TITLE OF THE | NVENTI ON Recordlng Medi um Optical Information Reprﬂﬂu¢3@p,b
Appar atus and Seek Met hod BACKGROUND OF THE I NVENTION 1. Field of the

| hvention This invention relates to a recordi ng nedi um capabl e of (Pgy
reproducing recorded information optigally, an optical information
reproducing apparatus for reproducing recorded information stored in the
recordi ng od using theoptical information
reproduci ng apparatus. 2. Description of the Prior Art Conventionally,

t her e hav&dsman igwgc Medpuing aPptii skt Inf atmaty icon KePpredug imedARPRERLWS cans
optically r%§£odu0|n recordi ng dat a. For exanple as a rewitable optical
di sk, ther¥® tic optical disks (MO disk, including so-called M
(nini di sk: trade nmark)) and phase change type optical disk and the |ike.
As a disk capable of recordlng onIy once, wite once read many (WOR) di sk

I's avail algg orsi gned for read only, so-called CD ROM

and the like are currehtl Anarketed Wth respect to the aforenentioned

rewitabl e optiks B peRYeREIQR\W ites is for exanple about 10[err].
ti mes and

This invention relates to a recording medium capable of

reproducing recorded information optically, an optical
information reproducing apparatus for reproducing recorded
information stored in the recording medium and a seek method
.using the optical information reproducing apparatus.

2. D ipti ¢ the Pri ATt

Conventionally, there have been such optical disks which
are recording media capable of optically reproducing recording
data. For example as a rewritable optical disk, there are
magnetic optical disks (MO disk, including so-called MD
(mini—-disk: trade mark)) and phase change type optical disk and
the like. As a disk capable of recording only once, write once
read many (WOR) disk is available and as a optical disk
designed for read only, so-called CD-ROM and the like are
currently marketed. _

With respect to the aforementioned rewritable optical
disks, a number of rewrites is for éxample about 10° times and
a number of reproduction is for example about 10; times. 1In
optical disks in Which recording can be performed only once,
a number of recording is only one and a number of reproduction

is for example about lw'timesi In optical disks designed for



a nunber of reproduction is for exanple about 10[err] tines. 1In optical

di sks in which recording can be perforned only once, a nunber of recording
is only one and a nunber of reproduction is for exanple about 10[err]

times. In optical disks designed for 2 read only, a nunber of recording
I's one and a nunber of reproduction is tﬁeoretically unlimted. Al the
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recorded data,Al¥ hh?oﬁ@o(rmmgoam@mriwsrembllvahgdtlms seonbdire, ahe

can pick U£.$?e re ded ata freel even f he.is not a,person havin an
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pur pose, for exanple, optical disks permtted to be for exanple rente
users having an appropriate prlvllege of use in viewpoints of

copy right so as to resolve the scramble and reproduce the
recorded data, if anyone obtains a means for resolving that
scramble, he can pick up the recorded data freely even if he
is not a person having an appropriate privilege in terms of
copy right. - _

Further, anyone can pick up recorded data unlimited times
from optical disks for use for distribution purpose, for
example, optical disks permitted to be for examﬁle rented.
Thus, it is necessary to colleét these optical disks if an
appropriate term is passed. That is, although a user having
a permission to rent an optical disk can be said to be a proper
privileged person for use of that optiéal disk within a rental
period, if that rental beriod is passed, he loses his priviiege
for proper use. Thus, that optical disk must be collected.
Further, there is a case in which an appropriate optical disk

is not desired to be rented for the reason of copy right.

SUMMARY OF THE INVENTION
The present has been proposed to solve these problems.
Therefore, an object of the present invention is to provide a

récording medium which is capable of reducing problems relating



Thus, it is necessary to collect these optical disks if an appropriate term
I's passed. That 'is, although a user having a perm ssion to rent an optical
di sk can be said to be a proper privileged person for use of that optical
disk within a rental period, if that rental period is passed, he |oses his
privilege for proper use. Thus, that optical disk nust be collected.
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The preserge bt haen tpr opOse@eldo S6FVear&irse, - pr_@bhemsg_ Theheteseitan obj ect
of the present invention is to provide a recording nedi umwhich is capable
of reduci mep bkerttlinegs thaltapiptgcal Qisb.c@pq: fﬂgmelarmlahlme e ool i gl
mediumis an opt{ca{ d'skmgern1tted d ? be useg E rental, reducing a
necessity oltee fng Pt LOBEPERPAGFER™ LRALAL, PAGY enabllng the opti cal
disk itself to g d ik ted Lﬁ@%&ﬁ@k%‘ o¥S&he AGHYLANY f@v&{\@l&?pee:ﬁepé the
present invention, there is provid a recording nmediumhaving pits I
whi ch |nfoI$mnraN1ded a recording medlum having pits in which 1nformat10n
is reproduced by irradiating Beam on the pits, the recording
medium further containing reproducing films for generating the
pits in which reflectance thereof is'changed by irradiating a
laser beam having a higher strength than a predetermined value.
According to another aspect of the present invention,
there is provided a recording medium according to claim 1
wherein the reflectance of the reproducing film drops when a
laser beam having a higher strength than the predetermined
value is irradiated.
According to still another aspect of the present
invention, there is provided a recording medium according to
'clainx 2 further comprising address sections for recording
address information and data information sections for recording
- data informatidn by means of the pits.
According to a further aspect of the preséht invention,
there is provided a recording medium according to claim 3
wherein the data information sgctions are generated by the pits
and depth of the pits is between A/8 + n A/2 and A/6 + n A/2 (n
is an integer except 0) assuming a wavelength of the laser beam

to be 1.

According to a still further aspect of the present



I's réproduced by irradiating beamon the pits, the recording medi um further
»containing reproducing filnms for generating the pits in which reflectance
thereof is changed by irradiating a | aser beam having a higher strength
than a predetermined value. According ta another aspect of the present

I nvention, there is provided a recording mediumaccording to claim1
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for recordi atg information by neans of the pits. Accoryding to_.a further
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according o Cclgddp Scyvhgsein the data information sections are generated by
t he pitsg%nd depth of the pits is between A8 + n A2 and A6 + n A2 (n is

an integer exeapiofimgstal ag ya twaytel Engftroherhashpeser dfeathd opbesdnt

According to a still further aspect of the present _

: invention, there is provided a recording medium according to
claim 4 further comprising a groove.at least on one side of

_ both sides of the pit in laser beam scanning direction, the
address information sections being formed by forming the
grooves in wobbling shépe. _

According’ to a still further aspect df the present
invention, there is provided a recording medium according to
claim 4 further comprising grobves on both sides of the pit in
laser beam scanning direction, the grooves being substantially
A/8 in depth assuming the wavelength of the laser beam to be 1.

‘- According to a still further aspect of the present
invention, there is provided a recording medium according to
claim 4 wherein the addréss information sections are formed by
wobbling the pits. -

According to 5 ‘still further aspect of the present
invention,.there is provided a recording medium according to
claim 1 wherein the reproducing film includes a first layer
made of Sb2Se3, a second layer made of Bi2Te3 and a third layer
made of Sb2Se3 and when laser beam is irradiated on the
reproducing film, the first layer, the second layer and the

third layer are melted, mixed and alloyed so as to change



4 invention, there is provided a recording nmediumaccording to claim3
'wherein the address information sections are generated by the pits and
depth of the pits is between substantially [err]/4 + [err]/2 (n is an

i nteger except 0) assuning a wavel ength gf the | aser beamto be 1.
According to a yet still further aspect of the present invention, there is
provi ded pef keotanog. medi um according to cl&im4 further conprising a
groove at |east on one side of both sides of the pit in |aser beam scanning
direction, theAQRIFE58E| nfor Mat FéhldecfubhBepeidPIOr mod byheorPreReRte

grooves in_wobbling ape. .Accordi. to a still. further aspec f th
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scanning direction, the grooves being substantially A/8 in depth assum ng
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aspect of the present invention, there is provided a recording medi um
accor di ngTr8ABERr ¥ \Waieh ntheeP bbidiRsthenr8RrasFohnEREPREACN aPRCEBPRRd by

is read out by the laser beam is set to be lower than a spatial
frequency -in which the pit in the data information section is
read out by the laser beam.

According to a still further aspect of the present
invention, there is provided a recording medium according to
claim 1 further comprising another reproducing film whose
feflectance is changed if a laser beam having a higher strength
than the predetermined value 1is irradiated, the another
reproducing film being fdrmed on a side opposite to the side
having the reproducing film.

