; WKYZe3e 6@&25 February 2003 | NFORVATI ON RECORDI NG MEDI UM BACKGROUND OF

THE | NVENTI ON The present invention relates to a disk-1i L nf or Lon
recordi ng medi um for recording various information signaﬁ%f%gﬁwngng§ audi o

signal and a video signal. As nedia for recording various kinds of
informati on such as audio informati on and video information, there are

cxampl 6557 which i nctude s pnace crarige type opt i cal ot ok NMAAMUUN

information signals are witten in the formof irregularities, typi.ggakdy
enbossed pits or grooves, a magneto-optical disk nmaking use of a

magnet o- opti cal effect of i i etic disk. A disk
substrate having fine i rregﬁf‘g%'?iéés}? %‘%&é%ﬁ?g r?)Er:epl s or grmmmﬂmmum“m\
obtained by injection nolding a plastic naterial. The major d

pl astic substrate nolded by injection nolding lies in that stress *gmoo*

i nduced by an effect of friction of nolten resin against a nold when the

mol ten resi PAFEGROYERt @ BAHB ENUEREEO¥n a cavity of the mold and by effects
of pressure and tenperature 25 February 2003 2 applied to the nolten

resin upon injectiWre FreIRD ol nesn vl melakes Heo & rdszkreig ns in the

finished substrate. The inner stress of the substrate becones sonewhat

smal |l by stimfsrmatief rakdndipyamedilemi hograrpeerdiingf varieusérom cooling to

solidification; however, nost of the inner stress is not relieved until

sol i di fi catimflioematienasgnatsasueli dsiadinsanédss singhad subdséruiéeoSuch a
signal.

As media for recording various kinds of information
such as audio information and video information, there
are known disk-like optical recording media or magnetic
recording media, examples of which include a phase change
type optical disk in which information signals are
written in the form of irregularities, typically embossed
pits or grooves, a magneto-optical disk making use of a
magneto-optical effect of a recording film, and a
magnetic disk.

A disk substrate having fine irregularities,
typically prepits or grooves is obtained by injection
molding a plastic material.

The major drawback of a plastic substrate molded by
injection molding lies in that stress is induced by an
effect of friction of molten resin against a mold when

the molten resin is injected and charged in a cavity of

the mold and by effects of pressure and temperature



resi dual stress may cause birefringence of |ight and/or warping or wavi ness
of the substrate. The occurrence stages of the inner stre of a s%g trate
is as follows: (1) upon injection of resin; shear stress Febrrggy,? ae to
nol ecul ar orientation occurs in the resin when the resinis fluidized in a
cavity; (2) upon conpletion of filling; the notion of a screwis rapidly
stopped and also the fluidization of the resin is rapidly stopped when the
cavity is filled with the resin, so that inertia forces of the resin and
the screw are all applied to the substrate; (3) at the pressure retention
stage; since a pressure is applied to the resin for preventing counter flow

of the resin_and prevenptin rinkage due to.contractio vol unti |
The resin ranPheBLER PheCRo TR 885n cHB gk 4P 255 kA8h 82 Phe P
distribution 25 Fe8ru§ry 2003 3 occurs over the . entjre supstrate; and (4)
upon cool i nfeEhR’ sBBEt FAFeStEEFEsEeHBPBAdIAgtBR A PEAPEFafBPREBRERY i buti on

occurs in the substrate by thernal contraction. A plastic substrate for an
optical infBreaiRBArnBEraRToPLathagRBPFErREROPEFARCREAPUAY Rt NERRSEAri |y
contracted by nolding. In many cases, the nolding contraction of an outer
peri pheral pprstoassfrehéefl aakingsnbaceadurisgderf perénd ofohimpat of an
i nner peripheral portion of the plastic substrate. That is to say, the
mol di ng confremtfonlbhgt he salédifihdathorr pewepher ahopbrbfobBeoccurs as
follows: (1) contraction of outer peripheral portion C contraction of inner
peri pheral jpmnérostredef bsmabtonelhetrbd fiordilokopidpéliterioandnd?)
contraction of outer peripheral portion J
remains as a residual stress in the substrate. Such a
residual stress may cause birefringence of light and/or
warping or waviness of the substrate.
The occurrence stages of the inner stress of a
substrate is as follows:
(1) upon injection of resin; shear stress or strain
due to molecular orientation occurs in the resin when the
resin is fluidized in a cavity;
(2) upon completion of filling; the motion of a
screw is rapidly stopped and also the fluidization of the
resin is rapidly stopped when the cavity is filled with
the resin, so that inertia forces of the resin and the
screw are all applied to the substrate;
(3) at the pressure retention stage; since a
pressure is applied to the resin for preventing counter-
flow of the resin and preventing shrinkage due to

contraction of volume until the resin having been

injected is sealed with a gate, a pressure distribution



contraction of inner peripheral portion = deformation in the formof bow .
In order to reduce both the deformation due to nol ding cq&%&qftio?%@?d t he
def ormati on due to residual stress induced upon injection SRTHRY n
according to a related art nolding nmethod, an attenpt has been generally
made to reduce the inner pressure applied to the resin by weakening a
cl anpi ng pressure, retarding the 25 February 2003 4 injection speed) and
reduci ng the amount of the resin to fifl the cavity. Such an attenpt,
however, presents another problemthat shrinkage or depression and/or
swel ling occur at an outer peripheral portion of a disk, tending to cause a
failure in tr fer _af informtiqn_si |.s and_t.0 degrade signal
characteris%F%§§slﬁvgédfgfoﬁg%éf%cgu %g§§?Fén§Fﬁ of a disk is proportional
to the cubic of th hi ckness af. t he .di sk,, mechani cal_characterj,stics such
as a flexural st reﬁ@i h W% W e bRt o B tFEF T ¢ ees’bdl(f’fg t he di sk
becones thinner with an increase i.n recording density, and binetal
def or mat i on®Raf SEFRCFACYRE FLSEEIPUSY OReRCCHAG 1Y FESStrak&e8Yupon
filmformati on and by noi sture absorption in a tenperature/noisture
envi ronment thgaEPALC GPRLFRCEAOR -an optical recording nedium of a one sided
recording type. To solve the above problem it is desirable to adopt a
mat eri al having hiyhrtastiaesebsthatej Eorgani ghtifekuinfoorateeri|l e Young' s
nodul us; however, a single plastic nmaterial other than glass or netal
cannot sati sfjismchraahmgbnetitcf mesordind aeddmpodist @eg@tssriralyof a plastic
material to which fibers or fillers are added can satisfy the above high
stiffness bubnpreseetsbyr eblldingt. hainsmafinceapesti bthe wdléhegfill ers or
fibers are

contraction of an outer peripheral portion of the plastic

substrate is different from that of an inner peripheral
portion of the plastic substrate. That is to say, the
molding contraction of the outer and inner peripheral
portions occurs as follows:

(1) contraction of outer peripheral portion <

contraction of inner peripheral portion = deformation in
the form of propeller; and

(2) contraction of outer peripheral portion >

contraction of inner peripheral portion = deformation in
the form of bowl.

In order to reduce both the deformation due to
molding contraction and the deformation due to residual
stress induced upon injection of the resin, according to
a related art molding method, an attempt has been
generally made to reduce the inner pressure applied to

the resin by weakening a clamping pressure, retarding the



25 February 2003 5 exposed fromthe surface of the substrate, to cause
surface roughness of the substrate, failing to ensure mcro-flatn %8 of the
surface of the substrate excluding transferred fine irred%ﬁ%ﬁ@?@%?, 3nd
accordingly, such a conposite material cannot be applied to a substrate,
for exanple, used for a disk) which requires a fine structure in the order
of nmand that deformation of signals y occur due to protrusion of the
fillers fromthe surface of the substrate or expansion of the fillers. A

pl astic substrate is liable to be defornmed by heat and noi sture caused
during the manufacturing process, a user's service environnent, and a

retention envi t he S| . t he ove-descri b various_factors,
and in the %]rfe%ée)ﬁggi? %ﬁ%t a%lg(gs%és%lﬁéelr&egi%ﬁ%oané?%% e&noﬁgﬁ nrgéén%ﬂ eifal for a
di sk, which_.js optically transparent and w.thstands noi sture absorption,

Bh Vi qiHers

and def or mat¥ B T BPe & CEME S o AOMEY B on PIEEEREL i on of a
protective filmcaused upon filmformation. Along with a tendency toward
hi gh densi t3RHEF RTRP LA thatl shiinkathed d IMRFFEFRARR 2%/ AUperture (NA),
there arises a problemin reducing allowable values of warping and
wavi ness, f%ﬁ“ﬂ’g"g{ PIEHIAE 3% O+ R %@W%rﬂf ARt kobra tdhi fecor d
signals on the disk, and to solve such a problem it is expect to develop a
di sk with |edin@otEehrusg ya 2008l wrelefnor pansfeamf wovi ermation espect i ve
of changes in manufacturing process and service environment. SUWARY OF THE
| NVENTI ON Aniodglestani theadqrestantsigneht¢lardcsteni priovs de an i nformati on
recordi ng medi um capabl e of sufficiently transferring information signals,
suppressi ng resonamceddition, since the strength of a disk is

proportional to the cubic of the thickness of the disk,

mechanical characteristics such as a flexural strength of

the disk become poor as the thickness of the disk becomes

thinner with an increase in recording density, and

bimetal deformation may significantly occur by heat and

film stress caused upon film formation and by moisture

absorption in a temperature/moisture environment,

particularly, for an optical recording medium of a one-

sided recording type.

