Specification Title of the Invention Optical Recording Medium

- Manufacturing Method for Optical Recording Medium and Reproduci ng Met hod
for Optical Recording Medium Technical Field The present invention rel ates
to an optical recording medium particularly, an optical disk which is
shaped like a circular plate and is used to reproduce information.
Background Art As a conventionakp@pliisGala ¢ £6R" di ng medi um for exanple,
there is an optical disk, such as a CD-ROM and a DVvD-ROM I n such an
optical disk, an uneven row of pits is formed on a transparent substrate
which is made of pol ycarbonate or the like. On the substrate, a netal
reflectippeil] @ Shd OfpBdaMhigh is made of Al or the like. Fromthe side
of the surface opposite to the surface on which this netal reflection
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fromnow on. "I'n recent vyears, a variety of optical disks have been
devel oped whi ch

Technical Field
The present invention relates to an optical recording
medium, particularly, an optical disk which is shaped like

a circular plate and is used to reproduce information.

Background Art

Asaconventional optical recordingmedium, forexample,
there - is an optical disk, such as a CD-ROM and a DVD-ROM,
In such an optical disk, an uneven row of pits is formed
on a transparent substrate which is ﬁade of polycarbonate
ror the like. On the substrate, a metal reflection f£film is
formed which is made of Al or the like. From the side of
the surface opposite to fhe surface on which this metal
reflection f£film is formed, a beam of light is applied to
the metal reflecticon £film which is an information recording
surface. Thereby, information is reproduced. |

VSuch an optical recording medium has been widely used
in which information is recorded and reproduced by applying

a beam of light. Thus, expectations have become greater of



can reproduce | arge-capacity audi o-visual data or digital data. For
~exanpl e, research and devel opnent for a high-density ROMoptical disk is
now goi ng on, in which the density of an optical disk which has a dianeter
of 12 centinmeters is expected to becone higher to a storage capacity of
23.3 to 30 gigabits. On the other hand, a DVD ROM recording nmediumis
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On the other hand, a DVD ROM recording medium is provided
with a security technique, specifically, the technigque of
preventing someone from illicitly using and copying recorded
information or from doing such an act. As that security
technigue, a BCA (or burst cutting area) area is provided
where medium identification information which is used to
identify each recording medium individually is overwritten
in a bar-code pattern. In this BCA area, when an optical
recﬁrding medium is manufactured, medium identification
information which differs for each optical recording medium
is recorded, and if necessary, a key of cryptograph or a
key of decoding is recorded.

For example, Japanese Patent Laid-Open No. 10-233019
specification discloses that a metal reflection f£ilm of an
dptical disk on which a row of pits is formed as main data.
is partially removed by a laser trimming, and modulated data
is recbrded individually. Thus, medium idéntification

information is recorded which is used to protect against



However, in order to heighten the above described density, the pitch

- between tracks has to be narrowed, or the shortest pit of a row of pits
needs to be shortened. Besides, with respect to a high-density opti cal

di sk, 23.3 GB or nore data is recorded on a 12cmdi aneter optical disk.
Therefore, it has been found out that if on a substrate used for such an
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on an area where pits are not forned in hi gh-density ROM optical 3
for such an optlcal disk, a metal reflection £ilm is formed

which is made of an Al alloy material having a £film thickness
of 50 to 70nm s¢o that it can be used in a DVD ROM optical
disk, that deteriorates the quality of a reproduced signal.

This is because a metal reflection film seems to be
difficult to form at the bottom of a minute pit about 0.2
#m long. Thus, the shorter a pit becomes, the deeper and
the smaller it tends to be. Accordingly, as a metal reflection
film for the above described high-density ROM optical disk,
a metallreflection film which is used in a DVD ROM optical
disk could not be used as it is.

Inaddition, whenaDVD ROMoptical disk ismanufactured,
medium 3identification information is recorded, using a
medium-identification-information recording apparatus which
isprovidedwithaYAG (yttriumaluminumgarnet) laser. However,
even if the medium identification information is recorded
in a bar-code pattern using this
medium-identification-information recording apparatus, on

an areca where pits are not formed in a high-density ROM optical



disk or on a row of pits which is recorded at a track pitch of 0.74 am
~which is the sane as in the DVD ROM optical disk, then the pattern could
not be formed. O, the reproduction noise of the mediumidentification

i nformati on becane | ouder, and thereby, an adequate def ocus nmargin could
not be secured. This is because in a high-density ROM optical disk, a
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formed as nain data, and a sub- inf ormation 4 . .
optical disk. Or, the material of a metal reflection film

in use is different, and thus, the heat capacity necessary
until the metal reflection £ilm reaches its melting point
is largely different. Accordingly, - a conventional
medium-identification-information recording apparatus
providedwithaYAGcouldnot beusedas it iswhenahigh-density

ROM optical disk is manufactured.

bisclosure of the Invention

It is an object of the present invention to provide
an optical recording medium in which data can be recorded
more densely than in a DVD ROM optical disk, and using a
conventional medium-identification-information recording
apparatus, medium identification information can be recorded
so that an adequate defocus margin can be secured.

An optical recording medium according to an aspect
of the present invention: which includes a main-information
area in which a metal reflection £film is formed on a substrate

wherearcowof pits is formed as main data, and a sub-information



area in which mediumidentification information is recorded which is used
-to identify the optical recording medium individually by renoving the
netal reflection filmpartially and formng a plurality of reflection-film
renoved areas; and in which information is reproduced by irradiating the
metal reflection filmwth a beamof |ight, where in the sub-information
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having a_shorter wavelength and an_optical system an n gher
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ROM optical disk. In addition, even though the thermal conducti vi t}/1
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recor di nBeiffarzRfsectiea fit IueNiith @atPeam oforkbeibn ¥ReH5e +RcbP8ed so
that an adequate def ocus margin can be secured. A manufacturi ng met hod for
an opt i cEPPrédG AR HRBI BSc BrBPHg Ofo Rt heF asg&et thelpreednt
i nvention, includi ng a first _step of preparing a substrate on which a
row of pPPs the {PPREETAL ovai 2R dathe FA®ki Riteboro®t tbe Tow Of pits
or the groove is 0.244m or wider and 0.45/m or narrower.
In this optical recording medium, a row of pits or
agroove is formed in the sub-information area on the substrate,
and the track pitch of the row of pits or the groove is set
at 0.24 /4 m or wider and 0.454m or narrower. Therefore, using
a beam of 1light for reproduction having a shorter wavelength
and an optical system having a higher numerical aperture,
data can be recorded at a higher density than in a DVD ROM
opticaldisk. Inaddition, even though the thermal conductivity
or melting point which is the intrinsic value of the metal
reflection f£ilm is different, using a conventional
medium-identification-information recording apparatus,
medium identification information can be recorded so that
an adequate defocus margin can be secured.
A manufacturing method for an optical recording medium
according to another aspect of the present invention,

including: a first step of preparing a substrate on which

a row of pits is formed as main data in a main-information



5 area, and a row of pits or a groove whose track pitch is 0.244m or w der
and 0.459m or narrower is forned in a sub-information area; a second step
of formng a netal reflection filmon the substrate; a third step of
formng aresin layer on the nmetal reflection film and a fourth step of
recordi ng nmedi umidentification infornation which is used to identify the
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the intrinsic value of the metal reflection filmis different, wusing a
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recordi ng medi um, according to still another asEect of the present
inventio%y partially removing the metal reflection film in the

sub-information area and forming a plurality of
reflection-film removed areas.

By this manufacturing method for an optical recording
medium, the row of pits or the groove is formed in the
sub-information area on the substrate, and the track pitch
of the row of pits or the groove is setrat 0.244m or wider
and 0.454 m or narrower. Therefore, using a beam of light
for reproduction having a shorter wavelength and an optical
systemhaving a higher numerical aperture, data can be recorded
at a higher density than in a DVD ROM optical disk. In addition,
even though the thermal conductivity or melting point which
is the intrinsic value of themetal reflectionfilmisdifferent,
using a conventional medium-identification-information
recording apparatus, medium identification information can
be recorded so that an adeguate defocus margin can be secured.

A reproducing method for an optical recording medium
accordingrto still another aspect of the present invention,

in which: the optical recording medium includes a



in which: the optical recording nmediumincludes a 6 main-infornmation area
~in which a netal reflection filmis fornmed on a substrate where a row of
pits is formed as nain data, and a sub-information area in which a row of
pits or a groove whose track pitch is 0.24gm or w der and 0.459m or
narrower is formed on the substrate, and nmedium identification information
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even though the thermal conductivity or neltingipoint which is the
intri nsiE 9a{n&§al reflection film partially and forming a plurality
of reflection-film removed areas; and information is
reproduced by irradiating the metal reflection £ilm of the
optical recording medium with a beam of light.
By this reproducing method for an optical recording
medium, information is reproduced by applying a beam of light
to the metal reflection £ilm of the optical recording medium
which includes a sub-information area where the row of pits
or the groove is formed in the sub-information area on the
substrate and the track pitch of the row of pits or the groove
issetat 0.24 4 mor wider and 0.45 /X m or narrower. Therefo're,
using a beam of light for reproduction having a shorter
wavelength and an optical system having a higher numerical
aperture, a good-quality signal can be obtained by reproducing
the data which has been recorded at a higher density than
in a DVD ROM optical disk. In addition, even though the thermal
conductivity or melting point which is the intrinsic value

of themetal reflectionfilmis different, usinga conventional

medium-identification-information recording apparatus, the



of the nmetal refection film is d-ifferent, using a Ponventional
mediumidentification-information recording apparatus, the 7 nmedi um
identification information which has been recorded at an adequat e defocus
margi n can be steadily reproduced. Brief Description of the Drawings Fig. |
is a graphical representation, showing a neasurement result of the jitter
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thickness of a-netal reflection filmwhich is nade of an Al alloy. Fig. 4
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Fig. 2 1is a graphical representation, showing a
measurement result of the jitter wvalue which corresponds
to the film thickness of a metal reflection f£ilm which is
made of an AgPdCu alloy.

Fig. 3 4is a graphical representation, showing a
measurement result of the jitter value which corresponds
to the film thickness of a metal reflection film which is
made of an Al alloy.

Fig. 4 is a sectional view of an optical disk in whiéh
a metal reflection film which is made of an AgPdCu alloy
and has a f£ilm thickness of 100nm is formed on a substrate
where pits are formed.

Fig. 5 is a graphical representation, showing a
measurement result of the reflectance ratio which ¢corresponds
to the film thickness of a metal reflection f£ilm which is
made of an AgPdCu alloy.

Fig. 6 1is a graphical representation, showing a
measurement result of the reflectance ratio which corresponds

to the film thickness of a metal reflection film which is



measurenent result of the reflectance ratio which corresponds to the film
~thickness of a netal reflection filmwhich is 8 made of an Al alloy. Fig. 7
is atop view of an optical disk, showing an exanple of its

mai n-informati on area and sub-information area. Fig. 8 is a block diagram
showi ng the configuration of a nediumidentification-information recording
appar at Upagehigdh 4ecpidg1fedi umidentification information in a BCA area.

Fig. 9 is a sectional view of an optical disk in which a netal reflection

filmis formed paga gubst rate,yhes 8yPids arﬁré;#%&ggndd%%gﬁ, gh&fht! af 2

resin layer is fofned on the 'hetal reflecti I's a~graphi cal
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BCA recordin power corresponds to the trac itc a row of pits
whi ch isa%g%ned in an optical disk that includes a 50nmnetal reflection
filmwhichis made of an AgPdCu alloy. Fig. 11 is a graphical
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which records medium identification information in a BCA
area.

Fig. 9 is a sectional view of an optical disk in which
a metal reflection f£ilm is formed on a substrate where pits
are formed, énd in addition, a resin layer is formed on the
metal reflection film.

