OPTI CAL DI SK, OPTI CAL DI SK DEVI CE AND METHOD FOR RECORDI NG AN OPTI CAL DI SK
Fi el d of the | nventThisiSheet Hi3BegmRepaced | Nvention rel ates to an optical disk

for rec i dre al signals in a sector '
opti cal O@?)Ssﬁﬂsgg opt ﬁmﬁuﬂmmlmﬂll‘ce and a recordi ng net f%?’#g?&gﬁyoptical
di sk. Description o eprror art -RromEP-A-0 718 831, a recording and

repr oduci ng net hod and apparatus for an optical disk of the phase
transition type that can be overwitten is known. According to the

di sclosure in this doc nt., t i of repeated rewiting of the
optical disk is expanéﬁWMl%ﬁE%tw%i te data or
inverted wite data aMEBEH OR, RDINGeANQPTLEALDISE r epeat ed

rewiting at a start point and at an end point of the recording is
suppressed by recordi ng synchronizing signal before the wite data and/or
dumy dat aFEELBrOF in the way such that therrmal stress is |ess
i kely to occur, A record end posit{on can be determ ned precisely by_
detecting a st_thEaB@e{"&)_@YﬁﬂP‘F’e%}ﬂ%éP ancppficyl glisc for recerding candn

appagat us r:€ 30l 00, .3/ 0. ' lve optical di.sk, . -
conpy si g moltiih d6eiB e A SePbrICH i b AT e B Bk il pvies,, 11
t he sect oraﬁ@ab'ecmmgvxﬁetﬂoarforandwﬁcdﬁnw time controller circuit that sets
a variation range of the start point- for witing according to the recording

condi tion._The method for writi ng _on _and reading in the overw.table
~optical rcPESGRIFTHON OF THE PRIQRABT f or mat di scl osed i n the document

conprises the s . l.at | ' & to.make dul at ed dat

si gnal correspondi ng @'ﬁ%&@%@&%‘%ﬁn&%@%d&ﬁmg BYRESP 5 um
sel-ecting foremidib Hndovides WEde.5S @ Esmpadt dise (CDINShd GsrewrithblePReHidin®!
wrlféng the nodul ating data signal .into the sector at randomw thin a first
var 1@t i on medige esgren mind dise )ec Mareover, A5 an externak memayddeyicenfprry a

start point for witing,th dyl at ed data.si.gnal into.the sector . at random
W thin o oemRbeely, rraRft .S Bfncthang ks, abr inch JHae, chbet
range whengptieal 9ises (D) SFeBedoining popular.sel ected.
' Henceforth, as the recording media for multimedia, digital video disc (DVD)
using phase change optical discs is ébt_mt to be popularly marketed. One of the

D

15 merits of the phase change optical disc is that to overwrite an information signal,
only a single laser beam is necesséry as a recording means. That is, wheh a
modulated laser output is emitted onto a recorded information track as a function of .
an information signal switching between a recording _leﬁel and an erasing level, a
new signal can be recorded while erasing an éxist_ing information signal.”

20 A format st.ructure of such an optical disc is explained by referring to Fig. 18. \
In Fig. 18, reference numeral 1 is an optical disc, 2 represents tracks on the optical
disc 1; and 3 designates sectors dividing the tracks into plural fields. Each sector 3 is
composed of a header field 4 including track and sector address information, a gap

field 7 with no signal recorded therein, a data record.ing field 5 for recording user

25 data, and a buffer field 6 for absorbing the effects of imprecision in rotation of the
motor. : .

The header field 4 is usually formed of prepits, and is not used for recording.
Reference numeral 4a is a synchronous signal VFO for synchronizing, 4b is an
address mark for detecting ‘the header field by a special recording péttern not

30 appearing on the modulation pattern, 4c is a field containing a physical
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Qot I cal discs are presently w del y distri but ed as
read-only recording nedia - for audi o -and vi deo use, a conpact
disc (CD), and as rewitable recording 10 nedia, e g. i sc
(MD). MoWQWASISIas an external menory device for a 1“"3‘%@’?
rewitable 3.5-inch magneto-optical di sczs and 5-inch phase change
optical discs (PD) are becom ng popul ar: Henceforth, as the
recording nmedia for nultinmedia, digital video di-sc (DVD) . ©using
phase change optical discs is about to bé popularly marketed. One of the 15
merits of jdeatificatien addreye (PiD)ilervingladdress inforhation with bespect taa physiwahat i on
si gnal , only a single.|ase beam I S nec s a.,recordin
means. Thaposition ﬂ,ﬁﬁh’ sgctor, and 4d ‘srﬂ?oﬁ? gxrap detection &i‘ﬁﬁ@g’ &S"’m ?%agéwg% a
Locor ded | BiBhCHe RedeB Ml Sofipbttd°te R 4a to 44 moy B Rl bf B} 97

swi t chi ng a recor an er asi ng

- si.gnal Canh@ﬁle&ﬁéﬂﬁﬁ%ﬂbﬁ&ﬁeﬂfaﬁ&eﬂﬁﬁﬁaﬁﬂi@tﬂmﬂ nformatlon si gnal . 20
A format structure of such_an optical disc Is explained by referring to

Fig. 918, @ Theldatrrq:ordmgﬁq!dérxempnsndeofaa synchrongoys signal ¥FQiSbdor 2
represents_tr cks. on t{bg F éaé . disc 1, and 3 designates sectors
di vi di ng t FéR %i el ds. Each sector 3 is conposed

. of a header.fie ﬁrin?c 8 Fip2C19.208 & I dRe g &i&e 10F Oreeiidife: arfd 4P
field 7 with noﬁsél gna Irnggdordedg?hie%elan gﬁﬁgta recording fiel dlga

recor di ng reprodaéing signalschay anmrdablelnpﬁcaldiscsle*phmed. hoFig: llﬂnyfeltwce
effects of i C on i r.o [ of t

The header BRABE 138 an gpfssldise g ls dnpetizal bed | foramor'ﬁna@pmaoqwns
recq di n I &ﬁlgm E@é,,sg@? or
syncRr:)n?miﬁS‘,ﬂsZ?g trgﬁ%ﬂ’ﬁl@%ﬁ%ﬂﬁ&%gléggﬁngrE for detectl ng t he header

field by aoptieal lmhmcﬁmsdnmgxmmtonlaaem tikOtracks of the pptical discy A2 i laser
nodul ati on pajter.n, is a ;Lelgl cont aj ni n% Blhysma . WO
98/ 15951 driving clrcuit or controlling the optical output of the semiconductor laser, 13 is a

PCT/ JP97/ 0 t uited to
I denti fi ca’tﬁlﬁ%gmggglragsog c('ﬁ“l?)s foﬁa F‘r%“yagl (la%astll ogfﬁadtﬁt%rﬁnv?ﬁ? m-ru(lasspect to a

-.E)hysi c ?I gecording, pod 14 i%vm gonerating circuiami- g&dﬁmﬁgm;l‘d)?mrsfygcmmns i gn f

| E or detecting an addre ryor, The header field conposed o

bl ogbs 4a fignaly #EEF S‘é’i&sc# ap?‘{ﬂ‘ﬂg circuit for perferming exrer &gr‘ﬁ%‘lﬂ der

t h | t f field
0 én anceéécgﬁ%foﬁ x‘e@ptldeﬁ dath Y &£ &! rneg?aﬁogtg%l c*rcult fo;_t?fntg@ﬁlﬁgncﬁr hit §9f e

5 is compo a sync ronous sig I ng and
user data becording, 17 i :s an address wﬁeeﬁng oiycumit Soxt d)etEct!ng 4 addreso piignabiromds sc
device for recqrding reproduycin &?mgna s, by _a recordahl e

optical di ¥epre “%ﬂﬁ‘&?ﬂe!ﬂ i) 2 syisten cqwlrrém E gontroliing the npexation of the )
ti |
P anars on Sftizefbeich) ik QBict BmpGaa drd micfifolbsdén, 30 SHEA QM Bealtly,

f oc@8i ng aﬂnd19isdatamﬂielnabrdedam of a sem conduct or l'aser on the tracks of
the optical dis¢c, 12 is a |ase drivi no%gm rcuit for controlli ng

t he opti cal out%%?@%@r@&&ﬂ%&@“ﬁ%ﬁm latsdanthe data modyation

ol a1 On Yooy g G, B BRI Byl | o

VFO as a sjmthiy VFOU n7e5atmg ciriwiody is Eeaatmﬂﬁlfugimr otansmdammjdmta
circuit forgserformmﬂg error correction COdI ng on recorded data,

16 is a recoodds dddivered tocthedaser drmng@mmblz,.mlsn@cord inthefoptical disc 1.

recggdi ng, 17 | ddress Jcuit, f.0 ecting,,an ad

sig § froma f?ﬁﬁ:g Hﬁ’gﬂah @sﬁﬁé ‘%‘Fﬁe{’o '(ngf"fg It

for cont rOH:downkhﬁ aﬁaa; wnnﬂied; Bihce the mordﬁxg hreauﬁﬂtdéiahoﬂtécw@m ce

conposed of a m croprocessor, and other related circuitry, 19

i s- dat'a t otlermad doadicunder repeated exposure to light. Generally, such detenoratlon
phenomena tend to be more prevalent in the deterioration area as the number of
recordmg repetitions increases. Deterioration phenomena may be roughly classified

30  into two types as follows:



The data coded in the coding circuit 15 is nodulated in the data nodul ati on
circuit 13 and is output as nodul ated data. The synchronous signal VFO
generate in the VFO generating circuit 14 is ad&e&.

begi nni ng"’o?”"ﬁﬁ‘s nodul at ed data - and is delivere téjl?%ﬁe’ﬁ%ser
driving circuit 12, and is recorded in the optical disc 1. 25

In such a rewitable |light-operative optical disc, however, the nunber of
recording repetitions is limted, since the recording nmedi um deteriorates

due to - ernpl | oad, under repeated,ex osure tq |i Ceneyal ly,
such deteri orat |®n rm’te““mgﬂﬂéﬁl?ﬁﬂmn 1L ek 55 %P‘?“ﬁ’r"@géﬁ? &‘ﬁ beginping -
deterijorat | ﬁim

i ncreases. ter| orati onﬁs eno(r?r’gr?g;encgl;/dl f%%f agrs%?&%%fngiggﬁﬁg end
~two types #eecbrd émd\/pbrtlon), by: repeatedlﬁc&ﬂllﬁéaﬁ]:he sector, and

PCT/ JP97/ 03559 ‘
(1)- deteriorad#bn leterinration phenemenon ineash m@ﬂé%@&ﬁ‘hﬂ@ﬂk@%l ng

ﬂ._

end @recor f I sect or

ter mgnatl n%sgé]egﬁﬁrﬂ%% kg? %mg aﬁ %%@8#&%“9@52%%;@@8 Hbﬂ'Bn t he
sector, andgector. o (2) deterioration phenomenon in each mark, -
occurrlnglnthe mark area, 5 as the mark row of a sane patternls

recorded repeat sy, im tbhetheRiMm phenpmenanhdn each sectory east recording is
F he h di

