DESCRI PTI ON Optical D sk, Optical Disk Device, and

Met hod of Reproducing Information on Opti.cal Disk: .p

TECHNI CAL FI ELD The present inventi on relates to an opti cal
di sk, awooptsdsmnl di sk device, and an optical disk reprBEUERYEIO
met hod, for recording/reproducing digital signals.
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BACKGROUND ART In recent years, optical disk devices have
15 attracted attention as neans for recording/reproducing a | ar ge
capacity of data, and are under active technical devel opments for

achi evi ng highenofegcording density. Pr esentplyyspsreat| i ng
rewitabl e optical disks 20 I ncl ude spiral -shaped groove tracks conposed
of concave and convex portions (each having a width of about 50%
formed on a surface of a disk substrate at a pitch of 1 to 1.6 pm On
the surface of the substrate, a thin film i ncluding a recording
material (e.g., Ge, Sb, and Te in 25 the case of a phase-change type

optical di Skﬂﬁ%‘(’%z)a ﬁﬁ@ﬂmﬁ#ﬁmﬁﬂzﬂnmm By gt dod —sudhBEE 5 DIk
sputtering. The k substrate is fabri (é\%ed in_the follow ng manner.
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Usi ng such a stanper, the disk substrates nmade of pol ycar bonat e and
the li ke are mass-produced. The rewitable optical disks require
sector-unit nmanagenent _ - 2 -

for data recoval9medssnd reproduction. Accordingly, at the PCT{IRBV033T: | on
of the disks, concave and convex portions (pits) are often fornmed on a
recordi ng surface, sinulta-. neously with the formati on of guide
‘grooves for tracking 5 control, so as to record address infornmation of
each sector. '
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Each track of the optical disk with the above structure is irradiated
with a |light beam having a 10 predeterm ned recording power, so as to
formrecordi ng marks on the recording thin film The portions

i rradi at - with the |ight beam (the recordi ng mar Kpcriypyfoesssf f er -
ent opti cal é%arac eristics (reflection characteristics) fromthe

ot her portions of the recording thin film 15 Thus, the recorded

i nformati on can be reproduced by irradiating the track with a

pr edet er mi ned reproduction power and detecting light reflected from

t he recording film 20 In the follow ng description, the
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portions as used herein refers to the shapes as are 30 viewed from a

reproducti on beginning of the optical disk device. In other words,
the "pits" refer to the convex portions as are viewed fromthe
repr oduct i on vweauz94sad the "grooves" also refer to thePCRHRIFN03I7
portions. - 3 -

Techni ques for achieving an optical disk with a hi gh recordi ng
density include increasing the recording density in the track
direction and increasing the record- ing density in the linear

vel ocity directign
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I ncreasing the recording density in the track direction includes
reduci ng the di stance between tracks (the track pitch). One technique
for reducing the track pitch is | and/ groove recordi ng where signals
are recor deqydéhpoqgsdot h on convex tracks (groove portions) wAfrpeANSHYE
tracks (land portlons) The .l and/ groove recording realizes
doubl e recordi ng density, conpared with the case of recording signals
on either the groove porions or the | and portions, if the other
conditions are the same. 15 One technique for increasing the
recordi ng density in the linear velocity direction is referred to

as mark | ength #rae b didg HEDne, IR ENIFREBIFMR OGRS T F L ARMIBERL 4

correspond to_"1" of nodul ation_data. Figure 1 20 il lustrates an exanpl e
of the mark | BRI eI hgTino conparison with inter-mark recording.
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i nterval .

I nversion interval of the sequence Y are determ ned by the limtation

The limts, i.e., the m ni mum and nmaxi nrum 30 val ues of the

of the zero run. Such val ues are called the m ni mum i nversi on

i nterval
- 4 -

mark recording (PPM pit position nodul ation), the "1" of t he sequence
Y corresponds to a recording nmark 101, and

a space 102.

recordi ng

(£ ]
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and wbe729483 naxi num i nversi on i nterval . PCT/IP97/00337

When the sequence Y is recorded using the inter-

When the 5 sequence Y is recorded using the mark | ength
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(PWM pul se width nodul ation), the recording state, i.e., whet her the
recording mark 101 or the space 102, is swi tched by the appearance of
"1" in the sequence Y. When the mark I ength recording is enployed,
the inversiyg interval corresponds to the | ength of pefyreeRsd Ng
mark 101 or tﬁe space 102. Wien a run length Iimt code of
whi ch the m ni num I nversion interval is 2 or nore is used, the mark

| ength 15 recordi ng may have an increased nunber of bits per unit

| ength, conpared with the inter-mark recording. For exanpl e,

consi der the case where the m ni num val ue of the physi cal size of a

nwkachCw#%NpﬁmmM1Wﬂﬁ?bxﬁﬁ@ﬁﬁﬂ%&fﬂ&%@ﬁ%%%HwSwm

in both the mark | engt recordlng and the inter-mark recordlnég
t iZes

i s observed ??ﬂk&%ﬁ@ﬁemEMMe B Mt SrEBnapi teBar @G Ot
Lo Mok VAT O AREABA o Lhe mrimmopde 1 Lenath (three
mﬂymwnwk#%mr;E%ﬁﬁxﬁwﬁ§M@%ﬁM¢ﬁm%ﬂgﬁﬂ Aensiyin the
i nter-mark recordin S appr oxi nmat el : I't, the record-
ing densify RAG® %r%gﬂ&gﬂnﬁdgt‘wﬁﬁﬁ&ﬁd@rﬁh wafé#liﬁﬁ@? FLx
FEHEEL. £7 FURRIZ. ZOEBRRI ShizVFOEREFL, KV
FOMEIL. £DAETZFEE Y bF— 5 HBUBRNR— ZANBFINZ /Iy —
2HLTEY. TOZ Lick b EREMIEREN S,
1 DOEHHICH T, WRT FURERZ. ST 3 HEREts S ONE
10 2B OB MERE -/ ERS L BHISREREE L TE) . BB
HISHRIZ. BARERNRT nin £y FRECBARKEMNBT nax Ey b (T nex &
UTMnﬂTmm>TMn%ﬁtTEﬁﬁymﬁVﬁﬂﬁﬁ%%ﬁhfﬁﬁéh;
&7 FLAEESIC. TninEy FELE, Toax Ey FEUTOEX2E7 5
FEEw RF—9 H B NEAR—-ZAMRIT SN TS, '
15 BIET7FUVASERIZ, BIRFS Y 707/ N—THES Y FEEDOHMOMEC
BT ShTV3BANH S, |
AR LBZRT 4 RV EEIL. EHOES I Y HRINI-EHO+S
v P EBRAIKT 4 R TH->T, BEEEY Y3y FEBRUT— 5 R4
B85 Iy TSI HIET3RE LS ¥ OUEABIT 50 OBHIER &,
20 HEMHRORSUBELBIILTE Y NAMSESZLHOT FURRSERE.
 EDEENY -V EETEI 0y JAMERE. AERLTOBRT 4 XS
DT 4+ RVEEBTH B, GHBIZ, BT« XD SBEESEHLHTTR
&, BEAESSSLENIENABLT FUXBEFESL, SBLEESHOHLY
O v 7 AEEROBES/ Y — S ERE LU TRINESEHATIREERE. &
95 RUMESIZE ST, %7 FUABEFRICUBHIERORLM D B Ia 4
37 FLURABAEZFTTHRE, £BATED. 202 LIcL ) FRAMMERX O
3, | o
1 DOERHMITH T, WELT 4 R 7B, NEBLEBESH S /oy 715
EAERT B0y P ERFERE. HERIBESICEST, B2 oy 7ERF

8



0.4 [err]mbit. 30 In general, the tracks on the optical disk
are divided into recording sectors which represent m ni num

access units. Address information is prerecorded on each recor di ng
sector as deswo dimddslabove. By reading the PCTARTUSY

I nformation, the access to the recording sectors for data
recordi ng/ reproduction i s possible.
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Figure 2A illustrates a signal format of each 5 | recordi ng sector of a

rewitable optical disk which is in accordance with 1SO (see I1SO I EC
10090). A recording sector 103 begins with a header 104 where

addr essi ng wo 97n20i3f Or mati on for reading address informati Gigriypeinjosdzecor d-

ed by form ng concave and convex portions on the record- 10 ing surface.

A recording field 105 stores user data where digital data is

nodul ated using a (2,7) nodul ation code for the inter-mark recording.
Figure 3 shows a conversion table of (2,7) nodul ati on codes. As is

observed fromFigure 3, by the (2,7) nDduIatlon I-bit 15 digital data

el at i on CEHIRVEE S GRS RI T Ry 4 SEAEE BAIPRL TNPA2, D)

nDduIatlon codes are run ero T

hnnedbawﬁﬁ&ﬁm#b§7mu9RMﬁﬁ®$£ﬁnf@M@ﬁB$&M§D%& a
Chat the opt Aa ¥ — SR o Ble éﬁ%ﬁ@%&ﬁ%ﬁ@ N n s s
(B R o RIS SRR B S5 ISC MR P
m%ﬁrﬁﬁﬂﬁﬁ%méméxT/7%¢ﬁb\Eﬁﬁnﬁ—/%ﬁ&Téx
FyTRREBARF 9y T &, RBELTED. 20 itk h LRBMISERS O
5, |

1 DOERBRITHE T, FIRRHEIR. MCES/ Ny — R IhiBeic s

Oy 7 ESOBEAFTTERAF v TL, EHAIH- TEBEESH OB/ o

10 v2EE2E4TIRATFyTE, 20128875, | “ “

- FRYITLBRT + 27 OBEFH L. EHORS L 7 iZHBXNAEHD

M5 v 7 RBAART A RITH>Ts BRBEI Y3~y FERRTT— V8

BERSH, BNy VBB, WETIESE Y ¥ ORBEBINT 5 b DEMNE

Bl SENNBORBUBERILTE y NAMIEB0H0DT KL RS

15 HWE. FEOEH Y- 2B T B0y I EBEARERLTNBERT 4 X7 0D

BEKETH B, BHEE, BT RI/DSBERSEMOMTRT v T L,
EBLRS,ISES 0y s ANIEROBEE < — L ERBTERF v 7L, B
MY — UHREIN BB/ 0y VBEOBEESFTTERT v 7L, %
AR - CTEREESO OB/ 0y VESEEATIRT v TE. 2A8LT

20 Hh. ZOZ &Ik LREMIERING,

FRPICLDAT 4+ R7OBEFTER. BHOZEE Y Jicaflxhi-#80
NS v 7 EBRAIKT 4 R TH-Ts BREEY F i3y YERRUT— 748
L BARH. By SESI. ST AERE Y S OMBLBNT B ORI
ME. ERMBRORRUELBILTE y FNRAPI 34007 KL ARBIE
25 &, HEDER Y- EETE709 VEREARRLTOBRF L X7 0D
BAESETH 5. BHEE. BT 1 I0SHEERERY HT 27y T L.
BLE—- FOYERXTF Y P ThH->T. BERARSIEB IS v 7S+ o T
HSRANCEBLEESD SHEMEFRIHELR SN 5 £ TOHMOMGE— K &,
STHWERIFIMONTHORD bS5 w7 P v v 7ERETEETCOYEDE
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25 cludes a pattern using conparatively long marks. Since t he

sector mark SM has this predeterm ned pattern, and the anplitude of
the reproduction signals thereof is | arge, the sector mark SMis

di sti ngui shakjoxn7ieean ot her data recorded using the i n®ETURE 33T
recor di ng. The 30 position of the header 104 is detected by detecting
t he sector mark SM thereby to reproduce the address informa-

tion. - 6 - VFO
regions VFOL and VFQ2 shown in Figure 2B are provi ded so that the

optical disk device can obtain bit

HE— FEAHRTBAT v T L. EBLEESHOKS 0y 7 AHEROMESR
)y — EBRMTBRT v TE, BIMIE— FITE U THEEY 87 — VORI X
Nigaic. ZEHEROFKHIMY AHFTTAE 1 DHTRT v &, FEFAK
Ko TEBLEESHCEBHNBERAMB AT v & HBHMERSEL(HE
5 BBty 7/ WRERETIRT v & ZBRE-FIZBWT, &
5 OV REERICEEEES, SUBEMIFRORLMD 2K T 58 20
TRF v 7L BE 1 RUE 2DOHFTRT v TOVTHHOH%., FrEDKY
LRI B HIERASE AN I » BT, EBMERORLMD £PILLT
BEET— FOHERT vy TIKRBAT v 7L, 2QELTHD, TOI &ITL
10 b EREMIEEINS. | |

 REOmBEA Y - :
B1i. v—7RERKRU<— /) BESEBNTIRTH S,
. BZAREEORT4 R OERES FOEST 1+ —<y PERTRTH S,
15 [©2Bi. EROXF 1 RIDONyFORBETRTRTH S,
B2 Cli. HEDKTF 1 RIDOLY 77— DR Y-V 5RTHRTH S,
EZDH&%*@%?4X?®7FVZ?—?@ﬁﬁﬂi—yéﬁfﬂﬁﬁén
B33, (2, 7) FAFBSOLEBEF—TNVERTHTH S,
FA4ik. REDKRTF 4 X7 O~y ¥k 3 BLEESHBEO—FERTRTS
20 3,
B5A~Cit. XRWO—EHIIZ L BT 1 X7 ORBARAT IR TH 5.
61k, ARWICLBIET 4 X7 D—EHBPOV F OFEROEHR/ <y — L D—
A FTETH 5.
B7A~Cl3. eh&h, ZRPO—EHAICLZIRT 4 X7DT KL R —
95 Y ORE Y — L O—BETIRTHS, -
H8 A~Dit. 2heh. FRBHO—ZHHIZLEET 4 ZIDT KL 27—
IRy — v D—PETTETS 5,
Hoid. ZRPO—FBRHANCLBRXT A X/ DT FVRZT—I DREFE/ Iy — v
DHETFTETH S,
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synchroni zati on of reproduction signals using a clock reproducti on by
the PLL. A 2-zero run sequential pattern 5 I's recorded using the
i nter-mark recording. Address nmarks AM are provided so that

the optical woone4sdi sk device can identify the byte synchr QeirspésgesssOf
subsequent address fields ID1, 1D2, and I D3. Each of the 10 addr ess

mar ks AM i ncl udes a pattern as shown in Figure 2D recorded using the
i nter-mark recording technique. The pattern of the address mark AM

i ncludes a pattern of Tl[err] + 1 =9 bits where T[err] is a maxi mum
I nversion interval of the (2,7) nodul ati on code ([err] = 8). This
pattern 15 BbED (dat FRERD—SRIEHIDL BHF derd ik ik iR 45k [{;&@%
code. Each of the address fields ID1, ID2 and

i ncl udes: ad@®®ss information conposed of track nunbers, sector

o ror det oot o b S BALD AR BA SN A S heghe 370" ?%gﬁ St0 the
(27)WwwaU@ﬂﬂﬂﬁﬂ*&@®-¥ﬁﬂﬁwﬁvFbﬁﬁ@%@WWﬁﬁwmﬁ%m?
5 7oy ZBTH3,
E12Bit. XRUO—EHHICL S VF ORMTF~ 7 LOBRAETTE TS
3. |
133, *%%@—%ﬁﬂ?&%ﬁr4z7§ﬁk$hfmhbnaﬁﬁﬁ
. BOBEO—BIERTILIVSF v THB,
10 14, $%%®—¥ﬁﬂk&%ﬁr4z?ﬁﬁkkhfmhbh%%ﬁF
SOBBO—BI%TETIA I IF v— N CH 5.
H1513. ERPO-KREATL BT+ R7EBITHI1T 2 VA7 LEEAZD
BRLS L% OREO—RERTIo0—~F +v— b TH 3.
5163, *%%m—%ﬁﬂkiéﬁr4Z?ﬁﬁk&ﬁ%/ZrAﬂﬁ$®
15 WBBO—HF%ERTIo—F+— bThs,
l17Am\*%%@~%ﬁﬂk&%ﬁ74xﬁmiﬁf7ﬁm1ﬁ?t—v
v METRTETH 3,
1 7B, K%%m—%m%k&6k74z7®«/YEﬁ@h?7x -=
v MERTRTH 3,
20 B18Ax. *%%@—%ﬁﬂkiéxr—bﬁﬁﬁ?@%ﬁ@%®ﬁﬁ%?
T7avy 7BTH B,
K18Bii. B1BAILRINBEMT—TINORBEO—MEFRTETHS,
E18Ciz. $%%®—¥ﬁ%k&627—h&ﬁ?ﬁmﬁﬁ@%@ﬁﬁ%r
T 78TH B,
25  E19ARUBI. ARUO—KEHICLZRR M7 L TLORE Y-
—BIERTETH 5,
B20A~Cit. FREO—FWHITL 51T 1 X7 OBREBHT IR TH
3,
21 ARUBI. $R2BO—EHBAITHIT BT+ X7 DA v YERIZ551T
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25 A postanble PA is provided to indicate the end O _ t he
(2,7) nmodul ated data in the address field. |D3. Figure 4
shows an exanpl e of signal anplitudes obt ai ned when i nformation

recorded on tweshnesder 104 is 30 reproduced by the opti caPCHIRUWRY ce.

As i s observed

signal s
mar ks.
- 7 -

fromFigure 4, the anplitudes of the reproduced
are proportional to the |lengths of the correspondi ng

The anplitude of: the reproduced signal of the

10

15

20

37 FLUZEROEES: RTEAETH 5.

K21CH. B21ARUBRRSINBET FLXERMOEESES 3 7TE
TH5. | |
B2 2 Alt. k74 22 DT KL XEROBEBHT— 7 THY, how—2
MEBMICERSNIBE AT TERRTH 5.

©2 2 Bli. %74 2707 KL REGOBEMI KB BEAS N7 —7 %
RTERETH S,
IZSA&UBﬁ\ﬁzf;bﬁ7/hb7v7%§iT5ﬁﬁ%m%T6D
<55,

H24A~HiE, 2hE0. #X +T7 2 TLORERTETHS,

B2 5Al. AREO—FHMCLEET 1 R ORBEY Y DEST +—2

» MERTETSH S,

@2aBﬁ\$%%®—¥mﬁhiéﬁ F?-??ﬁﬁﬁk%ﬁéﬂ%“i
ha /@J%H‘T.T% 5o

%%%%ﬁ?%tb@ﬁﬁ@ﬂ%

T, EmASRLH b!k?é%miﬁﬁ‘ﬁll%u%% 3 6.,

(ERH 1)

H5AR. ZRUOE L RHBHICLBHT 1 27 1 aDFEETT.. K5 AIC
FRENBESIC. BF4RZ 1 ailid. Py 71 bR LSARICERENQ
TED. P97 1 bBHEOHWET +—< v M- TRFES 7 1 ol
EhTS, B5AIRTES T, BRE7 5 1 c BHAFAICERL TRES
NT. FS597 1 bEERLTHA, -

E5Bi3. ZRHEDOE 1 OEBHIZLEXT 4 X7 1 aDEETFEI/F 1 cD
71—y MERT, B5BIERTEI IS, BBE7 S 1 c OBy ¥
B2 %87 oh. BHISRERZWMBLBOT FLy ¥ U VSRR FHEFIH
Thb, Ny FHRIE2 DRIZIX, Fy o THEES, T-7EHHB4L, Ny 7>
RS BMRICEES . Fr v THEESIZIIF—y0RFIFTONYT. A EIF~—4
DOESFELICANWSYEE L -V DN T—-HEZICH o, TF— 7 EHER
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sector mark SM which has a long length is larger then that of the
reproduced signal of other data. This allows for the identification
of the sector mark SM by detecting t he envel ope of the reproduced

si gnal wavefgidipe@sd thus 5 the detection of the begi nnpagyahneash
recordi ng sector. In the above exanple, all of the (2,7)

nodul at ed data is recorded using the inter-mark recordi ng. Howev-

er, in an optical disk having the header 104, when data 10 is recorded
using the mark |ength recording for inproving the recording density,
the marks recorded in the address fields IDL to I D3 of the header 104

and the marksi fReor 65— yhsk A iLEe reedf -y (R VETIDFF 2SO BEEH & n

| engt h determ ned by the zero run |imtation of the nodul ation 15

code. Acco:’iiﬁl@lly'CTHe/aﬁrﬂ’th‘uﬂ $M5epToﬁdc%&T“5’ itsi HiraP g#téat a
Lhat recor ded it DI RS A SORMIGNS 2 i SRS 11 B I peppaAd W 1T
corresponds tﬁm-ﬁe—y,aﬁmmwerw%aﬁswa‘,hew&ﬁmﬂ@s@qm ding)
t herefore, 20 the difference in the signal anplitude (or the difference
b ERARSLEEI, Ny 72EES INT 4 X7 DOEEBHEETRINT B 102 %
o b, #. Ny YRR 2ICHITIERERIT. SEMOMMILZE Y b &
LTEKLTH LWL, T—2EERBICKI) 2E& L RABOFETEERNTS
2—2%FEALTH &, |
Ny FEE 213, B5 CILRT LI, 4207 FLUXEEM6a. 6b, 6c.
10 RU63ITAHDPNTIND, I6IZET FLRAERREThEh. VFOfE. 7K
 VRT—7 AM. RUBHEHER I DABELTHS, BIZE. 7 FLREEG6
al3. VFOSERVFOl, 7 KLX2—7 AM. RUBHIFHER DI ZH L. 7
KL 24186 bit, VF Offilll VF02, 7 KL X=— 7 AM, RUEHEHRETL 1D2
. AELTWE, _
15 E2BIRRINBEROANy S 10 4iTid, £FcRBBIhkkI7F<—7S
. MoO#%ic. VFOSR. 7 FLAR—F AMRUT FLRX7 4= F1Dh S
B —UN3ERYBINTERGIN T 2. FEHMIE TR v
213 r 7385k Ihd. VFOFE. 7FLX=—7 AM, RU
ZHIRHAR I DASUHREO7 L AFEBN 4R HEL TREHEIN 3,
20 £V F Offis YFO1, VFO2, VFO3, VFO04 i3, %71 R/ EEHELESH SV
Oy 7 DFEZTHILDICHANGNS, B6ITRTLHIC. &V F OmEIZII.
4Ey PEDT—Y ERAR—RENTHIIRNS &) Ll N7 —UNEREXN
TWhd, . EVFOFEBOEIRA—TH I, A >THWTH &, AZX
¥, VF OFEiS VFOL oA V F OISR VF02, VF03, RUFVFM X h B T3
25 EIZED ANy FBER2OETHT D70y I BELREITTSHI LHHES,
7 FLR"—2 AMit, ZORICHE BHIEHREAR | DOMELRT + 275
BHBAL., Ey NABEMS-BICALGNS, BTAR. EREHICLET
FLRA=2—7 AM—Bl%ZRLT5, BTAIKREINE LI, TFLVR=—7
AMDEEFF (Ey by —2) K#->T, £F1 I LCv—shte—L &
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in the pattern) between the sector mark S and the other portions

becones small conpared with the case of the I nter-mark recording.

This makes it difficult to detect t he begi nning of the recordlng
sector 103 bwa émmosssve- 25 | ope. Mor eov e FCTHRRM9337 he
above-descri bed address mark AMis used, an erroneous detection of

t he address mark AM due to an erroneous bit shift of "1" nmay occur

30 For exanple, a code sequence obtained by the (2,7) nodul ati on
of digital data {...10110011...} is converted such as that shown in

Flgure 8 AL U T IS s e, - S RUAR-R (R— 7 BADED) O

Sy — R 1 EBERAE LTV B, RERAICE T, TRLRR—7A
Miz. 14w bEDT—27&14Ey PROAR-REEXZNTEN 1 DETY
9—??56-§ﬂﬁﬁﬁﬁlm‘mzlm\&ﬁnmiﬁibTEmﬁﬁﬁﬁ
5 I1D&d 3.
EﬂﬁﬂﬁﬁIDLm\F7/7§ﬁ¢f7$§ﬁ%®§ﬂﬁﬁ%ﬁtr—
IR LS—RBESERMLETs D7 NVT—7d, (2, 10) £ERFS
ARAVWTERIh T2 ERExh3, |
(2, 10) EERSORARENRIZ1 1 TH3h o, EBHMERERID
10 BAWIF—FREFEBRD/RY— /IZBFET— I RUAR—RITIEK. 12Ey
PALOBREETEHDORETENLL RIS, v— 70T 9 V¥ T MERITXY,
EHIEHEAR 1 DRH 2T — FRBARAOL 1 Ey bREZ— I HB-T1
2Ey FELTEERN, BEC7 RLRT—7AMAD 14y FEZ—IHE
»T13Ey FELTEBESNLELT Y, MEICHERELTIE Y FROE
15 #$H5B. RoTs EBLOHDT—F /ANR—ZN2Ey PHETy VYT LI
WRD. 7 KLURT— 7 AMAD 1 4 Ey FET— 2 5RETE NN 70, &
HIESBES I DAS 3 NIF— ¥ BERBEBAD/ Sy —v%214Ey bRY—J L
LTRBRET B &30 COXH I RARERMBE Tma x & LIz & &,
Tmax+3Ey bLlLEDBIEZEFTE2O0D137— 0 (7— 7 RUFAR—R)
20 Z7KLRT—Z7AMAIRRHTISEICLD. 7RVRT—7 AMARBRIIR
HTBZENTES, '
EABDEHIZ, TRVRT—=7AMAIC14Ey FROT—7 /AR—R%2
Bat s Sizkb. 1ERFEE/ Y — VICHNT, T SICRREOEENDE
(1B, 3512, 14y MROZ—7 b U IRAR—RE 1 BT ST/ 5 —
25 VET—YERGEBLICEYAT— ARSI EUTRHNWS D ENWfEE
5B, CHIZX D, F— s ARIEOEBEEERO LI, F— 5 RERH/C
=L AT RLRT—2 AMELTERERT 3 EH0,
H7BRUTCIE. 7 FVRAT—2 AMOHODFIATT . 7T KLRAT—Z7AM
ELT.BTBIFTLIM14Ey FROT—J %228/ — 0, BT
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pattern of the address mark AMis {010010000000100} as shown in Figure

2D. If "1" of the above (2,7) nodul ated pattern shifts by one bit,
the resultant pattern is identical to the address pattern AM which

wi || cause Sygo7mggaoneous detection. I n Vi eve©Eizrohs3s7

f oregoi ng, the objects of the present invention are to provide an
optical disk, an optical disk device, and an optical disk
reproduction 10 nmet hod, where address information can be read reliably
even when high recording density is achieved by enpl oying mark | ength
recording and the |ike. DI SCLOSURE OF | NVENTI ON 15

The optical dCs&704 X HEXr 248Bt MBDEANSRER D EL /17— EBINTH L. L
L. B7BHB0IT CICRT LU — VAV &, 2KHTER/ S
—IHRT—=2 B L EAR-RDELSNMR-TLES BThdH 3. 26
By —tie—2 b LS RAR—ZDELSIMIES & 239 — > DIEE K

5 AT B. 35— L OBRBERSOEML. Y- EHROBLEERILE
BXd, Y- ERICBBESIZOTHFEL (R #oT, Sy —LOERR
BAHIEREBRO DL AZ ENEE L, BTARRT LS9 —2 E2R
— X EBBRS VRO ENI ST — UHIFE L,

HM8A~8Dit. 7 KLRT—27 AMDE 2DOMARL TV S, B8 AL,

10 {6Ev FER—2+-14Ey MERR—Z-AEy PE9—2 -4y FER

R—R-14Ey bET—2 - 6Ey FERAR—Z) kDL B/ 89— DT KL

AR?—7%RLTW3, £, B8Bit. {4y bET—2-14F, FEX

&~Z-657FE?—9'SEvFEZ&*Z-14Evb§7—7'45v
PRRR—R} &DLB/I— DT FLRZT—7 AMERLTWS, /o0 B

15 8Ci {5y FBv—2-14Fy MBRAR—-X-5Fy hEZ—2+5FEy
PEAR—Z+14Ey MET—2 - 5Fy FERR—R} kO3 —2D
7 KVR2—2 AMAERLTS, T/, KI8DIX (4Ey hEw—7 - 14F
9y PEAR—Z 4ty FET—V+4Ey FEAR—Z-14Fy NE2—7 .
4y PERAR-Z)} kD HEZNRY -2 DT FLRT—2 AMARLTINS,

20 oDy —0TiR, WTFhb, v— 785045y M E. ZR—2

HOAFHE Y MIENEL (BB, #-T. 14Ky FEDT—F /XR—2%
2@8Z, sy — L DIERBEBRAMNIPIT |

/., KBA~HEDDENF— 3. ITA~TCO/NNY— 2~ <w—

U/ AR—= ZDREFEN B, 7— 7/ AR—ZADRERRMNBLNIE Ty ¥

25 OFBMBLBZAD, Ev by T MB35 1285, BB, I8A~
E8DOE/ Y — iz, BTA~TCOENF— T~ Ey o T M k3R
AR ZE STHEN LD PN S,

¥/, TRURT—7 AMOES %, BHF— 7,54 MILEITS HERES
SHEEBEONBSMEIIEZBEHH B, B, 1 F—534 MERis
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cludes a plurality of tracks each divided into a plurali- ty of
recordi ng sectors, each of the recording sectors I ncl udi ng a header
regi on, wherein the header region 20 i ncl udes address infornmation for

i dentifying wg9Rbigson of the correspondi ng recordi ng PEATPHOOIRJ -
address syn- chronous information for identifying a recording
position of the address information for bit synchronization. The
address information has been nodul ated using a run | ength 25 limt code
of a maxi muminversion interval of T[err] bits (T[err] is a natura
nunber), and the address synchronous i nformation includes two

patterns of Mm@uﬁhﬁﬂo%kﬁ%&ﬁﬁﬁﬁmw?%ﬁﬂﬂbP%?mﬂéM@ﬁﬂE SO
diotin 30 SR oRa THKA T o GNRESIERS BYTERDS 4l ks
Wth the above L GOINA [ ucty oy 14 he{qbg\gab@wc,t.sxarqt vy PRG-I REed4 Ey b
EZNR—R + 4y pET—2 - 4Ey PEAR—X+ 14Ey bET—2 - 4
5 Ey bRRAR—ZX} kD539 —-0TH%5,
Eic. 9ITRT7 FLRZ—2 AMOD/ Y — i, BT AD/Sy — L iTH,
=T S RAR=RADREABRBIIF— £ T S, LED XD IZT—7
S AR=ZDRERNFENBINI LTy VOERNEUB D, Ev b7 M
BTS2 8%, B, 9D/ 7—i3, BTAD/RY — ITHNXTE
10 v b7 MZXAERBRIBER I TERBRIIN,
B10i, LBLEES7+—<y bEFTBIRT4+R7 1 allT— 5 DREK
BEATIRT A RZ7EB1 0 0OMEATT 7oy JHTHS, B1 0IIRS
NBEI . KT AIHEL 000k, REY FAE—2 T, Ay K8, 7U7
VO L] 1. V- VHRBIEE1 4. BEFR]1 6. YRATLRHERL 8,
15 RUY—FKHR50%2HEA T 5,
RAE/RNVE—ZTRAETFT 41X 10 05 EQORIEH THEZES, Ny K
8. BRLU TV WS —Y, AER. RUSABRHBELAREL TS,
ARV —F LRIV —PRBRFRICEDERZIN., T 1 X7 1 a
EEMICEEAD S VIIFERORE/ NV —OXR Ty FEBHTII LRI
200 TF—IDRBBFLETI. TLEFELH ORFLLAERICIVFLELAR
HBTRRICERT S, Ny FEOSMYBINLFBSEBRR., 57T
7O TREEREURESIN., BEES10ELTHAZONS,
H—HR50FREY FVE—7 TOREHB. Ny F8ZXT1+ A7 1ad
_ EEFNICBESE MBS, XXRy POESEXT 4 X7 1 a DREEEIC
25 BHLEZLDOT+—ARFE. Py 7OPNTB->THRRARy bEIT v F
VA EEBIDD LS v F L SEEEET .
EHEEL 1. AAHF—912% (2, 10)EHAL.ERT—-F13%)V
—FERE 1 41l AT B, L—VERBER ] 413, BERICELTIR, Ay
K8itHEBah/ Bl - NBERD/ T —THEATH LI ICV—YEHENE
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I n one enbodi nent, the address synchronous I nformation includes a

first pattern and a second pattern which are different in either a
physi cal shape or an optical characteristic of a recording surface of
the 5 0%6?%949‘ sk, and the address synchronous i nf or megd9ir97/00337

I ncl udes one rst pattern having a length of (T[err] + 3) bits or
nore and one second pattern having a | ength of (T[err] + 3) bits or
nor e. 10 The pattern may be a convex portion (pit) formed
physically on the recordi ng surface of the optical disk, and the
second pattern is a concave portion forned physically on the
recording sugfiages gl e Ok rSAlRAFIC KL ER. L — Y ERIEES 4zis&=,ﬁa«mrn
may be a recording mark formed

6%%7—913L%a17—9%ﬁﬁﬁ4k7 7 BRENTFbOBLSIZL
—FEENES 1 52 L, KL - EREAO T —TREIE S,
BAERISETFYTUTINSEIShIEEBS 1 0hS, Ny VEK 2R

5 UF—SRESHERAICERIhASEBT—JEBLEL. BEF—Y1TELTH
F1 %, '
YRFLEEBZRL 8. BARI GICKDBEINABLETF 41 TR 2—
YHhODOREL 9 IZXSHT, EHAEIKL 1. L—VEBE%14. HEF16,
BRUY—FERS5 0 OBeA ST 3,

10 E11li. BER]6OANBERO—FERT 7oy /BTHS. UTiIC. B
HES1000, Ny YHER2IIREGINFHINR 4 0 2 FLET 2 HEEHY
T2, @1 1iIzRTESIc. BER16(E, 7o 7ELME2 0. 24E(LEIR
21, VFORHEE2 5, FANFTENES 2. Thvzﬁ£@%3oﬁvr—
SEBES 3 O /I TIND,

15 797/79&0@5&%?10ﬁ‘7Uvﬁﬁ$@%20RU2ﬁm@%
2 1LICAHEND, 70w 7 BEEK2 013PLLABATED., BEES10
DRBEHBRUMMCABLABE 0y Y 2 24R4ET 5, 2H(LER2 11X,
B4AES 1 0 DEBALBEICHE U THBSEL, "I"RT"0UHSRES 2@/ 55y —
JIRERT S, 2MLEE2 1. ERINI Y- D FIERAEE 2 1L

20 F—#23LLTVFORMAEK25ICHATEEEGIZ. P70y 7 EERR2
0hoELoh3EEZ Oy Y 2 22MOTERINI 2135 — L RFARMEL .
M2 WILF—% 2 4 L UTHNT 3. A 2M@AEF—2 2 4137 FLXEHAB
%3 0RUF—7EROES 0ic5L oh 5,

VF O#IE 2 513, JEFH 2EMLT— 7 2 312ES0 TV F O VP01,
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by changing a reflection characteristic of the recording surface of

the optical disk, and the second pattern is a . space on the recording
surface. 20 Preferably, a total bit length of the first
pattern incl wed2983 he address synchronous information PCHIR7IB0BDL al
bit Iength of the second pattern included in t he address synchronous
I nformation are equal to each ot her. 25 Preferably, the
header region includes four-tine repetition of the address

i nformati on and the address synchronous i nformati on.

Saen B vi ded | FREEEYRA 8 i 2of Li2t ﬁgk%ém%gdf&%%béﬂéwf
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bty — (11110000} % A (2 (00001111} 4% 4 BB h EXxh e e9 — . LY
(3 DB $5 ~ 2 TH BRIV F ORE/ VR 2 621" LTHAT 5. 2h

10 PADONNT— 2 DBAIZIAVF ORI/ IV 2 613707 &5, :

B12BilRmEh3VFORBF—TNDELNS 2f7D/ 85— ik, BEZ O
v % 27 ORBHANBEES Oy 7 OREHIIMELS. 4Ey FEDT—2 /R
R—ZBDELY— 2, BBVF OERORS Y — ViR —KT 588
DRI — 2 THD. 3THURD/ Y- BVF ORMODRER/ - &8
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1R7 1 aOREXHIZIVEE/ 0y 7 2 TOREREREZ7 0y 7 OBER
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20 LiBEE/Dy227i&) VFOERDESERINT S LAHELLS,
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Ve BIRIE. 05— VIXBROBERESEEATSLD, HEELES
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- 10 - address information for identifying a position of the
correspondi ng recordi ng sector, address synchronous I nformation for
identifying a recording position of the address information for bit

synchroni zgghg4laesggd cl ock 5 synchronous information fopcffR4aEsEI Ng a
cl ock signal, t he address information has been nodul ated using a run

length limt code of a mninuminversion interval of T[err] bits and
a maxi muminversion interval of T[err](T[err] and T[err] are natural
nunbers satisfying T[err] > T[err]), the clock 10 synchr onous
information is a sequential pattern of alternate repetition of

ort hna’, a6 TR TmEE OB £ BT ALk Faee o Soa IR T <
of Z&HE[ETH B,
7 FURBEHER 3 0 A2 BT — 7 2 ARUBE Y O 7 2 2ERT
7 FUR7—27 AMOBRHEEITU. < S EHMSHEIR 101, 102, ID3, ID4423
5 BIhAERT—4% (2, 10) ERL. ERAINEFTF—SOTS-REET
3, | |
RO XS 1o, ARBATIE. Sy VEBK2ICVF OB, 7 FLRo—2
AM, RUBHIERER I DA]AL7 FURERE4AERDELTRH LTS,
> Ty 4 DOBRIFHEE D1, 102, D3, M4 DS b, MAIL 2 SLLLDEM

10 HHRHGTIS—H(BETIRBAIC, BAINAELBMERI0 L LTI XF

 LBIBELBIHAT B, g, 7 FUREHESS 012, BiiEM4 02 MY
T3 LAMICES FJRBSALZ3 1 b5, . )

ST, TFUVREROARORSKICONTHRET S, 17 FLROTS5—1L
— M2 W1 0TBETH S, 47 FUREBFIE 52007 FL AR
15 MELSBEIhBACERERVBONS (7T FLRDEDSB) &334,
T EHERHIS ST BER, ’ | |
2CaeX (1072)3%x (1-10"2) + (10-2) ¢=4x10-%,%3, =
ST [,Ca) i3, 4DDHO0 5 32FMH HTHEAEHLEOETHS, 1o
DAF 4 RZICIRH 1 0 EORF LS I NEETIDT. 1 2DRF 4 X712k
20 WTT7FUAREDLWESEZ 70T, 10°x (4x10-%) =4ETH
%o COBEKFRBATHS. ZOLH T, FEMmBHIC Ihid, Bbig@srT0
BOERES JOHEEBNIC]L OBRBICTAZ 0T, EEICRRCEE
FAEBITE D, Ho>Ts Ny FVORBIINy S 2B I B I DL §2—
2 SMERIFNLTH, BRICERFELS YDy YO7 FL ESH o BHE
25 MEMDHTIEILELD., BEREFGL7 YOBANETS - &5 TES,

CZIT. HEBORDIZ. REDIOOT FLRERARI A Y104 (B
2B) DREERAT S, 37 FLRERPPILEC LD 2007 F U REEAHIE
LSEEINAHAI T FURDED 3 (BHIFHIBONS) L35E. 7F
U ANTED L BERIZ,
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whi ch inversion interval is (T[err]+3)bits or nore, 15 that a reproduced
signal of the address synchronous I nformation is distinguished froma
reproduced signal of ot her information. Wth the above

const ruct i on,wé 29483 above objects are attained. 20 PCTAPITNO3Y7 one
enbodi nent, each of the address synchro- nous information and the

cl ock synchronous information I ncludes a first pattern and a second
pattern which are different in either a physical shape or an opti cal
characteristic of a recording surface of the optical 25 di sk, and the
address synchronous information includes one first pattern having a

l ength of (T[err 6,‘3)>b|(t15 m'rz) 2 >< { er & ant) oine( B dcthd ® gaBtxrin0 hdv Bdb a
length of (T[err or nore

enbodi ment , the-h‘Tm e z-h\%f s36?@¢>®ﬁ‘ﬁ %t’g%ﬁglb Hﬁwg’&%%w}n
inversio i nterughTEerd b3z 1 1 OMEREES SRBRF BB 1007 2 2712

BWTT FURSEDLES L7 ¥ 0L, 105x(3x104)—300
5 @B&END, COBBBTETHEETER,
Bll1iR-T3MdT2, BAHTEES 21k, VFORBAIK2 5150V
FORH/SIZ2 68 EVRATFLEHR] 8HSCOFES— MES3 3 &K
T 70y 7B&FES342RELT,. ZJuy 7ELRE2 0iCHiNT 5,
o0y /7B&ERIK2 01X ANINE /0y JBEFES3 41" THEEES
10 D%, AEOPLLEBLES 1 0O AMSETRES 0y ¥ 2 2 454
U, 2MEMLEE2 LiclATA, -
Fho, BAEHFTAEKS 213, VFOKRH/IIVR26 L RTFLHERL 8H S
D7 FURS— MEE3 5 &icETT. 7 FLRBANAES3 6 222410,
. 7RUVAEAEE 3 0Nt 5. 7 FLABHER 3 0. AHINBTFL
15 XBLEHFES3 61"DFEDSH, LBDEHIIKLT. 7 FUVRT—-—Z7AMD
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20 TESS8H"I"DOBADSE. AM2MEALT—Y 2405 B, F—yREHES 4D
SHEAHINAEZT— FOERETV. BET—5 1 TE2HEHT 5,
YRTFTLHER L 8. BERLI 60T FLAEHEER 3 05X ohbt
25BNV 3 1 2EMELT, ISBRUS CIRTER7A—<v b (D
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ttDXSic. BAR 1 6OBEHTEES 21252503 (B11) ,
B13iE. 7AMNVA3]1, BES-MES33, TRLARY - MES
35. RUF—44— MES 3 TOMBREFRTRIESITH 5,
B13IRANB LI 12, BEES T +—< v M. B5 BRI 36RO
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In still another enbodi ment, the m ni num i nver- sion interval

T[err]is 3,the maxi mum i nversion interval Is 11, and the value d is
4. 5 Preferably, the header region includes four-tine
repetition Qyolbhsessd 0Ck synchronous information, the PEE 9560337

I nformati on, and the address synchronous i nforna- tion.