According to a still further aspect of the present
invention, there is provided a recording medium reproducing
apparatus for reading information optically from a recording
medium, comprising: an opficél head for irradiating optical
beam on the recording medium; a light detecting means for
receiving light reflected from the fecording medium and
outputting a detecting signal; a demodulating means for
demodulating the detecting signal and ocutputting a demodulated
signal; an error correcting means for detecting errors in the
demodulated data signal, correcting the error and outputting

reproduced data signals; and a reproducing beam power control



wobbling the pits. According to a still further aspect of the present
invention, there is provided a recording nmediumaccording to claim1l
wherein the reproducing filmincludes a first |ayer nmade of Sb2Se3, a
second | ayer nmade of Bi 2Te3 and a thirdd ayer made of Sb2Se3 and when | aser
beamis irradiated on the reproducing film the first |ayer, the second
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5 reflectance. According to a still further aspect of the present
i nvent i orhe theradisted oi/roedtberepbidahgheedi.um according to claim 3
wherein the address_information sections and the data i nforpation sections
are formed by ARCTHIRE arlP adspatidl HRHLREEY 3FPSHY Pt n&DSi tPTRSERE
- address i Lon L.on J S oYt b | r.. b [ .
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of the present :
for seeking the optical head at a desired position, the
reproducing béam power control means controlling so as to
irradiate light beam from the optical head at a fifst laser
power at the time of ordinary reproduction and controlling
during seek operation so as to irradiate the light beém from
the optical head at a second laser power which is smaller than
the-first.laser power.

According to a still further aspect of the present
invention, there is provided a method for seeking said optical
head at a desired position on the recording medium, comprising:
a light beam irrédiating process for irradiating light beam
from the optical head to the recording medium; a 1light
detecting process for receiving a light reflected frsm the
recording medium and outputting detecting signals; a
demodulating process for demodulating'the detecting(signals and
outputting demodulation data signals; an error correcting
process for detecting errors in the demodulation data signals,
correcting the errors and outputting reproduced data signals;
a seek procéSs for seeking the optical head at a desired
position on the recording medium; a first control process for

controlling so as to irradiate light beam from the optical head '

at a first laser power at the time of ordinary reproduction;



i nvention, there is provided a recording mediumaccording to claim1l
further conprising another reproducing filmwhose reflectance is changed if
a | aser beam having a higher strength than the predeterm ned value is

i rradi ated, the another reproducing filngbeing formed on a side opposite to
t he side haV|ng the reproducing film According to a still further aspect
of the presehta icondmeiloprochesefps poovrdbhﬁmgrduxﬂnﬁrﬁyQKuﬁnﬁnatdpwoduning'
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recordi ng nme m and outputting a detecting signha enodul at 1 ng neans
for denodul ating the detecting signal and outputting a denodul ated signal;
.an error correctlng means for detectlng errors in the denodul ated data

si gnal , i andigubRAWINGe reproduced data signals; and a
reprodUC|ng be ower, contro 6 nmeans.for, contrplling am power. of
r epr oduci ng ||S¢R£b\£ - perspective view of an op 1ca{1 dlsek cording

to the present 1nvention. -

Fig.. 2 is an enlarged perspective view partially broken
of the optical disk shown in Fig. 1.

Fig. 3 is a diagfam for explaining a relation between a
groove and a pit of an optical disk according to the present
invention.

Fig. 4 is .a sectional view showing a configuration of a
reproducing film of the optical disk according to the present
invention. |

Fig. 5 is a diagram fof explaining a relation between the
depth of a pit or groove in the optical disk and degrees of
modulatioh before and after irradiation of laser beam according

. to the present invention.

Fig. 6 is a diagram for explaining the spatial freqﬁency
of a pit in the éddress section and the spatial frequency of
a pit in the data section. |

Fig. 7 is a diagram showing a relation between the spatial
frequency of the address section and the spatial frequency of
the data section and amplitude.

Fig. 8 is-a waveform diagramjfor explaining reéroduced

signal waveforms in the address section and data section before



be irradiated fromthe optical head. According to a still further aspect of
t-he present invention, there is provided a recordi ng nedi um reproduci ng
appar atus -according to claim 12 further conprising a seek neans for seeking
the optical head at a desired position, tge reproduci ng beam power contro
means controlling so as to irradiate |ight beamfromthe optical head at a

first |aselndOlplea!s hgalBPoR! of" ShBBEYLEER! BHHCY EOB1ANENERBbEO! i Ng
during seek operation so as to irradiate the |1 ght beamfromthe opti cal

head at a secoritlig.aseriganaetiagran for samblaatnimham hep €ic¢sl . d bslerwipbeler .
According to a still further aspect of the present invention, there is
provi ded 22hEPWddreprodeekinp SBi BobBt FddPShead at a desired position on

t he recording di um, .conprising; a light beamirradi ating, process for
rrad ating L1 GEEE bo Thbme: AR ChiV e dd oo N 1aLLF AP REREE R =
l'ight detegptngaPr@e8RSihOWhiehCEYbBYed hir@ht orfitlieghedobbaTngh@nkageor di ng
medi um and outputting detecting signals; a denodul ating process for

denodul ating t higlet ddtiihgy si grexfspectli veit piew rrp deihmlly abrokedatef an
signals; an erro orrecting . process for detecting errors in the
denDduIatiBHtHSF; é?ﬁ aF§,wgéFPeQPFﬁgaFﬁefQFFGFsl Fob 3R iSRG Peepr oduced

data signals; gjg. 12 is an optical disk apparatus for reproducing an
optical disk according to the present invention.
Fig. 13 is a flow chart for explaining a seek operation

in the optical disk apparatus according to the present

invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

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

Fig. 1 shows an optical disk which is an example of a
recording medium according to the present invention.

Referring to the same .Figure,” reference numeral 1
designates an optical disk belonging to compact disk (CD) such
as CD-ROM and the like, which includes a céntral hole 2a made
to open to both sides of the disk, a recording area a in which
for example code information is recorded and a non-recording
area (clamping area) extending around the opening portion of

the central area 2a.

Fig. 2 is an enlarged perspective view partially broken



a seek process for seeking the optical

recording medium a first control process for controlling so as to

irradiate |light beamfromthe optical head at a first |aser

head at a desired position on the

power at the

time of ordinary reproduction; 7 and a9control process for controlling
during seek operation so as to irradiate |ight beamfromthe optical head
at a seconxf |tseropuiveal whisk 1SSBqunIen Fh&n the Refsrriiagetopdiér. 2BRI EF
DESCRI PTI ON OF THE DRAmV % pectlv Vi ew f an .o t| aI di sk
accor di ng th¢ t%lﬁPés@ﬁﬁ hv%ﬁg?ﬁ 1n$:l ‘? PLFS a‘rnd&f’ dEPs pEEHUE Sy ew
partiall'y brojen et ?5 ﬂQ%éC@% pILa'SA% Ié'rgallsughgas 3eé é’k:ﬂd @ am
for explalnlng a el afton between roove an a pit of an optical disk

accor di ng &1 dErydnagentori nuenum, Férodudingn fidm i3onah wheoh sémmanlg; a
configuration of a reproducing filmof the optical disk according to the

pr esent

i nyeatyegprded by means of pre- pit and the recorded signals are

reproduced by irradiating laser beam thereon, and protective
film 21 for protecting the .reproducing film 30, as its
prominent factors, and these elements are stacked in shape of
layers.

The optical disk according to the present invention has
tracks 12 and grooves (guiding groove) 13 on the reproducing
film 30, and further the tracks 12 have pits 14 formed as the
pre-pit. That is, this pit 14 is formed by stamping according
to a master disk in which signals are preliminarily recorded
by means of pits when this optical disk is produced. Thus, by

irradiating laser beam on ihe track 12 in which the pits are

_formed, its reflected beam is read out so that signals recorded

in that optical disk can be reproduced. Meanwhile, this type
of signal reproduction method for the optical disks has been
already kmown in optical disk apparatus for CD-ROM.

Fig. 3 shows a sectional view of the optical disk shown
in Fig. 1'in a direction of the radius. Assuming that the wave
length of‘the aforementioned laser beam is A, in the optical
disk 1 according to the present invention, a depth D¢ of the
aforementioned groove 13 is set to A/8. On the other hand, in
the optical disk 1 according to the présent'inventipn, about

a depth Dp of  the above pit 14 formed on the track 12, a depth



Fig. 5is a diagramfor explaining a relation between the depth of a pit or
groove in the optical disk and degrees of nodul ation before and after
irradiation of |aser beam according to the present invention. Fig. 6 is a
di agram for explaining the spatial frequgpcy of a pit in the address
section and the spattal frequency of a pit in the data section. Fig. 7 is a

di agram sfiows ngj 8 Fehralie@d ranpeaih {16 $Patd ala/ler eddencYadyti Ner agldp ees
section and the spatial frequency of the data section and anplitude. Fig. 8
i s a wavef or maddagisam (fearg .expt aack ngddepsedueda .9i drsalsetaved okfks. | nThae
address section_and data section before and after irradjation of |aser
beam and $@RehsDeh&fecthe FrBove BIoRVE dgt dRtY oPee®fl &Ny PR obfi EBf di sk
whi ch al | ceproducti n hot i des. :Eig,..10; ] er | Ve Vi
partiallygﬁggigﬁogf g% 8%V?%a?hdp§i ﬂﬁlmﬁﬁchaarobéégéé§¥a§¥§% th ?R mgggling
shape. Figatiifiieda perspeatbis Drewfpagrid ahbyvor gheniaf rary opd i 6al adiysk in

which pits are forned i n wobbling shape.

depth if the depth of the pit for recording qata satisfies A
n/2 + A/8 - An/2 +A/6 (n is an -integer except 0) and the depth
of the pit for address satisfies A n/2 +A/4 (n is an integer
except 0). However, it is desirable to apply the above D¢ =
A/8, Dp = A/8 ~ A/6 (for recording data) and Dp =A/4 (for
address) in which the amﬁlitude of signal waveform becomes
maximum when so—-called push-pull method is used.