Fepont ed, JERLGh dsertigtaton SRaHA pepth fie treorchin Fill fythecbeeinning ool
beai ani

egi NNi Ny gRd terminatin ng énd! orsl m&e&mggﬁagqn%easgwgotaﬂarmis etre&f We

sector, and this defe expands 10 ackwar e secto
begilni ng bacdkwaxd ofi¢he séta;or fionk 4be begibnimg iend (to the relatiste nsseriadvancinghe

The fZ'ver < Sicgefter on dhe Sptical gl nd R ok et hory the bermipeto it e
optical di $fd reverse V%rectloﬁ of the mﬁﬁv@ﬁ%d&ﬁﬁ%? fkcﬁhﬁ r&ﬁ%@ E@ di er st OOd

to occur because, recor I's in
nmovement phenonﬂ?hraije{dmﬂlmlcphémmehonlis ﬁﬁderstood tmdi:etﬂhén«ause; vilien theac k

o Sube: Rl FiLisBch Beie, o BoTeBeRC Rbesimpm of o peordiog ol "
sol i{@i fi cakhBdtance in the n%rcgeangéehg@ 6 clid, ! 'F%E‘m%iaﬂ%é uc,#hg e ndvRbibnf ftﬁu

substance accunulates Int portion ere t he

thermal | oxecordingtfeilsabstancety ﬂnlshclaoh&ngmdslittdﬁuh,yas fusion and solidification
recording foil substanfe i s, decreased jin thickness at the recordlng end ~

~point 20 arerepgated gyltiplg timesethg !tecolms foil sybstance aeeumylages in |
bet ween t hwper . gta,?uai. YHere the :hempgiaatm%@ rebdtaie i .«rhaagge{ bryd or

optical charac | orate

the qual i t pndithe repondingdoil sulgstaice isldecreased dh ehickfess laetlﬁateaordmg end point |
begkgnl ng end,or n*gr mn t| ng_end, thereby inpeding correct recordi ng@gnd
repfYduci nQ"B‘?"’? bﬁhe film thickness becomeswyneven bgtweea the reqording

phenonenon | dgf ect
Dcur o Pl AR ol pbing pb VheL AP0 ok oharacterisuict BREREAl, foe Bt
this def ecbxblia&s,d&nﬂﬁm/\lﬂidi quality stk neprddeéed Ripnaly deftPioraRs . in the data
That is, when the sane data I s repeatedly recorded in the same sector,

f usi on beginning, ¢ndo pr oﬁermmtmm ende theweby: Bmpedingi eoreecti resordings and

gg/ei;%l L&r‘&hﬂ&ﬁg%“ﬁ?ﬁrﬁ ﬁo | not fused at all. | WO

PCT28P97/ 03559 Next, in the deterioration phenomenon in each mark, as the recording is

: repeated, a'defect occurs in the recording foil when recording the same pattem, and
this defect expands forward and backward of the mark portion.

That is, when the same data is repeatedly recorded in the same sector, fusion

~ and solidification are repeated multiple times in some areas, while other areas are

30  not fused at all.



General ly, when rewriting the recorded data in an optical disc, the data is
rewritten in the sector unit. Therefore, if inforrration I's changed in part
of a sector, the entire sector is rewitten. e of
Oontents)wf)l’ﬁm%?sbr a directory field where | nf or %ﬁ?&b
corresponding to the table of contents of the recorded 5 I nformation
in the disc is recorded, in particular, Simlar data are often recorded
repeatedly, and the rewiting frequency is high. In the ordinary data
sector, too, sane data is recorded repeatedly in the synchronous

© si-gnal ‘porti on. VGenerallyhwhen rewriting the recoxded data ix am optinali dise; th data isf
deteriorati on phenpngnon occuy uch, t ange _
the film t h e in, etsﬁ%mFBB 6‘3‘8‘% ff'?f? ﬁ?gés W‘\gﬁg“bBéﬁ(?gWe‘?tgﬁi on

10, }ﬁéﬁ:@e sideorisrbwhtteA tn 890E 'ri-m?é of eaﬁeéneﬂlﬁa&ma fiRclopy fikgn not

fused at al thus the the and optical characteristics

det er.i or.at ewhered ibfoematiohi t:qneépondmg to thectableuof dconitents| of the hiezontedt | On
deterjorates, thereby blocking norpal  recording i and reprodu0|ng of

i nf or %mt i -oninformatipn in thedise-is yeqordads impertisnla,similpr-datacgye often recorded

probt e, PRGN i Bsiieb o teplny iy ke RS et B8 B 1

of sHif€ 8MMads rédordéd ﬁpe@d&ﬂl}(ﬁl thé sjdthmmm%rsig:ﬁn?b Midh VFOUT thelikg)t i cal
di sc capabl e of reducing he deterioration of the recording foil

of the ‘opti and th mfemmexémesl m@metmra&oepywenon occyns in syeh instapces.om

Cyotom - ancAS B bRl £ Bt ok s P Sy TRERRAR R ARk ALARE BhRhagky pegion

recof@ing of the onﬁﬂ%mmmm&pmlmd fife pértibnosotdisédcal all]iahd
device, and a recordlng met hod for an optlcal di sc.

To achi eve thuss ﬂ:eartuemﬂeandbpptm! charaeteﬂstl@t detexiovate, gmd: tbe oality| 0fd| sc

of the 25 I nv.en hea el det C I.n ect or ent |

si'gnal , and'%“rﬂgll%f’drség'baﬁd*’ﬁgis ‘?rhoé'f‘tfsﬂ *%FF‘ER)?R il gﬁ?ﬁ?é'd nal
are provi degnd Pefid gﬁcﬂgq,fmfop,hgﬁaﬁ sectors dividing the tracks,
and a guard data recording field for recording specific guard data
is provided between the header field and data recording field.
Wth this guard data recording field, the synchronous signal can be
protected 30 fromdeterioration of the nediumdue to repeated
recollii ng. OBJECT AND SUMMXERYOETHE INVENTION
PCT/ JP97/ 03559 ' .
In a second feat OPE BYesent-inysption is directed, in, the r“gé‘ﬁt‘? ofhe Ph@""g@gff-‘if‘llfgt ain
t he - ?Qﬁgf vebdbdi I%&% ' '
pattern in syrfcﬂ’aono 58 fol Igl gna‘fQg Higlrgﬁ gﬁg{}gﬂ;gﬁ%?ﬂ?h%f
recordi ng pse;dtmsn Itisan obj ecnuf.nhe imemmtionite pwvidean pptlcal disc capalble bﬁmdgnmgj

data recording field nchr onous_ si | field '
result, thetRAdstarior nr eRyding.f ‘%atg BB“E%&E‘F%\H pYary pector PP‘!&H"‘Q’S the

Fynehoon Za“@%‘%a‘iﬁgﬁ%ﬁﬁﬁé’%tﬁ}% g duipiid ARSaRle i pAT bRkl °fn

st ability Ofystem, and supp@ssing effevts ofdayﬁoh:tmnl plmmmnhmn mumted-emrdmg' n
vi ew of nedi um deterioration due to repeated recordin

In a third pedreprodyringolinfarmatipn,andanppticabdise devies and aneeo ndg%m thed
section of guard data recording field is changed randomy in
every recor goranoptlcarlhﬁc. As a result, the guard data recording

field for recordatchitvethéssandioghér obéects, ina ﬁrﬁﬁfehﬁnas:fwopﬁm dise of the
position recorded on the recordin i um by repeat ed recording is

shi f28d r aninyengion,a bmﬁ}‘ fielt inclnding asectohidentifiiog signal, iand aodate recording

recor d'_ n9 WEQMJ LR mg % E,f ech%]ﬁoeu% signal are provided in each one of plural sectors
dividing the tracks, and a guard data recording field for recording specific guard
data is provided between the header field and data recording field.

With this guard data recording field, the synchronous signal can be protected

30 from deterioration of the medium due to repeated recording.



In a fourth feature of the optical disc of the invention, a

sector-structure is - formed to conprise, sequentially, a first gap
field having no signal, a first guard data . record] ' for
recordi n@' P¥ldata, a data recordi ng field including d‘l&q’ligj”g/sggchr onous

signal and user data, a second guard daSa recording field, and a second 20
gap field, wherein the total length of the first and second gap fields is
constant, the total length of the first and second guard data
recording fields is constant, and, i sector, at_the tinme of

n t he
recordi ng, the Jrageqondifeatyze pf ﬂw’tonljii:pl disg jofi themkmvention,ithe guarthdafa in the

data recordin eld is.cC a M y.,upon exer ecor di-n t

changi ng. Evard dats rRearli AR IE ol BRGb EREpRHRE baliBR I hnfitbmot,
changi ng agipuilifiel, dn@theiphabe ofthe recordiigfpatténtis cofitniclistiat ti Sbundary
Accordingly, since the first and second gap fields and the first and second
guard dat aoffthe guaird data xeicarding felscandisyhehrgnonssigmal Held.r ecor di ng, the .

Fepobrea rccor g el pid i SEgCadh e nsiSbaly il
oaure, *ERFRRRCARA, olef o g SUCRLLIR, vl RO GBI |

channel biéxpanded further thid B¢ Isylichronous signal field, so that the stability of -
PCT/ JP97/ 03559

_ . . 6
uni t, and ac¢ghisitien of syrghrepismcan-be iraprayed ayen dn yiew pEmedium deterioyation 5

recordi ng q:’ oy l. a byte unit. Hence, while
mai nt ai ni n%u?%oemgggféeﬂo regﬁq'zat ion of data processing on the _
si gh@l processi hiathivil featubd6f thie dpticaldiicsf the Fvention) tiRiReordinE ictiodd | N
every 5 mark due to repeated recording can be suppressed.

In a si xt hthecgnard data recordingfield:is chianged randamlyin evexryorecording.ddi ti on to t he

fourth ' featu he si. L. RO bt ard t

recording fiel dAﬁaﬂ 5‘5‘@"’ cth?ar%%g&rkaata HO%F%&%;H g&um%gr@%d%%grs@ﬁé.

As a resul pattérsard tite hiavk!Fukitioh) f@drdet oh BheOrebrdihg inédain/By repeated

deterioration 10 in every sector and in every mark can be suppressed.