BE7+—<y MIHE-TEH., HIEFRE/71ADNTHB2, ¥+ v T
3. RUF—VREHER4E. Theh, NoFER2a, ¥+ o THERS
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5 o HEH2b, ¥y o THER3Ib. RUF—IEHHERL b ET 3,
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ANy FEE2 aDKRRIhoF v v THIES a OREATE 7 FRIEI/ VX 3 1M
1T (N LRI E12B, BES— MES3 3. PR ELESREIF1AD
L F— YRSB4 a2 L ROREES 7 1 BOANy FEB2bEESI T ET
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10 The optical disk conprising a plurality of tracks each

divided into a plurality of recording sectors, wherein each recording
sector includes a header region and a postanbl e region follow ng an
end of the heacdersss regi on, and the postanbl e region i n@CEIREOE3Iat t ern
15 det er ni ned based on a modul ation result of data of the header
regi on. Wth above construction, the above obj ects are attained.

I n one enbodi nent, the data on the header regi on 20 i s nmodul ated using a
nodul ati on code for performng a conversion in a table based on a

state 0 PORE R na T ot GrAN S BB D 1D2s IR i aé 55 -

?E)clategfit agrgcﬁggﬁd)%%é&%ﬁ@%$ﬁﬁ§g %W%d %@#ﬁﬁ aI]1 y?%e sane vaI ue

as the predet qrgsped WRIOHBH, 0L 206 1T Bosspldh Cﬁlmty7ﬁétif‘ﬂ’=a-3 4~y

VEIR2 aOKRBETRIEL EL"1"EB, T BHREIZ1AILBWTE

HESAE L {EEXNO, ¥Z2 JRAM VA3 1A ARAITR. $L{T

B 1IBOANYYHEBZ2LIZE T 0y 7B4EFES 3 4RI

L1, RIS, BFEE7 7 1BICELTEHERNELLBEIN,. 29 R

B ULR 3 1 A S NITH/EITE B{EFEIFICONvIEE2 ciZE

WTZ oy 7 BEHTES 3 ADEEI 55,

10 7%VZ§E#TF%3MLVFO&&A”Z2&Dl#%ibfﬁ%ﬁi
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ORI, 275 ST FURe—7 AMEBHEHREIR [1. 1D2. ID3. 1D4
EDOSERERABTREESOE-HHICREINS. TOHER. EHBE/ ¥
1 AD%V F OFRIZHEL TV F OB/ VRV £ - 1A 7 FLABE

15 HAES363. DU BNy IR aDREBETIH"1" &5, Fio. BR
| €77 1ACEVTEREEAELSEESN, £7 F RS VR 3 LA
NBEITE, B EHFE/771BOANy FHE 2 biZHTT7 FUAB&EF
ES 3 6DFEKIC"]" &L 5, RBRIC, ;LR E7 7 1 BITBWTERIFHRAMIELC
BEIN, 27 7RBANVAZ 1 NEATNLBEICE. B E&E771CD
20 N9 FER2 clitHBNTT7 FLABEFIES 3 6 0V ERIZ"L" LTS,

F—yBEHFTES I SIIVFORM/ VR 2 6 D" I"NRE LT —5 47
— MEE3 THI"THNE, TOREIMSTF—F ¥~ MESI TH0"&EHBE
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SR, Ty BARTES 3 S OEETHS, T, F—INESH
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"1"ER B, T BEHFAES S 8RHEOS A I U ITNERS,
ZD&SiT. VFORMHE 2 5 RUBAFAEKI 2EMNBZ Litk>T
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30 The optical disk of this invention includes a plurality

of tracks each divided into a plurality of recordi ng sectors, wherein
each recordi ng sector includes a header region, a data recording
region, a“%&,ﬂ,?ﬁ&?“' e _ o PCT/IP9H60337

region foll'owng an end of the data recording region, and t he

post anbl e region includes a pattern determ ned based on a nodul ation
result of date of the data recording region. Wth this construction,

t he above objects are 5 at t ai ned.

Ny FER2I2BLTI Oy 2 DEERUBHITROBELHTL., Y0y s E
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I n one enbodi nent, the data on the data recording region i s nodul at ed

using a nodul ati on code for perform I ng conversion in a table based
on a state, the postanble 10 region includes information for identifying
the stats. wo 9729483 The information for identifying PFETRPBSY nay be
at | east one specific bit having a predeterm ned val ues, and a bit
| ocated adjacent to the specific bit has 15 substantially the sane val ue
as the predeterm ned val ue of the specific bit. In
one enbodi nent, the recording sector further i ncludes a guard data

ecording region £qlLgn R R NE LT 7 Por o SRR ALT™
nverston | nt & oa AR RN £y BB BARMIERSR M Uik s PERBOAT
Tlerr]bits (TEeyr¥ 3and &lewt RUREEHFTRE3 6 £ 1" Iy b3 (RTFvT4),
e OHMRBE. BUT FLRBEKAEST3 6 RU7 0y 7 BEFARES 3
5 4%"0"icYty b (XFv75) L, €7 A/ VR 3 1OKBEETS (RF
w76, _
7 FLRERER S 0 BIFREELSRAMB &7 TR VR 3 1S
"1"ENBZOT. CORBICAMILT, 7 FLREREIRE 3 0 L b s hiFit
&4 0FEA Lo, BRIDRBELZ I THHHOEI YN s (XT v
10 F7) o 55AH & BHIERA 0BHOESEEI 7030 THhiL BEF/AE
2175 .08 (R7 v 78) KBITT . &iH & - FMER4 OXNBHD
BRI/ y0bOTRIINE. Y—2HB (RFvT9) BT Za,-
7 N RERAERE 3 0 N EBHMEROFKA LD ITRKLUAEE. X797 6iCk
WTEZ FR/VA S 1 HFREDHR"" L 5EVDT, EUV FORHBXT
15 / T2ICR%,
BB U7 & S BRI > TARITKY Bl4RRTLIUILIVITY
Oy 7 BEHTES 3 4 RUET FURBLIFIES 3 6 SRBESLL. BREAR
BHIERIBEINZWOE 7 7 A VR 3 112k 2 BRI RABIC
FNTH, HECHHERERSIMSZ ENT[REENL B, |
20 E16i3, DEE— K EBEE— FETRABSEEY DB BAO YT L
%1 s onBO—HleRT7Iu—F+y— b THB, CZT. #IE— F&id.
BHEBABRL LY —2H8ILB b v 7 Vv TO%D SRIICEHBIFRH
BEXhZETORTHY. BEE— NI, IEOBHIERLTEL LS THS
mub5;77+>7%%$15§?mm1560
25 B1l16icbivT. A7 v T106RTv 79 ETONREIL, @1aktuaﬁ
5T BB LA THZOT. TORBEEET S,
B16icmansdLd3it. A7 1 0B THE- NTHEIBREE—
FTHEODE— FHUELTONS. JhZ TORBIZEWLTT TIZHMiFRN
ELLFEA Lo, BMORHFE7 Y ICEBBEET- DB S. @¥E—F
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nunbers satisfying T[err]>T[err]),the guard data recordi ng region
I ncl udes a pattern of alternate repeti- tion of a k-bit long optical

mark and a k-bit |ong optical space (k is a natural nunber satisfying
Tlerr] 30 w0[9’?15541! k [err] T[err]. The opt peplpedbgssy ' Of
this invention |ncﬁudes a plurality of tracks each divided into a

plurality of - 13 - recordi ng
sectors, wherein each recording sector includes

ThHBEEHEIND, B EIME (XF v 7 1) OB, X7+ F6ICHBNTE
HIEROHES & DIcEB Uik, 5 EERIERIIRS LN TF v T T Iz
BOTHHOREZ LY Yy TIHEH SR Eh sy — 7818 (75 78) -7 -
BiTBLTRIME~ N Eufah3, |
5 WEE— FICEWTIEVFORKBAE (XR7v72) B1TOY. 7 ¥R
WZS I VICIB A I VAR EEIILTRATF v 3, AF v 74 BRURF
9 75 OFMBETS ., TWE— FiZBW\WTid, 2FVFORMARE (X5 v
2 EFoTHhS. VEFORM/ LR 26 M IMISNB LI %ML LT
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a header region, and the header region includes an addr ess regi on

havi ng a postanble region at an end of the address region, and the
postanbl e region has a pattern 5 whi ch ends with non-pit data or a
space. W t hwidnd729483 construction, the above objects are PETURIMII T
The header region may include a plurality of the - address regions. 10
The address regions nay be located in the mddle of groove portions
and | and portions of the tracks. The optical disk of this
i nvention includes a 15 plurality of tracks each divided into a

RN 2 T S NG R T L o
of addr ess 10l ps AREIEL WELBUSHHL [ CHBIHAH Ydeomm P OIS O

pattern which sgetEs o BRI DRAREORT onx arSbioe kLIS XDV Sy —
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I n one enbodi nent, the address region includes an 25 address information

regi on where address i nformation is recorded by a mark | ength
recording for identifying a position of the corresponding recording
sector, and 129 address information i s nodul ated usi pgrapsiesdzengt h
limt code of a minimuminversion interval of T3[err] bits and a 30
maxi mum i nversion interval of T[err] bits (T[err] and T[err] are

natural numbers satisfying T[err] > T[err]), and non-pit data or a
space having a length in a range of T[err] bits or nore and T[err]
bits or less is. provided between the address

- 14 - 6ﬁﬁ?ﬁu\ﬂﬁﬁ@@&h&%t;ﬁ&bfﬁﬁbf%&hb\ — Y i

FRICBT SRR EABOAETRHRENEF -7 EER L TH L,
ANy SRS 212, B1 TBIZRT LIS, 42OT7 FLREKS 6a. 56
b. 56 ¢c. BRUS6dIZaINTIVE, ILIZZET FLVAERIRFhZEh, V
5 FOfE. 7RV RX=2—7AM, FBHMEFHRARXI D, RUBRX 7 TNVP A%
HLT5, Bz, Z7RLRAEKG alt, VFOHAB VL, 7 FLA=—7A
- M. EHERGEE D1, RERARKTLTIVPAl 2B L. 7 FLRHER6 b,
VF OfEIR VP02, 7 KL Zw—2 AM. BRI 102, RULZ T LTI
CPA2AE L TWB, &, BHIWMAS ID1. 1D2, ID3, RUF ID4 3% L T EMS
10 SWMEMIDELTVS, T/, BR 77V PAL, PA2, PA3. RUF PA4 24K
LTRR 7Y TAPAELTINE., |
AEHHICHEOTH, B 1 O ERBIC. Ny FRAKS 2123k 5=
—JiEEINY. VFOFER. 7 FLR<—7 AM, EMiNEHER 1 D, R
R M7 TP ARSTURRDOT FLVRAEEN4EROBLUTESESh S,
15 %V F Oiig VFOL, VFO2. VFO3, VFO4 (3. %7 4 X7 HENBELEESH S O
L v Y DBEETS picBLSN S, &V F OBBITIE. PAE. % | OZIEH
ERBIZ. —FE (BZIE4EY FE) D=—7 EAR—ZENFHIZBNS &
DB/ Ny~ R INT IS, EVFOHEBORIIFA—TbH LWL &
e TWT b, FAIE, £EOVF O Y0l 2OV F OFRL D EL T
20 BIlizkbh, Ny VERS 2OKEIBT S0y FBEEREICTS I EN
H¥5, '
7 KL Re—7 AMIZ. %nkﬁ<EMﬁﬁﬁﬁlDoﬁEék74zﬁﬁﬁ
HBIT Bz Sh, AL, Bl1OEBATHEVET FLRT—7 AM
- ERHRIC. A7 M ERAEORAREHRET nax+ 3y PRO/XF—2 %2
25 EGL/y—vEH-TS,
FHBHER I Dicld. 1S5 v 7 ESV LY I BEESSOBUMBESLF— S
IHREOLS—REFEEAMUT L DI NT I, ATF- NERTFS LA
WTERXIhTe—7ERZEHEIN S,
Bil18A~18Cik. XRMHATHISRT~ PEBFSOLRLERUEN
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regi ons. The address regions may be |l ocated in the mddle
of groove portions and | and portions of the tracks. 5 The
optical disk device of this invention is for an optical disk

i ncl udi ng a WaA7ed4sdy of tracks each divided into a pPGRARYHKREID{
recordi ng sectors, each recordi ng sector including a header region
and a data 10 regi on, the header region including address information
for identifying a position of the correspondi ng recording sect or,
addr ess synchronous |nfornat|on for identifying a recordlng posi tion

S%nigfoﬁgﬂée?%ﬁ#éé%ﬁ el AL A W T dfﬁpif
e device o1 6 PRIRM A AT Humhy e L

addr ess i nf or nity DAIFHE D eprmiced 8ikhndt QSRS tiiho Skl ftor
det eot 09, e SIS S 1oL Sl e 5 ST o WP R O
5 O0OBMEHAIERLTILS, B18AICRTLSIZ, X7~ MERBEE 6 03%#Hk
F—FN56RUDIN v T 70y 75 TEFLTWB ERF—TIV5 623,
BAtICBI537—2D t RUXT— ;S tBATEN, FSRIIY t RUPKROD
Bt +1IRBITBRT—FS til (BT RZRPRF— FERER) HRliha
3, ERFT—TNV56DhoHNZINBERIZAPMRTF— IS t11IZ. D7V w S
10 7po975 7t-/\73$n\ ROER AN ohb, - .
@18BH£&T-7W3GOWew—W%Tbtbwfﬁéo%ﬁﬂ@zT-“
— ;S tiISt=1h54ETRUETARESH V. FREBICALIFTERIIY ¢
BREOHTOENT IS, FRANIEIIBXT—FS tRUT—FD tilL), X
. 7152%-%3ﬁ1ﬁ&i3n5°&ﬂﬁ%%ﬂYt&bt%f7»cﬂD%
15 Tohicl 6Ey hORATF~TEOS 52405 1 0 OB THBE N5 o
REIRTFS LA-TEY, 22, 2HAMORIUIZER LISERICbE DS /¢
251 ODBMTHIREINBLIKRIAMIXT— FS tHl1 BRE - T3,
Fio. BATSRAY t ELTF—TNMEHDOE TSSOl 6E Y FOFRAID
S3B, RZZAPXF—PFS til D1 HB3NNI20H0D1L, BEOFoS 5L
20 TTHALIRKRE-TUIS,
Flo. T NVRICTRESINIANI—p 1 RUFP 2D EIICRIEBZAHAT
—2d titH U A—DHEIRFAY t 2B TR H S Toh T BEBA0H 3,
ZDEINBEITL. LTHEDRIAXAMRTF— MHERLBZ LS, RF— P2
HBVIRT— 3D FTUbIIED St FIZIE, EPIDEE. p I1HXRI R
25 PFR7F—DP2.p2HRIZAPRTF—IBEN-TNB, ZDESITBALNIE.
A—OWARIY t X 2EHRERLTHY YTOonBT L3,
Fio. RF— b 2RURF— b SICETBFSHRAY t IZIEL T ORES S 3 .
AT—F2ICBTAHARAY t BEHIS 1 Ey FHRU 13 Ey FEAEES
"THD AT PIIIEBTAHARIIY tiZERIS1EYy FEETI3E Y b
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signal to output a detection signal; and address repro- duction
permt neans for permtting the address reproduc- tion nmeans to
performa read operation of the address i nformati on based on the
detection SiygheHnogaVth this 25 construction, the above whysrot/a3zn e
at t ai ned. I n one enbodi nent, the optical disk device
further includes: clock generation neans for generating a cl ock
signal fromthe reproduced signal; and clock 30 reproduction permt
signal for permtting the clock generation nmeanhs to perform an
operation of generating the cl ock signal based on the detection

signal . B TFhh—H"1"TH 5,

25— MERFSOEBITELTY, ERLLEICLI6Ey FOFSHRAY t

E8Ey MDA FYF—SIERTELEN DS, M1 8 CHEHRERKS 1D

WEERYET 270y JETHS. EHEEKRE 1IZBHT, H3H tICkI3

16Ey hOFSHRFIY t &, HEHAt + LIZBYA3HFBERAY t11 D5 50
1Ey FEY tH1 1 &, 13y FEY tH113DAE 1 8 ¥y MY, TR F—

LS5 BIANENE, BERF—TIL5 8 OBEL t T BHANE Ey b

DA FVTF—FDt & B,

BERF— T 5 SOMRIL, £RMITE] 8 BIZRLAKRT—TIL5 6 %

10 BicEkbOLND, FERAY t 0I5, EELTHIBTSATHELVEY
T LTI, 2OWALRTH D50 F ) F—# D t E—BITRESN B,
. —#. Bl 8BIRRINBZRF— F1AOP 1 RUp 20LS ICEELTED
MT SNI 8y — VLTS FERAY t OB TRASFYF—FD t %—
CEICED B ENTELN. L L, ERULAKS K. COKILURA—OFER

15 FAIY t FEELTHDSTONEDETEDORY X b2AF— b2 & 3OBED
BTHD, H>Ts RF— F2RURT— P 3OFSHRINDUFDENEA NS
ZEIZEDTDNALFYF—D t 2—BITRET B ENTETHB.2F D,
EFEBITEL CIB 5% R FXF— ML DRESNAFSRIITH BHL
t+ 1B RRFERFIOLIE Y FHELSE Y FEESDETRBZ &2,

20 SA4FYF—FD tHh—BRRE D, |

SEWMERER [ Dicid, ERLA LS BERHEEHOTEAIN T
BEALTF— o2 —7 BREXN TS,
B17TAIZRINBEXNTTAPA IR, F— ¥ REREE S 4 DKREBAERL.
DY — 3T — S ERERS 4 OLMERICESVTREI NS,

25 £, B1 7BIZRENBERR T LTI PAL, PA2, PA3, RUFPM i3, %
neEh. 87 KURER5 6 a~56 dDKRERLTED., T/ 89— 13 E
RSN A5t T 2 EHIF AR ID1. 102, 1D3, RU ID4 OFERBRICE
SWTRESN S,

H19ARUBI, BRIy TIORY—DO—PERLTISE, 19 A
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- 15 - The detection nmeans nmay includes: binary neans

for converting the reproduced signal into binary data to out put the
bi nary data; sanpling nmeans for sanpling the bi nary data at a

pr edet er m necdvé srmeE3NCY t 0 output 5 digital data; parall RCTEBRYEBY| on
means for converting the digital data into parallel data of at |east
m X n bits (mand n are natural nunbers); and a detection table

for detecting a predeterm ned sequence conposed of n-tine repetition
of an mbit pattern fromthe paraIIeI data. 10 The opti cal

di sk device of this invention is for an_optj cal dISk |n Iud|n
plurality of traBREBdagt T 3‘%?\\/?&'9‘11"1‘ hISEBIA draf BEH L g‘ FRT

15 Cegion, tre WERH L chPa BT ks hdor 2R fﬁiﬂa‘ﬁ?w” %ﬁ%fé 3

i dentifying a popifEwoL &J@@:Wwemmﬁdyrm eremlwgs:x b7 SEALRAL, PADOPERS
synchronous information for ident rec osition of the
addr ess i nf or mtﬂﬁéd-%b'ﬁ‘iﬁﬁﬂ'%@séﬁk%ﬁﬁ@dmoﬂb2arﬁa3€&)£‘klbé@ﬁ@1m9
compr o " B BB NS P DR % B Rk F R 6L ¢
BATF— P 2DBER. B19AKXRT NI —Vp3ERX T T NELT:R
RETB, RZZXPRF— 3 HLLR4DBAR, B 9BIKFRIy~rp
ARRR LT T NELTRBRT 5. BRINAAX M7 o7 Mide— 2 BRB
shb,
10 AZ7RFRF—FERF— P 1BHBOERF— 2 THETXTOFSHRAIC
R —2p BEEELILES. TOEEXHIBTHY T /3255100
MTHIREZN TS, 7R FPRTF—MIRT—FB8HBNNIRT— M4 THS
TRTCOFEHRINT/ XY — v p AR LIBAICL ., ZOBESHTELTY
> E29h5 1 0OEMTHIREIATS, #-T. AR bT/_?)b%ﬁju-;-Z;;
15 CJ&i&-TTVERBIBSOS I L3N, Fhoy N9 —2p8D1IEy b
B&13Ey PEBRHIT ER-TINS, CHIZXL. /39— pddD1EY b
BiX"1"TH 5,
SDEI IR —p 3RUDPAZERAPT TN ELTHNWSEZ &iCLD,
F— ¥ SRS 4 b L IZEBMMMAR D1, 1D2. ID3, ID4 DREICHES
20 NANRF-VE—BIIERTHI EOTEEENRL B,
CET, EORARMELT, /Xy —Up it RF— MEBBITAHRE Y b
(l1¥y bEE13Ey PB) OBEEry bTHB 2y ME. 12Fy FEL
RU14Ey PEMNRT0" LTINS, ZHiTED,.  Ey b7 MEIZED ]
3Ey PEN I LEBERINTXF— POME - THAINBZZ LA &
25 XS, |

(s2HEH 3 )
20A0, ARBEOESKEBINUCEDIET 4+ X2 201 aDiBBL RS, K
20ARTFINBLSIT. BRF4X27201 aizld. FS59220 1 bhRs oA
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ing: means for reading a reproduced signal fromthe optical disk
cl ock generation neans for generating a clock signal fromthe
reproduced signal; detection neans for detecting the sequenti al

pattern of RP89?£3&¥ syn- 25 chronous information from theyimpongrced
signal to outpd a detection signal; and clock reproduction perm:t

nmeans for permtting the clock generation neans to perform an
operation of generating the clock signal based on the det ection
signal. 30 I n one enbodi ment, the detection neans conpri ses:
bi nary neans for converting the reproduced signal into bi nary data to

out put the bi nasylLgat-d seR¥PITHY NHads, P02 0 1 b IIIEDYET + —< v MI#ST
ERtE275201 ciZaBINTVS, H20AIKRT LI, E&FEZ5720
1 cizMBEARIcEE L TREINT. F5v27201 bEBELTIA,
K2 0Bz, XRBEOEIOERMAULZIHXT1R7201 aDBTHEI S
5 201cD7+—<v hEFT. H20BIZFT LI, BEHFE25201 co
BTNy FEIK2 0 208 Sh. BHEREHAMELDOT KLY
BB THREINT D, Ny VK2 0 208}, Fv v 7HEHK2 0 3.
F-YREFER204, RNy T7HIR2 0 SHAMITHS. Fr v THEE20 342
F—7oRFIFONT., FALEF—OESGELEICHNWSFEKL—F D/
10 T-HESCELOhE, F— S ERER2 0 41— TF— I iEgah S,
A—FF— Y BT ERSEOREF— Y EHMUTTF 4 PINTF— 75K
XD, F4PINF—2i3. ¥uSus2nsl 0DMTHEINAS VES
RAFS. B, (2, 10) FAFSLAVTERINS, ERINLTF—71R
F—YREER2 04t — 7 BEFING, Ny T7ER2053KT RS
15 OEEEBHEEENT 31T ohd. M. Ny FHK2 0212H) 5168
Hi3. BREFOMMICEZEy FELTEBRLTO LWL, F— 5 REEBIC
B 2R L AROHETHRFENRER— 7 EBELTH Ll
Ay FEH20212. B20CIKFETEIIT, 42DF7 FUREH206 a.
206b, 206 c, RU206 dIzAMNTI 5. X SIZHT FLURERIZE
20 hEh. VFOHE. 7 FLRAT—7 AM, BHIFREKID. RURX 7~
TP AAXBLTLS, flzid. 7FLVREH206 ald. VF O VR, 7
FLX=—2 AM, BHIEREE D1, REKX T TV PAL 2FL. TRV
ZEEH 2 0 6 bid. VF O VF02, 7 KL AT —2 AM. BHIFHIER 102,
BRUBZX M7 7NV PA2 ZH LT3, B, BMIEFHRER DI, 1D2, ID3, KU
25 IMAERELTEHMERAR I D &35, /. RRAMT TV PALL PA2, PA3,
RUPM AREXRTRRNF U TAPALT S,
AR BOTD. LEOKEH EFRIC. E Ny FHER202i12i3€S 5
z—2i32Hxh3. VFOHK. 7KL RA<T—7AM, BMiEHARID. &
URR M7V INVPAZECRABO7 FUREES4ERIR L TEHFEIN S,
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sanpling the binary data at a predeterm ned frequency to out put

digital data; parallel conversion neans for converting the digital
data into parallel data of at | east mx n bits (mand n are natural
nunbers); angoa7beass detection table for detecting a predet RERAPEEIBZquence
conposed of n-tinme repetition of an mbit pattern from t he parall el
dat a. The reproduction nethod of this invention is for 10
an optical disk including a plurality of tracks each divided into a
plurality of recording sectors, each recording sector including a

et S0 = 2P S, v RO SESETEL % R B B
L oo o oo, AP BRI AL O (F ORI AR B 1D

synchroni zat i on g &RIEEICQCK-EEh (A Andiub L .ﬁf}oE)a@'-aﬁ-_ ﬁ_ahm_z EHREEIZI/N 3
et out no e ik Sausk B s 5. £VFORMD SR e SHRL O
5 RIT-TWThEl, HlZIE, £FHDVF OFE VFOl 242DV F OF L H &
THI &2 ANy FER20 20KBIIBI B /0y JBEEZREICTH T
ENHEKS, '
7 KL R7w—27 AMiZ. Zhicg{ BNEREROMEBEEXT 1 X 7 EBHH
T3 =BicBueh. AL B10EBAITHE WV T RVAT—7AMERF
10 #i2. EBHS (5 EHRFTS) ORARERET nax+ 3Ky FRD/ 37—
YR 2EIEL/INT - &N >TN S,
BHEBER I DI, M50 7BV I ESEOBMNREITT S
OIS —RHFSEMNUETF 4 DT, (2, 10) ERFS
EROTERIN T/ REKIN 3. .
15 E21AR RREOICLBRT X7 VT, ERALLERSNEAy
 YER20 2B BT FLUREROREAR LTS, B2 1AIKRENS X
IR EFARZIEBWTR, F—T b3 9 IRUST Y F Iy 7OEAIE
WHEFINDE, 21 0RU21 237V -TbFv7%RL, 211015 F
FSwZARLTWE, BETEIN—T ISy I RUFVF T v ZIZFLN
20 BX5IZ7 FLURER213~2200RIN TS, JC Ty 7 FURER
213, 21713206 aicsitd 3. 7NVRHFHK214, 218132060
123G d 5. TRLRGER215, 21912206 ciciticd . 7 FLRHER
216, 22012206 dicEd 3, o FbS v 7DhLRETNV-T}F
v 7 OFLREDHERR P59 7 EyFTpTHY AT FVRRERIE M v 7
25 LS Tp /280, XECHAUMRCABRMICT S LTEESN TS, i
ZiE. FN—T 59721 0DFE2 3 01T -T ORI, 7KL X
ER213~21 6XXHIIEBINS, 20 TRARXRy FERLTS, B
EBIZBNT V=T bS59 2721 01KB>T7FVAEHK213~216
MoT7 FLRAFEREFAHIN, SUFMT v 221 1IZB->TT FUREEE2
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20 optical disk; detecting the sequential pattern of the cl ock
synchronous information fromthe reproduced signal; permtting
readi ng of the address information if the sequential pattern is

det ect ed; rg@ﬁbg@m&ge addr ess informati on fromthe repepswesssssi gnal
In response 10 the 25 perm ssion; and termnating the step of reading

t he address information in a predeterm ned tine period after

the perm ssion to return to the step of detecting the sequenti al
pattern. Wth this construction, the above objects are attained. 30

I n one enbodi nent, the reproduction method further includes the steps

of . permitting neproguriiore 0f9, KIF 2al @ ok 7TsHInZHFHIAERS K&y i3 & 5
Pattern IS et e o R A RET 3 LIckD. SV F M5 9 JRUS =T+ 552 &
HIT7 FURERARS M2 &M TES, |
Wiz, EBROMREDOIN—T S5 v S RUMMKOE y FELTOT KU X
5 BAETEITFARIVERODERICANBERY V=% EKTBIDDT 4+ RIE
BORBFECDNTCHETE. FS5 9 7 RUET FURERIZ, BESELT 4
ZIBRICH v T4 VIRAV—REBHTZZ LiIck>TRERINS, L—F
AEEELTEHITSE. —ROBEHEELLTI/NV—T S5y 20 EHEINS,
S V—YRENEMICON /OFF LTEBAT S L. U—YAnBa I hisas
10 7 FVAEERAICT—7 (Evy FF—2) ELTEERIN S, V—-¥ERBEHE
NS S BRIAR—R FEEy FF—P) 3, FIRE, LROREHT
CRBIUR &S HUED/ 8 — L ite— 7 RURR— R OMSEHRITL > TRE
sh3, Hic, FEEHTET FURERE M5 v 70RO SAMEICTS L
TERE (V1 7VERE) T35, TFVRAERI Ly T4 Y VRV —¥i
15 OHLAEBRERICHERT p/ 27537 FERTL—¥ROON/OFF %
B, M. T4 R7EROSLEHIZE\V TR, %5 H UBOEEE & REHNo
EhSH v 4 v BFbRBRD. By bOSN—TOMMBEE, SHEL
CBRICBEANy FhORICEE EMICN S,
M2 1B, XEHAIZLBET 1 R27I26\ T, BEELCRESEIhIANY Y
20 K20 2icHiF2T FLREROREOHOFERL TS, B2 1 BITRS
NEEF L RAZIZENTR. TV—T S 2RUS VKI5 v 7 ORFGICER
HFEFINS, 21 0RTF21237/V—T bS5 9 2%&RL, 21 1SV FF
590 %RLTS, BETAVN—T IS 9 2RUS VKNS v 2icds
DT RFLREA213~22 00 EN TS, 22T 7 FVRAEEK2
25 13, 2171206aicticds, 7RURAEK214, 218i13206b1C
MiEd 5. 7 FUREAK2 15, 21912206 ciKtiEd 3, 7 L REER2
16, 22012206 it 2, SV KIS w2 ORMBETN—T 5 v
HORLBEOERIILNS v/ EYFTpTHY, MO 2507 KL RER (2
13,214, 217, 218) it FA—TF5 9 70h0E23005Tp
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- 17 - reproduci ng the clock signal fromthe reproduced signal

I n response to the perm ssion. The reproduction nethod of
this invention is for 5 an optical disk including a pIuralltﬁégf t racks
each diwodnmbagant o a plurality of recording sectors,

recordi ng sector including a header region and a data region, the
header region including address information for identifying a
position of the correspondi ng recording 10 sector, address synchronous
information for identifying a recording p03|t|on of the address

nf ormat i on haviAg s EANT e Lo Rk A 2P B LR THD Fex ol S -
comprising - pthg Steps 9ity I SUILEYING AyaREENSe] 15 LAY 17 Ty IR

optical disk; detecti'ng the sequential pattérn o
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20 3&217EOXREHNFAXIFTNTERINIZBE. VP59 27211 %
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FIT, K21CIZRT LI, 87 FLAEROXRRICRv— 7 28847
ICANR—XEZBEBL. FiZ. RDO7 FLAARDEEIZIZ, F+- X 7EROH &
25 74/7ﬁ®@hﬁE(AX);D§Eh1m A (AX 1) PEBEXND LD
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BE. AXOER2ESIKBRETS L, BK. AX=0. 1 umBETHS,
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signal fromthe reproduced signal in response to the 20 per m ssi on.
Wth this construction, the above objects are attained.
The reproduction nethod of this invention is for an optical. disk

I ncl udi ng avg(lfw/%usty of tracks each 25 divided into a phciypbidoys7of
recordi ng sectors, each recordi ng sector including a header region

and a data regi on, the header region including address information
for identifying a position of the correspondi ng recording sect or,
address synchronous information for identifying 30 a recording position
of the address information for bit synchroni zati on, and cl ock

The method conpr FoP B OBERREIZ Bs 2 P Tl eving & reproduced Si gnal

from t he  H22ARU22Bi. 2507 FLAEK213 (214) RtF214 (2
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P14584 - 18 - optical disk; determ ning

a reproduction mode whet her the reproduction node is an initial node
during a time period from sw tching-on of the device or a track junp
until the woorrd@sess information is first read fromthe PEPIBTNEBA 5
signal or a normal node during a tinme period fromthe readi ng of the
address information until a next track junp is generated; detecting
t he sequential pattern of the cl ock synchronous information fromthe
r epr oduced signal; permtting reading of the address information if

fiest LQ?mS??PﬁSt@?PLapaiiééé‘ﬁgﬁﬁé%ﬁﬁgzé‘. B 67— TR LRe 3.
bl se it the sal 2 JBISEERTES on MBS T NE AR MR SRR AR R R
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return to the step of determ ning a reproduction node if t he address
information fails to be read wthin a prede- 20 termned tine period
after either the first or second per m ssi on step. Wth this

constructi above obj ects are attai ned. PCT/IP97/00337

BRI EF DESC%PB?W%ﬁEtF DRAW NGS 25 Figure 1 is a view for

explaining the mark | ength recording and the inter-mark recording.

Figure 2Ais a viewillustrating a signal format 30 of a recording

sector of a conventional optical disk. Figure 2B is a view

illustrating a header of the - conventional optical disk.
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- 19 -

Figure 2Cis a viewillustrating a recording

pattern of a sector mark of the conventional optical di sk. 5
Figure 2D is a viewillustrating a recording "~ pattern of an address
mark of the apoysmusonal optical di sk. RGTAPPH00337

Il lustrates a nodul ation table of (2,7) 10 nodul ati on codes.
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Figure 4 is a viewillustrating an exanpl e of repr oduced si gnal
waveforns at the header of the conven- tional optical disk. 15
Figures 5Rto 5C are views for explaining a construction of an
optical di skygbssyig, €xanpl e accordi ng to the present pémadbbiEs 20
Figure 6 is a view lIllustrating an exenplary recording pattern of a
VFO regi on of the optical disk of t he exanpl e according to the
present invention. Figures 7TAto 7C are views illustrating
exenpl ary 25 recordi ng patterns of an address nmark of the optical disk
of the exanple according to the present invention. Fi gures

8A to 8D are vi ewshid lkus{ ratF L SKEURIDSETH & RikHTOSHF 5 Ads pat tﬁexrmuﬁaﬁbe
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Figure 9 is a viewillustrating an exenplary recording pattern of the

address mark of the optical disk - 20 -
of the exanple according to the present invention. Figure 10
is a block diyggopmsef an optical disk devi ce of one exBAHERE™B¥%r di ng
to the present invention. 5 Figure 11 is a bl ock diagramof an
exenpl ary

M. ER T YTIVP ADSRY — LdERICRT/ Y~ p 8IS HOT
1. TS L OEN. BRERER ] DTAVES Y EHBFS OHIREN.
LTED. X5— MEEMRS A THD. 7 KURT—7 AMERRITB/45 —
SEF L. oL "I ABREEL/ S — U ThHRIT LU,

5 24 E~Hii, A57— MERAFSERAWEBRORA T Y TINPADT—
S EBOIO—MERLT S, B2 4E~HItBWT, H#R7APRF- bz
HEDF— 7 ABEUEBORZ X FRF— b ThHB. Bb, Mty 5 EHEHE
51 DOKBDF— 5 AERLLBORS X NRF— b EBB,

. E24ER. R7AFRXF—MSRF—F1HBWNEIXTF—-P2 (H18B8

10 B THD. HoBMFHES | DOKELT—7 24 0TRD > TVEHAEE
Fd. COWE. B2 4 EIRT LS M55 — > P 9 (0000010000010001) A4ER
ST, v— 7 BEBAND. RV R PRF— MIZF— F15BLERF— b
2 THETRCORERA LY — VP O LEHEELLBE. TOREMMNID
WThE¥aS U iE2hs 1 0OMTHRINTINSG, /39— YPOD1EY }MH

15 E13Ew MEIREDICS0ENSTWND, /39— P OERBIRT BT &IC
kO, RRPTUTVPAOKR. THOLT FLRAEKDRRIILFTIR-2
E15B, -

chizkh, B7 FUREBOABERUBIENAR—RA ERED, T4 R7
BEEOH v T4 BB T 7+ T VEBIWAT7 FVRERRIC— 7K

20 FBAEECZOZHIEL. 7 FVRAEROBLERICENTT FLUABEROELY
LB TF— I HEAMD B LTS ENTES,

X5z, £7 FUREBROXBEREEI N3 VFOHEKD/ S5 — v %,
{000100010001000- - - } T B4 Ey FEDEE/ Y — UES LTI LICE
D, BRAPTUVTNKRBOAE Y b2—7b, VFOEULTRWSI ENTE

25 %, |

H24Fi. #7R FRF— FHRF— 1 HB0MERF—+2 (D1 8B
B) THH. HhoEMEHRER | DOXRNAR—ZTRD> TV BBEETRT.
coEe. B2 4Ficmt&51,8%— P 1 0{0001000100010001 }A53R &
T. v— BB 3xN3, XIRAPRTFT—IMERF—F1BBNNEXT—H2T

41



I nner construction of a reproduction system shown in Fi gure 10. 10

Figure 12A is a bl ock diagram of an exenpl ary I nner construction of a
VFO detection circuit of the exanpl e according to the present

i nventi on. Figure 12B is a view illustrating ruc-
15 tion o‘?"’a’l”%?ﬁ% detection table in the exanple accordi nﬁé?g’ﬁ%gi t he
present invention. Figure 13 Is a timng chart of exenplary
wavef orms of various signals used in the optical disk 20 devi ce of the
exanpl e according to the present invention. Figure 14 is a
timng chart of exenplary waveforns of various signals used in the
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Figure 15 is a flowhart of an exenplary process after the turning-on

of a systemcontrol of the optical di sk device of the exanple
according to the present i nvention. 30 Figure 16 is a
fl owchart of wayenezeespl ary process of the system contr Sadle o
optical disk device of the exanpl e according to the present

I nventi on. - 21 -

Figure 17A is a view illustrating a signal fornmat of a recording

sector of an optical disk of another
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exanpl e according to the present invention. 5 Figure 17Bis a

view illustrating a signal formt of a header region of the optical
di sk of the exanple according to the present invention.

