OPTI CAL RECORDI NG MEDI UM AND OPTI CAL DI SK APPARATUS BACKGROUND Fi el d of the
"I nvention: The present invention relates to an optical recordin zj S?
having at |east one |ight transm ssive |ayer having an infornatio?@ 622925*
recording layer and formed on one main surface of a substrate and usedefor
reproduci ng information by irradiation of reproduction light froma lLdng§
transm ssive | ayer side. Mdre particularly, the present invention rel at

to an optical recording mediumwhich cah have a | arger capacity by
determining a relationship anong a thickness of the |ight transnisEVQe

| ayer, a thi cknesSPTH Ve RECORDING JMERF UM ANBOBRICAINPISK BAPPARANUS]| ¥k
apparatus for recording or recording and reproducing the optical recording
medi um Background of the Invention: An optical recordi ng medi umon one

si de of which an NTSC signal data of EHétﬂHHgs anount can be recorded and
reproduced has been proposed as that for ? e next generation. Use of this

proposed opticd oFedh8 M dmWona hone-use video disk recorder to record and
reproduce data for four hours, thereby the above optical nedium having a
function of a new recrhalipresendi inverticn calabes replaaceptitidh rectaaiagt e
used in a current video cassette recorder (VCR). Since the above optical
recordi ng rRediwn havingecatdeasihope hightitzansmisspwetlajeschaeh)g ame above

optical recprdin di um can be_a product_ which prevents even a user who
aPe 1nf%rﬁgtggn recor&ing laygr and formed og one main surface of a

substrate and used for reproducing information by irradiation of
reproduction light from a light transmissive layer side.

More particularly, the present invention relates to
an optical recording medium which can have a larger capacity by
determining a relationship among a thickness of the light
transmissive layer, a thickness unevenness, a skew and so on,
and an optical disk apparatus for recording or recording and
reproducing the optical recording medium.

Background of thé Invention:

An optical recording medium on one side of which an
NTSC signal data of four hours amount can be recorded and
reproduced has been proposed as that for the next generation.

Use .of this proposed optical medium allows a home-use
video disk récorder-to record and reproduce data for four hours,
thereby the above optical medium having a function of a new
recording medium which can be replaced with a cassette used in a
current video cassette recorder (VCR).

Since the above optical recording medium has the same
shape and size a compact disc (CD), the above optical recording

medium can be a product which prevents even a user who are



2 accustoned to easy handling and operability of the CD fromfeeling
‘storage. Mreover, if a fast access which is a nost inportant feature of

t he above optical recording nediumis utilized, it is possible to realize a
product which not only serves as a small- sized and easily operable
recorder but al so has various functions such as video recordi ng, playback,
atrick play, edition and so on that cap be carried out instantaneously.
Real i zati on of such product requires a Storage capacity of 8 GB or |arger
However, there has been no optical recording nmedi um whi ch has a

si ngl e- | ayeactusimmed: toneasy drandigngaged epenabjdityeofithe £Rdfrem have a
storage capacity of 8 GB or larger. A previously proposed digital versatile
di sc (DvD) FeRl¥n%StPaggecapacity of 4.7 GBin an area of an infornation
recording portion, i.e., an area rapgi,ng froma rtion a from I sk
center by 24 (m) to gpfﬁﬁ Einlgmﬁyggﬁé%5¥%ﬁﬁ139£§%'T%ﬁ§n¥%¥a}@ﬁ%ﬁy di us
direction g rd e 11e51 O 8 : ls rsdur e
(NA) s orgaefhd P Rt ore e doal e el Bl i 8 P Hahge

of a signal pbseitlle TdCeabizd £produet wikidh QivotC odRy (Sbives asNadsthflli-ON
system and the |ike, establishment of the follow ng equation (1) is
required fosizedlandaeashlyfoperabdeagecenderihut @llse I8 oradighuger. 4.7 x
(0.65/0.60 x NA/[err])2 [ery According to the

F

8 , (1
above equat feRelions gugh, ag yideo gerprding, playback, a dr{ok play,

edition and so on that can be carried out instantaneously.

Realization of. such product requires a storage
capacity of 8 GB or larger.

However, there has been no optical recording medium
which has a single-layer information recording layer only on one
side and can have a storage capacity of 8 GB or larger.

A previously proposed digital versatile disc (DVD)
has a storage capacity of 4.7 GB in an area of an information
recording portion, i.e., an area ranging from a portion away

from a disk center by 24 (mm) to a portion away therefrom by 58

(mm) in a disk radius direction when a wavelength A is 0.65 um

and a numerical aperture (N.A.) is 0.6.

if a larger storage capacity is desired without any
change of a signal format such as an error correction code
(ECC), a modulation system and the like, establishment of the
following equation (1) is required for realization of a storage

capacity of 8 GB or larger.

4.7 x (0.65/0.60 X N.A./A)2 2 8 cee (1)

According to the above equation (1), N.A./A21.20 must



3 be established. Study of this requirenent reveals that it is necessary to
‘set the wavelength [err] shorter or to set NNA larger. In order to satisfy
t he above condition, if the value.of N.A is set larger, it is necessary to
decrease a thickness of a light transm ssive |ayer of the optical recording
medi um t hrough which irradiated reproduction light is transmtted. The
reason for this setting is that an allowance of an angle (tilt angle) at

whi ch a disk surface is displaced froma surface perpendicular to an
optical axis of an optical pickup becones snaller. Specifically, the tilt
angl e i s eabel¢staitfldehed. by optical aberration resulting froma thickness
of a base of the optical recording nedium Fromsimlar reason, unevenness
of a thickness of theStudphtoft thisnreglineneayereverks khatupbrisssed to a
certain value or smaller. SUVWARY OF THE I NVENTION I n view of such aspects,
it is an obhecessHryt to peksthe wavedengtim X shorterder s spti ¥Nak. rlsogedi.ng
medi um whi ch permts an especially larger value of NNA and in which a

large amount of inforpRidQRrheyi 88t 4P e hBHGE corldik 8% 2Dt &het 3E11E
recorded. According to an aspect of the present invention, an optical

recordi ng neflinuaJ gl gdeslardumse ikayerndmassagyatol déareasiel antbigarissporti on
formed on a surface on the side on which laser light is incident, and a
light transefssiMghtayeansmissiyeodayer ohidde gpoical) nddosding smedism t he

1 ght through which irradiated reproduction light is transmitted.

The reason for this setting is that an allowance of
an angle (tilt angle) at which a disk surface is displaced from
a surface perpendicular to an optical axis of an optical pickup
becomes smaller. Specifically, the tilt angle is easily
affected by optical aberration resulting from a thickness of a
base of the optical recording medium.

From similar reason, unevenness of a thickness of the
light transmissive layer must be suppressed to a certain value
or smaller.

SUMMARY OF THE INVENTION

In view of such aspects, it is an object of the
present invention to provide an optical recording medium which
permits an espécially larger value of N.A. and in which a large
amount of information having 8 GB or larger, for example, can be
recorded.

According to an aspect of the present invention, an
optical recording medium includes a base layer having an
information signal portion formed on a surface on the side on

which laser light is incident, and a light transmissive layer

formed on the base layer. A thickness t of the light



4 transmssive layer is wthin the range of t = 3 to 177 [err]mat |east in
an area of the information signal portion. If unevenness of the |ight
transm ssive layer is At, N. A of.an optical systemfor reproduction or
recordi ng and reproduction and a wavel ength [err] satisfies [err]t [err]
5.26 ([err]/N.A 4) ([err]m. Atrack pitchis P and a skewis [err], then P
[err] 0.64 [err]mand [err] [err] 84.115[err] ([err]/N A 3/t) are
satisfied. The optical recording mediuntis recorded or reproduced by a
recordi ng and reproduci ng systemsatisfying [err] [err] 0.68 [err]m and

N.A /[err] {findmiksi¥e T8FePRld “AkhifCOidirag sfuemp@r '%bt 379 GeGR di ng
capacity of 8 GB. BRI EF SCRI PTI ON OF THE W NGS F 1 is a graph

show ng an X erlnental dat cer change of_a |tter val ue rel ative
to unevennsi®Ft 41 PEnEre? a%sr%?‘? l"9£‘én1? %&9‘&? 2P‘$I§‘18nscﬂgrrat ic,
cross-sectional view sho .an. exa Ie of, an o tlcal recordl medi um
accordi ng t SPHRMGSEsAtt V\ﬂi"?] tokrapfRissives 13 %Eh’esrrﬁtvc -Br o‘gg -&bctj onal

vi ew showi ng an exanple of an optical recording nedlun1accord|ng to the
present inveptiaal, siys€emifors mepsrotiection o reserding iandakrepreduction ng
anot her exanple of an optical recording nmedi umaccording to the present
i nvention; &tdca Svavelangthhdvrataitdsfies st sect iSeRa (M. 3hoppuny. amot her
exanpl e of an optical recording nedium according to the

track pitch is P and a skew is ©, then P = 0.64 pum and © =

$+84.115° (A/N.A.3/t) are satisfied. The optical recording

medium is recorded or reproduced by a recording and reproducing

system satisfying A = 0.68 pum and N.A./A = 1.20. The optical

recording medium permits a recording capacity of 8 GB.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph showing an expgrimental data
concerning change of a jitter value relative to unevennss of a
light transmissivee layer;

FIG. 2 is a schematic, cross-sectional view showing
an example of an optical recording medium according to the
present inventibn;

FI6. 3 is a schematic, cross-sectional view showing
an example of an optical recording medium according to the
present invention;

FIG. 4 is a schematic, cross~sectional view showing
another example of an optical recording medium according to the
present invention;

FIG. 5 is a schematic, cross-sectional view showing

another example of an optical recording medium according to the



5 present invention; FIG 6 is a schematic, cross-sectional view show ng
‘anot her exanple of an optical recordi ng nmedium according to the present
invention; FIG 7 is a schematic, .cross-sectional view show ng anot her
exanpl e of an optical recording nediumaccording to the present invention;
FIG 8 is a schematic, cross-sectional view show ng another exanple of an
optical recording nediumaccording to the present invention; FIG 9 is a
schematic, cross-sectional vieM/shomAngsanother exanpl e of an optical
recordi ng nmedi um according to the present invention; FIG 10 is a diagram
showi ng a ppemesest fimvemiohact uri ng an optical disk according to the
present invention; FIG 11 is a schematic, cross-sectional view of a thin
pl at e substrate forni E§Gant edaplisechematic, lcxpes-secticaldiview asiomridigng t o
the present invention, FIG 12 is a diagram show ng a process for

nmanuf act ur i A§oEReE @FANPd 0Pt AmARYIca} cFeeRRding megskmmrénng t® thee
present invention: FIG 13 is a diagramshow ng a process for manufacturing
an exanpl e 8F939?ﬁnﬁﬁﬁ%£$&P“0ptica| di sk according to the present invention;

FIG. 7 is a schematic, cross-sectional view showing
another example of an optical recording medium according to the
present invention;

FIG. 8 is a schematic, cross-sectional view showing
another example of an optical recording medium according to the
present invention;

FIG. 9 is a schematic, cross-sectional view showing
another example of an optical recording mediﬁm according to the
present invention;