- The opt i carecgrdingds\shittedrandemiy,jo rvery, reesnding cso fhatndeterorationopfiithy and

repgpduci ng the optigal discs a tioned herein, and is capabl e of
fpepiiing mediiim cap i prveled

suppressin Tioration in'every sector or in every

mark due to rephfbgourthCfeitiird 9f the optical disc of the inPéntidif; A sectod-stRichn@ ikor an
optical disc of the invention conprises a nmethod 15 of recordi ng these

optical di fsmeddneomprise,sequentially, a fizst sapfield baving noisignab finst guard data

deterioratjon i.n _ewe ector or in every mark due to repe recor.di ng.
BRI EF DESCHCORIBE Beidy B yeitpdlpg, enard” dhta,”a" data” refordiig hR ineffine |
showi ng a {ichPéndiis'sitiial ARd AierdataY deeohd Bhikl data Fecbrdfhg feld, and a secod f i I St
enbodi nent "of the invention. 20 Figs. 2a-c show deterioration of
t heZfecor dgap firldg wherein dhe fotahlengthuef the first and seapngd| gapi fidlds isreonstant,tbe

¥ ook o b et SEIRE SF S Seeop ot ot repomging et copeant aca, 53
enbodi ment gafsebfdR, AtHHE RindeVT réQrd s Micdbmgth &tﬁ@ﬂr&gﬂéﬁ@lﬂdggiemg%rd

optical disc having a guard data recordin I el d.
Fi gs. 4a- ddatpecording fieldhiscmhanged rapimlyamqiamevery redurdingy and dhelghanging a

ynchr onousmapgl a B che B 'k Shing ' il e AP i et
Si g2g| 'Secéﬁ% &)Jtaq.ggﬂggﬂéﬁad.di sc in athird enbodi ment i.n which

guard data®rn a.guar recording field has the sane pattern as
t he synchr onous Asecérilibgly/Since the first and second gap fields and the first and second

guard data recording fields change randomly upon every recording, the medium

-3

deterioration in every sector and in ever mark due to repeated recording can be
suppressed. . '
30 In a fifth feature of the optical disc of the invention, in addition to the fourth

' feature, the resolution of the changing amount of the first gap field is a channel bit



WD 98/ 15951

PCT/ JP97/ 03559 Fig. 6 is a block diagram of an optical
disc according to a fourth enbodi ment for recordi
repr oduc WR¥R%%hi ch the recording pattern in the guard dal{}%/ﬁﬂ%oss&

recording field is the same as the sync&ronous signal field VFQO
Fig. 7 i1s a flowhart for explaining a recording nethod for an optical disc

5 _according to a fifth enbodinent for recording and reproducing in
whi ch the recordi ng Pattern in the guard-data recording field is
the sanme aynithandthe mesohntion of the changingpmount; off the\first guard data recording

'_F| gs. 8a-d de%%t he cogdltlons of sectors.of an optical disc according to:
nt for changi ng randomy the sector recording

sect ion upon eVﬁechéowhlle nia?6@iiihg She ease of realization of Ebﬁ prdcksSing 6 O
di agram of an optical disc device according to a seventh

- enbodi ment sigaal provessing gystend, thepmedium dpterioxiation | ini every senfox and idi everyy:

changing randomy the sector recording section upon every .
FECOng ng. markduetorepeate(i/recordlngcpp esggpmgse&gf orfrat of an optical disc

f di -
oction in i0r olh ARFita MRty G il gpccal dise R Yol W alldiciol o GERANTD,

- data recor ¢éangre k¢ signall polaity of greadalata npdiaey escordingdield dgta is changed
Fig.- 11 is a block diragram of an optical disc device according to an eighth
embodi ment ranstomlydtnom eYerymeordiBEoduci ng by changi ng randomly the recording:

Cecording 20 AsYsE R 18 BpyledAnaphshish bbbyl fnd B3 kbt
Fig1012 i si@emryggctgfammm?manw@gp}gsaf a second random changi ng

circuit. % 13 is a flowchart for explaini ng a record| ng
met hod of the offbexnptical disc device of the;iyentiom gomprisesamesnstfion reefyd.

e secondrptBAnfbe e oRfies dies b freRBine RSHL shAR Pipab c%%ﬁﬁhﬁéf Fgﬁaé' &
Figs. 15a- eaig deb@istation i eaéﬂy@&taf BRiPévery iR due'to\Hopeatéd Pstording. :

changing the first and second 8 fields and first and second guard data
recor di ng . The rpmﬂmg method for an optical dispofithe lnmtmneqnmnﬁsaga methody,

explegi ni ng J ar rdi ng, si gnal and Aol

ot o8 on" ot KeoRBin e Gpuidel oics Ak 1 HERe BpRbl.of suppressly fESEdE?
_ PCT/ P97/ Oaééﬁnratmn in every sector or in every mark due to repeated recording. Fig. 17
is 'a graph of results of an experinment show ng the effect of random shift
according to the invention. Fig. 18 is a format of a conventional
recor dabl e BRINFCBESERIPTION OF THE BRAWINGs2 bl ock di agram of a
conventional recordable optical disc device. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON Fig. 1is a diagram showing a format structure of an optical disc accordmg fo

a first embodiment of the invention. - _ )
20 N , Figs. 2a-c show deteﬁoration of the recording medium and synchronous
signal field VFO at the record start point \lvh'en recorded repeatedly.
Fig. 3 is a block diagram of an opﬁcal disc device according to a second
' embodlment of the invention for recording in and reproducmg from an optical disc
having a guard data recording field.

25 ~ -Figs. 4a-d depict a synchronous _signal section in which guard data in a guard

-data recording field has a pattefn_ different from the synchronous signal VFO,
Figs. Sa-d show a sjnchronous siglial section of an optical disc in a third
embodiment in which guard data in a guard data recordmg field has the same

pattern as the synchronous signal VFO.



Referring now to the dr awi ngs, enbodi ments of the invention are descrl bed
bel ow. WO 98/ 15951

 PCT/ JP97/ Q3558 cos - o

: 1 . PCT/IP9 03559
Enbodi ment” T- Fi g. 1 shows a format structure of an opti cal
di sc according to a first enbodiyrent of the invention. Explanation
Is omtted for the parts also shown i-n the format structure of

Fig. A8 relating to the prior art descrl bed above.

conpar ed: Wlthth ri.or the a d|f| rti ard

data recording f &libb@iﬂlﬂeﬁr *Wg° ﬂﬁ?‘?%&éﬁﬁ@&%’"ﬂ‘e
header fielg| ”‘Hﬂ*f"l? 1

recording fi elrgcolrélén$sﬁgl sgose ﬁf@guﬂilﬁfhéc i‘&bﬁilﬁ% p-gﬁ(?‘%r?:igltge gﬁgﬁ(%jdata
i mredi at.el yrevefding flehbisthe same apthii synchroriots signsl fidd VIOsi gnal i s

recorded in the field 7, recording, of signals in the sector he |ns at
‘the guard.data 1&8- 7 is a flawehart for F’FR!F"G?‘!S)B recording method for a‘R&P@F‘P dige ¢ o

T OPH 7ol s, AL R, il T ol e HRShUGFe . Phl, B

st art - recordifiz Patersl i IR Aita i»eaﬁdingfﬁaa«k M'iQaum therayaélﬁdnous
.recording is expl ar ned. Figs. 2a-c show the node of

det erii. oratlﬂgnaifﬁﬂllhé’EQ-cordl ng rredl um néar the-15. = record start poi nt
of the data reco hows

repetition only, %s 'éﬁ‘g\/@ % é’ﬁé??tf’ a"&ﬂﬁ‘%dd %NW
100,000 gixth embﬁﬁﬁﬁéﬂt'fﬂﬁéhan%n randomlg the setfor rB@riilig dedtios mﬁ évbryd

single repetitionin Fig. 2a e guard data recording el d "100
at th@ startecpr.dmg of recording of the sector, is free from nedi um 20

deterioration, apd thus e.l S no roblem he interval of th
guar dI dat aI E‘ U H}l“hgdj:‘ ﬁ“t optical, @ca(;ev a‘f‘{?" néﬁﬂr?o%"é’&“ be
T1, and theg W ?fﬂmﬁ% @%?
supposed to %ﬂa ttﬁi-réch?dmgandreg 8%§lr§p%?|aﬂl§)dr@k§s sho n%]

Fig. 2b, rrerhndmdytthesmtatrenurdmgsneﬂonuponever;aml:oi’din'gndl cated by 30 for an

hBBerV?Lﬁ"fgul% at o DA Aiprmadolan oot disept recgrineapdunory e""d{-m&ard‘ by © ¢
det ¥ Porat %’ﬁ"“&’&'@ﬂ?&“"@ﬁﬁﬁ?ﬁé‘%ﬁﬁ?ﬁ‘ 8Pl (B3t i kU KD mrk o

guard data second guard datmoo:dling ficlds/}inreveryeskctor, hpmghﬁery"fhmrdingc hr onous
signal field VFO _pecessar ni zation i s conpl et el free

fromthe effectsFig 1d8ia] %‘P f’éﬁﬁ'ﬂ?’a‘?ﬁ%?’%gg}éﬁﬂ: deyice according t9\A1 ¢z -
t | T2 ¢t
1 e e s s i i o ot

séction ifOfirsO Gdidrseperid pap fieldssand disst amd Sec@ndZguart iataadeonding

det egboratlon 30 at the beginning of the guard data recording field 100 is
ext efifled t ofiglds,dpeYerysegtorpupen p¥ery recordiig. guar d ‘data recording field 100

shortens furt her Eqﬁgﬁg I n
whi ch guard data ?é lrag%%-r%(f h‘or %Elnﬁxgﬂﬁ ?‘hﬂ d{ ‘f%gdgyhpn&frgdég&(%
signal fi el cirodlif) necessary for synchr onr zation is corrpl etely free fromthe

effects of the nediumdeterioration 30, and the
- Fig. 13 is a flowchart for explaining a recording method of the optical disc

according to the eighth embodiment,
25 . Figs. 14a-d depict the mode of the sector when randomly changing the first
| and second gap fields and first and second guard data recording fields.

Figs. 15a-b show the deterioration area of the secter' wh‘en randomly
changiﬂg the first and second gap fields and first and second guard data recording
fields. | _

30 Figs. 16a-c are diagrams for explaining the polarity of recording signal and

the recording stage on an actual optical disc.



