1 DESCRI PTI ON OPTI CAL | NFORVATI ON RECORDI NG MEDI UM MANUFACT, q'lﬁé%ETd@
THEREFOR, MANUFACTURI NG APPARATUS THEREFOR, AND OPTI CAL | NF

RECORDI NG AND REPRODUCI NG APPARATUS Techni cal Field The preséR@sisve
relates to an optical information recordi ng medi um capabl e of reproduci

i nformation signals or recording and regrodu0|ng I nformation signals by
using |ight beams, a manufacturing nethbdd therefor, a manufacturing

appar at us therefor and an optical i nisycegbrroN recordi ng and reproduci ng
apparatus nmaki ng use thereof, and nore particularly to an optical .

I nformation recording nmedium having a multilayer structure including a
plurality of information |layers, a manufacturing nmethod therefor, a

manuf act uri ng appaORTIGAL mmlancnmms LEDIYMf UAMA(HHRIEWH@ and

r epr oduci'ng a ar tus making use thereof. Background Art Hitherto, an
opti cal info Fﬁ& M@‘ AYRORHICAR i s capabl e of -

optically re f W g recorded information
signal s and WS Qmﬁﬁ#éﬁ% %I&FWON ical card or the
|ike. In general, the foregoing recording nediumuses a sem conductor | aser
unit as a light source. By irradiating the recording nediumw th |ight

beans finel yTecimicadeRiddd a | ens, information signals can be recorded on
the recording mediumin a large quantity, and
The present invention relates to an optical information

recording medium 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
apparatus making use thereof, and more particularly to an optical
information recording medium having a multilayer structure
including a plurality of information lag.rers. a manufacturing
metho<_i 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

a light source. By irradiating the récording med.uun with light

beams finely converged by a lehs. information signals can be

recorded on the recording medium in a large quantity, and



2 information signals recorded on the recordi ng nmedi um can be reproduced.
At present, investigations have been perfornmed to further enlarge the
recordi ng capacity of the recording mediumof the foregoing type. To raise
the recording density, it is effective to inprove the reproducing
resolution by finely limting the light beam In order to achieve this,

i nvestigations have been perfornmed such,that the wavel ength of the |ight
beam i s shor fxeffordation isdgmais recaddedpen (theerddotyling ndian gsth bdbr eover,
reproduci ng net hods have been investigated in which the focusing or

tracki ng accxepregucedd mproved and crosstal k between signals is prevented so
as to allow the recording surface . density to be raised. %tho h .enpl oynent

of the foregoing ntSE aﬁp‘é%s'ii_ﬁét Asphaye, ' ﬁd?ﬁ?lff’y" r‘”p#&?ﬂ!ﬁrea to be
sorevhat en! e, B ShAGIDE, LBKCAIy 0 1ol FAAR S BRLIE BRI 10T, 1O,
i or mat i on o e o b o Pt Y St 1)
can be nul tig iimgrove rthe hesproducingnpésolution Gyafimgly & dhitingkthevi ng t he-
mul tilayer structure has been disclosed in, for exanple, U S Patent No.
5,126, 996. Aljghtcbeam.f oln rander st achieye ithis.oduvestigatpons: hiavelbeen
performed such that the wavelength of the light beam is shortened
.or the numerical aperture (I_IA) is enlarged. Moreover,
reproducing methods have been investigated in which the focusing
or tracking accuracy is improved and crosstalk between signals is
preven.ted so -as to allow the recording surface deilsi_ty 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 ihforniation layer for recording
information encounters a limitation when the recording dénsity is
intended to be raised.
If a plurality of information layers for recording
information are provided, it camn be. expected that ﬁe 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
Wwill 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



wi |l now be described. As shown in Fig. 21(a), a first information |ayer
212 is forned on the surface of a substrate 211 manufactured by an

i njection nolding nethod or the like and having information pits. Then, as
shown in Fig. 21(b), a 3 photosetting resin 214 is applied to the upper
" surface of a master 213 having information pits. Then, as shown in Fig.
21(c), the surface of the first infornagion |ayer 212 on the substrate 211

having the ighoRbs@¢diap Ridin 21 ikhapslichiate Qe bfsermeaifice?éf daving the
information pits are Caused to face each ot her. en, in a state where the

substrat e 2kaster 2¥3shaving inforimatbaetgitsg rEhenp &l 4hown i Bigated with
light froma position on the outside of the master 213. As a result, the

phot oset t i nRiedi rthel surfacecef shet fitrst fufomatientkaysy 2k:pn the, i s

adhesi ve- bonded to the first inforpation |ayer 212. Then,. as show in Fig.
200a) . the betrate 31§ Javihe Ae Thiprmatdon Hits-aHd the TaEeRS A% HA,
regul)t; aerei ei' @'!gﬁ{;n | E&%{gﬂ mf{)ss Sé&éﬁ J%&t&%?{eof an
conposed of @ﬁg p?l%lto g‘ég |é 3 caﬁ ea?(%rme . EI%en, as shown in
Fig. 21(e), GAnsecOAheh! Qi HBE{AAe (BMQS thé Ssibsthata2d10s Phessab] hbayer

(rmade of the photosetting resin 214). Finally, as shown in Fig. 21(f), a
protective qhotosettingaresif6c2is isoirmdiated vdthelight frdwanpssitiohayer 215.

As a result of the foregoing process, an optical disk having-a doubl e-

| ayer structaw the awtside ofathesaster 213. a result, the photosetting
resin 214 is set so that the pho.tpsetting 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 shom in Fig. 21(e), a second information layer |
215 ié formed on the resin layer (made of the phé)tosetting 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. .

" However, when the master 213 is separated from the

photosetting resin 214 (see Fig. 21(d)), the foregoing
conventional manufacturing method can involves séparation 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 unsatisfactory.

The reason for this can be considered that the adhesivity between

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



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

i nvol ves separation being easily taking place at the interface between the
first information |layer 212 and the substrate 211 or the resin | ayer (nmade
of the photosetting resin 214). Thus, there arises a problemin that the
manuf act uri ng yi el d has been -unsatisfacfory. The reason for this can be
consi der ed t hesin Bd4hdiscwade ttp betgneater [thanathatr betw@eanthe Ifbirsesi n | ayer

(made of the photosetting .4 resin 214) is mde to be greater than that
bet ween t he finformatign dager #12 rthfliumﬁ?lgléu%t%gbme@r the\at

phot oset 11 ngrFk AnBRption YhveR {2 Ahd AR ebeh AfPer nddS ok TG0 o

' ' al tenperature or in the humdity sonetinmes
6&sbﬁ€n%“¥é§ﬂgﬁﬂi

resin, changgﬁl
raises a problemin that t manuf actured optical disk can be defornmed or

an error occurs iniiepicagdeailieget tie substlate 24¥ deViedde of @Rfesialus of a
type for reproducing information signals froma plurality of informtion

| ayers has ackangel é#mnthe emndronmentalr temperature o -im dechunidittybl e due to an

i nfluence of 'light reflected by an infgormation |ayer .other than the subject
i nf ormation m@éﬁﬁ%lﬁ eroblam,dpgthat the manufactured optical disk

can be deformed or an error occurs in reproducing the signé_is. '
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 rei_:'lected by an it.lformation 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 medium having two different information
layers and capable of reproducing information signals from the

information layers, recording information signals on the



The present invention was found to overcone the foregoing problens
experienced wth the conventional structure, and, therefore, an object of
the present invention is to provide an optical information recordi ng nmedi um
having a nmultil ayer. structure which cannot easily be defornmed due to change
in the environment, a manufacturing negpod t herefor, a manufacturing
apparatus therefor and_an apparatus for optically recording and reproducing

i nf or mat i on. infraatian, layers that senngepraduce theceepordad informatimmect of
the present inventign here 1S, pr.ovi d opticgl information recording
medi um havi'rﬁjin ° e#ﬁ#?h%ﬁ&i%ﬁﬁsgg an %ﬁ*oﬂagaof r epr oduci ng
I nformation & I fE_drdBns té’ﬂ@ﬁ .S, a ' ' rmation
signals on tﬁi_efaméo?ln?ornatl Eﬁggrs g?%n ?e%%gég%@%ﬁgg{‘?ecorded

i nformati on lEvang) on\bae dideatliaricod, Veiid of hdrehselRt8d £10h s !élx‘%hp

I nformati on recordi ng nedium conprising: a first substrate havihg, on one

si de t her eofconsisting of rinforhationdpi to worhesppnding toninfirmagiad i nformation

pits corresponding to information signals, gui deérmooves for tracking and
sanpl e pit s;Signply.sguide greaves forateacking and sampdiet pits;sar finst of the

br edet or mi ncAEPER ORI, Fored. 6 t{RHeS ‘Surars g the FiFsh SusgRate
substrate haifavidl 8 Yiedblrliieh SAlanshi Vit Und 35 ednifY 2 9roup
reflectance with respect to the light beam; a second substrate

having, on one side thereof, one or more selectéd from a group
consisting of information pits corresponding to information
signals,” guide grooves for trackixig and sample pits; a& second
information layer formed on eit—her surface of tile second
substrate and having a predetermined reflectance; and a
separation layer formed between the first information layer and
the second information layer that is transparent 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 infomai:ion layez;'s. recording information signals on ‘the
first and second information layers and reproducing recorded
information siénals.

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 resultl of
the preferred structure, a structure vertically symmetrical with

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



consisting of information pits corresponding to information signals, guide
grooves for tracking and sanple pits; a second information |ayer forned on
either surface of the second substrate and having a predeterm ned

refl ectance; and a separation |ayer fornmed between the first information

| ayer and the second information |ayer that is transparent with respect to
the light beam The structure of the optical information recording nmedi um
provi des a difiisiteessoer the ddkei isygenerated t imthe ssubstrate: due tashauge i ng

i nformation sigpnals from the firsi and_second i nfornmatjon | ayers,

regordi ngdi b tFWB_Ha} groﬂ‘e_t £kq when d%@_é’éﬁdim OE I ayﬁrs
opti cal i ni cretEngne Pty i bitpEheial istoptiod 2B SbBRSakER | on has
a SUTUCt Ur e ek ifushlP dofbfR35a Rictbhe do'ah HUDBI Bubstesyialant 1 al |y

the sane as the i ckness the second substrate. result of the

preferred stfdichaige ia Hid teiperaturs lorCthd huaJAIE: oF Célle vhvironhenect to the
separation |ayer can be fornmed. Therefore, even 6 if stress or the like

i s gener at edlefornationudnd warp cimebe dinhibitped.i nAs lseresiniter atstructure he | i ke
when the optjcal infornation recording nediumis nmanufactured, distortion

can be conpeivrable agajnst change dnathe) envineament, canche obtaineds, the two
substrates dye LonQo06G 2 Bl F1SIP A" Webnd sulbrDbll 84 Yool 6
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, thé below mentioned '
formula is satisfied ; | :

RIS 1-A1+ (2-R2)7}

]2 - Q- A1)2}0.5

~{[1-41+ @2 -R)}
wherein R1 is a reflectance of the first information layer,

Al is an absorption ratio 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



deformation and warp can be inhibited. As a result, a structure durable
agai nst change in the environnent can be obtained. Therefore, even if the
first and second substrates are made of resin, deformation of the

manuf act ured recordi ng nedi um causing an error in reproducing a signal can
be prevented. It is preferable that in _the optical information recording
medi um according to the present inventi‘on, the below nentioned fornula is
satisfied ; facdndr ikformatiin lay@r aRe)$inilpr-€d tachAdther(d@nd tha) [err]][err]
- (1 - AlJferr err whereln Rllsareflectance of the first information
| ayer, Al i $%EH°§H prphitude; is &?tiwqtpr%ly ilargenation layer, and R2 is

SaLfZT 'eﬁéli Rof the g%?ﬁ%%%ﬁpﬁi $BY P oBid " thip d Sfibepecopiing i <
nghe[ﬁat et thgéarieflect anc Cﬁpﬁ&é’&%@%&?@ ﬁ?orrrig’h %a?gﬂ@iﬁ%i rgczgrs/o

As a result eliat ithe fsece8d®i ifoRhafioh Biyei! 1h6TudeS a TFPE6S M Saydiidi 4M havi ng
the first and second information |ayers, which are reproduction only

i nf or mati on finstr dielestrie-maberialeiayer,wai rdcording Mayet wdsacfeddnd Si gnal S
fromthe first information | ayer andthosefromthe 7

dielect_ric—material which are sequentially laminated on
the second substrate. According to the foregoing preferred

structure, a second information lajrer. 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.infofmatibn layer has a coefficient of absorption
which 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 ini_"ormation 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



second information |ayer are simlar to each other and the reprodu0|ng
anplitude is satisfactorily large. It is preferable that the optical

i nformati on recordi ng nedium according to the present invention has a
structure such that the second information |ayer includes a reflecting

| ayer, a first dielectric-material |ayer, a recording |ayer and a .second
dielectric-material |ayer, which are séhuentlally | am nated on the second

substrate. Afirstd ﬁngomtﬁm Yayer (eam e pohtadned wnswhicht informatien arzh
i nformation Iayer i nformati on of which can be rewitten, can be

obt ai Sed I tb?h 251 Infiormation of jhich q"h#@rﬁﬁﬂme?ﬁcordl ngf medi um
"nf or mat {on | taerp R e bl HhetoPnd Bt éﬂ%ﬁ‘éﬁtﬁt oo e%'t{ihy

zero with re ﬂﬁ’ﬁt eferred
structure, e quant Ity lc‘# t he %I ghteéﬁat reaches the secon I n cg{rmat I on
| ayer can beﬂeerd dotle bf the ifirgt hd 8866nd Babstrates Haveaknformatid i on

recordi ng medi um according to the present invention has a structure such
t hat the firpits cborespoinding &¢cinfiorphties signdlsaen aither sgefacef thin
films. According to the foregoi gepreferred structure, the reflectance of

the first i nheRordd %ﬁol the foregp .qBarecardling the | i ght
case, i1 is b B, f° %aeé#%f@gﬁ%ﬁoﬁmqﬁﬁ%é?e?acl ddes a firer
e Faver L8 segzgeﬁ:‘tﬁs? {6t GRtS BB bl T
: medium acoordmg 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 small power. .
It is preferable that the optical information recording
medium according to the present invention has a structure éuch
that the thickness of the separation layer is 'largex.' 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



substrate. According to the foregoing preferred structure, a 8 first

I nformation | ayer can be obtained on which information can be recorded or

i nformati on of which can be rewitten. It is preferable that the optical

i nformati on recording nedium according to the present invention has a
structure such that both of the first and second substrates have

I nformation pits corresponding to i nf ordation si gnal s on either surface.
Accor di ng t onediumiancepding, tor the: pregent dpvention has acstuictyrerssiichm havi ng a

| ar ge capaci can.be optained. It i eferable that the optical

i m[ gr mat !oonI o?‘bﬁqwa bﬁ?%d’&'o?ﬁ'lf‘s &’ét? ﬁgepf%?@ﬁt@ rﬁ'@ng’r’lrﬁ? gd o
t t ' i af ' I y duct i I

Struoture b Uk Badd! ha ' HERIBICDE | EChike BokGPRIHH A"
reproduci ng dypkerdiel hPd diFferent’ Froh HHIshapdsN6f f@icCEPid Fo ' fhe

structure, |1 ght absorption of the reproduction only first 1ntormation

| ayer can ‘besetohd isubstrate.l elieltheMiorspoing chiseceit lie prifershle thht
diffraction occurring due to information pits can be iInhibited, information
can be recorthedwidthy efrdeupit fiormad somithe seoond substrate dsclatger t hat t he

optical information rgcordi ng nmedi ym according o the present invention has

?hSt ][ uct :.II’ g- @?ﬁ:ﬁﬁ;&? 1El’n;‘)ft ﬂli%la’réts O’BTcedt??é @Spﬁ%’ﬁﬁmta?ﬁ‘;& sbl arger than
© 1ocal Ccording™to Wie' Foregoing Prefdbréd Strhcturd, ‘aitfradtion of
" light reflected from the first information layer and that from
. the second information layer can be made to correspond.
Therefore, signéls can be reproduced stably.

It is preferable that the optical information recording
medium according to.the present im-rention has a structure such
that. guide grooves are formed in the surfaces of tile 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
seodnd substrates and the.density of the information pits formed
on the second substfate 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,



and smaller than the tol erance of a base allowed by the optical system
According to the foregoing preferred structure, information satisfactorily
free fromcrosstal k can be reproduced from another infornmation | ayer as

| ong as the aberration of the light beamto be applied is small. It is
preferable that the optical |nformat|o€ recordi ng 9 medi um according to
the present invention has a structure Qch that information pits or sanple

pits are formﬁpl‘&ati% Cﬁner repyoducednsatisfectonidy £ram ancinfloxpatian t he
pits forned nthef supstra |fferent fromthe shapes of the
pits forned 2??% s&ﬁ‘tl ?%3’ Pf the-opticad FyRfemater converging
preferable t r.&g h of the pit forned on the second substrate is

| arger than F ‘the pit fornmed on the first substrate Accordi ng

to the foregoing pretsy pPeraabls! tist 1l dpaciy dils ed from

the first information |ayer and that fromt secon OI’ITB.tIO ayer can

be made to cesditmpaccordihgred ahe, pmsgmalmveﬁmdaeha@rﬂ gdmad:r&tﬁitbw It is
preferable that the optical information recording medi umaccording to the

present invethdtosample pits rarcguide gronveshare diorved gimothe ssunfecésrafed in the
surfaces of the first and second substrates and the wi dth of the %ﬁl de

groove for nethe First and serend substrates and,the. p Fﬂhl? t Hee \Gamphke Ritshe gui de
aroove for g ihe! Bfide pRbovlPRGHR n 8O0 SdtiGed Yo URhREr

than the pitch of. the sample pits or the guide grooves formed in

the first substratg. 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 ligh1: -
bean and signals can be recorded on the same.

It is preferable that the optical information recording
medium according to the present inventidn 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
supstrate and‘the second substrate when viewed from a position
upon which the light besm is made incident. According to' the
foz.'egoing 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.



preferred structure, the effect of the guide grooves forned in the surface
of the first substrate and the effect of the guide grooves forned in the
surface of the second substrate can be nade to be the same. It .is
preferable that the optical information recording nmedi umaccording to the
present invention has a structure such ghat information pits are formed on.

the surfaces of the first and _second substrates and the density of the
i nformation pits fdtnkd RERferablecthaty the epticak ipSermatiionarecoriding over t han

the density of .fhe_infor.mtjo its forned on the first substrate per unit
area. Accord %af:ﬁ%“#lﬂgetﬂ)ir}l‘?g WPQF%QEH%%@, strugtne, fUehmi i on can
be reproducegpsetinaf ik anning dreraé '! QF le3.QuU t focal
depth of the opt }%%I %steﬁ%?gﬁ)’n% ng tre Fgﬁ%‘?ﬁtggéa&ki Efﬁ ef erabl e
that the opt fedked BhOEHREULFACEECEHE Guhagﬁﬁt%laﬁa%@em'sﬁgsfc&@%ea%ese“t

I nvention has a structure such that sanple pits or guide grooves are forned

in the surfafemsmed inte af spitalasbape celativebts rthicccermtrdlt partiiohs hofof t he
sanple pits or the guide grooves formed in the second substrate is shorter

than the pi t the Firshandarependosubstaate rndythel shgpe ofe the cspigdlion tthe fir st
ved; um can_ ECGH SRRETACR G ah6 Stihe &F GhR BTRLfnh SHECRSCOB <1 actor || y
froman inf ogderate | @%cthd Yomd when viewed from a position upon which the

light beam is made incident. According to the foregoing

preferred structure, the light beam is moved in one direction

from the inmer 'portion.to the outer portion or one direction from
the on_lter portion_t() the innex; portion regardless of the
information layer having the information pits to which traclung
has been made.- In the case where the structure is employed in
which the’ light beam is moved from the immer portion to the outer
portion, a reproduction method may be employed in which
administration information is detected in the immer portion of
any of the information layers and an access is made fo a required
information region includiﬁg the portion between the information
lams. Therefore, it can be said that the foregoing structure
is suitable for a recording medium capéble of allom;.ng a high
speed access to the information layers.

It is preferable that a paJ;.r 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



the focal depth of the optical systemfor converging the |ight beam and
signals can be recorded on the sane. It is preferable that the optical

i nformati on recordi ng nedium according to the present invention has a
structure such that information pits or sanple pits are fornmed on the
surfaces of the first and second substrates and the directions of the

I nformation pits are opposite to each qbher between the first substrate and
t he second sméiiuvmabavingea fouewkayedrr structnoei dam beugtstaindd i #dhiscH i ght beam
I's made incident. According to the foregm ng preferred structure, the
materi al andimfarmakipn car desregonded and sepreducedaframeachioft thée t he same

o cpar ¢ fiothwggae Feshfon 3 iggﬁg?rﬁ@é\;b@ggfgﬁﬁé@'ht q%g%%‘;%fge‘éifé‘?’ﬁ%tfﬁn or
manuf act ur oS a“'ét%@fﬁ@#@ Fediods FY BRI e "L Fe ' °

substrates cafycRResRMIGEthe Firsh SibdraRbE d¥ Hhi pdiiabe (grigpi i cal

i nformati on recordi ng nedium according to the present 1 nvention has a

structure subiforipatidnheecortiingraicditng iaire sibistagtidllyothe Gafie Gnd fRe Sanpl e
pits formed on the surfaces of the first and second substrates are forned

into a spirathickngiseserfitthecseqpndheutsanates qfothe @adroof optiddl st and

second subst e and the S e of the on the first substrate and the
shape of th l&tﬁ%& gxg& arg s&stantially the same. .

()

According to angther aspect of the present invention,
there is provided a method.of manufacturing an optical
information recording medium having two different information
laye;'s and'capable of reproducing-information signals from the
information layérs. recording information signalé 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, gui(_ie_g_rooves for tracicing
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



substrate are the sane when viewed froma position upon which the |ight
beamis made incident. According to the foregoing preferred structure, the
| ight beamis noved in one direction fromthe inner portion to the outer
portion or one direction fromthe outer portion to the inner portion
regardl ess of the information |ayer having the information pits to which
tracki ng has been made. In the case whs¥e the structure is enployed jn

whi ch the | ijglfbraadchi FayeP\did theosedond inforkapivn lager:0 ahhadheisios— porti on,
a reproduction nmethod may be enployed in which adm nistration information
i s. det ect ed bondidg: stepof causingnthd firgtinformationolager end Itheer s and an
access is nmade to a _requi-red information regiqn igg‘léud'i ng_the paqrtion

bet ween t he Serews} Fnformation dayer 1¢q face each other, giverhonding

f [ t ' i tapl.e.f di ' bl f_.al |l owi

2 I oh SpecdnicHifsE ¢ Bruod siforatdan, Tiyers "t FB0h WRnePChcReR R o par
of the opti %ggiﬂ 51, t?}%{;ﬁg‘?% %@m&‘@ﬁé‘% tdie present

i nvention and -an athesi ng |l ayer are provided and the second

substrates ghnkfitifing the GPitical infoekationoredorddng istdiiRditheSs e
adhesi ve- bonded to each other through the adhesive-bondi ng | ayer.

Accor di ng t ofttemoiring thermpsteef £ mot vequiceds e Byasimply ddhesive—12 nedi um
having a four-layer structure can be obtained in which information can be
recorded anbordifigote eaghtothercthe, sybstrates having the information pits -
' formed previously, a recording medium having a double-layer
structure can be obtained. As a result, the manufactﬁring 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 sul?strate.
_ 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



information layers by irradiating the two sides with the |ight beans. In
the foregoing case, it is preferable that the thicknesses of the first
substrates of the pair of optical information recording nediuns are
substantially the same and the thicknesses of the second substrates of the
pair of optical information recording nmediuns are substantially the sane.
Accordi ng to another aspect of the preddnt invention, there is provided a
met hod of nasubstradesngAccondingctd thef foragoivg preferiidngtrmetugre, hmvi ng t wo
different information |ayers and capabl e_of reproducing inforpmation signals

from the i nf 5esin laver spaisfactoply)frge; fram irxesylacignhin

I nformation | ayers .and g eproduci he recorded information signals when

i rradi at ed V\F?'Xel? F?@ﬁdr ggaﬁnSﬂ?ﬁg od of manufacturing an optical

i nformati on recordi srTPgéfgﬁag gpﬂ*]a%e he Sadth £ b fa i ep of
formng a first in g?“rra I on ager avi%lr% a pErxg_g)et'er-m ngga%:ir}%néirln ssivity and
a predet eri gpeidaAfl §eforibtford PeSordingt hédfmhasdoiding toOtike Jirdeentier eof, one
or nore selected fromthe group consisting of information pits

cor r espondi ndnventioh durdhen rcomppisdss ancapplying sdepsoff applyimgkang and sanpl e
pits; a second filmformng step of formng a second information |ayer

havi ng a pr cadhesiverhonding | iayerndthish is dxapsparent tith: kespegtnto @ one
o1 ts corr eopbiRf oty th; therkppeh Gk of BEHRe 6 8RB (1 ek ng and
Cransparen: TRpiRtey of%e Yl 0F GRICH) WheBridiibl $EEan Bl
first  obtained by the method of manufacturing an optical information
recording médium according to the present invention; and an
adhesive-bonding step of caﬁsing the second substrates of the 5
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 structuré can be oﬁtained 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 maﬁufaptured by a
_ method similar to that.for manufacturing the recording medium
having thé 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 6f the second
substrates of the pair of optical information recording mediums
are substantially the same.

According to another aspect of the present invention,



13 information |ayer or the second information |ayer; an adhesive- bondi ng
step of causing the first information |ayer and the second infornation

| ayer to face each other and adhesive-bonding the first and second
information |layers to each other through the resin |ayer. According to the
structure of the nethod of manufacturi nﬂ_rthe optical information recording
medi um the step of renoving the nmasterTs not required. By sinply

adhesi ve- bortéerg isopeerided: an apparatishfor aapufactyring @mcopticalmat i on pits

formed previqusly, recor di nmedi um havi hg a doubl e-layer structure can
be obt ai ned. @0%2%|WM¥%M%WM @ Lirssubsratecd. 1t is
preferable t d turi n lcal. information

recordi ng medi %gg%ﬁgf% ﬁ%@eﬁtfﬁﬁgeﬁéﬁaﬂ%saas ture such

that the thi ghpsaataf i lspBs i fé&lsj tgsal by, as the
t hi ckness of g.’tﬁhe sggosn'i sﬁgsﬁggﬂﬁ isé%{tgfera ft@@t%g%kt%@%kﬁﬁ%‘é of
manuf act ur i nguppordpsection 56 asTRdi Qippoet & Seddndredbsitiates Gufliapplyng he
present invention further conprises a pressing step of pressing the first
and second segetion fer applying acvesinddayer tohthd upper sudfaee ofidtleibst r at es.