As shown in Fig. 4, the reproducing film 30 of the optical
disk 1 according to the present invention has four layers
comprising a reflecting film 22 made.of Al for reflecting
irradiated laser beam, a first reproducing film 23 made of
Sb2Se3, a second reproducing layer 24 made of Bi2Tea and a
third reproducing layer Sb2Se3, these layers being formed on
the substrate 29. Although the above first - third reproducing
layers 23-25 form sepérate layers of amorphous condition
(non-crystal) prior to.iyradiation of thé above laser beam, if
laser béam having a powef stronger than a predetermined power
is irradiated, these first - third reproducing layers 23-25 are
melted and mixed so that they are alloyed if the laser beam is
stopped and they are left as they are naturally cooled. That
is, as shown in Fig. 4, an area 26 which is naturally cooled

after the above laser beam spot is irradiated is not in such



Fig. 12 is an optical disk apparatus for reproducing an optical disk
according to the present invention. Fig. 13 is a flow chart for explaining
a seek operation in the optical disk apparatus according to the present

i nventi on. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Her ei nafter,
preferred enbodi nents of the present invention will be described with
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non-recordi ng area (clanping area) extending around the opening portion of
the centrdIn abtle@ ohherj gand,j dfarkhenirgwre peripsediesedi d@sgar eam \is
broken less than the above predetermined value, melting and mixing of
the first;third reproducing layérs 23-25 never occurs or occurs
a little. .

The abové reproducing film 30 produces a different
reflectance between then the above first-third reproducing
layers 23-25 are in amorphous condition. and when they are
alloyed. For example, if the reflectance of the reproducing
film 30 prior to irradiation of the laser beam having a
stronger power than the above predetermined value is assumed
to be Rb and the reflectance of the repréducing film alloyed
by irradiating the laser beah having a stronger power than the
‘above predetermined value is assumed to be Ra, a relationship
of Rb>Ra can be established. On’ the other hand, if phe'power
of the irfadiated laser beam is less than the above
predetefmined value, melting and mixing of the first - third
reproducing layers 23-25 never occurs or ocfcurs a little.
Thus, the refiectance Rb and Ra are the same or slightly
different from each other. Meanwhile, the above reflectance
Rb and Ra can be changed arbitrarily. by changing a ratio in

film thickness among the first - third reproducing layers

23-25. For example, such a relationship can be changed to
Rb<Ra.



of the optical disk 1 shown in Fig: 1. Referring to Fig. 2, the optical
‘disk | according to the present invention includes a substrate 29 nade of
transparent material such as for exanpl e pol ycarbonate or the Ilike,
reproducing film30 in which signals areijimecorded by nmeans of pre-pit and
the recorded signals are reproduced by irradiating | aser beamthereon, and
protective fi Fer2theorrqusairectdayr t itsed epvodeci 0 &i kasd0,inashitch pm@EM nent
factors, -and these el ements are stacked in shape of |ayers. The optical

di sk accaedileg teacen® fpridiembeyr eRePHAdRasnEr 4RkB 39 48d cHed&ess fTpm di ng

groove) n the oduci ng film.30, and.further th tracks 12 have pits
L or e dPa 28 RE°SREERRT Sintrr 4R chn, A A Bepl ek B € s
accordi ngduwe @ Reh €5 Pireleitl ifineld SIONA S 25SuRISE BhR8r bl Yidzg@er dad by
means of pits when this optical disk is produced. Thus, by irradiating

| aser beamdanlatieor r ack 12hén abocé t hddpetss arsecitdomed pnitesr r efd ectlel beam
Is read oqut so that signals_recorded in that optical disk can be
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directi on ofLaahear péll ai oSEHMY dprledsh®M@Riulation Lab and Laa just
before and after the irradiation of the laser beam is LaAb>Laa.
The above degree of modulation Lab cofresponds to a level of a
reproduced signal waveform which is obtgined at the address
section when initially laser beam is irradiated upon the
address section. "The above degree of modulation LAa
corresponds to a level of a reproduced signal waveform which
is obtained Jjust when the laser beam is irradiated on the
address section and then the laser beam is irradiated on that
address section again.

In a case in which the reflectance of the above
reproducing film 30 is changed from Rb to Ra (Rb>Ra) by
irradiation of laser "beam having a stronger power than a
predetermined value;'assumiﬁg that a degree of modulation of
the above data section prior to the irradiation of the laser
beam is Lpb and a degree of modulation of the address-section
éfter the irradiation of the laser beam is Lba, a relation of
the degrees of modulation Lpb and Lpa just before and after the

irradiation of the laser beam is Lbb>Lba. The above degree of

modulation Lbb corresponds to a level of a reproduced signal



| ength of the aforenentioned | aser beamis A in the optical disk 1
according to the present invention, a depth DG of the aforenentioned groove
13 is set to A/8. On the other hand, in the optical disk 1 according to the
present invention, about a depth Derr], gf the above pit 14 fornmed on the
track 12, a depth 10 of a pit for recdording data Is A/8 -A/6 and a depth
of a pit c d e t T ept h
0 P1 PR STAR B 8T BN UL cBe- BhEn ) ob5LPEL Lo fos FUEL)
[err]n/2 lasker el {4 ikPadaBtedNupoar twcwta @kctiisnsat iTHé edbove The
depth Dlerr], of the above pit 14 may be of any depth if the depth of the
pit for réesrdéngfdm®batiMiws gonrespoids rid & -l1qvwerlr jof/ 2 rAp&odnced an

i nt eger exce g t he de h of the g|t for address satisfies A nl2 +A4
(nis an PAE aér ?)Y"‘o‘)’hl mé%e?btﬂ ?9 éIB§| r¥BFB tBea EBF?rt H@a‘é‘bb%

err] = / di
E%err%/4 ora]dllgér essgnl[gﬁ\%\/]m tat L%éé%r{o G és),rlgglrﬁgg \C/\i/ga% orm%ecéﬁes

maxi num V\herraaaactékil ot phslt- Pwtla BRichddn &g,wsled. As shown in Fig. 4, the
reproducing film 30 of the optical
Fig. 5 shows a relationship between the depth of the pit
or groove and the degree of modulation (level of reproduced
signal waveform) before (before exposure) and after (after
.exposure) the irradiation of the laser beam. Referring to Fig.
5, a solid line in the same Figure indicates a relationship
between the depth of the pit or groove and the degree of
| modulation before exposure. The dotted line in the same Figure
indicates a relationship between the depth of the pit or groove
and the degree of modulation after exposure. As evident from
Fig. 5, the degree of modulation is the largest when the depth
of the pit or groove is A/4 (the level of reproduced signal
waveform becomes the largest). As the depth of the pit or
groove comes near 0 or A/2, the degree of modulation decreases
(the level of reproduced éignal waveform decreases).
As described above, the pit 14 in the address section is
M4 in depth and the pit 14 in the data section is A/8 - A/6 in
depth. Thus, as evident from Fig. 5; in the address section
in which the depth of the pit is A/4, the degrees of modulation
(level of reproduced signal waveform) before and after the
irradiation of laser beam are Lab ard Laa as shown in the same

Figure and the degree Laa of modulation after exposure is a



di sk 1 according to the present invention has four |ayers conprising a
reflecting film22 nmade of Al for reflecting irradiated | aser beam a first
reproduci ng film 23 nade of Sh2Se3, a second reproduci ng | ayer 24 nade of

Bi 2Te3 and a third reproducing | ayer Sbh2%e3, these |layers being fornmed on

t he substrate 29. Although the above first - third reproducing |ayers 23-25

form sepaj@f € |1@efes OfonaPePBOHE rCRAHEY | 88 éVDderst YoM JFiRl.i 8, 8 the
irradi ati on of the above | aser beam if |aser beam having a power stronger
than a pr@ai'eaeasmhe@lnpmewhnshu thadidgrsd ofhdde fritstis N8B r-dhlépﬁgubm ng

I 2 It d t h [ th

boum 1 s Vanddy i qasd o TiF: S (B85 aPeradbiedi potEtabaan TABPSTC,
shown in Figred rom@a ?lg%@ama%ﬁosmﬂam%'ﬁey ge%@@eilf& ES&?P?VSfl aser
beam spot 1Is |rrad|ate I'S not 1 n suc a condition in erent

| ayers of1aferfi(twiford hahd repedduekpgsuaysr sa2sS- ZBbalaadsapﬁr adred y ther ned
I n anmor phous condition, but in such a condition in which naterials

conposi ngdeaEee rldp- Kﬁ?r%°¢ébﬁbﬁﬁﬁlh@fmé$br%X2Q$Qsea#§ A x@dited laresyed.

On the Otﬁeregggq’thetgégéggwin frrEiuf%ggoﬂagg£epeggkosure is very

low.