synchronous interval T2 |likewi se remains the sane as in the initial state.
Hence, as in the initial state, stable acquisition of synchronismis
realized. - As .expl ai ned, according to the present e i y

provi di ngVPR¥1¥éhar d data recording field 100 for recordi ﬁ ‘g;r;?i}mcfgga
between the header field and the data rgcording field containing
synchronous signal, the synchronous signal field is prevented from being
shortened by the nmedium deterioration caused by repeated recording, so that
the acquisition of synchronismis stabilized. Enbodinment 2 Ref erring
now to Fig. 3, Big 3pds agraph of resuits of apexpeximent shovingdhe ¢ffectofvandam  of
~the inventi,q Which is jnten to record and reproduce in an optical disc . . .
havi ng a gﬂﬂ&@ “5@% 4P eéld at the beginning of a sector is .
described. Explppai8a fomiitof hdnt@itionaErdterdsblébped\digt Scussed in the
optical disc device of Fig. 19 relating to the prior art described above.
VWhat. i s added tFBig k2 iga blockdiagram of ayconventional recondablei apfical discidevie0 and a
first record control -.circuit 201. The guard data generating circuit 200
gener ates specified guard data. The guard data of ‘the guard data generating
“circhit 20DETAILED DESCRIPFFAON ORTHEANVENTIION: VFO of .t-he synchronous
signal VFO generating circuit. 14 is added next, and then nodul ated _data of
‘the data nodul aRefeiring new to the drawingscembediments of the inyentionarg deseribed i s
_controlledh$§ the first record control circuit 201. The conbi ned guard _
data, sync Wous signal VFO ' and nodul ated data are provided-to the | aser
driving circuit 12, and is recorded on the optical disc. According to
t he present enbodi nment, as described herein, in addition to the
-conventional constitution of the optical disc device, the guard data
generating circuit 200 for generating guard data and first.record control

device 201 are WO 98/ 15951

- PCT/ JP97/ 03559 . ; : : 11
provi ded, and by recording the guard data in the guard data recording field
100 -~ - - between the header field 4 and the synchronous signal field
VFO at the starting portion of the data recording field 5, the
synchronous signal is protected from medi um deteriorati on caused
by repeated recording, so that an optical disc device 5 stable in
acqui sition of synchronismis realized. Enbodi ment 3
Figs. 4a-d and Figs. 5a-d show the relationship between the deterioration
of recording nediumat the record start point upon repeated
recordi ng and the synchroni zing interval of synchronous signal
field VFOQ in an optical disc having a 10 format structure according to
a third enbodi nent of the present invention. In the . optical disc

of the third enbodi nent, the recording pattern of guard data in the
guard data recording field is the same as the recording pattern of the

synchr onous " signal field VFO In the boundary of the guard data
recording field and synchronous signal field, noreover, the phase
-of the recording pattern is matched so 15 _ as not to cause ’
di sconti nuati on. . First, in Figs. 4a-d, the guard data in
the guard data recording field is different fromthe recording
" pattern of the synchronous signal field VFO Fig. 4a shows t he

data recording field after one repetition, Fig. 4b shows the |ock-in range
on synchronization, Fig. 4c shows the data recording field after 100, 000

times of 20 . repetition, and Fig. 4d shows the | ock-in range on
synchroni zation after 100, 000 times of repetition.

In the initial state after one repetition, the guard data recording field
100 at the record start point of the data recording field 5 is

free from medi'um deterioration



The interval of-the guard data recordl ng field in the initial state is

supposed to be T1, 25 and the interval of the synchronous si gnal
field VF ?’i posed to be T2. The | ock- i pCTaPgRO3Ss»
synchronr zation 300 after one repetition is the interval T2 of the
synchronous signal field VFO ' 9 In the case after 100, 000
times of repetition shown in Fig. 4c, at the beginning of the

guar d data recordi ng region 100, medi um deterioration 30 occurs for an 30

i nt erval ngmeéi:for di ngl y, the guard data recording field 100 is
shortened WO 98/ 15951 -

PCT/ JP97/ 03559Fig, 1 shows a format structure of an optical disc according to & 2first
“interval T5. However, only thehg?t:ard data recording field in which guard
data is embod-mentezféh@lmengoe plen@t!on tamitted foxthepastsalso shogimdn thee| d

V7 ety sy O ik Rk R 2 1N
synghr oni zat i 0 g3QRuHrk® widPthe(Hfort ArfPheAs FAHA mBdified portion'Ts § guasd

remains at T2 as Iinthe initial” state after one repetltlon Hence, as in
~ the data recording field-106 forrecording gnaxfidataj dlsposcﬁ hsywmwhmheadersﬁeld

o o yoepding 8 55 145 S il e phee it ™ *
o scont i it REAR T b et %?"@ﬁ%@ét%&%*?f Ing B Sipeep S‘E“a"s

synchr onogécoted in theiggpdield 7,aecordingrofisinmis infthé kmmmglntlatghpgumlrdata S

éhed Fig. 5a shows the data recording field_ after one

i titi oneeopd:g:g@dg MOws the |ock-in range on synchroni zati on,
F| g. 5c shows I H“%g

repetition, lﬁgsoig #ﬁ'ezqeq(ﬂ% c?{t&?éﬁéﬁgﬁgﬂés)gln %ﬁ?‘é‘é‘f? o'?tFl ter

100, 000 13, the retaﬁéﬁmama‘enrcmmcnhmn ofthe recording mediuni ae thé rédod stirtt e
after one repetltlon as shown in Fi 5a, the uard dat a recordi ng

field 1oopatnttawdayesbmoysagpabﬁﬁldt upnn repeated eacordipg ds explaiged. | s free

]; reg(Tr ding fiel ?‘i oﬁr?’%rﬁ“eo&dé{moﬁ%ﬁeoﬁ%e %cg%%@g%ﬂ%ﬂg%@ thand t he

i nq@rval Qécdrhestﬁbtrlﬁhhﬂﬂbme dhgndcording diel @, iis which Fig. 25 shews acsihglebe T2.
20 The | ock-in range on s({nchronl zation 400 after one tine of

repetiti otepesitian,sonly, Fig. 2bt-‘rl’@“§uﬁ?ﬁ@ Tepefitions; and,Figr 2coshows 190008 Jat a
recordi ng _fi eﬁg and interval T2 of the synchronous signal field
VFO becau§%pet Tgnal in the guard data recording field is t he

sanme recor di ng JAtht flitiaPstakdlof 4 SinEle 1epeifion'fn FigdRa) thei Zga aeld Wata foedrding
continuity is mai ntai ned. As conpared with T2 of the |ock-in range

on synchrﬁnldzelﬂﬂoﬁt 3bo start t painp Df recordingrof] ﬂt} pestorris free \fnomhmediumg; gnaj

gbﬂ?o%g gtegy dat 'rl’fe;f:'e‘*&; ];5‘3?%?%48 |lffer ﬂifai"(ﬁe"?'ngfﬁ'océ'n’l n range in

t he pr esepge cﬁﬂﬁ%jfiﬂﬁnin tife ﬁﬁﬁﬂnﬁﬁﬁ Wsﬂﬂﬁsﬁ)ﬁ 'b@nl‘lgfaﬂ(hﬂ:é fiternadlof theof the -
guard ata recordi ng field In the case after »

100, 000 tsymdxmnouaeggmltfehh muppondgtol&cn at the begi nning 30 of
t he guard dat on 100, nedi deteri: ratlo 30 ccurs for an
i nterval of T é@b@‘?ﬁﬂ? tiops, as shayn 'Bﬁﬁ ?é’c dFF '(i |

short ened £t rd data
PCT/ JP97/ gggggrindlcated by 30 for m.ﬂt%é-ilé%fflrm at the beginning of the gua

25 recording field 100., the guard data recording field 100 shortens to T4 by the mterval
TC1 of the length of the medmm deterioration 30. However, if medium

deterioration occurs, only the guard data recording field 100 in which guard data is
recorded is shortened in length The synchronous signal field VFO necessary for

| synchronization is completely free from the effects of medium detenoratlon 30, and

30 " the synchronous interval T2 remains the same as in the initial state. Hence, as in the

initial state, stable acquisition of synchronism is realized.



interval T5. However, only the guard data recording field in which guard
data is : recorded is shortened, and the synchronous signal field
VFO necess f - synchroni zation is not at all inf %g% t he
medi um det g’w’&(‘%ﬁlon 30. The | ock-in range (§Jn =4
synchroni zation 400 after 100,000 tines ofgrepetition 5 shown in Fig.
5d is the sum T5+T2 of interval TS of the guard data recording field

100 and interval T2 of the synchronous signal field VFO As conpared with

‘T2 of the | ock-in_range on synchronization 30Q. in the recording
pattern in which Aferd08,090 repe%itions as ghownin Kigase th%l!"ég!‘@é GFGPH&W‘&%@“?s

~different fr . ' y . - ded S Bl ' | gS. .
4 d. the | obiF NeblitR R HEV Gl iadh Becorhimp i 100 is extendad S5 eBHATH o7 A3 9%

 the guard dahzesull; thépiiodidatd ebcording field 100 shortens'fiithetito bk T5. Bloavever, oyt er

100, 000 recording repetitions causing nedi um deterioration at the,

record start theogward data resording field,do which \guard slata ds reoriled jivslertened in

th t i nt | T2, the . nitial, _ ' | field VEFO.by.th .
por 11 of of 't feth, and the sygchrfnbistsiehhl SRl YT epdiBary Bt rinehipniztion T o
resul t, stabpipletddpdpeee! frohi Ithé Veffdots! Df the RéHER '.d%@éﬁ&ah&ﬂpsé,ﬁhhh the

synchroni zat1 on" are i nproved. As descri bed herein,
accor di ng t osydvhrenasdnterealiTilikewise remaips the sinregas in the initiabstated Heice, as) -

the guard daja recording field 10Q di spgsed, between the header field 4
and data. rec!ﬂﬁﬁeﬁg'qqqé_ Sfahle,a BI"?aY'!,"tl,'-,“’WFF?E‘%&TE recor di ng

pattern as in the ' &ﬁwﬁfn%ﬂ i’% ' gﬂﬂ, cCL i :
continuity, the I’(‘}(s:k- lr?il?egﬁag on the sync ?%%lsg%fel\%%% n B‘ﬁ'ﬁg%ﬂﬂ‘a@ﬁ’
beyon#ift he sdstavecomling field 100 for ebcbriling guard data between théhemfepifield and theedi um
deterioration due to repeated recording occurs, the stahility .and
reliability @atagegording fishd W@%fﬂ?ﬂmwmmﬁb the sxnchropeds sigual field is
Enbodi nent 4 ' @E}t@ﬁ ' i ' '

devi ce accor BferYS'n eg go?'olt’ﬁi?ﬁ s ¢d by gﬂn@é‘ [ nent&&é?lﬁgg?%\g{e’#t&laﬁ%%%% ted
descri bed, whécordiagpsuiihae the acquisition o syrichromiafisistabilized. and reproduce by
providing the recording pattern guard data recording field at the

begi nning of _a _sec¢tor, the guard data being the sane as in the synchronous
signal . Emb"%?'@FB‘?/FO. Expl anation-is onmitted for the parts already
descrigged in the | j . ' ; B ' : LA i

orior !grt Hoscr] bggfégﬁig?egbﬁcto Fig. 3, an MpHicaf disk Ebﬁce IRchiding 'th% 'sBeddtf 14
What i s addeembodinbentpef the imventian awhilDig iaterdethta rgeordr atd reprdaceiih @00
and a first r&iord control circujt 201. The VEOQ guard data ,generating

circuit 500 8Rteal fiss bayinssa gpard dafy repprding: Hield at the heginning of 4 gector is

recording fi Lﬂni: e ' Lel : ' | r :
control ci I‘Cgl t gg ggﬂlea?lé'tﬁgg léggﬁplf erf;f(')oggﬁ%g%ietgk ﬁ]yﬁéh%%ﬂgeg irlll(r)t?lkto éﬁgg'udésec any
di scont i nui t devied vfEig. 18 eclgting tb the! pricrcaxt déscribelliabloste;1 00 and synchronous
signa& field S5b. As a result, in the guard data recording field 100 and
synchBnous si gnaWhatds added te the prarartds g-anand dgta generating eircuit 200 and a

synchroni zat | t i n __Fj ' )
B L T
nodul at ed dajgecifiedgiaia daed. TOgdrdidatnofthe guakd dataigénatating dirosit 200 ix firbe