According to _the foregoing, a,resin |layer satisfactori lé free from

irregul arityfiFst RHade %ﬁh.ges%g;bqtp.atg; B SPagexpiiisnased em a he
method of MagREAC bH! dilke® Bnd FikS' subB R bliibrt S8 ot 1hd B EG53" 4 N9

to the prese '
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 -subétrate support
section or the second substrate.support section and.pressing the
first and second substrates. The apparatus for manufacturihg 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 manufac*!:uring an
optical information recording medium according to the present
inve_ntion further-bomprises a light source disposed obposite 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 sou'rce. According to the
foregoing preferl;ed structure, the photosetting resin iayer 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



i nvention a photosetting resin is used to formthe resin |layer and the
resin layer is irradiated wwth light froma position on the outside of the
first substrate so as to set the resin |ayer while applying pressure to the
outsides of the first and second 14 substrates. According to the
foregoing preferred structure, a resin yer satisfactorily free from
irregularity in thickness can be forne n a short tine. It is preferable

that the net ABYEIACPAS acstRucture, ucht that eacl efnthe Sirsteoddseepndedi um

APl vi o an SHGLRGES iR Fpaeey L breitre in £ Rantea) BArEliR: Khetaeioct 1o

appl yi ng an

the light be 7 it {Em ﬁgc strates of
a pair of Op?xﬁ%(ﬁoﬁﬁ oriEap@'?gRigéeic r Ti%t%gdlgﬁdng gb ai ne (%nyg‘liggmet hod of
manuf act ur i ngr@dvesPén @dithér isucfidd: het &SR Shd'G BBt pasHGodi NY to the
present invention; and an adhesive-bondi ng step of causing the second

substrat es otonreetpen sectiapfor alaking othen tewtraleaxesliof gtire dhfdmnadtioh ace
each ot her and adhesi ve-bondi ng the second substrates to each other through

the resin | apkk columns er gpide graovesrefdhegfirst; suhstante anddthen havi ng a
adhesi ve. bortRSPEFErOrS 06, Seeige wist 8B aehe: dsqFnshien oriyideg
LoV oY CLESh L B o b SRR s LA k"
' 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 acoording to the present
invention furthef comprising first and second sﬁaft sections
respectively disposed on the central axes of the first and second
substrate support sections; and first and second inner—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.



method simlar to that for manufacturing the recordi ng nmedi um having the
doubl e-l ayer structure by basically preparing the sanme 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

I nformati on recording nediuns are substantially the sane and the

t hi cknesses of the second substrates oflThe pair of optical information
recordi ng medtherefare; théseatak lakys tdfe thafirstcinfottinatidnd 1856 g aspect
of the present i nventi on, 15 there is provided an apparatus for

manuf act ur | ngthak ebttheafinsts subatrate supportiisegtinniicam be made staigcide f i r st
substrate sup ction f rting a fi substrate; a second
substrate sudﬁg‘ﬁ‘te?g’c Fﬁ?}' Hggb ggf‘f%nﬁgﬁ ifﬂtrglf meghanigak support
section so as, o a segtion:for

appl ying a reqﬁ:ﬁrﬁ% 12 (t}?)‘g ‘?éﬁs}%ﬁ 1] oggttﬁ%p 1!?%‘% M@nor t he

second subst rayer axasmbfdﬁfeogasshd)@ussﬁla%a §diph & b substrate

support section and the second substrate support sectlon ace each other,
the ‘spacer baiadg cbingdde drithtesthdotherwitle af degtecanfas ateNYimi4bsk! at es; and
a pressing section for elevating the first substrate support section or the
second- subst msbatsiﬂpéoamw.i odnathe foregaing case.fitsis prefexablad

substr at es. a ratus for facturing an optical information
recor di ng rredﬁ Rttt 8$%° 1ng eanered Rgckien dm formed on the leading end of

one of the first s_haft section or the second shaft section, and a

corresponding recessed tapered portion is ‘formed in the residual
leading end of the other. According to tﬁe foregoing preferred
§tmcture. by moving the second substrate support section
downwards, the projecting tapered portion formed on the ieadiﬁg
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 présent invention,
there is provided an apparatus for opticaily recording and
reproducing information which irradiates, with--light. an optical
information recording medium having two diffei'ent 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



having a nmultilayer 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

medi um according to the present invention further conprises a |light source
di sposed opposite to a surface of the first substrate support section that
Is in contact wwth the first substrate,igwherein the first substrate support

section.is nefty opticaldy ardcairding engdareproduging informatiai comppisdsan of
light enitted fromthe |light source. According _to the foregoing preferred
structure, tHPYERB d?@%‘?ig{f Fausing ay gbjestivedess tongenvargef arkightubstrate

and the seco supsiratecare I ve- bonded to each qther i.n a short tine.
It is pref er%"gl @Péﬁtebh%r%pﬁg%ss?mﬂgﬂ &%mgaﬁw Jgdiumy focus

i nformation r 'iﬁaﬂ% ' L ayention has a
structure suc‘ﬁﬁ‘tqﬁg% eac ckok %%e ?‘F’?%?%S%E?gﬁﬁ%%@&%&%@ h‘g&getagtentral
openi ng i n t hehec dightabesp 'dolif¢tiden RE €@P feither (I ¢RE L iniforRitidh! I&ferkt O €Cti On
and pit columms or gui de grooves on either surface thereof, and a center
posi tion cor rzecking contralnméans fokicoptrbkl ingnthelpositiombft tiee ilagke mat i on
pit colums qQr guide grooves of the first substrate and the second

substrate to RegRnt9 q fthebighgt beam ito followethe dpformationpids, | east one

of e T11t ghfhe dabees JRPBEE Bepld FATURE SRSRDA SRR SLeSppPor!
demodulating a signal for identifying the information layers in
accordance with light reflected by or transmitted through the
information pi.ts; layer selection means for selecting an
information layer from which the information signal is reproduced
or on which the same is recorded; and switch means for sm—tchmg
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 to the present
invention further'compr.;i.ses 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 genmerating a pulse voltage to move the focal point of

the light beam between the information layers to correspond to an



preferred structure, a recording nmediumcan be obtained in which the
deviation of the circular arc of the information pit colums or the guide
grooves formed on the surfaces of the two information | ayers can be
inhibited. It is preferable that the apparatus for manufacturing an optical
I nformati on recordi ng nedi um accor di ng,40 the present invention further

conprising first apd second shaft sections, respectivel | sposed on the
central axes°'btfp“ithgrq"1_ Fﬁ? ﬁeﬁ%stﬁm%é%ﬂ& f:ﬁ%cejé(‘}‘g%?@g and first
and second i R It :ﬁﬂcﬂﬁ%de ti L0 A 3 r tion
having an e grger than t hé ic%%?’r%l iopeglg%qyé{hgﬁéé%gﬁg&é%d anot her

end smal | er &yiyact heisC ebkised, OARN iFBBuDing PosHibA! &l Be mdvRdf +6 Stheand second
i nner-portion guide sections being capabl e of noving along the first and

second shaf t subgject anfordiationdlayert.0 Ilnetheofarpponng wasépritedsstructure, the
first and second substrates can be secured to the surfaces of the first and

second- substpreferabls Surthercte mrovidettracking polerity inventipgmeansortions
cont act i ¢ hEGhENEGRRR) HRoPRLAIY §E e Srackide <Gosnel SRBP i cs. 17
TreCel ore, . UgBRRhfAb ok wiek i Bebbi et BF SRR YRS TBEbRIRS 1, (T,
Yﬁleugeggﬁ& f%g;grkan% gﬁfﬂi@%?éﬁdﬁé W-sﬁ@éﬁ@éerevédﬂsn%%@l ofixi s of

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 optic;ally

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 control means

permitted to be operated in a range smaller ‘than that of the

. first focus'contro_l means, and focus switch means for performing

switching to the second focus control means after tlie 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.



| ayer and that of the second substrate support section can be nade coincide
with each other with a degree near the |imt of nechanical accuracy. In the
foregoing case, it is preferable that a projecting tapered section is
formed on the | eading end of one of the first shaft section or the second
shaft section, and a correspondi ng recgafed tapered portion is fornmed in
the residual |eading end of the other.“According to the foregoing preferred
structure, by novi &g ishereferabdesthatt the appappmst fer mpitdcatkywnwar ds, the
projecting tapered portion forned on the | eading end of either of the first
shaft secti oneegrding and: saproadusing Jaformation Aeqording dosthe PrBEERY portion

cont ral i IRTeRGRRRCE Pymithed i B SR Fo R s 1

| nfor Mt O L@yflashafud typRdor! Bp&idleich BontitHbrs 60 1 BipeaMe0Ed N9 {0

anot her aspeCt of the preSent invention, there Is provided an apparatus for
optically regaelliofdthednFeRkitdua i Ifrers| OthicRFocts bbhEidl méafl begsg W t h
l'ight, an optical information recording nedium having two different

i nformati on aeyangedpte selecit wnehoh rtheoopenart dors ©ondi tibnisr imacicordannep
consisting of information pits correspondirng to_information signals, guide

grooves for withia restitdof salectinm pestormed: by theclayes selgctien, oduci ng

informati on signals_ fromthe inforjmati on | ayers ecording information

si gnal s on tﬁﬁgﬁﬂ Mﬁ%ﬁ’ﬂl% ie ééﬁ'&g?ﬁﬁ- B&J{qrﬁﬁét%té'“ﬂ'&"d AYHf or mat i on

signal's. Thed@?ﬂﬁfi@ﬁ"&n be corrected so that information can be recorded or
reproduced satisfactorily.

It is preferable that the apparatus for optically
recording and reproducing inforﬁation according to the present
inveﬁtion has a structure su&h that'the tracking cont;bl 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 perfdrming 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



18 for optically recording and reproducing information conprises: optical
means for causing an objective lens to converge a light beamemtted froma
| i ght source onto the recording medium focus control means for perform ng
control to nmake the focal point of the light beamcoincide with either of
the information |ayers; tracking contrgl means for controlling the position
of the |ight beamto enabl e the |ight Kdam to fol | ow the information pits,
gui de gr oovesegend vs%iﬁpnaé Heht: recpiying fanfage recebringethe neflected

%el?ﬁdfl Sﬁi”gﬁs&%@? X ?”“niﬁf?%a ﬁ#aa;#wie&“ oo ke ';ﬂ;ﬁimf’iﬁf
sel ection I'TE%H? gé@di,h t%nth@ ﬂ&%i%: %ﬁ. I Hen

i nformation Sl gha is repro ced or e sane 1S recor

swi t ch neans shesraitibh Nis) Seprdibb® Eroh & icsidihg WBALh haviag Gor med by the

tracking control neans, to correspond to a result of selection performed by
t he | ayer sehattilayetreﬂtmctakmotﬂe nmgnge iihehich dbei fopus: i$ epuldedseanict ur e
of the an apggr at us for optically recordin and reproduci ng i nformation,

i nf or mati on dmgultﬂhiaadthee feens deteqtiom regiopcbetmeengthedi um

hawngarrultlla er str e tha aratusfor
optically re g rﬁallﬁﬁcﬁ‘ﬁa?ﬁ% {)r’@leﬂga)% Seh¥9 pr esent

i nvention fu FQE[ Ieéer conpari son nmeans for subjecting, to a
conpari son aB esuﬁlggggé%ﬁgc ron perforned by ‘the | ayer sel ection neans and
a result of identification performed by the layer identification neans, and

a focus junping
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 v.iew 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 showi-ng the structure of an

- optical information recording medium having two recording and
| reproducing information layers according to thé 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



circuit for generating a pulse voltage to nove the focal point of the |ight
beam between the information |layers to correspond to an 19 output from
t he conparison neans. According to the foregoing preferred structure, if an
i nformation |layer, which is not the subject, is focused, the focusing
position can be noved to the subject information layer. In the foregoing
case, it is preferable further to provRde tracking polarity inverting neans
for swi tchi ngppdratps| fori mmufiactheing $héiopticahtinformatios recoxdingr oni zati on
with the operation of the focus junping circujt. According to the foregoing
preferred stmredivgy dcoqrddngtp ihe presgnt dnventialing nedi um having the first

I nformation | ayer d the secaqnd. inf tion |la havi ng i pf ocnation pits
forned in the oppo€1€] ‘e%?‘f‘eﬂ:?ﬁﬁﬁg ng?é@ﬁr?ﬁ% ﬁﬁ?@fée?’ég@ﬁg‘ﬂ"%ﬁ‘%@ﬁ froma
position upo ' t. luéﬂﬂ*a Qﬁaﬂé % LOCI &tn‘a A | - am can

I nst ant aneougﬁ% Egﬂsrmf\;)g‘d ont oct e m?%r tlj'%&nlcri)lﬂtE 0 ttaﬁg éélj%%

i nformati on hajivm acdording® ¢hélfiresbhetinveetidapar at us for optically
recordi ng and reproduci ng i nformati on according to the present inventiaon
has a structure suBigt Bais tédheeComlipartidalr cross sectional uviizsr ghéwimt f ocus
control neans for performng control to nmake the focal point of the Iight
beam t o coi nthei@rppxgdtus fer mapufagtuping thej opticahrinfornation reconsingf ocus

control means pernitteq.to be operated i,n a r,ange snmaller than that of the
um according to the’ present inventi__on?

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 -manufac_:}uring the optical
information recording medium having four information layers
accordihg to the present invention;

Fig. 11 is a block diagram showing the structure of an
apparatus for optical.ly 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 s&mtic view showing the structure of a
focus control section of the apparatus for optically recording
and reproducing informati(m according to the present invention;

Fig. 14 is a graph showing the waveforms of focus error
signals obtainable 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;



first focus control neans, and focus switch neans for perform ng swtching
to the second focus control neans after the operation of the first focus
control neans has been conpleted. According to the foregoing preferred
structure, servo operation of each information |ayer can be perforned
stably while maintaining the focus pulling performance simlar to that

obt ai nabl e from the conventional- structare. 20 It is preferable that the
apparatus for opti Bigl M6r s @ gchenatid viaw shodinggthe fstroeturenoficcordi ng to
the present invention has a structure such that the focus control neans has

at | east twofoqus contraipsectionnof dhei apparatuy figr by ewecordingh of the
information | ayers, the fo confrol means being arranged to sel ect one of
t he operati oﬁn‘icﬁm?é'{ﬁé‘gi %E%Y E%"%%Rﬂgator @ﬂﬁlﬂmﬁ’ﬁg§$°§€?ﬂ$‘=per f or med
by the |ayer sel ecgégnﬁe% .ﬁ&&rtgi ng ogﬁ (o) %I aref gred
structure, focus dev®ati on ?a P B e 8Ys h{i@@i r#g(l’ 't"ig &an be .
recorded or ﬁmﬁgcsﬁéai-imfwrdﬁ ¥he 'dpphPatiisCE6F Wptecaly! rbds-daRpar at us

for optically recording and reproducing informtion according to the

present i nveahd aephoducingt informationuatcdrding ttoe the quicsegt dawentioneans has
at least two types of operation conditions to be adaptable to each of the

i nfor mati on | ayer sFighd8t imektress sactisnalcviaw showingaanotherdexawplel ect one

of the operation conditions in accordanc
P of Hle opticai information recording medium having a reproduction

only. information layer and a recording 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
reproauction only information layer and a recording and
reproducing information layer according to the preseht invention;

Fig. 20 is cross sectional view showing another example of
the optical information recording medium having two recording and
reproduéing 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 Imvention

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



with a result of selection perforned by the | ayer sel ection neans.
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
informati on according to the present i gyention further conprises a

phot odetector for performng a focus control including a first divisional
light recei viingentionacdst shomedniEighgla guiﬂmgmoueslto;,hmdtﬂnect ed by the
recordi ng nmedi um and a sec¢ond d| | Si ?lnal recei ving_surface for

recei vi ng t hearRke pitg N 'Qfﬂmﬂﬁ e §§rﬁ§’r Hg ViR dRferpation g

di vi sional |igh S econd

di vi sional |P ."ls %:ﬁo%eéé%fgﬁ@érrec %‘#}f?&%ﬁ‘l’ftﬁ %t on the
out side of t dlgﬁ.ﬁiéﬁékﬁ'ﬁ”a'o}! ﬂﬁtf rg,ﬁgééqﬁe g.ggl ng to the
foregoing preferred structure, when in ormatlon 'S repr uce roma
recordi ng medipgtratei 1,0 there!lisi fovad atfiistuinforhitidmAgger 12 fbimdd t he
focus is pulled can be enlarged by switching the focus detection region
bet ween t he byprerthintiin Weichorefldotspaiporgiom it hel ightebeamfiemadene servo

operation is _performed. Brief Description of Drawn Fig. 1 is_a-cross
sectional vi aBFidenti o, theetirst sybstrate 1,and permits %?PSFW@BW f & ording

medi um havi ngort"gf)on' Eothnaii&q: beam 7, the thin film 2 having thickness d2.
On a surface of a second substrate 3 having thickness d3, there

are forméd 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 than that of the first
information léyer 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 ihformation layer 4 aj)art from
each other for a predetermined distance d5. Thus, an optical
information. recording medium héving 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.



| ayers according to the present invention;, Fig. 2 is a perspective view
showi ng the structure of an optical information recordi ng nedi um having two
reproduction only information | ayers according to the present invention;
Fig. 3 is a perspective view showi ng the structure of an opti cal

I nformati on recording nedium having a r §roduct lon only information |ayer

and a recording and reproduci i nforme#? on | ayer acgording to the present

i nvention; Fig. 4 ik S-R'Dé?lg Eﬁfjl Wﬁél%é‘eg-}%éﬁuw tutedopt i cal

i nfor mat i on rec rdln. |um haV| recor e% roduci ng

I nformation I Fﬁjgicﬁ\ﬁg Wﬁggﬁtﬁ '1?—‘% FESRRRY 0ss

sectional viey S tgr ording
eﬁ?rérﬂ%n i4 yéf* 8 &nOBeafbxgﬁa f&fé'aéirélf'x &

medi um havi ng fOUI’ mat | on | ayers accor ng tO e pr esent 1 nvention;

Fig. 6is a Ssibeggtorcméqa;eswgeﬁeﬁtewmvmbomafe due? o ahaage tins for
manuf acturing the optical information recordi ng medium according to the

present i nventheotempergture or thef like dmring’ dhecmarufactuniingnprocgssw atyowi ng
t he apparatus for manufacturing the optical information recordi ng nmedi um
according t o gemeratedsdistariiemcap be gogpensated, JweBntf warsval cross

secti ona! Vi e shovgé&g %ac%org par. at us fo&worrangs%‘at url&% ttge iOBt i Cil1|l'

I nformati on
the enviromment temperature or humidity, deformation and warp can

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

the enviromment 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 sighals can be prevented. )

- 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 oﬁtside of the first substrate 1, and then
change in the quantities of reflected light beams is detected so
that the in_formation signals recorded on the first and second
ﬁfomtim layers 2 and 4 aré reproduced. To enable the
information signals to be reproduced, the light beam 7 for
irfadiation 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



medi um according to the present invention; Fig. 9 shows the sequence for
manuf acturing the optical information recordi ng nedi um having two
informati on | ayers according to the present invention; Fig. 10 shows the
sequence for manufacturing the optical information recordi ng nmedi um havi ng
four information layers. according to tpe present invention; Fig. 11 is a

bl ock di agram show ng,.t he strycture of "an.,appar.atys for optically._ recording
and reproduc?né"‘l %%Ff%aaa &Pﬁgatm‘efiﬁgg‘ﬂ:‘@?gﬁpt? t tBrredehy 12 s
a schematic yew égam r r t ' uﬁaﬂg e

appar at us fo%h% rca Iigg?lte%griéﬂ; _nlgljis%gdf’r g%‘?g&f%%n% In o#fr#é‘tlo I'éttcztc]ordi ng to
the present h&%‘@ﬂ&#@!&; pléditetnined SrafRASBiviy! | NI thBe¥ Rliet S6oouldr uct ure of
a focus. control section of the apparatus for optically recording and

repr oduci ng imformationodaymc dr ik mott requitedr ts @anspeciféot transmissivity, i s a
graph showi ng the waveforns of focus error signals obtainable fromthe two

i nf or mati on the seconst infermasion dayenidb mustihkaver the hdghestrpassibleccording to
the present inyention; Fig.. 15 is a schenmati g view show hot.odet ect or
of the appar¥® @Woﬁ?i’%&#@e rti‘eo?llﬁ‘w& iR eﬂ%gyr@]gﬁ?y&?@gi on; 23
Fig. 16 is a,sghe ' e ] Gt ur f f sacont rol
section of t%@gpﬁﬁﬁﬂg&% ﬁx@%o@%{:@ﬁr %%‘%' Eill'ngﬁmq 18, Whetluie

information signals of the second information layer 4 are

reproduced, the light beam 7 must, pemetrate the first
information layer 2 two times. Therefore, this embodiment has

the structure such that the reflectance of the second information
layer 4 is Set to be higher than 't_:hat of the first information
layer 2. ' B |

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 t_he irradiation and which has great strength.
Accordingly, the material of the first amd second substrates 1
and 3 is a resin, such as a polycarbonate resin, .
polymethylmethacrylate (PWIA) resin or the like, or glass.

In the case where thé 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 moli-:en 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



and reproduci ng informati on according to the present invention; Fig. 17 is
a schematic view showi ng the structure of a tracking control section of the
apparatus for optically recording and reproduci ng informati on according to
the present invention; Fig. 18 is a cross sectional view show ng anot her
exanple of the optical information recqgrding nedi um having a reproduction
only information | ayer and a recordingzand reproduci ng i nformation | ayer

accordi ng t o AbteIMAtHRE toMER, | 8Muethod. (al Photo-Polimedzatisn @dehod) eW
showi ng still another exanple of the optical information recording nedi um
havi ng a repisocuplayed fnkhichn faor witrayiolety enringl resir dsr appijednto
reproduci ng information | ayer. according to the present invention; Fig. 20

i s cross sedheosiniace of the filas elanshplats.afiplloved by pressingap dig or mati on
recordi ng di um havi t wo_recor di and r.epraqucj.ng. i nf or mt i | ayers
accor di ng {nj‘af #%g B iﬁ%ﬁ??iﬂﬁ qﬁﬁﬂrﬁgﬁﬁ%htﬂ\g%e?%% or

manuf act uri | | knf %&@{7%10” | | est

Mode for Ca??yﬁ%%ﬁ%fhgﬂﬁwg%?%?i,&ﬁ'opt cal ‘i gg(ri%ra %dﬁggﬁ% medi um
and an opti ahb fi¥sr ARl s8Oond ebstrates T andP3 GI¥ChoE 1aRPEERtastigecording to
the present invention will now be described with reference to the -draw ngs.

Fig. 1 is aforeguingemathods! Anywmethodi may be empjlogedwss lodg tAsethet i cal
TR O o foyed mothod is able 1o g1ve & predetermined optical
characteristic to the substrates. Since the foregoi.ng methods
are known methods employed in a proceés for manufacturing a usual
optical disk, .such as a compact di_sk, further description thereof
is omitted.

The patterns of convex and concave por.tions 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 exclusivély 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 informatioﬂ
signalé. 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”. '

It is preferable that the first and second substrates 1



24 invention. As shown in Fig. 1, guide grooves for tracking. sanple pits
or information pits corresponding to information signals are formed on
either surface of a first substrate 1 having thickness dl. On the foregoing
surface of the first substrate 1, there is formed a first information |ayer
2 formed by a thin filmwhich reflect52€ portion of a light beam 7 nade
incident on the first substrate 1 and permts penetration of a portion of

the |ight beand B have substantiplly the same sirek sodsani forredabyumsinge of a

second substrate 3 havin ]ttling&wss d3, there gre for mag#gui de grooves or
i nformation PR $203 b S SANePrREESSn dpgpantdculer At & Fesdre of
i

by a thin i PevRde) s enblUGf o (8 R o e i iRla pa A 'O

i nformati on LgdstiratesBfe EDHmBE by ithkN SR foctfon %iaﬁfﬁ‘m%ﬂfod‘ | ¢fd i nformation

| ayer 2 and the second information layer 4, there I's formeéd a transparent
separati on | sylestratds capdscone defpriabd, fsuchtas wanpetht after Begig 2 and t he
second information |layer 4 apart fromeach other for a predeterm ned

di stance d5.aldeyed tostand £or a kongnhine dependingi vppnnthie molding ng .a
substr at o 1 SHHIERS GE e SR+ r HOBSares CHRBRRIR 06 FFPReREre 1 | cal | y
brefer abl o ToberAESfE by Bikes b FHENARL 35 % oonaidelpblR e o
be substant i g@ifloymédl® $REhe?Bhisd Mhel¥ Ot Bibst¥atés 38 formed by the

| Pﬁoto-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 .emb;dimen_t 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
empl.o'yment 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. 3 '

~ 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



different fromeach other in only the pattern of the information 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 descri bed above, a vertically symetric structure with
respect to the separation [ayer 5 can ¢ forned. Therefore, even if a
stress or the like is generated in the substrate due to change in the

t enper at ur e havingeal thidekress of 0/6 mewas saployedgterforasthe #iysgener at ed
di stortion can be conpensated. Even if unusual deformation factors act on

the two subssyubstratede t Thethapndy £ilmhaving reothickness o 18t onovasr

hum dity, deforngtion,an rp.can be jnhibited. a,result,  a structure
dur abl e agai‘%&"f’“ hIhdaei gi'\flgeg@%gﬁr#eﬁf) t Bef%tai mation JAFEE  even
if the first g}qlﬂad 5.9935 tﬂ]%]gé . heS] formation
of the rranuf%?%%rg recordi ng ne |3%1€Pa&g§n%%ﬁg%?£?€e tsaﬁéa%lo cein

repr oduci ng aiapa,wcmnbee ReS¥1F WaSUchdripkd! £idhn 013 ¥m086!!1S 2CHH, Mg’ epr oduced

fromthe optical information recording nmedium according to this enbodi nent

in such a nathew ahhid flibe Hawding rd dhiekiess 6£100sm Wae formed & cthatcend
information layers 2 and 4) are irradiated with the Iight beam7 froma

posi ti on on sependuinformation Aayer dswas fiormedit cMaoreaved, téhsepatatige i n t he

gquantities o ref%ecte I i%i}ybeam; | S,-det ect (id sg that the infaqrmation

Signal s rec ¥as, Eorned, by AR aceeligrtype ultraviolet curing resin
layer having an average thickness of 40#m. The separation layer

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 resultirig in the following
values being obtained. That is, if the thickness of the second
substrate 3 is 0.6 mm * 30 % or smaller, allo;zing 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 casé, a stable servo operation was
possible. Even if the optical information recording .medium was
allowed tb 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



information layers 2 and 4 are reproduced. To enable the information
signals to be reproduced, the light beam 7 for irradiation nust be
converged efficiently onto each of the first and second information | ayers
2 and 4. Therefore, the first information |ayer 2 nust have a predeterm ned
reflectance to enable the information z&gnals formed on the first

i nformation layer 2 to be reproduced as'the change in the reflected Iight.

Mor eover, toeubodimentichas gwe imformationclayersy Thewefone,othe sirngturey a

predeterm ned_intensity . to reagch the, second informatjqQn layer 4, the first
"nf or mat i on_ Phytle SoRRRtng Aedlim payibeer 1A b8 SoUMFREIAL PORes, asatiiough ¢ he

the second | AFETraPFaHEign, fayle " SHb Steh® epERtin Il Py UeT L
to enlarge t e RANGRI bk §iaa] ichikeOfs.! R} qrbBroductibniaygsavi de the

i nformation signal-. T the information signals he second

i nformati on [fpemoddctian baly)qyd (B (repheductgbin dmdg)e{retopdingd@ndt rate the
first information layer 2 two tines. Therefore, this enbodi nent has the

structure survepraducingls (€) | {reproducing amkreprodndingl~dreproductioner 4 is
set to be higher tgga that of the first informa&i n layer 2. As-a material

of the fi r st OBRE »s r@)sm% apd ;reproducing) s ingapd; hat g
mat eri al be gg&lo%)ﬁgglng L ch does not | ;

The reproduction only information layer is formed by a
thin film formed on the surface of the suﬁs;trate havixig 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 s:elected from a group
conéisting of metal, such as Au, Al, Cu or their alloys; an
oxide; such as 5102, Si0, Ti02, Mg0 or Ge02; a nitride, such as
813N4 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 refle_ctance with
Trespect to the light beam having a specific wavelength can be
obtained. |
| " In the case where the first information iayer 2isa
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



consi derably absorb light in a wavel ength regi on of the light beam 7 for
the irradiation and which has great strength. Accordingly, -the nmaterial of
the first and second substrates 1 and 3 is a resin, such as a pol ycarbonate
resin, polynethylnmethacrylate (PMVA) resin or the like, or glass. In the
case where the resin is used as the naégrial of the first and second
substrates 1 and 3, the substrate can formed by heating the resin to the

mol ten st at e materiall s mpedt to rfoom atheo firsianfigriation nkayeon2 gindsthe a
gui di ng groove on one side thereof. |In the case where glass is used as the

material of ©REoRd duformadi %é@ﬂﬁr%b@?aﬁ@%ﬂl%d’béecﬁqﬁﬂt%d' tainady| oyed

surface of 2l wg%ﬂiégat% SREGRREE' 6f shaLPLUS! LifuRk ol JoiEF Plo%a "
alternative r&&{gq& the R¥bAa P F%%ﬁﬁtl 218t hog) ¢he | oyed
I n which anutraw t curing resin 1s appli to the surface of e flat

gl ass plate, whetd @adtdly iprafioped aodferd atieNtnforasticiC 2apaiPLths | ng

information pits to forminformatiqon in the formof information pits.
However, themgtahddsfomefloinfong thim f£ilm thayxing sedthicknesssof &t nm to 40d 3 are
not Ilmted to the foregoi ng net hods. Any nethod nay be enpl oyed as |long as

the enpl oyed™let foomaintain bath ﬂ@c amaetiethﬁ MEﬁéﬁtycﬁﬁrﬁ@c eristic
to the substr tesrmﬁl ncgi ei fore% gﬂig@tleve s, 2§ #n%ﬁmefenx?atb‘hled&a%npl oyed

in a process
absorption of 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 absc;rption. Moreover, a layer formed by stacking
the dielectric material and the organic material enables an
information layer that does not comsiderably absorb light to be
obtained.

In the case whei'e 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 .seoond 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



optical disk, such as a conpact disk, further description thereof is
omtted. The patterns of tonvex and concave portions to be forned on the
surfaces of the first and second substrates 1 and 3 are different from each
ot her dependi ng upon whether the function of the information layers is an
excl usively reproducing type or a recording and reproducing type. In the
case where the information | ayers are apranged to be exclusively

r epr oduci ng, foheﬂta)livmdiamﬂomandaﬂm ptate @fsthe change lbeifigrideatifiddor mat i on
pit colums constituted by a pattern forned on the surfaces of the

substrates amdthode bight -eshoiide recondinglayersforuseiapmahe. In the
case where the,.inf rmatlonla rr.an to ber cordin

repr oduci ng, %ﬁ@ﬁﬁ%%agﬁﬁ' g‘%Fg‘aSo ? H?ng“'éj’r qrﬁcgfgg‘gpﬂ
grooves consi él%?xﬁf bﬁgﬂ dcﬁ%’t% for performng
tracki ng conttrmca)l t'ﬁg I ght Eg%rqnﬁg}ré% e pl adapt ablogﬁato a tracking
method, cal | edfPectans®lof fRIchOiSTiHAGged due &6 n?nief&bkﬁetﬁ%di&‘ﬁohl rst and
second substrates 1 28 and. 3 have substantially the sanme size, and are

formed by usbegausecthbastatetofr the thint fidus dsechangeds |, mbgngter-bptid ar, if a

resin material is enployed as the materlal of the substrates and if the
substrates aF‘ét?MgElt& dnndtheedivactiomofsthet r at es can

become def or ned tiuc& ?ﬂﬁﬁcg ' a]::flaegge%eang the change of which can be

. detected as a Kerr effect; an organic material, such as a
coloring matter, having the sﬁectral reflection factor which is
changed; and a photochromic ﬁaterial.