To solve the above problem, it is desirable to

adopt a material having high stiffness, that is, a high

flexural or tensile Young’s modulus; however, a single

plastic material other than glass or metal cannot satisfy

such a high stiffness, and a composite material of a

plastic material to which fibers or fillers are added can

satisfy the above high stiffness but presents problems

that surface portions of the fillers or fibers are



upon hi gh speed rotation, and enhancing the durability. According to the
present invention, there is provided a disk-1ike infornnli§¥%dﬁ; 565@9

medi um whi ch basically includes: a substrate; a recording Iayé%y provi ded
on the substrate) for recording an information signal; and a |ight

transm ssion |layer |am nated on the recording |ayer; wherein an information
signal is recorded or reproduced on or _fromthe nmedi um by naking |ight
incident on the nediumfromthe |ight fr ansni ssi on | ayer side. The above
information recording nmediumis characterized in that the substrate
includes a core |layer nmade froma resin; and a surface |ayer nmade froma

resin and | glggLaked Wil Rathe.coneo Afekne! UEpSULLAGe |BYRL,0AViNg On its
ane I n

one side pl ormation signhals in the formof irregularities on the
recordi ng | ayer._side _and havin f.lyidi ich_i.;s.larger than that of the
Core |ayer CrREecEoRiinaRY B RoenuBhrrale' M Rped hB 2 e e Fobr ary
2003 7 core_l.ayer _are in a lten state at the sane tenperatucte. Wth this
configurati BAC gfﬁgg%Pﬁésr8g?ﬁ%FoFHF2§CFh8fSﬁgfaéggﬁé§ggeh§§ciuﬁﬁﬁ?dity

| arger than that of the resin form ng the core |ayer, irregularities on the

recording | Gjérsépgzedading dEredrhryitigRst BRAeG GRTEABILY, f SEER| Ayer when
the recording |ayer and the light transm ssion | ayer are disposed on the

resi-n made SOMPAgdteafeterAgdofanrnglybef apraigdglkodensiby trater nhPron
recording medium it is possible to sufficiently, certainly perform
transfer of esampdw.t ngeks fotteepdgsbovebioh peavirascer ding séruhnéupeesent
invention, the resin formng the surface |layer of the substrate nay be
preferably anrébenoderngfanmated &bstr gefommpético of ©i8%mds meys. Wth
this configuration, since the water absorption

occur due to protrusion of the fillers from the surface

of the substrate or expansion of the fillers.

A plastic substrate is liable to be deformed by
heat and moisture caused during the manufacturing process,
a user's service environment, and a retention environment
on the basis of the above-described various factors, and
in the present circumstances, there is no single molding
material for a disk, which is optically transparent and
withstands moisture absorption, and deformation due to
residual stress and contraction deformation of a
protective film caused upon film formation.

Along with a tendency toward high density recording,
particularly, toward high numerical aperture (NA), there
arises a problem in reducing allowable values of warping
and waviness, failing to readout recorded signals from a

disk or to record signals on the disk, and to solve such

a problem, it is expect to develop a disk with less



ratio is 0.3%or |less, the above-descri bed deformati on due to water

absorption becones snmall, and for exanple, in the case of igital
versatile disk (DVD: high density information recording rﬁf%ﬁﬁ?ry%ﬁ@

war pi ng a deformation becones 0.4 or |less in accordance with the standard.
The DVD generally uses a substrate made from pol ycarbonate having a water
absorption ratio of 0.3%or nore; however, since the DVD is configured such
that two 25 February 2003 8 disks eah having a thickness of 0.6 nmare
stuck to each other with the signal side directed inwardly) it takes a good
bal ance of water absorption even if having a | arger water absorption ratio,

to be thus | f t conty hi_gh ity disk having a

hi gh nuneri ccgﬁsfsoarg‘ggrflu%daﬂ\(gbae% %?0%1 s Igf%sé? eglcntclevqaode§V\/a earryga%és olrnpt i on which
is different_ fromthat, of the DVD because it includes information signals
on one side "@fn“afrgs%'?‘i‘raftf’eq IpaﬁpeﬁgssAc%$ﬁ%WXﬁe OV PRt density di sk

havi ng a high nunerical aperture (NA), to keep a warping deformation angle
or radial skew angle due to water absorption within 0.4%ox |ess, the
substrate of the disk is required to have a water absorption ratio of 0.3%

or |less. HoWeMARY {OF HHE NG IQN er has a water absorption ratio of 0.3%
or nore, there occurs an inconveni ence that water absorption and dewatering

are perforned fromAohebdectaed $hge paeseatoddivegtsirde isotowpireNidrean

recording filmand protective filmare forned, of the disk in a

t enper at ur e/imfictmartel N gqamtEimtg gidrbirun heapalpon off [sm fiorguedni oy whi ch

applies stress to the substrate, and such water absorption and dewatering

ar e bal anceddam s freer wistee nitd fonrneatd cyersd grea lenyvisuppEedssing resonance
upon high speed rotation, and enhancing the durability.

According to the present invention, there is

provided a disk-like information recording medium, which
basically includes: a substrate; a recording layer,
provided on the substrate, for recording an information
signal; and a light transmission layer laminated on the
recording layer; wherein an information signal is
recorded or reproduced on or from the medium by making
light incident on the medium from the light transmission
layer side. The above information recording medium is
characterized in that the substrate includes a core layer
made from a resin; and a surface layer made from a resin
and integrated with the core layer, the surface layer
having on its one side plane information signals in the
form of irregularities on the recording layer side and

having a fluidity which is larger than that of the core

layer in the case where both the surface layer and the



25 February 2003 9 Under the above different environnents, since the
recording filmand protective filmon the surface sideaﬂfﬁgiffergpb
(generally smaller) in water absorption ratio from (than) RePruay <Pt e
material on the opposed side, the signal side is inwardly warped in the
wat er absorption state, and is outwardly defornmed in the drying state. In
particul ar, during drive of the disk, since the inner tenperature of the
disk is high and the noisture is | ow, there may easily occur a rapid
deformation, leading to a focus error which for exanple, makes inpossible
to readout signals. The resin formng the surface |ayer of the substrate
may be nnstcggefEEagkya% r§%in Q%Y-Q a m%teg ag Qr %ion ratio gf 0. 1% or
| ess. Even IR Eh&*C58eWhere FhB°ab6Ve watEr 250 rp *B8 FSPPEIRSYFR- a range
of 0.3%or less, if,the warping_angle of the, di sk upon bal ance of water
absorption is zerd'* Wt 'é]i“%\bg%‘?ﬁ’t?‘g’ﬁa'ﬂ’e‘?‘br natFon E%\% PesSKeptoHt il angl e
within 0.4%or |ess; however, in consideration of a variation in dinension
of the di skthar FREEAERULE¥CEr Bagng EFuadiéverprafrteSPrroRRBAt Oft RBEdi sk in
whi ch the surface |layer has a water absorption ratio being as snaller as
0.1% or | essesipaformingubseaneral Lpyasesinosesubssibingt en tBeadvant ageous
in increasing the systemmargin 25 February 2003 10 because it is not
requi red toreakedingolaresustdeheanaber cebseipliivotrdasbenaeflionnofhehe di sk
in retention and service environnments but required to suppress only

def ormat i onsorfabe tlagkrdwhengthenutaotdieg Aagerdand tbet héghresent
invention, the resin formng the core |layer of the substrate nay be
preferably transmission layer are disposed on the resin made surface

layer. Accordingly, for a high density information
recording medium, it is possible to sufficiently,
certainly perform transfer of narrow tracks, deep grooves
or pits.

According to the present invention, the resin
forming the surface layer of the substrate may be
preferably a resin having a water absorption ratio of
0.3% or less.

With this configuration, since the water absorption
ratio is 0.3% or less, the above-described deformation
due to water absorption becomes small, and for example,
in the case of a digital versatile disk (DVD: high
density information recording medium), the warping
deformation becomes 0.4  or less in accordance with the
standard. The DVD generally uses a substrate made from
polycarbonate having a water absorption ratio of 0.3% or

more; however, since the DVD is configured such that two



a vibration danping resin for suppressing a resonance phenonenon caused
upon rotation of the information recording nedium Wth thi confl 5 ation,
since the core layer of the substrate is made froma vibr gﬁ

resin, it is possible to certainly suppress a resonance phenonenon caused
upon high speed rotation of the information recording medium According to
the present invention, the vibration danping resin may be preferably a
conposite material containing a polynmgt and a filler. Wth this
configuration, since the signal transfer |ayer and the high stiffness or

vi brational characteristic layer in the disk are made fromdifferent

materials, yhexshapagt ﬁabs’éh%ca ehiBREOsENheE ] 8YET Bm Mécstiﬂ@yet@esacﬂot
conpatible with each other by use of a single common naterial, can

tibl C I d ki
B e e A T fa??%?%% 5 0.5 u|

min pitch 1 0 nm.iLn r an r n e i's
gi ven, mhicﬁgg %986n8? gégﬁgog?ééﬁ §I§§ %g%go?fahgg % ? %é
stiffness sin terial containin n additi h as_a f|IIer or the
Vike. In thES B’évgBEBHP%BPaFFgH"ng?a'Bﬁl Fh¥hel £7 G raSEPFRALss Bu(til so the
vi brational characteristic can be ng roved. Al so tg surface, |l ayer or skin
| ayer and tﬂ%nEB?EYPa?eplﬁpedﬁﬁflﬁﬁc §§5rP?V1Fﬁt%g LRy UBPEEGR by two | ayer
nol di ng or sandw ch nol ding,  but they may be formed by sticking different
material s t®PBAERTBt KEP) ﬂéébPHFﬁgat a%ﬁ%Cﬁr%ge“?t?ﬁvéhﬁPBHtlannater|aI
having plate-1ike shapes each having a hlgh aspect ratio may be preferably
added as a Vhi?brlﬁod%ﬁéeréanfF@Wnﬁhgtt% Ebe cDYRyRpCBRSEhetsubstrate.

includes information signals on one side of a surface
layer.

Accordingly, for the high density disk having a
high numerical aperture (NA), to keep a warping
deformation angle or radial skew angle due to water

absorption within 0.4° or less, the substrate of the disk

is required to have a water absorption ratio of 0.3% or
less.