Fig. 10 is a graphical representation, showing a
measurement result of the defocus margin of a BCA recording
power which corresponds to the track pitch of a row of pits
which is formed in an optical disk that includes a 50nm metal
reflection £ilm which is made of an AgPdCu alloy.

Fig. 11 is a graphical representation, showing a
measurement result of the defocus margin of a BCA recording
power which corresponds to the track pitch of a row of pits
which is formedinanoptical disk that includesanAlreflection

film whose f£ilm thickness is 30nm.

Best Mode for Implementing the Invention
Hereinafter, a ROM optical disk will be described as

an example of the optical disk according to an embodiment



Hereinafter, a ROMoptical disk wll be described as an exanple of the
optical disk according to an enbodinent 9 of the present invention. Herein,
an optical recording nedium which is applied according to the present
invention is not limted especially to. this exanple. The present

i nvention can also be applied to various optical recording nediuns whose
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track pi&ch beconmes too narrow, cross talk becones greater in an RF-signal
char act eP8Kc. This hinders securing an adequate system margin. |If the

shortest pit qugth becones too short, then ) )
The ROM optical disk includes: a main-information area

in which a metal reflection film is formed on a substrate
where an uneven row of pits is formed as main data; and a
sub-information area in which medium identification
information is recorded which is used to identify the optical
disk individually by removing the metal reflection film
partially and forming a plurality of reflection-film removed
areas. In this optical disk, information is reproduced by
irradiating the metal reflection £ilm with a beam of light.

Generally; in order to heighten the density of a ROM
optical disk, the pitch between tracks has to be narrowed,
and the shortest pit length (or the shortest mark length)
needs to be extremely shortened. However, if the track pitch
becomes too narrow, cross talk becomes greater in an RF-signal
characteristic. This hinders securing an adequate system
margin. If the shortest pit length becomes too short, then
the resolutionof areproduced signal lowers, thereby worsening
the jitter value of the reproduced signal.

Therefore, an examination is repeatedly made of the
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the resolution of a reproduced signal |owers, thereby worsening the jitter
~val ue of the reproduced signal. Therefore, an exam nation is repeatedly
made of the 10 nost suitable track pitch, using an information reproducing
apparatus in which a wavel ength k of a light source of a beam of light for
reproduction is 405nm and a nunerical aperture NA of an objective lens is
0.85. As | : am 1,0 |_l.aw I t
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result is obtain This pr S ct 't IT atra 0. 244m
i d : -talk si I b t Lcal | ect ed, d with
O R P SN B R ACL ] YeREGLSEL 88 o ccTRRLE] W
46. 5 0. Q.- 4 dditi t ' t pit
| engt h Pg gg ﬁ&ng F E%é%%?%%£§8§vggd%§§PPb§§drﬁféﬁﬁﬁﬁéﬁgfé%$qéﬁﬁfﬁgm
t . f_the stud | ut.i f
bt ai ni n3a Che T oy P EBT S DL S BndP - A reehEr B L et Shsan
obt ai ned asnﬁolloms. 1, ha &#rned out that if _the | th of the shortest
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adequatelﬁ_secured. Shortest-PitLength_éa Jitter Value (9
This presents the fact that if a track pitch is 0.244m or
_wider, a crogs-talk signal can be practically neglected,

compared with a main signal.

Track Pitch (um) Jitter Value (%)
0. 20 7. 6
0. 22 7. 0
0. 24 6. 5
0. 26 5. 6
0..28 5. 4

In addition, the most suitable shortest pit length
is examined, using the above described information reproducing
apparatus. As a result of the study of a resolution necessary
for obtaining a desirable reproduction signal, a measurement
result is obtained as follows. It has turned out that if

the length of the shortest pit is 0.124m or longer, the

resolution of a reproduced signal can be adequately secured.

Shortest-Pit Length (g m) Jitter Value (%)
0. 10 8. 2
0. 1 6. 8
0. 12 6. b
0. 13 5. 4
0. 14 5. 3
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0.108. 20.116. 8 0.1 26. 50.135. 40.145. 3 11 Herein, in ‘
consi deration of various margins of an optical disk or a drive, a jitter
val ue which shows characteristics of an optical disk needs to be 6. 5% or
bel ow. Herein, information on a 12cmdi aneter optical disk is reproduced,
using the information reproducing apparatus. |In order to set the storage
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track pitch_.is 0.244m or w der _and 0.431 Lmor narrower, and ifs_. shortest
pit length CEEE2E0 Mk PhRgstomnp CapIBL Ao SnbeePptical aisk

to 23.3GB or above, a relational expression (shortest pit
length) X (track pitch)§§0.0512unﬁ has to be satisfied. For
example, if the recording capacity is 23.3GB and the shortest
pit length is 0.124m, the upper limit of the track pitch
is about 0.434m. In the same way, if the recording capacity
is 23.3GB and the shortest pit length is 0.244m, the upper
limit of‘the track pitch is about 0.21/4m.

Next, a manufacturing method will be described of a
l2cm-diameter optical disk_which has a recording capacity
of 23.3GB or above. As described above, in order to create
2 l2cm-diameter optical disk which has a recording capacity
of 23.3GB or above, a substrate has to be used whose track
pitch is 0.244m or wider and 0.434m or narrower, and its
shortest pit lengthis 0.l124mor longer and 0.21 4 mor shorter.

For example, in order to create a 12cm-diameter optical
disk which has a recording capacity of 25GB, first, a substrate
is p-repared where a row of pits is formed which has & shortest
pit length of 0.1494m and a track pitch of 0.324m. As this
substrate, for example, a substrate made of polycarbonate

can bhe used which is created by an injection molding machine.
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For exanple, in order to create a 12cmdi aneter optical disk which has. a
“recording capacity of 25GB, first, a substrate is prepared where a row of
pits is formed which has a shortest pit length of 0.149 ,u mand a track
pitch of 0. 32 um As this substrate, for exanple, a substrate nade of
pol ycarbonate can be used which is created by an injection nolding

machi ne. 12 Negfewtd gﬁ%@éﬂf&k%bk&%&%&@!ﬁ% nf_gim;a e h ks ubstaate,

using a filmformation apparatus. As the fi ormation apparatus, the one

which cagghagma meha] EEEhaehioan %%%g'r_attmsf OV BLY +pRCH; 35 & JBANEL LAN
sputtering apparatus and a vapor ositing apparatus, can be used. For
exanpl e, i magpgt St dser e ti f £ LE

for gt [ oﬁﬂﬁgg%tblgs vari gd?%[éhe[e éyﬁc%%ﬁr %P’%S‘I‘ 'tjlﬁeet%lml rlr}%{f%c tﬁle%lfé {f)?llmt he
netal re ' il r.ej i al Llmihickness,, . or_the_like,
of the né#gﬁbie é%t?%ﬁh$F%H%M#%ﬁgggﬁgéc%qﬂéﬁé?%ﬁar?p %FF%%ma% t Peal
disk is d Spi h_coat er wth the netal. reflection filmkept up.
Then, a ?é?%% tdg%q%eltﬁjarrl e%%%aﬁf}thllst'r g\ﬂno;%eet ursg-s;is ﬁ:fsordrel’baﬁlé%;,[ean‘dsﬂiﬁgt op of
it, an 8?/2 0 '

thick ent sheet whi de.of . polycarbopate i
ol hced. Faredn&ekph sbEPRBTY abparatiey b Fddnctor Sl B S RRRAPR: od

with ultraviqglet rays.while the optical.disk iis belng rotated by the spin-
coater. Fah B sverigal tientty; SRn oL Elnts the Shin Ehdcneds oF
cont ol | gfly meat Bale % 01 4150 n 0L A0S L YL Sl T8y hrdengd rest n

or the like, of the metal reflection film will be described
later.

Next, the optical disk is placed on a spin coater,
with the metal reflection f£ilm kept up. Then, a resin to
be hardened by ultraviolet rays is dripped, and on top of
it, an 88 [ m-thick transparent sheet which is made of
polycarbonate is placed. In this state, the ultraviolet-ray
hardened resin is irradiated with ultraviolet rays while
the optical disk is being rotated by the spin coater. At
this time, the rotational speed of the spin coater is controlled,
so that the thickness of the ultraviclet-ray hardened resin
after it has hardened becomes 124 m. As a result, a transparent

resin layer which has a film thickness of 100i4m is formed

on the metal reflection £film. For example, an acrylic resin
can be used as this ultraviolet-ray hardened resin.

In such a way as described above, the metal reflection
film was formed on the substrate where the row of pits was

formed which had a shortest pit length of 0.1494m and a track
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after it has hardened becones 12, Um As a result, a transparent resin

| ayer which has a filmthickness of 1009mis forned on the netal
reflection film For exanple, an acrylic resin can be used as this
ultraviolet-ray hardened resin. In such a way as descri bed above, the netal
reflection filmwas forned on the substrate where the row of pits was

e Ml % Shoul et ol G0k 61, QA0 din M aYLA beack iapiLcr

of 0.32/Tm Onto , the | ayeér a ckness of

100/Lm 1 5 Gangechy A EO0SBRUT Yy b ABLASA! ShaK ol O BEL Y o

Next, w th respect tic I'C manufactured as‘descri bed

above, aO?EH@éﬂMﬁiﬁﬁd so&aﬂg§aéﬁﬁégdgf a pit which corresponds to the

quality of a reproduce sl gn material and filmthickness of the

retal refl octi ofveyfd | My 80 hepLike. . Speeif i gallusy he mpnytaciur ad.

optical disk was set 1n the above descri I On.  reproducl ng
Pt ol Uapaialk o a B0 AITSLE0-ROMAE! N BB By g 3pfee o
™ BHRRSPAR LB B Yo Bl L RLLGES RL 135, L GH o
rede NONL By DUl LLYs ot REALORHER: L0 IGhRDEY AP Ll bt
jitter valyes vere feaspred waich s 103"5:913}Petgésﬁgkﬁif%%togred optical
disk was set in the above described information reproducing
apparatus. Then, this information reproducing apparatus
allowed a beamof 1light to be incident upon the metal reflection
film through the 100 # m-thick resin layer. Thereby, a
reproduced signal was "obtained from the optical disk, and
then, it was assessed.
First, an examination was made how much the quality
of a reproduced signal depended upon the depth of a pit.
In the optical disk which was manufactured as described above,
jitter values were measured which showed the dispersion of
reproduced signals when the depth of a pit varied. Fig. 1
is a graphical representation, showing a measurement result
of the value of a jitter which corresponds to the depth of
a pit. Its horizontal axis is the depth (nm) of a pit and
the vertical axis is the value (%) of a jitter. In Fig. 1,
as the metal reflection film, the one was used which was

made of an Al alloy with a purity of 99wt% and had a film

thickness of 25nm. However, even when the one which was made
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reproduced signals when the depth of a pit varied. Fig. 1 is a graphical
representation, showing a neasurenent result of the value of a jitter

whi ch corresponds to the depth of a pit. Its horizontal axis is the depth
(nm of a pit and the vertical axis is the value (% of a jitter. In Fig.
1, as the netal reflection film the one was used which was nade of an A

al oy w é‘n@iﬁééydi’&ugq%%)agglerl"@il?af{'ég\]gglé%%ﬁ%%%asiiﬂabi%ﬂ?h%gg%ﬁer’

even when the one which was nmade 14 of an I nafter,

referredahqd§%}f%heﬁggﬂgu é%df%oastpﬁes%giﬁgﬁiﬁé B35t BB Al o ng was

obt ai ned. Cenerally, Iin order to secure an a systemmargin, the

vale, of 2 11 L6ha0Es.0, Dent et PEL oo I Bl bSOl By scen

that if the dept IS 'se nm ~or and nm or oW, the
val ue of i I 6.5% or | ower. i n refractive.index n of
t he creattggI "Eéelgli% gygr %\%&stelé %%5 gﬁ\é\%ae V\é/;'\e/ge e%ﬁt ﬁe,&o(gqf' tc#fé ]g’e%m gf’ | i ght
was 405n er. re, taking_the ve descri bed _neasur.enent esylt into
account , g;;olé%élolu esesee?ﬁaFggtdépﬁEﬁt? o'?e%%%i P% & p\ﬂ)l% ay as%liéslg?agflé‘m

r epr oduct.ion.si gnal d be obtained ,is k/(6Xn) .or above, and A'./(3Xn) or
beFOML TRIFs 2083 %QﬂggngoPrtﬁngﬁ1cﬁ?%gvﬁiﬁgo%ﬁ §béﬁ??%ﬁJV9Fldtﬁ8 dépth
of a pit _aff ects the i tude of a_reproduced . signal nd in an ogpti cal
cal cul at Pon? Wfen T ugﬂ?ﬁe&rlr & fistrchive indey A ﬁawrﬁaasdp

becones maximum If the refractive index n of the resin layer is 1. 53 and
t he maveF@ﬁdPhlayer was 1.53, and a wavelengthA of the beam of light

was 405nm. Therefore, taking the above described measurement
result into account, you could see that a depth D of a pit
at which a desirable reproduction signal would be obtained
is l)(6><n) or above, and A /(3Xn) or below.