The phase-change material, the phase of which is changed
between amorphous and crystal,- ma;r be selected _from a group
consisting of a clialoogen 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-TeO ~Pd type material.

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

As the magneto-optic material, MnBi, TbFe or TbFeCo type
material may be employed.

As the organic colox_'ing 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 reoording-—enabied information layer is, in
view of its function, classified into a write—once type

information layer to which information can be recorded only one



allowed to stand for a long tinme dependi ng upon the nol ding conditions or
the li ke. Mdreover, change in the environnent tenperature or humdity
causes the substrates to be considerably defornmed. In the case where the
substrates are formed by the Photo-Polynerization nmethod, simlar
deformati on takes place, though the degree of the deformation is not
critical as is experienced with the irnj¥ttion nol di ng nethod. Wile

consi deri ng ttiwefandegorewriting Aype rinformationhlayembo dihichtrdécardede
structure such that the first and second substrates 1 and 3 are forned in a

similar procdaformationcapbe eytittan.s In dheqasrsq ¢€- thehweltaonea Wrst her

ith the ' I 5. I f Jth I f th
Verti cal |y umrerRtoR Saver, oy e tagr Reat 5% REBABERL RSl ayer 5
stress and dhﬁi&“failloi'aﬁr bP ueﬁ,a{n%eéo %ﬁgi.gllj;?ggﬁsw@auip& opti cal
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change in thaoeby, asntiRinferinalttorw Nagen s Forkbd dnhith& tubsesatel, the two
substrates, with which substantially the sane nechani cal strengths can be
att ai ned, depsatherpuethddemay becemployedoin whick a/ doublesdayem stihucturehe
recordi ng medi umexists or_the material of the substrates. To obtain an
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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
incldding 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 ti‘:_iple-layer structure may be, when
viewed from the substrate, a structure includingma.dielectric
material 1ajer/a récording layer/a dielectric material layer or a
structure including a dielectric material layer/a recording
layer/a reflecting layer. A quadruple 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
reco_rding 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



having a thickness of 0.6 nmwas enployed to formthe first substrate 1.
Then, an Au filmhaving a thickness of 10 nmwas fornmed on the first
substrate 1 so that a first information | ayer 2 was formed. The thickness
of the second substrate 3 made of the polycarbonate resin was changed from

0.3 Mmmto 1.2 nm and then an Au fllmggw ng a thickness of 100 nmwas
r. 4 was forned. Moreover,

f or med sothat a second jnformatio
separati on | 2f¥eT ﬁﬁ@qdo ﬁé?"&}“%l ayer when I’W@%f%‘%@ﬁl%ﬂ’s@ﬁﬂ%g resin

ueta to acnoB OHEREthe Rpesing Byetendthe WistdSeldibi Bl AR °

information lgyed sh Eon@Rt wRh 8ich U%ﬁeﬂ“?&ﬁbﬁ’or%ft SP i gl '&anom

t hus- manuf actured optical information rec I ng rre I um was measure thus

resul ting i nwhés recbhditigh§s \pRirferndd refeatieday neth bdhaleveited.! the t hi ckness

of the second substrate 3 is 6.6 M 30 %or smaller, allowing to stand in

a room terrpeﬂaml‘ermmmngeﬁm reomﬂedtinfpmatiml chn\bes se6[t ] C and .
the relative huni (RH) of which was 80 % for 1000 hours, resulted in a

quantity of b}ﬂﬁ%t recordi ng nedi umbof 0.4 nm ?r ?]mal ler. In this
"t of mat i on rgcifé*ﬁsofﬁ'%&?ﬁﬁlﬁ?mﬁﬁfﬁsie%aﬁa'&?aﬁg e ﬁé’pt'ra%
hun iy of | ShNEpieR BRRER b cHiERiE beo Rl aﬁ?’q“ﬁéﬁi Bend i um

coul d be Inhfrbo LHig0ort ea\f\ﬁietﬁdbhesﬁdu a& N Oor BN & enaAfidsubstrate 3

is 0.6 nm+ 20 /oor smal | Thelnforrratlon ris classified into two
types exenpl 'sﬁcledtsbgln&oreﬂn&dandiﬂleinmmmype and recording and .

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 quantity 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
firs_t information layer 2. Therefore, the separafion layer 5 may
be made of a transparent adhesive agent, glass similar to that of
the sublstr_ate 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 matérial be employed to
maintain mechanical rel_iability after adhesive-bonding. To
shorten the time required to complete the adhesive-bonding
process, it is preferable that a ultraviolet curing resin be
employed. _

The distance d5 of the separa;ion layer 5 must be at least



reproduci ng type. The recordi ng nedi Um according to this

30 enbodi nent

has two information | ayers. Therefore, the structure of the recording
medi um may be, in the sequential order as the first information | ayer and
t he second information |ayer, any of the follow ng four types, that is, (A

{reproduction only)- {reproduction onl % (B) {reproduction

reproduci ng and

only}-{recordi ng and. rea;ﬁ?duci n%}, (C .
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metal, such as Au, Al, Cu or their alloys; an oxide, such as SiJerr], SO

Tiderr], NyQeprofadder r1f thenintensity oficthedighf{ eonyédigent |paintBis 80

dielectric material of a sulfide, such as ZnS or PbS; their

fil m having
‘n the

m Xtures; and a

nul tilayer st% @Ftgweater with respegsi t) thei erntral tintgasityy (10Q *Quvhenia By

ing the f i ial, ipf £ hayi terni ned
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(1)

In an ememblary case where 4= 780 nm and the NA = 0.55,

then Az= 1.3 gn. Tl‘herefor. a region within £ 1.3 gm is

included in the focal depth. In the case vhere the foregoing

optical system is employed, it is preferable that the thickness

d5 of the separation layer § be set to a- value larger than 2.6 u

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 taking 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,



reproduction only information layer, the first information |ayer 2 nust
have a predeterm ned transmssivity with which the first information |ayer
2 reflects the li.ght beam 7 made i nci dent upon froma position on the
outside of the first substrate 1 and allows the |Iight beam having a
predeterm ned intensity to reach the second information layer 4. In the
case where the sane 31 material is u3®d to formthe first information

| ayer 2 and tthe mwbencofi khe rimfoirmationypitsiont tie Firsgydnfiormitiontlayen be

obt ai ned by nmaking.the thigckness of the first infornmation |ayer 2 to be

t hi nner thanzth'ﬁi%Bf is Hé'r%‘%@diﬁg whio thet}ight bgpay Tq 1S 25t9rmeBee where a

netal is enpl 0 I nf anmat j.on | ayer . t netal Js rped into a

thin film ha\'fﬁ#gpgrst ﬁ@ﬁ%@@ﬁ&s q&ﬁﬁ b%‘Xﬁ“@?&%‘ﬁPﬁ? r?tJbBt#)r‘ﬁfel ect ance

and the traaniM{mfcf&gt;#st information layer 2 at high levels, it
a

is preferable that absorption of Iight by the information |layer is the

| onest possi bl e | evolmaintain&hé ApHOrocorai g déndety iofS infdthatid g | ayer 2
may be a dielectric material or an organic material capable of realizing a

hi gh ref r act becfdrmed omthe £irst andesécande infamatbaw dayers) 2 dd agvehe a
| ayer formed _by stacking the dielectric material and the organic materi al

enabl es an i fi%¥ siecend dnformatignclayess 2 sndi dawst| he fiorwed in ght to be
obtained. 1n Lhe SRES wib&l nb"SbfRSEONS A5 ' hblk 3" Slnvergs Tight

beams. That is, the value of dl1 + d5, whi;h is the result of

addition of the thickness d5 of the separation layer 5 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 6). i

Therefore, it is preferable that the thickness d5 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 system.
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 small. 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



reproduction only information layer, the transmssivity is not required to
be considered. It is preferable that the refl ectance be the highest
possi bl e reflectance. In the case where the netal is enployed to formthe
second information layer 4, a netal forned into a thin filmhaving a

t hi ckness of 40 nmto 200 nmis enployed. The recording and reproduci ng
type information |ayer conprises a thin3filmformed on the substrate having

the gui de gr dwvbe nepreducedafippme thetEinsd: andl sepend daformation; kayersn? havi ng
the optical characterigti ich.is change ep it absarbs the |ight beam
32 for the i ﬁﬂ%n%é“ﬁ?@?ﬁ?é%@g@%agﬁ%mﬁ@@ﬁ ed with
the light be . el ' I r | j.on |ayer; a
material to Elreilglelﬁ%rtgﬁge% r%l%)g{g%mggl giéfggft%%%]ﬁ? hgﬁag??)ﬁ%é v%ﬁi‘lgéﬁegng sts of a
phase- change nat er ipktmidtars &f 8CtacHAiag wddieh ddpabliaFedtang haal i ght for
the irradi ati on because the state of the thin filmis changed; a

magnet o- opt i eeaskly meproducing esipnals dfromhthe wo Information Vayerst wdll of the
magnet i zation of which is changed and the change of which can be detected
as a Kerr ef montbe seserihedi c Toareproducesinformation: signdlsgrecarded omhavi ng
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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 descfiption will.
hereinafter be directed to a structure in which the quantities of
reflected light obtainable from the flat portions of the two
iﬁformation 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 réproduction 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 assmnptmn is made that the reflectance of the first
information layer 2 is R1, the absorption ratio of the same is Al
and the reflectance o.f the second information layer 4 is R2. In
the foregoing case, another assumptioh 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 to a fact that the quantity T of a light beam 7



bet ween anor phous and crystal, may be selected froma group consisting of a
chal cogen material, such as SbTe, InTe, GeTeSn, GeSbTe, SbSe, TeSeSb,
SnTeSe, I nSe, TeGeSnO TeGeSnAu or TeGeSnSb type nmaterial; and an oxide
material, such as Te-Te(err], Te-Te(Jerr]-Au or Te-Te2-Pd type material.
The phase-change material, the phase of which is changed between crystal
and crystal, may be a netal conpound, 3&h as an AgZn conpound or an InSb

conmpound. As %l%ao ' r’@;f Lal Bl aT. mat eri al
may be enpl of/je'%eh% e %?‘gféir??'é co %@%ﬁtgﬁﬁ?ﬁﬁﬁ%&&?&m&%ﬁ%ﬁ as

tri phenyl met hapsr @r add ®ebh kR fIB¥t&E b MlieO¥686bndT RRfdTRAtIGI NaFeE 4Tahar i al may
be spiropyran, fulgide or azo type material. Note that the

r ecor di ng- enthére penetmatedt then firgte infermation i layenf2 egaid,uanditlie cl assifi ed
into a wite-once type_information |ayer to which information-can be -

recorded onl jefhestances Bl ofthefirsty Mfarmatipn Jayen @f axenthecsamesyeln on
whi ch record informati on can be rewitten. In the case of _.the wite-once
type infor naﬁj%rflof%‘ﬁg e the IP&?H“’(?&SBS meﬂh&é:he WiB€er i al

| ayer or theF[gEag& ' pring matter layer is required to be, as the
I nformation yer?h%cl)l%rgrga on the substrate. Another nethod may be .enpl oyed

i n-whi ch a doubl e-layer structure consisting of a light absorbing thin film
| ayer and a netal |ayer '

RL=T _ | 2
RI=(@-A-R)% xR : @)
RI=1-A1+ (2-R) T

-1 -a @ - 7YR - a - anpjos )

Rl is made to be a ﬁaximm value when R2 = 1 and A1 = 0.
In this case, Rl is 0.382. If R2 = 0.9 and Al = 0.1 in a
practical vjew 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 laye;' 4 having a reflectance R2
of 90 % and a firsf 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'



is enployed to prepare alloys by irradiation with light. Al though the

i nformation | ayer nay be constituted by only a recording |layer, it is
preferable that a plural-layer-structure including at |least two |ayers be
enpl oyed in order to cause the material . formng the information | ayer to be
reversi bly changed and the optical change in the recorded signal to be
enhanced. . The doubl e-1 ayer structure’%ny be a structure including a

dielectric materi al er/a recording layer, a structure jncluding a

recordi ng Eugerthg mu&pmgtmwéw ﬁ’&‘ti’ﬁ dPﬁ@ij h@ a-reflecting

| ayer/a recor e th fo ng’@’ﬁéaﬁg el en viewed from
a positi oneﬂﬂ'g :ti:hgb rght SWW e i ncl ﬁh tkg/nri ple-layer
structure fé&nddnseme el ! §£36 40E! thé Cleft §idé'QifUE§uxk ding a
dielectric rraterlal layer/a recording |ayer/a dielectric nat ayer or

a structur g2)ngs utli @0 % off ematler.c material |ayer/a recording |ayer/a

reflecting layer. A quadrupl e | ayer structure e a structure including,
when vi ewed from'ﬂmﬁos @Hﬂ%&ﬁhﬁf oregedBgi nci dent, a

tugion \af

fef| ect | ng Telpbotshtg Fesufhe 16 e m%dwww ot 'ei‘ty?Lga
33 | ayer | o 088 f%%ﬁi&#. h (55 Bobd MeARLA, ten oBke Bpdeg B 10 T
form ng thepgmidametich lamp®inansd frbg dteelfwst mﬂisa-inauai Lber2 is

smaller by 20 % than that from the second information layer 4.

On the other hand, in a case where the reproduction amplitude

from the first information layer 2 is larger by 20 % than that

from the .second information layer 4, the following Equation (6)

hold:
) 2 2
Rl=1.2%Xx (1 -A1-R1)"XR (5)
Rl = 0.8 X (1 - A1 - R1)? x B (6)

While 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 range from 70 %
to 90 %. Moreover, it is preferable that thé absorption co-efficient Al
of the first information layer 2 be within a range not greater
than 20 %. Substituting portions of Equations (§) and (6) with
the foregoing relationships, the range of the reflectance Ri 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



to be in contact with each other, deterioration in the thin film when
recording is perforned repeatedly can be prevented. Mreover, optical
change in recorded information can be set to a great degree. The dielectric
material |ayer may be nade of a material selected froma group consisting

of an oxide, such as SiJerr], SIO Tiderr], MJOor GJerr]; a nitride,
such as Si [err]éerr or. BN, a sulfide,40uch as. ZnS or "PbS; and their
m xtures. TheoeEficient A phythe #&y‘s%eimﬁéa‘@fma#weﬁa?éﬁ smablendfitheed when

mintain a SORY ?n éﬁtbaf’géﬂm RRATAr At a Bife SBeLIRF: Hh6rrat | on

| ayer 4, it i Q@‘Ibanrcﬁ | 0 mat eri al
whi ch does not on5| be a soreRfl ghtm%af\;?ﬁg Ie)mvr\h?agvie en t rﬁegsl on of

the |light be2% %,to gom,rtl cular, light which has passed through the first.
i nformation |ayer 2. Therefore, the separation layer 5 may be made of a
transparent adhesi is éeperibed)labovesiin ithe dasetwlmredbothhef stiasfinse or a
resin material. In the case where the first and second substrates 1 and 3
are made of @Ad secopd infoemation. layers 3randofaare: repradugtiomiondy- t ype resin
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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 sec'ond information layer 4 is a
recording and réproducing inf:)rmation layer, the reflectance_of
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
absorpf.ion 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 wit.h light. Although the structure of the
recording and reproducing apparatus will be described later, the
applimde 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



35 longer than the focal depth determ ned by the nunerical aperture (NA) of
an objective lens 6 and the wavel ength ([err]) of the light beam 7 in order
to inhibit influence of the crosstalk fromanother information | ayer when
either information |layer is being reproduced. |If the intensity of the

| i ght convergent point is 80 %or greater with respect to the central
intensity (100 % when a |ight beami s4éoverged In a stignmatic case, the
focal depth timesl.z all ows approximation with the follow ng Equation (1):
[err]z = [err] /{2 (NA))[err] } ) . (1) In
an exenpl ary case W PEesent;anvention is chargcterjzed i that ther)z= 1.3

[err]m Theref,ar regi on wthin .3 Jerrlmis ingluded in the focal
Gepth. 1 n ¢ nEErEater EResie, Sohvd pd, chrchre iire ot SorRed mrBrigBaY ¢ i s
preferable t ahﬂ%s | %#ﬁ | 9N t to a

val ue Iarger&f%an .%@ferrl mtg e ié\?ﬁfé%’gggégfgrecom% S included
in the |ighthdaag 6fs Ihferiation Paybhe f9 bbtainelor "MiereforedY ¢he 2 When the

| ight beam 7 is tocused to the second information | ayer 4, act as crosstalk
t aki ng pl aceinbormation pitepatiefmwotodhe dforked.em the surfacodfctie fibpstef ore,
in order to reproduce the signals stably, it is preferable that the

t hi ckness dssWstrate depustibove sigpal shapes shatcgan-beonepnoduped the focal
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recording  snformation 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 iﬁfomation signals. In the case where_ the information
layers' are the ;nformation recording and reproducing layers, the
foregoing structure is ﬁpplied to address information for
administering the guide grooves.

The structure of the xlecording 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



medium at a pitch shorter than the focal depth. If the thickness of the
separation layer is nade to be five tine the focal depth, 36 the nunber
of the information pits on the first information |ayer 2, which is
irradiated with the light beam7, is 25 or nore, which is sufficiently
smal l er than a usual allowance of - 26 dB to prevent the crosstalk. To

mai ntain the high recording density of 42nformation to be formed on the
first and sdcend 3 beomamnufacturiedyby the same procdss s nsichaas possihle.
information layers 2 and 4 nust be forned in a range into which the

obj ective | &he tnfoxmation pits gre faymed; o ithgcsyrfaces af the substragese of d1
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thi ckness d3ngéctdieifGPahainadtet d)laced fif al BOIE ol forh hhsubisteate dept h of
the optical systemfor converging the light beans 7 and smaller than the

tol erance f duavitg infematéomipitsd [Sincacthicomagtenipg omthod|isaskaom | t he
foregoing conditions are satisfied, information, which is not considerably

af fected by megkod which dsiusuaddy saplayed dienpeonpagt (disksor CAzRMse subj ect
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omitted here. Bri-efljr. a photoresist is applied to a flat glass '
plate, following by irradiating the surface of the photoresist
with Ar laser beams modulated in response to the information
signals, followed by removing the photoresist, and followed by
plating the surface from whic'h—the photoresist has been removed
so that a master is manufactured. |

If the same 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—
bo.nding the substrates formed by the same process. As éhown in
Fig. 2(a). infofmation pits 11 of the first substrate 1 have
convex shapes wheﬂ viewed from the position upon which the iight
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



t hi ckness d5 of the separation layer 5 nust be set to an optinumvalue in
consideration of the yield when the optical information recording nmedi uns
are mass-produced as recording nmediuns as well as the optical aberration.
By formng the first and second substrates 1 and-3, the first and second
information layers 2 and 4 and the separation |ayer 5 by using the
foregoing materials, a recordi ng medi uABcan be obtai ned which all ows

i nf or mati on shapes when vigwed fpem rther periddan fupem wisicly ithe (lighy beamid
information |[ayers 2 d 4 whep the,infqormatjop layerg 2.and 4 gre
irradi ated wi$ WFQHC%PE alﬂg%?”@itG?Péﬁtﬂféé 6‘8‘?5‘7’ fs‘ft??é:rﬁ‘?g substrate
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stably and easily, 1t is preferable that the l'evel s of si gnal s obt ai nabl e
fromthe twothefiaforddtion|piter formedsimither twe infcimationrlayers 2 mndi #w of
sinplifying the structure of the reproduci ng apparatus. The description

wi | | her ei nadreoppesitier otenght othersvhen viewed fromitdie positjonrupan es of
reflected Iight obtainaple fromghe {l at rtions of the two information

| ayers are sFHghathe Jight h'érismﬂ@é? POEHRRY-r om a position upon which the
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first and segg\tholding 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 inforﬁation recording medium is manufactured or ome
manufacturing apparatus is required to b; used commonly.
Thérefore, 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 inforﬁation 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 nefhod—, sﬂch 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



information layers 2 and 4 are reproduction only information |ayers. Note
that an assunption is nmade that the influence of diffraction of transmtted
|l ight occurring due to'the information pits of the first information |ayer
2 can be ignored. An assunption is made that the reflectance of the first
information layer 2 is Rl, the absorptigp ratio of the sane is-Al and the
refl ectance of the second information layer 4 is R2. In the foregoi ng case,

anot her assuiyt the copventdonak method pitstfiormed ixf thefoppesdte | i ght fromthe
flat portions_ of the two [nfqQrmati | ayers, are the_sanme_when the
brpl i Ludes. o RISPEHAaRS Far b HaTipt BRtHRer, £ 1o, JBFGBEOH BYERR2 The
foregoing fa dif equi valent to a fact that the quantity T of a |ight beam
7 38 that “nas been inci.dent and has penetrated the first information

layer 2 and been r ahbastal & thACHHOFRREACHOESE o IFAVSE dhdPBEodddEn

penetrated the first information layer 2 again, and the reflectance Rl of
the first inkobsttates 1 amdr3 %iidl endvbesdoseribed.t hThé wiegoofitheapits t he’

rel ati onshi ps expressed by the follow ng equations hold: Rl [err] T
(2) R1 [err] tplbe forngd Yncthg sgcemd substrate 3 is classified into two (3) RI

AD) [ err] [ or APS depoidide yoqe: Miethpirgtie Sigtancarrom i, SKach2h e = 1

and Al = 0. girst substrate 1 upon which the light beam 7 is made incident to
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 ;>p'tica1 system for converging the light beam 7. RNote that
the tolerance AWd of the thickness of the base is determined by
the spherical aberration of the light beam 7, the toleramnce AWd
of the thickness 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 1 of 780 nm and a numerical aperture
RA of 0.5, the tolerance.AWd of the thickness of the.base is
about 50 #m. RNote that the tolerance AWd of.the thickness of
the base depends upon the density of the pits, that is, the .
fritervals between the pits. If the intervals between the pits.
are long, signals can be reproduced even if a spherical
aberra_ti;m 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 disfances from the surface of the first
substrate 1 upon 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 A Wd of the thickness of the base determined



In this case, Rl is 0.382. If R = 0.9 and AL = 0.1 in a practical view

point, then Rlerr] = 0.311. The foregoi ng phenonenon neans that, if the

di ffraction of light transmtted through the first information layer 2 is
i gnored and the degrees of diffraction of light reflected by the first and
second i nformation Iayers 2 and 4 are thg same, the formng of a second

i nf ' l.a fl f o and f f
| ayer 3 havi ) She Bt CisBreiie, PRLLEaY, vt ah 8be b1 b ACBS LR cRent Al of
TR Aaqnt? s‘%rr% {hlédg aﬁérom t ite% ? ﬁﬁ@%ﬁé‘%&?{l&cﬁ’j{%ﬁhe first

information signals are reprodu € | Ni of mat I on “p
and second i H;QENP] igANthé ¥8rSt AnFbfmatiofClider! 2 GridosEcoHd §AfortudltioR

practical structure of the two information Iayers w || now be described. -An

assunpti on i slayetiel reedififereint) €romapehi otheri. c THeheeasgnr dducthisniganpl i t udes
39 fromthe two information | ayers can be considered to be equival ent

is[err] 20 %ﬂmﬁefh%rfég%t Agformation dayer K hashe -minfneﬂminemm he
This, subst | AICBrA ABEARIARt Hich) Lia EAFFhSUbBRES: by WS Hiom SAPUR coul (s
in a case %éﬁﬁ?ﬂéiﬁépﬁéﬁe@%ﬁ é?#%ih%%@%?%&ﬁ%ﬁ%*#%gﬁﬁf Rl on’ | ayer
2is interface between the second information layer 4 and the
separation layer 5.
In a case where the width of each of the information pits
11 on the first substrate 1 is W11 and the width of each of the
information pits 12 on the second substrate 3 is W12, the width
of the main reflec'é:lng surface is such that the width is the pit
width W11 for the first information layer 2 and the same is the
pit width W13 for the second informat_ion layt_ar 4, the pit width
W13 being the width of the i)it 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 perpendicﬁlar to the surface of the |
substrate though the degree depends upon the manufacturing
method. Therefore, the pit width Wl.‘:i on the interface with
respect to the separation layer 5 is smaller than pit width Wi2
of the information pits 12 on the second sﬁbstrate 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



smal ler by 20 %than that fromthe second information |ayer 4. On the other
hand, in a case where the reproduction anplitude fromthe first information
| ayer 2 is larger by 20 %than that fromthe second information | ayer 4,
the follow ng Equation (6) hold: Rl =1.2 x (1 - Al - Rl))[err] X Rerr]

(5) RL = 08X(1-A1-R1)[err]XR[{ (6) Wile
considering the practical characteristic of each |ayer in the case where

t he infor matafothe dpfoxmatien pits 3} anctthe first rubsteatecdsic naterial, it is

\Z\ALEEf;\??LEatnggt fﬁgﬁfﬁ{ I ecégggﬁaﬁ’%ﬁ 8;8 gg seco_nd | nf or t| lqtgliajme: hIAfﬁb:
rangepnot greater thgr:gsZé&{’}c& Egst | tlEf?&ng por‘ﬁq%'nsr}%sﬁég and (6)

wi th the forfgatt@allp! firn®Rs thBSsedond fiifoaaeion Meydrcl. eoﬁﬁ"ce Rl of the
first information layer 2 is 21 %to 42 % To nmaintain the great

repr oduct i orinventiors utase perforined rar expérinknt sin ahitcls Aaowsk uséarget i on
| ayers 2 and 4, it is preferable that the absorption - 40 coefficient Al
of the firstormfidiensecand infprmadion: layer 4. Qq infermation piftst éactlabsor pti on
Tirst i nf or Havigha) ny wiger F3.66 05074 508 o dently o5c0 M08, they ¢ he case
where both ghodd¥shbdtate 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 seoond 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 um 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 suéh that the pit width W12 is
0.70 #m 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 W11 of
0.50 #m 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 Jayer 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.



and second information. layers 2 and 4 are reproduction only information

| ayérs, it is preferable that the reflectance RL of the first information

| ayer 2 be within a rangeof 25 %to 40 %to nmake the reproduction
anplitudes fromthe first and second information |layers 2 and 4 to be
simlar to each other and to maintain the |large reproduction anplitude. In
the case where the second information KWayer 4 is a recording and :
reproduci ng i nf or ninithe hastering lprocess dorafiomiog theecsecdmsl substmateayer i s
smal l er than that of the reproductlon only informatjon layer. In a case
where the redi eﬂl&aﬁi:%eOf the: information it is eﬂam%mowmed%itbse of the

first infor on I 3 fl ect apce 19.5 % coefficient
of absorpti g??t“b &E%p bsﬁﬁ"cﬁt ?t‘%?eg? er?fgdl Q}Ward t he
objective le RabDSy t b3y rs are
irradiated w ei g% o Tﬁ%ﬁgﬁeﬁ?ﬁ@ ?%Ji%ttﬁ?% lg hqeoorecorsg ﬁ]ll nd

reproduci ng agRredatue) | The Bthias probeskesa£6F fokhmgA R | #iide ﬂfdthe ,
reproduced signal and the quantity of reflected |ight have predeterm ned

al | owances i secondssulsstrates) 10and - adef fier same. bet ween recordi ng nedi uns and

contam nation of the surfaces of the recordl n rredl ums Therefore if the
accuracy of the rebltwugh thecease has been desex: the BMpar at us are

consi der ed, i.s preferable ih |fferenc n the i tudes of
the two r eprﬁ%ﬂﬂs ﬁe ¢ do 3%& qt fEpm £a Qﬁ‘e\m& thd’
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 formed 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 and 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



times. The present invention is characterized in that the substrates having
convex and concave portions formed previously are adhesive-bonded to each
ot her so that a recordi ng medium having two information |ayers is obtained.
Therefore, the information pits pattern to be formed on the surface of the
first substrate 1 nust have signal shapes that can be reproduced through
the base of the first substrate 1. Mregver, the information pits pattern
to be fornmedaosphédrdcalrdbereatiion beige gendratedsand thus sifficiaite si gnal
shapes that can be reproduced when irradiated with Iight through the
surfaces of wchavengeneewmf dight spots\heingi inibitedhe Thé mhenomanonpins pattern

of the first nd trate an eforrredtor n in the sane
direction m@ﬁi&?% %n?@e ‘?‘%W"EE%RP yeurs dgeout gf am 7 is made
incident. In me wher e the |nformat|on Iayers are the reproducti on

only informatTon Tayers, the direction of the information pits pattern is

made to be i A kdofdithe thitndss BRI afe bise id eheml| formed to.

correspond to the information signals. In the casgﬁvvhere the 1 nformation

layers are tbpticdlosystemotakesC platerduanto reducthion 1 theye6Feranbé AMdegoi ng
structure is applied to address information for adm nistering the guide

grooves. Theoftthe thicknesstofe the dase qgclmm:lgmhml therssavelengthcof he | n
detail in wh fi nd second information layers 2 and 4 are a
reproduct i onigﬁrh ?’Pﬁ’ﬂ‘jﬁﬁ? e&ﬁ@ apd, the symeric] apexturar @Bat i on

| ayer cat ego&z&% Sﬁjéd%}welﬁng'ﬁas ?)ee{:“"d‘i | N3 ttlg &'ulanuf acturl Eg cost of the

raising the density of information on the information layer. The

foregoing phenomenon occurs in a case where a thin 'separation
layer c_aﬁnot easily be obtained when the separation layer 5 is
formed or in a case where the accuracy of the thickness of '—l:he
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 Aﬁd 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 informatien 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 Wil, 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



substrates, it is preferable that the first and second substrates 42 1
and 3 be manufactured by the sane process as nuch as possible. The
information pits are forned on the surfaces of the substrates by a nethod
i ncluding of a mastering step for manufacturing a master and an injection
nmol ding step in which a resin material is injected into the nmaster placed
in anold to forma substrate having i4dormation pits. Since the nmastering

met hod i s a detenionatioadinthehdiaphragaldue topiheyspherieal cabaraatich ofs or
CD- ROVs are manufactured the detailed descrlptlon of this nmethod is