However, if the surface layer has a water
absorption ratio of 0.3% or more, there occurs an
inconvenience that water absorption and dewatering are
performed from the surface side or recording side, on
which the recording film and protective film are formed,
of the disk in a temperature/moisture environment other
than upon film formation which applies stress to the
substrate, and such water absorption and dewatering are

balanced in the retention and service environments.



Wth this configuration, since a material having plate-like shapes each
havi ng a high aspect ratio is added to the resin formng er,
the stiffness of the core | ayer can be enhanced. The aspeé(:S{}-eeb?ﬁgrgaag
ratio of the length to the dianeter of a filler, and the stiffness of a
resin is determned on the basis of the aspect ratio of afiller added to
the resin. Aresinto which a filler having a snmall aspect ratio, for
exanple) a filler having spherical shagpes is added in a specific 25
February 2003 12 anmount is lower in stiffness than the sane resin to which
a filler having a high aspect ratio, for exanple, a filler having

plate-like shapes yng.adqed 'aﬁso%edi%rf%r%muréhw/é%n%ehd | e 143yl pgea high

aspect ratio, there are known a fil haV| ng pl ate-| |ke shapes and a _
filler int ec(jroc{lrp1 fft{jhnpea[r?d T%e}tgétj'l i“lxﬁ he f rmsourga{cbeerss hovvever IS
undesi r abl e becaus ani sot rop e nore SpECI]T in the

case of mldln%%{ilsk su strat usi S|nto whi c a(k)th‘ssuc flller IS
added, the &5t ot a qebnef’ha sd'g‘?]la]p ra® i3 extrenely
different fromthat in the radial d| rection, to jnevitahly cause
propel | er - ST TRA%r (han dFe 1P LhAAGS dhatemialy siité J°RROS8S desirabl e
to add a filler of plate-like shapes having a high aspect ratio and having
a smal | ani%dteofihe AR Y Si4f fiot MTHR I ctRP Iyt . thRcttfitg to the
present invention, a filler in the formof hollow or foam bodies may be
preferably aRFRIP BiPn HEEF i RTDrif R e Flor ede fgmmedfin Hhs Whstingte. Wth
this configuration, it is possible to reduce the weight of the core |ayer,
and hence tsctarteﬁiucéinapla@é;dcup@pr,hiigh'lgpeédlr‘f@t @i ¢hreofdiske isAheenkhieon
recordi ng nmedi um

inner temperature of the disk is high and the moisture is

low, there may easily occur a rapid deformation, leading

to a focus error which for example, makes impossible to

readout signals.

The resin forming the surface layer of the
substrate may be most preferably a resin having a water
absorption ratio of 0.1% or less.
Even in the case where the above water absorption

ratio is in a range of 0.3% or less, if the warping angle

of the disk upon balance of water absorption is zero,

water absorption deformation can be kept at a angle

within 0.4  or less; however, in consideration of a

variation in dimension of the disk during manufacture and

of a retention environment, the disk in which the surface

layer has a water absorption ratio being as smaller as

0.1% or less, that is, substantially does not absorb

water is advantageous in increasing the system margin



25 February 2003 13 According to the present invention, the |ight

transm ssion | ayer may be preferably a sheet made froma t 0-curj resin
or an optical transparent resin. According to the presentggﬁggH?Wﬁkﬁgthe
resin formng the core |ayer nay be preferably a m xture obtained by addi ng
afiller inparting both a stiffness characteristic and a vibration danpi ng
characteristic to a resin identical to or different fromthe resin formng
the surface layer. with this configuration, since the stiffness and danpi ng
characteristic are given to the core llayer, it is possible to keep a high
stiffness of the information recordi ng nedi um and danp the vibration

t hereof upon_high speed rotation of the ipformation_recordi medi um
Accordi ng tge?%gs%rggeﬁf Fﬁgeﬁ?gghre%hgosg?ggcénkgychgﬁﬁgtE@ec%?%efayer
may be preferably lamnpated to.each_other by sinultaneously injecting

nol di ng theagﬁ?féEéoPaggkoﬁﬂatfﬂﬁ Rbr 1!‘]‘Fa bgkihnsﬁﬁﬁeﬁthﬁﬁn%?gthat
information signals in the formof irregularities are transferred on one

si de pl ane ®BrYHEesERYLERNISHEF. Wt Reghise@ohPi GUPRERSA, ORtYis possible to
obtain a substrate with a two-layer structure by sinultaneously |am nating
the surfaced¢bgerabhent @€ EbeedidfedurbngaBanvfaerubg-inj ecti on nol di ng,
and al so to transfer 25 February 2003 14 information signals in the form
of irregularities drattsurfackhd pymesenteciorimiam tthe pressiant i nventi on,
the surface layer may preferably include a first surface |layer fornmed on
one side pl foembhgt bikecooee| hyperantl bbei sgbshtateahapnbei gnaferaimlyhe form
of irregularities on the recording | ayer side; and a second surface | ayer
fornmed on taevibhatishdéapbhng pésihefonreuppyessikyta tbssngweéi guration
it is possible to obtain a substrate with a three-layer structure. BRIEF
DESCRI PTI ONp ¥ ditrn &IRAVE NESA Fufon 1rb 6a 8i PRI 6pecheVentbema shemi ng a
preferred enbodi nent of a disk-like information recordi ng nedi um of the
present invegtdedindi @ed2uiS a view showi ng a sectional exanple of a

two-l ayer structure of the disk-like information recording nmedi um shown in
Fig. 1; Fig. 3 isuoH WSl quSaGlddnalifo@ile ra s
structure of the disk-like information recording nmediumshown in Fig. 1;
Fig. 4 is aciyhey5homh P8 8snRLEengroRchi Pent ok i 5B dhRPiAgdiekth kee

i nformation recordi ng medi um

is possible to certainly suppress a resonance phenomenon
caused upon high spged rotation of the information
recording medium.

According to the present invention, the vibration
damping resin may be preferably a composite material
containing a polymer and a filler.

With this configuration, since the signal transfer
layer and the high stiffness or vibrational
characteristic layer in the disk are made from different
materials, the characteristics of both the layers, which
have been not compatible with each other by use of a

single common material, can be compatible with each other.

For example, it is possible to obtain a disk in which



Fig. 5is a sectional view showng a nozzle and its 25 February 2003 15
nei ghbor hood of the nol ding machine shown in Fig. 4; Fig IS a VI

showi ng the disk-1ike information recording mediumwith t%iF?WBaW&@
structure nol ded by the nolding machine; Fig. 7 is a view show ng the

di sk-1i ke information recording nediumw th the sandw ch structure nol ded
by the nol ding machine; Fig. 8 is a m crophotograph show ng a secti onal
state of an outernost peripheral portilan and its nei ghborhood of the

di sk-1i ke information recording nediumw th the sandw ch structure obtai ned
in accordance with the present invention; Fig. 9 is a mcrophot ograph

showi ng a sectional . e ntral rti an s-nhei ghhor hqod of the
di sk-1ike |n%%rn§ i &f ?éoo? Fﬁgoﬁe Fan 8??51 ﬁ nd\F/Jvlchﬁ ructuﬁeqbbtalned
in accordance t he nvent.i on, 10 | cr to raph

show ng a sec? %angté e gnafﬁn Fﬁ%gFeperlp era |oggg§3 ;

nei ghbor hood of ,the dlg g 5 kngornatlon recorg g db mw th the
sandwi ch st FacPaV&RobVBrBddt Ak aPREPIAREPERPNOPHBIBFESRY UFRvBAL Ron; Fi g.
11 is a mcrophotograph_show ng a transfer state of grooves of the

di sk-1ike i REbRRBEI BRtr BAGRAFRGTENOSSFERPAAPYM2003126 ReBFANTOBIarRed by
sandwi ch nolding; Fig. 12 is a mcrophotograph showing a transfer state of
pits of theaéﬁsleFkéthféﬁnatﬁéhlﬁecerdﬁgg AdBeum obt ai ned by sandwi ch

nol di ng;
In the above configuration, not only the high

stiffness but also the vibrational characteristic can be
improved. Also the surface layer or skin layer and the
core layer are not necessarily integrally molded by two-
layer molding or sandwich molding, but they may be formed
by sticking different materials to each other.

According to the present invention, a material
having plate-like shapes each having a high aspect ratio
may be preferably added as a filler to the resin forming
the core layer of the substrate.

With this configuration, since a material having
plate-like shapes each having a high aspect ratio is
added to the resin forming the core layer, the stiffness
of the core layver can be enhanced. The aspect ratio is a
ratio of the length to the diameter of a filler, and the
stiffness of a resin is determined on the basis of the
aspect ratio of a filler added to the resin. A resin to
which a filler having a small aspect ratio, for example,

a filler having spherical shapes is added in a specific



Fig. 13 is a diagramshow ng a relationship between a frequency and each of
an inner loss and a Young's nodul us for each exanple of t e%%g sk-1i ke
information recording medium Fig. 14 is a diagran1shomﬁﬁ%, BF“Eahgarison
a vibrational characteristic of a related art disk-Iike information
recording medium and Fig. 15 is a diagram show ng a vi brati onal
characteristic of an exanple of the disk-like information recordi ng nedi um
of the present invention. DETAILED DESERI PTI ON OF THE PREFERRED EMBODI MENTS
Hereinafter, preferred enbodi ments of the present invention wll be
described with reference to the acconpanying drawings. Fig. 1 shows a
preferred enbodi pent of a_disk-|1 info {i recording. medi um of. t he
pr esent i nven ?%g?li g?gﬁrlfﬁeslh g?%% iéﬁg?eg%?d?%%enﬁ ?hﬂ1€°h§%l%hcenter
hole H Figs._2. and show sectional structure exanples o 25 February
2003 17 theadFékf?FkgaYhf‘%rﬁaﬁi% ?2RBF bi ht R i ?ﬁle§?¥8¥id1ei n?Fig. 1. The
di sk-1ike informatjon, recordi ng. pedium shown in_Fig. 2 has a two-I|ayer
structure, ghhl?ﬁehﬂY§RglPk%terﬁ?%?nﬁ??%ﬁsréﬁo?@?ﬁg HRJFRR 8BS in Fig. 3
has a sandwi ch structure of three layers. As disk-like information
recordi ng ne®ePantfor exanple, optical information recording nedia for
recordi ng various kinds of information such as audio information or video
i nformati on, vari ;s @piilder ikfoimmtd drighecrmicly madie fUreqrerdus mi ng
recording or reproducing by light irradiation. For exanple, as disk |ike
i nformati onkneeor di igl kedi haviherplate- kibenshapespacd ai §k11€D itrade
nane), a rewitable magneto

the form of fibers. The filler in the form of fibers,

however, is undesirable because it has a high anisotropy.
To be more specific, in the case of molding a disk
substrate using a resin to which such a filler is added,
the contraction ratio in the peripheral direction is made
extremely different from that in the radial direction, to
inevitably cause propeller-shaped deformation of the
substrate. As a result, it is desirable to add a filler
of plate-like shapes having a high aspect ratio and
having a small anisotropy to the resin forming the core
layer.