AThisseemstotnaforthefollowingregson.Specifically,
the depth of a pit affects the amplitude of a reproduced
signal, and in an optical calculation, when the depth of
a pit is A /(4Xn), the amplitude becomes maximum. If the
refractive indexn of the resin layer is 1.53 and the wavelength
A of the beam of light is 405nm, it bedomes maximum when the
pit depth is about 66nm. But, even if the amplitude becomes
a little smaller, the jitter value of a reproduced signal
is almost unchanged. However, if the pit depth is below A
/(6Xn), or if the pit depth is above A /{3Xn), then an adequate
signal-to-noise ratio (hereinafter, referred to as the S/N
ratio) cannot be obtained, thereby worsening the jitter value
of the reproduced signal.

Next, a study was made of a suitable film thickness
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A of the beamof light is 405nm it becones maxi num when the pit depth is
about 66nm But, even if the anplitude becones a little snmaller, the
jitter value of a reproduced signal is alnbst unchanged. However, if the
pit depth is below A 1 (6 Xn) , or if the pit depth is above A/ (3 Xn)

t hen an adequate signal-to-noise ratio (hereinafter, referred to as the

SIN ratx9) aCaABRGL RR O NEH. rL AN EPY YU SQNihh dtheat bt SE %(féﬂﬁreﬁf the
reproduced signal. Next, a study was made of a suitable filmthi ckness 15

of a metal, wﬁi&ﬁcl.lﬂé)?.(a&)il—?bf Aas{pgtt 18 ?ZQ%* he HELHRI§ B%Eﬁd{effﬁg’% 18 the

depth of a pit I'nds wer e

used whi ¢h yer ¢.2 WELAls ﬁf@&\% Jﬂié@l %&g%g@@ﬁf%@i&@%ﬁ%ﬁ% al I oy

and a netal reflection with a purity of

ook Hhat ey gt e 2 gxsiad%s JEESY" Ea 0% éhﬁi rdEL gL ckness

was varie a grap |ca represen rreasurerrent

resul t O%ﬁegfdﬂtééengmﬁ d¥1aéxiies¥ﬁnds tg%hhe1ﬁgl '°£k§$%§%gf t he

nmet al ion I's made of YAg

hi { h t £ the litt

Val o whiRR" "Cor PELpdAa o of 18 T BRReSE T THa MO OHEH cEetdh i1 m
whi ch the AL all h,f the h t th
Fil mt i ERAGRE e ‘f%él" caf L9 aP) 461 PoR= PRIV hd SHE DBREPEAP T s | o

he val . Of _a
the va ugh%éhng &easurement result of the Jjitter wvalue which

corresponds to the film thickness of the metal reflection
film which is made of the AgPdCu alloy. Fig. 3 is a graphical
representation, showing a measurement result of the jitter
value which corresponds to the film thickness of the metal
reflection £ilm which is made of the Al alloy. In each figure,
the horizontal axis is the film thickness (nm) of the metal
reflection film, and the vertical axis is the value (%) of
a jitter.

As can be seen in Fig. 2, in the case of the metal

—_—

reflection f£ilm of the AgPdCu alloy, if its f£ilm thickness
was 25nm pr above and 75nm or below, the value of a jitter
became 6.5% or lower. On the other hand, as shown in Fig.
3, in the case of the metal reflection £ilm of the Al alloy,
if its film thickness was 15nm or above and 40nm or below,
the value of a jitter became 6.5% or lower. Herein, the material
of a metal reflection film is not limited especially to those

in the examples. Another material may also be used, as long

as it has a high reflectance ratio and can be uniformly formed
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As can be seen in Fig. 2, in the case of the netal reflection filmof the
AgPdCu alloy, if its filmthickness was 25nm or above and 75nm or

bel ow, the value of a jitter becane 6.5%or |lower. On the other hand, as

shown in Fig. 3, in the case of the netal reflection filmof the A alloy,
If its filmthickness was 15nm or above and 40nm or below, the value of

a jitter ohegamRu t 5% 6! by ORCE1 1R that {6n "BpBRIaIt u Ll o MBI@L+E6R! ection
filmis not limted especially to those in the exanples. Another materi al

may al sojhe oyt @5 dPRAncasiltls R 9h fFEE@%%%Q&R‘éfgéfbaggrﬁﬁn be

uniformy f ornmed 16 on a substrate by a filmftormation apparatus. In

addi ti Onmetia'llqréj%rletnférﬁf'@@ﬁ? girst ﬁd‘%%i‘:oéit%‘hx{sefifg%ﬁ.r}&ét?i‘ﬂ@r&l&ﬁéht&as Ti

metallic el enent such as a transition nme ic element ~suc

ond . SRS Aeorbenndiod 2 day Legkondh Sl o Asytellentd ol e

materi al. Next, the reflecta atiro of a nme reflectlon

exam nedAthiL%fth]lgeécltt[%%naf %nallr&aheé%fgii on filmbecones, the snaller the

quantity of ‘re r! 0 €. " Then, when the quantity of reflected
|90 Decores SHRLLST skl PURRSEALAN 1 A T URAL UABOLEE 2o e s
o TS BREESAERAR ARRCRE IR LUl Ly el LS phigte 11 (1
;}gﬁgr,b 9%ﬁ%%%¥fg¥ Eggnqh%nfgéé J%Hrégiggie%hifgﬁﬁIé%iffbg.r$gg%quced
when the quantity of reflected light becomes smaller, in
proportion to that, é medium noise also lowers. This keeps
the S/N ratio unchanged. On the other hand, a system noise
or a laser noise does not depend upon the quantity of reflected
light. If the system noise or the laser noise is far lower
than the medium noise so that it can be neglected, then it
will not affect the quality of_a reproduced signal, even
though the quantity of reflected light becomes smaller.
However, if thé guantity of reflected light becomes
smaller, and the. system noise or the laser noise reaches
the same level as the medium noise, then the gquality of a
reproduced signal will deteriorate when the quantity of
reflected light decreasesl Besides, if the metal reflection
film is made of a different material even though it has the
séme film thickness, that will change its reflectance ratio,
and thereby, will change the film thickness at which the

signal gquality worsens. In addition, if the metal reflection

film becomes thicker, the reproduced signal will become worse.
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t hough the quantity of reflected |light becones smaller. However, if the
quantity of reflected |ight becones snmaller, and the, system noise or the
| aser noi se reaches the sane |evel as the medium noise, then the quality
of a reproduced signal will deteriorate when the quantity of reflected

| i ght decreases . Besides, if the netal reflection filmis made of a

O e e S R

change its retlectance rati Y, I Ckness
at whi ch lgna %?} S n_additd i he, e reflection
f 11m begtgﬁg‘ss t%ﬁl?c lé:ra, ﬂe%%%dﬁggﬁ {S)FSnagbVR\Jﬁq’l%%ee%:o%%eAm%ris‘%gsl °'|E§r

exanpl e, k0. ron Ln ratus, the tal li.c .atonms_on _a
Carget whSARLUANES 2" SR EEALED TP BE" po e 4T, B o et lprac o,
so t hat al reflgetion film. i,s forned e size of these tallic
atons al 23 éJdJé"neaase' ﬁ%%n %théesf’Fucﬁsklﬁ%e o‘f‘ega;{i 1 1BF RUE 5ﬁ'sé’pp€$%?ﬁ§,s or

t he conditior_lﬁbof %ilmforrrat'on.e%Bj[uJ'E such a filmtends to be difficult
t o, f or m 3P°Phe Mot §HMPEF Wi Lhoft i Forpatiop | RPRALAEISHn AT vERG of an
opti cal disﬁ_i n which gget | reflection filmwhich i s made of an _ AgPdCu
alloy af@PAALYLHS |9F ¢ At BRt108 - nhYts SHihed 641 SRRGS at® PRhere
pits are_faorned.. As shown in Fig. 4, a shortest pit 11 and a long pit 12
whi ch ide'gﬁd‘é:rUJt%aFP theT8nhart é’gle Petten gfe thg harbfsh Sdfstrate 1. In

this case, at the bottom of the shortest pit 11, a netal reflection film2
is nore Fig. 4 is a sectional view of an optical disk in which

a metal reflection film which is made of an AgPdCu alloy
and has a film thickness of 100nm is formed on a substrate
where pits are formed. As shown in Fig. 4, a shortest pit
11 and a long pit 12 which is longer than the shortest pit
11 are formed on a substrate 1. In this case, at the bottom
of the shortest pit 11, a metal reflection £ilm 2 is more
difficult to fofm than at the bottom of the lbng pit 12.
Therefore, the shortest pit 11 after the metal reflection
film 2 has been formed becomes smaller, and at the same time,
deeper than it was on the substrate 1.

If you anticipate this phenomenon, and thus, make a
recording power greater so that the shortest pit 11 can be
greater, then the signal quality of the shortest pit 11 will
improve. However, when the recording power becomes greater,
the léng pit 12 will be wider. This makes the cross talk
greater which comes from adjaceﬁt tracks, thus worsening
the value of a jitter. In consideration of the factors which

canworsen the signal qualityof bothkinds of £films, substrates
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difficult to formthan at the bottomof the long pit 12. Therefore, the
shortest pit 11 after the netal reflection film2 has been fornmed becones
smaller, and at the same tine, deeper than it was on the substrate 1. If
you anticipate this phenonenon, and thus, nake a recording power greater
so.that the shortest pit 11 can be greater, then the signal quality of the

shortest yRire 1doMhéh whum?;rxpvﬁ?r ewiezabme,@o&h HECREELAY M@éﬁ%ﬂﬁes

greater, the long pit 12 wl w der. This makes the cross ta greater

whi ch CORRS iy QIR ol HPN11p3ChAG I RYPECENLITo t.hasxgwge 18 Jtheer. 1N

consideration of the factors whic can worsen t sig ual Tty of both

Kindsf sty #9405 b1l s W GO W Mf&mg%@dég g#%g&kggk%ime

nmet al re{‘nl ection al 1'oy and an aresult,

t he maxi ) i 0, . -alloy netal .reflection film at

whi ch thé@/g}q&ghg}tthraé ﬂ%pﬁ.ge? (\)/\]/’gasetl Bf%%ﬁ%f:(ae%a rB‘rqng\‘/\TSrnsFeeni r%ro%‘goﬁﬁeﬁ%nngand

t he maxi Klmthic ss of the PdCu-.al 1.0 metal, .ref | L on Il m at
whi ch i tgagsagrﬂe%énaf%%%%er 6“%%‘?%%%%“% O RAm O%a%ré%l %ﬁﬁﬁ éaéﬁ'ﬁgy, a
refl ectan ratio.was .neasured ich cqorresponded to the f ilmthickness
of each BF tAor o RBRGI T F oy b et LPn A LRER NPT ERERA EROPS RRBRALRH i o
2 and the -alloy netal reflection filmwhich is shown in Fig. 3. Fig. 5

Al
is a grab’ﬁfca?lo rné[b‘resent ation, showing a neasurenent result of the

reflectance ratjo i ch corresponds '
ﬁasgg on this s ugy, a reflectance ratio was measured

which corresponded to the film thickness of each of the
AgPdCu-alloy metal reflection f£film which is shown in Fig.
2 and the Al-alloy metal reflection film which is shown in
Fig. 3. Fig. 5 is a graphical representation, showing a
measurement result of the reflectance ratio which corresponds
to the film thickness of a metal rgflection film which is
made of an AgPdCu alloy. Fig. 6 is a graphical representation,
showing a measurement result of the reflectance ratio which
corresponds to the £film thickness of a metal reflection film
which is made of an Al alloy. In each figure, the horizontal
axis is the film thickness {(nm) of the metal reflection film,
and the vertical axis is the reflectance ratio (%). Herein,
the refractive index n of the resin layer which was used
for measurement is 1.53, and the wavelength2~of the beam of
light is'405nm.

