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Technical Field The present invention relates to an optica

I nformation recordi ng nmedi um capabl e of reproducing information
signal s or recordi ng and reproducinq I nformati on signals by using

| i ght beans, a nmanufacturing nethod~therefor, a nmanufacturing

appar at us t herefor and an opti cabgsedieraet i on recordi ng and

repr oduci ng apparatus nmaki ng use thereof, and nore particularly to an
opti cal infornation recordi ng medium having a nultilayer structure

i ncluding a pIurallt |nfornat|on | ayers, a manufacturi net hod
therefor, a manuf act %&ma G 2FHIEH, MANUF &%ﬂ?@ﬁ METHOD

oot o0 o S, mﬂi&@éﬁ?ﬁ% DHERE thetife A, omrrcpbotr i o medi um

has been 20 k ?ﬁ&ﬁﬁ; dlng i nformati on
signal s EIrepro u0|ng ﬁ%@@?%ﬁ@)ﬁé or ma ?IOH sighal's and which is forned

EV Technical Field

?_5 The present invention relates to an optical information
recording mediun capable of reproducing information signals or
recording and reproducing information signals by using light
beams, a manufacturing method therefor, a manufacturing apparatus
therefor and an optical_information recording and reproducing

ff‘ apparatus making use thereof, and more particularly to an optical
information recording medium having a multilayer structure
including a plurality of information layers, a manufacturing
method therefor, a manufacturing apparatus therefor and an
optical information recording and reproducing apparatus making

use thereof.

Background Art
Hitherto, an optical information recording medium has been
20 known which is capable of optically recording information signals
or reproducing recorded information signals and which is formed
into an optical disk, an optical card or the like. In general,
the foregoing recording medium uses a semiconductor laser unit as
i a light source. By irradiating the recording medium with light

beams finely converged by a lems, information signals can be

recorded on the recording medium in a large quantity, and
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into an optical disk, an optical card or the like. In general,
foregoi ng recordi ng nedi um uses a sem conductor |aser unit as a light
source. By irradiating the recording nediumw th |ight

converged by a lens, information signals can be recorded on the

recording mediumin a |arge quantity, and
2 information signals recorded on the recordi ng nedi um can be

repr oduced.

further  enl dinjerndid oncignaglhgrecapiadi oy G rénerdéng medhgn eadifn of t he

At present, investigations have been perforned to

foregoing type. To raise the recording density, it is effective to

| nprove the réﬁpﬁﬁﬁﬁﬁﬁg resolution by finely limting the i ght beam
order to achieve thi,g, _investigatipns, bhave,been per.f.or t the
e - EPERERR LB noEs bepn AR S b
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whi ch the focusi

signals is
rai sed.

r trac accuracy 1s | nprovea an

having only a single information layer for recording information

encounters a |light d1ge8n Ve Ardare te dchbieve fhiondnvestigationsehana) begn be

rai sed.

performed such that the wavelength of the light beam is shortened
or the numerical aperture (NA) is enlarged. Moreover,
reproducing methods have been investigated in which the focusing
or tracking accuracy is improved and crosstalk between signals is
prevented so 'as to allow the recording surface dehs;fy to be
raised.

Although employment of the foregoing methods enables the -
recording capacity per unit area to be somewhat enlarged, a
structure having only a single information layer for recording
information encounters a limitation when the recording density is
intended to be raised.

If a plurality of information layers for recording
information are provided, it can be expected that the recording
capacity can be multiplied. A method for manufacturing an
optical disk having the multilayer structure has been disclosed
in, for example, U.S. Patent No. 5,126,996.

A process for manufacturing the foregoing optical disk
Will now be described. As shown in Fig. 21(a), a first
information layer 212 is formed on the surface of a substrate 211
manufactured by an injection molding method or the like and

having information pits. Then, as shown in Fig. 21(b}, a
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If a plurality of information |layers for recording information are
provided, it can be expected that the recording capacity can be

mul tiplied. A nmethod for manufacturing an optical disk having the

mul tilayer structure has been disclosed in, for exanple, U S. Patent No.
5,126, 996. A process for manufacturing the foregoing optical disk
w Il now be described. As shown in Fig. 21(a), a first information |ayer
212 is formed on the surface of a substrate 211 nanufactured by an

injection nol ghdtaseetingdrayint ey likk&pnds favh8ippBf asrEhé®OBEPAt S. Then, as
shown in Fig. 21(b), a 3

phot osetti ng masten ZIAhasimgpphierdation petsppfhesurtastowof im Figaster 213
having information pits. Then, as shown in Fig. 21(c), the surface of the
first infornadi@d. theesupfezeort tthe finsssintaraapion Iﬁ@ﬁﬁlhél@ 8 thg or mati on

its and the s ace qof the. nm te[ 13 havin he | may i S are
(F:)aused to fac@il{@éﬁ"ﬁ e %‘ﬂhe‘?a“% armat it H‘Béa\cfaa?g t%‘?l i s
pressed, the r e n1a
position [PEE% 8?1% gé‘pﬂﬁg é qngg‘éﬂaﬂﬁ{iéﬁ%ﬁ% rg%é\é‘%o{]tb ftoset t | ng
resin 214 ' 5 §8lerso HRal {8 PHALONEII Pl r@BEradbdzis ig%t%'sé’& theonded to

the first information Iayer 212. Then, as shown in Fig. 21(d), the naster
213 i s renoveghdtbeatting pydhodel s nyradsated Rith lAghh fres poshtioasi n | ayer

havi ng information pits on the surface thereof and conposed of the

phot oset ti ng ¢edhe Qusidamibthe master 213. As a result, the photosetting
resin 214 is set so that the phdtpsetting resin 214 is adhesive-
bonded to the first information layer 212. Then, as shown in
Fig. 21(d), the master 213 is removed from the photosetting resin
214. As a result, a resin layer having information pits on the
surface thereof and composed of the photosetting resin 214 can be
formed. Then, as shown in Fig. 21(e), a second information layer
215 is formed on the resin layer (made of the photosetting resin
214). Finally, as shown in Fig. 21(f), a protective coating
layer 206 is formed on the second information layer 215. As a
result of the foregoing process, an optical disk having a double-
layer structure can be obtained. '

waeﬁer,.when the master 213 is separated from the

photosetting resin 214 (see Fig. 21(d)), the foregoing
conventional manufacturing method can involves separation being
easily taking place at the interface between the first
information layer 212 and the substrate 211 or the resin layer
(made of the photosetting resin 214). Thus, there arises a
problem in that the manufacturing yield has been umsatisfactory.
The reason for this can be considered that the adhesivity between

the master 213 and the resin layer {made of the photosetting



formed. Then, as shown in Fig. 21(e), a second information |ayer 215 is
formed on the resin | ayer (made of the photosetting resin 214). Finally,
as shown in Fig. 21(f), a protective coating |layer 206 is fornmed on the
second information |layer 215. As a result of the foregoing process, an
optical disk having a double |ayer structure can be obtai ned.

However, when the nmaster 213 is separated fromthe photosetting resin 214
(see Fig. 21(d)), the foregoing conventd onal nmanufacturing nethod can

i nvol ves separatimdibriisgmnadatol ye igakatey phacahat betecemttbef Biostbet ween t he
first information layer 212 and the substrate 211 or the resin | ayer

(made of the phiargssion dgyeedls @xhthe Ebhstrateeftl gri iat hetwgesbthen i n t hat
t he manufacturin | d has a ctor The son,. for this can
be consi dered?f %ﬁ%igPﬁ%“?ﬁH@%q@V?§%§2tﬁﬁiﬁ P& ﬂé@?@? é%% fle resin
ayer (made ofS08.PRREOREL BYs _ 4

resin 214) is grea )than that between the first information

layer 212 and the syRy At whbke Ofhel E‘@Bstbﬁfé’\@@m id@adé igrsh Fdiar mation
| ayer 212 and the resin layer (made of the photosetting resin 214).

In a case whetkargeeisuhet emticoRidntad taperature oesinnthe thandityi n t he
environmental tenperature or in the humdity sonetinmes raises a problemin
that the manuseratimesi rgpsee @l podlglem in that the manufactured optical disk

can be deformed or an error occurs in reproducing the 51gnals.
Moreover, an apparatus of a type for reproducing |
information signals from a plurality of information layers has a
problem in that the servo operation becomes instable due to an
influence of light reflected by an information layer other than

the subject information layer.

Disclosure Invention

The present invention was found to overcome the foregoing
problems experienced with the conventional structure, and,
therefore, an object of the present invention is to provide an
optical information recording medium having a multilayer
structure which cannot easily be deformed due to change in the
environment, a manufacturing method therefor, a manufacturing
apparatus therefor and an apparatus for optically recording and
reproducing information.

To achieve the foregoing object, according to one aspect
of the present invention, there is provided an optical
information recording medimm having two different information
layers and capable of reproducing information signals from the

information layers, recording information signals on the



can be defornmed or an error occurs in reproducing the signals.

Mor eover, an apparatus of a type for reproducing information signals from
a plurality of information |ayers has a problemin that the servo
operation beconmes instable due to an influence of light reflected by an

I nformati on |ayer other than the subject information |ayer. Di scl osure
I nvention The present invention.was found to overcone the foregoing
probl ens experienced with the conventio%al structure, and, therefore, an

obj ect of theinfiosmetion huxensi el sae Faproduage ther reoprdedainfarmgt it i on
recordi ng nediun1having_a myltila structure whjch cannot easily be
|

def or med due $igrebatde Frﬁéat@ng’ﬂ}b%ﬁ%}}t FanGFaaRiiFHy et hod

t her ef or , f | t her ef ar: tus f

opt1 cal 1y recHrarRgtiRy P eoafRAg nREn (d0pbfitbepnd PIRPBRANNTE O o (e
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i's provided an op Information recordi ng nedi um having two rent
information ¢aMeEBiNOf CRIFabhetioh Pl eot®spandingOfdahFomattignal s fromthe

i nformation |layers, recording information signals on the

5 informati osignayer guifatgreaves épr dduckinghend epoptieiitaf g fArson si gnal s

when irradiated with a Iight beam the optical
information layer formed on either surface of the first substrate
and having a predetermined transmissivity and a predetermined
reflectance with respect to the light beam; a second substrate
having, on one side thereof, one or more selected from a group
consisting of information pits corresponding to information
signals, guide grooves for trackiﬁg and sample pits:; a second
information layer formed on either surface of tﬁe second
substrate and having a predetermined reflectance; and a
separation layer formed between the first information layer and
the second information layer that is tramsparent with respect to
the light beam. The structure of the optical information
recording medium provides a double-layer recording medium that is
capable of reproducing information signals from the first and
second information layers, recording information signals on the
first and second information layers and reproducing recorded
information signals.

It is preferable that the optical information recording
medium according to the present invention has a structure such
that the thickness of the first substrate is substantially the
same as the thickness of the second substrate. As a result of
the preferred structure, a structure vertically symmetrical with

respect to the separation layer can be formed. Therefore, even



i nformation recording medi um conprising: a first substrate havi ng, on one
side thereof, one or nore selected fromthe group consi sting of
information pits corresponding to information signal s, guide grooves for
tracking and sanple pits; a first information |ayer formed on either
surface of the first substrate and having a predeterm ned transm ssivity
and a predeterm ned refl ectance with respect to the Iight beam a second
substrate havi ng, on one side thereof ® one or nore selected froma group
consi sting of jifnsresst bOthRi 1keCHE pEERIEHE N tthe i dibstredd Gifle toStlghges,

gui de grooves for tracking and sanple pits; a second i nformation | ayer
formed on eit Her thaurttaperagfire log thecdhke whembder eptdcahdinfaviatjon
predeterm ned refl ectance; and a _ separation |ayer fornmed between the

first infornatessdiggdreding 1s paefactyied. | HrsdPrbtanoRan DpeFonnsRsated.
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second i nf or N@kE&al 2y lahid M!S BEUGTHABI fRCOTALE redhOragii-asugkbgnal s.
It is preferable that the optical information recording nedium according

t o the presengurablentgaimshachaagstinutha eavitonhent ltah bdhebtainellness of the
first substrate is substantially the same as the thickness of the second
substrate. AsTherafoue: evpn ithehefdret mad spoopdtsnbsiratest axgmade ofertical ly
symmetrical wth, rgspect fo the separ%tion lLayer c¢an be_ forned. Therefore,
even resin, deformation of the manufactured recording medium causing

an error in reproducing a signal can be prevented.

It is preferable that in the optical information recording
medium according -to the present invention, the below mentioned
formula is satisfied ;

RIZ1-A1+ (2+R2)7
1 -a1+ @ R HZ - - ankod

wherein R1 is a reflectance of the first information layer,

Al is an absorption ratic of the first information layer,
and

R2 is a reflectance of the second information layer with
respect to the wavelength of the light beam used to reproduce the
information.

It is preferable that the optical information recording
medium has a structure such that the reflectance of the first
information layer is 25 % to 40 %. As a result of the foregoing
preferred structure, a recording medium having the first and
second information layers, which are reproduction only

information layers, can be obtained in which the amplitudes of

the signals from the first information layer and those from the



6 if stress or the like is generated in the substrate due to change in
the tenperature or the |ike when the optical information recordi ng nedi um
i s manufactured, distortion can be conpensat ed. Even i f unusual
deformation factors act on the two substrates due to change in the
tenperature or the humdity of the environnent, def ormati on and warp can
be inhibited. As a result, a structure dur abl e agai nst change in the

envi ronment can be obt ai ned. Thereforé, even if the first and second
substrates ar geomde informat s Nayslebos NHimidar ab édvhr oemetf and whed recordi ng
medi um causi ng an error in reproducing a signal can be prevented.

It is preferabkpraduging amphicudptiscabtisflectomitlvotergecording  nmedi um

according to the present i nventjon, the bel ow nentioned forngla i's
satisfied ; Ifkniy preferable Ahat the opw?ﬁewfpmamn recording 1 - Al +

2. R ' fl f
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information | ayer wt resp aot wave 'am used to
reproduce thefjjdd aﬁ@mdteib—matemal lé.)ﬁeﬂ Sa ¥cebedaly eajdidbnd e segdiacal

I nformati on recording
dielectric-material layer, which are sequentially laminated omn
the second substrate. According to the foregoing preferred
structure, a second information layer, the information of which
can be rewritten, can be obtained.

It is preferable that the optical information recording
medium according to the present invention has a structure such
that the first information layer has a coefficient of absorption
vwhich is substantially zero with respect to the light beam.
According to the foregoing preferred structure, the quantity of
the light that reaches the second information layer can be
enlarged.

It is preferable that the optical information recording
medium according to the present invention has a structure such
that the first information layer includes at least two layers of
thin films. According to the foregoing preferred structure, the
reflectance of the first information layer can be enlarged and
the quantity of the light that reaches the second information
layer can be enlarged. In the foregoing case, it is preferable
that the first information layer includes a first dielectric-
material layer, a recording layer and a second dielectric-
material layer, which are sequentially laminated on the first

substrate. According to the foregoing preferred structure, a



medi um has a structure such that the reflectance of the first information

| ayer is 25 %to 40 % As a result of the foregoing preferred structure, a
recordi ng medi um having the first and second information |ayers, which are
reproduction only information |ayers, can be obtained in which the
anplitudes of the signals fromthe first information |ayer and those from

t he 7 second information | ayer
are simlar to each other and the rep@oducing anplitude is satisfactorily
| ar ge. firsy ipSopmagfen dbjer tdant be lebtainedced whathrivdoieaticaceandi ng

medi um according to the present invention has a structure such that the

second i nf or nRei TRFOrESE T Helograkion eemmhdelicy Payrepriten;| st
dielectric-materi al ' | . and, nd .

i ol ect 11 o-mat or i ai TFaafoprefirle shal e Bt Al YRR R EeosR e Mhe second
substrate. Acﬁ%ﬂiuﬁtgﬁ&ﬁtdri?% Jooiﬁéggﬁ*g?eﬁ]?%ﬁér{t‘?xgn Bk S Yeaun SeGPNd

I nformation | ayer, e informati o can be rewitten, can be

obt ai ned. that both dfSths gfiesahing $dtindt Hisbsepitadahatdfiaremisitasn r ecor di ng
medi um according to the present invention has a structure such that the
first informapits coayespohdingataedeffbroitsion signabs ampeiter sintfisbei s
substantially zero with respect to the |ight beam According to the

f or egoi ng pr efeerdng ttouthe feregtiaggprafierred strugtyge) jjyKecerddrgr eaches t he

second infor rrgtteéi%rx}: Jlgyi%rg aC alr:]:trgg capacity can be obtained.

It is preferable that the optical information recording
medium according to the present invention has a structure such
that the first information layer is a reproduction only
information layer and the second information layer is a recording
and reproducing information layer. According to the foregoing
preferred structure, light absorption of the reproduction only
first information layer can be set to a low level. Moreover,
since the influence of diffraction occurring due to information
pits can be inhibited, information can be recorded or reproduced
with swall power. |

It is preferable that the optical information recording
medium according to the present invention has a structure such
that the thickness of the separation layer is larger than the
focal depth of an optical system for converging the light beam
and smaller than the tolerance of a base allowed by the optical
system. According to the foregoing preferred structure,
information satisfactorily free from crosstalk can be reproduced
from another information layer as long as the aberration of the
light beam to be applied is small.

It is preferable that the optical information recording



enl ar ged. It is preferable that the optical information recording
medi um according to the present invention has a structure such that the
first information layer includes at |east two layers of thin filns.
According to the foregoing preferred structure, the reflectance of the
first information | ayer can be enlarged and the quantity of the light that
reaches the second information |ayer can be enlarged. In the foregoing
case, it is preferable that the first °nf or mat i on | ayer includes a first
diel ectric- westiunpiagicordingr to sthecprrsginfginveptiomhas & sttuntdrdisioictri c-
material | ayer, mﬂ%&p are se uentialkéllaninate% on(}he fir%t subgtrate.
According to THE $HO5ERTIND BE & OF  BRRRIE RS PRe fgrmed on the first an

recorded or i NEBMAIPEREPS TR NAPAS o It BRR 48 B LF 438, °°

preferabl e tNahstReORte RIELoIHNR PRl e BEBES I0FIthd LS BRREP Y R O the

present invention has a structure such that both of "'the first and second

substrat es haeohdfsmbsaidten R tthe Cluregsipndadty o igbpsfmbbly thhgnal s on
either surface. According to the foregoing preferred structure, a

recordi ng nedieuniditivohghe bitr Jersehavi the sacordesuttapheds larger |t is

preferable that the optical information recording
than the width of the pit formed on the first substrate.

According to the foregoing p;eferred structure, diffraction of
light reflected from the first information layer and that from
the second information layer can be made to correspond.
Therefore, signals can be reproduced stably.

It is preferable that the optical information recording
medium according to the present in;ention has a structure such
that guide grooves are formed in the surfaces of the first and
second substrates and the width of the guide groove formed in the
second substrate is larger than the width of the guide groove
formed in the first substrate. According to the foregoing
preferred structure, the effect of the guide grooves formed in
the surface of the first substrate and the effect of the guide
grooves formed in the surface of the second substrate can_be made
to be the same.

It is preferable that the optical information recording
medium according to the present invention has a structure such
that information pits are formed on the surfaces of the first and
second substrates and the_density of the information pits formed
on the second substrate per unit area is lower than the density
of the information pits formed on the first substrate per unit

area. According to the foregoing preferred structure,



medi um according to the present invention has a structure such that the
first information layer is a reproduction only information |ayer and the
second information layer is a recording and reproducing information |ayer.
According to the foregoing preferred structure, |ight absorption of the
reproduction only first information |ayer can be set to a |ow |l evel.
Moreover, since the influence of diffraction occurring due to information
pits can be inhibited, information caniBe recorded or reproduced with

smal | power. informatien cps i skpradubed tshdisfidedonidlyi Eadm ianf trfirmibion
recording nediumaccording to the present invention has a structure such
that the thi ckaeassoBt afhdhe dosphidepih oy dhe japticalyaystamfor IFORVEERIRE dept h

of an opticalga%ipe f.or converging the |light beam and smaller than the
t ol erance of S8 HF%&Ed by the optical system According to the

foregoi ng preferred1§ti§ﬂg{é%geqn?blé L eirQIIS‘tni?%giiﬁxffB iiohyrédggﬂf.é%om

crosstal k can be repro rom anot rmat1 on | ayer g as the

aberration of péd@m é&cﬁﬂiﬁiﬁ%’&@ tie Beesdtt igebrtSosMkla structure biicH S
preferable that the optical information recording

9 nmedi um accthat sguple phts pregeite gmoyeti o Aoaseed &t rubet sifasestof t hat
information pits or sanple pits are formed on the first and second
substrat es anthe Hdrshasessesfond haubsitratasopnd dherpited 94 the sample pits

or the guide grooves formed in the second substrate is §horter
than the ﬁitch of the sample pits or the guide grooves formed in
the first substrate. According to the foregoing preferred
structure, a recording medium can be obtained in which signals

can be reproduced satisfactorily from an information layer out of
the focal depth of the optical system for converging the lighél _
beam and signals can be recorded on the same.

It is preferable that the optical information recording
medium according to the present invention has a structure such
that information pits or sample pits are formed on the surfaces
of the first and second substrates and the directions of the
information pits are opposite to each other between the first
substrate and;the second substrate when viewed from a position
upon which the light beam is made-incident. According to the
foregoing preferred structure, the material and molding process
of the substrates can be made to be the same as well as the
mastering process. As a result, it is only necessary to prepare
two types of manufacturing apparatuses having the same function
or one manufacturing apparatus can be used commonly when the
substrates are manufactured. Thus, the cost of the facilities

for manufacturing the substrates can be reduced.



substrate are different fromthe shapes of the pits fornmed on the second
substrate. In the foregoing case, it is preferable that the wdth of the
pit fornmed on the second substrate is |arger than the width of the pit
formed on the first substrate. According to the foregoing preferred
structure, diffraction of light reflected fromthe first information

| ayer and that from the second inforn?ﬁion | ayer can be made to
correspond. Therefore, signals can be~“reproduced stably. It is
preferabl e that thelapis pabfembbe ndiait othe eptiadil nipforeation aeconddngg to the
present invention has a structure such that guide grooves are fornmed in
the surfaces stditwacrendingntp thedurecrbsveniden hasdat ugtdiah sbeh t he gui de

f djnt ) d, subst IS, th t.h i dt h th
groove fored | e cagsend SURELy e, | Sbarger Ui he i ol the
f d st t ' ' h f
pref erved o1 yeute el b SLifek o UE A 05l 08488 LaUTRdiigiart e surt ace

surface of the,srepRdtsWshimlieskaR BEIIAYE td hdRehbraSPBPLions of It IS
preferable that the optical information recording nediumaccording to the

present inventherfiras sndstecmidusubstugte ahlathe shaperefi the ppirslace ther ned on
the surfaces of the first and second substrates and the density of the
i nformati on pfizst suhetraterandnshe sbspel cfubbe sairalpen thd seeomsh is | ower

than the densit of the information pits _fornmed on_the first _substrate per
unit area. Aée%%fd‘@ﬁ@ 35 the SEBR JERGIGHER 1 i3i0PeR ROSE QM MBOR whidh ‘the

light beam is made incident. According to the foregoing
preferred structure, the light beam is moved in one direction
from the inner portion to the outer portion or one direction from
the outer portion_tc the inner portion regardless of the
information layer having the information pits to which tracking
has been made. In the case where the structure is employed in
which the light beam is moved from the inner portion to the outer
portion, a reproduction method may be employed in which
administration information is detected in the inner portion of
any of the information layers and an access is made to a regquired
information region including the portion between the information
layers. Therefore, it can be said that the foregoinmg structure
islsuitable for a recording medium capable of allowing a high
speed access to the information layers.

It is preferable that a pair of the optical information
recording mediums according to the present invention and an
adhesive-bonding layer are provided and the second substrates of
the pair of optical information recording mediums are adhesive-
bonded to each other through the adhesive-bonding layer.

According to the foregoing preferred structure, a recording



10 information can be reproduced satisfactorily froman information

| ayer out of the focal depth of the optical systemfor converging t he

| i ght beam It is preferable that the optical infornmation
recording mnmediumaccording to the present invention has a structure such
that sanple pits or guide grooves are forned in the surfaces of the first
and second substrates and the pitch of the sanple pits or the guide
grooves formed in the second substrate {s shorter than the pitch of the
sanpl e pits onedii® havidg @rivovekyesrsmdctire the Hd pbtaielsin aheéch Accor di ng
to the foregoing preferred structure, a recording nediumcan be obtained
i n whi ch si gnahforngiomhear dier oenrded sudi séprodueed yrop @achrofl #her mat i on

| ayer out of _the focal d th of the optic stem for, convergi.ng the
light beam afRfPgHLI%S lR¥RTSpRY (8T n%n%’tehéz%éﬁfg]es with the Ir‘g

referable that the t information.fecordi ccordln to the
Bresent i nvensﬁ;’?ﬂ? haglpghgﬁqfﬁw & 2 { F?\#}%laﬁgeq[&%t s or sgrrpl e
pits are for Mg aeblis SHMiaCeeratObubdifaldd o Al paes UidoptiRairates and the

di rections of Information pits are opposite each ot her between the

first subst rmm@adldmeemaﬁ@ Rdbsls ate subevtaviiadeyd fheogar geditheon upon
which the light beamis nmade incident. According to the foregoing
preferred strtiztamessashef nieesém@nd asudsodtisngf prhecpsir off optieakubst r at es

can be nmade to be the sane as well as the masteri.n? process. As a result,
it is only neéeforgatiquoregqrging nediuns are substantially the same.

According to another aspect of the present invention,
there is provided a method of manufacturing an optical
information recording medium having two different information
layers and capable of reproducing information sigmals from the
information layérs, recording information signals on the
information layers and reproducing the recorded information
signals when irradiated with a light beam, The method of
manufacturing an optical information recording medium comprises:
a first film—forming step of forming a first information layer
having a predetermined transmissivity and a predetermined
reflectance on a substrate having, on one side.thereof, one or
more selected from the group consisting of information pits
corresponding to information signals, guide grooves for tracking
and sample pits; a second film-forming step of forming a second
information layer having a predetermined reflectance on a second
substrate having, on one side thereof, one or more selected from
a group consisting of information pits corresponding to
information signals, guide grooves for tracking and sample pits;
an applying step of applying a resin layer, which is transparent

with respect to the light beam, to the upper surface of the first



two types of manufacturing apparatuses having the sane function or one
manuf acturi ng apparatus can be used commonly when the substrates are
manuf actured. Thus, the cost of the facilities for manufacturing the
substrates can be reduced. 11

It is preferable that the optical information recording medi um accor di ng
to the present invention has a structurge such that the information pits,
t he gui de grooves or the sanple pits ¥brned on the surfaces of the first
and second subsforagtionatayerf or e senamdaisfyirpatioshdgyen: ebatadhesive-t he
central portions, of the first and second substrate and the shape of the

spiral on t hebonddng sytep @f Cpuswgatbe tHestnindermtipRealaysrrand shet he second
substrate are_t he,sane _when vjewed, froma pesiiJon_u which, th l'i ght
beam | o made THRTHeHIO RSP NG b (e eRdoori o BlpdEdoetine ur e
the |1ght beamd 500y eflal dbcBile sHrbRfH'iBN 1aybrOMd Bk RAREr RAFbIZN the the
outer portion or one direction from "the outer portion to the 1 nner
portion regargdfaasidfert hccordifngr B@itheNstAyRird @fi B weehddber mation pits
to which tracking has been made. In the case where the structure is

enpl oyed in nadufabturisg |thghoptieain infomatidnf revoribag medéum, pbhe istept o t he
out er portion, a reproduction nmethod may be enployed in _which

admi ni st rat i o?f ireEeYiRgt then npstefeds iaddregiprd. | Miesingdt adesdre- any of the

information layers and an access,is e to a requjred _ information region
ol udh no.« neS RS G BN BEIER fbe SR EHRISRoReiad thE SntorRt S B1tS

formed previously, a recording medium having a double-layer

structure can be obtained. As a result, the manufacturing yield

can be improved.

It is preferable that the method of manufacturing an

optical information recording medium according to the present
invention has a structure such that the thickness of the first
substrate is substantially the same as the thickness of the
second substrate.

It is preferable that the method of manufacturing an
optical information recording medium according to the present
invention further comprises a pressing step of pressing the first
and second substrates from the outsides of the first and second
substrates. According to the foregoing, a resin layer
satisfactorily free from irregularity in thickness can be formed.

It is preferable that in the method of manufacturing an
optical information recording medium according to the present
invention a photosetting resin is used to form the resin layer
and the resin layer is irradiated with light from a position on
the outside of the first substrate so as to set the resin layer

while applying pressure to the outsides of the first and second



| ayers. Therefore, it can be said that the foregoing structure S
suitable for a recording nmedi um capable of allow ng a high speed access
to the information | ayers. It is preferable that a pair of the
optical information recording nmediuns according to the present invention
and an adhesive-bonding | ayer are provided and the second substrates of
the pair of optical information recording nmediuns are adhesive- bonded to
each ot her through the adhesive-bondi nglkayer. According to the foregoing
preferred strusbgEeates. r Asepriing to the foregoing preferred structure, a

12 medium having.a four-layer structyre can be obtained jn i.ch

Dt or mat ] o cARSER TAIEh T SERRIor bk ate i ORr GrIEGRLIIGY b RS at i on

| ayers by irragdjafl . ' Mmi.th the light beans. In the foregoing
case, it is p?%@e%%g%g&gﬁé%mgﬁ%bg?ﬁF%%hesses of the first substrates of the

pai r of optical infqrpntraRerH30" Hat0the HoABI BF SmAluRaé AR haldy the same
and the thicknesses of the second substrates of the pair of optical

i nformati on repeichindnfmaiatien aeeoiingt watival agcokiings agethe present Accordi ng
to anot her aspect of the present invention, there is provided a nethod of

manuf act ur i ng iavewpionciirthenfenmpni $esn an capplsting) steplicdneprlying anwo di f f erent
i nformation |ayers and capabl e oflﬁggroducing i nformation signals fromthe

i nf or mat i on | AFBpPSivergestiagntpYieRs diehi th 1rETRarenb ¥ ithrespahtRathan

layers and r e%gﬁ’%‘ %'egxg, ttgetﬁee %%{’)gxe dsuir%ger Tet ciaPt'?zer of the second
substrates of a pair of optical information recording mediums
obtained by the method of manufacturing an optical information
recording medium according to the present invention; and an
adhesive-bonding step of causing the second substrates of the
pair of optical information recording mediums to face each other
and adhesive-bonding the second substrates to each other through
the resin layer. According to the foregoing, a recording medium
having a four-layer structure can be obtained by repeating, three
times, the adhesive-bonding step for obtaining the recording
medium having the double-layer structure. That is, the recording
medium having the four-layer structure can be manufactured by a

- method similar to that for manufacturing the recording medium

having the double~layer structure by basically preparing the same
'manufacturing apparatuses for the three steps. In the foregoing
case, it is preferable that the thicknesses of the first
substrates of the pair of optical information recording mediums
are substantially the same and the thicknesses of the second
substrates of the pair of optical information recording mediums
are substantially the same.

According to another aspect of the present invention,



signals when irradiated with a Iight beam The nethod of manufacturing an
optical information recording nmediumconprises: a first filmformng step
of formng a first information |ayer having a predeterm ned transm ssivity
and a predetermned reflectance on a substrate having, on one side
thereof, one or nore selected fromthe group consisting of information
pits corresponding to information sigqgls, gui de grooves for tracking and
sanple pits; a second filmformng step”of formng a second infornation

| ayer havi ng theys daepravitied d@nr epparetemdoromraifsetsiitgg aupsticdle havi ng, on
one side thereof, one or nore selgcted from a group consisting of

i nf or mation ﬁf‘?%m@&f‘i’réé'ﬁﬁ Mg "E‘%ﬁui”n?%pﬁéﬂntgﬁ sﬁ‘gfﬁgfsg,s“gﬁfi%egrooves for
tracki ng and_s e Pl d.s; I S of LN sin |ayer,
which is traRSPar etn?éjét\t}\nﬁflhfoﬁigg%%rﬁ%é’tahgfﬁsltgﬁgg%@g#' t%o%?%ogndupper surface
of the first gyhstrate support section dispesed to face the firdt éﬁgé%E?Qé' on | ayer
or the second information |ayer; an adhesive- bondi ng step of causing the
first infornmabpmrt! seevioansb bbeto sapemrtdai sdopbdndubetrd @) ean tapplang; each

ot her and adhesi ve-bondi ng the first and second information |ayers to
each ot her tsectigh foreapplwisigna|zepdn. laxerotalithg upper heurdaceictfuthe of t he

nmet hod of manuf acturing the optical information recordi ng nedium the

step of rettih§ubHHEatBtreithe sacepd (hSstrale: BEracend)saeRees Py R

bonding to eagh OLR%hitRCHRN R ALES R "AilpBfte 'dL2L SPLLE "R E8cond
substrate support section face each other, the spacer being
disposed. outward from the first and second substrates; and a
pressing section for elevating the first substrate support
section or the second substrate support section and pressing the
first and second substrates. The apparatus for manufacturing an
optical information recording medium allows, a recording medium
having a multilayer structure to be produced efficiently, and it
can be expected that the recording capacity can be increased.

It is preferable that the apparatus for manufacturing an
optical information recording medium according to the present
invention further comprises a light source disposed opposite to a
surface of the first substrate support section that is in contact
with the first substrate, wherein the first substrate support
section is made of a material that permits penetration of a
portion of light emitted from the light source. According to the
foregoing preferred structure, the photosetting resin layer is
used so that the first substrate and the second substrate are
adhesive-bonded to each other in a short time.

It is preferable that the apparatus for manufacturing an

optical information recording medium according to the present



formed previously, a recording nmedi um havi ng a doubl e-| ayer structure can
be obtained. As a result, the manufacturing yield can be i nproved.

It is preferable that the nethod of manufacturing an optical information
recordi ng nmedi um according to the present invention has a structure such
that the thickness of the first substrate is substantially the sane as the
t hi ckness of the second substrate. It is preferable that the

met hod of manufacturing an optical i nf dPmati on recordi ng medi um accor di ng
to the presentnvenijentiasna refrpsirecsidy ithas e&%r%fs@?\gflé'géﬁ“‘gf S§F®Esi ng t he

first and second substrates fromthe outsides of .the firs second
substrates. Aﬁ‘g%"%ﬂfflﬁﬁs ?1 st%é:ef‘g?ag]gmngal?g Fncﬁn%%f Pog éﬁnsgg%%o%ﬂ y free
fromirreqgul arj ' Is . . CaN : : ; j :ef erabl e t hat
in the rre?hodé%q }e%lﬁﬁégé?tﬁ}?ﬁgl%ﬁ pggﬁcg%?@%#?ogléaf?%%ﬁrge%%gg?% medi um

accordi ng to ERgviekesieRlE thdr beitdcentlfer®dd] aaat 4 idegtee PoBitfonused to form
the resin layer and the resin layer is irradiated with light froma
position on theresticn dectiont fier akiig shbstandral seeaoft thednfotmeitiesni n

| ayer while applying pressure to the outsides of the first and second

14" substrat eBit A0dWHS /Y gudde rEropvee@di Ml flesesubytmate aduithe o

second substrate to coincide with each other is further provided
for at least one of the first substrate support section and the
second substrate support section. According to the foregoing
preferred structure, a recording medium can be obtained in which
the deviation of the circular arc of the information pit columns
or the guide grooves formed on the surfaces of the two
information layers can be inhibited.

It is preferable that the apparatus for manufacturing an
optical information recording medium according to the present
invention further comprising first and second shaft sections
respectively disposed on the central axes of the first and second
substrate support sections; and first and second inmer-portion
guide sections each having a tapered portion having an end larger
than the central opening of the substrate and another end smaller
than the central opening of the substrate, the first and second
inner-portion guide sections being capable of moving along the
first and second shaft sections. According to the foregoing
preferred structure, the first and second substrates can be
secured to the surfaces of the first and second substrate support
sections in the state where the tapered portions of the first and
second inner-portion guide sections respectively are in contact

with the central holes of the first and second substrates.



resin | ayer satisfactorily free fromirregularity in thickness can be
formed in a short tine. It is preferable that the nethod of

manuf acturing an optical information recording nedium according to the
present invention further conprises an applying step of applying an

adhesi ve-bonding | ayer, which is transparent with respect to the 1ight
beam to the upper surface of either of the second substrates of a pair of
optical information recording nediunms Idbtained by the nethod of

manuf act ur i n@hanefge, ctite icafibratasxion of r 8o filrsity inbolimarri e deyer regpdt 0 t he
present invention; and an adhesive-bonding step of causing the second
substrat es oftheheof gherfigptopiiséadte REBRIFEt FOFLIPRBCHUPR dFeiRsifde face

Chrough ¢ he idE; FPASgETEr REbAQTHIS Dothane o Bas: oy SeghRugal di ng medi um
having a four'c'cﬁi‘d&%ﬁtﬁ&%%?éﬁ ig? 5001 '@9%@&%%‘%@5& obfd8n L1 MES,
t he adhesi ve-bonding step for obtaining the recording nedi umhaving the

doubl e-T ayer julbHCAdd ehatl BAttHeSseddiR EQSARELE GuppBEk wathdd Ban ke
four-layer structure can be manufactured by a nethod simlar to that for

manuf act ur i ngeatibecoischdde ivd gh readh umthehawi thy at degrdo uldasr- thy dim$t rafct ure by
basically preparing the same manufacturing apparatuses for the three
steps. |n thaechbagipsiingccuraee, ir the peregedrdicasendit dAcnefpediesses of the

first substrates of the pair of optical i.nformation recording diuns are
substanti al | f%f"ﬁea ﬂﬁ%ggtﬁ?@efﬁéﬁﬁ&%és Ortmﬁé T dBRde _&%ﬁg‘gt of the
FASRGIR s RS e o WS T L

corresponding recessed tapered portion is formed in the residual

leading end of the other. According to the foregoing preferred

structure, by moving the second substrate support section

downwards, the projecting tapered portion formed on-fhe leading

end of either of the first shaft section or the second shaft

section and the recessed tapered portion formed in the leading

end of the other are engaged to each other. Thus, the central

axis of the first information layer and that of the second

information layer can be made to coincide with each other.

According to another aspect of the presemt inventionm,

there is provided an apparatus for optically rgcording and

reproducing information which irradiates, with light, an optical

information recording medium having two different information

layers provided with one or more selected from the group

consisting of information pits corresponding to information

signals, guide grooves for tracking and sample pits so as to be

capable of reproducing information signals from the information

layers, recording information signals on the information layers

and reproducing the recorded information signals. The apparatus



15 there is provided an apparatus for manufacturing an optical information
recordi ng medium conprising: a first substrate support section for
supporting a first substrate; a second substrate support section disposed
to face the first substrate support section so as to support a second
substrate; an applying section for applying a resin |layer to the upper
surface of the first substrate or the second substrate; a spacer disposed
on a plane on which the first substrat&8support section and the second
substrat e supgert opideei bh regerd isg candoraproducheg Jphematpen ggupHisesosed
outward fromthe fiyrst and second substrates; and a ressing seciion for
olevat ing ¢he GAHCHT BEBE Lot CRBabIn At Obletitn 15s cioe COBETRE & JBEbt ar e
suppor t secti gaandhiRtEP T 4 Neetd SShedl o360 ST RES unlN S0P AL US
for manufacturing an “optical " OF ITAt1 Oh Tecor i ng mediumallows, a

recordi ng nedigftrdiakbits FoflerrbANeE S&dt#ol Ud nbRe RBePFRRAUCSSinf bf Cient |y,
and it can be expected that the recording capacity can be increased.