FIG. 10 is a diagram showing a process for
manufacturing énioptical disk according to the present
invention;

FIG. 11 is a schematic, cross-sectional view of a
thin plate substrate forming an example a multilayer optical
disk according to the present invention;

FIG. 12 is a diagram showing a process for
manufacturing an example of a multilayer optical disk according
to the present invention;

FIG. 13 is a diagram showing a process for
manufacturing an example of a multilayer optical disk according
to the present invention;

FIG. 14 is a diagram showing a process for

manufacturing an example of a multilayer optical disk according



FIG 14 is a diagram showi ng a process for manufacturing an exanple of a
mul tilayer optical disk according 6 to the present invention; FIG 15 is
a di agram showi ng a process for manufacturing an exanple an optical disk
according to the present invention; FIG 16 is a schematic, cross-sectional
vi ew showi ng an exanpl e of an optical recording mediumaccording to the
present invention; FIG 17 is a schematic, cross-sectional view show ng an
exanpl e of an optical recording nedium according to the present invention;
FIG 18 is a schematic, cross-sectional view showi ng an exanple of an

opti cal recdodithg pxesenh Havenbiendil ayer structure according to the
present invention; FIG__19 is,a schematic, cross-sectional view show ng an

exanplde of an optical FE€eotdilRy arddrgran g FrPT]%S)%?S £OFucture I
\ \ o FLG. 20, s o ) .
U ow shovi ndeBiERREEtal SRR Al e P2t ishk BRESRRIAT BB i ng (0

t he presentdrgggﬁﬁifﬁyeiﬂﬁ§P21 is a schematic, cross-sectional view show ng
anot her exarnpl e of an optical recording nedium according to the present

invention; FIG 22 isFag.en adged sdhaflaeds PfcrdsbovegE tiall 9€w showing
an example of an optical recording medium according to the
present invention;

FIG. 17 is a schematic, cross-sectional view showing
an example of an optical recording medium according to the
present invention;

FIG. 18 is a schematic, cross-sectional view showing
an example of an optical recording medium ha%ing a dilayer
structure according to the present invention;

FIG. 19 is a schematic, cross-sectional view showing
an example of an optical recording medium having a trilayer
structure according to the present invention;

FIG. 20 is a schematic, cross-sectional view showing
another example of an optical recording medium according to the
present invention;

FIG. 21 is a schematic, cross-sectional view showing
another exaﬁple of an optical recording medium according to the
present invention;

FIG. 22 is an enlarged diagram of a tow-group lens
used in an optical system for recording and reproducing an
optical disk to which the present invention si applied;

FIG. 23 is a graph showing results of a measured

amount of birefringence in a light transmissive layer of an



used in an optical systemfor recording and reproducing an optical disk to
"which the present invention si applied; FIG 23 is a graph showing results
of a nmeasured anmount of birefringence in a light transm ssive |ayer of an
7 optical disk according to the present invention; and FIG 24 is a graph
showi ng results of a measured anmobunt of birefringence in a |ight

transm ssive | ayer of an optical disk agcording to the present invention.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS An optical disk according to an
enbodi nent of the present invention will hereinafter be described in detai
wi th refer ePRbical diskaaeerpting #g theprapent Anventiambeadnent, the
present invention is applied.,to an Oﬁtical,disk in which a'signal_ is read

out by irradiating | a8&F- 13%HE fr FW@ﬁlPHrEEEH}§§ Pﬁgﬁtm?? i ssi ve
laver on @ hgsd B°ha-Befiaadhal 8182 £l il iEs |l SEBLI g gecor ding

| ayer. In a gener optrcal tecordrng : rgin

val ue of N dpeadd aibhi sKa5RRIg 8 end i sllscicARRgRASIHR | YT have

correlation wth one anot her. panese patent publication No. H3-225650

di scl oses a rel ati onshpesORI MEFON OFCPBE PPREFERREDS EABODIMENTSRI gin [err] with
reference to that of the CD whose practical playability is sufficiently

proved. Accordi ng to Meoptiicad fisk iawordingi toian swbbdinent ofb thet abl i sh
t he follomﬁggeequation 2)

-

sent invention will hereinafter be described in detail with
reference to the accompanying drawings.

In this embodiment, the present invention is applied
to an optical disk in which a signal is read out by irradiating
laser light transmitted through a light transmissive layer on a
base layer, e.g., a substrate having the information recording
layer.

In a generai optical recording disk, a disk skew
margin 6, a value of N.A. and a thickness t of a light
transmissive layer have correlation with one another. Japanese
patent publication No. H3-225650 discloses a relationship
‘between these parameters and the margin © with reference to that
of the CD whose practical playability is sufficiently proved.

According to the above publication, it is sufficient

to establish the following equation (2).

©= $#84.115 (A/N.A.3/t) <0 (2)

This criterion can be applied to the optical recording medium

according to the present invention.

A specific limit value of skew margin © required when

an optical disk is mass-produced is properly set to 0.4 °. The



Jerr] 84.115 ([err]/N A Jerr]/t) ... (2) This
criterion can be applied to the optical recordi ng nedium according to the
present invention. A specific lim-t value of skew margin [err] required
when an optical disk is mass-produced is properly set to 0.4 . The 8
reason for this is that in view of mass production of the optical disk, if
the limt value is set smaller than the above value, a yield of the optical
disks is | owered and consequently nanuf%cturing costs thereof is increased.
In existing recording nedia, the limt value of the skew margin [err] of
the CD is Oreaferrformidishis Yiat Hia miEwi of uasy profluchiawafi khey, a

t hickness of the Jight transm ssjve |ayer to be set_is calculated on the
assunpti on CREECAL vﬁg‘xﬁéq'eﬁﬁt Flh%fl%taé’éiu?i Hhissts svatlendrhagy thrqaboval ue of

N. A i et er_under e, .condi, ti f rr]1=0.4 . ,0f lerr]l=0.65Jerr]lm
S selt,S f heﬁrg?ﬁ%’ v%lti’ul%(igf EEI ng nm%’!s’ftlhgg §%§IL$01 .l?geE?dlaa’} &P ?ﬁ‘l‘%mf ds]to
t [err] 288 S | @Ry 0% 5| {sEFeddddnt r : éﬂﬂgter
anEj th]en [e?l%]ﬁgf%%uﬂ[lgﬂffﬁﬁff set, tfhge'ﬁ t he etékﬁegﬁnegg %’t%:tl?ﬁggg?gﬂt

transm ssi Vae @y erefed _lﬁﬁﬁ‘.tﬁa%t}é I L@?Z%ﬁ;ﬁrg@ﬁn [ B2 2Rs %B)tiisoafkhat N. A,

[err] 0.78 is not varied. | S case, XI'sting equi pnment for
nanufacturing a CD and the |like having a substrate with a thickness of 1.2
mmis utili 288, th¥e P thRi P¥Rels %ft the whol e optical disk is about 1.38 nm

at maximum In consi dgrati oy, 2a"BGkdsd b dndP ' nemissive
layer to be set is calculated on the assumption that a

wavelength of ‘a laser light is set shorter and a value of N.A.

is set larger under the condition of ©=0.4 °. If A=0.65 pm is

set, then the value of N.A. must be set to 0.78 or larger. This

leads to t = 288 um.

If a wavelength of laser light further becomes

shorter and then A= 0.4 pm is set, then the thickness t of the

light transmissive layer is set as t = 177 um on the assumption

that N.A. = 0.78 is not varied. 1In this case, if an existing
equipment for manufacturing a CD and the like having a substrate
with a thickness of 1.2 mm is utilized, then a thickness of the
whole opticai disk is about 1.38 mm at maximum.

In consideration of a magnetic field modulation
employed in a magneto-optical disk, it is preferable to reduce

the thickness of the light transmissive layer. If the thickness

is set to 30 pm or smaller, it becomes easy to record and

‘reproduce the magneto-optical disk.

A lower limit of the thickness of the light



enpl oyed in a nmagneto-optical disk, it is preferable to reduce the
‘thickness of the light transmssive layer. |If the thickness is set to 30
[err]mor snmaller, it becones easy to record and reproduce the

magnet o-optical disk. Alower limt of the thickness of the |ight 9
transm ssive |layer is determ ned dependi ng upon a protection function of
the light transm ssive |ayer for protecting a recording filmor a
reflective film The lower limt of the9thickness is desirably set to 3
[err]mor larger in consideration of reliability of the optical recording
nmedi um and trddsieiredvel 18pdd i3 deteiminddvaiepenting aipordas ptbbesticii er on to
a surface of the light transm ssive |ayer. As described above, increase of
a val ue of fupcyiosr pf theilidildpérsnbhissiore ilayerafer gfrokestdngige capacity
of the optical recording nmedium_ In this case, in order _to_ achieve a

st orage capBRFeEAisg Sitp ox (2 irefheckid film- | ThQtlewesddmiherhdihge of N A
to 0.7 or larger and set the wavelength [err] of the |laser |light to 0.68 or
smal | er. Whthicknesse if sdesiraddyy eetetatd diis PrplasgeRdi CRESIIRTARHONs o8f t he
i ght transm ssive |ayer and the skew, the thickness t of the |ight

transni ssi veel BAN ity Of ORRS loptiehl Wéddriingemea@r didoindléendg oderrmin
order to allow use wwth a |laser ranging froman existing red laser to a

bl ue | aser edllkision ofpactwa-groupr tens |descriibedr batdy tanatk piswitdeeand a

| i near density d nust be changed_for achievenment of a | arger recording
capacity (8tksB)light transmissive layer.

As described above, increase of a value of N.A./A is

indispensable for increase of a storage capacity of the optical
recording medium. In this case, in order to achieve a storage

capacity of 8 GB, it is necessary at least to set the value of

N.A. to 0.7 or larger and set the wavelength A of the laser

light to 0.68 or smaller. While there is the above relationship
between the thickness of the light transmissive layer and the

skew, the thickness t of the light transmissive layer is

properly set within the range from 3 to 177 um in order to allow

use with a'lase; ranging from an existing red laser to a blue
laser which is expected to prevail in future.

A track pitch P and a linear density d must be
changed for aéhievement of a larger recording capacity (8 GB)
which is an object of the present invention. A necessary
condition therefor is to satisfy the following eguations (3).

(0.74/P) x (0.267/d) = 8

d = 0.1161/P (um/bit) -er (3)

When P=0.58 um, an equation of d = 0.206 um/bit is established.



