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DESCRI PTI ON | NFORMATI ON STORAGE MEDI UM | NFORVATI ON REPRODUCI NG METHOD, AND
| NFORMATI ON REPRODUCI NG APPARATUS Technical Field 5 The

present invenyp@néldpates to an information storage medi um C?EPMI«QQ’I
~plural information storage |layers in a single disk-shaped information

storage nedium to an information reproduci ng nmethod for reproduci ng data
in sector units fromsaid informati on storage nedium and to 10 an
i nformati on reproducing apparatus |DEBEREPTION) said information

reproduci ng net hod. Background Art Conventional optical disks have only
one recording |ayer, HWWMiWG%nMﬁHSWeeK%QPmTiw REPROBBETNG|

di sks having plural recording . layers. netic storage nedia _however,

typi.cally have plural '&?}?‘diw I%&W%@a@%"ﬁ%‘ﬁg AREARA ?Fﬁe structure

of such a magneg)j lais shown in Fig. 9. A nmagnetic di sk
%&%ﬁiﬂf%ﬁj

typically has ura di sk-shaped magnetic storage nedia D1 and

D2, and nmagnetic read/ wi tghdgessdl MRrenVBoandeldcEsr tbodn Ka€SHAAPToN
surfaces. The nagnetic read/wite heads ML, M2, M3 and M4 are provi ded at

the end of sw ngtorage Medidily cdhipridiAd phurdl airefomiattienh stowhyantayeiry by
the stepping notor. 25 This nakes it possible to change the read/wite
recording surfate 8ysingpeydiskeshapgdt hnfapmibinn aseorrgmanediumadto Rrur al
concentric tr acilfrifgrrtt?aéi(gnnege%gog%ggnéecn(t)ert:qlio%g fdr reproducing data in
gector units from said information storage medium, and to
10 an information reproducing apparatus implementing said
information reproducing method.
Background Art
Conventional -optical disks have only one
recording layer, and no consideration has been given for
15 optical disks having plural recording layers. Magnetic
storage media, however, typically have plural recording
layers on each magnetic disk. The structure of such a
magnetic storage media is shom in Fig. 9.
A magnetic disk t:ypically has pl_ural
20 disk-shaped magnetic storage media D1 and D2, and. magnetic
read/write heads Mi, M2, M3 and M¢ for four recording
surfaces. The magnetic read/write heads M1, M2, M3 and M4
are provided at the end of swing arms Al, A2, A3 and A4
which are rotated simultaneously by the stepping motor.
25  This makes it possible to change the read/write recording

surface by simply selecting the appropriate magnetic head.

Plural concentric tracks are formed on each recording
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and each track is divided into plural sectors. Each of these sectors
typically has a 512-byte to 2048-byte capacity, and is used as the data
recordi ng uni twoAmwiseeslr ess conprising the track nunber and seg¢RsposISREr
(also 5 referred to as sector address) is witten to the begi nning of
each sector. The magnetic disk drive depends on this address infornation
to position the magnetic head. Track nunmbers are assigned in ascendi ng
order fromthe Wgﬁeﬁ-cialfﬂﬂm?%ﬁz%n&é'a% tife d¥sidrd cireRnParEate sepgors.

On [ | ' di sk h . h ' K is f d
2 spiral or cove ERSTREE EHER CBRERINS SRR BaE B epts TRUAS (s AMETRVERape
(s spiral, the LeagkiByrbessaand Sgaker dWThEES GlepPikealathik WA an

st andar di zed f a processing _ _

nmagnet o- opti cal sdigsessCebhpE bty tthd I2atR0 Ainbak-cand SEEMEst idunbds YalBo
manner as on a nagnetic di sk. The sector addresses on optical disk nedia
devel oped f5r st deferzed toster agetandaddtressndibgtwritftem dat ahe dbeednning -

applications, i.e., CD-ROMs, are expressed 20 in _mnutes, seconds, and
“frames. To maxi @fzeeadke spctont or The vagaetiy déisly dpiwvendependsecpnofshiisal
di sk, the recordi densjty is constant acyoss the entire di SE syrface. . The
disk is al so dridAdreRs: it N {5 PO RN ¢ {Rg PRgneHHE padl, dzack

eSS % Ot AR, WAL SRR ORI ORILE b i ol Yt
position so thaljbl@mees8hnée to the inside circumference.

10 On a conventional optical disk, however, the
recording track is formed as a spiral groove rather than
concentric grooves. Except that the track shape is spiral,
the track numbers and sector numbers of optical disk media
standardized  for data processing {e.g., 20 mm

15 ‘magneto-optical disks conforming to IS0-10090) are assigned
in the same manner as .on a magnetic. disk.

The sector addresses on opt.ical disk media.
developed first for audio storage ax_id later adapted for
data processing applications, i.e., CD-ROMs, are expressed

20 in minutes, seconds, and frames.

To maximize the disk storage capacity of a
CD-ROM or other optical disk, the recording density is
constant across the entire disk surface. The disk is also
driven with constant linear velocity (CLV) control to

25 assure a constant data quantity reproduced per unit of
time. CLV drive rotates the disk at a variable speed

depending upon' the radial disk position so that the beam



WD 97/ 15050 PCT/ JP96/ 02977 spot
focused on the disk by the optical head scans a constant di stance per unit
of #ine on the disk. Di sks -eont ai ni ng a constant recording density across
the entire divwdkogisoénce are therefore also known as CLV di skgcrifresnzerr

The sector arrangenent on a CLV disk is shown in Fig. 10. Each fan-shaped
block in Fig. 10 is a sector. The sectors are contiguously connected in a
spiral pattern. Because the recording density is constant, every sector is
the same sisgpot (fegresdypn thendisksiby the optit¢ake bgad scans a

ci rcunference. The |nte;g§; structure of each sector is shown . in Fig. 11.

Each sector thGSPESAPF| tance, RS~ cBRtL SEndtimee SRatbes kel PLeks

identifying th a_d r ta |s re rded, .and an
errar correcti %ﬁi%&&ﬁﬁngoae%ag%l s o\tm V\EI g% Slg§ Faed c?oc?éltd'ggd
for error corra&tskoauﬁlﬂaeagafép&mgﬂdz@ aléQVﬁﬂeﬁﬁ as'('?:..v diygNg  picture

conpressi on technol ogies in recent years have also nade it possible to

record sulgtantially theatrhe- @gedkblty afangemphtt vhesa tera dfsk isi RMoen
optical disk. These disks are known as Digital video D sks (DVD). A single

DVD can store adppFdg.mdilsl Eards fimnnshepedoblopkghnqéibit $0 AsBviangector.
pi ct ures. Qobvi ously, however, not all video sources are approxi mately 135

25  mnutes FBﬁgsecFPrﬁaSr?rﬁﬁ%ﬁ%ﬂ%?qﬁighcﬁP6ﬁ6§€€ irna sRifalspatkgan.

capacity CouIngga%ggr%ﬁgngggL 18§b eﬁg{%& fgrgéghtant, every sector is

the same size (capacity) from inside to outsgide
10 circumference.

The internal structure of each sector is shown
'in Fig. 11. Each sector thus comprises a header containing
the addfess uqiquely identifying the sector, a data block
to which user data is recorded, and an error correction

15 code (ECC) block to which is recorded a code used for error
correction during reproduction.

Advances in moving - picture compression
technologies in recent years have also made it possible to
record substantially theater-quality moving pictures to a

20 single optical disk. These disks are known as Digital Video
Disks (DVD).

A single DVD can store approximately 135
minutes of high-quality moving pictures. Obviously,
however, not all video sources are approximately 135

25 minutes long. It has therefore been proposed that the
storage capacity could be approximately doubled by forming

two recording layers on a single optical disk. The

[T



two recording layers on a single optical disk: The 3 WO

97/ 15050 : PCT/ JP96/ 02977 princi pl e of
reproduci ng data froma dual recording |ayer optical disk is shown in Fig.
12 and descri hpgobypdesyv. Strings of pits and | ands are fornmed pdrfresnzer?
transparent substrate, which*is then coated with alumnum 5 to form each
recording layer. A transparent photosetting resin is injected between the
first and second recordi ng | ayers. The thickness of the alum num on
the first recortimgirdpeoti gepyoducdngt dakaf ifxom ifalduadnreserdingl flayert he
l'i ght incident thereon. The thickness, of the_ 10 8I um num on -t he second

recording | ayePH@cé&J gipkgigosham &t Big- J2 RS PegRTIPSR i RARIW -t her eon.
The b t (f t f th I d t.h
e beam spo ( o_cu3| ng poggg)lao @ %]r Qggmf%sbea %cuas_glo_%%) ctllx\e/e

al um numof the first or s SPecor dif ayer vi ng t he

~lens that focusecsram?akaﬁer shsem:swse&hi&mis 1é1en Q¥gved rﬁfﬂﬁ he RueA!

di sk. The recordi ayers of the DVD medi umare described bel ow. As with
conventi onag Opttﬂdlafoﬂh skachn@edagdthyC ldyeks, A nfxamspdrent phbossdtt ingt 0
sector units for recording to a DVD nedium The DVD sector arrangenent 20
of each recordi mpsdiayeks | Sni¢cted i ketveen bhet férerVvandsleesiondn terdrdingl.
The internal structure of each sector is also the sane as that of a __
conventional infl@¥eES-on sTBe adirkness aSfsnth® atumigumjonrithe fixst

138, 13C and 13[2_esct<1)o 1%2;6 139;'e§ca'1s adjusted to reflect half and pass half

of the 1light incident thereon. The thickness of the
10 aluminum on the éecond recording layer is adjusted to

reflect all of the light incident thereon. The beam spot

(focusing point) of the laser beam can be focused on the

aluminum of the first or second recording layer by moving

the objective lens that focuses the laser beam closer to or’
15 away from the optical disk.

The recording layers of- the: DVD medium are
described below. As with conventional optical disks and
magnetic disks, information is divided into sector units
for recording to a DVD medium. The DVD sector arrangement

20 of each recording layer is also like that of the CLV disk
shown in Fig. 10. The internal structure of each sector is
also the same as that of a conventional information storage
medium as shown in Fig. 11.

Figs. 13A, 13B, 13C and 13D show the spiral

25 | grooves of a conventional information storage medium having
two recording layers as described above, the rotational

velocity, and the reproduction direction. Fig. 13A shows



25 grooves of a conventional information storage medi um having two
recordi ng | ayers as descri bed above, the rotational velocity, and the
repfoduction direction. Fig. 13A shows 4 WO 97/ 15050

PCT/ JP96/ 029 Wobhisesdi  al groove pattern on the first |ayer, p&i/gposasdy Shows
the spiral groove pattern on the second |ayer, Fig. 13C shows the
rotational velocity of the disk, and Fig. 13D shows the reproduction
direction. User data is recorded to 5 t he data bl ocks of the first and
second | ayers dheshsphrak mOVQBDameé‘me@moﬁhadoﬁm i apesp Fdger 3Bt o
the | ead-in and | ead- qut areas (shown shaded in - th . 13D). so that, the
current positi G "ﬁ? BRI (FPWR PSR /P riﬁf‘s"”(dnelﬂfﬁ”d B stk .

10 S e LSLIRL LOD I AS0R TR W .01 2hed plockise,

both first 3 second ~“recor ayers re-repr
~circunference tsq:cme e &téﬁo@u@w%eweeuaﬂe ﬁ@éiataéwl 1g/e}&£d£aea3fc& he

information storage nmedium’is also inversely proportional to th

radius, asd thHeefldata MAGRBSOE Thet Eerbeadndoyesond olayers dis shown in

Ci rcumc erence to outside circunference. Thus, if reproduction is to
continue from tRig.f | 28P.| dTke tsecty saddrebs ayer , alse rexdrdedt te rheed
fromthe outside ci rcum‘erence to t he I nsi de ci r.cunf erence whi | e

20 si mul t andGRA PR @A 8RO AaFeas olshowpeshaded dr tthe Fd@-um3Binen

the informtion St&ggetggdlclﬁnx]r%a% posﬁ::.on can be determined when the

head overruns the data block.

10 When the information storage medium is rotated
clockwise, both first and sécond recording layers are
reproduced from the inside circumferehce to the outside
circumference. The rotational velocity of the information
storage medium is also inversely proportional to the

15 radius, and therefore decreases as the head moves from
inside circumference to outside circumference. Thus, if
reproduction is to continue from the first layer to the

second layer, the head must be moved from the outside

circumference to the inside circumference while
20 simultaneocusly adjusting the rotational velocity of the
medium.

When the informatién storage medium has two or
more recording layers, there are two factors that must be
considered when assigning the sector addresses. First,

25 every address must be unique throughout the information
storage medium. .If the same address exists on the first and

second layers, it is not possible to determine from the



nore recording layers, there are two factors that nmust be consi dered when
assigning the sector addresses. First, 25 every address nust be uni que

t hroughout the information storage nmedium I|f the sane address exists on
the first and womnasesbayers, it is not possible to determ ne pepipdshsyrr VO
97/ 15050 _ o PCT/ JP96/ 02977 addr ess
alone whether the desired information is recorded on the first or
second recording layer. Second, the addresses assigned to each |ayer
shoul d be easi| y2dd¥eRs t pbrpet WhebhexidFhesdeaired finformavien  iFhrecorded
because the address is the | gcation informtion, and to nove to the desired

sector the noven®Rt Rt tuS® b&eCordy| KEeF IS mlaver - a98rend, the
Particul arl in V. i nf Lon or nedi ot n er, of sectors
Y || Naadreddal | NLOLIBALEN BEOT RHTEdLYL, LG JyIben, OF Secify

per disk revolution T's propor t 6 the radi al"“posi _ )
sector, and the gggd&FtindetoCoit gdateed tdie dhak ﬁ%terllﬁep{f&%ri | opal

to the surface area to the radial position of the sector. In other words,
the groove Bunbebetsus® &hequRidres@otid ethéi Aaehtpoho iMforaddiess @hd heo
sector counted fromthe disk center. 15 Appar at uses for
reproduci ng a Clwovéskomidie idesiyed tasatsirctihe onovementqudistanmet nustoriker
to obtain the nunber of grooves the head nust cross in order to, be
positioned to thErHRR1FLRA W . the cBAJEPEFng t IRALIIFESFAY ofnearh Fl¥er
to an address on.t?g filst

root must be cal tH a’f%%‘uf%r%lsea"gﬁr?qiegﬁé%.ium'ditfhg %lull éraogifsggégpst Sg;)a&&k
revolution is proportional to the radial position of the

10 sector, and the sector number counted from the disk center
is proportional to the surface area to the radial position
of the sector. In other words, the groove number is in a
square root relationship to the address of the sector
counted from the disk center.

15 Apparatuses for reproducing a CLV disk must be
able to calculate this square root in order to obtain the
number of grooves the head must cross in order to be
positioned to the desired sector. If converting the
addresses on eaéh layer to an address on the first layer is

20 difficult, a different square root must be calculated for
each layer.

Optical disk media standards generally define
median and deviation wvalues for the groove pitch and the
radius of the groove closest to the inside circumference.