According to the present invention, a filler in the
form of hollow or foam bodies may be preferably added to
the resin forming the core layer of the substrate.

With this configuration, it is possible to reduce
the weight of the core layer, and hence to reduce a load

upon high speed rotation of the information recording

medium.



optical disk, a phase change disk, and the like. In an information

recording layer of the disk-like information recording m of se
types, it is required to formrows of patterns of fine F&SJ%@F&?Y%&%% such

as prepits or grooves for recording data information, tracking servo
signals, and the like. The disk-like information recording medium 1l of a
type including a substrate of the two;)ayer structure shown in Fig. 2 is
manuf actured by lam nating a |ight transm ssion layer 5, a recording |ayer
4, and a light 25 February 2003 18 reflection layer 3 on a substrate 2 of
the two-layer structure. The substrate 2 is forned by | am nating a surface

| ayer (al so CallegF§83%§ﬁ§|%¥ % gn%orﬁvgg el tggebighgkness of the
n

core layer 6 is | Re"suftace a Per prts or grooves
are formed in one sided plane of e sur ac§§§9 7. The light reflection
| ayer 3, rdCGPR™HE I Bferl 3 Snday ﬁ@%ﬁﬁ'“?dﬁr f°%%hnat ed on
the surface layer 7. Referring to Fr , .a laser beam L is nade incident
on the |nfé¥¥&ﬁq(ﬁ?qkﬁﬁnﬁﬂﬁﬁfrﬁﬁnﬁﬂnQPqHQﬁﬁtqﬁ9QﬁRﬂﬁ¢QFr&ﬁ§ﬁPssron | ayer 5
side, to read an information srgnal or record an information signal fromor
on the infornati oAceesdidongomtBeuRreserkeinysatipeanthei AeFdBuced from a
| ens LS passes through the light transm ssion layer 5 and the recording
| ayer 4) bdiongimaf [tdut erbde dravdre mayghe mafd feanakdiy |aayaxtBireand i s returned
to the lens LS side. The disk-like information recordi ng nedium 10 havi ng
t he sandwi eibtstimect trye shbivay ian fHild.ex3 iimpamrimad HocH amstdififmgss | i ght
transm ssion layer 14, a recording |layer 13, and a light reflection | ayer
12 on a suhsiaraforeki fid hads andmibata tsitaru glampe dva i hegr adiregd sltdyce .
a resin identical to or different from the resin forming
the surface layer.
With this configuration, since the stiffness and
damping characteristic are given to the core layer, it is
possible to keep a high stiffness of the information
recording medium and damp the vibration thereof upon high
speed rotation of the information recording medium.
According to the present invention, the surface
layer and the core layer may be preferably laminated to
each other by simultaneously injecting molding the
surface layer and the core layer in such a manner that
information signals in the form of irregularities are
transferred on one side plane of the surface layer.
With this configuration, it is possible to obtain a
substrate with a two-layer structure by simultaneously

laminating the surface layer and the core layer to each

other by injection molding, and also to transfer



Surface layers (skin layers) 16 and 17 are 25 February 2003 19 | am nat ed
on both surfaces of a core layer 15 of the substrate 11. 2‘31'1_9 thicllﬁg&sis of
the core layer 15 is larger than that of each of the surf ceeqr%fé 6 and
17. Irregularities such as prepits or grooves are forned in one-sided pl ane
of the surface layer 17. The light reflection layer 12, recording |ayer 13,
and light transm ssion |layer 14 are |lam nated on the surface |ayer 17. A

| aser beam L introduced froma | ens L354passes t hrough the Iight

transm ssion |layer 14 and the recording layer 13 is nade incident on the
light reflection layer 12, and the laser L reflected fromthe Iight

flecti i 2. i et d to.the | LS side.. In the st t I
xampl o of TG AT U T H G CR20) Bing “HER AHOAT OF BHG 2, the

core layer 6 of the substrate 2 integrally holds the surface |layer 7, and
in the striifade @xffl-e of the disk-1ike information recording medium
shown in Fig. 3, the core layer 15 of the substrate 11 integrally holds the
surface | ayers 1628f@rd¥ndesehtbe pPReseBEeindgafion. apbielsurfagade from a
resin; while each of the surface layers 7, 16 and 17 is made froma resin
havi ng a fllgv#in wayamypet eredd vt Hatclofdet lre fdorsd: |sayrfracet tawers fiogmed
tenperature environnent. The |ight transm ssion layer is made from for
exanpl e a photorec uriidey plesien o fprdfecrcahley lagrer 226 Fedwivagry 2003 20
ultraviolet-curing resin or optical transparent resin sheet. A nolding
machi ne f orinfaldiaty dohe iguwadts dine thes fowm iof Hirgegdilairittiesshstuhat e 11
showmn in Fig. 3 wll be

recording layer side; and a second surface layer formed

on the other side plane of the core layer. With this

configuration, it is possible to obtain a substrate with

a three-layer structure,

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view showing a preferred
embodiment of a disk-like information recording medium of
the present invention;

Fig. 2 is a view showing a sectional example of a
two-layer structure of the disk-like information
recording medium shown in Fig. 1;

Fig. 3 is a view showing a sectional example of a
sandwich structure of the disk-like information recording
medium shown in Fig. 1;

Fig. 4 is a view showing a molding machine for
molding a disk-like information recording medium;

Fig. 5 is a sectional view showing a nozzle and its



described with reference to Figs. 4 and 5. Figs. 4 and 5 show a nol di ng

machi ne 70. Referring to Fig. 4, the nolding nachine 70 nol it 71,
an injection unit 72, and another injection unit 73. Therﬁfj:%&?%%oggth of

the injection unit 72 is joined to that of the injection unit 73 at a \
nozzle 74. A hopper 72A is disposed on the mdway of the injection unit 72,
and a hopper 73A is disposed on the mdway of the injection unit 73. The
nmold unit 71 faces to a nozzle 74 andldas a fixed nold 71A and a novabl e
mold 71B shown in Fig. 6. The novable nold 71B can be held at a specific
position with respect to the fixed nold 71A by operating a piston 76

through a ol ATRLAC 4 NAET e i ocd ol d N AAPEE iy Shawn 0 Fig. 4
and its nei geh or oo}gg.l As shovvnn?n(%lng?.5 ,_the injection pgft'hs ‘of the
injection units 7%.and 73 _are j.oined to _each other at,the nozzle.74. For
exal e 2 resin FaB 1 & deng thevesrpklas el otk Ak SrPBsReEsdE 1ok o
2is fedin thefpo er 72A shg in Fig. 4, and a resin for({o m ng 25
February 20F$oFFiMk nestat é%&h&’i%yﬁrgﬁtf”icstufreed B eﬁ{ehﬁfopper 73A
shown in Fig. 4. Fig. 6 shows the fixed nold 71A and the novable nold 71B
of the nol PRI RAFRIPSi g. 4. The resins are injected fromthe
injection units 72 and 73 into a cavity between the fixed nold 71A and the
movabl e nol d 71B FABoudhig 3pydevw7ehovdng #bst ddskuli&RedBEPY™ABEARt he core
layer 6 and the surface layer 7. In this case, a portion for formng
prepits or npoedds:97 edlud gpidded ion sarawisiid sty feomalides gpivt s or
grooves 78 on the surface layer 7 sinultaneously with nolding of the core
| ayer 6 andhehencsidifrarendchyigre;7. The nold 71 shown in Fig. 7 includes a
fixed nold
Fig. 8 is a microphotograph showing a sectional
state of an outermost peripheral portion and its
neighborhood of the disk-like information recording
medium with the sandwich structure obtained in accordance
with the present invention;
Fig. 9 is a microphotograph showing a sectional
state of a central portion and its neighborhood of the
disk-like information recording medium with the sandwich
structure obtained in accordance with the present
invention;
Fig. 10 is a microphotograph showing a sectional
state of an innermost peripheral portion and its
neighborhood of the disk-like information recording
medium with the sandwich structure obtained in accordance
with the present invention;

Fig. 11 is a microphotograph showing a transfer

state of grooves of the disk-like information recording



71C and a novable nold 71D. The core layer 15 and the surface |ayers 16 and
17 shown in Fig. 3, which constitute the substrate mﬁtrltﬂ% andwi_ch
structure, using the fixed nold 71C and the novabl e nol d 2PTISPYRERPH thi s
case, resins are injected fromthe injection units 72 and 73 into a cavity
between the fixed nold 71C and the novable nold 71D through a spool 79. At
this time, prepits or grooves 78 axe fornmed on the surface |ayer 17 side.
The prepits or grooves 78 correspond ® irregularities shown in Fig. 3. The
irregularities such as the prepits or grooves c 25 February 2003 22 78
are already fornmed on the substrate conposed of the core |layer and surface
| ayer | am nated to each other shown in Fif@ 6 or 7. And) the light

transm ssi oReFiyRrobaLRedi BY FapYich eI d§me: refl ection layer shown in
Fig. 2 or 3 are sequentially formed on the substrate. The disk-like
information recor diity rgdiiindMidreghatgranhvamyiew i Itrassiesre fully
described with reference to the follow ng exanples: [material for skin
| ayer A]: Ast3teodficmibonafetherdilskelikby Tefprmationteedopdbme: AD 9000TG
glass transition point = 145 C fl exural nodulus = 2,200 MPa wat er
absorpti on madeum 6b8484rke?)byesardw{dh ppohdZeon Co., Ltd.) grade: E48R
glass transition point = 140C fl exural nodulus - 2,450 MPa wat er absorption
rate C 0.01% [ mat ariigal fori Lo lilayreim Bhowiald cardsmnsy o g iad e tAleen503,
produced by Teijin

a frequency and each of an inner loss and a Young’s

modulus for each example of the disk-like information

recording medium;

Fig. 14 is a diagram showing, for comparison, a
vibrational characteristic of a related art disk-like
information recording medium; and

Fig. 15 is a diagram showing a vibrational

characteristic of an example of the disk-like information

recording medium of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter, preferred embodiments of the present
invention will be described with reference to the
accompanying drawings.