Wwhich is an object of the present invention. A necessary condition therefor
Is to satisfy the follow ng equations (3). (0.74/P) x (0.267/d) [err] 8 d
[err] 0.1161/P ([err]mbit) . ... (3) Wen P=0.58
[err]m an equation of d [err] 0.206 [err]m bit is established. 10 This
exanple is calculated with reference to the values of a DVD-ROM (read-only
menory). Therefore, in consideration of progress of a signal processing
techni que for recording and reproductiong(i.e., application of partial
response nmaxi mum |i kel i hood (PRWM.), decrease of redundancy of the ECC and
the |ike), This :xampdet sl ¢dlatulibhed| wirdarreferenty to thecvadaes df al5% and
hence it is possible to increase the track pitch P to that extent. This
reveal s t haPVR+ROM {zerdperlbh MPmOZY ). 64TenafPReat inconaiderabiew\af  a

t ol erance for fluctu%tion,AP of the track pitch is strictly,set. Jf the
opti cal di SREQERESE OFsanBidnalo PIPRESSHRG HeShOITRE | E9F FECORBIBT AW the D

t he DVD, t i ' ' ' f . k pitch
of 0,74 and P RRgHRRe ¥ o P LIBHE RS ) pafe Rt Didbithoge PaRiakist . ) | ©
0.03P / 0. 7fiye1ihddd [PRML), decrease of -redun@hné§Cof diHelE¥c hhd RHfd 56 is
established, then [err]P [err] 0.023 [err]mis established. Moreover,

unevenness Dikd e ithtiskegsecteld that! tightlincarsaensive isaiacreusdd sy
i mproved nore accurately. If the thickness of the light transm ssive |ayer
is 15%, and hence it ig possible to increase the track pitch P to

that extent. This reveals that the track pitch P is 0.64 pym at

maximoam.

Moreover, a tolerance for fluctuation AP of the track

pitch is strictly set. If the optical disk has the same
recording and reproduction parameters of the CD or the DVD, then
the following equation (4) is obtained from a track pitch of

0.74 and a tolerance of * 0.03 employed in the DVD.

AP = + 0.03P / 0.74 = + 0.04 P cee (4)

Accordingly, if P=0.56 is established, then AP = % 0.023 pm is

established.

Moreover, unevenness of the thickness of the light
transmissive layer must be improved more accurately.

If.the thickness of the light transmissive layer is
displaced from a center value based on which a reproduction
objective lens is designed, an amount of aberration resulting
from influence of the uneven thickness on a spot is in
proportion to a biquadrate of the value of N.A. and the
wavelength. Accordingly, if it is desired to increase the

recording density by setting the value of N.A. larger and



di spl aced froma center value based on which a reproduction objective |ens
‘is designed, an anmount of aberration resulting frominfluence of the uneven
t hi ckness on a spot is in proportion to a biquadrate of the value of N A
and the wavel ength. Accordingly, if it is desired to increase the recording
density by setting the value of N.A larger and setting the wavel ength
shorter, then the unevenness of the thickness of the |light transm ssive

| ayer is suppressed nore strictly. The XID which is a specific system
exanple is practically used with N.A. = 0.45 being established and with a
st andard tcﬁeﬂ:ﬂmgetherw&?eiemg&heahd)tﬁaﬁgne:hsnothe hmdvieginess rafisthessi ve | ayer
being [err] 100 [err]m The DVD has N.A. = 0.6 and a standard tol erance of
t he uneven *@hﬁq!qmégsoﬁfth%dn{gbr:r}mnsmwealamw& sappuRtsed WaKer] 100

i chness f%‘ere,ea;;tw ¥ssei Ofﬂrﬁa[f%ﬁé e A7) e
0. 45/ N. A wh
(N A repr e) l%g%i'm&ez‘gl)wﬁhe t re) a5 %&Qg es(t[(ag{llkf]gd%n@[ ehl @ (where

experi nent aétaﬁﬂ%ltht §oi’éréh<fe9|f%§:' £R6 Nirfevall VeI H1e LABNEESHOf “The
t hi ckness of the light transm ssive Iayer and a jitter val ue obtai ned when

a center vaé\#,sgﬁsgﬁgetmﬁingggn gf+ thw lwght transm ssive layer is 100

[err] mand n the wavel'ength i5 0.68 [err]mand the value of NA is
N. A. =0. 875. Study of FAG 1revea|sth%t6 Iggthe

itt I S
N.A. = a stajn 3 to erance of
the uneven thickness of t 30 um. If the allowance amount of %

100 um in the CD is employed as reference, then the unevenness

At of the thickness is expressed by the following equation (5).

At = ¢ (0.45/N.A.)¢ x (A/0.78) x 100
=% 5,26 x (A/N.A.4)pm
{(where N.A. represents a numerical aperture) **+ (5)

FIG. 1 shows experimental results of a relationship
between the unevenness of the thickness of the 1light

transmissive layer and a jitter wvalue obtained when a center

value of the thickness of the light transmissive layer is 100 um

and when the wavelength is 0.68 um and the value of N.A. is

N.A.=0.875.

Study of FIG. 1 reveals that when the jitter value is
8% which is a jitter reference obtained when no fluctuation
resulting from a skew or the like occurs, the unevenness of the

thickness of the light transmissive layer at this time is about

+ 7 um. A value obtained from the equation (5) is 6 um. This



8% which is a jitter reference obtai ned when no fluctuation resulting from
"a skew or the like occurs, the unevenness of the thickness of the |ight
transm ssive layer at this tinme is about 7 [err]m A value obtained from
the equation (5) is 6 [err]m This 12 nmeans that a satisfactory signal
can be obtained froma disk medium satisfying the above standard.
Therefore, the allowance for the unevenness At of the thickness of the

i ght transm ssive |ayer nust be set within the range of 5.26 x
([err]/N. A 4). Since the thickness of the Iight transm ssive |ayer is nade
on the assumpan®rthEitan satisfantory signabpranche dbtiimed ffxom ardask at ed
with a recording and reproduction laser, it is possible to correct the
aberrati on BYIHR Ragdshying fha abeyenetand@arshf . However, if the thickness
of the light transm ssive layer is uneven in this irradiation area (i.e.,
in the spot), it is |Fperefaiee thecatlam@mncehéorpehe aneyenpesadiunt et he
focus point. This unevenness At nust be suppressed to 3[err]/100 or

smal | er wi t Bhickeest oifOtBe CEIYHY tYahifi s ivd1aayBiChies be MoteQ¥ERin dhe
eccentricity E of the optical recording disk is set as shown in the

fol |l ow ng egy@%m @6b.ppixenmam.ef . the DVD is 50 [err]m E [err] 50 x
P/0.74 = 67.57 ([err]m ...(6) As described above, a

summary of the condi t]pns, reauiedilols 101e ¢98" S8k "GSRLALDG IE YTt ©
achi eve a high _
is made on the assumption that it is even in an optical disk
surface irradiated with a recording and reproduction laser, it
is possible to correct the aberration by displacing a focus
point thereof. However, if the thickness of the light
transmissive layer is uneven in this irradiation area (i.e., in

the spot), it is impossible to correct the aberration by

adjusting the focus point. This unevenness At must be

suppressed to * 3A/100 or smaller with respect to a center value

of the thickness.
Moreover, an eccentricity E of the optical recording

disk is set as shown in the following equation (6) while that of

the DVD is 50 pm.

E = 50 x P/0.74 = 67.57P (um) cre (6)

As described above, a summary of the conditions
required for the optical recording medium to achieve a high
density allowing a storage capacity of 8 GB is as follows.

A recording and reproducing optical system satisfies

A < 0.68 ym and N.A./A 2 1.20. The optical recording medium has



density allowing a storage capacity of 8 (BB is as follows. A recording and
‘reproduci ng optical systemsatisfies [err] 0.68 [errJmand N A /[err] [err]
1.20. The optical recordi ng nmedi um has 13 a light transm ssive | ayer
having, at |lease in the area of the information signal portion, a thickness
t =3 to 177 [err]mand the thickness unevenness [err]t [err] 5.26
([err]/N.A.4) ([err]m., and also has the track pitch P [err] 0.64 [err]m
the tolerance [err]P [err] 0.04 Plerr]d3 the linear density d [err]
0.1161/P ([err]mbit), the disc skew (bend) [err] 84.115 x ([err]/N A 3/t),
t he eccent r AclightE transiisyivas Layear having add desse fixaheoaybacst e [err|
3[err]/100 (in the spot irradiation area). A substrate is formed by

i nj ecti on nbhformatdop eygnal pattdoper avbhigtknessl £ zes3 &opil7E hpmnandgittheh
fluctuation that satisfies the above-nentioned specifications required for

the opti cal In | um aggordin he. present .invention  Since it
is di fficu|Fﬁ’?%'8{negsﬁug§§§‘%?§esssug‘% Ri g‘h-ga%gu&z@lggtggn@%‘vw 4 |%€ss° &ch
fluctuation by a conventional nachine carrying out a feeding operation by
using a screle trutkapivehsp anerd ampethd adileratdcdyARE & iogoaabul) the
exposi ng device having a feeding structure with a |linear notor. Mreover,
an optical systemis govered w.th cover. for elimpating novenent of air,
and has a vibReAsSeRELY Het eor'i]-&lﬂg?ow&‘}bdet FBerdisg skew LRendh & FHosi ng

device for renoving vibration of cooling water for an exposure laser. In

this enbodi g@ntis & MagNiAesASf | eRé | ddednitricety tHes eaCco58l femf, lahd & for med
on an information signal surface of the

surface roughness Ra = * 3A/100 (in the spot irradiation area).

A substrate is formed by injection molding employing
a stamper which realizes a pitch and pitch fluctuation that
satisfies the above-mentioned specifications required for the
optical recording médium according to the present invention.
Since it is difficult to manufacture such high-accuracy stamper
with less pitch fluctuation by a conventional machine carrying
out a feeding operation by using a screw, the above stamper is
manufactured by an original disk exposing device having a
feeding structure with a linear ﬁotor. Moreover, an optical
system is covefed with a cover ‘for eliminating movement of air,
and has a vibroisolating material provided between a laser and
an exposing device for removing vibration of cooling water for
an exposure laser.

In this embodiment, since the reflective film or the
recording film is formed on an information signal surface of the
substrate and the information is recorded and reproduced by
irradiation of light thereon, a pit must be formed on the

substrate in consideration of deformation of a recorded signal



substrate and the information is recorded and reproduced by irradiation of
‘light thereon, a pit nust be forned on the substrate in consideration of
deformation of a recorded signal . 14 when the filnms are forned. For
exanple, if asymetry of a signal pit of a ROMtype di sk having a storage
capacity of 10 GB is 25% when the signal pit is seen fromthe substrate
(base) side, then the asymmetry of the signal pit seen fromthe side
opposite to the base side is 10% Specifjcally, since the signal is read
out fromthe side of the light transm ssive |layer which is a side opposite
to the basewbenethe [fdlasyaretformefi.t he pit nust be set to 25% when the
substrate is fornmed, in order to formthe pit having the asymetry of 10%
when the pit is seen Feomzamplei ghf asymmgitzyi of aisfagnadi pit 0% 2 RaMen
information is rec rggd,on and reproduced, from a_grooyve a concave

) i.e,,
portion on 5¥P& ViRG 3 S§HO5G98t FRPASHY 8fe)0f B8 ni 2%,% wher i ng

nar 1 ower o PATIER Pito s, ARG SepEne FafTater fpasklinitl. Bdh RS 7 °00 TS
stanper nushePfindtry?28gethe Sidiall iYW 8&én & V%%;é“@iﬁé’ JpokEEELL HY

exanpl e, when information is Tecorded on bot a land"and a groove, a

duty ratio pasevglides ief 109 Ispedigidalhy, @ineee theasitied a8 iéad|dwht
irradiation side is preferably set to 55 to 65%in order to obtain a final
duty ratio ffoOghe side of the light transmissive layer which is a side

opposite to the base side, the asymmetry of the pit must be set
to 25% when the substrate is formed, in order to form thelpit
having the asymmetry of 10% when the pit is seen from the light
irradiation side.