Consider a case in which an optical disk having the
reproducing film 30 whose reflectance is changed before and
after the irradiation of laserlﬁeam as described above will be
reproduced with an optical disk reproducing apparatus which has
existed from before. Here, assume that error correction
capacity (correction capacity of error correction code) in the
ordinary optical disk reproducing apparatus is 1072 when
converted to reproduction signallerfor rate and assume fhat an
error rate of a reproduction signal in which a pit of the data
§ection having the degree of modulation Lbb before irradiation
of laser beam is reproduced is 10™ and further assume that an
error rate of a reprqduction signal in which a pit of the data
section having the degree Lba of modulation after irradiation
of laser beam is for example 107?, the ordinary optical disk
reproducing apparatus having only an error correction capacity
of up to 10 under the above error rate cannot correct errors
in.signals.reproduced from a pit in the data section after the
irradiation of laser beam although it can correct errors in

signals reproduced from a pit in the data section before the



| ess than the above predeterm ned value, nelting and m xing of the
first-third reproducing | ayers 23-25 never occurs or occurs a little. The
above reproducing film30 produces a different refl ectance between then the
above first-third reproducing |ayers 23-2§5are i n anor phous conditi on and
when they are alloyed. For exanple, if the reflectance of the reproducing

film30 briggol@rbr badhakledn wafant N drASHe MFAHBAMINE &SIIANALT PO L han

t he above predeterm ned value i s assune and t ectance of
the reprodsici m@cdads® atheyetkdned r oadingddulta t ien | de€breeaandiavifigra the
stronger power than the above g;edegernined value is assuned to be Ra, a
rel ati onshipradighimn afard aserebeabl inhthe a@hresse sdtdonhdsdlarger hthaower
of the iryradiated |aser eam i | ess than_ the  abpve predetern ned
Val e, el EPRGOBRES EngodH Iatdon RGO M FEAGRS gt VTR S,

Never OCCUfg§sOF BELN i &nd Tdalt® sEBY¥Sont NEnECibERS mn%qyaagt%awié@e
sane or slightly different fromeach other. Manwhile, the above

refl ect anceeppodudima apwa et shavagedoairieicitr @rirbys by s€hangl sgrépfedu®edn

filmthickness annng the first - third reproducing |ayers 23-25. For
exanpl e, sfiEpmaarpiatiBnkhs pddresse seifdigad atoaRy<Rime before and after

the irradiation of laser beam.
This means that if the optical disk according to the
present inveﬁtion is reproduced with an ordinary optical disk
- reproducing apparatus, its data section caﬁ be reproduced only
once but it cannot be repfoduced second times and after because
error correction is disabled. On the other hand, it is meant
that the address section can be reproduced second times and.
after. In other words, if the depth Dp of the pit in the data
section is set so as to obtain such a degree of modulation iﬁ
"which the error rate of a reproduction signal after the
irradiation of laser beam exceeds the error correction capacity
of the above optical disk reproducing apparatus and further the
reflectance Rb and Ra of the repfbducihg film 30 are set in
such a manner; that data section can be designed so as to be
'péproducible only once but not to be reproducible second times
and after. |
In this manner, if that optical disk is relating to a
particular-copy right, a possibility of picking out data stored
in that optical disk unlimited times is eliminated. If that

optical disk 1is designed for distribution to wunlimited



12 For the reasons described.above, in a case in which the refl ectance of
t‘he above reproducing film30 is changed fromRb to Ra (Rb>Ra) by
irradi ati on of |aser beam having a stronger power than a predeterm ned
val ue, assum ng that a degree of nodul ati of the above address section
prior to the irradiation of the |laser beamis L[err]b and a degree of

nodul ati on es ft e Ir.radiation t l.aser. heam
is LAa, a dg tﬁpgﬁggl?gthé %‘g%éesg{}ygf flram(ﬁ)ull At tolrrll% ,&g%gﬁd E’ cg‘ljistdJ‘be]‘sorleS and
after the emmdnate@n Offu # t1ge # ASRIc heamehe bﬁbi’bé\a.dme_a@@aﬂiﬂﬁ@rtﬂﬁ tHe
nodul ati on LAb corresponds to a |l evel of a reproduced signal waveform which
i s obt ai ne@irgsenteinventbignsean i vhlavhehe inenrnosluce lidsedad@amnly joncadiag ed
upon the address, sec aboye gree dul ation LAa
correspondgetsgréblegv A lrfeplrsoora%fedsgwﬁsf SEGE: GERLA aFe & o R

just when &h%ﬂaqsars&eam'muyrém@tsﬁ'teeaihaléﬂd @S%f%%%tel% 3pd sﬂm‘ﬁ the
| aser beamis irradiated on that address section again. a case ch
the refl ectcasee iof whiclabtivet disk is not desired to be used for rental
for the reason of copy right.
Next, the optical disk according to-the present invention
has the aforementioned reproducing film 30 and as shown in
Figs. 6 agd 7, respective pits 14p for recording data are
allocated on the track 12 such that their spatial frequency
(MTF) is high. On the other hand, respective pits 14a for the
address afe allocated such that their spatial frequency is low.
That is, in the optical disk 'accordihg to the present
invention, signal components of the recording data are
concentrated on high frequency band side so as to increase
fecording density of the data section on the track 12. On the
other hand, the signal components of the address are
‘concentrated to low frequency band side so as to decfease the
recording density of the address séétioﬁ: Fig. 6 shows the
allocation of pits on alboundary-between the data section and
the address section and further indicates laser spot 15.
Further Fig. 7 shows a relation of spatial frequency in the
address section and the data section. Because in the optical
disk according to the present invention, as described above,
the depth of the pit in the address section is A/4 and the
depth of the pit in the data section is A/8 -A/6, the amplitude



reproducing film30 is changed fromRb to Ra (Rb>Ra) by irradiation of
|-aser -beam having a stronger power than a predeterm ned val ue, assum ng
that a degree of nodul ation of the above data section prior to the
irradiation of the |aser beamis LDb and A, degree of nodul ati on of the
address section after the irradiation of e |l aser beamis LDa, a relation
of the degbeesepfodiekd as i 1l Dba wdifb tivai $ uUsdrpef dhethadaddtresstsection
irradiation of the |aser beamis LDb>LDa. The above degree of nopdul ation
Lm correspbAdsmedlainebbe dpta septdgnceg shgwa in Fi%.wdvef orm which is

obtained at the,data section when initially.laser beamis irradiate on
the data sectiofS &eﬁ%ﬁﬁgﬁgvﬁbﬁﬁﬁregh%fsﬂﬁgbth?Bﬁqﬂﬁygls8r?8§p%ﬁasg?gga
llevel of asperieduasd Th@Naladtawef AdBwikhate @by pidgdahdShsWaBBckRBehaser
beamis irradiated on the data section and then the | aser beamis
i rradi at edabevehathdatiapsécbiforthaggiinn. il ¢heb astibowss sa sread tatdrorishidp4bendeen
the depth of the pit or ?roove and the degree of nodul ation (Ievel of

o]

r epr oduced t8egfeaPr Whaef of b Bdftorid (bRe 0P8 tex RGO ahdl M3 6(afths 2
result, as shown in Figs. 8A and 8B,_the reproduced signals of
the address section and the data section can be distinguished
easily. If the spatial frequency of the address section is
reduced, even if the level of the reproduced signal waveform
is lowered as described abové, information of that address
section can be read out securely. Fig. 8A shows a reproduced
signal waveform and level before the irradiation of laser beam
(that is, reproduced signal waveform and level obtained from
the irradiation of laser beam for the first time) and Fig. 8B
shows reproduced signal 'waveform and 1evéi after the.
irradiation of laser beam (that is, reproduced signal waveform
and level obtained by the irradiation of laser beam for the
second time and after). |

Further, the optical disk 1 according to the present
invention can be modified to be an optical disk 50 which allows
reproduction on both sides. In this case, two pieces of the
same optical disk having the structure shown in Fig. 1 are
prepared and bonded together with the protective films 21
facing each other. That is, two layers indicated by reference
numeral 40 in Fig. 9 include the protective film 21 and the

reproducing film 30 as shown in Fig. 2. The respective



exposure) the irradiation of the |aser beam Referring to Fig. 5, a solid
line in the same Figure indicates a relationship between the depth of the
pit or groove and the degree of nodul ation before exposure. The dotted |line
in the sane Figure indicates a relationshgp between the depth of the pit or
groove and the degree of nodul ation after exposure. As evident fromFig. 5,

t he degreeedlrotudihat f 0imkS 3bharkasgest twiea e véeAldraafi afted piyt 1@/segr oove
is [err]/4 (the level of reproduced signal waveform beconmes the |argest).
As the depermof remebpth sidgr e6véheompd igadr dd s Slerthinopgh parbsdgiede sof
nmodul ati oy decreas the | evel, .of reproduced signal.waveform.decregses).
he deacr | B84 adovEchehe By: BERaiRe (3R dor Eee ELET T EAIRE R P #hen bt v
and the pijlyy34d Nghheafdiseahl HUnSs V8 1 AG | BoderiHe IP¥Scads Hwdent
fromFig. 5 1in the address section in which the depth of the pit is ,

t he degr ead lowinpdeatricaiud i svel orofbo Eproildes dec sn ghal reavetedn) before and
after the irradiation of |aser beamare L[err]b and L[err]a as shown in the

sanme Fi gure andSt RESGE3PEE ERP¥Er] adrcoRsdmtati v ihe 1ot isgbslirak jof gthe 14

present invention, software which can be reproduced only once
for example (audio, picture, game software, etc.) can be
supplied in a form of an opticél disk designed for read only
which can be produced by stamping from a master disk. Thus,
it is possible to achieve protection of copy right further
effectively.