?m”tted he[)e theg, ﬁshweaa m&h@ népmfﬁentmrfﬁat%hnﬁt widghe )

Al
mEduF\éMt e .n"“eeaﬂnﬁé I piich aPRcof gre. Fafarmaticit pibs s go Mg oving e
e been Tend g““h]“?gea afe Meldided e TabadBndd i*?"%%ﬁ&%% STl O ool ot

process i S eggistyate 1t.he shapes of the information pits to be formed on the
substrates, that is, the relationships of the infornmation pits whether they
are forned in the Ammreéuhooﬁeﬂ:eaﬁdremﬂngvstqmtﬁiemev@ﬂf the zecondo a
pl ane, are nade to be the same. Fig é a) shows an exanpl e of an optlcal

i nf or mati on infeemation heverum immmta@f toleranee oA Wd-of) ahei thickness
SHAREAIC - EOART L NE M DR RN RS
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
performe&. o

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 ahd 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 perfomed.
The structure having the spiral projection and pit colﬁmn 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 to the outside or one direction from the outside to



convex shapes when viewed fromthe position upon which the light beam?7 is
made incident. Information pits 12 of the second substrate 3 have concave
shapes when viewed fromthe position upon which the light beam 7 is nmade
incident. In the case where the characteristics of the photoresists are
different fromeach other, information pits of the first substrate 1 have
concave 43 shapes when viewed from £fe posi tion upon which the Iight
beam 7 i s nuthe iinside megardiessnef ithe jifiormatiarhdaypexr davingitber at e 3 have
convex shapes when viewed fromthe pagsition upon which the light beam?7 is

made i nci deninformagion pite whigh ane subjected to trackingsr nl BoBa%R t s* f or med

in the t i nf t] 2 d it h .oth wh

Vi ewed 11om PHEG BT RRGRRE SR Gridied & Foftl e fia® B8Ra8 Fiadiont. s a
result of thfr%ﬁjgggmol#?dét{djﬁé”&tsiw §a{:@p!r&§_ !e{i%gr@eﬂe ooﬂres,glw process

can be enpl oye as the mastering process. two types of

manuf act ur i ngmpsieyed ain! which adniiti sthet Fainfoeition i detestel’ Bt the be
prepared when the optical information recording nmediumis nmanufactured or

one manuf act imtergadgpetion ofi eithequof dhet informatioh dayers\lapd d@er efore, the
cost of the manufacturing facilities can be reduced. Since thé recording
medi um havi n@ceass ip@adeityasdesived rinfosmption regiqn dachulipgdthen t he
opposite di rfgzgtiigﬂsbe%g\n@ e Qx&ormation 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 whiclI 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 to be obtained.
By adhesive-bonding the second substrate 3 and.the first
substrate 1 through the separation layer S5, 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 diréction 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



two information layers 2 and 4 when viewed froma position upon which the

| ight beam 7 is made incident, the tracking polarity nmust be sw tched
between the information | ayers 2 and 4 when a tracking nmethod, such as a
push-pul | nmethod, 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 sghapes when viewed fromthe position

upon whi ch t el £t ghassnplate isnsiade roi be vippoSiteTas Uflant alplgredhghaecond
information layer 4 with a master having the photoresist with the reversed
char act eri st ithei master ofigher finstpsdhstreterl is manufgcturedcso dthads the

obt ai nabl e by _.agai n transferrjing a, naster oltai ped 44 by the

convent i onal THFPhRd $e¢and; &‘éﬂ!’&aﬁp‘! @W%ﬁ)gsﬂ“g 4 having e be obt ai ned
bet ween the t | nf | on T i f e information
pits of the fé_lﬁ?ls‘éfgggg%efggn@%%% gggﬂ@ﬁdi'% ﬁéjﬁ%ﬁt%ie] Iﬁ’?@&??’_bed. _'The
size of the pirbSoltaihedf ONBE MAt i IBEGABLILN P18 vhch vf?@aaacefg?&l ed into

two types dependi ng upon whet her the distance fromthe sur the first

substrate 1 whenlighitcindidental)poshtion dré madedeo becospstité otd leachur f aces of

the first and second information layers 2 and 4 is wthin tolerance [err] .
Wi of the thiotheehetuéen thefirst j information i layers \2 waad 4 or
converging the light beam 7. Note that the tolerance [err] Wil of the

thi ckness of the bésgecandystrucipre ds,prranged such that the projection

and pit columns on the first and second substrates 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 to 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 finmal 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 continuously starts reproduction of



t he spherical aberration of the Iight beam 7, the tolerance [err] Wl of the
t hi ckness 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 exanple, in an optical system having a wavelength [err] of 780 nmand a
nunerical aperture NA of 0.5, the tolerance [err] Wi of the thickness of
the base is about 50 [err] m Note tha®2the tolerance [err] Wl of the

t hi ckness of jrifoembtion dethedsutyropot tion ofi sthey sedoridh énformatisohdiayes, t he
intervals between the pits. If the intervals between the pits are |ong,

si gnal s can be Bipcedhe foregeing Anformation wepreduging: mekhoddess Pokice. Thus,
the tolerance range.is enl arged., A structure,is shown,in Fig. a) which is
enpl oyed in iWQ?Egs@WE&W %m&yégnf%nﬁa’é é%?"f %e of the
first substrate,l 0 L.ch L ght My, LS de I nei e
surfaces of %v?dfflk% Ea%e%esé%ﬁoﬁ%rlﬁggﬁbﬁ ayledrgg’ %%&kg@%&&n %‘%i n the
tol erance [ glheNfodPlntfif e Gloveaéne o BRe D3Rt Wl M1CH case*Rhbye t he

| i ght converging optical systemand the pit density. A nain issue in the
foregoi ng cage recording tpits ddve innd CEWmbde (ai tonsithnonlineevélocity
informati on [ayer 2 and second information |layer 4 are different from each

other. The mededn ther pesiitionsofi the optical rpickupiis natichanged @nd2- has a mmin

reflecting syrface which s in contact with the first suybstrat whi |l e
the second iVieBefeRra.othe gharee in,the Wﬁi@|%dnga% ,se@waiwc is the

prevented. :

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 employed—in the exposing process when

. the master of the first substrate 1 is manufactured. Im a case
vhere 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-_lighf incidental position, the tracking polarity must be
switched between the information layers. |

As another ﬁethod 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 recm_‘ding. medium manufactured by using



I nterface between the second information |ayer 4 and the separation | ayer
5. In a case where the width of each of the information pits 11 on the
first substrate 1 is WL1 and the width of each of the information pits 12
on the second substrate 3 is W2, the width of the main reflecting surface
I's such that the width is the pit wdtd, W1 for the first information |ayer
2 and the sane is the pit wwdth WL3 for the second information |ayer 4, the
pit wi dt h WL 3heetims—obtainedt firsft sk seicondfsubstratescl fande3baswvabe t he
second information | ayer 4 and_the separation l.ayer 5. In_a case where a

known sput t erimfereatigs pits enfhey£irst and seoond substratas drandigelidh the
bstrates, th hingfil ill be.f dt h di f f

Che i ni or mat (23 F9mea,4a \Tuf) Sane” firebefen i T3k BRok chF oIS e cir f ace

f th bst y f ' t hod.

Ther ot or o ¢ oo Rhesf ol Ihe STty I 8fi{cHng Y ERckipld o NO

separation .| gearfty betitehl tlie iRforition Hyersicar bet éEmina€ddrat i on pits 12
on the second substrate 3. To nmake the degrees of diffraction of |ight

refl ected by the i Therforegoingistructuries haxingabeth raprgductiondonlyi2 of t he
information pits 12 on the second substrate 3 must be larger than the pit
width W1 -informatige layes and poreganding mnd,reproducing - 4o 1. The

P i dth W3 oh L5y R bAd:20 451, b brbS 58888btion onty-
recording and reproducing type structure (B) and a recording and
reproduding—reproductiod only structure (C). |

"When 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 required to record
information on the in_formation 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,



substrate 3 is corrected in accordance with a result of a process of
actually form ng the second information |ayer 4. The inventors have
performed an experinment in which Au was used to formthe second infornmation
| ayer 4. On information pits each having a pit width W2 of 0.50 [err]m and
a depth of 90 nmn the second substrate 3, there was forned an Au | ayer
(the second information | ayer 4) having4a refl ectance of 90 % or hi gher and

a thickness fiiformftion pits 138t corresphidingoto tinformadof $ignalsearen | ayer 4,
whi ch corresponds to the interface with respect. to the separation | ayer 5,

was neasur edformedzon enalsurfabe qfi 8 firithsuisirate 31 baying p thickweshe depth
was 90 nm 1In g case where the second information |layer 4 is formed under

the foregoi iRf 83hdi toppeven,nan gue gurface; ok ther Hinst: substrate:Hie forned on
the surface Qf th cond substrate 3 i s determ such that the pit width
W2 is 0.70 ]fﬁnstlgﬁm%(gr%?gﬁtagﬁmi?ﬂ?agﬁﬁr%g ’L']'f%@ shape of the pit
due to exi-st&:&g &fmih aanenfkd HP% . r.egoLNg case,

i nformati on “pi tgteac avi ng a%??%n?; éf@%‘?{n(éksgéfﬂe” : %é‘%‘g% dept h of
90 nm are f chiekness ofied3a.r sOn Duesiurfiace lof ASsendr silestralke\33 habeng
information pits 12 on the second substrate 3 are fornmed to have a size

| ar ger” t han & thickidesshef id38¢rthereocare iformedh trackingr guidel groowdse 39 om
consideration of a reduction in the substantial_ w dth of the information
pit due to tSPLeRithes Onypne furfaceof the txate 33, Nberetdmt track

Phe. sur f acedoaped e sppond Siformedion Jayen i £omesd b o i, tfimctadrc "
" 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 trans;:aren; 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 intensity of which has been intensified, is raised. As a
result, the optical characteristic of 1§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.



47 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 |ight source for exposing the
photoresist to light to be a slightly |arger value. The other processes for
formng the first and second substrates % and 3 are the sane. Al though the
case has been described in which the pit™“wi dths were nade to be different

from each ot her bet /i&agetthe ﬁ!‘%‘t iaﬁ@ﬂ?éé%da?ﬁbs’m dsca reproductionhe
conditions for form thel orrra 0 e omet i result. in a

consi derati on %annﬂ’g'ﬂé gfigﬁﬁ ’é’%ﬁi Iaire 'oﬁno?hq he di agonal -
surface of th

inclination o%“&ﬁé%&%&%% acgg&%)kﬁ?:%eg‘i %ﬁle%& %ﬂi}{?l gl%rgagi%n In .
the foregoi ng (33ag)s! hsiﬁ&vttnecgecbh& fiforffcionCldyers s SHP ol E@é&tﬁnﬁ”d tﬂﬁﬁ ]

on the second substrate 3 are made to be different from each ot her, or

of the pit wi dind peprodbeing type dnfforuationdiayer, bthed sbéid subdatarecss t he
same. As a result of the foreg0| ng structure, the degrees of diffraction of
refl ected |igfaswi e thespunface theneo .nehﬂ@m canwengamsl ace
between the first and second I nf or mat.i 2 and. 4 can be made to
appr oach each S9BfRa¥e PpRtions,faor, con Pgr ﬁ%&&lfpsnl ipg fﬂ\?r ighed.
2 2400 <1048 S St a5 SRCRIAR o e by e

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

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

ti‘acking 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 sapple 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 reéording 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

havfng a first information layer 42 which has a predetermined

transmissivity and a predetermined reflectance, the optical

characterist;ic 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



t he thickness of the base per'm'tted by the |ight converging obtical system
A main issue in the foregoing case liés in that convergence of the |ight
beam 7 to an information | ayer which is out of the tolerance [err] Wl of

t he thickness of the base results in 48 a spherical aberration being
generated and thus sufficient convergen of light spots being inhibited.
The phenonenon in which either of the t information |l ayers is out of the

tol erance [ ersécond sebstrate 43 kthere 35 farmed & Segend Hiafprmation olagergence
optical systemtakes_pl ace due reductiqQn in,the toleranc err] Wl of
the thi ckness%bf "Fﬂﬁdggs@ gﬂé‘ufﬁ)'hg é??t'?‘ﬁ@i \f@%?%ﬁﬁfﬂﬁtﬁq éh&h’r‘%ﬁ? beam 7
has been shortsene t b CA f ' ive | ens
has been enla %%2%@%%&%@%?%& %N%eﬁsaf@w ﬁ&oramat i on on
the informati gpiciaiss of 6. T BEEHRINEhE TIRSTERFOrRAGGNS 14yra4s 38R theT e 2

thin separation layer cannot easily be obtained when the 'separation |ayer 5
is formed or &&comdcinformhtion layerndd | rdwyreols tfoemédia thaxsspapént he

separation layer 5 is unsatisfactory. In the foregoing case, the density of
pits on the ssepaxrasios layer 4Hhfor @osihias_ning theefitﬁbrinﬁomﬁ_immhi chis
be. | over 1 hard4 RS EHS Fpyou TnfRrtien JAVER A aBeT drom mrrbngiarator
i nformation 'S‘yp%d‘é@ér%n'éé d@'s%& th tolerance [err] Wl of the
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 i'n'fbrmation layer. In the foregoing case, the.

first informétion layer 42 must have characteristics such that it

absorbs the light beam.'l 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 fo record and reproduce

information. Moreover, the first information layer 42 must



t hi ckness of the base. Fig. 2(b) shows an exanple of a structure to be

enpl oyed in the case where the first information layer 2 is wthin the
tolerance [err] WI of the thickness of the base and the second information
| ayer 4 is out of the tolerance [err] Wil of the thickness of the base. Each
of information pits on the first substrate 1 has a predetermned pit wdth
WL1, a track pitch of Tpl and a pit den§7ty of Pdl. Each of information

pits 14 on t mhaisedanthe chatdcteeiSticathat (Yighetpnecretion is \Pettnbttélty!, a
track pitch of Tp3 and a pit density of Pd3. Wil e considering 49
det eri or at i orvem affter dinfprmation has geemmeogpmd.i cds ddseribaed ehowd, t he |ight

E??F&BQ Lf:%x-%iéi%%% 'f“” %&bﬁf@eﬁ' a4§%m4’_ éﬁéé%%aﬁ“@ﬂ%&#ﬁej Car 2}%&2"?0
. . 1
Structure, ool 3 a sl £t BhA Rign cof1fey SRl b 1Rl of cce
[err] W of pheaindlCdide 8Sr&fuiths aﬁasmﬁ‘si%q%?fﬁéd sgfﬁnﬁmram verging
y of reflecte Ight sim

the light beam 7, a change 1T n the quantit ar to

that obt ai najghformaeion hasfbacht rédirdedbdan) bel shtain@dcan be obtained fromthe
pit portions. Thus, stable signal reproduction can be perforned. Then, a

pattern of the infTherthinrfidnt fomminglithe dirst dnformhtignolayer 42 halse

surf-aces of the substrates in the direction
: ike the phase-change material, am optical constant that is

changed, the changed state being detected as change in the
reflectance. In a case where 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 _
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 mdarks included in tile 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 magnéto—optic recording type thin film, the direction of
magnetization of which is changed, transmitted light does not
diffract. Since the necessity of considerihg the: change in the



of the track wll now be described. Although the information pits to be
formed on the first and second substrates 1 and 3 nay be forned into
concentric circles, it-is preferable that a spiral formbe enployed simlar
to that of the conventional optical disk in view of capability that the
accuracy of the track pitch and the |like can be inproved as conpared with
the structure having the concentric cidles when the mastering process is
perforned. Trenskittedul fphitabéforet isd Afiten | infoPhetionOhas bdef i tecopiedn i S
classified into two types to neet the purpose. A first structure is

arranged suctan hetel adnaramepcandu veakized. t Howéverst thead second
substrates 1 and un | iue sa direction when viewed fromthe_|ight
i nci dent al gistaasonpy i Kl}tgﬁP apradetermived i n one

directionfr L tside or. one di tlon romthe outside

50t o, £ ?QW‘ HePFpioRt s derabineinitifo
itgformatign Eérw(;b(r:egar 0 I % t e
pre M&ﬁé%ﬁhﬁﬁﬁd oL ig £ a LR8BS %

structure i s enployed In he~lig eamis e|n5|deto

t he out si de,largerrthan uthatosetrdnhelse meb@f ehip! wepdduction] sdlgadm ni stration
information is detected in the internal -portion of either t he
i nf or mat i on infoemationdlayeraccess is made to a desired information region

i ncl udi ng the por n between the i nformatlon | ayers. Therefore, the
f or egoi ng -st ruct utr’rbe aptical necarding, mediun @éamﬁemsm thatiaggh speed

reproduction only medium and a reoording and reproducing medium
are able to coexist with each other. Moreover, a so-called
partial ROM disk can be manufactured in which the same medium
surface has a reproduction only region formed in the inner

portion thereof and a recording and 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
recqrding medium is described with reference to Fig. 5.

‘As shown in Fig. 5, information pits corresponding to
inforﬁation signals or guide grooves for controlling ﬁacking 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



access nmust be permtted. As a nmethod of obtaining the second substrate 3
with which the foregoing structure can be realized, the foregoing nethod
may be enpl oyed 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 enad? es col unms of i nformation pits
formed in the opptrollinglitrackingnef athd light beapmssimplppits. dOnesde ons to

be obtai ned. By adhesive-bonding the second substrate 3 and the first
substrate 1 thsuckfeet of @emgmmete@.aarwdii@omm kayem@lt he

obt _ﬁﬁi{:l dheaéogmm el G Ob 2 B oo BRI et iR Fyae 8 SbeoRiFStas o
changed so t hatoiAAFFod labbe 38, e PRy SY Hiebbuolts TBYE" S dulf ST ' T e
same spiral di 586dndoinféiaAtid 18rer '61Mhid $osi BilineldGpplRALE toPRaLH | ON are

obt ai ned. That is, when the photoresist i$ exposed to |ight, the direction

i n which Slotlier.f | Bétwebn sthepE st Hnforubtitn Iayen 9 and ethieOsédsrid enpl oyed
when the master of the first substrate 1 is manufactured so that the first
and second i nf énfarmation dgyers 62, sthere fanforged tat deast epfindt separatiom when

[ d f the |i i nci dent al i ti
viewed trom _fayelrg(%. ! RC{:hier% & 1:(?1'SalteI 8&? having a similar thickness to
that of the first substrate 58 has a surface on which information

-pits corresponding to information. signals or guide grooves for
controlling trackiné of the light beam or sample pits are '
formed. On one surface of the third substrate 6?:. there is
forméd a third information layer 64 yvhich 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 signails or guide grooves for controlling 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
th;rd 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 one layer, the second
separation layer 67 having a thickness similar to that of the
first separation layer 62. The second substrate 60 and the



are obtained. Note that the information pits when viewed fromthe |ight

I nci dental 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 directions when viewed fromthe |ight incidental
position. In the foregoing case, the di%%ction in which the | I ght beamis
moved (i n a fourdhtsubstfaten6Share formed toppositeoto ath othex.diBatstelenn from
the outside to the inside) is nade to be opposite in accordance with the

i nf or mati on % secondl, ppbstrage; 6 onduthe sypsRta L% thews isubj ected to

t racki ng. T fore o%aﬁ?ﬁitruiture s effective in a case where information
conti nued f oﬁb We@‘a d An exarrpl e of a structure will now be

described in whichg ﬂ%g Ecplﬁﬁ I 8 i‘aﬁi g@M to the
out si de portion of e MOI‘W& e} plts on t nﬁér]?t Elgmat e] ayer 2

and the |ighgasoaaverticaPe ichetitidithite iR’ Qol €Re iddhied Py Or ti ON
of the information pits on the-second information [ayer 4. After the |ight

beam has r eplaysduncé] fitnedn befsaidathat the firegoing stpucturenisfstabdefir st

i nformation |layer *2, the light beamis nmoved to the outer portion of the
second i nf oreweni & chayge, suchna changednophe eavinsmerut temperatareaccess to
the information start point of the second information |ayer 4 while keeping
the sane post9G¥6®) . The |ight beam conti nuously starts reproduction of

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

If the interval between two information layer is too 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 ﬂe 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 two informatiqn layers must be made to be
constant. In order to aéﬂieve this, a separation layer
exhibiting excellent accuracy in the thickness thereof is
required. Moreover, the two sﬁbstrates 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 recordixig medium is in the form of a

disc shape and information is recorded when the recording medium .



52 information at the outer portion of the second information | ayer 4.
Since the foregoing information reproduci ng nmet hod does not involve the
optical pickup being noved when the |ight beamis noved froma |layer to
anot her layer, tinme |loss can effectively be prevented during the novenent
of the Iight beam In a case where the recording pits are in a CLV node (a
constant line velocity node), the positiggn of the optical pickup is not
changed and, tiscrotated. tlmach@ge;)efmnd@erdmmem haying] thartwef f ecti vel y

be prevent ed As a net hod of mastering the second substrate 3 which_ is able
to realize thei“IfBF'&ﬁiPH ayersacdie 5’-“?1‘3‘{-’:#6 b austabe perforwed while ¢ he

Phat  onpl oyed S gl %@#ﬁgiﬁig tﬁiﬁﬁrms@r%"eepﬁi Aaedpal ' © 10

substrate 1 i fl%% ‘Qgé B YochRE, i on of
the first subs rate rts at an I nner 05|t|on a nmaster exposed to
l'ight from theceutringPié itondeviaties . inSithé ccenftfal qmiﬂmﬁ bBethael the

manuf act ured by using the thus-obtained first and second substrates 1 and 3
conprises i nf dwoninformption daydrse fThes presehtsduventionbis Hantendel £od 3 which
are formed in the opposite directions when viewed fromthe |ight incidental

posi tion, the RFe¥eR: t§e acomlqecentrioidysse vente eomporsate ﬁ’ée |m i on
| ayers. As anot her e hod L%nﬁ‘et ering.the con%niﬁé)s%r at e, nmet hod may
be enpl oyed i PR Qﬂ'@éﬁ fﬁ@%&?@r"%g $Prilar to
CheTor Shor 1o cabe 9 P16l Bl Rofeddlfigld %&u&aﬂormaﬁuﬁetﬁmgf ki glass

€ to :

plate is made to be "OppoOSI .
tvio substrates will now be described. Note that the first

substrate is formed by the conventional method. That is, the

.t"irst substrate is obtained by the steps of manufacturing a
master in the mastering process and performing injection molding
in a i\old. 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
émployed 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 thé
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 grmves do

not deviate considerably.



t hat enpl oyed when the master of the first substrate 1 is manufactured.

Si nce the recordi ng nmedi um manuf act ured by usi ng 53 the thus-obtained

first and second substrates 1 and 3 has the information pits on the first
and second substrates 1 and 3 which are forned in the sanme direction when
viewed fromthe light incidental position, the necessity of switching the
tracking polarity between the infornatéan |ayers can be elimnated. The

f oregoi ng st ruct uansadiitesivg-thmidling appadatis for Gidhgsivd-bonding theayer and a

recording and reproducing information layer will now be described, which

are a reprodicst andoaegondr suhstatates aishra separatiog . layer baving @ere (B) and. a
For eqoi ng. o BrEReRBLtaE TG Wikl o UeSeFiNdn E3oad iR, ( he
11000 19 SUASAIE (Hlod SoSeRR] AR Se e Sihebigitigh ORI OD
| ayer hecau BB e R B B B g e T Do
reduced. | n chiigrizescan uppbe-gopt 260 isiPport detticn 6L)fornsupparitingetid r st '
i nformation layer is the recording and reproducing type 1 nformation |ayer,
| i ght absor pecend isubsteater3x a dowarcportionf suppuritosectionh62 i imcdudixg on
o i ha ol Mgt Sourcs 81For Supporting the first Sabetrate 1aid oo O M

hardening the separation layer; an elevation section 63 for

elevating the ﬁpper—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 fdr

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 ihe second substrate 3; an upper

base section 66b for establishing the connection 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 éo correct the positional relationShip'of

the lower—portion support section 62; and a first immer—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 immer—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



generated when signals are recorded on the first information |ayer 2. Thus,
the quantity of light which is able to reach the second information | ayer 4
is reduced. Fig. 3 is a cross sectional view showi ng an exanple of a
structure of the optical information recording nedi um having the foregoing
structure (B) of the reproduction onlggrecording and reproducing type

I nformation | ayers. As shown in Fig. 3, 54 information pits 38

cor r espondi repcuping)fthe rsecond subgtrate 3rby vecuwnl astiome withiaixebefng first
substrate 31, _having a thickness of d31. Moreover, on one surf-a§e of the

first subst rdiecharged; fean extargalymp thrayugh; ap evaguatiom BYEk ™92 having a
predetermn tr LSSI Vit a predeternm.ned fl ectance and a thickness
of d32. On y@%iﬁ%ﬁ@@oﬁ%ﬁ%s ﬁgnﬁhavi ng a thickness of d33,
there are formed tguagks Qf'ilﬁﬁd I Qv &ce'ig-gﬁftﬁﬁr@h%)ﬂtt 0 surface
of the second substrate 33, t erg?% ?orrre a secon |'nf§?crrgb|noﬁfl ayer 34
fornmed by a domppidds &) bdsecs@ipiortadection X2 €6+ Suppoptinghithé fixsthanged when
irradiated with the light beam 7 and which has a thickness of d34. Between
the first i rsubsteateoh; layéght3aource box T fondsecuringiheobasensuppdr, t here
Is formed a transparent separation |ayer 35 for positioning the first

i nf or mat i on Segfiqn 32 to,dhehasec63 and aconamadating aykight sewrag8kpat from

Ao o e 1hef AR St b H Hhind" S efRea TiSsEbn b G Tebdlhy 2VCT 32
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 _llowe'r shaft sectign 74, there is dispbsed a spring 46 for
upwardly pressing the second inner-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 suppor:'t section 72 is
made of a material which permits light emitted by the light
source 81 to paés through, for engmple. glass or a resin..
Moréover. a portion of the base support section 72, which is :in .
contact with the first substrate 1, has an adsorption opening 78
for secufing 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



transmssivity with respect to the light beam7 in order to allow |ight
havi ng a predeterm ned intensity to reach the second information |ayer 34.
The tenperature of a portion of the second information |ayer 34 that has
been irradiated with the light beam 7, the intensity of which has been
intensified, is raised. As a result, the optical characteristic of the
second information |ayer 34 is changeﬁi4 so that information is recorded on
the second i d¥emwation | ayer 34. Thus, the second information | ayer 34 has

a structure capabl of S tISf i ng bOtf‘s@Bl h coeff|C|e t of a fon with
respect to the lig Bagz Pg%ﬁtré‘ﬂﬁﬁd?s Pl‘ﬂlﬁepafﬁhl gh

e . ¢
?nf l)(rzlrrg?%nl g%\@&re@%n& ;&g‘%%)% Fg%%pggﬁy | mroémﬁlt Wyer rtshe first
substrate 31j Q&ﬁngoéhci Reredt’ 86 Bs! 867y tHY %mlﬂ%epﬁpaa&&%espond' ng

to information signals. Since the second |nformat|on | ayer 34 1s a
recor di ng andppensacfaendf ttheefirstosubitrate |lay eThe tleadbgy @nd ofitier ate 33

has, on the surface thereof, guide grooves conprising convex and concave

portions forresinapplying nozzdai GigiSmrnacged itegmove dn greinedam Wieen

information is_recorded or. sanple _pits (pot shown n ting of apalr of

a projecti onrmsa°f)i'{hi%ij@na 273 queéh¢ m&st‘%faﬁﬁ?né‘rﬁl tr edsEate o

correspond t r o] r ackj n e where the
g Sﬁ'}ggigengzp cex?trﬁ ax.{s A<t £FIRSE asrubg@ratle 12 Gote

f oregoi ng su
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. T 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 thé first and second substrates 1
and 3. The thickness d79 of the spacer 79 must satisfy the
following equation: ' |

d79 =d1 +d3 + ds (D

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

thickness of the second substrate 3.



in the formof a disk, it is preferable that the information pits, the

gui de grooves or the sanple pits be fornmed into a spiral that is forned in
the sane direction when viewed froma position upon which the |ight beam 7
i's made incident. A recording mediumhaving the information |ayers of the
foregoi ng structure (D) consisting of the recording and reproduci ng

i nformation | ayer and the recording an@5reproducing information |ayer will
now be descri bed wi Té providethe sepaFatiom layer $hbawingnthe thickness’ of st
substrate 41 havi n%hg t hi ckness of d41 has one surface on which tracking

gui de gr oovesda @t the inper portionyof the figstand seeand swhstrages Landss one
surface havin fiyrst 4 nfornatl I 42 whi c as,a eterm ned
transm ssi vi tg' g‘ﬁ’& g%eﬁrm%‘lr‘gl upRer SF"P% gﬂt?&ﬁg‘é teristic
of which chan v%;g& A=Yl | 'H!S,;,. %%13 d ' has a

t hi ckness of g4z.t g% ﬁ?@%ﬁé%a‘&?&ﬁéﬂge%%n é%st a%ie&QS aving a
thickness of ¢Hat théeahickicssk 6f the Silltrats Slippoft Heetims 668 ot dsgrl e -
pits. On one surface of the 56 second substrate 43, there is forned a
second i nf or nend dhelthickness 66 rthedlightarsbtrree bok {3 tised8at i cal

characteristic of which i's changed when irradiated with the |ight beam?7
and which has a thickness of d44. Between the first information |ayer 42

and the second info [ | a 44 . there is fo d a transpare
separation |ayer 4564%%' %@sft‘?ﬁﬁéﬁ{ fle i"r'§’?3 T"n‘i%?rrat i on | ayer %)