Similarly, when information is recorded on and
reproduced from a groove (i.e., a concave portion on a recording
and reproduction surface) formed on a recording disk, since a
‘groove duty ratio is changed, i.e., the guide groove becomes
narrower after the recording film is formed, for example, a
.shape of a stamper must be arranged so that a wider groove
should be formed. For example, when information is recorded on
both of a land and a groove, a duty ratio of widths of the land
and the gro&ve measured on the light irradiation side is
preferably sét to 55 to 65% in order to obtain a final duty
ratio of 50%.

Since certain rigidity is required if a disk is
formed of a single plate, it is desirable that the substrate of
the optical recording medium according to the present invention
has a thickness of about 0.6 mm or larger. If the optical

recording medium having two substrates bonded to each other as



Since certain rigidity is required if a disk is forned of a single plate,
‘it is desirable that the substrate of the optical recording nmedi um
according to the present invention has a thickness of about 0.6 mm or

| arger. If the optical recordi ng nedium having two substrates bonded to
each ot her as 15 descri bed above is manufactured, it is proper to set
the thickness of the substrate to about 0.3 mMm As shown in FIG 2, a
recording filmor a reflective filmis ¥ornmed on an information signa
portion 11 of a substrate 10. If the disk s of RONIt{pe, the reflective
filmmade dlesQriped;aeevys is manpfaciayreds 4% 18 PrERReTAtPhFek i of 20 to 60

nm |If the di.sk is of ase-change type, the,information recording filmis
formed by sf&t‘c"ﬁ‘é‘gﬁe%p‘?r}b% rﬁuﬁagﬁﬂt%gqoi e a°(£§8‘|‘e filmand a ZnS-Si Q2
filmin this order. | [ % t e Nt icG | :

I nformation recordi ndisf sti%wﬁs oﬂFﬁrr;'édEBy succel'csqsl?@faﬁg/%o%m%g’reggsﬂuﬁI m

SIN film afifik-ae0£bihéd i agt ﬁlfbfﬂl&ﬁﬂdﬂns'i?h& Pot®ionl i1tde i sk is of
wite-once type, the information recording filmis formed by sputtering Au
or Al and tdubstratei h@. a Ify hendisis timmodr ROMt tippec thiel nefbecstiomm didmni
pigment filmto dry it. As shown in FIG_ 2, recording and reproduction

light is irmas efedlfonhhe Adkeris nipmned sepasdirthaye abikiakness| efs29 from

a side oppqig%% %8_the substrate 10.

If the disk is of phase-change type, the information
recording film is formed by successively forming an A1l film, a

GeSbTe film and a ZnS~Si0, film in this order.

If the disk is the magneto-optical disk, the
information recording film is formed by succéésively forming an
Al film, a SiN film, a TbFeCo film and a SiN film in this order.

If the disk is of write-once type, the information
recording film is formed by sputtering Au or Al and then coating
a cyanin system or phthalocyanine system organic pigment film to
dry it.

As shown in FIG. 2, recording and reproduction light
is irradiated from a recording and reproduction objective lens L
from a side opposite to the substrate 10.

As shown in FIG. 3, a light transmissive layer 12 is
further formed of ultraviolet curing resin on the information
recording film. For example, the light transmissive layer 12
can be formed by rotation-drawing the dropped ultraviolet curing
resin on a surface, on which films having any of the above
structures are to be formed, of the substrate 10 to cure the

same by irradiation of light.



As shown in FIG 3, a light transm ssive layer 12 is further forned of
‘ultraviolet curing resin on the information recording film For exanple,
the light transm ssive layer 12 can be fornmed by rotation-drawi ng the
dropped ultraviolet curing resin on a surface, on which filnms having any of
t he above structures are to be fornmed, of the substrate 10 to cure the sane
by irradiation of |ight. 16 It is prgper for the ultraviolet resin to
have vi scosity rangi ng from 300 cps t 0180000 cps, in view of formng the

i ght transm ssive |ayer 12 having the above thickness. For exanple, if the
ultraviol et curing rddi Ashpveper ioyc dbet plorasgdetcpesin tohager | C i s

enpl oyed, the ultraviolet curing_resinis drogged on the, substrate and the

substrat e G SEOSALETLIRGING LFeR IR SRR t 30009 LRE oo FEEW (P ICFRART ¢ he
light t ] SSis | 12 hayi t.hi ¢k f 100 finally b
oL 7 arstl oyt Lo TOF TR ) SU088S, B MQLCLELOHRIA L1 . o

ul traviolet curing r%pe'?(gjtn%{@, Ii'bfq%ih@ Hh{i{dgyj‘e&?‘t cE?ﬂx& iy ﬁH@fl\?%at an

i nner periphery portion o e substrate ; ., at a position away from
a di sk centeisdegigp S1580a bﬁsr&dlw W reckmplopdtd, dhenul iakicletdr awn, the
t hi ckness at the inner periphery becones different fromthat at the outer
peri phery dumxing zesih ais ciroppedben viden subatrategaid fthecsubsikkatiesdsus

resi stance. The difference amounts to 30 [err]mor |arger, and hence cannot
satisfy t heFohidPe- feRtelaysp seconds at a speed of 2000 rpm. Then, the

light transmissive layer 12 having a thickness of 100 um can

finally be formed.

When the light transmissive layer 12 is formed by
using the liquid ultraviolet curing resin if the liquid
ultraviolet resin is dropped at an inner periphery portion of
the substrate 10, e.g., at a position away from a disk center by
25 mm in the radius direction and then rotation-drawn, the
thickness at the inner periphery becomes different from that at

the outer periphery due to a relationship between centrifugal

force and viscous resistance. The difference amounts to 30 um

or larger, and hence cannot satisfy the above-mentioned
tolerance of the thickness.

In order to avoid this disadvantage, it is effective
that, in a state that a center aperture 13 of the substrate is
buried by some means, the ultraviolet curing resin is dropped at
the center portion of the substrate 10. For example, the

polycarbonate sheet having a thickness of 0.1 mm is processed so

as to have a circular shape with a diameter ¢ of 30 nm and

bonded to the center aperture 10h. Then, the ultraviolet curing



tol erance of the thickness. In order to avoid this disadvantage, it is
hat, in a state that a center aperture 13 of the substrate is
buried by sone neans, the ultraviolet curing resin is dropped at the center
the substrate 10. For exanple, the polycarbonate sheet having a
thickness of 0.1 nmis processed so as to have a circular shape with a
dianeter [err] of 30 nmand bonded to the center aperture 10h. Then, the
curing 17 resin is droppdd and then cured by irradiati on of
rays, and that thereafter the center aperture is punched again.
Accor di ng txesin dsndrbppediand $hposcukgd hyo izsatitatiahef] nybraviadedni ssive

‘effective t

portion of

ul travi ol et
ul travi ol et

| ayer 12 having a difference between thicknesses thereof at the inner and

out er peri pFafs e &g, sPreskirraaftes T rqenRtES. pPebuLs S| BRRCRR RAGHE | i ght
t I SSi | 12 is.f in,ord to. t _the Iight I SSi
| ayor 151 BTG EPofald ARt Hhelt RospABLE Fhiadmery BR A Ca

disk, it i
a di aneter

CD and the Jy s 1 o F iy Intek¥Eq!
(D and e, Lo 3" DUV i e dd S e S AR e 04 Iy ™

[err]m for

tical

irahle t . % ' val ue of
S%&%k?ggggﬁfcg?iﬁ 31% é\ﬂ’ﬁﬁ?g‘% ed;%(r%g gg? Ege ab I anet g’rlﬂ%%%sof t he

exanple by the ultraviolet curing resin 15. In this case,

required t hER-B) SEnSBRLYEvenness of thickness of the sheet 14 and

unevenness

of a thichﬁ%ﬁ?tgg &ESht transmissive layer 12 is formed, in
order to prevent the light transmissive layer 12 from being
projected from the outermost periphery of the optical disk, it
is desirable to set a value of 120 mm + 7 mm as a maximum value
of a diameter of the optical disk with reference to a diameter
120 mm of the CD and the like.

As shown in FIG. 4, the light transmissive layer 12

may be formed by bonding the polycarbonate sheet 14 with a

thickness of 100 um, for example by the ultraviolet curing resin

15. In this case, it is required that a sum of unevenness of

thickness of the sheet 14 and unevenness of a thickness of the

bonding ultraviolet curing resin 15 is set to 10 um p-p or

smaller. _

The sheet 14 having the same diameter as that of the
substrate 10 is disposed on the substrate 10 through the bonding
ultraviolet curing resin 15 and the ultraviolet curing resin 15
is rotation-drawn with employing the sheet 14 as a weight for
the ultraviolet curing resin 15. As a result, an extremely thin
ultraviolet curing resin layer is formed. Thus, the total

unevenness of the thickness thereof can be totally suppressed to

y
t

be

S



bonding ultraviolet curing resin 15 is set to 10 [err]mp-p or smaller. The
'sheet 14 having the sane dianeter as that of the substrate 10 is di sposed
on the substrate 10 through the bonding ultraviolet curing resin 15 and the
ultraviolet curing resin 15 is rotation-drawmn with enploying the sheet 14
as a weight for the ultraviolet curing resin 15. As a result, an extrenely
thin ultraviolet curing resin layer is formed. Thus, the total unevenness
of the thickness thereof can be totallyiguppressed to 10 [err] mp-p. The
present invention can be applied to an optical recording medi um having a
mul tilayer Bdruacttpe in which, as shown in FIG 5, a second recording |ayer
18 is forned through an internediate layer 16 on a first recording |ayer 17

formed on a substrate,l0. W; s to ]y oGccur, | e tical disks
havi ng the above st rﬁlc' eurpggé.sgﬁg %%‘gév\l/%lio%l E_%g ,agpﬁlgfid*é'!r; %‘g FeadTeE the
skew 11 | Sr&ldRabbficlldh iviing”hOhele QUeRISEER DT UADGNEOR! &b a5 @ skew
correction nenber I9 on a surfaCe of the Substrate 10 opposite to a surface
where the |sigiin inAPSOl S5 & deapll d€cdriding’ Mager The iSK ®oraed raeiduygh menber
19 may be fornmed by coating the same material as that of the |ight

transm ssi van | intermédiate tdryery 16o0an i adgfixstarecordinmviaygral hi fgmred ani o of
shrinkage after curing as conpared with the material of the |ight

transm ssi V@ §ulpdrate 10.

A skew tends to easily occur in the optical disks
having the above structures. As shown in FIG. 6, in order to
reduce the skew, it is effective that ultraviolet curing resin
may be coated as a skew correction member 19 on a surface of the
substrate 10 opposite to a surface where the light transmissive
layer 12 is formed.

The skew correction member 19 may be formed by
coating the same material as that of the light transmissive
layer 12 6r thinly coating a material having a higher ratio of
shrinkage after curing as compared with the material of the
light transmissive layer 12.

| In order to record and reproduce a high recording
density optical recording medium, an optical pickup having an
objective lens with high N.A. described later on is required.
In this case, a distance (hereinafter referred to as a working
distance (W.D.)) between the objective lens and the light
transmissive layer surface must be set narrower as compared with
a distance employed in an ordinary pickup.