In the above example, it 1is stated that address
information is recorded on the track 12 by means of pre—pit.
Different from a case in which the address information is
recorded on the track 12 by means of the pre-pit, as shown in
Fig. 10 for example, it is possible to achieve recording of the
address information by forming the grooves 13 by wobbling and
modulating the frequency of that wobbling corresponding to the
address information. Further, as shown in Fig. 11, it is
possible to record the address information by wobbling an
allocation of the pre—-pits in a moving direction of the track
while the pre-pits are designed for data only. In this case
also, by modulating the wobbling frequency of the pre-pits
corresponding to the address information, the address can be

recorded. In this manner, it is not necessary to form pits for

the address on the track 12.



quite large. On the other hand, as evident fromFig. 5 1in the data section
in which the depth of the pit is [err]/8 - [err]/6 (only [err]/8 is

indicated in Fig. 5), the degrees of nodul ation (level of reproduced signal
wavef orn) before and after irradiation of Lgser (before and after exposure)
are LDb and LDa and the degree LDb of nodufati on before exposure is a quite

| arge. However Nedxte, depege iltbai &f deedukal i 68! abbebdgxpOIMIE idatier ynl @w.
Consi der a case in which an optical disk having the reproducing film 30
whose ref Ipantipelas sasyedobeftdvee antiigpderdisie, i segdi ai$ owedff drmesk. beam

as descrihed above will be reproduced with an optical, di sk reproduci.n
appar at us NI Trad 88LiTs PERT SRR Y ST e sel—‘Tg? é’?pera?sts‘lﬂ% Mg °é’rerrorthge

correcti orhzg@aogﬁqctt)io(ncgrsr 1101, LRPGIHY éHdFéés%s[&@tf'rcﬁﬁt i ony cqfe) ﬂ13ne§ ge

ordinary optic di sk reproduci ng apparatus is err] when converte
reproductiph sid gnedwear r @f r athe andsassubeamhati sanmereor thahe e a above
reproduction signal in which a pit of the data section having the degree of
nmodul at i orPTERe tRIMME] addieatansh tdre | LassT theah i P erarrend (s siftare |

SRR R R A R T KN
i rradi ati opepfod@shie Daa8 s dP2 20 ife 1EE! rinetdei 974l fdy QR4 CAle di sk
data section may be transformed not to be reproducible only by
~ seeking over that portion. An optical disk reproducing
aﬁparatus for preventing such a phenomenon will be described
with reference to Figs. 12 and 13. This optical disk apparatus
operates so as to drop the lower of laser beam during seek
operation to about half at the ordinary reproduction time.
Fig. 12 shows a sqhematic construction of a disk
reproducing apparatus 100 for_reproducing signals from an
optical disk 1 being rotated.
Referring to Fig. 12, an optical disk 1 which is a disk
shaped recording.medium is driven to rotate by a spindle motor
103 through a shaft 102. This spindle motor 103 contains a FG
signal generator for outputting FG sigiials accompanied by a
rotation of the .spindle motor 103 by detecting magnetic flux
in a magnet. The spindle motor 103 is driven to rotate by
spindle drive signals generated by a spindle control system 111
based on the FG signal from the above FG signal generator 104

and subjected to spindle servo.

.The spindle control system 111 enables change of rotation



reproduci ng apparatus having only an error correction capacity of up to
10[err] under the above error rate cannot correct errors in signals
reproduced froma pit in the data section after the irradiation of |aser
beam al t hough it can correct errors in sigpals reproduced froma pit in the
data section before the 15 exposure of l'aser beam On the other hand,

as shown in Fi ecause. t he ree o ul at i Lon bef qre and te he
i rradiati &Pt (QI zgger %arﬁqlr{“{]lr? g&?@ssi%gg'?’l Yon®PR T ar?ggf;mf"haﬁ t t!("j'c"e}g';ree
of nodul atd iy Pef pee 2049 . af 1gr thie opitfiz@ialdidk afoil Sﬁfdxbﬁaéﬂlﬁbtf@tﬁeéa
section, the above ordinary optical disk reproduci ng apparatus can correct
errors in sigmal ing dpr douc eckdmme zqid GAV t tensaddresee keci foncenstaytdi ne
before and after the irradiation of |aser beam This neans that if the

optical di%k ZRR0rdithd kidaae Wraehty isRRntaRh) i sthepFotribten wFRRcdnct

oL o P abe SIS R BB L5 A ALY TG ey

because ergdve Wy<ienl QontTodilzabhed. c@i‘ti‘@ﬁs othersgiaile ictoniti'o'IEGS”stem
111 to change the rotation speed of the optical disk 101. At
this time, the system controller 107 determines whether the
rotation speed of the optical disk 101 reaches a predetermined
speed based on FG lock/unlock signals from the FG lock detector
112. |

The above FG lock detector 112 determines whether the
rotation of the spindle motor 103 is locked by detecting
jitters in the FG signal from the FG signal generator 104 and
according to a result of this detection, outputs the above FG
lock/unlock signals. The above FG lock detector 112 contains
PLL (phase-locked loop) circuit for phase-locking the above FG
signal by means of the PLL circuit.

An optical head 105 includes an optical part including a
laser beam source such as a leser diode and an objective lens,
an optical system eomposed of a photo detector having a beam
receiving portion for predetermined pattern and the like, and
a biaxial actuator for driving the objective lens vertically
or in focusing direction and horizontaily or in tracking
direcfion. Further, the optical head 105 is structured so es
to.be movable in disk diameter direction by means of sledding

mechanism comprising a sledding motor and a sledding rail.



that the address section can be reproduced second tines and after. In other
words, if the depth DP of the pit in the data section is set so as to
obtain such a degree of nodulation in which the error rate of a
reproduction signal after the irradiatign of |aser beam exceeds the error

correction capacity of the above optical2 I sk reproduci ng apparatus and
further tdleeddifdeoctance Ro and Ra of the reproducing film30 are set in

such a nanner t data. section can ned so as .to reprodyci bl e
only once butﬁﬂnéﬁ% BBtFEB o&ﬁ@ﬁM%?i%cﬂ%ﬂe Hﬁ%maﬁd°dFFéF% ﬁ#) i ‘e

BEQQ?LHI{ é@ td?BEH“%fdkﬁg'5%6&%a%gQ9cEq %mcq'ar Spben i ted@tlneé

pl CKI ng out ata store |nth IC&

i's elln1na$ﬁ5hldﬁedlﬁﬂ.tﬂ@tuqak dosktmﬁoagﬁlgm&xbﬁfvcumwﬁ:ubhutlONttfhls
unlimted 16 destinations, a necessity of collecting those optical disks

is elinnhine, FbﬁtmmtiQKkmﬂ$%dth@5OﬂMWﬁﬂ thekohdeokilvag least hie ptlesent
i nventi on_can to guce its d tiﬁgﬂegagce as descri bed Pbove it

i s not suf?%ﬂ?éngo 1F%ﬁfé ¢ Prafiniotg lal actuator to focus

on a recording surface of the above disk and further moves the
objective lens in the tracking direction to apply the focusing
point to a track on the recording surface of the above disﬁ.
'On the other hand, reflected beam from the optical disk 101 is
introduced to the above photo detector through the objective
lens 6f the optical system. In this. photo detector, the
introduced beam 1is converted to electric signals by
photo-electric conversion process.

Output signals from the optical head 105 are transmitted
to a servo signal generatiné circuit 109. This servo signal
generating circuit 109 detects for example focus error signals
based on so—called astigmatism method or tracking error signals
based on push-pull method from the_ output signals of the
optical head 105. The above focus error signals and the
tracking error signals’from the servo signal generating circuit
109 are transmitted to the servo control system 110.

The servo control system 110 drives the biaxial actuator
of the optical head 105 based on thelabove focus error signal
and the tracking error signal to perform focus servo and

tracking servo.

Further, the servo control system 110 generates sled drive



plural uses. Thus, this optical disk is effective in such a case in which
that di'sk is not desired to be used for rental for the reason of copy
right. Next, the optical disk according to the present invention has the
af orenenti oned reproducing film30 and as shown in Figs. 6 and 7,
respective pits 14D for recording data are allocated on the track 12 such

hei yal C ' ' . h her han espective
bits 14a rorERLE preaBORNel S bRy ICHY, ("ol MO8 KT e ERRRERE) o

|l ow. That pésitiom i heislopdi@idtedligkreateondbagedt 6n £HRLrB1E88Bh the
I nvention, signal conponents of the recording data are conqentrqted on hi gh
frequency PERbER| ¢ty bkex ol §Hcardskrarenitisnghdensieq¢ drivhesdghalseoti on

he t kK 12 .the oth and, . the .signal components of the
ggd?egs rggesg%%c%£{¥%fé§r?g{?% ??eﬁﬁ%nB?tbﬁgE EFBQ 585ash58 FF&PéX&égthf
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further imdtoateasf kheeratspod slbddfuit heschag@isn. Shons a redslion ehe
spati al frequenc¥ i n the address section and the data section. Because in

the opticaPPHEiSR1aBEBAIIAG ti§ MRyvest dsentadivendipagt hendescthbedpaicead,
the depth Bisﬁh? pit in the address section is A/4 and the

When signals recorded in the optical disk 101 are
reproduced in such a state in which the above spindle servo,
focus servo and tracking servo are being performed, the disk
reproducing apparatus 160 shown in Fig. 12 operates as follows.