It is preferaljhe light bdw appmridé usthogithepudfichar infgreatioapldyeat;
i nformation recording nedium according to the present invention further
conpri ses a | itgackingueantrgil sprese dfapposincd ling fhe spasisien of thee lightst

substrate support section that is in contac wih the first substrate,
wherei n the fidese tQ,peshle Ehe Jight beatcte ifeﬁnl‘?‘“% tﬁ%lcfé‘%‘lmaélﬁﬁtfé‘ﬁ??al t hat

perri ts penet LauheTuBhvdt of o0 Syl LA 1678 GELAEMADT ddalll riOUT 0O
demodulating a signal for identifying the information layers in
accordance with light reflected by or transmitted through the
information pits; layer selection means for selecting an
information layer from which the information signal is reproduced
or on which the sawe is recorded; and switch means for swi;ching
a method of tracking, which is performed by the tracking control
means, to correspond to a result of selection performed by the
layer selection means. According to the foregoing preferred
structure of the an apparatus for optically recording and
reproducing information, information can be recorded on and
reproduced from the recording medium having a multilayer
structure. |

It is preferable that the apparatus for optically
recording and reproducing information according tc the present
invention further comprises layer comparison means for
subjecting, to a comparison a result of selection performed by
the layer selection means and a result of identification
performed by the layer identification means, and a focus jumping
circuit for generating a pulse voltage to move the focal point of

the light beam between the information layers to correspond to an



foregoing preferred structure, the photosetting resin |layer is used so that
the first substrate and the second substrate are adhesive-bonded to each

other in a short tine. It is preferable that the apparatus for
manuf acturing an optical information recordi ng nedium according to the
pr esent 16 invention has a

structure such that each of the first d second substrates has a central

opening in the central portion thereof and cancentri.c qr_spi.ral
proj ecti on aRHtBIY FEOR JHRCHPARIF W} 00 %“é)rgﬁ“%iqf’ht}?e gﬁF‘F%’&é’gt her eof ,

and a cent et BOPLYLAML e EANLECHE A 38PLLOR;LONATBK] A1 a5ORE il 2xes of

the i nformat urms or gu grooves the Tirst substrate and

the secondggyhsit ai® fopusdd, Nehél Fobinb fhe p6siGbhedan Be fnvveheto RheVi ded
for at |east one of the first substrate support section and the second

substrat e suppBjdctseafdreatiodC dayek.nglh otHeh€ofepotgpicage, itréderred
structure, a recording nediumcan be obtained in which t he devi ation of
t he circul ar paeferable furithdw tospravidei traghivgnpolaridy inRerging @egndoves
formed on the surfaces of the_two informati.on | ayers, can be inhibited.

It is prefer &BF eSHifgRINgn &R PRARRY s Of oFRatREFEEB FINGOLFe3 BRI al
ot ort | on, LSRSKEaTE WRARGE LB, bESIR BRI et et
o oS k1514 o R B LS S RoRr 4 2l G 1175
a recording medium having the first information layer and the
second information layer having information pits formed in the
opposite directions between the two layers when viewed from a
position upon which the light beam is made incident, the light
beam can instantaneously be moved onto the information pit of the
subject information layer.

It is preferable that the apparatus for optically
recording and reproducing information according to the present
invention has a structure such that the focus control means
includes a first focus control means for performing control to
make the focal point of the light beam to coincide with a
position near the information layer, second focus contrcl means
permitted to be operated in a range smalier-than that of the
first focus control means, and focus switch means for performing
switching to the second focus control means after the operation
of the first focus control means has been completed. According
to the foregoing preferred structure, servo operation of each
information layer can be performed stably while maintaining the
focus pulling performance similar to that obtainable from the

conventional structure.



gui de sections each having a tapered portion having an end |arger than the
central opening of the substrate and another end smaller than the central
openi ng of the substrate, the first and second inner-portion guide
sections being capable of noving along the first and second shaft

sections. According to the foregoing preferred structure, the first and
second substrates can be secured to the surfaces of the first and second
substrate support sections in the stat® where the tapered portions of the
first and second i Ahels poeferghleuitgé thecepparetredoscepiiseyinre in contact

with the central hgles of the first and second substrates
17 Ther ef or e, TERFUBRIS) rapgodusing ABLeTmRion AEEPHHPROHP [thy dTegABt that of

the first substrate.s ort_section can ,be de.cojncide ,wth ch ot her
with a val ue ﬁB&?nttlﬁgwpa%n?ts_%?m&?érc%gﬁﬁﬁat2@&%%%?. Sﬂfgﬁxg%\}%%af‘st central
axi s of the seeofyddenfey @é@@fé@fgiiam s oRd hse%%%g%%ubétrate
support section can be de coi ncl de Mﬁtﬁ eacﬁ other wth a degree near

the limt of eggehENtRAlineEEIa6Y lakBrd hehé Ofoeg9idtatsEl Reahd besngr ef er abl e
that a projecting tapered section is fornmed on the leading end o one of

the first shabrrageti tnseiet¢thensg exfotbe sipefativectinditiensd in accordaxeondi ng
recessed tapered portion is forned in the residual _ | eading end of the

ot her. Accor dFAEP tBoresid tf of agdpabiopr pexdioreed byt thacdayer sBieeidePng t he

second SUbSt"%é§5§SUp£EHgfd§§§nibO{he foregoing preferred structure, focus

deviation can be corrected so that information can be recorded or
reproduced satisfactorily.

It is preferable that the apparatus for optically
recording and reproducing information according to the present
invention has a structure suéh that the tracking contfﬁl means
has at least two types of operation conditions to be adaptable to
each of the information layers, the tracking control means being
arranged to select one of the operation conditions in accordance
with a result of selection performed by the layer selection
means. According to the foregoing preferred structure, tracking
deviation can be corrected so that information can be recorded or
reproduced satisfactorily.

It is preferable that the apparatus for optically
recording and reproducing information according to the present
invention further comprises a photodetector for performing a
focus control including a first divisional light receiving
surface for receiving a portion of light reflected by the
recording medium and a second divisional light receiving surface
for receiving the reflected light on the same plane on which the

first divisional light receiving surface is positioned, the



downwards, the projecting tapered portion forned on the |eading end of
either of the first shaft section or the second shaft section and the
recessed tapered portion fornmed in the leading end of the other are
engaged to each other. Thus, the central axis of the first information
| ayer and that of the second information |ayer can be nmade to coincide
wi th each other. According to _anot her aspect of the present

i nvention, there is provided an appgﬁﬁtus for optically recording and
reproduci ng $erosdn@iviciondl dheht raegeiniag, supfeee [Hegaivingn thpmed apcted

i nformati on recordi ng nedi um hayi wo diffecent inf.oroation. | ayers
provi ded wi t H&eodrtigoPitsd Fe‘?t/&ggfél&‘ﬁ\tt Yi§t ki%ﬁsfgfeflﬁvdn%f

i nformation pit orr in [ | ' e oves for
tracki ng andg‘ézéfsr?ﬁ%é |5El|%t‘SJ g?@g:gago %tglebég&%g%ﬁa% eefoe?rrggg%o Sgﬁégj ?‘ﬁ?‘gr mat i on

si gnal s 1 om {16.h0{ G 18!t odd et fon EeESESHING elokTBLVRR o gnal s on_the
I nformation [layers and reproducing the recorded information signals. The

apparatus - multilayer structure, the range in which the fa&is fisrpwdedcedn y
recording and reproducing information conprises: optical neans for
causi ng an ob¢ extlaveed bysswidching shecfagus|dpiectiagenagian betweenr 88 a | i ght

source onto the recordi ng nmedium focus control negans for performng
control to nBREENthehem,dhe fp’&?‘ﬁtl%Punei%énqli%ﬁtm%&ﬁ%%ﬁﬁﬂépWPh ei t her of

t he i nf or mat bggra!t%r?riss; performed.

Brief Description of Drawings

Fig. 1 is a cross sectional view showing the structure of
an optical information recording medium having two information
layers according to the present invention; )

Fig. 2 is a perspective view showing the structure of an
optical information recording medium having two reproduction only
information layers according to the present invention;

Fig. 3 is a perspective view showing the structure of an
optical information recording medium having a reproduction only
information layer and a recording and reproducing information
layer according to the present invention;

Fig. 4 is a perspéctive view showing the structure of amn
optical information recording medium having two recording and
reproducing information layers according to the present
invention;

Fig. 5 is a cross sectional view showing the structure of
an optical information recording medium having four information
layers according to the present invention;

Fig. 6 is a schematic cross sectional view showing an



tracking control neans for controlling the position of the |ight beam to
enable the light beamto follow the information pits, gui de grooves or
the sanple pits; layer identification nmeans for denodul ati ng a signal for
identifying the information |ayers in accordance with light reflected by
or transmtted through the Information pits; |ayer. selection neans for
sel ecting an I nformation | ayer fromwhich the information signal is

r epr oduced or on which the sane is rebdbrded; and switch neans for

swi t chi ng aapetradds dfort nanifeotyringi tie bptivad f brfivedationt hecdardaegki ng
control means, to correspond to a result of selection performed by the

| ayer sel ecti WWaﬁ%COfﬂéég)rT@ ﬁ@e Pﬁef’efﬁ@ fovesddonig preferr ed structure of
the an apparatus fo &I cally . recordi and reproduci.ng i.nf ormati on,

i nformati on can be l%par r‘?ﬁﬂ?@eﬁeoftE‘B?ﬁ yée e'%’@?'a’i‘% fedi um
having a mult ';la\g%%rtu?l ytrr ﬁu%z turingol té\e o {1 § ﬂ{f‘ai'x% l&he %J&En%cordi ng to

appar at us for recordal ng UCI ng |n ornmatl on

the present joyeath&dbrlihd %rtﬁpgpéééﬁslﬁmgmponparl son neans for
subj ecting, to a conparison a result of selection perforned by the |ayer

sel ecti on nmeans andfFig.r 8sid ta sécondepintfiat advosn squeidmrinetledshbhing ayer

I dentification neans, and a focus junping circuit for generating a pul se
vol t age t o novke eppafatwsl fgorarufsctuning theleptingdnipearwetion wecendiog mat i on
layers to cort é?%%”étég%d?ﬁg to the present invention;

Fig. 9 shows the sequence for manufacturing the optical
information recording medium having two information layers
according to the present invention;

Fig. 10 shows the sequence for manufacturing the optical
information recording medium having four information layers
according to the present invention;

Fig. 11 is a block diagram showing the structure of an
apparatus for optically recording and reproducing information
according to the present invention;

Fig. 12 is a schematic view showing the structure of an
optical pickup of the apparatus for optically recording and
reproducing information according to the present invention;

Fig. 13 is a schematic view showing the structure of a
focus control section of the apparatus for optically recording
and reproducing informatién according to the present invention;

Fig. 14 is a graph showing the waveforms of focus error
signals cobtainable from the two information layers of the optical
information recording medium according to the present invention;

Fig. 15 is a schematic view showing a photodetector of the

apparatus for optically recording and reproducing information;



19 output fromthe conparison nmeans. According to the foregoing preferred
structure, if an information |layer, which is not the subject, is focused,
t he focusing position can be noved to the subject information |ayer. In
the foregoing case, it is preferable further to provide tracking polarity
i nverting means for switching the polarity of the tracking control neans
i n synchronization with the operation of the focus junping circuit.
According to the foregoing preferred sgtgucture, even in a case of a
recordi ng medi um haygnget he af séisdnait 0 arieRt shorihg e atdicthee ofeaond

I nformation |layer having information pits formed in the opposite

directi ons bébewemwottmlt sectiaypers thheapparatusd for @pticabiysre¢aydispon which
the light beamis made incident, the light beam can instantaneously be

moved onto t BBA|HFDEPRIPE ntfPFniopraccottbie P T BFRRRTlomMYSRFAPD:

It is preferable that e, appar,atus.far. optical ly., r r di n

r epr oduci ng i nfor thqaﬁ:&ﬁ? i)ctvf‘}gwp?éo?gﬁ% ﬂ?n%@ﬁﬁ%gﬁgﬁgsga structure
such that th 98]5’1 I i Aub| £ obPrdd 16 BUbpAieeans for
perform ng cgﬁ%ro Et%&ﬂtfrg esetgﬁg&?ggaﬁfépg %?rmy t he Io?ght b%am to 1cﬂ(«)é:anci de
wWith a posi hh@nrdpeadudifg inFoerdBiohoscdoriig tectlngréomits ineaition; means
permtted to be operated in a range snaller than that of the first focus
control neans, andFigcug ssiat croseeaastioarl peiekosiminigg andthehiexguple t he
second focus control neans after the operation of the first focus control
means has beef thmprticed. infesus bigagree@ding mediwy deN g fereprodyctiafyct ur e,

servo operation of each, i nformation | ayer,. can ee%er or.nmed stably while
mai nt ai ni ng ©ORly information layer and a r ording and reproducing

information layer according to the present invention:

Fig. 19 is a cross sectional view showing still another
example of the optical information recording medium having a
reproéuction only information layer and a recording and
reproducing information layer according to the present invention;

Fig. 20 is cross sectional view showing another example of
the optical information recording medium having two recording and
reproducing information layers according to the present
invention; and

Fig. 21 shows the process for manufacturing a conventional

optical information recording medium.

Best Mode for Carrying Out the Iﬁvention

An optical information recording medium and an optical
information recording and reproducing apparatus according to the
present invention will now be described with reference to the
drawings.

Fig. 1 is a cross sectional view showing an embodiment of

the optical information recording medium according to the present



focus pulling performance simlar to that obtainable fromthe conventional

structure. 20 It is
preferable that the apparatus for optically recording and reproducing

i nformati on according to the present invention has a structure such that
the focus control nmeans has at |east two types of operation conditions to
be adaptable to each of the infornmati | ayers, the focus control neans
being arranged to select one of the opeéeration conditions in accordance
with a result inferssbect iAsnsipemf bx Fag. bly, ghidd gyesvesefecttirackingeans.
According to the foregoing preferred structure, focus deviation can be
corrected so shuple piby Pat ivfereaioneritec speregrondingep dafermeption
satisfactorily, rabl e .t hat .t he .a s for optically

recordi ng and StERISIAE ﬁéh‘%ﬁfBgﬁtSSﬁ 5&’556?%?"’%3& rgﬁg‘%%gg%trﬁ 1 i nvention
o ot bcLUi B Aol 1. GE O RBRLER PR of Shorbunenel v
layers, the tLagdirdde CONth&e HENITNEEIFirsd iAPGRGALI6n SLEE12 €Btnf the
operation conditions in accordance wth a result of selection perforned by
the | ayer sel ggtd ahinnHdnsshibbamfdeots taoptischosfegol ightpbede7r madest r uct ur e,
tracking deviation can be corrected so that information can be recorded or
reproduced satncidsptosd Ithe first substrate 1 and permits penetration of a
portion of the light beam 7, the thin film 2 having thickness d2.
On a surface of a second substrate 3 having thickness d3, there
are formed guide grooves or information pits corresponding to
information signals. On the surface of the second substrate 3,
there is formed a second information layer 4 formed by a thin
film having a reflectance higher éhan that éf the first
information layer 2 and having thickness d4. Between the first
information layer 2 and the second information layer 4, there is
formed a transparent separation layer 5 for positioning the first
information layer 2 and the second information layer 4 apart from
each other for a predetermined distance d5. Thus, an optical
information recording medium having a double-layer structure is
constituted.
It is preferable that the first substrate 1 and the second
substrate 3 are formed vertically symmetrically with respect to
the separation layer 5 as much as possible. That is, it is
preferable that the materials and the thicknesses (dl and d3) are
made to be substantially the same and the two substrates are
different from each other in only the pattern of the information
Pits on the surfaces thereof and the structures of the first and

second information layers 2 and 4.



It is preferable that the apparatus for optically recording and
reproduci ng i nformati on according to the present invention further
conprises a photodetector for performing a focus control including a first

divisional light receiving surface for receiving a portion of |ight
reflected by the recording nediumand a second divisional |ight receiving
surface for receiving the reflected |ight on the sane plane on which the
first divisional light receiving surfag® is positioned, the

21 second divi si onif thiegbpticet einformptdonf egaerding mefiar dReconstiteiedd | ght
on the outside of the first divisional |ight receivin surface. According
to the foreg8prifSEFEPs: PRRVSt ?‘d{ﬂrm‘éaﬁ%égm‘ﬁtﬁf%rsﬁﬁ’t‘?&?ei E"?’éﬁ?%&ed from
a recordi ng nedj,um havin [ r tur a Is ich the
focus is pul Bt Reoga e APS%%%%"% g%%'th@%%ﬁ%éd%ctl?o%mr egi on

bet veen the  FPIENGL Wien1 1P 1§ QeibrhfecPith! @ik a08drlte MUERES i lthe Servo

operation is pertor Brief” Description of Draw ngs Fig. 1is a
Cross secti onab NdmpurStiewi 6tg thb e ikbrdinting etinf mamufacptr gl prodess rednyon
recordi ng nmedi um having two information |ayers according to the present
i nvention; generatefidjist@rtimnacaebspemipensatadew Bedwihgnudealst ruct ure of an

deformation factors act on the two substrates due to change in

the environment temperature or humidity, deformation an@ warp can

be inhibited. As a result, a structure durable against change in

the environment can be obtained. Therefore, even if the first

and second substrates 1 and 3 are made of a resin, deformation of

the manufactured recording medium causing an error to take place

in reproducing signals can be prevented. i

Information signals can be reproduced from the optical

information recording medium according to this embodiment in such

a manner that the two information layers (the first and second

information layers 2 and 4) are irradiated with the light beam 7

from a position on the outside of the first substrate 1, and then

change in the quantities of reflected light beams is detected so

that the information signals recorded on the first and second

information layers 2 and 4 are reproduced. To enable the

information signals to be reproduced, the light beam 7 for

irradiation must be converged efficiently onto each of the first

and second information layers 2 and 4.

Therefore, the first information layer 2 must have a
predetermined reflectance to enable the information signals

formed on the first information layer 2 to be reproduced as the

change in the reflected light. Moreover, to allow the light beam



optical information recordi ng medi um having two reproduction only

I nformation | ayers according to the present invention; Fig. 3is a
perspective view showi ng the structure of an optical information recording
medi um having a reproduction only information |layer and a recordi ng and
reproducing information |ayer according to the present invention;

Fig. 4 is a perspective view show ng thg structure of an optical

i nformation recordi ng nedi um having two ?ecording and reproducin

i nformati on | y&ers isradbiedien and havanp e pepdetarpinas fatensity to remly. 5 is a

cross sectional view show ng the structure of. an qptical infornation
recordi ng meditifn $5OR g‘“PB{P%tilﬂrf d?ﬁﬁ?i';ontg?a{}é'ﬁg 1&’3@8?%’-85 Fehe present
i nventi on; L.g. ' {ﬂga ' ect, V] { Nng an

22 appar at us st r}r‘glﬁgfaag’f'%%tﬁaﬁ_ eng{]:o% | cg%gilsﬁftgf ng’tl?_@ﬁlgrhe*é}gér/%?ﬁgﬂ medi um
according to GhfoREesfNtalélvanid @Bt required to-h%pebiffc ArdndmiksPartyl al
cross sectional view show ng the apparatus for manufacturing the optical

i nformati on rehersdcogd imEcknatiac dayel Mg muot thaee ptieskighdsnvieossibhy

Fig. 8 is a second partial cross sectional view showing the apparatus for
manuf act ur i ngreflectpacacib ¢mibogenthe oshangeoinlithg queatiiuhrbcwfddctag to t he

pr esent invenELon; .. Fig.. 9 shows the sequence for manufacturing the
opt i cal ight to provide the information signal. That is, when the

information signals of the second information layer 4 are
reproduced, the light beam 7 must, penetrate the first
information layer 2 two times. Thefefore, this embodiment has
the structure such that the reflectance of the second information
layer 4 is set to be higher than that of the first information
layer 2. “

As a material of the first and second substrates 1 and 3,
it is preferable that a material be employed which does not
considerably absorb light in a wavelength region of the light
beam 7 for the irradiation and which has great strength.
Accordingly, the material of the first and second substrates 1
and 3 is a resin, such as a polycarbonate resin,
polymethylmethacrylate (PMMA) resin or the like, or glass.

In the case where the resin is used as the material of the
first and second substrates 1 and 3, the substrate can be formed
by heating the resin to the molien state and filling it into a
mold having information pits or a guiding groove on one side
thereof. In the case where glass is used as the material of the
first and second substrates 1 and 3, a method is employed in
which information in the form of information pits is formed on

the surface of a flat glass plate by, for example, etching. As



I nformation recordi ng nedium having two information |layers according to

the present invention; Fig. 10 shows the sequence for manufacturing
the optical information recording nmedium having four information |ayers
according to the present invention; Fig. 11 is a block diagram
showi ng the structure of an apparatus for optically recording and
reproduci ng i nformation according to the present invention; Fig.

12 is a schematic view show ng the strétture of an optical pickup of the

appar atus fqy, aptdeakive k8caidi Ng Atod I @P PRkt PoOlyrien eatiidhi methedyording to
the present invention; Fig. 13 is a schematic view show ng the

structure ofisaempliyed towhicH asevlireniolett herimgpresinuds fappligd iteal |y
recordi ng and reproduci ng i nformati on according to.the gresent i.nvention
Fig. 14 is athgrawrfacaowl Ahe tHatvalassophateor foljoned &y Bress e €iBbt ai nabl e
fromthe two information |ayers of the optical .inforpatian.recqr.ding nmedi um
accor di ng t d3VABE [ SEEACE; tEHT8 mﬁor"%tmxf—'ip@?s 1% 807, 3 g?é?%gtilg% Vi ew

showi ng a_Phot oRStREL%r heddiB3BPH1TLYS HoRbvdlR! A& retnsRC BF ddihi A0

repr oduci ng T'hi-of mat i on

Fig. 16 is ansCherht bed \deB¥hd Rankfgitbhel singustareendd 1anifedcus thent rol
section of the apparatus for optically recording and reproducing

i nf or mati on m|erepsilighgetmddshe Amyesetiiod naebei exployed as lodg gs W is a
schematic view show ng the structure of a tracking contrql section of the
appar at us foempdpyﬁed:a;leﬂgod' ésatdento give a predetermined optical

characteristic to the substrates. Since the foregoing methods

are known methods employed in a process for manufacturing a usual

optical disk, such as a compact disk, further description thereof

is omitted.

The patterns of convex and concave portions to be formed
on the surfaces of the first and second substrates 1 and 3 are
different from each other depending upon whether the function of
the information layers is an exclusively reproducing type or a
recording and reproducing type. In the case where the
information layers are arranged to be exclusively reproducing,
the convex and concave portions are in the form of information
pit columns constituted by a pattern formed on the surfaces of
the substrates and modulated in response to the information
signals. In the case where the information layers are arranged
to be recording and reproducing, the convex and concave portions
are in the form of guide grooves consisting of continuous
convex and concave portions for performing tracking control of
the light beam or wobble pits adaptable to a tracking method.
called a “sample servo method”. .

1t is preferable that the first and second substrates 1



and reproduci ng information according to the present invention;

Fig. 18 is a cross sectional view show ng anot her exanple of the optical

i nformati on recordi ng nedium having a reproduction only information |ayer
and a recording and reproducing information |ayer according to the present
I nvention; Fig. 19 is a cross sectional view showi ng still another
exanpl e of the optical information recoy I ng medi um having a reproduction
only information layer and a recording ahd reproducing information |ayer
according to tand prhesernubshamtieldn;the same sig.gan@@resteymed P asitonal vi ew

show ng anot her exanple of _the ogtical inforna&ion regﬁ:dinqbnediqn1having
two recordi ng BRSSP SIIRE NG LRE SR PSSPy o8 BEELITHRRg 10 3t FeSiBr esent

i nvention; and sy :o FI LOC CI Ul i
convent  onal  E5eTieh it B Bn VB by Grtat ot oo SRR L R
Carrying Qut tigs{ OMRRLANFormed by B ¢8dn LBiPMIPLLGRA! 6GRr di ng medi um
and an optical 1nformation recording and reproducli ig appar atus accordi ng
to the preserubsfmeessican YeddnendyfdrRedeuth kadvwaniidd, refter eaagt o t he

dr awi ngs. Fig. 1 is a cross sectional view show ng an enbodi nent of

the optical i aflboweskt torstend diadi aglangdtinme depanddnmgipon theenplddsgnt
conditions or the like. Moreover, change in the enviromment
temperature or humidity causes the substrates toc be considerably
deformed. In the case where the substrates are formed by the
Photo-Polymerization method, similar deformation takes place,
though the degree of the deformation is not critical as is
experienced with the injection molding method. While considering
the foregoing characteristics, this embédimeﬁ% has the structure
such that the first and second substrates 1 and 3 are formed in a
similar process and the two substrates are adhesive-bonded to
each other with the separation layer 5. As a result of the
employment of the vertically symmetric structure with respect to
the separation layer 5, stress and distortion of the substrates
can be inhibited. Thus, an optical information recording medium
having a satisfactory durability against change in the
enviromment can be obtained.

The thicknesses of the two substrates, with which
substantially the same mechanical strengths can be attained,
depend upon the temperature of the environment in which the
recording medium exists or the material of the substrates. To
obtain an allowance of the difference in the thicknesses of the
two substrates, an optical information recording medium having

the following structure was manufactured: a polycarbonate resin



24 invention. As shown in Fig. 1, guide grooves for tracking, sanpl e
pits or information pits corresponding to information signals are forned
on either surface of a first substrate 1 havi ng thickness dl. On the
foregoing surface of the first substrate 1, there is fornmed a first
information [ ayer 2 forned by a thin filmwhich reflects a portion of a
| i ght beam 7 nade I ncident on the fizst substrate 1 and permts
penetration of a portion of the light beam 7, the thin film 2 having

t hi ckness d2havim@naathligkhese off 06 smcowasd esphyedate f8rinabienfindti ckness d3,

t here are forned QU|de?ﬁrooves or information pits correspondlng to
i nformati on SHgHEREE on FReM.saricdin flal’{é“%@c@h’ff’ké‘ﬁ%%tor atlg MR WaSthere s

rof | ect Zniicﬁ?%}#é?“” £rbhe SBruraee T 370l B Al apforsBbi M v g
thi ckness d4 WeFed. he'rlfxé r’c‘fﬁck:ne'sgf<§(r %E'é&&oh@ys‘%ibs%r@d&d?atzﬁﬁiess ond

I nformati on Fayer 4 there is formed a transparent separation layer 5 for

posi tioni ng %he fdolysirbonhbé Glel®A iveR tiRged 2f@ad0 hensesand hwnf @pdat i on

| ayer 4 apart from each other for a predeterm ned distance d5. Thus, an
opti cal i nfthemani o fidmohaliing argddi dmdsavond08 mowbs efdragérsestthatctaure i s
consti tuted. It is preferable that the first substrate 1 and the
second substeeand dnfgraatiohdavere W%%moym@q/m@@rrqoe'aﬂ yi ﬁﬁwartégbect to

t he separatlgn Ia er 5 _as %gh as _possi bl e. tig pref erabl e that
the materi al t'ﬁ%s ERFRRH Q¥ <L BETHL T VRS ?%Vloﬂﬁﬁémﬁ)n%é“%%st antially
the same and%é;tgefn;xor; 05! 47tk Ee Ynfoiatlish 6F il £7 OThEWebaPhlifeh 1y v the

pattern of t
5 was used to adhesive-bond the first information layer 2 and the

second information layer 4 to each other. The quantity of
deformation of the thus-manufactured optical information
recording medium was measured, thus resultiﬁg in the following
values being obtained. That is, if the thickness of the second
substrate 3 is 0.6 mm = 30 % or smaller, allowing to stand in a
' room temperature environment, the temperature of which was 30°C
and the relative humidity (RH) of which was 80 % for 1000 hours,
resulted in a quantity of warp of the recording medium of 0.4 mm
or smaller. In this case, a stable servc operation was
possible. Even if the optical information recording medium was
allowed to stand in a more severe environment, the temperature of
vwhich was 80°C and the relative humidity of which was 80 % for
1000 hours, warp of the recording medium could be inhibited in a
case where the thickness of the second substrate 3 is 0.6 mm =+
20 % or smaller.
The information layer is classified into two types
exemplified by a reproduction-only type and recording and

reproducing type. The recording medium according to this



pits on the surfaces thereof and the structures of the first and second

I nformation | ayers 2 and 4. 25
If the optical information recording nediumis constituted as described
above, a vertically symmetric structure with respect to the separation
| ayer 5 can be forned. Therefore, even if a stress or the like is
generated in the substrate due to changg,in the tenperature or the like
during the manufacturing process, any ener at ed distortkgn can be

conpensat ed. EFEPAImENHAS ANC 1REPTIRARER ORYPERt oF RETEEPTIN RS HHE ' ifost r at es
due to change i.n NYALT nt te tion and

t he .enyiron eratuf.e or hum.djt def or
warp can be Pﬁhpbqlr gor Aé’gamerréggﬂInfa?’nge'stlpujé}feuggqu.cﬁ??éﬁ ﬁSSEiaﬁsF hange in
Lhe environmeRt LanypenRRlsh Nader BAEM B Boof Shedrhatiith RySt, afpbeecond
substrates 1 an are made of "a resin, deformation o t manut act ur ed

recordi ng meditHen £AUSKIME Fbueitypés,! @ha Bk, PIAC ¢reprddueiondssiy}g signal s can
be prevented. - I nformation signals can be reproduced fromthe

optical i nfodrmeprainctbmopdliylg Bdi{vepmeot timgnlyg {hecordibpdindent i n such
a manner that the two information |ayers (the first and second information
layers 2 and Ippeadicirgladill daemradicine andgrrprpduaing! - tnepRedugidsnti on on
Fof 1 oct od 1 gRPHeaAt; D)ot eertlra 60 FRRFOTRAT T GPHET B8 SFhnal & recor dod
on the first ?'ngr&ﬁ%(i)%.
The reproduction only information layer is formed by a

thin film formed on the surface of the subétrate having the

foregoing information pits formed thereon, the thin film having a

predetermined reflectance with respect to the light beam. In the

foregoing case, a material may be ;élected from a group

consisting of metal, such as Au, Al, Cu or their alloys; an

oxide, such as SiOz, Si0, TiOz, Mg0 or Ge02; a nitride, such as

SisN4 or BN; a dielectric material of a sulfide, such as ZnS or

PbS; their mixtures; and a multilayer structure of the foregoing

oxide, nitride and the sulfide. By using the foregoing material,

information layers having a predetermined reflectance with

respect to the light beam having a specific wavelength can be

obtained.

In the case where the first information layer 2 is a

reproduction only information layer, the first information layer

2 must have a predetermined transmissivity with which the first

information layer 2 reflects the light beam 7 made incident upon

from a position on the outside of the first substrate 1 and

allows the light beam having a predetermined intensity to reach

the second information layer 4. In the case where the same



information |ayers 2 and 4 are reproduced. To enable the information
signals to be reproduced, the light beam7 for irradiation nust be
converged efficiently onto each of the first and second information |ayers
2 and 4. Therefore, the first information |layer 2 nust have a
predeterm ned refl ectance to enable the information signals fornmed on the
first information |layer 2 to be reprodyfed as the change in the reflected
| ight. Moreover, to allow the |ight beam

26 7 for irwmatériglofs ased HavEerp aheridast einfiorsetion &8t ¢ a9 BAch  the
second infornmation _|layer 4, the first information |ayer 2 have a

pr edet er mi ne8eE9uh &Rt ’v"rqr’y.tiaﬁﬁ fou Eﬁgeggéggn(g)secl nfor H%tq%gﬁg?%{/‘er 4 s
not required,to a.spegific: eSSy, Vidds : Ngh e f or. Lon | ayer 4
nmust have thgyﬁﬁgﬁégtﬁ%5§€¥%#§&§q¥e f%é?éﬁggﬂ?gﬁgn g?ggﬁkﬁgpgggﬁze in the

quantity of &giﬁ&%teﬂan thaOlle H% REEMIIAntSMmdtabRIIEREr ON SigRak. caeat s,
when t he I nformation signals of the second infornation |ayer 4 are

reproduced, Wherd iaghétdlesgnehplopdd tpefwtn the infierdaties layenf dbeati on | ayer
2 two tines. Therefore, this enbodinent has the structure such that the
refl ectance ebtéhdsstowed intboandtinofiln haying 3 thickeess 6fpe W §AAC t han

that of the first information | ayer 2. . e
me. To maintain both ref%%ctance and the transmissivity of the

first information layer 2 at high levels, it is preferable that
absorption oé light by the information layer is the lowest
possible level. In the foregoing case, the first information
layer 2 may be a dielectric material or an organic material
capable of realizing a high refractive index and a low
coefficient of abséfption. Moreover, a layer formed by stacking
the dielectric material and the organic material enables an
information layer that does not considerably absorb light to be
obtained.

In the case where the second information layer 4 is the
reproduction only information layer, the transmissivity is not
required to be considered. It is preferable that the reflectance
be the highest possible reflectance. In the case where the metal
is employed to form the second information layer 4. a metal
formed into a thin film having a thickness of 40 nm to 200 nm is
employed.

The recording and reproducing type information layer
comprises a thin film formed on the substrate having the guide
grooves or the sample
pits formed thereon, the thin film having the optical

characteristic which is changed when it absorbs the light beam



As a material of the first and second substrates 1 and 3, it is preferable
that a material be enpl oyed which does not considerably absorb light in a
wavel ength region of the light beam 7 for the irradiation and which has
great strength. Accordingly, the material of the first and second
substrates 1 and 3 is a resin, such as a pol ycarbonate resin,

pol ymet hyl met hacryl ate (PMVA) resin or the like, or glass. In the
case where the resin is used as the matirial of the first and second

substrates 1 &0f the infadiation andetheSipte forﬁ%%lChBS}g%@QW%ldd?%%‘f#é@l nto

h | d .f.
GU 41 ng. or ooV Bh e 8 hd™oen e Aol FRoPRu e sl aae 5t 285 tHE Doed s the
material of ther fihi&h mxseg%céeﬂatasrt aseeémgd(%@é ay Eer?etlBQE’eai %r&{ml oyed

in which |nfornat|on inthe form of ornatlo its 1s for

surface of a fhagreb@sich ablsiits éf.ora pmraalcﬁan ﬁ@te&gam&he

27 an alternative to this, a nethod (a Photo-Pol yneri zation nmethod) is

enpl oyed i n wefdecamogl of adich dis chﬂmigﬁg duesita lighépfin ¢be tioradisgiour f ace of
the flat glass plate, followed by pressing.a die having a surface

conpri si ng i nbesaEe i Be @T-att@ ob ther mnfb}nhaﬁ.@h@nge@ tah@aanﬁtﬁrfaﬁnpnforrmt i on

pits. However, the ds of f fir con ubstrates 1
and 3 are notmqqeﬁﬁ?g‘ént g figrm 2 %oqhbn%tl ‘?rhé’ be enpl oyed
as long as tr%%gnetzzatlan of which is changed and the change of which can be

detected as a Kerr effect; an organic material, such as a

coloring matter, having the spectral reflection factor which is

changed; and a photochromic material.

The phase—change material, the phase of which is changed
between amorphous and crystal, mé§ be selected_from a group
consisting of a chalcogen material, such as SbTe, InTe, GeTeSn,
GeSbTe, SbSe, TeSeSb, SnTeSe, InSe, TeGeSnO, TeGeSnAu or TeGeSnSb
type material; and an oxide material, such as Te—TeOz, Te—TeOz~Au
or Te—TeOz~Pd type material.

The phase~change wmaterial, the phase of which is changed
between crystal and crystal, may be a metal compound, such as an
AgZn compound or an InSb compound.

As the magneta~§ptic material, MoBi, TbFe or TbFeCo type
material may be employed.

As the organic coloring matter, a leuco dye, such as
triphenylmethane or the like may be employed. The photochromic
material may be spiropyran, fulgide or azo type material.

Note that the recording-enabled information layer is, in
view of its function, classified into a write-once type

information layer to which information can be recorded only one



enpl oyed nmethod is able to give a predeterm ned optical characteristic to
the substrates. Since the foregoing nethods are known nethods enpl oyed in
a process for manufacturing a usual optical disk, such as a conpact disk
further description thereof is omtted. The patterns of convex and
concave portions to be formed on the surfaces of the first and second
substrates 1 and 3 are different fromeach other dependi ng upon whet her
the function of the information queréiﬁs an_excl usi vely reproduci ng type
or a recorditigea?tf peYArBdtinegypy jafornptipe laves othehéch mecordedor mati on
| ayers are arranged.to be exclusively reproducing he convex and concave
nto hEg the

portions are % 1B A% Pe i Y5 TR o £ @5eu o’i’f'slttf“f?ﬁ%ed.tg@e a
pattern for;mr%g,[fgpméﬂgnsigg%g?q@w{ neet Iggg(%u\%%&éaéfe%@%?gg%%ﬂ%gd i n response

to the info ron "sign n ere the i'nformation | ayers are

arranged t O RReFAAONEIT ofNthe' BRERRBCESNDr 1hH TR QBY PayaR d SCRARAFBIPOr ti ONs
are in the formof guide grooves consisting of continuous convex and

concave portitenbef as per finformagidn dakeng foonéd ain ofe stbhetrdatght beam or

wobbl e pits adaptable to a tracking nethod, called a "sanple servo
met hod" . Anothen mpthqs mpehgbeepkoysd thehich & depldestaxsrdstiissirates 1

28 and 3 have bl iR ofa Yignt abiorbing i Pla 15yer°bhe % B¥eal 18fer

is éﬁployed to prepare alloys by irfadiation with light.
Although the information layer may be constituted by only

a recording layer, it is preferable that a plural-layer-structure
including at least two layers be employed in order to cause the
material forming the information layer to be reversibly changed
and the optical change in the recorded signal to be enhanced.
The double-layer structure may be a structure including a
dielectric material layer/a recording layer, a structure
including a recording layer/a reflecting layer or a structure
including a reflecting layer/a recording layer (in the foregoing
sequential order when viewed from a position upon which the light
beam 7 is made incident). A triple-layer structure may be, when
viewed from the substrate, a structure including.a dielectric
material layer/a recording layer/a dielectric material layer or a
structure including a dielectric material layer/a recording
layer/a reflecting layer. A guadruple layer structure may be a
structure including, when viewed from a position upon which the
light beam 7 is made incident, a dielectric material layer/a
recording layer/a dielectric material layer/a reflecting layer.
A quintuple structure may including a first reflecting layer/a

dielectric material layer/a recording layer/a dielectric material



the sane material in the same process. In particular, if aresin nmaterial
Is enployed as the material of the substrates and if the substrates are
formed by the injection nolding nethod, the substrates can becone

def ornmed, such as warped, after being allowed to stand for a long tine
dependi ng upon the nolding conditions or the |like. Mreover, change in the
environment tenperature or humdity cayses the substrates to be

consi derably ,defo d. I,n _the case,where the. substrat are formed by the
Phot o Pol yr 9% BnEHEPHOEE 67 Bl YRE! BPefh R TP SRb P et FeiEugh t he
degree Of 't NCpQSiBRL BB fekoP@ingC 1aydiC Bhd Shel RiclpXREld BREGAAN Idyckhe

I njection nolding nethod. While considering the foregoing characteristics,

this enbodi nepy WASntéwmtatt vathircachseiiart hadtet herdtios tinatke SBeH Nt In
substrates 1 and 3 are fornmed in a simlar process and the two substrates
are adhesi ve- bberdedcomlingaizh petfvemed telpesterl lyepar bei preveayat. 5. As a result
of the enploynment of the vertically symetric structure with respect to

t he separ at i offoragyer. ¥pticaleshangeqiyirecordedAnbIrmefion gaathaset tocan be

i nhi bited. Thus, .an optical information recording nmedium having a
satisfactory ﬁﬂﬁ%ﬁﬁ#ﬁ'%?'against change in the environnment can be obtained.