~recording pattern. Such data timng is controlled by the first record,
control circpravidehl sypehronousisignpl(¥FQ pf the synchronpus signak MFQ rgepernfing

circuit 12 in er e .and ks recorde t optical, disc. . .
Accordi ng- oot 3 Eaddeifine i o ERIAEH dafl b e s SRR clrenit 13
guard2Bat a gaNAIdREIAGY SHLC Bhéh 826 RindRRBhALIIDLY ORI Faopd dodoldidl NS
~in the guard data recording field 100 and synchronous signal field VFO and

the fist rec2ftl Therombinad guard dadd, syochronoussigeal VEOGa hnd modiditedidnta are
devi ce, the recqrdj ttern, for '%lel%hiom zation_is recorded ip the guard |

n
data recordi REPW @gthl%a@ser driving ci 12; and is recorded on the optical disc.
According to the present embodiment, as described heréin, in addition to the -

conventional constitution of the optical disc device, the guard data generating

30 - circuit 200 for generating guard data and first record control device 201 are
. This Sheet Has Been Replaced : o
T T S
I REPLACED




between the header field 4 and synchronous signal field VFO and,
therefore, the lock-in range on synchronization is extended beyond the

i nt erval \Qagmgésfynchronous signal field VFO so that an opgirgpdoissc
device enhanced in reliability and stabilization of acquisition of

synchroni smeven in view of nedi um det effi orati on occurring due to repeated
recording can be realized. WO 98/ 15951
PCT/ 1P97/ 03559

Enbodi ment _5 | t hod

for an opt P "leéﬁ ag'd by ll-g‘:o%ﬁ'?cco%'a ﬂggfgxpkﬁ’é‘?#ﬂ‘n%ﬁ% &&ﬁﬁﬂ#ﬁeﬂglgﬁesent
i nvention Bél"we"eﬁ%E(HeBﬂelaﬂﬁld 4 and the s[yﬂﬂﬁ%ﬂbﬂs signhhfielaVF O ar thied stagtingt t er n
in.the synchronous signal field VFOin the 5 uard data recording

field at tpertinmyofithe gats remdmgoﬁeld 5, the synchronous signal tip protested from

t [ di d th 3 I

aPsc Dy o Bl eierimalion safseR K SRalilHouRne 2o hal A5 optigaldise gbfien 7°
Eﬂloi‘ﬁ fizan I 18 fi

(see or’ an aacfﬁhgcqﬁfs'ﬁ(ﬂ“m smﬁﬁ!i control circuit con | rms

whet ress o sector i's to be recorded or not. 10
At step 211, the record data is coded in a coding circuit 15, and is
nodul at ed Embodlmentsl a data nodul atlon circuit 13 that outputs nodul at ed

- data. . ' ep he begi nni of t dul at.ed ata
a synchronous SF%@' andsh .%s By %elnrlgmrilza?ﬁm%nadg&mw 3“
eneratin t f t he

gynchrolnogs Si gngln%égmguar(? xdpcordfsgarrtAtgolﬁf %gﬁé&?gé%flng&?ﬁ&ﬂgf ects of _

nedi um det syrchiohizing interesiifdyhshrengussignaldficld Y@y iatangptical disc having s ui t
200, Then, at step 214, in_the- corresponding sectQr to be
recéBded, tmatémraaacaordmgto aghigéﬁmbaﬂwe Bl of$hg present invention, Ip the 3 5y ¢

cont oL e MsL bt BAEPEGARER) o6 F8ling pater of P 1360 "

guard dat agﬁﬂ@dﬁar&cémbgiﬁemﬂ mdwsamyﬁs:ﬂrmum:ﬁg gaﬁbm/mmrgnmmt a
are recorded in the data recording field.

t hese st epsignah fieltht¥FQan Ipe the: houndary, of guani dlata recopding  field) aﬂﬁlsc

in the rec qh?g gm

Ref erring gi) ‘F—'fosrgﬁaéﬁg@’ é’#%‘j; gthekxha;es%ftggg%cr |ngﬂ gﬁgﬁéwﬁhedm
enb$Bi nent as not to caus@mshmlnmmtl on is described below, in which the
recording interval of the guard recording field is changed at

random i n ever y FixsboingFigs. 4a-d, the guard data in.the; guardgdata recpedipg field) is

;ﬁgf E,EIIS n% Idgi‘ %Xgéﬁgl Ql txtlgmgig@éﬁ Fxg;l?o %Osrggsﬂﬂmous signal ﬁle%Oloﬁid a

r ~~~~CT/ IMih ARt data recortfagdfidid aftei one repetition, Fig. 4b shows the lock-in range
PCT/ JP97/ 03559 -

In Fig. 8aeom rsenehmngzamns Ecg ctc showstfhe daga recarging:fi ddmrotomm gm ®fdata
;?; Qd' ? Ig e}%pet‘ém%?%nh ig. 4d s ows Qﬁe ot -mvxaa{ng%font p)?nc lxj'gx(x:l%aetgtlmn 2y %H,r go°us
times of repetition. : :
In the initial state after one repétition, the guard data recording field 100 at
the record start point of the data recordihg field 5 is free from medium deterioration.
The interval of the guard data recording field in the initial state is supposed to be T1,
25 and the interval of the synchronous signal field VFO I supposed to be T2.
The lock-in range on synchronization 300 after one repetition is the interval
T2 of the synchronous signal field VFO. |
In the case after 100,000 times of repetition shown in Fig. 4c, at the beginning
. of the guard déta recdrdingl region 100, medium deterioration 30 occurs for an

30 interval of TC2. Accordingly, the gnard data recording field 100 is shortened to an



VFO i s T2. The conbined interval of the guard data recording field 100 and

synchronous signal field VFOis T1+T2. 5 In Fig. 8b, relating to
sector 2 next to sector 1, the recording interval of the 7088s8" d
data recorWPHBIPSEI d 100 i's extended by interval dT conparedcre eector 1 to
be - T1+dT. The conbined interval 4f the guard data recording field
100 and : synchronous signal field VFOis T1+T2+dT. It is understood
that since the guard data recording field 100 is extended by.dT,

the terminal end of the data recording 10 - field | shi f.t.ed d by
the sane amduterval TS. However, only theguard data Wﬂm&% {n which 8?““?0 5

sector 2 e rec t a d r ield
100 i s exteﬂaﬁﬂ%ﬁg aneﬁzﬁd gkp 4}@51:{051035&15% i-?ld Vo ﬁ&@&%ﬂ” fJ'r'ZdT
The comnbi ne hElh%hl‘z%Eioﬁfis hoEinfuai@dditafl Bydibe médian detédorhéion30d

synchronous Signal field VFOis thus T1+12+2dT. As the %Mrd dat a recordl ng

field 15 mma Iocksin aaugel ob syachronization 308 after 100:000f times: ag| shewn in
recorqi ng fi ) Ilkevm i fted_backward b th ane a
TR @ "3 e ad rrmaits a3 ap i thpipitial tatg et 05 Spfesitfon o FRAE s dNG
~of the - Giisit as in sector 1. The
conbi ned i nternféﬁﬁ%%%%lg* ﬁh%%&iﬁwkﬂ?&%&tm fltal d 100 and

synchronous si gndin Figs!5i-d/fihe gaatddatadn she'gitdrd data rechrdifig field is the same as
According to this schene n_every recording, .the rﬁn%édl ng i nterval i,n t he

guard dat a-rthe mmglgmaéieaﬁ oftheisynchronens signal fisld. orepYer; so.agpotip

:'mm: time re%'%{&?g&)'ﬁ&%jgpt@ba&w%fﬁgﬂnﬁ%aﬁg%pr{%ﬁ & elqﬁdbwe system

confifdr at i Gignah\fiel; ¢thé phascfithe eewramgaﬁttem is amtciodd. t BigaSpkhoves theadate .
optical disc Is given bel ow Wien t he channel  bit frequency
i's 29.18 MiZecording hBeldepfigr ene- repetition,s KigoiSb shows the,Jaclsin moge,gn

channel bi t b r I

Tot = sas nozBeRERHatng e b Bude 1 s FeERRE Tl gl TUDUNG, piblek ot
about 6 ni's: ‘repetition, and' Fiyy, Gdoglibviiothe lock-fi dange bn syachkofization affier 190,000 =

20 bytes changes by 20 bytes + K 30 (K=0to 7), in eight types of 0
to 7 bytes, timegpofrepetitioRon in the unit of one byte. By such -

randofy ti e Shi fty, 56 4rs ok oR8 'ripettont 6RO I F045, Bielpabra' 40

VFO ¢

PCT/ JP97/ 035%Qording field 100 at the record start point of the data recording field 5 is¥ree from
be changed at random recording deterioration resulting from t he same

T eco(rjd:jng medium dpf&meatmnaa'ﬁ o intpyval efitheguard date renonding field in Vbﬂ “'Bﬁalt he
?gﬂ] m - o ? 'St IS su os'e&ﬁ? Pﬁ?bﬁ“ﬁo‘?%%%&?m"k%ﬁ? 5’3“6““%"?‘3’5 s?é\%l r andom t | e

shift is pr Sdd/toBeST2. 5 given to the guard data recording feld
100 in which the recording patternlsthe sanme as_in the

synchébnous si gnalhe lagkdn vauge o sxnchirorization 400 altenoue time ghpepetition iythus

o n8e "B e BNl (e Eid B ARG B R SR TR,
to 15 Channed‘ynbhfoﬁougk.ghhpﬁem VFO bec#dé ﬁhéal ih i'ﬂhbé Seardtiata Qécoﬁdﬁgfﬂbhmse'

bit t 34.27 nsec. This is described in detail | at er.