As can be seen in Fig. 5, in the case of the AgPdCu-alloy
metal reflection £ilm, the reflectance ratio which

corresponded to a film thickness of 25nm to 70nm at which
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to the filmthickness of a netal reflection filmwhich is nade of an

AgPdCu alloy. Fig. 6 is a graphical representation, show ng a neasurenent
result of the reflectance ratio which corresponds to the f 11mthickness
of a nmetal reflection f 11m which is nade of an Al alloy. In each figure,
the horizontal axis is the filmthickness (nm of the netal ref lecti-on

film agdddesvepibcaliteds {a1the w&il sptanced a&%@ ésg% +defgin. 1t he

refractive index n of the resin |ayer ch was use measurenent i s

whi
1. 53, andnlh&ay@vekerglhAof 418 gg%ﬁﬂgﬁ féﬂféc%?oﬁg My £33 $§§1b% seen

. . . o r
in Fig. 5 1in the case of the Ag oy neta ection m ‘'t he

[of L ot aBtg, ERBIGMEL. O SIOIUETLL0cRpbHLLEkAcEE A e BRIk 7O
ot o whren-cor saptofE o WhE QR a8l ranld Jatel band Grb LESLAREY .
it heerer o Sl [ PG ERE Cnotr PoTEd ol 1T B VAP ER e
Tooh or 1 S 5N RErRar TBg R o et PO B SR ST Om AR oGATCH Offas &
desirable jitter.valye i.n_such a y.as descri ped_above,_ _.an ungyen row of
pits is Pofr?@(foa%u%%anségpf I nc%uquai R 4R HBEPEn Yok eaas%fméngéﬁ?'iec?al
di sk. A gleltdai7loe%d éires&r)%g&_i.on will be given
Next, in order to obtain a reproduction signal which

has a desirable jitter value in such a way as described above,

anunevenrowofpitsisformedésmaindatainanwin-information

area of an optical disk. A detailed description will be given

of medium identification information which is- formed in a

sub-information area of the optical disk. Fig. 7 is a top

view of an optical disk, showing an example of its

main-information area and sub-information area.

In the example shown in Fig. 7, a main-information

area 21 (which is a hatching part in the figure) is set in

the outer circular part on the optical disk. In the ring-shaped

part inside of the outer circular part, a BCA area 22 (which

is the area between two circles shown by broken lines in

the figure) is set which is a sub-information area. In the

BCA area 22, médium identification information 23 is recorded

in a bar-code pattern. A transparent resin layer of

polycarbonate or the like is formed on the metal reflection

£film, and thereafter, the medium identification information
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of mediumidentification information which is, formed in a sub-information
“area of the optical disk. Pig. 7 is atop view of an optical disk, show ng
an exanple of its main-information area and sub-information area. In the

exanple shown in Fig. 7, a main- information area 21 (which is a hatching
part in the figure) is set in the outer circular part on the optical disk.

In the resg ishagedrded tby Nsirdadafa ity OUkeknCid ek BsePalEser® BEAgarea 22
(which is the area between two circles shown by broken lines in the

figure) asysetidbkel),isna mebailnfeFTRGADHRAEAM Whilde 1R a8 8a3&3thM
edium identication informatlon 23 is recorded in a bar-code pattern. A

transpareﬁt0t9§hﬂf&%ﬁ?&h@fsd@%d&é”é%”ﬁﬁéfoﬁ%iééf éigﬁ.iﬁtTQﬁﬂﬁdtQHeEhe
metal reflection film and thereafter, the nediumidentification

ot or mat ke R0ad L8rneetudnhin LeatiAtbiio1 ¥l ng MRS daSEhpigeg . @

YAG |l aser) , the netal reflection 11m whi c

from theasuphtaC e Rinddiy Q4L €2 bgir%{ﬁrfétcéa{%ieglosijkf%i) 14 Nen JE ‘gggr'efthgct | on

filmseens to nelt, an hen, acc ate undary parts by surf

ace tens}nQ%all Eert‘:'liie% fE'LH_?n %i.lglelrsnéktﬁ.gflll }:Eﬁgvfedl,l %ifﬁgggt,%_%!e{rgrraﬁmved’

and thus, severa reflection- renoved areas are I'S Creates a
o PR R UL LNl 0 LR LT FRGLISA PR <
ggtcioggi "G IR DL AERY L 1 68R' AT 1 d Y LU A0 850 B re8088.8T
which is used to identify the optical disk individually.
Next, the method of recording the medium identification
information in the BCA area of an optical disk will be described
in detail. Herein, in the following example, a method by
which a record is made in the BCA area is described, with
respect to a metal reflection f£ilm which is made of an
Ag98PdlCul(wt%), or a metal reflection film which is made
of an Al99Crl(wt%), as the metal reflection film. However,
as long as the same effect can be obtained, the present invention
can also be applied to other kinds of metal reflection £ilms,
a8 phase-change film, or an optical magnetic recording film.
Fig. 8 is a block diagram, showing the configuration
of a medium-identification-information recording apparatus
which records medium identification information in a BCA
area. The me'diﬁm~identification—information recording
apparatus shown in Fig. 8 is a BCA-pattern recording apparatus

which is used to create a BCA area in a DVD-ROM. It includes:

amotor 101; a rotation control section 102; an optical pickup

21



in detail. Herein, in the follow ng exanple, a nethod by which a record is
-made in the BCA area is described, with respect to a netal reflection film
which is made of an Ag98PdIl Cul (Wt %, or a netal reflection filmwhich is
made of an A199Cr I (wm%, as the netal reflection film However, as |ong
as the sanme effect can be obtained, the present invention can also be

appl i ed §83Qt Ben JddiS; Oy JeLak f el gf&gi_ bl hadBeorf B iscggr%}]a@ggt%hm or

an optical magnetic recording ock dia ow ng the

conf | gur gbian o QfcA o HECLymIdenti L] GaTianJnfor et | og tecordi g, appar at us

whi ch records ne ation irnformation Th a ar ea.

medi umt i i.fication-information.recording _apparatus shown.in Fig. 8 is a
BCA- pat t grgrglttﬁec’@o?épngaé)ﬁpear%{?%islgﬁﬁfcﬂigs %@%3 $ s??@a?%ngrgﬁfeﬁ#ggni n a
DVD- ROM t includes: a notor 101; a rotation control section 102; an

opti cal %PéRup 21 103; a laser drive section 104; a waveform setting
section 105; qTBCA-siggal generation section 106; a focus control . section
107; a pre-anpl TPt ABEON AN BT QY sFRATAGR: 1B SRREFBAS §D8. TahatisPati on
control s%c%'on 1%? controls the rotation of the notor 101. The nptor 101
rotates 8 b’?i Fetod M0 lodrhrematpFrelBteFRtAdE S ARt atpdedk FRE BCa-
signal generatiqgn section 106 creates a BCA signal by nodul ati ng nmedi um

i dent i fi 84t BReARTETT S IRad anat e6ededThR B HhINeaIgerpERt 10D,

Based on the BCA si %nal , the wavef_ormsetting section
section 10 creates a BCA signal by modulating medium

idenfification information which is recorded in the optical
disk 100. Based on the BCA signal, the waveform setting section
105 creates a laser modulation waveform. According to the
laser modulation waveform, the laser drive section 104 drives
a high-power léser inside of the optical pickup 103.  The
optical pickup 103 converges a beam of light emitted from
the high-power laser, through its built-in optical system,
upon the optical disk 100. The pre-amplifier 108 amplifies
a reproduced signal which comes from the optiéal pickup 103,
and then, outputs it to the focus control section 107. Using
the amplified signal which c&mes from the pre-amplifier 108,
the focus control section 107 controls an objective lens
inside of the optical pickup 103, so that a beam of light
can be converged on the metal reflection £film of the optical
disk 100. The systeﬁ control section 109 systematically
controls the operation of the rotation control section 102,
the laser drive section 104, the waveform setting section

105, the BCA-signal generation section 106, and the focus
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105 creates a |laser nodul ati on waveform According to the |[|aser nodul ation
waveform the laser drive section 104 drives a high-power |aser inside of
the optical pickup 103., The optical pickup 103 converges a beam of [|ight
emtted from the high-power |aser, through its built-in optical system
upon the optical disk 100. The pre-anplifier 108 anplifies a reproduced

si gnal weicalt oolmese¢tiom g .opti cal pickup 103, and then, outputs it to

t he. focus control section 107. Using the anplified signal which cones from
the pre-anplifi &exif8,a tdwofainy opeiadliAe6iivn HH7a€o0tinkd am @bjeecti ve
|l ens inside of the optical pickup 103, so that a beamof |light can be

conver gekedn unhei det 8l £ i ebltdein oo f bk el obhfe 8priaaalg aghbakatdd whkensyst em
control section 109 systenmatically controls the operation of the rotation

control 3deadwhidired ddi@ebasaball 4¥8vELH i Pk 1B4sdd\On WAV, £ FhEEE bNT
section 105, the BCA-signa generation section 106, and the focus 22

control geel ahdOdysbeil coht 6P §bBE iREIadd Ot ikl & t9eser E88Y R the
medi umidentification-information recording apparatus which is configured

as descrsked idiove 2 Fir Ste s PEABIMER 02N 10AS MY 1t o fHI0d § 561 84S §FsgONt r ol
section 109, the rotation control section 102 drives the notor 101 to

s otate theooptrheak adieskariQQ s%iﬁqroﬂrdf/ﬁréé ﬂé"‘hﬂ%} h&‘i— W%EB T
i gh-power laser as a |light source, and then, eam o
emtted akrgmigethighrBeWehnatgkn,s aﬂesinegftflgﬂ% Qﬂi'cﬁaksdéalfttea
from the high-power laser is applied to the opticalrdisk
100 from the optical pickup 103. At this time, the focus
control section 107 executes focus control so that the beam
of 1light which has been emitted from the high-power laser
is converged on the metal reflection film of the optical
disk 100.
Herein, the reflected light from the optical disk 100
is detected by a photo-detector inside of the optical pickup
103. Then, a reproduced signal is outputted as an electric
signal from the photo-detector. This reproduced signal is
amplified through the pre-amplifier 108 and is inputted in
the focus control section 107. In response to the amplified
signal, the focus contro; section 107 drives the objective
lens of the optical pickup 103 and moves it slightly in a
focus direction on the opfical disk 100. Thus, it controls
the optical pickup 103 so that the beam of 1light can be converged

on the metal reflection film of the optical disk 100.