Figure 18A g, gdakfack di agramof a nodul ation 10 Ci r cui tpch¥poiiopsirat €
nodul ati on code Tn the exanple according to the present invention.
Figure 18B is a view illustrating an exenpl ary . content of a
conversion table shown in Figure 18A. 15 Figure 18Cis a

bl ock di agram of the construction of a denodul ation circuit for the
state nodul ati on code in the exanple according to the present
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exanpl e according to the present invention. Figures 20A to
20C are views for explaining the 25 construction of an optical disk of
still another exanple according to the present invention.

Fi gures 21A wixb7R8d8sare schematic views illus- trat i nGCENRHNY
arrangenents of an address region of a 30 header regi on of the optical
di sk of the exanple accord- ing to the present invention.

Figure 21Cis a viewillustrating a coupling

£y MERINBH, CREICRERIOND  BEEOLHILORE L% 5,
Kz, BEGEI FITBOT. BEET) FRLERETOULVEBEOER
ICIIBRTOENTE D, F—7OESERVELTITI & TORAHOEIC
LHRSENEOBHAES D, EREAPHELTEL, F—FE2RAMS
5 CHRBITHAEEEENS B, 0T, ROBELRGICLESEHOBLIES
DS ERF1 AT EFERLLBAICR, RBRTF—2%. JoL) BBAROE
AU ZERAMEICESE TS 2 EIFE LRV, £ T ARBHICE WL THE,
ZDLSEREARRT B DI~ FF— 7 ERERE 6 £RI TS, #—
KF—yRBHEB6 613, T—ERFARE4HIVIIRR T TNVES %
10 ZERETIEOBAN-AREOBANEEABZLINY I-F—yERET,
F e P ERERG A RUAR N7 U TVE 51BN F— 585 — L, /85
= VITHERT3v—2 b LRRR-RDEESHEE MR L, /- D
| EREEADENT B, 0L SERERFOHENE. V- FEROBLES
BAAEHIE, Y—FRCERESIZOTHFEULR, > T, /35—
15 OERERIRTEIOINPIELNLEENZE L, v—2DRFE Y MK
EAR—ZADBHE y b EMASTEBLTE UMD LI NERPUENBI &
iz 1AW |
HoT. H— FF— S REFERE 6ILRBRINBY I —F—F D5~ b,
2= DAHE Y M ERR—ZDRFE y MUEINELLVIY— U THBI &
20 AFELL. COZERED, ¥ I—F—5 OREFN. F—7REHEKE6 4K
UH£R M7 v TNV6 52 ERT SEORAH ERABEITLENSTH 5,
b il KEy bDT—2 EZR— X EEBREREBY BT Y — %
BB &N TES, oo T kKIXT nins k=T nax £MW-THRETH 3,
T min (35 Y EHBEFSOR/NRERE. T nax RRARELRTH 5.
25 Xolc. H— FF—F REER6 6 DEX (2. BHF— /51 bTHEHH.
AR EANREONBHEEITESb. KDIFELL.
B25Bik, M18BTHEMAL:E, 1 F7F—F1 A bPHEBEKI 6y MH2
LS UEEFES (Tuin=3, Tnax=11) 2B LED, H— FF—-y 2
$R186 BICTFINBZ Y —DO—THB, FFlDF— i, 4EY FERD

45



- 22 - portion of address regions shown in Figures 21A and 21B

Figure 22A is a schematic view illustrating the case where the
coupling portion of the address regions of 5 the optical disk includes
mar ks a”d.thﬁo@%&ﬁﬁiare i deal |y f or med. pCT/PoNER7 22B i s
a schematic view i1 llustrating the mar ks formed on the coupling
portion of the address 10 regi ons of the optical disk.

Figures 23A and 23B are views illustrating the operation where an
optical spot perforns data reproduc- tion along a land track. 15
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BT ENTESD,

10 Fh, SOY— Ui, ERARS (S5 URHRTS) ORPREMBRURK
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15  BLEBBILIXSic. ZREOKT 4 X7, SEBES 7T SRy
FERIT. 7 FUARAMERRYS L ESRFSERVTER L BbiTRss
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3) Ew FELILEDE1D/$9—2 &, 120 (T max+3) Evy FELULDS
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Figures 24A to 24H are views illustrating exem plary patterns of a
post anbl e. Figure 25A is a viewillustrating a signal

format 20 of a recording sector of an optical disk of still another
exanpl e accor WOWy29483t he present invention. PCIIRLIIE i s a -
view illustrating an exenplary pattern recorded on a guard data
recording region in the 25 exanpl e according to the present invention.
BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON Her ei nbel ow, the
present invention will be descri bed by way of exanple with reference

5A scnemat | cai |y 3 PS8 rat Bk OpiIEa 0 ©5 VT Kbk 55— L AL
b BIRS Y EFBRFEIL L > TERSNBOF— ¥ ERUNTE B,
Ny VERIZEThAWEE 1 D/Y— DAy P EERIEE 20D/09 —
SDAEHE Y FREFZELLTBIEIZLD ., NI — L ORSERBRIA D
5 (TR LIRS, COZEICED, Ny YREROBERITY - ERORER
ZIBILH T EHYILN,
BIEANy VERIT. BHBEEHEUT FLARBERE 4 A8V ELTRET 3
ZEIRED, BREBREOKT 4 2251 2EMBBORLM ) FESLS ¥
7 5 DRAEFBEBENICES S E. RRBENLT + X7 2 BUT 3 E0TE 3,
10 &7, FREDKT 4 R7ICEY 2EREEY 5O~y FERIL, HETE
e 5 OUBEBNTIHOBMISRS . BEUESRORRIBELBIILT
Ey PVABSE2457 FLARBEERE, 2oy 7ESEEETI 0O/
v 7 AEREEER LT 5. SBBEEIL. BNRERRT nin ¥y FRY
- BAREMBTmnax 'y b (T nax BT nin {2 T nax> T nin M ERRD
15 O35 RURFSEBVTERASNTEY B/ 0y 7 AMERIE. dEY - (d
13T mins d < T max 2WATERE) Ov—2 EAR—REEXEICRDET
NI —ThHH, FT7 FLVRARBERIE. TORERRBY (T nax+3) £
v MAED 2D/ — %83, ZDIEICELDET NV ARBIEROBELESSE
BH. MOEBOBEEENSKHING, AdEy FOT— 7 EAR—REER
20 BRBORTEE NI —EHAMBIEICED, FEIZI/ Dy 7 BEEITO.
7 FLARBHREHAME - St L D BMEBRABLET 30Oy FAMZE
BEIZITS = &5k 3, |
Eh. ERUDOKT 4 X213, BERE7 ¥ DATIC. Bt 5 OMIEEE
M BDDET— I EDNBIY > (7 F2—0) 2RBLENC &k
25 D, TF—Ty FELTF—9DA——~y FREERT S EHTE 2. A
B, RBOXS T, Z0v 7 REHERERLCTES Y, S OBBRILE 7D 5
7 DB E AR & EATERICT 5,
. EREORT 4 A7 2B 0T, BRI Fid. Ny FEREZAY V
HIRORRICRT SRR N7 U T IER EZ A ER R b7 o 7 MERIE.
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- 23 - disk la of the first exanple according to the present

I nvention. As shown in Figure 5A, the optiacal disk has tracks Ib
formed in a spiral shape. Each track Ib is di vided into recording
sectors 1c wWhapesgpsdance with a 5 predet erm ned physi calpchpéidoss7 AS
shown in Figure 5A the recording sectors Ic are sequentially
arranged in the circunferential direction to formthe track |Db.
Figure 55 illustrates a format of each recording 10 sector 1cof the
optical disk la of the first exanple

ANy SERDOF— 7 DERGRICE SV TREINS Y — L3RBT 3,
#-T PR, Ny FRABDF— 5. XAF— MIESWTF—TIE8HZ 3
ERATSEROTERINTVEEE, X MT VTR T— FESIB OISR
EEUTENTRELD, Ny YERNOF— 7 OWAEDLL (T2 3,
5  Fh, KRBICEBRT 4 RZIENT. EREEI 7id. Ay SEER L.
— Y RESHEE L. BT7— 9ﬁ&ﬁﬁokér“3bnt+zr7/7waﬁa%
EH. BRRXMNT T NVERIL, EF— Y EFHEBOT— 7 OEHERIZESH
TREINZ/Y—VEERLTIS, #->T. BRI, FRF— 7 BRERD
F— g PRF— MESWTF— T NERZ BEEFSERACTERINTINS
10-% « BRAX M7 U INERRERT— FEBT 3 D ORREST S E0¢
T&, AR, F—7EB8FEROF— I OERALPBL (TR S,
WERRE S F45. BR T LT MERDEI, Hiz, E—r—&%ﬁﬁ?
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Eho. ARPORT + X2 I2BNT, FRELI T3~ YEREHFL, B~
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20 FTUTNEBUI. TORRICEE Y b F—7H3 0 AR-RBREINH S/
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L RSO AT BT S VE OfFikiE. ZOABIHEE Yy FF—F 5511
AR—=ZAMEFRENBE XY — 2B LTS, HBW0E. 7 FLREERIZT
max Ey FREFTEIEEY FTF—7H3 0 BAR-ZAHRIToNTIVE, 0D
25 CEIRED.SUFRSLETI—T IS vy OTHICT KL RERL RS
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BEEESH S EBHEREBET FUABATRL. ZBELEESH Yoy
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according to the present invention. Referring to Fig- ure 5B, the

recordi ng sector Ic starts with a header region 2 where addressrng

i nformati on for readi ng address information is prerecorded A gap
region 3, a dwbd7aéss recording region 4, and a buffer regi BRT/EPIT0337
respectively foll ow the header region 2 in this order. The gap
region 3 has no data recorded thereon, but is used for power contr ol
of a sem conductor | aser used for data recordi ng/ reproduction and the
| i ke. The data recording 20 region 4 is used to record user data.

Redundant data such as an error correction code is added to the user

dma,tofmmdwﬂ@ﬁﬁﬁ@aﬁﬁAWwMﬁﬁwmxﬁwﬁ&&wwtaﬁﬁﬁﬂ@uﬁmw'
Lo 10° The modul EFHSETE Yo 27 Fif Ak e R rp e oH e it R 7
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| %74Z7ﬁ«z?ﬁﬁﬂt797—7&Uﬁnw7@Mﬁﬁéﬁuﬁbfﬁb;
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FoTE, BEBEESHSE /0y 7 ABEROEESE XY - ERIETERT
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- 24 - As shown in Figure 5C, the header region 2 is

divided into four address regions 6a, 6b, 6c, and 6d. Each of the
address regions includes a VFO region, an address mark AM and an
addr ess i nf oyyabhéygs region ID. 5 For exanpl e, the addressctsseespa

i ncl udes a VFO re- gion VFO1, an address mark AM and an address

I nformati on region I DL, while the address region 6b includes a VFO
region VFO2, an address nmark AM and an address inform- tion region
I D2. 10
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5 . FRUICLIXT 4 R7OBEEF KR, LROKF 4 RINSELES
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In the conventional header 104 shown in Fig- ure 2B, the sector mark
SM precedes the pattern conposed of . the VFO regi on, the address nmark
AM and the address - field I D which is repeated three times. In this
exanpl e, 15 woBg2asctor mark is recorded on each header redgfOWEITH

the address region, simlar to the above pattern, which I s conposed
of the VFO region, the address mark AM and the address information
region ID, is repeated four times. 20 The VFO regi ons
VFA , VF02, VF03, and VF04 are used so that an optical disk device

can obtain cl ock reproduction from, ,é%od:)géi@ced si gnal s. As shown in
Figure 6, each VFO region has such a seq# pattern 25 t hat i ncl udes

4-bit long marks and 4-bit | ong spaces appearing alternately. Each of
t he VFO regi ons may have the same length or different |engths. For

exanple, if 1. B oOYRRAeY D HEPS 1 AHHID | Sng St ARATIIEE ©RETT BFOT-e-
gi ons VF02, VF03, and VF04, stable g o%k reproduction is 30 obt ai ned at
the beginni ng of &EEsk&Lastidrey SME%E Each address mark AM
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optical disk device can identify t he position of the

- 25 - subsequent address information region ID to obtain bit
synchroni zation therewith. Figure 71 shows an exanpl e of t he address
mar k AM of Rﬂ+§7 |l e. As shown in Fig- ure 7A, nar kgcmore7smsor ded -
on the optica 'Sk using the 5 mark | ength recording in accordance with
t he signal sequence (bit pattern) of the address mark AM The
resultant signal to be read has an anplitude in accor- dance with the
pattern of marks and spaces (portions other than the marks). In this

exanpl e, the address .
EIDNRY—DRFEy PRENELL, HKEHA2IIEEDET 4 X7,

6. BIEA v FERIL., WTBHNEHRRUWLT FLXRAMHERE 4EHR0EL
TRELTVA, HRALIZEBROKT 1+ X7, |
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SEMIEHRIL. BNEEMRT nin Ey FREFRARENRBT nax £ b (T
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10 mark AM has a pattern which includes one 14-bit |ong mark and
one 14-bit | ong space. The address information re- gions 1D1, ID2,

| D3, and 1D4 are representatively denoted as an address information
regi-on |ID. o 97/29483 Wth respect to the address infor mRCTgRIVIGIIT
gion ID, digital data conposed of data including address i nformation
such as the track nunber and the sector nunber and a predeterm ned
error detection code added thereto are recorded using the mark | ength
recordi ng, 20 after the digital data are nodul ated using a (2,10)

nmodul ati on code. Since the maxi muminversion interval of

t he (2,10) nodul ation code is 11, no marks or spaces havi ng 25

address i nf or mat oty AR DSPEHIRT AR 113 CF R ML AR MR T R 1 év%?‘)
If the 1l -bit | ohg BEEAd i3 téd 5. SERBIVIEBHDEST e #gn region I D or the

data recordi ng region is erroneously reproduced as a 12-bit |ong mark
30  due to an edge shift of the mark or the like, and fur-

5 11. W@~y FRARIL, §ii2 0y 7 RHER,. S tER. ROGR7 K
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thernmore the 14-bit long mark in the address mark AMis erroneous|y

reproduced as a 13-bit long mark, the one-bit | ong difference still
exi sts therebetween. Accordingly, - 26
- URlEomedghe mar k/ space in either one of the regi oneTizee7/00337

subj ected to an edge shift by 2 or nore bits, a failure to detect the
14-bit long mark in the address mark AM or an erroneous detection of
a pattern in the address 5 information region I D or the data recording
region as a 14-bit long mark will not occur. In this way, the

address mark AM can be detected wi thout fail by recording
LRSI RZ T T NVEBEEEH,
BRI DT U TIVERIL, BT - ERHAROT - DERERICESOTHR
EEINBZXy - 2BE LT3, '
| XF1R7,
5 _
16. BIEET— RREBOTF— 713, XF— MIESWHTF—TNVERIBE
BERFEARWTERINTED, |
WERZ M7 o7 VRS, BXT— FEBRIT 3 HOERESE.
FARHEL S ICEROXRT AR, '
10 _ |
17. WIERT— FERNTZHOBBEFHEEEE T3P &b 1>0%
EEy b THY. -
FRHEE y MIBET Ay M. BREEE Y PORBIEBLREMICALE
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15 HORIR1 B ICRBMOKT 1+ X7,

18. MIBRFEZ 7. WERX Ty TAEBOREIC, BiZ, ¥YI—-F—%
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20 19. MiRT—/ESERI. BMREMET nin Ey P RUBRARERE T nax
Ew b (T nax ROT min (2T nax> T min 2873 ERY) OS5 EHEFS
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two patterns (one nmark and one space) having a | ength of T[err] + 3
bits or nore where T[err] is the maxi numinversion 10 I nterva

As described above, the address mark AM i ncl udes two 14-bit qug

mar k/ spaces. wipm298X t ern reduces the probability of RGTHREUWS

detection conpared with a 15 pattern including only one 14-bit |ong mark
or space. Moreover, the pattern including only one 14-bit |ong mark
or space can be used as a data synchronization detection pattern for
the data recording region 4. This makes it possi ble, not only to

maintain the reliahli f the ta sy {.gell 0

also to facilitat %‘bﬁlﬂév7%‘§v’bm%m%1e %a éﬁ%ﬁ?%&%@ ﬁ—%‘ 'f%c(%r
pattern fr, tected as the address mark AM |
Figures 7B and %&%ﬁgﬁz@% efﬁ;%)?;%pl es of 25 the address mark AM A
pattern incl udi nggfR M7B T ILERIRIZ. £ OREBRIEESy shiim B 31 JueXFBZHEL B
pattern includin 14-bit Long spaces as shown in Figure 7C may be

used as %%d?@ﬁﬁrﬁ%ﬁ‘ Bhsi ng the patterns as shown in
' 5  RF4RZ.
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Figures 7B and 7C, however, the entire recording pattern 30 may be nmade
one-sided in the bal ance of marks and spaces. If the entire recording

pattern becones one-sided, the | ow f requency conponent of the pattern
i ncreases. TRBoymeqgs | NCrease of the Iowfrequency conponensyfforbdisy
pattern 27 varies the
anmount of the reproduced signal conponents in the servo frequency
band, which affects the servo system Accordi ngly, the anmount of the

| ow-frequency conponent of the pattern should preferably be as smal

as possi bl e. 5 Thus the pattern as shown in Figure 7Ais preferable

mﬁ?bbxﬁmﬂ‘ﬂﬁb?/7®7¢~7ﬂ&7/h%&®¢ﬁ@ﬁ
Bz oh T3, 3§ ﬁﬁ24kﬁﬁ®%7127°

26. WHORRE) 7 ISARSNIERO 15 5 7 EBAIET 1 R0 T -
5 T BREEI Ny FEBRRUT— 5 BREEH. BNy FERL. WiET
DESRE Y ¥ OUBERIT B RODBUEHRE . HB U IEHRO B E &85
LTE MR E24»07 FLXAYPERLE, FEO#EE Sy — L2513
roy 7EBERE, ERBULTVERT 4 R BONF 4 XV EBETH-T.
SR 1L,
10 BATARIDCBEESEHRAMTERE,
SBERSH SUBMERLHBET FLRBETR L. o
BELESO OH I 0 v 2 RIS ROBEE <5 — /%ﬁmbfﬁ&f%%ﬂ
HTBBRHER &,
iﬁﬁﬁﬁkidmf\37#vzﬁ¢¥&r3§%ﬁﬁ®m6mbﬁﬁ%#
15 @157 KLABEFTERE.,
WA T 4 RIEE,

7. NEBLEESN S 0y VEBSEERT S/ 0y FERFRE,

BIEBRHIESICESWT, By oy JERFRICE Y 0y 7 ESOLKEIFE
20 HE[TBIDy s BEFTERE,

EFICEA-ERE2 6 ICEBOXT 1+ R7ER.

I T
WEREEESE 2 LT 2L T— 5 2 HNT 3 2MELER &

25 H2ETF-SETEOBEETY T L LTF 4 VI NF— AT
59N U SFREE, |
BT4TVINTF=5EP{EImXnEy b (m, niZERED) OS5 LI
Fe P IERT B85 UVERTR L, |
B LLF—2LDmEy MDY — Ubin Bl U REORFA RN

56 —

UL




where the appearance of the marks and the spaces is bal anced.

Figures 8Ato 8D illustrate yet other exanples of 10 t he address mark
AM The address nmark AM shown in Figure 8A has a pattern conposed
of {6-bit | onwovniss 14- _ bit long space, 4-bit |ong maPRTIPB7ENNAT| ong
space, 14-bit | ong mark, 6-bit |ong space}. The address mark AM shown
in Figure 8B has a pattern conposed of {4-bit |long mark, 15 14-bit | ong
space, 6-bit long mark, 6-bit |ong space, 14- bit Iong mark, 4-bit

| ong space). The address mark AM shown in Figure 8C has a pattern
conposed of (5-bit |ong mark, 14-bit |ong space, 5-bit [ong mark,
5-bit |ong Bl —Zbit. 1 ong mark, 5-bit |ong space}. The address 20

mark AM shown in Figure 8D, ha teL 0S e 4- bit |ong
mark, 14-bit |ong %%@&b%bﬂgm%&mﬁ"ﬁ* Qy%éf’ong space, 14-bit
| ong mark, 4-bit |ong space). In all of the above patterns,
the total nunber of 25 bits of the marks and the total nunber of bits of

t he spaces ar®. ARENDRFeicH IDDEE N/TWB D ey Ediirak T« X7 ThH -
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~include two 14-bit | ong mark/spaces and al so i nclude a reduced anount
of | ow frequency conponents. 30 In the patterns shown in
Figures 8A to 8D, the nunber of mark/space inversions is |arge

conmpar ed Wwéore4gs the patterns shown in Figures 7A to 7Gchseebb@snunber
of mar k/ space inversions increases, edge information in-

- 28 - creases and thus the error due to a bit shift occurs |ess
easily. In other words, the patterns shown in Figures 8A
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to 8D have a smaller probability of causing erroneous synchroni zati on
detection due to a bit shift than the 5 patterns shown in Figures 7A to
7C. I n sone cases, the processing of a nodul ation

circuit, a dep®eideass on circuit, and the |ike becones ROTAFPUIOIT t he
address mark AM has a length of an integer 10 nunber of data bytes.
Figure 9 illustrates a pattern of t he address mark AM obt ai ned by
usi ng a nodul ati on code whi ch nodul ates one data byte into 16 bits.
The address mark AMis 48-bit |ong, i.e., 3-data byte long. The
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than the pattern shewnH Jﬁﬁg%zﬁ'mﬂ VORI E . PiiE O gpEskispacH 4%
i nver sions i Nncr eases, e information in- creases and thus the error
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shown in Figure 9 has a smaller probability of causing 25 erroneous

synchroni zation detection due to a bit-shift i .:then the pattern shown
in Figure 7A " Figure 10 is a block diagram of an optica
di sk dewoownaed for recordi ng/ reproduci ng data on/fr onPGCHEPIHON3IT
optical disk la having the signal format described above. Ref erring
to Figure 10, the optical disk device 100 i ncl udes a spindle notor 7,
a head 8, a preanplifier 9, a nodulation circuit 11, a laser driving
circuit 14, a =29 -
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reproducti on system 16, a systemcontrol 18, and a servo syst em 50.
The spindle notor 7 rotates the optical disk la 5 at a predeterm ned
nunber of revolutions. The head 8 i ncor porates a sem conduct or
| aser, an optye Hneaasst em an optical detector, and thePCTIRETABYY ei n
t hough t hese conponents are not shown. Laser light emtted by the
sem conductor | aser is converged by the optical systemso 10 that a
| i ght spot having a predeterm ned power for recordi ng or reproduction
is formed on a recording surface of the optical disk la to realize
data record- i ng/ reproduction. Reflected light fromthe recording
surface is convergeddp¥ A he optical systemand converted 15 into a
current by the optical detecti@4. The si@fpal 104 rent out pddSfromt he
head 8 is further converted ifto a (ol tage and Qgpllfled by;@he
preanplifier 9, so as t output as a [gproduce nal 40
The servo system 50 pérfoy s | { h&d#Rot 4T dnkl “J9f fi74"’"" [
i !
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control of the spindle notor 7, the phase control for novi ng the head
8 in the radial direction of the optical disk la, the focusing
control for focusing the |ight spot on the recording surface of the
optical di skwaernsmsi t he 25 tracking control for tracki ngpQIN@ITN0ETt spot
al ong the center of the track. The nodul ation circuit
11 perforns the (2,10) nmodul ation for input data 12, and outputs
nodul at ed 30 data 13 to the laser driving circuit 14. During the
reproduction, the laser driving circuit 14 outputs a | aser driving
signal 15 for driving the sem conductor | aser incorporated in the

head 8 to emt |ight A;gh ke
: (27) TAFSOTRT — T

F4U9WF—-2 TRy
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0010 00100100
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011 001000
0011 00001000
000 000100
B4
VFO1 IDU+—hF
o977 —-29 AM
w5104 SM VFOzZ - AM.PA
DEERF < >
~F T [ ]
— 11!
AR
= 08 i B \
\ oA

3/2s



- 30 _ power for reproduction. During the recording,. the |aser

driving circuit 14 outputs the laser driving signal 15 for driving
the sem conductor laser to emt light with t he power for recording so
that the nmar WO M8 recording 5 is performed on the dat PCTARSHRIG
region 4 in accordance with the supplied nodul ated data 13.
The reproduction system 16 reproduces vari ous data recorded on the
header region 2 and the data record- 10 ing region 4 fromthe reproduced
signal 10 supplied from the preanpllfier 9, and outputs the data as
r epr oduced data 17. The system control 18 controls
t he operations of 15 t he nodul ation cinfcuit] 11, the laser driving
circuit 14, t he reproduction system}l6, (and the servo system 50 based
on the reproduced data 17 reproduced by tHhe Tgproduction
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system 16 and a user's configuration 19g 20 Figure 11 is a

bl ock diagramillustrating an exanpl e of the internal construction of
t he reproduction system 16. Her ei nbel ow, the nethod for

reproduci ng wo9r2sidr ess i nformation 40 recorded on the hedRfSWEIUYRH 2
fromthe reproduced signal 10 will be described. As 25 shown in Figure
11, the reproduction system 16 includes a clock reproduction circuit
20, a binary circuit 21, a VFO detection circuit 25, a reproduction
permt cir- cuit 32, an address denodul ation circuit 30, and a data
denodul ation circuit 39. 30 The reproduced signal 10 received
fromthe preanplifier 9 is input into the clock reproduction

circuit 20 and the binary circuit 21. The clock repro-

:
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- 31 - duction circuit 20 includes a PLL for generating a
reproduction clock 22 synchroni zed with the reproduced signal 10 in

frequency and phase.

t he reproducego9srgass

bi nary pattern

The binary circuit 21 equal i zes the wavef or m of
10 as 5 requi red, to convert the siRERAIPITARY a
conposed of "1" and "0". The binary circuit 21

out put s the converted pattern itself to the VFO detection cir-

cuit 25 as asynchronous binary data 23, and simultaneous- |y i
synchroni zes the conwgq;gp bi nary pattern with the 10 reproduction clock
22 supplied fromthe Clock reproduc- tion circuit 20 to output as
synchronous binary data 24. . The synchronous binary data 24 is

supplied to the address AMo_medsnggwwdmmwmog@owbadmdey9001_0
cuit 39. I T

denodul ation cir-

25 detects the sequen- _ AN—-2 ~

e VFO detectfion fFircuit
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tial patterns recorded on the VFO regions VFA, VF02, VF03, and VF04
based on the asynchronous binary data 23, and outputs a VFO detection
pul se 26 if predeterm ned 20 sequential patterns are detected.

Fi gure 12A i |Wwostnesses an exanpl e of the internal consPETARITHMMIBDf t he
VFO detection circuit 25. As shown in Figure 12A, the VFO detection
circuit 25 includes aEZé paral l el conversion circuit 28, an oscill ator
41, and a VFO d Aion table 42. The parallel conversion cir-

Gencrated by the osci |l aNAC A 1 5?19@W’O@bﬁb@ﬂﬁ’@ﬂ@@ﬂ°@°ARQP8?°£P®WW@W 28’

| at ches the asynchronoy gé Ta 23 at m ng of tf xed
cl ock 27 and conyex ; onous bi nel data_23 intolpar el
data 29 correspondl ng to conti nuous '32 iclacks 1 The | convefted,

parallel data 29 is input into the det ec-
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[err] - 32 - tion table 42.

The VFO detection table 42 is, for exanple; conposed of a table as
shown in Figure 12B which provides 5 one-bit output from 32-bit input.
The VFO det ecwopev29483 table 42 outputs the VFO detecti on pRCIIPIFROE7 " 1"

if the paral l el data 29 sequentially input at the timng of the
fixed clock 27 is a pattern conposed of four-tine repeti- tion of an
8-bit pattern, {1110000} or {00001111}, or a 10 pattern simlar to this
pattern. O herw se, the VFO detection pulse 26 is "0".

The first two lines of patterns in the VFO detec-
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tion table shown in Figure 12B are detection patterns 15 whi ch are
obt ai ned when the frequency of the fixed clock 27 is substantially
equal to the frequency of the reproduction clock and conpletely match
with the 4-biwo9729483 | ong nmark/ space repetition pattern, i.cCT/XPHE00337
recordi ng pattern of the VFO region. The other patterns in the 20
third and subsequent lines are nore or |less different fromthe
recordi ng pattern of the VFO region. These patterns are provided so
t hat patterns can be detected even in the case where the anplitude of
t he reproduced signal 10 varies or in the case where the frequency of
25 the fixed clock 27 and the frequency of the E@production cl ock
becone nore or less different fromeach other due * to a rotational
fluctuation of the optical disk 1. y ugi ng the VFO
detection circuit 25 with the 30 above |pternalgponSQruct|on the
signal s recorded on the VFO regi on cagp be detrectegh with the fixed

cl ock 27 corresponding to the freququy of alclocﬂireproduced when
the optical disk lais rotating at a predet nlnedrhunb
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- 33 - of revol utions. In this exanple, the paralle

data 29 correspond- ing to 32 clocks are used for the detection of
four 5 periods of the 4-bit |ong mark/space pattern. The nunber of
bits of the pMQ¥V29483data 29 is not limited to this nuEETP97/49337
optimal nunber of bits may be selected so that an erroneous detection
and an om ssion of detection are mnimzed. The frequency of the
fixed clock 27 is 10 not limted to th& above-nentioned value. For
exanpl e, if the frequency of the fgged clock is made to correspond
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to a quarter of t he frequency of the reproduction clock, the pattern,

{10101010} or {1010101} can be detected as the VFO pattern. 15

The VFO detection circuit 25 is not limted to the circuit having the
i nternal corwDmPRRS®N shown in Figure 12A. For exanpl BCTRMEBIT he
sequential pattern i ncludes a specific frequency conponent, such a
specific 20 frequency conponent nay be detected directly fromthe
reproduced signal 10 to detect the sequential pattern. The
address denodul ation circuit 30 detects the address mark AM using the

synchronous bi nary dat@l?éggnd 25 the reproduction clock 22, perforns
the (2,10) denodu- ion for the nndzgated data recorded on the

subsequent address information 2&gi 0A$°1 D, | D42 1D3, and | D4, and
detects an error in the denocutated a—+-—-30-————Ff———+m~this exanpl e,
as descri bed above, each heaﬂer region 2 is conposed of flour repeated
address regions each ipcluding tthe VFO region, fhe addre#s mar kK AM
and | wSun (B T vord
EROR F—JJb
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e e
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the address information region ID. Accordingly, when

- 34 - address information is successfully reproduced w thout an
error fromtwo or nore address information regi ons anong t he four
addr ess i nf or V@ $729483gi ons | D1, |1 D2 |D3, and | D4, the rRQIVIFAUDIY

val ues are output to the system5 control 18 as the address information
40. The address denodul ation circuit 30 al so outputs a sector
synchroni - zation pulse 31 sinmultaneously with the output of the
address information 40. '
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10 The four repeated recordings on the address -regi ons
w Il now be described. The error rate for .one address i s about
10-[err].Assum ng that address inform- tion is obtained (the address
i s readabl e) weor/22983| east . two address regi ons anong t RETRBOHO0ITAr ess
regions are 15 successfully reproduced, the probability of failing to
obtain the address information is as foll ows.
[err]Cferr][err](1-10[err]+(10[err])[err][err]4[err]10[err] 20 wherein

"[err] [ err]"nunber of conbinations of three from four. Since one
optical disk includes about 10[err] recording sectors, the nunber of
recordi ng sectors in which an ad- dress is not readable in one
optical disk is 10[err][err](4[err] 10[err]= 4,which is within an
al l owabl e range. Thus, in 25 this exanple, the number of recording
sectors in which addresges aje not r adable ubstanyial Iy reduced
to | ess t hanrip—Thi—s T fat ala on —_— each
recording with an fex reqery'ﬁlgﬁ‘p obe T¢sul t,} each
recordi ng sect or&fan ke (i dentiifi ed|by
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30 reliably retrieving the address information fromthe addr ess

regi ons of the header of each recording sector, W t hout the necessity
of providing a sector mark SM for i dentifying the header at the start
of the headerwo 97/29483 - 35 - PCTIIPY7/00337
For conparison, the conventional header 104 (Figure 2B) including
three address regions will be de- scribed. Assum ng that the address
is readabl e (the address information is obtained) when at |least two 5
address regi ons anong the three address regions are successful ly
reproduced, the probability of failing to
15
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Y
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obtain the address infor

wherein "[err]Cerr]"is the nunber conbination of two from
record-

Si nce one optical disk

mation is as foll ows.

ncl udes about 10[err]

t he nunber ofwod@Re4ds ng sectors in which an

in one optical
| arge to be all owabl e.
reproduction permt

si g- nal

supplied fromthe s
cl ock reproduction

PLL with the 25 phase
duction clock to the bin
reproduction permt sign

disk is 10[err] [err] (3 i5

[err] 10
t hree.
i ng sectors,

addr ess i sPEHIPYERIRAD|

x10[ err]) =300, which is too
Returning to Figure 11, '

t he

circuit 32 generates a clock reproduction permt

contr ol
t 20.

18, and outputs
The

of th d signal
V. Firruit 21 only when t
i B4 g
20v 2/%EFIES="0"
FRUZBEFTES ="0"}—

34 based on the VFO detection pulse 26 supplied from 20
the VFO detection circuit 25 and a reproduction gate sig-

18

generates the reproduction

nal 33
the signal to the

cl ock reproduction circuit 20
ZEBDBIFER) by synchronizing the incorporated

10 and outputs the repro-
he i nput cl ock

St
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The reproduction pernit circuit 32 also generates 30 an address

reproduction permt signal 36 based on the VFO . detection pulse 26 and
an address gate signal 35 fromthe system control 18, and outputs the
- signal to thevosiuimasss dempdul ation circuit 30.  The PCTHEPHNS7
denodul ati on - 36 - circuit 30
detects the address mark AM by identifying the. , pattern of the address
mark AMin the above-descri bed manner only when the input address

repr.oducti on permt
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signal 36 is "1". 5 The reproduction permt circuit 32
further generates a data reproduction permt signal 38 based on
the VFO detection pulse Z6 and a data gate signal 37 from the system

contr ol
39. The data denp
read fromthe data
data 24

data reproduction permt signal 38 is "1". 15

control 18 outputs the reproduction gate sign
signal 35, and the data gate signal 37 atgga t
the infor- mation format shogh in Fi gures=6B

reproduced signa

18, ambewpgests t he signal

dulation cir-

to the data 10

denodul PCTIRIH0ITuI t

cuit 39 denodul ates recorded data
recordi ng region 4 anong the synchronous binary

supplied fromthe address denpdul gt on cir-
reproducti on system 16 as %he r e %ence.

to the reproduction
as described 25

permt ﬁ_Lg%lt 32 of
above (Flgﬁ?e ). |
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Figure 13 illustrates exenplary waveforns of the sect or

synchroni zati on pul se 31, the reproduction gate signal 33, the
address gate signal 35, and the data gate 30 signal 37 to show the

rel ati onshi p iwo swzess3t hese signal s. Ref er r i npamPFi/g8ad7e 13,
t he reproduced signal format confornms to the information recording
format shown - 37 - in Figure

59. The header region 2, the gap region 3, and
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the data recording region 4 of a recording sector 1A are called a

header region 2a, a gap region 3a, and a data recordi ng region 4a.
Li kewi se, the header region 2, the 5 gap region 3, and the data
recordi ng regvaev4483f a recordi ng sector 1B fol | owi ng PCREPIE8B7di ng
sector i A are call ed a header region 2b, a gap region 3b, and a data
recordi ng region 4b. 10 In the recording sector 1A when the
addr ess information is correctly reproduced fromthe header
region 2a, the sector synchronization pul se 31 becones "1" (high
| evel ) sonewhere in the range fromthe end of t he header region 2a
t hrough the gap region 3a. The 15 reproducti on gate signal 33 becones
"I" over the range at | east covering the data recording region 4a of
t he recordi ng section 1A and the header region 2b of the next
recording sector 1B. The address gate signal 35 becones "1"over the
range at | east covering the header region 2b 20 of &he next recording
sector 1B. The data gate signal becomes "1"ov& the range
substantially covering the Rat a recordi ng region\4a of the recording
sector 1A b N \“\
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N
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The system control 18 may be constructed so as to 25 first exam ne the

contents of the address information 40 together with the sector
synchroni zati on pul se 31 and . determ ne whether or not the recording
sectors 1A andwa®29483 have address information to be recor deCK/97/00337
r epr oduced before setting the respective gate signals to "1" in 30
accordance with the timng described above. Figure 14
illustrites exenplary waveforns of the VFO detection pul se 26,: the
sector synchroni zation - 38 -
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pul se 31, the reproduction gate signal 33, the clock

reproducti on

permt signal 34, the address gate sig- nal 35, the address

reproduction permt signal 36,
repr oduct i on WeemnssH si gnal

si gnal format .

data gate signal 37, and the data
shown i n correspondencRCTHRIF003Zhe
Referring to Figure 14, it is assuned

t hat an information address is first correctly reproduced from 10

the recording sector 1A and that the data recording re-
4b of the recording sectors 1A and 1B have
but a dat-a recordi ng region 4c
assuned is that the beginning of the data recording re-

t hereon. Al so

15 gion 4c includes a sequenti al
that on the VFO region, which is conposed of 4-bit

spaces appeari ngggizppatel y.

signal 34 is "1"
210\

-7

Lmmmm X!
o 4(215)

22B

gi ons 4a and
no data recorded thereon
of a next recording sector 1C has data

pattern substantially equal to
| ong marks and
The cl ock reproduction permt
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C el |
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20 for a predetermned tinme period after the VFO detection pul se
26 of "1" appears. The clock reproduction permt signal 34 is also
"1" over the tinme period when the reproduction gate signal 33 is "1".
The above pr ewetssrs4s3 mined time period is at |east equaPCHEPXAE3T| ne
period 25 required to read the address marks AM and t he address
information regions 1D, ID2, I-D3, and I D4 of the header region 2. As
a result, when the VFO detection pul se 26 beconmes "1" for the
respective VFO regions of the record- ing sector 1A, the clock
reproduction permt signal 34 30 remains "1" until at |east the end of

t he header re- BbPHhARa. Wien the address information has been
correctly reproduced in the recording sector 1A and the sector
synchroni zati on pul se 31 bﬁooutput, t he cl ock reproduc-
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- 39 - tion permt signal 34 becones "1" for the header re-

gion 2b of the next recording sector 1B without fail. Li kewi se, when
t he address information has been correctly reproduced in the
recordi ng seov@pm®3aand the sector 5 synchroni zat i on pul EETPITRY ¢ put ,
the clock reproduc- tion permt signal 34 becones "1" for the header
re- gion 2c of the next recording sector 1C mﬁthout f ai

The address reproduction permt signal 36 is "1" - for a predetern1ned

time period after theB/2é Aet ecti'iﬁﬁU‘ZT“'pulké‘bG METB? ' and for a

time period when the addr ess te signal _35 1s."1". T

pr edet er ni ned tinme peEtti#REED , 1o AR h?as‘?’égﬂal L %?%t al tine

period required to read in I nd t he

address information regi onse{ngJPsDéjb {B% 1¥61%0@400 RSW ggs , Wwhen

the VFO detection pul ghascem ABeTdne " t he d-seg,? gtl je YFO rg¢gions of
-ept odu Der r rgnal 36

t he record- I ng secC or Ha b e
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remains "1" until at |east the end of the header re- 20 gi on 2a. Wen
the address infornmation has been correctly reproduced in the
recordi ng sector 1A and the sector synchroni zation pulse 31 is

out put, the acwoezwdssepr oduc- tion pernmt signal 36 beRGFERITONIIF or
t he header re- gion 2b of the next recording sector 1B without fail.
25 Li kewi se, when the address information has been correctly

reproduced in the recording sector 13 and the sect or synchroni zati on
pul se 31 is output, th@iflFess reprRgues—h : 1 #Qqn [PEEI:tsignal 36
beconmes "1" for the header re- gi on 2c of t he next recording sector
1c without fail. 30 #i&fﬁmﬂhta r dhik ddact VarPher it VEOERIEI 38
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- 40- the data gate signal 37 becones "0". The data reproduc-

f

tion permt signal 38 remains "0" if the data gate signal 37 is "0"
when the VFO detection pulse 26 rises to "1". As a result, since the
VFO det ect i onwod7204826 does 5 not becone "1" for the dat e PEEIBYIEPIG
regi ons 4a and 4b where no data has been recorded, the data
repr oducti on permt signal 38 remains "0". For the data recording
regi on 4c where data has been recorded, the VFO detection pul se
beconmes "1" at the header portion thereof. Accord- 10 ingly, the date
reproduction permt signal 38 becones "1" at a predeterm ned tim ng.
Thus, by using the VFO detection circuit 25 and . t he reproduction
permt circuit 32, the clock reproduc- 15_ _ _tion and the reproduction of
t he address information are peigritted i @the header r g_on Z so that
the cl ock signal and the addre4s infqrmabijon can be r
descri bed o ;J
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above, the sector éynchronizatidn pul se 31 is output after the
. address information is reproduced fromthe 20 't header region 2 (see

Figure 13).

address i nformati on of

state where

According to the present invention, therefore, the

Is not available. 25 Al so, by using the systemcontrol 18,

t he address
circuit 32,

dermpdul ation circuit 138, and the reproduction pernit

once address information has been reproduced from one

recordi ng sector (e.g., the recording sector 1A) 30 Wi t hout an error,
the clock reproduction and the repropggcrrpfttafi on of the address
information in the header region 2 Is permtted for the recording
sector 1A and the next recording sector 1B, and the clock

reproduction and the Optical Disk, Optical Disk Device, and

10

15

20

25

30

Method of Reproducing Information on Optical Disk
TECHNICAL FIELD

The present invention relates to an optical disk,
an gptical disk device, and an optical disk reproduction
method, for recording/reproducing digital aignals.