When usi ng stbctsamrrdcnrdiuwtﬁﬁfmfas in Mmm@m@ signel field MFQ and continwity ise
nunber of tlrres o,f or di ration interval .in t ugrd
dat a A g comnesish 158 Redoeki et o SyiptiBpization 30 L,
at 2 00 r 'Ha%iré&rﬁ Ad %4 QitiePbiit
and 3 s)[err%ﬁgﬁﬁsg’?%gﬁlﬂg&ﬁﬁﬁ%ﬁs@a‘ gﬁh&fﬁzﬁh g&rﬁesult of

enpl oyi ng r afrdmthieisyrcliionbdtis sighalifield ¥IRQl explained e Fijgst da-ldotlm lock-in range in  of
the recording interval of the guard data recording field 100 is sup ressed-
to 33 [err] epresenten&pémpnt\smmgm the poption afithepinteryal T1 gfthe

recordi ng in{h rvaI @ dguard dat a recording field 100 is set at
66 [err]m a 100, 000 times of recording, the

deterioration of Iﬁ‘ﬂleﬁﬂk‘é}él@émmUbefﬂék'of'rﬁpémion%ﬁb%CiﬁQ‘l%‘Ec}étth@Begmmng

synchronous si gnal field VFO, so that the acquisition of synchronism
renai 3@ st abéfthe guard data recording region 100, medium deterioration 30 occurs for an

interval of TC2. Accordingly, the guard data recording field 100 is shortened to an




I ncidentally, since the recordinng pattern: ofthe guard data recording reglon
s . * i1dentical to the synchronous signal VFO the channel bits
repeatlng as 00010001, and alternate repetition 8430 space
in the | eMRMPSPY our channel bits on the recor di (r?g magl um nay be
enpl oyed. 25 Enbodi nent 7 13 Referring nowto Fig. 9, an
optical disc device according to a sixth enbodi nent of t he
invention is described, which is intended to record and reproduce in an

char d dat o duteoral S Hoa e, oY A i Mg B Pk O e "

om tted for LhGdRarisS sRdriGidy HRE the PehclirddbusCSipast feld tvpooa&ésgd%rﬁc

device in Fig. 19 reI ating to the prior art descrlbed above
added to t haypelironizatibniisnet afall idfldenceddeyntireanedigncdeterioratinn30.a fir st

Guard data 52Le?géfqﬂgksﬂﬁéapéﬁse%yééééﬁxg%%@ﬂ?{ﬁea% vl e of epecion
guard glat a ifoRRR LSl Is'BE'hBOTELES e fithAaf38rthi Biafd G4 decfiffog fEA" 2

synchronous “srgn roma sync ronous si gnal generating ci re Ul

is placed nagb and inlbérval B2 6f tife synchrshous @iznab BeldaVEO. das corhparedowith R2 of
modul ation . circuit 13 is placed thereafter. The first random chan

circuit 220 thaloekdn range ensynchronization:300.in the recordiyg pattepmimwhichd gqsnggal '

[ edofti s on Rt e el e RGE f SRR I Pl N A VED e

guard data r&s&tﬂmwm thelockiih Mg is eRRnASTBY RRSpaI4RMbIYAE faterval of

synchronous signal VFO and m)dul ated data is controlled by the first record
cont il ci r dbe gudtl datamgcendingfieldcor d si gnal s are provided.to a | aser

oot i ear g LE“'WE.E '“ﬁm&‘%ﬁaﬁhaﬁwﬁﬁww Fiifig, pptifions’ Sk Helilh, 1.
herein, accg tion 2l Phed el RNbek-By raiigd flrsyﬁwﬁﬁn%

generati ng CI rcul t 200 %br gener at| ng guard data, record contro
circuit 201 tham the intervab2 ofithelinitizl sgmhronoustsnglm field YRO hythequrtion of the

Pbcor di ng, - MY of G guatl it rseardiBa Falde %f’“a” -ohifly a5 pehehifiy or

synct]rg)nous\,@hggﬁbdwaqog?@ﬂﬁyg yifthonizatiod Enbodi nent 8

Fig. 10 sho a format ructure of an opti cal |sc accord| ng to an eighth
enbodi nent of the&s)ﬂesmﬁedlhnmnt,mcno!fdmgrtedhecpmgan&mhbmhmdt;ebmqpr@dmg

Cacond guar @ AaiinshaHar fangeronn 0 Sspherd Retvarm e headet i s

changi-ng angypl Qfeai ﬁg‘? t?&n%ﬁﬁi‘
the first guar cfugétrg re(yg"?’ P‘?llee ?cglEx yﬁg{ﬁﬂgﬁﬁﬁg oﬁrtathg(;ﬁ# or t par
al ready dessyntatnouns tdignsﬂoﬁeidt V¥O, uandlrkeeplngmontinﬂtg the3 loelkt-ixt irange ®nt he

rioraart described above.
p Ua synchrongzatmn can be extended beyond the synchronous signal field VFO, and,

therefore, if medium deterioration due to repeated recording occurs, the stability

and reliability of acquisition of synchronism can still be maintained.

Embodiment 4
Referring now to Fig. 6, an optical disc device according to a fourth
25 embodiment of the invention is described, which embodiment is intended to record
and reproduce by providing the recording pattern guard data recording field at the
beginning of a sector, the guard .data being the same as in the 'synchronous signal
- field VFO Explanation is omitted for the parts already described in the opﬁcal disc
device in Fig. 19 relating to the prior art described above.



What is added to the prior art is a mrror field 270 used to adjust a servo
signal, a first gap field 271 of no-signal interval, a first guard data
recording field 272 for recordi ng guard data, a second gu ecor di ng
field 27‘% OS5t cor di ng guard data next to the data recorﬂ#ﬂ(ﬁ}og?% 5, and
a second gap field 274 of no-signal |nﬁgrval Herein, the recording
interval of the first and second gap fields 271, 274, and first and second
guard data recording fields 272, 273 is changed randomy in each sector in
every recording. Fig. 11 depicts an optical disc device for

recording and r cmddngl tontherprign at ds aVEQ gward slatm generating ginoyit:500

l ength of firs on fi i r.st secon uard

recordi ng %é?b?at @W@@Spﬁﬁg %angg a‘{;ﬁ% 6 g f‘)ﬂb of
‘the first gapedteeisk sdfé Ireeorm@ AEmCRATHY g&&ramtatreeérd.ﬁ% ﬁE1dr iéo auar d
data recording field. Expl anatlon is omtted for sane part read

descri bed smncllmmnpesngnaldiaidmeVEGU ke ﬂr&tcredemd centrbl Eirguit 1201r gémug to.

t he rior art, descr.ibed abo s added to the prior art device

is & guar O aog%a%ﬁeé{mwg selaF PBF F’ me "53' yigy betveen the guard data; ¢

| ggg ?‘hzegug&g%ta generatl ng CI'rCuli itﬁéggelaener g%@iﬁ'? guar%‘%:ﬂ[ 39”

First, a gecodingfield momslynﬂﬁﬂbnbmﬂghﬁleﬁewﬂi thé sirfie Pevopiinig palitebhs for U
200.,-Then a gﬁ/nchr onous signal. VFO from a synchr anous si gnal VFO generati ng

circuit 14ypehranizationaregeneratedcoptimugushyi o and then nodul ated data from a

data nodul atio r and hangl ng
- circuit 240 chg%‘l‘ggﬁ;ecﬁ%ﬁdi%gonﬁée&%g%%g% &g‘t% &d?ﬁfﬁw second'
gad 0 i el dsgenbritingX ciFphie SMPmddmﬁdgﬁtafﬁ'ﬁhdtﬂeSdﬂBaﬂﬂﬂdlaanlﬁr@ﬁi 98 i¢ J/ 16
(J changi ng random y fromO to 15) in every recording. Since the resolution

of the chaddedg Siebidatatiming is confrelled by thesfinst necord ¢ontrol girenit 201.n Thkannel

Candont y. (PBIGeG e Brovide 30 ARG, Bivite BXOfG 17 o 4 Tated sl Bt of

the recor diebgrded o theloptitalidise.f i rst gap field and the recording interval of
the second gap field |s kept constant. Moreover, the second random changi ng

. ci*rcui t- 240 al MMM"W’@W mdimeokmsrd}sm&hwehl,cm addingithet and

se d gu data,recor e # exa the first quard data
r eglgpdl nga?ﬂg %ﬁg ‘@ﬁ%ﬁ%’éd‘gﬂ %g@@fq}- @% F&?ﬂfgi &WFO to
;,CT?B Pg g ;esgggg Euhiddatairedor@itigchiel$i100 hadsynchronous sxgnal field V@(ﬁ@ﬁdl&%ﬂst
t he secondegmrgdr epnmlaclmbzm rtg the souventionah opticalodiss Qeﬁ;e,ethe— rdco('ddng

changi ng %f‘{' 5 Qedodadd ’inakbgt heré?a??]tfg %Fﬁ'ﬁﬁpr st

Her ei n, theaqu?a&’r s@"

guard dat derRed me.nseafdes |ﬂil@ﬂ¢nﬁ"§3'n&ﬁﬁﬂfoﬁk Bnblfield VIO, and, therefobe, the
second guard data recording-field'is also kept constant. b5

Vhidle r andeek-in xangegnisynchronization i extenided deyond tie mtee'vﬂmf the syndhnmmnd gap
fields andfl S n econ uard dat eco d1ngf|eld I, f t he -
conbi ned gual % el& a ?faglé §9n8?|tf‘f5ﬁo s‘{eﬁﬁ:&l Qﬁi’i’ ata is
control | e%tdlfillidiﬂ):ﬁ&f?ﬁ&ﬂnsmon of synélf¥efisth E&Hixt i View 6Fh‘ie¥liu%3 Qlefe-mﬁ'aﬁﬁﬁor d
signal conposed -of these signals is passed he polarit
“inverting Qccumngdﬁéﬁlmpeatedatmdmgagmbamhzdde pol ari ty of the record
signal 10 is changed randomy in the sector interval in every
recording. The record signal : fromthe polarity inverting circuit-
250 is provided to a laser driver circuit 12, and the _ . recording
interval of the.first and second gap fields and the recording interval of

t he first and second guard data recording fields are changed

- randomy, and the polarity of the record signal is changed
randomy and is recorded in the sector on the optical 15 di sc.

Referring nowto Fig. 12, a structural example of the second random
changing circuit 240 is descrl bed. In Fi 12, a random changing circuit
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. conposed of 13 stages of shift registers 702, and is designed to receive a
cl ock 703 and a random updat e command 704. By the command of the -
random up‘gaégl 281 command 704, the signal polarity angcihpefidissoi ng
anount are e{ernined randomy by a one-bit signal 705 for
determ ning the polarity of record signdb, a four-bit signal 706
for determ ning the changing amount of the first and second gap
fields, and a three-bit signal 707 for determning the changing anmount of
the first . ~second guard data recording fields. 25
Fig. 13 isl%“P?%W%Wigf'shomﬁng‘the operation for rewiting the record
~information of &FigeTisH stby-biylstép eﬁw@hpmﬁ@ré&miag-method for an optical disc
Referring also to Fig. 11, the operation is described bel ow according to

" the ~ accoridingutnaatfifth ¢tnhodis@nt of the present invention forrecwding land

opti cal di sc_devi ge reads the address informatiqn of the i cal
GPsc by ¢ haepising e 3ams muuning Batom in e sehtuteus signsl e, VEQ Bline7 7
A : Wek 2 [ - : . PCT/JP97/ 03559
21 LA gllalgys’t e%cééﬁtﬁ%&ddc?trtgﬁibtgglfgné%?ﬁ??er?smr\hhe.t her an address of a

sector is to be Aestepd2id, she optical discidevice reads the address infornfation ofcthe t he
record data is coded in a coding circuit 15, and is nodul ated, - in
data nodul Aptisal dise by pcommand,from a best systemnin anaddgess sletecting circuit 17 (see A¢

SR 252, O ADN AR OB G e

At step 264ectofis fahd vecoidedwimbtdat a recording field at t he begi nni ng of
t he synchronous signal VFO and the second guard data recording

fi elld consecut i VAt step 211, the record datasisicoded in a gerding cirguit 15pandsispmediiatedy t he

effects of .medjumdejerioratiaq e 10 d a guard data -
generat i nglneiar%?lmojj@fﬂon%rcuxp.lfhatoutp%\trsxg?ﬁﬂaégé@‘fhe changi ng anount of
the recording i rmegeeglzxﬂ]td fift bégidhingdf the modulatedcdutila piichirofbiSsizbal

determ ned randomy .he changi ng anount of 0 to 15 channel
bits, at tHéFOdensynchyenigstiomis hyla ¥FO, gedienating ¢iycuit & changi ng anmount