Next, the systein control section 109 allows a position
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100 fromthe optical pickup 103. At this tinme, the focus control section
107 executes focus control so that the beam of |ight which has been
emtted fromthe high-power laser is converged on the nmetal reflection
filmof the optical disk 100. Herein, the reflected light fromthe opti cal
~disk 100 is detected by a photo-detector inside of the optical pickup

103. Thedeteaiept ofhoedshiogia e dtPutt eHeapodLelAEids Cthéi §pak daom the
phot o-detector. This reproduced signal is anplified through the.

pre- anpl ipfiickrup 08oandn @ itpatkefg airide {OcUsBaaRy An Sacd i @818 ¢ed N
response to the anplified signal, the focus control section 107 drives the

obj ect i vpodiaSo a1t Re fth&£d oRi, ClUP A0808Rd W eshbt oftiHU] YphRidp fOCUS
direction on the optical disk 100. Thus, if controls the optical p|ékup

103 so thats the beamopfatldd@nin CaNsh® GHWEEHSH 1 08N et MRl Rd é%gg&g{q"gm a

filmof the optical disk 100. Next, the systemcontrol section 1

posi ti onpR3 idet $¢t OfreltOt éﬂewr&)ystt%n&ie&sgttrtoﬂe Q&gﬂbﬂnl 9 tfﬁs@.@hicg:l%l

pi ckup 103 in a tracking directi"on. Based on the detecte position

I nf or mat k@R, k-5 Z8R G 1 K5k 4 infgge ﬁégg 202 Logal §9 4142

sub-infornat!on recording starting posi _ f'he system contro

S e TR L e SR e G

section i's%%ti%r?%f!?%%@ﬁ%%%%ﬂ%& ssé&rléﬁt:eag aE:'%%,”S%id“-@he medium
identification information is recorded in the BCA area.

In an optical disk where a 50nm-thick metal reflection

film made of an AgPdCu alloy was formed, using the above
described medium-identification-information recording
apparatus, an attempt to record a BCA pattern (or a bar-code
pattern) was made in a part where neither a row of pits nor
a groove was formed. However, even if the output power of
2 laser was heightened, a reflection-film removed area in
which the metal reflection film was removed could not be
created.

This is because the melting point of Al is 660°C while

the melting point of Ag is 960C . It takes a larger guantity

of energy to melt the metal reflection film of an AgPdCu
alloy. Inaddition, the thermal conductivityofAlis237W/(m.K)
while the thermal conductivify of Ag is 427C. Therefore,
a larger quantity of heat is diffused by the conduction of
heat, even though the metal reflection film of an AgPdCu

alloy is irradiated with a beam of 1ight. Herein, in general,
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identification information is recorded in the BCA area. In an optical disk
where a 50nm -thick nmetal reflection filmmde of an AgPdCu al | oy was
formed, using the above described nediumidentification-informtion
recording apparatus, an attenpt to record a BCA pattern (or a bar-code
pattern) was made in a part where neither a row of pits nor a groove was

formed kg aNPhdfod e ULBLL DOVEE, QLo S o ned @
reroved gy N ot eptedralll § d SORRAISE: | SSIRAIG AN ool S

660 while the nelting poirnt © takes a Targer quan of

energy to_nelt t al flection.filmof. an AgPdCu | | Qy. .

| naddi t i %ﬁ, ﬁeaﬂﬁlﬁé)rgr?'a 08(%%(5’ Gt P Sof VAL ggﬁgg%(erﬁlﬁﬁaiv%ﬁﬁlee?ﬁéoflher nal
conducti y¥i of Ag s 427, .Therefore ala r_ quantity of heat is

di ff used %;Xlt I?éincrg)n%ﬁ%?i BRABFeh 2 B e Tt hgs}&‘i"t he netal reflection film
of an AgPdCu alloy is_irradiated wth,a beamof light. Herejn, in general,
24 the melting 8‘?‘#’ of* ﬁé}ealog'%l?%@\e&%ﬁkbvhﬁirﬁi ﬁ&ea‘r’(ﬁ’infr'?'evé’n&‘ ‘H%ngl.
However, in_.order to_secure an adequate_reflectance ratio and avoid

COr r osi oﬁ?gtlﬁé’f\ﬂ;tq% HiRgmades (e ARt AFPALH &t dh. Yaf EAtithot 2 bE°Veduced

to 97% or below. Next, in the optical disk where the 50nmthick netal
refl ecti®h PER Wadeformgd agractrarkopitel ¢6rGed emrohdchf wpbt 8sads

formed at a track_pitch of 0.24, um which was_used
in the BCA area of a DVD-ROM, and a BCA pattern was recorded

in that part. At this time, the BCA pattern could not be
recorded at a predetermined width, and thus, information
could not be reproduced. However, a part of the AgPdCu-alloy
metal reflection f£ilm melts, and a small reflection-film
removed part could be formed. This is because ametal reflection
film tends to be difficult to form on an inclined surface
of an uneven substrate, ’and thus, the film thickness of the
metal reflection film in a pit inclined-surface part becomes
thin locally and heat conduction is hindered.

Fig. 9 is a sectional view of an optical disk in which
a metal reflection film is formed on a substrate where pits
are formed, and in addition, a resin layer is formed on the
metal reflection film. As shown in Fig. 9, the metal reflection
film 2 is formed on the subst.rate 1l where the pit 12 is formed,
and inaddition, aresin l_ayer 3is foi‘med onthemetalreflection
£film2. In this case, the £ilm thickness of the metal reflection
film 2 which is formed on an inclined-surface part 4 becomes

thinner than the £film thickness of the metal reflection film
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in the BCA area of a DVD-ROVM and a BCA pattern was recorded in that part.
At this tinme, the BCA pattern could not be recorded at a predeterm ned

wi dth, and thus, information could not be reproduced. However, a part of
the AgPdCu-alloy netal reflection filmnelts, and a small reflection-film
renoved part could be fornmed. This is because a netal reflection film

tends t I f

Lends, 028 LA L ChbERkS JOLMANOR: PSR ARELIES g MBS
t I t I h d

b ncer S5, O3 HISERE, RS EGRa angzgt.ztaﬁﬂgl BF " RS8R
flect ilmis f d trat f d

s o MR SRt S A 2,
h f t fil th b te 1

where thefpid 29w %Sﬁﬁa emn +5 aad (i, iars%éa”ﬁ%%%re% &7 Bhed on

t he net al Iecélon In this case, the f 11m  t hickness of t he

met al re?‘EEﬁ' T"’I‘I’Fﬁ?cﬁhpé‘ﬁtl 4 REGRIEESn Bhei MeFen&@sS b rReat piifls

becones th| nner than the filmthickness of the netal reflection film?25 2

whi ch i sPPoFRBEYH ShcHrorng - pPPSJJ&ﬁ*‘t ontpatiresinrdined-fupface rPaft 6.

Thereby the uantity of heat which is conducted around becones snaller.

Hence, ﬁé%o%*u{“ﬁe RSTACRRpEt OF oFhe MERedf [RELeBELBReS 1Y EhéS| ar ger

t he area of the inclined-surface part 4 becones, the nore easily heat wll
be condutPed &TourRAnN BREYdOEheH PAELndNaRaEQRe f adésphiqat capacity

necessary for reaching the melting point becomes smaller,
and thus, it reaches the melting point with a lower irradiation
power.

Based upon the above described knowledge, optical disks
were prepared in which a 50nm-thick metal reflection film
made of an AgPdCu alloy was formed on each substrate where
a row of pits was formed at wvarious track pitches. Then,
a BCA pattern was recorded in each optical disk. Fig. 10
is a graphical representation, showing a measurement result
of the defocusmargin of a BCArecording power which corresponds
to the track pitch of a row of pits which is formed in an
optical disk that includes a 50nm metal reflection £ilm which
is made of an AgPdCu alloy. Its horizontal axis is the track
pitch (4m}) of a row of pits and the wvertical axis is the
defocus margin (%).

As shown in Fig. 10, in the area where a row of pits
was formed at a track pitch of 0.544m or below, a BCA pattern

could be recorded, and medium identification information
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4, the volume per -unit of the netal reflection film2 is smaller than any
other part. Therefore, its heat capacity necessary for reaching the

mel ti ng point becones smaller, and thus, it reaches the nelting point with
a lower irradiation power. Based upon the above descri bed know edge,
optical disks were prepared in which a formed on each substrate where

row of p vard 0 tche The n_was
recordedbbﬁll\e&g?ﬁ:I %@ ?%3‘ skd Llééhé %856@5 aenlg(?ap ch reagl)%r%gﬁ\“spmgl |éorall
showi ng a ure result f the def ocus g recordi ng
power ahf el Cor Pasgolas Hegmad at aacktm]erpb?efa ?B\Aﬁo?‘*ﬁws"ﬁh‘?"&ﬂvﬁs
formedlna tlcal dlskthat A udes Hmet %Ehﬁe(:tl n film
whi o1 BordefRE Tt | B8t " e FEr Ry R a HER T o0 ¢ ThG 1Y ek o
(a m of [ OW O its ndthe vertical is is the f ocus .mar

shown int® F‘& aloécﬁ Rﬁerréa“a"%%\iéof WEi% ﬁa%sgﬁ’or‘*ﬁeto“a? aP ack
pitch of 4 U m or beI ow, a BCA pattern could be recorded,. and nedi um
i denti fi EﬁPF&‘FL}%WﬁEﬁ%QQEEE&RW‘F)gl AdSdrin 20HS FRESHERGMASRITSin t he
area .where a row of pits was forned at a track pitch of 0.549m or above,
no def oct WS &%@%Bee&%epeecvmeahem%%mt the %ﬁfguaeﬁtder}frﬂa’% igagéan
pattern was recorded, was made by setting and reproducing the created

optical UPERIMATiOP a¥SdShhetiesnikefioeded tl‘\/vaghﬁac%:pbﬁEﬁauﬁﬂP%ePﬁer or

not the mediumidentification
accurately reproduced. As the assessment machine, a

reproducing apparatus was used in which a beam of light for
reproduction had a wavelength A of 405 nm and an objective
lens had a numerical aperture NA of 0.85.

Herein, if you take the mass production of optical
disks into account, you have to consider a number of factors,
such as the dispersion of the film thickness of a metal
reflection f£ilm, and a variation in a BCA recording power,
Therefore, a defocus margin of 20% or higher is required
as its adequate level. In Fig. 10, the track pitch at which
a defocus margin of 20% or higher is obtained is 0.244m or
wider and 0.454m or narrower. Hence, if the track pitch of
a row of pits which is recorded in the BCA area is 0.24Um

or wider and 0.454m or narrower, an adeqguate defocus margin

can be secured, and medium identification information can
be recorded. The presumable reason for this is described

below.
Specifically, 1f the track pitch of a row of pits which

is recorded in the BCA area is beyond 0.45Um, the number
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I nformati on which was recorded in the BCA area could be accurately
-reproduced. As the assessnent machine, a reproducing apparatus was used in
whi ch a beam of light for reproduction had a wavel ength A of 405 nm and an
objective lens had a nunerical aperture NA of 0.85. Herein, if you take

t he mass production of optical disks into account, you have to consider a

nunber of ef gmr Yoy Ui aaIE SLABRLELGRA b Sk cknsse gLog metal

reflectlon vdriation cord

def ocus n IS uired. . as dequat e | ev In Fig
10, the ach é éﬁﬁﬁ%ﬁ¥539d8P6§%s°ﬁanFﬁ 8%55b5<§%qﬁiﬁﬁw fieﬁbtalned
is 0.24, der 0. 45 nar.r owe Hence he, track |tch of
a row of I"stlﬂvﬁ‘ g‘erae ST ﬁlPﬁefﬁéﬁ‘ éFé‘é‘q S ?f'éeTtn dc?rq%‘ﬁ"é Yand
0.459n10@ nar r.ower, Fﬁg %ﬁﬁ uat e defocus narg can be secured, and nedi um
i dent i fi CACFEF H4F orrfatli PP IBELY dERHICRNES ARICHRBALY ARt AL this
I's describ g bel ow._ Specifically, if the track pitch of a row of pits

whi ch isr?g §CHPT F iV BEACS REGCPE AT ER Thagefiacihe 2BRARADYEER pits
per unit area becones_snaller, and thus, the area of the inclined-surface
parts of VBPFE DS &HetHnteWs FRNNAL behrecRrd@d-s heat conduction from
being cut off adequately. Therefore, if the heat capacity which is
absorbed by a r®athe fherthamds i Vasiteerak oot behgl ¢ aFeoderoshan a BCA

pattern
0.24/4m, a pit is too close to its adjacent pits. Therefore,

the formation of a land part between pits becomes inadequate,
and the angle of the inclined-surface part of a pit becomes
harrower. Thereby, a metal reflection film becomes easier
to form on the inclined-surface parts of such pits, and thus,
the effect of cutting off heat conduction by the formation
of pits is reduced. Herein, in Fig. 10, a BCA pattern could
be recorded and reproduced up to the point where the track
pitch was 0.224um, while a BCA pattern could not be recorded
when the track pitch was narrower than 0.224m. Hence, in
Fig. 10, a dotted line is an estimated line which corresponds
to a track pitch of 0.224m or below.