Signals read by the optical head 105 from the optical disk
1 are transmitted to a reproduction system 108. This
reproduction system 108-demodu1ates reproduced signals form the
optical disk 101 and carries out detection of errors and
correction thereof. Signéls reproduced by this reproduction
system 108 are transmitted to for example host computer which
is an external component through a system controller 9 and
further a terminal 113.

Here, the seek operation for the optical head 105 to a
destination position on the optical disk 1 ﬁill be described
with reference to Fig. 13.

The system controller 109 determines whether an address
for seek destination position and a seek command have been
received from the host computer (S1). If the seek command is

not received, the processing returns to Sl so that it waits for



depth of the pit in the data section is [err]/8 -A/6, the anplitude 17
.of reproduced signal waveformis large in the address section and small in
the data section as shown in Fig. 7. As described above, the spatial
frequencies for the data section and the address section are divided and as

descri bed above, the depth of the pit inf&pe address section is A/4 and the
depth of the pit in the data section is [err]/8-[err]/6. As a result, as

shown in BPGE. c8AMEAH -8B, the reproduced signals of the address section and
the data sectig Eﬁ%‘éEEKufﬂﬂ elt] QeQe agiby; %f #§%§ﬁ*¥ﬂdé¥o flegdyggcy of
t he address sec lon is reduce

_ even | the Ieve e reproduced signal
wavef orm batbaeer eds@s ﬂ@ﬁ@f!bsﬂveﬁ@velgnaﬁow&t hanvahgt hakeadgo®es gection
can be read out securely. Fig. 8A shows a reproduced signal waveform and

| evel beferéashe Pewenicanrelofciresdt bddf. (t Rarresponeprabucddesilgsealr

wavef orm and | evel obtained fromthe irrad at of | asey beam for the
e ot e T e CEont P BG s or T a A aaret SF nPaRE PBYEPeaftPer

the irradipahi@neft §2seF P& ({3 a1isSatf YReCT¥REdoF! BEB o IRVEH Ms2) .
| Then, the sledding motor is driven to move the optical
head toward a destination position on the optical disk to start
the seek operation (S3). At this time, the laser power is
adjusted to half at the time of reproduction so that even if
the data section is irradiated by laser beam during the seek
operation, the reproducing layer 30 of the data section is not
melted, mixed_or alloyed. Thus, there is few possibility that
the reflectance may be changed. Namely, data in the data
section is not deleted so that it can .be read at ordinéry
reproduction.

Because the depth of a pit for address in the address
section is A/4, even if the laser power is halved, the current

position address of the optical head can be read through the

reproduction system 108.

Then, whether or not the current position address of the
optical head supplied from the optical head 105 to the system
controller 109 through the reproducfion system 108 coincides
with a destination address transmitted'ffom the host computer
together with the seek command is determined (S4). If they do
not coincide with each other, a process for determining whether

the current position address coincides with the destination



and | evel obtained by the irradiation of |aser beamfor the second tine and
after). Further, the optical disk 1 according to the present invention can
be nodified to be an optical disk 50 which allows reproduction on both
sides. In this case, two pieces of the sgpe optical disk having the
structure shown in Fig. 1 are prepared and bonded together with the

protective [filnms 21 facing eac ther. That is, two |ayers indicated by
ref er ence 2AGREFS 130 TR qfdadgélﬂ ude the protective film21 and the

reproducing firkm;30 i3S £ QW¥iddd Ri¥at €he pbl§tibASRAAIESR coilfides
reproducing filnms 30 are structured to be irradiated by |aser beam from

bot h si dewdftht hbeoge¢s tiha tli @k &l tdwsoudihes slystteat esn2@olFert hed , owspltondi ng
the protective filnms 21 of the two |ayers 40 through an adhesive | ayer_ 20,
the opticd IRASKT aPPYMF ngesderaddon i both thledagqy MOWedalGAEElas

desert Do RN J6RS" PEBRakRRbMEATPLY oo BB AP e ! AR
gane sof t Wayee cotTollsC38sB® beam source to return the laser power to a
laser power at the time of reproduction (S5). .

By irradiating laser beam at the laser power at the time
of reproduction from the destination address position, data in
the data section is reproduced. At this time, laser beam of
the lasér power at this time melts, mixes and alloys the
reproducing layer 30 of the data section. Consequently, the
reflectance of the reproducing layer 30 drops. That is, data
in the déta section is deleted so that it cannot be'rébroduced
again. _

In such a manner, each time when the seek command from the
host computer is transmitted, the above described operation is
repeated.

Even if the power of the laser beam is halved, information

of the address section can be read;out because the address
section has a large level in ‘reproduced signal waveform and
excellent S/N fatio as .described previously. On the other
hand, as for the data section, because the data section has
originally a small level in the aforementioned reproduced
signal waveform and poor S/N ratip,sif the laser beam power is
reduced to about half at the time of ordinary reproduction,

information of that data section cannot be read. However,

g



supplied in a formof an optical disk designed for read only which can be
produced by stanmping froma naster disk. Thus, it is possible to achieve
protection of copy right further effectively. In the above exanple, it is
stated that address information is recordgd on the track 12 by means of
pre-pit. Different froma case in which t address information is recorded

on the tr%ﬁ%&&@yr%meef Gy Grdid 5 8¢ PERHo T RoF! feedO thoh e AR ©,

it is possible to achieve recording of the address Information by form ng
the groovedudihdysestbhipenry tdoa anduliat i sgpédeiblequencyevaint halgmaobdlimg
corresponding to the address information. Further, as shown in Fig. 11,
it is posstibeedadar ezortiene favar ebeingf Simatiled b*yOWGl?lgldl ey afthgl |$R&k i on

R AT I L A R R S R

frequency gf tihes pB%dEhfa%yC%BﬁéPOWCHM t%ftt@% age esedif 0pERLL9Bn

address can be recorded. In this manner, it is not necessary to forn1p|ts

for the addomptetbedt e statkdlin the present invention, if there is no
opportunity that the laser béam spot settles over the data
section for more than a time in which it melts the first-third
reproducing layers 23-25, the above described operation of the
laser power is not necessary.

As evident from the description performed above, according
to the present invention, a reproducing film whose reflectance
is changed by irradiating laser beam having a higher strength
than'a predetermined one is formed, the depth of a pre-pit in
the data section in which data is recorded by means bf the
pre-pits is set to less than a quarter of the wavelength of a
laser beam and the reproduéing film is composed such that ité
.reflectance drops'if it is irradiated by a laser beam having
a higher strength than a predetermined level. As a result, the
problem relating to copy right can be reduced. For example,
for even optical disks permitted to be rented, a necessity of
collecting that optical disk can be eliminated and at the same
time, it is possible to make.that optical disk inhibited from
being used for rental.

Further, because the laser power of reprdducing optical
beam is reduced during seek operation in the recording medium

reproducing apparatus according to the present invention, data



19 Next, when it is desired to reproduce only data on a particular track of
the optical disk, seek is perforned. However, |aser beam spot during seek
operation noves over the data section as well as on the address section.

At this tine if a power of the |laser beapgiis nore than the above
predet erm ned val ue and the |aser bean1s§6t happens to settle on the data
section ignSugHe arkeBRdiiRgWhédidie ifsi rabvebi gk rEEPdUGIrIg el MRS S s33%25
are nelted, there is a fear .that the data section may be transforned not to
be reprodapelhéionl.y Burddeki.ndecause thmtadgpoessonectioAncappbiecaleaddi sk
reproducing ggparatus for Preventin such a phenonenon wil| be descri bed
with refeP&nde’d & Feekiolaggr 180WeR)s Hplpeiingitdena BT ihifd opdRattés so
as to drop.t. I f, | aser beam during seek operation to about half at

t he ordin§P9E§ép%§§&5%#8h time. Fig. 12 shows a schematic construction
of a disk reproducing apparatus 100 for reproducing signals from an
optical disk 1 being rotated. Referring to Fig. 12, an optical disk 1 which
is a disk shaped recording nediumis driven to rotate by a spindle notor
103 through a shaft 102. This spindle notor 103 contains a FG signal
generator for outputting FG sigifals acconpani ed by a



rotation of the spindle notor 103 by detecting magnetic flux in a nmagnet.
.The spindle notor 103 is driven to rotate by spindle drive signals
generated by a spindle control system 111 based on the FG signal fromthe
above FG signal generator 104 and subjectgg to sp T a he _spindl e
control system 111 enabl es change of rotation 0 ~o'mmeHAsmEEncindle
not or 103 trql system controlder 10 | f ﬁEBLAGED(xﬂ di sk 101
S dr|venqagiiiéﬂéiééﬁéﬁiigm to for exanpl e zone CAV (anytrat- gcity

constant) Or Z0N&ddrl g NHek iR %J%goim@ntﬁn ihechOlalcamataRed oL the
optical disk 101 nust be changed for each zone. Thus, the above system

cont r ol | erreifrfodwedd obg hh&aﬂmaﬁﬂng(hﬁumobnsyauemphkbtcsmmmngec¢h@1ng
rotation speed of the optical disk 101. At this time, the systemcontroller
107 deterrWQRﬁymMﬁHﬂﬂﬁeﬂ:ﬁ@nﬁéﬂﬁﬂpénrgbé%@u%¥n$kﬁ#kﬁﬁ|ﬁﬂﬂ egnerkatoner sattes a
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laser beam having a hlgher strength than a predetermined value.