: (r)fecf)?gi ng fiel ds&ﬁe @%égkgﬂﬁltﬁ% Eéghi‘gﬁ tﬁ? %“ﬁ‘g%‘éﬁ%%% “%ﬁ%ﬁ?& of
0ty byt %&Pp?éssf'n?‘%hé efctt/of editin @QeriBidtion if Bdded by a guard dta geXerafin:

extended portion of the first gap field, the Iength of "the second gapgfiel d
beconmes shmixcyit 200nd the total |ength is unchanged. Similarly, the total

0T 00 1, SR A Al
recordi ng igsherated aPsteps 1T, 2%2,%@@13?&3 contr8lsPRf tHEARrst b c@dtﬁ'olfcilrcﬁitd and

second guard data recording fields, a record signal iIs create
from the cdddiandcregorded injthepropgnetdern Specificallyathe fi@rd slata isoecdrded in the

dat ~ AL, st 267, 1.t is determ ped her to_ ipvert the

pol 28ty ofEuaRd date Jeeprding Beld, apid the syhghronous sigual %@w’p nsdsydata are

det er m ned ye@orded §h thé BStaRebérdidg/ fidd. St ep 267, the polarity of the '
2 .

a

record signal is inverted. - At step 269, the record signals
determ ned i n stWjthoih@se steps, the dite pad B8 recorded and reprodecest iddlie bpticdldisc
correspo‘ndi,ng sectors to be recor.til,glgi.g According to the
above- descripjfbeTeco Jormat showninkig L  ocorded in the 30 opti cal
disc in the format as shown in Fig. 10.
Embodiment 6 ' _
25 . Referring now to Figs. 8a-d, an optical disc according to a sixth embodiment

- of the invention is described below, in which the recording interval of the guard
recording field is changed at random in every recording.
In Figs. 8a-d, the variable recording intervals of the guard data recording

field _100 in sectors 1, 2, 3, apd 4, respectively, are shown.
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The random changi ng state of the first and second gap fiel W,B#;t and

second gudYQ®9 recording fields is explained with refer
l4a-d. Figs. l4a-d depict a req%rdl ng format in the sector by
random y changing the |l ength of the first and second gap fields
and first and second guard data recording fields by the 5 above
met hod. On the sector of optical disc are formed an address signal 401, a
first -~ ghpFig.c8aj relatingator sector uﬁxedrq;ar@ngeletﬂruﬂngf theeguau!o atay
record signal [ QNOUSs:
data, a sec’c‘ﬁ‘fﬂ"ﬁﬁﬁ?’ﬁ{%@ds ?@bﬁ?‘?denH’-g%ﬁg%mc&ﬁ Eé?lr@%@ap
field 406. ypQ is T2. The conibifed hftervll Ofthe Hnrd daﬂ:a%b&ﬂ:ﬁ eﬁermoa |
anount J of the first gap field 10 402 i's the m ni mum J=0, and
- changi ng ansymhrdﬁmslgmlﬁeldsYF@liaTM’&ta . - recordi ng field 403 is

t he nmini num K=0._Therefo the length of the firs fi.e
TR v ia Hig. Bb: eliing o gegtahzn %@Pﬁaerrlth&g@&ﬁwwﬁrwmmoe
[ th @f&l %tm t
Ichorgl ng fmrg%%%m@ﬁéﬁﬂoﬁ%‘ﬁﬁ;ﬁﬁﬁa ue B&}Qﬁeﬂh; t he ﬁfaeggtﬁ
-of the secowt+diDar dhdacombhedr iliteryal Sof - the fguehn duts ra:ot'd!ﬂgnﬁeldﬂm \atldue “of

D2mex. In the case shown_ in Yg 14a, the'recaqr ignal 404 is
located at synshronowssignapSeld YEQ is ThI2+dde (K ds anderstood that since the,guard

1S, Ko a'{%dreﬁgﬁa#e@%’}' 1 €5l by 0 FBE peind End bt it rpconing

fiel fig ﬁeldxsmmehua&kwswbymel{amdmﬂaﬂt.blts and Knax |s the maxi mum
changi ng anmount ofthe 20 guard field, which is usuall ytes. In the

case shown in FlylFBl@c, refating:tasegtori3jnent to sector 2, thegecy lﬂﬂ)tﬂ!@@@‘ afﬂ!‘he

rear nost positi0 t se Of, r

oar o PO Dt 00 W by Bt 2 Ripedii fd by 11,
406 is the pe T1+2dT. "ie CoMbintd SntivdAFT the ghivird! @aGt Fecoiding dield 100 dudar d
data recording field 403 is t he maxi num val ue of Dlmax, and the

| engt h of t$ymchronnus signal Held XNEO mf@m AlwF2924T. Astheguprdaists recordingifigldy,m
| . 15 f
ot ofBor ar ' D00 I extended by 24T, the feitfingl 22 "or the S Fe0bfe Beflsiestse )

J=Jmax, K=Kgfifted HacRWaMIbY fhe sdnedmenan start end deterloratlon
501 occurs in the first guard data recording field 403, and a start end

det erioration relp ig. $d4relating torseetond aextdp@bcﬂogﬁgthc recording interval of the

h 30 J £t th d | d
S Par Ty guamh dafh Tetgpang Beia fooigs A5 of o bekier Ly Y HmiiRER Rletial ot bR,
guard data gﬁ‘&ﬂ' dbﬁgrécb?dlﬂgmd 190Ghri# synchironous signdQidld/ PO} thus again
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t_erm'lﬂal en'd'ld'&‘ﬁerloratlon reg| on 505 is formed in a total Iength of t he

maxi mum cha Jmg ortions,of the f gap
fields. However, ACH IS sclipaae i S ER HsFond e recpriig, BPread 5 By °°
.second guar guijﬁ‘f aafaeféwamg fibia! f00 isPRthdomly chan wr.hhafe;ﬁeaaf 'ath ®md he
start end and termnal end deterioration regions is prevented, and

hence the dee¢sehitiomadfiddh TFleghumbenefbitsdbr v donmly rthahglpgahisemne teselution dT

record si gnal 404 co osed Qf nchronous Si gn O a user dat

| nci dent al | 9 FF“EW& g’ﬁ%« ‘% ’c‘hé*%&ﬂ"r g’nal

VFO apd doml h d d
28 use;.esgg&a@gsbt gchgg%{ .Oﬂ*’%?‘éﬁw‘ﬁ“aw s random y changed an

expande e res yte, the range 506 for inducing
| ocal oscill ati oWhen theshatdael, bnﬂﬁe?uencytadzst.maMm;a‘br thetperiod it at34R7 i3 of S

di spersed, so that the effects of |ocal deterioration may be
~ decreased. one bit of the channel bit, supposmg one byte of data corresponds to 16 channel bits,
| 16t = 548 nsec is defined to be one byte in the data. The line velocity is about 6 m/s.
_The guard data recording field 100 of interval T1 = 20 bytes chiinges by 20 bytes +K
30 (K = 0 to 7), in eight types of 0 to 7 bytes, at a resolution in the unit of one byte. By

such random time shift, since the start point of the synchronous signal field VFO can



In actual recording operation, J is a channel bit, and one byte is conposed

of 16 channel bits, and Kis a larger value as conpared with J.
Therefore, itions of the first and second gpprfsbéhndssschange
random y a‘ﬂégﬁfsﬁgfely, while the recording 15 posi ti on changes rat her
wi dely in the record signal 404 encl oseq7by the first and . second
guard data recording fields. , In this enbodinent, J is set
in channel bit unit, and Kin byte unit, to satisfy t he foIIovvi ng

requi renents. . That e randowsh t . of the f| St and econd
fields is a"ﬁﬁ“?ié?’ég » EREOFYD f‘ {i'é& ft Fone Weat

the recordi reves m nnel
bit in the‘%fgtnl nun?ltj’ﬁp fog:éd m:reﬁﬁfﬂxﬁ%ﬁtl ng ?ﬁ& Fg data 1s re nglzeg

wher eas | o8l bytes ® 6im/sa# 548 mse6 =di6gpar sed by~ - increasing the
changi ng anount of the recording fields of the synchronous signal

and user data rcblshengh pefashovemin Figs. 83-da fip-rndomy timeshift s preferably alsep .

the 2~ Vet RERRC R Ford RefunER RO Y b ionTtod e Catied balBel UL

end due to sbﬁﬁ%tiﬂﬁxe synchronous SizAaFiéd VIFO.A 8¢ 't!i\gleﬁ%tht af% 'ﬂis
signal s such as synchronous signal VFO and user ta.  Therefore,

fromthe vmhapgednrandomlyemecmmg'emrﬂmgl For dsistanme, the gap fieldiintervadofilidon
ft. sh t b dt ,

The Vocal | R (40 I4m ShehapEed b 18 vk cprEspaeaingody L5 Shenne) bitgrah thero

and 30" vendiflog 4t SR bR RhGAIYIEP S PRES P le FAEADEN B ahh

charf@ ng inateyfe unit, -thereby lowering the possible rate of effects due

to deterioration_ Usual | y, when handling digital data, it is :
preferred to hantheniysingisich randem Bme shiff, aqogrdipg to the relation hetwesnsther ¢ | s

handl ed
dot or ;o at (PSP B M o HRERIRISHAT P BeEidddod Toiv i Ve g3l data

with the rarred&ml?fﬁérd 100, ahaimmhtibnmi-val iSTPLARIt20,0003ehedted hetoedinky,C
ef fect of the fumi s decreased On the other hand, if randomshift is

al ways handﬂddmatmmpeﬁﬂonwnhd33rl4192&100,ﬁ%01"m¢ﬁﬁ08h| ft of 5 bits or 9
bi t ccurs, and,signa oSS0 re dugtion. . .. In
it TEebon e AS# 3Bl SR 7E tahder i itk 1419 rl BSLR fleniemaion o
fields in nyrefé Seedtdingisleyvil ofﬁie'g%aﬁﬁﬁﬁﬂﬁlec&‘& fiell: 106955&@@ res3ed f/37ML | ON
in byte unit can be prevented, and effects of eterlorat N in byte unit
can be pr emn&recwdingisfmpeatecbmﬂjﬂﬂbhw dlherecarding intervahof the guanhdatand of

a sector can be effect Jy suppressed., In the record signals of
synchr onou sregl?lgl,l,%g 00,15 sst Bg Eﬁ 3m, ang evencatter 199,000 fimes Pé“f?aﬁﬁp&dﬂ!en

h k. S oo ook G e RUPGRARIY 1M RIS R ShED RN O

be t2hdl ed ﬁeldlsme, Mhttm@mumofmmmminssmed in signal
processing in reproduction, a result, the recordlng Bosition of

record signal 4 cmewwemsﬁM@mpw#wré Sata xecording regionis: he -

entire sect- | ar ge
‘random shi f nd' l wan “kglgfl ?g&}r@ recordgh’iml{'%af he engaldl ment ,
for two typa ﬂierﬂﬂﬁ@feb@ﬁﬁbﬁ aﬁmamahdlsgacmt (BE &ioth bP!blﬁ-tchﬁhﬂéltblm the

term nal end of a sector and | ocal deterioration occurring in every mark,

ef fects of repexsiingotedivromay beemployedcor di ng and reproduci ng of infornation
can be effectively decreased. " Further according to the present
enbodi nent, the polarity of the record signal is inverted randomy in every

rec i ng. - shows the relation between the polarity of the
rec%ﬂ si grfg'r'ggﬂ’dmf actual recording state on an optical disc. In the