25 Therefore, if the address at the inside circumference is

indefinite relative to the radius of the inside

circumference groove, the number of variables in the



Optical disk nedia standards generally define nedian and devi ati on val ues
for the groove pitch and the radius of the groove closest to the inside
cireunference. 25 Therefore, if the address at the inside circunference
is indefiniteWO%/3%e§0ive to the radius of the insi deCTAmrs®e472r ence
groove, the nunmber of variables in the 6 WO 97/ 15050

PCT/ JP96/ 02977 cal cul ati on obtaining the above square root increases. Thus,
when the address _at the inside circunference of each |layer is ndefinite,

the tine and t &EVERIAION BOEBIRIPEUIT 2PAYS SARARS FOSF 1RCTRAsRs:
fo 8 result: mhus, GRS IS Sddlee’ SR QHMCAL; SUCR: APl PGP dach

I ncreases from e square roo es require and an I ncrease

processing ting edgl 05pakeh L L, t HheSqUIME R S taBARENLbgDdLEy . ddere
has been proposed an optical disk having a plurality of recording |ayers to

10 I NnCr ease ddlrulate di tige Capaoary patoorne hbcwesse .nedAsm aSuckesult,
optical disk uses opposite side faces of the information storage nedium as
in the cas® of apparstmsesi fodi FrRproducing exeaiplddiskiss igicur| cost imcyeassrese
Lai d- open Patent Publication No. H2-103732. This reference discloses 15
that the spiralfiqmckhensguare; rept stablafd requtred: « Rds @oridckeddeari i n

oPPOR e Ol ot i Sna RSO0l A Lok BRALE St 51O
recording layer type has thgyeatqbhgySUr{AfS has been proposed an
optical disk having a plurality of recording layers to
10 increase the recording capacity per one storage medium.
Such an optical disk uses opposite side faces of the
information storage medium, as iﬁ the case of the magnetic
- disk. One example is disclosed in Japanese Laid-open
Patent Publication No. H2-103732. This reference discloses
15 that the spiral track on the first side and that on the
second side are in opposite direction for enabling smooth
continuous play from the first side to the second side.
However, all the conventional optical disks of
the two recording layer type has the recording surfaces
20 facing in opposite directions, and both surfaces have the
same reflectivity. Thus, one optical head is provided on
each side, thus in total two optical heads in one
reproducing 'apparatus. The optical head is an expensive
device, because it generally includes semi-conductor laser
25 generator for the 1light source, optical devices for
adjusting the light intensity, and electromagnetic coil for

adjusting the focusing point. Therefore, the reproducing



20" facing in opposite directions, and both surfaces have the sane
reflectivity. Thus, one optical head is provided on each side, thus in

total two optical heads in one reproduci ng apparatus. The optical head is
an expensi ve dwoissasesbecause. it generally includes sem - condupénypokemes 25
generator for the |light <Source, optical devices for adjusting the

light intensity, and el ectromagnetic coil for adjusting the focusing point.
Therefore, the reproducing 7 WO 97/ 15050
PCT/ JP96/ 02977 a@pﬁ?ﬁﬁtnsLﬁﬁsﬁu#pc@WHRQRQkﬂn\Muﬂh tthe conyentional eptiea;

di sk of the two recordin ayer. t I.s eventually a high cost
Since there are FhﬁksﬁtaEQFe Hﬁt 8§Prﬂéﬁﬁs§?8?r5 ¥petﬁ§gFY?§?u h%h

sides of the opt |, first optical head for the first S|de
surface may be Ioc%{: %5%&1 "te]seout er nost track, whereas the second optical

head for the second side sug{gee HﬁdréeafécahédsééaiﬁﬁéléﬁﬁicﬁPsﬁeidéﬂfor
Al so, according to the recent development in the 10 technol ogy, which

is called agittehef Etestepnddeetond beddsobbHgyhet bptiepl odisk| ovhe afibst
properly carried out even when the disk rotation speed deviates fromits

proper speed. ophieal chead far theefirst sideosprface mmz benbocated at
contiguous play fromthe first side to the second side, there is_no

linitation for tRBeCBREERt PBALI tFREXy cWBRUPRY FRSPEEPRR BBH‘E"%% heag for
use a fepfoduc'“Enggééékass&Q%téﬂ@%%%etmaf”ﬂ H AL AN LS fnd P most

out si de and then
track. Also, according to the recent development in the

10 technology, which is called a jitter free reproduction
technology, the reproduction can be properly carried out
even when the disk rotation speed deviates from its proper
speed. Therefore, in order to accomplish the smooth
contiguous play from the first side to the second side,

15 there is no limitation for the conventional two recording
layer type optical disk to use a reproducing apparatus that
moves the first head from inside to outside and then the
second head from outside to the inside, or vice versa,
i.e., the first head from outside to inside and then the

20 second head from inside to outside. It is possible that
the first head may reproduce from inside to outside, and
then the second head may reproduce from inside to outsige.

Also, according to the conventional optical
disk of the two recording layer type, since two separate

25 optical heads are necessary it is possible to use the same

addresses between the first side and the second side.



second head fromoutside to the insi de, or vice versa, i.e., the first head
fromoutside to inside and then the 20 second head frominside to
outsi de. It is possible that the first head may reproduce frominside to

out si de, and Wwaedebg second head may reproduce frominside pEr/spskiRe.
Al so, according to the conventional optical disk of the two recording |ayer

type, since two separate 25 ~ optical heads are necessary it is possible
to use the sane addresses between the first side and the second side. 8
WO 97/ 15050 As understood from the aboveCTAGPOBADRY7/7ZoAthe

under stood fromthe above, according to the conventional two_recording
| ayer type optFeRVeRrignako twonsreesrding Ra¥ebedivBfdepticahalsiisk.neno

oo 5 opt | caPoneRaeYat{gy naK HasK, BRBeofal SPOREe COUF IRy i Ep iR
tical disk, Lt f | ' fQls s [ th
ggn!t ?Suoulsspl a§l$¥3%9%%e¥¥€rg?9£s# ggi?%e‘?ﬂzug%%o%ﬁ\g %g'féeAIQ{sé'?‘%ZtQH'g?ﬁﬁggge

way to solgve i gpt@cHDVaekde hepds itk afbrvertlivnall rews i petéeding 1Qayer
outside, or vice versa, and at the same tinme change the rotational speed of
t he di sk. Howeype, é6poieal prdictk,cala vipdwrpdity, ofichopticgipaheiads | areot
realized. A problemwth the conventional information storage nediumthus
descri bed is thapvided gfeop\anghling isgworh conpigueirirkase fxam thet Eirphed

wi t hout consi deri.ng conti guous r.epr.qducti.Qn across plural recordin ayers.
As a result. ° sidegto ts-xeg second %J.ge. A?lternatgve Y. one way to %OB_VX

is to wmove the heads instantanecusly from inside to
10 outside, or vice versa, and at the same time change the
rotational speed of the disk. However, from a practical
view point, such an apparatus is not realized.
A problem with the conventional information
storage medium thus described is that the groove formation
15 and addresses are determined without considering contiguous -
reproduction across plural recording layers. As a result,
a loss of performance and an increase in cost are incurred
in apparatuses for reproducing such information storage
media.
20 Disclosure of the Invention
To resolve the aforeméntioned problems, the
present invention provides an information storage medium
comprising plural recording layers wherein the spiral
reproduction directions are oj:posite on even- and
25 odd-numbered layers. In addition, the addresses assigned

to sectors at the same radial positions on even- and



a l'oss of performance and an increase in cost are incurred in apparatuses
for reproducing such information storage nedia. 20 Di scl osure of the

I neention To resolve the aforenentioned problens, the present

i nvention provimbessnsesei nf or mati on st orage nedi um conpri si ng pPaT/aPr9602977
recording |layers wherein the spiral reproduction directions are opposite

on even- and 25 odd- nunbered | ayers. In addition, the addresses
assigned to sectors at the sang radial positiops on even- and 9 WO
97/ 15050 odd-numbered ~ layers are numberg: r/ifpge?2§9TPlementary

odd- nunber ed Ia%§£§ s Ml dhs unbers in a conplenentary relationship. An
é?ng néFE

I nformati on repr 'od according to the present invention for

reproducing data in sector agi &ﬁfématiarpni»ﬁmauéarﬂgat&m O3 &S diRY U
having plural recording |ayers conprises a direction-of-spiral recognition

step for recogni gheoptésenti invernt icictior wepredakihgydataainagddé®ss units

conversion step assigning contiguous | ogical space across plural layers in

an i nfor mat Bon sfvemganntoformatioristorege medimpe haviingapdunpl enecording

rel ati onship are_assigned as, the addresses of sectors at the sanme radial

posi tions on evehdYSFR COMRKASRfiFeddaectianapE-spixryly recognitieneftep for

di stance cal cul ation step far, obtaining,.the acces? dis agce to a paa%%cular
B R

address. 15 recogniz nﬁvF??ﬁ%R%ﬁﬁﬁ %%ﬁ&ﬁSBue n&ag AR ?EF

conversion step assigning contiguous logical space across
plural layers in an information storage medium in which

10 numbers in a complementary relationship are assigned as the
addresses of sectors at the same radial positions on even-
and odd-numbered . layers, and a movement distance
calculation step for obtaining the access distance to a
particular address.

15 aAn information reproducing apparatus according
to the present invention for reproducing data in sector
units from an information storage medium having plural
recording layers comprises a  direction-of-spiral
recognition means for recognizing the spiral direction on

20 each layer, an address conversion means for assigning
contiguous logical space across plural layers on an
information storage medium in which numbers in a
cbmplementary relationship are assigned as the addresses of
sectors at the same radial positions on even- and

25 odd-numbered layers, and a movement distance calculation
means for obtaining the access distance to a particular

address.

10



to the present invention for reproducing data in sector units from an

I nformati on storage nedi um havi ng plural recording | ayers conpri ses

a -direction-of-spiral recognition neans for recogni zing the spiral
direction on wo9msesmch |ayer, an address conversi on neangcr/®/02977
assigning contiguous |ogical space across plural layers on an information
storage nedium ‘in which nunbers in a conplenentary relationship are
assigned as the addresses of sectors at the same radial positions on even-
and 25 odd- nunbered | ay&csorgiada fivenfRe didfRafe caf cult®e orPF¥RSSRL f or

obtaining the access .distance to a,particul ar address. 10 WO 97/ 15050
PCT/ JP96/ 02977 YRVERFRy 3PooPhigal ARk (COMRTi&®Fs present invention, a

n
optical disk conprises: at_le ir d o] or di r | aced
one over the other in sucﬁata %%%ﬁ;e:r ?%ﬁgpi n%gcfm'%éc.fo% QL_-QQ;-A dslfér)y%ésgh

I on recor

layer is opticagllaecd®@dhiblotel’ @H08EnSF Utn Hud@ HHabker! EREKSinfSFIRY 0PN
said first and second recording layers with a plurality of sectors.

provi ded asong redotdednclts eash dalyezclis optiealllyi reddaisie s oneyeide 10
being in a spiral pattern and arranged such that the spiral patterns on the
first and secomf Itheediskave opposite w nding directions when viewed from

t he sane side of the disk. . )
tracks formed on said first and second

recording layers with a plurality of sectors provided along
said tracks, said tracks oh said first and second layers

10 being in a spiral pattern and arranged such that the spiral
patterns on the first and second layers have opposite
winding directions when viewed from the same side of the
disk.

According to another aspect of the present

15 - invention, an optical disk comprises:

at least £first and second recording layers
placed one over the other in such a mannér that information
recorded in each layer is optically readable from one side
of the disk;

20 tracks formed on said first and second
recording layers with a plurality of sectors provided along
said tracks;

sector addresses provided to said sectors,
respectively, said sector addresses on said first recording

25 layer increasing from one circumference side to an other
circumference side, said one cifcumference side being

either one of the most inside circumference and the most

11



Accordi ng to another aspect of the present 15 I nvention, an optical disk
conprises: at least first and second recording | ayers placed one over the
other in such a manner that information recorded in each layer is optically
readabl e from womrasie of the disk; 20 - 'tracks  bEF RG99
said first and second recording layers with a plurality of sectors

provi ded al ong said tracks; sector addresses provided to said sectors,
respectively, said sector addresses on said first recording 25 | ayer

i ncreasi ng fromastsider ceireunfaxensiede and asabd hotherr idcaméerensedaideai d

one circunferenﬁf_side ei ng either -one of the nust inside circunference
and the nost 11%veingHefhexere of the most inside circumference and the

PCT/ JP96/ 02977 Quiy) dg, Ll Ut erelce,, and. saldh obhes cLreunf erance side,

bei ng ot her one he" oSt i nsl circu nce-a

circunference, afih S@edoRACt PEcAAHIRSSTSyRR tbﬁcré%g{%j £BmOT Sh{W ey

increasing from said other 5 Cl rcunference .si 0 sald one

circunferense sidicundetencet sidadts essid oM ireyffeasfcé heidect or address
on the other layer, which are allocated to sectors in the tracks

approxi matel y correspondi ngaid egchout bddyressi oy ome chaydirrad athe sector
~relationship. 10 According to yet anot her_ aspect of the

present inventi Gfdress, oy khe athey dpyerepbicht 26n akiegaied i sectors

in the tracks approximately corresponding to each other,
being in complementary relationship.

10 According to yet another aspect of the present
invention, an optical disk reproduction method for
reproducing an optical disk having:

at least first and second recording layers placed
one over the other in such a manner that information

15 recorded in each layer is optically readable from one side
of the disk;

tracks formed on said first and second recording
layers with a plurality of sectors provided along said
tracks;

20 sector addresses provided to said sectors, respec-
tively, said sector addresses on said first recording layer
increasing from one circumference side to an other
circumference side, said one circumference side being
either one of the most inside circumference and the most

25 outside circumference, and said other circumference side
being other one of the most inside circumference and the

most outside circumference, and said sector addresses on

12



-

reproduci ng an optical disk having: at least first and second recording

| ayers pl aced one over the other in such a manner that information 15
recorded in each layer is optically readable fromone side of the disk
tracks forned @gosasesefi rst and second recording layers wth gephpbebdsyyY Of
sectors provided along said tracks; 20 sect-or addresses provi ded
to said sectors, respec- tively, said sector addresses on said first
recording | ayer increasing fromane circunference side to an other
circunference sithe secdndnerecoxdiricer dayersi techeastingi tfrem osaidf dtler
most inside circunference and the nost 25 outside circunference, and
sai d ot her circUfffsrEmfexencee sSpERnECosHd e rcunderpnee aidee

circunference and the npsf outside %i cunf er ence, aTd sai d sector addresses
on 12 WD 97/15050 Sald sector address on one layer anscrRhegdiepiery

the second re I [ asi f QM. Sal | qHPf rence
side to said onﬁ%ec%nfog%/g]hcee d;}.‘l%r 2; 5?2?63%’@%’?' %%rg{'égg%%g%#}e a%%(stoﬁsd
the sector @ddress €Ret lﬁﬁaekberaﬂp%bﬁﬁm_aﬂélfhc%*’r@e@bbﬂ&f‘ﬁ@dtbo 3 Yithex,
in the tracks approxi mately corresponding to each other, being in
conpl ement ary r ddedirigonishi gomslandntatrijodetanpohskipt heatd epstidd clipRriisai
ascending direction of the sector address on the optical disk,

the steps of:

detecting - ascending direction of the éector
address on the optical disk,
10 moving an optical head unit to a target
position on the layer, and
reproducing the disk in a direction detected by
said detecting step.
According to a further aspect of the present
15 invention, an optical disk reproduction method for
reproducing an optical disk having:
at least first and second recording layers placed
one over the other in such a manner that information
recorded in each layer is optically readable from one side
20 of the disk;
tracks formed on said first and second recording
layers with a plurality of sectors provided along said
tracks;
sector addresses provided to said sectors, respec-
25 tively, said sector addresses on said first recording layer
iﬁcreasing from one circumference side to an other

circumference side, said one circumference side being

13



10 moving an optical head wunit to a target position on
the layer, and reproducing the disk in a direction detected by said
detecting step. According to a further aspect of the present 15

i Aventi on, woorasisbcal disk reproduction nethod for repcoopssionyran
optical disk having: at least first and second recording |ayers placed one
over the other in such a manner that information recorded in each |ayer is
optically readable fromone side 20 of the disk; tracks forned on said
first and secoreiithenreragofaydes masth ingide Fixgunfiereaceoandyridig deest

al ong said tracks; sector addresses provided.t.o sgid segtors, respec-, 25
tively, said settFiGR|dFEESBUIGTERSR | ?P?lslsaﬁgcd?%f% ?hﬁ‘é‘?m#erﬁqsgsiﬁ‘bg?rom

one circunfer enﬁ(;%‘%&' glgﬁfg,giggngt 3%’ gtf}-;eaé%%ter%ﬁéi Ifrosit LR ‘and the

circunference s

PCT/ JP96/ 02977 ghihepueBeael dikeuBetehfs| dandi saudl editoy adhrdibe®Sén
outside circunference, and said other circunference side being other one of

t he nost i gsi detheé r dsgdaticeneecardihye Imsdr oinsirdasing c uhfer esadéd aotheni d
sector addresses on 5 the second recording |ayer increasing from
said other circinfemtenrsnes qideo toapgidnene|¢upumianensesisdde;sai d sector
address on one |ayer gggdtrgzéﬁﬂitogddress on one layer and the sector
address on the other layer, which are allocated to sectors
in the tracks approximately corresponding to each other,

10 being in complementary relationship, said method comprises
the steps of:

detecting an address of a current sector to
which the optical head unit is focused;

detecting the number of the recording layer to

15 which the optical head unit is focused;-and

converting the detected address, when the
detected number of the recording layer is the second, to
contiguous logical space which is in common with the
address of the first recording layer.