In addition, Fig. 10 shows that in an optical disk
where a 50nm-thick metal reflection £ilm made of an AgPdCu
alloy was formed, the defocus margin is dependent upon the
track pitch. However, in an optical disk whefe a desirable
jitter value was obtained, a metal reflection film which
was made of Ag or an Ag alloy might also have a £film thickness

of 25nm or above and 70nm or below. In that case, if the
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whose noise is | ow cannot be recorded. On the other hand, if the track
pitch is narrower than 0 . 24,Um a pit is too close to its adjacent

pits. Therefore, the formation of a |l and part between pits becones

i nadequate, and the angle of the inclined-surface part of a pit becones
narrower. Thereby, a nmetal reflection filmbecones easier to formon the

i ncl i nedtswdkacei paht ®f0fa sHeh Rift HivvdwhAkh widdersbbededficuht Bag of f
heat conduction by the formation of pits is reduced. Herein, in Fig. 10, a

BCA pat t @iz aC M red t in he
track pitch \j\w/aléSSdg o %%ﬁ]%\"jm‘%ficgélg éBI?C% %a??gﬁ?\%ul?afﬁg‘ggge %e%%?g‘égts when

the t l’aCl"na&*gtzﬁhc%&d’lﬁér@w@ﬁlhlé@natotﬁ@@dﬂe HRRGEL alsNdeEbg4 bk aBodet t ed
line is an estinated |ine which corresponds to a track pitch of 0.22LLm

or below. 1In adgh.hh.@.'&rl%},glng{e%@% 4 By b@&i‘tQFtErf@Eaﬁ'eséxpt‘é\ggﬁl%ﬁ@c S0nm

-thick nmetal reflectionfilmmade of an AgPd | oy was forne

def ocus gBr GidséSig8RCMRN e URAR tﬂeséréshg@ctt@h mw@mer pﬁi‘#eca.%h&a'

di sk where a desirable jitter value was obtained, a neta tion fllm
whi ch  was rade; of 49 R S VEalef id S
25nm or al?ove anérmnm vg—c?s beP%vlrf/Je ﬁg{l gglsgdb?f S?Ee E%gﬁﬂc’h of a

(000 PRl il LN 8RR RGN ISR 1R 2o %eﬁﬁféa afoe%&ﬂal%f%%mtoraey gﬁgma@&

0. 45, c. Lm or narrower ocus gl n coul d be obtal ned

L%glﬂﬁ;tﬂ%sqﬂ@fﬂnaa%ﬂrf%éa'sw @S&ﬁ@d Podd O"a8 U StndNEa2AT®
with a row of pits. Thus, if the track pitch of a groove

which was recorded in a BCA area was 0.244m or wider and

0.454m or narrower, a defocus margin could be obtained at

the same level as described above.

Therefore, in the case of an optical disk where a

desirable jitter value was obtained, a metal reflection film

" which was made of Ag or an Ag alloy had a film thickness
of 25nm or above and 70nm or below, if the track pitch of
& row of pits or a groove which was recorded in a BCA part
was 0.244m or wider and 0.454m or narrower, then a defocus
margin could be adequately secured.

Next, an optical disk will be described whose metal
reflection film was created by using a metal reflection film
which was made of an Al99Crl(wt%) (hereinafter, referred
to as the Al reflection film). First, an opticai disk was
prepared where the Al reflection film having a £film thickness
of 30nm was formed. Using the above described

medium-identification-information recording apparatus, an
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as described above was al so conducted in an optical disk where a groove
was formed. Even in the case of a groove, a netal reflection filmtended
to be difficult to format the inclined-surface part of the groove, as was
the case wth a rowof pits. Thus, if the track pitch of a groove which
was recorded in a BCA area was 0.24LLm or wi der and 0.454mor narrower, a

def ocus H‘Ert%'m'btﬁo\':’&drlé%o% aénggA gagd{]&ﬁﬁ\?\%%rl q&/e({e afndgs%ré]p@d Qye.

Therefore e case of an optic desirablFe er “Val ue
wa obta ) I whi ch S ranA allo
haz a fi}’l Qﬁxeﬁgé@)w o? fg'(r:i"lr% %o%rg reooa‘ﬁ% \A%rﬁg%?g%el gtg%stﬁgs rack Y
itch of w _of t r.oqve h d |n a art was O
I.O 24 A mo a\%m%de{':(r%uan%% 4@2 & A& r‘%{/]fe%h %ﬁgn 1%r§ﬁ1gcgﬁ‘lsd be
adequat el y_sec d| sk will descr ose net al
r ef Iqect i o%mpive a"glﬁeatlé’d b@g‘iﬂsf rréi}%ﬂ rré‘F sBh oﬂ"fellﬂiﬁ WA ORas
made of an A19 /$ her ei naf t er referr to as the Al reflection
film. FEPEPIH %fﬁ*&% |"%?(5v%%COB?%Ba?EdtRﬁe‘?%At%%t1AFrPe‘FPB&f31 BRSO | m

having a_ _fil mth| kness __of 30nm was forned. Using the above descri bed
medi um i BEnEEPFEAY TR i nFBFRYE™ ntrlbeccﬁjchﬁﬁféﬁfi&rlé’tnu§l%{ﬁ“Z@Sa'EPéﬂfﬁterto
record a attern vvas made in a part where neither a row of glts nor a

groove V\/EEB“POF d°nlen (Bhi% catl,to F9umt Wolel Besiesfedit 2 vRYRnRONe Al

reflectlon fllmwa
thus, an adequate defocus margin could not be obtained.

In addition, in the optical disk where the Al reflection
filmwith a £ilm thickness of 30nm was formed, if a BCA pattern
was recorded in the area where a row of pits was formed at
the 0.744m track pitch which was used in the BCA area of
the DVD-ROM, then the same result as described above was
obtained.

Therefore, an optical disk was prepared where the Al
reflection film with a film-~thickness of 30nm was formed
on a substrate where a row of pits was formed at wvarious
track pitches. Then, a BCA pattern was recorded. Fig. 11
is a graphical representation, showing a measurement result
ofthedefocusmarginofaBCArecordingpowerwhichcorresponds
to the track pitch of a row of pits which is formed in an
optical disk that includes an Al reflection film which has
a film thickness of 30nm. Its horizontal axis is the track
pitch (4m) of a row of pits, and the vertical axis is the
defocus margin (%);

Even in the case of the Al reflection film, in the
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renoved, and in addition, the nmediumidentification information which was
recorded as the BCA pattern could also be reproduced. However, the Al

reflection filmwas thinner than the one (i.e. , 50 to 70nm which was
used in a DVD-ROM and thus, an adequate defocus margin could not be
obtained. In addition, in the optical di sk where the Al reflection film

wth a fihe mﬁhg%%ﬁas@ér 08 a¥65e ", érH’é%:én% %ﬁxggqgh_p}%“zﬁ]%? V@fgﬁgﬁorded

in the area e a row of pits was forne

W ch Vs qUsed [, 0o BCLA g CENECRVIDBOM 4 hen e S syl as

descri be talne erefore, "an o S prépared
5 Subst r SFEClnare 4 48, B s 24&%%39%?%2"'&1‘&2’%&2??% 2o%, BE PR ehet® Then,
Shovi ng B L QAR F S GRS BEBPRY ng
Pormed | RUBR. SpEaio B AR Tn AL ot RS the abLr EPFSSETAPR (T hiBhbhas  a
row of pht SRLBRET el U thLaFRaees Hrien pEnahe 6cas DYBR SN (b9 TRHBRA n t ho

case of %g ﬁl refl ctlon film in the 30 sanme way_as descri bed above, a
def ocus brA BFaf AP&FcﬂﬁﬁﬁbplqﬁsWQiﬁﬁr¥ﬁiEﬁc?ﬁ@eglhﬁ brepBEA REEBr di ng.

In Fig. 11, the
1s0.24Lunorwiderand0.45Lhnornarrower,anadequatedefocus

margin can be secured, and medium identification information
can be recorded. The presumable reason for this is described
below.

Specifically, if the track pitch of a row of pits which
is recorded in the BCA area is beyond 0.454m, the heat capacity
necessary for reaching the melting point becomes extremely
small, because the Al reflection film is thin. Thereby, the
edge part of a BCA pattern is not formed desirably, thus
making louder the noise of a BCA reproduction signal.

On the other hand, if a row of pits is formed at a
track pitch of 0.454m or narrower, the narrower the track
pitch becomes, the ﬁore likely a pit is formed at the edge
of a BCA pattern. Thus, the melted Al reflection film is
kept from flowing at thé part where a pit is formed. Hence,
in the area where pits are formed at a narrower track pitcﬁ,
the noiée of a BCA pattern becomes lower. As a result, if

arow of pits is formed at a track pitch of 0.45 4 m or narrower,

a BCA pattern which realizes an adequate defocus margin can
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track pitch at which a defocus margin of 20% or higher is obtained is
0.249m or wi der and 0.45am or narrower. Hence, even in the optical disk
where the Al reflection filmwith a thinner filmthickness than that of a
DVD-ROMis fornmed, if the track pitch of pits which is recorded in the BCA
area 1is 0.244norwi der and 0. 45, Um or narrower, anadequate defocus nmargin
can be sebeuredomiwld medi umidentif ication inf ormati-on can be recorded.
The presumabl e reason f or this is described - below. Specifically, if the

track pitch of moweweef, RiEt&hvhtshcki §it8RBEEIMER hherBGArat8an 6. bgyond
0. 4 59 m the heat capacity necessary for reaching the nelting point

becomes gxh{ OfEd un SHIBPle + RECAHES a6 Blirbeld LoLl ohld LGh L PorgBr cbY.