Fig. 1 shows a preferred embodiment of a disk-like
information recording medium of the present invention. A
disk-like information recording medium 1 has a center
hole H.

Figs. 2 and 3 show sectional structure examples of



Limted) to which each of talc, mca and flaky glass is 25 February 2003

23 added for inproving the flexural nodulus B-1: polycargﬂggte twgggger of
tal c added anmount: 20% fl exural nodulus for single body = B =

3.900 MPa) B-2: polycarbonate + powder of mca added anount: 20% fl exural
nodul us for single body = 5,900 MPa (= 5,400 MPa) B-3: polycarbonate +
powder of flaky glass added anmount: 20% fl exural nodulus for single body =
3,600 MPa (= 3,700 MPa) The above flexddral nodulus for single body is
obt ai ned by a neasurenent nethod specified under the standard of ASTM D790,
and the value in the parenthesis is the result of neasuring a sanple cut
off from an _actual nol ded di sk by a | aboratory vibration _|ead nethod, and

si nce t her &% dicksilgilid | IEHRTRA Fiy s tdidide Madiedh, 1 (3he¥D I iToiify dat a
are expressed in results obtained by the vibration | ead nethod. The
substrate &1 with the sandwi ch structure shown in Fig. 3 was nol ded by
usi ng each of the above materials A-1 and A-2 for the skin layer A and each
of the above 25ThEebdiskyl28@3iaformesipal seBordiBg2mgdduB- 3hpwn tthe core
| ayer B. To be nore specific, as shown in Fig. 7, the substrate 11 was
nol ded by thigy .diX flereerdt tvad drayadr sitmildtansousind mildidigkrtiiod usi ng t he
nmol di ng machi ne 70 shown in Figs. 4 and

information recording medium shown in Fig. 3 has a

sandwich structure of three layers.

As disk-like information recording media, for

example, optical information recording media for

recording various kinds of information such as audio

information or video information, various optical

information recording media for performing recording or

reproducing by light irradiation. For example, as disk-

like information recording media, there are known a

compact disk (CD: trade name), a rewritable magneto-

optical disk, a phase change disk, and the like. In an

information recording layer of the disk-like information

recording medium of these types, it is required to form

rows of patterns of fine irregularities such as prepits

or grooves for recording data information, tracking servo

signals, and the like.

The disk-like information recording medium 1 of a
type including a substrate of the two-layer structure

shown in Fig. 2 is manufactured by laminating a light

transmission layer 5, a recording layer 4, and a light



5, wherein the material for the skin layer was fed into the injection unit
72 and the material for the core layer was fed into the Egkp%éion bggt 73.
Figs. 8 to 10 show sectional structure exanples of the di“K9 yaLy 2
information recordi ng nmedi um of the sandw ch structure thus obtai ned,
wherein Fig. 8 shows the sectional state of an outernost peripheral portion
of the disk-like information recording nedium Fig. 9 shows the sectional
state of a central portion of the disk8ike information recordi ng nedi um
and Fig. 10 shows the sectional state of an innernost peripheral portion of
the disk-like information recording nedium In the disk-1ike information

recordi ng nedg g%ghgmn in Fi?s.n8 to 10 rtge $atﬁ{h E E—g_égoé carbonate +
powder of nFEh]SGALORSBAYEE ThRC At BYPAFTREF foPhi RBCt REOEHFESY ayer. The
configuration of the disk shown in Figs. 8 to 10 is as follows: 1.2 mmin
t hi ckness, PEFYFbYYes signal depth = 80-150 nm 25 February 2003 25 track
pitch = 0.7-0.85 ,u m(variable) [Procedure of Mlding]: 1) The resin for
the skin |ayer wasthejsfrseerate shord -ksed e Japiaerarfo AN £§Ce he resin
for the skin layer was in a range of about 40-50% of the total weight of
the disk. 2}agée (atin fatlefleacskén| byeeriad Fajactedewlaneén @. pdthieod of
0.02-0.5 sec in which the resin for the skin layer was in a nolten state so
as to advantki¢knehe ofdthe doreclaverabohg hacreatr ghapothapnoftohde forned
into the core layer) in the thickness direction of the skin layer, to
prepar e thessafalee chagérutt urBxepits or grooves are formed in one-

sided plane of the surface layer 7. The light reflection

layer 3, recording layer 4 and light transmission layer 5

are laminated on the surface layer 7.

Referring to Fig. 2, a laser beam L is made

incident on the information recording medium 1 from the

light transmission layer 5 side, to read an information

signal or record an information signal from or on the

information recording medium 1. The laser beam L

introduced from a lens LS passes through the light

transmission layer 5 and the recording layer 4, being

reflected from the light reflection layer 5, and is

returned to the lens LS side.

The disk-like information recording medium 10

having the sandwich structure shown in Fig. 3 is formed

by laminating a light transmission layer 14, a recording

layer 13, and a light reflection layer 12 on a substrate

11 of the sandwich structure having three layers.

Surface layers {(skin lavers) 16 and 17 are



The injected resin for the core | ayer advances in the central nolten

portion of the resin for the skin |ayer having been inje o) eby
obtain the sandwi ch structure. When the short-shot anoun§%§%ﬂ¥ﬁﬁy#$&£t

resin for the skin layer was set at 7 g, the thickness of each skin |ayer
of the sandw ch structure was 0.3 nm [Mdl ding Condition]: nold
tenperature: 130C resin tenperature: 320C on nold 71A side, 290C on nold
71B si de 25 February 2003 26 injectilh speed: nold 71 A side - 140 mmi sec
in average nold 71 B side = 160 mi sec in average cooling tine: 9 sec A
strip-shaped sanple having a wwdth of 5 mm a thickness of 1.2 nmand a

| ength of 80 nmm cut_from each disk-1ike substrate thus obtai ned was

neasured i FAEAFELRF I BRI SHRFRAGS Wy & RORA Brigtatori- 3 ©4d 4t hod. The
results are as follows: (1) The flexural nodulus of the substrate using the
resin B-1 fsositgiatieng ¥ he Ther dhiighaesmaof2 tbe0chPs wavel hAsiequival ent to
1.2 tinmes the conventional flexural nodulus of 2,100 MPa. (2) The fl exural
nodul us of ltaryesubdtanattchatsiony ddmh radSitheB-Qiffarcd dravien tlte agr 67l.ayer was
2,650 MPa which was equivalent to 1.26 tinmes the conventional flexural
nmodul us of 2,100 WPaegu3prikeekl exvhahsnpdebissobrt beosubst agke using the
resin B-3 for formng the core |ayer was 2,800 MPa which was equivalent to

1.34 tines fldigmed@nMednnslddd exuuml JPdHdsWifabel AQ yMra.17EXapkes of the
surface characteristic of the

light reflection layer 12, recording layer 13, and light

transmission layer 14 are laminated on the surface layer

17. A laser beam L introduced from a lens LS passes

through the light transmission layer 14 and the recording

layer 13 is made incident on the light reflection layer

12, and the laser L reflected from the light reflection

layer 12 is returned to the lens LS side.

In the structural example of the disk-1like
information recording medium shown in Fig. 2, the core
layer 6 of the substrate 2 integrally holds the surface
layer 7, and in the structural example of the disk-1like
information recording medium shown in Fig. 3, the core
layer 15 of the substrate 11 integrally holds the surface
layers 16 and 17. Each of the core layers 6 and 15 is
made from a resin; while each of the surface layers 7, 16
and 17 is made from a resin having a fluidity larger than
that of the core layer at the same temperature