However, in this case, the objective lens may collide
with the light transmissive layer surface and hence damage it.

In order to prevent this damage resulting from the



In order to record and reproduce a high recording density optical recording
‘medi-um an optical pickup having an objective lens with high N A described
|later on is required. In this case, a distance (hereinafter referred to as
a working distance (WD.)) between the objective I ens and the |ight

transm ssive | ayer surface nust be set narrower as conpared wth a di stance
enpl oyed in an ordi nary pickup. However, in this case, the objective |lens
may collide with the |ight transm ssivelbayer surface and hence danmge it.
In order to prevent this damage resulting fromthe 19 collision, as
shown in Fle®lYisiion,i 8seshicwnt iine FIG. p7 o\itdd sa efifiect iventto2 orévidde rey haarddness
hi gher than a pencil hardness H) |If the light transm ssive |layer 12 is

made t hi nnefoa% 26 dhavipng hardness, bighee W@ pupengil haxdaess o Must s.
Therefore, the hard gg t, .20 an antistatic functi

h . ,Lhi
antistatic function ¢ tﬂ‘ree\}g'%& %Wﬁ&?ﬁ*b P %S&?b‘&%‘s it ng Fface of
the optical ;figdhqg ftoaeér(]?i’:@# ‘i:bré%%ﬁ?@chéh%ﬁl Fiﬂf?ﬁ?fli%%%oﬁldd@tg 80 nm it is

preferabl e that an anoul efringence in al t transmssive |ayer of
the opti cal redsdeores OLHE NEartd code PO eRHNthavay Bt 4kl dtatle RarOEisHBl [ er on

average when the |ight passes therethrough fromand toward an outsi de and
fl uct uat i onThnis tantibtatic i furetienacan pravemntsofiust ntromo belng nsbsarbelde
radius direction of the optical disk is 15 nmp-p (peak to peak) or

smal | er. on a surface of the optical disk.

If a wavelength of light to be measured is 780 nm, it
is preferable that an amount of birefringence in a light
transmissive layer of the optical disk according to the present
invention is 15 nm or smaller on average when the light passes
therethrough from and toward an outside and fluctuation of the
birefringence amount thereof among positions in the radius
direction of the optical disk is 15 nm p-p (peak to peak) or
smaller.

A signal was experimentally recorded and reproduced

by using the optical disk according to the present invention

having the light transmissive layer formed by using a

polycarbonate sheet with a thickness of 100 um and a phase-

change film as the information recording layer. In this case, a

jitter value of 8% was obtained when a linear demnsity is 0.21

pm/bit. An amount of birefringence of the above optical disk

was measured. FIG. 23 shows results of the measurement. 1In
FIG. 23, an abscissa represents a radius-direction position
(mm), and an ordinate represents an amount of birefringence
(nm). In FIG. 23, distribution of the birefringence amount is

represented by an ordinate direction segment, and a mean value



A signal was experinentally recorded and reproduced by using the optical

'di sk according to the present invention having the |ight transmni ssive |ayer
formed by using a polycarbonate sheet with a thickness of 100 [err]mand a
phase- change filmas the information recording layer. In this case, a
jitter value of 8% was obtained when a linear density is 0.21 [err]mbit.
An amount of birefringence of the above optical disk was neasured. FIG 23
shows results of the neasurenent. In Flgp 23, an abscissa represents a

di us-di ti I ti d t of
oL O o0 SRRl W B0 L S B E USRI O
t d ' t { 20

et U S SR o O, 01

absci ssa- di peeéfPihgeR@EE84n @%eacrr%nisoam Rir @l 188NGE HRFaBe whdn ltheld NM
or smaller on average when the |ight passes therethrough fromand toward an

out si de andlighie tpmsisesnthérétinrdughe £romoRnt aowamdnan t Gietsdde an@ng positions
in the radius direction of the optical disk can be set to 15 nm p-p (peak
to peak) orfiwetuaiionThé theribizefsipgenceramguntetbedeos) amongr ppsbilans on
operation was carried outbvg u5|n the optical disk accordln% to the

present i nvaRt i TGRS D FP%] REIGhAL1EkF3Ry hee SR BR 1ham
the T esi n (BB o Bk B igaBapEC FORNED T m and rotational-draing
The similar experimental recording and reproduction
operation was carried out by using the optical disk according to
the present invention formed by coating liguid light curing
resin on the information recording layer as the phase-change
film and rotational-drawing the resin to cure the same by light
irradiation.

In this case, a jitter value of 7% was obtained when

a linear density is 0.21 um/bit. An amount of birefringence of

the above optical disk was measured. FIG. 24 shows results of
the measurement. In FIG. 24, an abscissa represents a radius-
direction position (mm), and an ordinate represents an amount of
birefringence (nm). In FIG. 24, distribution of the
birefringence amount is represented by an ordinate direction
segment, and a mean value is represented by a cross point of the
ordinate-direction segment and an abscissa-direction segment.
The amount of birefringence can be further reduced as compared
with that obtained when the light transmissive layer is formed
of a polycarbonate sheet, i.e., can be set to 5 nm or smaller on
average when the light passes therethrough from and toward an

outside and fluctuation of the birefringence amount thereof



In this case, a jitter value of 7% was obtained when a |linear density is
‘0.21 [err]mbit. An anmount of birefringence of the above optical disk was
measured. FIG 24 shows results of the neasurenent. In FIG 24, an abscissa
represents a radius- direction position (my, and an ordinate represents an
anount of birefringence (nm. In FIG 24, distribution of the birefringence
anount is represented by an ordinate direction segnent, and a nean value is
represented by a cross point of the ord2date-direction segnent and an

absci ssa-direction segnent. The ampunt of birefringence can be further

reduced as ¥R POEitieRs timthehradhes direstinn of gl pphhed sHiskechayer is
formed of ol ycarbpnate sheet,. i, e. n be sef. to 5 nmor snmaller on
aver age V\h:%eotsr% I%ngtmbe%?eépﬁﬁgr{é? mec?a‘gh%rﬁ’ﬂ‘? ‘toward an outside and
fluctuation of the bifefil t . LE in
the radius direction %sf d[e gg%%f&i?cal gl,sEB@E%E%LO%gﬁ%ﬂ!ﬁﬁ?%@_@%ﬁ%@ﬁ to

peak) or sned l#id DS BeEHd Paste BDONFende ERBLHE Ofn WH shbead® B 0b0AR! CD
and DVD havi ng birefringence anount in the surface of 100 nmreveal s that

t he opti calreliesllsathat diley dpeitht qisis aricordingti®theapresaid dnvedtion
excell ent characteristics. If a silane processing is subjected to a surface
of the infdiafatsitohlecant @xsgliaptrcharadterdgticsd recordi ng nedi um
according to the pres%ﬂt i nyention, then it is _possible to inprove tight
adhesi on bet ween t he ¥nRofibeR® PIWESFAPAGLT SHPIeghadt R dstrdare1% curing

resin forrﬁfﬂé Hﬂﬁokﬁﬁggoﬁ'f%%ﬁghiﬁéVféyer of the optical recording medium

according to the present invention, then it is possible to
improve tight adhesion between the information recording layer
and the ultraviolet curing resin forming the light transmissive
layer.

The optical recording medium according to the present
invention may have an antireflection film formed on a surface of
the light transmissive layer by sputtering, for example.

Refractivity N of the antireflection film is
desirably set lower than refractivity of the light transmissive

layer. If a wavelength of light used for recording and

reproduction is A, then a thickness of the antireflection f£ilm
is desirably set to (A/3)/N (nm) or smaller, preferably to

(A/4)/N (nm) or smaller.

As a value of N.A. becomes higher as is encountered
by the optical recording medium according to the present
invention, an incident angle of recording and reproduction light
becomes larger, which prevents reflection of light on a surface

of the light transmissive layer from being disregarded.



| ayer. The optical recording nmediumaccording to the present invention may
‘have an antireflection filmfornmed on a surface of the |light transm ssive

| ayer by sputtering, for exanple.. Refractivity N of the antireflection film
Is desirably set lower than refractivity of the |light transm ssive |ayer.

If a wavel ength of |ight used for recording and reproduction is [err], then
a thickness of the antireflection filmis desirably set to ([err]/3)/N (nm
or smaller, preferably to (X 4)/N (nm) xx snaller. As a value of N A
beconmes higher as is encountered by the optical recording nedi um according
to the present invent§amexanpleciidesasengf NJF. rFedetli nchaardacidenoduct i on

| i ght becones.larger, which prevents reflection of Iight on a surface of

the light t sFiR FeRprdipg oind Fepyodnstign rbight 1is 26.%or ardndphe, in
case of N = Q45, ,the 4 nci t. e of the r rding and repr.oduction
light is 2?8‘73[ grfr Aand dl‘n%c’cggg ]o'?cr%e t gngf ,°§eﬁ: S ﬁgg‘&’é NG, #fe of the
recordi ng gRehroBRELHNE 11ht ighseie B86.9 [err]. In case of NA = 0.8, the

i ncident angle of the recording and reproduction light is 53.1 [err]. It

has been confirmed that chbe s£fN.oGt Evioly, ofnd Radiaeht ayiderssupdace of the
light transm ssive | ayer depends upon the incident angle of the recording

and repr odwecosding gnd neproductidn deighti iy $3.X He |ight transnissive |ayer
's 1.52, It has been confirmed that the reflectivity of the

light on the surface of the light transmissive layer depends

upon the incident angle of the recording and reproduction light.

If the refractivity of the light transmissive layer is 1.52,

then the surface reflectivity of an S polarized component

exceeds 15% (see P168 of "Guide for Laser and'OPtics“ published

by Kino Melles Griot Co. ). 1In this case, a problem of loss of

light amount is caused and an effective N.A. is lowered.

In order to avoid the above problems, it is effective
to form an antireflection film.

It has been known that if the refractivity of the
light transmissive layer is 1.52, then use of a material for the
antireflection f£ilm having an optical refractivity of about 1.23
is ideal (see P28 "Optical Thin Film" in Optical Technology
Series Vol. li published by Kyoritsu publishing Co.). 1In an

industrial field, MgF; having refractivity N of 1.38 is used.

If a wavelength of the recording and reproduction

light is 650 nm, substitution of respective values for variables

of a term of (A/4)/N (om) reveals that the antireflection film

is preferably formed so as to have a thickness of about 120 nm.