BACKGROUND ART

In recent years, optical disk devices have
attracted attention as means for recording/reproducing a
Targe capacity of data, and are under active technical
developments for achieving higher recording density.

Presently prevailing rewritable optical disks
include spiral-shaped groove tracks composed of concave
and convex portions (each having a width of about 50%)
formed on a surface of a disk substrate at a pitch of 1
to 1.6 ym. On the surface of the substrate, a thin film
including a recoxrding material (e.g., Ge, Sb, and Te in
the case of a phase-change type optical disk) as a
component is formed by a method such as sputtering. The
disk substrate is fabricated in the following manner,
First, a stamper is produced from a prototype where
concave grooves and pits for sector addresses and the
like are formed by cutting by light beam irradiation.
Using such a stamper, the disk substrates made of
polycarbonate and the llke are mass-produced. The
rewritable optical disks require sector-unit management

the recording sector can be read even in the
the tine reference by the sector 'synchroni zation pul se 31



- 41-- " reproduction of the data in the correspondi ng data

recording regions 4 are permtted. Accordingly, once addr ess

i nformati on has been reproduced from one record- ing sector, the
address information and the data can be 5 read in a nore secured manner
usi ng the sector synchroni - zation pulse 31 as the reference.

In the above exanple, the systemcontrgl 18 generates threé types of
gate signals using the sector 10 §y%cﬁronization pul se 31, while the
reproduction permt circuit 32 generates three types of permt

signal s using the VFO detection pulse 26 and the three types of gate
signals. Alter fotri data, rebordingcand oraprodustiey. hArsordinglyhe 3ty kbe; on

of the reprodugtion R§LTd G tHb! %K, 18onceblalanid)cosuvde MpbRtioas 18
can directly gg%%ﬁafgﬁ%ﬁ%f 6t'k thfgzlﬁﬁpesog? perm t si%nalsvb,
(pits) are often formed on a recording surface, simulta-
neously with the formation of guide grooves for tracking
5 control, so as to record address information of each

gector,

Each track of the optical disk with the above

structure is 4irradiated with a light beam having a

10 .predetérmined recording power, so as to form recording
marks on the recording thin film. The portions irradiat-

ed with the light beam (the recording marks) have differ-

ent optical characteristics (reflection characteristics)

from the other portions of the recording thin £ilm.

15 Thus, the recorded information can be reproduced by
irradieting the track with a predetermined reproduction

power and detecting light reflected from the recording
filmo

20 In tha following description, the pits of physi-
cal concave and convex portions and the recording marks
obtained by a change in the optical characteristics of
the recording thin film are generically referred to as
"marks”, unless otherwise specified. The pits are read-

25 only marks once formed, while the recording marks are
rewritable. At the reproduction of recorded information,
the two types of marks are read as changes in the ampli-
tude of reproduction signals. The concave and convex
portions as used hezrein refers to the shapes as are

30 viewed from a reproduction beginning of the optical disk
device. In other words, the "pits" refer to the convex
portions as are viewed from the reproduction head, and
the "grooves" also refer to the convex portions.



Figure 15 is a flowhart show ng an exanple of a process perforned
when, after the switching-on of the 20 optical disk device 100 (Figure
10), the system cont- rol 18 outputs the clock reproduction perm:t
signal 34 and the address reproduction permt signal 36 using the
VFO. detection pluse 26 and the sector synchronization pul se 31. 25
When the optical disk device 100 is swtched on, the system-<ontro
18 first perforns a boosting process- = 3 ~ ing (step 1). The boosting
processi ng includes the control of the rotation of the spindle notor
7 by the 30 servo system 50, the control of the novenent of the

head 8, the control of tHeshfies!fddcackieeinguahobptical Bdskr wdith e

head 8. the focuysj contr of .t he tica syst t '

control, and t hg:ﬁqqg e::eco;cﬂ:‘.xm edeni%f} inc!\.ude incrgas(i% .éi',% trre%(a?ﬂ%
density in the track direction and increasing the record-
ing density in the linear velocity direction.

Increasing the recording density in the track
direction includes reducing the distance between tracks
(the track pitch). One technigue for reducing the track
pitch is land/groove recording where signals are recorded

10 both on convex tracks (groove portions) and concave
tracks (land portions). The land/groove recording
realizes double recording density, compared with the case
of recording signals on either the groove porions or the
land portions, if the other conditions are the same.

i5 : ,

One technique for increasing the recording
density in the linear velocity direction is referred to
as mark length recording where both ends of a mark are
made to correspond ta "1" of modulation data. Figure 1

20 illustrates an example of the mark length recording in
comparison with inter-mark recording. Referring to
Figure 1, a sequence Y represents digital data modulated
using & run length limit code. The run length limit code
as used herein refers to a code sequence where the number

25 of continuous "O"s interposed between every adjacent "l1l"s
(hereinbelow, called the zero run) is limited to a
predetermined number. The interval (length) from one "1"
to the next "1" in the sequence Y is called an inversion
interval. The limits, i1.e., the minimum and maximum

30 values of the inversion interval of the sequence Y are
determined by the limitation of the zero run. Such
values are called the minfimum inversion interval and the
maximum inversion interval.



- 42 - boosti ng processing, both the clock reproduction permt

signal 34 and the address reproduction permt signal 36 are reset to
"0". 5 Once the head 8 is positioned above a predeter-

m ned track of the optical disk la by tracking, the VFO region is
detected in the manner described above (step 2). Waen the "1" | evel
of the VFO detection pul se is detgcted, the clock reproduction per mt
signal 34 is 10 set at "1" (step 3). Subsequently, the address reproduc-
tion permt signal 36 is set at "1" (step 4). After the | apse of a

6 and the ol ock T epr odisiy he Sedusiie’ & sreomard fe e e g ey |
(step 5), and tderk recording (PPM; pit position modulation), the "1" of
the sequence Y corresponds to a recording mark 101, and
the =zerc run corresponds to a space 102, When <the
5 sequence Y is recorded using the mark length recording
(PwM; pulse width modulation), the recording state, i.e.,
whether the recording mark 101 or the space 102, is
switched by the appearance of "l1" in the sequence Y.
When the mark length recording is employed, the inversion
10 interval corresponds to the length of the recording
mark 101 or the space 102,

When a run length limit code of which the minimum
inversion inferval is 2 or more is used, the mark length
15 recofding may have an increased number of bits per unit
length, compared with the inter-mark recording. For
example, consider the case where the minimum value of the
physical size of a mark which can be formed on a disk
{called a mark unit) is the same in both the mark length
20 recording and the inter-mark recording. As is observed
from Figure 1, while the inter-mark recording utilizes
three mark units to record data of the minimum code
length (three bits, "100", in the sequence Y), the mark
length recording utilizes only one mark unit, For
25 example, while the recording density in the inter-mark
recording is approximately 0.8 to 1.0 um/bit, the record-
ing density in the mark length recording is approximately

0.4 pym/bit. '

30 ' In general, the tracks on the optical disk are
divided into recording sectors which represent minimum
access units. Address information is prerecorded on each
recording sector as described above. By reading the



15 sector synchronization pulse 31 is detected (step 6).

The sector synchronization pul se 31 becones "1" when t he address
denodul ation circuit 30 reads address i nformati on correctly. 1n
synchroni zation with this 20 pul se signal, the address information 40
out put fromthe address denodul ation circuit 30 is read, so as to
det er - m ne whether or not it indicates a target recording

sector (step 7). If the read address $nformation 40 i ndi cates the
target recording sector, the process 25 proceeds to the control for
recordi ng/ reproducti on (step 8). If the read address information 40

does not addlﬂéﬂﬁt EnfOLmABIGR] €R60iGEags SES e FdELIVNNG Sadtors
Gerdul at i on STt FEEacRpapPate/teprodiation, is,BaRBaELRAf or mt | on, the
sector synchronization pul se 31 will not become"l" for a
fre]fﬂfhgr{“;)”ed time | Fighfl' 28 391960 ated "a S WignA1C G md £ ¥ OSESR
5 recording sector of a rewritable optical disk which is in
- accordance with IS0 (see ISO/IEC 10090). A recording
sector 103 begins with a header 104 where addressing
information for reading address information is prerecord-
ed by forming concave and convex portions on the record-
10 ing surface. A recording field 105 stores  user data
where digital data is modulated using a (2,7) modulation
code for the inter-mark recording. Figure 3 shows a
conversion table of (2,7) modulation codes. As is
observed from Figure 3, by the (2,7) modulation, i-bit
15 digital data (1 = 2, 3, 4) is converted into a 2xi-bit
code sequence. The (2,7) modulation codes are run length
limit codes where the zeroc run is limited between 2 and
7.

20 Figure 2B shows the construction of the head-
er 104. A sector mark 8SM is provided so that the optical
disk device can identify the beginning of the recording
sector without clock reproduction by a phase locked loop
(PLL). As shown in Figure 2C, the sector mark $M in-

25 cludes a pattern using comparatively long marka. Since
the sector mark SM has this predetermined pattern, and
the amplitude of the reproduction signals thereof is
large, the sector mark SM ig distinguishable from other
data recorded using the inter-mark recording. The

30 position of the header 104 is detected by detecting the

sector mark 8M, thereby to reproduce the address informa-
tion. '



-~ ~ -

- 43 - step 2 for the VFO detection. Wth the
process along the fl ow descri bed above, the cl ock reproduction permt
signal 34 and the address 5 reproduction permt signal 36-are generated
at the timng as shown in Figure 14. Thus, snooth readi ng of address
information is possible even in the state observed before addr ess

I nformation is reproduced i nmediately after the swi t chi ng-on of t‘he
device, where the tinme reference by 10 6 ~the sector synchroni zati on pul se
31 has not yet been provi ded.

VFO regions VFOl and VF02 shown in Figure 2B are
provided so that the optical digk device can obtain bit
synchronization of reproduction signals using a clock
reproduction by the PLL. A 2-zero run sequential pattern

S is recorded using the inter-mark recording.

Address marks AM are provided so that the optical
disk device can identify the byte synchronization of
subsequent address fields ID1, ID2, and ID3. Each of the

10 address marks AM includes a pattern as shown in Figure 2D
recorded using the inter-mark recording technique. The
pattern of the address mark AM includes a pattern of
Toex + 1 = 9 bits where T, is a maximum inversion interval
of the (2,7) modulation code (T,, = 8). This pattern

15 does not appear in data recorded by the (2,7) modulation
code.

Each of the address fields ID1, 1ID2, and ID3
includes: address information composed of track numbers,
20 sector numbersg, and the like; and cyclic redundancy check
(CRC) codes for error detection during data reproduction,
which are subjected to the (2,7) modulation and recorded
using the inter-mark recording.

25 A postamble PA is provided to indicate the end of
the (2,7) modulated data in the address field ID3.

Figure 4 shows an example of signal amplitudes

obtained when information recorded on the header 104 is

30 reproduced by the optical disk device. As is observed
from Figure 4, the amplitudses of the reproduced signals

are proportional to the "lengths of the corresponding
marks. The amplitude of: the reproduced signal of the



Figure 16 is a flowhart show ng an exanple of a process perforned by
the systemcontrol 18 for switching 15 t he processi ng node between the
initial node and the normal node. The initial npode as used herein
corresponds to the tinme period fromthe swi tching-on of the device or
a track junp to performa seek and the like until the addr ess

i nformation is first reproduced. Thenun;ni node 20 corresponds to the
time period after a predeterm ned address informati on has been read
until a next track junp I s generat ed. Referring to
Figure 16, the processings from 25 step 1 through step 9 are the sane as
correspondi ng sectqxr ovexki 8Ys which dae as5longhd.anakh | bei dargesr ddvan s

therefore 0”"“%&‘@ th duced sifhail8¥Nother G4EE. 10mad silitivsl0,
whet her the 30 elsetﬁeeplrrﬂuﬁ sQﬁaor fwnhgnor a#em)els deter -

m ned. Wien the feﬁ!ﬁir% identidficatiiamet the eerkeEmgrk SM by detecting
the envelope of the reproduced signal waveform, and thus

5 the detection of the beginning of each recording sector.

In the above example, all of the (2,7) modulated
data is recorded using the inter-mark recording. Howev-
er, in an optical disk having the header 104, when data

10 is recorded using the mark length recording for improving
the recording density, the marks recorded in the address
fields ID1 to ID3 of the header 104 and the marks record-
ed in the recording field 105 have a certain length
determined by the zero run limitation of the modulation

15 code. Accordingly, the amplitude of the reproduced
signal of data recorded using the mark length recording
becomes large, compared with that recorded using the
inter-mark recording where each mark corresponds to the
l-bit long “1". In the mark length recording, therefore,

20 the difference in the signal amplitude (or the difference
in the pattern) between the sector mark SM and the other
portiong becomes small compared with the case of the
inter-mark recording. This makes it difficult to detect

the beginning of the recording sector 103 by the enve-
25 lope.

Moreover, when the above-described address
mark AM is used, an erroneous detection of the address
mark AM due to an erronecous bit shift of "1" may occur,

30 For example, a code sequence obtained by the (2,7)
modulation of digital data {...10110011...} is converted
into {...010010000000100¢...} from & conversion table
such as that shown in Figure 3. At this time, the



read and recording/reproduction at the target recording sector has
been perfornmed in the precedi ng processings,.

- 44 - the node is determned to be the nornmal node. The node

is determined to be the initial node after the boosting processi ng
(step 1), after the reading of the address information is
unsuccessful at step 6, or after the_54 _ address information which has
been successfully read is determned not to be the target recording
sector at step 7 and the seek control is perfornmed (step 9).

pattern of the address mark AM is {0100100000000100} as

shown in Figure 2D, If "1" of the above (2,7) modulated

pattern shifts by one bit, the resultant pattern is

identical to the address péttern AM, which will cause
5 erroneous detection.

In view of the foregoing, the objects of the
present invention are to provide an optical disk, an
optical disk device, and an optical disk reproduction

10 method, where address information can be read reliably
even when high recording density is achieved by employing
mark length recording and the like.

DISCLOSURE OF INVENTION
15 ,

The optical disk of the present invention in-
cludes a plurality of tracks each divided into a plurali-
ty of recording sectors, sach of the recording sectors
including a header region, wherein the header region

20 includes address information for identifying a position
of the corresponding recording sector and address syn-
chronous information for identifying a recording position
of the address information for bit synchronization. 'The
address information has been modulated using a run length

25 limit code of a maximum inversion intexval of T, bits
(T..x 1 a natural number), and the addreas synchronous
information includes two patterna of which inversion
interval is (T, + 3) bits or more, so that a reproduced
signal of the address synchronous information is distin-

30 guished from a reproduced signal of other information.
With the above construction, the above objects are
attained. ;



-

In the nornﬁl node, the VFO det ect i on processing 10 (step 2) is not

performed, but the processings of steps 3, 4, and 5 are perforned
using the timng at which : t he sector synchronization pul se 31 becones
"1" as the reference. In-the initial node, the VFO detection
processing (step 2) is first perfornmed, followed by the 15 processi ngs
of steps 3, 4, and 5 using the timng at whi ch the VFO detection
pul se 26 beconmes "1" as the refer®nte. Wth the above
processi ngs, address information 20 can be read snoothly after the

swi t chi ng-on of the device or after a track junp, and, after the
reproduction of the In addeesambo&imaatLonthheaﬁﬂi&a&;iﬁﬂﬂﬂhﬁﬂﬂQﬁFand

| t he data be | | 0o LRI bnlSh Faddid SHEt e

- synchroni zat i on:E'Sﬁ?E'Baé:ﬁggsi{?‘ﬁ%‘%é; ?r}?egé 3’% ant°a Thus, | nr?he
first exanpl e, whishmeweoddifferent im exbvhsmngar Ghstieaing=hape &% (88m
the optical di sgg#:gc 1 chd¥didkidEisi peala f cepBratAgWeirEddguoEs EReand
5C by use tﬁe optical dis evice 100 having the blfcg

5 optical disk, and the address syncﬁ%onoua nformation
includes one first pattern having a length of (T, + 3)
bits or more and one second pattern having a length of

(Tpex + 3) bits or more.

10 The pattern may be a convex portion (pit) formed
physically on the recording surface of the optical disk,
and the second pattern is a concave portion formed
physically on the recording surface of the optical disk.

15 The first pattern may be a recording mark formed
by changing a reflection characteristic of the recording -
surface of the optical disk, and the second pattern is a
space on the redording surface.

20 Preferably, a total bit length of the first
pattern included in the address synchronous information
and a total bit length of the second pattern included in
the address synchronous information are equal to each

other.
25
Preferably, the header region includes four-time
repetition of the address information and the address
synchronous information.
30 The optical disk of this invention includes a

plurality of tracks each divided into a plurality of
racording sectors, each of the recording sectors includ-
ing a header region, wherein the header region includes
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30 construction shown in Figure 10, especially, the nethod for

readi ng address information, was descri bed. In the first
exanple, the (2, 10) nodul ati on code

45 - is used as the nodul ati.on code for the address infornma-

tion regions ID of the header region 2 and the data recordi ng region
4. It wll be appreciated, however, that the nodul ati on code is not
restricted to the above, 5 and ani‘€§bé'of run length limt code having
a fixed :

address information for identifying a position of the
corresponding recording sector, address synchronous
information for identifying a recording position of the
address information for bit synchronization, and clock

5 synchronous information for reproducing a clock signal,
the address information has been modulated using a run
length limit code of a minimum inversion interval of T,
bits and a maximum inversion interval of T, bits (T, and
T.n 8re natural numbers satisfying T,. > T..), the clock

10 synchronous information is ‘a seqguential pattern of
alternate repetition of d-bit long mark and space (d is
a natural number satisfying T,, s d < T,.)., and the
address synchronous information includes two patterns of
which inversion interval is (T, + 3) bits or more, so

15 that a reproduced signal of the address synchronous
information is distinguished from a reproduced signal of
other information. With the above construction, the
above objects are attained.

20 : In one embodiment, each of the address synchro-
nous information and the clock synchronous information
includes a first pattern and a second pattern which are
different in either a physical shape or an optical
characteristic of a recording surface of the optical

25 disk, and the address synchronous information includes
one firat pattern heving a length of (T,, + 3) bits or
more and one second pattern having a length of (T.., + 3)
bits or more.

a0 In another embodiment, the minimum inversion

interval T, is 3, the maximum inversion interval T, is
11, and the value d is 3." |



; oo .
maxi mum i nversion interval nmay be used. The pattern of t he address
mark AM may be determ ned so that the above conditions for the

maxi mum i nversion interval Tea are satisfied. 10 I n the
first exanple, the information recorded on t he VFO regi ons has been
described to be a pattern conposed of sequential 4-bit |ong

mar ks/ spaces shown in Figure 6. It is appreciated, however, that the
pattern 15 for the VFOregions |Is hbt-restricted to this pattern,

and any pattern nmay be used in which the | ength of each mar k or space
Is equal to or nore than the m ni num I nversion interval T[err] and

| ess than the .nmaxi fTUWEhnTaQ:r:.ll anotidO enb@ineit, T ¢ | finifemMRHVERLI ON

code (run len code). used for, the recordi ng,on the address
i nf or - %Q'PF‘OQ“FE @r ig deg’(}?lwm&é“’#{:ﬁ%ﬂg#

shorter mark/ s,paqel,patidewmdﬂaaam d ldeng.h closer to the m ni rrum

i nversion interval T[err]is nore preferable since t he nunber of
repetition periods per unit length is 25 | arger and thus a faster clock
reproducdi on i s obtai Feeferably, the heademmregileoncincpudest foupatimens

shown in Fi gu'i%iez:ﬁtion of the clock synchronous information, the
address information, and the address synchronous informa-
tion.

T

10 The optical disk comprising a plurality of tracks
each divided into a plurality of recording sectors,
wherein each recording sector includes a header region
and a postamble region following an end of the header
region, and the postamble region includes a pattern

15 determined based on & modulation result of data of the
header region. ~ with above construction, the above
objects are attained.

In one embodiment, the data on the header region

20 is modulated using a modulation code for performing a

| conversion in a table based on a state, the postamble
region includes information for identifying the state.

The information for identif_{(ing the state may be
25 at least one specific bit having a predetermined value,
and a bit located adjacent to the specific bit has
substantially the same value as the predetermined value

of the specific bit.

30 The optical disk of this invention includes a
plurality of tracks each divided into a plurality of
recording sectors, wherein each recording sector includes
@ header region, a data recording region, and a postamble



to 7C, Figures 8A to 8D, and Fi gure 9 were described as exanpl eé of

the address marks AM The pattern of the 30 address marks AM are not
restricted to these patterns. The detection of the address marks AM
Is possible if the pattern includes two repetitions of a pattern -
havi ng a |l ength of 3 or nore bits added to the maxi mum i nversion

- 46 - interval T[err]of the nodul ation code (run |enght -l i m-t-
code) used for the recording of the adek ess i nf or mati on regi ons |D.

region following an end of the data recording region, and

the postamble region includes a pattern determined based

on a modulation result of data of the data recording

region. With this construction, the above aobjects are
5] attained.

In one embodiment, the data on the data recording
region is modulated using & modulation code for perform-
ing conversion in a table based on a state, the postamble

10 region includes information for identifying the state.

The information for identifying the state may be
at least one specific bit having a predetermined wvalue,
and a bit located adjacent 0o the specific bit has

15 subgtantially the same value as the predetermined wvalue
of the specific bit.

In one embodiment, the recording sector further
includes a guard data recording region following the

20 postamble region for recording dummy data.
In another embodiment, the data recording region
includes data modulated using a run length limit code of
a minimum inversion interval of T,, bits and a maximum
25 inversion interval of T, bits (T,, and T,, are natural
numbers satisfying T, > T.,), and the guard data
recording region includes a pattern of alternate repeti-
tion of a k-bit long optical mark and a k-bit 1long

optical space (k is a natural number satisfying T,
30 €k s T.,).

The optical disk 'of this invention includes a
plurality of tracks each divided into a plurality of



5 In this exanple, ‘the header region 2 is conposed . of four

address regions. The header region 2 is not restricted to this
constructi on. For exanple, the reproduction of address infornmation
I s possible by the constructi-on of the header region which includes
only one 10 address region. However, the reliability of the reading

of the address information can be inp£o¥ﬁd_by formng a pl ural ity of
address regions ID where substantially sanme address information
is stored. AS described above, in consideration of the error rate for
t he address 15 i nformati on and the all owance of the nunber of unrecog-

ni zabl e recor di Reearding seigtors,pvherein each repording sector dnclyde

address regions & Oheaa&zhei\égloﬁeglam 2tHell header +OGLGR' GndludesW e
the practical allowance and maxi mum seour egent of the

recordi ng regi ofddress reginn ?‘avﬂﬁgeapPQFEPQBF@ Fegipncatap &M (5"1ar¥a%de

Eour afldress addriess Oﬁé%i&@Saﬁasethebqsbswntﬁm frégioxnapl @ pattern
Exanple 2

| | f
25 r eco%—’di ng "SGR, e’:}?sof H‘?‘}‘eo%%ﬁclgit& e%vf é’thﬂs ;é@%ﬁgg 2 HPLP s 2

construction, the above objects are attained.

The header region may include a plurality of the
address regions. “
10
The address regions may be located in the middle
of groove portions and land portions of the tracks.

The optical disk of thisg invention includes a

i5 plurality of tracks each divided into a plurality of

recording sectors, wherein each recording sector includes

a header region, the header region includes a plurality

of addreas regions, each of the address regions includes

a VFO region at a beginning of the address region, and

20 the VFO region has a pattern which starts with non-pit

data or a space. With this construction, the above
objects are attained.

In one embodiment, the address ragion includes an

25 address information region where address information is
recorded by a mark length recording for identifying a
position of the corresponding recording sector, and the
address information is modulated using a run length limit

code of a minimum inversion interval of T, bits and a

30 maximum inversion interval of T,, bits (T,, and T, are
natural numbers satisfying T, > T.,), and non-pit data

or a space having a length' in a range of T, bits or more

and T, bits or less is. provided between the address



exanpl e according to the present invention. As shown in Figure 17A,

the recording sector 51 starts with a header region 52 where
addressing information for reading address information is
prerecorded. A gap region 53, a 30 data recording region 54, a postanble
PAO, and a buffer region 55 respectively follow the header region 52
in this order. - 14 - - 47 - ’
The gap region 53 has no data recordedlthereon, but is used for power
control of a sem conductor | aser used for data recording/reproduction
and the like, for

ragions.

The address reglons may be located in the middle
of groove portions and land portions of the tracks.

The optical disk device of this invention is for
an optical disk including a plurality of tracks each
divided into a plurality of recording sectors, each
recording sector including a header region and a data

10 region, the header region including address information
for identifying a position of the corresponding recording
gector, address synchronous information for identifying
a8 recording position of the address information for bit
synchronization, and clock synchronous information having

15 a predetermined sequential pattern, the device compris-
ing: means for reading a reproduced signal from the
optical disk; address reproduction means for obtaining
the address information from the reproduced signal:
detection means for detecting the sequential pattern of

20 the clock synchronous information from the reproduced
signal to output a detection signal; and address repro-
duction permit means for permitting the address reproduc-
tioﬁ means to perform a read operation of the address
information based on the detection signal. With this

25 construction, the above objects are attained.

In one embodiment, the optical disk device
further includes: clock generation means for generating
8 clock signal from the reproduced signal; and clock
30 reproduction permit signal for permitting the clock
generation means to perform an operation of generating
the clock signal based on‘the detection signal.



exanple. The data recording region 54 is used to record 5 user dat a.

Redundant data such as an error correction code is added to the user
data, to formdigital data. - The digital data is nodul ated using a run
length limt code generated by use of a state machine. The nodul ated
data is recorded on the data recording region 54 using 10 the mark

| ength recording. This run Iengthlilﬁfsque IS called a state
nodul ati on code. The post anbl e PAO follows the end of the data

~recording region 54. The pattern of the postanble PAO is determ ned
based on the nodul ation results of the data recqrding region 54. The
15 buf fer region 55 Tgepﬂ&ﬂ%%%&ﬁbmﬁyr&f‘gﬁﬂ’aﬁﬁ‘ gﬁqua?ry meang¢
the optical di sko2ngohtertikg thenrépeolifieddr signal intogbfnary, data to
T et e oY oEaE" e il davd} SRR meonn £OE SHRFELRS"ERE O
substantial |y tbtnazye datacrats £0 preddtarmises? | Ifrieqgueneyor dongouhpute
fogion 5255 BEBLERL, daras patatlel PnddRpigl meal ‘el bohErifag”!
56d. Eachtbe digitlk edatacdnsos paralisds datsofegitonieast2s X n
address mark AMy; 2R HIRAGSH ! Q) HRLAL ThNHEd ) 4 a?detection table

for detecting a predetermined sequence composed of n-time

repetition of an m~bit pattern f£from the parallel data.

10 .

The optical disk device of this invention is for
an optical disk including a plurality of tracks each
divided into a plurality of recording sectors, each
recording sector including a header region and a data

15 region, the header region including address information
for 1dentlifying a position of the corresponding recording
sector, address synchronous information for identifying
a recording position of the address information for bit
synchronization, and clock synchronous information hawving

20 a predetermined sequential pattern, the device compris-
ing: means for reading & reproduced signal from the
optical disk; clock generation means for generating a
clock signal f£rom the reproduced signal; detection means
for detecting the sequential pattern of the clock syn-

25 chronous information from the reproduced signal to output
a detection signal; and clock reproduction permit means
for permitting the clock generation means to perform an
operation of generating the clock signal based on the
detection signal.

30

In one embodiment, the detection means comprises:
binery means for convertfhg the reproduced signal into
binary data to output the binary data; sampling means for



postanbfe PA. For exanpl e, the address regi on 56a inc] udes a

VFO region VFO, an address mark AM an address information region

| D1, and a postanbl e PA1, whil e the address regi on 56b includes a VFO
regi on VFQ2, 30 an address mark AM an address information region |D2,
and a postanbl e PA2. The address information re- gi ans | D1,
D2, 103, and 1D4 will hereinafter be,gollec- tively referred to as

t he address information region |ID. -
48 - Al so, the postanbles PAl, PA2, PA3, and PA4 will herein-

after be collectively referred to as the postanble PA.
sampling the binary data at a predetermined fregquency to

output digital data; parallei conversion means for
converting the digital data into parallel data of at
least m X n bits (m and n are natural numbers); and a

5 detection table for detecting a predetermined sequence
composed of n-time repetition of an m-bit pattern from
the parallel data.

The reproduction method of this invention is for
10 an optical disk including a plurality of tracks each
divided into a plurality of recording sectors, each
recording sector including a header region and a data
region, the hsader region including address information
for identifying a position of the corresponding recording
15 saector, address synchronous information for identifying
a recording position of the address information for bit
synchronization, and clock synchronous information having
a predetermined sequential pattern, the method comprising
the steps of: retrieving a reproduced signal from the
20 optical disk; detecting the sequential pattern of the
clock synchronous information from the reproduced signal:
permitting reading of the address information if the
sequential pattern is detected: reading the address
information from the reproduced signal in response to the
25 permission; and terminating the step of reading the
address information in a predetermined time period after
the permission to return to the step of detecting the
sequential pattern, With this construction, the above
objecta are attained.
30

In one embodiment, +the reproduction method
further includes the steps’ of: permitting reproduction of
a clock signal if the sequential pattern is detected; and
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In this exanple, as in the first exanple, no 5 sector mark is recorded
on each header region 52, but the four address regions simlar to one
anot her, each com posed of the VFO region, the address mark AM the
addr ess information region I D, and the postanble PA, are recorded
sequentially. 10 The VFO regi ons VFQOL, VF02, VF03, and VF04
are used so that an optical disk device can obtain clock

reproduction froma reproduced signal= ¥ tn the first exanpl e, each
VFO regi on has a sequential pattern that 15 i ncl udes marks and spaces of
a fixed length (e.g., 4-bit | engt h) appearing alternately, for

exanpl e. The ¥Yefproducingeghenclawk lagnalhefrmmethe npproduced f signal

| engt hs. For _example, ,if e region VFOL is nade | onger
t han the ot her iln"—‘OrP qu'g‘ﬁ? t?t A%'Pep g‘g’fgrﬁeggr'oduction is 20 obt ai ned at

_the beg! nni ng of the header regi on 52. _ _ _Each_ addr ess ma_rk_ AM
! fs ﬂ]ow ded so that thepnhg repPBabbRiofl RktHEH 62 thls! #RGEhtYohNEsPESK! i ON
0 e

5 an optical disk including a plurality of tracks each

divided intoc a plurality of recording sectors, each
recording sector including a header region and a data
region, the header region including address information
for identifying a position of the corresponding recording

10 sector, address synchronous information for identifying
a recording position of the address information for bit
synchronization, and clock synchronous information having
a predetermined sequential pattern, the method comprising
the steps of: retrieving a reproduced signal f£rom the

15 optical disk; detecting the sequential pattern of the
clock synchronbus information from the reproduced signal;
permitting reproduction of a clock signal if the sequen-
tial pattern is detected; and reproducing the clock
signal f£from the reproduced signal in response to the

20 permission. With this construction, the above objects
are attained.

The reproduction method of this invention is for

an optical. disk including & plurality of tracks each

25 divided into a plurality of recording sectors, each
recording sector including a header region and a data
region, the header region including address information

for identifying a position of the corresponding recording
sector, address synchronous information for identifying

30 a recording position of the address information for bit
synchronization, and clock synchronous information having

a predetermined sequentiaf‘ pattern, the method comprising

the steps of: retrieving:a reprodueed signal from the
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subsequenf addr ess i nf ormati on région | D. For exanple, 25 i ke the

address mark AMused in the first exanple, a pattern including two
repetitions of a pattern having a |l ength of 3 bits added to the

maxi mum i nversion inter- val T[err] of the state nodul ation code is
recor ded. 30 On the address information region |ID, diéiég%
data conposed of data including address,jnformation such as *ack
nunber and the sector nunber with a pFea -7 term ned error detection
code added thereto are recorded - 49 -

optical diek; determining a reproduction mode whether the

reproduction mode is an initial mode during a time period

from switching-on of the device or a track jump until the

address information is first read from the reproduced

5 signal or & normal mode during a time period from the

reading of the address information until a next track

jump is generated; detecting the sequential pattern of

the clock synchronous information from the reproduced

signal; permitting reading of the address information if

10 the sequential pattern is detected in the initial mode as

a first permitting step; reading the address information

from the reproduced signal in response to the permission;

generating a sector pulse 1f the address information is

correctly read; permitting reading of the address infor-

15 mation from the reproduced signal based on the sector

pulse in the normal mode as a second permitting step; and

terminating the reading of the address information to

return to the step of determining a reproduction mode if

the address information fails to be read within a prede-

20 termined time period after either the first or second

permission step. With this conatruction, the above
objects are attained.

BRIEF DESCRIPTION OF DRAWINGS

25
Figure 1 is a view for explaining the mark length
recording and the inter-mark recording.
Figure 2A is a view illustrating a signal format
30 of a recording sector of a conventional optical disk.

Figure 2B is & viéw illustrating a header of the
conventional optical disk.



using the mark | ength r ecor di ng, after the digital data are nodul at ed
using the state nodul ati on code. ' Figures 18A to I18C are

conceptual views for 5 expl ai ni ng the nodul ati on nmet hod and the

denodul ati on - met hod of the state nodul ati on code used in this

exanpl e. The state nodul ation code is a nodul ati on code which
converts an 8-bit binary data unit into a 16-bit code sequence. A
16-bit out put code sequence Y[err]fori®n=8-bit 10 i nput data Dierr]at a
time is determ ned based on a state S[err] at the time t.Figure 18A
shows an exenpl ary construction of a state nodulation circuit 60. As
shown i nI Fi gur e Fighrd 2€ Sil.let ea "pdekat 1 Dhustraving 6@ | rebodding a
conversion ta and-a D fli oR.5¢. The t ertd. e
state S[err] g‘}a%[%’tl&é & a%%&%\f)u%ai’%‘t ooflhé:g%oﬁ?/%‘féﬂél&?a]éi ﬁng' 5%:1 e 56,
and the code $d@mlsnce Yt and a state St,, at a next tine t+l
(hereinafter, referred to as a next state) are output therefrom The
next state S[err] output fromthe conversion table 56 is input into

the D 209 flipflop FAguren@Nsds f@r wiew ndklusbratingod® recording
pattern of an address mark of the conventional optical
disk.

Figure 3 illustrates a modulation table of (2,7)
10 modulation codes.

Figure 4 is a view illustrating an example of
reproduced signal waveforms at the header of the conven-
tional optical disk.

15
Figures BA to 5C are views for explaining a
construction of an optical disk of one example according
to the present invention.
20 Figure 6§ is a view illustrating an exemplary

recording pattern of a VFO region of the optical disk of
the example according to the present invention.

‘ Figures 72 to 7C are views illustrating exemplary
25 recording patterns of an addreas mark of the optical disk
of the example according to the present invention.

Figures 8R to 8D are views illustrating exemplary
recording patterna of the address mark of the optical
30 disk of the example according to the present invention.

Figure 9 is a view illustrating an exemplary
recording pattern of the address mark of the optical disk



Fi gure 18B shows part of the content of the conversion table 56. The

state S[err] at the tine t incul des a total of four states from
St-1to 4, and different code 25 sequences Y[err] are allocated to the
respective state. The state St and the data Dierr] at the tine t
determ ned the nex state S[err].The 16-bit sequences allocated as the
out put code sequences Y[err] in the table in the are in the table are
all the run length limt codes wh@0e-the zero run is limted to the
range of 30 2 to 10. Mdreover, the next state S err] has been deter-

m ned so that the zero run is still limted to the range of 2 to 10

when the sequences ghealdRahpPe S88E6PELIAY tbERe presedteifitBAELbAd.

Figure 10 is a block dlegram of an optical disk
device of one example according to the present invention.

Figure 11 is a2 block diagram of an exemplary
inner construction of a reproduction system shown in
Figure 10.

10 Figure 12A is a block diagram of an exemplary

inner construction of a VFO detection circult of the
example according to the present invention.

Figure 128 is a view illustrating the construc-
15 tion of a VFO detection table in the example according to
' the present invention.

Figure 13 18 a timing chart of exemplary
waveforms of various signals used in the optical disk-
20 device of the example according to the present invention.

' Figure 14 1is a timing chart of exemplary
waveforms of various signals used in the optical disk
device of tha example according to the present invention.

25
Figure 15 is a flowchart of an exemplary process
after the turning-on of a system control of the aptical
disk device of the example according to the present
invention.
30

Figure 16 is a flowchart of an exemplary process
of the system control of the optical disk device of the
example according to the present invention,



- 50 - Anong the 16-bit sequences allocated in the table

as the output code sequences Y[err], those of which next state 8[err]
is 1 or 2 are determ ned so that the |last zero run thereof is 5 or
less. 5 There is a case where the sane out put sequence Y[err]
Is allocated to different input data units Dt, |ike pat- terns pl and
p2 shown by the underlines in the table. In such a case, the next-
states for these output sequences 10 - 2kre determned to be either state 2
or state 3 so as to be different fromeach other. In this case, for
exanpl e, the pattern pl has the next state 2, while the pattern p2
has the next state 3. Eﬁ.gﬁtref Q.VASH!Qhaaxrfé@qzllﬁfhﬁi%Mﬁg a signalll g¢ominaen of
t he sane out put sequenc err] be found. 15 The Qﬁ
sequences Y[errPfal®ol& dtié‘gstﬁ?‘é-Qrarﬂ:f an opkigal ;dfigk. cf%e%ﬁ'%w ng

features.  The eghipile $Rxcording AL Yhrddntaldmanitibio state 2 has

"O"s at the first and thirteenth bits fromleft. The out put
sequence Y[err] 20 allocated to state 3 has "1"s at either the first bit
or 5 Figure 17B is a view illustrating a signal format

of a header region of the optical disk of the example
according to the present invention.