environment. The light transmission layer is made from,

for example a photo-curing resin, preferably, an



surface | ayer thus obtained are shown in Figs. 11 and 12. Fig. 11 shows the
exanpl e of transfer of grooves in the 25 February 2003 27 _substrate of
the disk-1ike information recording medi um ol ded by sandim fc8Prvasy @PR3. As
is apparent fromthis figure, the influence of the filler does not appear
on the surface of the surface layer. Fig. 12 shows the exanple of transfer
of pits in the substrate of the disk |ike information recordi ng nedi um
nmol ded by sandwi ch nolding. In this eX@nple, the vibration characteristic
of the mediumwas inproved by increasing an inner loss in a core |ayer.
[material for skin layer]: polycarbonate (produced by Teijin Chemicals
Ltd.) optical disk grade: AD-9000TG glass transition point = 145C fl exur al
modul us - ADORWRLSHRWring fofiree IRYEPIL Whapepyrerboretin (CD grade:
AD- 5503, produced by Teijin Chemicals Ltd.) to which a m xture of the
foll owi ng fdldelrs is added; (1) conductive carbon black: 16 w % (2)
whi sker: 10% (whi sker of calciumsilicate) 25 February 2003 28 (3)
graphite 10% ( par Al @lod diinzre mafchi®@ tford@dldjyry) tHee salbetweaftid 12eshoamnme m xed
at a mxing ratio of (1) : (2) : (3) - 4: 2: 1. [Molding Condition] resin
mol di ng t enpermiiglr €2 SKithsisiehs S20€e CDT esisbwte: i B320{g NOZ zk £1 1 iYe
tenperature: 290C nold tenperature: 125C cooling tine: 16 sec
described with reference to Figs. 4 and 5.
Figs. 4 and 5 show a molding machine 70.
Referring to Fig. 4, the molding machine 70 has a
mold unit 71, an injection unit 72, and another injection
unit 73. The injection path of the injection unit 72 is
joined to that of the injection unit 73 at a nozzle 74. A
hopper 722 is disposed on the midway of the injection
unit 72, and a hopper 73A is disposed on the midway of
the injection unit 73.
The mold unit 71 faces to a nozzle 74 and has a
fixed mold 71A and a movable mold 71B shown in Fig. 6.
The movable mold 71B can be held at a specific position
with respect to the fixed mold 71A by operating a piston
76 through a clamping cylinder 75.
Fig. 5 shows the nozzle 74 shown in Fig. 4 and its
neighborhood. As shown in Fig. 5, the injection paths of
the injection units 72 and 73 are joined to each other at
the nozzle 74. For example, a resin for forming the

surface layer (skin layer) 7 shown in Fig. 2 is fed in

the hopper 72A shown in Fig. 4, and a resin for forming



average injection speed: 140 mm sec A sanple having a wwdth of 5 nm a

thi ckness of 1.5 mmand a |l ength of 80 mmcut froma di séé\gg h th O(zfndvm' ch
structure was neasured in terns of inner loss and stiffn e(thﬁE%g

nmodul us) by the vibration | ead nmethod. [material for core |ayer]: B)
polymer alloy (1) resin prepared by m xing 50 w % of pol ycarbonate with 50
wt % of acrylic resin inconpatible with polycarbonate (2) the above resin A
conposed of pol ycarbonate to which mture of fillers is added The resin
(1) was mxed with the resin (2) at a 25 February 2003 29 mixing ratio of
(1) . (2) =5. 1, to prepare the polyner alloy B). A sanple having a wdth
of 5 mm a thickness of 1, and, a length of 80. mmcyt froma disk with

t he sandw ch'&t9Uct Lﬂraey%lge'%ln%éf‘ e sdmet & iR RIBRETISE i bed
above in the previous, exanpl e was neasured in terns of inner |oss and
stiffness (VW' i ol us) by the vibration |ead nethod. Fig. 13 shows
results of measuring a loss factor n indicating the inner |oss of vibration
and a Young's nodiids EPghowsditbat fagedhmodd lAcgadf shet mevabBetrate 11
with the sandwi ch structure in which polycarbonate is used for the surface
| ayer (ski mdlay&r)B arfd e hmagfd tund todlly redrowad igy HB)g ardd t Raef irlelbénsm xed
pol ycarbonate A) is used for the core layer. In Fig 13, a solid |line D3
shows the iameeridjesstesf fidvan sutestimgjtes tlibn nundti=cy 2 heend Mo Mpata A e pol yner
alloy B) is used for the core layer, and a solid Iine D4 shows the inner

| 0ss of theastihst nadtaveleln itheMtidded he1fd 1188 and the movable mold

71B through a spool 77, to almost simultaneously mold the
core layer 6 and the surface layer 7. In this case, a
portion for forming prepits or grooves 78 is disposed on
the mold 71A to form the pits or grooves 78 on the
surface layer 7 simultaneously with molding of the core
layer 6 and the surface layer 7.

The mold 71 shown in Fig. 7 includes a fixed mold
71C and a movable mold 71D. The core layer 15 and the
surface layers 16 and 17 shown in Fig. 3, which
constitute the substrate with the sandwich structure,
using the fixed mold 71C and the movable mold 71D.

Even in this case, resins are injected from the
injection units 72 and 73 into a cavity between the fixed
mold 71C and the movable mold 71D through a spool 79. At
this time, prepits or grooves 78 are formed on the
surface layer 17 side. The prepits or grooves 78
correspond to irreqularities shown in Fig. 3.

The irregularities such as the prepits or grooves



m xed pol ycarbonate A) is used for the core |ayer. For conparison, a solid
line D2 shows the inner | oss of the substrate 11 in whic%iﬁ) cargag

added with 20% of mca for inproving only the stiffness t he
core layer, and a solid line D1 shows the inner |oss of 25 February 2003
30 the substrate 11 in which polycarbonate is used for the core |ayer.
Further, in Fig. 13, a broken line D7 shows the Young's nodul us of the
substrate 11 in which the i nconpat i bl42 polyner alloy B) is used for the
core layer, and a broken |ine D8 shows the Young' s nodul us of the substrate
11 in which the filler m xed pol ycarbonate A) is used for the core |ayer.

For conpar i,50 h |_us @f e substrate
11 in mhlchﬁpgrycg 5%§§?é gﬁégsﬁit% 0A9§F¥%%§% %b %%e#osgnéhgnly t he
stiffness is use d for the core |ayer, a&% a bro%;n | i ne. D5 homs t he

Young' s nn&ﬁFﬁs 8¥ SEnEPEUBIELACE 1RYPR F&Ha§8 &8 5855 8¢ §rused for the
core layer. Fromithe above results of %E it becopes, ggparent that the
substrate FHOWRi iR £AHE - |508ﬁb§t|bf%dpoF9 }1%PFo§r¢&s?ésﬁ§ F¥¥e¥he core
| ayer, shown by the solid Iine D3 and the broken_|ine D7, is nost
preferablerPﬁ°€6h§EdéF§FFOna@¢ Béghtt Kefigcsionod@Ysr $hBWAL ABnFARd Young' s
nmodul us (stiffness). The inner loss (dB) of an inventive disk prepared by
using the 8ubstPapzei seausnidadiy Eormedaper thadeubssratige pol yner alloy is
plotted for each frequency as shown in Fig. 15 and is conpared with that of
a related art pol Teardbskt bidesknEbovwation FrgcotdinTheediimest foret he 25
February 2003 31
present invention will be more fully described with
reference to the following examples:
! ] f Disk-like Tnf . B 11 Madi
- 1 SEiff by Sandwicl 141
[material for skin layer A]:
A-1) polycarbonate (produced by Teijin Limited)
grade: AD-9000TG
glass transition point = 145C
flexural modulus = 2,200 MPa
water absorption rate = 0.3%
A-2) Zeonex (Nippon Zeon Co., Ltd.)
grade: E48R

glass transition point = 140C
flexural modulus = 2,450 MPa
water absorption rate < 0.01%
{material for core layer B]:
polycarbonate {(grade: AD-5503, produced by Teijin

Limited) to which each of talc, mica and flaky glass is



conposite disk with the sandwi ch structure are of course |ower than those
for the single substrate; however, the inner |oss of thed§¥§§ﬁ5|t§ & sk is
| arger than that of the related art disk, and the resona p istic,
obtained by oscillating the disk, of the inventive disk shown in Fig. 15 is
significantly inproved as conpared with the related art disk shown in Fig.
14. In addition, the three-layer structure of the inventive disk was the
perfect sandwi ch structure in which tR8 thickness of each skin |ayer was
0.3 nmm and the thickness of the core layer was 0.6 mm (material of skin

| ayer]: Zeonex (produced by N ppon Zeon Co., Ltd.) grade: E280R specific

gravity = %@éeéSPSE'ihﬁr&&?ﬂét&’hé’ffi’&ﬁffé‘i 9ahus 1.20) flexural modul us

- 2, 058 MPa water absorptionratio C 0.01% naterlal of core layer]:

Zeonex, grade E28 th itive is added,
additive: high de%;]typ\(l%@]a rﬁ?)q;epgrl Vpdelbrg\égeé;q;aajzdg February 2003 32

filter aid (trade nane; a Hel produced by Mtsui Mning & Snelting
Co., Ltd.) [Mlding Pr%%‘g%cgraéﬁm r%he :{(g %in for the skin | ayer was injected
in short shot in the sane manner as descri bed above. The injected anmount of

the resin for the skinf }&fErahd@ bt W% dPIHe Py s™ ot 19& ¥RR al wei ght

of the disk. Then, the resin for the core |ayer was |24ected wthin a
period of 0.02-0.5 sec while the skin |ayer was %0%iMBadd, to obtain a

sandwi ch structure. The
B-2: polycarbonate + powder of mica

added amount: 20%
flexural modulus for single body = 5,900 MPa
(= 5,400 MPa)
B-3: polycarbonate + powder of flaky glass
added amount: 20%
flexural modulus for single body = 3,600 MPa
(= 3,700 MPa)

The above flexural modulus for single body is
obtained by a measurement method specified under the
standard of ASTM D790, and the value in the parenthesis
is the result of measuring a sample cut off from an
actual molded disk by a laboratory vibration lead method,
and since there is no significant difference therebetween,
the following data are expressed in results obtained by
the vibration lead method.