It is confirmed that if an mount of reflection of



then the surface reflectivity of an S pol arized conponent exceeds 15% (see
'P168 of "Cuide for Laser and optics" published by Kino Melles Giot Co. ).
In this case, a problemof loss of |ight amount is caused and an effective
N.A. is lowered. In order to avoid the above problens, it is effective to
forman antireflection film It has been known that if the refractivity of
the light transm ssive layer is 1.52, tywen use of a material for the
antireflection filmhaving an optical refractivity of about 1.23 is ideal
(see P28 "Optical Thin Film in Optical Technology Series Vol. 11 published
by Kyoritsul}ih# iocshangucbage off dhgnlightdinangnissivel laygE| ésriedmnadndn
refractivity N of 1.38 is used. If a wavel ength of the recording and

repr oduct i obhe xgngel £re800 kg (B3Nt (mm)on thienr he emidunt batomss f or

vari ables of a termof ([err]/4)/N (nm reveals that the antireflection

filmis pr S have a thickness_of about 120 nm It is
confirmed t awgﬁgéong‘%tfsgf&/é#?gcﬁ@n‘ oftt lszﬁoxﬁwﬁoﬁﬂﬁts?ﬂf e of the
l'ight transm ssive |ayer is reduced in the range fromO to ([err]/4)/N
(nm, then PHeaband: bEcHm shickpessn athdhe antir¢flnatiion) £l repceelds i s
confirmed that on the other hand, if the thickness of the antireflection
fil m exceed@ (4% [(nm}; N-Hemjthet ppount ofmefhection afff ddghtnif |ight is

i ncreased and becones nmaxi nrum when ([err]/2)/N (nm. Based on these facts

and in consj el |.odu ' filmfornn hni i t
confirmed t r%i%‘eﬁ%blﬁsagéa%}fdg%% ;ﬁllg %% é"!’heeﬁ (?6%}19 (tﬁ‘i Hased 'on tiese
facts and in consideration of an industrial film forming

technique, it is confirmed that it is practically sufficient to

set the thickness of the antireflection film to (A/3)/N (nm) or

smaller.
When the antireflection film is formed of the surface

of the light transmissive layer as described above, e.g., a

single~layer MgF, film with a thickness of (A/4)/N (nm) is

formed as the antireflection film on the light transmissive
layer having refractivity of 1.52, if the recording and
reproduction light having the wavelength of 550 nm is used, ‘then
it is possible to reduce light amount thereof by 50 % or more
when the incident angle of the recording and reproduction light
is increased up to about 60° (see P174 "Guide for Laser and
Optics" published by Kino Melles Griot Co.).

The optical disk according to the present invention
may have a structure shown in FIG. 8 in which two substrate 51,
52 each having a thickness which is half of thickness of the
substrate 10 finally obtained are bonded to each other. In this

case, since the two substrates 51, 52 each having a thickness of



set the thickness of the antireflection filmto ([err]/3)/N (nM or

'smal-ler. Wien the antireflection filmis formed of the surface of the |ight
transm ssive | ayer as described above, e.g., a single-layer MgF[err] film
with a thickness of ([err]/4)/N (nm is formed as the antireflection film

on the light transm ssive |layer having refractivity of 1.52, if the
recordi ng and reproduction |ight having the wavel ength of 550 nmis used,
then it is possible to reduce |ight anottht thereof by 50 % or nore when the
i ncident angle of the recording and reproduction light is increased up to
about 60 (s8e6puyhave,light ctransodssive Ijyanss aghbhiwingd thickness Mf | es
Giot Co.). The optical disk according to the present invention nay have a
structure shdQrum ratFm@xigun renhiformedotseresir are bdnd&P teaehchastheg,aa

t hi ckness which is half of thickness of the substrate 10 finally obtai ned

are bonded eaiaacéssoweehelﬁgmibggsgé@<@Jmllygextm SRS EALSES oFl: OS2

each having a thickness of 24 mm have i ght transm ssive | ayers each
havi ng t hi ckosdingflayee)[ errd rohat thbekness T af abﬁ@ﬁ% hekeenigre, dwonged to
each other, a thickness of the disk becones (0.6+0.1 X 2 + (thickness of
bondi ng | aythen tle diskt thidkmess d¢6 h. @ dmii.ngAsagkown Sin)F@G. n9 thHeen t he

di sk thickness,is 1.60 nm As shown in FIG 9, the optical disk may have

i nf or mat i onPRFAfAY sk Py hpveydngeemakien isjenal  seeerdisgy surfaee anfor ned

on both Surifﬁﬁ¥5€}5nggfs§i$gnfé %%sSQBrmed on both surfaces of one
substrate 50.
A method of manufacturing an optical recording medium
according to the present invention will be described.

As shown in FIG. 10, a polycarbonate sheet 40 having

a thickness of 100 um manufactured by extrusion or casting is

prepared. A stamper 41 heated to a temperature higher than a
glass transition point and a roller 42 are pressed to the sheet
40 with a pressure. In this case, the pressure can be set to
280 Kgf, for example.

After the above operation, as shown in FIG. 11, pits
or guide grooves of the stamper 41 are transferred are
transferred to the sheet 40. After being cooled, the sheet 40

is peeled off from the stamper 41, thereby a thin plate

substrate 43 having a thickness of 100 um being formed.

Subsequently, the reflective film or the recording
layer are formed on the guide groove by a process similar to the
above-mentioned manufacturing method.

An optical recording medium having a multiplier

structure can be manufactured by using the thin pl;ate substrate



A nmet hod of manufacturing an optical recording medi umaccording to the
‘present invention will be described. As shown in FIG 10, a polycarbonate
sheet 40 having a thickness of 100 [err] m manufactured by extrusion or
casting is prepared. A stanper 41 heated to a tenperature higher than a
glass transition point and a roller 42 are pressed to the sheet 40 with a
pressure. In this case, the pressure can be set to 280 Kgf, for exanple.
After the above operation, as shown in G 11, pits or guide grooves of
the stanper 41 are transferred are transferred to the sheet 40. After being
cool ed, thetdrhawmydn| EIgeclled of f fromthe stamper 41, thereby a thin
plate substrate 43 having ,a thickness of 100 [err]m being_ forned.
Subsequently, the reﬂ’é(ﬁq!l\?ecﬁﬁam%ﬁ shewn, &8 o¥EF nd 2rajéauid altgaridlen t he

ui de groov V. a_proce simlar to the above- tioned nuf act yrin
O hod . Saind GIRCEE. 1 BroBbal "o A A AMbRE T4y (a0 £he e SIeAR bo
manuf act ur LN@at s ~at . 3 in FIG 11.
In this ca?gggﬁgggﬁogﬁ In F é? ?g?'|?hagg%ﬁ%?%§$?éfgﬁm%u%i gﬂgesin 60 is

dropped on witravieeet lddrimndekhn s0ivitH 38 S8ESEABIEL 14908 NoiMe ibeiEHG 11
I's disposed on the liquid ultraviolet curing resin 60 with its recording

| ayer side beicoptiagtctiwzestitbhherewi th. As shown in FIG 13, in a state the
thin plate As shown in FIG. 13, in a state the thin plate
substrate is disposed on a rotation mount 61 through the liquid
ultraviolet curing resin 60, the stamper 141 on which the thin
plate substrate is laminated is rotated to draw the liquid

ultraviolet curing resin, thereby a desired thickness of the

ultraviolet curing resin being set to 20 um, for example.

Thereafter, as shown in FIG. 14, ultraviolet rays are irradiated
from a lamp 62 from a side of the thin plate substrate 43,
thereby the liquid ultraviolet curing resin 60 being cured.

As shown in FIG. 15, the thin plate substrate 43 and

the cured ultraviolet curing resin 60 having a thickness of 20

um are integrally peeled off from the stamper 141.

A metal thin film made of Si compound, Al, Au or the
like is forme@ on a minute concave and convex thus transferred
to the ultraviolet curing resin 60 by the stamper 141, and hence
the recording layer can be formed.

An optical disk having three recording layers or more
can be manufactured by repeatedly carrying out the process
described with reference to FIGS. 12 to 15.

As shown in FIG. 16, the substrate obtained by

injection molding is bonded to the recording layer finally



substrate is disposed on a rotation nmount 61 through the liquid ultraviolet
curi-ng resin 60, the stanper 141 on which the thin plate substrate is

|lam nated is rotated to draw the liquid ultraviolet curing resin, thereby a
desired thickness of the ultraviolet curing resin being set to 20 [err]m
for exanple. Thereafter, as shown in FIG 14, ultraviolet rays are
irradiated froma |lanp 62 froma side off the thin plate substrate 43,
thereby the liquid ultraviolet curing r¥sin 60 being cured. As shown in
FIG 15, the thin plate substrate 43 and the cured ultraviolet curing resin
60 havi ng a°Phk# @8 gesopibeqd rghaver shrougly@alyrpeitlat chringoresimne
stanper 141. A netal thin filmmmde of Si conpound, A, Au or the like is
formed on a2k altntesvedvefa?® wonv&hus huan toprichdr disk thaviing bigh avi ol et
curing resin 60 by the stanper 141, and hence the recording | ayer can be

formed. An Qggi@ﬂy Hask pRaghashdda.ee recording |ayers or nore can be
manuf actured by repeatedly carrying out the process described with

reference to FIGS. 12asosHdéwn An Fliewnl7 N fFh@ghlferiditionbsilat 70 aRidai ned by
injection nolding is bonded to the recording layer finally 26 obt ai ned
as descri be@fabbydu iprothe bike tisafoomed omrthegfisslly atbtarinedt erval of 20

[err]m Thus, an. optical disk having high rigidity can be obtained. As
shown in Fl ESCQEding dayer and e@c‘?t@ﬁ%fﬁlﬁ'r"’ﬁ? € %#-1%7,1 AS &PTReRd 9 ke i s

formed on tQﬁefﬂ{HﬂJféfQQE@igﬁxkilm 70, thereby making it possible to

manufacture a thin optical disk having a multilayer structure.
In this case, if the number of recording layers is N,
a thickness of the finally obtained optical disk is a sum of a
thickness obtained by mhltiplying a thickness of the ultraviolet
curing resin layer between layers with N and a total thickness

of the high-reflection film 70 and the protective film 71, e.q.,

5 mm. Specifically, if the thickness of the ultraviolet curing
resin layer between layers is 20 um, the total thickness of the

high-reflection film 70 and the protective film 71 is 5 um and

the optical disk has fbur-layer struecture, then the thickness of

the whole optical disk becomes 185 um.

However, since the optical disk thus obtained has
very low rigidity, it is necessary that rigid thick plates are
bonded to the side of the thin plate substrate 43 to support
them or that the information is recorded and reproduced by
utilizing a phenomenon in which a flexible optical disk becomes

flat when being rotated at high speed.

A value of 20 um which is a thickness between the



recording layer and further a protective film71 is forned on the
"high-reflection film70, thereby making it possible to manufacture a thin
optical disk having a multilayer .structure. In this case, if the nunber of
recording layers is N, a thickness of the finally obtained optical disk is
a sum of a thickness obtained by multiplying a thickness of the ultraviol et
curing resin |ayer between |ayers withyN and a total thickness of the

hi gh-reflection film70 and the protective film71, e.g., 5 [err]m
Specifically, if the thickness of the ultraviolet curing resin |ayer

bet ween | aysljaceant2fedexrding 1apers dadicrdibeakapsee Gfs deeehifed ¢falseat ban
film70 and the protective film71 is 5 [err]mand the optical disk has
four -1 ayer the mumbes, of hlayerseof hthek mpddcell dhek whisglad lypobtainadi sindbacones
185 [err]m However, since the optical disk thus obtained has very |ow
rigidity, iMoVRPleegigtanse ofap 1eRF Pf @ PRckratfer Hesopdim@®nd the side of
the thin plate substrate 43 to_su rt themor that the information is
recor ded artfaX PSaﬁ‘ég*d‘%fP&&Fsz ‘ﬁ'sa"a phenonenon in which a flexible

optical disk becorres_ﬁk%gg%m rag‘sgghgée(gsaéélfilggsspﬁeg ?nval ue of 20

[err]mwhich is a thic ween t he acenf recdrding |ayers

descri bed | tern t m f_layer f Jthe.gpti cal
di sk final Fl?lq-'ogt a?ngg %n a%%g@éb e(';ehsglr?"sst gﬁc bfgga ﬁ%é)rvflg %ﬁ 12.1(% cltk8lipl?or
recordi ng and reproducing the optical disk. |If the novable distance of the
| ens, i.e. ABufficient to bond the substrate 10 and the thin plate

substrate 43 to each other through the ultraviolet curing resin

at an interval of 50 um. If the optical disk having a trilayer

structure shown in FIG. 19 is manufactured, it is sufficient to

form the recording layers between the substrate 10 and the thin

plate substrate 43 at an interval of 25 um.