20 According to a still further aspect of the
present invention, an optical disk reproduction apparatus
for reproducing an optical disk having:

at least first and second recording layers placed
one over the other in such a manner that information

25 recorded in each layer is optically readable from one side

of the disk;

14



address on the other |ayer, which are allocated to sectors in the tracks
approxi mately corresponding to each other, 10 being in conpl enentary
rel:ati onship, said method conprises the steps of: detecting an address of a
current sect owotsizgspch the optical head unit is focused; depecipssmrdme
nunber of the recording |ayer to 15 whi ch the optical head unit is
focused; and converting the detected address, when the detected nunber of

t he recordlng | ayer is the second, to contiguous |ogical space which is in
comon with the addr e%%a@fsnf@rmarlston eS8idi n@nr%t:yeandzcsecond recordmg
According to still ther

gf of_ the present a gntlon

optical disk r ¥%H%tﬁ3ﬁ ﬁbaP&Pﬁ toy ofpr BEEEOTR REO¥Lde maxﬂqﬁzﬁéﬁﬁng
at least first e gcond recording layers placed one over the other in
such a manner t I'nformation 25 recorded in each layer is optically

readabl e from one Si dge@ot N8a8L8Ksed 4proviied@7£45id sectors, respec-
PCT/ JP96/ 02977 tracks formed on said first and second recording |layers with

a pluralityg of tsbwélys syidlisdetonl addressdstomcdaid FEAistr reddrasngslayer
provided to said sectors, respec- 5 tively, said sector addresses on
said first recointrrpsiner frenecagiag ¢ivenwirresiecurfisieends siale tother
other . circumference side, said one" circumference side being
either one of the most inside circumference and the most
outside circumference, and said other circumference side
10 being other one of the most inside circumference and the
most outside circumference, and said sector addresses on
the sgecond recording layer increasing from said other
circumference side to said one circumference side;
said sector address on one layer and the sector
15 address on the other layer, which are allocated to sectors
in the tracks approximately corresponding to each other,
being in complementary relationship, said apparatus
comprises:
means for detecting ascending direction of the
20 sector address on the optical disk,
means for moving an optical head unit to a
target position on the layer, and
reproducing the disk in a direction detected by
said detecting means. |
25 According to another aspect of the present

invention, an optical disk reproduction apparatus for

reproducing an optical disk having:

15



cifcunference side, said one circunference side being either one of
the nost inside circunference and the nost outside circunference, and said
ot her circunference side 10 bei ng ot her one of the nobst inside

ci rcunf er ence vagoh7isesp nost out side circunference, and sai d sSegghipodderesses
on the second recording |layer increasing fromsaid other circunference side
to said one circunference side; said sector address on one |ayer and the
sector 15 address on the other |layer, which are allocated to sectors in
the tracks approxi nat 8ty ]cﬁa?rsrtesébﬁ%ﬁ- n@néo mdotmordgmwglayers placed

conpl ementary rel ationshi appar at us co |ses means for
det ecti ng ascen8Pfig ‘aY"Fréctth’(?n 8Fﬁ? "Zg sucged of SFes'%h% dpfogparian

d sk means for ERMLARaohOBALEOLDEPCLUTUE LU SEAELROS LA D L08e

Iayer, and reproducing t a d| rec y sa|

means. 25 of the didkecording to another aspect of the present
I nvention, an optical di sk’ reproducti on apparatus for reproducing an
optical di sk having: tracksWESRMeH06A said first and second recording
PCT/ JP96/ 02977 at |east first and second recording | ayers placed one over
the other in sudRyargawidih t Aateluraditat ioh secteded pnevideR |alang | said

optically readable gom one side of the disk;

sector addresses provided to said sectors, respec-
tively, said sector addresses on said first recording layer
10 increasing from one circumference side to an other
circumference side, said one circumference side being
either one of the most inside circumference and the most
outside circumference, and said other circumference side
being other one of the most inside circumference and the
15 most outside circumference, and said sector addresses on
the second recording layer increasing from said other
circumference side to said one circumference side;
said sector address on one layer and the sector
address on the other layer, which are allocated to sectors
20 in the tracks approximately corrésponding to each other,
being in complementary ©relationship, said apparatus
comprises: |
means for detecting an address of a current
sector to which the optical head unit is focused;
25 means for detecting the number of the recording

layer to which the optical head unit is focused; and

16



5 tracks forned on said first and second recording |layers wth a
plurality of sectors provided along said tracks; sector addresses provided
to said sectors, respec- tively, said sector addresses on said first
recording | ayswodsesp i ncreasing from one circunference sfiaﬁ,”m”,an
ot her circunference side, said one circunference side being either one of
the nost inside circunference and the nost outside circunference, and said
other circunference side being other one of the nost inside circunference
and the 15 nost out si de neianEutber ebneeraiflgSehe detéctedlsddess, Gihdhe
second recording layer increasing fromsaid other circunference side to
sai d one circunftheeratesittst muwihers off dtheadteenyddinyg dayerayier thel sdwond,
sector address on the other layer, which are allocated to sectors 20 in
the tracks appr &8 nePRF{UMHS e E%h‘éﬁ%gsPGC%aW’-SPhérs }ri gmER with the

conplenmentary r tions ri ses: neans for
detecting an ad &85 © % %HFr gﬁfsgeﬁ?%g EW% r’T':'?he optical head unit is
focused; 25 :I.ef Desc gg nf 8F Qggqu g,eéaﬁe nunber of the recording

| ayer to mhlch e optica unit 1s focu and 16 WD 97/ 15050

PCT/ JP96/ 02977 neans for cmh\eerprélgeﬁdﬂeldeéﬁﬁi@d addnesecoenmbbe drilgsi ed
nunber of the recording |ayer is the second, to contiguous |ogical space
whi ch is in comurdexistivodheErom the detailed description given below and

the accompanying diagrams wherein:
Figs. 1A and 1B show spiral grooves in two
10 recording layers according to the présent invention.

Fig. 1C 1is a graph showing a rotational
velocity.

Fig. 1D ia a diagram showing reproduction
directions of an information storage medium comprising two

15 recording layers according to a first embodiment of the
present invention.

Fig. 2 1is a diagram showing reproduction
directions on an infofmation storage medium comprising four
recording layers according to a first embodiment of the

20 present invention.

Fig. 3 is a diagram showing a manner f£for
assigning address on an information storage wmwedium
comprising two recording layers according to a second
embodiment of the present invention. |

25 Fig. 4 is a diagram showing a manner for

assigning address on an information storage medium

17



address of the first recording layer. 5 Brief Description of the Draw ngs
The present invention will beconme nore fully understood fromthe detailed
description given bel ow and 't he acconpanyi ng di agranms wherein: Figs. 1A and
1B show spiralwgynseses in two 10 recordi ng | ayers accor di rigtieeddrers
present invention. Fig. 1Cis a graph showing a rotational velocity. Fig.
1D i a a diagram showi ng reproduction directions of an information storage
medi um conprising two 15 recording |layers according to a first

enbodi ment of tleomprdsdng i fownt regorfing Aayers daagerdingotiongg second
reproduction directigons on an jnformation storage nmedi um conprising four
recordi ng | ayer £WOSdmentgofothe iPratentayeRtAPiof the 20  present

invention. Fig. 3 is a diag.am show ng a nper,.for _assigning ., address__on
an information storage %Ié‘ i'un‘?c&ﬁp% SP%C¥V\K91F§(¥8F‘&?'€ Fly eT¥© %‘l"&f‘ng
to a second ean%h;%' . t £91 3 4 thi : LOaf 4
Is a diagram show néﬁhg Q%E%%é? f%ér:&égcg, n%oggz%eddr%lsrsd eglr?Odngeﬁlt of

i nformati ong st aRIpregeditUinkéntioO 97/ 15050

PCT/ JP96/ 02977 conprising four recording |layers according to a second

enbodi nent of the present iRigenté2onis a flow chart showing an operation
for detecting the spiral reproduction direction of each
layer according to the third embodiment of the present
invention.

10 Fig. 6B is a flow chart showing a modification
of the flow chart shown in Fig. 6A.

Fig. 7A is a flow chart showing an operation

" for converting the detected sector address to a contiguous
logical space across plural layers according to the fourth

15 embodiment of the present invention.

Fig. 7B is a flow chart showing an operation
for converting the contiguous logical space to the sector
address across plural layers according to the fourth
embodiment of the present invention.

20 Fig. 8 is a flow chart showing an operation for
calculating an amount of move of the optical head for
shifting from the current position to a target position.

Fig. 9 is a diagfam showing a prior art
magnetic disk comprising plural recording surfaces.

25 Fig. 10 is a top plan view of a constant linear

velocity (CLV) disk.
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Fi g 5 is a block diagramof an information reproducing apparatus according
to the third enbodi nent of 5 the present invention. Fig. 6Ais a flow
chart showi ng an operation for detecting the spiral reproduction direction
of each | ayerwaceasmdong to the third enbodi nent of the presepgriFvéRsdsyon

10 Fig. 6B is aflow chart showing a nodification of the f1 ow
chart showmn in Fig. 6A. Fig. 7Ais a flow chart showi ng an operation for
converting the detected sector address to a contiguous |ogical space across
plural layers according tdfige fdurish 45diagrbodishowingf imeexmedseaéctor
invention. Fig. 7B is a flow chart showi ng an operation for converting the
conti guous | ogi 8&FuciEe ab & H’é-séfect or address across plural | ayers
according to the fourth er(;“_,pv)r odi rre .Of thsbgresent i nyention.

Fig. 8 is a flowchart showhy ?;1 d’ﬁeraolt ¥ EQPUﬁPgtFﬁg%ﬁF%un‘?l%‘F
nove of the opt] f\?ljx éwq_,e[cg t;#tllagg_rgromthe current position to a target

position. Fi g. I's a dilagram's prior art magnetic disk conprising
plural recegrding surfaces.pfps. 13A and 13B Fslow 18piga® bQBo’%Sn i ewwsf a

constant linear velocity (CL di sk. 18 WO 97/ 15050
PCT/ JP96/ 02977 fegprding dlayedisagiceprdbng tg the emiadr saetor
Fig. 13C is a graph showing a rotational
velocity.
Fig. 13D ia a diagram showing reproduction
10 directions of an information storage medium comprising two
recording layers according to the prior art.
Best Mode for Carrying Out the Invention
It is therefore possible by means of the con-
figuration described above to .provide an information
15 storage medium from which information can be contiguously
reproduced across plural recording layers. In each
recording layer of an information storage medium having
plural recording layers, the address of each sector in
layer Ln (where n = 2} is obtained from a logic operation
20 containing a complementary operation on the address
assigned to the sector at the same radial position in the
first layer. Data reproducing operations from contiguous
sector units spanning plural recording layers thus
reproduce data in increasing sector number sequence.
25 It is also possible to provide an information
reproducing apparatus capable of recognizing the

reproduction direction of the spiral recording patterns on
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sttucture of a disk. Fig. 12 is a diagram show ng an optical disk wth two
recording layers. 5 Figs. 13A and 13B show spiral grooves in
two recording |ayers according to the prior art. Fig. 13Cis a graph

showi ng a rot avbonmdese/el ocity.- Fig. 13D ia a diagram shontoso2977
reproduction 10 directions of an information storage nmedi um conpri sing
two recording |ayers according to the prior art. Best Mde for Carrying Qut
the Invention It is therefore possible by nmeans of the con- figuration
descri bed aboveano informagion istoyage: imediug comprdsigs mdarad fremordingh

i nformati on can_be contiguously reproduced ,across plural recording

| ayers. In &8¥8¥Pecor HReR [thferreRrogistirg, khiestions: Kfe kB8 PRI ng

plural recording |layers, the.address of,.eac ctaor _in.layer Ln (whgre.n
[err] 2) is obt gﬁﬁ?%‘aﬁpgmpaa CSEE opRr gtlggﬁgﬁgg r%ggrr] aéf’ﬁi ﬁlgayegs of ' 'end
conpl ement ary 2omaefon 8ok AIQL &R Sa PR NaE LG T GeS Yt

sane radi al pos?'?!i (E;n I n ?ﬁe f?rggel ayer. Data rxgelprodulci ng opéer at ilg%% ?rg%m
conti guous sect @aiduinEsrmapdsni Fgpradudialy appagatusdto! eyedte dditiguous

reproduce data in increasing sector nunber sequence. 25 It
is al so possi bl Adgdcplospdeecaspanfibngapluoral epeaahding laysysar amgs access

capabl e of recogni zin the reproduction direction of the spiral
recordi ng patte@®y @gsiged address on the information storage medium.

As a result, it is possible to provide at low

cost and with high performance an information reproducing

10 . apparatus capable of contiguously reproducing data from
plural recording layers.

The preferréd embodiment of an information

storage medium according to the. present invention is

described below with reference. to ‘the: accompanying figures.

15 | Figs. 1A, 1B, 1C and 1D show, respectively,
spiral groovés on first and second layers L1 and L2,
rotational velocity, and reproduction directions of an
information storage medium, i.e., an optical disk. The
optical disk according to the first embodiment of the

20 present invention comprises first and second recording
layers Ll and L2. Fig. 1A shows the spiral groove pattern
on the first layer L1, Fig. 1B shows the spiral groove
pattern on the second layer L2, Fig. 1C shows the
rotational velocity of the disk, and Fig. 1D shows the

25 reproduction direction. User data is recorded to the data

blocks of the first and second layers Ll and L2 as shown in

20
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I nformati on storage medi um conprising plural recording |ayers. When t he
reproduction directions of the spiral recording patterns on different
recordi ng | ayowssebe t he i nformati on storage nedi umdiffer, ptrin®eatssy
possi ble for 5 said i nformation reproduci ng apparatus to create
contiguous | ogical space spanning plural recording |ayers, and access any
desired address on the information storage nedium As a result, it is
possi bl e to pFé@.delBt | oFheosseakrr wRAATAEGHh ifer RPATecandadchf Eendihen

"reproducing 1 appar at us capabl e of contiguqusly reprodugi ng, data from
pl 5ral recgrd&?@q'&g‘gﬁ."’aTﬁﬁ ﬁggfi%??%ﬁ)m%ﬂ& ’ Sﬁc’Y’ﬁf{J‘F oW or age
nmedi um accor di h r N N ' ' . '

to the accorrpadn%gi%%a%i gﬁrge%%%nt Vs%gltq'%ﬂ chﬁlsgél %?g%&ﬁ%ﬁ%%n;ﬁé lgnce

show, respectyesd Bbverunha! tHE0Q%€S WIbdk r st and second layers L1 and L2,
rotational velocity, and reproduction directions of an infornmation storage

medi um i5e., an optical TheskiirstThfeampire abf dthk Ppreaeficndriventienf iisst
enbodi mrent of the 20 present invention conprises first -and second
recordi ng | aydhat lthendsegtoFi gddress hBweon Hhespfizst glapee pat @ddn the t he
first layer L1, Fig. 1B_shows the spiral groove pattern on the second | ayer

L2, Fig. 1C sif®RETheafBrasfontl ©8 othey sfcande LR¥RT dfd BFE. ID iR
%S 10 e R BN onkiSD, LR, R RN | deb il ook
sectors addresses X and X’ are opposing to each other, but

10 from the purpose of the present invention, the sector
addresses X and X’ are in the tracks of the same number of
turns counted from the most inner track, or in vicinity of
such tracks. Two major advantages provided by the first
feature are as follows.