The substrate 11 with the sandwich structure shown
in Fig. 3 was molded by using each of the above materials

A-1 and A-2 for the skin layer A and each of the above



t hi ckness of each skin layer of the sandw ch structure was 0.3 mm [ Ml ding
Condition]: nold tenperature: 130C resin tenperature: 32 n _nol A

side, 320C on nold 71B side injection speed: nold 71 A s&gg%m"fﬁbgqigsec in
average nold 71 B side = 160 mm sec in average cooling tinme: 9 sec The

wei ght of a disk with a sandwi ch structure thus obtained was reduced by 40%
or nore as conpared with the related art pol ycarbonate disk. 25 February
2003 33 Conparison in Wight of Disk 24 12 cmin Size and 1.2 nmin

Thi ckness (1) related art polycarbonate disk . 16.1 g/ piece in average (2)
singl e di sk made from Zeonex: 13.85 g/piece in average (3) disk with
sandw ch shihWekynes 8.46 @.p @@ BN3a¥eragRel RokRl §2YRY. Bt hepprgsent
invention provides a flat disk (information recording nmedium exhibiting a
stiffness haraerohhanskhab Obuduelal #gaTh difle JBRSYENLENg; ogelrr ence of
resonance, and achieving a high trans eFf "characteristic o irregularities

| n combi napog W L) exgellient Techanieal BropgLli-es. Wi Ghghatgst eristics
have been not obt arned using only i i ingte conpogite

[
a sitngle restn or sin

terial. Wi | at t _di.sk i i,fficult to k iits flat
ggafﬁéf heﬁ?kgﬁaaF%gﬁgsggggéPl h%ﬁr&%?'hﬁe;§5e§§°§P gggfégéctﬁeég ?Fnl and

t enper at ur e/ noj sture ugon filmformation, the inventive disk ¢an
significan?kywkééﬁlPt§ e material for the skin layer was fed into

the injection unit 72 and the material for the core layer
was fed into the injection unit 73.

Figs. 8 to 10 show sectional structure examples of
the disk-like information recording medium of the
sandwich structure thus obtained, wherein Fig. 8 shows
the sectional state of an outermost peripheral portion of
the disk-like information recording medium; Fig. 9 shows
the sectional state of a central portion of the disk-like
information recording medium; and Fig. 10 shows the
sectional state of an innermost peripheral portion of the
disk-like information recording medium.

In the disk-like information recording medium shown
in Figs. 8 to 10, the material B-2 (polycarbonate +
powder of mica) was used as the material for forming the
core laver.

The configuration of the disk shown in Figs. 8 to
10 is as follows:

1.2 mm in thickness, DC grooves

signal depth = 80-150 nm



fl at ness agai nst the above factors by interposing a core |ayer having a
hi gh stiffness. For the information recording nmediumin g@%ch t he
internediate | ayer or core layer is nade froma resin E@HP@HP@OQOOS 34
havi ng a hi gh danpi ng characteristic capabl e of suppressing resonance due
to pl ane runout caused upon rotation of the nmedium it is possible to
suppress occurrence of resonance even if the nediumis rotated at a high
speed. For the information recording #8diumin which the internediate |ayer
is made froma polyner or a filler m xed conposite resin capabl e of

i nproving the danping characteristic, characteristics having not been

conpatible wth each ot t’tgf,ig.y Usg pfg asssi%?} qvg@igglgl) can be conpatible
e, it I e

wi th each other. For exanple, it Is possi to obtain a disk in which

signals in th [ rifdyes of 0.5 umin pitch and 150 nmin
il el iy

depth are transferre tiffness is given, which disk have not

been obt ai ned by e a_rel.ated _art high stiffness si.ngle terial
cont ai ni ng an addit vg‘fhseucrk‘?salé1 %ofri It:h r Sgtrmt h‘@YIeirké".aSFl}rnt%ﬁecr r(E%la ‘Mat eri al
having plate-1ike ﬁhapes having a hi gh aspect ratio may be added as a
filler for TReTEa8MAh the stiffness so as to withstand stress deformation

to the internediate | ayer or core |layer for enhancing its stiffness. The
aspect ratio is a THRiPACEE It b R WSiRt BT ofhe K10 efaYeind the
stiffness of a resin is dependent on the aspect ratio of a filler 25
February 20035 350 a3dedn¥® PheabPedbnt0ASPEsPR thewkPERlaveiphér oRabhag a

smal | aspect ratio) for exanple, a filler having
disk.

2) The resin for the core layer was injected
within a period of 0.02-0.5 sec in which the resin for
the skin layer was in a molten state so as to advance in
the radial direction along a central portion (to be
formed into the core layer) in the thickness direction of
the skin layer, to prepare the sandwich structure.

The injected’resin for the core layer advances in
the central molten portion of the resin for the skin
layer having been injected, to thereby obtain the
sandwich structure.

When the short-shot amount of the first resin for
the skin layer was set at 7 g, the thickness of each skin
layer of the sandwich structure was 0.3 mm.

[Molding Condition]:
mold temperature: 130C
resin temperature: 320C on mold 71A side,

290C on mold 71B side



spherical shapes is added in a specific amount is lower in stiffness than
the sanme resin to which a filler having a high aspect ratig: for exanple, a
filler having plate |like shapes is added in the sane anodrthePRErg 2003 | or
havi ng a high aspect ratio, there are knowmn a filler having plate-Iike
shapes and a filler in the formof fibers. The filler in the form of

fi bers, however, is undesirable because it has a high anisotropy. To be
nore specific, in the case of nDIdingzé di sk substrate using a resin to

whi ch such a filler is added, the contraction ratio in the peripheral
direction is nade different fromthat in the radial direction, to

i nevi tably cause propell n-shaBed deformation of the substrate. As a
result, it is desirégpgcgéogda 3egfller of plate-like shapes having a high
aspect ratio and havin mal | ani sotropy top the, resin formng the core

| ayer. Exanpl es of tH¥ ‘?If]er% %’a‘g? ngy Ja“ﬁi'ﬂﬂ’f%%%e’c‘f F9ti?Qre as fol | ows:
25 February 2003 36 Plate-1ike glassm catal cgl ass, fi ber

( MF) aver agel engt h( L) 40202- B et dg)etli Bt TH S0 B- Y VR DL 0. 39L/ D6- 950- 806
-92-3 In the above table, synbol L/Dis an aspect ratio; L is an average

length of a filler;cpoléng gimpetrse€ the filler; and MF is the
abbreviation for mlled fibers which are obtained by finely cutting fibers.
In the case of nolAdistgi® -rsésiped ©anpileh hgivisw fai bedshoofcdr bon fai bers are
added, the nolding contraction in the radial direction is nade different
fromthat ithidineds caufif erzntm andlia ednoprh ¢H Thuse uopetdreredalke
deformation. Further, for an information recordi ng nmedi um whose wei ght is
reduced by disskglilhe suthetreth atleud aeta ied Okes measured in terms
of flexural modulus by the vibration lead method. The
results are as follows:
(1) The flexural modulus of the substrate using
the resin B-1 for forming the core layer was 2,500 MPa
which was equivalent to 1.2 times the conventional
flexural modulus of 2,100 MPa.
(2) The flexural modulus of the substrate using the
resin B-2 for forming the core layer was 2,650 MPa which
was equivalent to 1.26 times the conventional flexural
modulus of 2,100 MPa.
(3) The flexural modulus of the substrate using the
resin B-3 for forming the core layer was 2,800 MPa which
was equivalent to 1.34 times the conventional flexural
modulus of 2,100 MPa.
Examples of the surface characteristic of the

surface layer thus obtained are shown in Figs. 11 and 12.

Fig. 11 shows the example of transfer of grooves in the



| ayer nmade froma resin to which a filler such as a foamis added, it is
possible to reduce a |l oad applied to a spindle upon rotatjon of the nedlum
Wil e the preferred enbodi nents of the present invention #mlebryay 200

descri bed using specific terms, such description is for iIIustratlve
purposes only, and it is to be understood that changes and vari ati ons may
be made 25 February 2003 37 w t hout geparting fromthe spirit or scope of
the foll ow ng clains. 25 February 2603 38 What is Claimed is: 1. In a

di sk-1i ke information recording nedium conprising: a substrate; a
recording |layer, provided on said substrate, for recording an information

signal; andsfpkightet H2NEAELSTEOR.- h@ﬁ@r1h§8¥ﬂ§£§9n09eéékélESCHEQiQH | ayer;
wherein an information signal is recorde reproduced on or from said

medi um by ”R%%Egd'b?hEahﬁ%kgﬁgé?g?ﬁﬁggﬁdﬂgﬂ%str Saoradhee Lighty {1 ansm ssi on

| ayer side ovenen e conprisesi a core |ayer
made from a_r esi rface y fro resin_and |ntegrated
with said 08}%ufﬁyegg séFgfgﬁPFSC8§ g@% hgéﬁﬁgg§ﬁ5|ngoﬁBP§Pae Bl ane

i nformation |gnal int orm of |rr ularities on the recording | ayer

si de and haQEﬁgsﬁr ﬁ?d? i ERTFaCFa 8§?rth£NQ+uﬁ2cﬁ WF Rore layer in

example of transfer of pits in the substrate of the disk-
like information recording medium molded by sandwich

molding.

with Tmproved Resonance Characteristic hy Sandwich
Molding

In this example, the vibration characteristic of
the medium was improved by increasing an inner loss in a
core layer.