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

Referring to Figs. 6 and 8, a structure for performing an
adhesive-bonding operation wi'th which eccentricity is inhibited
between the first and second information layers will now be
described. The centers of the upper—port_iori supﬁort section 61
and the lower-portion support secti;)n 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. When 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 sﬁpport section 62. When the
horizontal planar portions of the two shafts 67 and T4 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



42 and the second information | ayer 44 apart fromeach other for a
predeterm ned di stance d45. 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 |ayer. In
particular, the address pit to be formed on the surface of the substrate
together with the guide grooves or theéb&anple pits so as to adm nister the
recor di ng nedieverak fablar lessnphich dis detemiveddiyhths mdhiming t o t he

. foregoing information _pits for_only reproducing information. The

i nfornati on lagpuracyr 6f thec bveiishgLth &7 apd Jducing information is able to .
enpl oy the informatjon |ayers enployed,.in t.he e aof. the, foregping
structure (B) consw&g?ﬂ’éfc@ﬁgmltéﬁ?gﬁi%nrﬁfﬁﬁom ﬁﬁpﬁﬁ? Ser and the
recording an rodugci tégg%d’_.g{ | {@Eéthgh;ﬁg 0j case,
the first in%&?‘grrgtal%gn ayer rrus’z%g gé%@&grméc erir'stics suc%qt at it

absorbs the |ghghfowd@ashatti SectiBhCHE! Thel fizdtadd sebond ihfiesipRi-eio changed
because its tenperature is raised,.the changed state can be detected as

change in t hguidé Isectiohs 68tand %8 chne fpemed,t shichphre tin pestacthwitlph in a
predeterm ned quantity in order to enable the second information |ayer 44
to record andhecgolyanae poptiansacf dhe Wue shpéts 8hand T4send whichdhaven | ayer
42 s e ldehf B3 36 Sl hnaded Y BRAH A R0 'S

first and second inner-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
dismeters D69 and D76 of which respectively are larger than the
diameters D3 and D1 of the substrate§ 3 and 1. Each of 1_:he first
and second inner-portion guide $ec;ions 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 fifst 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 t_he 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



even after informati on has been recorded. As described above, the first

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

transm ssivity realized before and after information has been recorded can
be obtained. The thin filmformng the first information |ayer 42 has, |ike
t he phase-change material, an optical &@nstant that is changed, the changed

state bei ng dénceandact sigh thge centnalcopernings tofh dhe subsgratesc3viid d.t he
second i nfor ion layer 44 ig jrradiated with.the |jight beamin the state
where infor rra%%ﬁ"ﬁﬁ%@&p raé%o#o% secyned 19 the ?\'R%%ﬁa‘?? € ayer 42, a
ti foli ' ! BEQUS s 8 tels ' 42,
o i 11 act eo Pt SiogdSe BASERShs 684 137 A/ ireslilfy Pib) Clheel )
llayer 44. Thepg{doe tiidSnfdiudtIbn Yiagbr [Fe th HtcoR& albstFA 3Dsnd Shel O 2

hi gh | evel as conpared with that to be applied to the reproduction only

information | eptetral | axisi ofv the appérsoctivn Supportr settdon BIsicometde t he
t hi ckness d45 of the separation |ayer 45 nust be |larger than the focal
dept h, and prwity edcly ather aeith ab accuracy that dsaesseagiallyrthe, t he nunber

Cayer 4210 pRARRASG SBaRa | | ML LBEH o Fetrh aBes 2 $henore whi ch |
he. Sauareof ytertBe il SR o fhd ESLYENBRleB RSB YotPll g7 O
Al oh s changd e, Rk o ¢8R, bt odBeif S2IAGRINE Wit B GueE 1 U1
of consi deri ngi¢hhan Gdteadscy thhbeis 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 adhéé.ive—bonding apparatus having the
foregoing structure, a recording medium can be obtained im which
deviation of the circular arc of the information pits, sample

. Ppits or guide grooves formed on the surfaces of the two
information 1ayers can be inhibited. |
| A method of manufacturing the optical information
recording medium ilaving the two information layers in such a
manner that i:he adhesive-bonding apparatus shown 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



58 transmitted light before and after information has been recorded can be
elimnated, an advantage can be realized. However, the first information

| ayer 42 nust absorb light in a predeterm ned quantity in order to record
information. Therefore, it is preferable that the quantity of light to be
applied be set to be larger than that set in the case of the reproduction
only information layer. The optical resm® ding nmedium has a characteristic

that a reprogythiatingdl pré®demiimdrefleaance ¢ Sorhads Dby dipaitegripdi um are

able to coexist with each other. Mreover, a so-called partial ROMdisk can
be ‘manuf act uoxcn evagoratioheethod, oBdl firstrsubstrate lahavingoducitoHn only
region formed in the inner portion thereof _and a recording and reproduci ng

regi on f or megurfidcencinforuation, piish corrasponding tectiarngtintysienati ng four
o o B oA P ek b7 B, KSR e O (e
Fecor di mg. mettHBLE; RIGES A Rhad, SR80 1o WRBHRE thfoliBfief Ter 103
i nformati on RidingCA eI oonHic thigher ik T#ha© ofS the Higserinferaetimmoves for
controlling tracking of the light beamor sanple pits are fornmed on one
surface of aldyers® isifermed,cbpEputiteringcor an fevaparatiowmethodn dmper 59 for

second substrate 3 having on its surface, information pits

corresponding to information signals, or guide grooves for

controlling tracking of the light beam or sgnple 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-;o apply a

photosetting resin material 80 to the upper surface of the first

information layer 2,'as shown in Fig. 9(c). Then, the second

substrate 3 is placed on a substrate support section 66a, and

then an elevation section 63 is operated to mové an upper—portion

support section 61 downwards to come into contact with a spacer

79. Then, the second substrate 3 and the first substrate 1 are

adhesive-bonded to each oﬂunriﬁih a separation layer 5 at an

interval, ﬁhich is the thicknesses d5 of the-éeparation layer §

(see Fig. 9(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 éource 81 so that the resin material 80 is

hardened‘so that the separation layer 5 is formed. As a result

oftheibrqyﬁng;noqx#,zareandﬁu;maﬁumlwwﬁm;the1m0

information layers 2 and 4 can be obtained.

By employing the foregoing method, the process for



transmtting a portion of the |ight beam 7 nade incident upon the first
substrate 58 and having a predetermned reflectance is forned 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 gui de grooves for 59 controlling tracking of the |ight beam or sanple
pits. On one surface of the second sub&8@rate 60, a second information |ayer

61 is formed yhbe fhg%ﬁ e Indstbh O A6€ruiR&d tohabtdindh Récordeng inicdium

i nformation | ayer The first information | ayer 59 and the second

i nformati on haysig Gl dotlsle dayér eteactyreosudle that esubstratesr had®iigween t he
first information | ayer 59 and the second information Iayer 61, there is
formed at Iemomipstpﬂepur&qe@nﬁ?w@r peviopsiniarg s rﬁ@@e&;!e‘haw ng a
simlar thlcknesstot heflrst bst ate 58 h a su e on which
i nf or mati on t §Sih gb‘ii FBBves for

controlling amllr}%egf the Iight beam or sarrple pItS are forrred. On one
surface of t Ubstrate 63, there is forned a third information

layer 64 which trang %B&%{?tﬁé”éﬁrﬁ&tﬂfe hiS BdefildedtPaBedBE whiGh @Rt ON the

third substrate 63 an ch has a predeterm ned reflectance. A fourth

substrate 65 reayh igrteris) 80t isilapplidi toatie uppek sarfacs ofhthe dfirste second
substrate 60 has a surface on which informationdplts correspondi ng to
i nf ormati on sinfiormation layene2grthevxesinomatenial B30 may be applied o the

.upper surface of the second information layer 4.

A method of manufacturing a light recording medium having
four information layers in such a mamner that adhesive-bonding
apparatus shown in Fig. 6 is used will now be described with
reference to the sequence ::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 beams
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 signmals,
or guide .g'rooves'.for controlling tracking of the light beam or
sample pits. .

.As shown in Fig. 10(b), a second information layer 61
having a reflectance higher than that of the first information
layer §9 is formed on a second substrate 60 having on its
surface, information pits oorrespond‘iné 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



the Iight beamor sanple pits are forned. Mreover, on one surface of the
fourth substrate 65, there is fornmed a fourth information | ayer 66 having a
refl ectance higher than that of the third information |ayer 64. The third
information | ayer 64 and the fourth information |ayer 66 are forned
opposite to each other. Between the thi'éﬁsj I nformation |ayer 64 and the
fourth information | ayer 66, there is forned a transparent second

separ ati on | apeetion {T4. t fRepoenresinrepplying sazzleaféris usedsta §pply a

separation layer 67 havin thickpess.sim/lar to that.of the first
separation | apbptesett ‘%ﬁ@bﬁ@tg igtg’ e yppernsurfacgof fhe: fitststrat e
65 are forned et o, e t ec S fr 0 and
the fourth sué@?&é@éég% %Xgi?e%gi's ?r?gg %ﬁ heisllﬂ\(/: 1 g&%?'g@fe | the
recor ding nedighpsfiaten6D i8Cpl2e8 06 A0 sibd tiaks Suppoft SobRibh Bbal Yy UYL I C

structure with respect to the adhesive layer 68, it can be said that the
f or egoi ng st r adhesive-bomling | apparatus,f and athga, ars wlbvationhsegeionn63 s

envi ronnent tenperature, occurs. A nethod and apparatus for manufacturing
t he recor di ngopexated tawong 3 uppér-portiomsippontagection 61 desawards to
the. case. her GOBE TR CRRRCT 1 thri SPARRT J9-1 hers 11 Sepred SBREra | cct ed
light from anghhgly 'R ¥si8E ' Bst AN 58 are adhesive-bonded to each other
with a separation layer 62 at am interval, whicl; is the
thicknesses d62 of the separation layer 62. Then, the outer:
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 “(see 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 thickinesses 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 .thickness 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 showm 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



| ight which has transmtted through the sane generates crosstalk so that an
I nfl uence of change in the anplitude of the reproduced signal or that of

di stortion of the servo signal ‘occurs. If the interval between the two
information layers is too long, a aberration is generated in the |ight
converged spot-in either of the information layers. To inhibit the
foregoing i nfluences, the interval betwddn the two information |ayers nust
be nade to be substrate 65! n Refemringotadiigsy clQ(e) sto dbpar=ifievendayer

exhi biting excellent accuracy in the thickness thereof is required.

Mor eover, t he nuperali§4: represents @ teingd)dnformation diayere Gheepeesantsia such
a mannér that the central posijions the information,pits of, sanple pits
o The qui de. UBHEIREBIRIER Taver. o, noBteRantS\d (zecoa SamREaF ik g 0! ng
description i Sgpli 'ER;%Q q;g t ok di ' s in
the form of a_s‘l sc’ sag‘gpgdua% N o?ﬁa?iigﬁﬂ?s- e_c%?ia%t%&mggﬁpt ge‘frgé rdi ng
medium 61 ighubed F18d 1d '%hé,f&‘éﬁoﬁfg 2as€C Gtdi § preTdirabid #af Ghche two

i nformation |layers, the tracking control nust be perforned while-

consi deri ng t lthieknensadf athecfirdt sabdstyate 58 and atimtodf athecthisl ng nedi um

having one information |ayer and a second eccentricity occurring due to
devi ation in tsubsteater 63 heosubstantialdy.the same. t Moreaver.mdti i, | ayers. The

Compensat 6 ¢ n@TBRURABIAGURG, T0e 64 PGNPSO Hhen SSRah FUPFEATR . A0 Sedfo
foregoing typ%f the fourth substrate 65 be éubstantially the same.  The second :
and fourth substrates 60 and 65 may 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 thinmer.

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 pitotosetting resin
105 is applied to tﬁe upper surface of the second substrate 60 of

" the first medium 161 h.a{ring two layers formed on one surface
thereof. Then, as shown in Fig. 10(j), the second s_ubstrate 60
and the fourth substrat;e 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 T4 must be changed to correspond to



In view of the foregoing, a nethod of nmanufacturing the two substrates will
now be described. Note that the first substrate is forned by the
conventional nmethod. That is, the first substrate is obtained by the steps
of manufacturing a nmaster in the nmastering process and performng injection
nolding in a nold. The second substrate may be manufactured by the sane
process as that for manufacturing the f72st substrate of a nethod in which
a second mast ahei Gveral I'elénRyh afathe dieebidiig Medile €he lehgtlis Ufdehet O
reverse the information pits. The injection nolding process nay be
perforned by #£ipst@adssedonid| separatidmilayens 62cand 67nemdifthet lengthkeof i r st
substrate. Note that the injection nolding nmachine for use_in this

enbodi ment hadherelrsste foubth iptornatioa Fal 9%r 6Lofdeand €6.i nHkethat i on
It d id th t f | ch t el i pci {t.h th
Center of Ca ol SHPOSRS FRBeR Aiore: dmcFire 1L 1 Retothed B8, Mgt 1"
openings of ! Badd 106 diiteaq oMl UPIIERE Sourdl 815pBietrife 'GP FiLKY ! Ui NG

machi ne of the foregoing type, .Tirst and second su rates can be obt ai ned

i n which cent ghd Gecoh@ FifotiatiofPRiers §9@ndN6t, ahd!tin PésuH #hi Ofediht S OF

t he gui de grooves do not devi ate consi derably. 62 An adhesi ve-bondi ng

appar at us f or matéxsial vEdSonThergfore, fthe squamtdty axfortbe shight ridams 106 h a

separation |ayer havi nlg a predeterm ned thickness will now be descri bed.
t be en argeg as compared with the

Fig. 6 is a mus exposure processes, for -
example, as shown in Fig. 9(e), 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 eml;loyed. A resin other than the
photosetting resin may be employed. For example, a heat setting
resin, a hot melt adhe_sive agent or another adhesive agent may be
employed. Therefore, the irradiation with light beams may be
omitted from the process shown in Fig. 10(j).

By employing the foregoing method, the process for
removing the master is mot required. By sequentially adhesive-
bonding substrates each having the surface comprising the .
information pits formed previousiy. a reoordingmedium having a
four-layer structure can be obtained. As a result, the
manufacturing yield can be improved. The recording médium 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



schematic cross sectional view of the adhesive-bondi ng apparatus. As shown
in Fig. 6, the adhesive-bondi ng apparatus conprises an upper-portion
support section 61 for supporting the second substrate 3; a | ower-portion
support section 62 including a |light source 81 for supporting the first
substrate 1 and hardening the separation |ayer; an elevation section 63 for
el evating the upper-portion support se@3 on 61; a resin-applying nozzle 64

for applyi ng sReall eséd bifeh Yicdthbd ddni ir M@ Thid® redfisfeP 2566 @in! e’ to the
first substrate 1; and a base 65 for supporting the overall system

The- upper-pormcordmgopediumhatingntﬁé doulbjletlayerastamicttu'@t e support section
66a which is in contact with the flat surface of the second substrate 3 to

seeure the second duFecerding and:repppiucing sappazatus fosatecopding wadl i shi ng

t he connection between the substrat e, sup sectign 66a and the el evation
section 63; Eﬁéﬂ-ﬁl M’Bﬁé B’" nghortion
of the substrgat ess at a

| eadi ng end t et&e% gé%toﬁ'rﬁg%ﬂ?ﬁ %gﬁ"%%%qﬁ{%

| ower - por t i Ofe¥HEOWi 1B Yok B8 dB3orfRd iikh el it 19 F: .053:}19%@5 section

68 having a tapered portion for adjusting the position e second
substrate 3. 08howndnt Pig.uppe rethehpédtordingcard repeoduding rappar&ty ds pressi ng

the first inner-portion guide section 68 with predetermned force is
di sposed. On w@mt@f&aﬁm&m cosppisest as @ptical édskviiilcithat in
O aCt W e S oAl ey Lot & oo Sl 5w g openi ng 71
plurality of information layers; a spindle motor 112 for rotating
the 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 o,f 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 113 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



63 securing the second substrate 3 by vacuum action, with air being

di scharged to an external punp through an evacuation port 70 forned in the
substrate support section 66a. On the other hand, the | ower-portion support
section 62 conprises a base support section.72 for supporting the first
substrate 1; a light-source box 73 for securing the base support section 72
to the base 65 and accomopdating a |ighf4source 81; a | ower shaft section
74 having a taper ¢d e dptsdtiedd & filfth |Gaduiy syBded e aodysiten§ dsiftrblie
recess of the upper shaft 84; and a second inner-portion guide section 75

f or adj usti ng systepctli8: fon coftrdid ihgrthe tdbing afctlie fpur ledrcaper ed porti on
thereof. Around the | ower shaft section 74, there is disposed a spring 46
for upwardly p¥8¥eB$ig the second inner-portion guide section 75 wth

redeterm ned force.,.The light,source 81 hardens,a resi,n erJd al. 80 for -
Porm’ ng the separati P’éﬁ?@% a EE‘a‘?i’ﬁ‘as%cF%ﬂ%‘? %ﬂdﬁ\%oﬂﬁ Javer the

| i ght - source ' {0l I V\i.gfé%dg ey | 7
Thgrefore, fhgé%gégiﬁp o#gtneg:g%tjl%oﬁs% t?’s e g? a rrg@ééh; ?Lg?&\?\%tgﬁnp rmt’s
light enitted dalebbethel Giintflediditiod OfPthe foi‘é?&ﬁ@ ciruiexsfatlehs € ass or

a resin.. Mreover, a poition of the base suppori section 72, which is in
contact with temable rinformdtion atce bé, révmrded anteoa piuralixyeof ninfoeméition
securing the first substrate 1 by vacuum adsorption so that air is

di schar ged t o layees mbibe| inhibiting: exrarsain dnfermtion tpdei reprofducedned in
the 17 gt~ SOUrge, 086 iral"sir@htial 13Fers. |
HWhen 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 constaﬁt speed. A contral
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 cortrolled in such a mamner 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 af the rear
portion so 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 so as to be made incident upon a
photodetector 123 having a light receiving surface which is
divided into sections. The photodetector 123 photoelectrically



the light-source box 73 outward fromthe first substrate 1 and opposite to
the substrate support section 66a, there is disposed a spacer 79 for

mai nt ai ni ng the thickness d5 of the separation 64 | ayer. The
resin-applying nozzle 64 extrudes resin material 80 supplied from an
external resin reservoir tank through its | eading end thereof so as to
apply the resin material 80 to the upp®r surface of the first substrate 1.

The | eadi ng ecaniverts ther tngidental Jight rheams cte Araesnitr argignal chanding on a
circle, the radius, of which is about 2/3 of the radius of the first
substrate 1 r&eaf'?%?g@o"??@s%@ﬁ’t%@aﬂ}es Q{ﬁ‘nﬁ%é“fﬁ%ﬂ“%@r gf dightn\ot e
that the resif- yi i e rom f,he _teqi,on on the

| ower - porti on&%%gg(l)r‘*fqglégt %@%ﬁ%ﬁg %@%ggﬁ%t Qgp%siélr esin material 80
to the upper ﬂgﬂa&ﬁ&i% | {f§. S¥Rsidi ]traﬁ’gﬂi' SHVS tReStructure of
t he apparatus accordi ng %’gﬁt i:'[sfdenbo |rr§%¥l§%or 0 tatltéldng a stgﬁar ation layer
having a predsiotbdeteetor 23 ie wmplEfied by & prepamplifics 12IS s6CelidtoNak Vi ew
showi ng the state of the adhesive-bondi ng apparatus shown in Fig. 6 in

whi ch t he uppireqpencyi companepts tinsdbeisignol ares used tonocentrodothear ds and t he
first substrate 1 and the second substrate 3 have been ‘adhesi ve-bonded to

each ot her tHogikion-0E therdight beamayer 5. To obtain the thickness d5 of
the separation layql gBend RBSST so3tf @ 196 os"h $o2Eisn Ur HS degnadl SPOSEd
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 cdntrolled 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 o__f the light
modulating system 114, the control system 115 and the signal
. reproduction system 116 in accordance with the information
layér. As a result, ‘signals in any information layéer on the
optical disk 111 can be _reprodliced:

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



adj acent to the outer ends of the first and second substrates 1 and 3. The

t hi ckness d79 of the spacer 79 nust satisfy the follow ng equation: d79 =
dl + d3 + d5 (7) where dl is the thickness

of the first substrate 1 and d3 is the thickness of the second substrate 3.
65 To provide the separation |ayer 5 havhgg the thickness of d5 at the
I nner portion of the first and second substrates 1 and 3, the | engths d67

and d74 of thesepeatiahly shifits:tlietfosusing position seeng she 7infiormation i sfy
the foll ow ng (iguation assum-ng that the thickness of the substrate

support secti ofa¥S-i sihsEogus jﬂ%F&Rﬁé’é’slgﬁ superinngses St prlsRx 73 is
d73: d67 + d74_= _ % + +_ (5, s . 8 y | nprovi ng
the accuracy o?’%%g%_ g%lgti?'ﬁﬁa%n?%%;yafg%% %y?e?“’% Wf]\/vfli?%féq )rtlhggul arity in
the thickness Ri Bd it a FQPIbE GrithNPespaRt { 10 thb bptiBaP Witk RPi ldnOn can
be obt ai ned. rring to Figs. 6 and 8, structure for pertformng an

adhesi ve- bondi fie @utpat isignil frowhtiRh £66E&: tbitio]ll ¥ectionni2d) t a8 et ween t he
first and second information |layers will now be described. The centers of

t he upper - por t resuldupthe tlight theem @&n bedcanvergedvonte dhei subjeetport section
62 are adjusted by a tapered section 82 of the recess in the upper shaft 84
and a tapered iformatiaslgyerye recess in the lower shaft 74. Wen the

.A tracking control section 127 obtains a tracking control
si_gnal 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
optical disk 111. When the information layer of a reproduction
only type is reproduced, a polarit} inverter 128 switches the
tracking polarity among the information layers in accordance with
an instruction issued from the layer selection system 117 so that
a phase difference methpd 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 issuéd 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



upper-portion support section 61 has been noved downwards by the el evation
section 63, the tapered section 82 of the recess in the upper shaft 84 and
the tapered section 83 of the recess in the |ower shaft 74 correct the
centers of the upper-portion support section 61 and the | ower-portion
support section 62. Wien the horizontal planar portions of the two shafts
67 and 74 are brought into contact with ddch other at the | owernost

position, the &rackingonetdiod:according:to the ttiype 9f dhepinformationpayer.secti on
61 and the | oweJ-porti S ort section 62 is,on the, order of 66
several [err] %ms@f%ﬁ%ﬁ%ﬁ&%ﬁmﬁé&%&n@mﬂﬁm geeeicy of
the two shaftsrggs‘%nd 74. To keep a constant positional relationship

bet ween the fi Nd second substrates 1 and 3 and t.he upper shaft 84 and

the ower shaft sect hOpabking Ymblig® o1866k © 599 SR Mifosea’ Hhe pudih 0

sections 68 and 75 are forne are in contact wth the

portions of 't heoltagesher tiastehtancouslyomovitgi the koiee tdudls12® imeehé al axis
as those of the shafts 84 and 74. The first and second inner-portion guide

sections 68 andimstion dfothedadiab afaghe aptitabeliskaldingnl thalongpwnds, the
di aneters D68 and D75 of which respectively-are spaller than the dianeters

D3 and D1 of t#ignsdehremdhe itracking soptral gagtion AAE- oAgcr Xamudt. (e
0L 005, Fikhalef ol U Rt F BN R e BBl bR Erdb™t o5
In accordance with the output from 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 uéing 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 mz.zke an access between the

information layers when information is reproduced.



and second i nner-portion guide sections 68 and 75 is able to nove in the
vertical direction of the upper shaft 84 and the | ower shaft section 74.
The springs 69 and 76 di sposed around the two shafts 84 and 74 press the
second substrate 3 downwards and pushes the first substrate 1 upwardly. As
descri bed above, the central openings of the first and second substrates 1
and 3 having the dianmeters D1 and D3 ard8formed with excel l ent positional
accuracy by the injthe binarpicdding sectionc 130 af thetsignadpearinoductiont he
substrates 3 and 1 are reteived hy the tapered sections of the first and
second i nner - poFtemohle yses Wechigh frequency componpats @fsthesignal and 1 are

;3282??"322[ "Sip1nd G08 U5 bPE-RITEIE® 124, €' Brke o, SoPer b, DEESR; (e
. . : . ! 5 .
Contact i ¢ O 1698 orPeid rBfegiiugPafibn S LReAlontd BB1 086 1D o oo
3 and 1 are sgsivest e sighalUuin@ra Binzh?%éd&ﬁsi@zﬂ.sum.t the [ddcedsr 66a

and 72. As 'a result, the central axis of the information |ayer of the

second subst ridk décades the binmty-woded isignal tine aceomsianpe reithnasupport
section 61 coincide with each other with an accuracy that is essentially

t he mechani capredetermiagd signnl farpat: hdscermesyltathe dnfomation sigeal on .

e 1 e L4 b e v GobfRgRE e 15k S o oIS BEK "
111, Then, demoduldtion information S02 js 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 thé ‘optical disk
111 are demodulated by the layer identification section 132. The
layer identification section .1_32 also has a function capable of
demodulating the shape of the information layer and the like as
well as identifyiﬁg the information layer. 11; is preferable that
the foregoing information be -recorded during the process for
manufacturing the recording medium. The contents of the
‘information include identification information for id_enfifying
whether the information layer is a reprdduétion only information
layer or a réoordiné 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.



with an accuracy that is essencially the nechanical accuracy. By noving 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 |ower shaft 74 make the center axis of the
information | ayer of the first substrat?gl and the center axis of the

I nformation | ayer of the se str 3 c0| nci de, with her

usi ng the adhesi ve %’b éﬁﬁ OHgi %b(?f‘nﬁ @Fﬂéf

recordi ng medi\#g n bg&l? g%q: Iar arc of
the informati on ﬁ%‘%‘a‘é ﬁksﬁggwuﬁ% ggy%ég{/e orne ?ﬁe surfaces
of the two Inéaﬁ&tﬂi&ut er-ﬁdﬁmihg smebl 184 toPrédiiRe drddo: facturing

the optical information recordl ng medi um having the two information |ayers

in such a nanheformation 861 aapasede of cindiorgatipatetbes reborded atFag. 6 i s
used w Il now be described with reference to sequence charts shown in Fig.

9. Initially, Predetemmined tinigg. oThp, 1ight medulating mvsiton 114y dnitialdy
Dt edet or nt nodHBRE R 'sﬁ@a&rﬁ?@‘)” YR #a?“t rER st 3Bt & on®
Cor espondi ng Pt E4RE B Raltilf K, Bediterhf 5?@%%&%%%%&?%9?: ng
tracking of tfg hHhedd dbﬁéns%tion 120 to modulate the intensity of light to
be emitted from the light source 121 in accordarice with the
condition of a waveform setter 135, which divides a pulse or sets
a change in the intensity. Light having the modulated mtensity
is absorbed into the recording layer on the optical disk 111. As
a result, the reproducing mark can be formed on the reoording
layer on the optical disk 111 so that information is recorded.

Note that the waveform setter 135 has recording patterns
vwhich 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 ligyt to be emitted
from the light source 121 in accordance with the modulated
waveforms ,oorre;ponding to the respeétive information layers.