Figure 18A is a block disgram of a modulation
10 circuit for a state modulation code in the example
according to the present invention.

Figure 18B is a view illustrating an exemplary
content of a conversion table shown in Figure 18A.

15
Figure 18C is a block dilagram of the construction
of a demodulation circuit for the state modulation code
in the example according to the present invention.
20 Figures 193 and 19B are views illustrating

exemplary recording patterns for a postamble in the
example according to the present invention.

Figures 20A to 20C are views for explaining the
25 construction of an optical disk of still another example
according to the present invention.

Figures 21A and 21B are schematic views illus-

trating exemplary arrangements of an address region of a

30 header region of the optical disk of the example accord-
ing to the present invention.

&

Figure 21C is a .wview illlustrating a coupling



the thirteenth bit fromleft. In the denodul ati on of the

state nodul ati on code, the 16-bit code sequence Yt nust be converted
into an 8- 25 bit binary data unit. Figure ICis a block diagramfor
expl aining the construction of a denodulation circuit 61. In the-
denodul ation circuit 61, the 16-bit code se- guence Yt at a tine t
and a first bit Y[err] and a thir- . teenth bit Y[err] of a code
sequence Y[err] at a next 30 time 24 _i.e., atotal of 18 bits, are
input into an i nverse conversion table 58. The output fromthe

I nverse conversion table 58 at the time t is an 8-bit binary data
unit Dlerr]. Portion of address regions shown in Figures 21A and 21B.

Figure 22A is a schematic view illustrating the

case where the coupling portion of the address regions of

5 the optical disk includes marks and the marks are ideally
formed.

Figure 22B is a schematic view illustrating the
marks formed on the coupling portion of the address
10  regions of the optical disk.

Figures 23A and 23B are views illustrating the
operation where an optical spot performs data reproduc-
tion along a land track.

15

Figures 24A to 24H are views illustrating exem-

plary patterns of a postambla.

Figure'255 is & view illustrating a signal format
20 of a recording sector of an optical disk of still another
example according to the present invention.

Figure 25B is a view illustrating an exemplary
pattern recorded on a guard datae recording region in the
25 example according to the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION
Hereinbelow, the present invention will be
described by way of example with reference to the rele-
30 vant drawings.

%

(Example 1)
Figure 5A schematically illustrates an optical



- 51 - ' The inverse conversion table 58 shown in Fig- ‘

ure 18B basically corresponds to an inverse view of the conver si on
tabl e 56. For patterns which have not been al | ocat ed doubl e anong t he
code sequences Y[err] the binary 5 data unit Dt as the denodul ati on
result thereof is unique- | y determ ned. For a pattern
whi ch has been all ocated doubl e, like the pattern pl and p2 in state
1 shown in Fig- 10 ure 18B, the btfrn@dy- data unit Derr] thereof
cannot be uni quely determ ned. However, as descri bed above, such

a double allocation of the same code sequence Y[err] is limted to

the cgse rherg aheknmﬂ:daatnﬁthamaﬁ éﬁhmple a&batalagochfme present
Accordi ngly, y recoqni zi ng e erenc en d qyences
of state 2 and %3’95{ ﬁéoﬁ’f’l é‘F’h e 'da? uﬂ#?ffﬁfcgﬁggeig

uni quel 'y talse tracke. 1bn_£ok:hed tnrasspitel (shepe. dEachukirack lbsis
uni quely deter mgied fa WS V+88%+aEnd' babtdld 1Y i ¥ldbrdance with a
5 predetermined physical format. As shown in Figure BA,

the recording sectors lo are sequentially arranged in the
circumferential direction to form the track 1b.

Figure 5B illustrates a format of each recording

10 sector lc of the optical disk la of the first ecxample
according to the present invention, Referring to Fig-

ure 5B, the recording sector lc starts with a header
region 2 where addressing information for reading addresas
information is prerecorded. A gap region 3, a data

15 recording region 4, and a buffer region 5 respectively
follow the header region 2 in this order. The gap
region 3 has no data recorded thereon, but is used for

power control of a semiconductor laser used for data
recording/reproduction and the like. The data recording

20 region 4 is used to record user data. Redundant data
such as an error correction code is added to the user

data, to form digital data. The digital data is modulat-

ed using & run length limit code where the zero zun is
limited to the range of 2 to 10. The modulated data is

25 recorded on the data recording region 4 using the mark
length recording. Such & run length limit code is called

the (2,10) modulation code. The buffer region 5 is
provided to absorb a rotational £fluctuation of the
optical disk and the like. In the header region 2,

30 information may be recorded as pits in a concave and
convex shape on the recording surface, or as marks
optically recorded in substantially the same manner as

that used in the recording on the data recording region.



bits of the code sequence“at the tinme t+l which is the 20

determ ned by the next state at the tine t duri ng the nodul ati on.

In the address infornmation region ID, data i ncl udi ng the address

i nformati on nodul ated in the 25 nodul ati on nethod as described above is
recorded using the mark | ength recording. The

post anbl e PAO shown in Figure 17A indicates the end of the data
recordi ng region 54, and has a 30 ~ &@tférn determ ned based on the

nodul ated results of the data recording region 54.

The postanbl es PAl, PA2, PA3, and PA4 shown in

10

15

20

25

30

As shown in Figure 5C, the header region 2 is
divided into four address regions 6a, 6b, 6c, and 6d.
Each of the address regions includes a VFO region, an
address mark AM, and an address information region ID.
For example, the address region 6a includes a VFO re-
gion VF0l, an address mark aM, and an address information
region ID1, while the address region 6b includes a VFO
region VF02, an address mark AM, and an address informa-
tion region ID2,

In the conventional header 104 shown in Fig-
ure 2B, the sector mark SM precedes the pattern composed
of the VFO region, the address mark AM, and the address
field ID which is repeated three times. In this example,
no sector mark is recorded on each header region 2, but
the address region, similar to the above pattern, which
is composed of the VFO region, the address mark AM, and

the address information zregion ID, is repeated four
times.

. The VFO regions VF01l, VF02, VF03, and VF04 are
ugsed so that an optical disk device can obtain clock
reproduction from reproduced signals. As shown in
Figure 6, each VFO region has such a sequential pattern
that includes 4-bit long marks and 4-bit long spaces
appearing alternately. Each of the VFO regions may have
the same length or different lengths. For example, if
the VFO region VF0l1l is made longer than the other VFO re-
gions VF02, vFO3, and-vro4, stable clock reproduction is
obtained at the beginning of the header region 2.

Each address mark AM is provided so that the
optical disk device can identify the position of the

code sequence



- 52 - Figure 17B indicate the ends of the address regions 56a

to 56d, respectively, and have patterns determ ned based on the
nodul ation results of the correspondi ng address i nformati on regions
ID1, 1D2, 1D3, and ID4 recorded 5 I mmedi atel y before the postanbles.

Fi gures 19A and 19B show exanpl es of patterns of t he postanbles. The
next state shown in Figures 19A and 19B i ndi cates the, next state

obt ai ned when the i mredi ate- 10 |y r?rEEC'edi ng data unit has been

nodul at ed. I n ot her words, for the postanble PAO, it indicates the
next state obt ai ned when the end data of the data recording re-

gi on 54 has beesubsdghantd addresshclimmaticas fMgioR AP to obtain bil
PA4, 1t indicat S}Sm&ﬁgoﬂiégtibﬁt @ﬁe?@&ﬂﬂ?d Fviquﬁ:e 72 shows an example of
the address mark AM of this example. As shown in Fig-
ure 7A, marks are recorded on the optical disk using the
5 mark length recording in accordance with the signal
sequence (bit pattern) of the address mark AM. The
resultant signal to be read has an amplitude in accor-
dance with the pattern of marks and spaces (portions
other than the marks). In this example, the address
10 mark BM has a pattern which includes one 14-bit long mark
| and one l1l4-bit long space. The address information re-
gions 1IDl, ID2, ID3, and ID4 are representatively denoted
as an address information region ID.

15 With respect to the address information re-
gion ID, digital data composed of data including address
information such as the track number and the sector
number and a predetermined error detection code added
thereto are recorded using the mark length recording,

20 after the digital data are modulated using a (2,10)
modulation code.

Since the maximum inversion interval of the

(2,10) modulation code. is 11, no marks or spaces having

25 a length of 12 bits or more are included in the pattern
in any of the address information regions ID and the data
recording regions. Even if the ll-bit long mark in the
address information region ID or the data recording
region is erroneously reproduced as a l1l2-bit long mark

30 due to an edge shift of the mark or the like, and fur-
thermore the 1l4-bit long mark in the address mark AM is
erroncously reproduced as a 13-bit long mark, the one-bit

long difference still exists therebetween. Accordingly,



15 the end data of the address information regions |D1, |D2, | D3,
and | D4 have been nodul ated. In the case where the next state is
state 1 or state 2, a pattern p3 shown in Figure 19A is sel ected- as
the postanble. 1In the case where the next state is state 3 or state
4, a pattern p4 20 shown in Figure 19B is sel ected as the postanble.
The sel ected postanbles are recorded using the mark | ength PR

recor di ng. When the pata€erm p3 foll ows any of the code 25
sequences where the next state is state 1 or state 2, the zero run is
still limted to the range of 2 to 10 at the coupling portion. Wen

the fazteg n p4 §RiL&AYS they mirk/Hpace inCedthed( iy e6f Wehee rdiiomxtist ate
IS Sstate or

state. 4, the zero,r i.S i1l limted to th n of
30 o 50 asubieSkRl R g, erbr, stk s X lor nofp iefee A Fal F0HE
limt will not deo det&et thealld+bitthengomaekbin. tHdcaddressimack BMdor

thirteenth bitschi dhe galler HRl Ot "8 pattern i o thi® 4aasbel

of the pattern p4 iS
5 information region ID or the data recording region as &

14-bit long mark will not occur. In this way, the

addregs mark AM can be detected without fail by recording

two patterns (one mark and one space) having a length of

T..x + 3 bits or more where T,, is the maximum inversion
10 interval. '

As described above, the address mark AM includes
two 14-bit long mark/spaces. This pattern reduces the
probability of erroneous detection compared with a

15 pattern including only one 1l4-bit long mark or space.
Moreover, the pattern including only'bne 14-bit long mark
or space can be used as a data synchronization detection
pattern for the data recording region 4. This makes it
possible, not only to maintain the reliability of the

20 data synchronization detection, but also to facilitate
prevention of the data synchronization detection pattern
from being erronecusly detected as the address mark AM.

Figures 7B and 7C illustrate other examples of

25 the address mark BRM. A pattern including two l4-bit long
marks as shown in Figure 7B and a pattern including two
14-bit long spaces as shown in Figure 7C may be used as

the address mark AM. Using the patterns as shown in
Figures 7B and 7C, however, the entire recording pattern

30 may be made one-sided in the balance of marks and spaces.
If the entire recording pattern becomes one-sided, the
low-frequency component of the pattern increases. The
increase of the low-frequency components of the pattern



- 53 - ' By using.the patterns p3 and p4 as the

post anbl es, patterns recorded at the end of the data recordi ng region
54 and the address information re- . gions ID1, 1D2, 1D3, and 1D4 can
be uni quely denodul ated. 5 As anot her feature, the second,

twel fth, and fourteenth bits of the pattern p3 which are bits .

adj acent to the specific bits tpbf dentifying the state (the first
and thirteenth bits) are all "0". This prevents the 10 state from bei ng
m st akenl y nodul ated by recogni zi ng the thirteenth bit as "1" due to

a bit shift and the IiKke.
varies the amount of the reproduced signal components in

the servo frequency band, which affects the servo system.
Accordingly, the amount of the low-frequency component of
the pattern should preferably be as small as possible.

5 Thus, the pattern as shown in Figure 7A is preferable
where the appearance of the marks and the spaces is
balanced.

Figures BA to 8D illustrate yet other examples of
10 the address mark AM. The address mark BM shown in
Figure 8A has a pattern composed of {6-bit lang mark, 14-
bit long space, 4-bit long mark, 4-bit long space, 14-bit
long mark, 6-bhit long space}. The address mark AM shown
in Figure BB has a pattern composed of {4-bit long mark,
15 14~bit long space, 6-bit long mark, 6-bit long space, l4-
bit long mark, 4-bit long space}. The address mark AM
shown in Figure 8C has a pattern composed of {5-bit long
mark, 1l4-bit long space, 5-bit long mark, S5-bit long
space, l4-bit long mark, 5-bit long space}. The address
20 mark AM shown in Figure 8D has a pattern composed of {4-
bit long mark, 14-bit long space, 4-bit long mark, 4-bit
long space, l4-bit long mark, 4-bit long space}.

In all of the above patterns, the total number of

25 bits of the marks and the total number of bits of the

gpaces are equal to each other. Thus, these patterns

include two 14-bit long mark/spaces and also include a
reduced amount of low-frequency components.

- 30 In the patterns shown in Figures 8BA to 8D, the
number of mark/space inversions is large compared with
the patterns shown in Figures 7A to 7C. As the number of
mark/space inversions increases, edge information in-



(Exanpl e 3) Figure 20A schematically illustrates an optical
15 di sk 20la of the third exanple according to the present

i nventi on. Referring to Figure 20A, the optical di sk 20l1a has
tracks 201b forned on the surface thereof in a spiral shape. Each
track 201b is divided into recordi ng sectors 201c in accordance with
a predeterm ned 20 physical format. As shown In Figure 20A, the

recordi ng sectors 201lc are sedBentially arranged in t he
circunferential direction to formone track 201b. Fi gure
20B illustrates a format of each recording 25 sector 201c of the opti cal

di sk 20l1a of t krdduasi entrghhui the ersoroddentotl® ik givielle wicaunse loisen.

Ref . o Fi g | . .
neader ' ¢ ebekiey, 1 SrE8E ubils; ERE paPLERis nditt 1.8 pighrel h °
address i nf or metd 08D haveer@cendblier Apyababddildly 208, causdng efxnaneous
recording regi %&oﬁ{%%@‘x‘é&&&éﬁ%ﬁ” ?3%5 €8 hoO%1t shiffethapded

region 202 in IS or ap_region. has no data recorded
t hereon, But i Pakkerng rshowprin FiguremtT®| te@f7@. seni conduct or | aser used
for data record-

In some cases, the processing of a modulation
circuit, a demodulation circuit, and the like becomes
simpler if the address mark AM has a length of an integer

10 number of data bytes. Figure 9 illustrates a pattern of
the address mark AM obtained by using a modulation code
which modulates one data byte into 16 bite. The address
mark AM is 48-bit long, i.e., 3-data byte long. The
pattern is composed of (4-bit long space, 4-bit long

15 mark, 14-bit long space, 4-bit long mark, 4-bit long
space, l4-bit long mark, 4-bit long space}.

The pattern of the address mark AM shown in

Figure 9 includes a larger number of maxrk/space inver-

20 sions than the pattern shown in Figure 7A. As the number

of mark/space inversions increases, edge information in-

creases and thus the error due to a bit shift occurs less

casily as described above. In other words, the pattern

shown in Figure 9 has a smaller probability of causing

25 erroneoug synchronizetion detection due to & bit shift
than the pattern shown in Figure 7A.

Figure 10 is a block diagram of an optical disk

device 100 for recording/reproducing data on/from the

30 optical disk l1la having the signal format described above.
Referring to Figure 10, the optical disk device 100
includes a spindle motor 7, a head 8, a preamplifier 9,

a modulation circuit 11, a laser driving circuit 14, a



- 54 - ing/feproduction'and the |ike. The data recording

region 204 is used.to record user data. Redundant data such as an
error correction code is added to the user data, to formdigital data.
The digital data is nodulat- 5 ed using a run length limt code where
the zero run is limted to the range of 2 to 10, i.e., a (2,10)
nodul a- tion code. The nodul ated data is recorded on the data
recordi ng region 204 using the nmark Iéh%?h‘recording. The buffer
region 205 is provided to absorb a rotational 10 shift of the optical
disk and the like. 1In the header region 202, information may be
recorded as pitseproduction system 16, a system control 18, and a servo
gsystem 50. '

The spindle motor 7 rotates the optical disk la
5 at & predetermined number of revolutions. The head 8
incorporates a semiconductor laser, an aptical system, an
optical detector, and the like therein though these
components are not shown. Laser light emitted by the
semiconductor laser is converged by the optical system so
10 that a light spot having a predetermined power for
recording or reproduction is formed on a xrecording
surface of the optical disk la to realize data record-
ing/reproduction. Reflected light £from the recording
surface is converged by the optical system and converted
15 into a current by the optical detector. The signal
current output from the head 8 is further converted into
a voltage and amplified by the preamplifier 9, so as to

be output as a reproduced signal 10.

20 The servo system 50 performs the rotational
control of the spindle motor 7, the phase control for
moving the head 8 in the radial direction of the optical
disk la, the focusing control for focusing the light spot
on the recording surface of the optical disk la, and the

25 tracking control for tracking the light spot along the
center of the track.

The modulation circuit 11 performs the (2,10)

modulation for 4input dJdata 12, and outputs modulated

30 data 13 to the laser driving circuit 14. During the
reproduction, the -iaser driving circuit 14 outputs a
laser driving signal 15 Eor driving the semiconductor

laser incorporated in the head 8 to emit light with the



concave and convex shape on the recording surface, or as mar ks

optically recorded in substantially the same manner as that used in
the recording on the data recording 15 region. As shown
in Figure 20C, the header region 202 is di vided into four address
regi ons 206a, 206b, 206c, and 206d. Each of the address regions
includes a VFO region, 20 an addresg mark AM an address information
region I D, and a postanble PA F P exanpl e, the address regi on 206a

I n- cludes a VFO region VFO1, an address mark AM an address

i nformation region |ID1, and a postanble PAI, while the address region
206b i ncl udes POWRY (fQf ICtiPns During dhe Raqending:. thelaser

i nformation recﬂmil% cﬁf‘duit 14 dupuit i Plesedh8ragdngs sidi él.”!!ﬂlon
4

regions |D1, and | are hereipnafter coll ctlvel rred
to as the addref%r :\‘1’&9 shey nguctoy Jpsex to e emit &J@t‘éﬂﬁ?

PA2, PA3, and %hmémrmmm@ig 60 that tl:xéiNQin Ya@igeth asbdarding he
post arbl eSPA' is performed on ll:?nat Bhiaeéggmﬁingaﬁeé{'oﬁ hi ﬂ? %’cecomee S

no
with the supplied modulated data 13.

The reproduction system 16 reproduces various
data recorded on the header region 2 and the data record-
10 ing region 4 from the reproduced signal 10 supplied from
the preamplifier 9, and outputs the data as reproduced
data 17.

The system control 18 controls the operations of

15 the modulation circuit 11, the laser driving circuit 14,

the reproduction system 16, and the servo system 50 based

on the reproduced data 17 reproduced by the reproduction
system 16 and a user's configuration 19.

20 Figure 11 i1s a block diagram illustrating an
example of the internal construction of the reproduction
system 16. Hereinbelow, the method for reproducing
address information 40 recorded on the header region 2
from the reproduced signal 10 will be described. As

25 shown in Figure 11, the reproduction system 16 includes
a clock reproduction circuit 20, a binary circuit 21, a
VFO detection circuit 25, a reproduction permit cir-
cult 32, an addressg demodulation circuit 30, and a data

demodulation circuit 39.
30

The reproduced signal 10 received from the
preamplifier 9 is input *into the olock reproduction
circuit 20 and the binary circuit 21. The clock repro-



sector mark is recorded on each header regi on 202, but

- 55 - the four address regions, each conposed of the VFO

region, the address mark AM the address information re- gion ID, and
t he postanble PA, are recorded sequentially. 5 The. VFO

regi ons VF01, VF02, VF03, and V104 are used so that an optical disk
devi ce can obtain cl ock reproduction froma reproduced signal. As in
the first exanpl e, for exanpl e~ &chk VFO regi on has such a sequen-

duction circuit 20 includes a PLL for generating a
reproduction clock 22 synchronized with the reproduced
signal 10 in frequency and phase. The binary circuit 21
equalizes the waveform of the reproduced signal 10 as

5 required, to convert the signal into a binary pattern
composed of "1" and "0". The binary circuit 21 outputs

the converted pattern itself to the VFO detection cir-

cuit 25 as asynchronous binary data 23, and simultaneous-

ly synchronizes the converted binary pattern with the

10 reprdduction clock 22 supplied from the clock reproduc-
- tion circuit 20 to output as synchronous binary data 24.
The synchronous binary data 24 is supplied to the address
demodulation circuit 30 and the data demodulation cir-

cuit 39.
15
The VFO detection circuit 25 detects the sequen-
tial patterns recorded on the VFO regions VF0l, VF02,
VF03, and VF04 based on the asynchronous binary data 23,
and outputs a VFO detecfion pulse 26 if predetermined
20 sequential patterns are detected.

. Figure 123 illustrates an example of the internal
construction of the VFQ detection circuit 25. As shown

in Figure 12A, the VFO detection circuit 25 includes a

25 parallel conversion circuit 28, an oscillator 41, and a
VFO detection table 42. The paréllel'conversion cir-

cuit 28 receivea the asynchronous binary deta 23 and a

fixed clock 27 generated by the oscillator 41. The
parallel conversion circuit 28 latches the asynchronous

30 binary data 23 at the timing of the fixed clock 27 and
converts the asynchronous binary data 23 into parallel

data 29 corresponding to" continuous 32 clocks. The
converted parallel data 29 is input into the VFO detec-



tial pattern that includes marks and spaces of a fixed 10 | ength (e.qg.,
4-bit length) appearing alternately. The VFO regi ons may have the
sanme length or different | engt hs. For exanple, if the head VFO
region VFOl is made | onger than the other VFO regions, stable clock
reproduction is obtained at the beginning of the header 15 regi on 202.
Each address mark Amis provided so that the optical disk devi€é can
identify the position of the suequent address information region.
For exanple, as 20 in the address mark AMused in the first exanple, a
pattern including twice repetition of a pattern having a | ength of 3
bits added to thenntablend2oversion inter- val T[err] of the
nmodul ati on code (run length limt code) is recorded. 25

On the address information region ID, digital data conposed of data
i ncl udi ng address i nf P&t iVW0 sdetection asabile ¥2aclispunber cexample sect or

"ecorded 0 fﬁgfﬁﬁi? iy tﬁ?ﬁfﬁi‘*ﬂi ﬁféﬁffé‘a??eﬁ?ﬁ%ﬁ%‘?‘%fh%%?é% o

put. The VFO detection

table 42 outputs the VFO detection pulse 26 of "1" if the

parallel data 29 sequentially input at the timing of the

fixed clock 27 is & pattern composed of four-time repeti-

tion of an 8-bit pattern, {11110000} or {00001111}, or a

10 pattern similar to this pattern. Otherwise, the VFO
detection pulse 26 is "0".

The first two lines of patterns in the VFO detec-
tion table shown in Figure 12B are detection patterns
15 which are obtained when the frequency of the fixed
' clock 27 is substantially egqual to the frequency of the
reproduction clock and completely match with the 4-bit
long mark/space repetition pattern, i.e., the recording
pattern of the VFO region. The other patterns in the
20 third and subsequent lines are more or less different
from the recording pattern of the VFO region. These
patterns are provided so that patterns can be detected
even in the case where the amplitude of the reproduced
signal 10 varies or in the case where the frequency of
25 the fixed clock 27 and the freguency of the reproduction
clock become more or leasa different from each other due

to a rotational fluctuation of the optical disk 1la.

By using the VFO detection ocircuit 25 with the

30 above internal construction, the sgignals recorded on the
VFO region can be detected with the fixed clock 27
corresponding to the frequancy of a clock reproduced when

the optical disk la is rotating at a predetermined number



I s nodul ated using the state nodul ati on code. Fi gure 21A
shows an arrangenent of the address -

56 - regi ons of the header region 202 recorded on the record-

ing surface of the optical disk of this exanple. As shown in Figure
21A, in the optical disk, information is recorded on both groove
tracks and | and tracks. The 5 ref ggence nunerals 210 and 212 denote

t he groove tracks, while the reference nuneral 211 denotes the | and
track.

of revoiutions.

In this example, the parallel data 29 correspond-

ing to 32 clocks are used for the detection of four

5 periods of the 4~bit long mark/space pattern. The number
of bits of the parallel data 29 is not limited to this
numbar. An optimal number of bits may be selected so
that an erroneous detection and an omission of detection
are minimized. The frequency of the fixed clock 27 is

10 not limited to the above-mentioned value. For example,
if the frequency of the fixed clock is made to correspond
to a quarter of the frequency of the reproduction clock,
the pattern, (10101010} or {01010101)} can be detected as
the VFO pattern.

15 .

The VFO detection circuit 25 is not limited to
the circuit having the internal construction shown in
Figure 12A. For example, since the sequential pattern
includes a specific frequency component, such a specific

20 frequency component may be detected directly from the
reproduced signal 10 to detect the sequential pattern.

The address demodulation circuit 30 detects the

address mark AM using the synchronous binary data 24 and

25 the reproduction clock 22, performs the (2,10) demodu-

lation for the modulated data recorded on the subsequent

address informetion regions ID1, ID2, ID3, and ID4, and’
detects an error in the demodulated data.

30 In this example, as described above, each header
region 2 is composed of four repeated address regions
each including the VFO reéion, the address mark AM, and
the address information region ID. Accordingly., when



Address regions 213 to 220 are fornmed so as to override

t he adj acent

groove tracks and | and tracks. The address regions 213 and 217
correspond to the address re- 10 gi on 206a. The address regions 214 and
218 correspond to t he address regi on 206b. The address regi ons 215
and 219 correspond to the address region 206c. The address

regions 216 and 220 correspond to the aggrgss re- gi on 206d. Thé

di stance between the center line of the | and track and the center

line of the groove track is a
di spl aced from
or outsid

e, £ “EBbEpb nrnpnps BB SButohs” 1h, caB Y. BT e °)C

read from e, adﬂheessengduqedzmlueelarel omgtpure g:movhe system ack
210, and frgomt |qﬂ% 4, d 2
| and track 211 h&o arran I'n zgﬁarégsdﬁgess reglongeln the a ove

manner, it is pd%%imlel@‘élfm Glr@'ehﬂ 30 caluereutouts 7 ARGERT YRR T he

| and tracks

10

15

20

25

30

zafl8n! PR1GL0YIC dimsk anecusly with the output of the
address information 40,

The four repeated recordings on the address
regions will now be described. The error rate for one
address is about 10™%. Assuming that the address informa-
tion is obtained (the address is readable) when at least
two address regions among the four address regions are
successfully reproduced, the probability of £failing to
obtain the address information is as follows.

Cs x (107%)® x (1 - 107%) + (l0%)* t 4 x 10

wherein “4;"'15 the number of combinations of three from
four. Since one optical disk includes about 10° recording
gactors, the number of recording sectors in which an ad-
dregs i1s not readable in one optical disk is 10° x (4 x
107%) = 4, which is within an allowable range. Thus, in
this example, the number of recbrding gectors in which
addresses are not readable is substantially reduced to
less than 10. This facilitates the identification of
each recording with an extremely high probability. As a
result, each recording sector can be identified by
reliably retrieving the address information from the
address regions of the header of each recording sector,
without the necessity of providing a sector mark SM for
identifying the header at the start ¢of the header.

track pitch Tp. Each address region S

t nterl ne of the tr /2 to nside
Aot idarmaticy 13, shreseEnily mrpsethada Wil
213 to 216 are adtxonafsdy wa aox) b e dnnﬂ'asas dasfaﬁnatimf :tdgﬂ.chs)camng ack
210 with respect
denotes a |ight



30 Fbréinbelomn a néthod for formng a prototype for

produci ng a stanper used for the fabrication of a disk substrate
havi ng convex-shaped groove tracks and the address regi ons as concave
~and convex shaped pits de- - 57 -
scri bed above will be described. The tracks and the address regkons
are formed by irradiating the rotating 5 - di sk prototype with | aser
light for cutting. By continu- ous radiation of laser light, the
groove track having one 5 continuous groove is forned. By intermttent
OV OFF

For comparison, ‘the conventional header 104

(Figure 2B) including three address regilons will be de-

scribed. Assuming that the address is readable (the

address information is obtained) when at least two

5 address regions among the three address regions are

successfully reproduced, the probability of failing to
obtain the address information is as follows.

3Gy %X (1072 x (1 - 10"%) + (10°2)* & 3 x 10™

10
wherein ".C," is the number of combinations of two from
three., Since one optical disk includeg about 10° record-
ing sectors, the number of recording sectors in which an
address is not readable in one optical digk is 10° x (3
15 x 10™) = 300, which is too large to be allowable.

Returning to Figure 11, the reproduction permit
circuit 32 generates a clock reproduction permit sig-
nal 34 based on the VFO detection pulse 26 supplied from

20 the VFO detection circuit 25 and a reproduction gate sig-
nal 33 supplied from the system control 18, and outputs
' the'signal to the clock reproduction circuit 20. The
clock reproduction circuit 20 generates the reproduction
clock 22 by synchronizing the incorporated PLL with the
25 phase of the reproduced signal 10 and outputs the repro-
duction clock to the binary circuit 21 only when the

input clock reproduction permit signal 34 is "1",

The reproduction permit circuit 32 also generates

30 an address reproduction permit signal 36 based on the VFO
detection pulse 26 and an address gate signal 35 from the
system control 18, and outputs the signal to the address
demodulation circuit 30. The address demodulation



radi ation of |aser light, portions irradiated with | aser light are
formed as marks (pit data) in the address regi ons. The other portions
whi ch have not been irradi- ated with the laser light are left as
spaces (non-pit 10 data). For exanple, a predeterm ned pattern as

descri bed i n the above exanples is recorded by a conbi nation of the
mar ks and the spaces. In this exanple, the address regi ons are
arranged to be displ aced inside and A8 te the center of the track
(wobbl i ng arrangenent). Accord- 15 ingly, the OV OFF.radi ation of |aser
l'ight is perforned by shifting the center of the |aser light for
cutting in ciroud tr 30 datecmsctherﬂdgrespm AMrby:ddentdfyingethe/ 2

for ever yatddirfd of C4hAN addiddle gk anin the! 8HHG6L 8Bk 1bea

the disk protolype, the cutting Is perforne sur ace
opposite the sHPPReE Anleh whenothe ﬂ-ﬂé’%cﬂﬁ‘iﬁ'ﬁf reprodystien perpié
reproduction opdghallome ibnerefore, the concave and convex portions
of the pits and the grooves at the production of the disk prototype
are reverse to those as are viewed fromthe reproduction head at the

25 readi ng operatiorhe reproduction Fpgiindt?]EHiwit @@t h€urther
arrangenent_ofg%gerates a data reproduction permit signal 38 based on
the VFQ detection pulse 26 and a data gate signal 37 from
the system control 18, and outputs the signal to the data
10 demodulation circuit 39. The data demodulation cir-
cuit 39 demodulates recorded data read from the data
recording region 4 among the synchronous binary'data 24
and outputs the reproduced data 17 only. when the input
data reproduction permit signal 38 is “1v".
15 |
The system control 18 outputs the reproduction
gate signal 33, the address gate signal 35, and the data
- gate signal 37 at a timing in accordance with the infor-
mation format shown in Figures 6B and 5C (i.e., the
20 reproduced signal format) using the sector synchroniza-
tion pulse 31 supplied from the address demodulation cir-
cuit 30 of the reproduction system 16 as the reference.
These signalé are supplied to the reproduction permit
circuit 32 of the reproduction system 16 as described
25 above (Figure 11),

Figure 13 illustrates exemplary waveforms of the
sector synchronization pulse 31, the reproduction gate
signal 33, the address gate signal 35, and the data gate

30 signal 37 to show the relationship between these signals,

Referring to Figure 13, the reproduced signal
format conforms to the information recording format shown



address regi ons of the header region 202 recorded on the recordi ng
surface of the optical disk of this exanple. 30 In the optical disk
shown in Figure 215, information is recorded on both groove tracks
and | and "tracks. The reference nunerals 210 and 212 denote the
groove tracks, while the reference nuneral 211 denotes the |and

track. - a7 - - 08 - Addr ess regi ons
213 to 220 are forned so as to override t he adj acent groove tracks and

| and tracks. The address regi ons 213 and 217 correspond to the address

re- gi on 206a. The address regions 214 and 216 correspond to
in Figure 58B. The header region 2, the gap region 3, and

the data recording region 4 of a recording sector 1A are
called a header region 2@, a gap region 3a, and a data
recording region 4a. Likewise, the header region 2, the

5 gap region 3, and the data recording region 4 of a
recording sector 1B following the recording sector 1A are
called a header region 2b, a gap region 3b, and a data
recording region 4b.

10 In the recording sector 1A, when the address
information is correctly reproduced from the header
region 2a, the sector synchronization pulse 31 becones
*1" (high level) somewhere in the range from the end of
the header region 2a through the gap region 3a. The

15 reproduction gate signal 33 becomes "1" over the range at
least covering the data recording region 4a of the
recording section 1A and the header region 2b of the next
recording sector 1B, The address gate signal 35 becomes
"1l* over the range at lesst covering the header region 2b

20 of the next recording sector 1B. The data gate signal 37
becomes "1" over the range substantially covering the
data raecording region 4a of the recording sector 1lA.

The system control 18 may be constructed so as to
25 firat examine the contents of the address information 40
together with the sector synchronization pulse 31 and
determine whether or not the recording sectors 1A and 1B
have address information to be recorded or reproduced
before setting the respective gate signals to "1" in

30 accordance with the timing described above.

Figure 14 illustrgtes exemplary waveforms of the
VFO detection pulse 26,: the sector synchronization



5 t he address régi on 20Gb. The address regions 215 and 219

correspond to the address regi on 206c. The address regions 216 and
220 correspond to the address re- gi on 206d. The di stance between the
centerline of the | and track and the centerline of the groove track
s a 10 track pitch Tp. The two precedi ng address regions (213,

214, 217, 218) are displaced outside the centerlines 230 of the:
groove tracks by T[err]/2. The two subs@&uént addr ess . regi ons (215,
216, 219, 220) are displaced inside the centerlines 230 of the groove
tracks by T/2. The 15 reference nuneral 207 denotes a |ight spot.
During the pulgs @ALict ithe refrdodsstionf gate i elgnad 33gadther shocke

2ddr 655 1 egi ons Frodugelof Wkdf1o BGRKT S7CKo sqaross Mfe; Hld-)]
By arranging th@&boﬁ%&stheglmeﬂﬁ tmmion pemﬁﬁelslgntﬂL Sbosthe)| e
to read the addr&%@a' 3&%&@1@&1 37, bhAMdMY Nahbs E%@@ohh&ﬁ:‘i%rﬁ%ﬁﬁ@t

groove tracks reover si nce every two, a dress I’GPI Or'lf as

a unidt  ar eSignal 3B e| yShown| AR( COETORPERELRER si WtR §

format.

Referring to Figure 14, it is assumed that an
information address i1s first correctly reproduced from
10 the recording sector 1A and that the data recording re-
gions 4a and 4b of the recording sectors 1A and 1B have
no data recorded thereon but a data recording region 4c
of a next recording sector 1C has data thereon. Also
assumed is that the beginning of the data recording re-
15 gion 4c includes a sequential pattern substantially equal
to that on the VFO region, which is composed of 4-bit

long marks and spaces appearing alternately.

The clock reproduction permit signal 34 is "1"

20 for a predetermined time period after the VFO detection
pulse 26 of "1" appears. The clock reproduction permit
signal 34 is also "1" over the time period when the
reproduction gate signal 33 is "1". The above predeter-

minad time period is at least equal to the time period

25 required to read the address marks AM and the address
information regions ID1, ID2, ID3, and ID4 of the header
region 2. As a result, when the VFO detection pulse 26
becomes "1" for the respective VFO regions of the record-

ing sector 1A, the clock reproduction permit signal 34

30 remains "1" until at least the end of the header re-
gion 2a. When the address information has been correctly
reproduced in the recording sector 1A and the sector
synchronization pulge 31 is output, the clock reproduc-



di sk, the number of tines at which the center of the

| aser |ight for

cutting is shifted in the radial direc- ~tion by T[err]/2 during the
production of the disk prototype 30 reduces, conpared with the
arrangenment shown in Fig- ure 21A, facilitating the cutting of the
prototype of the optical di sk. Buring.the
production of the prototype of the 3 optical disk, as shown in Figure
21A (Figure 21B), the groove 2T0 and the address regions 213, 214,

215, and 216

10

15

20

25

30

al ong the groove are first forned. Thereafter, after

tion permit signal 34 becomes "1" for the header re-
gion 2b of the next recording sector 1B without fail.
Likewlse, when the address information has been correctly
reproduced in the recording sector 1B and the sector
synchronization pulse 31 is output, the clock reproduc-
tion permit signal 34 becomes "1" for the header re-
gion 2¢ of the next recording sector 1C without fail.

The address reproduction permit signal 36 is "1"
for a predetermined time period after the VFO detection
pulse 26 becomes "1" and for a time period when the
addregs gate.signal 35 ig "1". The above predetermined
time period is set to at least equal to the total time
period required to read information from the address
marks AM and the address information regions ID1, ID2,
ID3, and ID4. As a result, when the VFO detection pulse
becomes "1" for the respective VFO regions of the record-
ing sector 1A, the addresa reproduction permit signal 36
remains "1" until at least the end of the header re-
gion 2a. When the address information has been correctly
reproduced in the recording sector 1A and the sector
synchronization pulse 31 is output, the address reproduc-
tion permit signal 36 becomes "1'" for the header re-
gion 2b of the next recording sector 1B without fail.
Likewise, when the address information has been correctly
reproduced in the recording sector 1B and the sector
synchronization pulse 31 is ocutput, the address reproduc-
tion permit signal 36 becomes "1" for the header re-
gion 2c of the next recording sector 1C without fail.

The data reproduction permit signal 38 becomes
"l" 1f <the data gate sfgnal 37 is "1" when the VFO
detection pulse 26 rises to "1", and remains "1" until

one



5 rotation of the disk prototype, the groove 212 and the addr ess

regions 217, 218, 219, and 220 al ong the groove are fornmed. At this
time, due to a variation in the rotational precision of the disk
prototype and the |ike, the position of the address region 213 and
the position 10 of the address region 217 which corresponds thereto

al ong the radial direction of the optical disk do not necessar- -

ily match with each other in the ci rcu@rential direc- tion. If the
ends of the address regions 213 and 217 are di spl aced by Ax as shown

in Figure 21A (Figure 213), the 15 end of the address region 217 (218)
and the begi nni sgeocfata gatbhsigddle@? begones210" ¢ 2 18he cdate apepredueach

ot her by 380 dedGle? 12 phS { €PRAHICAdtal Nhte
may results in ?¥°ﬁﬂﬁ§ gﬁire uce address Fﬁ%orgatlon corre%tl 20

To overcome thi signed| 3@ i&seel’\cwhelil rthe JRG dekection pulse 26;,rigRgl S0
that no mark iswjacorged bﬁésﬂlipaﬁfnbé the VFQrﬂétgéaiéh ﬁﬁEsQnQSOHOGBCh

oddrese 1o o0 A0 LI e oran B e oeorithe Shdions 08, 538 st
provi ded at whelrBe nte ideh NBadf bbba ReHord@ddl,csthd afaty. reproduction
permit signal 38 remains "0". For the data recording
region 4¢c where data has been recorded, the VFO detection
pulse becomes "1" at the header portion thereof. Accord-
10 ingly, the date reproduction permit signal 38 becomes "1"

at a predetermined timing.