The thi cknesses of e dif SR WERLER Yebdk UaY O wSPSEARALLI e sarT

mechani cal strengths ¢ e attalned, pon enperature of the
environment i BeWdtted #R af @p@oﬂsigma%uw exi @tﬁe@rsddheamietg_i Fippf the
substrates. To obtain an allowance of the difference in the £hicknesses of
the two subsu‘mzt,e&g()zm Gzpﬂzi;calniitnidy,nnubl@rasr Stéjqubn@mealisuilfhde/.i ng

such as ZnS or PbS; and their mixtures.

The reflecting layer may be made of any material
exemplified when the reproduction only information layer has been
described.
In order to maintain a sufficiently large gquantity of

light on the second information layer 4, it is preferable that

the separation layer 5 be made of a material which does not

considerably absorb light having the wavelength region of the

light beam 7, in particular, light which has passed through the

first information layer 2. Therefore, the separation layer 5 may

be made of a transparent adhesive agent, glass similar to that of

the substrate or a resin material. In the case where the first

and second substrates 1 and 3 are made of the resin material, it

is preferable that a similar-type resin material be employed to

maintain mechanical reliability after adhesive-bonding. To

shorten the time required to complete the adhesive-bonding

process, it is preferable that a ultraviclet curing resin be

employed.

The distance d5 of the separation layer 5 must be at least



the follow ng structure was manufactured: a polycarbonate resin

29 having a thickness of 0.6 mmwas enployed to formthe first substrate
1. Then, an Au filmhaving a thickness of 10 nmwas formed on the first
substrate 1 so that a first information layer 2 was forned. The thickness
of the second substrate 3 made of the pol ycarbonate resin was changed from
0.3 mMmto 1.2 mm and then an Au filmhaving a thickness of 100 nm was

formed so that a second information Ia@er_ 4 was formed. Mreover, a
separation |lapger Bhamstheofensd Bgptindatesmined byptherpreRical PSR g resin

I havi ge thick f 4 Th ' I 5
U2 10 UnasR o GHECH YR on CoFARI TEFIEIERE S AAd Bhetdediy
i nf ti I 4, t ti f | f th
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resulting in %ﬁ@h&mih@ ' Qi%ﬁ/ ahyes v&%h”&i&gi‘aid}@gmaﬂibﬁt ldyer id bfelﬂgﬁl owi ng

t hi ckness of e secon substrate 3 is 0.6 nm 30 %or snaller

to stand iR aeprod@ibeldenIgT ehalrigtemityoofiethe, 1ighe t@vpegattupeimf ish8kh was
30[err]C and the relative humdity (RH) of which was 80 % for 1000 hours,
resul ted in & guagtdatyr ofi thargspeét ttve the wentraly intanisdity of108. % when G

smal ler. In this case, a stable servo operation maiﬁ gos iQIe. %ggn I f the
optical inforHgftPpapeih cavergeded Enshigmatif| Giga t ?%Fﬁd PR Bdbre severe
environment, aIl %wé ea %}?itm%:?onoizith the following Equation (1}:

Az =2 /7{2 (AN%} (1)

In an exemplary case where A = 780 nm and the NA = 0.55,
then Az= 1.3 gm. TI'herefor, a region within * 1.3 zm is
included in the focal depth. In the case where the foregoing
optical system is employed, it is preferable that the thickness
d5 of the separation layer 5 be set to a-value larger than 2.6
.

The influences of recording marks included in the light
beam passing through the first information layer 2 when the light
beam 7 is focused to the second information layer 4, act as
crosstalk takiﬁg place when the second information layer 4 is
reproduced. Therefore, in order to reproduce the signals stably,
it is preferable that the thickness d5 of the separation layer 5
be at least longer than the focal depth, more preferably five
times the focal depth. A usual optical disk of a reproduction-
only type has information pits formed on the optical recording
medium at a pitch shorter than the focal depth. If the thickness

of the separation layer is made to be five time the focal depth,



which was 80[err]C and the relative humdity of which was 80 % for
hour s,
t hi ckness of the second substrate 3 is 0.6 nm[err] 20 %or smaller.
The information layer is classified into two types exenplified by a

reproduction-only type and recording and reproducing type. The recording

warp of the recording nmediumcould be inhibited in a

medi um according to this 30
enbodi ment has two information | ayers. Perefore, the structure of
recor di ng neditbennvapepof the tlhﬁﬁ@@qmmlés oy dbe FHest Haforpatdeni dgyer nat i on

| ayer and the seqgaond | nf.or 0 foll ow ng four types,
thgt is, (A £ e‘%%guiﬁ Wolia 9‘? t‘% 3&%?& ;’8?1“‘ gnl 1§ 285 F%produ%:/ltol on

onl y}-{r ecor di ng 4an UCL{f%EEPé?a‘{E*%M&QtPB{m {u@&é‘f 3’190@5&%8 of - 26 dB

r epr oduci ng} - Frepro

repr oduci ng} - {65k E8hPGnBNEkosEERNOJUC NG} .
I nformation layer is fornmed by a thin filmfornmed on the surface of the

substrate having th@o dainegioi e iHigRrrstoroingd dessifter s dnfhemnedon tohe thin

I On recor

1000

t he

The reproduction only

filmhaving a predetermned reflectance with respect to the |ight beam

t he
nmet al ,

SiO, Tigerr] Hxgoasd sesepd dpfornatien r]@ggrs s"u

such as Au, AL, Cu or their alloys; éﬁlS)X|de such as _SiJer

dsmust be formed in a
range into which the objective lens 6 is able to converge light
beams. That is, the value of dl + d5, which is the result of
addition of the thickness d5 of the separation layer § to the
thickness dl of the first substrate 1, must be within a tolerance
for the thickness of the base which is permitted by the optical
system (the objective lens 8). ) )

Therefore, it is preferable that the thickness @5 of the
separation layer 5§ be larger than the focal depth of the optical
system for converging the light beams 7 and smaller than the
tolerance for the base permitted by the foregoing optical systenm.

If the foregoing conditions are satisfied, information, which is
not considerably affected by the crosstalk from an information

layer other than the subject information layer, can be reproduced

.when the aberration of the light beam 7 is émall. Note that the

thickness d5 of the separation layer 5 must be set to an optimum
value in consideration of the yield when the optical information
recording mediums are mass—produced as recording mediums as well
as the optical aberration. By forming the first and second
substrates 1 and 3, the first and second information layers 2 and
4 and the separation layer 5 by using the foregoing materials, a

recording medium can be obtained which allows information signals

rl,

case where the

In

f or egoi n§eckweed omthefinst mad $acond| sdtoeuaﬁmuniwegsdjpndcbnsmgtu ng of



Si[err]NJerr] or BN, a dielectric material of a sulfide, such as ZnS or
PbS; their mxtures; and a nultilayer structure of the foregoing oxide,

nitride and the sulfide. By using the foregoing material, information
| ayers having a predeterm ned reflectance with respect to the |ight beam
havi ng a specific wavel ength can be obtai ned. In the case where

the first information layer 2 is a reproduction only information |ayer,
the first information |ayer 2 nust.haﬁﬁ a predetermned transm ssivity

wi th which t e Ha reprodused frgri e Fayeh apdrsgooad i afpmRYPRNYEESM 7 made

i nci dent upon _froma posjtjon on tge outzid%lgf t he fk¢§%?€ub§£rate 1 and
allows the | 2aht? BaenWEVIHG R8I ARET i i it B s TS ¢h* the second

i nformation !@éf}ﬁgggo? l?n ?ﬁ;};@ﬁzﬁ} %Sr&ttslgﬁe St ®he first subs

. . trate 1.
31 materi al irst 1nformation layer an& tﬁe second

information layer 4, sihethQ 890k RGcORIBR néd DBl 8l dredtallyy BBEI Ng the
t hi ckness of the first information |ayer 2 to be thinner than that of the

second i nf or gagi WNréme@ucing bighidle £ame thehwree inforetdion dapens eybd to form
the information layer, the netal is formed into a thin filmhaving a
t hi ckness of nbw i teseribedm ToTeepratineeriinfoomatieeSigea hsecendedt o

transnissivité of the first informatiaqn quer 2. at .high le elﬁ it is
preferabl e t B¢ “‘Qbé’éﬁ%inﬁbwno#aﬁréhﬁﬁﬁyt RRd i3p b1 Fradt ofF PEFERTEPLE t he | ovest

that the levels of signals obtainable from the two information
layers be similar to each other also in view of simplifying the
structure of the reproducing apparatus. The description will
hereinafter be directed to a structure in which the quantities of
reflected light obtainable from the flat portions of the two
information layers are similar to each other when viewed from a
position upon which the light beam 7 is made incident. In order
to facilitate the approximation, the description will be directed
to the structure in which both of the first and second
information layers 2 and 4 are reproduction only information
layers. Note that an assumption is made that the influence of
diffraction of transmitted light occurring due to the information
pits of the first information layer 2 can be ignored.

An assumptibn is made that the reflectance of the first
information layer 2 is R1, the absorption ratio of the same is Al
and the reflectance of the second information layer 4 is R2. In
the foregoing case, another assumption is made that the
quantities of reflected light from the flat portions of the two
information layers are the same when the amplitudes of signals
from the two information layers are the same. The foregoing fact

is equivalent toc a fact that the quantity T of a light beam 7



possible level. In the foregoing case, the first information |ayer 2 may
be a dielectric material or an organic material capable of realizing a
high refractive index and a | ow coefficient of absorption. Mreover, a

| ayer fornmed by stacking the dielectric material and the organic material
enables an information |ayer that does not considerably absorb Iight to be
obt ai ned. In the case where the second information |ayer 4 is the
reproduction only information |ayer, thé8transmissivity is not required to

be consi dered.thht Has Béf ehditdlent thal hid @cheiraged aheerilke idRrhhahest

possible reflectance. In the case where the netal is enployed to formthe
second i nf or ndtyen 2| agkbedn mfredtad by cheeskdont airdotdrtiofii layehadiand a
thi ckness of 40 nmto 200 nmis_ enployed. The recordi ng and

reproduci ng t y:pen inepetraded ode AiRrst z%ﬁﬂfyatscéﬂslwqrh?rﬁaammwrm on the
substrate having, the ooves oy .1he sanp ts fqrned the eon t he
thin film havirﬁgl%o&@n%ep?& o gcﬁeféfaémftpmwahia@ﬁr 4 R atlte 8o ron 17

absorbs the I . for t he
irradiation an tfhe g§ A BT ﬁéantg"e‘m 1éllpr“lggexp es?“? bgdthe fo%ﬁ“ﬁég l'i ght
beam As the pggoridhehdiayer for use as the

RI%T (2)
RL% (1 - A1 - R1)% x R2 (3)
R1& 1 - A1+ (2-R) S

~f[1 - A1 + (2 -R2) 1% - (1-- aH0-d (4)

Rl is made to be a2 maximum value when R2 = 1 and A1 = 0.
In this case, R1 is 0.382. If R2 = 0.9 and A1 = 0.1 in a
practical view point, then R1 =.0.311.

The foregoing phenomenon means that, if the diffraction of
light transmitted through the first information layer 2 is
ignored and the degrees of diffraction of light reflected by the
first and second information layers 2 and 4 are the same, the
forming of a second information layer 4 having a reflectance R2
of 80 % and a first information layer 2 having a reflectance Rl
of 31 % and an absorption coefficient Al of 10 % results in the
amplitudes of signals to be made the same when information
signals are reproduced from the information pits of the first and
second information layers 2 and 4.

Referring to Equation (2), a practical structure of the
two information layers will now be described. An assumption is

made here that the range in which the reproduction amplitudes



information |layer, a material to be enployed may be selected from the
group which consists of a phase-change material, the refl ectance of which
is changed due to light for the irradiation because the state of the thin
filmis changed; a magneto-optic material in the formof the thin film
the direction of the magneti zati on of which is changed and the change of
whi ch can be detected as a Kerr effect; an organic material, such as a
coloring matter, having the spectrapgreflection factor which is changed,;

and a photochrom c naterial. The phase- cg(?r{%ﬁa erial, the phase
of which i Erendhgelo Bafopwtignol IS EsCER LT APBETS g‘? sel ected froma

group consi S} f chalgog | h . Te, GeTeSn,
GeSbTe, Sbggfl{‘lf‘ggggb%égn?gs‘% ﬁﬁ%%&%ﬁﬁ ex(%géé%%\%} eGeSnsShb type
material; aerafenesi Q@tﬁ@he’léﬂz@'nigﬁt'%lcﬁsaiﬁ-mléﬁ]sid@eoﬂ'@ﬂu@’tiaﬁ AU or

Te-TeJerr]-Pd type material. The phase-change naterial, the phase

of which i s{hasmgkd20Petoreenaklarst al and crystal, nmay be a netal conpound,

such as an AgZn conpound or an |InSb_conpoun t he magnet o-optic
material, MBI, THES.osubsRausion of Em%?SWtBe PEgRRing As

e S est Sy, B i o L ErqiED sttt e o1 e
oL o0, PG nmacton (s o BpLGbl e sceshr mere el nf o o
i nf or mat i onpbaFuct Lomvainghi il £aBh i1l Earsbenfernaded bayfer ants
smaller by 20 % than that from the second information layer 4.
On thé other hand, in a case where the reproduction émpli’cude
from the first information layer 2 is larger by 20 % than that
from the .second information layer 4, the following Equat_ion (6)
hold:
1.2 x (- B - B)Z x B2 5)
0.8x (1 - AL -R)Z x B2 )

Ri
R1i

¥hile considering the practical characteristic of each

layer in the case where the information layers are made of metal
or the dielectric material, it is preferable that the reflectance
R2 of the second information layer 4 be within a ramge from 70 %
to 90 %. Moreover, it is preferable that theé absorption co-efficient A1
of the first information layer 2 be within a range not greater
then 20 %. Substituting portions of Equations (5) and (6) with
the foregoing relationships, the range of the reflectance Rl of
the first information layer 2 is 21 % to 42 %. To maintain the
great reproduction amplitudes from both of the first and second
information layers 2 and 4, it is preferable that the absorption



33 tinme and a rewiting type information |ayer on which recorded

I nformation can be rewitten. In the case of the wite-once type

i nformati on |ayer, only one |l ayer made of the phase-change nmaterial |ayer

or the organic coloring matter layer is required to be, as the information
| ayer, formed on the substrate. Another nmethod nmay be enployed in which a

doubl e-l ayer structure consisting of a light absorbing thin filmlayer and

tal | i s .enpl d ] . aloys, by. i l,ati ith | ight.
A hough | he. PAPGRRETONT 1ok Sh8IEG Sheitigat st 1areby? ofl o r ebbrlifng
layer, it is prgf eEf‘btgx%. b 23 %Q%fi'c%)éﬁ]'ﬁt Eé'lclt()uféeqr %ﬂ&il‘é@' ”ﬁheat | east
two | ayers be enﬁioye inorder to causé the materiral formng the

information | aygl be HR FéMRCt AR RENGNGRE £idBd ftermibhalayebange in the
recorded signal To be enhanced. The double-layer structure may be a

structure inckbuding 40 "dielectric material layer/a recording |ayer, a
structure including a recording layer/a reflecting |ayer or a structure

i ncl udi ng a refl ect ihgicpayidetaahacor i rthel capervifang pofd pbridgofinpt
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to make the reproduction amplitudes from the first and second
information layers 2 and 4 to be similar to each other and to
maintain the large reproduction amplitude.

In the case where the seéond information layer 4 is a
recording and reproducing inférmation layer, the reflectancewof
the information layer is smaller than that of the reproduction
only information layer. In a case where the reflectance of the
second information layer 4 is 30 %, use of the first information
layer 2 having a reflectance of 19.5 % and a coefficient of
absorption of 0 % makes the quantities of light reflected toward
the objective lens 6 to be the same when both of the information
layers are irradiated wiéh light. Although the structure of the
recording and reproducing apparatus will be described later, the
amplitude of the reproduced signal and the quantity of reflected
light have predetermined allowances in consideration of the
difference between recording mediums and contamination of the
surfaces of the recording mediums. Therefore, if the accuracy of
the reproducing circuit and the stability of the apparatus are

considered, it is preferable that the difference between the

amplitudes of the two reproducing signals be smaller than 5



structure including, when viewed froma position upon which the |ight beam
7 is made incident, a dielectric material layer/a recording |ayer/a
dielectric material layer/a reflecting layer. A quintuple structure nmay
including a first reflecting layer/a dielectric material |ayer/a recording
| ayer/a dielectric materi al 34

| ayer/a second reflecting | ayer when vjegwed fromthe substrate. By

form ng the recording layer and the dielectric material |ayer to be in
contact witht@&€h other, deterioration in the thin film when recording is

per for med repeat edhy, can. Be BLEYEISds codliLegueln APUGR!uEhange 11

recorded i nformati to a great The dielectric

material | ay. e g%ﬁ% I nsi sting
of an oxi de,ggsbt?c %és% gl rre{)?‘%g‘r%?@ d‘??gaveg%gﬁt&g fd&gaﬁ%?a@sl%p

err], MO or err]; a nitride,
such as Si[ esrd MiRsdilveSbodddd fo wath icther sucthats FeSrdinghidiand t heir
m xt ures. The reflecting |l ayer may be nmade of any materi al
exenpl i fi ed Mhwingt e ieformanion dayerd yisi eiteined i oBhérafere hddebeen
descri bed. In order to maintain a sufficiently large quantity of
li ght on theinfosoationnpbisrReftery 39 die forped pg -éﬁeeﬁ‘é‘?éﬁﬁeo g ]
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through the base of the first substrate 1. Moreover, the
information pits pattern to be formed on the surface of the
second substrate 3 must have signal shapes that can be reproduced
when irradiated with light through the surfaces of the
information pits. Accordingly, the information pits pattern of
the first and second substrates 1 and 3 are formed to run in the
same direction when viewed from a position upon which the light
beam 7 is made incident. In the case where the information
layers are the reproduction only information layers, the
direction of the information pits pattern is made to be in the
direction in which the information pits are formed to correspond
to the information signals. In the case where the information
layers are the information recording and reproducing layers, the
foregoing structure is applied to address information for
administering the guide grooves.

The structure of the recording medium will now be
described in detail in which the first and second information
layers 2 and 4 are a reproduction only information layer and a
reproduction only information layer categorized as (A).

In view of reducing the manufacturing cost of the

substrates, it is preferable that the first and second substrates



light beam 7, in particular, Iight which has passed through the first

I nformation | ayer 2. Therefore, the separation layer 5 may be nade of a
transparent adhesive agent, glass simlar to that of the substrate or a
resin material. In the case where the first and second substrates 1 and 3
are made of the resin material, it is preferable that a simlar-type resin
materi al be enployed to maintain nmechanical reliability after

adhesi ve-bonding. To shorten the tine féquired to conplete t he
adhesi ve- bond} rigd risceaufactuned by dherasce PFORESS 2% MPERASoPRISI®IRi ng resin

be enpl oyed. . The di stance d5 of the, separation.layer ,5 nust be at
| east The information px%s are formed on %h%ﬁllrgﬁ%ﬁfr of h&% ?%%St{r(?)lg%ﬁ dept h
determ ned byt he ri FUW e #@h of+ N s QP BELEMNE 6 and the
wavel engt h ([%ﬁ?ﬁm§ o$ ﬁﬁghﬁﬁgﬁF %gegﬁf |§ %r er to_ihﬁib?tﬁﬁifluence of
the crosst al kpfgtem and@ingh Neet o BAdiAE dt@Yein WAL & toeh hatarigation |ayer
I's being reproduced. If the intensity of the |light convergent point is 80
% or greater imjehteddspecttheonddter qiatedlin atmoldl ty flotile Hubsbhmmtea |i ght

beamis coverged in a stigmatic case, the focal depth Az allows
appr oxi mat i oniaming ifernadiips ity . EGiace Jie(m3stering method dprg known I'n

an exenpl ary n(l:ea 8d %%E:g Js%&laﬁﬁesm%ﬂ?"ec? r&‘-rgxe;[l hceomyéct: dgfslg’sS 'or CD-ROMs
are manufactured, the detailed description of this method is
omitted here. Briefly, a photoresist is applied to a flat glass
plate, following by irradiating the surface of the photoresist
with Ar laser beams modulated in response tc the information
signals, followed by removing the photoresist, and followed by
plating the surface from which the photoresist has been removed
so that a master is manufactured.

if the sawme mastering process is employed, the shapes of

the information pits to be formed on the substrates, that is, the
relationships of the information pits whether they are formed in
the form of convex and concave portions with respect to a plane,
are made to be the same. Fig. 2(a) shows an example of an
optical information recording medium manufactured by adhesive—
bonding the substrates formed by the same process. As shown in
Fig. 2{a), information pits 11 of the first substrate 1 have
convex shapes when viewed from the position upon which the light
beam 7 is made incident.. Information pits 12 of the second
substrate 3 have concave shapes when viewed from the position
upon which the light beam 7 is made incident. In the case where
the characteristics of the photoresists are different from each

other, information pits of the first substrate 1 have concave



then Az= 1.3 [err]m Therefor, a region within 1.3 [err]mis included
in the focal depth. In the case where the foregoing optical systemis

enpl oyed, it is preferable that the thickness d5 of the separation |layer 5
be set to a value larger than 2.6 [err] m The infl uences of
recording marks included in the Iight beam passing through the first

i nformation | ayer 2 when the light beam 7 is focused to the second
information |layer 4, act as crosstal k#3aking pl ace when the second

i nf or mat i on $hApes whensvigwed: feamcdke PPR&EITOopEOn Whichk dde Lightebeastice t he
ignals stably, .it,| f le that t hij,ck 5 of th t]
Tayer 5 bo i3 mrdaciRafe: TR B ofchi Serowh PRy 1 ve
t] the f . i cal odi f A t| ly t
has 1 nf or maciave SRk SBSed PR ctbaping pdbgEB1 AUELIAR, wlth ¥, ChPe

shorter thaniidne begaal depble inkiddie .t higlengssaseQf thd@isePabasiam | ayer is
made to be five tine the focal depth,

36 the nunbthe dhftrhatiod @itatioonediinstion tivheirdfiorastion dayextsi Braddayer 2,
which is irradiated with the |light beam7, is 25 or nore, which is

suf fi ci ent | yaram@ppegitehtmh eac}msnger hepwaiaredofrom phe gRsitias pp@vent the
crosstal k in the hiﬁglrecording density of information

) . To intain |
to be fornéﬁ”&ﬁ'pﬁélfg¥gﬁmgﬁ 8K 9336RREt i on layers 2 and 4, the

As a result of the foregoing structure, the same material
and molding process can be employed as well as the mastering
process. Therefore, two types of manufacturing apparatuses
having the same function are required to be prepared when the
optical information recording medium is manufactured or one
manufacturing apparatus is required to bé used commonly.
Therefore, the cost of the manufacturing facilities can be
reduced.

Since the recording medium having the foregoing structure
compris the pits formed in the opposite directions between the
two information layers 2 and 4 when viewed from a position upon

which the light beam 7 is made incident, the tracking polarity
must be switched between the information layers 2 and 4 when a
tracking method, such as a push-pull method, is used to record or
reproduce information. To prevent this, the direction of the
pits of the second information layer 4 is required to be reversed
to have convex shapes when viewed from the position upon which
the light beam 7 is made incident. By manufacturing the second
information layer 4 with a master having the photoresist with the
reversed characteristic in the mastering process or by using a

second master obtainable by again transferring a master obtained



first and second information layers 2 and 4 nust be fornmed in a range into
whi ch the objective lens 6 is able to converge light beans. That is, the
value of dl1 + d5, which is the result of addition of the thickness d5 of
the separation layer 5 to the thickness dl of the first substrate 1, nust
be within a tolerance for the thickness of the base which is permtted by
the optical system (the objective |ens 4). Therefore, it is

preferable that the thickness d5 of the separation layer 5 be |larger than
the focal depP¥ i Pﬂ%"%t“i”@il me'thpdy g tsof oraghv iR dtihﬁg"é/ﬂ?élr? ght beams 7 and

System 1 ReeesSneiAl e oo R OEER MR Grpalinh SRR 7, O 7

not considerably affected by the crosstalk froman information [Iayer other
than the subject Information |ayer, can be reproduced when the aberration

of the |ight beam 7The sin®é lof td Entbratibie pitHi KRS SFidBt Qindt Bec@par ati on
| ayer 5 nmust be set to an optinum value in consideration of the yield when
the optical isflstraténd andSowil hgornssi descrdbed madbe psizguctdhaespitscor di ng

medi unms as well = as the optical aberration. By formng the first and second

substrates 1 AP formed pn e sprpndcubistraty & Mmclansitipd e ¥ 4 and
D SePa ot Dk Bl bR Eef 50T L o8 09
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the surfaces of the first and second information layers 2 and 4
is within tolerance AWd of the thickness of the base permitted
by the optical system for converging the light beam 7. Note that
the tolerance AWd of the thickness of the base is determined by
the spherical aberration of the light beam 7, the tolerance AWd
of the thickmess of the base being generally in inverse
proportion to the fourth power of the numerical aperture {NA) of
the objective lens 6 (see Fig. 1). For example, in an optical
system having a wavelength 2 of 780 nm and a numerical aperture
NA of 0.5, the tolerance AWd of the thickness of the base is
about 50 xm. Note that the tolerance AWd of the thickness of
the base depends upon the density of the pits, that is, the
intervals between the pits. :If the intervals between the pits
are long, signals can be reproduced even if a spherical
aberratién takes place. Thus, the tolerance range is enlarged.

A structure is shown in Fig. 2(a) which is employed in the
case where both of the distances from the surface of the first
substrate 1 wpon which the light beam 7 is made incident to the
surfaces of the first and second information layers 2 and 4 are

within the tolerance AWd of the thickness of the base determined



and 4 when the information layers 2 and 4 are irradiated with light froma

position on the outside of the first substrate 1. A structure of a
recordi ng medi um capabl e of stably and easily reproducing signals fromthe
two information layers will now be described. To reproduce infornmation

signals recorded on the two information |ayers stably and easily, it is
preferable that the |levels of signals gptainable fromthe two infornmation

| ayers be simlar to each other alspo in view of sinplifying the structure
of the repr oéﬂcﬁ'ﬁg S a PO B 1ng OPELERY, SRR TBNa% (the B EpRStWer be directed

to a structure.in wich the quant.ities of. reflgcte I oht.ai nabl e from
the fl at pori”‘?%)rhsl sS’r‘é tlﬁehtl%gr%ﬁ%g sleo%lefsaggrtglagrgh%ilﬁ??gg?a%f%n each ot her
when vi ewed LEQNIG 0ROkl £ 03t URKOAME R 1R b ot B8 ihforiBEfod NCi dent.

I n order tobf aci | i{t)ate t he approxi mati on%%trhe descripti én vﬁl ﬁ%e directed
to the struclayer unamhidebfdrent Qont &k otidr.anthes ecassh fonfaiigaid on |ayers
2 and 4 are reproduction only information |ayers. Note that an assunption
i s nmade that thare thaf firetcinfotnatdiohf layeri drhasf atmadnsnéfieetlitg ghtfamecurri ng

due to the information pits of the first information |ayer 2 can be
i gnor ed. whichhisaliis GAptadnwitdh fhe LRkt SUDRESs { e SttHAB cther seerdd | r st

information lLayer 2.is,RlL, the absorptiop, ratio of .the same.s and the
refl ectance E)’F%{‘?rﬁ’@%%%&ﬁﬁéq fif gz?shﬁ‘t F& %Ang Supbacq w 1r5§elsf Br?bélegoi ng
case, anotheg, assunpty | ts ry}taé'{g € | ected |ight
fromthe flag‘nport?gnﬂgqg?érfrgg@%\%o&g?n tg??rméatt?gﬁ ygri a%?e{t e sane when the
anpl i tudes 0&p54:@R3b$ laféom.the two information |ayers are the sane. The
foregoi ng fact

In a case where the width of each of the information pits

11 on the first substrate 1 is W1l and the width of each of the
information pits 12 on the second substrate 3 is K12, the width
of the main reflecting surface is such that the width is the pit
width W1l for the first information layer 2 and the same is the
pit width W13 for the second information layer 4, the pit width
W13 being the width of the pit of the interface between the
second information layer 4 and the separation layer 5. In a case
where a known sputtering method is employed to form the
information layers on the substrates, the thin film will be
formed to reach the diagonal surfaces of the information pits as
well as in a direction perpendicular to the surface of the
substrate though the degree depends upon the manufacturing
method. Therefore, the pit width Wlé on the interface with
respect to the separation layer 5 is smaller than pit width W12
of the information pits 12 on the second substrate 3. To make
the degrees of diffraction of light reflected by the information
pits to be the same, the pit width W12 of the information pits 12
on the second substrate 3 must be larger than the pit width Wil



Is equivalent to a fact that the quantity T of a |light beam 7

38 that has been incident and has penetrated the first information | ayer
2 and been reflected by the second infornmation |ayer 4 and t hen
penetrated the first information | ayer 2 again, and the refl ectance Rl of
the first information layer 2 are the sane. In t he foregoing case, the

rel ati onshi ps expressed by the follow ngg equations hol d: R1
Rl [err] (1

[e'rb\rl] ) -IF\;l)[er‘?f] t&e@ferm&tioh pits 11 on the (fés'st substr!a%éll.[ err] 1- Al + (2.

R2)[err] The pid kideh M2 o 2he FRELLRIILA [1BRE] 12 chlthd\khbSkd ]} [err]
(4) Rlerr] i's nade to be a nmaxi mum value when R2 = 1 and Al = O.

In this case,suBbtiste03382 cotfedtd3d =) alcarddndd with.dl result of pa gvbbesd Vi ew
point, then R1L = 0.311. The foregoi ng phenonenon neans that, if

t he di f f r act iafnactually giormingride seasddt infougat ipheldyiersd. | #her mati on | ayer 2
is ignored and the degrees of diffraction of light reflected by the first
and second i nFEEREALSORAYe perkorped AR SXpRTEnERE 18 Rpch b wapovsad§0of a

hf ormat on 1ayEr B REGrHG tRERIh MR Y i5PraRkied BitLRe6 ot on

coefficient Alaofis 10p8% (A3 WA 2! B 10180 £ m and a depth of 90 nm on the
second substirate 3, there was formed an Au layer (the second
information layer 4) having a reflectance of 90 ¥ or higher and a
thickness of 150 nm so that the shape of the second information
layer 4, which corresponds to the interface with respect to the
separation layer 5, was measured. As a result, the pit width W13
was 0.3 #m and the depth was 90 nm. In a case where the second
information layer 4 is formed under the foregoing conditions, the
shapes of the information pit to be formed on the surface of the
second substrate 3 is determined such that the pit width W12 is
0.70 gm in consideration of the change in the shape of the pit
due to existence of the second information layer 4. In the
foregoing case, information pits each having a pit width Wil of
0.50 gm and a depth of 90 nm are formed on the first substrate
1. As 'described above, the information pits 12 on the second
substrate 3 are formed to have a size larger than that of the
information pits on the first substrate 1 in consideration of a
reduction in the substantial width of the information pit due to
the thickness of the second information layer 4. Note that track
pitches Tpl and the pit densities of the information pits to be
formed on the surfaces of the first and second substrates 1 and 3

are the same.



anplitudes of signals to be made the sanme when information signals are
reproduced fromthe information pits of the first and second information

| ayers 2 and 4. Referring to Equation (2), a practical structure of
the two information layers will now be described. An assunption is nade
here that the range in which the reproduction anplitudes

39 fromthe two information |ayers can be considered to be equivalent is
20% The foregoing fact neans that the47difference between the right side
and the left side &f theumasteniggprpgesp Fon, inrnipmithersecond substrike

substitution_of Equatio 3) with the fqQregoin relationship results in
the rel ati on§hi9‘eg§b?ee§geé7%9%%@‘atf%ﬁ IPdi 1) SR ofe (Cf?ﬁ“p%‘{ﬁ%nﬁlﬁbl ding in
a case where epL.o ' It fl i.pf or jon |ayer 2
s amal leor B ROREn Rf SRRk a5 Otk el phts oF RS ' 5° he
other hand, kpyfease fit B PRREQAULGEE Of ANRld kHd% af SPIEHLRE first

i nformation layer 2 is [arger by 20 % than that fromthe . second

i nformati on Raymr ¢aliehe Tied behdmgrcpials ofor( Gdrmingotitt first and RlL =1.2
X(1- A - Rl)[err] X Rerr] (5) R1
= 0.8 X (1 -segond Rabgteatds X ®RjkSBr pre- the same. (6) Wi | e
considering the practical characteristic of each | ayer in the case where

the information | apeHwugh &hgaeRseohagdiogn described in which the pit
widths were made to be different from each other between the

first and second substrates 1 and 3, the conditions for forming
the information layers sometimes result in a consideration being
made such that the angle of inclination of the diagonal surface
of the pits on the substrates is different from the angle of
inclination of the diagonal surfaces of the férmed information
layers. In the foregoing case, the depth of the pit on the first
substrate 1 and that on the second substrate 3.are made to be
different from each other, or both of the pit width and the pit
depth are made to be different between the same. As a result of
the foregoing structure, the degrees of diffraction of reflected
light with respect to the incidental light beam 7 taking place
between the first and second information layers 2 apd 4 can be
made to approach each other. Thus, stable signal reproduction
can be performed.

Fig. 2(b) shows a structure to be employed in a case where
either of the two information layers is out of the tolerance of
the thickness of the base permitted by the light converging
optical system. A main issue in the foregoing case lies in that
convergence of the light beam 7 to an information layer which is

out of the tolerance AWd of the thickness of the base results in



or the dielectric material, it is preferable that the reflectance R2 of
the second information |ayer 4 be wwthin a range from70 % to 90 %
Moreover, it is preferable that the absorption co-efficient A of the
first information |layer 2 be within a range not greater than 20 %
Substituting portions of Equations (5) and (6) with the foregoing

rel ati onships, the range of the reflectance RL of the first information
layer 2 is 21 %to 42 % To nmaintain thé8 great reproduction anplitudes
from both of w®herienisel abereatdondbeingi ggnerated end| thpsr suffigheny, it is
preferable that the absorptiqn . s e . 40
coef ficient AFCBYSHERECY | sﬁlg(iﬁfm Peirg dphivizede Jhg phenppenqpoing o) ye of
t he absorption f gl ' 0 . r of the

refl ectance thgﬁteﬁgﬁérﬁrg Esftéllen# ?3? #gltfl %‘ﬁéﬁlz)%iréyggissg$§gt‘ﬁ] gﬁ%o %

As described 3aR9¥@nckn the case where both of the first and second

i nformation |ayers 2 and 4 are reproduction only information |ayers, it is

preferabl e thaf Wé hef thd [thdtlarse &l the bddecof | thet 1igiftocomtergandeayer 2 be
within a range of 25 %to 40 % to nake the reproduction anplitudes from
the first andoptiesidsystemotakesi pledeagee sooredugtion dnptheitgileranceolddiich

oLner Bnd 10, GRS ILe | o g, LBl GAUCLL O SIEL e et o5 (i
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reflectance ObetfiR objective lens has been enlarged for the purpose of
raising the density of information on the information layer. The
foregoing phenomenon occurs in a case where a thin separation
layer cannot easily be obtained when the séparation layer 5 is
formed or in a case where the accuracy of the thickness of the
separation layer 5 is unsatisfactory.

In the foregoing case, the density of pits on the surface
of the substrate having the information layer which is out of the
tolerance AWd of the thickness of the base is required to be
lower than the density of the pits on the substrate having the
information layer which is within the tolerance AWd of the
thickness of the base. Fig. 2(b) shows an example of a structure
to be employed in the case where the first information layer 2 is
within the tolerance AWd of the thickness of the base and the
second information layer 4 is out of the tolerance AWd of the
thickness of the base. Each of information pits on the first
substrate 1 has a predetermined pit width W11, a track pitch of
Tpl and a pit density of Pdl. Each of information pits 14 on the
second substrate 3 has a predetermined pit width Wi4, a track

pitch of Tp3 and a pit density of Pd3. While considering



second information layer 4 is 30 % use of the first information |ayer 2
having a reflectance of 19.5 % and a coefficient of absorption of 0 %
makes the quantities of light reflected toward the objective lens 6 to be
t he sanme when both of the information |ayers are irradiated with |ight.

Al t hough the structure of the recording and reproduci ng apparatus wll be
described later, the anplitude of the reproduced signal and the quantity
of reflected I|ight have predetermni ned%allowances in consideration of the
di fference bisttwezoratéownrigi hie Wddphragmadae dentharispberisal Abarpatigypfaces of

the recording nediuns. Therefore, if the_ accuracy of . the reproducing
circuit and ¥elighioPeaty o thecsegands ipfrmarion ABYRY 3er§& p?f ‘Tlg%h

preferabl e il ahiSndl LetepEaDRIIREN A0 S Bl b AR5 s bhocier

r epr oduci ng e
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substrates having convex and concave portions forned previously are

adhesi ve- bonggdttotecach other so that a recording nedium having two
information |layers is obtained. Therefore, the information pits pattern to
be formed on the Ax Bacesudt ¢hdhei foregoing strugtare. myen Havtessapead shapes

that can be reproduced  through the base of the firsf suQstrateg 1.

Mor eover, t hinformabioralases piiss ophtqferthe tt01pea05s F}e‘ﬁ{ 82 gﬁ’etgﬁ?‘ﬁéﬁ of the
of the base of the optical system for converging the light beam
7. a change in the quantity of reflected light similar to that
obtainable from the first information layer 2 can be obtained
from the pit portions. Thus, stable signal reproduction can be
performed. .

Then, a pattern of the information pits or that of the
guide grooves on the surfaces of the substrates in the direction
of the track will now be described. Although the information
pits to be formed on the first and second substrates 1 and 3 may
be formed into concentric circles, it is preferable that a spiral
form be employed similar to that of the conventional optical disk
in view of capability that the accuracy of the.track pitch and
the like can be improved as compared with the structure having
the concentric circles when the mastering process is performed.
The structure having the spiral projection and pit column is
classified into two types to meet the purpoée.