15 The first advantage 1is that a contiguous
logical space at the outer (or inner) most sector address
of the first layer and that of the second layer can be
obtained. This is explained in detail in connection with
Fig. 7A.

20 The second advantage is that the rate of change
of the sector address in the first layer and that in the
second iayer are in a symmetrical relationship about the
disk. This is explained in detail in connection with Fig.
8. |

25 When the info;mation storage medium is rotated
clockwise, the first recording layer L1 is reproduced from

the inside circumference to the outside circumference.

21



WO 97/ 15050 PCT/ JP96/ 02977 Fig. 1D
The sector address is also recorded to the lead-in area |la and | ead-out
area 1lb, as shown in Fig. 13D, so that the current position can be

det er mi ned whemobdfrsesead overruns the data block. 5 PCT/IPOGI3677 | I St
feature of the present invention is that the sector address X on the first
| ayer L1 and the sector address X on the second |layer L2 are in the

conpl ementary relationship with each ot her. | deal Iy, the sectors
addresses X and Withr eangtesitngl imeancivedbhéty b(ALVIO drive oracniterodyr polse

of the present invention, the sector addresses X and X are in the
tracks of the saRettHeRAL ovelorhty cBlintde finfarmasippsistorsse tmedium oisin

vicinity of such.tracks:L Two r’@ij.or acha taeges rovi ded by the first
feature are as fbPYBhESLY sproportional °[I}H'é FITHHS /AR i B9t a
contiguous |logic at re o sl C S he
fi I’S![ gra;er agltl ?hg?go ethew%%go% ?rgeya{éfr) lcda?{sreﬂ%g? %lhnég. Bﬁfr.rﬁ?g&?s?a&{af

expl ai ned i s detgbkitionOsReCEhe0Risk hthedrofdeidfal velocity is tHd'€same
second advantage is that the rate of change of the sector address in the

first layer and thabothh thee Seocincndagecondelayers Iyimeaeky Leal rel ati onship
about the disk. This is explained in detail in connection with Fig. 8. 25
Wen the information storadéheRdrerrrsucbion edsc| ikshnd Eremfither first
recording layer L1 is yeproduced [1om the J.ngide cipounferepce tothe 4
not necessary to change the direction of disk rotation when
10 switching from the first to the second layer, and it is not
necessary to move the head from the outside circumference
to the inside circumference.
Fig. 2 shows the reproduction. directions on an
information storage medium with four recording layers L1,
15 L2, L3 and I.4. The first and third layers Ll and L3 in
this example are reproduced from inside to outside
circumference, and the second and fourth layers L2 and L4
are reproduced from outside to inside circumference. As
when switching from the first to second recording layers as
20 described above, it 1is not necessary to change the
direction of disk rotation or to move the head when
switching from the second to third recording layer, or from
the third to fourth recording layer.
When applied to a digital video disk medium to

25 which moving pictures are recorded the practical effect of

this switching method is particularly great because the
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constant linear velocity (CLV) drive control, the rotational velocity of
the-i nformati on storage mediumis inversely proportional to the radius as
shown in Fi g. wo@7aséser ef ore, when the head is positioned at Qy/Igdenamms
radial 5 position on the disk, the rotational velocity is the same on
both the first and second |l ayers L1 and L2. \Wen reproduction is sw tched
fromthe first |l ayer L1 to the second |ayer L2 as shown in Fig. 1D, it is
not necessary t8etR¥ng®ft heSWitAHNSDN LAYFSK A8t atdigieakian 1elated t chbng
fromthe first to the.secon%‘lgx’er and it .is not necessary to nove the

head from the otPEFHRLFRG, Fdeo: 5ePRRIPARIMR: circunference. Fig. 2
shows the reproduction dirgcti;an junf it | or, lRun_W
four.recording |layers L1, % IlgL%kmL} ar#g Ll%.; %ﬂlfléér’std%gﬁaqulhrgq a{z/ie}?s
L1 and L3 in thisrexagmbediient epf Qghic qsbddedi® iiRSefieibl QBbYLU8o provide
circunference, and the second and fourth layers L2 and L4 are reproduced
from out si e t oanninfiermatiomishonage. medsmwieom skl tathiinf omatibhecahrbé to
second recording layers as 20 descri bed above, it is not necessary
to change theCenEdgeowmlbrepraducedaarsassrpluwrabrecordingadavpea.
swtching fromthe second to third recordi nig | ayer, .or fromthe third to

fourth recording layer. WRAFSppPPERVED: a i toh PG AUISESHG URPERPSS

whi ch novi n [ . h ' f t.hig . swighj

oL Y100, PGP SRR el 651 S Wkl 1o LSS
information storage media in which the data recording

10 grooves are formed to enable contiguous reproduction from
the first to the second layer, the first recording layer
will be reproduced in the normal ascending order, but the

| second recording layer will be reproduced in descending
order. Using the minute-second-frame addressing scheme of

15 an audio CD, this would result in the minute, second, and
frame <values decreasing as reproduction of the title
continues on the second recording layer.

In addition, if the address following the
address of the last outside circumference sector on the

20 first recording layer is assigned aé the address of the
first sector at the outside circumference of the second
recording layer (the first second-layer sector reproduced
after the last first-layer sector is xreproduced), all
sector addresses on the second layer will be dependent upon

25 the address of the last sector on the first layer, and no
second layer sector address can be discretely determined.

For example, if the address of the last sector at the
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22 WO 97/ 15050 . _ ' PCT/ JP96/ 02977
delay of switching layers is directly related to intermtting the

vi deo reproduction. It is therefore possible as described in the first
embodi ment of wd@apsent invention above to provide 5 an pice 0N
storage nedi um from whi ch informati on can be contiguously reproduced across
plural recording |layers. Note, however, that if the addressing nethod used
with conventional information.storage nedia is used on information storage
medi a i n whi ch thesiide a ciecdnfiengnd® of grlmwvésrate layeredid oXgnahid the
contiguous reproduction fromthe first to the second | ayer, the first
recordi ng | ayeradfiresge afeptheu@asord tlaveinr fartascatdi fheomase padiahe

Seoore- Cocons. TPabEt iR i SRS Lektnd RS A St
result in the ”b%}éﬁde&?‘?% d’tﬁé‘dvﬁzgﬁge ol yes dﬁ8£§?5'ffﬂgt§§rr?Wh%i“céigeg”
of the title conftrnués on the second recording layer’. m~addition, if e

address folg owi ggat8ss adgf esendf 14 | st Hiles| A8 reumERPEREENCEE€6E 0T iHN
t he 20 first recording layer is assigned as the address of the first

sector at the oihdeflenite camfaardirce€Dsf. t he second recording | ayer (the
first second-layer sector reproduced after the last first-layer sector is
reproduced), all sector adHressecors fertuxs o?kl thecprepent pinvepfinientis

upon 25 the address of,.the, |l ast sector.on the first,layer, and po .
P . ghat the disn has a plurality o? recor 1ngyfayers wherein

the reproduction directions are opposite on even- and

10 odd-numbered layers. Thus, according to the present
invention, when the tracks are presented in a spiral
pattern, such as shown in Fig. 10, the spiral pattern of
the first layer L1 and that of the second layer L2, when
viewed from the laser beam source such as shown in Fig. 12,

15 are in opposite direction winding. The spiral pattern
shown in Fig. 10 is referred to as having a counter-
clockwise winding. Thus, it can be séid that, when the
disk is viewed froﬁ thé objective lens shown in Fig. 12,
the first layer L1 has a counterclockwise winding and the

20 second layer L2 has a clockwise winding. This is also
shown in Figs. 1A and 1B.

The above arrangement according to the present
invention, can be accomplished by preparing two transparent
layers, each layer having a pattern similar to that shown.

25 in Fig. 10. The difference between the two layers is the
specific data recorded along the spiral track. Then, the

track engraved surface of one layer is mirror finished, and
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second | ayer sector address can be discretely determ ned. For exanple, if
the address of the |ast sector at the 23 WO 97/ 15050
PCE/ JP96/ 02977 outside circunference of the first layer is X, and the

address of tReospgsed | ayer sector at the same radial positigRyipvedsedy; then
all second | ayer sector addresses are dependent on the val ue of’ X. Not e,
further, that the 5 address of the last outside circunference

sector is indefinite on audio CDs. The second feature of the present

i nvention is tlithe ttoack skengasvedplsundlacey aff tbheoratihey | hywsrs wbertslf-t he
reproduction directions are opposite on even- and 10 odd- nunber ed

| ayers. Thudirrgxc Fiaisheds o forhexappis enfePeRining mn vinkpmimm tfidacs
are presented in a spiral pattern, such as shown in Fig. 10, the spiral
pattern of the"‘%elnst ?ﬁye?rpcf_"f‘ and thi¥- ot h@ggec ILRYErs| 2ar§ndiPrdesded

O e s eRERATaR e UGS PAON" Licflfea Lanrbices il JRAN | °
di rection w nding. he spiral pattern shown 1n Fig. I's Teferfed 1O as
havi-ng a count Jrned!, OCKkNE SPhtcddeling HFEin | TRCHEANEITRIA bogbeedh@he he
disk is viewed fromthe objective |lens showmn in Fig. 12, the first layer L1
has a count er clsmxifaces . w Thung wineh tViewsdl fromeonadsidgest Lthdabisk, the

cl ockwi se wi ndi ng. This is also shown in Figs. 1A and 1B. The above
arrangenent ac&pidiadg s t lener cRYRr | hasht | dn, ceunterclaakwise shwinding

reparing two transparent
prep g direcegon and the spiral in the other layer has a clockwise

winding direction. This arrangement has the following
10 advantages.

The first advantage is that the reproduction
direction of one layer 1is from inside to outside
circumference track, and that of the other layer is from
outside to inside circumference. track, or vice versa.

15 Thus, one reciprocal movement, from inside to outside and
from outside to inside, of the optical head is sufficient
to reproduce both layers.

Another advantage is that the same cutting
apparatus for cutting the die for molding the layers can be

20 used. As apparent from the above, the first and second
layers have the same spiral winding direction when viewed
onto the engraved surface. Thus, the cutting apparatus for
cutting the die for molding the layers needs to cut the die
only in one spiral winding direction.

25 Fig. 3 shows the method of assigning addresses
to é dual layer information storage medium according to a

second embodiment of the present invention. In this

25



| ayers, each layer having a pattern simlar to that shown 25 in Fig. 10.
The difference between the two |layers is the specific data recorded al ong
the spiral track. Then, the track engraved surface of one layer is mrror
PCT/ JP96/ 02977 the track engr_aved surface of the other layer is half-
mrror finished, for exanple, depositing an alum numfilm Then, as shown
in Fig. 12 the two | ayers are bonded together with the track engraved
surfaces faci ngeskodifientottther , addmmbphofoset second edayeFR sdemesi tisl the
bet ween the surfaces. Thus, when viewed fromone side of the disk, the
spiral in one I&?@Plﬁa§n’é c%unt%!’r‘%—l“@ck\h'l;e indigatgsdi Femplementid fe Sheral

in the other has di di rectjon. Thi s arrangenent
has the foll ovm égd d9 nt g{j’esfuﬁ%e f%‘%‘f S865PT a8 ithe napme hradial

reproduction di f 0
Ci Irocuml‘Jerlance ![%%% Il:Qgﬁdgt ha?ggf t %?hla?flt%/%;gdd rsg%foat ?"&% tgg:éﬁglrde

circunfererge tri@CkheOlf:)tseelayéﬁam 19s 0360G0h Olthe Ydd¥cRCdn TRLCERBbnd
frominside to outside and fromoutside to insi de of the optical head is
sufficient to rdpyeduct bohé bamer xaddadt IeysizdvantiageFCRFEFMLt (Whersanh®
cutting apparatus for cutting the die for nolding the |ayers can be 20
used. As appad®8fichEefh thehexrircimale pupkering s¥etsm | aydhishscan t he

sane spiral Mﬂ“dgtglggée ;IEgEV¥g¥how1ng'%our steps.

{1) 0 K] 0 0 0 0 - hexadecimal
10 (2) 0000 0011 0000 0000 0000 0000 binary

(3) 1111 13100 1121 11131 13111 1111 bit inverted

(4) F c F F F - F  hexadecimal

Note that the functions of the shaded areas in Fig. 3 are
the lead-in area la and lead-out area 1b.

15 In the white area, which is a user data area,
between the 1lead-in and lead-out areas la and 1b on. the
first layer, the address of the sector at radius Rin at the
inside circumference of the first lajrer is assumed to be
Xin in this example and the address of the sector at radius

20 Rout at the outside circumference is Xout, where Xin <
Xout. The first layer sector addresses are assigned in
agcending order from inside circumference to outside
circumference, and by assigning the complement of the first
layer sector address at the same radial position as the

25 second layer sector address, the second layer sector

addresses are assigned in ascending' order from outside to
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onto the engraved surface. Thus, the cutting apparatus for cutting the die
for nolding the |layers needs to cut the die only in one spiral w nding

di rection. 25 EFi.g. 3 shows the nethod of assigning addresses
to a dual | aywseiisshew mati on storage nmedi um according to a sqeanpecseedi nent
of the present invention. In this 25 WO 97/ 15050

PCT/ JP96/ 02977 enbodi nent the address of a second | ayer sector is the
complenent X' (prine (') indicates conplenent) of the address X of the
first |ayer setnsidetcincumfgmnenceli aRspesicesvhts when datandse repirodnged
address of a given sector 5 inthe first layer L1 i s 030000h, the sector
on the second FE§®r each jReCoR iAdithe JoRTqddiehionrchimegtiop, ethowny" in

i ndi cates a hexadeci | .oumbering system . This _can,be obtai.ned by .t he
fol | owi ng fouréégepgg?( © seﬂﬁa% reg%es CBnElnHe inoascendlﬂ%XS%QSFnal

10 (Zkﬁ@‘i%é)oﬂgigtgoolél%ﬂ ng?igéf’ogecgnd 1éiié}5}rFyaé3)gil&1I1:faellgo

1111 1111 1111 I nvert ed

hexadeci ma) Noggplhshed MEadem it seFereheesbodrigarmas in Fig. 3 are the
| ead-in area |la and | ead-out area | b. 15 In the white area,

which is a user data areafhémt when imformsgdom sboragadmediuar dess | foand | b
on the first layer, the address of the sector at radius Rin at the inside
ci rcunf erence BECORAingr3aYeEFer SpStexs PRJLE® BESRPALIYE t ha¥eXs afd® eband

the address Ofaé geggg Ogya%iH%Q§u%dding a high bit indicating whether

the addressed sector is on the first or second return in
10 the reproduction direction shown in Fig. 2.
Fig. 4 shows the addressing method of an
information storage medium comprising .four recording layers
Ll, L2, L3 and L4 according to a second embodiment of the
invention. With this method, the sector addresses on the
15  second, third, and fourth layers at the same radial
position as the sector at address 0030000h on the first
layer are OFCFFFFh, 1030000h, and 1FCFFFFh, respectively.
When data is read from sectors written in the
reproduction direction shown in Fig. 2, the sector
20 addresses thus continue to rise in ascending order from the
first through the fourth layers. As a result, the bit
indicating the first or second return in the reproduction
direction and the most significant bit (MSB) of the rest of
the address will be 00b, 01b, 10b, and 1l1b (where "b"
25 indicates a binary value), respectively, for évery sector

‘on the first, second; third, and fourth layers. It is
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20 Rout at the outside circunference is Xout, where Xin < Xout. The
first layer sector addresses are assigned in ascending order frominside
circunference to outside circunference, and by assigning the conpl ement of
the first | ayeyo b address at the sanme radi al position agctiyesd2er?
second |ayer sector address, the second |ayer sector addresses are
assigned in ascending order fromoutside to 26 WO 97/ 15050

PCT/ JP96/ 02977 inside circunference. As a result, when data is reproduced
from each sect otherefore r ppsgibtei 4o difi%ftttlifom momllch Rrerording hkagexct or
addresses continue in ascendi ng, order fr rghﬁflrst l,ayer to the second

layer, as wil|edghsecter jeg ¥t Ep2 8% & PSR g. 7A. When the
f t t di
i nformati on storage ne I uny asarI yg,g\g%g Hgé ggsea E“I%&%Bgl ‘“%P%%%n%g

respective layers can be a dresse |

whet her the addpgssgell s€&bRAlide rayé:fye Jdcro'iﬁlﬁb %scené s8EEHA émbé@mené he
reproduction direction shown in 2. 4" shows the addressing nethod

of an infosmatien sherpgesamdliunénnmunsasu;ﬂhsuﬁeseeabédngthayeddréés a2,
L3 and L4 according to a second enbodi nent of the invention. Wth this
met hod, the seceachasieftesecen olayar s (whegecond, 2)t hisr gbtained byuneans

| ayers at the _sane radial pqgsition_as,the sect at address 0030000h on
the first |ayer®frd tegiEmmeratdsnodnrludine 1?@1*—‘&%?? ment AT c PPEERYLIORRM,

data is read frgﬂésgﬁézqégs \Agzéé.{gerped Q-.ot q'.eize first layer sector at the same

radial position. As a result, data reproduced in sector

10 units from sectors contiguously addressed across plural

recording layers will be reproduced in ascending sector
number sequence.