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



sanple pits. As shown in Fig. 9(b), a second information |ayer 4 having a
refl ectance higher than that of the first information layer 2 is forned, by
sputtering or an evaporation nethod, on a second substrate 3 having on its
surface, information pits corresponding to information signals, or guide
grooves for controlling tracking of the Iight beamor sanple pits, and a

t hi ckness substantlally the sane as thel0 of the first substrate 1. Then,

the first substratEig- i@ shows the SIrychure of jthe, optical; pickup, seqtion. o
resin-applyin | S ,US a t.QS resi.g material 80
o the uppor IBrABscoERdmEt, 5%‘%%%&% FhelobEa & ol
9(c). Then B.Eussﬁg()ﬂ&lﬁﬂ l@ﬂir upport section
66a, and thetr’i: an elevation sect onJgg 'S operate 0 novgéztrltéupper-portlon

support sect irpaciihghaaeiod! ds to come into contact with a spacer 79. Then,
t he second substrate 3 and the first substrate 1 are adhesi ve-bonded to
each other with a #&spshowniimFligy 2, 51§ghti|emiihteﬂria¢m thii Lighitssouree

t hi cknesses d5 of the separation |ayer 5 (see Fig. (d)ée Then,_ as shown
in Fig. 9(e)1hr@sge@ethre\!skaceolelrimﬁerfli%tl&ﬁet%tte iformed JAntat ed with

< har doncd Bariie) Beam ﬁﬁat'vé%ﬂmée&e" & efloqgn i b BB o1 1he

foregm ng pr ?c{@j ers 2
and 4 can bei(&) 'tal ne y enpl oyi Ng %%r egoi n %tﬁtg‘g%@e pr och:%s f.or
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 r_t_eflected by the
mirror 144 is made incident upon the photodetector 146 having a
plul;ality of light receiving surfaces for performing the focusing
" " operation. An output from each of the light receiving eurfaces
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



69 renoving the master is not required to obtain a recordi ng medi um havi ng
a doubl e layer structure such that substrates having information pit
surfaces forned previously are sinply adhesive- bonded to each other. As a
result, the manufacturing yield can be inproved. A though the structure has
been descrlbed in which the resin materjal 80 is applied to the upper
surface of the first information Iayeraé the resin material 80 may be

applied to t hahgpphotodetecser. oiltheugh: acuenalnkaife edge methed emplpyser hod of
manuf act uri ng cordj um hav four i nf on | ayers in
such a rrannerpﬁﬂ{a‘?&gﬁﬁég "fﬂﬁg ”E‘gghj %i n‘i)‘l’i‘rrae“ll d will
now be descri h Eﬂﬂﬁﬁ q']qgﬁg &QI r Fig. 10. As
shown in Fig. %gt E |n|t|a Y, ER irstrntor I on %aye?j@gqh%r permtting

a penetrati onpgg tﬁe@@éédroﬁ!ﬁ’fha!s'ﬂhliéﬁaf@oél’i@n@%ﬁc@d% %%f}ﬂj
reflectance is forned, by sputtering or an evaporation net on a first

substrate 59 ueasmgonrl sections, aseshowal i Rilgi. omplmemmmdtnis i@
i nformati on signals, or guide grooves for controlling tracking of the I|ight

beam or sanpl &hat t€ a photedetkectar mayingol;hg light ingf surfiaceon | ayer 61

having a refl ehlgher t han t hat he first information |ayer 59 is
formed on a sggﬁi%%s 1?F<‘J§/|iﬁ' ; fthen any gperation of,gb ts

Cracking.of ”?ﬁte@#véh%%%!%%fé%fé% &&%ﬁ@r T rolluctiBft i 07
the same as tBaAlLIGh of the servo signal being distorted because a portion of -
ligl_x_t reflected by other informﬁt_m 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 problem 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. M(lareover. a method is employed in which
the focus detection region is gwitéhed_between a focus pulling
stage and the servo operation stage. As showq in Fig. 13, the
photodetector 146 has the light receiving surface divided into
light receiving surfaces 146a, 146b, 146c 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 149. 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. Then, the first substrate 58 is secured to a base
support 70 section 72. Then, a resin-applying nozzle 64 is used to apply
a photosetting resin material 80 to the upper surface of the first

i nformation |layer 59, as shown in Fig. 10(c). Then, the second substrate 60
I's placed on a substrate support sectiga 66a of the adhesive-bonding
apparatus, and then an el evation section 63 . is operated to nove an

upper - por t i onfaeispdwrping eirauis(spa Kigr dd) s Audothen operates ke with a
spacer 79. Then.. the cond bstrate 60_and e first substrate 58 are
adhesi ve- bond%t%ge%jéﬁugt%%ﬁ?t#%a?%ﬁ ti'ol*layer 62 at an interval,
which is the thi Cknﬁ?es%gm?sﬁ%r% tgﬁnﬁ ty ﬁgeq , the outer.
surface of the first substrate g S ?ﬁ?ig‘Zia eye\;amdﬁcr I'g ;m%ielam; 102

em tted from pefcrghiée &@um% 84 £P Hothtof Recass wher@ itk pllote@etéctvdl dened so
that the separation layer 62 is forned (see Fig. 10(d)). As.-a result of the
f or egoi ng pr ofms the sfdcusing operationgiswuiivided Ahto atwongedtionsnded @At | on

| ayers on one side thereof can be obtained. The foregoing nethod is -
di fferent frofdsenehene,the samgoim divided) ingo|fouphseations. f Thetaxisiofecond

substrates, 1 aidedelatunde Yol it EKSSSEE pReFePIRR sl Ry 1o eoch

adhest ve- bondggithbds biCuld ab Hitdikafidh 2ydrs AR shhilded b ir'aha -
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 lighf 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 146¢c 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 another information layer is made
incident upon a portion of the light receiving surface.
Therefore, the focus error signal is dist.orted 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 surfaée area, receipt of leaked light beam



In the foregoing case, the thickness of the spacer 79 and the | engths 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

I s obtained by adhesi ve-bonding the third substrate 63 and the fourth 71
substrate 65. Referring to Figs. 10(e)830 10(h), reference nuneral 64
represent s a fictmrahothéo rimfiormatibnykayercéan derprayvented. f Moredveraf §r nat i on

| ayer, 67 represents a second separation |ayer. and 104 regé%%ents a light

beam eni t t ed FAgWRE CHEVES @fit the gre Losus exrorhsignals RPRST A it is
preferabl e that e thickness,.of the,first. substra t hat of the
third subst r%@i%nﬁe%ﬁmﬁlﬁgl%ﬁM?%e%@%?g $€ pr ef erabl e
that the thi 5&5‘% t fhat! ré%llﬁ’ GQP% : ?I'aﬂ fourth
substrate 65&Ee sutg{’%n%?gfﬁ%a{]he sg%é. e ’seco%é&ﬁ;?% ‘ourth substrates 60
and 65 may b@ohévdrsdthy realBiddofodis pall-Fia riie N2t {10 dmaldrothén tyuller m t he

first and third substrates 58 and 63. To mmintain the thin substrate
serving as tlia rangerMl rig thelicase showmeimBige, 14(aPhin ethich yther 1ight on net hod
may be enpl oyed, pernmitting the substrate to be nmade thinner._ Then, ‘an
adhesi ve- bon&reeivipg-sunfase d1asi aolange area. sHu the popgratiqnsbeaames: o

adhesi ve- bon(‘jmg l]:ai i?tthgex('jtlac%@d}% wmed¥ il s 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
146c and 146d. In a case where the distance between the centers
of the reflected beams F1 and F2 on the light ;‘eceivjng surface
is Lf and the.size of each of the spoté of the reflecte& beams F1
and F2 on the light receiving sﬁrface is ILd, width 146w of the
outer light receiving surfaces 146a and 146d is set to be larger
than Lf and smaller than Lf + Ld. 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



two | ayers fornmed on one surface thereof and the second nedi um 103 havi ng
two | ayers forned on one surface thereof to each other. Initially, as shown
in Fig. 10(i), a photosettinng resin 105 is applied to the upper surface of
t he second substrate 60 of the first nmedium 101 having two | ayers formed on
one surface thereof. Then, as shown in\}g g. 10(j), the second substrate 60
and the fourth substrate 65 are adhesi V&*bonded to each other, followed by
irradi ati ng t hayerst can Stfigure corvehappears, sinidbarate the eadewhére longht
beans 106 emtted fromthe |ight source 81 so that the resin material 105
is set to forinformatiansloyer d5cpresentas fhaserve eperation jis penfommedgt hs of

the spacer 79, the upper shaft. 84 gnd the Lower shaft 74 st be, changed to
correspond t ol re‘?‘E%tBVQ}%%? le"ﬁwh\é&ﬁegmiﬁﬁ P%Ldlitéﬂ? ¥%he 1 engths
of thefirst?(ﬁg ke | W, 6 of the
first to fourtl |tn_ orrrat?%ﬁeaéersié@,f%if @Faggd%iﬂgﬁé%%hér%ﬁure
process shownadd thé osi€ion 1250 koSt ihtdtabtitid lagerd YR6uesi tted from
the light source 81 penetrate the first and second information [ayers 59
and 61, and tforegoiwgicaség a darge rahge IM3 cddbe dbtainkbdras thberangeninty of
the |ight beans 106 nust be enl ar%ed as conpared with the exposure

processes, fofhighaths focusinghsignalnisifpund( e Figl ok4(dd) oshok®( B)foous the resin
mat erial 105 for usge en the first ang s nd nedi yns 101 and 103 each
having two | £/CE § dP’bﬁ Gase uflere &me ff&t receiving surface is
divided into .four sections and imner light receiving ;urfaoes
146b and 146¢c 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 embodiment is able
to realize a large focus pull-in range and stable focusing with
respect to the two infdrmation- 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 is pulled, the switching unit 150 selects a
difference signal 149s 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



surface thereof are adhesive-bonded to each other, a resin that absorbs

| i ght beans nay be enployed. A resin other than the photosetting resin may
be enpl oyed. For exanple, a heat setting resin, a hot nelt adhesive agent
or anot her adhesive agent may be enpl oyed. Therefore, the irradiation with
| i ght beans may be omtted fromthe proggss shown in Fig. 10(j). By

enpl oyi ng the foregoing method, the process for renoving the master is not

requi red. By Sitepadnidpls tp thhswitchingowaithd58ubdnr sesponseacto (thei ficushe
a recording

veci o hai ngPBSTPR QB oLp el L8k .oshe srlitating Kath ik electene
facturi | ' . di di havi h

Four - Layer ot it AFEREeCatd YAl paffS, UBCANT of ol i B fuser

adhesi ve- bondj figh 0 r8ESAANE CSlirch8ES 1968 Und gﬁé‘%fr?&:@h’ﬂﬂdé&@tﬁxg‘lf%‘” ng the

doubl e-l ayer structure. at 1s, the recor

I'ng nmediu aving t our -1 ayer
structure cansbethataéithed & thei fifobastival Laydricis asinjested aot uri ng
apparatus. Thus, it ‘can be 73 realized by a nmethod simlar to that

requi red to ofecusinghe Thesorthentracking roperation iscpaifobhed liayar structure:

A recording and reproduci ng apparatus for recording and reproduci ng on the
optical inf ormeﬁﬁr‘l‘ r Bpgdgn 1) deterning, vhetder on motpthe sibjestventi on, as

ranuractyr ed BedbSel Rl T4l Bl suected B BSaking! ' Yian 1N "oT oM Onoe
information layer which is not the intendéd subject has been
subjected to focusing, the focus jumping circuit 133 moves the
focqsing position to the sdbjeét information layer. During the
foregoing process, the switching unit 150 does not perform the
switching operation. -

Although the description has been diiected 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 nmear the photodetector 146. In the case where the
astigmatism method is employed, 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.



OCshown in Fig. 11, the recording and reproduci ng apparatus according to
this enbodi nent conprises an optical disk 111 that is basically an optical
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 ;ﬁ;tens fo§5controlling the spindle rmotor 112

and the optical pi Supmplering the foregoing structurg: ta Stablensesva | j ght
nodul ating system.,114_f or eratjng,the.li tﬁ squrce 121 of thg opt.i cal

: . £ B |

oi ckup sect | gResation toread oF pluiad, Tatammation 1avers, 6a8 be pertoraeds f or
controlling ﬁfd.i fen hﬁ"'!f”l?g %%ﬁ l_.ﬁgfggee 1’@{% R.eeM tted
fromthe opti%gg &E‘ugé up se ttlh%n 1 ?‘(E)1 e g@%%/febrge or??o etagp cal disk

111 and tr aclebtslidable Fava e bhsvdnitibha atficturel 0l | oW the information pits
or the guide grooves. Athird circuit systemis a signal reproduction

system 116 for reaGheguabity ofita eecording me@hmhdving pheradpt i cal di sk 111.
At | east one of the foregoing three circuit systens has two or nore types

of conditi oninfenmagion Jayers Aepensdssupom thepirnegulavityi of shet shapeshobf t he
information Layers. A fourth circuit systemis | ayer. sel ecjiion system 117
for swtchi nﬁﬁ%/fé& BrALLOR i s or gud ﬁr%’@%??tufrﬁes‘?éﬁé% qf, %cordgnce with
t he i nformat| Lor_ 130, i e_li e ected. A
O et reioilodnd” bl e B¥fRads on®the Wistrtih®C! °0

fifth circui
' 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 ﬂe‘ focus error signal or the
tracking error signal due to interference between the information
layers or change in the thickness of the sep;aration 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. Also a fine offset is added'to the tracicing oontr_ol |
sigﬁal 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



system 118 for controlling the timng of the four circuit systens. The
present invention has a structure such that the | ayer selection system 117
is used to reproduce recorded infornmation to select the optinmm condition
of the foregoing circuit systens to enable information to be recorded onto
a plurality of information |ayers while inhibiting errors in information to
be reproduced fromthe plural infornmati 8z | ayers. When the information.
signal s are repzlading dof thenfobes qoniteal. dThus,] bl fotuse cegtatadnsigmdl aR6syst em
118 controls the rotation control section 119 to rotate the spindl e notor

112 so as to reambe ebiained bysp fidcur aperagionr wizculk 163cdwough@mt r ol
[ l 1 ndicati h ti [ liedt | '
Setion 190 ecritiet Compehraiion clgut .- mig hots Sonfrd) sReRaLdREE 101 | s
e . SR . SO
from the opt i iy (afeieas vl 88 opffcal’ sifitin keBtiod 318 ARATRILOAS &1 1 OO

instructed by i EH&%M%E!@Zsﬁ!%@'Fi?}Su)THQ dpeiited S tRafokgs from
the light source 121 pass through the optical system of the optical pickup

section 113 ansbntrobliseperformédns 122 di sposed at the rear portion so that
the light beans are nade to be converged beans with which the optical disk
111 is irradiated. The offget eompensatianecireuity16hdaspr istxuctunsk 111 again

ass through the j ective | ens 122 d the tical sjemin the optical
D Rup sooti orfapele ot seteng s mltealliy; e REiast erels An derbriss, ta 2
havi [i aht S . o divi . Ci Th
et s BEE BB AR S it o3, il Hifde b8’ W rol"
setting the offset to be supplied to the offset compensation.

circuit 161 comprises an offset setting unit 163 for setting an
offset when focusing of the first information layer 2 has been
perfornied; and an offset setting unit 164 for setting an offset
when ij’o'cusing of the second information layer 4 has been
performed. An offset selector 165 responds i:o 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 tiansmits a focus control signal 126s for making
the signal 161s to be zero so as to operate the voice coil 125.
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



75 converts the incidental |light beans to transmt a signal having the

vol tage corresponding to the change in the quantity of |ight on each of the
| ight receiving surfaces to the signal reproduction system 116. The signal
transmtted fromthe photodetector 123 is anplified by a pre-anmplifier 124
so that |ow frequency conponents in the signal are used to control the
position of the |ight beam A focus conBBol section 126 uses a portion of

the signal trtransmitenl siguah €aoh Uie ghin |segiting snét iG6gos uheagain of t he
phot odetector 123 to obtain a_focus error signal and operate a voice coil
125 by usi ng sefdtingcipite16%r By gmployiag the oing Structme, van | ens 122 is

controlled to ve SLi ILn the pendi dll’etl with respect to
the surface ofP %%M&Fgﬁefﬂ'@% ?"ﬁé ﬁh ﬁ}ﬁstg?e conver ged
onto the surfﬁgﬁ é’ﬁ{r‘%r mati on | ayer of the optlcal di sk 111. The
system contro em 1 ransmts, to a layer selection system 117, a

layer sel ection S'Q&ﬂ'foi‘ ean_@swmgnaoﬁ&dlnfﬂiér&btmgl é¥ &n b?tﬁﬁmf ocused in
response to control signal S03. The |ayer selection system 117 switches the

oper ati ons ofstdte bégd&nnﬂ@linfcmtiynthyetszlenabmes xeprodilctigntaam 115 and
t he signal reproduction system 116 in accordance with the information

layer. As a reeagrding iagdateproducing tafbe perfomedmene satisfectonilyal di sk
111 can be relp{go.d!'?esqus the tracking control section in detail. As shown

in Fig. 17, a tracking error signal 170s can be obtained by a
trackiné error detection circuit 170 from a signal relating to
the tracking control in an output signal 124s from the pre-
amplifier 124. A trackieg control signal -127‘s cah be obtained by
a tracking operation circuit 172 th;ough an offset compensation
circuit 171. The tracking control signal lé7s 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.

fl'he 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 output 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



A layer identification section 132 denodul ates a |layer identificatio
signal fromthe signal transmtted froma binary- coding section 130

identify the information |ayer that

| ayer that

junping circuit 133 76 sequentially shifts the focusing position
the information | ayers. The focus junpBag circuit 133 superinposes t
pul se vol t aganitodT4.nst ant aneously noving a voice coil 125 in the

per pendi cul ar direction with respe to t optical, disk 1 t he
signal fromthe f?ﬁhﬁ% B t?ltb?l 3 Be?ag_ém'tésirpﬂé%lﬁént be
be converge e e | | ety . | ﬁ%% I

127 obt ai nsd%e%?ﬁg%i?naf%?gt ﬁ)]ré sq%gna #rggn#l?ﬁcor%i%ﬁg{'%r@o@ge e é@he
out put  si gNatsirchie 7 hend® RehReRtaCh Otrabksng TofitFdl 3ipRAINETd Raltn! he
beam follows the information pits or the guide grooves, and then sli
moves t he vorldelictlid sigitall 27bs dis' made o bé Zere sacthat othet heiaicotdl

111. Wien-the information | ayer of a reproduction onl

type i s reproduced,
a pol arity il2beis @peratedwi eaintgetting g Hor é‘rﬁtt{ﬂgaﬁgﬁgaine

i nformation l.ayers_in accordance with an instrugction issued fromthe |ayer

sel ection syectracking ppexation jg per

i s enpl oyed
r epr oduce
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to

is being focused. If the information
is being focused is not the subject information |ayer, a focus

anong
he |

out put
am can
section
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di sk
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fa&er 2; and a gain setting unit 177 for setting—ﬂxé 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 structure-. an
optimum tracking state with reispect to the two information layérs

" 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 whiéh .the light beam is made incident. In the
foregoing case, the directions (_)f 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



the information pits of the information layer. In a case where the

I nformation | ayer of a recording and reproducing type is reproduced, the
polarity inverter 128 switches the tracking polarity or the tracking nethod
anong the information |l ayers in accordance with an instruction issued from
the | ayer selection system 117. Thus, the information pits of the

I nformation | ayer of t ecordi and. r 8 oduci.ng, type ar r epr oduced by
tragki ng by a push-ém%ﬂét?éﬂ%tﬁﬁ%gd%%r@qﬁgl'i BWﬂngBn_ I ?yer Pas
gui de grooves Y r rmation
| ayer is comﬁ%@ﬁ%ﬁﬁ%@% pI sﬁBg?évvlqlc H%l ?ﬁ%&t%'??&t %ggﬁélkg net hod
according to A rbyRRIveing el GHGICER! {r¥orhaYRin réfotdifs ticditd wNShby of

both of the infornation layers can be raised.” A tracking junping circuit

129 superi npobeslesbeitedl. se vol tage for instantaneously noving the voice
coil 125 in the direction of the radial of the optical disk 111 on the
out put signal from grasintvas employednta formathes fivstiand t he |i ght

f
Che- ot put 1 FSROPACRBSERTaR T Bo| 2k & PO BETAE ACSHHANGP: SJREIERG or 126
it or mat i o pRECTREHRGBLE e : 4 ARRERY oS etbnoud bR Tty | g
beam i's al | ovae £erd'ah@sdcdfid! SibStRAtEY 2041 8 wéi¥® RAHBCELAMN.C- The
first substrate 1 had a diameter of 120 mm and a thickness of 1.2
mm and comprised, on the surface thereof, information pits
arranged such that the shortest pit length was 0.83 u#m, the pit
depth was 100 nm and the track pitch was 1.6 g#m. The
information pits consié;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 secopd substrate 3 had the same diameter and thickness
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



In the case where the recordi ng medi um has been manufactured by using the
first and second substrates 1 and 3 obtained by the sanme 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 froma position
upon whi ch.the Iight beam 7 is made incident. In the case of a double-I|ayer

medi um of the.fore 1e fac %ﬁg p03|t on i,s ved between the
first and sec%’rﬁt ﬂ'ﬁ) MME 2ij AW *1%"\39 Hgto‘f SBERYE &heRyi ¢
133. Si nul t angysly rt#nh l?g hes the tracking .
polarity between the 2 ﬁébseco mforﬁtlo ayers 2 and 4. As a
result, the light bERMEEAt BEbSENRE 1 REsABbARRAUED thensibsthate Y ion

pit of the subject information |ayer. Therefore, the foregoing nmethod is

abl e to reducsectiien t#2vof rtguadives ive-baiding repparatus showedn Fig. i6)f or mati on
| ayers when |nfornat|on I S reproduced. 78 The bi nary-codi ng section 130
of the si gnalfqlépmm aesin eppdying H@Zﬂﬁﬁﬁt@(ﬂmh nponent s of

EEE F;SQ?: ¢ RReIfS ape ey %tagv%if':r %eeugi ﬁ?%ﬁﬁ%""t{v&%ﬂnt@i?’ee”
E)I (ra]aflygtr:]gde:j Sl gncé)ldliai%cgrggance \{/]m&thf'nio; j%rimt':l‘e?er m ne S gn%a'l‘t%f%%rgfgsst

result, the I%o?mdoan Sﬂlﬂnﬂbslt&aééfﬂiﬂ:bbﬁ sdctidinebaof 68" 4lilias ve K

formed on the optical disk
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 iight 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
informatiop layer 4.

Before the adhesive-bonding was performed, the thickness
pf the inner portion, intermediate portion and the outer portion
of each st_xbst'rate-was previously measured to calculate the
differences from those after adhesive-bonding. 'i'hus, the

. thickness d5 of the separation layer 5 was obtained. As a _
result, the mean value of the thickness of the separétion layer 5
was 65 g m with an accuracy of 18 um 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 nm was 91.6 %. The

level of eccentricity between the information layers was 40 g m.



111. Then, denodul ation information S02 is transnmtted to an external unit
I n accordance with an instruction issued fromthe systemcontrol system
118. |If necessary, conditions for reproducing or recording the infornmation
| ayer formed in a specific region on the optical disk 111 are denodul at ed
by the layer identification section 132. The layer identification section
132 al so has a function capable of denpd8RBating the shape of the

i nformation | ayer adafermatioxasassrepnodueed Ifmtthe}/fﬂgeﬂ(ﬁégl

layer. It is era or.eqo, i on be peco ddurlng
t he process f%ﬁ%@gﬁﬁt PHY;{‘FE sﬁ@g iﬁ'ﬁé‘g gﬁ% sﬁﬂ?"&o r‘ﬁ"g Hg; he

I nformation i |_nf f M ob y: whet her the
i nformation | g&éﬂ{ii S gﬁé] %@% dgn?m%r%na [ on%g% j()érgl%a recordi ng
and reproduci Qﬂa%ﬁﬁlb”% ANopkan Blickiésy BB R baSE 018Gk Bd4at he

differences in e characteristrcs anong the information layers. That is,

the contents daeing)aonumdriosl aperitureh¢NADOEN06 .CoAdKifenedgy methadlivasi Nng
each information layer with light, the optimum condition for performng the .

f ocus' control empltmd to merfore foensiog. ahilene mshr-puld metnd Wos when t he
reproduced si 79 In a;case where information is

dermd | at ed.
recorded on a%ﬂl‘ ?‘Fﬁ&?‘i‘ﬁ?iingn |Egcusing vwas: Pen Bhe system control
system 118 Ca%,_essfngegu b Al s BT Mg! A SR8 MR 1hgeRT Ui N0

light receiving surface divided into four sections in 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. Reprodﬁcing light had
power of-l mW 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 cz.xse

of the second information layer 4.
Then, the obtained recording medium was allowed to stand

" in a hot and wet enviromment, 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



I nformati on SO1 conposed of information to be recorded at a predeterm ned
timng. The light nodul ating system 114 initially causes an encoder 134 to
convert the recording signal into a recording signal having a predeterm ned
format, and then causes the laser drive section 120 to nodul ate the
intensity of light to be emtted fromthe |ight source 121 in accordance

wth the condltlon of a Waveforms tter9§35 whj ch divi des, a | se or sets
a change in tH@lpat %{T SHt.h in cthe, %é‘ﬂsiﬁﬁ\sﬂ?ﬁ&y’ i s absor bed

Ir(ra]:)(r)ozingi Lgcni{&ﬁ can%eé?@?n%%%&%%@ %dr% &?%yer Elé or;ﬁslugﬁl di sk

111 so that igiOphRdined i mb&6RIHE jitNeES witdout %Ma&fm@aﬁa?et 135 has
recording on the r

recording patterns which are optinum for especti ve

i nformation | ayers &nd ﬁémage&uehﬁemddpabodﬂatmgfto)lﬂxerpmsenbrmammn Wi th
the output fromthe |ayer selection system 117. The | aser drive section 120

modul at es t hels ancefflechiver method £gnmanufactuningtaaeptordinghuwediught sour ce
121 in accordance wt l.at ed waveforns corresponding to the
respective |§W|iﬂﬁtq RH“?&}@Y@‘F-U amation da¥ers-  or egoi ng structure, the

I nformati on. can be reproduced fromthe plural information |ayers
under optinu ons. Mreover, the information si gnal s can be recorded

o o imei bn-ran bo £ SERCRel ' s AR TGN Umtppati | o010
the recor di ngin¥ofmdtgohaabiel déhselywilufiowbd desoyibeddeBimiady eodet ai | .
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_t-ured. The -
first substrate 1 had a thickness of 0.58 mm and comprised, on
the surface thereof, information pits ai‘ranged such that the
silortest_ pit length was 0.5 gm, the pit depth was 90 nm and the
track pitch was 0.8 zm. On the first substrate 1, there was
formed an Au layer having a thickness of 11 mm by a sputtéring
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 sub_sti‘ate 3 having information
pits in the same form as .those of the first substrate 1. To make
the d:irections 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



80 Fig. 12 shows the structure of the optical pickup section. In this
a knife edge nethod is enployed as the focusing nethod and a

nmet hod i s enployed as the tracking nethod. As shown in Fig. 12,
| ens

enbodi nent ,

push- pul |

light emtted fromthe |ight source 121 passes through a colli mtor

140 so as to be fornmed into parallel beans, followed by being reflected by
a beamsplitter 141. Then, the reflect&#beams pass through a [err] /4

‘plate 142 andthe?@%JféIme&é:Ol bave @ thicknesstof 1600mt byad sputiteding i s.

irradi ated with

di sk

111

t e |J ht heans reflected by the optical
passes t hr ough® ‘3\9 F%‘P&“dlgg&m ?‘br layer 4 ﬁﬁﬁt@l‘mg af® t he beam
splitter 141, d S | e g d then a po on
|hl ght beamls |"s'j£r‘]"gs lih aoﬁ%léq#&dgg% b Hf jé'@F 4
aving a plurgld gotggd £dimak €,Lracking
operation. An output from eacﬁﬁetns?ﬁlg ﬁsﬁiﬁt rece| Vi ng sur ag'g;sfu t{’

phot odet ect ortlid5of sthenpirst Matéel.pltheamaigtﬁlﬁ the Al tb8€e1pid

error signal

)hlj

is obtained froma difference signal. On the other hand,

which is not *hef péts 0 by fiomedrionr the surface wfidthe secomh substratehd
phot odet ect or 146 haV| Sg% lurality of light receiving surfaces f.or

per f or mi ng tI‘P@sf

GaPattimn . Hofevers sthe piteh @ﬁc%l’itﬁ@ﬂd the

118 Sy i L By o Pt S

pre-arrpllfler

di fference signal.

t he

section 72 of the adhesive-bonding apparatus shown in Fig. 6,
foiiowed by using the resin applying nozzle 64 to appls" 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 § having a thickness of dS5 was |
formed betweén_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, fhe

thickness d5 of the separation layer 5 was obtained. As a

of the
145

3 of acki ng

i ght
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optical pickup and 120 represents the laser drive section. Fig. 13 shows a
portion of a focus control section for performng the focus control in
accordance with the output from 81 t he photodetector. Although a usual
kni fe edge net hod enpl oys a photodetector having.a |light receiving surface
divided into two sections, this enbodi pent has an arrangenent such that the

phot odet ect or 146 has a Ilght recei ving surface divided into at_|east four
sections, as SAeHt.; themgan valugief thesthickaess ofsthe; separatipnylayer §

phot odet ect or _ ha t he ht receivi urface dIVI ed i,nto two sections
s used, then'ah %Zﬁwﬁ o oGy o 45 i IER At Frgimaasiimes

i nformation | ﬁmﬂﬁp W%%e

distorted bec use a po??%§§§%%8 B?iﬁ%ﬁ%?gﬁegﬁﬁ&ﬁﬁgéb?n E%lon | ayers
i's made inci da_a&emgﬂntdf_eesmahovi@ 28!, 2% - andl tﬂ@uw tiRf geboD inforudtish e Of
the Iight receiving portion of the photodetector enables the distortion of
the servo si glayert 4. &t a wiwdlength ofn680am wasB%k6%ar Thesleveltbfit a range

for pulling focu5|ngc|s excessively linited. Accordlnglg t hi s enbodi nent
has a st ruct-ufecentricitysbetveen| the, infermatipn gl amrsa@@ 8% &me phot odet ect or

146 is divided into | east four secti oV a, met hod j.s enpl oyed

in which the focus é@ﬂ Rﬁﬂﬂf@@éf#tﬂ%&gﬁ Fseﬁﬁhﬂglllng

stage and the t e et ector
: 2°EA'd Surlgasg& &% Inﬂgﬂ%o.éée foR ei2i¢

146 has the I 10 rece|V|n
light having a wavelength of 680 nm.audanxobdeqtiwelwms

adaptable to an optimum thickness of the base of 0.6 xm and .
having a numerical aparture (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 pérforneﬂ with
respect to the first and'second information layers 2 and 4 and
focus jumping between the information layers was stably
performed. 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
the both signals wére measufed. thus resulting in excellent
vahnx;totxaobuﬁne&:mmﬂlthat'ﬂmastmmhmdtkndatﬁnlﬁﬁth
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 80°C
and the relative humidity was 80 %, for 100 hours, followed by

performing a similar experiment. Then, the signal was similarly



| i ght receiving surfaces 146a, 146b, 146c and 146d. An output from each of
the light receiving surfaces 146a, 146b, 146c¢ and 146d of the photodetector
146 is anplified by each of anplifiers 147a, 147b, 147c and 147d so that
two types of focus error signals 148s and 149s are obtained by difference
amplifiers 148 and 149. Then, a smﬁtchLQ unit 150 selects either of the

focus error signal 148s or 149s. The s

cted focus error si

nal 148s (or

149s) passes téwadugted f%ﬁ:@sl‘@%hatm da the shapewgstimhibitgd, focus

Jltigpl(ggec;:irSU|itf¥§)see Fig ﬁé)ﬁ% then oga %de ﬁ%i] g’égegi%gl ckug sect i on

t he

reference to Fj ﬂ’éi g; ?j a e@ggr é\:% gﬂﬁ SLBIEO _
focusi ng opera o VI de I N (?gtagtsect‘?ions 5 aggase(i%/here Re sane
is divided i nw#%_gsect i ons. The axis of abscissa stands for

focus-directi

ftions in which the positions of the two information

l'ayers are indi cat edabyxduiplendf L& reColingdkedivahbaving fowre infarmatioa | i ght

receiving surface is divided intp two sections and the Ii

surface is | arkpyersiag showindhigys Sawills nowthe deseribedghiS

ht

recei vi ng
Iyl &g surface

13(c) "shows 5 RSB Teter BODRErbaIpte Ferls v Gepyed $o, Lo HacIBRL1P | our
sections and t ng,g)g%g;egf.ceaw'waza[éaégﬁdﬂé%lawqi%fgéeed-

Fig. 14(d) sh

comprising. information pits was used to perform injection inolding :

so- that the first to fourth substrates 58, 60, 63 and 65 were
manufactured. Each of the first and third substratés 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 nm and the track pitch was 0.8 gmn.