A first structure is arranged such that the projection and
pit columns on the first and second substrates 1 and 3 run in the
same direction when viewed from the light incidental portion. In
the foregoing case, the light beam is moved in one direction from

the inside tc the outside or one direction from the outside to



second substrate 3 nust have signal shapes that can be reproduced when
irradiated with light through the surfaces of the information pits.
Accordingly, the information pits pattern of the first and second
substrates 1 and 3 are fornmed to run in the sane direction when viewed
froma position upon which the light beam7 is made incident. In the case
where the information layers are the rgproduction only information |ayers,

the directiop of, the infarmatio its_pattern i.s made to in the
directi on 1 n Wi R PRRgIRE Bbntis (RraPTISh 188ct o2bf BRond to ¢ he
| nformation sfRghatichpiieuiAde M8 iR 0 ARlBLIMN  tiuCERAre the

I nformati on recordi ng ahd reproducl ng fayers, the foregoing structure is
applied to adggesaigtirastirel 09 ehployeddin Rihsteriheglighe poanldsgicedes.

The structure of the recording nediumw Il now be described in detail in
whi ch the fir&tomathe sesbdel tonther petdida, d approdutionl méthed may repr oduct i on

only information |layer and_a _reproduction only information |ayer
cat egori zed aemplpyed in which gqpipigtyasion dafernifieneisripteced it t§ecost of

th bstrates, it,I f hle that .th i rst. d bstr at
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i ncludi ng of a nmastering ste or nmanu urin
portion between the information layers. Therefore, the foregoing
structure is suitable to a recording medium in which high speed
access must be permitted.

As a method of obtaining the second substrate 3 with which
the foregoing structure can be realized, the foregoing method may
be employed in which the second master to which the master has
been transferred again is used to reverse the directions of the
information pits. That is, transference of the surface of the
master manufactured by the photoresist to the second master
enables columns of information pits formed in the opposite
directions and in the opposite spiral directions toc be obtained.
By adheéive~bonding the second substrate 3 and the first
substrate 1 through the separation layer 5, a recording medium
having the same spiral direction when viewed from a light
incidental position can be obtained.

In a case where the process for manufacturing the second
master is omitted. the recording direction employed in the
mastering process is changed so that the first and second
information layers 2 and 4 having the same spiral direction when
viewed from the light incidental position are obtained. That is,

when the photoresist is exposed to light, the direction in which



master and an injection nolding step in which a resin material is
injected into the naster placed in a nold to forma substrate havi ng
information pits. Since the mastering nmethod is a known met hod which is
usual | y enpl oyed when conpact di sks or CD ROVs are manufactured, the
detail ed description of this nmethod is omtted here. Briefly, a
photoresist is applied to a flat gl ass plate, follow ng by irradiating

the surface of the photoresist. with | aser _beans nodul ated_ in response
to the inf orﬁ%‘iifgﬁt 8%5@@%? ioredGet? ?%%%éc’tﬂ@tpﬁ‘ﬁ?al@ﬂééi en and

fol oved by . plalino he,sYiLae S LLATUN ) LARANeLAHES) Shohagbeen

r enoved SO a mast eér 'S hanul act ured. sanme nasteri ng

process is eFpty8ad delBnd1APSSnRfion { NFetHTORARIA AlvRigd $hé Gske formed on
the substrates, that is, the relationships of the information pits whether

they are forgpiraindiides iéwritenfyieasy efcoanthae diglety dnpiiehitah postitiod espect to
a plane, are nmade to be the sanme. Fig. 2(a) shows an exanple of an

opti cal i nfoanmtobdaireds orititegthatdithen indouhatdionrpidsbyhendhiesstede frobondi ng t he
substrates formed by the sane praocess. As shown in Fig. 2(a), jinformation
pits 11 of tKee fiight iBGhdantad PosIfAYR areorariex e heparramiEn 1A eadl from the

o the. secondEuBErIERcts HaTR BnCRre P o aian PVeRed APt he © o

T et ooy otk bR SRS o et i bejGee where

information ghd piefcdingné idnSths Wikt aind dedtRdeslRASANS 1 and 3 run in
opposite directions when viewed from the light incidental
position. In the foregoing case, the direction in which the
light beam is moved (in a direction from the inside toc the
outside or a direction from the outside to the inside) is made to
be opposite in accordance with.the information layer having the
information pits which have been subjected to tracking.

The foregoing structure is effective in a case where

information continued for a long time is treated. An example of
a structure will now be described in which the light beam is
moved from the inside portion to the outside portion of the
information pits on the first infprmation layer 2 and the light
beam is moved from the outside portion to the inside portion of
the information pits on the second information layer 4. After
the light beam has reproduced final information in the outer
portion of the first information layer 2, the light beam is moved
to the outer portion of the second information layer 4 (that is,
an optical pickup makes an access to the information start point
of the second information layer 4 while keeping the same

position). The light beam continucusly starts reproduction of



43 shapes when viewed fromthe position upon which the light beam7 is
made incident. Information pits of the second substrate 3 have convex
shapes when viewed fromthe position upon which the I|ight beam 7 is nade
incident. In any case, the directions of the information pits forned in
the two information layers 2 and 4 are opposite to each other when viewed
fromthe position upon which the Iigh%zpean17 I s made i ncident. As
a result of the foregoin tructure, the s mat er | al and,nnl&%gg process
can be enpl oy&forEatE agst%feh%u"r?é‘s?%’ﬁlﬁﬁ ogg&&%’.‘m R et on ¢ ypes of
manuf act uri ng, appar. S i Ng . f | a | 0 be
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the cost of the manufacturing facilitieS can be reduced. Since the

recordi ng nmedihsiesheinng ldverf os egoting dbyeirct time loosuanseffieetPidly berned in
the opposite directions between the two information |ayers 2 and 4 when

vi ewed from appyentédduningn thewoyhnerte of | giet 1igdnbgan.s Badechseivliene, t he
tracking polarity nust be sw tched between the information |layers 2 and 4
when a trackiifyTReeREEE Riteeees 18 N pride (aeopstant d1rp¥8i99i Wecord or
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therefore, the change in the rotational speed can effectively be
brevented.

As a method of mastering the second substrate 3 which is
able to realize the foregoing surface, a method may be available
in which the position at which recording of the signals starts is
made to be opposite to that employedﬁin the exposing process when

| the master of the first substrate 1 is manufactured. 1In a case
wvhere recording of information of the first substrate 1 starts at
an inner position, a master exposed to light from the outer
portion is used. Since the recording medium manufactured by
using the thus-obtained first and second substrates 1 and 3
comprises information pits on the first and second substrates 1
and 3 which are formed in the opposite directions when viewed
from the light incidental position, the tracking polarity must be
switched between the information layers.

As another method of mastering the second substrate 3, a
method may be employed in which exposure of the outer portion is
performed similar to the foregoing case in a state where the
direction in which the flat glass plate is made to be opposite to
that employed when the master of the first substrate 1 is

manufactured. Since the recording medium manufactured by using



to have convex shapes when viewed fromthe position upon which the |ight
beam 7 is made incident. By manufacturing the second information |ayer 4
with a master having the photoresist with the reversed characteristic in
the mastering process or by using a second master obtainable by again

transferring a master obtained 44
by the conventional nethod, pits formgg in the opposite directions can be
obt ai ned between the two information | ayers 2 an The si zes

of the infor g itBASTANBIREd £irsy anétsmds%ﬁaat@ubsalﬁa%@ﬂt%d 3 will

now be described. The size of th its ,to be fo d on he S nd
substrate 3 FRFEPAEYT PLIP oht Hha %/6’9 5t A9dsS ngr%‘rﬁén %

di stance f70Q s (ACHD ﬁ&%m%ic%gséfgmge‘sﬁ Friipg %vﬂgcfe e T g

beam 7 is ma incrdent to e sur ond

information hAyilettad pB&ithon| Sthd hBkdsdieyesRaerdiahs ] thdltRicktihg thi ckness
of the base permtted by the optical systemfor converging the |ight beam

7. Not e t hat poldréty dedwearc ¢hf etnfpriviitian fawrshcak besslinfinated.base i s
determ ned by the spherical aberration of the |ight beam 7, the tol erance
A Wl of the thi ckRes$omgaing mgtmmgawgebmh Feprpduatians enlyr opor t i on

to the fourth power, of _the n rical rtu e obpective lens 6

(see Fig. 1)38 ieRmphpxer énrﬁﬁ?’f a‘%‘{/%‘?%&ﬁ‘%ldng WabePngt h [err]

of 780 nm ani’afer”%‘ﬁr h&?lb Bgsrérlﬁ}gd which are a reproduction only-
recording and reproducing type structure (B) and a recording and
reproducing-reproduction only structure (C).

‘¥hen the foregoing structures (B) and (C) are subjected to
a comparison, the foregoing structure (B) is advantageous in
which the first information layer is made to be the reproduction
only information layer and the second information layer is made
to be the reproducing and recording information layer because the
light absorption into the first information layer can be reduced.
In the case of the foregoing structure (C) in which the first
information layer is the recording and reproducing type
information layer, light absorption is reguired to record
information on the information layer. In the foregoing case,
diffraction of transmitted light due to the recording mark is
generated when signals are recorded on the first information
layer 2. Thus, the quantity of light which is able to reach the
second information layer 4 is reduced.
Fig. 3 is a cross sectional view showing an example of a

structure of the optical information recording medium having the
foregoing structure (B) of the reproduction only-recording and

reproducing type information layers. As shown in Fig. 3,



NA of 0.5, the tolerance [err] Wl of the thickness of the base is about 50
[err] m Note that the tolerance A Wi of the thickness of the base depends
upon the density of the pits, that is, the intervals between the pits. If
the intervals between the pits are long, signals can be reproduced even if
a spherical aberration takes place. Thus, the tolerance range is enlarged.
A structure is shown in Fig. 2(a) mhicqyfs enpl oyed in the case where both

of the distances fromthe sggfaoe of the first_ substrate upon whi ch the
light beam 7 IOREHE 9P R} Ferf GBTEHRONIING (L9  LUEOTPATIR FigHAISA7RE second

i nformation | rE?ﬂ (%xegﬂg s%r@ége o‘f’i é ryigs{ %b%?é‘ae{eagfqﬁd%ixg aOfthia&EéQib;k?ﬁzs

of the base dete

light conver gingaept meabove¥St iNoad burRBedide BNFiFd sAbsf@ite 3ssue in the
foregoing case lies in that the information pits 11 on the first

informati on |@yxee &% dFomsbeaohirstnixforabtion loéyyreB2 hamiegdi fferent from each
other. The reason for this is that the first information |ayer 2 has a

mai n refl ect ipngdetermised twanshissévity.carmredeteynined mefiectonce sk rate 1,

'S the it orNACkIBR GE G % BUe RITERTD Hef | SHOM FuPS Gt fevine
Separati o | Shudingss of age) pEr 3B SR W AER RENPOLEE, o
of the inford@bh@mhiRs! s ohlofld shbfacte6f "heS ¥athtidkibstrate ¥A2. tiidie 1 dth

formed a second igformation layer 34 formed by a thin film, the

optical characteristic of which is changed when irradiated with

the light beam 7 and which has a thickness of d34. Between the

first information layer 32 and the second information layer 34,

there is formed a transéaren; separation layer 35 for positioning

the first information layer 32 and the second information layer

34 to be apart from each other for a predetermined distance d35.

The first information layer 32 has a predetermined
transmissivity with respect to the light beam 7 in order to allow
light having a predetermined intensity to reach the second
information layer 34. The temperature of a portion of the second
information layer 34 that has been irradiated with the light beam
7, the intensit§ éf which has been intensified, is raised. As a
result, the optical characteristic of ;he second information
layer 34 is changed so that information is recorded on the second
information layer 34. Thus, the second information layer 34 has
a structure capable of satisfying both high coefficient of
absorption with respect to the light beam 7 and great optical
change, that is, a high efficiency in reproducing recorded

signals.



of the main reflecting surface is such that the width is the pit wdth W1
for the first information |layer 2 and the sane is the pit width W3 for
the second information |ayer 4, the pit wwdth W3 being the width of the
pit of the interface between the second information |ayer 4 and the
separation layer 5. In a case where a known sputtering nethod is enpl oyed
to formthe information |ayers on thegssubstrates, the thin filmwll be

formed to reach the,di aggggﬂrirggr.fxﬁg%ﬁ ntﬁ@e%r%%régaéi rBlsigs Wwell as

in a direction perpendi € surrace-o ubstrate though the

degree depengﬁzyQQEOMiama&@ﬁt Whi Nl rstesRdrath@n ehgy,eontie pit width W3
on the interfrace with respeCt to the separation layer 5 is smaller than

pit width W 2urficet tkeredf prisgbrmt iph trsi t$23® wortespeedingl teuhrsioraatiod. To
make the degrees of diffraction of Iight reflected by the information
pits to be tbégedse, Simeeptie apchnd Vuforoptiage layAroPhats énresardin® on the

second substrate 3 nust be larger than the pit wdth 1
46 of the i nPBd BEPFefUGInestyPe TREOFRRYIOY E"t‘y%ubgfer é?@orivf\i.l substrate ‘?lghe pi t

\(,:Mogﬁ gcy\ég ?Lhtﬁggé’:ngg}ﬁ%g%&ﬁ)% %ér%gé?ﬁ%}d&?g?ﬁ%%@mp%@%{ ua Ieé é’%i_r mng the
T oh s RS, bR sl e ENEn ot e hocrmisoaerngr En I
pits each  peam when information is recorded or sample pits (not shown)

consisting of a pair of a projection and a pit which are shifted

in the tracking direction to correspond to the sample-servo type

tracking operation. In a case where the foregoing substrates are

in the form of a disk, it is preferable that the information

pits, the guide grooves or the sample pits be_formed into a

spiral that is formed in the same direction when viewed from a

position upon which the light beam 7 is made incident.

A recording medium having the information layers of the
foregoing structure (D) consisting of the recording and
reproducing information layer and the recording and reproducing
information layer will now be described with reference to Fig.

4. As shown in Fig. 4, a first substrate 41 having a thickness
of d41 has one surface on which tracking guide grooves 48 or .
sample pits are formed. The first substrate 41 has one surface
having a first information layer 42 which has a predetermined
transmissivity and a predetermined reflectance, the optical
characteristic of which changes when irradiated with the light
beam 7, and which has a thickness of d42. On one surface of the
second substrate 43 having a thickness of d43, there are formed

tracking guide grooves 49 or sample pits. On one surface of the



having a pit
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having a ref
t he shape of

interface with respect to the

result, the
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condi tions,

of the seco

exi stence of
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wi dth W2 of 0.50 [err]mand a depth of 90 nmon the second
there was fornmed an Au | ayer (the second infornmation |ayer 4)
| ectance of 90 % or higher and a thickness of 150 nm so t hat
the second information |ayer 4, which corresponds to the

separation layer 5 was neasured. As a

pit wwdth WL3 was 0.3 [erspm and the depth was 90 nm In a

rati on of the change in the shape of the pit
theceacmed irbaiamid entt ayerlight Ibeah® arkioriehi has @ase,
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pyrsd 48 e the he

pits 12 on the second substrate 3 are fornmed to have a size
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€ t hat
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a predetermined distance d45. 47

Also in the foregoing case, it is effective when the
foregoing structure on the surface of the substrate is adopted to
information pits for the reproduction only information layer. In
particular, the address pit to be formed on the surface of the
substrate together with the guide grooves or the sample pits so
as to administer the recording medium is able to employ all of
the methods adapted to the foregoing information pits for only
reproducing information.

The information layers for recording and reproducing
information is able to employ the information layers employed in
the case of the foregoing structure (B) consisting of the
reproduction only information layer and the recording and
reproducing type information layer. In the foregoing case, the
first information layer 42 must have characteristics such that it
absorbs the light beam 7 in a predetermined quantity, its state
is changed because its temperature is raised, the changed state
can be detected as change in the reflected light, and it permits
light to pass through in a predetermined quantity in order to
enable the second information layer 44 to record and reproduce

information. Moreover, the first information layer 42 must

et??s -Ié%d a%geg s%?&ltdﬁ %ﬁ#o?‘?tg?icgﬂ'n Q%é}j 4k N f SLIALL AN oRhd;S £bp De

econd ‘substrates 1 and 3 are the



In the mastering process for formng the second substrate 3, the size of
the information pit is enlarged as conpared with that on the first
substrate 1 by setting the power of a light source for exposing the
photoresist to light to be a slightly |larger value. The other processes
for formng the first and second substrates 1 and 3 are the sane.

Al t hough the case has been descri bed iﬁ which the pit wdths were nade to
be different fromeach other between tR& first and second substrates 1 and
3, the condijdienaid ahefcrarboterishic ithbor hightt operleayetionsispeinittedesul t in a
consi deration being made such that the angl e of inclination of the

di agonal suréwmeaftsr thfonmatonohas theesupraordeds |A§ QﬁSPFéW%!n?b?%m the angl e

of inclination of the_diagonal surf@ces o&)et%} d i nforymation |ayers.
In the for egﬁiehélﬁ%*sén PHATIIL LAY 4PnBUS SPS? ®QuBtrate 1 and

or ‘both of tHEHRN ! @”bﬁh Bhee Dol Mgl e ﬂe’gﬁ{ TR SR R e

bet ween t he & §4bired trddfi@ibor A ?' PEh1SbEQ Helibis ahBeaftegr ees of
diffraction o re ected It ght with respect to the incidental |ight beam 7

t aki ng pl acejnfephwern hiwe bbbn Secardbds eanrist bbfainedt i on | ayers 2 and 4 can
be made to approach each other. Thus, stable signal reproductlon can be
per f or med. THS ghim(fb)msﬂwména@ertmsmm elaanmpaxsyed? ihgsa case

where either of the two information |layers i s out of the t ol erance of the

t hi ckness of 13&3?9"—5%51@35%&%3%‘%%@3591'%@4(3 a7 ppticah copgtany Ak 8al system A
beam 7o ancHEA PR EFa AT dRirE SHRCCHR ¢ %”X*?ffﬁ%éi‘%%@i vé of “the
thickness of .1he BASR " eRHLE Saddwhere the second information layer 44 is

irradiated with the light beam in the state where information has

been recorded on the first information layer 42, a portion of i

light, which has passed through the first information layer 42,

is diffracted. Residual beams are converged onto the second

information layer 44. Therefore, the intensity of the light beam

7 must be set to a high levgl as compared with that to be applied

to the reproduction only information layer.

In view of satisfactorily reproducing signals, the

thickness d45 of the separation layer 45 must be larger than the

focal depth, and preferably at least, 5 times the focal depth.

Thus, the number of recording marks included in the light beam

when the first information layer 42 is penetrated by the light

beam is made to be 25 or more which is the square of 5. As a

result, an influence of crosstalk or the like can be inhibited.

In the case where the first information layer 42 is formed
into a magneto-optic recording type thin film, the direction of
magnetization of which is changed, transmitted light does not

diffract. Since the necessity of comsidering the change in the



48 a spherical aberration being generated and thus sufficient

convergence of light spots being inhibited. The phenonenon in whi ch

either of the two information layers is out of the t ol erance [err] W

of the thickness of the base of the |ight convergence optical system

t akes place due to reduction in the tolerance [err] W of the thickness

of the base occurring when the wavel ength of the | i ght beam 7 has been

shortened and the nunerical aperture (NR) of the objective | ens has been

enl arged for transpitingsdiglft befaresamly afher dafoination Hasf beerareenrded t he

i nformation |ayer. The, L%g%%?ing phenonengg occurs . in_a case where a thin
S

separation $ay & ebimisg PIpISBESH bevwrRat ieet SBYEVEL: @ ayer 5 is
formed or in g, cas M@ﬁg . 1h cykacy of, t I ck S ... _Separation
| ayer 5 is ungjar[sl%s?%c org%otn ?35%% £ i tt%%sqk‘lgrL%t‘)‘i%n%?%ag{e?%de{‘cﬁgmélgﬁsi ty of
pits on the s Gy i&f ot syhsSiLAl 8 ?ﬁﬁkﬂg he pnpfopBt ignssayer which is
out of the t %ﬁﬁﬁ%é'[grr] Wi o% ?%ent I C ngés g? fﬁ% ba;é ﬁs required to
be |ower thagrdfeeablenshiy thé cﬂ.ﬂ%ﬁtﬂbﬁ BroNigdHiets Weshppliied ey s8g tidBe

i nformation layer which is within the tolerance [err] Wl of the thickness
of the base. l&iggr (@) thatfowst dn thagpke aff the stepueduntdéon tamlpe enpl oyed in
the case where the first information layer 2 is wthin the tolerance [err]
Wi of the thi¥eE8ation {#erpase and the

The optical recording_medium has a characteristic that a
reproduction only medium and a recording and reproducing medium
are able to coexist with each other. Morecover, a so-called
partial ROM disk can be manufactured in which the same medium
surface has a reproduction only region formed in the immer
portion thereof and a recording aﬁé reproducing region formed in
the outer portion thereof.

A recording medium having four information layers will now
be described, which is an improvement of the recording medium
having the two substrates having convex and concave portions on
the surface thereof and adhesive-bonded to each other. This
recording medium is described with reference to Fig. 5.

‘As shown in Fig. 5, information pits corresponding to
information signals or guide grooves for controlling tracking of
the light beam or sample pits are formed on one surface of a
first substrate 58. Moreover, a first information layer 59 for
transmitting a portion of the light beam 7 made incident upon the
first substrate 58 and having a predetermined reflectance is
formed on one surface of the first substrate 58. On one surface
of the second substrate 60, there are formed information pits

corresponding to information signals or guide grooves for



second information layer 4 is out of the tolerance [err] Wl of the

t hi ckness of the base. Each of information pits on the first substrate 1
has a predetermned pit width W1, a track pitch of Tpl and a pit density
of Pdl. Each of information pits 14 on the second substrate 3 has a
predetermned pit width W4, a track pitch of Tp3 and a pit density of
Pd3. While considering 49

deterioration in the di aphragm due tp the herlcallaberratlon of the
| i ght beam 7C©¢ltﬁ0ﬁéll§?e66‘?ﬁiuiﬂﬁf‘?fr fFhei bieht a?"égﬂ ar s3RLe i Gt oR %4 and the

track pitch Tp3. of t I nf or 4 3 are
made tg be | & ﬁfé’tcet gﬁhfzh%ézg ‘&ﬁépﬁ% g@ é;%gé%?da g‘%%%&yq%éﬁst&qa resul t
of the foreg e gggg f FOfhd &yese 4 1S out
of the tol ergj?lg%r? ;{fﬁ\%qlafs g%ﬂ% éﬁg of %%deh ggﬁho% he opttlcal

system for cepFh@itiéh tbged isght 'xb@afrlrgt iafehanm ilayéh&Scaminthey of
reflected light simlar to that obtainable fromthe first information

| ayer 2 can kecatt dnfrodatiorodaydie pi arep@nm*@med Trpesita &0leacki gnal

reproduction can be perforned. %Eattezy f the information
pits or thatObhﬂiheB€§@E§éi§r56#%%16ﬁPW%%1@%ﬂ@5 eRPdates in the

clection  ofpbhe Ligsh Uil anogbe seseribed, MU LS LALgrR! on
layer 62. A third substrate 63 having a similar thlckngss_to
that of the first substrate 58 has a surface on which information
.pits corresponding to information signals or guide grooves for
controlling tracking of the light beam or sample pits are
formed. On one surface of the third substrate 533 there is
formed a third information layer 64 which transmits a portion of
the light beam made incident on the third substrate 63 and which
has a predetermined reflectance. A fourth substrate 65 having
substantially the same thickness as that of the second substrate
60 has a surface on which information pits corresponding to
information signéls or guide grooves for coatrolling tracking of
the light beam or sample pits are formed. Moreover, on one
surface of the fourth substrate 65, there is formed a fourth
information layer 66 having a reflectance higher than that of the
third information layer 64. The third information layer 64 and
the fourth information layer 66 are formed opposite to each
other. Between the third information layer 64 and the fourth
information layer 66, there is formed a transparent second
separation layer 67 in the form of at least cne layer, the second
separation layer 67 having a thickness similar to that of the

first separation layer 62. The second substrate 60 and the



be formed into concentric circles, it is preferable that a spiral form be
enpl oyed simlar to that of the conventional optical disk in view of
capability that the accuracy of the track pitch and' the |ike can be

i nproved as conpared with the structure having the concentric circles when
the mastering process is performed. The structure having the spiral
projection and pit colum is classifieggnto two types to neet the

ur pose. first structure is arranged such th t he projection and
Bi tpcol umes or‘fof‘ﬁ@‘ 15P£‘sstt1‘a§ﬁ é&%rfd’r@%‘%soﬁ’% °aer?&¥‘3°%ﬁ' i IPetHee® same

di rection whe [ f ' ngi ?]p(t_ha ' f f oregoi n
c:ase, ![ he |i gﬁpglb%g?ssru%]\%%%i &rslb g%é g?bfgg | ong“l@%rnﬂtalt?hrbg Jitﬁes]:iedggto thg o
out si de or onggghdEehi MhebiRMibRE: Ggtsi de to

50 the inside regardless of the information |ayer having the i nformation
pits which are subj 8thedthe recackinggmed immahadsg thaieregoangtytwattre i s
enpl oyed in which the Iight beamis noved fromthe inside to the outside,

a reproduct i ohasea Weuting) lysynnetiicogbencturevwith zespeel $orthe edhesiver nat i on

is detected in the internal portion of either, of the information | ayers
and an  acces&¥$s Sfadd £8P iedgé’r‘# ‘;861: r Bing SSFHTAALEtARY he

PO o % oS 1, ST G P R foch ORI e
must be perm {E&¢hs. :

A method and apparatus for manﬁfacturing the recording
medium having plural information layers will now be described.

iIf the interval between two information layer is tco short
in the case where each of the two information layers is
reproduced, reflected light from another information layer or
light which has transmitted through the same generates crosstalk
so that an influence of change in the amplitude of the reproduced
signal or that of distortion of the servo signal occurs.- If the
interval between the two information layers is too long, a
aberration is generated in the light converged spot in either of
the information layers. To inhibit the foregoing influences, the
interval between the twa information layers must be made to be
constant. In order to achieve this, a separation layer
exhibiting excellent accuracy in the thickness thereof is
required. Moreover, the two substrates must be adhesive~bonded
to each other in such a manner that the central positions of the
information pits or sample pits or the guide grooves coincide
with each other. Note that the foregoing description is applied
only to the case where the recordiﬁg medium is in the form of a

disc shape and information is recorded when the recording medium



As a nethod of obtaining the second substrate 3 with which the foregoing
structure can be realized, the foregoing nethod may be enployed in which
the second master to which the master has been transferred again is used
to reverse the directions of the information pits. That is, transference
of the surface of the nmaster manufactured by the photoresist to the second
master enables colums of information pits fornmed in the opposite

directions and in the opposite spiral @irections to_be objained. By

adhesi ve- bond%%@'oitﬁ'%edsecg‘h@ S é‘e§oﬁ‘§‘d13t ﬂ%‘ﬁluf“rngvmgugée[ ?Cg?e 1 through
the separation |ayer. 5, recondi U i t @ﬂﬁﬂﬁai* 1

di recti on whet? Fé&éﬁé%%%hﬁﬁg’fﬁg%?gagﬁgédgkﬁgﬁyS@gfﬁ?ﬁﬁécan e o ngned.

I'n a case wheggdREr NLOSRS 21l SrabIBNedRatHIdig IhahsesrRdor ATEESrdisg.
omtted, the recording direction enployed in the mastering process is
changed so t hgddituhehdvingtomnintmeatibn lafar mmii ozetaykrscéntaridity havi ng t he
same spiral direction when viewed fromthe |light incidental position are
obt ai ned. Thatcdusringvdee tchdepirstionelsi shejcensrpbpoditions bgimeenhthedi recti on

i n which . . . .51 the fl%%ﬁglass pl ate
i s made to betwppstormatien tagerenply SFedtih I0veE 1AR e A EATCERS i 1 st

P over s 5 and WEARE % HeS Boldithadity sd'dsto WipBRARRT cld  REERIE"
servo performed by the recording medium of the foregoing type.

. In view of the foregoing, a method of manufacturing the
two substrates will now be described. Note thgt the first
substrate is formed by the conventional method. That is, the
first substrate is obtained by the steps of mahufacturing a
master i; the mastering process and performing injection molding
in a mold. The second substrate may be manufactured by the same
process as that for manufacturing the first substrate or a method
in which a second master is formed by again duplicating the
master in order to reverse the information pits. The injection
molding process may be performed by a process similar to that
employed to manufacture the first substrate. Note that the
injection molding machine for use in this embodiment has the
master comprising the spiral or concentric information pits and
guide grooves, the center of which accurately coincide with the
center of a central opening forming machine for forming the
central openings of the first and second substrates. By using
the injection molding machine of the foregoing type, first and
second substrates can be obtained in which center of the central
opening and that of the information pits or the guide grooves do

not deviate considerably.



spiral direction when viewed fromthe light incidental position are

obtained. Note that the information pits when viewed from the |ight

i ncidental position are nade to be opposite to each other between the

first and second information |ayers 2 and 4. A second structure is

arranged such that the projection and pit colums on the first and second

substrates 1 and 3 run in opposite dir%gtions when viewed fromthe |ight
a

incidental position. Iln the foregoing case, the direction.in jch the

| ght beam i & movedt dtiesiie-betdiSR fibararrs tPhadies i PRE R e de or a
direction fro tSd t LAS) [ o] g@g%i ein
accordance w ?#ét}ﬁgmliln ggﬁ%t#%%ﬁ%&%%ﬂ%z/?n%t e O%n zg,%ﬁrn{?l on pléts whi ch

have been subppsderdriiihedr digicki@ss will now Hh@leborR@al NFigl reiGisuge is
effective in a case where information continued for a long tinme is

treated. An excmpadiofcroas stectitdtnaieviad bfnthe béhaddserbdnddng n whi ch t he

| ight beamis noved fromthe inside portion to the outside portion of the
i nformati on pePRRrEfHus he Asj shown| Hr Sigmib.othe gibesiveabending |3pgAratuSeami s
noved fromthe outside portion tq the insidepgprti?n of the i.nformation

pits on the sECHHdSEHIAS HRRG OROT PR SUPPORF (56 “_E‘hg I?‘B‘h?“%?&'ﬁﬁ%sthe _
reproduced Ti ?%%n{dn%&gs@é{é) .14 dﬁoﬂ?g—%ﬁggﬁm R gnédrq;n?&@titoﬁeﬁé Ihiélgé%(%:igl%gr mation

| ayer 2, the eam s’ rove _ out’er® por t1on of
information | aygibht {hbak 815 for AMpBRtiing! 1 EKMR SBKSSa20 AGRASS to the

I nformati on start point of the second Fnformation |ayer 4 while keeping
the same poshiddening he sdpghationalaeent amwddediiont sedtdon ¥ @drict i on of

elevating the upper-portion support section 61; a resin-applying
nozzle 64 for appiying a resin material 80 for forming the
separation layer to the first substrate 1; and a base 65 for
supporting the overall system.

The upper-portion support section 61 comprises a substrate
support section 66a which is in contact with the flat surface of
the second substrate 3 to secure {he second substrate 3; an upper
base section 66b for establishing the comnection between the
substrate support section 66a and the elevation section 63; an
upper shaft 84 downwards projecting over the central portion of
the substrate support section 66a and having a tapered recess at
a leading end thereof to correct the positional relationship of
the lower-portion support section 62; and a first inner—portion
guide section 68 having a tapered portion for adjusting the
position of the second substrate 3. Around the upper shaft 84, a
spring 69 for downwards pressing the first inmer-portion guide
section 68 with predetermined force is disposed. On a region of
the substrate support section 66a which is in contact with the

second substrate 3, there is formed a suction opening 71 for



52 information at the outer portion of the second information |ayer 4.
Since the foregoing information reproduci ng nmet hod does not I nvol ve the
opti cal pickup being noved when the |ight beamis noved froma |ayer to
anot her layer, tinme |oss can effectively be prevent ed during the novenent
of the Iight beam In a case where the recording pits are in a CLV node
(a constant line velocity node), theé3position of the optical pickup is

not changed and, . therefore tQF chan in_the ro%ationa speed can

offect rval y bRturipeEhyapond subSefeta 9oy Jakiie 6P thdsby B PhaiF nie Beond
bstrate 3 j ' I [ t ' : t hod
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starts is naggus hﬁtﬁ@@ﬁ%i@t@osﬁ;ﬁﬁkt%@t@ﬁﬁ(téaﬂ the exposing process
when the naster of the first substrate 1 is nanufactured. In a case where

recordi ng of infornt itha ahet Hmnfli rdte olst-pateioh stppdrs sdctian 6hner
position, a master exposed to light fromthe outer portion is used. Since
t he recordi ngeconpdiises Sabageasupnosd ssction| Ty fonsuphostiong: theddrstrst and

second substrates 1 and 3. . conprises infornmation pits on the first and
second subst r#isdrate inf §1%Y”§H%?%W6r7%é°F§W21% §i PRSP IRRF tons when

Swi 1 ehed et veRHPREA i AP tnop e, ebdiinobafiall 8 HighP @l 4 20 °°
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exposure of the outer portion is -
end thereof to face the recess of the upper shaft 84; and a
second inner-portion guide section 75 for adjusting the position
of the first substrate 1 by the tapered portion thereof. Around
the lower shaft section 74, there is disposed a spring 46 for
upwardly pressing the second imner-portion guide section 75 with
predetermined force.

The light source 81 hardens a resin material 80 for
forming the separation layer and is disposed in the bottom
portion of the light-source box 73 and immediately below the base
support section 72. Therefore, the base suppoft section 72 is
made of a material which permits light emitted by the light
source 81 to pass through, for example, glass or a resin.
Moreover, a portion of the base support section 72, which is in
contact with the first substrate 1, has an adsorption opening 78
for securing the first substrate 1 by vacuum adsorption so that
air is discharged to an external pump through an evacuation
opening 77 formed in the light-source box 73. In a portion of
the light-source box 73 outward from the first substrate 1 and
opposite to the substrate support section 66a. there is disposed

a spacer 79 for maintaining the thickness d5 of the separation



performed simlar to the foregoing case in a state where the direction in
which the flat glass plate is nade to be opposite to that enpl oyed when
the master of the first substrate 1 is manufactured. Since the recording

medi um manuf act ured by using 53 the
t hus-obtained first and second substrates 1 and 3 has the information pits
on the first and second substrates 1 a 3 which are fornmed in the sanme
direction when,viewed fromthe light 1 ncidental position, the necessity of
switching the 19%&king polarity between the information |ayers can be

el i mi nat ed. e rkoieagbRing Yol dTaschaiony ok waEosd on only

I nformation | ayer and a reco reproducing I nformatio ayer wll

now be descri bﬁ%glmi FhoRl# axfRbPdeelh Gbsebyir tAGSEahdbwh apgl reproduci ng
type structure ) and a recording and reproducing-reproduction only

structure (C).leading endWimrebfesof as agoapglystthe atesiesua(tByriaind0 () thee
subjected to a conparison, the foregoing structure (B) is advantageous in
whi ch the firstpHenfgface of thy Lirst snbeiwrate be The yasgivgieadi@h thenly

nfontion | avelaaudible Secantg VOLBLLON Lokere'y IRdR ke g the
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recording and i gRioguel AP th¥PSentral axis of the first substrate 1. Note
that the resin-applying nozzle 64 is removed from the region on
the lower-portion support section 62 if it does not apply the
resin material 80 to the upper surface of the first substrate 1.

Fig. 7 shows a structure of the apparatus according to

this embodiment for obtaining a separation layer having a
predetermined thickness. Fig. 7 is a partial cross sectional
view showing the state of the adhesive-bonding apparatus shown in
Fig. 6 in which the upper-portion support section 61 has been
moved downwards and the first substrate 1 and the second
substrate 3 have been adhesive-bonded to each other through the
separation layer 5. To obtain the thickness d5 of the separation
layer 5. a spacer 79 having a thickness of d79 is disposed
adjacent to the outer ends of the first and second substrates 1
and 3. The thickness d79 of the spacer 79 must satisfy the

following equation:
d79 =dl + d3 + g5 (1)

where dl is the thickness of the first substrate 1 and d3 is the

thickness of the second substrate 3.



information |ayer, |ight absorption is required to record information on
the information layer. In the foregoing case, diffraction of transmtted
| ight due to the recording mark is generated when signals are recorded on
the first information I|ayer 2. Thus, the quantity of light which is able
to reach the second information layer 4 is reduced. Fig. 3is a
cross sectional view show ng an exanplegof a structure of the optical

i nformati on recordi Ngq ;Hg.ghgﬁgaﬁggl&gg g‘@ionf 04 05 r}ﬂﬁﬁ&%”&%“{ﬁl&?}sséﬁoft he

reproduction only-reco ci ng type rmati1 on lTayers

shown in Fig. 3p at the inner portion of the first and second sub§ﬂréﬂ%EOI'H%H'0”
pits 38 corresponding to information signals are fornmed on one surface of

a first substr@tetil lompthegiéy tind ckdeasS thefumidt. sidfite®y eand the dowersurf ace
of the first substrate 31, there is forned a first information |ayer 32
havi ng a predéh@fhﬁﬁ@ﬁmr%mtﬁa\tmﬁy taepftddewmmwmaﬂ@@uan@ and a

t hi ckness of d3 gﬁ 0 urface of a _second substrate 33 Vi_ng
t hi ckness of d3Bat fhgr 1& Sophrddet subsitrate @HPW*Q?%‘EN@Q éf d@anpl e

pits. On one s ond trate 3 Hg formed a second
I nformation | aé@‘?@% fﬁ #ne% ot at h?Jrgq’f Fﬁlfrctehébxo t1 aq?gchar acteristic of
whi ch i s changed when |rrad|ated with the light beam 7 and which has a
t hi ckness of d34. Between the first information |ayer 32 and the second

information |layer 34¢@67 + d74 = d65 + 473 + d1 + d3 + d5 (8)

By improving the accuracy of each section, a separation
layer 5 in which irregularity in the thickness is inhibited from
the inner portion to the outer portion can be obtained.