Fig. 5 is a block diagram of an information

reproducing apparatus according to a third ‘embodiment of

15 the invention. Shown in Fig. 5 are the optical disk 1, disk

drive motor 2, lens 3, actuator 4, laser drive circuit 5,

photodetector 6, carriage 7, pre-amplifier 8, servo circuit

9, binarization circuit 10, demodulation circuit 11, error

correction circuit 12, CPU 13, rotation detection signal

20 14, disk motor drive signal 15, laser drive signal 16,

photodetection signal 17, servo error signal 18, actuator

drive signal 19, carriage drive signal 20, analog data

signal 21, digital data signal 22, demodulated data signal

23, error-corrected data signal 24, and internal bus 25.

25 The 1lens 3, actuator 4, photodetector 6, laser drive

circuit 5 and carriage 7 define an optical head unit.
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reproduction direction shown in Fig. 2, the sector 20 addr esses thus
continue to rise in ascending order fromthe first through the fourth
layers. As a result, the bit kndicating the first or second return in the
reproduction ﬁbrgeggason and the nost significant bit (MSB) of ptk@pssigsrrof
the address will be 00b, 01b, 10b, and 11b (where "b" 25 I ndicates a

bi nary val ue), respectively, for every sector on the first, second, third,
and fourth layers. It is 27 WO 97/ 15050

PCT/ JP96/ 02977 therefore pBeei IFFY t13 | dent¥éys | nhnhimtezraédordpen@t:bc;mr o€ach
sector resides by reading these two bits, In an information stora medi um
conprising plur% ermq%eﬁpﬁgé‘b?h‘?ﬁlg atRPatxﬁ‘é'@ecBﬁG"’éH}wl tthe

L s o T R W 55 P
including a Conﬂiﬁﬂgniéﬂeé‘ﬁ’é&aﬂf&ﬁ‘ e fgﬁeéfslf‘sf' g@egoﬁ%{-@&!ftés

| ayer sector at t sane radi al- posi tlon As a resu ata reproduce

sector 10 s unphStodéteatsast Or $igali guprs! byaddeRese st slictdditezal 6,
recording layers will be reproduced in ascending sector number sequence.
Fig. 5 is a bl optwersadiusteid by itheopmatavplifpendiciany agmveated tocbhdi ng
to a third enbodinent of 15  the invention. Shown in Fig. 5 are the
optical disk 1,8€8F%R &XeE n%%S}’Fa]Z, 1Bemnd, angiedit 6ata signal d2ilve cTheuit

> photodetectol 2 $ar5i89° Lighaf 280! ' 558" Benahbg@lbiear  (a/m)

converted by the binarization circuit 10 to produce the

10 digital data signal 22, which is then demodulated by the

demodulation circuit 11 to produce the demodulated data

signal 23. The demodulated data signal 23 is then error

corrected by the error correction circuit 12, which cutputs

the error-corrected data. signal 24. The servo error signal

15 18 is fed back by the serveo circuit 9 as the actuator drive

signal 19 to the actuator 4, and used for focusing and
tracking control of the lens 3.

In a DVD-ROM drive used as a CD-ROM drive or

similar computer peripheral device, a host interface

20 circuit (not shown in the figures) is also provided to

receive the error-corrected data signal 24 from the error

correction circuit 12, and communicate data with the host

computer (not shown in the figures) via a host interface

(SCSI or other, also not shown in the figures). In CD

25 players and DVD players for consumer use, an A/V decoder

(not shown in the figures) for expanding the compressed

audio and video data is also provided. The error-corrected

29



9, binarization circuit 10, denodulation circuit 11, error correction
circuit 12, CPU 13, rotation detection signal 20 14, disk notor drive
signal 15, laser drive signal 16, photodetection signal 17, servo error
signal 18, actwebwisostri ve signal 19, carriage drive signal 2Gcrareéegrdat a
signal 21, digital data signal 22, denodul ated data signal 23,

error-corrected data signal 24 and internal bus 25. 25 The | ens 3,
actuator 4, photodetector | aser drive circuiit 5 and carriage 7

define an optlcéﬁtﬁeéégﬁﬁﬂt242§r°m qngsyﬁnfgbggrrectlon circuit 12 is then
PCT/ JP96/ 02977 The, CPY 13 contro rall eratlon of .t fornatlon
reproduci ng appgpg}&fgaé%or bzv %@cgéﬁffol §?%F% tﬁg é?nayg
the internal bugigdae #f laget egy @ tReof a' C@ﬂ da P2 CONVA e
to a b photodetectlonggﬁ%¥gng b thg Bphotéﬁe ﬁéf%? a1
power - adj ust ed Rerimitapse{ase! showi ih ﬁm@dfaguyegyed to the servo error
signal 18 and anal og data signal 21. The analog data signal 21 is

then analdg/digital (A DpBecensert &iieby reperodintionat puacedureli t of0 the
produce the 10 digital data S|gnal 22, which.is then denodul ated by the
‘denodul at i on C|ﬂ@§PmeilP6 Fepggeectng éEﬁﬁHﬁF%ﬁeécﬁﬁfé?%ggﬁﬁltQBS rd

denodul at ed data nal 3 error rrected the error rrectlon
circuit 12, Whl E ge&&?ﬁ daﬁeé’r war o2& 'Pr’i'@

error signal 15;.¢ aﬂohe%t%a%g eg%ms cfrPUtﬁe aaaréése@%uam@

drive signal 19 to e actuator use ocu5|ng and
first and second layers are umtually complementary, the

10 following three processes are required for reproduction.
(1) Recognize the reproduction direction of the
spiral recording pattern on each layer.
(2) Convert the sector addresses to a contiguous
‘logical space across plural layers.
15 {3) Obtain the movement distance to the desired
address on each layer.

Fig. 6A is a flow chart used to describe the
direction-of-spiral recognition means for recognizing the
reproduction direction of the spiral recording pattern on

20 each layer according to the third embodiment of the present
invention. It is assumed in this example that the sector
addresses are sequentially numbered in the order of
reproductioh. and that the optical head is presently
focusing on the first layer.

25 The first step 601 of this process stores the
sector address X of the present position, i.e., the current

sector address.
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tracking control of the lens 3. In a DV/D-ROM drive used as a CD-ROM dri ve
or simlar conputer peripheral device, a host interface 20 circuit (not
shawn in the figures) 1is also provided to receive the error-corrected data
signal 24 fromo®fresess ror correction circuit 12, and comuni ce¢tEngsbmT th
t he host conputer (not shown'n the figures) via a host interface (SCSI or
ot her, also not shown in the figures). In CD 25 pl ayers and DVD pl ayers
for consumer use, an A/V decoder (not shown in the figures) for_ expanding
the conpressed audi o and BFdEEePateP3 sthe sEPi6RT dBGATHS JRPYRA cBPr ddieed

29 WO 97/ 15050 , . , PCT/ JP96/ 02977
dat a si gnal 24°P?Q'8hth81‘éFW8’Fe’6%fﬁeea¥ &h PEEAgLPE™Bed A -applied to this

AV decoder, and the expaggggl ?{%inos yidea S%]%I@IIS gagfgg%ptft SET ygh

t he appropriate video termn ot shown in t gures

Because the peRseducpbaitigmocedure of the information reproducing
apparatus according to this third enbodi nrent of the invention reproduces a
dual--1 ayersinformati on stStepe 60ddi conpareshi tiie t hddadssessXs axid t Yig fandst
and second |l ayers are mutually conpl enentary, the 10 follow ng three
processes are brgoches tor stepr Afkctifni<Y 1) branchas &o t skep cpPOdEEt NOY
direction of the_spiral recording pattern on each layer. (2) Convert the
sector address®&¥to a contiguous | ogical space across plural |ayers.

Step 605 determines that the reproduction

direction of the first layer is from inside circumference
10 to outside circumference.

Step 606 similarly | determines that the
reproduction direction of the first layer is from outside
circumference to inside circumference.

- At step 607 the servo.circuit 9 is instructed
15 to change the focusing position to the second layer.

Step 608 stores the sector address X of the .
present position.

At step 609 thetoptical head is moved to the
outside circumference by a predetermined amount.

20 Step 610 stores the sector address Y of the
pPresent position. '

Step 611 compares the addresses X and Y, and
branches to step 612 if X<Y, branches to step 613 if not
X<Y. |

25 ' Step 612 determines that the reproduction
direction of the first layer is from inside circumference

to outside circumference.
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15 (3) Ootain the novenent distance to the desired address on
each layer. Fig. 6Ais a flow chart used to describe the
direction-of-spiral recognition neans for recognizing the reproduction

direction of wWieemmbsoal recording pattern on 20 each | ayempcaapssiods? g t o
the third enbodi mrent of the present invention. It is assunmed in this

exanpl e that the sector addresses are sequentially nunbered in the order of
reproduction, and that the optical head is_present|ly focusing on the first
| ayer. 25 THESR r st613t epSBaDALRTLY hi A9hegmdnesst okhat t hethe

sector address X I LIS RLOEN AT ' el Sordd LG L BFSL S EIIESS,

step 602 the op&iféﬁwf%§%§§e§6%pé?%}§§.%Egc&mg ldlg.Ci reunference by a

pr edet er m ned anou e sector address Y of the present

position. 5 _ Hep 694160808605 MOwAdHE%SRised A desd@ibe
branches to step 605 if X<Y, branches to step 606 if not X<Y. Step 605

det er mi nesst hatthéediepeofontobrsplirsict recoqiitiom fmeats) ayfr d smbédfied
i nside circunference 10 to outside circunference. Step 606 simlarly
determines  ttmannex heforpredegrizingli thet repradugtieon idixedtipar af them
out si de spiral recording pattern on each layer according to the
third embodiment of the present invention. It is assumed
in this example that when the direction of the spiral on a
10 given layer is from the inside circumference to the outside
circumference, the MSB of the addresses on that layer is 0
due to complementary relationship between the addresses on
the layers, and assumed that the optical head is presently
focusing on the first layer. Similarly, when the direction
15 of the spiral on a given layer is from the outside to the
inside circumference, the MSB of the addresses on that
layer is 1. |

The first step 621 of this process evaiuates
the MSB of the address for the current sector, and branches

20 to step 622 if the MSB is 0, and to step 623 if the MSB is
1.

Step 622 thus determines that the reproduction
direction of the first layer is from inside circumference
to outside circumference.

25 Step 623 similarly determines that the

reproduction direction of the first layer is from outside

circumference to inside circumference.
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circunference to inside circunference. At step 607 the servo circuit 9 is
I nstructed 15 to change the focusing position to the second | ayer. Step
608 stores the sector address:X of the present position. At step 609 the

optical head wéofsessl t 0 the outside circunference by a pred%ﬁw
anount. 20 Step 610 stores the sector address Y of the

present position. Step 611 conpares the addresses X and Y, and branches to
step 612 if X<Y, branches to step 613 if not X<Y. 25 Step
612 determnes that thét rafEmwde?4i bhedservei circhithd fis sinstmerted
frominside circunference to outside circunference. 31 WO 97/ 15050

PCT/ JP96/ 02977 ¥& &hangg fhe Sppupipy Posieial Fondde sergpd layer.
reproduction direction of the first | ayer i rom oyt si de,ci rcunf.erence to
i nsi de circunference. Fi g.AtBBs_ §Pa|5§<§ a&‘? oi\lf_sgha‘ﬁ 2‘8d ?%g r £BE gl:(i’e
the direction- qhpShigal sEEEBQn!cgﬁorEHBEaQ?coEHn Fayidi f5iPd JUBIRSE 0af OTang
recogni zing the reproduction direction of the spiral recording patfern on
each | ayersaccQidlitidlt drisiHeld td Hepdisysnti foft Hehmap 6L, IdnERld Btep |t

is assuned in this exanple that when the direction of the spiral on a 10
gi ven | ayer is €27 lthei MSBdésciltcunference to the outside
Step 626 thus determineé that the reproduction
direction of the second layer is from inside circumference
to outside circumference.

10 Step 627 similarly determines that the
reproduction direction of the second layer is from outside
circumference to inside circumference.

It is therefore possible by means of the third
embodiment of the invention to provide an information

15 reproducing apparatus capable of recognizing the
reproduction direction of spiral recording paths on an
‘information storage medium comprising plural recording
layers.

After the spiral winding direction is detected,

20 i.e., the ascending direction of the sector address is
detected, the optical head is shifted to the target
position. Here, the target position is a calculated target
position which is slightly different from the operator’s
requested target position. For example, when the

25 operator’s requested target position is at a sector with
address 50000h, the calculated target position to which the

optical head is actually shifted is 4FFFé6h, which is ten
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circunference, the MSB of the addresses on that layer is O due to
conpl enentary rel ati onshi p between the addresses on the | ayers, and assuned
that the optical head is presently focusing on the first layer. Simlarly,
when t he di r esvd 9omsdéo of ‘the spiral on a given layer is freqirbgpemt si de
to the inside circunference, the MSB of the addresses on that |ayer is 1.
The first step 621 of this process evaluates the MSB of the address for the
current sector, and branches 20 to step 622 if the MSB is 0, and to step
623 if the MSB (301 sereprgoxetyparadedaom fhs eperator’ s gamestedotarget
direction of the first layer _s fégﬁ]inside,circEEfer nce to outside_,
ci rcunf er ence. ition. By t&f.pdetgsiiong;pf| oF Spater i Hevdingpyt
t he reproducti oR.di | O i | agery.LS ' ir ergnce
83 fLEeebh MRl ddialiidiabol B¥CERL SsldO0) Uldlels TobarEGCLE

to inside circun%erence.

PCT/ JP96/ 02977 Abt Stfivaindd MBusSerkbreht €8 poRikdohNSront! ede t @pakapge  she
focusing position to the second |ayer. At step 625 the MSB of the address

for the cum ent requéstedntaigets quoarid ilony eani beexatomprikheand It isonbted
branches to step 626 if the M5B is 0, and to step 627 if the MSB is 1. Step
626 thus deternthat tthe mnasimenr aountorrfli retrean dromhethecopdrhtorfsis

frominside circunference L . :
requested target position is about one turn of the track.