2. A recording medium according to claim 1 wherein the
reflectance of said reproducing film .drops when a laser beam
having a higher strength than the predetermined value is
jrradiated.

3. A recordlng medlum accordlng to claim 2 further comprising
address sections for recording address information and data
information sections for recording data information by means
of said pits.

4. A recording medium according to claim 3 wherein said d#ta
information sectibns are generated by said pits andidepth of
‘the pits is between A/8 + n A/2 and A/6 + n AM/2 (n is an integer
except 0) assuming a wavelength of the laser beam to be A.

5. A recording medium according to claim 3 wherein éaid address
information sections are generated by said pits and depth of
the pits is between substantially;x}4 + A2 (n is an integer
except 0) assuming a wavelength of the laser beam to be A.

6. A recording medium according to claim 4 further comprising
a groove at least on one side of both sides of said pit in
laser beam scanning direction, said address information

sections being formed by forming said grooves in wobbling

shape.
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rotation of the spindle notor 103 is | ocked by detecting jitters in the FG
signal fromthe FG signal generator 104 and according to a result of this
detection, outputs the above FG | ock/unl ock signals. The above FG | ock
detector 112 contains PLL (phase-|ocked 3%op) circuit for phase-locking the
above FG signal by neans of the PLL circuit. An optical head 105 incl udes
an optical part includina?gglaser beam source _suych as a .| aser diode and an

objective?feﬁs?eﬁﬂr$b?$c 9?t§ﬁf86ﬂb8§e8°oF1&iﬁhét “J@P@&i&PW%ﬁﬁ%ﬁf%i
beam receLyi,ig RO § OB oft @ QE&ggt QM fedg Pafiter prand ddie Likp. fing
bi axi al acCtuator for driving the objective'l'ens vertically or in focusing
directi ondapdch@onzonsalily @robesr anking duwcidrmyialfiy t hgs, ihme dpidical
head 105 is structured so as to be novable in disk diameter direction by

means of ebedMiing behaisiverhandidy iofi iR il slasrRik et ve Boidh-a sl eddi ng

L e BBt SRR b B 5 AR SRR AR R P ghee
information sections are formed by wobbling said pits.
9. A recording medium according to claim 1 wherein said
reproducing film comprises a first layer made of Sb2Se3, a
second layer made of Bi2Te3 and a third layer made of Sb2Se3
and when laser beam is irradiated on said reproducing film,
said first_la&er, said second layer and said third layer are
melted, mixed and alloyed so as to change reflectance.
10. A reco'rding medium according to claim 3 wherein said
address information sections and said data information sections
are formed by said pits and a spatial frequency in which the
pit in said address information section is read out by said
laser beam is set to be lower.than a spatial frequency in which
the pit in said data information section is read out by said
laser beam.
11. ‘A recording medium according to claim 1 further comprising
another reproducing film whose reflectance is changed if a
laser beam having a higher strength than the predetermined
value is irradiated, said another reprodﬁcing film being formed
on a side opposite to the side having séid reproducing film..
12. A recording medium .reproducing apparatus for reading
information optically from a recording medium, comprising:

an optical head for irradiating optical beam on the

[



irradi ated on the disk 101 through the objective lens. At this tinme, the
-opti cal head 105 noves the objective lens in the focusing direction by
means of the biaxial actuator to focus on a recording surface of the above
di sk and further noves the_objectiveleﬂﬁgin the tracking direction to
apply the focusing point to a track on the recording surface of the above
di sk. On the other hand, reflected beam frofmthe optical disk 101 is

i ntroducedee@rd e apeduBhot o detector through the objective | ens of the
optical system .. Iln this photo detector,_ the.introduced m.i.s .converted
0o eloctrie ol eiReRiBk neFhs O mafSi bhg Ak ~oBTE BacP RN <
fromthe 9pihCpbcdf@fndORe@iEmt £AASHLEHAY tE AL aSAe\@ cHiifRAls igpRar;at i ng
circuit 109. This servo signal generating circuit 109 detects for exanple
focus error signalesndshslet iorg soeaals| eflo astdgnedubat ing hesad idr desektngsgerr or
signal s based on push-pull nethod from the output signals of the optical
head 105.Sienpd apdveutButSipg, ar dspgrnie tedy sig@alsacki ng error signal's

o L e vond Bk OISR ] POR iR EShd oudBatar o
actuat or gbmbd@1aRkedCdathead i basarodt iNe ehevertesuanar batpait@iak and
the tracking error signal to performfocus servo and
reproduced data signals; and
a reproducing beam power control means for controlling
beam power of reproducing light beam to be irradiated froﬁ said
optical head. '
13. A recording medium reproducing apparatus according to claim
12 further comprising a seek means for seeking said optical
head at a desired position, said reproducing beam power control
means controlling so as to irradiate light beam from said
optical head at a first laser power at the time of ordinary
reproduction and controlling during seek operation so as to
irradiate the light beam from the optical hgad at a second
laser power which is smaller than said first laser power.
14. A method for seeking said optical head at a desired
position on the recording medium, comprising:
a light beam irradiating process fbr irradiating light
beam from the optical head to the recording medium;
a light detecting process for receiviﬁg a light reflected
from said recording medium and outputting detecting signals;
a demodulating process for demodulating said detecting

signals and outputting demodulation data signals;

A



tracking servo. Further, the servo control system 110 generates sled drive
22 signals for nmoving the optical head 105 to a destination position in

di sk dianeter direction based on control fromthe systemcontroller 109 and
transmts this sled drive signal to a sled driver provided on the optical
head 105. By receiving the sled drive signal, the sled driver drives the

sl eddi ng notor of the above sl eddi ng mechgii sm As a result, the optical
head 105 i s noweedetrgoradions editriegt ipow cefs st i opie omd t idigs ke droMhein ssabdl s
recorded in the optical disk 101 are reproduced_in such a state in which
the above 9&fiOdul@tdopygatpos iignaLS v AP G T i&kithy Sairpdsappdperfgutting

perfornedg%ﬁggégéﬁiBﬁﬁéggﬁfégg%gpparatus 100 shown in Fig. 12 operates as

fol | ows. rea e op I tal head 105 fromthe optical disk 1 are
transmtted tQ@ sdek PRoRBWE! ifoR sE¥RILE sdD8. optiddll Shé£PrAEULLEOY] Sygtem

108 denodul ates reproduced signals formthe optical disk 101 and carries
out det ectrogl toforerqrorsa ihdrecording medium;
a first control process for controlling so as to irradiate
- light beam from said optical head at a first laser power at thé
time of ordinary reproduction; an&
a second control:pfocess for qontrolling during seek
operation so as to irfadiate light beam from said optical head

at a second-lgser power which is smaller than said first laser

power.
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correction thereof. Signals reproduced by this reproduction system 108 are
transmitted to for exanple host conputer which is an external conponent
through a systemcontroller 9 and further a termnal 113. Here, the seek

- operation for the optical head 105 to a dgitination position on the optical
disk 1 will be described with reference to"Fig. 13. The systemcontroller
109 determi nes whether an address for seek=>destination position and a seek
command haRECORRING cMED M, GPTICA I I NFORMAONON (RRPROBUGING fad

comuand i SANRtSEBKMEBHODt he processing returns to S1 so that it waits for

23 seek C§§g§8g¥§t;nhga gS%sﬁﬁ ] is received, the systemcontroller 109
out puts I . g-Stytiar tor halving |aser power to a | aser power
control C'rCWtRé&E&iﬁEr&ﬁ%@%&ﬂ§©k¥1a%@ﬁﬁ|&§?rc@®yﬂr9§$¥anéadE¥ﬂ 406

control's the | aser beam source to halve the |aser power to half at the tinme

of reprodustcessi{G?) ofThenllebeinkeddi ngptbtel idksiski fen,t famvexanple,
opti cal '

rental use and further enablipg the optical disk itself to be
inhibited from rental use. ~

A reproducing film whose reflectance is changed by
irradiating laser beam -haﬁipg a higher strength than a
predetermined one is formed, the depth of a pre-pit in a data
section is set to less than a quarter of the wavelength of a
laser beam and the reproducing film is composed such that its
reflectance drops if it is irradiated by a laser beam having

a higher_strength than a predetermined level.