Other than the optical disks having the above
strucfures, the present invention can be applied to an optical
disk formed by pressing the thin plate substrate 43 and a disk-
shaped substrate 50 manufactured by injection molding and having
a thickness of 1.1 mm to each other through ultraviolet curing
resin as shown in FIG. 20 and bonding them to each other by
irradiation of ultraviolet rays from the transparent substrate
side.

According to the present invention, as shown in FIG.
21, the optical disk finally having a four-layer structure can
be manufactured by placing thin plate substrates 43 on a
substrate 50 having minute concaves and convexes as recording
layers formed on both sides thereof by injection molding to

press the thin plate substrates 43 to the substrate 50 through



dinterval of a two-group lens is 50 [err]m as shown in FIG 18, it is
sufficient to bond the substrate 10 and the thin plate substrate 43 to each
ot her through the ultraviolet curing resin at an interval of 50 [err]m If
the optical disk having a trilayer structure shown in FIG 19 is

manuf actured, it is sufficient to formthe recording |ayers between the
substrate 10 and the thin plate substrg}e 43 at an interval of 25 [err]m

QO her than the optical disks having th &bove structures, the present

i nvention cap be applied fo an qptical disk formed by pressing the thin

plate subst‘lﬂa"fré“@éﬂ&ﬁdc‘ér%ﬂ% IF—eséﬁaﬁ%@I %‘lﬁiétbpﬁfiénﬁcﬁhﬁaﬁ@ﬂ&c?hiﬁ%l by

t l.d d t K hi h
't ravi of et PR EPear o, Fheh SRS ERAE 030 REATA ARG OEnEhTTOr{RIaR ot her
by i rradiatigp, dirail theviflPor 28 LAAMNgiMte! gaﬂggg@%ssﬂbstfate si de.

According to the present Invention, the optical disk

finally having a fouraI@tebrsaépsmmmnohetn@mﬁb@%uﬁedwm Meacing thin
pl ate substrates 43 on a substrate 50 having m nute concaves and convexes

as recordi ndescrided . cHemszlinafteot, hisi e assheedothdy the eefractiwmitdi of t o
press the thin plate substrates 43 to the substrate 50 through 28
ul travi ol ettheiriighty EEapspiasivechayefdisi@l-t he thin plate substrates 43 to

thin pl at e substrat e eeBh,PE s Bt i & GPRRER G MCBUBT BHGDSREI | o
modulation can be obtained is (A/4)/N. A depth of a pit or a
groove in the optical recording medium or ROM type and the like
is set to the above value.

If in the groove recording or the land recording a
tracking error signal is obtained by a push-pull operation, a

push-pull signal becomes maximum when the depth of the pit or

the groove is (A/8)/N.

Moreover, if a signal is recorded on both of the land
and the groove, then the groove depth must be set together with
characteristics of a servo signal in consideration of the
crosstalk and cross-erasure characteristics. From study of
experimental results, it is confirmed that the crosstalk becomes

minimum when the groove depth is in the vicinity of a wvalue of (

A/6)/N or (A/3)/N and the cross-erasure gives less influence as

the groove is deeper. If both of the crosstalk and cross-
erasure characteristics are satisfied in consideration of a
groove inclination and the like, both of the characteristics

become optimum when the depth is in the vicinity of a value of

(3/8\)/N. The high-recording-density optical recording medium



described. Hereinafter, it is assuned that the refractivity of the |ight
‘transm ssive layer is N. A depth of a pit or a groove in which the highest
nodul ati on can be obtained is ([err]/4)/N A depth of a pit or a groove in
the optical recording nediumor ROMtype and the like is set to the above
value. If in the groove recording or the |and recording a tracking error
signal is obtained by a push-pull operation, a push-pull signal becones
maxi mum when the depth of the pit or t@® groove is (X/ 8)/N. Mreover, if a
signal is recorded on both of the |and and the groove, then the groove
depth nust #scamiingogettisr paeskenthimeaitaions tansbefapplieveo Say ptical
consi deration of the crosstalk and cross-erasure characteristics. From
study of ex¥RITdRgaredium hayingt aj growe ideptl imdthe laboveosangsk becones

m ni mum when the groove dggth is in the vigcipity of a value ogﬂé gerr]IG)/N
or ([err]/3)/N and t & Ar&eBISRRY foryreadiring 3 MoheRS-Ars W foove is

d I f s h - h | St
atrstiea | AetchBegs, i % Shbul ot SRANGRRRTY S 2RARERCOF ael cobdeRLor

the charactefdss bpparResd RrORERIAN G HilRedoRIX. | .60, 108 Y Gd¥eléng! 2

val ue of (3/8[err[)/N. The high-recordi ng-density ‘optical recording medi um
29 accor di ngf te0 twbegpsgs clikinsi BHepéoHN can be applied to an optical
recordi ng medi um havi ng a groove depth in the above range. An arrangenent
for realizing a hi ghéts Khawnwin|F¥ss 22, the optical disk apparatus has a

second lens 32 provided between a first lens 31 and a disk 21.

Since the optical disk apparatus has an arrangement
of the two-element lens, it is possible to set the N.A. to 0.7
or larger, and it is also possible to narrow an interval (W.D.)
between a first plane 32a of the second lens 52 and a surface of
the disk 21.

It is desirable to form a first plane 3la, a second
plane 31b, a third plane 32a and a fourth plane 32b of the first
and second lenses 31 and 32 as aspherical planes.

Since the two-element lens is employed, it is
possible to record and reproduce the above optical recording
medium with high recording density.

As clearly described above, according to the present
invention, anloptic&l recording medium includes a base layer
having an information signal portion formed on a surface on the
side on which laser light is incident, and a light transmissive

layer formed on the base layer. A thickness t of the light

transmissive layer is within the range of t = 3 to 177 um at

least in an area of the information signal portion. If

unevenness of the light transmissive layer is At, N.A. of an



described. FIG 22 shows an arrangenent of |enses of an optical disk
"apparatus for realizing a higher N A, i.e., an arrangenent of a two-group
| ens thereof. As shown in FIG 22; the optical disk apparatus has a second
| ens 32 provided between a first lens 31 and a disk 21. Since the optical

di sk apparatus has an arrangenent of the two-elenent lens, it is possible
to set the NNA to 0.7 or larger, and 30 is also possible to narrow an
interval (WD.) between a first plane 32a of the second lens 32 and a
surface of the disk 21. It is desirable to forma first plane 31la, a second
pl ane 31b, epthtal siskem fom zaprodutbien homirecerdng oind repkodectiond second
| enses 31 and 32 as aspherical planes. Since the two-elenent lens is

enpl oyed, i &ndsapessilengthol rsaddisdiendAteprodu@s (héNabdje (pp)ical

recordi ng nediun1mjth hi gh recordi ng density As clearly described above,

accordi ng t aV| ng(g%%%eg_% bné’fd“a{ %ﬂew ogt |%Fcﬂ1r ecohééggﬁnrredl Uﬁl ncl udes a

base | ayer n I nformatt on S|gn por f or ace on the
side on which laser light is incident, and a |ight transm ssive |ayer
forned on the4 hps I(ayur.a.#ﬂ)hhsr&neaﬁisfwd.t hehé | gftidalapasosding | ayer is
wi thin the range of t 3 to 177 [err]mat least in an area of the

| nf or mat i oy mllsoqrgbea a\dy YAYBRRESE 1 ol BEcbleN WEANSELaskNG |y er

is At, _ optica stem repro and
reprOdUCt'Osttem satisfying A .= 0.68 pm and N.A./A = 1.20. The optical

recording medium permits a recording capacity of 8 GB.
Therefore, it is possible to increase a storage capacity of an
optical recording medium with a simple recording and reproducing
apparatus.

Having described a preferred embodiment of the
present invention with reference to the accompanying drawings,
it is to be understood that the present invention is not limited
to the above-mentioned embodiment and thét various changes and
modifications can be effected therein by one skilled in the art
without departing from the spirit or scobe of the present

invention as defined in the appended claims.



and a wavelength [err] satisfies [err]t [err] 5.2 [err]m.
‘A track pitch is P and a skewis [err], then P [erﬂﬂ“mm"'“uﬂﬂmlmd [err]
84. 115[err] ([err]/N A 3/t) are satisfied. The optical *rektor¥irng mediumis
recorded or reproduced by a recording and reproduci ng system sati sfying
[err] 0.68 [errlmand N. A /[err] [err] 1.20. The optical recordi ng nmedi um
permts a recording capacity of 8 GB. Therefore, it is possible to increase
a storage capacity of an optical recor&ﬂng mediumwi th a sinple recording
and reproduci ng apparatus. Having described a preferred enbodi ment of the
present invention with referenc®het fheckriomtpdsyi ng drawings, it is to be
understood that the present invention is not limted to the above-nenti oned
enbodi ment and that various changes and nodifications can be effected

therein by one skilled in the.art wthqut departing fromthe spirit or
scope of the presenti"nb@n?? c%lsrﬁg?Faéﬁgi‘??eﬁh@S BRREENIE ai ms. 31

What is clained is: bégeoFg'&alha%ﬁgggﬁmr%mag%ﬁo&#a?nB?%%a base | ayer

. . . h e}
having an i nformati on signal “portion on a surfa 2 de on

whi ch | aserforimght oh Sa i suxirdeat on ¢k ¥idedBh Jwﬁ%fﬂa%%wfiéﬁ&’ g formed on
sai d base |ayer, wherein a thickness t of said |light transm ssive |ayer is
within the ingidenbf and- 3 to 177 [err]mat least in an area of said

information signal portion, and if unevenness of said |ight
a light transmissive layer formed on said base layer,

wherein a thickness t of said light transmissive layer is within

the range of t = 3 to 177 um at least in an area of said
information signal portion, and if unevenness of said light
transmissive layer is At, N.A. of an optical system for
reproduction or recording and reproduction and a wavelength A
satisfies

At:s + 5.26 (A/N.A.4) (pm) (where N.A. is a numerical

aperture).

2. An optical recording medium according to claim 1,

wherein if a track pitch is P and a skew is ©, then P < 0.64 um

and © = $84.115° (A/N.A.3/t) are satisfied.