Thereafter, when the optical head is shifted to the
calculated target position, the reproduction is carried out
10 just before the operator’s requested target position.

It will be obvious that the invention shall not
be limited to the relationship described above between the
MSB value of each sector address and the direction of the
spiral pattern on each layer, and the same effect can be

15 achieved if an MSB of 1 signifies that the reproduction
direction of the spiral ©pattern is from inside
circumference to outside circumference, and an MSB of O
gignifies that the reproduction direction of the spiral
pattern is from outside circumference to inside

20 circumference.

Fige. 7o and 7B are flow charts used to
describe the address conversion means for assigning
contiguous logical space across plural layers according to
the third embddiment of the present invention. In this

25 example as above, when the direction of the spiral on a
given layer is from the inside circumference to the outside

circumference, the MSB of the addresses on that layer is O
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to outside circunference. 10 Step 627 simlarly

det er m nes t hat the reproduction direction of the second |ayer is from
out.side circunference to inside circunference. It is therefore possible by
means of the wbiondsesobodi ment of the invention to provi de anpctissapgron 15
repr oduci ng appar at us capabl e of recogni zing the reproduction
direction of spiral recording paths on an information storage nedi um

conprising plural recording |layers. After the spiral winding direction is
detected, 20 due &o conplementadivhFedAtdonpBiP oPetveen cbheraddineass jan
detected, the qptical head is.shifted to the target position. re he
target positi oﬁescga’é%ﬁ%’ulﬁ?%dw E’ng{‘epgéFFFgH’ Pgh%?f ﬁﬂ"&ﬁﬁle)?‘ddi#‘f%? ent
fromthe opera , SonEgst : 2OSL1 F eﬁggpl , en
t he 25 oper%'%ﬁgequesggdt&%{é@t&mﬁiH%%H?fseraetncae'sgcl%eor V\ntﬁ%adtc#@ess

50000h, the calfgdr¥iegidst dhdehaPOosayésnig oo Which the optical head is
actually shifted is 4FFF6h, which I1s ten 33 WO 97/ 15050

PCT/-JP96/ 02977 (10) sectorsig.etTeaizdthe ofilblve chpetatfmry scoragredngd fxonget
posi tion. By the detection of the spiral wnding direction, the
cal cul ati on of ads#ressesorexprresed | byatedvariable ad ape edhsut inkoymation
position fromthe operatorc! reqguest ed target position can be

5
acconpl i shed. §%°%3g% 0P ‘?’ﬁa?hf’ﬁ@ faki Tt adodi? B FELIGHCUS, oiRTiRRL

operator’s space, i.e., to a sequential value for use in the host

computer expressed by a variable N. Here, the variable X
10 represents the actual sector address written on the optical
disk and the variable N represents the converted sector
address number used in the host computer in the reproducing
apparatus. Also, in the calculationzs shown below a
constant Xout represents an outer most circumference sector
15 address, a constant Xin —represents an inner most
circumference sector address, and Xout’ represents a
complement of Xocut. The constant Xin is not equal to zero,
but is set to a predetermined number, such as 030000h. The
constants Xout and Xin are previously stored in the lead-in
20 area of the optical disk, and can be detected by the
apparatus upon insertion of the disk.
The first step 701 reads the address of the
current sector where the optical head-is‘presently located,
and converts the address tc a variéble X.
25 The next step 702 evaluates the MSB of variable
X, and branches to step 704 if its MSB is 0, and to step

703 if its MSB is 1.

35



"reguested target position is about one turn of the track. Thereafter, when
the optical head is shifted to the calculated target position, the
reproduction is carried out 10 just before the operator's requested
target positi swookisessi | | be obvious that the invention shall pegispégazbirn t ed
to the relationship described above between the MSB val ue of each sector
address and the direction of the spiral pattern on each |ayer, and the sane
effect can be 15 achieved if an MSB of 1 signifies that the reproduction
direction of the spi®tlstert7ednthesvaluem(2 xnFows o rHurderaddedt o

out si de ci rcunf erence, dfn h/BEB of 0 signifies_that the reproduction
di rection of thE°s]5?¥’aﬁ‘ba:g%t eripecguse  rXont’ sufCRbet lci r¥utiBrank@ut’ o

i nside 20 Ci Lckg{lgrgnqe.i;i &5 géngngs7§ ar g u'%&paj_q H'S%gtﬁ?c*'all

descri be the addr&ss conversion means for assignhing conti glious

space across p|y§§,§1&ﬁ?r§, aneRNd ed1b@1hbeoh i rd enmbodi nent of the present
I nventi on. In this 2 exanpl e as above, when the direction of the

spiral on & given |ayer i satretephaodnshee diififersheeernvariabléeXout sxiie)
circunference, the M5B of the addresses on that layer is 0 34 WO
97/ 15050 is substituted for variable N.  PCT/ JP96/ 02977 due to

conpl enentary rel ati onshi p_between .the adglges,ses on the | ayer

! s
the direction of the spirafb$sva¥iphihd oelstined -GSt flow chart
ci reunt erence, ;ﬂgwnNSBiﬁ)f l-‘tlhge ad](lr e%%%émgé‘ tah atcérﬁ:yiegrtﬂu% 1address value

starting from 0 in the white region bounded by the shaded

10 areas in the first and second layers, so that the host
computer can regard the disk comprising the two layers as
having only one layer with double capacity. In ‘other
words, the host computer recognizes the most outside sector
address on the first layer and that on the second layer as

15 a consecutive number without any gap or interruption
therebetween.

An example of such calculations particularly.
for the most outside sector addresses Xout and Xout’ is
given below. It is assumed that,

20 Xin = 03000Ch
and
Xout = 060000h.
Since Xout’ is a complement of Xout, ZXout’ can be
calculated by the following equation (1).
25 Xout’ = 1000000h - 1 - 060000h = F9FFFFh - (1)
When the operation is carried out through steps

701, 702 and 704 for processing the address data on the
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5 ° Fig. 7Ais the flow chart for converting from addresses
expressed by a variable X on the information storage nediumshow in Fig. 3
to.a contiguous |ogical space, i.e., to a sequential value for use in the
host conput enwespisesssed by a variable N. Here, the variabl e perisbosnz977
represents the actual sector address witten on the optical disk and the
variable N represents the converted sector address nunber used in the host

conputer in the reproducing apparatus. Also, in the «calculations
shown bel ow él@éﬁsﬁade Xbhe febliwting sadeudatdpnnddl &% reantiedous dact or
15 addr ess, constant . Xin represents  an inner, npst

ci rcunf erence §§@Po?°&ddr&§s is;agsupat thepr ERenpEeseRh Mashineidionode
The constant Xi M) ?% got equal to zero, but is set to a predeterm ned
nunber, such as 0 Y6oh. The constants Xout and Xin are previ ously stored

inthe lead-in 20 ppLegogt LhRiRPLIF@dodlisK 0300d0R20 §FosGdCt ed gg)t he
r

apparatus upon insertion of the disk. The first step 701 reads the a ess

of the cursent Thdet dnditated hthaptileal olea! mospr saepbdt yaliaeassdofathe
converts the address to a variable X. 25 The next step 702
eval uat es t he ¥3Bs6f sidei afl th& diskl im meclognizedsasp0F0AO0K it $heShoist O,
and to step 703 if its MSBis 1. 35 WO 97/ 15050

PCT/ JP96/ 02977 CRMPYEEE-703 the value (2 x Xout + 2) is added to variable X

(Because -Xout® = Xout +W111én )éhLegxrslerétioﬁ( O:Pé carried out through steps

701, 702, 703 and 704 for processing the address data on
10 the second side, the following calculation (3} is carried

out in step 704. It is assumed that the present head

pesition is at Xout’. |

N = Xout’ + {2 x Xout + 2) - Xin

F9FFFFh + 060000h + 060000h + 2 - 030000h

15 FFFFFFh + 060000h + 2 - 030000h

105FFFFh + 2 - 030000h

(MSB of the first term overflows)

060001h - 030000h = 030001h (3)
This indicates that the outer most sector address of the

20 second side of the disk is recognized as 030001h in the
host computer. Thus, calculations (2) and (3) indicates
that the outer most sector addresses of the £first and
second sides are recognized as a consecutive numbers in the
computer, i.e., in the contiguous logical space.

25 Fig. 7A is the flow chart for converting £rom

the contiguous logical space expressed by N to a specific
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+ Xout + 1 is the same as X [err] X + Xout + 1 + Xout + 1, resulting in
sinple calculation.) 5 At step 704 the difference (variable X
- Xin) is substituted for variable N. The variable N obtained through the
flow chart showoormsese g. 7A becones a contiguous address val Usctireébdore
fromO in the white region bounded by the shaded 10 areas in the first
and second | ayers, so that the host conputer can regard the disk conprising
the two | ayers as having only, one | ayer with double capacity. I n ot her
words, the host RRFRRK cdddxe’rsrerrcesand dstX ofexi the sénformatihre sstarageae

first layer and thé’xt on .t he sec?,nd | ayer as 15 a consecutive nunber
without any gdfF90I® SHA™R ABEfR8n fherebet ween. An exanpl e of such

Xout" 1S given bel ow 111 A ARG, e e o O 20 ST sttt

Xout = 060000h. £ GariABle X3 a conpl ement of Xout, Xout' can be

cal cul ated by the followi ng equation (1). 25 Xout' = 100000h - 1 -
060000h = FSFFFFh At (&rephanzt heaxjablat | Bn ies evslutbdut ahlr GEgh
steps 701, 702 and 704 for processing the address data on the 36 WO

97/ 15050 greater than Xout, control passe®Cro]RI@POZLLZ. Otherwise

the process terminates.
At step 713 X 1is reassigned to the difference
{(X - (2 x Xout + 2))

10 The values X obtained from the flow chart in
Fig. 7B are assigned as the sector addresses of the
information storage medium shown in Fig. 3.

It is thus ©possible as described above
according to the third embodiment of the invention to

15 provide an information reproducing apparatus whereby a
contiguous logical space spanning plural recording layers
can be created on an.information storage medium in which
the reproduction direction of the spiral pattern differs on
alternating layers.

20 It will be obvious that the invention shall not
be limited to the relationship described above between the
MSB value of each sector address and the direction of the
spiral pattern on each layer, and the same effect can be
achieved if an MSB of 1 signifies that the reproduction

25 direction cof the spiral ©pattern is from inside
circumference to outside circumference, and an MSB of 0

signifies that the reproduction direction of the spiral
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first side, the following calculation (2) is carried out in step 704. It is
assuned that the present head position is at Xout. N = Xout - Xin = 060000h
- Q30000h = 030000h (2) 5 This indicated that the outer nopst
sector addresgo9inseke first side of the disk is recogni zed ascRA968HR i n

t he host conmputer. When the operation i's carried out through steps 701,

702, 703 and 704 for processing the address data on 10 the second si de,

the follow ng calculation (3) is carried out in step 704. It is assuned
that the presepathext poséti ofEdm atoutside Ncirguuference x Hout inside
Xin = FO9FFFFh + 060000h + 060000h + 2 - 030000h 15 = FFFFFFh +

060000h + 2 - GisSUmfereneSrFrrrh + 2 - 030000h (MSB of the first term
overflows) = 060001h - O 00h_=_ 0300Q1h ) This

i ndi cates that the outer %8‘% E%]é?glro%sg#r%s?egfvefﬂe aﬁdres%ecaon FEEEVEt
the disk is re?%&ﬂsﬂ 88 2369 Mediun N RSLreBARVAER:. Thus,

cal cul ations 2) and (3) i1ndicates that the outer nost sector addresses of
the.first sand second si degegaaseccaidi zegrosve Caiidenut id/e Panbeyonstanthe

conputer, i.e., in the contiguous |ogical space. 25 Fig. 7A
i s the fl ow ch&hroughoubnthet infofnatiarhstoxagegunediuhpgike | reletdeonship
expressed by N to a specific 37
between the radius r and the groove number T counted from
the inside circumference is defined by equation (4) below
in the first layer.
10 T=(r - Rin) / 4 (4)
Because the recording density is also constant
throughout the information storage medium, the areas
yielded by the right and left sides of equation (5) are
equal in the first layer, wherein r is radius, and (X-Xin)
15 is an address difference between the address Xin at the
inside circumference and the present address X.
(X-Xin) x 8 x d = # x {r x r -~ Rin x Rin) (5)
Here s is the sector length, d is the groove width, and =
is pi (the ratio of the circumference of a circle to its
20 diameter). If the radius r is eliminated from equations (4)
and (5), the relationship between address X and the groove

number T counted from the inside circumference is defined

in the first layer by equation (6) below.
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W0 97/ 15050 | PCT/ JP96/ 02977 sect or
address expressed by X for the informati on storage nmedium shown in Fig. 2.
At step 711 the value (N + Xin) is substituted for variable X. 5

At"step 712 vagpehisesoX i s evaluated, and if greater than Xoucrpegiod
passes to step 712. O herwi se the process termnates. At step 713 X i
reassigned to the difference (X - (2 x Xout + 2)) . 10 The
val ues X obtained fromthe flow chart in Fig. 7B are assigned as the sector

addresses of the information st Fig. 3. It is thus
possible as described above (&ﬁﬁi&&kﬁ&&gtMQlﬁhm{g.Eﬁbﬂdlnent Ofmhgf
i nvention to 15 provide af. N nforifhiion reproducing apparatus eby

a contiguous |ogical space spanning plural r@cording | ayers can be created
on an information storage nediumin which the reproduction direction of the

spiral pattern differs on pfteEnabt8d tRAYE' 8quidfion (5) can be ELthfie@e
obvi ous that the invention shall not be [imted to the relationship

descri bed abovefbet wien fiestVSEndalsscarid edayereconlyadeieassthed dalte of
direction of the spiral pattern on each |ayer, and the same effect can be
achieved if an &Bnge af sthmisdaton hddrens %Qp‘FhRiLﬁ:JtITﬂtn layer apdrtbatoin

of t he spiral patter Is from inside circunference to, outside
circunference, BR® &ECQBE Y& |iﬁﬁf¥%satﬁXPmFEE1?%br55 EIORERAR RPPYR of

the Spiral538 the disk, such as shown in Fig. 3. The same rate of change
of the sector address in the first layer and that in the
second layer can be accomplished by selecting the sector
addresses of the first and second léyers in complemental
relationship with each other.

10 Fig. 8 is a flow chart used to describe the
movement distance calculation means for obtaining the
movement distance to a target address according to the
third embodiment of the present invention. In this exanple .
as above, when the direction of the spiral on a given layer

15 is from the inside circumference to the outside
circumference, the MSB of the addresses on that layer is 0,
and when the direction of the spiral is from the outside to
the inside circumference, the MSB of the addresses on that
layer is 1. It is further assumed that the target sector

20 address to which the optical head is to be shifted is
calculated in CPU 13 as a variable value Z.

