cql g2l 2akSR) o4 caleal Sakeale A L ine O thangea
to 60". Bumps 60" are, of course, in the clamp area of
20 disc 50".

Recapitulating the invention now in other
terms, an optical disc 50/50'/50" has a central
aperture 56, a clamp area 58 substantially
concentrically surrounding the central aperture, and an

25 information area 52 substantially concentrically
surrounding the clamp area. Information is recorded on
a first surface (the upper surface in the FIGS.) of the
disc in the information area. (The reference number 52
ig also sometimes used to refer to this first surface

30 of the disc.) 1In clamp area 58 the disc has a
protrusion structure 60/60'/60" extending above the
remainder of first surface 52. The purpose of

protrusion structure 60/60'/60" is to give the disc a



110%\ & ()-1J110% & ()- F FY 10% ()-' 109%& ()- <y Z10% ()-)r}zX6!c
040% ] & ()-!c YOWIT& ()-!c %0 7& ()-!2c %0%}& ()-&ULOWT& ()-!~

109& ()-XuSl!  940%]& ()-S ! 9%40%1& ()-S L, 1094& ()-1094& ()-t 10,1, 1
10,1,1 10,1,1Tc 940%1,1 & ()-X 9X xV4uS1!! D+ 109& ()-! + 109%4& ()- ;+ 10%n
& ()-1+ %0%Z& ()-S !

10

15

20

25

30

clamping thickness (i.e., an apparent thickness to the
clamping mechanism of disc-playing or disc-utilizing
apparatus) that is greater than the thickness T

(FIG. 3) of the remainder of the disc. However, to
prevent the disc-molding problems that are described
earlier in this specification, the amount of material
added by the protrusion structure is preferably less
than about 5% (more preferably about 1-3%) of the
material used in a conventional clamp area (flat
portion of the clamp area excluding the protrusion
structure).

Although the protrusion structure 60/60'/60"
may take any of many forms within the general
parametric characteristics described above (examples
including (1) a plurality of ribs 60 that extend
substantially radially out from the central aperture 56
of the disc and that are substantially equally spaced
from one another around the central aperture, (2) an
annular ring 60' that is substantially concentric with
central aperture 56, and (3) a plurality of bumps 60"
that are substantially equally spaced from one another
substantially concentrically around central
aperture 56), an important factor in reducing the
warping phenomenon in accordance with the present
invention is limiting the amount of added material to
the above-described bounds. A particularly preferred
embodiment for achieving this end comprises three
equally spaced ribs 60 extending radially out from the
central aperture 56 of the disc, adding an amount of
material that is about 1-3% of the amount of material
forming the clamp area beneath.

It will be understood that the foregoing is

only illustrative of the principles of this invention
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spirit of the invention.
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CLAIMS

The invention claimed is:

1. An optical disc having a central
aperture, a clamp area substantially concentrically
surrounding the central aperture, and an information
area substantially concentrically surrounding the clamp
area, information being recorded on a first surface of
the disc in the information area, the disc further
having, in the clamp area, a protrusion structure
extending above a remainder of the first surface to
give the disc a clamping thickness greater than the
thickness of a remainder of the disc, a first amount of
material forming the protrusion structure being less
than about 5% of a second amount of material forming

the clamp area excluding the protrusion structure.

2. The optical disc defined in claim 1
wherein the first amount of material forming the
protrusion structure is in the range of 1-3% of the
second amount of material forming the clamp area

excluding the protrusion structure.

3. The optical disc defined in claim 1
wherein the protrusion structure has a height above the
remainder of the first surface that is approximately

equal to the thickness of the remainder of the disc.

4. The optical disc defined in claim 3
wherein the height of the protrusion structure above
the remainder of the first surface is approximately

0.6 mm.
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wherein the pro rusion structure comprlses a plurality

of ribs extending substantially radially out from the

central aperture.

6. The optical disc defined in claim 5

wherein the plurality comprises at least three.

7. The optical disc defined in claim 5
wherein the ribs are substantially equally spaced from

one another around the central aperture.

8. The optical disc defined in claim 1
wherein the protrusion structure comprises a ring

substantially concentric with the central aperture.

9. The optical disc defined in claim 1
wherein the protrusion structure comprises a plurality
of bumps spaced substantially equally from one another
substantially concentrically around the central

aperture.