Thus, by using the VFO detection circuit 25 and
the reproduction permit circuit 32, the clock reproduc-
15 tion and the reproduction of the address information are
permitted in the header region 2 so that the clock signal
and the address information can be read. As described
above, the sector synchronization pulse 31 is output
after the address information is reproduced from the
20 header reﬁion 2 (see Figure 13). According to the
present invention, therefore, the address information of
the recording sector can be read even in the state where
the time reference by the sector synchronization pulse 31
is not available.
25
Also, by using the system control 18, the address
demodulation circuit 30, and the reproduction permit
circuit 32, once address information has been reproduced
from one recording sector (e.g., the recording sector 1A)
30 without an error, the clock reproduction and the repro-
duction of the address information in the header region 2
is permitted for the rec%rding gsector 1A and the next
recording sector 1B, and the clock reproduction and the



For exanple, the rotational precfsion at the cutting of the di sk

prototype is about 20 ns/revolution 30 when t he nunber of revol utions of
the disk prototype is 700 rpm Accordingly, in the case of an optical
di sk having a dianeter of 120 nmm the value of Ax is about 0.1
Pm at maxi mnum when converted into a length

- 60- The operation in the above case will be de-

scri bed. : - 41 -

reproduction of the data in tha corresponding data

recording regions 4 are permitted. Accordingly, once

address information has been reproduced f£rom one record-

ing sector, the address information and the data can ba

5 read in a more secured manner using the sector synchroni-
" zation pulse 31 as the reference.

In the above example, the system control 18

generates three types of gate signals using the sector

10 synchronization pulse 31, while the reproduction permit

circuit 32 generates three types of permit signals using

the VFO detection pulse 26 and the three types of gate

signals. Alternatively, the system control 18 may have

the function of the reproduction permit circuit 32 so

15 that the system control 18 can directly generate the
three types of permit signals.

Figure 15 is a flowchart showing an example of a

process performed when, after the switching-on of the

20 optical disk device 100 (Figure 10), the system cont-
rol 18 outputs the clock reproduction permit signal 34

and the address reproduction permit signal 36 using the

VFO . detection pulse 26 and the sector synchronization
pulse 31.

25
When the optical disk device 100 is switched on,
the system control 18 first performs a boosting process-
ing (step 1). The boosting processing includes the
control of the rotation of the spindle motor 7 by the
30 servo system 50, the control of the movement of the
head 8, the control of the power of the semiconductor
laser of the head B, the focusing control of the optical
system, the tracking ocontrol, and the like. In the



Figures 22A and 22B schematically illustrate the 5 coupling portion of
the two address regions 213 (214) and 214 (215). In the data
sequences of the address regions shown in Figures 22A and 22B, the
end (the final pattern) of the address region 213 (214) includes a
mar k, and the head pattern of the subsequent address region 214 (215)
10 al so includes a mark. Figure 22A shows an ideal mark shape
expected for such a data arrangenent. ™ RR 5t her words, the. mark at
the end of the address region 213 (214) and the mark at the begi nning
of the address region 214 (215) have a predeterm ned |length and are
15 fornedaﬂ boosting poscetsing; bothr shpeciliork xépmeduction permidns.

In reality, ef%aiggg@ &A4" A8 Bhlideds® repmaub%&md géﬁ‘:dﬁ: H¥id Aalnms

| aser 1ight for ress region the cuttin rocess of the
di sk prototype, a¥et¥rset to 1@ ks consecutlvely appear in the coupling
portion of the 20 address reglon 213 (214) and the next address reglon
214 215), the | aser ti nues tg emt | aser tting

“while shiftdng in the raﬂﬂ%ﬁ ¢ cheadn ;\gcgpaltloned P&?@VF rprf%?ﬁfxg‘/
the mark at the miwedftidekaddr ene opt;cauegu@m k3 by? Tthaciithg ,h et rRFa

the beginning of L0525 ;o 2418326°94A" 2he (GhRhned © £NSAHLA Voitove
" (step 2). When the "1" level of the VFO detection pulse
is detected, the clock reproduction permit signal 34 is
10 set at "1" (step 3). Subseguently, the address reproduc-
tion permit signal 36 is set at "1" (step 4). After the
lapse of a predetermined time period, the address repro-
duction permit signal 36 and the clock reproduction
permit signal 34 are reset to "0" again (step 5), and the
15 sector synchronization pulse 31 is detected {step 6).

The sector synchronization pulse 31 becomes "1"
when the address demodulation circuit 30 reads address
information correctly. In synchronization with this

20 pulse signal, the address information 40 output from the
address demodulation circuit 30 is read, so as to deter-
mine whether or not it indicates a target recording
sector (step 7). If the read address information 40
indicates the target recording sector, the process

25 proceads to the control £for recording/reproduction
(step 8). If the read address information 40 does not
indicate the target recording sector, the process pro-
ceads to the seek control (step 9).

30 If the address demodulation circuit 30 fails to
read the address information, the sector synchronization
pulse 31 will not become"1" for a predetermined time
period at step 6. 1In such a case, the process returns to



shown in Figure 223, formng an incorrect mark overriding the two

addr ess regi ons. As a result, correct data repr oducti on becones
difficult. 30 Figure 23A and 23B illustrate the readi ng opera-
tion when a light spot 207 reproduces data fromthe | and track 211

- 61 - Figure 23A illustrates the case where the mark

arrangenent in the coupling portion of4ém0 adj acent

step 2 for the VFO detection.

With the process along the flow described above,

the clock reproduction permit signal 34 and the address

5 reproduction permit signal 36 are generated at the timing

as shown in Figure 14. Thus, smooth reading of address

information is possible even in tha state observed bafore

address information is reproduced immediately after the

switching-on of the device, where the time reference by

10 the sector synchronization pulse 31 has not yet been
provided.

Figure 16 is a flowchart showing an example of a

process performed by the system control 1B for switching

- 15 the processing mode between the initial mode and the
normal mode. The initial mode as used herein corresponds

to the time period from the switching-on of the device or

& track jump to perform a seek and the like until the
address information is first reproduced. The normal mode

20 corresponds to the time period after a predetermined

address information has been read until a next track jump
is generated.

Referring to Figure 16, the processings from

25 step 1 through step 9 are the same as corresponding

processings in Figure 15. The description thereof is
therefore omitted here.

As shown in Figure 16, at step 10, whether the

30 mode 1is the initial mode or the normal mode is deter-
mined. When the address information has been correctly

read and recording/reprodiction at the target recording
sector has been performed in the preceding processings,



address regions is not specifically considered. As shown in Figure
23A, when the adjacent address regions 214 5 (215) and 217 (218)

spatially overlap by a cutting preci- sion Ax, data read fromthe two
- address regions tenporal - |y overlap by an anmount corresponding to
~ AX. Wile the end of the address region 217 (218) includes a space,
. the begi nning of the address regigon 214 (215) includes a 10 mar k.
- As shown in Figure 23A, when the spa6e4&t'the end of the address
region 217 (218) is overl apped by the mark at the beginning of the
address region 214 (215), the end of the address region 217 (218) is

regarded as havihgy mode is dekernin@di tochessbeangamalemode.at e node ess
region 217 15 3g5(4dfdrmined to be the ihi%iEd #dde 'a't*{:g:;a&@ Ebdj@ﬁﬁ'xq e

arrangenent accord- |%% to the present_1nvention for overcom ng
above pr oBFreaesaing hdwtem 19i, g pftemspthep reading of r ¥hge RIAToRE

the end and thejheg+-RatIEN0T1d hanadiceesriraddaesss 6, or Jagbér Whd
this arrangenent, _even if the space at the of the .address_region

g en
217 (218) s ov%‘?‘l”éﬁﬁ%diﬁquﬂétmn whigh:beg heen SUGGEIsTPIY (FREA S ess
region 214 (215determinel@hendityetbaiis ngheor tasgets rddddimgspaeetor at

generating no step 7 and the seek control is performed (step 9).

In the normal mode, the VFO detection processing

10 (step 2) is not performed, but the processings of
steps 3, 4, and 5 are performed using the timing at which

the sector synchronization pulse 31 becomes "1" as the
reference. In the initial mode, the VFO detection
processing (step 2) is first performed, followed by the

15 processings of steps 3, 4, and 5 using the timing at
which the VFO detection pulse 26 becomes "1" as the
reference.

With the above processings, address information
20 can be read smoothly after the switching-on of the device
or after a track jump, and, after the reproduction of the
address information, the address information and the data
can be read in a more ensuring manner using the sector
synchronization pulse 31 as the reference.
25 '

Thus, - in the first example, the method for
recording/reproducing data on/from the optical disk la
having the signal format shown in Figures 5B and 5C by
use of the optical disk device 100 having the block

30 construction shown in Figure 10, especially, the method
for reading address information, was described.

In the first example, the (2, 10) modulation code



25 data error on the addresé region 217 (218). This may resul t

failing to read correctly the length of the

in

space at the begi nning of

t he address region 214 (215). However, the begi nning of each address
regi on includes the VFO region and, generally, it is not necessarily
30 required to read all data on the VFO region. Moreover, no
probl em arises in the reading operatign4gf_the addr ess region as far
as. the synchronization of the address region is recovered by the
address mark AM fol |l owi ng t he - 62 -
VFO region so that the address informati on can be cor-

10

15

20

25

30

is used as the modulation code for the address informa-
tion regions ID of the header region 2 and the data
recording region 4. It will be appreclated, however,
that the modulation code is not restricted to the above,
and any type of run leéngth limit code having a fixed
maximum inversion interval may be used. The pattern of
the address mark AM may be determined so that the above
conditions for the maximum inversion interval T, are
satisfied.

In the first example, the information recorded on
the VFO regions has been described to be a pattern
composed of sequential 4-bit long marks/spaces shown in
Figure 6. It is appreciated, however, that the pattern
for the VFO regions is not restricted to this pattern,
and any pattern may be used in which the length of each
mark or space is equal to or more than the minimum
inversion interval T,, and less than the maximum inver-
gion interval T,, of the modulation code (run length
limit code)'used for the recording on the address infor-
mation region ID. As described above, however, since a
shorter mark/space pattern having a length closer to the
minimum inversion interval T, is more preferable since
the number of repetition periods per unit length is
larger and thus a fagter clock reproduction is obtained.

In this example, the patterns shown in Figures 7a
to 7C, Figures 8A to 8D, and Figure 9 were described as
examples of the address marks BM, The patterns of the
address marks AM are not restricted to these patterns.
The detection of the address marks RM is possible if the
pattern includes two repetitions of a pattern having a
length of 3 or more bits added to the maximum inversion



rectly recogni zed. ' o Al so, at the cutting of the disk

prototype, a 5 space i s always arranged between adjacent address regions
to prevent marks from being continuously formed. Accord- ingly, the
continuous radiation of laser light while shifting in the radial
direction is prevented. Accord- ingly, the formation of a defect mark
as shown in Fig- 10 ure 22B is prevegkeg. : Thus, ‘by
arrangi ng spaces at the head and the en of each address region as

shown in Figure 23B, the failure in mark formation at the cutting of
the disk 15 prot otype and the erroneous data reading due_to
overl ap of the d'd!ﬁ%éé# BieoBf afhendodnlation (aade; Jfun lengFBmlt“l‘FE't

addr ess regi ons dotid heusadcs6r the rebbrilsg of they h@AFWER inFozntion
addr ess reglons can be pﬁivented 20 Her ei nbel ow, the case of

applying the rrangenent of the postanble PAin this exanple to
t he

5 In this example, the header region 2 is composed
of four address regions. The header region 2 is not
restricted to thia construction. '~ For example, the
reproduction of address information is possible by the
construction of the header region which includes only one

10 address region., However, the religbility of the reading
of the address information can be improved by forming a
plurality of address regions ID where substantially the
same address information is stored. As described above,
in consideration of the error rate for the address

15 information and the allowance of the number of unrecog-
nizable recording sectors, it is preferable to form four
or more address regions for one header region 2. Fur-
thermore, in view of the practical allowance and the
maximum securement of the data recording regions 4, it is

20 more preferable for the header to include four address
reglions ID as described in the first example.

(Example 2)
Figure 17A is a view illustrating a format of a
25 recording sector 51 of an optical disk of the second
example according to the present invention. As shown in
Figure 17A, the recording sector 51 starts with a header
region 52 where addressing information for reading
address information is prerecorded. A gap region 53, a
30 data recording region 54, a postamble PAO, and a buffer

region 55 respectively follow the header region 52 in
this order. :



data arrangenent using the state nodul.ati ng code de- scribed in

Exanple 2 (Figures 18A and 18B) w il be descri bed. Figures 24A to 24D
illustrate exenplary mark 25 - arrangenents of the postanble PA in the
case of using the state nodul ation code. In Figures 24A to 24D, the
next ~ state indicates the next state obtained when the i medi -

ately precedi ng data has been nodul ated,_in other words, t he next
state obtai ned when the data at the end®Bf~the 30 corresponding addr ess

i nformati on region ID has been nndulated Fi gure 24A

shows the case where the next state is
The gap region 53 has no data recorded thereon,

but is used for power control of a semiconductor laser

used for data recording/reproduction and the like, for
example. The data recording region 54 is used to record

5 user data. Redundant data such as an error correction
code 1s added to the user data, to form digital data.

The digital data is modulated using a run length limit

code generated by use of a state machine.. The modulated

data is recorded on the data recording region 54 using

10 the mark length recording. This run length limit code is
called a state modulation coda. The postamble PAO
follows the end of the data recording region 54. The
pattern of the postamble PAQ is determined based on the
modulation results of the data recording region 54. The

15 buffer raéion 55 is provided to absorb a rotational shift
of the optical disk and the like. In the header re-

gion 52, information may be recorded as pits in a concave

and convex shape on the recording surface, or as marks
optically recorded in substantially the same manner as

20 that used in the recording on the data recording regiom.

As shown in Figure 17B, the header region 52 is

divided into four address regions 56a, B6b, 56c, and 56d.

Each of the address regions includes a VFO region, an

25 address mark AM, an address information region ID, and a
postamble PA. For -example, the address region 56a
includes a VFO region VFO1, an address mark AM, an
addresas information region IDL, and a postamble PAl,

while the addreass region 56b includes a VFO region VFO2,

30 an address mark AM, an address information region ID2,
and a postamble PA2, The address information re-

gions IDP1l, ID2, ID3, and ID4 will hereinafter be collec-—
tively referred to as the .address information region ID,



- 63 - either state 1 or state 2 (see Figure 18B) and the end of
the address infornmation region IDis a mark 240. In this Case, a
pattern p5 as shown in Fi gure 24A, {0010010010000000}, i s

sel ected and recorded using the 5 mark |l ength recording. As described
-1n Example 2, since the last zero run in the code sequence of which
next state is either state 1 or 4ate 2 is 5 or |less, when any -

of the code sequences of which next sTa?® Ts either state 1 or state
2 is coupled with the pattern p5, -the 10 zero run at the coupling
portion is still limted to the range of 2 to 10. The first and
“thirteenth bltsA¢BOLh¢hB posteablesn Pl ,a P82;0PA3, 0and RR4oWiRY) b@t@énrng

t he pat - A 18t %MI R
t he address regl on |s%ﬁ ways:,L sig;aec?q ® & ﬁhi cor%g . 'sl nce

both the head and the end of each address region are spaces, the
failure in mark f anTetho8 é&:ah&ﬁecméé nQnOftﬁé‘efdbﬁlt %ﬁ&ﬁ%&l@e alp
t he grroneous dat a readlggcdue to the gverla res

regions at2the $RSFTPRSHLE THCBFIRACR RACR n 52, but the

four address regions similar to one another, each com-
posed of the VFO region, the address mark AM, the address
information region ID, and the postamble PA, are recorded
sequentially,

10

The VFO regions VF0l, VF02, VF03, and VF04 are

used s0 that an optical disk device can obtain clock
reproduction from a reproduced signal. As in the first
example, each VFO region has a sequential pattern that

15 includes marks and spaces of a fixed length (e.g., 4-bit
length) appearing alternately, for example. The VFO
regions may have the same length or different lengths.
For example, if the head VFO region VF01l is made longer
than the other VFO regions, stable clock reproduction is

20 obtained at the beginning of the header region 52.

Each address mark AM is provided so that the
optical disk device can identify the position of the
subsequent addressg information region ID. For example,

25 like the address mark AM used in the first example, a
pattern including two repetitions of a pattern having a
length of 3 bits added to the maximum inversion inter-
val T,.. of the state modhlation code is recorded.

30 On the address information region ID, digital
| data composed of data including address information such
as the track number and the sector number with a prede-
termined error detection code added thereto are recorded



1
Y

in the casé of the wobbling arrangenent of the address regi ons may be

prevent ed. Moreover, by setting the pattern of the VFO 25
region arranged at the begi nning of each address region : at a
sequenti al pattern si gnal starting wth

{000100010001000. ..},the coupling portion of the adja- cent address
regi ons always includes a 11-bit | ong space which is the maxi mum’

i nversion interval. This makes it 30~ %x%sible to increase the tinme for
t he novenent of a | aser beam at the cutting while the imt of the
zero run of the run length limt code 'is maintained.

using the mark length recording, after the digital data
are modulated using the state modulation code.

Figures 18A to 18C are conceptual views for
5 explaining the modulation method and the demodulation
method of the state modulation code used in this example.
The state modulation code is a modulation code which
converts an 8-bit binary data unit into a 16-bit code
sequence. A 16~bit output code sequence Y, for an B-bit
10 input data D, at & time t is determined based on a
state 8, at the time t. Figure 183 shows an exemplary
construction of a state modulation circuit 60. As shown
in Figure 18A, the state modulation c¢ircuit 60 includes
& conversion table 56 and a D flipflop 57. The data D,
15 and the state 8§, at the time t are input into the conver-
sion table 56, and the code sequence Y, and a state B,,, at
a next time t+1 (hereinafter, referred to as & next
state) are output therefrom. The next state 8, output
from the conversion table 56 is input into the D

20 flipflop 57 to be used for the next modulation.

Figure 18B shows part of the content of the

conversion table 56. The state §, at the time t includes

a total of four states from St=1 to 4, and different code

25 sagquences Y, are allocated to the respective étates. The
- atate 8; and the data D, at the time t determine the next
atate 8¢;. The 16-bit sequences allocated as the output

code sequences Y, in the table are all the run length
limit codes where the zero run is limited to the range of

30 2 to 10. Moreover, the next state 8, has been deter-
mined so that the zero run is still limited to the range

of 2 to 10 when the sequences at the two sequential times
are connected.



- 64 -

As a further feature of the pattern pS, the

second, twelfth, and fourteenth bits which are bits adj acent to the

specific bits for

bits) are all "0".

nodul at ed by

identifying the state (the first and thirteenth "0"
This 5 prevents the state from bei ng m stakenly
recogni zing the thirteenth bit as "1" due to a bit

shift. and the |ike. The pattern of the postanble- PA

is not limted to
can be used
satisfies the lim

10 the pattern p5 SRomn in this exanple. Any pattern
as far as the nunber of zeros in the zero run

t of the run length Iimt code used for t he address

information region ID tAisorg dhe L6-bitabequences allodabed2intthe kil n

is different fromt
i ncl udes an odd S

nﬁg% Oéué&.‘f%% 2c’fi"a aﬁl&i&éﬁcggrhﬁ%h@gure 2 Eﬁ'&ﬁl 3‘? rates

the case where tdtRtE 8.y 12 1 or 2 are determined so that the last zero
run thereof is 5 or lassg.

There is a case where the same output sequence Y,

is allocated to different input data units Dy, like pat-
terns pl and p2 shown by the underlines in the table. In
such a case, the next states for these output segquences
10 are determined to be either state 2 or state 3 so as to
be different from each other. In this case, for example,
the pattern pl has the next state 2, while the pattern p2
has the next state 3. Except for such a case, no double

15

allocation of the same output sequence Y, will be found.

The code sequences Y, allocated to state 2 and

state 3 have the following featuras. The output se-
gquence Y, allocated to state 2 has "0O"s at the first and
thirteenth bits from left. The output sequence ¥,

20 allocated to state 3 has "1"s at either the first bit or
the thirteenth bit from left._

In the demodulation of the state modulation code,

the 16-bit code sequence ¥, must be converted into an 8-
25 bit binary data unit. Figure 1BC is a block diagram for
explaining the construction of a demodulation circuit 61.
In the demodulation circuit 61, the 16-bit code se-
guence ¥, at a time t and a first bit ¥¢;; and a thir-
teenth bit ¥Y,,;,3 ©of a code sequence ¥,,, at & next
30 time t+l, 1l.e., 2 total of 18 bits, are input into an
inverse conversion tabla 58. The output from the inverse

-conversion table 58 at the time t is an 8~bit binary data
unit Dto



state is either state 1 or state 2 (see Figure 18B) and 20 the end of

the address information region IDis a space. In this case, a pattern
p6 as shown in Figure 24B, {0000010010000000}, is selected and
recorded using the mark | ength recording. Wien any of the code
sequences of whi ch next state is either state 1 or state 2 is coupled
25 with the pattern p6, the zero_ryy at the coupling portion is
still limted to the range of 2 to 10. The first and thirteenth bits
of the pattern p6 are both "0". Also, by selecting the pattern p6,

h d of th mbl e PA, i . e. h d.qf dd '

Space. Accord: 50 TRy Inysape ROREsmELAD nbie B ShaEh dm e 7
region auresp8Bebasipaldiocerrespondis e dm imverde rview oot athe
the cutting of bhGedlsknDiaaAlY RS ANddepert0Re0SrdRh nave nd€gbad due

to the overlap 0 ress regions at
allocated double among the code sequences ¥,, the binary

5 data unit D, as the demodulation result thereof is unique-
ly determined.

For a pattern which has been allocated double,

. like the pattern pl and p2 in state 1 shown in Fig-

10 ure 188, the binary data unit D, thereof cannot be

uniquely determined. However, as described above, such

a double allocation of the game code sequence Y, is

limited to the case where the next state thereof is

state 2 or sgtate 3. Accordingly, by recognizing the

15 difference between the code seguences of state Z and

state 3, the original binary data unit D; can be uniquely

determined. In other words, the binary data unit D, is

unigquely determined by observing the first and thirteenth

bits of the code seguence at the time t+l1 which is the

20 code sequence determined by the next state at the time t
during the modulation.

In the address information region ID, data

including the address information modulated in the

25 modulation method as described above is recorded using
the mark length recording.

The postamble PAQ shown in Figure 17A indicates

the end of the data recording region 54, and has a

30 pattern determined based on the modulated results of the
data recording region 54.

%

T™he postambles PAl, PA2, PA3, and PA4 shown in



- 65 - | reproduction of the address regions in the case of the

wobbl i ng arrangenent of the address regions may be prevent ed. 5

Mor eover, by setting the pattern of the VFO region arranged at the
begi nni ng of each address region at a sequential pattern si gnal
starting wth {000100010001000. .., the coupling portion of the adja-
cent address regions always includes a él;bit | ong space 10 which is the
maxi mum i nversion interval . This maked3%if possi ble to increase the
time for the novenent of a |aser beam at the cutting while the limt
of the zero run of . ~the run length Iimt code is _naintained. 5

As a further fcigune F7R Hodigake ithe endgcof the 3ddzmpgs F\ﬁgﬁf’!ﬁ 5§?d

fourteenth bitsggihgd) Fekpiidtively, and have patterns determined based
on the modulation results of the corresponding address
information regions ID1, ID2, ID3, and ID4 recorded

5 immediately before the postamblaes.

Figures 19A and 19B show examples of patterns of
the postambles. The next state shown in Figures 19A and
19B indicates the next state obtained when the immediate-

10 ly preceding data unit has been modulated. In other
words, for the postamble PRO, it indicates the next state
obtained when the end data of the data recording re-
gion 54 has been modulated. For the postambles PAl, PAZ,
PA3, and PA4, it indicates the next states obtained when

15 the end data of the address information regions ID1, ID2,
ID3, and ID4 have been modulated. In the case where the
next state is state 1 or state 2, a pattern p3 shown in
Figure 192 is selected as the postamble. In the case
where the next state is state 3 or state 4, a pattern p4

20 shoyn in Figure 19B is selected as the postamble. The
selected postambles are recorded using the mark length
recording.

When the pattern p3 follows any of the coda
25 saequences where the next state is state 1 or state 2, the
zero run is still limited to the range of 2 to 10 at the
coupling portion. When the pattern p4 follows any of the
code sequences where the next state is state 3 or
state 4, the zero run is still limited to the range of 2
30 to 10 at the coupling portion. Therefore, the run length
limit will not be broken by adding the postamble. The
first and thirteenth bits bf the pattern p3 are both "0",

while the first bit of the pattern p4 is “1".



adj acent to the specific bits for identifying the state (the first

and thirteenth "0 bits) are all "O'. This prevents the state from

bei ng m st akenly nodul ated by 20 m st akenly recogni zing the thirteenth
bit as "1" due to a bit shift and the I|ike. _ The
pattern of the postanble PAis not Iimted to the pattern p6 shown in
this exanple. Any pattern can be 25 _ ed as far as the nunber of zeros
in the zero run satisfies the limt of the run length [imt code used
for the address information region ID, the state information S
1 or 2, the pattern is differenpt fr that of the ddresmark AM
and the pattern include8¥an %% Ppttemps .pi g and”"'pd the

Fi gure 24C sho ddﬁmym@aetbbﬁsn@écdmdaiat the ehdhef sthee dute
state 4 (see Fi Yok rgf gar}de ti%% %fnd the address information re-

glions ID1, ID2, ID3, and ID4 can be uniquely demodulated.

Ags another feature, the second, twelfth, and
fourteehth bilts of the pattern p3 which are bits adjacent
to the specific bits for identifying the state (the first
and thirteenth bits) are all "Q", This prevents the

10 state from being mistakenly modulated by recognizing the
thirteenth bit as "1" due to a bit shift and the like.

(Example 3)
Figure 20A schematically illustrates an optical
is5 disk 20la of the third example according to the present
invention. Referring to Figure 20A, the optical
disk 20la has tracks 201b formed on the surface thereof
in a spiral shape. Each track 201b is divided into
recording sectors 20l1lc in accordance with a predetermined
20 physical format. As shown in Figure 20A, the recording
sectors 201c are sequentially arranged in the
cirqumferential direction to form one track 201b.

Figufe 208 illustrates a format of each recording

25 sector 20lc¢c of the optical disk 20la of the third example
according to the present invention. Referring to Fig-

ure 20B, the recording sector 20lc starts with a header
region 202 where addressing information for reading
address information is prerecorded. A gap region 203, a

30 data recording region 204, and a buffer region 205 follow
the header region 202 in this order. The gap region 203

has no data recorded théreon, but is used for power
control ©of a semiconductor laser used for data record-



the address information region IDis the mark 240. In this canme, a

pattern p7 as shown in Figure 24C, {10000l 04 0000000}, is selected
and recorded using the mark | ength recordi ng. When any of the code
sequences of 5 whi ch next state is either state 3 or state 4 is coupl ed
with the pattern p7, the zero run at the coupling portion s stibkl
limted to the range of 2 to 10. The firgy it of the pattern p7 is
"1". Also, by selecting the pat- tern p7, the end of the postanble
PA i.e., the end of 10 the address region is always a space.

Accordi ngly,

spaces.

10

15

20

25

30

" fng/repradfiptian. Stfc WA | ik mrRe dAE| GEHTEHE

region 204 is used to record user data. Redundant data
such as an error correction code is added to the user
data, to form digital data. The digital data is modulat-
ed using & run length limit code where the zero run is
limited to the range of 2 to 10, i.e., a (2,10) modula-
tion code. The modulated data is recorded on the data
recording region 204 using the mark length recording.
The buffer region 205 is provided to absorb a rotational
shift of the opticel disk and the like. In the header
region 202, information may be recorded as pits in a
concave and convex shape on the recording surface, or as
marks optically reéorded in substantially the same manner

as that used in the recording on the data recording
region,

As shown in Figure 20C, the header region 202 is
divided into four address regions 206a, 206b, 206c, and
206d. Each of the address regions includes a VFO region,
an address mark AM, an address information region ID, and
a postamble PA. For example, the address region 206a in-
cludes a VFO regilon VF0l, an address mark AM, an address
information region ID1l, and a postamble PAl, while the
address region 206b includes a VFO region VF02, an
address mark AM, an address information region ID2, and
a postamble PA2., The address information regions ID1,
ID2, ID3, and ID4 are hereinafter collectively referred
to as the address information region ID, Also, the
postambles PAl, PA2, PA3, and PA4 are hereinafter collec-
tively referred to as the postamble PA.

In this example, ‘as in the above examples, no
sector mark is recorded on each header region 202, but



cutting of the disk prototype and the erroneous data 15 readi ng due to

the overlap of address regions at the data reproduction of the
address regions in the case of the wobbl i ng arrangenent of the
address regi ons nay be prevent ed. 20 Mor eover, by
setting the pattern of the VFO regi on arranged at the begi nning of
each address region at a seque &ial pattern si gnal starting
with {000100010001000. ..}, the cﬁug i Ng portion of the adja-

cent address regions always includes a 11-bit |ong space 25 which is the
maxi mum i nversion interval. This nekes it possi ble to increase the

time for the moldeenfosr .address regiopmm sachhecomposed vof | &hehe VIFONi t

of the zero run y@gs +Hd & g@&%l -
The pattern of the ;&ta edgﬁkféldssenot W%&@Qﬁd‘r&s’@h& pat S%Pr? %‘7&

shown in this eS@R &0, ﬁ}"dpﬁpﬁei?‘ﬁst%bb% PA, are yegorded peguentdaddyber
of zeros in the zero run satisfies the limt of the run length limt

code used for
B The. VFO regions VFOl, VvF02, VvF03, and VF04 are

used s=o that an optical disk device can obtain clock
reproduction from a reproduced signal. As in the first
example, for example, each VFO region has such a sequen-
tial pattern that includes marks and spaces of a fixed
10 length (e.g., 4-bit length) appearing alternately. The
VFO regions may have the same 1length or different
lengths. For example, if the head VFO region VF01l is
made longer than the other VFO regiong, stable clock
reproduction is obtained at the beginning of the header
i5 region 202.

Each address mark aM is provided so that the
optical disk device can identify the position of the
subsequent address information region. For example, as

20 in the address mark AM used in the first example, a
pattern including twice repetition of a pattern having a
length of 3 bits added to the maximum inversion inter-

val T,, of the modulation code (run length limit code) is
recorded.

25
On the address information region ID, digital
data composed of data including address information such
as the track number and the sector number with a prede-
termined error detection code added thereto are recorded
30 - using the mark length recording, after the digital data
is modulated using the state modulation code.

Figure 21A shows an arrangement of the address



- 67 - the address information region ID, the state information

iIs 3 or 4, the pattern is different fromthat of the address mark AM
and the pattern includes an odd nunber of "I"s.

Fi gure 24D shows the case where the next state is either stats 3 or
state 4 (see Figure 18B) and the end of the address information
region IDis a space. In this case, a pattern p8 as shown

in Figure 24D, 10 {10000000100000088, =i s sel ected and recorded using
t he

reglons of the header region 202 recorded on the record-
ing surface of the optical disk of this example. As
shown in Figure 21A, in the optical disk, information is
recorded on both groove tracks and land tracks. The
5 reference numerals 210 and 212 denote the groove tracks,
while the reference numeral 211 denotes the land track.
Address regions 213 to 220 are formed so as to override
the adjacent groove tracks and land tracks. The address
regions 213 and 217 correspond to the address re-
10 gion 206a. The address regions 214 and 218 correspond to
the address region 206b. The address regions 215 and 219
correspond to the address region 206c¢. The address
regions 216 and 220 correspond to the address re-
gion 206d. The distance between the center line of the
15 land track and the center line of the groove track is a
track pitch Tp. Each address region is displaced from
the centerline of the track by T, /2 towaré inside or
outside of the disk. For example, the address re-
gions 213 to 216 are alternately arranged on both sides
20 of the groove track 210 with respect to the centerline
thereof. The reference numeral 207 denotes-a light spot.
During the reproduction, address information is read from
the address regions 213 to 216 along the groove
track 210, and from the address regions 217, 214, 219,
25 and 216 along the land track 211, By arranging - the
address regions in the above manner, it is possible to
read the address information from both the land tracks
and the groove tracks.

30 Hereinbelow, a method for forming a prototype for
producing a stamper used for the fabrication of a disk
substrate having convex-ghaped groove tracks and the
address regions as concave and convex shaped pits de-



mark | ength recordi ng. When any of the code sequences of whi ch next

state is either state 3 or state 4 is coupled with the pattern p8,
the zero run at the coupling portion is still limted to the range of
2 to 10. The first bit 15 of the pattern p8 is "1". Also, by selecting
. the pat- tern p8, the end of the postanble PA i.e., the end of

“the address region is always a space. Accordingly, both the head and
the end of each address region are spac&d. - Therefore, the failure in
mark formation at the cutting 20 of the disk prototype and the erroneous
dat a readi ng due to the overlap of address regions at the data

repr oduc- scoibed thovedwEisls begidsmcribdéde c&8he otradlkswand | the

t of t
Nor cover . by set PRAbebhcE8giERs] Bnd ol BY°1ilutariny the sptacing
begi nni ng of eac@ialdpretotypeonith lasar light fequentiting. plyicomtinu-
signal  startingyg i“&&fa%rrésc%é %%?1%%;0%%8 o bEetEQHﬂ' h&GfHQféﬁQn

of the adja- 9 slgace
30 whiclP i s tGenFiRPAU iGRRIVE oi S nf . 'Iﬁi's miﬁt-n’c ON/O

possi bl e to increaggatient b¥e1LASET! ilfgﬁ’éVeﬁBﬂ{:iéﬁsaifﬁﬁ&:[ated witRalasért he
cuttlng whi | e the I|mt of the zero run

light are formed as marks (pit data) in the address
regions. The other portions which have not been irradi-
ated with the laser light are left as spaces (non-pit
10 data). For example, a predetermined pattern as described
| in the above examples is recorded by a combination of the
marke and the spaces. In this example, the address
regions are arranged to be displaced inside and outside
the center of the track (wobbling arrangement). Accord-
15 ingly, the ON/OFF radiation of laser light is performed
by shifting the center of the laser light for cutting in
the radial direction by a predetermined amount T,/2 for
every address region. Incidentally, at the production of
the disk prototype, the cutting is performed from. the
20 surface opposite the surface which is to be the recording
surface at the reproduction operation. Therefore, the
concave and convex portions of the pits and the grooves
at the production of the disk prototype are reverse to
those as are viewed from the reproduction head at the

25 reading operation.

Figure 218 shows another arrangement of the
address regions of the header region 202 recorded on the
recording surface of the optical disk of this example.

30 In the optical disk shown in Figure 218, information is
recorded on both groove tracks and land tracks. The
reference numerals 210 and 212 denote the groove tracks,
while the reference numeral 211 denotes the land track.



the run length limt code is nmaintained. The

pattern of the postanble PAis not limted to the pattern p8 shown in
this exanple. Any pattern can be used as. far as the nunber of zeros
in the zero run satisfies the |limt of the run length [imt code used
for 5 the address information region ID, the state information S
3 or 4, the pattern is different fromthat of the address mark AM
and the pattern includes an even nunbe®® - of "1"s.

Address regions 213 to 220 are formed so as to override
the adjacent groove tracks and land tracks. The address
regions 213 and 217 correspond to the address re-
gion 206a. The address regions 214 and 218 correspond to
5 the address region 206b. The address reglons 215 and 219
correspond to the address region 206¢. The address
regions 216 and 220 correspond to the address zre-
gion 206d. The distance between the centerline of the
land track and the centerline of the groove track is a
10 track pitch Tp. The two preceding address regions (213,
214, 217, 218) are displaced outside the centerlines 230
of the groove tracks by T,/2. The two subsequent address
regions (215, 216, 219, 220) are displaced inside the
centerlines 230 of the groove tracks by Tp/2. The
15 reference numeral 207 denotes a light spot. During the
reproduction, address information i1is read from the
address regions 213 to 216 along the groove track 210,
and from the address regions 217, 218, 215, and 216 along
the land track 211.

20
By arranging the address regions in the above
manner, it is possible to read the address information
from both the land tracks and the groove tracks.
25 Moreover, since every two address regions as @&

unit are alternately displaced inside and outside of the
disk, the number of times at which the ceﬁter of the
laser light for cutting is shifted in the radial direc-
tion by T,/2 during the production of the disk prototype
30 reduces, compared with the arrangement shown in Fig-

ure 21A, facilitating the cutting of the prototype of the
optical disk. "



10 Figures 24E to 24H illustrate alternative exam . ples of

mar k arrangenent of the postanble PA in the case of using the state
nodul ati on code. In Figures 24E to 24H, the next state indicates the
next state obtained when the immedi ately precedi ng data has been
nodul ated, 15 I n other words, the next state obtained when the data at
the end of the correspondi ng address Ln%grqation re- gion I D has been
nodul at ed. Figure 24E ilTustrates the case where the next

20 state is either state 1 or state 2 (see Figure 18B) and ~ the end
o e address L nfor Mt 00 L9 PRl ReSuleian ops Fi adpibd "pE @ °
sel ected and reomptibcal diskysiasg sHowmein Fegore 2EAoN(Eigure\\24B )qnyths
L C00°, 25 EESEPE ALl AR prS, 219, 204 2dg 0 eng e
portion is stillalongtehe igradwe raeydigist formed.t dThereaficer; rattempne
oot e pn T ne SohEoRthio R tum, prot; oGRS i Y
region is address regilons 217, 218, 219, and 220 along the groove
are formed. At this time, due to a variation in the
rotational precision of the disk prototype and the like,
the position of the address region 213 and the position
10 of the address region 217 which corresponds thereto along
the radial direction of the optical disk do not necessar-
ily match with each other in the circumferential direc-
tion. If the ends of the address regions 213 and 217 are
displaced by AX as shown in Figure 21A (Figure 21B), the
15 end of the address region 217 (218) and the beginning of
the address region 214 (215) overlap with each other by
AX when data on the land track 211 is reproduced. This
may results in failure to reproduce address information
correctly.
20
To overcome this problem, as shown in Figure 21C,
it I8 arranged so that no mark is recorded but a space is
provided at the end of each address region and further-
more a space (AX1l) longer than the rotational precision
25 (AX) at the cutting of the disk prototype is provided at
the beginning of the next address region.

For example, the rotational precision at the
cutting of the disk prototype i1s about 20 ns/revolution
30 when the number of revolutions of the disk prototype is
700 rpm. Accordingly, in the case of an optical disk
having a diameter of 120 mm, the value of AX is about

0.1 ym at meximum when converted into a length.



a space. Accordi ngly, both the head and the end of each

- 69 - address region are spaces. Therefore, the failure in )
mark formation at the cutting of the disk prototype and t he erroneous
" data reading due to the overlap of address regions at the data

‘ reproduction of the address regions 5 in the case of the wobbling
arrangenent of the address regi anggmay be prevent ed.

The operation in the above case will be de-
ascribed. |

Figures 22A and 22B schematically illustrate the

5 coupling portion of the two address regions 213 (214) and

214 (215). In the data sequénces of the address reglons

shown in Figures 22A and 22B, the end (the final pattern)

of the address region 213 (214) includes a mark, and the

head pattern of the subsequent address region 214 (215)

10 also includes a mark. Figure 22A shows an ideal mark

shape expected for such a data arrangement. In other

words, the mark at the end of the address region 213

(214) and the mark at the beginning of the address

region 214 (215) have a predetermined length and are

15 formed at a center position of the respective address

regions, In reality, however, when address pits are

formed while shifting laser light for each address region

in the cutting process of the disk prototype, 1if the

marks consecutively appear in the coupling portion of the

20 address region 213 (214) and the next address region 214

(215), the laser continues to emit laser light for

cutting while shifting in the radial direction. Accord-

ingly, in reality, the mark at the end of the address

region 213 (214) and the mark at the beginning of the

25 address region 214 (215) are consecutively formed as

shown in Figure 22B, forming an incorrect mark overriding

the two address regions. As a result, correct data
reproduction becomes difficult.

30 Figure 23A and 23B illustrate the reading opera-

tion when a light spot 207 reproduces data from the land
track 211.