On each of the first and third substrates 58 and 63, there was

formed an Au layer having a thickness of 11 mm by a sputtering
method so that the first and third information_ layers §9 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 of the
first and third s;ul')st;'ates 58 and 63, in order to reduce ﬁe
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
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

second substrates 58 and 63- on the surface thereof.

same when viewed from a position near the light source after



the light receiving surface is divided into four sections and the inner

| i ght receiving surfaces 146b and 146¢c are used. In the case shown in Fig.
14(a) where the light receiving surface is divided into two sections and a
phot odet ector 151 having a large |ight receiving surface is enpl oyed, and
in a case where a focal point exists near focus beam F1 froman information

| ayer, reflected light F2 from another igformation |ayer is nade incident

upon a porti on ashesive—-boading!, ctke \dikgctivnf OF etheTSP11RN06E  theh EnfE¥eiatiSh I O
signal is distorted and, therefore, a focal-point positional error dF
occurs. In the pitseolumont mher@pon!MM faticthe substrates o6k tandt 68 wis? i s used

whi ch has the Ijght rece|V|ng surface divided into two sections and havi ng

a smal |l |ight ria¥erted,yith respect to thatoefithe Sﬁmfeanécseqogdtsmaes 83

f th d. I\/b S f

of “the two- 1 oc 8 B 8370 O ¥he <eidededdf SRESubetates B9 mad fhdrRgM o ¢ ho
posi tions L1; angq b 3ef ﬁ&ﬂfed @3%&(?'[#0@11'(:% o%%dd”ﬂh tk;g Siterilie" ﬂ]gﬁ”

i s enabl ed. However, e real1zed focus pu -I'n Tange

pul I- in range mhthid sbhehat $he Eu0Ad | dhd Eeurth? fatormat 1k QByéﬂ? 61 884 66

receiving surface has a large area. Thus, the operation becones unstable
if the recordi mgrenfidruedi s Toamalked the sklnpe&roﬁ thepiltsrod gthermafrs surface. To

overcone the for?90|ng probl ens, this_enbodi nent.
ecting surfaces after the seoamd:nxlfourth information

-layers 61 and 66 had been formed to bex31mihn?tn those of th;
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 xm.

The first substrate!ﬂlﬁms 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 59. 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 gove the upper-portion support section 61 dovnwards to be
bmoughi into contact with the spacer 79. While applying a load
‘of 8 kg from an upper position to the second substrate 60, it was
1rrad1ated 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 subétrate support
section 72 of the adhesive-bonding apparatus. Then, the resin



enpl oys the photodetector 146 having a light receiving surface divided into
four sections. Note that the |ight receiving surface is forned in such a
manner that the reflected beam F1 fromeither information {ayer is
positioned at substantially the central position of a division |ine between
the light receiving surfaces 146a and 146b and the refl ected beam F2 from
another information |ayer is positione%sat substantially the central
position of capplying oozzle64mas\vased ttoe applphithe emmiyliogtyper dbtesvibdée and
146d. In a case whHere _the di stance between the centers of the reflected

beams F1 and qwring nesdn maferiak 80; $0 fdesuppar: surfpcer ofrithe khird ze of each
of the spots ,of. the .refl]ected, be 1 d E2 on t | i ght receivi '

surface i s LdBEQFH °E4J6€We& he%twg‘iﬂmﬁiﬁ gﬁn’&’gﬂif‘ﬁ%‘i@‘l and

146d is set tQpb Aedt: I e Lot . Eld. 14(c) shows
a focus error slgﬁglgl a case \%ﬁg?ﬁeh%ﬁ Pl% _ r.eggrmdgggug#%&?#é‘di vi ded
into four seqhibaNsRNEldvaLN sctiod!Bs was Wpsratbd db! AEAS thd ffpiepd 1460 ar e
used. Since the light receiving surfaces aré apart fromthe reflected |ight

beams F1 and pe2tiomsupport: sectivhoblatasomoved Gdwivaiydssto b2 briught' gn€olr ve
appears, simlar to the case where one information layer is present. If a

servo oper at [CSAtaat pith Jhgespacers Bpolbile spphuingonclsidof <8 drgalto the

i o mat 1 o ERYEH SHiEEAte O dFPRGTR 1BPEY TRRGLUCt s ARAd B ayer . 1n -

the with light emitted from the light source (the uliraviolet 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 portibn was measured to calculate the difference
from that after 1;he 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 g#m and 53 s«
m, respectively. The accuracy at each measurement position was
within t7xzm. In the foregoing case.- the reflectance of each of
the first and third information layers 59 and 64 at wavelength
of 680 mm was 28.5 %, and that of the second and fourth
information layers 61 and 66 at wavelengfh of 680 nm was 88.7%.
The levels of eccentric.:ity between the information layers of the
first and second mediums 101 and 103 each having two layers were
excellent values, that is, 30 #m and 28 g#m, respectively.

‘Then, the first medium 101 was secured to the substrate support



foregoi ng case, a large range M3 can be obtained as the range in which the
focusing signal is found. Fig. 14(d) shows a focus error signal in a case

where the light receiving surface is divided into four sections and inner

| i ght receiving surfaces 146b and 146c are used. The focus error signal is
simlar to that of the case shown in Fig. 14(b) in which the |ight

recei ving surface i s divided into two s¥ttions and the |ight receiving
surface has seqtdpn & ef. m%édlfﬁﬁiﬂﬁdé@%?&ra%aﬁbﬁn nghe resin applydegi vi ng

surface divi ded &%rqseﬁc&#ons ac% g itgo t hi iﬁl%ﬂ‘gﬁdqlﬁ nt is able to
reallzealar I F&% to the
t f t t

Shown i o E?g'l"é%&h fitin 108!t roré‘%féﬁ%#sﬁééw%%ﬁ%"%vﬁfe
focusing is peld gohrst Bedfu.! o'i'ueweeuahd wb8Hinf 108 s g;ldeéd YncERe signal 149s

fromthe outer |ight receiving surfaces 146a and- 146d of the phot odet ector

146 so that tsubstrate soppordt sectionr 664 of]1tie sdhesive-bondimguspparatpst at i on.
In the foregoing state the foecusing point is p05|t|oned bet ween the two
i nformation | the/\nlevatinn| section &3 was onesated &0 that tbe|wpnert-ocusi ng

Eﬁfcgstenlginzéoé‘ﬁ M&%&&J@Segir atlggyé:dpr’cwt %2 é)ee foc S ggeratl ng
contact with spacer 79. While applying a load of {Okg to 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 material 105 was hardend Thus the first medium 101
and the second medium 103 are adhesive-bonded to each other via
adhesive layer 68. ' o

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 pe;‘fomgd 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 étably performed. An excellent eye
pattern was observed in the reproduced signal from either of the
information layefs. Jitters of each of .the first to fourth
information layers 59, 61, 64 and 66 were measuréd, 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



signal 151s to the switching unit 150. In response to the focus operation
conpl etion signal 151s, the switching unit 150 selects.the difference
signal 148s which is any of outputs fromthe inner |ight receiving surfaces
146b and 146c¢ of the photodetector 146 so that either of the information

| ayers is subjected to focusing. Then, the tracking operation is perforned
in a predetermned region to determn nelffiet her or not the subject

i nformation | dperidisy Wase0 Kibfer 100 henrescand (then| theysigaalomast i on | ayer
which is not the intended, sybj.ect, has be sybj ected to f,ocusing, the focus
j unpi ng ci rcui?i"ﬁ?éyf%\?ggl'f#@&f odtis BnEesid Pt%‘?@o"? tfglesﬁllﬁp@c nf or mat i on
| ayer. During 0Qis I tyChi Ll not
performthe SV\# Cl ?g%&'owg%‘?&m%[}gﬁ@t&e dggglr.‘lsa&(igeghs%ggegéeen di rected
to a struct ur euddinpbnditPbP Y3 ttoes lreshPtal9R AatedfastorySvd e Uni fiibutet hod,

the focusing nethod is not limted to this. For exanple, an astigmatism

met hod may be eonslidgrablel ¢hanfge. astigmati sm nethod is enployed, a
cylindrical lens is disposed at the position of the mrror 144 shown in
Fig. 12 and a Expmpdecd ector 154 having a |light receiving surface divided

into 8 sections as shown in Fig. 15 .is di Sg&)sed ne ,tnge hqQt odet ect or 146.
In the case where thth€ £i SHRusters Of %ﬁplté)\}gj," 1f rom t he

L9 rece vt ahbaP okl Bnen 4 405 00h Fodld Oel B Yellokog] 1
Fecei ving surfReagtABITeE e LrgRTTE ik WARY sl D8 RPN on of the
phot odet ector 146 arfheugfibtssubdtdiate 31 was made of polycarbonate resin and
| having, on the surface thereof, information pits formed in

accordance with EFM modulation to correspond to infomatj.on

sig—nals. The thickness dl of the first substrate 31 was 0.58 mn

and the diametér was 120 mm. The information pits formed on the

surface of the first substrate 31 were arranged in su.ch a manner

that the shortest length of the pit of ﬂe pits formed on its

surface was 0.44 g m, the pitch depth was 90 nm and tﬂe track

pitch was 0.74 £m. A ZnS layer having a thickness of 40 nm 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 poljrcérbonate resin
and had guide grooves for tracking light beams oﬁ 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 um, 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 we1.‘e formed a reflecting layer 180 made of
Al, a ZnS—8102 dielectric—material layer 181, a Ge-Sb-Te



focus error signal is obtained. 86 By enpl oying the foregoing structure,
a stable servo operation for each of plural information |ayers can be
performed while nmai.ntaining the focus pull-in performance simlar to that
obt ai nabl e fromthe conventional structure. The quality of a recording
medi um having plural information | ayers depends upon the irregularity of
the shapes of the information pits or pog de grooves. The quality of the

recordi ng andrecepding¢hiy £ibpalayensi8tpadds ZnSesi0)didicitvitHaaterfial he
intensity distribution of the Iight beans or dispétsion of the sensitivity

‘of the phot od@yertH3 stacked sequentialysf oFlwis,ethesecond dgformatfencr at ed in

the focus error signal or the tracking error signal due to interference
bet ween the i ol 059%33 or change in the thickness of the separation

i the Tocus. cont r dteore SEburRL St Fef oot i the PRI Olue
Cynchr on zat i oaPar | Roehioee 1 dT0 (hE U eS¢ Honlilng Bppridtily S 187 (See
Fig. 11). ForFigxa6p! The aebincapplihgy nozzbel Ga0wae dsed toapply ahe’ ol si gnal
so that focus deviation generated between the layers is corrected.. Also a
fine of fset iultraniedet wurting ttypekresinceatenialsé@tal the upper surfate of
deviation is tfng'r E:ier%tte:(ljﬁfomf?iona?a;e% I:.’.gu m‘rhe 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
to the second substrate 33 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 35 was formed between the first
information la.yer 32 and the second information layer 34. The
mean thickness of the separation layer 35 was 40 #m with an
accuracy of within 8 g« m or better at each measurement
position. Note that the thickness dl of the first substrate 31
was 0.6 mm, which was the optimum thickness of the base for the
objective lens 6 for oonverging thé light beam 7. The
arrangement was dgtermined in such a manner that the optimum
point.was made to be the central positioil 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 31 at a wavelength of 680 nm was 17%.



| i ght convergent state can be realized in each of the information |ayers.
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 froma signal in the output signal 124s fromthe pre-amplifier 124
(see Fig. 12) and 87 relating to the focus control. Thus, a focus
control signal 126s can be obtai ned byl82focus operation circuit 162

t hrough an of f set cdgvonding and aieproducinglof Tafofwationctmiand fromhe 126s
is transmtted to the optical pickup section 113 (see Fig. 11) so that the

voi ce coil 125fqregeing gecording medium yare syaluatediusigg ap optical system
erformed. The_offsel come tion Ckrcui 1. agstructure cgapahl e of
Eetti ng a pl urmés%ﬁg Bﬁgﬁ%s ‘:ﬁe’nﬁ%ﬁﬁsggébt gag %QI "%‘ﬁ%‘ﬁﬁggﬂ from
t he outsi de. [ i f%nss 8 niul&: ' %E%) i ed
to the of fset %go%gﬁaﬂ%c%ﬁ?{’? coﬁrr%ﬁl%gs an igﬁ’%rse ﬁ%}’%t 163
for setting an.gf adfitabletof thidl Dptmai babe flickbeds 0f' 078 wa) Hiyer 2 has

been perforned; and an offset setting unit 164 for setting an offset when

focusing of tlevaleation beingr patfioomed Aaten lineasr welocifyrdb6mefs. ANotd f set
sel ector 165 responds to an output 117s fromthe | ayer selection system 117
(see Fig. 11) that:thehpawer oficther reproduging beamcwas, dr miiwhenethg sdgnaket ti ng

uni t 163 or t r}vteas evaluated. As a result, a stable focusing operation was
berformed with respect to the first and second information layers
32 and 34. Moreover, focus jumping between information layers
was stably i)erformed. 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. pf:ttern was observed in the reproduced signal from
the first information 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 _shorfest mark length of 0.6 um were
recorded on both land portions and groove portions of ﬁe guide
grooves on the second information layer 34. Asa result of
irradiation with light modulated between recording power of 10 mi
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



of fset setting unit 164. On the other hand, the focus operation circuit 162
receives a signal 161s transmtted fromthe offset conpensation circuit 161
and transmts a focus control signal 126s for making the signal 161s to be
zero so as to operate the voice coil 125. The gain setting unit for setting
the gain of a circuit when the focusing operation is perfornmed conprises a
gain setting unit 166 for setting thel®din in the case of the first
informati on |and0.9;% dndtle grooves portium.unThe ¥oregaings tafdrmgtidie gain in
the case of the second information |layer 4. A gain selection unit 168

responds to asigmalpcould he repeateddy | vepeitten.ccNote) thotithe foregodng 38
167, By  enpl GRBCARISE S PR bt BT I5OR WAL, BPFEOR 195 can be
St W T ESPBR phfed BSeitR b Gl BidGaYcr S, A5, Lo the tracking
enabl es reproducti gg %ﬁg{% radrﬁgacgu&l Rt hBCFRBEbAigEd nore

satisfactorily. Fig. cking control section’in detail. As
shown in Fi g.reébording meditinngasraldowed goastantDincahorcambwetned by a

tracking error detection circuit 170 froma signal relating to the tracking
control in arenvirgumenti imahicle shef temperaturs was 8Ci andtheorelativeacki ng
control siong midity vas 80 %0t 160 ihres 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 withoqt
considerable change.
As a result, .it can be _saia that the foregoing method is
an effective method of manufacturing a recording medium having a
plurality of information layers.
Emmple. 5
The specific structure of the optical information
recording medium shown in Fig. 19 and 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 um, the pit depth was 90 nm and the track pitch was 0.74

m. On the surface of the first substrate 31, there wefe formed



a tracking operation circuit 172 through an offset conpensation 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 performned.
The of fset conpensation circuit 171 is structured to be capable of setting
a plurality of offset levels in resde%b to a signal supplied fromthe

out si de. The séquamtiably bygthensputierisgtndthgdoid dielectriicmateriakd to the
of f set conpensatlon CIrCUIt 171 conprlses an of f set iettln un|t 173 for

set]El ng Ejhe ofaven 194wV lﬁ%c'ﬁ?esﬁhﬁ 13405 pm3nd, o 922 has been
1

Focusi ng. of tﬁ%aﬁe@%ﬁe‘%ﬁ% Hayfie, oo fiediess Br a0 el Po g2 be S8, ..

sel ector 175 Le$ROAFSIdcRrfE-nid lt%?ﬁl ﬂli? r (198 EOfu @ Yt €M 117

(see Fig. 11) to transmt an set value of the o?fset settlng unit 173 o
the of fset seyid iade o8InS+810,174S) e FICSErinfonshtioheldyerCl2 Vs

operation circuit 172 recei ved a si gnal 171s transmtted fromthe of fset
conpensati on fommedi.t 171 and.transmits a tracking control signal 127s with
whi ch the signal 171s is made to be zero so that the voice coil 125 is
operated. The gai n Sk Seaepd, substrates3d masgmpde: ofpolyrachonate resitking -

operation is pof b A" BAeS TRIoves ik bk’ 1idit 82:‘1&5 “The second
substrate 33 had a thickness of 0.58 wm and a diameter of 120
me. 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 seéond substrate 33 had, on the surface thereof, a
reflecting layer 198 having a thickness of 50 nm and made of Au,
a ZnS-8i0, dielectric-material layer 198 having a thickness of 50

a Ge-Sb~Te recording thin film layer 199 having a thickness

of 10 nm, a ZI}S—Sipz dielectricmaterial layer 200 ﬁaving a
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 fbrm_ed.

The first substrate 31 was secured to the substrate
support sect;'ion 72 of the adhesive-bonding apparatus shown in
Fig. 6. The resin applying mozzle 64 was used to apply the
ultraviolet curing type resin material 80 to the uﬁper' 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 Gé was operated
to downwards move the upper—portion support section 61 to be
brought into contact with the spacer 79. HWhile applying a load



176 for setting the gain in the case of the first information layer 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 | ayer selection system 117 to transmt a signal fromthe gain setting
unit 176 or the gain setting unit 177. By enploying the foregoing
structure, an optinumtracking state wlOB respect to the two information

| ayers can be toethe Alechnd gubstratec 88 ofiioncan upper spostition,uit wash that the
information pits formed on the first substrate 1 are in the convex form

when vi ewed f riswedigtedi vidn lightyemitited, £rom fhe bight seuragytheci dent, the
truct i t limited to,this. The inf ti i,t be fqrne
concave when JRSTETAIEE amcll < TS, ‘O b eetetgnl diEime harlened
Cncident. Int : : . : : : it
e R ¥ A
simlar eff ectinyggrﬁg{gbnqmy@kng@lﬂdf HskBiid SHPOERa36H Iaieﬁlt)sﬁi ngge .

Specific structures of the information recording nediumw || now be
descri bed. Exawshethiicknest)of thet lSegardtionnldyect 8358 iwas 43qe mparithaen

I nformation recording nediumshow in Fig. 1 and an operation of recording
: accuracy of within £9 g m or better at each measurement

position. - Note that the tﬁickness of each substrate was 0.58

mm. The objective lens -6 for converging 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
forégoing case, the reflect_ance 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 compriéing a ligﬁt source for emitting light having a
wavelength of 680 im and an objective lens having mmerical
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 evaiuated. 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



and reproduci ng the optical information recording nediumw |l now be

descri bed. Pol ycarbonate resin was enployed to formthe first and second
substrates 1 and 3, and a nold having a surface conprising information pits
was used to performinjection nolding so that the first and second
substrates 1 and 3 were manufactured. The first substrate 1 had a dianeter
of 120 nm and a thickness of 1.2 nm ab@6 conprised, on the surface thereof,
‘information phfermatiomdawer i t Antexcablentoeye patsern (wasgobsenyedois3 [err ]

{”ngéPﬁaF: éﬂdﬁgt“m“ﬁs i%%eg%’lﬁf%&&a&xaﬁfgsf“ to%a%m“%i%l o132t e EEM
O

e inens. of Jbtetls BE Sch i wekd 8o, ST T8 ing M Satant °

layer 2 was {gy monT&e PP ni P Slespbot doh itk daRectiTh Hidit Riadpd

t hi ckness as those of the first substrate 1, the second substrate havi ng

i nformati on ok sthiencode signal ofr 811%.t hose of the first .substrate 1. To
make the directions of the spirals of the first substrate 1 and the second

substrate 3 to be EFM signalsihening @ebiortest magkodengtinolipd:6 whinckenene | i ght
beam 7 was made ingident after adhesive-bonding, the direction of.the
spiral of thEegarsiedcen dethntand; po %P%?%Sﬁ”ﬂee ionsof Hbesgridees of

the information pits q the S %#1 Ff s | nverte vvi%h respect to
that of the ¥f s%s fo 8%t hi ckness _of

100 nm by a § {n@h;on@ﬁté&%ememm beVAy uft vas

formed. The In ormatlon pI
and deletion power of 9 mH, 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
5itters 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 thé 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 %, for 100 houres and then the signal was.
similarly evaiuated. As a result, change in the shape was
inhib‘ited. information could stably be reproduced, and the
measurement of jitters resulted in a Satisfactory- ;ralue wWithout
considerable change.
Example 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



91 first and second substrates 1 and 3 were fornmed into concave when vi ewed
froma position at which the pits exist. The first substrate 1 was secured
to the substrate support section 72 of the adhesive-bondi ng 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 |ayer 2. The secb®ll substrate 3 was placed on the
substrate supgesdribed:i on 66a of the adhésive- bondi ng apparatus. Then, the
upper-portion support section 61 was noved downwards by_ the el evation

section 63 to bringThe&iTaksubgtratefl Jas Hpde, of \pokycarbenate rogin end

' th .ond trate 3 f It 1 th | f 5Kk
P Cns 1 adi RGN T B itane ETRRt o #OHE S2B3REs Hhr bistadtne BenkL. o o
| 81. Th h Xy [ t < ti
| ayer 5 havi roeemry TS didHpeS, of di8 £A% iSIEARAte 9, W0 o8 ma Y 7 | OF

layer 2 and t{ig dganseer 6f othebsamky wadVE20 sm. Baher pitdheof dRS gueddondi ng was
performed, the thickness of the inner portion, internediate portion and the
out er porti ongrdovescformetisin dhe surfape wfi the|first asubstdate 4lakasi|1a48 t he
differences fromthose after adhesive-bonding. Thus, -the thickness d5 of

the separati off Mafhe wdthobhghegregve was the halfiof the tragk pitelb erdt he
LI ckness of e aSHRH bRl okAVRL a8 R aRe il kot B i 150 ©°
on the surface thergof. a ZnS-SiOh dielectric—material layer 201
having a thickness of 110 m, a Ge,Sb,Te, recording thin film
layer 202 having a thickness of 10 nm and a ZnS-810, dielectric-
material layer 203 having a thickness of 80 nm stacked
sequentiaiiy. 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 sufface 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 fhe_groowe was 50 nm. On the surface of thé second
substrate 43, there were formed a reflecting layer 204 having a
thickness of 100 nm and made of Al, ZnS-§i0, dielectric-material
layer 205 having a thickness of 18 mm, Geé sz Tés 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, tﬁe second information layer 44 was

formed.



position. The reflectance of the first information layer 2 at a wavel ength
of 780 nmwas 27.5 % and that of the second information |ayer 4 at a

wavel ength of 780 nmwas 91.6 % The |evel of eccentricity between the
information |ayers was 40 [err] m 92 Information was reproduced from
the foregoing recording nediumw th an optical system having a |ight source
for emtting |ight having a wavel engt B08f 780 nm and an objective |ens
adaptabl e to an optTheufirst siberatef41 kashasured €o 2heswidrieyi Nng a
nunerical aperture (NA) of 0.5. A knife edge nethod was enpl oyed to perform

f ocusi ng, whisupparpsestion M2ref ithe adhesivgthopding @pparatusnshowt knng. .
he phot pdet ector 146 shown in Fig. 13 and

Egsrﬁg“ghr?zws%:z of The s S%&%@E@giml«; oS pesBLed deseppl: thh

.. bl _ 14
”Eéh ng = MOEevEiles GRipK R Bk Gal a0 35, it nPoRE Shifnod &Et on
gingn;l.ev\ggr\r/gg?ggij%fg%&sﬁgq suf%?'gi tmgvas cgﬁf%a?%aﬁb %% cﬁsing

oper ati ons mnetwrs‘ubsmaievtﬁﬁporewioﬁcawafftueshdaéﬁv%esaﬂﬁn'?nf or mation
| ayers 2 and 4 and focus junping was stably. perfornmed. Note that the .
polarity of wappaxatuski riieselpwation section 68dvwas toparated ctoi mbv rthei on

| ayers. An excellent eye pattern was observed in the obtained reproduced

si gnal from MBPPF-@Ortion sppRArtysectioncfl downsandsa tonbe drenghty intd-
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 th;—
second information layer 43. The mean thickness of the
separation layer 45 was 40 zm with an.accuracy of {7 gm or
better at each measurement point. Note that the thickness dl of
the first substrate 41 was adapted to be 0.6 mm, which was the
optimum base thickness of the ob,iective' lens 6 for converging the
light beam 7. The disposition 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 usihg an optical
System comprising a light source for emitting light having a

wavelength of 680 nm and an objective lens having numerical



4. Jitters of both signals were nmeasured, thus resulting in excellent

val ues to be obtai ned such that the standard deviation with respect to the
wi dth of the detection wi ndow was 8.4 %in the case of the first
information layer 2 and 8.7 %in the case of the second information | ayer
4. Then, the obtained recording nediumwas allowed to stand in a hot and
wet environnment, the tenperature of wd09h was 80 and the relative hunidity

vwas 80 % f OppéPurdeo s of 0. uRaptablectd Ahel Htiduai bBaded thickpess et . Then,
the signal was simlarly 93 evaluated. As a result, change in the shape
was i nhi bi t e®.6imi,othetevatuationdbeingbper formed pa0dud ingaravelonityxe£ |6 ent

result was obtained in neasuring jitters w thout considerabl e change. As a

result, the méshodiokec8rdi the pevwen ofpthe aeproducing beam ksl o whey ve
et hod for MBS ot 8BS MTEMm I WP Rl o
Eeampl @ 1. poPUeRARe s oRERRn it rpiics pd e LA, il Beclll) Secand
substrates 1 japsrmhtiondager® sl A 480 Mdoreobal S foRiP' jubiel balthesmt i on pits
was used to performinjection nolding so that the first and second ) -
substrates 1 iafiormation dayers wastpsrfédrmddasthblys substrate 1 had a thickness
of 0.58 mm and conprised, on:
signals having a shortest mark length of 0.6 ¢#m were
recorded on both land portions and groove portions of the guide
grooves on the first information layer 42. As a result, an -
excellent eye pattern was observed when the reéording power was
14 mW. The gmplitude of the longest mark 11T was similar to that
obtainable from the first information layer 42. Measured jitters -
resulted in excellent'vaiues such that it was 10.8 % in the land
portion and 11.3 % in the groove portibn.
EFM signals having a shortest mark lenigth of 0.6 xm were
recorded on both land portions and groove portions of the guide
gmmwes<ﬁ5the!xmnmiinﬂxmathnllawn'44. Agta«mihxn:eye
pattern was observed at each portion ﬂhen the recording power was
18 mH. Measured jitters resulted in 11.7 % in the land portion
and 12.1 % in the groove portion which_wére lower than 13 % which
was one reference for reprbduciﬁg information. Thus, it was
confirmed that information could satisfactoriiy reproduced.
An experiment was performed such that the foregoing
recording medium was all&wed 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



the surface thereof, information pits arranged such that the shortest pit

|l ength was 0.5 [err] m the pit depth was 90 nmand the track pitch was 0.8
[err] m On the first substrate 1, there was forned an Au | ayer having a

t hi ckness of 11 nmby a sputtering nethod so that the first information

| ayer 2 was formed. The second substrate 3 had the sane thickness as that
of the first substrate 1, the second sub¥rate 3 having information pits in
t he sanme form sshiblited, dbftrhation stouddbstabdycbd repooduded, tamel dheect i ons of
the spirals of the first substrate 1 and the second substrate 3 to be the
sane when vi ewnepsurement psiitters mesnlted in; grsatisfaclorys vyalue without

adhesi ve- bondi na! Ihg'%}ﬂ: rection of the spiral of the projection and pit

col um when vi % rfaces of the information pits of the second

bstrate 3 i a0 Gt VLST. 1. A
a0t mvas f i Erbit, | £6 5 bl kliCtut the Sdehbd'ackbilad e -
met hod S0 t hat tid pré@af Snvt96n D 8 &FHERitive Wethéd OFelanufactiking! B¢ Shape

of the pit on the main reflecting surface after.the second information

| ayer 4 had bepecordiug tietliuzb hasing baplivaliitptof finfomaftiostlayebsirate 1, the
| ength of the shortest pit of the pits to be forned on 'the surface of the
second substrate 3 was nade to be 0.6 [err] m However, the pitch of the
pits and the track pitch were the sane of those of the first substrate 1.
The first substrate 1 was secured to the substrate support




section 72 of the adhesive-bondi ng apparatus shown in Fig. 6, followed by
using the resin applying nozzle 64 to apply the acrylic type ultraviol et
curing resin material 80 to the upper surface of the first information

| ayer 2. The second substrate 3 was placed on the substrate support section
66a of the adhesive- bondi ng apparatus. Then, the upper-portion support
section 61 was noved downwards by the gljevati on section 63 to bring the
same into contact with the spacer 79. Wile gressLn t he second substrate 3

from an upper posit}on wARhappagdsofog ngnutactyrdng, a1 PRI th | i ght
emtted fromthe [ight source (the ultraviolef |anp) 81. Thus, the resin
material 80 ’Wérﬂﬁfg‘é‘héﬁcgﬁwétmeﬁwmsgﬁﬂpﬁﬁ 1ayer 5 having a thickness
of d5 was forned bgt th I rsSt L O t.ne segond

i nformation | ayer .&§%$5F86§ﬁgnéﬁﬁ@%&gggg%%ﬁﬂﬁgﬁ%gé %%ﬁ@@?ﬁ@@,at irst

t hi ckness oflhﬂﬁfggger portion, internediate portion and the outer portion
of each subgirate are previously neasured to calculate the differences from

those after adhesi yeshoydl gqbsglggl‘?aes\e,h@o}@ S&OEo Gﬁsﬂ&sé@%&?ﬁéﬁ?&céﬁf

| ayer 5 was obtained. As a the nean valle of the t ness of

the separ atipirdta%abstrat@ds sippbRf 'dedBivint Boads €S Wupphrefa Sdconll m or |ess
at each neasurenent position. The reflectance of the first information

| ayer 2 at asulmstslaeegth of 680 nmwas 28.2% and that of the second
i nformation
an applying section for applying a resin layer to the
- upper surfaces of said first substrate or said. second sub;trate:
a spacer disposed on a plane on which said first substrate
support section and said second substrate support section face
each other, said spacer being disposed outward from said first
and second substrates; and - |
a pressing section for elevating said first substrate
support section or said second substrate support section and
pressing said first and second substrates.