Referring to Figs. 6 and 8, a structure for performing an
adhesive-bonding operation with which eccentricity is inhibited
between the first and second informationm layers will now be
described. The centers of the upper-portion support section 61
and the lower-portion support section 62 are adjusted by a
tapered section 82 of the recess in the upper shaft 84 and a
tapered section 83 of the recess in the lower shaft 74. Hhen the
upper-portion support section 61 has been moved.downwards by the
elevation section 63, the tapered section 82 of the recess in the
upper shaft 84 and the tapered section 83 of the recess in the
lower shaft 74 correct the centers of the upper-portion support
section 61 and the lower-portion support section 62. VWhen the
horizontal planar portions of the two shafts 67 and 74 are
brought into contact with each other at the lowermost position,
the deviation of the centers of the upper-—portion support section

61 and the lower-portion support section 62 is on the order of



there is formed a transparent separation |ayer 35 for positioning the
first information |layer 32 and the second information |layer 34 to be apart
fromeach other for a predetern ned di stance d35. The first
information |layer 32 has a predetermned transmissivity with respect to
the light beam7 in order to allow Iight having a predetermned intensity
to reach the second information Iayer . The tenperature of a portion of

beam 7. the | HERE itf%o#@mﬁ%%ﬁ‘f‘*ﬁé@%e rdth et H iy " L
result, the opfigaberharad erd %thh@tgc?-;tggdsfgcond |nformat|on |l ayer 34 is

changed so that information is recorded on the second information |ayer

34. Thus, the secondrd Ré€y bton¥tah@)Risi 8fordadSre RtsbiddpWetweapatilee of
satisfying both high coefficient of absorption with respect to the |ight

beam 7 and gr efitrsbpridc aécondhsuigpératdmil asd 3aaid g:heafpfpemﬁmfy 84 andpr oduci ng

recorded signals. Si nce
the first infofieadewsy shafdr septips H.r &pe ddastiand sepand %ﬁﬂﬂSFﬁQﬁﬁlgﬁ | ayer,
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first and second immer-portion guide sections 68 and 75 are
formed into tapered shapes having leading ends, the diameters D68
and D75 of which respectively are smaller than the diameters D3
and D1 of the openings in substrates 3 and 1, and other ends, the
diameters D69 and D76 of which respectively éfe larger than thé
diameters D3 and D1 of the substrates 3 and 1. Each of the first
and second inner-portion guide sectiéns 68 and 75 is able to move
in the vertical direction of the upper shaft 84 and the lower
shaft section 74. The springs 69 and 76 disposed around the two
shafts 84 and 74 press the second substrate 3 downwards and
pushes the first substrate 1 upwardly. As described above, the
central openings of the first and second substrates 1 and 3
having the diameters D1 and D3 are formed with excellent
positional accuracy by the injection molding machine. The
central openings of the substrates 3 and 1 are received by the
tapered sections of the first and second inner—portion guide
sections 68 and 75. The substrates 3 and 1 are adsorbed through
the adsorption openings 71 and 78 formed in the substrate support
sections 66a and 72. In a state where the tapered sections of

the first and second inner-portion guide sections 68 and 75 are



beam when information is recorded or sanple pits (not shown) consisting of
a pair of a projection and a pit which are shifted in the tracking
direction to correspond to the sanple-servo type tracking operation. In a
case where the foregoing substrates are in the formof a disk, it is
preferable that the information pits, the guide grooves or the sanple pits
be formed into a spiral that is formed_in the sane direction when vi ewed

froma positign uppn which. the |ight dam 7 | de.i nci dent,. A
recordi ng nedi Uf‘ncﬂ’g%%g“{ﬁlet#ﬁf%f“ﬁg% (S’Re’i“éﬁgér%tso etﬂ’éﬁtf%ﬁegg%i?{g dtructure
(D) consi stingupf sthabecondhig 1300 LERFQMYE! i SAIOARE ARl ayer and the
recordi ng and reproducing information 'ayer wll now be described with

reference to Ribstréte SGpfhteVedtiofd $6aland 78] I A sulshiial ehdledmaying a
t hi ckness of d41 has one surface on which tracking gui de grooves 48 or

sanpl e pits araxisoofretiie ifferhatioh hayest ofittheddedoad substsatef 3cand hhwi ng a
first information |layer 42 which has a predetermned transmssivity and a
predet er i ned ¢astrabiexieof the wpermortieohsepeards seqtiiendil wpirdidehanges

when irradiated with the light beam 7, and whjch has _ a.ihickness of d42.
On one surfacef _‘?4?@ Ogﬁfogﬂﬂb%s@?%é%ﬁﬁé\fi%ﬁf’%e“ttﬁ?&n € of d43, there
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information layer of the first substrate 1 and the central axis
of the lower—portion support section 62 coincide with each other
with an accuracy that is essencially the mechanical accuracy. By
moving the upper-portion support section 61 downwards in the
foregoing state, the tapered section 82 of the recess in the
upper shaft 84 and the tapered section 83 of the recess in the
lower shaft 74 make the center axis of the information layer of
the first substrate 1 and the center axis of the information
layer of the second substrate 3 coincide with each other.
By using the adhesive-bonding apparatus having the
foregoing structure, a recording medium can be obtained in which
deviation of the circular arc of the information pits, sample
. pits or guide grooves formed on the surfaces of the two
information layers can be inhibited.
A method of manufacturing the optical information
recording medium having the two information layers in such a
manner that the adhesive-bonding apparatus showmn in Fig. 6 is
used will now be described with reference to sequence charts
shown in Fig. 9.
Initially, as shown in Fig. 9(a), a first information

layer 2 for permitting a penetration of a portion of light beams



44 formed by a thin film the optical characteristic of which is changed
when irradiated with the light beam 7 and which has a thickness of d44.
Between the first information |ayer 42 and the second information |ayer
44, there is formed a transparent separation |layer 45 for positioning the
first information layer 42 and the second information |ayer 44 apart from

each ot her for a predeterm ned di stanc d45. Al'so in the foregoing
case, is effective when the forego structu the surfacge of the
subsirate i AHBHANITEG BF %%exm%s‘#f B0 et OraE o e PO

f t | | th
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t he met hods adapted to the foregoing information pits for only reproducing
information. or guide divovesffurmeditrolliyetsadidngr & ahdi highanskaneproduci ng
information is able to enploy the information |ayers enployed in the case
of the foregoisagpkt pits.ur és (BowoolsFigi ifbdf a seconde prinrmetion lamey 4
information | ayer and the recording and reproducin
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controlling tracking of the light beam or sample pits, and a
thickness substantially the same as that of the first substrate
1. Then, the first substrate 1 is secured to a base support
section 72. Then, a resin-applying nozzle 64 is used eo apply a
photosetting resin material 80 to the upper surface of the first
information layer 2, as shown in Fig. 8(c}. Then, the second
substrate 3 is placed on a substrate support section 66a, and
then an elevation section 63 is operated to move an upper-portion
support section 61 downwards to come into contact with a spacer
78. Then, the second substrate 3 and the first substrate 1 are
adhesive-bonded to each other with a separation layer 5 at an
interval, which is the thicknesses d5 of the Separation layer 5
(see Fig. 8(d)). Then, as shown in Fig. 9(e), the outer surface
of the first substrate 1 is irradiated with light.beams 73
emitted from a light source 81 so that the resin material 80 is
hardened so that the separation layer 5 is formed. As a result
of the foregoing process, a recording medium having the two
information layers 2 and 4 can be obtained.

By employing the foregoing method, the process for



I nformati on. Moreover, the first information |ayer 42 nust

57 maintain the characteristic that |light penetration is permtted even
after informati on has been recorded. As descri bed above, the first

i nformation |ayer 42 nust be designed so as to be fornmed into a thin film
wi th which high quality signals can be obtained and a required

transm ssivity realized before and aftegg information has been recorded can

be obtained:  rengyving THE e 'l MY SELIGA! Be Fast o OLorERBL AR didyer 42

angé nateri optical eong changed,
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where the second inhformation 1ayer irradiated wth the Ilght beamin
t he state wheriafoniariontpion sefhced efrned qaedes:isin ddee shipBbi adhéiveat i on
| ayer 42, a portion of [|ight, which has passed through the first

i nformati on | dpedediZo edch dithdr.ached rRasitdutiie baawfacineingmieldjednont o t he
second infornmation |layer 44. Therefore, the intensity of the |ight beam 7
must be set témanﬁﬁﬁﬁ evel as conpared with that to be applied to the
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information layer 2, the resin material 80 may be applied to the
upper surface of the second information layer 4.

A method of manufacturing a light recording medium having
four information layers in such a manner that adhesive-bornding
apparatus shown in Fig. 6 is used will now be described with
reference to the seguence ;harts shown in Fig. 10.

As shown in Fig. 10(a), initially, a first information
layer 59 for permitting a penetration of a portion of light beanms
and having a predetermined reflectance is formed, by sputtering
or an evaporation method, on a first substrate 59 having on its
surface, information pits corresponding to information signals,
or guide grooves for controlling tracking of the light beam or
sample pits.

As shown in Fig. 10(b), a éecond information layer 61
having a reflectance higher than that of the first information
layer 59 is formed on a second substrate 60 having on its
surface, information pits corresponding to information signals,
or guide grooves for controlling tracking of the light beam or
sample bits, and a thickness substantially the same as that of
the first substrate 1.

Then, the first substrate 58 is secured to a base support



when the first information layer 42 is penetrated by the light beamis
made to be 25 or nore which is the square of 5. As a result, an influence
of crosstalk or the |ike can be inhibited. In the case where the
first information layer 42 is formed into a nmagneto-optic recording type
thin film the direction of mnagnetization of which is changed, transmtted
| ight does not diffract. Since the necessity of considering the change in
t he ; P : t ] | i efore
and after inf osrefr:x;lctl ?%r? 2ﬁas.mlgag'ena rr gg%ﬁ ggglymgaﬁé%elee ?%%gg%éeﬁéoa%@algvgnt age
can be real i zgshotbbyenag, rdshe matbrisll sonf@rhBligper| augacd bimisé fabsor b
light in a predeterm ned quantity in order to record information
Therefore, it irformpriehelaielrebd.has shoemgimFtigt VM04E) | | Fhent dhbesanppdi ed be
set to be larger than that set in the case of the reproduction only

i nformation | trate 60 is placegdpen Gasubwizaitei Wyraetiseaties 662 of the
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60 and the first substrate 58 are adhesive-bonded to each other
with & separation layer 62 at an interval, whicﬂ is the
thicknesses d62 of the separation layer 62. Then, the ocuter
surface of the first substrate 58 is irradiated with light beams
102 emitted from a light source 81 so that the resin material 80
is hardened so that the separation layer 62_is formed-ksee Fig.
10(d)). As a result of the foregoing process, a first recording
medium 101 having two information layers on one side thereof can
be obtained.

The foregoing method is different from the process shown
in Fig. 9 in which the first and second substrates 1 and 3 having
similar thicknesses are adhesive-bonded to each other, in that
the thickness of the second substrate 60 to be adhesive-bonded
with the first substrate 58 is not limited in this embodiment.
In the foregoing case, .the thickuess of the spacer 79 and the
lengths of the upper shaft 84 and the lower shaft 74 must be
changed.

As a result of a process (see Figs. 10(e) to 10(h}))
similar to that shown in Figs. 10(a) to 10(d), a second medium
103 having two layers formed on one surface thereof is obtained

by adhesive-bonding the third substrate 63 and the fourth



A recording nedium having four information layers will now be described,
which is an inprovenent of the recording nmedium having the two substrates
havi ng convex and concave portions on the surface thereof and

adhesi ve-bonded to each other. This recording nediumis described with
reference to Fig. 5. As shown in Fig. 5, information pits
corresponding to information signals ofjiguide grooves for controlling

tracki ng of tgﬁ’%égi_rgk% Gtﬁgarﬁe%rﬁ?ngjg‘t? Fﬁlﬁ%s (??f% qgghﬂnggg%(?%%f ace of a

first substrate ~Moreover, "d orng on Ia er r _
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substrate 58 and having a predetermned reflectance is fornmed on one

surface of theféuntht iisiobsétivhelfHde, @Y eapreushtace seobnd lsepamxtdod substrate
60, there are formed infarmation pits corresponding to information signals
or guide groovéayererand 104 represents a light beam emitted from thes@ighhtrol |ing

tracking of the Iight beamor sanple pits. On one surface of the second
substrate 60, BOWEES i AR 1orggoing 68se1 itj s MIRRRLPBIRI Bivthike o

et Lect ance I aesle0 i <old Bpfit d ALTABLI 90 GO0, The 111
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of the fourth substrate 65 be substantially the same. The second

and fourth substrates 60 and 65 mway be formed by a method other

than the method employed to form the first and third substrates

58 and 63. To maintain the thin substrate serving as the

recording medium, for example, a Photo-Polymerization method may

be employed, permitting the substrate to be made thinner.

Then, an adhesive-bonding apparatus similar to that shown
in Fig. 6 is used to adhesive-bond the first medium 101 having
two layers formed on one surface thereof and the second medium
103 having two layers formed on one surface thereof to each
other. Initially, as shown in Fig. 10(i), a photosetting resin
105 is applied to the upper surface of the second substrate 60 of
the first medium 101 having two layers formed on one surface
thereof. Then, as shown in Fig. 10(j). the second substrate 60
and the fourth substrate 65 are adhesive-bonded to each other,
followed by irradiating the outer surface of the first substrate
58 with the light beams 106 emitted from the light source 81 so
that the resin material 105 is set to form an adhesive layer 68.
As shown in Fig. 10(j). the lengths of the spacer 79. the upper
shaft 84 and the lower shaft 74 must be changed to correspond to



that of the first substrate 58 has a surface on which information pits
corresponding to information signals or guide grooves for controlling
tracking of the light beamor sanple pits are forned. On one surface of
the third substrate 63, there is fornmed a third information |ayer 64 which
transmts a portion of the |ight beam nade incident on the third substrate
63 and which has a predeterm ned reflegjance. A fourth substrate 65 having

substant al 1 o Rgkiese 14 Aok . Lo B i o 0 e o
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are forned. Mboreover, on one ‘surface of the fourth substrate 65, there is

formed a fourtthe Enfey et fourth ayn€orit ibavidyers R bectbanasl B6ghathenhan t hat
of the third information |layer 64. The third information |ayer 64 and the

fourt h i nf or naticorxpespee B®cese showmdd BigpodD(P tis paformest, héhe Behteen the
third information |layer 64 and the fourth information |ayer there is
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must be enlarged as compared with the exposure processes, for
example, as shown in Fig. Q(é), 10(d) or 10(h}.
As the resin material 105 for use when the first and
second mediums 101 and 103 each having two layers formed on one
surface thereof are adhesive-bonded to each other, a resin that
absorbs light beams may be emﬁioyed. A resin other than the
photosetting resin may be employed. For example, a heat setting
resin, a hot melt adhesive agent or another adhesive agent may be
employed. Therefore, the irradiation with light beawms may be
omitted from the process shown in Fig. 10(j}.
By employing the foregoing method, the process for
removing the master is not required. By sequentially adhesive-
bonding substrates each having the surface comprising the
information pits formed previously, a recording medium having a
four-layer structure can be obtained. As a result, the
manufacturing yield can be improved. The recording medium having
the four-layer structure can be obtained by repeating three times
the adhesive-bonding process required to obtain the recording
medium having the double-layer structure. That is, the recording
medium having the four-layer structure can be realized by using

basically the same manufacturing apparatus. Thus, it can be



formed an adhesive | ayer 68. Since the recordi ng nmedi um having the
foregoing structure has a vertically symmetric structure wth respect to
the adhesive layer 68, it can be said that the foregoing structure is
stable even if change, such as change in the environnment tenperature,
occurs. A nmet hod and apparatus for manufacturing the recording
medi um having plural information |ayers, now be descri bed. | f
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generates crossta so that an uence of cthange in the anplitude of the

reproduced signal or rbbaiding sAiSEarol0sigl abperates forsigradingends. |f the
i nterval between the two information layers is too long, a aberration is

generated in tdeprédigiihg convhe gedicgotinf ormstibe rregbrd ingenedifuar aenording ayers.
To inhibit the foregoing influences, the interval betwen the two
i nformation | dpektke mresente invandion. igs mepHeckwed by deqkeregsisgni eve this,

a separation layer exhjbiting excellent, gccuracy in the thickness thereof
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pe and information is recorded when the

recordi ng mediigThasically an optical information recording medium having a

plurality of information layers; a spindle motor 112 for rotating

thé optical disk; an optical pickup section 113 for converging

light beams, such as laser beams, emitted from a light source

121; and five circuit systéms for_controlling the spindle motor

112 and the optical pickup section 113. A first circuit system

is a light modulating system 114 for operating the light source

121 of the optical pickup section 113. A second circuit system

is a control system 115 for controlling the operation of the

light beams to cause light beams emitted from the optical pickup

section i13 to be converged onto the optical disk 111 and

tracking for causing the light beams to follow the information

pits or the guide grooves. A third circuit system is a signal

reproduction system 116 for reading information signals formed on

the optical disk 111. At least one of the foregoing three

circuit systems has two or more types of condition setting

functions to set an optimum condition to each of the information

layers. A fourth circuit system is a layer selection system 117

for switching the condition of the three circuit systems in

accordance with the information layer to which the light beams



61 is rotated. In a case of a recording nmedium having the two information
| ayers, the tracking control nust be perfornmed while considering the

al l owabl e eccentricity in the case of a recording medium having one
information |ayer and a second eccentricity occurring due to deviation in
the central positions between the two information |ayers. The present
invention is intended to prevent the segond eccentricity so as to

conpensat e the_tracki servio pgerf. d_by.1he_ recqrdj di of, t he
f oregoi ng type?*® e b(Q%E’Itﬁc aw ffjl? %g?%f’éb%isxﬁgemaqﬁe% %%ag%‘% c%?ﬁ’fﬁlact uring
the two subst E%{?‘é& M4 |pr%nQ@oﬁﬁ%§rﬂ¥éeqmﬂ%t Brifipt bl chb&Sle substrate

Is fornmed by the conventional netho That 1s, the first substrate is
obt ai ned by theystetgs of manufacturing a mnaster in the nastering process
and performng injection nolding in a nold. The second substrate may be
manuf act ured by t he ¥hamprepmdcésenidon hats & atroeturfeastalr ithat tthe layest

substrate or a nethod in which a second master is formed by again
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whi ch accur at el <3l eiideimMiblit {dgeerrors in information to be reproduceéer o
from the plural information layers.

When the information signals are reproduced from the
optical disk 111, the system control system 118 controls the
rotation control section 119 to rotate the spindle motor 112 so
as to rotate the optical disk 111 at constant speed. A contrBI
signal indicating the reproduction state is supplied to a laser
drive section 120 so that the electric current flowing to the
light source 121 is controlled in such a manner that the
intensity of light beams to be emitted from the optical pickup
section 113 is set at a reproduction power value as instructed by
the system control system 118. The light beams emitted from the
light source 121 pass through the optical system of the optical
pickup section 113 and an objective lens 122 disposed at the rear
portion soc that the light beams are made to be converged beams
with which the optical disk 111 is irradiated.

The light beams reflected by the optical disk 111 again
pass through the objective lens 122 and the optical system in the
optical pickup section 113 sg as to be made incident upon a
photodetector 123 having a light receiving surface which is

divided into sections. The photodetector 123 photoelectrically



center of a central opening formng machine for formng the central
openings of the first and second substrates. By using the injection
nol di ng machi ne of the foregoing type, first and second substrates can be
obtained in which center of the central opening and that of the
information pits or the guide grooves do not deviate considerably.

62 An adhesi ve- bondi ng apparatas for adhesive-bonding the first

and second subsbfivdras tid AnaideaRal Aliche Beayertdavrhm@ia a Wigdel aiavined
t hi ckness will now be described. Fig. 6 is a schematic cross sectional

vi ew of the adlibsivwodtbgmdionpesyppding s . thes chémgen innthiei guarg ity hef light
adhesi ve-bondi ng apparatus _conprises an upper-portion support section 61
for supportingoBreachsetdhg Lighdt rededving sur 5@r§hie gﬁéport section 62

| udi | ht 81 f t t t 1 d
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substrate 1; amgdegudiascdRpondits ﬁFRﬂ@réigﬂﬂltm QuEd Q:b' cotebeMhe The
upper-portion support section 61 conprises a substrate support section 66a

whi ch is in copbsiitioni ¢t thbelfbhatbesmr f ace of the second substrate 3 to

secure the second substrate 3; an upper base section 66b for establishing

t he connecti on bet wednfachs ccntrol section 126 uses a portion of the signal
transmitted from each of the light receiving surfaces of the
photodetector 123 to obtain a focus error signal and operate a
voice coil 125 by using the focus error signal. As a result, the
objective lens 122 is controlled to move slightly in the
perpendicular direction with respect to the surface of the
optical disk 111 so that the light beams are converged onto the
surface of the information layer of the optical disk 111. The
system control system 118 transmits, to a layer selection system
117, a layer selection signal for appointing an information layer
to be focused in response to control signal S03. The layer
selection system 117 switches the operations Qf the light
modulating system 114, the control system 115 and the signal
reproduction system 116 in accordance with the information
layer. As a result, signals in any information layer on the
optical disk 111 can be reproduced:

A layer identification section 132 demodulates a layer
identification signal from the signal transmitted from a binary-
coding section 130 to identify the information layer that is
being focused. If the information layer that is being focused is

not the subject information layer, a focus jumping circuit 133



substrate support section 66a and the el evation section 63; an upper shaft
84 downwards projecting over the central portion of the substrate support
section 66a and having a tapered recess at a leading end thereof to
correct the positional relationship of the |ower-portion support section
62; and a first inner-portion guide section 68 having a tapered portion
for adjusting the position of the secoié substrate 3. Around the upper

shaft 84, a ssﬁzrqgaﬂti%%z Ofh gw&@rfl&cu%& dé%d%gti&xea&érfétthénﬂﬁﬁrﬂﬂﬁhon gui de

section 68 wt redetermned force i1s df sposed a region of

substrate suppriversectthonfdi®s ipally icirtdi 1€ 08 anbeniniposthethpepolud substrate
3, there is fornmed a suction opening 71 for

63 securing t helsegoforsitsintaneossly mouingim wiceornilwil8h ia théei ng

di scharged to an external unp through an evacuation port 70 formed in the
substrate suppsEpe 586’80’“011 with regpachetortharontiral disk 1wer- portion

t sectiop 62 t, section 72 ting th
first substrd at@q”?éé?%?swcﬁﬁ%gég%%ﬁ coEreg e B support
section 72 1o x%%ﬁ#’a%ﬁe% Roha6Cammpdard rﬂ;%réec{ offd th3u5 é% a | ower

shaft section avi ng a apered prOJe lon“at t end thereof to

face the recesgrgfmdtienunRer. shaft 84; and a second |nner-port|on gui de
section 75 for adjusting the position of the first substrate 1 by the
tapered portion thereatackihgueshtrol section 127 obtains a tracking control

siénal from a combination of the other output signals from the
photodetector 123 in such a manner that the light beam follows
the information pits or the guide grooves, and then slightly
moves the voice coil 125 in a direction of the radii of the
opiical disk 111. When the information layer of a reproduction
only type is reproduced, a polarity inverter 128 switches the
tracking polarity among the information layers in accordance with
an instruction issued from the layer selection systemlll? so that
a phase difference method or a 3-beam method is employed to
perform tracking in such a manner.that the light beams reproduce
the information pits of the information layer. In a case where
the information layer of a recording and reproducing type is
reproduced, the polarity inverter 128 switches the tracking
polarity or the tracking method among the information layers in
accordance with an instruction issued from the layer selection
system 117. Thus, the information pits of the information layer
of the recording and reproducing type are reproduced by tracking
by a push-pull method in a case where the information layer has
guide grooves or by a sample servo method in a case where the

information layer is composed of wobble pits. By switching the



the | ower shaft section 74, there is disposed a spring 46 for upwardly
pressing the second inner-portion guide section 75 with predeterm ned
force. The |ight source 81 hardens a resin nmaterial 80 for formng
the separation |ayer and is disposed in the bottom portion of the

| i ght-source box 73 and i medi ately bel ow the base support section 72.
Therefore, the base support section 72 iz nmade of a material which permts

1ght em(ted Backi; Wiy BOIRe B LR NGP8 411ALOMECkRAe REAMYL, 01 ass

or aresin. Mreover, a portion o support section 72,7 which is

in contact wifHe tbeoddingidesybsst batith, oh ahedinRGRA U dy@aREBAN®e/8 foOr
securing the first substrate 1 by vacuum adsorption so that air is

di scharged t o maisedt ernal punp through an evacuation opening 77 fornmed in
the |ight-source box 73. In a portion of the |ight-source box 73 outward
fromthe first substhk drackingnipmpépgedreeit 428 rawenbarosascthaupplsa section

Coa, there s 0900040, ANB0Elnds oV Bl AL Vo 5y P o, 95 of the

separation ) _ _
rernal ) LT SBEER B 4 Fales gD GRUELL AeB0y SHRMY SO,

t
external resi n reser VQI r anﬁﬁﬂﬁr oug ) .
apply the resigighBt arbfl u0RKIAE conPPPiettidns of Ahe dokhel, abstrate

1. The | eading end of the resi n-applying nozzle 64 is arranged to nove on
a circle, the light beam can be moved onto the surface of the subject track.

In accordance with the outpﬁt frém the tracking control
section 127, the polarity inverter 128 inverts the polarity
thereof in accordance with the direction of the information pits
formed on the information layer, and whether the light beam is
allowed to follow the land or groove of the guide groove.

In the case where the recording medium has been
manufactured by using the first and second substrates 1 and 3
obtained by the same mastering process as shown in Fig. 2(a), the
directions of the pits are inverted between the first and second
information layers 2 and 4 when viewed from a position upon which
the light beam 7 is made incident. In the case of a double-layer
medium of the foregoing type, the focusing position is moved
between the first and second information layers 2 and 4 by the
focus jumping circuit 133. Simultaneously, the polarity inverter
128 switches the tracking polarity between the first and second
information layers 2 and 4. As a result, the light beam can be
moved instantaneously onto the information pit of the subject
information layer. Therefore, the foregoing method is able to
reduce the time required to make an access between the

information layers when information is reproduced.



radi us of which is about 2/3 of the radius of the first substrate 1
relative to the central axis of the first substrate 1. Note that the

resi n-appl ying nozzle 64 is renoved fromthe regi on on t he | ower-portion
support section 62 if it does not apply the resin material 80 to the
upper surface of the first substrate 1. Fig. 7 shows a structure of
the apparatus according to this enbodi nepnt for obtaining a separation

| ayer having a predepebihfiedcbdingksésSonF I of 41 3igallt kaprddieson
sectional view show ng the state of the adhesive-bondi ng apparatus shown

in Fig. 6 in stk 11t usppahepuipgh Sregeppp rdonpaaintencd thhasignedn noved
downwards and the first substrate 1 and the second substrate 3 have been
adhesi ve- bondesupm ied dirost Hier premesngif ienel 24 dpapake ancouppeism batresbt ai n

t he thickness d5 qf separation |ayer_5, 79 havj ng a thickness

the a spacer
of d79 is di sptidevaPicEift forraatas sigarl Zindea Reterenas evelsh andsng
substrates 1 and e thigk s _d79 of t S 7 st,,satjsf,y the
fol I owi ng equa??%rr?:%t t 5129{33 df}g:%:a 1“_,?_11'&‘:'300%%85&?2%%E- 91‘th the trlécodgr

] cknens’ & [ 14° bl S maochobie il sBisiithl o0 o3 12 (1

65 predetermined signal format. As a result, the information signal
is demodulated from the recording mark formed on the optical disk
111. Then, demodulation information S02 is transmitted to an |
external unit in accordance with an instruction issued from the
system control system 118.

If necessary, conditions for reproducing or recording the
information layer formed in a specific region on the optical disk
111 are demodulated by the layer identification section 132. The
layer identification section 132 also has a function capable of
demodulating the shape of the information layer and the like as
well as identifying the information layer. If is preferable that
the foregoing information be.recorded during the process for
manufacturing the recording medium. The contents of the
informaticn include identification information for idenfifying
whether the information layer is a reproduction only information
layer or a recording and reproducing information layer or
information for correcting the differences in the characteristics
among the information layers. That is, the contents are
information about the optimum condition for irradiating each
information layer with light, the optimum condition for
performing the focus control or the tracking control and the

optimum condition when the reproduced signal is demodulated.



To provide the separation |ayer 5 having the thickness of d5 at the inner
portion of the first and second substrates 1 and 3, the lengths d67 and
d74 of the upper shaft 84 and the | ower shaft section 74 nust satisfy the
foll ow ng equation, assum ng that the thickness of the substrate support
section 66a is d65 and the thickness of the |ight-source box 73 is d73:
d67 + d74 = d65 + d73 + dl +d3 + d5 79 (8) By

i nprovi ng the accur gaya faseasters etifoomatidns tparedrdsd oh sy @ludalitywl ch
irregularity in the thickness is inhibited from the inner portion to the
outer portion infocdesiobtlayeesl. initially tRef systemgcentrplgiystenabd 8, a
structure for perform ng an adhesive-bondi ng operati,on with,which

eccentricity icgusemithet htb’éld%é%tringh%?%e?d&aﬁﬂ EAedRE HePE R i on | ayers
i1l now be described. e cente of _the er- por . rt section 61
\glnd theWI omer-lﬁg?ﬁa&r‘log Bo??mpgﬁ%ci ?)Snl%éfrg‘?gﬁ%'djtﬁs e%égé}%apggp?eéd siact i on
82 of the rec%%%dé%r&?ﬁﬁd%ﬁ;ﬁfng\smhaﬁfe ﬁ ﬁnﬂo&zléﬁﬁgf@@té@qtlhoihi&aapf.y t he
art . e r

recess in the*Tower s en t upper-porti on support section 61

has been novegadeywardecolyr tize telcenairtorhs aricooting3sigried Impered section
82 of the recess in the upper shaft 84 and the tapered section 83 of the

recess in the reboydingsiupinl Maving ree preddternimde formsft, t #l dhprcapses i on
support section 61 and the |ower-portion support section 62, \Wen the
hori zontal pl aharlasertdeive sdctioe 20ote mefulatey thadotansiy obh3da8htto nt o
contact with each other_at the | qwernost ition,  the deyiation of the
centers of thdeuppiditeddomothes énb%&r oG Egi fn 88cordanSe With e

condition of a waveform setter 135, which divides a pulse or sets
a change in the intensity. Light having the modulated intensity
is absorbed into the recording.layer on the optical disk 111. As
a result, the reproducing mark can be formed on the recording
layer on the optical disk 111 so that information is recorded.

Note that the waveform setter 135 has recording patterns
which are optimum for recording on the respective information
layers and changes the output therefrom in synchronization with
the output from the layer selection system 117. The laser drive
section 120 modulates the intensity of the ligpt to be emitted
from the light source 121 in accordance with the modulated
waveforms corresponding to the respective information layers.

By employing the foregoing structure, the information
signals can be reproduced from the plural information layers
under optimum conditions. Moreover, the information signals can
be recorded onto the plural information layers under optimum
conditions and recorded information can be reproduced.

The specific operations of the components of the recording

and reproducing apparatus will now be described in detail.



61 and the | ower-portion support section 62 is on the order of
66 several [err]mor |less, which is determ ned by the nmachining accur acy
of the two shafts 67 and 74. To keep a constant positional
rel ati onship between the first and second substrates 1 and 3 and the
upper shaft 84 and the | ower shaft section 74, the first and second
i nner - portion gui de sections 68 and 7®3pre forrred whi ch are in contact
with the col ummar Kigrt1dsbows the e truotuteabf stig4optidal 4 akapvdrcthohay e
the sanme central axis as those of the shafts 84 and 74. “% first and

PHEY a°nt

second i nner - pdit Fois GubedneRbt Aoldifggedar) method ds empd he tapered

eapoct i vl 3%%&%%%9?%%% B LATERE B 5" Biprohta s B Cpeni ngs i

substrates 3 a&%c%m ggﬂg;dher ends, the dianeters D69 and D76 of which
respectively are larger than the di aneters D3 and D1 of the substrates 3

and 1. Each of the fasrghown andrigecrmdligitcenperdd Orongthélelighetdonnse 68 and
75 is able to nove in the vertical direction of the upper shaft 84 and
t he | owner s hifit passesi throtgh aThel Npeitonsled Hildsd @sdis fws édrmadodmtb t he two
shafts 84 and 74 ress the second_ substrate 3 downwards and _ pushes the

first substratréraiiginkeansy. foldoned dwi beinzapefiecteddy adkapm aplidpeni ngs of
the first and g *ﬁco%eSUbt ter?é ecg‘ecf‘%eams pass through a A /4 plate 142 and

the objective lens 122 so that the optical disk 111 is irradiated
with the light beams. Light reflected by the optical disk 111
passes through the objective lens 122, the 2 /4 plate 142 and the
beam splitter 141, and then passes through a lens 143, and then a
portion of the light beams is reflected and is made incident upon
the photodetector 145 having a plurality of light receiving
surfaces for performing the tracking operation. An output from
each of the light receiving surfaces of the photodetector 145 is
amplified by the pre-amplifier 124 so that a tracking error
signal is obtained from a difference signal.

On the other hand, light which is not rgflected by the
mirror 144 is made incident upon the photodetector 146 having a
plurality of light receiving surfaces for performing the focusing

- operation. An output from each of the light receiving surfaces

of the photodetector 146 is amplified by the pre—amplifier 124 so
that a focus error signal is obtained from the difference signal.
Referring to Fig. 12, reference numeral 113 represents the
optical pickup and 120 represents the laser drive section.

Fig. 13 shows a portion of a focus control section for

performing the focus control in accordance with the output from



havi ng the dianeters D1 and D3 are formed wi th excell ent posi ti onal
accuracy by the injection nolding nmachine. The central openings of the
substrates 3 and 1 are received by the tapered sections of the first and
second i nner-portion guide sections 68 and 75. The substrates 3 and 1 are
adsor bed t hrough t he adsorption openings 71 and 78 forned in the
substrate support sections 66a and 7381 1In a state where the tapered

sections of thg bhofdde®BEkoreCONAnbIYIL RS4d] RAi AledE: SRehdPRApHEFaRd 75
are 67 in contact with the central

openi ngs of t hghawdstacabesha¥iand light heceitisgrsiurdacd dndddd dnec sisoured to
the surface of the substrate support sections 66a and 72. As a result, the
central axis @dctipes. #his eabpdinentyhas et atrangensofdsulbthatatthe3 and t he
central axis of the upper-partion support section 61 coincide, with each

other with an Bhatggkertendiibi kasgsbighitaregeivias steEachddnidede dntnay.

Siml ly, th I ' f th i nf ' | f the fi .
Spterly. Uheoentral it csl. Wcqdll SATBL ofy | HEL LR tiERL o
coi nci de wi th 8agh; ptheh +Weld- @R RAAULAEYe LBkt 'réc&ﬁ&ﬁ?%xﬁk%et he

mechani cal accuracy. By moving the upfer-portion support section 61 _
downwards in tdueridb@riadeihne Séitidns tieubederibn S&Cb%él%t%’n & thingsess 1N

the wupper shaft 84 and the tapered section 83 of the recess in the | ower
shaft 74 nake 4 kercemntignalafiren of sthjedtniofaresiion laysr epfounters the

problem of the sérva signal being distofted because a portion of

light reflected by other information layers is made incident upon

the photodetector. Although reduction in the area of the light

receiving portion of the photodetector enables the distortion of

the servo signal to be inhibited, another-proglem arises in that

a range for pulling focusing is excessively limited.

Accordingly, this embodiment has a structure such that the
light receiving surface of the photodetector 146 is divided into
at least four sections. Méreover, a method is employed in which
the focus detection region is switched between a focus pulling
stage and the servo operation stage. As shown in Fig. 13, the
photodetector 146 has the light receiving surface divided into
light receiving surfaces 146a, 146b, 146¢c and 146d. An output
from each of the light receiving surfaces 146a, 146b, 146c and
146d of the photodetector 146 is amplified by each of amplifiers
147a, 147b, 147c and 147d so that two types of focus error
signals 148s and 149s are obtained by difference amplifiers 148
and 148. Then, a switching unit 150 selects either of the focus
error signal 148s or 149s. The selected focus error signal 148s

{or 149s) passes through a focus operation circuit 151 and the



the first substrate 1 and the center axis of the information [|ayer of the
second substrate 3 coincide with each other. By using the
adhesi ve- bondi ng apparatus having the foregoing structure, a recording
medi um can be obtained in which deviation of the circular arc of the
information pits, sanple pits or guide grooves forned on the surfaces of
the two information |ayers can be inhgbited. A net hod of

i or mat i o | Agers SR B plak el g T e e

i nformation | ner esi Ve- bondi ng appar at us

shown in Fig. o?tic'él paadpviddeiBRWiBe stasgid badywi th reference to sequence
charts shown Ttn Fig. 9. Initially, as shown in Fig. 9(a), a first

information | ayer 27h@rfopas rirkbi nggnapaiidl ratd ba debcmibedrwitin of |ight
beans 68 and havuggaa
pr edet er mi ned refédence aocBig s Moimbdth mf epeaseerhang the phatedpigsteRr i on

met hod, on a first substrate 1 having on its, .surface, infornmation pits
cor r espondi ng fo thef HRavetrs PPSFEHENsTS déi‘”‘%?ﬂ dEt‘brtBB\/%é’tF%’?S &BAt3 ol 1ing
nfor mati on | 358 ore d0Ene 18 AgkTah bt (e R o o Rl S0
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positions of the two information lafers are indicated by L1 and

L2. Fig. 14(a) shows a case where the light receiving surface is

divided into two sections and the light receiving surface is

large. Fig. 14(b) shows a case where the light receiving surface

is divided into two sections and the light receiving surface is

small. Fig. 14(c) shows a case where the light receiving surface

is divided into four sections and the outer light réceiving

surfaces 146a and 146d are used. Fig. 14(d) shows a case where

the light receiving surface is divided into four sections and the

inner light receiving surfaces 146b and 146c are used. In the

case shown in Fig. 14(a) where the light receiving surface is

divided into two sections and a photodetector 151 having a large

light receiving surface is employed, and in a case where a focal

point exists near focus beam F1 from an information layer,

reflected light F2 from snother information layer is made

incident upon a portion of the light receiving surface.

Therefore, the focus error signal is distorted and, therefore, a

focal-point positional error dF occurs. In the case shown in

Fig. 14(b) where the photodetector 152 is used which has the

light receiving surface divided into two sections and having a

small light receiving surface area, receipt of leaked light beam



corresponding to information signals. or guide grooves for controlling
tracking of the light beamor sanple pits, and a thickness substantially
the sane as that of the first substrate 1. Then, the first substrate 1 is
secured to a base support section 72. Then, a resin-applying nozzle 64 is
used to apply a photosetting resin material 80 to the upper surface of the
first information |layer 2, as shown ing¥ig. 9(c). Then, the second

substrate 3 iseRixABRskHRR EnfobRStioAl BayetPEA beStdvbRtedbatotider [ TN an

el evation section 63 is operated to nbve an upper-portion support section
61 downwar ds tfignoaecimtes conhkaciwowiddusaespaceignal®.appeen,att tke second
substrate 3 and the first substrate 1 are adhesive-bonded to each ot her
with a separ atPasd tiense cosreppopdingi He dbeapositites Ll sanch&219fi dRAesses d5 of

the separation_ | ayer 5 see Fig. 9(d)). Then, as shown in Fig. 9(e), the
outer surface 1@P¥’E“T‘|@°Pi $%3fer§u?9stt¥’%§ é%j.‘? $EEVOr PRATPEI Y i ?’P?mﬁght beans 73

S0 that the sciPdPlonTh aye et Bob bt I FEiet BRI SR g BELT O
D OSeeS noa°CB1 A BULLBL AR gl A Bt Grand 4 cor
69 renovi ng t hecaasimy sisfatethdeguidge hfe0bt Pius, atHeeepeshitign utonss havi ng
a doubl e layer structure such that substrates having-

unstable if the recording medium is warped or has an irregularity

on its surface.