Mor eover, by setting the pattern of the VFO regi on arranged at the

begi nni ng of each address region 10 at a sequenti al pattern

signal starting W th {000100010001000. ..}, the 4-bit long mark at
the end of t he postanble can be used as the VFO

Figure 24F illustrates the case where the next 15 state is either state
1 or state 2 (see Figure 18B) and - gihe end of t he address information
region IDis a space. In this case, a pattern pl0 as shown in Figure
24F, { 0001000l 00010001}, is selected and recorded using the

ik ) enath recording. Wen Al | D GREESS Rl e, Mk halfk
the zero run at dfwearggandntig in thepodupldng Hortidn rmtEedtWo tddﬂaumt}e of

280 10, 1%, ., opsldfs e S ol 4Bk 1°chL 8RO 8 Sl
i.e., the end ofin hé‘immee%k,egwbam sthe adjacepicecaddress  regions 214
8 (215) and 217 (218) spatially overlap by a cutting preci-

sion AX, date xead from the two address regions temporal-

ly overlap by an amount corresponding to AX. While the

end of the address region 217 (218) includes a space, the

beginning of the address region 214 (215) includes a

10 mark. As shown in Figure 23A, when the space at the end

of the address region 217 (218) is overlapped by the mark

at the beginning of the address region 214 (215), the end

of the address region 217 (218) is regarded as having the

mark. This causes a data error at the address region 217
15 (218).

Figure 23B illustrates a data arrangement accord-
ing to the present invention for overcoming the above
problem. As shown in Figure 23B, spaces are arranged at

20 the end and the beginning of the adjacent address re-
gions. With this arrangement, even if the space at the
'end of the address region 217 (218) is overlapped by the
space at the beginning of the addresa region 214 (215),
the overlapping portion is still a space, generating no
25 data error on the address region 217 (218). This may
result in failing to read correctly the length of the
space at the beginning of the address region 214 (215).
Howaver, the beginning of each address region includes
the VFO region .and, generally, it is not necessarily
30 reqﬁired to read all data on the VFO region, Moreover,
no problem arises in the reading operation of the address
region as far as the synchronization of the address
region is recovered by the address mark AM following the



Accordingly, both the head and the end of each address region are
spaces. Therefore, the failure in 30 mark formation at the cutting of

: the disk prototype and t he erroneous data reading due to the overlap
~of address regions at the data reproduction of the address regions
~in the case of the wobbling arrangenent of the address

- 70 - regi ons can be preventgd62 _

VFO region so that the address information can be cor-
rectly recognized.

Also, at the cutting of the disk prototype, e
) space is always arranged between adjacent address reglons
to prevent marks from being continuously formed. Accord-
ingly, the continuous radiation of laser light whila
shifting in the radial direction is prevented. Accord-
ingly, the formation of a defect mark as shown in Fig-

10 ure 22B is prevented.

Thus, by arranging spacés at the head and the end
of each address region as shown in Figurs 23B, the
failure in mark formation at the cutting of the disk

15 prototype and the erroneous data reading due to the
overlap of the address regions at the data reproduction
from the address regions in the case 0f the wobbling
arrangement of the address regions can be prevented.

20 Hereinbelow, the case of applying the mark
arrangement of the postamble PA in this example to the
data arrangement using the state modulating code de-
scribed in Example 2 (Figures 18A and 18B) will be
described. Figures 24A to 24D illustrate exemplary mark

25 arrangements of the postamble PA in the case of using the
state modulation code. 1In Figures 24A to 24D, the next
state indicates the next state obtained when the immedi-
ately preceding data has been modulated, in other words,
the next state obtained when the data at the end of the

30 corresponding address information region ID has been
modulated.

Figure 24A shows the case where the next state is



Moreover, by setting the pattern of the VFO region arranged at the
begi nni ng of -each address region 5 at a sequential pattern si gnal
starting W th {000100010001000...}, the 4-bit long mark at the end
of t he postanble can be used as the VFO Fi gure 240
il lustrates the case where the next 10 state is either state 3 or state
4 (see Figure 18B) and the end of _the address information region ID
is the mar k 240. In this casg€, 63a'pattern pll as shown in

Figure 24G, {1000100100010001}, is selected and recorded usi ng the
mark | ength recording. Wien any of the code 15 sequences of which next
state i s eitherektha® atake 1 or sgmter 2 (seccBiguwe ABB) end thetand ofl|

the zero run atthe adaddifs CRURIKLENK Wdbld 15 e ol pikhegab? Ui £E5° O
2 to 10. Theeafirst bit of the patte‘earﬂ:"r'l:mrs)1]:?j |;|'sBI alhaﬁ,&lgga 1 ¢ y
sel ecting the 388t ernBpll pattarn Rbd @F tRROYD  1post FligureR4A, o |

the end of the ¢OBIGOEOOEYOO0000}7 ies seluRA@ and recorded ueAeRPEhddl Y,
both the Read pdi N S0th FeS3ding. As describea in Example 2, since
the last zZero run in the code sequence of which next
state is either state 1 or state 2 is 5 or less, when any
of the code sequences of which next state is either
state 1 or state 2 is coupled with the pattern p5, the
10 zero run at the coupling portion is still limited to the
range of 2 to 10. The first and thirteenth bits of the
pattern p5 are both "0". Also, by selecting the pat-
tern p5, the end of the postamble PA, i.e., the end of
the address region is always a space.
15 )

Accordingly, since both the head and the end of
each address region are spaces, the failure in mark
formation at the cutting of the disk prototype and the
erroneous data reading due to the overlap of address

20 reglons at the data reproduction of the address regions
in the case of the wobbling arrangement of the address
regions may be pravented.

Moreover, by setting the pattern of the VFO
25 region arranged at the beginning of each address region
at a sequential pattern signal starting with
{000100010001000...}, the coupling portion of the adja-
cent address regions always includes a 1ll-bit long space
which is the maximum inversion interval. This makes it
30 possible to increase the time for the movement of a laser
beam at the cutting while the limit of the zero run of

the run length limit code ‘iz maintained.



address region are spaces. Therefore, the failure in 25 mark formation

at the cutting of the disk prototype and t he erroneous data reading
due to the overlap of address regions at the reproduction of the
~address regions in the case of the wobbling arrangenent of the
address regi ons may be prevented. 30 Mor eover, by
setting the pattern of the VFO .e@gqon arranged at the beginning of
each address region at a sequential pattern signal starting
with - 71 - .

Ags a further feature of the pattern phd, the
second, twelfth, and fourteenth bits which are bits
adjacent to the specific bits for identifying the state
(the first and thirteenth "0" bits) are all "0". This

5 prevents the state from being mistakenly modulated by
recognizing the thirteenth bit as "1" due to a bit shift.
and the like.

The pattern of the postamble PA is not limited to

10 the pattern pb shown in this example. Any pattern can be
used as far as the number of zeros in the =zerc run
satigfies the limit of the run length limit code used for

the address information region ID, the state information

is 1 or 2, the pattern is different from that of the

15 address mark 8M, and the pattern includes an odd number
Of "1“8-

Figure 24B illustrates the case where the next

state is either state 1 or state 2 (see Figure 18B) and

20 the end of the address information region ID is a space.
In this case, a pattern p6 as shown in Figure 24B,
{0000010010000000}, is selected and recorded using the

mark length recording. When any of the code sequences of

which next state is either atate 1 or state 2 is coupled

25 with the pattern p6, the zero run at the coupling portion
is still limited to the range of 2 to 10, The first and
thirteenth bits of the pattern p6 are both "0". Also, by
gelecting the pattern p6, the end of the postamble PA,

i.e., the end of the address region is a space. Accord-

30 ingly, both the head and the end of sach address region
are spaces. Therefore, the failure in mark formation at

the cutting of the disk pfototype and the erroneous data
reading due to the overlap of address regions at the data



{000100010001000...}, the 4-bit long mark at the end of t he postanbl e
can be used as the VFO Figure 24H il lustrates the case
where the next 5 state is either state 3 or state 4 (see Figure 18B) and
the end of the address information region IDis a space. In this
case, a pattern pl2 as shown in Figure 24H, {1000010000010001}, is
sel ected and recorded using the - gark length recording. Wen any of

t he code sequences of 10 whi ch next state is either state 3 or state 4
is coupled with the pattern p12 the zero run at the coupling

portion is still limted to t 2 to

Th first 0
the pattern plXFeRroduciion o ﬁ&s reg Q‘?ﬁa %&t?‘é‘?ncﬁfﬁ éﬁ]d of
t he postanbl e RiobblEn le&‘a'k‘fgemerﬁﬂddﬁ the adddeessr epégions anaypadse
Accordingly, baoth the head and the end of each address region are

spaces. Ther #ATTER ¢ failure in mark formation at the cutting of
the di sk prototype and 20 the erroneous data reading due to the overlap

of addresg "0 o AlobdF, " HY OduetiRg Obnd"HaRAUATS JEPOLRABS b the

region arranged at the beginning of each address region
at a sequential pattern signal starting with
{000100010001000. ..}, the coupling portion of the adja-
cent address regions always includes a 1l1-bit long space

10 which is the maximum inversion interval. This makes it
possible to increase the time for the movement of a laser
beam at the cutting while the limit of the zero run of
the run length limit code is maintained.

15 As a further feature of the pattern p6, the
second, twelfth, and fourteenth bits which are bits
adjacent to the specific bits for identifying the state
(the first and thirteenth "0" bits) are all "0". This
prevents the state from being mistakenly modulated by

20 mistakenly recognizing the thirteenth bit as "1" due to
a bit shift and the like.

The pattern of the postamble PA is not limited to
the pattern p6 shown in this example. Any pattern can be
25 .used as far as the number of zeros in the zero run '
satisfies the limit of the run length limit code used for
the address information region ID, the state information
is 1 or 2, the pattern is different from that of the
address mark AM, and the pattern includes an even number
30 of "1"s.

Figure 24C shows the case where the next state is
either state 3 or state 4 (see Figure 18B) and the end of



case of the wobbling arrangenent of the address regions can be

prevent ed. 25 Moreover, by setting the pattern of the VFO
region arranged at the begi nning of each address region at a
sequenti al pattern si gnal starting with {000100010001000. .
the 4-bit long mark at the end of t he postanbl e can be used as t he
VFO. 30 Exenpl ary arrangepents of the above-descri bed
patterns of the postanble PA will be deS¢ribed. As an exanpl e,

post anbl es having the patterns p5 to p8 shown in

10

15

20

25

30

the address informetion region ID is the mark 240. 1In
this case, a pattern p7 as shown i1in Figure 24C,
{1000010010000000}, is selected and recorded using the
mark length recording. When any of the code sequences of
which next state is either state 3 or state 4 is coupled
with the pattern p7, the zero run at the coupling portion
igs still limited to the range of 2 to 10. The first bit
of the pattern p7 is "1". Also, by selecting the pat-
tern p7, the end of the postamble PA, i.e., the end of
the address region is always a space. Accordingly, both
the head and the end of each address region are spaces.

Therefore, the failure in mark formation at the
cutting of the disk prototype and the erroneous data
reading due to the overlap of address regions at the data
reproduction of the address regions in the case of the
wobhling arrangement of the address regions may be
prevented.

Moreover, by setting the pattern of the VFO
region arranged at the beginning of sach address region
at a sequential pattern gignal starting with
{000100010001000...}, the coupling portion of the adja-
cent address regions always includes a 1ll-bit long space
which is the maximum inversion interval. This makes it
possible t0 increase the time for the movement of a laser
beam at the cutting while the limit of the zero run of
the run length limit code is maintained.

The pattern of the postamble PA is not limited to
the pattern p7 shown in this example. Any pattern can be
used as far as the number of zeros in the zero run
satiefies the limit of the run length limit code used for

3



- 72 - | Figures 24A to 24D may be used as the postanbles PAl

PA2, PA3, and PA4 shown in Figure 20C. Alternatively, post anbl es
having the patterns p9 to pl2 shown in Fig- ures 24E to 24H nmay be
used as the postanbles PA1, PA2, 5 PA3, and PA4 shown in Figure 20C

" Alternatively, the postanbles having the pat- terns p5 to p8 shown

in Figures 24A to 24D may be used as _ gp _ the postanbles PA2 and PA4 shown
in Figure 20C, while the 10 post anbl es having the patterns p9 to pl2
~ shown in Fig- ures 24E to 24H may be used as the postanbles PAl1 and

PA3 shown jn Figure 20C In.this case, en the dr

regi ons on the H#%kaéaﬁeﬁPréﬂﬁgﬁmﬁ ion FRI+en B ur Jﬁf5¥£ f§¥§¥%9%% S of

- the address regigns 23383 and thd pattden uisd different tfxoivFEhatgiafhsthe

. between the address_region an d; bt

regi ons 215 andagag,es?egﬁgi‘- i, an%[ Rk ﬁa%«f%g Th 5%%]#:29 o? d{‘ﬁéﬁ?gser
light for cuttiof "1"s. is not required. Al so, a 11-bit |ong space can be
- secured bq;meen t he address regions 214 and 215 where the

Figure 24D shows the case where the next state is
either state 3 or state 4 (see Figure 18B) and the end of
the address information region ID is a space. In this
case, a pattern p8 as shown in Figure 24D,

10 {1000000010000000}, is selected and recorded using the
mark length recording. When any of the code sequences of
which next state is either state 3 or state 4 is coupled
with the pattern p8, the zero run at the coupling portion
is still limited to the range of 2 to 10. The first bit

15 of the pattern pB8 is "1". Aalso, by selecting the pat-
tern p8, the end of the postamble PA, i.e., the end of
the address region is always a space. Accordingly, both
the head and the end of each address region are spaces.
Therefore, the failure in mark formation at the cutting

20 of the disk prototype and the erroneous data reading due
to the overlap of address reglions at the data reproduc-
tion of the address regions in the case of the wobbling
arrangement of the address regions may be prevented.

25 Moreover, by setting the pattern of the VFO
region arranged at the beginning of each address region
at a sequential pattern signal starting with
{000100010001000...}, the coupling portion of the adja-
cent address regions alwéya includes a 1l1-bit long space

30 which is the maximum inversion interval. This makes it
possible to increase the time far the movement of a laser
beam at the cutting while' the limit of the zero run of
the run length limit code .is maintained.



20 shifting of the laser light for cutting is required. In this

way, both the nerits of the two types of patterns _ can be obt ai ned.
Moreover, in this case, by setting the | engt h- of VFO1 and VFO3 | arger
than the |l ength of VFO02 and VF04, stable clock reproduction is

obtained at the.25 headi ng address regi ons 213 and 215 in the wobbling
arrangenent . (Exanpl e 4) Figure 25A illustrates a
format of a recording 30 sector 6T 8B an optical disk of the fourth
exanpl e according to the present invention. The recording sec-

tor 61 starts with a header region 62 where addressing I nformation
for ‘readi ng address i nfEiedaidenns of; thecpegtamble PA is not limited to

the pattern p8 shown in this example. Any pattern can be
used as far as the number of zeros in the zero run
satisfies the limit of the run length limit code used for

5 the address information region ID, the state information
is 3 or 4, the pattern is different from that of the
address mark AM, and the pattern includes an even number
of "1"s.

10 . Figures 24E to 24H illustrate alternative exam-
ples of mark arrangement of the postamble PA in the case
of using the state modulation code. In Figures 24E to
24H, the next state indicates the next state obtained
when the immediately preceding data has been modulated,

15 in other words, the next state obtained when the data at
the end . of the corresponding address information re-
gion ID has been modulated.

Figure 24E illustrates the case where the next

20 state is either state 1 or state 2 (see Figure 18B) and

the end of the address information region ID is the

mark 240. In this case, a pattern p9 as shown in Fig-

ure 24E, {0000010000010001}, is selected and recorded

using the mark length recording. When any of the code

25 saquences o0f which next state 1s either state 1 or

state 2 is coupled with the pattern p9, the zero run at

the coupling portion is still limited to the range of 2

to 10. The first and thirteenth bits of the pattern p9

are "0O". Also, by selecting the pattern p9, the end of

30 the postamble PA, i.e., the end of the address region is
a space.

Accordingly, both  the head and the end of each



- 73 - ed. A gap region 63, a data recording region 64, a

post anbl e 65, a guard data recording region 66, and a buf fer region 67
foll ow the header region 62 in this . order. The gap region 63 has no
data recorded thereon, 5 but is used for power control of a

sem conductor | aser used for data recording/reproduction and the

i ke, for exanpl e. The data recorg'ng region 64 is used to store

user data. Redundant data such as an &r?0r~ correction code i s added
to the user date, to formdigital data. 10 The digital data is nodul ated
using a predetermned run |l ength limt code, and recorded on the data
recor di ng addgiess Gregivmgarae spaces.cngTherefore, nghe failure in

The postanbl e 65 i ndi t . r g B0 4.
The pattern of ?ﬁéﬁpmiﬁﬁgﬂ é&l&dieit?%%éﬁg ebgggjcai gﬁatﬁﬁgﬁgbdﬁrgt i on
resul ts of the diieaerronequs datiangeaddngdoe tonEheooverilep 65 ngFﬁﬁgs

I nf or ma- regions at the data reproduction of the address regions
5 in the case of the wobbling arrangement of the address
regions may be prevented.

Moreover, by setting the pattern of the VFO
region arranged at the beginning of each address region
10 at a esequential pattern signal starting with
{000100010001000...}, the 4-bit long mark at the end of
the postamble can be used as the VFO.

Figure 24F illustrates the case where the next

15 gtate is either state 1 or state 2 (see Figure 18B) and
the end of the address information region ID is a space.

In this case, a pattern pl0 as shown in Figure 24F,
{0001000100010001}, is selected and recorded using the

mark length recording. Wwhen any of the code sequences of

20 which next state is either state 1 or state 2 is coupled
with the pattern pl0, the zero run at the coupling
portion is still limited to the range of 2 to 10. The

first and thirteenth bits of the pattern pl0 are "G".

Also, by selecting the pattern pl0, the end of the.

25 postamble PA, i.e., the end of the address region is a
space.

Accordingly, both the head and the end of each

address region are spaces. Therefore, the failure in

30 mark formation at the cutting of the disk prototype and
the erroneous data reading due to the overlap of address
regions at the data reproduction of the address regions

in the case of the wobbling arrangement of the address



tion used at the nodul ation of data, |like the state i dentification
bit described in the second exanple. The 20 guard data recordi ng region
66 is provided to suppress a degradation of the recording surface due
to repeated recordi ng of data on the sane recording sector, and

I ncl udes dummy data whi ch does not have specific informa- tion. The
buffer region 67 is provided to absorb 7o 29 rotational shift of the -
optical disk and the |ike. Data is recorded on the data
recordi ng regi on 64, t he postanble 65, and the guard data regi on 66

by irradi- tin he regions with a |light spot having a predeter- 30
m ned recordingrﬁgﬁngtgaPo%ﬁlgﬁFV@QF rks on the recordi ng surface.
In general, the crystal structure of athin filmof the recording

surface is_changed intoygPeover, 3P’ MR 2the 'Saf0SRI° df1Cehe ' GF! O
region arranged at the beginning of each address region
5 at a sequential pattern signal starting with
{000100010001000...}, the 4-bit long mark at the end of

the postamble can be used as the VFO.

Figure 246 illustrates the case where the next

10 state is either state 3 or state 4 (see Figure 18B) and

the end of the address information region ID is +the

mark 240. In this case, a pattern pll as shown in

Figure 246G, {1000100100010001}, is selected and recorded

using the mark length recording. When any of the code

15 sequences of which next state i1s either state 3 or

state 4 is coupled with the pattern pll, the zero run at

the coupling portion is still limited to the range of 2

to 10. The first bit of the pattern pll is "1i%. Also,

by selecting the pattern pll, the end of the

20 postamble PA, i.e., the end of the address region is a
space.

Accordingly, both the head and the end of each
address region are spaces. Therefore, the failure in
25 mark formation at the cutting of the disk prototype and
the erroneous data reading due to the overlap of address
regions at the reproduction of the address regions in the
case of the wobbling arrangement of the address regions
may be prevented.
30

Moreover, by 'setting- the pattern of the VFO
region arranged at the heainning of each address region
at a sequential pattern signal starting with



[err] - 74 - of the mark portions. Thus,

since a |light spot having a conparatively |large power is forned for
the data record- ing, the recording surface bears a heat | oad. This
causes a degradation of the recording surface. 5 In

particular, in each recording sector, the difference in the heat | oad
I s generated at the boundary bet ween a regi on where data has been
recorded and a regi on where data Has not been recorded. When dat a
10 recording is repeated, the material of the recording film

shifts due to the difference in the heat |oad. This may degrade the

boundary regi on{O00A3L6BLOCMIO6EH.i.t- }di fthecdl<bit long mamiadcatiathe cendeof! y.
When such an op%hgabog§§§?&gghan be uskYy RS ¥ied at the recording
e

surface due to repeat recording is used, inportant data shoul d
preferably be prevented frombeing recorded in the vicinity of the
Figure 24H illustrates the case where the next
5 state is either state 3 or state 4 (see Figure 18B) and

the end of the address information region ID is a space.
In this case, a pattern pl2 as shown in Figure 24H,
{1000010000010001}, is selected and recorded using the
mark length recording. When any of the code sequences of
10 which next state is either state 3 or state 4 is coupled
with the pattern pl2, the zero run at the coupling
portion is still limited to the range of 2 to 10. The
first bit of the pattern pl2 is "1". Also, by selecting
the pattern pl2, the end of the postamble PA, i.e., the
15 end of the address region is a space.

Accordingly, both the head and the end of each
address regilon are spaces. Therefore, the failure in
mark formation at the cutting of the disk prototype and

20 the erroneous data reading due to the overlap of address
regions at the reproduction of the address regions in the
case of the wobbling arrangement of the address regions
can be prevented.

25 Moreover, by setting the pattern of the VFO
region arranged at the beginning of each address region
at a sequential pattern signal starting with
{000100010001000...}, the 4-bit long mark at the end of
the postamble can be used as the VFO.

30

Exemplary arrangements of the above-described
pattexns of the postamhléann will be described. As an
example, postambles having the patterns p5 to p8 shown in



boundary where the difference in the heat | oad may be generated. In
this exanple, in order to overcone the above problem the guard data
recording region 66 is 20 provi ded. The guard data recording regi on 66
i ncl udes dummy data, which provides substantially the sanme | evel

of heat |oad as that generated at the recording of data on the data
recording region 64 or the postamble 6545110 the data patterns witten
on the data recording region 64 25 and the postanble 65, |owfrequency
conponent s increase when the nunber of- the marks or spaces appeari ng

in the erns e ed rit The increase in the | ow
frequency corrpo ei,qgrqsg% E?gﬁés %’ b%%aH?Sdlt § Fhespostambles PAL,.,
of reproduced mﬂgﬁﬂ BASpoandt PAYN showey \im Plgurda20C. af Adterngtivelysr vo
system Thus, er_qf he | frequ o] ents |n e_
patterns is deS| rgao'lirL cs %‘}%j‘%ﬁ‘ea?"%\ggml ggn% rPOJFE é}‘

therefore, the ures Zﬁihnqu24ﬂ|mayFhefuseédasothbaposhambdaslPlﬂvb@llﬁ

bi t's 5 PA3, and PA4 shown in Figure 20C.

Alternatively, the postambles having the pat-
terns p5 to p8 shown in Figures 24A to 24D may be used as
the postambles PA2 and PA4 shown in Figure 20C, while the

10 postambles having the patterns p% to pl2 shown in Fig-
ures 24E to 24H may be used as the postambles PAl and PA3
shown in Figure 20C. In this case, when the address
regions on the disk are arranged as shown in Figure 21B,
the ends of the address regions 213 and 215 can be used

15 as the VFO regions between the address regions 213 and
214 and between the address regions 215 and 216, respec-
tively, where the shifting of the laser light for cutting
is not regquired. Also, a 1ll-bit long space can be
secured between the address regions 214 and 215 where the

20 shifting of the laser light for cutting is reguired. 1In
this way, both the merits of the two types of patterns
can be obtained. Moreover, in this case, by setting the
length of VFOl and VF03 larger than the length of VF02
and VF04, stable clock reproduction ia obtained at the

25 heading address regions 213 and 215 in the wobbling
arrangement.

(Example 4)
) Figure 25a illustrates a format of a recording
_30 sector 61 of an optical disk of the fourth example
according to the present invention. The recording sec-
tor 61 etarts with a header region 62 where addressing
information for reading address information is prerecord~
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for marks and the total nunber of bits for spaces are as

cl ose as possible to each other. Accordingly, in the

pattern of the
66, also, the

dumy data 5 recorded on the guard data recording reg
total nunber of bits for marks is preferably equal t

t he total nunber of bits for spaces. Wth this arrangenent,

heat |oad of the dummy data is in substaatially the sane | evel as
heat | oad generated at the recording of 10 data on the data
recording region 64 and the post anbl e 65. : For

exanple, a patterp where a k-bit Iongsnark
alternately repested f rQQP region

10

15

20

25

30

data ratbratng behi8d BH2C%

postamble 65, a guard data recording region 66, and &
buffer region 67 follow the header region 62 in this
order. The gap region 63 has no data recorded thereon,
but is used for power control of a semiconductor laser
used for data recording/reproduction and the like, for
example. The data recording region 64 is used to store
user data. Redundant data such as an error correction
code is added to the user data, to form digital data.
The digital data is modulated using a predetermined run
length limit code, and recorded on the data recording
region 64 using the mark length recording.

The_postamble 65 indicates the end of the data
recording region 64. The pattern of the postamble 65 is
determined based on the modulation results of the data
recording region 64. The postamble 65 includes informa-
tion used at the modulation of data, like the state
identification bit described in the second example. The
guard data recording region 66 is provided to suppress a
degradation of the recording surface due to repeated
recording of data on the same recording sector, and
includes dummy data which does not have specific informa-
tion. The buffer region 67 is provided to absorb a
rotational shift of the optical disk and the like.

Data is recorded on the data recording region 64,
the postamble 65, and the guard data region 66 by irradi-
ating the regions with a8 light spot having a predeter-
mined recording power to form optical marks on the
recording surface. In general, the crystal structure of
a thin film of the recording surface is changed into an
amorphous state, to change the reflection characteristic

on
o]

t he
t he

are



15 even nunber of tinmes may be used, wherein k is a natural nunber
sati sfying T[err][err]k[err][err][err][err] s [err] [err] Tlerr][err]
T[err] and T[err] are the - m ni mrum and maxi mum i nversion intervals,
respectively, of the run length limt code. 20 The guard
data recording region 66 preferably has a length of an integer, nunber
of data bytes because such a |l eng facilitates the processrngs of

t he nodul ati on circuit, the demsddl®ation circuit, and the like. 25
Figure 25B illustrates an exanple of a pattern recorded on the guard
data recordi ng regi on 66 when such a nodul ati on code that nodul ates
one data byte ined tle mark pertiens}erThus, 3sineera]light)spat having a

descri bed above wbhfaretivel§! taegaCpbRek Qrfgﬁﬁg?'fof'séﬂa dks SR8 15

com 30 posed_of "alternate repéti |on o} ong mar k
space, and has alP@:alth@ngerosiing suringe pepars A n’a?%ﬁ'al bR ) |
_ causes a degradation of the recording surface.
5]

In particular, in each recording sector, the
difference in the heat load is generated at the boundary
between a region where data has been recorded and &
region where data has not been recorded. When data

10 recording is repeated, the material of the recording film
shifts due to the difference in the heat load. This may
degrade the boundary region, thereby making it difficult
to read data correctly. When such an optical disk that
may be degraded at the recording surface due to repeated

15 recording is used, important data should preferably be
prevented from being recorded in the vicinity of the
boundary where the difference in the heat load may be
generated. In this example, in order to overcome the
above problem, the guard data recording region 66 is

20 provided. The guard data recording region 66 includes
dummy data, which provides substantially the same level
of heat load as that generated at the recording of data
on the data recording region 64 or the postamble 65. In
the data patterns written on the data recording region 64

25 and the postamble 65, low-frequency components increase
when the number of the marks or spaces appearing in the
patterns exceeds majority. The increase in the low-
frequency components is not preferable because it varies
the number of reproduced signal components in a servo

30 band, affecting the servo system. Thusg, the nﬁmber of
the low-frequency components in the patterns is desirably
as small as possible., In many cases, therefore, the
modulation is performed so that the total number of bits



- 76- In Figure 25B, the dummy data starts with a mark.

It woul d be understood that the pattern may al so start wth-a space
depending on the pattern at the end of the postanble 65. 5 :
Since the total nunber of bits for the marks is equal to the total
nunber of bits for the spaces, the heat | oad of the pattern shown in
Figure 25B is in substantially the sane | evel as the heat |oad -
generated 10 at the recording of dat&Som the data recording region 64
and the postanble 65. Therefore, the degradation of the recordi ng
filmdue to the difference in the heat |oad may be prevent ed.

for marks and the total number of bits for spaces are as
close as possible to each other.

Accordingly, in the pattern of the dummy data

5 recorded on the guard data recording region 66, also, the

total number of bits for marks is preferably equal to the

total number of bits for spaces. With this arrangement,

the heat load of the dummy data is in substantially the

same level as the heat load generated at the recording of

10 data on the data recording region 64 and the
postamble 65.

For example, a pattern where a k-bit long mark
and a k-bit long space are alternately repeated for an
15 even number of times may be used, wherein k is a natural
number satisfying T... € k € T,..; T.. and T@, are the
minimum and maximum inversion intervals, respectively, of

the run length limit code.

20 The guard data recording region 66 preferably has
a length of an integer number of data bytes because such
a length facilitates the processings of the modulation
circuit, the demodulation circuit, and the like.

25 Figure 25B i1llustrates an example of a pattern
recorded on the guard data recording region 66 when such
a modulation code that modulates one data byte into 16
bits (T, = 3, T, = 11) as was described above with
reference to Figure 18B is used. This pattern is com-

30 posed of alternate repetition of 4-bit long mark and
space, and has a total length of 16 x n bits (n is a
natural number). ®



15 Since the above pattern satisfies the conditions for
the m nimuminversion interval. and the nmaxi num I nversion interval of
t he nodul ation code (run |l ength limt code), it will not affect the

reproduction of data fromthe header region and the data region. 20
| NDUSTRI AL APPLI CABI LI TY As described above, in an optical

di sk accordi ng to the present invention, address synchronous"

i nformation 25 and address informati 88 modul at ed usi ng the run | ength
limt code are recorded on the header region of each recordi ng
sector. The pattern of the address synchronous signal includes two

patterns having a I engt lrr Jrigrird 25B, the dulmyn@xtaustarverwitin a mt=ask.al

T[err] of ther limt co bits h
pattern, the ‘Sﬁdﬁﬁ a‘”&eﬁﬁé:f’ogf W %Eﬁ tgﬁzﬁgﬁ&gxous | nfa.ogrkrrresl‘-t i on
i s distingui she_d:itmrnttnacepdeplandﬂngl gnathef patitern at thenfemdwif dhe

t hereby prevent i&gsmlg(‘@g.rrence of

5

Since the total number of bits for the marks is
equal to the total number of bits for the spaces, the
heat load of the pattern shown in Figure 25B is in
subgtantially the same level as the heat load generated

10 at the recording of data on the data recording region 64
and the postamble 65. Therefore, the degradation of the

recording £ilm due to the difference in the heat load may
be prevented.

15 S8ince the above pattern satisfies the conditions
for the minimum inversion interval and the maximum
inversion interval of the modulation code (run length
1limit code), it will not affect the reproduction of data
from the header region and the data region.

20 ' '

INDUSTRIAL APPLICABILITY

As described above, in an optical disk according

to the present invention, address synchronous information

25 and address information modulated using the run length
limit code are recorded on the header region of each
recording sector. The pattern of the address synchronous
signal includes two patterns having a length larger than

the maximum inversion interval T,, of the run length

30 limit code by 3 bits or more. With this pattern, the
reproduced signal of the address synchronous information

is distinguished from the reproduced signal of other
information, thereby preventing easy occurrence of



- 77 - erroneous detection of the address synchronous i nf or ma-

tion. This nmakes it possible to performstable bit synchroni zati on
for reproduction of address information usi ng 'the address

synchroni zation informati on wi thout the 5 necessity of formng a sector
mark in each recording sector. The address -
synchronous information is recorded using first and second patterns
which are different in 10 either o @ysical shape or an opti cal

characteristic of

erroneous detection of the address synchronous informa-
tion. This makes it possible to perform stable bit
synchronization for reproduction of address information
using the address synchronization information without the

5 necessity of forming a sector mark in each recording
sector. '

The address synchronous information is redorded
using first and second patterns which are different in
10 either a physical shape or an optical characteristic of
the recording surface of the optical disk. For example,
the first pattern is a convex portion (pit) £formed
physically on the recording surface thereof, and the
second pattern is a concave portion formed physically on
15 the recording surface of the optical disk. Alternative-
ly, the first pattern is a recording mark formed by
changing the reflection characteristic of the recording
surface of the optical disk, and the second pattern is a
space on the recording surface. The address synchronous
20 information includes one first pattern having a length of
(T + 3) bits or more and one second pattern having a
length of (T, + 3) bits or more, so that the address
synchronous information can be distinguished from other
data modulated by the run length 1imit code even when an

25 error arises due to a bit shift and the like.

By equalizing the total bit length of the first
pattern included in the header region and the total bit
length of the second pattern included therein, the amount

30 of low-frequency components contained in the pattern may
be reduced. This will prevent the stability of the servo

system from being lost duéing the data reproduction from
the header region.



the recording surface of the optical disk. For exanple, the first

pattern is a convex portion (pit) forned physically on the recording
surface thereof, and the - second pattern is a concave portion forned
physically on 15 t he recording surface of the optical disk.

Al ternati ve- ly, the first pattern is a recording mark fornmed by
changing the reflection characteristic of the recording surface of
the optical disk, and the second patterf8is a space on the recording
surface. The addr ess synchronous 20 i nformation includes one first
pattern having a | ength of (T[err] + 3) bits or nore and one second
pattern havi ng a 'Theg theadex THegidn +ifglddes Sourptémes arepledti tilon
addr ess o) r b | S g frigmm%

dat a nodul at ed by t tggrﬁéd#ggg %tfloq‘ﬂ}a eeaergien{ Hliﬁgggg er Hg)r ar| ses

due to a bit shilinfoxmatiand i keThis reduces the Bynwuhat | i g defeatdve
bi t 1ength of thdddding gechfid CwhdAf! Whitkddy ! g%(fmw@g' QN qigk the
clu thereln

second pattern In e am)unt

total bit | th
30 of @mmﬁ%gwmﬁ) e eI Hak Wit digh mecording

reduced. This wijld RhevEIlowdsla! airgd.y Of'rlth S@he0 presenﬁys.trﬁmrm(an
being | ost during the data r r oduc, Jt_lon fro
;g: ides a -quality optical disk.

In an optical disk according to the present
10 invention, the header region of each recording sector
includes address information for identifying the position
of the corresponding recording sector, address synchro-
nous information for identifying the recording position
of the address information for bit synchronization, and
15 clock synchronous information for reproducing the clock
signal. The address information has been modulated using
a8 run length limit code of a minimum inversion interval
of T, bits and a maximum inversion interval of T, bits
(Twee and T, &re natural numbers satisfying T, > Tpun)-
20 The clock synchronous information is a sequential pattern
of altermate repetition of d-bit long mark and space
(where d is a natural number satisfying T,,, € d < T,,).
The address synchronous information includes two patterns
of which inversion interval is (T, + 3) bits or more, SO
25 that the reproduced signal of the address synchronous
information is distinguished from the reproduced signal
of other information. Faster clock reproduction is
possible by reading the sequential pattern of alternate
repetition of the d-bit long mark and space. Also,
30 stable bit synchronization for reproducing the address
information i1s possible hy reading the address synchro-

nous information.



t he header region. R - 78 -

The header region includes four-tinme repetition of the address
i nformati on and the address synchronous i nformati on. Thi s reduces
the nunber of defective recordi ng sectors where address information
Is not 5 readable in the optical disk with high recording density

in an all owabl e range. Thus, the pressnt I nvention provi des a
hi gh-qual ity optical disk. =79 -

In an optical disk according to the present
'invention, a pattern (sector mark) composed of a long
mark for identifying the start of a recording sector is
not recorded at the beginning of the recording sector.
5 This reduces the overhead amount of data as a format. At
the same time, as described above, both the detection of
the beginning of the recording sector and the clock
reproduction can be performed using the clock synchronous
information.
10

In an optical disk according to the present
invention, each recording sector includes the header
region and the postamble region following the end of the
header region, and the postamble region includes a

15 pattern determined based on the modulation result of data
of the hesder region. Accordingly, in the case where the
data of the header region has been modulated using a
modulation code for performing a conversion in a table
based on a state, for example, the postamble can include

20 therein information for state identification. Thisg
allows for efficient demodulation of data in the header
region.

In an optical disk according to the present

25 invention, each recording sector includes the header
region, the data recording region, and the postamble
region following the end of the data recording region,
wherein the postamble region includes a pattern deter-

mined based on the modulation result of data on the data

30 recording region. Accordingly, in the case where the
data of the data recording region has been modulated

using a modulation code for performing a conversion in a

table based on a state, for example, the postamble can



In an optical disk according to the present 10 I nvention, the header
regi on of each recording sector I ncl udes address information for

i dentifying the position of the correspondi ng recordi ng sector,
address synchro- nous information for identifying the recording

posi tion of the address information for bit synchronization, and 15
cl ock synchronous information for reproducing the clock signal. The
address informati on has been nodulatédagsrng arun length limt code
of a mnimuminversion interval of T[err] bits and a maxi num

I nversion interval of T[err] bits (T[err] and T[err] are natural
nunbers sati sf yin@glud® ethpreifi cinform2tion Tor cétatesdentdfication.

information is gihSLONEREI g?m&t . efficidné! & fatf t{p%: %g%t%][c i hit

| ong mark and space re I's a natural nunber satis err|
[err] d < T[err§he date regerding ceegi9Mehronous i nformation includes two
patterns of which inversion interval is (T[err]+3) bits or nore, so
25 that. the reproduced signal _of the address synchronous

informati 8n is di stingAlhEPEOERIRG SeEEPEduEEhergharludes the guand
information. deisd erecdiding ARSQIbIE tFGILdwing the dMIRL D rd st b he
sequentlal[ﬁﬂt€§éb£g£@%t$rnated gﬁfetlqug 8 tthe d-bit long mark and
space. Al so, bPBMHY ¢ 98FRehr dHIS FPRBFd SRR FRERTOIRG TRILMr ess
infornmation i s Puskides by pedddinyg ¢éHeadddiraates wepetition of a k-bit
long optical mark and a k-bit long optical space, wherein
10 k is a natural number satisfying T, <€ k < T,,. This
arrangement of the guard data region prevents the record-
ing surface from being degraded due to repeated record-
ing, as well as preventing the reliability of recorded
data from being lost.
i5
In an optical disk according to the present
invention, each recording sector includes the header
region, and the header region includes the address region
having the postamble region at the end of the address
20 region, and the postamble region has a pattern which ends
with non-pit data or a space.' The header region includes
a plurality of address regions, and the VFO region at the
beginning of each address region has a pattern which
starts with non-pit data or a space. Alternatively, non-
25 pit data or a space having a length of Tpax bits dis
provided between the address regions. With the above
arrangement, in the case of recording the address regions
in the middle of the land tracks and the groove tracks,
the formation of marks in the optical disk fabrication
30 process is facllitated, and moreover erroneous reading of
information £rom the address regions may be prevented.

An optical disk device according to the present



nous i nfornmation. - 79 -

In an optical disk according to the present I nvention, a pattern
(sector mark) conposed of a |ong mark for identifying the start of a
recordi ng sector is not recorded at the beginning of the recording
sector. 5 Thi s reduces the overhead anount of data as a format. At

the sane tine, as described above, both the detection of t he

begi nni ng of the recording sector and-t®® Tl ock reproduction can be
performed using the clock synchronous i nformati on.

invention includes: means for reading a reproduced signal

£from the optical disk; address reproduction means for
obtaining the address information from the reproduced
signal; detection means for detecting the sequential

5 pattern of the clock synchronous information from the
reproduced signal to output a detection signal; and
address reproduction permit means for permitting the
address reproduction means to perform a read operation of

the address information based on the detection signal.