3. An optical recording medium according to claim 1,

wherein said optical recording medium is recorded or reproduced

by a recording and reproducing system satisfying A = 0.68 um and

N.A./k 2 1‘20‘



transm ssive layer is At, N. A of an optical systeaE m u(m
‘recordi ng and reproductlon and a wavel ength [err] s limnmrl “ﬂ , L”]
5.26 ([err]/N.A 4) ([err]m) (where N.A is a nunerical dperfttufe)® 2% An
opti.cal recording medium according to claim1, wherein if a track pitch is
P and a skewis [err], then P [err] 0.64 [errlmand [err] 84.115[err]
([err]/N A 3/t) are satisfied. 3. An optical recording nediumaccording to
claim1, wherein said optical recordi ng,nediumis recorded or reproduced by
a recording and reproduci ng systemsatisSfying [err] 0.68 [err]m and
N.A/[err] 1.20. 32 4. An optical recordi ng nmedi um according to claim1,
wherein its outer dia teraﬂp%?' mnor small t and its, thickness |s 1.60

mmor smaller. 5. An Optt W ASFORGLRg @ S131R Iwherein
a linear degsdtein $t3€butdr Jﬁaa'ine@e efé’rﬁﬁ%mcﬁga&k\%fﬁ@%ﬂhdlgg 8 &B or

| arger. 6. An optical recording rrewmaccordl ng 17 "wherein if

refractivi tynidkrfedisd iki 9h60 i RETERg1 V&) ayer is N, then a depth of a
groove or an information pit is within the range from (X' 8)/N to

(3[err]/8)/N. 7. An optical recording msdl um according to claim1, wherein
a track pitch unevenness is set as [err]P [err] 0.04 P([err]m,. _
eccentricity is set a%- B @ptica¥. mrar r pegjum pegordihevid sladm 1p

wherein a linear density is set so that a recording capacity

should be 8 GB or larger.

6. An optical recording medium according to claim 1,
vwherein if refractivity of said light transmissive layer is N,

then a depth of a groove or an information pit is within the

range from (A/8)/N to (3A/8)/N.

7. An optical recording medium according to claim 1,

wherein a track pitch unevenness is set as AP = £0.04 P(um),

eccentricity is set as E = 67.57 P (um), and a skew is set to

0.4 ° or smaller.

8. .An optical recording medium according to claim 1,
wherein a surface roughness Ra, in a range of a spot size, of a

surface irradiated with a recording and reproduction beam is set

to $3A/100 or smaller.

9. An optical recording medium according to claim 1,

further comprising:



0.4 [err] or smaller. 8. An optical recording nediuma i g 1
‘wherein a surface roughness Ra, in a range of a spot sﬂﬂﬂncmmnmmuﬂw
irradiated with a recording and reproduction beamis set*td¢ 3fLert]/slOC or
smal ler. 9. An optical recording nmediumaccording to claim?1, further
conpri si ng: 33 a substrate made of thernoplastic resin and having a
thickness of 0.3 to 1.2 mm and a guide_3 roove forned on said substrate by
transferring, wherein a multilayer filmis formed on said gui de groove or
an organic pignment is forned thereon by spin coating, and ul traviol et
curing resin of at | SaSUPghEaks Mpdes ofothermamiastds sesin and having a

t hi ckness q&F%%%gs;§%$hﬁ5r%glégg. An optical recording nmediumaccording to

claim1, fur co i'si™ng: e made of thernoplastic resin and

having a thickness ofy g‘ﬁd&\?&%ﬂ"&%ﬁgﬁt‘?‘r %i%eF?FQQ¥&% Q% med on said

substrate by transferring, erein a nmu ayer m s Torfmed on said

gui de gr Oouaakﬁaﬁrﬂﬁ?ﬁmh%ré:ﬁ.ﬂ@%uﬁt&lﬁ?éﬁeﬂiixﬁ‘qs?‘i&rﬁ¥dSdi}i aG@ehhide @
light transmi ssive filmserving as a |ight transm ssive |ayer |s”bonded

t her eont 0 tgnoowghoxl 4n ariganét pigmery: nssiforméd athdresat bpnspili @datsngpat ed

thereon, and a total thickness is within the range from3 to 177 [err]m
and ultraviolet curing resin of at least one kind is coated

thereon so as to have a thickness of 3 to 177 pm.

10. An optical recording medium according to claim 1,
further comprising:

a substrate made of thermoplastic resin and having a
thickness of 0.3 to 1.2 mm; and

a guide groove formed on said substrate by
transferring, wherein a multilayer film is formed on said guide
groove or an organic pigment is formed thereon by spin coating,
a light transmissive film serving as a light transmissive layer
is bonded thereonto through ultraviolet curing resin of at least

one kind is coated thereon, and a total thickness is within the

range from 3 to 177 um.

11..An optical recording medium according to claim 1,
wherein said light transmissive layer is formed by heating a
sheet manufactured by injection molding or casting to high
temperature by a stamper to thereby transfer a signal or a guide

groove to said sheet.

12. An optical recording medium according to claim



.11. An optical recording nmediumaccording to claim1, ' ' [
transm ssive layer is formed by heating a sheet manuf ammuHmlﬂlmclﬁIEn
nol ding or casting to high tenperature by a stanper to ther®eby t*anifer a
signal or a guide groove to said sheet. 12. An optical recordi ng nmedi um
according to claim 34 11, wherein a base substrate having a thickness of
0.6 to 1.2 nmis bonded to said transfer sheet. 13. An optical recording
medi um according to claim 12, wherein $4id base substrate is a transparent
plate. 14. An optical recording nmedi umaccording to claim 12, wherein said
base substrite Yhenedndadbase cﬁ!’gﬁtﬁﬁﬁ? ahaving acthickpesssiof. 016. o\l .@piuncal
recordi ng nedi,umaccording to claim113, wherein said ultraviolet curing
resin is coat et?f"é%%s PnS :g%tt'rrl‘?é‘?%?ﬁ.s tical recording medi um according
to claim1, having a doubl e-sided structure fornmed by sinultaneous nol ding
on both sides or bonding on both sides. 17. An optical recordi ng nmedi um

according to claiml,1fawngpeisat tﬁé@&g&@}t%ﬁ&ckggﬁﬁfqoacahﬁal ity of

i nformation recording films or reflective ransm Ssi ve
| ayers are 1niwieredn 4&id Aasepsiubstrates disdangramsidranacpagdng to claim
17, wherein reflectivities of said plurality of reflective filns
14. An optical recording medium according to claim
12, wherein said base substrate is bonded through ultraviolet

curing resin.

15. An optical recording medium according to claim
13, wherein said ultraviolet curing resin is coated by spin

coating.

16. An optical recording medium'adcording to c¢laim 1,
having a double-sided structure formed by simultaneous moiding

on both sides or bonding on both sides.

17. An optical recording medium according to claim 1,
having a multilayer structure in which a plurality of
information recording films or reflective films and light

transmissive layers are laminated.

18. An optical recording medium according to claim
17, wherein reflectivities of said plurality of reflective films

are reduced in a direction toward a light incidence side.



are reduced in a direction toward a |ight incidence si de.rl mﬁmu“ ml
optical recording nediumaccording to claim1l, wherein uIII IH Mﬂu]
resin is coated also on a side opposite to said |ight transnm‘sitve®l ajer*
20. .An optical recording nediumaccording to claim19, wherein ultraviolet
curing resin coated on a side opposite to said |ight transm ssive |layer has
hi gh shrinkage ratio after curing as conpared with a material form ng said
light transm ssive layer. 21. An optica¥d>recordi ng nmedi um according to

claim1, wherein a hard coat for:g roving a surface hardness and,
antistatic property i'®foPnBESHTR ’%S’PF 9 Jrediyiny aceoFding iesALadnvk,

| ayer. 22. i rgi i .accordin o.claim9 or, claim 10,
wherein a s‘ﬁiréffaége g gérl%orﬁgfggg B0y dEnGORESR AL BB I with

ul tr avi ol etogéiiing £64did 2igHb] pdithicdivhl gagepr ocessing for i mproving
adhesion to said ultraviolet "curing resin. 23.7 An optical recording nmedi um
according to claiml1l, wherein an antireflection filmis fornmed on a surface

of said light transm ssive |ayer. 24. An optical recordi ng nmedi um accordi ng
to claim23, wherein 20f Racepvical Negbrdimg mediumehtectdiny ftol alatm| ower

19, wherein ultraviolet curing resin coated on a side opposite

to said light transmissive layer has high shrinkage ratio after
curing as compared with a material forming said light

transmissive layer.

21. An optical recording medium according to claim 1,
wherein a hard coat for improving a surface hardness and
antistatic property is formed on a surface of said light

transmissive layer.

22. An optical recording medium according to claim 9
or claim 10, wherein a surface of an information recording layer
to be coated with ultraviolet curing resin is subjected to
silane processing for improving adhesion to said ultraviolet

curing resin.

23. An optical recording medium according to claim 1,
wherein an antireflection film is formed on a surface of said

light transmissive layer.

24. An optical recording medium according to claim

23, wherein refractivity N of said antireflection film is lower



36 than refractivity of said light transm ssive |ayer an | f
said antireflection filmis set to ([err]/3)/N (nm or sasmlnn"m:‘“gﬂmllml
wavel ength of |ight used for recording and reproduction iss[efr|. . s AN
opti.cal disk apparatus for recording an optical disk having a Iight

transm ssive | ayer whose thickness t is set ast = 3 to 177 [err]m
conprising: a laser |light source for | r Iight having a wavel ength of 680
nmor smaller; and a lens having N.A of 0.7 or larger for converging | aser
l'ight at a signal pecording surface qof said optical disk. 26. A optical

di sk appar at naf%%ﬁ?ﬁ?ﬁyng ef S I ighkerernsnissipe ckavas amedenness of a
light transm gsive |layer of said optical disk is At, N.A of an optical
system for F@&Skﬂ??@ spddoppt hepdegtiepr bbbk ilsy sehi to offt/i304N ek emnd a
wavel ength [err] satisfy [err]t [err] 5.26 ([err]/N. A 4) ([err]m (where

N.A is a nsmellen|ifipemavedengtly ofAlaght Cadedifor 2086Fdints angcording to
claim?25, wherein said | ens has a two-group structure. 28. A optical disk

appar at us aceprdduction dlsahm 25, 37 wherein said |l ens has N.A of 0.78
or |arger.

25. An optical disk apparatus for recording an

optical disk having a light transmissive layer whose thickness t

is set as t = 3 to 177 um, comprising:

a laser light source for laser light having a
wavelength of 680 nm or smaller; and
a lens having N.A. of 0.7 or larger for converging

laser light at a signal recording surface of said optical disk.

26. A optical disk apparatus according to claim 25,

wherein if thickness unevenness of a light transmissive layer of

said optical disk is At, N.A. of an optical system for recording

or recording and reproducing said optical disk and a wavelength

A satisfy

At = + 5.26 (A/N.A.4) (um) (where N.A. is a numerical

aperture).

27. A optical disk apparatus according to claim 25,

wherein said lens has a two-group structure.

28. A optical disk apparatus according to claim 25,



e

37

wherein said lens has N.A. of 0.78 or larger.