To overcome the foregoing problems, this embodiment

employs the photodetector 146 having a light receiving surface

divided into four sections. Note that the light receiving

surface is formed in such a manner that the reflected beam F1

from either information layer is positioned at substantially the

central position of a division line between the light receiving

surfaces 146a and 146b and the reflected beam F2 from another

information layer is positioned at substantially the central

position of a division line between the light receiving surfaces

146¢c and 146d. In a case where the distance between the centers

of the reflected beams F1 and F2 on the light receiving surface

is Lf and the size of each of the spots of the reflected beams F1

and F2 on the light receiving surface is Ld, width 146w of the

outer light receiving surfaces 146a and 146d is set to be larger

than Lf and smaller than Lf + Id. Fig. 14(c) shows a focus error

signal in a case where the light receiving surface is divided

into four sections and the outer light receiving surfaces 146a

and 146b are used. Since the light receiving surfaces are apart

from the reflected light beams F1 and F2 from the two information



information pit surfaces formed previously are sinply adhesive- bonded to
each other. As a result, the manufacturing yield can be inproved.

Al t hough the structure has been described in which the resin material 80
is applied to the upper surface of the first information |ayer 2, the
resin material 80 may be applied to the wupper surface of the second

I nformation | ayer 4. A nmet hod o84 manufacturing a |ight recording
medi um havi ng i_nf er ' | L. S t
adhesi ve- bondi i gygé'pﬁgr%tfu%hg??o%\%ﬁiyﬁa%é?%&'Gg?@%%g? %ﬁ%@ér%%w“ e “d8szr i bed

W th  referencgrbndtien SREMSNES peBRS SITOWNsdtoFbsbratfon is perforfi§d Shown
in Fig. 10(a), initially, a first information |ayer 59 for permtting a

penetration ofinarespdnsentofthé i fphbgdimgnsigmid theyfogsdng rpdat bymiised
refl ectance is fornmed, by sputtering or an evaporation nmethod, on a first
substrate 59 Haebtef batvesn theippatuion hi winend of tha nfomedipwA@yexs t o

information signals, or guide arooves, for. controlling tracki of the
J L2 o% %he Y

li ght beam or 2€aRh §OPI N gihen dpfermatEon tayey b) I8t & cond
information |layer 61 havin refl ect e_hi.gh than th of .the, first
nformati on  1ayesone (86 b rRée i Car 18 8013088 5 o rakEnH (o
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grooves for controlling tracking of the T'irght Beamof sanple bits, and a
t hi ckness subsirast isibhyl tifea s@@e @erbheiie Qfight Pecdiviag sunpates atse 1.

Then, the first substrate 58 is secured to a base support
divided into four sections and inner light receiving surfaces
146b and 146c are used. The focus error signal is similar to
that of the case shown in Fig. 14(b) in which the light receiving
surface is divided into two sections and the light receiving
surface has a small area. —

The photodetector 146 having the light receiving surface
divided into four sections according to this emwbodiment is able
to realize a large focus pull-in range and stable focusing with
respect to the two information layers by switching the focus
error signal in the case shown in Fig. 14C and the focus error
signal shown in Fig. 14(d). _

¥When focusing ié pulled, the switching unit 150 selects a
difference signal 148s from the outer light receiving surfaces
146a and 146d of the photodetector 146 so that the focus
operating circuit 151 starts the focusing operation. In the
foregoing state, the focusing point is positioned between the two
information layers.

When completion of the operation for pulling focusing has
been confirmed by the focus operating circuit 151, the focus

operating circuit 151 transmits a focus operation completion



70 section 72. Then, a resin-applying nozzle 64 is used to apply a

phot osetting resin material 80 to the upper surface of the first

i nformation |ayer 59, as shown in Fig. 10(c). Then, the second substrate
60 is placed on a substrate support section 66a of the adhesive-bonding
apparatus, and then an el evation sectiog 63 is operated to nove an
upper-portion support section 61 downwa ds to cone into contact with a

spacer 79. TheE'i%rfafleﬁﬁcQBdth%UQﬁtrcﬁiﬁg uf9¢ and_ t hg, thEsdnseubstdhat o8 are

adhesi ve-bonded tTo each other wth a separation |ayer 62 at an interval,

which is the ghireitnes weaplftionfsighel Sepas abieoswitaliehg Gait Tisnseldtasout er
surface of the first substrate 58 is irradiated with |ight beans 102

enm tted from athe ghtfemuce sigtab d4Bhathithely esy minattputsl £8%: the imaedened
so that the separation |ayer 62 is fornmed (see Fig. I#g&d ). As a result of
t he foregoing seceiyipg syrfacesokdfingnd ddéc ih The ecker i 1#bor nat i on

I ' her eof ke .obt ai, : . The f ' t hod
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enbodi ment. In the foregoing case, the thickness of the spacer 79 and the
information layer has been subjected to focusing. If an
information layer which is not the intendéd subject has been
subjected to focusing, the focus jumping circuit 133 moves the
focusing position to the subject information layer. During the
foregoing process, the switching unit 150 does not perform the
switching operation. B

Although the description has been directed to a structure

which employs the knife edge method as the focusing method, the
focusing method is not limited to this. For example, an
astigmatism method may be employed. If the astigmatism method is
employed, a cylindrical lens is disposed at the position of the
mirror 144 shown in Fig. 12 and a photodetector 154 having a
light receiving surface divided into 8 sections as shown in Fig.
15 is disposed near the photodetector 146. In the case where the
astigmatism method is employved, outputs from the light receiving
surfaces 154a, 154b, 154c and 154d in the vicinity of the
photodetector 146 are used similar to the knife edge method.
After the focus pull-in operation has been completed, outputs
from the light receiving surfaces 154e, 154f, 154g and 154h in
the central portion of the photodetector 146 are used so that a

focus error signal is obtained.



| engt hs of the upper shaft 84 and the | ower shaft 74 nust be changed.

As a result of a process (see Figs. 10(e) to 10(h)) simlar to that shown
in Figs. 10(a) to 10(d), a second nmedium 103 having two |ayers formed on
one surface thereof is obtained by adhesive-bonding the third substrate 63
and the fourth 71 substrate 65.
Referring to Figs. 10(e) to 10(h), refeggnce nunmeral 64 represents a
third information |gyghmdf, g OHECRSU8 14 sthueiR, | HTsQEBRS sepvd ayer, 67
represents a secon sepa l ayer, and 104 represents a |light beam
entted from gheaki@httor exelrefe pdirall infdimafooredayers casde perfanped ef erabl e
that the thickness of the first substrate 58 and that of the third
substrate 63 weileubsiraainiagl the fiecusaprllor pevkarmange sénilag: 89 &habl e t hat

t he thi ckness of the second substrate 60 and t hat of the fourth substrate
65 be substan@‘?@lirl?bjt%ér%ﬁﬁe cPREeRideBAY Str&ﬁﬂlqeourth substrates 60 and 65

may be forned bya th tha the to formthe
first and third sub %sl%y q%a ’Fﬁfog ﬂgrdﬂ ?%I %fgoh?&faﬁl n substrate
serving as theg for&gf%ﬁd%é}%rgeffgp 2 ng tﬂ%TE aF1Qt 8f RakysRigezadd on

met hod may nploye perm e substrate to be nmade thinner.
Then, an adhe&ké’%n?&@ﬂu& g@@@b@tg&ﬁd@ ghdcoviest 0 Thbagualioywof e Fig. 6 is
used to adhesive-bond the first medium 101 havi ng

recording and reproducing apparatus depends upon the distortion

of the intensity distribution of the light beams or dispersion of
the sensitivity of the photodetector or the like. Therefore,
error voltage is generated in ihe focus error signal or the
tracking error signal due to interference between the information
layers or change in the thickness of the seﬁeration layer when
the servo operation is performed.

In order to correct an error in the focus control signal
or the tracking control signal, the focus control section or the
tracking control section is offset-adjusted in synchronization
with the setting of the layer selection system 117 (see Fig. 11).

For example, a fine offset is added to the focus control signal
so that focus deviation generated between the layers is
corrected. Alsc a fine offset is added to the tracking control
signal so that tracking deviation is corrected. Thus, an optimum
light convergent state can be realized in each of the information
layers.

Fig. 16 shows the focus control section in detail. As
shown in Fig. 16, a focus error signal 160s is produced by a
focus error detection circuit 160, obtained from a signal in the

output signal 124s from the pre—amplifier 124 (see Fig. 12) and



two | ayers fornmed on one surface thereof and the second nmedium 103 having
two | ayers forned on one surface thereof to each other. Initially, as
shown in Fig. 10(i), a photosetting resin 105 is applied to the upper
surface of the second substrate 60 of the first medium 101 having two

| ayers formed on one surface thereof. Then, as shown in Fig. 10(j), the
second substrate 60 and the fourth sub ate 65 are adhesive-bonded to each

other, foll ovedabynd 6ot elhAR LhE Q! Sl AGBeHL doiedi Sifnalhpge ate S8

with the ligh eans 106 emtted Tromthe 1 ght source 81 so

resin materialczk0beightaghed byfDrotad opdRgsionecimyet L. thisghhawywn in Fig.
10(j), the lengths of the spacer 79, the upper shaft 84 and the | ower shaft
74 must be chasfifedt tapmpensadspomdrceit 161. The focus control signal 126s

72 the overall length of the recording medium the |lengths of the first
and second sephy draesmitigdits Y gptice? mirkupheeqtdagtids g‘?ee Fige W) rsa to

fourth information |ayers 59 4 apd 6. Wen the ex ur rocess
shown in Fig. 96 e O/ 108?}78%,5 &1‘?@ P?‘%‘hﬁl) ’ogeaﬂ?sraltﬁg %r}ﬁogﬁ%ofecpﬁ%m t he

i ght source 8 Lraég i rst and second information |ayers 59 and
61, and then r%%%ﬁgfﬁg eg%gﬁ ‘material 105. Therefore, the quantity of the

l'ight beans 106 M4l HersRR! AuPeskAloh WRALSH 18h i ihd Bes@PuReaM © processes,
for exanple, as shown in Fig. 9(e), 10(d) or 10(h). As the resin

mat eri al 105 feapabbe ofhsettihg f plafaldng ofSefbswt deeblsmin ki@spamsd 103 each
having two | ayers forned on one surface thereof are adhesive-bonded to
each ot her, a sigesdh supplied from the outside. An offset setting unit for
setting the offset to be supplied to the offset compensation
circuit 161 comprises an offset setting unit 183 for setting an
offset when focusing of the first information layer 2 has been
performed; and an offset setting unit 164 for setting an offset
when focusing of the second information layer 4 has been
performed. An offset selector 165 responds to an output 117s
from the layer selection system 117 (see Fig. 11) to transmit the
offset value of either of the offset setting unit 163 or the
offset setting unit 164.

On the other hand, the focus operation circuit 162
receives a signal 161s transmitted from the offset compensation
circuit 161 and transmits a focus control signal 126s for making
the signal 161s to be zero so as to operate the voice coil 1285.
The gain setting unit for setting the gain of a circuit when the
focusing operation is performed comprises a gain setting unit 166
for setting the gain in the case of the first information layer
2; and a gain setting unit 167 for setting the gain in the case
of the second information layer 4. A gain selection unit 168

responds to an output 117s from the layer selection system 117 to



absorbs |ight beans may be enployed. A resin other than the photosetting
resin may be enployed. For exanple, a heat setting resin, a hot nelt
adhesi ve agent or anot her adhesive agent may be enployed. Therefore, the
irradiation with Iight beans may be omtted fromthe process shown in Fig.
10(j). By enpl oying the foregoing nethod, the process for renoving
the master is not required. By sequentiglly adhesive- bonding substrates

each havi ng th(eaﬁég.ftag_es%ggi)ré%%{l_ etagginl ft%x%tuh?p 1%iGt<§r ftgggaggg-rexisogsl Y,

a recordi ng nedium havin er structure can be o

result, the mRAMIACLHELAGTYI BydemdyRRy | (HR' BR80T @ tFRAQEE! NG Medi um
having the four-layer structure can be obtained by repeating three tines

t he adhesi ve- kpatinig £p&aaag Sstaeqgutdetet sSetobiith rebpecty ecoitdi B nedi um
havi ng the doubl e-layer structure. That is, the recording nedi um having
t he four-I| ayerinformadtion dayers.be realized by using basically the sane

manuf acturing apparatus. Thus, it can be .
73 realized by a nmeffofrtsithe tHacking gartsadgutheegetuingoehial eMd®iecor di ng

el U a9 A0 SN LAY SRS oyors, outted geBRRRALIG, Y.,

el e e S5SETR SR LURRGERGS e SRS SRy 02

to Fig. 11. Agig. 17 shows the tracking control section in detail. As shown
in Fig. 17, a trackiﬁg error signal 170s can be obtained by a
tracking error detection circuit 170 from a signal relating to
the tracking control in an output signal 124s from the pre-
amplifier 124. A tracking control signal 127s can be obtained by
a tracking operation circuit 172 thgough an offset compensation
circuit 171. The tracking control signal 127s passes through the
polarity inverter 128 (see Fig. 11) and is supplied to the
optical pickup section 113. Thus, the voice coil 125 is operated
so that the tracking control is performed.

The offset compensation circuit 171 is structured'to be

capable of setting a plurality of offset levels in response to a
signal supplied from the outside. The offset setting unit for
setting offset to be supplied to the offset compensation circuit
171 comprises an offset setting unit 173 for setting the offset
when focusing of the first information layer 2 has been
performed; and an offset setting unit 174 for setting the offset
when focusing of the second information layer 4 has been
performed. The offset selector 175 responds to an ocutput 117s
from the layer selection system 117 (see Fig. 11) to transmit an

offset value of the offset setting unit 173 or the offset setting



OCshown in Fig. 11, the recording and reproduci ng apparatus according to
this enbodi nent conprises an optical disk 111 that 1is basically an opti cal
i nformati on recording nediumhaving a plurality of information |ayers; a
spindle notor 112 for rotating the optical disk; an optical pickup section
113 for converging |ight beans, such as |aser beans, emtted froma |ight
source 121; and five circuit systens fgi controlling the spindle notor

112 and the opgiicakg pi ckup section 113. first circuit system is a |ight
nodul ating system 114 for operating the |light source 121 of the optical

pi ckup section 113.0rA theasiherchamlyi the Wehelting Sparatbot edtrcisigsieim 115 for

controlling the operation of the |I|ight beans to cause |ight beans emtted
from the opticedeipegleupignadclm tragsnidted fronvehegeffseit eompeasapiancal di sk
111 and tracking for causing the light beanms to fol ] ow the infqormation

pits or the g&HgEifrigdvard trRagrsnity %lfrré‘ﬁk%n%%?*éﬁll%l%‘a%l% & "1¥epr oduct i on
system 116 for r I |nfo ti,on_ s als fornmed on tlcal disk 111.
A S| east one BN Sl TR 130uRd B By RO, By TS RRCE RS o
f diti : | f th

oF condition fﬁ th&:eré‘?@ﬁ ﬁl‘i%g’a@nsé%tt H%%Et%'%‘ é’ﬂ%é'ﬂi% %er?%@no e

information |ayer rcuit systemis a ayer sel eCt1on system
117 for sw t ¢y @gaémﬁ§mdati<ﬁn 18f pdriForhdl empsiikesid gals seBing unit

accordance with the information Iayer to which the |ight beans
176 for .setting the gain in the case of the first information
léyer 2; and a gain setting unit 177 for setting"the gain in the
case of the second information layer 4. A gain selector 178
corresponds to an output 117s from the layer selection system 117
to transmit a signal from the gain setting unit 176 or the gain
setting unit 177. By employing the foregoing structuré; an
optimum tracking state with reépect to the two information layers
can be set.

Although this embodiment has a structure such that the
information pits formed on the first substrate 1 are in the
convex form when viewed from a position at which the light beam
is made incident, the structure is not limited to this. The
information pits may be formed as concave when viewed from a
position at which the light beam is made incident. In the
foregoing case, the directions of the information pits on the
second substrate 3 are inverted so that a recording medium having
a similar effect to that obtainable from this embodiment is
obtained.

Specific structures of the information recording medium
will now be described.

Example 1



74 are to be detected. Afifth circuit systemis a systemcontrol system
118 for controlling the timng of the four circuit syst ens. The
present invention has a structure such that the |ayer sel ection system
117 is used to reproduce recorded information to sel ect the optinmum
condition of the foregoing circuit systens to enable information to be
recorded onto a plurality of informatiomg |ayers while inhibiting errors
in information to bg metht@dfCashufattiinghehdbptdali Mragtican | ayers.

When the information signals are reproduced fromthe optical disk 111, the
syst em cont r orecorsiti pgnubd8ue shovwlis Figs 1ratdath operahiarobf smweprdingll9 to
rotate the spindle notor 112 so as to rotate the optical disk 111 at

const ant spee@nd Kepepducdng Wegerticehdinfarnatd or Hecredingdued ignwit hpev| s
supplied to a, | aser_..drjve section 120 so that the electric current flow ng
to the Iightb%g%PEEﬂT§1 is controlled in such a nanner that the intensity

of 11ght, beams o bg, erit s LrOBANGOBGH o kil BECEIRR daf 1S set af

a reproduction power ue as instructe he system contr system 118.
The 1i ght beagsceali SiRdrataM ARl 3| it a SRUECRavERE PARSEAdY BUBL1ligg OPLi cal
system of the optical pickup section 113 and an objective |lens 122

di sposed at t hefarpationppitd e@as axetihat pbhforin gifechéanmmoddingradettiar be
converged beanms with which the optical disk 111 is irradiated. The
| i ght beans rthe déretd apg sasendubsttatgbsk and13 awaen napufactupedugfhbehe

objective lens. 122 and the optjcal systemin the optical i ckup. secti on
1113 so as to B%t'sﬁaﬁébﬁtﬁﬂ%énga‘ijﬁoﬁi Gter of 120 m and a thickness of 1.2

mm and comprised, on the surface thereof, information pits
arranged such that the shortest pit length was .83 g m, the pit
depth was 100 nm and the track pitch was 1.6 gm. The
information pits consis;ed of pit columns formed to conform to
the EFM code. On the first substrate 1, there was formed an Au
layer having a thickness of 10 nm by a sputtering method so that
the first information layer 2 was formed.

The second substrate 3 had the same diameter and thickmess
as those of the first substrate 1, the second substrate 3 having
information pits in the same form as those of the first substrate
1. To make the directions of the spirals of the first substrate
1 and the second substrate 3 to be the same when viewed from a
position upon which the light beam 7 was made incident after
adhesive-bonding, the direction of the spiral of the projection
and pit column when viewed from the surfaces of the information
pits of the second substrate 3 was inverted with respect to that
of the first substrate 1. An Au film was formed to have a
thickness of 100 nm by a sputtering method so that the second

information layer 4 was formed. The information pits of the



phot odet ector 123 having a |light receiving surface which is divided into
sections. The photodetector 123 photoel ectrically

75 converts the incidental |ight beans to transmt a signal having t he
vol tage corresponding to the change in the quantity of |ight on each of
the light receiving surfaces to the signal reproducti on system 116. The

signal transmtted fromthe phot odet egtjor 123 is anplified by a
pre-anplifier fi2k s6dtdeabnd ebstidteguenay & owpentaried i mtbheorsiayeathear e used
to control the position of the |ight beam A focus control
section 126 uséswel poon Boposiftiomatswiyich the minsrgxiséd from each of the

| i ght receiving surfaces of the photodetector 123 a focus error

signal and operate &hefdree sbpfratesl HRSugeGHGed he Ffi(%)usgl %?’IF% SPRRfA. As a
result (he SRLSGL Y ki, 10l 2 oR okl SHka DG Wy b1 (e
i ormatfon | AEOB BT A e R P st em 118
transmits, toaardBketyeheotavanlsy sieifg +adin aatajel Sklecthomppemgnal for
appointing an information layer to be focused in response to control
signal S03. Therfapeof thel Entsitoinfoysstinnl ldveswlt clbe 3dnond paubstraiss 3of the
light nodulating system 114, the control system 115 and fhe sigpal
was placed on the substrate support ‘section 66a of the adhe ive-
bonding apparatus. Then, the upper-portion support section 61
was moved downwards by the elevation section 63 to bring the same
into contact with the spacer 79. While pressing the second
substrate 3 from an upper position with a load of 5 kg, it was
irradiated with light emitted from the light source (the
ultraviolet lamp) 81. Thus, the resin material 80 was hardened
so that the separation layer 5 having a thickness of d5 was
formed between the first information layer 2 and the second
informatiog layer 4.
Before the adhesive-bonding was performed, the thickness
of the inner portion, intermediate portion and the outer portion
of each substrate.was previously measured to calculate the
differences from those after adhesive-bonding. Thus, the
thickness d5 of the separation layer § was obtained. As a
result, the mean value of the thickness of the separation layer 5
was 65 um with an accuracy of 8 gm or less at each measurement
»  position. The reflectance of the first information layer 2 at a
wavelength of 780 nm was 27.5 % and that of the second

information layer 4 at a wavelength of 780 mm was 91.6 %. The

level of eccentricity between the information layers was 40 um.



reproducti on system 116 in accordance with the information |layer. As a
result, signals in any information | ayer on the optical disk 111 can be
repr oduced. A layer identification section 132 denodul ates a | ayer
identification signal fromthe signal transmtted froma binary- coding
section 130 to identify the information layer that is being focused. If
the information layer that is being focuged is not the subject information

| ayer, a focus junpipngoefldtGhh twal3Reproduced from the foregoing recording
76 sequentially shifts the focusing position anong the information |ayers.

The focus junpicdgueiwiahidn d38icalpsydteRdeRSng e 19ghs souved fegesnfigting

I nst ant aneously noving a voice coil 125 in the perpendicular direction
with respect tldghhdaying cakavilekgtil 0fof80 nheansuepuabischivd leéaoHm t he focus
control section 126. As a result, the |light beam can_be converged onto the
subj ect i nf oradaptaiie 59 am optimum thiglmesseRf dechrig 6f SScprAENd127 obt ai ns

a tracking control signal. from a, conbj hati of e .ot h out.put signals
fromthe gphoﬁ’&ﬁé’?%(,at 8 %igaf ﬁpgﬂweg?%nﬁgf&éhatépwég?i £ %@ﬁ‘%f‘@lsﬁom
the informati ' ' o] ; [ noves t he
Lhe LT or R Bkl 9 JEoll elebR0UEIe A bt adlibhpadrots (e
the informati aphawsy t@fpe%féﬁ@&ﬁﬁﬂlﬁhigpn FoRid dhgt ¥RE depfé@i@goduced, a

polarity inverter 128 switches the :
by using the photodetector 146 shown in Fig. 13 and having 2

light receiving surface divided into four sections im such a
manner that the light receiving surface of the photodetector 146
for obtaining a focus error signal was switched between the pull-
in operation and the servo operation. Reproducing light had
power cf_l nW when the signal was_reproduced. As a result, it
was confirmed that stable focusing operations were performed with
respect to the first and second information layers 2 and 4 and
focus-jumping was stably performéd. Note that the polarity of
the tracking signal was switched between the information layers.
An excellent eye pattern was observed in the obtained reproduced
signal from both of the first and second information layers 2 and
4. Jitters of both signals were measured, thus resulting in
excellent values to be obtained such that the standard deviation
with respect to the width of the detection window was 8.4 % in
the case of the first information layer 2 and 8.7 % in the case
of the second information layer 4.

Then, the obtained recording medium was allowed to stand
in a hot and wet environment, the temperature of which was 80 =
and the relative humidity was 80 %, for 100 hours, followed by

performing a similar experiment. Then, the signal was similarly



tracking polarity anong the information |layers in accordance with an

I nstruction issued fromthe | ayer selection system 117 so that a phase

di fference method or a 3-beam nethod is enployed to performtracking in
such a manner that the |ight beans reproduce the information pits of the
information layer. In a case where the information |ayer of a recording
and reproducing type is reproduced, the3polarity inverter 128 switches the
tracki ng pol avaluated. t e 4 raskl t)ochamigeoin afenghddecwanfiahfipitedn | ayers in
accordance with an instruction issued fromthe |ayer selection system117.
Thus, the inf énfrmcbbopicosldbtalily befreprediasd, | 2ndeen exfcel bentr estldi ng and
reproduci ng type are_ reproduced by tracking by a pugﬂ;p ll thod in a
case where thBa§ PPSRIRAG SR Hea§Eing okl ttghs JE thPeh regs r8§ & C88rgfi-e servo

method in a case where the,.inf,ormatiaon |ayer is C S f .wobhl.e pits.
By switching the £ % result, the me%ho% accc}/r%mg to %@%r%g# ipyen: P’P\g

met hod accor dkﬁ%é# QJtEf]c{elﬁﬁ{rr]%/ Rethdq ¥BF nla%?éé@fr&ﬁ%eé P¥&drding LM HECOT dL\”g

density of bot ormation |l ayers can rai se

tracking j unphaging & Guliukalidy SENQAFLMARAIES Idyeroul se vol tage for _
I nstant aneously noving the voice coil 125 in the direction of the radial

of the opticaExalkipdk 211 on the output signal fromthe tracking control

section 127. As a result, the |ight beam can be noved onto the surface of

the subject track. A structure of a recording medium capable of forming
information more densely will now be described. Similarly ;o
Example 1, polycarbonate resin was employed to form the first and
second substrates 1 and 3, and a mold having a surface comprising
information pits was used to perform injection molding so that
the first and second substrates 1 and 3 were manufac%ured. The
first substrate 1 had a thickness of 0.58 mm and comprised, on
the surface thereof, information pits arranged such that the
shortest pit length was 0.5 gm, the pit depth was 90 mm and the
track pitch was 0.8 #m. On the first substrate 1, there was
formed an Au layer having a thickness of 11 om by a sputtering
method so that the first information layer 2 was formed.

The second substrate 3 had the same thickness as that of
the first substrate 1, the second substrate 3 having information
pits in the same form as those of the first substrate 1. To make
the directions of the spirals of the first substrate 1 and the
second substrate 3 to be the same when viewed from a position
near the light source after adhesive-bonding, the direction of
the spiral of the projection and pit column when viewed from the
surfaces of the information pits of the second substrate 3 was

inverted with respect to that of the first substrate 1. An Au



I n accordance with the output fromthe tracking control section 127, the
polarity inverter 128 inverts the polarity thereof in accordance wth the
direction of the information pits fornmed on the information |ayer, and
whet her the light beamis allowed to follow the |and or groove of the
gui de groove. In the case where the recordi ng nmedi um has been
manuf actured by using the first and secefid substrates 1 and 3 obtained by

the same mast &G4 966%3 5 RUEN thickidls 8fabo 4%y flldfeilons of {he

pits are inverte ween the tirst and second n | aye 2 and 4

when vi ewed f ranmad RQS thd ©0Rhé RRBoNdi & Rorddi@oh | Ger DPaEY fdriedRdeoi NCi dent .
In the case of a double-layer nediumof the foregoing type, the focusing

position is nuskd tiet ebape bhethiel pst oanthes eadndaf béotrimgt swofatayefiter 2 and 4
by the focus junping circuit 133. Sinmultaneously, the polarity inverter

128 swit ches tihe secasldi infopeationt Javest ddwd bern fprmad dadbesséoiar to
information | ayers nd.4. As._a result, .the |ight, beam,can be noved

i nst ant aneousl a&n?% tﬁﬁef:‘irﬁf GUREETAS bi (ther f?‘fgéﬂs%jtg‘&smrﬁ?%? Ratith 1 ayer.
Therefore, the,fo (o] ' I r [ iged to
nmake an accesgthﬁe JF\/\"/l%elrtlgtq:ﬁeg% %%%grér)r%tt?l nselfllaf;%g?soefdv\ﬁ%é% éleng%ér P ?orﬁaq?sé

reproduced.  yag made to be 0,6 zm. However, the pitch of/$he pits and/PR
bi nary-codi ng section 130 of the signal reproduction system 116 uses the

hi gh frequencyraekpsirentwerof tiechsasd ghathosesoPphiefidstostsheaty @-anmplifier
124 to nmake a conpari son between the |l evel of the foregoing signal and a
reference | evel so gbetfirst substrate 1 was secured to the substrate support

section 72 of the adhesive-bonding apparatus shown in Fig. 6,

followed by using the resin applying nozzle 64 to apply the

acrylic type ultraviolet curing resin material 80 to the upper

surface of the first information layer 2.— The second substrate 3

was placed on the substrate support section 66a of the adhesive-

bonding apparatus. Then, the upper-portion support section 61

was moved downwards by the elevation section 63 to bring the same

into contact with the spacer 79. While pressing the second

substrate 3 from an upper position with a load of 8 kg, it was

irradiated with light emitted from the light source (the

ultraviolet lamp} 81. Thus, the resin material 80 was hardened

so that the separation layer 5§ having a thickness of d5 was

formed between the first information layer 2 and the second

information layer 4.

Before the adhesive-bonding was performed, the thickness
of the inner portion, intermediate portion and the outer portion
of each substrate are previously measured to calculate the

differences from those after adhesive-bonding. Thus, the

thickness d5 of the separation layer 5 was obtained. As a



convert the signal into a binary-coded signal. Then, the decoder 131
decodes the binary-coded signal in accordance with a predeterm ned signa
format. As a result, the information signal i s denodul ated fromthe
recording mark forned on the optical disk 111. Then, denodul ation
information SO02 is transmitted to an external unit in accordance with an
I nstruction issued fromthe system ceptrol system 118. | f

necessary, congidj n ' DhhEAGRES 410 thd&ephfdiGbAtldyen § ayer
formed in a spg%%??cs?ﬁgégﬁpgéﬂgﬁgf2%%ical disk 111 afghdenndulg?ed by the

| ayer identifigadisengsealtipanlicturdte of Ay ex i ceriess i atabacn nsesireaantd 32
al so has a function capable of denodul ating the shape of the information
| ayer and the posdgias. (k¢ Irefitedtdone idfyithg fimetiinferpatipeniavayet at &t is
preferable that the foregoing information_be recorded d rocess

uring.the
for manuf act uravedengich pEEH0anmased 4 anhdbabmiefie ”@F@%égf‘?% it i on
I ncl ude identification inforgation I dent i f yi et her .t I nformati on
|l ayer is a rep&@(ﬁi‘c?i%%ao‘?'ﬂv????ﬁ ﬁ%ﬁagnml“:ﬁegé%%'awﬁ’ co%ﬁlnggand
reproducing in | I Mgyl ' C ti t he
di fferences i n%%@%%%ﬁc@é%%%@i%g ma%or%utfﬁlglléi\gfrgr%gt iggnh:%gyers. That is,

the contents are i nfPRidioN HROWEpIdERCE! firdlMIRO Beiddoang frecoidingdi at i ng
each information layer with light,” the optimum condition for perform ng

the focus contnediverwitheat roptkialg spotenr hhvimgdat hight opnireenforoedi titiog when
t he reproduced signal is denodul at ed.

light having a wavelength of 680 nm and an cbjective lens
adaptable to an optimum thickness of the base of $.6 mm and
having a numerical apefture (NA) of 0.6. A similar servo method
to that employed in Example 1 was employed. As a result, it was
confirmed that stable focusing operations were performed with
respect to the first and second information layers 2 and 4 and
focus jumping between the information layers was stably
performed. HNote that the polarity of the tracking signal was
switched between the information layers. An excellent eye
pattern was observed in the obtained reproduced signal from both
of the first and second information layers 2 and 4. Jitters of
the both signals were measured, thus resulting in excellent
values to be obtained such that the standard deviation with
respect to the width of the detection window was 7.6 % in the
case of the first information layer 2 and 8.0 % in the case of
the second information layer 4.

Then, the obtained recording medium was allowed to stand
in a hot and wet environment, the temperature of which was 80C
and the relative humidity was 80 %, for 100 hours, followed by

performing a similar experiment. Then, the signal was similarly



79 In a case where information is recorded on a plurality of

i nformation |ayers, initially the systemcontrol system 118 causes the

| i ght nodul ating system 114 to receive recording information S01 conposed
of information to be recorded at a predetermned timng. The |ight

nodul ating system 114 initially causes an encoder 134 to convert the
recording signal into a recording sighal having a predeterm ned format,
and then causgg,idat8d! aggra dekyPr S@RARN 1A 2het Shapedubatiahtlitetint ensity of
light to be emtted fromthe |ight source 121 in accordance with the
condi tion of appeakdsmceeld etaliBs bewaprbduied, dagl anpeosdlent seswlt a change
inthe intensity. Light having the nodulated intensit %f ?ﬁéorbed into

t he recordi ngwaayatateed: he negsueie ditlersiwithayt Cé’“?é‘i‘%ila +€ (RHangepr oduci ng
mark can be fornmed on the recording |ayer on the optical disk 111 so that
i nformation i &XeEREr fed. Note that the waveform setter 135 has

recordi ng patterns ,wh gh re.opt | for Eﬁﬁﬁr | 0. he, 4, j ve

i nformation IayersA% [ ,ﬂg%ggsgf#%ggﬁg%hF eré‘&%ﬁ1€%&s§%éﬁ§§ﬁ§%gtion
wth the out Ben! BYRie 5SS GE11 MW e Aibéd. TReniREey € i Ve
section 120 ngg%ﬁéiggn%%e intendity of thg light to be emitted fromthe
light source gzdndle 8C¢RIFGHIGONNES Rebhie waBdiipibpetl toafiothes fdost empondi ng
to the respective information | ayers. By enpl oyi ng the foregoing

structure, théourflosumtirotes $Bgri.s 63 andh65+ @pdorimedd Havieg Eheupfapeal

information [ayers under opthunLconditrogg. Nbreoverd,the.infOI tion
signal s can comprising information pits was us to perform injection molding

so that the first to fourth substrates 58, 60, 63 and 65 were
manufactured. Each of the first and third substrates had a
thickness of 0.58 mm and comprised, on the surface thereof,
information pits arrangéd such that thé—shortest pit length was
0.5 um, the pit depth was 90 nm and the track pitch was 0.8 um.
On each of the first and third substrates 58 and 63, there was
formed an Au layer having a thickness of 11 nm by a sputtering
method so that the first and third information layers 58 and 64
were formed.

Each of the second and fourth substrates 60 and 65 had a
thickness of 0.4 mm, which was smaller than that of each pf the
first and third éubstrates 58 and 63, in order to reduce the
overall thickness of the recording medium after adhesive-bonding,
each of the second and fourth substrates 60 and 65 having
information pits having the same shapes as those of the first and
second substrates 58 and 63 on the surface thereof. To make the
directions of the spirals of the first and second substrates 58
and 63 and the second and fourth substrates 60 and 65 to be the

same when viewed from a position near the light source after



be recorded onto the plural information |ayers under optimum conditions
and recorded informati on can be reproduced. The specific operations
of the components of the recording and reproducing apparatus will now be
described in detail. 80

Fig. 12 shows the structure of the optical pickup section. In this
enbodi ment, a knife edge nethod is enpypyed as the focusi ng nethod and a

push-pul | et i d @8 +1626Ki 1% 8Bita00ef the inforAGtEdiOWN in
Fig. 12, ligh Eger%l??e % 1 t@e (H}Sﬁt source 121 passes through a

col limator | epst k4Qus® ofSthe seeodd an@Fduptio supatmdtes| 6beadsss fwakl owed by
being reflected by a beamsplitter 141. Then, the refl ected beans pass

t hrough a [er thverteplwitth tespestidto tthat ¢ifj tee ifiiest end serpud sublsiratase
optical disk 111 is irradiated wth the |ight beans.ﬁtgggétgeflected by
the optical df8keng163. pQasthe speensyRnd HousH] subsratee g ] 74

plate 142 and the beamsplitter 141 .and th SS t.h ens 143,
and then a- pSFF"? &R orlmﬁg %CI éﬁYe e Cziﬁngs? ﬁé@?g&e%ﬁé fsg%égnénci dent
upon the photogdet 4 AN le I | t k ght gyl urfaces
for perform nﬁgﬁhogegé gréjl?i:l:ngn%%er at' ?)II}I&) fﬁﬁ’t?ﬁﬁ?’t"ﬁ‘%% 13%%%56&& tgﬁ% 6I%i ght
recei vi ng sur{asesophied herphekadaiceshafies1dh the patEPbh fikedndin t he

pre-anplifier 124 so that a tracking error signal is obtained froma

difference sigafilecting surfaces after the second and fourth information
layers 61 and 66 had been formed to be similar to those of the
first and third substrates 58 and 63, the shortest length of the
pit among the pits to be formed on the surfaces of the second and
fourth substrates 60 and 65 was made to be 0.6 zmn.

The first substrate 58 was secured to the substrate
support section 72 of the adhesive-bonding apparatus shown in
Fig. 6. The resin applying nozzle 64 was used to apply the
acrylic ultraviolet curing resin material 80 to the upper surface
of the first information layer 53. The second substrate 60 was
placed to the substrate support portion 66a of the adhesive-
bonding apparatus. Then, the elevation section 63 was operated
to move the upper—portion support section 61 downwards to be
brought into contact with the spacer 79. While applying a load
of 8 kg from an upper position to the second substrate 60, it was
irradiated.with light emitted from the light source (the
ultraviolet lamp) 81 so that the resin material 80 was hardened.
As a result, the first separation layer 62 was formed between the
first information layer 59 and the second information layer 61.
The third substrate 63 was secured to the substrate support

section 72 of the adhesive-bonding apparatus. Then, the resin



On the other hand, light which is not reflected by the mrror 144 is made
I nci dent upon the photodetector 146 having a plurality of Iight receiving
surfaces for performng the focusing operation. An output from each of the
light receiving surfaces of the photodetector 146 is anplified by the
pre-anplifier 124 so that a focus error signal is obtained fromthe
difference signal. Referring to Fig. 198 reference nuneral 113 represents

the optical piglyPn@RdzdR0 6 MLEEEH ol AfhlyaBRY a8Fy MR 984 WQRraviolet Fi Q.
13 shows a portion of a focus control section for performng the focus

control in accarrdagcmsintimtiehald80ptd theoupper surface of the third
81 the photodetector. Although a usual knife edge nethod enploys a
phot odet ect or infeirmgtign| lajer tbcelle fgusth subetngite G aapiplacedoon thecti ons,

this enbodi nent has an arrangenent suych %h t %BF ) q§t detector 146 has a
li ght receivi rﬁ‘%ﬁ?@%éuwtd%%?qlﬂ?cﬁ%éto gy erYé)“ égf%ﬁgi?a%@hom in
Fig. 13. The rgason.,for 1,S..1S that.,if a et e ving the |ight
receiving sur fﬁteg. th(’f’! \%%%&W%tsgcﬁé;n ?gc‘ﬁlspﬁggfagtgg_séeod%gﬁletﬁ%aﬁp%ﬁer ation of
obtaining  a gerYe, $hehG E%é’{'ﬂoﬁ %#%E%m} f&ﬁvﬁﬁ&fﬁ‘tb%%x@ﬂ%ﬁ“ﬁhﬁs the

probl em of the servo S|gn§i_ el ng storted because a portion I'1 ght
reflected by aidaghact Rfiek el Sfade@YEI.S WBiYERESpIyiag delbadM 8 ki R the

phot odet ector. Al though reduction in the area of the |ight recei ving
portion of thefquirth cobstrater 6% rfabhes vhperipesriphonitokas ixrredsatedo si gnal
to be inhibited, another probl-emarises in that .

with light emitted from the light source (the ultraviolet lamp)

81 so that the resin material 80 was hardened. Thus, a second

separation layer 67 was formed between the third information

layer 64 and the fourth information layer 66.