2. The apparatus for manufacturing an optical
information recording medium according to Claim J..'furthef
comprising a light source disposed opposite to.a surface of said
first substrate support section which is in contact with said
first substrate, wherein said first substrate support section is
made of a material which permits penetration of a portion of
light emitted from said light source.

3. The apparatus for manufacturing an optical
information recording medium according to Claim i , wherein each
of said first and second substrates has a central opening in the
center thereéf and concentric circula? or spiral information pit

columns or guide grooves on either surface thereof, and a center

I




| ayer 4.at a wavel ength of 680 nmwas 89.6% The |evel of eccentricity
between the information | ayers was 35 [err] m Information was reproduced
fromthe foregoing recording nmediumw th an optical system having a |ight
source for emtting light having a wavel ength of 680 nm and an objective

| ens adaptable to an optinmum thickness of the base of 0.6 mm and having a
numer i cal aperture (NA) of 0.6. A simphar servo nethod to that enployed in

Exanple 1 wa | oyed: a result .co rrred table focusing
oper at i ons R@st Sgg %’@ﬁ%tﬁ?ﬂe&’ tﬁ ﬁ%ﬁ%&ﬁd * tion
| ayers 2 ang e abl
porfor med. FCEARRLOT Y bﬁ?@rﬂ%@ P pUIRE oy %’0{]8’*2?%%%{*% éﬁb%\iriat?# ’
between th eyﬁ?,o begied: 1 N

t he obt ai ng%{repr&gz%ce Sl gna tr%pent:al;o%t‘ahhe?(tl h irag%ﬁan ser’:‘%ngﬁt

i nformati orpdcayiaed forit 4ea§t L ofokaifef PR subsitdhte WRIpPoFRASSEETbn t hus
resulting in excellent values to be obtained such that the standard

devi ati on vérd sag8PSedord subStIa €l Buiporitesgetiai.i on W ndow was 7.6 %in

the case of the first information Iayer 2 and 8.0 %ln the case of the
second information, I aye 4 Then obt F&ﬂ: m was al | owed
to stand in a hot €¢ “(ﬁn‘}%? enper a re o Q::agh was

§2£?5:%%3@@?@#@&&@&#@%%% b oy YlRIONT S eithagved oY

comprising first and second shaft sections respectively disposed

on the central axes of said first and second substrate support
sections; and first and second inner-portion guide sections each
having a tapered portion having one end larger than said central
opening of said substrate and another end smaller than said
central opening of said substrate, said first and second inner-
portion guide sections being capable of moving along said first

and second shaft sections.

5. The apparatus for manufacturing an optical
information recording medium according to Claim 4 , wherein a

projecting tapered section is formed on the leading end of one of

said first shaft section and said second shaft section, a
recessed tapered portion is formed in the other leading end, and
said projecting tapered portion and said recessed tapered portion
determine the relative position of said first and second

substrate support sections.

[
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96 evaluated. As a result, change in the shape was inhibited, information
could stably be reproduced, and an excellent result was obtained in
measuring jitters wi thout considerable change. Exanple 3 An exanple of a
recordi ng nmedi um having four information |ayers as shown in Fig. 5 will now
be described. Siml-arly to Exanple 1, polycarbonate resin was enployed to
formthe first to fourth substrates 58, 60, 63 and 65, and a nold having a
surface conprising information pits wggsused to performinjection nolding

so that the firstorackUNFORMAYION' RECORDIRG MEDIURS 1AMIFACTURERE Mphact ur ed.

Each of the first and third substrates had a thi ckness of 0.58 nm and

conpri sed, on thheTHEGEFQRe MANUFACTURING APRARATUR (FHEREEQR, o AJBH GRKIGAEhat t he

shortest pit |eng oRasT m{ﬁuﬁ ' t 0 nmand the track
pitch was 0.8 [ew*%kln 5§Neac k%* e ?@F@?ﬁ%ﬁﬁ?t ITd substrates 58 and 63,

there was fornmed an Au | ayer havi ng aABSERACWmess of 11 nm by a sputtering
nmethod so that the first and third information | ayers 59 and 64 were
formed. Each of the second and fourth substrates 60 and 65'had a thickness

Subsi rat s 58 and 55 41 el irddied wRifduk aeilin tekind st dues
recordi ng Megidi Thebhiitian ek foéqa n p|tsP?| Mol AT %Q'ngaﬂﬁ% Eg rth _

substrates 60 and 65 having'in aV|ng safe “sha
t hose of t heof |morm1ﬂoﬁqﬁmdc6n%bbaamg&8 SREbIRAtO6n 91gnS1K el ther eof .

To make the directions of the spirals of the first and second substrates 58
formed on a surface of a first substrate (1). A first
information layer (2) fﬁrmed 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 la§er (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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and 63 and the second and fourth substrates 60 and 65 to be the sane when
viewed froma position near the |ight source after 97 adhesi ve- bondi ng,
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 forned to have a thickness of 100 nm by a sputtering

nmet hod so that the second and fourth information | ayers 61 and 66 were
formed. . To nake the shapes of the pitl3/@1 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
shortest length of the. pitognong te pAjs <0 be forned on the surfaces of
the second and fourth substrates 60 ,and 65,was nmade to be 0.6 [err] m The
first substrate 58 was securgd todtfde/su rate support section 72 of the

adhesi ve- bondi ng appar at us shown 19g./6. The resin applying nozzle 64
was used to apply the acryij i ing resin material 80 to the
upper surface of the first{lnfjér i er 459. The second substrate 60
was placed to the substrat up Z1 o §6a of the adhesive- bonding
apparatus. Then, the el evall o' sejyy 6, operated to nove the
upper - portion support sect 6" dgt @ be brought into contact with

the spacer 79. Wile applyfn I
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of 8 kg from an upper position to the second substrate 60, it was
irradiated with light emtted fromthe Iight source (the ultraviolet |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 appl ying nozzle 64 was used to apply the acrylic type
ultraviolet curjng resin material 80 Rg2the upper surface of the third
information |ayer 64. The fourth substrate 65 was placed on the substrate
support section 66a of the adhesiye-pgndhgg apparatus. Then, the elevation
section 63 was operated so~fhat t-ie opperd portion support section 61 was
noved downwards to be brought intqQicodtggt with the spacer 79. Wile

applying a load of 8 k ate 65 from an upper position,
it was irradiated wthf{N ghty em\it frpmthy |light source (the ultraviol et
| anp) 81 so that the rgsN\n r haNdened. Thus, a second
separation |layer-67 wap foynegy NetQee he thi information | ayer 64 and
the fourth information}l ayér ? or € adngsi ve-bondi ng operation was
performed, the thickneps o} eac hgyi nner pqrtion, the internediate
portion and the outer portjon S ed to c3dlculate t di fference from
that after the adhesivge-bopdi ceqg\Y.Thus, - the -
Ny
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t hi cknesses of the first and second separation |ayers 62 and 67 were
obtained, thus resulting in that the nean thicknesses of the first and
second separation layers 62 and 67 were 50 [err]mand 53 [err] m
respectively. The accuracy at each measurenent position was within
[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 |layers 61 and 66 at

wavel ength of 680 nmwas 88. 7% The |8yells of eccentricity between the
information |ayers of the first and second nediuns 101 and 103 each having
two | ayers were excellent values, that is, 30 [err] mand 28 [err] m
respectively. Then, the first medium 101 was secured to the substrate

support 99 section 72 of the adhesive-bonding apparatus. The resin
appl ying nozzle 64 was used to ape he—ac -G pE—L avi ol et curring
resin material .105 to upper .s gce of the second substratg 60 of the first
nmedi um The second medi um 108 waq. pl aced on the substy4 supB8rt section
66a of the adhesive;bondi g _appadat hen he—e#vat oAt secti on 63 was
operated so that t hd3uppe - portijon support =% nas) noved downwar ds
to be brought into contack with gpacer_79 ;ugﬂ,ﬂ? I of 10kg to
the second medi um 103 frgm an upger Aosjti g~y rag) ated”with
enl arged |ight beam 106 ¢nittee 8)s%p that the resin
materi al 105 was har dend. T--/’ J &
T 72 O L - 3
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and the second nedi um 103 are adhesi ve-bonded to each other via adhesive

| ayer 68. Information was reproduced fromthe foregoing recordi ng nedi um by
the optical-systemsimlar to that enployed in Exanple 2 and the servo

met hod. It was confirnmed that a stable focusing operation was perforned
when two information | ayers were reproduced fromeither of the surface of
the first and third substrates 58 and 63. Moreover, focus junping between
the information | ayers was stably perfornmed. An excellent eye pattern was
observed in the reproduced signal fromeither of the information | ayers.
Jitters of each of the first to fourtf/Rhformation layers 59, 61, 64 and 66
were nmeasured, thus resulting in excellent standard deviations with respect
to the detection windowwidth of 7.9 % 8.3 % 7.9 %and 8.2 % An
experinment was perforned such that the foregoing recordi ng nedi um was
allowed to stand in a hot and yet environment in.-which the tenperature was
80[err]C and the rel ative q0 hum dity was 80 % f 100 houres and then

the signal was simjgqrly al ugted. As a result ge Th—ﬁﬁe.shape was
I5¢ measur enent  of

i nhi bited, informtfon uld stjably be repr ce nd t
jitters resulted in a“¥ati sfactjory val ue t hout cot;}dérable change.
Exanple 4 e d43
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The specific structure of the optical information recording medi umshown in
Fig. 18 and recordi ng and reproduci ng operations with the foregoi ng nedi um
wi |l now be described. The first substrate 31 was nade of pol ycarbonate
resin and having, on the surface thereof, information pits fornmed in
accordance with EFM nodul ation to correspond to information signals. The

t hi ckness d1 .of the first substrate 31 was 0.58 nm and the dianeter was 120
nm The information pits formed on the surface of the first substrate 31
were arranged in such a manner that the shortest length of the pit of the
pits formed on its surface was 0.44 [emsykim the pi.tch depth was: 90 nm and
the track pitch was 0.74 [err] m A ZnS layer having a thickness of 40 nm
was formed on the surface of the first substrate 31 by the sputtering

met hod so that the first information |ayer 32 was forned. The second
substrate 33 was made of pol ycarbonate resin and had gui de grooves for
tracking light beans on the surf1g§ t her 8%. EQ@ econd substrate 33 had a
t hi ckness of 0.58 mm and a {Ba@wégﬁgé I{ﬁ(gggﬁtch of the guide
grooves forned on its surfaceg wag {.¢8 fenr the, wi dth of the groove was
the half of the pitch, and t{fle dgil f* {g 0’/ OVt he surface of the
second substrate 33, therg—ware PRHEAA il e g layer 180 nmade of Al, a
ZnS-Si Jerr] dielectric- :’:Hi 4l ﬁh- ‘ bb- Te 101 recording .
thin filmlayer 182 and a|znZ's .f,‘!’
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| ayer 183 stacked sequentially. Thus, the second information |ayer 34 was
formed. The first substrate 31 was secured to the substrate support section
72 of the adhesive-bondi ng apparatus shown in Fig. 6. The resin applying
nozzle 64 was used to apply the ultraviolet 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
adhesi ve- bondi ng apparatus. Then, the el evation section 63 was operated to
downwar ds nove the upper-portion support section 61 to be brought into
contact with the spacer 79. Wile applying a load to the second substrate
33 froman upper position, it was irrdffdlted with light emitted fromthe
| i ght source (the ultraviolet Iang; 81. Thus, the resin material 80 was
hardened so that the paratggn | ayer was fornmed bg the first
informati on | ayer 32farjd t hee«dgecond infornation |ayer §34. fhe nean
thickness of the sepdrdtion layer 35 was J40 [err] mwjth ah accuracy of
within [err]8 [err] dqr bettel at each i pn. Note that the
t hi ckness dl of the §inst substrate 31 Wg s the optinum

t hi ckness of the bas fror—te qu ecttve—t
ntf was determ ned in

r t hhtts he optlnum

beam 7. The arrange
poi nt was made ft-0- befthe-centrah posi tdpwﬁ-rhem ati oph Payer 35. In
the foregoing dase, {hq deflectdnce ofttlie t jnfoldutTPh layer 32 at a
wavel ength of d80 nm % agetThe r¥fl | 8he pecond
i nformation |ayjer 34 gngth of &8 q
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102 Recording and reproducing of information to and fromthe foregoing
recordi ng medi um were eval uated using an optical systemconprising a |light
source for=emtting |ight having a wavel ength of 680 nm and an objective

| ens havi ng nunerical aperture (NA) of 0.6 adaptable to the optinum base

t hi ckness of 0.6 nm the evaluation being perforned at a linear velocity of
6 mMs. Note that the power of the reproduci ng beamwas 1 mWN when the signal
was evaluated. As a result, a stable focusing operation was perforned with
respect to the first and second inforjmgtion |ayers 32 and 34.. Moreover,

" focus junping between information |a was stably perforned. As the
tracki ng nmethod, a phase difference nmethod which is suited to the
reproduction of a information pits with a narrow track pitch, was used for
the first information |ayer 3%n arsh a paph-pul |l nethod, which is suited to
a guiding groove, was used foﬁxlth§ec information |ayer 34. An
excel l ent eye pattern was o produced signal fromthe first
information |ayer 32. Jitterjs of Jach mark Jere -neasured, thus resulting in
a standard deviation of jittlers thi respectf to the detection wi ndow wi dth
for the code signal of 8.4%| EFMsi ghal s -hajing a shortest mark |length of

0.6 [err] mwere recorded onf botW | ajid portijons and groove portions of the
gui de grooves on the secondiiggqg n layqgr 34. As a result of
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irradiation with |ight nodul ated between recordi ng power of 10 mW and

del etion power of 5 nmW excellent eye pattern was observed in each case.

The anplitude of the |ongest 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 103 and 9.5 %in the groove portion.
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 perforned such
that the foregoing recording medi um wggagllowed to stand in a hot and wet
environnent in which the tenperature was -80[err]C and the relative humdity
was 80 % for 100 houres and then the signal was simlarly evaluated. As a
result, change in the shape was inhi.bited, information could stably be
reproduced, and the nmeasurenment of jitters resulted in a satisfactory val ue
W t hout consi derable change. As a result, it can be said that the foregoing
met hod is an effective method of nmanufacturing a recordi ng nedi um having a
plurality of information |ayers. Exanple 5 The ‘'specific structure of the
optical information rébordlng-nadpunhshomnlln Frg5 19 and operations for

recordi ng ! L
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and reproducing information to and fromthe sane will now be described. The
first substrate 31 was nade of pol ycarbonate resin and had, on the surface
thereof, information pits formed in accordance with EFM nodul ation to
correspond to information signals. The thickness dl of the first substrate
31 was 0.58 mm and the dianeter of the sane was 120 nmm The shortest

| 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 substrate93 1 there were forned 104 :
sequentially by the sputtering method, dielectric-material |ayer 194

havi ng a thickness of 140 nm and nade of ZnS-SiJerr], a dielectric |ayer
195 having a thickness of 30 nmand made of SiJerr] and a
dielectric-material |ayer 196 having a thickness of 140 nm and nade of
ZnS-SiJerr]. Thus, the figpst information |ayer 32 was fornmed. The second
substrate 33 was madedfrIpadythronat e resi ntAnd YN gui de grooves f.or
tracking |ight beans. Q doypd substrate 33ghad'M tM ckness of 0.58 mm
and a dianeter of 120 pyprreyy pt ok of the g ; es fOrnmed on the .
surface of the second 3was 1. T [¢ d thejdeprh of the
groove was 50 nm The s%ate 33 ha;q surfice®Lhereof, a
reflecting | ayer 198 | i CKness of 5 oD
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a ZnS-Si 2 dielectric-material |layer 198 having a thickness of 50 nm a
Ge-Sb-Te recording thin filmlayer 199 having a thickness of 10 nm a
ZnS-SiJerr] dielectric-material |ayer 200 having a thickness of 20 nm and
a semtransparent reflecting layer 201 having a thickness of 14 nm and nade
of Au, stacked sequentially. Thus, the second information |ayer 34 was
formed. The first substrate 31 was secured to the substrate support section
72 of the adhesive-bondi ng apparatus shown in Fig. 6. The resin applying
nozzle 64 was used to apply the ultraviolet curing type resin material 80
to the upper surface of the first infod@2don | ayer 32. The second
substrate 33 was placed on the substrate support section 66a of the

adhesi ve- bondi ng agggar at us. Then, &he el evati esr section 63 was operated to

downwar ds nove the spper-portion sufgort sectiﬁq 61 to be brought into
contact with the'spageen79. Wil I m 105 to the second
substrate 33 fromoaMouPer posit kONgoi Wg% _ ted with light emtted
ey 9L, f Thugg the resin material
as Cor bet ween t he

t hé separ apiok

\ .1/
1€ il (531
32 and t h¢g n-:d'kv‘ at i oh3l ayer 34. The nean
i | ayer |38 7’1"1,!' '}ffJ ﬁwf"‘[‘h @ accuracy of
Yetter at (3 i({;" BNnie positTon. Note that the
ate was O. liﬁﬁ .
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mm The objective lens 6 for converging the |ight beam 7 was adapted to an
opti mum base thickness of 0.6 mm The arrangenent was determned in such a
manner that the optinum point was made to be the central position of the
separation layer 35. In the foregoing case, the reflectance of the first
information | ayer 32 at a wavelength of 680 nmwas 17 % and the refl ectance
of the second information |ayer 34 at a wavel ength of 680 nmwas 45 %
Recordi ng and reproducing of information to and fromthe foregoing
recordi ng nmedi um were eval uated by using an optical system conprising a
light source for emitting |ight havi nfl&Wavel ength of 680 nm and an
obj ective | ens having nunerical aperture (NA) of 0.6 adaptable to the
opti mum base thickness of 0.6 nm the evaluation being perforned at a
linear velocity of 1.3 m. Notfe that the powpr of the reproduci ng beam was
1 mWwhen the signal was fvaludted. As a resujt, a stable focusing
operation was perforned th rqspect to the fJjrst-and second information
| ayers 32 and 34. Nb&e r, fegqus junping bebjeen information | ayers was
stably performed. As tradajm]nethod, aS% ase difference nethod was
used for the first i ; r 32 _and push-pull nethod s used
for the second - 10@¢-information |ayer 34. An excellent eye pattgrn was
observed in the repr¢duced signal fromthe first information |ayer] 32.
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deviation of jitters with respect to the detection w ndow wi dth for the
code signal of 8.1% EFM signals having a shortest mark length of 0.6 [err]
m were recorded on both | and portions and groove portions of the guide
grooves on the second infornmation |ayer 34. As a result of irradiation with
| i ght nodul ated between recordi ng power of 19 nWand del eti on power of 9
MV excellent 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 inB.23 % 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 performed such that the
foregoi ng recording nmediumwas 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 simlarly evaluated. As a
result, change in the shape was inhibited, information could stably be
reproduced, and the neasurenent of jitters resulted in a satisfactory val ue
wi t hout consi derabl e change. Exanpl e The speqific structure of the
optical information recordi ng nedcmm shown in Hig. 20 and operations for
recordi ng and reproducrng i nf or maf¥¥—p aQQ frjomthe same w I'l now be
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107 described. The first substrate 41 was nade of pol ycarbonate resin and
havi ng, on the surface thereof, guide grooves for tracking |ight beans.

The thickness of the first substrate 41 was 0.58 nmm and the di aneter of the
same was 120 mm The pitch of the guide grooves fornmed on the surface of
the first substrate 41 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 The first
substrate 41 had. on the surface thereof, a ZnS-SiQ2 dielectric-materi al

| ayer 201 having a thickness of 110 nm a Ce[err]Sb[err] Te[err] recording
thin filmlayer 202 having a thickne$3/31 10 nmand a ZnS-Si Q2 diel ectric-
material |ayer 203 having a thickness of 0 nm stacked sequentially. Thus,
a reloadable first information |ayer 42 s fornmed. The second substrate 43
was nmade of pol ycarbonat e esSi and™ fad; ™ i TNHE surface?t hereof, gui de
grooves for tracking |ight beans. The phtrCkmgss of the $econd substrate 43
was 0.58 nmm and the dianmeger of the sajre was {126-mm The pitch of. the guide
grooves formed on the surface of the spcond qud€rate 43 was 1.48 [err] m
the width of the groove s the half of the f*ack pitchtand the depth of
the groove was 50 nm On yhe surfadé of the 4econd subs;rate 43, there were
formed a reflecting | ayer1204 havirfg ajthi ckgqess of 100; nm and nmade of Al,
Zns-si(err] dielectric-nmhterial |dyerf205 hgving a thitkn of 18 nm
Ge[err] Sb[err] Te[err] recordi ngtjhi n—fT§mTayer 206 hﬁﬂPﬁgga t hi ckness of
25 nmand zZnS-Siqerr] w '
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dielectric-material |ayer 207 having a thickness of 110 nm st acked
sequentially. Thus, the second information |ayer 44 was forned. 108 The
first substrate 41 was secured to the substrate support section 72 of the
adhesi ve- bondi ng apparatus shown in Fig. 6. The resin applying nozzle 64
was operated to apply the ultraviolet curing resin material 80 to the upper
surface of the first information |ayer 42. The second substrate 43 was

pl aced on the substrate support section 66a of the adhesive-bondi ng
apparatus. The el evation section 636935 operated to nove the upper-portion
support section 61 downwards to be t into contact with the spacer 79.
Wil e applying a load to the second substrate 43 from an upper position, it
was irradiated with light emtted fromthe |ight source (the ultraviolet

| anp) 81. Thus, the resin material 80 was hardened so that the separation

| ayer 45 was fornmed between the first information |ayer 42 and the second
information | ayer 43. The nean thickness of the separation |ayer 45 was 40
[err] mw th an accuracy of [err]7 [err] mor better at each nmeasurenent
point. Note that the thickness dl of the firsfgsubstrate 4 was adapted to
be 0.6 mm which Mﬁs the optinum base thickn of the obgective lens 6 for
converging the light beam 7. The disposition mn} determ n&l such that the

-foregoi ng opti mum Roi nt was naﬁé to be the centgrahgp iron  of
v — 1
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the separation |layer 45. In the non-recording state (a crystal state) , the
reflectance of the first information |ayer 42 was 19 % the transmssivity
was 40 % and the refl ectance of the second infornmation | ayer 44 was 17 %
Recordi ng and reproducing of information to and fromthe foregoing
recordi ng nmedi um were eval uated by using an optical systemconprising a

| i ght source for emtting |ight having a wavel ength of 680 nm and an

obj ective | ens having nuneri cal 109 aperture (NA) of 0.6 adaptable to

t he opti num base thickness of 0.6 mm the evaluation being perforned at a

| inear velocity of 6 mls. Note that thesjgmer of the reproducing beamwas 1
mV when the signal was evaluated. As a result, a stable focusing operation
was performed with respect to the first and second information | ayers 42
and 44. Moreover, focus junping between information |ayers was perforned
stably. EFM signals having a shortest mark length of 0.6 [err]  mwere
recorded on both |l and portions and groove portions of the guide grooves on
the first information [ayer 42. As a result, an excellent eye pattern was
observed when the recordi ng power was 14 mW The anplitude of the |ongest
mark 11T was similar to that ohhinable Fomthe first information |ayer

42. Measured jitters resulted igmexcell egh val ues such that it was 10.8 %
in the land portion and 11.3 96?@ t he gr%?ve portion. '
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EFM si gnal s having a shortest mark |l ength of 0.6 [err]mwere 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

porti on when the recording power was 18 nmW Measured jitters resulted in
11.7 %in the land portion and 12.1 %in the groove portion which were

| ower than 13 % whi ch was one reference for reproducing information. Thus,
it was confirmed that information could satisfactorily reproduced. An.
experiment was perforned such that tHé A2 egoi ng § ecordi ng medi um was
allowed to stand in gfhot and wet environnment in ich the tenperature was
80[err] C and the reEg ive humdity was 80 % for houres and then the
signal was simlarly-¢valuated. As a result, chafjge in the shape was 110

inhibited, infornaiid
jitters resultedtin a
result, it can bg saifl thattifé ng
is an effective nethofl of ryf act
plurality of infdrmatfon |ayejs.

opti cal '

satisfactory val ue w thout jconsi derabl e* change. As a
t hod acegrdi ngfto the present invention
uring a%®ecordigng nedi um having a

1. An fdpparafus for manufacturing an
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i nformation recording nmedium conprising: a first substrate support section
for supporting a first substrate; a second substrate support section -

di sposed to face said first substrate support section so as to support a
second substrate; an applying section for applying a resin layer to the
upper surfaces of said first substrate or said second substrate; a spacer
di sposed on a plane on which said first substrate support section and said
second substrate support section face_ each other,, said spacer being

di sposed outward frgmsaid first and 34é8hd subdtyates; and a pressing
section or said second

section for elevatitRg said first substrate supp ?Ea
substrate support §E¢tion and pressing said firdt—and second substrates. 2.
The apparatus fqr- mapufact uci-ng- an opti.cal - kpf ti-on- £ ecordi ng nedi um
according to Caim1ly further conprisiing a Iight source dlsposed opposite

to a surface of ;said

wWth-said first «subs « iph said fffst s@bstrate support section is
made of a materilal i i i

fromsaid |ight ,sour
information recordin;
first and second subjp
concentric circular pr
ei ther surface therepf,

f or §manuf acturing an opti cal
to ai mhereln‘each of said

al openfng {n ohe cen{er t hereof and
ht ifon pj t Cor guv%% grooves on.
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112 position correction section for nmaking the central axes of said
informatjon pit colums or guide grooves of said first substrate and said
second substrate to coincide with each other ‘is further provided for at

| east one of said first substrate-support section and said second substrate
support section. 4. The apparatus for nmanufacturing an optical

i nformation recordi ng nedi um according to Claiml , further conprising
first and second shaft sections respectively disposed on the central axes
of said first and second substrate ssf@ %.sections; and first and second

i nner-portion guide sections each ha ré? tapered portion having one end

| arger than said central opening of said substrate and another end small er
than said central opening of said substrate, said first and second inner-
portion guide sections being capable of noving along said first and second .

shaft sections. 5. The apparatus for nmanufacturing an optical
i nformati on recordi ng nedi u C di tg i " wherein a projecting
tapered section is formed on e adjf o] of said first shaft
section and said second shaf ct oM, r S t r@B8 portion is formed
in the other |eading end, anfl sz ] I t . pﬁzﬁion and said
recessed tapered portion det 1 t reldti ! said first and
second substrate support secjNons: 181
| 182 4
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R 113 : ' )
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 correspondipg to information signals are
formed on a surface of a first substrate (1). A first
information layer (2) f(;rmed 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 ix;formation
-signals are formed oﬂ a surface of a second substrate (3). A
second information la;er (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 i.s formed a
transparent separation layer (5) fof positioning the first
information layer (2) and the second information layer (4) to be

spaced a predetermined distance apart from each other.

FIGURE 1

T REPLACEMENT SHEET
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