( No Suitable Figure)



head toward a destination position on the optical disk to start the seek
operation (S3). At this tine, the |aser power is adjusted to half at the
time of reproduction so that even if the data section is irradi ated by

| aser beam during the seek operation, the reproducing |ayer 30 of the data
section is not nelted, m xed or alloyed. -Thus, there is few possibility
that the reflectance may be changed. hbﬁhmy, data in the data section is
not deleted so that it can be read at ordinary reproduction. Because the
depth of a pit for address in the address section is A4, even if the |aser
power is halved, the current position address of the optical head can be
read through the reproduction system 108. Then, whether or not the current
position address of the optical head supplied fromthe optical head 105 to
the systemcontroller 109 through the reproduction system 108 coi nci des
with a destination address transmtted fromthe host conputer together with
the seek conmmand is determned (S4). |If they do not coincide with each

ot her, a process for determ ning whether the current position address
coincides with the destination




24 address is repeated (S4). If it is determined that the position address
coincides with the destination address, the systemcontroller 109 outputs a
| aser power restoration signal to the | aser power control circuit 106. -
Correspondingly, the |aser power control circuit 106 controls | aser beam
source to return the | aser power to a I%Zgé_pomer at the time of
reproduction (S5). By irradiating |aser mat the | aser power at the tine
of reproduction fromthe destination address position, data in the data
section is reproduced. At this tine, |aser beamof the |aser power at this
time nmelts, mxes-and alloys the reproducing |ayer 30 of the data section.
Consequently, the reflectance of the reproducing |ayer 30 drops. That is,
data in'the data section is deleted so that it cannot be reproduced agai n.
In such a manner, each time when the seek/gonnand fromthe host computer is
transmtted, the above described ope i iNs repeated. Even if the power
of the laser beamis hal ved, : \e adgyeif section can be read
out because the addrggs 12 14
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section has a large level in reproduced signal waveform and excellent S/'N
ratio as described previously. On the other hand, as for the data

section, because the data section has originally a small level in the

af orement i oned reproduced signal waveform and poor S/Nratio, if the |aser
beam power is reduced to about half at t ime of ordinary reproduction,

informati on of that data section cannot De read. However , 25 signal s

recorded in the data section do not need to be read during seek operation
and it is possible to prevent signals in the data section from being
di sabled to read by the seegk ation. Although_the |aser beam power
shoul d be returned to its lordinary power level after the se&k operation is
conpl eted. as stated pp_the-present invention, if there is nd opportunity
that the | aser beam spot ~ett|es over the data sectlon for nmore than a tine
) 3- 2 t he above
evAdent from

descri bed operatlorrzu? t
t he description perforned jaiyove > COr-o
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to the present invention, a reproducing filmwhose reflectance is changed
by irradiating | aser beam having a higher strength than a predeterm ned one
is formed, the depth of a pre-pit in the data section in which data is
recorded by neans of the pre-pits is set to less than a quarter of the
wavel ength of a | aser beam and the reprogygﬁng filmis conposed such that
its reflectance drops if it is irradiated by*a | aser beam having a hi gher
strength than a predeternined level. As a result, the problemrelating to
copy right can be reduced. For exanple, for even optical disks pernmtted
to be rented, a necessity of collecting that optical disk can be elim nated
and at the sane tine, it is possible to make that optical disk inhibited
frombeing used for rental. Further, because the |aser power of reproducing
optical beamis reduced during seek operation in the recording nedi um
reproduci ng apparatus according to the present invention, data 26 on the
recording mediumis never deleted during the seek operation. Further,

because the address section cq% QG r@gd“ My
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by even a week | aser power, a destination position can be sought securely.
27 WHAT | S CLAIMED I'S: 1. A recording nmediumhaving pits in which
information is reproduced by irradiating beamon said pits, said recording
medi um further containing reproducing filnms for generating said pits in
whi ch refl ectance thereof is changed by Pﬁbadiating a | aser beam whi ch has
a strength adequate for reproducing infg nmation so that information can be
reproduced only once. 2. A recording nediumaccording to claim1l wherein
the refl ectance of said reproducing filmdrops when a | aser beam having a
hi gher strength than the predeterm ned value is irradiated. 3. A recording
medi um according to claim2 further conprising address sections for
recordi ng address information and data information sections for recording
data informati on by nmeans of said pits. 4. A recording mediumaccording to
“claim3 wherein said data

AMPLITUDE

— l

ADDRESS
SECTION L sEé‘lligN

SPATIAL FREQUENCY

FIG.7



information sections are generated by said pits and depth of the pits is
between [err]/8 + n [err]/2 and [err]/6 + n [err]/2 (n is an integer except
0) assum ng a wavel ength of the | aser beamto be [err] 5. A recording

medi um according to claim3 wherein said address informati on sections are
generated by said pits and depth of the pits is between substantially
[err]/4 + [err]/2 (n is an integer excedf Yassum ng a wavel ength of the

| aser beamto be [err] 6. A recording nediumaccording to claim4 further
conprising a groove at |east on one side of both sides of said pit in |aser
beam scanning direction, said address information sections being
formed by form ng said grooves in.wbﬁbling shape. 28 7. A recording

medi um according to claim4 furtker To i sing gr n bot h sides of
~said pit in |aser beam scanning|direction, said grlooves peing substantially
A/8 in depth assum ng the wavel ghgth of gaid | aserf beamfo be [err]. 8. A
recordi ng nedi um according to cllaim4 wherein said addregs infornmation
sections are fornmed by wobblinglsaid pitqg.

]

DATA SECTION < ADDRESS SECTION
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9. A recording nmediumaccording to claim1 wherein said reproducing film
conprises a first |layer nmade of Sbh2Se3, a second | ayer nmade of Bi 2Te3 and-a
third | ayer nmade of Sb2Se3 and when | aser beamis irradiated on said
reproducing film said first |ayer, said second |ayer and said third | ayer
are nelted, mxed and alloyed so as to gﬁ e refl-ectance. 10. A recording
medi um according to claim3 wherein sai ress information sections and
said data information sections are formed by said pits and a spati al

- frequency in which the pit in said address information section is read out
by said | aser beamis set to be |lower than a spatial frequency in which the
pit in said data information section is read out by said | aser beam 11. A
recordi ng medi um according to claiml fur%ﬂgr conpri si ng anot her
reproducing fil mwhose reflectance is changed if a | aser beam having a

hi gher strength than the predeterdighed vallue i&£9rradi ated, said anot her
reproducing filmbeing formed on si de odpositfe to the side having said
reproducing film 12. A f f HG—appatatus—f or readi ng
information optically ffoma recorgi ng nedium congni sing:} an optical head
for irradi ati ng opti caltseamer—the

FIG.10



29 recording nmedium a light detecting neans for receiving light reflected
fromsaid recordi ng nedium and outputting a detecting signal; a

- denodul ati ng nmeans for denopdul ati ng said detecting signal and outputting a
denodul ated signal; an error correcting nmeans for detecting errors in said
denodul ated data signal, correcting8y®® eryor and outputting reproduced
data signals; and a reproduci ng beam power control neans for controlling
beam power of reproducing |light beamto be irradiated fromsaid optical
head. 13. A recordi ng nedi um reproduci ng apparatus according to claim 12
further -conprising a seek neans for seeking said optical head at a desired
position, said reproduci ng beam power control neans controlling so as to
irradiate |ight beamfromsaid optical head at a first |aser power at the
time of ordinary reproduction and controlling during seek operation so as
toirradiate the light beamfromthe optical head at a second | aser power
which is smaller than said first | aser power.

-

FIG.11



14. A method for seeking said optical head at a desired position on the
rrecordi ng medium conprising: a light beamirradi ati ng process for
irradiating light beamfromthe optical head to the recording nedium a

| ight detecting process for receiving a light reflected fromsaid recording
medi um and out putting detecting signals; -a denodul ati ng process for

denodul ating said detecting signals and ¥Mtputti ng denodul ati on data

si gnal s; 30 an error correcting process for detecting errors in said
denodul ati on data signals, correcting the errors and outputting reproduced
data signals; a seek process for sgeking said optical head at a desired
position on said recording nmediu Ea first control process for controlling
so as to irradiate |light beamfr sai d optical head at a first |aser power
at the time of ordinary reproductygn; and a second control process for

control ling during seek operation go as to irradiate Iight beamfrom said
optical head M
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at a second | aser power which is smaller than said first |aser power.

10/10
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WHAT IS CLAIMED IS:

1. A recording medium having pits in which information is

reproduced by irradiating beam on said pits, said recording

medium further containing reproducing films for generating said

pits in which reflectance’thereof is changed by irradiating a

laser beam which has a strength adequate for reproducing

information so that information can be reproduced- only once.

2. A recording medium according to claim 1 wherein the
reflectance of said reproducing film .drops when a Laser beam

having a higher strength than the predetermined value

irradiated:

is

3. A recprding medium according to claim 2 further comprising
address sections for recording address information and data
information sections for recording data information by means
'of said pits.

4. A recording medium according to claim 3 wherein éaid data
information sections are generated by said pits and depth of
the pits is between A/8 + n A/2 and A/6 + n A/2 (n is an integer
except 0) assuming a wavelength of the laser beam to be A.

5. A recording medium according to claim 3 wherein said address
information sections are generated by said pits and depth of
the pits is between substantially X}4 + A2 (n is an integer
except 0) assuming a wavelength of the laser beam to be A.

6. A recording medium according to claim 4 furtﬁ;r comprising
a groove at least on one side of both sides of said pit in
laser beam scanning direction, said address infofmation
sections beiﬁé formed by forming said grooveé in wobbling

shape.
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