the edge part of a BCA pattern is no-t forned desira

| ouder t BecBRietf nfrfwRCA. BRI QUYELIAR SitgNalro AL Lt Oh WoFe PBAEs Lhed oW

of pits is fornmed at a track pitch of 0.45ktm or narrower, the narrower

the tracky Jpéff@c@ggﬂnf§lmtf‘f%ﬂ{%f?@#ggﬁrg%Qiphé. ,Safn%ggg%ﬁ%eté!sfﬁggg of a-

BCA pattern. Thus, the nelte mis romflow ng at

the ' parfpR85e Aidt i 5o QR4 nce, in the area where pits are forned
at a narrgﬁr ntrac thcﬁ, ItaE't:ae nn%&'se of a BCA pattern becones lower. As a

result, if ar ' I s; = for frac | of  0.45 r.n
carrower, a B%g%ggkg%ﬁ f|c‘f1€ ?ggl i%tzfe laﬂ;l%agdeﬁh%ﬁgddeofnoc%ss%gg?:ﬁtgan 31

r r . .
be reco g%da track pitch of 0.244m or wider and 0.45 4 m or narrowver,

the control of heat is easily conducted even in an AL reflection
film which has a thin film thickness. Consequently, the Al
reflection £ilm could be removed almost completely, and thus,
a desirable BCA pattern could.be recorded.
Herein, Fig. 11 shows that in an optical disk where
a 30nm-thick metal reflection film made of an A1l99Crl(wt%)
was formed, the defocus margin is dependent upon the track
pitch. However, in an optical disk where a desirable jitter
value was obtained, a metal reflection f£ilm which was made
of Al or an Al alloy might also have a film thickness of
15nm or above and 40nm or below. In that case, if the track
pitch of a row of pits which was recorded in a BCA area was
0.24/4m or wider and 0.454m or narrower, a defocus margin
could be obtained at the same level as described above.
Similarly, instead of a row of pits, the same experiment
. as described above was also conducted in an optical disk
where a groove was formed. Even in the case of a groove,

the same effect could be produced. Thus, if the track pitch
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However, if the track pitch becones narrower than 0. 24 9 m the angle of
“the inclined surface of a pit which is forned becones narrower. This
weakens the force which prevents the Al reflection filmfromf |ow ng, and
t hus, an adequate defocus. nmargin cannot be obtained. Therefore, if a row
of pit is formed on a substrate at a track pitch of 0. 24 a mor w der and
0. 45 9 pgroL RBaL " n f E2s, ugt ep.dn an
Al reflectlonB fi I m \thhl(%t ﬁ"é%g i-é Er@t Lf%q% h%c nesésll:g ﬁ%gqgegglﬁf{l Bﬁ
reflecti ul I |rable
BoA pat 1 SFACES 054 LR RS W?egfrﬁ%f%@ﬁt% PRal O opfatise

di sk whege tﬁeSQgﬂﬁéhi&5e1”Eta| reflectlon filmmade of an A199Crl(mt@a
was formed, the focus nmargin i s dependent upon the track pltch However,

in an opti cal dN%K{tV\hegemalQESlfaggﬁ bpti8a1 a%‘l?oéf’}@ilotiat a'eF@ ox fplE! 2l

reflection filmwhich m ght avé a film
thi cknes o] m or belom/ that case, t he track
pitch oféag%gwjlo nli Emﬁ% g)coraaed Fnca’r ‘é‘%d\t/été“ vﬂljzﬂm or

cams 1 ovep S 5 L ahive asPﬂFfO A0 TR8 Beatdr B Re ot e Pene

sanme | evel "as descri Y
sanme experlne as descrlbed bove was al so_conducted.in an o t caI di sk

where a groove was rored SEVenT'H e ke BPTa edf%?/%e e T&t ect

coul d bepBy gdusely JEUSsubls 15 d FAGK Rt S

éhlckness of 1.1lmm where
a row of pits is formed, a first metal reflection film which
is made of Al and has a f£film thickness of 45nm is formed,
using the above described magnetron sputtering apparatus.
Onto it, a second polycarbonate substrate having a thickness
of lSth where pits are formed is glued, so that its side
where those pits are not formed comes into contact. As the
adhesive, for examplile, a resin to be hardened by light or
the like is used which is strong in adhesive bonding. Then,
on the second polycarbonate substrate which has been glued
in such a way as described above, a metal reflection film
is formed which is made of AgPdCu and has a film thickness
of 28nm. On top of it, a transparent resin layer is glued
which has a thickness of 704 m. As the adhesive, for example,
a pressure-sensitive adhesive sheet or the like is used.
Even in the double-layer optical disk which was created
in such a way as described above, if the track pitch of a
row of pits which was recorded in a BCA area is 0.244m or

wider and 0.45U4m or narrower, a focus was adjusted at the
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of a groove which was recorded in a BCA area was 0 - 24 A mor wder and
0. 45 amor narrower, a defocus nmargin could be obtained at the sane

| evel . Next, a nmulti-layer optical disk will be described which is a

mul ti-layer optical recording nmediumwhich is fornmed by |amnating a
plurality of nmetal reflection films as information recording |ayers. For

exanpl e, tQmed df r§! BCROIAAPIAG S anBStiAlLobpyi RIBRAL Y % Bbuhglmm
where a row of pits is fornmed, a first nmetal Tteflection filmwhich is

made of flo gULIEged bl BdtH CKOPSEsOf HANUR | Saf REFBLus %ﬁ{?ﬁﬁhgoﬁgﬁﬁe

descri bed magnetron sputtering apparatus. Ohto I't, a second pol yca:rbonate

subst 1 at 8eNaifh B ANLEKRESS o e LPAPLINGIE s A gal QpEGA |s o ued. so

that its si where those pits are no ormed cones into contact. As the
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is layvered, a focus is adjusted at the time of a BCA recording,

and thereby, a BCA pattern can be recorded in a desired layer.

In addition, when a transparent resin layer and a polycarbonate

substrate are glued, a light-hardened resin and a

pPressure-sensitive adhesive sheet are used. But instead of

them, an adhesive and transparent medium, such as a dry

photo-polymer, may also be used. Or, without gluing a

transparent resin layer, a transparent resin layer may also

be formed by using only a pressure-sensitive adhesive sheet,

or only a light-hardened resin.

As described above, in this multi-layer optical disk,
several layers were glued, thereby heightening its recording
density. In addition, the track pitch of a row of pits or
a groove which was formed in the BCA area was set to 0.24
#4m or wider and 0.454m or narrower. Thereby, when a BCA
pattern was recorded, the focus of a laser beam of light

was adjusted to the metal reflection films in which the row

of pits or the groove was formed, so that a suitable laser

34



33 time of a BCA recording, and thereby, a BCA pattern could be recorded
~in both |ayers. Hence, a defocus margin could be obtained at the sane

| evel as described above. Herein, the nmethod of creating a nulti-Iayer
optical disk is not limted especially to the above descri bed exanpl e.
Before a transparent resin layer is glued, a plurality of substrates may

al so be peweed.camd hsd éppmﬂéd"ééﬂgéq(&@rﬂ g} &1 BEACRR i abtabhed. In

this case, even if an optical disk is layere a focus™is adjusted at the

time of B BEAGRAS dilifon UG LI EPYno8sBCANPA (RISy£ER R digeorded in a

desired layer. 1In addition, when a transparent resin layer an

pol ycarbonate gubshial gndf ol 45fls o8| dBbk - ;tg'fedgﬂggte%sies%@r aRgssure-

sensitive adhesi eet are us I nst e hem an eslve-and
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wi t hout urng a transpar ent resin layer, a transpar enf rési'n
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in the BCA area is largely different from the track pitch
of a row of pits in the main-information area, when a master
disk is manufactured, the rotational speed of the disk has
to be largely changed discontinuously. Or, the
main-information area is adjacent to the BCA area, and thus,
the rotational speed of the disk needs to be controlled so
that it becomes a desired rotational speed as fast as possible.
In order to make its linear velocity constant, preferably,
the track pitch of a row of pits in the main-information
area should be equal to the track pitch of a row of pits

oxr a groove in the BCA area.

Industrial Applicability

As described hereinbefore, according to the present
invention, using a beam of light for reproduction having
a shorter wavelength and an optical system having a higher

numerical aperture, data can be recorded at a higher density

35



of pits or the groove was fornmed, so that a suitable | aser 34 power could
be applied. Consequently, a BCA pattern could be recorded which had a

| ow- noi se and a desired width. Herein, in a ROMoptical disk, the shorter
its recording tinme beconmes, the lower its costs will be. Therefore, in
each of the above described exanples, it is desirable that a row of pits
or a groewan Nid hg pBBA rsRacaRd call Ok 8k . Pirhs aa@iwenryaiévérnfeﬁgabhon
area be formed sinultaneously. In addition, if the track pitch of.a row of
pPits or an@re¥enal BddtaEty 1 8% ha1t3ngaly: Ak haraDi s thm A PeihEagk
pitch of ca rowof pits in the"main-information area, when a master disk
i's manuf gghyledy et t;i O, fethe disk e | y
changed d?sglgn??ﬁu%ﬁsﬁ%ga},P?Féaaﬁgﬁf ifn}quorma i(()i_}r%'afzfree{éé)?g'a jajglg t %o the
cont rol | Saegm el Med PR LHIR AREER: Eha MRSl LESHT Hfebfatn
possi bl e rtao,. jts linear .vel ocity cqnstant, preferably,. the
track pi ?ERE%F%;U%;’OWGO lr{gnll'(?“sdelnntjf#éc%ﬁf‘ﬁp Tht 8 &t on” cgrnegesﬂ%ﬁfjadég equal
to the trac iitch of .a row of .pits __or a groove in the BCA ,arga.

| ndustri 5P ABRY b rabguRY < abkb s etaib oy p e Dendasith 3 L BobReE
present _jnvention,;, usin .beam of _light f _ar reproductjon_havi

shorter \F\/ial\?eple:ﬁgsteﬁltaﬂ'dl%%ngb?flcﬁﬁns133’?[ gﬁlﬁﬁﬂ%aa&?ﬂ?bﬁgr Onﬁﬁe?ngFai
apmﬂ‘"ereg%¥%£§3‘QSdE%%ﬂ“?%Ea%f%HBfQFragegﬁé%éal disk which has

a circular-plate shape and is used to generate information,

or the like.
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35 than in a DVD ROM optical disk. In addition, even though the thernal
-conductivity or nelting point which is the intrinsic value of a netal
reflection filmis different, using a conventional

medi umi dentification-information recording apparatus, nedium
identification information can be recorded so that an adequate defocus
margi n can be secured. Hence, the pgegepls i nvention can be suitably applied
to an optical recording nmedium for exanple, an optical disk which has a
circular-plate shape and is used to generate information, or the like. 36
Claims 1. An optical recording nedium which includes a main-information

area |0 phioh = Tekal el egtl sedLbinhy heArSd. Onwﬁlaa&bs_fLae&%%ers a row

of pits Is forned as ata, and a rmation area In Ich medi um

ol BRSNS TR BRI A

optical recording nmedi umin y r enoving met a |on
filmpa I d f r I allt reflectlon fi nnved areas;
and in mﬁbé eﬁ %rna%ﬁ§$¥%?F§pro dice Prrg&aﬂlru;ﬁ g Aot ar r%%Pectlon
filmwt bea f char.acterized i in t sub i nformation
e ?8%% A s b0y l°‘§a¥8PﬁéhWﬁﬁ°F‘H‘éé%h‘5‘B LG ERER: | ook
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recordingmediumindividually by removing themetal reflection
film partially and forming a plurality of reflection-£film
removed areas; and in which information is reproduced by
irradiating the metal reflection film with a beam of light,
characterized in that,

in the sub-information area, a row of pits or a groove

is formed on the substrate, and the track pitch of the row

of pitsor thegrooveis0.24 /4 morwiderand0.45 4 mor narrower.

2. The optical recording medium according to claim 1,
characterized in that the reflectance ratio of the metal
reflection £film is 35% or higher and 70% or lower, with respect

to a beam of light whose wavelength is 405 nm.

3. The optical recording medium according to claim 1,
characterized in that the metal reflection £ilm is made of
Ag or an Ag alloy material, and the film thickness of the

metal reflection f£ilm is 25nm or above and 70nm or below.
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2. The optical recording nediumaccording to claim1l, characterized in
-that the reflectance ratio of the netal reflection filmis 35% or higher
and 70- or lower, with respect to a beam of |ight whose wavel ength is 405
nm 3. The optical recording nediumaccording to claim1l, characterized in
that the netal reflection filmis nade of Ag or an Ag alloy material, and

the filmgthi cknegge 0fpthe ﬂ“?é%of&&h%chi 'J&lQEEQr&%B@%q%TaQ%¥%maqq 70nm

or below. 37 4. The optical recording-nedi um according ai

T e L e e e
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according to claim cterrze e wave

source f .t he dight.is A and the refractive.index of resin
ayer whfiebats Tof TRt arhy R b L Tephoda GPAYT ife A0SR B REFRVD of o
row of pits or a groove which is forned on the substrate in the
sub-information area satisfies a relational expression A/(6Xn)CD C A/

(3Xn) . _.6. The tical .recordin dium according tq . claim1, ]

charact efi'zed in EFla?PFﬁgag'ep?Ef‘P‘g?ggn%\W%}cllﬂ?tgcaﬂi’:gl’rnigs t9 orhBd™ort t he
substrate_in the nain-informatiopn_area is equal to the depth of a row of
pits or &% ShhFef 8 FEohPEnFa{RLeREER P thet LIBTi SPEMFEL I on

area. 7. The optical recording nediumaccording to claiml1,
of the beam of light is A and the refractive index of a resin

layer which is formed on the metal reflection f£ilm is n,
the depth D of a row of pits or a groove which is formed
on the substrate in the sub-information area satisfies a

relational expression A /(6Xn)=D=A/(3Xn).