The first step 801 of this process evaluates
the MSB of the variable Z, and branches to step 802 if the

MSB is 0, and to step 803 if the MSB is 1.
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WD"97/ 15050 PCT/ JP96/ 02977 pattern

S from outside ci rcunference to I nside circunference. The
relationship between address and groove position in a CLV nediumis
descri bed nexye 9msoso ., Because the groove w dth p&yr/pesm2ery

constant throughout the infoffrati on storage nmedium the relationship
between the radius r and the groove nunber T counted fromthe inside

ci rcum‘erence is defined by equation (4) belowin the first layer. 10

(r - Rn) / d At step 802 Z is substitute@foBe¥ause the

recordl ng density is al so_constant throughout the infornmatjon storage

nmedi um the ar eas yi el ded Ay 856@ rqoé"htt%d:qﬂlﬁlte“??‘&e§fofz eyt itited o
equal in the fi )éoayer wherein r is radius, and (X-Xin) 15 is an
address differ et ween the address Xin at the inside circunference and

e
t he present address X (X r
. engt h c?)bl 4 &fddueX * o {]:m dﬂ[dﬁnr %tﬂ.}ation

(5) Here s is the sector egroove vmdt 'S pl

(the ratiosof tie9 dg caaﬁﬁgxeéu:&agf tHeCtéﬁbétthbbﬁeZQumbeﬂl R e(Rimber! foft he
radius r is elimnated fromequations (4) and (5), the relationship between

address X and greogesocountetiefrdm cithentmesstf rimwitikecinsumBexenasinf erence i s
defined in the first layer by equation (6) below 39
At ‘step 805 the address of the current sector
is read and defined as variable X.
At step 806 the MSB values of X and Z are
10 compared. If X and Z are equal, the process steps to step
811; otherwise, the process branches to step 807.
If the MSB of the variable X is 0 at step 807,
the process branches to step 808 if the MSB is 0, and to
step 809 if the MSB is 1.
15 At step 808 the servo circuit 9 is instructed
to move. the focusing point to the second layer.
At step 809 the servo circuit 9 is instructed
to move the focuging point to the first layer.
At step 810 the address of the current sector
20 is read and assigned to variable X.
If the MSB of X is 0 at step 811, the process
branches to step 813 if the MSB is 0, and to step 812 if
the MSB is 1.
The complement of X is' then substituted for X
25 at step 812.

At step 813 the value T obtained from eguation

(6) is assigned as the current groove number V.
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WO-97/ 15050 _ PCT/ JP96/ 02977 [err]
It is noted that equation (5) can be satisfied for the first and second

| ayers only when the rate of change of the sector address in the first

| ayer and t hatwoorishss second | ayer are in a symetrical rel aticqgypbdgrepbout
5  the disk, such as showmn in Fig. 3. The sane rate of change of the
sector address in the first layer and that in the second | ayer can be
acconpl i shed by selecting the sector addresses of the first and second

| ayers in conpl emental relBEi8%amiHaa difiemenener. 10 Fi g.

8 is a flow chart used_to describe the nov nt di stance cal cul ati on nmeans
for obtaining the m)vgﬁ’@ﬁ?egi rAREe Rynkex ggge't &“d{ﬁr SECEV B ﬁﬁmPﬁrtEg

third enbodi rent of the present invention. In this exanple as above, when
the direction of the spiral on a given |ayer 15 S from the inside

circunference 48 ghib8tifWtédOfofi EKeNESRAE griddeVaBmBRyt B (REd B8ABSY ON
that layer is 0, and when the direction of the spiral is fromthe outside

to the inside cbfcgmbevescehe tneggridii cohetliemadermeews)s. on that | ayer is 1.
It is further assumed that the target sector 20 = address to which the
optical hedd is to be shiffed L8 chhexefaxel ineaspblel 4o acadruldte vehee

Z. The first step 801 of this prqce eval uates th B of the variable Z,
and branches togg?ﬁﬁeSBEm??rt ¢§§§§1§86,aaﬁd5?6°%¥é§3§6? USinge 2)\BR™IQD |
40 operation by determining. from the MSB of the address
whether the destination is on the first or second layer,
and obtaining the address complement if the destination
10 sector is on the second layer. Methods containing a squaré
root computation, such as in equation (6), may include
methods using tables, approximate expressions, and Newton'’s
method of approximation. Regardless of which method is
used, however, the size of the program run by the CPU 13
15 can be reduced and executed at high speed by wusing
complementary addresses so that addresses on plural layers
can be obtained using a common operation.

| It is therefore possible by means.of the third
embodiment of the present invention described above to
20 provide an information reproducing apparatus capable of
moving to any particular address on an information storage
medium in which the reproduction direction of the spiral

recording pattern differs on alternating layers.
It will be obvious that the invention shall not

25 be limited to the relationship described above between the

MSB value of each sector address and the direction of the
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WO 97/ 15050 PCT/ JP96/ 02977 At step
802 Z is substituted for X. At step 803 the conplenent of Z is substituted
for X. At step 804 the value T obtained fromequation 5 (6) is assigned
as the targetwglopespse Nunber W (nunber of grooves counted fropgih@eiisy

i nside circunference). At step 805 the address of the current sector is
read and defined as variable X. At step 806 the MSB values of X and Z are
10 conpared. If X and Z are equal, the process steps to step 811;

ot herwi se, the spiowds pattamrhem teach ebapey. #hdt hheVeBBmef effectacanbke X
is O at step 807, the process branches to step 808 if the MSBis 0, and to
step 809 if thachieved 1if 1an MSB of 1 sigpifieg,tdgs tthe SEPREPWGEAR o

is instructed tg nove the focusing point to the second.,l ayer. At step 809
the servo circHression ns??uct tomé‘&t heP?FOeH St ng *Foi n%r?% th’g'éj’ﬁ?est

| ayer. At step e o] : 20 ' d
assigned to varcla“é%“gﬂ%x% F’g Eth%;b hé%‘t'%fdiu%ggﬁ%fgg%ﬁe'mﬁ?dt Iﬁ% E)rr?%écjegg 0
branches tg st aghitids |{16ad/SBhkS pra@hctaont WLttt ich (6p bhE isplzallhe

conpl ement of X i's then substituted for X 25 at step 812. At step 813
the value T obtpaituedrf r omsequéronn (G)tskdsssicgredsmfiereheecurtent ipeiclee

nunber V. 41
circumference.

As described above, an information storage

medium capable of contiguous reproduction spanning plural
10 recording layers can be provided.

On each recording layer of an information
storage medium comprising .plural recording layers, the
address of each sector on the nth layer Ln (where n = 2) is
assigned by a logic operation containing a complementary

15 operation on the address of the sector at the same radial
position on the first layer. As a result, reproducing data

from contiguous sector units spanning plural recording

layers reproduces data in ascending sector number sequence.

It is also possible to provide an information

- 20 reproducing apparatus capable of recognizing the
reprbduction direction of the spiral recording patterns on

an information storage medium comprising plural recording
layers. When the reproduction directions of the spiral
recording patterns on different recording layers of the

25 information storage medium differ, it is also possible for

said information reproducing apparatus to create contiguous
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WO 97/ 15050 PCT/ JP96/ 02977 At step
814 a difference (target groove nunber W - (current groove nunber V) is
substituted for the to-nove groove nunber U (the nunber of grooves the
magnet i ¢ head woisiisosove) . 5 It is therefore ya%Psée9r7 tO
cal culate the groove nunber of the first and second | ayers using a comon
operation by determning fromthe MSB of the address whether the
destination is on the_first or second |ayer, and obtaining the address
conpl ement if tRAeIdE2L| RRAFBNSRANNING RIVFAL Frenendiads daysas, apnd. ackesaods
containing a square.ropot conputation, such_as in equation (6), .nmay include
net hods usi ng taﬁyeg,esﬁﬁf)‘go 55 &k S?.ng,rm%ﬁboc}hl&&qﬁ?g% H‘&fll’r&é'of

appr oxi mati on. Regar dl esg.0 i met;hod: J V, the siz f
the programrun by the CPlﬁiBEl 891'5‘“(t::émtlr?&bg'd f%guc%&ehg}'r% Ig3"2‘?(‘@:"cu e%é 2?8
high speed Dbycolti R@dCWIRME YA PerFémnees ano idfdrmaedbas $@prefublisgal
| ayers can be obtai ned using a conmon operation. It is therefore possible
by neans ofs t heapparatesbodiomeiguofisipe pepseduicingentdata defxsm beglapale
to 20 provide an information reproduci ng apparatus capable of noving to
any particul ar ¥668PE3EngnlaYLTH{ or mati on storage medi umin which the

reproduction direction of the spiral, recording pattern djffers, on |
alternating layers. It wi I'Fgﬁel BeRbin { Retng nehvs ﬁ??ﬁ’r{"es‘fral’rt nétlbsbe

be 1imited to tRg.ichal kRASNIhaISnId ot aBOVGbELYeS WGy SRy YesBln

each sector address
variations are not to be regarded as a departure from the

10 spirit and scope of the invention, and all such
modifications as would be obvious to one skilled in the art
are intended to be included within the scope of the

following claims.
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WD 97/ 15050 PCT/ JP96/ 02977 spiral
pattern on each | ayer, and the sane effect can be achieved if an MsSB of 1

signifies that the reproduction dir CHHQQ%EEﬁHAﬁl EN% spi ral pattern

—

S from iwowrissess r cunference to OUtS'ﬂEP@d@ erence, apc/avedis of O
5 signifies that the reproduction *th+eeti o the ¢piral pattern S

from out si de ci rcunf erence to i nside circunference. As described

abo st orage nedi um capabl e of conti guous reproduction
spaﬂﬂl“!““‘ll'ﬂﬂ'lllmnr recording | ayers c&RAP¥Sprovi ded. On each recording

| ayer* of* ah i hfot ndti on storage medi um conprising plural recording |ayers,
the address of each sector on the nth layer Ln (where n [err] 2) is
assigned by a l.,ogic operaty o I Rl ntary 15 operation on
the address of the sector %ﬂlﬁﬁgggégnékggdﬁa po§i ‘on on the first |ayer.
As a result, reproducing datailea@l CONFEEUME S¥E@RNAUNFEECSARNG T Nhy Ay al
recordi ng | ayers reproduces data in ascendi ng sector nunber sequence. It is
al so possi bl e tplgwedlicthe avernthenathen 0 such epmatinernghat ajyfwematsion
capabl e of recogni zi ng the reproduction direction of the spiral

recor di ng pat t ereepxsiedyin aghnd@yer. dsocr§dcablly uneadapie siyqp ping gide
recordi ng | ayers, en_the reproduction directions of the spiral

recordi ng paIteﬂ#u?quais#Ferent recordi ng |layers of the 25 i nformati on
storage mediumdiffer, it Jjs gl.so passiplefor s3id i piormtign reproduci ng

apparatus to create conti guous
recording layers with a plurality of sectors provided along

said tracks, said tracks on said first and second layers
10 being in a spiral pattern and arranged such that the spiral
patterns on the first and second layers have opposite
winding directions when viewed from the same side of the

disk.

2. An optical disk according to claim 1, further

i5 comprises:
sector addresses provided to said sectors,
respectively, said sector addresses on said first recording
layer increasing from one circumference side to an other
circumference side, said one circumference side being
20 either one of the most inside circumference and the most
outside circumference, and said other circumference side
being other one of the most inside circumference and the
most outside circumference, and said sector addresses on
the second recording 1layer increasing from said other

25 circumference side to said one circumference side;
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| ogi cal space spanning plural recor 1a ccess any desired
address on the information storage éﬁgﬁ351g§ , is possible to

provi de at | oweaerasosand wi t h. hi gh p rfordﬁﬂ&é BB info natlonptgpmaﬂughng 5

apparatus contiguously reproducing—data from plural recording |ayers.
ng thus described, it will be obvious that the same may be

mm]mfm"'m“ ﬂl}y Such varl ations are not to be regarded as a
departure ¥rom the 10 piAcSeChRF dbiReS 67 Pife aWﬁFeﬁPﬂoﬁhe saﬁﬁ°rall

such nodi ficati I e s 4.9 Q killed.,n the.a

i ntended to be gﬁafggeggﬁﬁg g n° ﬁ e tﬁrhﬁ$ 1%ﬁﬁ(ﬁblﬁ§a&Fgl sggtors

CLAIMS 1. (Amendgdlne 4% S S LeARPT d S 4 S d

second recording Iaeyers (gfgacg@f)ne over the oxr% d?ll méug:ﬁ; ae;n%lémte’%hgg t

information recpefifg in Esnplémdiiardys rePhtEahslip eadabl e from one side of

the disk; tracks forned on said first and second recording |ayers with a
plurality of sectors provided al ong said

5 3. An optical disk according to claim 1, wherein

said sectors have substantially the same 1length, whereby

the disk can be played under a constant linear velocity

rotational drive control.

4. An optical disk according to claim 1, wherein
10 said first and second layers have track engraved surfaces

which are facing each other.

5. - An optical disk comprising:
at least £first and second recording layers
placed one over the other in such a manner that information
is recorded in each layer is optically readable from one side
| of the disk; . |
tracks formed on said first and second
recoxrding layers with a plurality of sectors provided along
said tracks;

20 sector addresses provided to said‘ sectors,
respectively, said sector addresses on said first recording
layer increasing from one circumference side to an other
circumference side, said one circumference side being

either one of the most inside circumference and the most
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tracks, said tracks on said first—and—seecondtayers being in a spiral
pattern and arranged such that the Y. terns on the first and second
| ayers have opposite w nding di rectﬁnﬂ’ﬂw;mr{j M fromthe same side of

t he di sk, saiwoy®s48é S have subst ant alel Y 2 engt h, wpergmgotdre di sk
can be played under a constant linear velocity rotational drive control

sector addresses provided to said sectors, respectively, said sector
addresses on said first recording layer increasing fromone circunference
side to an ot heutidaneirewpiexsnne, sand §mddci et rrunisrencee| side
ei ther one of the nost Jinside circunference and jhe nost outside

circunference, bEIPS PP h%?ecPFcGr‘FFer“Qﬁ,te.’s’f .eoe‘?‘rfj"‘{ﬂfﬁé}enﬁﬁe ahd ft'*T'\"ée
most inside cirgUll epenge “Qﬁ@gﬁ%ﬁg&%ﬁ%&& : gh&ﬁuge%rtggfre%inq}%%asﬁe 'd,

sector addresses on secon%g réco I NCTeasi ng Bt her

45 14 Decermigfe 198 0natbrecdrding Al sl CRhcHb &3 P MErlonl NBaidi rSinand
second recording | ayers placed one over 'the other ina manner such that

i nf ormati 08 r ecarrinshfiereneeh siiesabdsiid Shnard rxemdegdenesosideg | ayers i s
optically readable fromone side of said optical disk; tracks forned on
said first and second recaadidhgeckpar addireasaopl onel 1ayenfandcihe sserton ded
al ong said tracks; and sector addresses provided for said plurality of

sectors, respe(ﬁ‘?%sﬁ ShhéhE PERETd 18¥eFor "&38?‘e§§%sa?)}|°%%"r%ﬁf‘f‘? sgectoxs
recording layer; | ngp a3 tk8Maprokihatll U UL 8056n3LES 8 each other,

being in complementary relationship.

10 6. An optical disk according to claim 5, wherein
said tracks on said first and second layers are spiral
tracks with a spiral pattern of the first and second layers
having opposite winding directions when viewed £from the

same side of the disk.

15 7. An optical disk according to claim 5, wherein
the length of said sectors have. substantially the same
length whereby the disk can be "pla'yed under a constant

linear velocity rotational drive control.

8. An optical disk according to claim 5, wherein
20 said first and second layers have track engraved surfaces

which are facing each other.