Before_the adhesive-bonding operation was performed, the
thickness of each of the inner portion, the intermediate portion
and the outer portion was measured to calculate the difference
from that after fhe adhesive-bonding process. Thus, the
thicknesses of the first and second separation layers 62 and 67
were obtained, thus resulting in that the mean thicknesses of the
first and second separation layers 62 and 67 were 50 #m and 53 #
m, respectively. The accuracy at each measurement position was
within £7g¢m. In the foregoing case, the reflectance of each of
the first and third information layers 59 and 64 at wavelength
of 680 nn was 28.5 %, and that of the second and fourth
information layers 61 and 66 at wavelength of 680 nm was 88.7%.
The levels of eccentricity between the information layers of the
first and second mediuvms 101 and 103 each having two layers were
excellent values, that is, 30 um and 28 g m, respectively.

Then, the first medium 101 was secured to the substrate support



a range for pulling focusing is excessively limted. Accordi ngly,
this enbodi nent has a structure such that the |ight receiving surface of

t he photodetector 146 is divided into at |east four sections. Mreover, a
method i s enployed in which the focus detection region is switched between
a focus pulling stage and the servo operation stage. As shown in Fig. 13,
the photodetector 146 has the light reesi ving surface divided into 1|ight
recei vi ng surf ssstdot 488 of 14feh adtedl ¢e-citthdidd dppdva gt pUthe Fein epslyiag t he
i ght receiving surfaces 146a, 146b, 146c and 146d of the photodetector
146 is anplifieeedlp ©hchsaisednpd iebply thelagrylicigipe uhreviebtl soxrisg t hat
two types of focus error _signals 148s and 149s are obtained by djfference
anplifiers l4gresifgrateyialidy to, uppey enrhaceu At thesgecdestlsErtadi0 8f the

Lo oo S ol sl Tl Tod B e 148 (o
O oSt o A8 e on o of Yl ARSI et
be described widn, tef elenagoh Gebitfon b3 #dk RobibtRl 8o Gse ¥Meugpdie
phot odetector for the focusing operation is divided into two sections and
a case where phisamnmppsridisecdied 6htwasfsavedsdminvands tbhbke dorosghf into
contact with spacer 78. While applying a load of 10kg tc the
second medium_103 from an upper position, it was irradiated with
enlarged light beam 106 emitted from the light source 81 so that
the resin materiai 105 was hardend. Thus the first medium 101
and the second medium 103 are adhesive-bonded to each other via
adhesive layer 68. i
Information was reproduced from the foregoing recording
medium by the optical system similar to that employed in Example
2 and the servo method. It was confirmed that a stable focusing
operation was perform?d when two information layers were
reproduced from either of the surface of the first and third
substrates 58 and 63. Moreover, focus jumping between the
information layers was stably performed. An excellent eye
pattern was observed in the reproduced signal from either of the
information layers. Jitters of each of the first to fourth
information layers 59, 61, 64 and 66 were measured, thus
resulting in excellent standard deviations with respect to the
detection window width of 7.9 %, 8.3 %, 7.9 % and 8.2 %.
An experiment was performed such that the foregoing
recording medium was allowed to stand in a hot and wet

environment in which the temperature was 80°C and the relative



absci ssa stands for focus-directional positions in which the positions of
the two information |ayers are indicated by L1 and L2. Fig. 14(a) shows a
case where the light receiving surface is divided into two sections and
the light receiving surface is large. Fig. 14(b) shows a case where the

i ght receiving surface is divided into two sections and the |ight
receiving surface is small. Fig. 14(c)oshows a case where the |ight

recei ving surfpeRdity wdsvaged fdrt 906 Qvirsé$ @ndotisenante tdignaliwas | i ght
receiving surfaces 146a and 146d are used. Fig. 14(d) shows a case where
the |ight receimiingriuefabmted. didsi aawsitht.o cheege dacthosiapmh#ashe i nner

i ght receiving surfaces 146b and 146¢c are used. In,th C shown in Fig.
14(a) where t hinhibgted.r dekareabipns Geyid stakly H?\ﬁ"@é'ﬂd'i“??%o Et“%%g%ct ions and a

'n s case wherieaurgiant obdi S, rer@learf B it OB, ol ficReeC, N

I nformation | ayer.. fLe light F2 fromanother information |ayer is
made incident&ﬁﬁﬁﬁeéﬁﬁéfﬁ on of the light receiving surface. Therefore,
the focus errogyshgpal is distorted and, therefore, a focal-point

posi tional error—dFotcurs. In the case shown in Fig. 14(b) where the
phot odet ect or 152 i STH¢s epkasffiic s tirastideeof |thghtptimadi ifognsiiohace di vi ded

into two sections and having a small |ight receiving surface area, receipt
of | eaked |i ghtedoedimg medium shown in Fig. 18 and recording and repgeducing

operations with the foregoing medium will now be described.

The first substrate 31 was made of polycarbonate resin and
having, on the surface thereof, information pits formed in
accordance with EFM modulation to correspond to information
siénals. The thickness dl of the first substré%e 31 was 0.58 mm
and the diameter was 120 mme. The information pits formed on the
surface of the first substrate 31 were arranged in sﬁch a manner
that the shortest length of the pit of the pits formed on its
surface was 0.44 zm, the pitch depth was 90 nm and thé track
pitch was 0.74 gm. A ZnS layer having a thickness of 40 om was
formed on the surface of the first substrate 31 by the sputtering
method so that the first information layer 32 was formed.

The second substrate 33 was made of polycarbonate resin
and had guide grooves for tracking light beams on the surface
thereof. The second substrate 33 had a thickness of 0.58 mm and
a diameter of 120 mm. The pitch of ‘the guide grooves formed on
its surface was 1.48 gm, the width of the groove was the half of
the pitch, and the depth was 70 nm. On the surface of the second
substrate 33, there wefe formed a reflecting layer 180 made of

Al, a ZnS-Si0, dielectric—material layer 181, a Ge-Sb-Te

2



from anot her information | ayer can be prevented. Moreover, S- figure
curves of the two focus error signals appear at the posi tions
corresponding to the positions L1 and L2 of the i nformation | ayers so
that the servo operation is enabl ed. However, the realized focus pull-in
range M2 is smaller than pull- in range ML in the case shown in Fig.

14(a) in which the |ight recei vi ng sgbﬁace has a | arge area. Thus, the

£ b . i i i . ; .
T el

irregularity on it 0 over cone2

thi s enmbodi mentayee g0y tadiBe @@Qémﬁuﬁgt Orh#d5 thavidi@nad irfebsatieaei Vi ng
surface divided into four sections. te that the light receiving surface

is fornmed i n Slaybkr B34dmaasidiortdtht the refl ected beam F1 from either

information layer is positioned at substantially the central position of a
di vi sion |ine bet wedhet figstigpstrateedyiws sectredcts thecubsizateieb and the

refl ected beam F2 from another . inforyatjon | ayer is positipned at
subst anti al | y SUREOTeSEFHIoR Jf:f;ﬁft t¥he e%i"&l”??‘allé‘ﬁ FHPRE TS RRER tRe |0 ght

i vi f 1 ] ' b h
conters of ROk o otteanin e Prink nf T MRS e Fo MeRLPURR, °C PR "
Is LT and the gkégyQfief3ehifd tyhe ﬁ@ﬁﬁ{eﬁ@ﬁ ghetd anbashpReadrthde gEnd F2

on the light recelving surface'Is h 146w of the “outer 11 ght
recei ving surfeheesirk46mrapdatiéadldyerss?. t ghbasdcongasubsthwte 83 wasd smal |l er

than Lf + Ld. Fig. 14(c) shows a focus error signal in a case where the
light receivi njased foacthe sullitrixtiedsuppor b skotdons 662 iddnthamdhesioeout er | i ght
o hees ar o aaging appratus. Men,  the Elevation section 63 %as oparated |

to downwards move the upper—portion support section 61 to be

brought into contact with the spacer 78. While applying a load

to the second substrate 33 from an upper position, it was

irradiated with light emitted from the light source (the

ultraviclet lamp) 81. Thus, the resin material 80 was hardened

so that the separation layer 35 was formed between the first

information léyer 32 and the second information layer 34. The

mean thickness of the separation layer 35 was 40 gm with an

accuracy of within #8 g m or better at each measurement

position. Note that the thickmess dl of the first substrate 31

was 0.6 mm, which was the optiﬁum thickness of the base for the

objective lens 6 for converging the light beam 7. The

arrangement was dgtermined in such a manner that the optimum

point was made to be the central position of the separation layer

35. In the foregoing case, the reflectance of the first

information layer

32 at a wavelength of 680 nm was 10 % and the reflectance of the

second information layer 34 at a wavelength of 680 nm was 17%.



fromthe reflected |light beans F1 and F2 fromthe two information

84 layers, an S-figure curve appears, simlar to the case where one
information layer is present. If a servo operation is perfornmed in
response to the foregoing signal, the focusing position is | ocat ed

bet ween the position L1 of one of the information |ayers and the position
L2 of the other information layer. In {ge foregoi ng case, a |arge range

M8 can be obtained ANGE rbProdudihe et Berdras s ¥o rnabond $hé ound.
Fig. 14(d) shows a ?%f&gﬁn%errof gﬁgﬁ% gn a case where the light receiving

surface is  didreflethg pécortiony ne@hin eBse avaliarer usightn rapadcal syssay f aces:
146b and 146¢ are used. The focus error signal is simlar to that of the
case shown in damgrigingby lightisouhce Her| emftitting ddght dgving @ ravadensthii vi ded
into two sections and the |ight receiving@@csurfacekgis a smal | 35%%1

The phot odet ectfof8d 48 BB i2RGORIGELITY Hens dB¥ing Aymstigescarerdits d&d) i%t o four
sections according,tq s epbodipent | s able., tq.r I ze a ge focus

pul | -in range ‘gﬂ@d ﬁ%{fﬁﬁ’ge f88ct§ RE Wutmh#a?eeg%}é@?legg ﬁke) WO 'i nfor mati on
20ers DY S LS8 DL PorBEAQ o3 SNAlncbl JohBoFEr G, | Rofé 0. 14C
and the focus éerror ~signa own in Fig. 14(d). When focusing is
pul I ed, the swHaghtig poid of SthesS bmeidsic fng Bk izeNT e igsnithd 49gnkl om t he

outer light receiving surfaces
was evaluated. As a result, a stable focusing operation was
performed with respect to the first and second information layers
32 and 34. Moreovef, focus jumping between information layers
was stably performed. As the tracking method, a phase difference
method which is suited to the reproduction of a information pits
with a narrow track pitch, was used for the first information
layer 32, and a push-pull method, which is suited to a guiding
groove, was used for the second information layer 34. An
excellent eye pattern was observed in the reproduced signal from
the first inforﬁation layer 32. Jitters of each mark were
measured, thus resulting in a standard deviation of jitters with
respect to the detection window width for the code signal of
8.4%.

EFM signals having a shortest mark length of 0.6 um were
recorded on both land portions and groove portions of the guide
grooves on the second information layer 34. As a result of
irradiation with light modulated between recording power of 10 mW
and deletion power of 5 mW, excellent eye pattern was observed in
each case. The amplitude of the longest mark 11T was similar to
that obtainable from the first information layer 32. Measured

jitters resulted in excellent values of 9.7 % in the land portion



146a and 146d of the photodetector 146 so that the focus operating circuit
151 starts the focusing operation. In the foregoing state, the focusing
point is positioned between the two information |ayers. When

conpl etion of the operation for pulling focusing has been confirmed by the
focus operating circuit 151, the focus operating circuit 151 transmts a
focus operation conpletion 85 signa

1515 10t he SUELEY 80 YR ol O0ucubnol SRS Ord ol R UBCoBSTY | On

conpl eti on sigha the Swtching unit 0 se the difference

signal 148s whighahs @RYd Ye Péﬁééltbé}ayf refrifienl NNRke tHaghthe €6rdgsing
surfaces 146b and 146c of the photodetector 146 so that either of the

i nformati on | aglerrgcterisubjeated eoal fyoousénvgd fitoanthe Hener goktimp dperati on
is perforned in a predeterm ned region to determ ne whether or not the
subj ect i nf or bl ocoked apetionast Hhensuhshfata.ed to focusing. If an

i nformation | ayer which is not the intended subj Ct'@@i been, subjected to
focusing, the focus JURFITIERY %?t@f@‘ﬁﬁgéggq ngatf £oTR8Op®Eition to the
subject information.layer. Duri 0, i p deN€ swi tchi ng
unit 150 does ﬁ%‘iﬁrgé‘?% é%ﬁutmh‘éa&l' S%\%;@E% ﬁé %t%glrga | _gnfl&'ceéﬁ& wet Al t hough the
descri ption hag,Negudlir 6 LASH T8 eI walhisolt ol ako bl ki fe edge

nmet hod as the focusing nmethod, the focusing nethod is not limted to this.
For exanple, afmidity was 80 %, for 100 houres and then the signal was
similarly evaluated.— As a result, change in the shape was
inhibited, information could stably be reproduced, and the
measurement of jitters resulted in a satisfactory value without
considerable change.

As a result, it can_be saié that the foregoing method is
an effective method of manufacturing a recording medium having a
plurality of information layers.

Example's

The specific structure of the optical information
recording medium shown in Fig. 19 aund operations for recording
and reproducing information to and from the same will now be
described.

The first substrate 31 was made of polycarbonate resin and
had, on the surface thereof, information pits formed in
accordance with EFM modulation to correspond to information
signals. The thickness dl of the first substrate 31 was 0.58 mm
and the diameter of the same was 120 mm. The shortest length of
the pit of the information pits on the first substrate 31 was
0.44 pm, the pit depth was 90 nm and the track pitch was 0.74 u«

m. On the surface of the first substrate 31, there were formed



astigmati sm net hod may be enployed. If the astigmatismnethod is enployed,
a cylindrical lens is disposed at the position of the mrror 144 shown in
Fig. 12 and a photodetector 154 having a |ight receiving surface divided
into 8 sections as shown in Fig. 15 is disposed near the photodetector
146. In the case where the astigmatismnethod is enployed, outputs from
the light receiving surfaces 154a, 134b, 154c and 154d in the vicinity of

the photodet Ss%gén&éﬁﬁahgsa%ge SitBti ¥ rePhédie skdidiacesgenanitiad. After the

focus pull-in“Operatio conpleted, outputs fromthe |ight

receiving surfiagss 18bARwiddH thidd@sansk 158hui bnd tradecehZn&tSifgrtaon of the
phot odet ector 146 are used so that a focus error signal is obtained.
86 By énplemticho leper 186ekmiing s tthickuess, of 3t ap|andseadeo of opélat i on

for each of plural information |ayers can be perforngd . while | nt ai ni ng
the focus pul endre géelestrigraBterial é@YQ%lﬁﬁalta‘u%taair{Eé?}F’@S? ermq? g

conventional structure . e quali of .a.re | e di avi ng
plural infor ﬁﬁ@i%@el%@%ﬁf&enﬁmﬁpoﬁ@ P%grﬁtr P%@?ﬁ%ﬁ%qg}&fgg S 4<'31pes of
the informati nmgﬁis or guide grooves. The quality of the recording and
reproduci ng apparatus depends upon the distortion of the intensity

di stribution of therhd gRboReaNBs@atdi 3PeaSI RMeObf dolgcatnaitd vesn of the
phot odet ector or the |like. Therefore, error voltage is generated in the
focus error sagfdladoguideegrooves for tracking light beams. The second

substrate 33 had a thickoess of 0.58 mm and a diameter of 120

mm. The pitch of the guide grooves formed on the surface of the

second substrate 33 was 1.1 #m and the depth of the groove was

50 nm. The second substrate 33 had, on the surface thereof, a

reflecting layer 198 having a thickness of 50 nm and made of Au,

a ZnS—Si02 dielectric—material layer 198 having a thickness of 50

nm, a Ge-Sb-Te recording thin film layer 199 having a thickness

of 10 nm, a ZnS-Si0 dielectric-material layer 200 having a

2
thickness of 20 nm and a semitransparent reflecting layer 201
having a thickness of 14 nm and made of Au, stacked sequentially.
Thus, the second information layer 34 was formed.

The first substrate 31 was secured to the substrate
support section 72 of the adhesive-bonding apparatus shown in
Fig. 6. The resin applying nozzle 64 was used to apply the
ultravioclet curing type resin material 80 to the upper surface of
the first information layer 32. The second substrate 33 was
placed on the substrate support section 66a of the adhesive-
bonding apparatus. Then, the elevation section 63 was operated
to downwards move the upper-portion support section 61 to be

brought into contact with the spacer 79. While applying a load



tracking error signal due to interference between the information |ayers
or change in the thickness of the separation |ayer when the servo
operation is perfornmed. In order to correct an error in the focus
control signal or the tracking control signal, the focus control section
or the tracking control section is offset-adjusted in synchronization
with the setting of the | ayer selectiompsystem 117 (see Fig. 11). For
exanpl e, a fing pid $6kodds sasidedts B3 Peod @aUSHIRRNESItish gialwasso that focus
devi ati on generated between the layers is corrected. Also a fine offset is
added to the tirpadkiatgd adnhr bightsemitabd sfronhtite tliglkisngratevtize i on i s
corrected. Thus, an optinmum |ight convergent state can be realized in each
of the infornatitoavioleydesp) 81. Thuskithe resthaatenind $bwas hesdered section
in detail. As shown in Fig. 16, a focus error sigggl 16%3 h; Eroduced by a
focus error déPethatofheiseparatiopolayshdn wed ¥arand PIFEHDE F3ERE  out put
signal 124s fromthe.pre-anmplj.fie 24 (s Fi a
87 relating tlgg{’%%ﬁg%ﬁgyggrﬁzr & t%ﬁu %coggf%ﬁgggm%%kflr%%egi%zﬁal Tl1@265
be obtai ned byogn | AiUgedRCE AN Gldratidn 1670t BEOKANL N w RIiSEE
conpensation circuit 161. The focus control” signal 126s Is transmtted to
the optical pisgktifhcyest Wathinl 39( gae ofighttét)atseach weasurtehenvoi ce coil 125
(see Fig. 11) is operated and the focus

position. Note that the thickness of each substrate was 0.58

can

mm. The objective lens 6 for couverging the light beam 7 was
adapted to an optimum base thickness of 0.6 mm. The arrangement
was determined in such a manner that the optimum point was made
to be the central position of the separation layer 35. In the
foregoing case, the reflecéénce of the first information layer 32
at a wavelength of 680 nm was 17 % and the reflectance of the
second information layer 34 at a wavelength of 680 nm was 45 %.

Recording and reproducing of information to and from the
foregoing recording medium were evaluated by using an optical
system comprising a light source for emitting light having a
wavelength of 680 nm and an objective lens having numerical
aperture (NA) of 0.6 adaptable to the optimum base thickness of
0.6 mm, the evaluation being performed at a linear velocity of
1.3 m/s. Note that the power of the reproducing beam was 1 mW
when the signal was evaluated. As a result, a stable focusing
operation was performed with respect to the first and second
information layers 32 and 34. Moreover, focus jumping between
information layers was stably performed. As the tracking method,
a phase difference method was used for the first information

layer 32, and a push-pull method was used for the second



control is perforned. The of fset conpensation circuit 161 has a
structure capable of setting a plurality of offset levels in response to a
signal supplied fromthe outside. An offset setting unit for setting the
offset to be supplied to the offset conpensation circuit 161 conprises an
of fset setting unit 163 for setting an offset when focusing of the first
information |layer 2 has been perfornggy and an offset setting unit 164 for

setting an of iiaebrnath6h fHREHSIAY Al LBEIRAEONE i REABIAOBOLENR fnhas been

performed. An set seleCtor 165 responds to anh output 117s fromthe

| ayer sel ecti QheSysiroaudel/s{mra Frdh tAd)firet tindbsddtioh hiayeof3Zet val ue of
either of the offset setting unit 163 or the 'offset setting unit 164.

On the ot her Fdnters hé dambusarkpeerd moaswriedc ufhus16@sultineiives stasdgrhl 161s
transmtted fromthe offset conpensation circuit 161 and transmts a focus
control signaldeyimionopt daktens wiHerespaedl tache doreséionmdndey #4dtly operate

the voice coil_ 125. The gain setfing unit for setting the gain of a
circuit when ﬁﬁﬁ'ngEQQ?ﬁggﬁgepgﬁ%&ngis performed conprises a gain setting
unit 166 for setti t | R e f eidibtBlod B @ pat i | ayer
2; and a gain setti %gﬂugnl%f'g%g’a%hré ge ’f"?ﬁgs?r‘\“g&"gaﬁ‘%ﬁ % hg'ga'gg %% t he

second | nf or MakLHRIcdA%E hoth ﬁn@a%)é}'ﬂ@ﬁ@(‘ahh%dé%tp&@%né’ RFPERIgulde an

output 117s fromthe | ayer selection system 117 to
grooves on the second information layer 34. As a result of
irradiation with light modulated between recording power of 19 mW
and deletion power of 9 mW, excellent eye pattern was observed in
each case. The amplitude of the longest mark 11T was similar to
that obtainable from the first information layer 32. Measured
jitters resulted in 8.3 %. The foregoing information signals
could be repeatedly rewritten. Note that the foregoing
characteristics were equally observed from the inner portion to
the outer portion of the substrate.

An experiment was performed such that the foregoing
recording medium was allowed to stand in a hot and wet
environment in which the temperature was 80°C and the relative
humidity was 80 %, fof 100 houres and then the signal was
similarly evaluated. As a result, change in the shape was
inhibited, information could stably be reproduced, and the
measurement of jitters resulted in a satisfactory value without
considerable change.

Exémple 6

The specific structure of the optical information

recording medium shown in Fig. 20 and operations for recording

and reproducing information to and from the same will now be



88 transmt a signal fromthe gain setting unit 166 or the gain setting
unit 167. By enploying the foregoing structure, an opti mum focusi ng state
can be set with respect to the two i nformati on | ayers. As for the
tracking control, the setting of an optinmum state between the information
| ayers enabl es reproduction or recording and reproducing to be perforned
nore satisfactorily. Fig. 17 shows thgptracking control section in detail.
As shown in %kgcrﬂﬁﬁ_a tracking error signal 170s can be obtai ned by a
tracking error detection circuit 170 froma signal relating to the
tracking control inTas Surspuubstemal 41345 hadenof heolyrerbonanplnesieranti24. A
tracki ng control signal 127s can be obtained by a tracking operation
circuit 172 theevimgh en Ufef setfacerpensef. gnideigreenas fou trepking déghtng

control signal 127s passes through the  polarity inverter 128 (see Fig. 11)
and is suppli dgare tE&e Wickness of dkapficst shstiae 4R Otﬁg"é“o coi |

125 i s operat O that thg trackin trol o) . The
of f set corrpen(s-igfaic?)‘r‘?““@%I T %t%ﬁfafes ngrﬁ%?ﬂ?'edrf%% @?cac%ég:cgfaegu&fdeset ting a
plural ity of ghbsrls EEMRlSoh tnboSR2Bse diOthe FAkgIAUbSHAR adl sisomdghe

out si de. The set setting unit for setting offset to be supplied to the
of fset conpensahi OfheChidthi bf thélgrRNB e shahadf fefetths efrtacRgpiteht 2hd3 for

setting the offset when focusing of the first information |ayer 2 has been
perforned; andhandegfthsef thetgrionge waist 5Q Tuk. f Sthesinstngubdizradé fehadwhen
focusing of the second information | ayer 4 has been

on the surface thereof, a Zn —Si02 dielectric—material layer 201

having a thickness of 110 nm, a GeZSbZTe5 recording thin film

layer 202 having a thickness of 10 nm and a ZnS—Si02 dielectric-

material layer 203 having a thickness of 80 nm stacked

sequentialiy. Thus, a reloaaable first information layer 42 was

formed.

The second substrate 43 was made of polycarbonate resin
and had, on the surface thereof, guide grooves for tracking light
beams. The thickness of the second substrate 43 was 0.58 mm and
the diameter of the same was 120 mm. The pitch of the guide
grooves formed on the surface of the second substrate 43 was 1.48
¢ m, the width of the groove was the half of the track pitch and
‘the depth of the groove was 50 nm. On the surface of the second
substrate 43, there were formed a reflecting layer 204 having a
thickness of 100 nm and made of Al, ZnS—5102 dielectric-material
layer 205 having a thickness of 18 nm, Ge2 sz Tes recording thin
film layer 206 having a thickness of 25 nm and ZnS—SiO2
dielectric-material layer 207 having a thickness of 110 nm

stacked sequentially. Thus, the second information layer 44 was

formed.



perfornmed. The offset selector 175 responds to an output 117s fromthe

| ayer selection system 117 (see Fig. 11) to transmt an offset val ue of
the offset setting unit 173 or the offset setting

89 unit 174. On the other hand, the tracking operation circuit 172
receives a signal 171s transmtted fromthe offset conpensation circuit
171 and transmts a tracking control di0@§nal 127s with which the signal

171s is made to be 7TRs Tisot iSaBbtidie ¥Divae Sdvulred 125 the whetedted. The gain
setting unit for setting the gain when the tracking operation is perforned
conpri ses a gaippardt séctjonrii2t of 1@ &diresiwéthandingh@pparatusnshdve &ase of the
first information layer 2; and a gain setting unit 177 for setting the
gain in the Eige bof resiopapivirsmazeiefy speonerareddeardyetior 178

corresponds to_an qutput 117s fromthe | W? seg$ction S s%en1lé7 to
transmt a si §hBIEHP FH@%FﬁS%P‘?F%aEn ({ 278" MPPRR %‘5 #e 85t thg unit
177. By enpl oying t, i tysuCtmr e ' taf | te with
respect to thgliﬂﬁ) lpg?xf(')n%rrtrg [ (%%9?13?2? s%ga%e(g}gldsgﬁét%% 438&%1 [ﬁ%gﬁ%dﬁ this

enbodi ment hagnast kisdeshee SUpPotthabeifh 6610er i iadRePivesbdmingd on the
first substrate 1 are in the "~convex formwhen viewed froma position at

which the |ighppdreans. i Sherdevativndesttioh s sts untarated sonetve itheted to

this. The upper-portion support section 61 downwards to be brought into
contact with the spacer 79. While applying a load to the second
substrate 43 from an upper position, it was irradiated with light
emitted from the light source (the ultraviolet lamp) 81. Thus,
the resin material 80 was hardened so that the separation layer
45 was formed between the first information layer 42 and tﬁg-
second information layer 43. The mean thickness of the
separation layer 45 was 40 gm with an accuracy of £7 um or
better at each measurement point. Note that the thickness di of
the first substrate 41 was adapted to be 0.6 mm, which was the
optimum base thickness of the objective'lens 6 for couverging the
light beam 7. The disﬁosition was determined such that the
foregoing optimum point was made to be the central position of
the separatidn layer 45. In the non—recording state (a crystal
state}, the reflectance of the first information layer 42 was 19
%, the transmissivity was 40 % and the reflectance of the second
information layer 44 was 17 %.

Recording and reproducing of information to and from the

foregoing recording medium were evaluated by using an optical
system comprising a light source for emitting light having a

wavelength of 680 nm and an objective lens having numerical



information pits may be formed as concave when viewed froma position at
which the light beamis nade incident. In the foregoing case, the
directions of the information pits on the second substrate 3 are inverted
so that a recording nmediumhaving a simlar effect to that obtainable from

this enbodinent is obtained. Specific structures of the

i nformation recording nedium wll nowibe described. Exanple 1 .

9 A TEIAOEAS (VRN I8 LidiablE QPthE Ypei RLPHARE M cil@R0BH NG
medi um shown i I'g. and an opéeration of recdrding and reproducling the

optical informi g, rtﬁ@%v@lﬂﬁti%ﬁ%éi‘ﬂi?%éﬂfo@ﬁ@d Jeadesent bedocity of 6

Pol ycarbonate resin was enployed to formthe first and second substrates 1
and 3, and a mpisd Rivtenthsa she fpaser ofntlie sepopducifigrbeani @s pinks whes used to
performinjection nolding so that the first and second substrates 1 and 3
wer e manuf act uthedsigngd was evaluatieds r 4s ca repulit.a adstaRiecfosin®0 nm and a

thickness of 1.2 nm and conprised, on the surfagce fhereof, infqQrmation

pits arranged®PSERHINERS PR ‘§'ﬁ8‘§t"€§? TPerEnift ﬁlc’?vaé‘réf‘ﬁ‘d[ BFm the pit

depth was 100 ﬁ@o%%l&r@ %4 5959 l&zp&&f Q4\.Na§40%'é§velre,r H}cJQ j;[tgkﬁng between
information layers was performed stably.

EFM signals having a shortest mark length of 0.6 um were
recorded on both land portions and groove portions of the guide
grooves on the first information layer 42. As a result, an
excellent eve pattern was observed when the recording power was
14 wW. The amplitude of the longest mark 11T was similar to that
obtainable from the first information layer 42. Measured jitters
resulted in excellent values such that it was 10.8 ¥ in the land
portion and 11.3 % in the groove portion.

EFM signals having a shortest mark length of 0.6 um were
recorded on both land portions and groove portions of the guide
grooves of the second information layer 44. An excellent eye
pattern was observed at each portion when the recording power was
18 mH. Measured jitters resulted in 11.7 % in the land portion
and 12.1 % in the groove portion which were lower than 13 % which
was one reference for reproducing information. Thus, it was
confirmed that information could satisfactoriiy reproduced.

An experiment was performed such that the foregoing
recording medium was allowed to stand in a hot and wet
environment in which the temperature was 80°C and the relative
humidity was 80 %, for 100 houres and then the signal was

similarly evaluated. As a result, change in the shape was



information pits consisted of pit colums forned to conformto the EFM
code. On the first substrate 1, there was fornmed an Au | ayer having a

t hi ckness of 10 nm by a sputtering nmethod so that the first information
| ayer 2 was forned. The second substrate 3 had the sane di aneter
and thickness as those of the first substrate 1, the second substrate 3
having information pits in the sane farim as those of the first substrate
1. To make the;ghiRebd ONBf&nat fh SBhIdIstaBly HRerdiro8icalbasd ahe 1 and the
second substrate 3 to be the sanme when viewed froma position upon which
the |ight beanudaswesmermdefijititeentreailterd imdhestisfabtemdi nglua wéthbutect i on
of the spiral of the projection and pit colum when viewed fromthe
surfaces of theonsiderahdei eengpits of the second substrate 3 was inverted
with respect to that, of the first substrate 1. An Au filmwag formed to

have a thickness of Aa@oresulty it sphthesrig Watntl Lothoatceiained8nd
information layer 4 was forned. The_infqr j O | $3S 01, :

91 first and sﬁ%ﬁgeﬁﬁsf?‘éﬁrﬁgéoﬁ 1§nﬁn§%$€§fe og?r@(?h [ %féna%gﬁ%cg\%m &n
viewed froma posidiian @i heRides Piidcs1 8%} B informationTheydrk! St substrate
1 was secured to the ubs%rate JEsﬂt‘ﬁg:;poxgit se?:slt'i on 72 of thebﬁ{jhesi ve- bondi ng
apparatus shown in Fig. 6, followed by using the resin applying nozzle 64

to apply the acrylic type ultraviolet curing resin naterial 80 to the
upper




surface of the first information |ayer 2. The second substrate 3 was

pl aced on the substrate support section 66a of the adhesive- bonding
apparatus. Then, the upper-portion support section 61 was noved downwar ds
by the elevation section 63 to bring the same into contact with the spacer
79. While pressing the second substrate 3 froman upper position with a

|l oad of 5 kg, it was irradiated with liight emtted fromthe |ight source

(the wultraviolet |anp) &1?%%%#“1& %rrgétmg,efé@rdggg% hardened so

that the separatioh:|ayér ng a thrckness of db was forned between

the first im(;ﬁfo'aﬁl‘ckﬂ%oénrg}s%a%i&?%ﬂ&% §eeah tek N @1 Rk QRgh 8WRfand - an

Bef ore the adhesi ve- I ng was perfornmed, the thickness of the inner

portion, inggfimadi aheoRRitibANrédskdiig avlein pervingntwollighetersubst rate was
previously nmeasured to calculate the differences fromthose after

adhesi ve- bonefdrgratThtuslaydre prbvidatksd tHSabflaalsé sepaedecded | &yoar thewas
obtained. As a result, the nmean val ue of the thickness of the separation

| ayer 5 wagr@ip [censisting ol anf@oatriaaypdts [cerrgsporfdng] ton brfdremsiak each
measurenent position. The reflectance of the first information |ayer 2 at
a wavel engshgrels]8guine \groo2ds 5fon dmacking ot shepbeddnd s¢ rEsorueabion

| ayer 4 at a wavelength of 780 nmwas 91.6 % The |evel of eccentricity
bet ween t hectpdtoemafi vepriasjeing wif rmatépp]signals from said information

layers, recording information signals on said information layers
and reproducing the recorded information signals, said apparatus
for optically recording and reproducing information comprising:

an objective lens to converge a light beam emitted from a
light source onto said recording medium;

a focus control to make the focal point of said light beam
to coincide with either of said information layers;

a tracking control for controlling the position of said
light beam to enable said light beam to follow said information
pits, guide grooves or said sample pits;

a layer identifier for demodulating a signal for
identifying said information layers in accordance with light
reflected by or transmitted through said information pits;

a layer selector for selecting an information layer from
which said information signal is reproduced or on which the same
is recorded; and

a switch means for switching a method of tracking, which
is performed by said tracking control, to correspond to a result

of selection performed by said layer selector.

AR AR



92 I nformati on was reproduced fromthe foregoing recording nedium
with an optical systemhaving a |light source for emtting |I|ight having a
wavel ength of 780 nm and an objective lens adaptable to an optinmum

t hi ckness of the base of 1.2 mmand having a nunerical aperture (NA) of
0.5. A knife edge nethod was enployed to performfocusing, while a

push-pul | nethod was enpl oyed to perfldfm tracki ng. Facusi ng, was perfor med
by using the phot odet ect'd TREISHI N IPR ?ﬁ&fcaigyaﬁﬁxﬁ§6pﬁga |'i ght

recei ving surfac Lvid i n o] ' 0 SuGgh .1 he
| Faht 'rocel bR Phc T Pk 8o ReosFhe (0 CIRu g, o ERnoah h e
error signal i , tno | i eL¥ 0
= s A T e e e R S o P

reproduced. sAfeckilcASHbtforded WRSsENbyERGdtltostatd @ tesupi gk operations
were perfornmed with respect to the first and second information |ayers 2

and 4 and fiaewsifiicaRicog paFoshed by peifiolapst iBonei fleat &he Pdorusty of
the tracking signal was switched between the information |ayers. An

excel | ent eyemphtg efincuis fohs geverhtimgt hepwliaivioétiage foodaeedihesifgral from
both of the first and second information layers 2 and 4. Jitters of both
si gnal s wer potretasdr salid tiHight riesm betgedm saédcblflcendtial deget9 dae obt ai ned
such that the standard deviation wth respect to the width of the

det ecti on wWeREKREPRAES B An0pitkpult FEOR a3ad do CORPRY ¥SORsReansf.or nati on | ayer 2

bt ai ned 1 ecor di ng medi QB VAL AT Gnel | SPS o R e e
envi ronnent repRRiuce AP i lovht in Wet6A MRS t80CRim 2, further comprising
tracking polarity inverting means for switching the polarity of
said tracking control in synchronization with the operation of
said focus jumping circuit.

4 . The apparatus for optically recording and
reproducing information according to Claim 1, wherein said focus
control comprises first focus control means for making the focal
point of said light beam to coincide with a position near said
information layer, second focus control means permitted to be
operated in a range smaller than that of said first focus control
means, and focus switch means for performing switching to said
second focus control means after the operation of said first
focus control means has been completed.

5. The apparatus for optically recording and
reproducing information according to Claim 1., wherein said focus

control has at least two types of operation conditions to be

adaptable to each of said information layers. said focus control
being arranged to select one of said operation conditions in
accordance with a result of sclection performed by said layer

selector.

LT



and the relative humdity was 80 % for 100 hours, followed by performng
a simlar experinment. Then, the signal was simlarly

93 evaluated. As a result, change in the shape was inhibited, information
could stably be reproduced, and an excellent result was pbtalned in_
measuring jitters w thout considerable change. As| h”ﬁéﬁ&EV&hﬁﬁiiﬁ“
nmet hod according to the present invention is an effective netngqﬁhg “'J/
manuf acturing a recording nedium havihg a plurality of imn ~on-tayers}
Exanpl e 2 A structure of a recording medi um capabl e of form ng

i nformati on nore densel Yhei dpparewubeftlesprtibedly Sendrdimigyand Exanple 1,

pol ycarbonate resin was enployed to formthe first and second substrates 1
and 3, and &EepeAdechagi Hifoamatigmaeecesditg $Pnllaimf br niltgrednpsaid was used to
performinjecti.on noldjn o that, the first and second. substrates 1 and 3
wer e manuf agf RS ?ﬂﬁtrcfg]i ?‘?? LPERP At B HRES £ RPERRELE 5P 9T 59" m and
conpri sed, o y <LBEO d.on: nit a ﬁﬁp. at the
short est pi38|%%3$ﬁ§&ééﬁ%%§ F%???knfég eﬁg?%bggﬂﬁtl§ggfébqﬁﬁgaﬁ flge track
pitch was 0.8nk 5T Ihellhg qlrlta?l?e(fi' {5 seILBE IR 81 1said@per¥eHn LORARG AR AU

| ayer having a thickness of I1 nmby a sputtering nethod so that the first

i nfor mati on inayecorianas kithmadresult of sdhetdenopet:fonhsd rat ea3dhbd/drhe sane
t hi ckness as that of
selector.