10 With this construction, stable and efficient reproduction
of address information is possible for an optical disk

which does not include a sector mark (a pattern composed

of a long mark for identifying the start of a recording
sector) at the beginning of each recording sector, by

15 detecting the sequential pattern of the clock synchronous
information. The conventional optical disk includes both

8 sector mark and clock synchronous information on the
header region. According to the present invention, since

no sector mark is required, the date recording region can
20 be increased.

An optical disk device according to the present
invention includes: clock generation means for generating
a clock signal from the reproduced signal:; and clock
25 reproduction permit signal for permitting the clock
generation means to perform an operation of generating
the clock signal based on the detection signal of the
sequential pattern of the clock synchronous information.
With this construction, stable and efficient reproduction
30 of the clock signal is possible for an optical disk which
does not include a sector mark at the beginning of each
recording sector, by detecting the sequential pattern of

the clock synchronous information.



10 In an optiéal di sk according to the present

I nvention, each recording sector includes the header region and the
postanbl e region following the end of the header regi on, and the

~ postanbl e region includes a 15 pattern determ ned based on the
nodul ation result of data of the header region. Accordingly, in the

- case where the data of the header region has been nodul ated using a
modul ati on code for performing a conver®on in a table based on a
state, for exanple, the postanble can include 20 therein information for
state identification. Thi s allows for efficient denodul ati on of
data in the header A fﬁﬁréductlon.method for dnnoptmqam dikkdackord-

according to the present 25 |nv on t | p@es

t he header i“ﬂegT:‘Bn thee H&Fﬁ Jol?mgf&é]glig%& e%gtﬁggpg;fég% &
regi on foIIomnngdﬂﬁidmmMpfathepdaﬂacs&usihnqirégﬂmnthe optipal cAd
postanbl e region jinclu 2e8d gRch

nodul ati on resula %t&q}%at%ﬁpghéségitgsg batt?ggo?g]ﬁr?géjrcg | on!g Ac?gpolur? ly,
in the cash wherdmfidmmation dExom ofthée uepaodeeedduﬁggaéévonPEEQ

rmodul at ed reading of the address information if the sequential

pattern is detected; reading the address information from

the reproduced signal in response to the permission;.and

terminating the step of reading the address information

10 in a predetermined time period after the permission to

return to the step of detecting the sequential pattezn.

With this method, stable reading of the address informa-

tion at the switching-on of the device or immediately

after a track jump is possible for an optical disk having

15 no sector mark but having clock synchronous information
of a predetermined sequential pattern.

A reproduction method for an optical disk accord-
ing to the present invention includes the steps of:
20 retrieving a reproduced signal from the optical disk;
detecting the sequential pattern of the clock synchronous
information from the reproduced signal; permitting
reproduction of a clock signal if the sequential pattern
iz detected; and reproducing the clock signal from the
25 reproduced signal in response to the permission. With
this method, stable reproduction of the clock signal at
the switching-on of the device or immediately after a
track jump is possible for an optical disk having no
sector mark for identifying the start of the recording
30 sector, but having clock synchronous information of a

predetermined sequentisl pattern.

)

A reproduction method for an optical disk in-



usi ng a nodul ati on code fcr performng a conversion in a
for exanple, the postanble can

on a state,
- 80 -

i nclude therein information for state identification.

This also allows for efficient denodulation of data in t he data
recordi ng region. S5 The recording sector further includes the
guard data recording region foll@qng the postanble region for

recordi ng dummy data. The guard data recordi ng region

10

15

20

25

30

cludes the steps of: retrieving a reproduced signal from
the optical disk; determining a reproduction mode whether
the reproduction mode is an initial mode during a time
period from the switching-on of the device or a track
jump until the address information is first read from the
reproduced signal or a normal mode during a time period
from the reading of the address information until a next
track jump is generated; detecting the sequential pattern
of the clock synchronous information from the reproduced
signal; permitting reading of the address information if
the sequential pattern is detected in the initial mode as
a first permitting step; reading the address information
from the reproduced signal in response to the permission;
generating a sector pulse if the address information is
correctly read; permitting reading of the address infor-
mation from the reproduced signal based on the sector
pulse in the normal mode as a second permitting step; and
terminating the reading of the address information to
return to the step of determining a reproduction mode if
the address information fails to be read within a prede-
termined time period after either the first or second
permission step. With this method, the processing after
the switching-on of the device or a track jump until the
address information is first reproduced and the process-
ing at the normal data reproduction can be switched
therebetween. Thus, efficient and reliable reading of

the address information of each recording sector is
possible.

By combining the optical disk according to the
present invention with the optical disk device according
to the present invention, or by combining the optical
disk of the present invention with the optical disk

t abl e based



includes a pattern of alternate repetition of a k-bit | ong opti cal
mark and a k-bit | ong optical space, wherein 10 k is a natural nunber
satisfying T[err] k [err][err].This arrangenent of the guard data
regi on prevents the record- ing surface from bei ng degraded due to
repeat ed record- ing, as well as preventing the reliability of
recorded data from being | ost. %g In an optlcal ‘s k
according to the present i nventi *L’each recordi ng sector includes

t he header regi on, and the header region includes the address region
havi ng the postanble region at the end of the address 20 region, and the
post anbl e r egi vepredugtion sethofl|, cfurther stablajand affipglentareading
space. The heage r{eeQidai:éd%C& ation aa.é"faﬁé’éiﬁ ole Yo Mvédld{5SEné CdhRAS,

and the VFO reglon at the gi nni ng of "each address region has a

pattern whi ch whexe sFBPt s’-‘%‘?#‘ﬂ#ﬂﬁh densgdiva 6f atheaQptigal . fdei oL,
non- (215d |tm t 1 s hproveid BySeRECtEeNAIGuée émgtéthh theghﬂ&‘ld behgthSrecord- .
provi ded betwe ress regi ons e above arrangemnen
in the cale of%F@bGVﬁfﬁg‘ §QQQA§QQQ¥ Nd+ in the middle of the
| and tracks and the groove tracks, the formati on of marks in the

optical disk fabrication 30 process is facilitated, and noreover
erroneous readi ng of



I nformation fromthe address regi ons nmay be prevent ed. An
optical disk device according to the present I nvention
i ncl udes: means for reading a reproduced signal fromthe optical

di sk; address reproduction nmeans for obtai ning the address

information fromthe reproduced signal; detection nmeans for detecting
the sequential 5 pattern of the cl ocgssynchronous I nformation fromthe

CLAIMS

1. An optical disk comprising a plurality of tracks each
divided into a plurality of recording sectors, each of
5 the recording sectors including a header region,
wherein the header region includes address
information for identifying a position of the correspond-
ing recording sector and address synchronous information
for identifying a recording position of the address
10 information for bit synchronization,
the address information has been modulated using
a run length limit code of a maximum inversion interval
of T, bits (T, is a natural number), and
the address synchronous information includes two
15 patterns of which inversion interval is (T, + 3) bits or
more, so that a reproduced signal of the address synchro-
nous information is distinguished from a reproduced
signal of other information.

20 2. An optical disk according to claim 1, wherein the
‘address synchronous information includes a first pattern
and a second pattern which are different in either a
physical shape or an optical characteristic of a record-
ing surface of the optical disk, and the address synchro-

25 nous information includes one first pattern having a
length of (T.,, + 3) bits or more and one second pattern
having a length of (T, + 3) bits or more.

3. An optical disk according to claim 2, wherein the

30 first pattern is a convex portion (pit) formed physically
on the recording surface of the optical disk, and the
second pattern is a concave portion formed physically on
the recording surface of the optical disk.

AT



reproduced signal to output a detection signal; and addr ess
reproduction permt nmeans for permtting the addr ess reproduction
means to performa read operation of t he address information based on
t he detection signal. 10 Wth this construction, stable and efficient
reproduction of address information is possible for an optical disk
whi ch does not include a sector mark (agpattern conposed of a long
mark for identifying the start of a recording sector) at the

begi nni ng of each recordi ng sector, by 15 detecting the sequenti al

pattern of the c|ock synchronous, I nf.ormati on. _-The gonventiopal
optical disk indud® BBthcal disk s@‘EF&Fdﬁ'Egk %d"&lﬂg@k&sw@?ﬁﬁ R the
information on tfirst patbetfelisr agirétorditgy diaxk t fothed pbysehangdngnts on,

Eianicﬁcr cased.  reflec ot éﬁa"ﬁ?%f%ﬁé h%s %ﬁ%&%@é?@géﬁ?%ﬂ ﬁg&?% (?%er%h?eo

pr esent | oEntéalh diskudesd dheclseyomd patiernais aospgorcox the

a cl ock signm fféﬁ@f&fkéegﬁf %ggd signal; and clock 25 reproduction
permt signhal for permtiing e clock generation nmeans to perform an
operation of generating the cl ock signal based on the detection

signal of the 5 an optical disk according to claim 2, wherein a total

bit length of the first pattern included in the address
synchronous information and a total bit length of the

10 second pattern included in the address synchronous
information are equal to each other.

6. An optical disk according to claim 1, wherein the
header region includes four-time repetition of the

15 address information and the address synchronous informa-
tion.

7. An optical disk comprising a plurality of tracks each
divided into a plurality of recording sectors, each of
20 the recording sectors including a header region,
wheraein the header region includes address
information for identifying a position of the correspond-
ing recording sector, address synchronous information for
identifying a recording position of the address informa-
25 tion for bit synchronization, and clock synchronous
information for reproducing a clock signal,
the address information has been modulated using
a run length limit code of a minimum inversion interval
of T,, bits and a maximum inversion interval of T,, bits
30 (T, and 7T, are natural numbers satisfying T, > Tuw)-
the clock synchronous information is a sequential
pattern of alternate repetition of d-bit long mark and
space (d is & natural numbper satisfying T,, € 4 < T,.).

A



sequential pattern of the clock synchronous information. Wth this
construction, stable and efficient reproduction 30 of the clock signal
is possible for an optical disk which does not include a sector mark
at the begi nning of each recordi ng sector, by detecting the
sequential pattern of t he cl ock synchronous information.

- 82 - A reproduction gehgog for an optical disk accord-
ing to the present invention includes t st eps of: retrieving a

reproduced signal fromthe optical disk; detecting the sequenti al
pattern of the cquk synchronCQus
an

the address synchronous information includes two

patterns of which inversion interval is (T, + 3) bits or

more, so that a reproduced signal of the address synchro-

5 nous information is distinguished from a yeproduced
signal of other information.

8. An optical disk according to claim 7, wherein-each of
the address synchronous information and the clock syn-
10 chronous information includes a first pattern and a
second pattern which are different in either a physical
shape or an optical characteristic of a recording surface
of the optical disgk, and
the address synchronous information includes one
15 - first pattern having a length of (T,. + 3) bits or more

end one second pattern having a length of (T, + 3) bits
or more.

9. An optical disk according to claim 7, wherein the
20 minimum inversion interval T, is 3, the maximum inver-
sion intexval T,, is 11, and the value 4 is 3.

10. An optical disk according to claim 7, wherein the
minimum inversion interval T, is 3, the maximum inver-
25 sion interval T is 11, and the value d is 4.

11. An optical disk according to claim 7, wherein the

header region includes four-time repetition of the clock

synchronous information, the address information, and the
30 address synchronous information. '

12, An optical disk compriking a plurality of tracks each
divided into a plurality of recording sectors,

‘RN O O A



5 information from the reproduced signal; permtting readi ng

of the address information if the sequenti al pattern is detected;
readi ng the address information from t he reproduced signal in
response to the permssion; and term nating the step of reading the
address information 10 in a predetermned tine period after the

perm ssion to return to the s[pﬁgpt_detecting the sequential pattern
Wth this nethod, stable reading of t addr ess i nf or ma- tion at the
swi tching-on of the device or i mediately after a track junp is
possi ble for an optical_ disk having 15 no sector mark but havi ng_cl ock

synchronous i nf or mat i ofherein gpch gecorddng sestargdnaludes # header

A reproduct i onrégtbad andl £NpestakiBledirdgidst Fohlowing aRYend (d¥E BhESent
i nvention i ncl t he steps of:. 20 retrieving a reproduced signal from

de
t he opti cal digﬁ?aer regate PPy the sequential pattern of the clock
synchr onous i nf orhat postambbe heagigm ofinctddes gaalpatissm t deéber-

repr oductgd on of . I i gnal i u ' t [ cted;
and repré%ucinélgﬁé §§§8§ gﬁghakgpﬁgﬁFiﬁg %gghikr§gr%§ﬁ§eastBﬁaﬁegﬁéS
response to t hzegdpnmi.ssion. Wth this method, stable reproduction of
the cl ock signal at
13. An optical disk according to claim 12, wherein the
data on the header region is modulated using a modulation
10 code for performing a conversion in a table based on a
state,
the postamble region includes information for
identifying the state.

15 14. An optical disk according to claim 13, wherein the
information for identifying the state is at least one
specific bit having a predetermined value, and

a bit located adjacent to the specific bit has

substantially the same value as the predetermined value
20 of the specific bit.

15. an optical disk comprising a plurality of tracks each
divided into a plurality of recording sectors,
wherein each recording sector includes a header
25 region, a data recording region, and a postamble region
following an end of the data recording region, and
the postamble region includes a pattern deter-
mined based bn a modulation result of data of the data
recording region.
30
16. An optical disk according to claim 15, wherein the
data on the data recording region is modulated using a
modulation code for performing conversion in a table

R R 0 0
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the switching-on of the device or immediately after a track junp is

possi bl e for an optical disk having no sector mark for identifying
the start of the recording 30 sector, but having clock synchronous

i nformation of a pr edet er m ned sequentlal pattern.

reproduction nmethod for an optical disk in- _ _

- 83 cludes the steps of: retriLeggng a reproduced signal from
the optical disk; determ ning a reproduction nods whet her t he

reproduction node is an initial node during a tine
based on a state,

the postamble region includes information for
identifying the state.

5 17. An optical disk acéording to claim 16, wherein the
information for identifying the state is at least one
specific bit having a predetermined value, and

a bit located adjacent to the specific bit has
substantially the same value as the predetermined value
10 of the specific bit.

18. An optical disk according to claim 15, wherein the

recording sector further includes a guard data recording

region following the postamble region for recording dummy
15 data.

19. An optical disk according to claim 18, wherein the
data recording region includes data modulated using a run
length limit code of a minimum inversion interval of Totn
20 bits and a maximum inversion interval of Trax Pits (T, and
Tain @re natursl numbers satisfying T,, > T..), and
the guard data recording region includes a
pattern of repetition of a k-bit long optical mark and a
k-bit long optical space (k is a natural number satisfy-
25 ing T,, < k € T,_).
20. An optical disk comprising a plurality of tracks each
divided into a plurality of recording sectors,
wherein each recording sector includes a header
30 region, and the header region includes an address region
having a postamble region at an end of the address
region, and B
the postamble region has a pattern which ends

.
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period fromthe switching-on of the device or a track 5 junp until the
address information is first read fromthe reproduced signal or a
normal node during a tinme period fromthe reading of the address

i nformation until a next track junp is generated; detecting the
sequential pattern of the clock synchronous information fromthe

r epr oduced 10 signal; permtting readjng of the address information if
~the sequential pattern is detected int éfrhitial node as a first
permtting step; reading the address information fromthe reproduced
signal in response to the perm ssion; generating a sector pulse if

t he address i nf owkthi npnr-pltsdatacorr a&c8pgceead; pernmitting reading of the
address infor- mation fromthe reproduced signal based on the sector
pul se In the norpal node as a _second permtting step; and term nating

the reading of tR&«aftfr OPFicHlodeah cRceerding  tpeGlaim 20, wharglinthe
determ ning a renegdutt regititeindludes a! P ElAGS 6Ff ehentdddrdss | peto

be read vvitgﬂn a Erede- termned tinme period after either the first
~or second g&PRBssi on step. Wth this method, the processing after
- the switching-on of the device or a track junp until the addr ess

data reproducti of2c A Pt ek  BEcPRAFERS R srate, 2. omeie I Hhe,
- reliabl e readi ngadfiress regions are located in the middle of groove por-
tions and land portions of the tracks.
10
23. An optical disk comprising a plurality of tracks each
divided into a plurality of recording sectors,
wherein each recording sector includes a header
region,
15 the header region includes a plurality of address
regions,
each of the address regions includes a VFO region
at a beginning of the address region, and
‘the VFO region has a pattern which starts with
20 non-pit data or a space.

24. An optical disk according to claim 23, wherein the
address region includes an address information region
where address information is recorded using a mark length
25 recording for identifying a position of the corresponding
recording sector, and the address information is modulat-
ed using a run length linit code of & minimum inversion
interval of T, bits and a maximum inversion interval of
Teax bits (T,,, and T, are natural numbers satisfying
30 Toax > Tasn), @nd '
non-pit data or a space having a length in a
range of T, bits or more and T.ax P1ts or less is provided
between the address regions.

* c L M S *



the address information of each recording sector is possi bl e. 30

By conbining the optical disk according to the present invention with
the optical disk device according to the present invention; or by
conbi ning the oOpti cal di sk of the present invention with the optical
di sk’ - 84 - reproducti on nethod, further

stable and efficient readi ng of the_§q£QQ§s I nformation i s possible even in
t he case

25. An optical disk according to claim 24, wherein the
address regions are located in the middle of groove por-
tions and land portions of the tracks.

5 26. An optical disk device for an optical disk including
a plurality of tracks each divided into a plurality of
recording sectors, each recording sector including a
header region and a data region, the header region
including address information for identifying a position

10 of the corresponding recording sector, address synchro-
nous information for identifying a recording position of
the address information for bit synchronization, and
clock synchronous information having a predetermined
sequential pattern, the device comprising:

15 means for reading a reproduced signal from the
optical disk:

address reproduction means for obtaining the
addregss information from the reproduced signal;
detection means for detecting the sequential

20 pattern of the clock synchronous information from the
reproduced signal to output a detection signal: and

address reproduction permit means for permitting
the address reproduction means to perform a read opera-

tion of the address information based on the detection
25 signal,

27. An optical disk device according to claim 26, further
comprising:

clock generation means for generating a clock

30 signal from the reproduced signal: and
clock reproduction permit signal for permitting
the clock generation mearis to perform an operation of
generating the clock signal based on the detection



where the recording density of the optical disk is inproved by the
techni que such as the mark length record- ing and the | and/ groove

recor di ng. - 85 -

. CLAI M5 1. An optical disk conprising a plurality of tracks each
divided into a plurality of recording sectors, each of 5 t he recording
sectors including a header region, - 92 - wherei n the header region

i ncl udes address

gignal,

28. An optical disk device according to claim 26, wherein
the detection means comprilses:
5 binary means for converting the reproduced signal
into binary data to output the binary data;
sampling means for sampling the binary data at &
predetermined frequency to output digital date;
parallel conversion means for converting the

10 digital data into parallel data of at least m X n bits (m

and n are natural numbers); and
a detection table for detecting a predetermined
sequence composed of n-time repetition of an m-bit
pattern from the parallél data.

15 .

29. An optical disk device for an optical disk including
a plurality of tracks each divided into a plurality of
recording sectors, each recording sector including a
header region and a data region, the header region

20 including address information for identifying a position
of the corresponding recording sector, address synchro-
nous information for identifying a recording position of
the address information for bit synchronization, and
clock synchronous information having a predetermined

25 sequential pattern, the device comprising:

means for reading a reproduced signal f£from the
optical disk;

clock generation means for generating a clock
signal from the reproduced signal; )

30 detection means for detecting the sequential
pattern of the clock synchronous information from the
reproduced signal to outpﬁt a detection signal; and

clock reproduction permit means for permitting

-
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I nformation for identifying a position of the correspond- I ng

recordi ng sector and address synchronous information for identifying a
recordi ng position of the address 10 i nformation for bit

synchroni zat i on, t he address information has been nodul at ed
usi ng arun length limt code of a maxinmuminversion interval

of T[err]bits (T[err]is a natural nurmbegy, - t he address
synchronous information includes tw 15 patterns of which inversion
interval is (T[err]+3) bits or nore, so that a reproduced signal of

t he address synchro- nous information is distjnguished from,a

repr oduced the jRipcks Wq&% FRANS tO parform, an Opprpkipn,qf

according to cl gyendrath®yeithd helock sdgiadssbagadhronouthe nidetaction

i ncludes a first atygrn and a second pattern which are different in
either a ;ﬁ%hﬁ t shape or an optical characteristic of a record-

I ngsurface of the optical disk, and the address synchro- 25 nous

1ol o8, oA AR ] A R0154 pobaing, ol SRR 76, Ghered)
bits or nore. the detection means comprises:
binary means for converting the reproduced signal
into binary data to output the binary data:
sampling means for sampling the binary data at a
10 predetermined frequency to output digital data;
parallel conversion means for converting the
digital data into parallel data of at least m x n bits (m
and n are natural numbers); and
a detection table for detecting a predetermined
15 sequence composed of n-time repetition of an m-bit
pattern from the parallel data.

31. a raproductibn method for an optical disk including
a8 plurality of tracks each divided into a plurality of
20 recording sectors, each recording sector including a
header region and a data region, the header region
including address information for identifying a position
of the corresponding recording sector, address synchro-
nous information for identifying a recording position of
25 the address information for bit synchronization, and
clock synchronous information having a predetermined
sequential pattern, the method comprising the steps of:
retrieving a reproduced signal f£rom the optical
digk;
30 detecting the sequential pattern of the clock
synchronous information from the reproduced signal;
permitting readinﬁ of the address information if
the sequential pattern is. detected;

AT



3. An optical disk according to claim?2, wherein the 30 first patternis

a convex portion (pit) fornmed physically on the recordi ng surface of

the optical disk, and the second pattern is a concave portion fornmed

physi cal ly on the recording surface of the optical disk. [err]
- 94 -

reading the address information from the repro-
duced signal in response to the permission; and

terminating the step of reading the address
information in a predetermined time period after the

5 permission to return to the step of detecting the sequen-
tial pattern.

32. A reproduction method for an optical disk according
to claim 31, further comprising the steps of:
10 permitting reproduction of a clock signal if the
sequential pattern is detected; and
reproducing the clock signal from the reproduced
signal in response to the permission,

15 = 33. A reproduction method for an optical disk including
a plurality of tracks each divided into a plurality of
recording sectors, each recording sector including a
header region and a data region, the header region
including address information for identifying a position

20 of the corresponding recording sector, address synchro-
nous information for identifying a recording position of
the address information for bit synchronization, and
clock synchronous information having a predetermined
sequential pattern, the method comprising the steps of:

25 retrieving a reproduced signal from the optical
disk; '

detecting the sequential pattern of the clock
synchronous information from the reproduced signal;
permitting reproduction of a clock signal if the

30 sequential pattern is detected; and

' reproducing the clock signal from the reproduced
signal in response to the ‘permission.

* [ L M s *



- 86 - 4. An optical disk according to claim2, wherein the

first pattern is a recording mark formed by changing a reflection
~characteristic of the recording surface of the optical disk, and the
second pattern is a space on the 5 recording surface. 5. An
optical disk according to claim2, wherein a total bit Iength of the

first pattern included in the address synchronous information and a
total bit length of the 10 second 'pz?lst érn included in the address
synchr onous i nformati on are equal to each other. 6. An
optical disk according to claim1l, wherein the header region includes
four-time repeti34on®oFepPredustionmathed faroam apidcald disk dntluding

synchronous inf ai "Blurality! b1 tracks each divided into a plurality of
recordirig sectors, each recording sector including a
header region and a data region, the header region
5 including address information for identifying a position
of the corresponding recording sector, address synchro-
nous information for identifying a recording position of
the address information for bit synchronization, and
clock synchronous information having a predetermined
10 sequentiél pattern, the method comprising the steps of:
retrieving a reproduced signal from the optical
disk;
determining a reproduction mode whether the
reproduction mode is an initial mode during a time period
15 from switching-on of the device or a track jump until the
address information is first read from the reproduced
signal or a normal mode during a time period from the
reading of the address information until a next track
Jump is generated:
20 detecting the sequential pattern of the clock
synchronous information from the reproduced signal;
permitting reading of the address information if
the sequential pattern is detected in the initial mode as
a first permitting step:
25 reading the address information from the repro-
duced signal in response to the permission;
generating a sector pulse if the address informa-
tion 1s correctly read;
permitting reading of the address information
30 from the reproduced signal based on the sector pulse in
the normal mode as a second permitting step:; and
terminating the r;“aading of the address informa-
tion to return to the step of determining a reproduction

* [ L M S *



7. An optical disk conprising a plurality of tracks each divided into

a plurality of recording sectors, each of 20 the recordi ng sectors

i ncl udi ng a header region, wherei n the header region includes

- address information for identifying a position of the correspond-

ing recording sector, address synchronous information for i dentifying

"a recording position of the address inf%rna- 25 tion for bit = -
synchroni zation, and clock synchronols 6 - information for reproduci ng a

cl ock signal, t he address information has been nodul at ed

usi ng arun length limt code of a mninmuminversion interval

of T[err] bits awaflen hfixthenaddvessi dnformetion &allperto] be meagh within

(Tlerr] and Tl &f' brodplolfiiibd! MEPShErecA! althd0 o1l | the TEdkEl) or

the cl ock synchronous 1ntormation is a sequenti al pattern of

al ternate repeti8eeendfperpissiongsh@Pk and space (d is a natura

nunber satisfying T[err] [err] d < T[err]),

KLl

* < L M H *



[err] | - 87 - and

the address synchronous information includes two patterns of which
inversion interval is (T[err] + 3) bits or upore, so that a reproduced
signal of the address synchro- 5 ‘nous information is distinguished from
a reproduced signal of other information. 8. An optical disk
according to claim?7, wherein each of g, _

ABSTRACT

The present invention is aimed at providing an

optical disk, an optical disk device, and an optical disk

5 reproduction method, for allowing for stable and effi-
cient reading of address information. The optical disk
includes a plurality of tracks each divided into a
plurality of recording sectors. Each of the recording
sectors includes a header region. The header region

10 includes address information for identifying the position
of the corresponding recording sector and address syn-
chronous information for identifying the recording
position of the address information for bit synchroniza-

tion. The address information has been modulated using

15 a run length limit ¢ode of a maximum inversion interval
Of Ty, bits (T,, i1s a natural number), and the address
synchronous information includes two patterns of which
inversion interval is (T, + 3) bits or more, so that the
reproduced signal of the address synchronous information

20 is distinguished from the reproduced signal of other
information.



t he address synchronous information and the clock syn- 10 chronous

information includes a first pattern and a second pattern which are
different in either a physical shape or an optical characteristic of
a recording surface of the optical disk, and t he address
synchronous information includes one 15 first pattern having a | ength of
(T[err] + 3) bits or nore and one second pattern having a | ength of
(T[err] + 3) bits or nore. 9. An optical disk according to
claim7, wherein the 20 m nimuminversion interval T[err] is 3, the
maxi mum i nver - sion interval T[err] is 11, and the value d is 3.
- 10. An optical disk according to clai‘m7, wherein the . m ni mum
i nversion i nterEJLG eyr] is 3, the maxi numinver- 25 sion interval T
is 11, and the «dfis 4. , 11. An optical disk_according to claim
7, wherein the header reblveﬁSlDﬂcl udes 1 10N e reﬁl&tﬂI’SIOGn of the
cl ock interval interval interval
[ 4 T L 1 k|
SequenceY 0 0 1 001 00000100010
b=~ } v - —] |
' b 1Zero 1 | Zeo ! ! Zero 1 !
bolrin 1| run (A 1 S
I (| (|
i | o R
I { | I o
' 3 (U DR S A . (N R
Inter—mark
recording Y 5 | y—""
' 102 | 102
' i 101 1 101 101 | ot
i i
| | 102 ' l

=t R/,
recording

1/25



synchronous information, the address information, and the 30 addr ess

synchronous i nfornmation. 12. An optical disk conprising a plurality
of tracks each divided into a plurality of recordi ng sectors,
[err]
FIG.2A 14 105 104 105
Header | | Recording field | | Header | | Recording field I:
| |
r-—1 03 Recording sector '-*l-' 103 '-}
FIG.2B
Sector Address Address _
mar /,,nmr k‘ | npr 5104
b Vo1 o vrozif) Ioztvrozg o3| §
\Addressfj Add
field fi Id
FI G 4 C Pottern of sector mark SM
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Mark &2 772,00 |
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0100100000000100 ¢
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wherein each recording sectar includes a header region and a postanbl e
region follow ng an end of the header region, and t he
postanbl e region includes a pattern deter- 5 m ned based- on a nodul at’i on
result of data of the header regi on. 13. An optical disk
according to claim 12, wherein the data on the header region is
nodul at ed usi ng a nodul ation 10 code for performng a conversion in a
tabl e based on a state, t he postanbl e regi on includes
i nformation for identifying the state. 15 14. An optical disk
according to claim 13, wherein the information for identifying the
state is at |eas azz: specific bit having a predeterm ned val ue, and
a bit located adPT {égo the specific bit has

Conversion table of (2,7) modulation code

Digital data Code sequence
10 0100
010 100100
0010 00100100
11 1000
011 001000
0011 00001000
000 000100
FIG.4
. Reproduced ~ Sector mark |
waveform of SM 3;8% IRM?I%?

header 104

t"’ - —-l—: '
)

e | /| T

of space y

¥ 0 level

%
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substantially the same val ue as the predeterm ned val ue 20 of the

specific bit. 15. An optical disk conprising a plurality of tracks
each divided into a plurality of recording sectors,
wherein each recording sector includes a header 25 region, a data
recordi ng region, and a postanble region follow ng an end of the data
recordi ng region, and the postanble region includes a pattern
det er - m ned based on a nodul ation result of data of the data
recordi ng region. 30 16. An optical disk according to claim 15,
wherein the data on the data recordig region is nodul ated using a
modul ation code for perform ng conversiof in p table [err]
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- 89 - based on a state,

i nformati on for

according to claim 16, wherein the

stats is at | east one

FIG.6

I dentifying the state. 5
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17. An optical disk

information for identifying the

specific bit having a predeterm ned val ue, and
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10 of the specific bit. 18. An optical disk according to claim
15, wherein the recordi ng sector further includes a guard data
recordi ng region follow ng the postanble region for recordi ng dumy
15 dat a. 19. An optical disk according to claim18, wherein the
data recording region includes data nodul ated using a run | engt h
limt code of a minimuminversion interval of T[err] 20 bits and a

maxi mum i nversion interval of T[err] bits (T[err] and Tlerr] are
natural nunbefBJ(G i4ing Tlerr] > T[err]), and the guard
data recording region includes a pattern of repetition of a k-bit

number satte oA 01000090000 ‘TU‘EO%H?G?P?S?’?WU‘O'WW%”rZL
opti cal dlﬁgﬂ@@) cmeng.J plurality of tr arkc gach IVI dad_ipnto a

plurality rdi ng sgctors, wher ei n each |recorjdi ng sector
i ncl udes Mark

Recording pattern ./ /. ./ ./ ./ ./ / //

J

] \'4 ¥
14-bit long . 14-bit long
mark space

FIG.7B
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|
Signgl SPace .. | —
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Recording patter (//////// N (L L/

L

¥V \'4
14-bit long 14-bit long
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FIG.7C
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30

regi on,

and the header region includes an address region
a postanble region at an end of the address

t he postanble region has a pattern which ends
- 90 -

FIG.8BA
Pattern of AM

Signal
amnplitude pyqete

Recording. pattern

FIGC.8B

Pattern of AM

Signal
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Recording pattern

FIG.8C
Pattern of AM

Signgl  Space
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Wi th non-pit data or a space. 21. An optical disk according to claim

20, wherein the header region includes a plurality of the address re-
5 gi ons. ' 22. An optical disk according to claim 20, wherein the
address regions are located in the m ddl e of groove por- tions and
| and portions of the tracks. 10 23. An optical disk conprising a
plurality of tracks each divided into a plurality of recording
sectors, wherei n each recordi ng sector includes a header
region, 15 t he header region includes a plurality of address
regi ons, each of the address regions includes a VFO region
at a begi nning of the address region, and the VFO region has a
pattern which starts with 20 non-pit data or a space.
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24. An optical disk according to claim23, wherein the address region

I ncl udes an address information region where address information is
recorded using a mark length 25 recording for identifying a position of
t he correspondi ng recording sector, and the address information is
nodul at - ed using a run length limt code of a mninmminversion
interval of T[err] bits and a nmaxi mum i nversion interval of T[err]
bits (T[err] and T[err] natural nunbers satisfying 30 Tlerr]T[err]), and
non-pit data or a space having a length in a s range of T[err] btis or
nore and T[err]bits or |ess provided bet@een tjie address regions.
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- 91 - 25. An optical disk according to claim24, wherein the
address regions are located in the m ddle of groove por- tions and

| and portions of the tracks. 5 26. An optical disk device for an
optical disk including a plurality of tracks each divided into a
plurality of recordi ng sectors, each recording sector including a
header region and a data region, the header region I ncl udi ng address
information for identifying a @$tion 10 of the correspondi ng recording
sector, address synchro- ous information for identifying a recording
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the address information for bit synchronization, and cl ock
synchronous i nformati on having a predeterm ned sequential pattern,
t he device conprising: 15 means for reading a reproduced signa
fromthe optical disk; - address reproduction neans for
obt ai ni ng the address information fromthe reproduced signal;
detection neans for detecting the sequential 20 pattern of the clock
synchronous information fromthe reproduced signal to output a
detection si gnaIFzzg dLgA address reproduction permt means for
permtting t a reproduction neans to performa read opera-
tion of the address information_based the detection 25 si gnal .

27. An optical disk device accaading« cl ai m 2642f urt her conpri si ng:

cl ock generation neans—-6r+¢ et —ar—C+ OCK— ——stghal--fromthe

reproduced signal; and S .cl ock reprod%ction permjt signal for

permtting t he lcl ock_gengration n§8ns to performan operation of
th‘ I

generating the clock[signaIFQ@ﬁmg on deieqﬁkpn

—| conversion detection
circuit table

T Oscillator
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23 Asynchronous binary data

FIG.12B

VFO detection table

Input 32 bits Output 1 bt
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- 92 - si gnal . 28. An optical disk device accordiné to claim

26, wherein the detection neans conprises: 5 bi nary neans
for converting the reproduced signal into binary data to output the
bi nary dat a; sanpling nmeans for sanpling the binary date at a
predeterm ned frequency to output digital data,; parall e

conversion neans for converting the
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10 digital data into parallel data of at least mx n bits (m and n

are natural nunbers); and a detection table for detecting a
pr edet er mi ned sequence conposed of n-tine repetition of an mbit
pattern fromthe parallel data. 15 29. An optical disk device for an
optical disk including a plurality of tracks each divided into a
plurality of recordi ng sectors, each recordi ng sector including a
header region and a data region, the header region 20 i ncl udi ng address
information for identifying a position of the correspondi ng recording
sector, address synchro- nous information for identifying a recording
posi tion of the address information for bit synchronization, and

pattern, the deyice conprising: | or read}j ng a

e o v —

cl ock synchronous informatign haying, a przdeternined 25 sequenti al
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generating the clock signal
. An optical
nmeans conpri ses:

cl ock reproduction permt neans for permtting

the cl ock generation neans to perform an operation of

based on the detection

Si

di sk device according to claim 29, wherein

into binary data to output the binary data;

FIG.16

(Switching—on of device)
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Boosting processing
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t he detection
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sanpling nmeans for sanpling thenbinary data at a 10 pr edet er m ned

e

frequency to output digital data; paral |l el conversion neans
for converting the digital data into parallel data of at least mx n
bits (m and n are natural nunbers); and a detection table
for detecting a predeterm ned 15 sequence conposed of n-tine repetition
of an mbit pattern fromthe parallel data. 31. A
reproduction nethod for an optical disk including a plurality of
tracks each divided into a plurality of 20 recordi ng sectors, each
recording sector including a header region and a data region, the
header region i ncl udi ng address information for identifying a
position of the correspondi ng recordi ng sector, address synchro-
nous information for ideptifyinga recording position of 25 t he address
information for bit synchronizatijon, and cl ock synchronous
i nformati on having a predeterm ngd sequengti rn, the method
conprising the steps of: = reted evi rjg | uced signal from
t he opti cal disk; 30 S det é@t‘i-'ng te sgguential pattern of
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synchronous information fromthe reproduced signal; 'pe_r mtting
reading of the address information if the sequential pattern is
det ect ed; [err] _ .- 94 -
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readi ng the address information fromthe repro- duced signal in

response to. the permssion; and termnating the step of
readi ng the address information in a predeternmined tinme period after
the 5 perm ssion to return to the step of detecting the sequen- tial
pattern. 32. A reproduction nethod for an optical disk according
to claim 31, further conprising the steps of: 10 : permtting
reproduction of a clock signal if the sequential pattern is detected;
and , reproduci ng the clock signal fromthe reproduced
signal in response to the perm ssion. 15 33. A reproduction nmethod for
an optical disk including a plurality of tracks each divided into a
plurality of recordi ng Sjctors, each recording sgctor including a
header region and a data regipr, the header region i ncl udi ng address
information for identifying a gosition 20 of the cofrespondi ng recording
sector, address synchro- o |nous i nformation for &p ntifying a recording
position of g
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t he address information for bit synchronization, and cl ock

synchronous i nformati on having a predeterm ned sequential pattern,
t he net hod conprising the steps of: 25 retrieving a reproduced
signal fromthe optical di sk; detecting the sequentia
pattern of the clock synchronous information fromthe reproduced
si gnal ; permtting reproduction of a clock signal if the 30
sequential pattern is detected; and reproduci ng the cl ock
signal fromthe reproduced signal in response to the perm ssion.
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- 95 -

sectors,
regi on,
i dentifyin
synchr o-

the address information for bit synchronization,
n having a predeterm ned 10
he steps of:

di sk;

synchr onou
t he met hod
signal fro

34. A reproduction nethod for an optical disk including
a plurality of tracks each divided into a plurality of

g a position

each recording sector including a
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reproduction node is an initial node during a tine period 15 from

swi tching-on of the device or a track junp until the addr ess
information is first read fromthe reproduced signal or a normal node
during a tinme period fromthe readi ng of the address information
until a next track junp is generated; 20 detecting the
sequential pattern of the clock synchronous information fromthe
reproduced signal; permtting reading of the address
information if the sequential pattern is detected in the initial node
as a first permtting step; 25 readi ng the address
information fromthe repro- duced signal in response to the

per m ssi on; generating a sector pulse if the address infornma-
tion is correctl (oF permtting reading of the address

i nformation 30 jwuﬁczkégiaéleproduced si gnal based on the sector pulse in
the normal nobde as a second permtting step; and term nating
the reading of the address irﬁ(uJ213(214) tion to return to the step of

det er mi ni ng a216production < .
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[err]

- 96 - nods if the address inforﬁation

fails to be read within a predetermned tinme period after either the first

or second perm ssion step.
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FIG.24A  Next state : 1 or 2, D-end : Mark
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(57) Abstract

An optical disk from which address information is read stably
and efficiently. The optical disk has a plurality of tracks cach of which
is divided into a piurality of recording sectors and each recording sector
has a header arca, In the header area, address information for
recognizing the position of the comresponding recording section and 2 . } 2
address synchronization information for bit synchronization by { 1 ( {
recognizing the recording position of the address information are P ™ 1@ y-spsan F;ﬂ" ~ 3N L
recorded. The address information is modulated with a run length 1 — ¥
limiting code of maximum inversion interval Tmax bits (Tmax is a '
natural number) and the address synchronization information includes
two pattems of inversion interval (Tmax+3) bits. Therefore, the I
reproduced signal of the address synchronization information is be & & &

distinguished from the repraduced signals of other information.
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1¢ ... recording sector
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4 ... data recording ares
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