9. An optical disk reproduction method for

reproducing an optical disk having:.
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a second circunference side, the first circunference side being oone of a
nost inner circunference and a nost outer circunference, the second
circunference side being the other one of the most iTnner circunference and

thé nost out er wownsesber ence, and s €S 0N SapfrShdsRody
recordi ng |ayer increasing fromtheaH ﬁmmllﬂ Iﬁmnce side to the first
circunference side; wherein said sector addredses ot sectors in said tracks
on one recording layer of said.first and second recording | ayers and said
sector addresses of apmtoxleasel ficstr eapbndecond eetoosding sdagersagiaced
the other recording layer of said first and second recording |ayers are in
a conpl enentary ragieat P¥RThi Bhef dshear yinurmiahs. a6 mannexh sharcalnfihmation
clainmed in claimb5, erei_.n sai gaﬁr acks .on said Q‘rst @%second recor di ng
layers are spiral*959%ded ducRaq aé(eé'pELFaPpBéF? % pradaple finan opgy side
second recordi ngd;@x:q{s I}_gge opposite wi nding directions when viewed froma
sane side of sai optlcgl sk. 7. An optical disk as clained in claim

5, wherein sgid plural iddacls Seethés RAYesaidstrarktaldng aseasRdl emﬁd}dm
wher eby said optical disk can be rotated under a constant - 47 - |near

velocity rotatioridyeds veichntar opluBality Anfopdatalrsdi srowaideri aab®ngi Baid
claimb5, wherein said first and second recording | ayers have track engraved
surfaces which fdxaakach ot her. 9. An optical disk reproduction nmethod
for reproducing an optical disk e optical, disk co rls:ﬁ% first and

second recording Iayerss'ﬁﬂto?é'eoa‘%ﬁi%eh PrRVisisserte ns to¥feh HETREC-
e ool SR, SR80 Bhetle {asslaglll eqund FPERELOGLANE Soha
first and segond #rRGUEHing | FRS Wrdd ibdurteirbMcof $€850T $oPr QW U@ther
along the tracks; and sector addresses provided for the plurality of
sectors, respectiaigtgumfelreneen shdesecdaid one circumference side being
either one of the most inside circumference and the wmost
outside circumference, and said other circﬁmference side
being other one of the most inside circumference and the
15 most outside circumference, and said sector addresses on
the second recording 1layer increasing from said other
'circumference'sideuto said one circﬁmference-side;
said sector address on one layer and the sector
address on the other layer, which are allocated to sectors
20 in the tracks approximately corresponding to each other,

being in complementary relationship, said method comprising

the steps of:

detecting ascending direction of the sector

address on the optical disk,
25 moving an optical head unit to a target

position on the layer, and
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addresses on the first recording |la i se froma first circunference
side to a second circunference side, ﬂ@ first circunference side being one

of a nost inner circunference and a Mﬂm grence, the second
circunference side being the other o . ﬂm}uer circunference and
t he nost oute erence, and the sect of a dréesses; on th

recording | ayg‘r’&ﬁ]%asi ng fromthe second circunference si dﬁgﬁfﬁ@g”ﬁ rst
circunference side; wherein the sector addresses of sectors in the tracks
on one recording |ayer of rhprbdueingimhseusid irecordiivegtiisye detaated by
sector addresses of approximtely correspondi ng sectors in the tracks on
the other recor &g B8GeFtdngtPELRirst and second recording |layers are |n a
conpl ementary rel ationship of binary numbers; said optical disk

reproducti on method conpri si ng detecting an ascending direction of the

sector addressegqon the opgical ,%lciltil rthSk 48 econéé-"l% aTg oRsd cgkcggagn#mt

to a target posi t| on on one of and 2 Fecord Ing | ayers

reproduci ng thetepliladm 9 Skhéreird &A% aRdendify r&ﬁééﬁldﬂﬁh@%@dméostepm
optical disk reproduction nethod as claimed in claim9, wherein sard

det ecti ng t%he asoepdisgsdthecsdteps adnpri ses: reading a sector address at a
first position on the one of the first and second recording |ayers to which
the optical head unit is f5eadéuy #oeekpn (RAAYSEECAF Reddrahi POFHTECR oR al

di t | t he_f t d di nq | whj ch
the opti cal hoati " TSR RAIh0 T or €7 pYEURL oF i naPtiobariead  #B3FnGIE

sector address gbcfg V\Econd position on the one of the first and second
recording layers to fch the optical head unit is focused; conparing the

sector addresses obtai ned hoedhd hesdid sopaidasecesh pesiltl ORG;, &nNdradial
detecting the ascending direction of the sector addresses according to the
conpari sork0 direction along said recording layer for a predetermined
distance; |
reading a sector address at a second position
on the recording layer to which the optical head unit is
focused;
15 comparing the sector addresses obtained from
said first and second positions; and

detecting the ascending direction of the sector

address according to the compared result.

11. "An optical disk reproduction method according
20 to claim 9, wherein said ascending direction detecting step
comprises the steps of: |
reading the recording layer number to which the
optical head unit is focused; and
detecting the ascending direction of the sector

25 address according to read recording layer number.
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11- An optical disk reproduction nmethod as clained in claim9, wherein
said detecting the ascending direction conprises: reading a nost
significant bit of a sector nunber to which the optical head unit is

ocording 1o tne moerst ot cant SANMHMIIUNIIN S, nec: o cxawsgese

optical disk reproduction nethod for*rédprdduling ah optical disk, the
optical disk conprising: first and second recording layers placed one over
the other in a A@nner suchABhatoptical4g.- digkor mpresucsdendedretrhashchfor
the first and second recording layers js.optically readable from one side
of the opti cal JF?EPdPFéBﬂsa?OPFﬁi%§%144%5 %FV%Pgénd second recordi ng | ayers

with a plurality of sect O¥k n r ; dresses
provi ded for the plur§%i39§% s§%¥%€s%kge%%%cq¥ie?g$gﬂ%§ggi;gf%gés g%g?a
addresses on thenkl r §ter el BEhbayein | BukBase 2Med fthst GidsoHpheLieACe
side to a second circunference side, the first circunference side being one
of a nost i%ner recordeticinneachnlagenvis optirally cteddaidec €roimhensceadd
circunference side being the other one of the nost inner circunference and
t he nost outer ©ifr &bafdigkee, and the sector addresses on the second
recording |layer increasing fromthe second circunference side to the first

circunference side; WiEPEFR (gt B8R RREDBsELESHr Al 8eeoRd, MREordings
on one recordin r of .the fiy Sego rdi | ayer nd the
sect or addressega%g)fgpp"?%%(}l{ n%t eélyl%a&rq{l sp(g?\di%%ﬁggggt g’rzlsl’q'iln t egjt%a%kgaéﬁ
the other recordiggxkayer of the first and second recording layers are in a
conpl ementary relationship of binary nunbers; said optical disk
reproductixm net hod ceeptosi ngidrdsisest ipxpvddedddicessadd sectorent raepker to

whi ch an optical head unit is focused;
tively, said sector addresses on said first recording layer

increasing from one circumference side to an other
circumference side, said one circumference side being
either one of the most inside circumference and the most

15 outside circumference, and said other circumference side
being other one of the most inside.circumference and the
most outside circumference, and said sector addresses on
the second recording layer incfeasing from said other
circumference side to said one circumference side;

20 sald sector address on one layer and the sector
address on the other layer, which are allocated to sectors
in the tracks approximately corresponding ﬁo each other,
being in complementary relationship, said method comprising
the steps of:

25 detecting an address of a current sector to

which the optical head unit is focused;

e
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det’ecting a nunber of one of the first and second recording |ayers to which
the optical head unit is focused; and converting the detected address, when
t he, detected nunber is the second, to contiguous Togical space which is in

comon W th avoefikesss of the fi mmumm)m l er. 13. ArcRtokaahr di sk
reproduction nmethod as claimed i | ﬂ"HlIMNEﬁ conpri si ng: 14
Decenber 1998 - 50 - calculating & tardget "eétor address to which the
optical head is to be shifted; cal culating an anount of distance for
shifting the optical headdeteesting ther oumberciodr tdddresordinghd aysrgdio
sector address; _and shifting the optical head according_to the amount of

di stance cal cuMRi&h the optigal head unfitsds E9cydgei i 8Rdappar at us for

reproduci ng an optical dis the.optical digk, rising. first and ,second
recording | ayers placed oﬁ%mgﬁgglﬁﬁe %Sﬁer4%Ee§%%gﬁn€?h§ggﬁ’th§%en che

i nformation recidedeld Maei0fof Nend | fabodths AR I 860k HENGRUE,S dcs
optically readable fromone side of the optical disk; tracks forned on the
first and secordntigubilisNg1b8i€aF Wpdted whilthl iiy afn seem@moA PiDYH dathe

al ong the tracks; and sector addresses provided for the plurality of
sectors, respeatddrelsg, ofhthei firde semimtimgddayeses on the first recording
| ayer increase froma first circunference side to a second circunference
side, the first circunference side being one of a nobst inner circunference
and a nost outﬁ% ci rcunference second circ ence bei ng i.he

th i id
other one of tH& most inn&® c??%’tﬁﬁ%er hek §ﬁ3r?ﬁgcﬁ%3? S'E?t'chiafc Héhce, -
and the sector ddnggge zgnfﬁg C&EMLffE%HdeﬂQ gegﬁrofpcreasing fromthe

he
second circunference S|3e to_tﬁe first cl rcunference S|qe; wherei n t he
sector addresses of sectoicgqlichlhbengr ackeabiet® N@ecto HdWrdsay eto OfwHilk®

10 the optical head is to be shifted;
calculating an amount of distance for shifting
" the optical head from the current sector address to the
target sector address; and
shifting the optical head according to the

15 calculated amount of distance.

14. An optical disk reproduction apparatus for
reproducing an optical disk having:
at least first and second recording layers placed
one over the other in such a manner that information
20 recorded in each layer is optically readable from one side
of the disk;
tracks formed on said first and second recording
layers with a plurality of sectors provided along said

tracks;

e

e
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first and second recording |layers and the sector addresses of approximately
correspondi ng sectors in the tra ording | ayer of the

first and second recording | ayers | enentary relationship of
bi nary nunber swossmsbsopti cal di skﬁ@lﬁﬁﬂwﬁ Wr at uUs ConNpPecPIrgneT -
51 - nmeans for detecting an ascendi T1Lec the sector addresses on

t he optical disk; .means for noving an optical head unit to a beginning
position on one of the first and second recording |ayers; and nmeans for
reproduci ng the opti c&ecEP¥k dddnansess JMYideddi v cBrdR Gectered BFespacd

means for detecti,ng.the asgendi direction. 15. . _ Apn.optical dj.sk
reproduct i on apfarards §§1§|§?ﬁ€ i?éé%%ﬁ%ﬁslf, ﬁﬁé?e?ﬁrg%j%F?ﬂ§§i¥gf&Fyer
detecting an asgepg COQNMPIELSES: ans.,f 2adi a t or.addres a
first position gh tﬁ%géﬁg of&?ﬁe |rst%§h ggggggggecg?ggngE?ayg%s ?g%%ﬁiph
the optical heagidumfeseh8eUssde MEadBid Olon@DVchgchiifefitidL alsiRAd iy 1 N
a radial direction along the one of the first and second recording | ayers
to which th® opteithlerheaed umi tthe hostisédside ziprenféremcercandi shanmest

means for reading a sector address at a second position on the one of the
first and secon®Wtédgedi Hg qumferencs . wiinch said opthenl clasumference side

f d; for, ' th d bt.al f the first
and second posi ARG SRR Thr CHBt BEPFNgPenae o aRUPAGE BT eCRPon BF
the sector addrgssgs &&Cé?qu n@if%&rﬁf&ﬁ%@ar&ﬁn atd: sectPr OBhlEELLLL Skn
reproduction apparatus as clarned In claith 14, Srein sard neans for

detecting an asggpdi Bec8hi MY HIHYPT 1898r NBRitedsing’ CAFLRT dhiECoOtRkRI
| ayer numnber of the one of the first and second
10 circumference side to said one circumference side;

said sector address on one layer and the sector
address on the other layer, which are allocated to sectors
in the tracks approximately corresponding to each other,
being in complementary ©relationship, said apparatus
15 comprising:
means for detecting ascending direction of the
sector address on: the optical disk,
means for moving an optical head unit to a
beginning position on the layer, and
20 reproducing the disk in a direction detected by

said detecting means.

15. An optical disk reproduction apparatus
according to claim 14, wherein said ascending direction

detecting means comprises:
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recording layers to which the optical head unit is focused; and - 52 -

nmeans for detecting the ascending—di+eet+on—of—the sector addresses

according to the recording Ia An optical disk
repr oduct i onwpeakgeus for re @um’ iimﬂm ljl di sk, the HR W,ﬂl sk
conprising: first and second r llaced one over the ot I n

a manner such that information £ecorded in each of the first and second
recording layers is optically readable fromone side of the optical disk
tracks formed on the firsneamsl feromgaddngr di mpdteoyeraidyess atpl ar firsy of
sectors provided along the tracks; and sector addresses provided for the
plurality of sE@FbFsonr€§p§BP|F@F?rdﬁﬁﬁréPﬁe¥hE°sHB%Sh 586r9§§é§a$nhﬁﬁ@
first recordlng gye %gcrea e froma first circunference side to a second
ci rcunference Sfde,* TY$Y circunference side bei ng one of a nost inner
circunference and a nost Quier %bECHER&h m%%l&r@béﬁﬁgpdhﬁéécggggrqﬂgeaside
being the other one of the nost inner cunt erence and the nost outer

ci rcunf er gnce, radflal h@iseet ivn GRS %ﬁidoﬂeébfdswolﬁird’xe(f@zd angredyeer-

i ncreasing fromthe second circunference side to the first circunference

si de; wherei n nivededistamaklr esses of sectors in the tracks on one
recording |layer of the first and second recording | ayers and the sector
addr esses of apprOX|nateIWe%%ﬁr%@ﬁoﬁﬁﬁ@%?%e%té?%t?h afdress cas 3nserendt her
recording |layer of_the econd recor ers.are_jn '
Conpl enent ary PRPAETORSHRthE EFRETgLRanGarer ta ghik Eaf gphRed heaa
repr oducti on agggéa% 5@ﬁggds|ng nmeans for detecting an address of a
current sector |c% an optical head unit is focused;

10 means for comparing the sector addresses

obtained from said first and second positions; and
means for detecting the ascending direction of

the sector address according to the compared result.

16. An optical disk reproduction apparatus
15 according to .claim 14, wherein said ascending direction
detecting means comprises:
means for reading the recording layer number to
which the optical head unit is focused; and

means for detecting the ascending direction of

20 the sector address according to read recording layer
number. |
17. An optical disk reproduction apparatus for

reproducing an optical disk having:

at least first and second recording layers placed

25 one over the other in such a manner that information
53
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- 53 - means for detecting a nunber of one of the first and second
recording layers to which the optical head unit 1Ts focused; and neans for
converting the detected address, unber is the second, to
conti guous | ogwoabnsoeéce whi ch ismﬂmwm:lmmllﬁmfaddr ess Opcl/Dshionst
recordi ng |ayer. 18. An optical diskreprotlucti on apparatus as clained in
claim 17, further conprising: nmeans for calculating a target sector
address to which the optical head unit is to be shifted; means for
cal cul ati ng an xesordedf ini eaghcdaver i&i Pptigplilhe xpadabdie Haon onet sfidem
t he current sect%raﬁddress to the target sector address; and neans for

c

shifting the opPf eh848%unit according to the anount of distance
cal cul at ed.

tracks formed on said first and second recording
layers with a plurality of sectors provided along said
s tracks;
sector addresses provided to said sectors, respec-
tively, said sector addresses on said first recording layer
increésing from one circumference side to an other
circumference side, said one circumference side being
10 either one of the most inside circumference and the most
outside circumference, and said other circumference side
being other one of the most inside circumference and the
most outside circumference, and said sector addresses on
the second recording layer increasing from said other
15 circumference side to said one circumference side;
said sector address on one layer and the sector
address on the other layer, which are allocated to sectors
in the tracks approximately corresponding to each other,
being in complementary relationship, said apparatus
20 comprising:
means for detecting an address of a current
sector to which the optical head unit is focused;
means for detecting the number of the recording
layer to which the optical head unit is focused; and
25 means for converting the detected address, when

the detected number of the recording layer is the second,

This Sheet Has Been RTlaced 54

AR




10

—————

—

vormwe — [WNMARNII e

to contiguous logical space which is in common with the

address of the first recording layer.

18. An optical disk reproduction apparatus
according to claim 17, further comprising:

means for calculating a target sector address
to which the optical head is to be shifted;

means for calculating an amount of distance for
shifting the optical head from the current sector address
to the target sector address; and

means for shifting the opti;al head according

to the calculated amount of distance.
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