7. The apparatus for optically recording and
reproducing information according to Claim 1, further comprising
a photodetector that for performing a forcus control comprises a
first divisional light receiving surface for receiving a portion
of light reflected by said recording medium and a second
divisional light receiving surface for receiving said reflected
light on the same plane on which said first divisional light
receiving surface is positioned, said second divisional light
receiving surface receiving said reflected light on the outside

of said first divisional light receiving surface.
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the first substrate—t—the-second substrate 3 having information pits in

the sane formas those of the first substrate 1. To nake the directions of
the spirals of thehishetisBhnRgnta 1 and the second substrate 3 to be the
same when viewed fr BRI near the light source affyRr .
adhesi ve-bondi ng, t [ s '= m%)f the spiral of the prpject ﬁ%’?ﬂaﬂéﬁ pBiEEN
col umm when viewed fro € aces of the i nformati on—pits PMMH@ second
substrate 3 was inverted with respect t%Lthat of the first substiat n
AU P‘I‘E)CAL INFORMATION RECORDING MSWium! | MARUBRSTURERGTRTHOD have a

t hi ckness of 100 nm Sputtering met hod so that the second information .
| ayer 4 was forrred}iEREfOR mANUR ACSUR 6D cARFRARATUS pTHERBFOR. heANPai GPTIEAL ect i ng

Simitar to - that WFORRGTPY RBOOEHTRG A eebGbechuCeRRERYs: OO0, (Bet pit

of the pits to be formed on the surfageerxdr t he second substrate 3 was
made to be 0.6 [err] m However, the pitch of the pits and the track
pitch were the sanme of those of the first substrate 1. The first
substrate 1 was secured to the substrate support section 72 of the
adhesi ve- bondi ng athPﬁt%l%bmfpnm@u@n Gecorfiéﬂg FRédum haying @t heastesin

I R4t th I t | et
materi al 80 B RREQHFREon davei. glend rbordd Fo¥' HeGkiRE g SPIRIE PHES The
second Substr&t GnforiifiioR S bdteb it Sts AnfotitIBh s RRG14 YrebOa OF the

adhesi ve-

formed on a surface of a first substrate (1). A first
information layer (2) férmed by a thin film for reflecting a
portion of a light beam (7) made incident on the first substrate
(1) and permitting penetration of a portion of the light beam (7)
is formed on a surface of the first substrate (1). Guide grooves
for tracking or information pits corresponding to information
signals are formed on a surface of a second substrate (3). A
second information lager (4) having a reflectance higher than
that of the first information iayer (2) is formed on a surface of
the second substrate (3). Between the first information layer
(2) and the second information layer (4), there is formed a
transparent separation layer (8) for positioning the first

information layer (2) and the second information layer (4) to be

spaced a predetermined distance apart from each other.



bondi ng apparatus. Then, the upper-portion support section 61 was noved
downwards by the el evation section 63 to bring the sane into contact with
the spacer 79. Wiile pressing the second substrate 3 from an upper
position with a load of 8 kg, it was irradiated with light emtted from
the light source (the wultraviolet lanp) 81. Thus, the resin material 80
was hardened so that the separation layer 5 having a thickness of d5 was
formed between the first information |ayer 2 and the second information

| ayer 4. Before the adhesivelpgmding was performed, the thickness
of the inner portion, internediate portion and the outer portion of each
substrate are previously neasured to calculate the differences fromthose
af ter adhesi ve-bondi ng. Thus, the Ughkgknggs d5 of the separation |ayer 5
was obtained. As a o 95 result, the

mean val ue of the thickness\of t separgtion layer 5 was 52 [err] mwth
an accuracy of 5 [err]mor kess &t ch/ measurenent - position. The
Ldver
On
A t

refl ectance of the first informaty 2 at a wavel ength of 680 nm was
28.2% and that of the secdwmd 'ifAfo I dyer 4 at a wavel ength of 680 nm
was 89.6% The |evel of dcgént g gn the information | ayers was 35
[err] m | nf or mat i S dyeedafrom t he foregoing recording
mediumwi th an optical sysgt hg# i gt} source for emtting
w
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@
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e
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l'i ght having a wavel ength of 680 nm and an objective |l ens adaptable to an
opti mum t hi ckness of the base of 0.6 mmand having a nunerical aperture
(NA) of 0.6. Asimlar servo nethod to that enployed in Exanple 1 was
enpl oyed. As a result, it was confirmed that stable focusing operations
were perfornmed with respect to the first and second information |ayers 2
and 4 and focus junping between the information | ayers was stably
performed. Note that the polarity of the tracking signal was swtched
between the infornmation layers. An exceldgent eye pattern was observed in
t he obt ai ned reproduced signal fromboth of the first and second
information layers 2 and 4. Jitterspf ~thg,both signals were neasured,
thus resulting in excellent  ¥aluesdo-de tai ned such that the standard
deviation with respect to thg w dth of .t detection wi ndow was 7.6 %in

the case of the first i ornati 8.0 %in the case of the
second information | ayer [R¢n,| the\obtai ned recordi ng nedi um was
allowed to stand in a hpt \and t “cep nt \ the tenperature of which
was 80[err]C and the rdl at Nve 1 Yty s 80 for 100 hours, followed
by performng a simlar} exgeri ANNeg—th gnal was simlarly
96 evaluated. As a resuljit, ghange\ hel shape s inhibited, information
could stably be reproduged, jand ap ent resglt —
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was obtained in neasuring jitters w thout considerabl e change.

An exanpl e of a recordi ng nedi um havi ng four

in Fig. 5 wil+ now be described. Simlarly to
resin was enployed to formthe first to
65, and a nold having a surface
performinjection nolding

i nfornmati on
Exanpl e 1, pol ycarbonate
fourth substrates 58, 60, 63 and
conprising information pits was used to
so that the first to fourth substrates 58, 60,

Exampl e 3

| ayers as shown

63 and 65 were manufactured. Each of the first and third substrates had a

t hi ckness of 0.58 mm and conprised, X he surface thereof,
pits arranged such that the shortest pit
depth was 90 nmand the track pitch was 0.8 [err]m
and third substrates 58 and 63,

| engt h was

there was formed an Au | ayer

i nformation
0.5 [err]m the pit
On each of the first
havi ng a

t hi ckness of 11 nmby a sputtering method so that the first and third
f the second and

information |ayers 59 and 64
fourth substrates 60 and 65.h

than that of each of the

reduce the overall thick

adhesi ve- bondi ng, ch

having informatio O Y
second substrates 58 and

of the spirals of the fi
and fourth substrates 60
near the |ight source af

34 s

re forned
t hi ckness of 0.4
and third substrate
t he recordi ng e

er

zn

2 d35
232
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2 d31

ke the
63 and t he second
led froma position

ihi was smal | er

4ndJeB,

in order to

es 60 and 65

first and
directions



97 adhesive-bonding, the direction of the spiral of the information pit
colum of the second and fourth substrates 60 and 65 was inverted with
respect to that of the first and second substrates 58 and 63. On the
second and fourth substrates 60 and 65, an Au filmwas fornmed to have a
t hi ckness of 100 nm by a sputtering nethod so that the second and fourth
information |ayers 61 and 66 were fornmed. To nake the shapes of the pits
on the main reflecting surfaces after the second and fourth information
| ayers 61 and 66 had been forned to be simlar to those of the first and
third substrates 58 and 63, the shortéd@llength of the pit anong the pits
to be formed on the surfaces of the second and fourth substrates 60 and 65
was nade to be 0.6 [err] m The first substrate 58 was secured to
the substrate support section 72 of the adhesive-bondi ng apparatus shown
in Fig. 6. The resin &applying pozzle 64 was-.used to apply the acrylic
ultraviolet curing resin nat Thl 80 to the upper surféce of the first
information | ayer 5 The Second substrate 60 acéﬁagg t he substrate
support portion 66a t adhebki ve- bondin p ratus.;ﬁ%en, t he
el evation section 63 W operatpd to noye”“the u tion support
section 61 downwards tojbe brought in cont act e qggger 79. Wile
Kk nd substrate 60,

applying a load of 8 from uppe Si-ti 1 0
It was -
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irradiated with light emtted fromthe |light source (the wultraviolet |anp)
81 so that the resin material 80 was hardened. As a result, the first
separation |layer 62 was forned between the first information |ayer 59 and
the second information layer 61. The third substrate 63 was secured to the
substrate support section 72 of the adhesive-bondi ng apparatus. Then, the
resin 98 applying nozzle 64 was used
to apply the acrylic type ultraviolet «curing resin naterial 80 to the
upper surface of the third information |ayer 64. The fourth substrate 65
was placed on the substrate support ssgqgtion 66a of the adhesive-bonding
apparatus. Then, the elevation section 63 was operated so that the upper-
portion support section 61 was noved downwards to be brought into contact
with the spacer 79. Wiile applying a load of 8 kg to the fourth substrate
65 from an upper position, it was irradiated with light emtted fromthe

| i ght source (the ultraviol et Ianp 81 SO _t Enthe resin material 80 was
har dened. Thus, a second ormed between the third
h |nf r

i nformation Iayer 64 and t e |on ayer 66. Bef ore
t he adhesi ve-bondi ng operaty on s f t t hi ckness of each of the
i nner portion, the inter i outer portion was neasured
to calculate the differepce r { t adhesi ve- bondi ng process.
Thus, the
w
9
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t hi cknesses of the first and second separation |ayers 62 and 67 were
obt ai ned, thus resulting in that the nmean thicknesses of the first and
second separation layers 62 and 67 were 50 [err] mand 53 [err] m
respectively. The accuracy at each nmeasurenent position was wthin
[err]7[err] m In the foregoing case, the reflectance of each of the first
and third information | ayers 59 and 64 at wavel ength of 680 nmwas 28.5 %
and that of the second and fourth information |ayers 61 and 66 at
wavel ength of 680 nmwas 88.7% The |levels of eccentricity between the
information layers of the first and second nedi uns 101 and 103 each havi ng
two | ayers were excellent values, thaté4d, 30 [err]mand 28 [err] m

the first nedium 101 was secured to the substrate

respectively. Then,
support — _ 99 sectd 72 of the
adhesi ve- bondi ng apparjats. Tﬁ§ resin applying nozzlej64 aas used to apply
the acrylic type ultrdvijplet cufPring resiin material 1P5 tdq upper surface

of the second substratje 60 of the first fedium The skcond nedi um 103 was

pl aced on the substrgteg support section g6a of the adhesie-bondi ng
apparatus. Then, the el } } 4 was operated solthat the upper-

portion support sectiqgn |61 was noved downv oughtghnto cont act
with spacer 79. Mhil-etagplyH-ng-a-l oad of  #6kg to-thke--secondiedi um 103
from an upper positiod, jit4 was iqrégiaééhimj \éen arged Hight beam 106
emtted fromthetlight S 81 45—t hat tke\i si erial 105 was

- i

hardend. Thus the fir§t 1 I !
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and the second nedi um 103 are adhesi ve-bonded to each other via adhesive

| ayer 68. I nformation was reproduced fromthe foregoing recording
medi um by the optical systemsimlar to that enployed in Exanple 2 and the
servo nethod. It was confirned that a stable focusing operation was
performed when two information |ayers were reproduced fromeither of the
surface of the first and third substrates 58 and 63. Mreover, focus
junpi ng between the information |ayers was stably performed. An excell ent
eye pattern was observed in the reproq%ced signal fromeither of the
information |ayers. Jitters of each of/4*he first to fourth infornation

| ayers 59, 61, 64 and 66 were neasured, thus resulting in excellent
standard deviations with respect to the detection window width of 7.9 %
8.3 % 7.9 %and 8.2 % i Ao EXpesd ment was performed such that the
foregoing recording nediumwa® al-owed~to stand in a hot and wet

envi ronment in which the teWQéFhLQfE:yAEJBQLerr]C and the rel ative

100 humidity was 80 % for 1D0 hourefp and then the signal was sinmilarly
eval uated. As a result, chanpe injthe shapefjwas inhibited, information
coul d stably be reproduced, fand the j neasurénent of jitters resulted in a
sati sfactory val ue w t hout :
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consi derabl e change. Exanple 4 The specific structure of the
optical information recording nmediumshown in Fig. 18 and recordi ng and
reproduci ng operations with the foregoing nmediumw Il now be descri bed.
The first substrate 31 was made of pol ycarbonate resin and having, on the
surface thereof, information pits formed in accordance w th EFM nodul ati on
to correspond to information signals. The thickness dl1 of the first
substrate 31 was 0.58 mm and the dianmeter was 120 mm The information pits
formed on the surface of the first substrate 31 were arranged in such a
manner that the shortest length of t@e,pit of the pits fornmed on its
surface was 0.44 [err] m the pitch depth was 90 nmand the track pitch
was 0.74 [err]m A ZnS | ayer having a thickness of 40 nmwas forned on
the surface of the first substrate 31 by the sputtering nethod so that the
first information |ayer 32 was forned. _ The second substrate 33 was
made of polycarbonate resin and had gui de grooves for tracking |light beans
on the surface thereof. The second substrate 33 had a thickness of 0.58 mMm
and a dianmeter of 120 mm The pitch of the guide grooves fornmed on its
surface was 1.48 [err]rmy~the widith of thefgroovejwas the half of the
pitch, and the depth was 7@ nm On the suiface oft the second substrate
33, there were forned a reﬂlecting | ayer Lﬁo}ﬁade’of A, a ZnS-Si 2

dielectric-materi al I%yer lena Ge-Sh-Tejd ¢ | X
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101 recording thin filmlayer 182 and a ZnS-Si(Jerr] dielectric-materi al

| ayer 183 stacked sequentially. Thus, the second information | ayer 34 was
f or med. The first substrate 31 was secured to the substrate
Fig. 6. The

support section 72 of the adhesive-bondi ng apparatus shown in
resin applying nozzle 64 was used to apply the wultraviolet curing type
resin material 80 to the upper surface of the first information |ayer 32.
The second substrate 33 was placed on the substrate support section 66a of
t he adhesi ve- bondi ng apparatus. The the el evation section 63 was
operated to downwards nove the upperﬁﬁﬁﬁkion support section 61 to be
brought into contact with the spacer 79. Wile applying a load to the
second substrate 33 from an upper position, it was irradiated with |ight
emtted fromthe light source (the wultraviolet lanp) 81. Thus, the resin
material 80 was hardened so,that the separation |ayer 35 was formed
between the first inforwhtgdp™Nlayer 32 and €hetd6rdhe—i nformati on | ayer

34. The nmean thicknes § R /5 g 40 derr] mwith an
accuracy of within [ergd easuenent  posi tion.
Note that the thicknes was . 6-~m which was

t he opti mum t hi ckness ens far converging
the light beam 7. The 5 U guner that the

opti mum point was nmag the separation |ayer
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35. In the foregoing case, the reflectance of the first information |ayer
32 at a wavelength of 680 nmwas 10 % and the refl ectance of the second
information |ayer 34 at a wavel ength of 680 nmwas 17%

102 Recordi ng and reproducing of information to and fromthe

f oregoi ng recordi ng nmedi um were eval uated using an optical system
conprising a light source for emtting light having a wavel ength of 680 nm
and an objective |ens having numerical aperture (NA) of 0.6 adaptable to
t he opti mnum base thickness of 0.6 nm the evaluation being perforned at a
linear velocity of 6 ms. Note that the/Zbower of the reproduci ng beam was
1 mMVWwhen the signal was evaluated. As a result, a stable focusing
operation was perfQmed with respegy to the first and second information
|l ayers 32 and 34. §Breover, focus nping bet@een infornation layers was
stably perforned—ASthe trackin , a—phase-~di fference nmet hod which
is suited to the GSHogyction ofgg T s with a narrow track
pitch, was uswed fgr,the first infogxmatl qn ) 2,,~and a push- pul

nmet hod, whi chQ@s 4t o~a gui di hgSald fhs uged for the second

information |la ~excel | e was Tgbsefved in the
Ly - ghtters of each

afd deviatten of jitters with
bde~si gnal _of
e

mark were neas )
respect to the

FIG. 10(e)
FIG. 10(f)
CFIG. 10(9)
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8.4% EFM signal s having a shortest mark length of 0.6 [err] mwere
recorded on both | and portions and groove portions of the guide grooves on
the second information layer 34. As a result of irradiation with |ight
nodul at ed between recordi ng power of 10 mW and del eti on power of 5 nW
excell ent eye pattern was observed in each case. The anplitude of the

| ongest mark 11T was simlar to that obtainable fromthe first information

| ayer 32. Measured jitters resulted in excellent values of 9.7 %in the
103 and 9.5 %in the

| and portion

groove portion. The foregoing infornmaiilddl signals could be repeatedly

rewwitten. Note that the foregoing characteristics were equally observed
An

the outer portion of the substrate.

uch tjpat the foregogng recording nedi umwas
allowed to stand in a hot jand t environneny in which the tenperature was
80[err]C and the relativej humdity was 80 % §for 100 houres and then the
signal was simnmlarlyyevajuat As a resul kpfj change in the shape was

i nhibited, informati¢n ébly be reprgdliced, and the neasurement of
jitters resulted in L thout consi derabl e change.

As a result, it can an effeg¢tive

fromthe inner portion to
experinment was perforned

said that the foregoing nethod is
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plurality of information |ayers. Exanple 5 The specific structure
of the optical information recording nediumshow in Fig. 19 and
operations for recording and reproducing information to and fromthe sane
wi Il now be described. The first substrate 31 was nade of

pol ycarbonate resin and had, on the surface thereof, information pits
formed in accordance wth EFM nodul ation to correspond to information
signals. The thickness dl1 of the first substrate 31 was 0.58 mm and the

di aneter of the same was 120 mm The qagggest |l ength of the pit of the _
information pits on the first substrate 31 was 0.44 [err] m the pit depth
was 90 nmand the track pitch was 0.74 [err] m On the surface of the
first substrate 31, there were forned

104 sequentially by the sputtering nethod, a dielectric-material |ayer 194
having a thickness of 140 nm and nade of ZnS-Si(Jerr], a dielectric |ayer
195 having a thickness of 30 nmand nade of SiJerr] and a
dielectric-material layer 196 having a thickness of 140 nm and made of
ZnS-SiJerr]. Thus, the first information |layer 32 was forned.

The second substrate 33 was nade of pjlycarbon te resin and had guide

grooves for tracking |Iight beans.~Jhe jsecond
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substrate 33 had a thickness of 0.58 mmand a diameter of 120 mm The
pitch of the guide grooves fornmed on the surface of the second substrate
33 was 1.1 [err] mand the depth of the groove was 50 nm The second
substrate 33 had, on the surface thereof, a reflecting |layer 198 having a
t hi ckness of 50 nm and nmade of Au, a ZnS-SiQ2 dielectric-material |ayer
198 having a thickness of 50 nm a Ge-Sb-Te recording thin filmlayer 199
having a thickness of 10 nm a ZnS-Si(Jerr] dielectric-material |ayer 200
having a thickness of 20 nmand a semtransparent reflecting |ayer 201
havi ng a thi ckness of 14 nm and nade 13f/2Au, stacked sequentially. Thus,
the second information | ayer 34 was fornmed. The first substrate 31
was secured to the substrate support sectfion 72 of the adhesive-bondi ng
apparatus shown in Fig. 6r-Fhe-resi-nappljyt ng nozzl-e- 64 was used to apply
the wultraviolet curing type resin mate to the upper surface of the
first information |layer 32, The second |substriat e.33- was: pl aced on the
substrate support section £6a of the adhesiv UDondlng'apparatus Then,
the el evation section 63 was operated {to dowmmards nove the upper-portion

support section 61 to be prought i ptojcontadt with thetspacer 79. Wile
applying a | oad .;05 to the second
substrate 33 from an uppen position; it4 wa : T8
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irradiated with light emtted fromthe |light source (the wultraviolet |anp)
81. Thus, the resin material 80 was hardened so that the separation |ayer
35 was forned between the first information |ayer 32 and the second
information |ayer 34. The nean thickness of the separation |ayer 35 was 43
[err] mwith an accuracy of within [err]9 [err] mor better at each
measurenment position. Note that the thickness of each substrate was 0.58
nm The objective lens 6 for converging the |ight beam7 was adapted to an
opti mum base thickness of 0.6 mm The arrangenent was determined in such a
manner that the optinum point was médd 2t 0 be the central position of the
separation layer 35. In the foregoing case, the reflectance of the first
information layer 32 at a wavelength of 680 nmwas 17 % and t he

refl ectance of the second information |ayer 34 at a wavel ength of 680 nm
was 45 % Recordi ng and reproducing of information to and fromthe
foregoi ng recordi ng nedi um were eval uated by using an optical system
conprising a light source for emtting light having a wavel ength of 680 nm
and an objective I ens having nunerical apertjre (NA) of 6 adaptable to

t he opti num base thickness of 0.6 mm the ewal uation bei perfornmed at a
| i near velocity oﬁf 1.3 mMs. Note that the p of the r@&produci ng beam
was 1 nW when the & gnal was eg@luated. As aoy i St abl e ysi-Rg
operation was per[ormgty with reegect, to the & ¢t sdcpnd i fmatfi on
| ayers 32 and 34. M focusj in betéBh FHfadnkt i on grsjwas
stably perforned. Asighge cki ng HQ a vdLLLﬁrence § adas
used for the first ™5 jon | 2’1 angdaHey eyl met hae s<dsed
for the second |, () ] ' t)
~— 5 my
W N
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106 information |layer 34. An excellent eye pattern was observed in the
reproduced signal fromthe first information layer 32. Jitters of each
mark were measured, thus resulting in a standard deviation of jitters with
respect to the detection windowwidth for the code signal of 8.1 %

EFM si gnal s having a shortest mark length of 0.6 [err] mwere recorded on
both | and portions and groove portions of the guide grooves on the second
information layer 34. As a result of irradiation with Iight nodul ated

bet ween recordi ng power of 19 mW and del etion power of 9 MW excellent eye
pattern was observed in each case. The,aqplitude of the longest mark 11T
was simlar to that obtainable fromthe first information |ayer 32.
Measured jitters resulted in 8.3 % The foregoing information signals
could be repeatedly rewitten. Note that the foregoing characteristics
were equally observed fromthe inner portion to the outer portion of the
substrate. An experinment was perfornmed such that the foregoing
recordi ng mediumwas allowed to stand in a hot and wet environment in
which the tenperature was 80[err]C and.the relative humdity was 80 % for
100 houres and - then the signal was sim®arly evaluated. As a result,

change in the shape was inhibqﬁpd, i nf tion could stably be reproduced,
and the E? -~
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measurenent of jitters resulted in a satisfactory val ue w thout
consi derabl e change. Exanple 6 The specific structure of the
optical information recording mediumshown in Fig. 20 and operations for
recording and reproducing information to and fromthe same will now be

107 descri bed. The first substrate 41 was nmade of pol ycarbonate
resin and having, on the surface thereof, guide grooves for tracking |ight
beanms. The thickness of the first substrate 41 was 0.58 mmand the

grooves forred on

di aneter of the same was 120 mm The 1pi/¢h of thg guide
[Brr] m the wdth of the

the surface of the fig4t substrate 41 was 1.48
groove was the half d&fithe track pitch, and the fgapth of the groove was 50
nm The first substrat¢ 41 had, on the surface th&¥eof, a ZnS-Sierr]
dielectric-material “Fayer- 201 - havrng a-thicknessj of -120 nm- -a Ge2Sb2Te5
recording thin fil'm |ayer 202 having a thicknessf of 10 nmand a ZnS-Si Q2
dielectric- material ayer 20 ing a gggckne of 80 nm stacked
sequentially. Thus, a feloadak]e fijrst inf@ matidgn |ayer 42 was forned.
The second substrate 4B was mafe of polycdﬁbonat resin and had, on the
surface thereof, guidekg+eeves-for- ckirg— i ght !
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t he

beans. The thickness of the second substrate 43 was 0.58 nm and
i grooves forned on

di aneter of the sanme was 120 nm The pitch of the guide
the surface of the second substrate 43 was 1.48 [err] m the width of the
groove was the half of the track pitch and the depth of the groove was 50
nm On the surface of the second substrate 43, there were forned a

t hi ckness of 100 nm and made of Al, ZnS-Si Q2

reflecting | ayer 204 having a
dielectric-material |ayer 205 havin%.a t hi ckness of 18 nm Ge[err] Sb[err]
Te[err] recording Qg'n filmlayer 20 @4 ng a thjckness of 25 nm and

a thickness of 110 nm

ZnS-SiJerr] dieleefric-material |ayer 207 ha
st acked sequential [yi Thus, the second i nfornmat | ayer 44 was forned.
substrate .41. was secured- tio.the substrate support

108 The f,i-rst
section 72 of the adpesive-bonding apparatus stffown in Fig.« 6. The resin

appl yi ng nozzl e 64 whs opegra 0 apply the | traviolet curing resin
material 80 to the upper $u of the Pirst jinformati on d ayer 42. The

second substratg 43 n the sebstratle support section 66a of the
adhesi ve-bonding a ,£L§va i sectfi on 63 was qperated to nove
n
g

t he upper-portuon sjupport sgcti 1 downlar ¢S T9 be brought into contact
w th the spacer [79. ljoad §o0 {he <ecand szstrate 43 from

an upper p05|t|0n i t e th fight |, &
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emtted fromthe |ight source
mat eri al
between the first information
43. The nean thickness of the
accuracy of [err]7 [err] mor
t he thickness dl of
was the
i ght beam 7. The di sposition

opti mum poi nt was nade to be the cent ri
In the non-recording state (a crystal
information | ayer 42 was 19
information |ayer 44 was 17 %
f oregoi ng recordi ng nmedi um

45,
first
refl ectance of the second
and reproducing of informatio
wer e eval uated by using an op
emtting light having a wave
nuneri cal

adaptable to the optimm base

performed at a |linear vel ocitj0f &

reproduci ng beam was 1 m/\ whe
stabl e focusing

Ko Ml

(the ultraviol et

80 was hardened so that the separation |ayer
second information | ayer

| ayer 42 and the

| anp) 81. Thus,

the resin
45 was forned

separation layer 45 was 40 [err] mw th an

better at each nmeasurenent point.
the first substrate 41 was adapted to be 0.6 mm which
opti mum base thi ckness of the objective lens 6 for converging the

was deterngged such t

state),

n to and fromthe

osition of
the refl ectance of the
% the transmssivity was 40 % and the

Not e t hat

hat the .foregoing
the separation | ayer

Recor di ng
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operation was performed wth respect to the first and second information

| ayers 42 and 44. Moreover,

focus junpi ng between

information | ayers was

performed stably. EFM si gnal s having a shortest mark | ength of 0.6
[err]mwere recorded on both |and portions and groove portions of the
information |ayer 42. As a result, an
excel l ent eye pattern was observed when the recording power was 14 mW The
anplitude of the longest mark 11T was simlar to that obtainable fromthe
Measured ppygers resulted in excellent val ues
such that it was 10.8 %in the land portion and 11.3 % in the groove
portion. EFM si gnal s having a shortest mark length of 0.6 [err]m
were recorded on both |and portions and groove portions of the guide
grooves of the second information | ayer 44. An excellent eye pattern was
observed at each portion when the recording power was 18 nW Measured

gui de grooves on the first

first information |ayer 42.

jitters resulted in 11.7 %
portion which were |lower th
information. Thus, it was

r epr oduced. An exper
recordi ng medi um was al | owed

' ‘ o
whi ch the tenperature was 80ge £ o LT
100 houres and then the sig f“!’/ e i

change in the shape was

i Fihe

A aTS
2 ek

] 12.1 %in the groove

gef erence for reproducing
o | d satisfactorily

d¢h t hat .t he foregoing

gt 1G%rvi ronnent in
hgwb ity was 80 % for




110 inhibited, information could stably be reproduced, and the neasurenent
of jitters resulted in a satisfactory value w thout considerable change.
As a result, it can be said that the nethod according to the present
invention is an effective method of manufacturing a recording nmedium
having a plurality of information |ayers.

111 An apparatus for optically recording and reproduci ng
information which irradiates, with a |light beam an optical information
recordi ng medi um having two different information |ayers provided with at
| east one selected fromthe group cons?8¢?2hg of information pits
corresponding to information signals, guide grooves for tracking and
sanple pits so as to be capable of reproducing information signals from
said information |I|ayers, recording information signals on said information
| ayers and reproducing the recorded information signals, said apparatus
for optically recording and repro I Ng™~NTOo orm~tonpri si ng: an
objective lens to converge a ljrght b ent tedZo-m/a,[;Bi ght source onto
sai d recordi ng nmedium a tegus ntrokto Ke the focal point of
said |ight beam to coincide- ei ther oNgai i nf pr m@(Qkh | ayers;
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a tracking control for controlling the position of said |ight beamto
enable said light beamto follow said information pits, guide grooves or
said sanple pits; a layer identifier for denodulating a signal for
identifying said inforrmation |layers in accordance with light reflected by

or transmtted through said information pits; a |layer selector for
selecting an information |ayer from which said information signal is
reproduced or on which the sane is recorded; and a switch neans

for switching a nmethod of tracking, Fﬁg 1 1s performed by said tracking
control, to correspond to a result o] el ection perfornmed by said | ayer
sel ector. 112 2. The
apparatus for optically recording and reproducing information according to
Claim1, further conprising |ayer conparison nmeans for subjecting to a
conparison a result of selection perforned by said | ayer selector and a
result of identification perfornmed by said |ayer identifier, and a focus
junmping circuit for generating a pulse voltage to nove the focal point of
said |ight beam between said information |ayers to corres ond to an out put

from sai d conpari®bit néans. =30 & We appar atuSNEA R i cal 1y
recordi ng and Cd&pr 6duéing |nfornaﬁjon @wcqrdlng t NCPACHCRC furt her
conprising tragk] ppl arity inver pans for sm%t%?& he polarity of
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said tracking control in synchronization with the operation ofgwgﬁ%thbcus
junping circuit. | 4 The =X for optically reg g and
reproduci ng i nformation accd?ﬂ$ ’Wﬁﬁe@ﬁasﬂﬂﬁ , Wherein said focus control
conprises first focus contrlol neHRYLAGEP nakihg the focal point of said

| i ght . beamto coincide witha position near said information |ayer, second
focus control neans permtted to be opergéed in a range snmaller than that
of said first focus control neans, and ffidtus switch neans for per form ng

switching to said ?ﬁﬁﬁﬂd ﬁgﬁﬂgq n eakiie: [ sai d
first focus contrg neang has lggnk%gﬁ%rg?ggpﬁﬁ& C?&Qﬁéaﬁgﬁggéaratus
for optically recotHEREFORNAMANUFACTURING N QPPARATUSa THEREFER ¢ 0 AND n@PTDCAT ai m 1,
wherein said focus | east t be f ration conditions
to be adaptable témﬁﬁgﬁ:@h é@ﬁ%%"%ﬁuﬁé&ek&%ﬁﬁ focus control
being arranged to select one of said oggf@acPn conditions in accordance
wth a result of selection perforned by said | ayer selector.

113 6. The apparatus for optically recording and reproducing

i nformation according to Caim1l, wherein said tracking control has at
| east two types of bRaéampptical information recording medium having at least

two information layer, guide grooves for tracking or sample pits
or information pits corresponding to information signals are
formed on a surface of a first substrate (1). A first
information layer (2) formed by a thin film for reflecting a
portion of a light beam (7) made incident on the first substrate
(1) and permitting penetration of a portion of the light beam. (7) \\\_)
is formed on a surface of the first substrate (1). Guide grooves
for tracking or information pits corresponding to information
signals are formed on a surface of a second substrate (3). A
second information layer (4) having a reflectance higher than
that of the first information iayer (2) is formed on a surface of
the second substrate (3). Between the first information layer
(2) and the second information layer (4). there is formed a
transparent separation layer (5) for positioning the first
information layer (2) and the second information layer (4) to be

spaced a predetermined distance apart from each other.
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conditions to be adaptable to each of said information |ayers, said 296
tracki ng control being arranged to select one of said operatiﬁﬂ”ﬁdﬁ%itlons
in accordance with a result of selection perforned by said |ayer sel ector.

7. The apparatus for optically recording and reproducing information
according to Claim1l, further conprising a photodetector that for
performng a forcus control conprises a first divisional |ight receiving
surface for receiving a portion of |ightl}¥eflected by said recording
medi um and a second divisional light receiving surface for receiving said
reflected |ight oré4he Benepphaatusnfohiadticadilg reeetdihgiaidonal |1 ght
receiving surface is positioned, said second divisional |ight receiving
surface receivégibduzding LREOERE €L Ia@tor@ingheo ot Sinda ,0fvheabn f 44 5d
divisional |ight receiving surface. 8. An optical information

reproduci ng apRalalils cbQtrof SRS AHC NG LNLQEMBLLOD ¥ YRhae@Bnan optical
I nformation recording nmediumhaving at |least Two different information

1 oo R ighac BTk caftianie b pRghch AN EERR i B,
layers, said tracking control being arranged to select cne
of said operation conditions in accordance with a result of
selection performed by said layer selector.

7. The apparatus for optically recording and
reproducing information according to Claim 1, further
comprising a photodetector that for performing a forcus
control comprises a first divisional light receiving surface
for receiving a portion of light reflected by said recording
medium and a second divisional light receiving surface for
receiving said reflected light on the same plane on which
said first divisional light receiving surface is positioned,
said second divisional light receiving surface receiving
said reflected light on the outside of said first divisional
light receiving surface.

8. An optical information reproducing apparatus for

reproducing information signals on an optical information

recording medium having at least two different information

layers, the apparatus comprising:
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a light source onto said recording mediumw th an objective |ens;

focus control means to make the focal point of the |ight beam coincide
with one of the information |ayers; and | ayer sel ection neans for
selecting an information |layer fromwhich the information signal is
reproduced or on which the information signal is recorded; wherein
the focus control neans has at |east two types of operation conditions,
one of the operation conditions being setected by the |ayer selection

nmeans. 9. The optical information reproducing apparatus of Claim
39, wherein the opartitdadnmesnsi fonnomferghegf @clibghtt dvamplemitgnd &rom
capabl e of setting a plurality of offset |evels. 10. The optica

i nformati on rLigditCisbgrapPeitd Waitf recbaliihg hedia @iith! BA oPPeativan

conditions of the focus control nmeans are capable of setting a plurality
of focusing jgygw 11. An optical information reproducing apparatus
for reproducing information signals on an optical information recording

redi um having at |gagt, Lo il SN dRAKILA tod Y Yeae! B BB LUS

light beam coincide with one of the information layers; and

layer selection means for selecting an information
layer from which the information signal is reproduced or omn
which the information signal is recorded;

wherein the focus control means has at least two types
of operation conditions, one of the operation conditions
being selected by the layer selection means.

9. The optical information reproducing apparatus of
Claim 39, wherein the operation conditions of the focus
control means are capable of setting a plurality of offset
levels.

10. The optical information reproducing apparatus of
Claim 39, wherein the operation conditions of the focus
control means are capable of setting a plurality of focueing
gains.

11, An optical information reproducing apparatus for
reproducing information signals on an optical information
recording medium having at least two different information

layers, the apparatus comprising:
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optical nmeans for converging a light beamemtted from a |ight source onto

said recording nediumw th an objective |ens; focus control neans to
make the focal point of the |ight beam coincide with one of the

i nformati on | ayers; | ayer identifier means for denodul ating an

I dentification signal specifying the information |ayers, which is provided
on the information |ayers; and focus junp neans for noving the focal
point of the |ight beam between the inforred on |ayers in correspondence
with an identification result of the layer identifier neans. 12. An

optical infornmatioaptipabdusranyg Sapperaresging a rldghddheangenit ordrditioon
signals on an optical information recording nmediumhaving at |east two
di fferent infar iBihorecdrdeLichtol Baiappadstding @biufi #¥th an objeitival
means for converging a |light beamemtted from a light source onto said

recording mediygywi th an objective |ens; a phot odetector made of a
pair of light receiving surfaces for receiving light reflected by the
recording nmedium .the photodetecto onpr. Si first divisiqnal |ight
receiving surface aRd & csoe%%rnéé‘ |e\7‘|n§ssi ?,-2?‘3 Gl’g'%?e Tocal point ot Q;’Le

light beam coincide with one of the information layers;

layer identifier means for demodulating an
identification signal specifying the information layers,
which is provided on the information layers; and

focus jump means for moving the focal point of the
light beam between the information layers in correspondence
with an identification result of the layer identifier means.

12. An optical information reproducing apparatus for
reproducing information signals on an optical information
recording medium having at least two different information
layers, the apparatus comprising:

optical means for converging a light beam emitted from
a light source onto said recording medium with an objective
lens;

a photodetector made of a pair of light receiving
surfaces for receiving light reflected by the recording
medium, the phoéodetector comprising a first divisional

light receiving surface and a second divisional light

e e



116 receiving surface in a region outside the first divisional [|ight

recei ving surface; ‘focus control neans to nmake the focal point of the
| i ght beam coincide with one of the information |ayers in accordance with
a signal outputted fromthe photodetector; wherein a first control
operation is perforned using at |east amiéutput signal fromthe second
divisional light receiving surface when the focus control neans starts to

focus; and  recelfhididurFas@CoRlaCo8§idd SUtidel @Rei Sipet fdiviadonalng an
out put signal fromthe flrst d|V|S|onaI i ght receiving surface when the

first control 4 §§£a£éé) 455 I0L$0E 13. An optical information
repr oduci ng apparatus tor ~“repro UC|ng optical recording nmedia having at

| east two information |aye t he appar atus oy tical
nmeans for convergi h§%%® ¢ rﬁ&e&ﬁ?@ﬁ1??éﬁa§?cé% ca%eﬁ? PE et I| t sour ce

onto said recording nediumwth an objective Iens and

i dentifier meahghtoreammsdmcidenyirhcoR? ok dtheoAnEPRraFHeR |](?r¥%rﬁd98at i ve of
at | east one aspect selected from the group of the formof the information
| ayers on theaccecrdankengrirhidiausignalt tretmatesl |frome $hef phoodeaifesitanyi on

| ayers.

wherein a first control operation is performed using
at least an output signal from the second divisional light
receiving surface when the focus control means starts to
focus; and

wherein a second control operation is performed using
an output signal from the first divisional light receiving
surface when the first control operation is finished.

13. An optical information reproducing apparatus for
reproducing optical recording media having at least two
information layers, the apparatus comprising:

optical means for converging a light beam emitted from
an identifier light source onto said recording medium with
an objective lens; and

layer identifier means for demodulating identification
information indicative of at least one aspect selected from
the group of the form of the information 1aye£s on the

recording medium and the capabilities of the information

layers.
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117 .- . 14. The optical information reproduci ng apparatus according to
Claim 44, wherein the identification information indicative of the
capabilities of the information |layers includes at |east one infornmation
for the group consisting of irradiation conditions, focus control
condition, tracking control conditions, abh¥W denodul ation conditions of the

repr oducti on signal .

14. The optical information reproducing apparatus
according to Claim 44, wherein the identification
information indicative of the capabilities of the
information layers includes at least one information for the
group consisting of irradiation conditions, focus control

condition, tracking control conditions, and demodulation

conditions of the reproduction signal.

s st
——— e

(i MImm



118

OPTICAL INFORMATION RECORDING MEDIUM, MANUFACTURING METHOD
THEREFOR, MANUFACTURING APPARATUS THEREFOR, AND OPTICAL
INFORMATION RECORDING AND REPRODUCING APPARATUS

ABSTRACT

In an optical information recording medium having at least
two information layer, guide grooves for tracking or sample pits
or information pits corresponding to information signals are
formed on a surface of a first substrate (1). A first
information layer (2) formed by a thin film for reflecting a
portion of a light beam (7) wade incident on the first substrate
(1) and permitting penetration of a portion of the light beam. (7)
is formed on aISUrface of the first substrate (1). Guide grooves
for tracking or information pits corresponding to information
signals are formed on a surface of a second substrate (3). A
second information layer (4) having a reflectance higher than
that of the first information iayer (2) is formed on a surface of
the second substrate (3). Between the first information layer
(2) and the second information layer (4), there is formed a
transparent separation layer (5) for positioning the first
information layer (2) and the second information layer (4) to be

spaced a predetermined distance apart from each other.
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