6. The optical recording medium according to claim 1,
characterized in that the depth of a row of pits which is
formed on the substrate in the main-information area is equal
to the depth of a row of pits or a groove which is ﬁormed

on the substrate in the sub-information area.

7. The optical recording medium according to claim 1,
characterized in that the track pitch of a row of pits which
is formed on the substrate in the main-information area is
0.244m or wider and 0.434m or narrower, and the shortest
pit of a row of pits which is formed on the substrate in

the main-information area is 0.124m or longer and 0.214m

or shorter.
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characterized in that the track pitch of a row of pits which is fornmed on
the substrate in the main-information area is 0.244mor w der and 0.43A m
or narrower, and the shortest pit of a row of pits which is fornmed on the
substrate in the main-information area is O . 12 u mor |longer and O .

21, Um or shorter. 38 8. The optical recording nmediumaccording to claim

L char gt eri 26ghd NopBabaing ddacks Rht (B adlard 4OU6Ph 1A el 3 1 OF Med

on the substrate 1n the main-informatfon area is equal to the "pitch
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sub-information area. 9. Ical reco medi um accordi ng F‘ai m 8,
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the substrate in e nmaln-1rntornmatl on area an e'tra
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recordin i_um accordi ng t laim1 Plarac erjzed in that the optical
recor di ngsne&r@rﬁ‘?so% ghﬁl tsiuﬁsg'feq{n%p{’?cg & AP BB IRTh &R SR a
plurality of netal reflection filnms formed by | am nating as the netal
reflection film 11. A manuf acturing nethod for an optical recording
medi u characteri zed iincluding; a first step of preparing a substrate
m 9 tfhe optggal recorging medium aégordgngpto éﬁaim 8,

on which”a row

characterized in that the track pitch of a row of pits which

is formed on the substrate in the main-information area and

the track pitch of a row of pits or a groove which is formed

on the substrate in the sub-information area are 0.24U4m or

wider and 0.434m or narrower.

10. The optical recording medium according to claim 1,
characterized in that the optical recording medium is a
multi-layer optical recording medium having a plurality of
metal reflection films formed by laminating as the metal

reflection f£film.

11. Amanufacturingmethod foranopticalrecordingmedium,-
characterized by including:

a first step of preparing a substrate on which a row
of pits is formed as main data in a main-information area,
and a row of pits or a groove whose track pitch is 0.244m

or wider and 0.45 i m or narrower is formed in a sub-information

area;
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of pitsis formed as main data in a main-information area, and a row of
pits or a groove whose track pitch is 0.249m or wider and 0. 45, U mor
narrower is fornmed in a sub -information area; 39 a second step of formng
a metal reflection filmon the substrate; a third step of formng a resin
| ayer on the netal reflection film and a fourth step of recordi ng nmedi um
identification ai skaoml iotemhoEhfosmised 4 ané tabt k¥ ldiet jopd i £8lmr e@or di ng
medi umindividually by partially renoving the netal reflection filmin the
sub-i nf othet isathsteatand formng a plurality of reflection-filmrenoved
areas. 12. The manufacturing method for an optical recording nmedium

according to clai thiktd chespcher ifiaenimgt Batrddith SEEPBE ol thdagetal Step
of formng a netal reflection filmwhich has a reflectance ratio of 35% or
hi gher apdfi@%iOToh opeimw ahd espect to a beam of |ight whose wavel ength is
405nm 13. The manufacturing nethod for an optical recording nedium

according to clai eddrtahageeperdZeddddtddtgt e AGRNd et Daat idnst €p
of formng a netal reflection filmwhich is nade of Ag or an Ag all oy

materi al jng@riiidherhibi LB 6kBASE, 1B8LRAIrY S YPH cAPOVECSRA 1AM OF

bel ow. 14. The manufacturing nethod for an optical recording nedium

accor di ngehq vl fﬁ%%&dﬁl@fﬁﬁéf@gai@ytlﬁ.@'ﬁo"}fﬁg%f‘é)ﬂgtal reflection

film in the sub-information area and forming a plurality

0of reflection-film removed areas.

12, The manufacturing method for an optical recording
medium according to claim 11, characterized in that the second
step has. a step of forming a metal reflection £ilm which
has a reflectance ratio of 35% or higher and 70% or lower

with respect to a beam of light whose wavelength is 405nm.

13. The manufacturing method for an optical recording
medium according to c¢laim 11, characterized in that the second
step has a step of forming a metal reflection f£ilm which
is made of Agor anAg alloymaterial, so that the film thickness

thereof is 25nm or above and 70nm or below.

14. The manufacturing method for an oﬁtical recording
medium according to c¢laim 11, characterized in that the second
step has a step of forming a metal reflection £ilm which

is made of Al or an Al alloy material , so that the film
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step has a step of formng a nmetal reflection filmwhich is mde of A or
an Al alloy material , so that the film40 thickness thereof is 15nm or
above and 40nm or bel ow. 15. The manufacturing nethod for an opti cal
recording nediumaccording to claim1l, characterized in that the first
step has a step of formng a row of pits or a groove on the substrate in

the sub- tnfiekiRidHNRELo£SA st N fot havavel engt hhoh érl behbwsour ce of
the beamof light is A and the refractive index of the resin |layer which
is formed on the nmetal reflection filmis n, the depth D of the row of
pits or the groove fornmed on the substrate in the sub-information area

satisfiegsa rel @ﬂ@ﬁﬁén@fﬁb@%&!ﬂ{q MAnéthBaX fdr 2PSoPthichl %dboraifig The
ca

manuf acturi ng nmet hod for an opti recording nediumaccording to c?aim

11, chargebetin? 8dclordilt toh81hihSt1,SERRrART 7 iSA&P 1Y +hAtMAE A1 QW Of
pits on the substrate in the main-information area and formng a row of
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the depth-of the row of pits forneg on the substrate

mai n-i nf op, g ir%rf@}{]ﬁacﬂ sﬁﬂu%fbﬁéf}@i&ﬁagaaqfs&@ﬁatrfyvtﬂtevpééglgffﬁme
grooveforrre on the substrate 1 n the sub-1nformation area. 17. e
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pitch o
film is n, the depth D of the row of pits or the groove formed

on the substrate in the sub-information area satisfies a

relational expression A /(6Xn)=D=A/(3Xn).

16. The manufacturing method for an optical recording
medium according to claim 11, characterized in that the first
step has a step of forming a row of pits on the substrate
in the main-information area and forming a row of pits or
a groove on the substrate in the sub-information area, so
that the depth of the row of pits formed on the substrate
in the main-information area is equal to the depth of the
row of pits or the groove formed on the substrate in the

sub-information area.

17. The manufacturing method for an optical recording
medium according to claim 11, characterized in that the first
step has a step of forming a row of pits on the substrate

in the main-information area, so that the track pitch of
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41 the row of pits forned on the sub strate in the main-information area
"is 0.24/J.mor wi der and 0.43LLm or narrower, and the shortest pit of the
row of pits fornmed on the substrate in the main-information area is 0.129m
or longer and 0.211Lm or shorter. 18. The manufacturing nethod for an
optical recording nediumaccording to claim 11, characterized in that the
first stée baw of ptiecs Hérhedndmahe savsaraiid Snahdé ha isubsifatwationt he

mai n-information area and formng a row of pits or a groove on the

substrat area tie sub4ihobFatyDfedr 8ad 0. 43 DM dRenhirackddl t cin@f the row
of pits forned on the substrate in the main-information area is equal to

the trackhpirttadst gfit hefr eWeofrofd loF Qfit hef grmeweohormRd fAbdheasubshrate
in the sub-information area. 19. The manufacturing nethod for an opti cal

recor di ngneMefl U ACEOFARRA IO £E&h M dlo §haf ACLE haffhd P £H§thgt.*ifi 4 fo" St

step has a step of sinultaneously formng a row of pits In

mai n-i nf gmgtHgycar ea and a row of pits or a groove in the sub-information
area. 20. A reproducing nethod for an optical recording nedi um
characterized in that: the optical recording nediumincludes a

mai n-information area in which a netal reflection film is forned on a

SUbSFratQBWh?re5@Hé”h9ﬁu@h@%dfﬁﬁ§rHEQhﬁﬁ.%%f“%ﬂ d3%a.caANd-&cording

sub-information area in which a row of pits
medium according to claim 11, characterized in that the first
step has a step of forming a row of pits on the substrate
in the main-information area and forming a row of pits or
a groove on the substrate in the sub-information area, so
that the track pitch of the row of pits formed on the substrate
in the main-information area is equal to the track pitch

of the row of pits or the groove formed on the substrate

in the sub-information area.

19. The manufacturing method for an optical recording
medium according to claim 11, characterized in that the first
step has a step of simultaneously forming a row of pits in
the main-information area and a row of pits or a groove in

the sub-information area.

20. A reproducing method for an optical recording medium,
characterized in that: the optical recording medium includes
a main-information area in which a metal reflection film

is formed on a substrate where a row of pits is formed as
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or a groove whose track pitch is 0.241Lmor wider and 0.45 9 mor narrower
is formed on the substrate, and nedium Identification information is
recorded which is used to identify the optical recordi ng nmedi um
individually by renoving the netal reflection filmpartially and formng a
plurality of reflection-filmrenoved areas; and information is reproduced
by irradmgtinndattze metdla seftl-coif onméatlionoarehe inophicdl ar gowr diEngimedi um
with a beamof |ight. 43 Abstract An optical recording nedium which

i ncl udesoa ayrodvd OWnekeOR & A pitdhi €8 8.mat@amh ef heidddonafdl on.us f
ormed on a substrate where a row of pits is f ornmed as main data, and a
sub- i nf 1 WAt BN A EPowErWi £ h FEReidEN bHetnd kedldtetd N aevd BheanumS
recorded which is used to identify the optical recording nmedium

i ndi vi dualdley thiyf 1 @arovong ireonea sl ohefisd edledovrddd | whEaad | akl yasadl fter m ng
a plurality of reflection-filmrenoved areas; and whose information is

repr oducgdemt ify aﬂe&ipﬂgchm&'d‘fﬁiﬁalﬁgfrdéﬁ?imr@&nfdﬂ\md%éhlﬁ byerEn 6t ihl

in which in the sub-information area, a row of pits or a groove is orned

on the , sheshealsd, Tl dbeibhackipi bﬁBthalllf%ﬂ@Vfﬁmi)hﬁsaOﬁlﬁfglﬁl*’t?()ve is
0.244m or wider and 0.45 amor narrower. 44
of reflection-film removed areas; and information is

reproduced by irradiating the metai reflection £ilm of the

optical recording medium with a beam of 1light.
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Abstract

An optical recording medium: which dincludes a
main-information area in which a metal reflection film is
formed on a substrate where a row of pits is formed as main
dafa,andasub-informationareainwhichmediumidentification
information is recorded which is used to identify the optical
recordingmedium individually by removing the metal reflection
film partially and forming a plurality of reflection-film
removed areas; and whose information is reproduced by
irradiating the metal reflection film with a beam of light,
in which in the sub—inforﬁation area, a row of pits or a
groove is formed on the.substrate, and the track pitch of
the row of pits or the groove is 0.244m or wider and 0.45

UM or narrower.
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