[material for skin layer]:
polycarbonate (produced by Teijin Chemicals Ltd.)
optical disk grade: AD-9000TG
glass transition point = 145C
flexural modulus = 2,200 MPa
[material for core layer]:

A) polycarbonate (CD grade: AD-5503, produced by
Teijin Chemicals Ltd.) to which a mixture of the
following fillers is added;

(1) conductive carbon black: 16 wt%

(2) whisker: 10% (whisker of calcium silicate)



the case where both said surface |layer and said core layer are in a nolten
state at the same tenperature. 2. An information recordi |un1accord|ng
to claim1l, wherein said resin formng said surface Iayeggﬂgﬁxuﬁg 258, ruary
2003 39 said substrate is a resin having a water absorption ratio of 0.3%
or less. 3. An information recording nmediumaccording to claim1, wherein
said resin formng said core |ayer of g id substrate is a vibration danping
resin for suppressing a resonance phe non caused upon rotation of said

i nformation recording medium 4. An information recordi ng nedi um accordi ng
to claim3, wherein said vibration danping resin is a conposite naterial

containing a pol yrieh anchegy (dd gty Gra A il QIR 1O 50 i

according to cl ai rein a nat avi ng plate- i Ke shapes each

having a high aspegt, ratio 'fsilgded aars a4fJd el tOmSi%Icl resin fQemng said
core |layer of sai sub rate i ormatl 6 Pedor ﬁb ne |un1accord|ng

to claiml, ﬂppr [N gglleé. g. Qe form of hollow or foan1bod|es is added
to said res ( id tor yer of said substrate. 7. An information
recordi ng nedlun1accord|n to claim1, wherein said |light transm ssion
layer is a sH¥e Qqqﬁi oto curing resin or an optical transparent
resin. 8. An |nfornat|on recordi ng medi um according to claim1, wherein
said resin form ng ¥8PdncHrédiagetempenatugs:February 2003 40 mi xture

obtai ned by adding a filler inparting both a
skin side: 320C

core side: 320C
nozzle tip temperature: 290C
mold temperature: 125C
cooling time: 16 sec
average injection speed: 140 mm/sec
A sample having a width of 5 mm, a thickness of 1.5
mm and a length of 80 mm cut from a disk with the
sandwich structure was measured in terms of inner loss
and stiffness (Young'’'s modulus) by the vibration lead
method.
[material for core layer]:
B) polymer alloy
(1) resin prepared by mixing 50 wt% of
polycarbonate with 50 wt% of acrylic resin incompatible
with polycarbonate
(2) the above resin A) composed of polycarbonate to
which mixture of fillers is added

The resin (1) was mixed with the resin (2) at a



stiffness characteristic and a vibration danping characteristic to a resin
identical to or different fromsaid resin formng said surface layer. 9. An
i nformation recordi ng medi um according to claim1, wherei4® EehHay£0P3ce

| ayer and said core |ayer are |am nated to each other by simultaneously
injecting nolding said surface |layer and said core |ayer in such a manner
that information signals in the formof irregularities are transferred on
one side plane of said surface |ayer.220. An information recordi ng nmedi um
according to claim1l, wherein said surface |ayer conprises: a first surface
| ayer fornmed on one side plane of said core |ayer and having information
signals in £ or iLke arithes_on the recogdi a Lde: _and a
second surf%ggl{lgyg%%%r%dgg% t'htébgt herg Si g'e-gﬁa%géggréalxgécg!r)g%fl%lger.

. A2. A2. AE. Y, éYB,AZ. AE. A(. AY(I . A2. AY. ANY. Al N2. AF(2. AY(Y. A, . A

(. AN2. AYN. %%\ VAT 2.A(CY.A3 AL AN AL AL (T AY.A(LL.AN A LA (E AL LA
ACA(4. ACE. A(. A . . .

/ KxVBm a>0@} xsnild SRR} 21 0%) R aftafha?Eat BT cad cHhERfReF R a3 L ad o] ca] ca]
cal calca]calcalca]ca]ca]ca]calcalcal]cRaljc<alcal2gl'y 7 d e q 5n Fw) |
}xsnid_Z]c ‘Ea%%%] %a}%%?f:]é] eh] 89 ®a] euFchren) eafeskcyt £8) EBPca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!é o

IU>P" YIM } xZm & Fraf Eale bt ea] Bal eaf capéaycahearenpcaprajapraeal cal cal cal
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!, cyzJl mraMh;
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] ca] cal] cal]cal]cal]ca]cal]ca]ca]jcalcalt My Y?X17;
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ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ###) $*$. $GBH
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ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] cal 7TH/2L 888 O} NPO¥ade iaPer: Uskin layer) and each of the
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] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cal GQGGGEGHBH{ HHHHI NI [ 11 J
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From the above results of Fig. 13, it becomes
apparent that the substrate in which the incompatible
polymer alloy A) is used for the core layer, shown by the
solid line D3 and the broken line D7, is most preferable
in consideration of both the inner loss of vibration and
Young'’'s modulus (stiffness).

The inner loss (dB) of an inventive disk prepared
by using the substrate including the core layer made from
the polymer alloy is plotted for each frequency as shown
in Fig. 15 and is compared with that of a related art

polycarbonate disk shown in Fig. 14. The values for the
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with the related art disk shown in Fig. 14. 1In addition,

the three-layer structure of the inventive disk was the

perfect sandwich structure in which the thickness of each

skin layer was 0.3 mm and the thickness of the core layer

was 0.6 mm.

1 1 f Disk-1like Inf . 11 i3
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[fmaterial of skin lavyer]:

Zeonex (produced by Nippon Zeon Co., Ltd.)

grade: E280R

specific gravity

= 1.01

(specific gravity of polycarbonate = 1.20)

flexural modulus

= 2,058 MPa

water absorption ratio < 0.01%

[material of core layer]:

Zeonex, grade E280R to which 30% of the following

additive is added;

additive: high density (0.2 g/cm’) perlite based
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1njecte amount of 'the resin r the skin layer

was about 40% on the basis of the total weight of the
disk.

Then, the resin for the core layer was injected
within a period of 0.02-0.5 sec while the skin layer was
not solidified, to obtain a sandwich structure. The
thickness of each skin layer of the sandwich structure
was 0.3 mm.

[Molding Condition}:
mold temperature: 130C
resin temperature: 320C on mold 71A side,
320C on mold 71B side
injection speed:
mold 71 A side = 140 mm/sec in average
mold 71 B side = 160 mm/sec in average
cooling time: 9 sec

The weight of a disk with a sandwich structure thus

obtained was reduced by 40% or more as compared with the

related art polycarbonate disk.
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(3) disk with sandwich structure:

9.46 g/piece in average

In this way, the present invention provides a flat
disk (information recording medium) exhibiting a
stiffness larger than that of a related art disk,
preventing occurrence of resonance, and achieving a high
transfer characteristic of irregularities in combination
with excellent mechanical properties, which
characteristics have been not obtained using only a
single resin or single composite material.

While a related art disk is difficult to keep its
flatness against heat and film stress, contraction stress
of a protective film, and temperature/moisture upon film
formation, the inventive disk can significantly keep its
flatness against the above factors by interposing a core
layer having a high stiffness.

For the information recording medium in which the

intermediate layer or core layer is made from a resin
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intermediate layer is made from a polymer or a filler
mixed composite resin capable of improving the damping
characteristic, characteristics having not been
compatible with each other by use of a single material
can be compatible with each other. For example, it is
possible to obtain a disk in which signals in the form of
irregularities of 0.5 #4m in pitch and 150 nm in depth are
transferred and a high stiffness is given, which disk
have not been obtained by use of a related art high
stiffness single material containing an additive such as
a filler or the like.

Further, a material having plate-like shapes having
a high aspect ratio may be added as a filler for
increasing the stiffness so as to withstand stress
deformation to the intermediate layer or core layer for
enhancing its stiffness. The aspect ratio is a ratio of
the length to the diameter of a filler, and the stiffness

of a resin is dependent on the aspect ratio of a filler
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a high aspect ratio, for example, a filler having plate-

like shapes is added in the same amount.

As a filler having a high aspect ratio, there are
known a filler having plate-like shapes and a filler in
the form of fibers. The filler in the form of fibers,
however, is undesirable because it has a high anisotropy.
To be more specific, in the case of molding a disk
substrate using a resin to which such a filler is added,
the contraction ratio in the peripheral direction is made

J
different from that in the radial direction, to
inevitably cause propeller-shaped deformation of the
substrate. As a result, it is desirable to add a filler
of plate-like shapes having a high aspect ratio and
having a small anisotropy to the resin forming the core
layer.

Examples of the fillers having a high aspect ratio

are as follows:
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In the above table,

symbol L/D is an aspect ratio;

L is an average length of a filler;

the filler;

D is a diameter of

and MF is the abbreviation for milled fibers

which are obtained by finely cutting fibers.

In the case

of molding a resin to which glass fibers or carbon fibers

are added,

direction is made different from that in the

circumferential direction,

deformation.

Further,

the molding contraction in the radial

to cause propeller-like

for an information recording medium whose

welight is reduced by using the intermediate layer or core

layer made from a resin to which a filler such as a foam

is added,

spindle upon rotation of the medium.

it is possible to reduce a load applied to a

While the preferred embodiments of the present

invention have been described using specific terms,

description is for illustrative purposes only,

such

and it is

to be understood that changes and variations may be made
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10%&I()_NRO%&I()_H“dE¥§Ca disk-like information recording medium,

comprising:

a substrate;

a recording layer, provided on said substrate, for
recording an information signal; and

a light transmission layer laminated on said
recording layer;

wherein an information signal is recorded or
reproduced on or from said medium by making light
incident on said medium from the light transmission layer
side,

the improvement wherein

said substrate comprises:

a core layer made from a resin; and

a surface layer made from a resin and integrated
with said core layer, said surface layer having on its
one side plane information signals in the form of
irregqularities on the recording layer side and having a
fluidity which is larger than that of said core layer in
the case where both said surface layer and said core
layer are in a molten state at the same temperature.

2. An information recording medium according to

claim 1, wherein said resin forming said surface layer of
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claim 1, wherein a filler in the form of hollow or foam
bodies is added to said resin forming said core layer of
said substrate.

7. An information recording medium according to
claim 1, wherein said light transmission layer is a sheet
made from a photo-curing resin or an optical transparent
resin.

8. An information recording medium according to

claim 1, wherein said resin forming said core layer is a
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stiffness characteristic and a vibration damping
characteristic to a resin identical to or different from
said resin forming said surface layer.
9. An information recording medium according to
claim 1, wherein said surface layer and said core layer
are laminated to each other by simultaneously injecting
molding said surface layer and said core layer in such a
manner that information signals in the form of
irregularities are transferred on one side plane of said
surface layer.
10. 2An information recording medium according to
claim 1, wherein said surface layer comprises:
a first surface layer formed on one side plane of
said core layer and having information signals in the
form of irregularities on the recording layer side; and

a second surface layer formed on the other side

plane of said core laver.