FFel o 606, | nRABEhod (3 i scad SpAE dte e SaRraI e B endddibie 970

conposed ofthe invention is described, which is intended to record and reproduce in an optical

_disc while randomly changing the recording interval of the guard data recording
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25 synchronous signal VFO and user data, a second guard data
recording field 608, and a second gap field 609. _ The
record sW@PE1SB®1, if not inverted in polarity, is r ecor dBGTIRIVEE

recordi ng mediumin a state of §02 and if inverted in polarity, is
recorded in the recording 5 nedithln a state of 603. That is, by

inverting the polarity, the non-fused portion and the fused

portion of the foil forning a mark are conpletely opposite, so that a
" further effieldin everyaensading. mmqoansermta@t@rithﬁmmﬂmdydesmbedwuh Fig.

of r andom SHPLE VN bptel df e bn ey 79 AR M Tl ik B st Abafic., *'

.r ecor ding the thansmmhapﬁost@atrhmﬁgmmﬁﬁ Eﬁ%uﬁmmc@hr&' sc,

the jitter values are shown recordi ng repeatedly 100, 000
~times, on mhuﬂmtmlcircuiﬁéoynnhfmmdmrchangm'ha‘ouitmq Theguarddsth | ess

t han. once in 10, 00Q ti, at of d ul gtion, the_Jl ter value of
15 B generating @w{f‘f@@&ﬁ} gﬁtdﬁa To the beginping

I n-curve - F‘bﬁ"’ t o as?%ﬂd x=15
15 channe ts, gang d}{tlé maxl m g’ﬁ%”ﬁbyg%;)dtﬁﬁ%‘g lf| rsF&gug?d
~dat a recorsyntigronous signal VFﬂ genmiﬁl@xk'iuimlﬂds added] and thenvmodilatédndataaxi num

changi ng amount _of the fi g?(i) field is Jrrax 15 channel Dits,
and t he wmmmangﬂwghanﬂmwtéﬁ is pdded thereafter. The firsh rapdomchapging, di ng

field is Y/

ps can be Db 0SHaDgeCe rBRirding thidrVHEhE Bubi s tilififiing reglon, by 20
sat)Bfi ed bytés + K (K éhanighsy randomly fedia 00i017), abthetesofutiobcoff 1 byte. OWhikei el d
of Jmax=15 channel- bits, maxi mum changi ng. anount of the first

guard dat Fandemly] changing the secording-intexyal of the guard datarecppding Jield, the

polarity-i S d
Phat the g chbbiica by BUE s PheiB omble et VIO bl modylited B3t4 &
recordi ng Jonﬁloued by the firbierétard 'Gohtrok tiraits20X, cand fiesb a2ésrd kighals aidged
that the conbination of maxi num 25 changi ng anount of the fist gap

_field of Jraxided tesdasexdriying ciremit 12imp éafahgtagg and recorded in-Shesectars ope
f |
v oon the BbERCiHRE Sanging rébladhtiy iy evpiyaREorale PO 1L LY e

experinent, i ncA¢ldesceibed, herbin, hocuidingstv flie piSent embodimeRfTby-aldingathac!
bits and Knax =7 bytes, but, in the future, along with the technical 30

pr ogr esls Ewend daty geacraping rircyit 200, forganemting evardodatng firgg rerond eontrpl .
Tover ¢ hasie20T and, s rabblC Uhabllf birblif 236 6 (P AR ohbYoeaf ailY D

PCT/ JP97/ Qévhi, the record start point is changed randomly in every recording, aifd thus
denpdul ati on after 100, 000 tinmes of repeated recording even at a smal |l er

shi4@ signal dﬁwmmdge&r@eemc@mng ef yochrongus signabVEQ and neexy,  as
inthis e d S possi ble to. suppress the effects of the -
det eri or at HBB'&&“& t he accurate recordi ng and reproduci ng
of |nforrrat|on at a certain limted randomshift amount. 5 -

Thus, acc@Esbodinienti8he present -enbodi nent, by randomy changi ng the

Fig. 10 shows a format structure of an optical disc according to an eighth

_ embodiment of the present invention for recording and reproducing by randomly
25 changmg the length of first and second gap fields, and first and second guard data
- recording fields, in every recording, and setting the changing amount of the first gap

field smaller than the changing ‘amount of the first guard data recording ﬁéld.
Explanation is omitted for the parts already described in the format structure shown

in Fig. 18 relating to the prior art described above.
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| ength of the first gap field and first guard field in every recording, and
by inverting . - This ShéeeeHp®ear RepMcedf record signal -in every recording, at
the maxi RGesd8Pi NQ the first gap fi el ¢pceiypdnmssels
channel bits, nmaxinu unt of the first guard data
recording field of Kmax = y , sigr processing is facilitated in a 10
limted random shift anmount, and effects of the two types of deterioration
phenenenon in every sector and in every mark on the accurate recording and
reproduci ng of r ' , _ : t

present enbodi Wg\l{lﬁi ymslg?tuﬁ%b Pﬁéﬁ?ggiéﬁi?*ﬁgmﬁath%rzzocwe%tﬁ%rag‘"ggtaagﬁo

‘the first signdlda fiedtgap &ell 2i71ef noksignal iifteivid, Hve gusrbdath Pecoardingdield 272 t he
synchronous 15 . signal field, and k'ele_é)i'n%contipuous t he phase of the
record si gfexregendirg guayt data, & second guard gata gecoxding Seldr rfveconding d

synchr onou | Lpteryal,, .t nchr us,si gnal i pteryal . is

“expanded, %ﬁ%hg{%g 3##3@ éﬁ?ﬂ?ﬂﬁg@?ﬁaﬁlﬁ%mg a.sgc".“" gap field 274 09 “Wﬁ{@a!/er ;

in tHe optinga@ivalli-sc device using .the reproduced |ight output and at

| east one type or nore of recorded light output, regardless of the type of

the 20 . recoHerein, theaeeordingintervsl of the fiestiandesetomhgapofields 27 274 shd ot
ly in thg ph tical d] b | sq i t o- opti cal

anty TN NP Rd Second guard data TSordbag fidas 343, 273% changed randondy i cadk | C°

27 Uy drgn@éé“ganldﬂl 1. An optical disg, conprising: a

plurality o?‘ sectors$ is-pos%d on'a track of the optical disc, each of said

sect ors i ncl udi Fig. {1 )depidte aflapticabdisc deniceifor wecordigcand reptoducibgdatamn

Si |, and (i), a dat:'i\ recqording field containing a synchronous si gnal

fiel¥, and® dise by xan gthelength of fixst and sgepnl gan felds, and firsg

field, dis Fﬁﬁ?}dﬁaiﬂmﬂﬁﬂ@ ' e d ipa field,

for recor%%ggﬁg ata. .°'%%g¥ﬁq€g?&g#§'§’ g’%&%{@:ﬁ%&% &\gﬂ?@?lg n
sai-d synchamomatsofsthgnihist gap |fitld snblérthan thenhanginplemotnOskthe! first guard
synchroni zing a starting portion of said data recording field and user data

i s di sposedptazecording ﬁ?'ae Explanationds gmitted for same Pammmﬂfﬁbﬁd with: ﬁf
canre s a eEbet o oAl ik Aedick Br £, 1o MeAlile 95 1 DRGFAA dicribei harf, | (o

di sthof cl ai m 3Whaités sidedits thopeioeartidevice is £emirdi diifa pabdratifig chcEi0200,4/0US

near the boundary of said guard data recording field and said synchronous
si gnal fi efeqond record control circuit 230, a second random changing circuit 240, and a

polarity inverting circuit 250. The guard data generating circuit 200 generates
specific guard data. To the beginning of the gnard data. from the guard data
generating circuit 200, a synchrohous'signal VFO from a synchronous signal VFO
20 generating circuit 14 is added, and then modulated. data from a data modulation
circui_t 13 is added thereafter. The second random changing circuit 240 changes
randomly the recording interval of the first aﬁd second gap fields. For example, the ’
first gap ﬁeid is changed by 10 bytes + J/16 (J changing randemly from 0 to 15) in
every recording. Since the resolution .of the changing amount is J/16, one byte is
25 composed of 16 bits in channel bits. The second gﬁp field is changed by 25 bytes -

' J/16 (J changing randomly from 0 to 15) in every recording. Accordingly, the total
length of the reg:ording interval of the first gap field and the recording interval of the
second gap field is kept constant. Moreover,' the second random changing circuit.
240 also randomly changes the recording intervals of the first and second guard data

30 recording fields. . For example, the first guard data recording field is changed by 20 |

bytes + K (K changing randomly from 0 to 7, at the resolution of 1 byte. Similarly,

THIS SHEET HAS BEEN |
| RepLAcED




5. An optical disc of claim1, wherein a recording interval of-said guard
data recording field 1is randomy -changeable in every recording. 6.
An optical disc of claimb5, wherein the recording interval w?‘f)ﬂ:gssguard
data recHQR§ifjeld i s changeabl e by an amount of 7 bytes or less, and is
randoml y changeable by a unit of 1 by&p, I n every recording. _ '

7. An optical disc of claim6, wherein®he period of 1 byte is 548 ns and
the frequency of ‘a channel bit for conposing 1 byte by 16 channel bits is
29.18 Mz. 8. An optical disc having a plurality of sectors, each one

- of . sai'd sdheceeondsguashtata recordingpfield iis ghanged by t55ybytes i-Kd(Kichpanging |
no-signal interval, a_firgst ard dat.a r rding,field for ecor ci guard
data, a ddla&dP@%FthPiﬁi %‘g ﬂ’d’rﬁ%ﬂ“f"ﬂﬁ °§§§§’ﬁr8’h%‘ﬁ8‘&sﬁ§?g‘“ﬁﬁ feﬁﬁ@ &o owi ng
user dat ng. - | ' ' rd .
data, and TecQraE SRV Bf he R f i AOOAts Reborile MOl anl 166 retoRing Bt St 1
of . sai d figfthe sétdnd guand dgtreconding field is glsodept eonrstanthe total |ength of
said first and second guard data recording fjelds &ei ng, constant, _the

llendth of sai d YWhilerandemliysehanging,the recending interval, tand second gap; st

~ and secon ard r ' J ' den . ovdnsever
 Fecor di ng, Belg e BEbhndCHERY Blard Eah veliftsie nbREARE infag EL BT o1
bei ng snal hiirdidadd) sihéhrofiouikigital VRO, zinddhodiflatédidatsis controllelinthe second dat a
recording fields. 9. An optical disc having a plurality of sectors,
each one ofecerd contenlicincuit 230 Thetrecond signal epmposedef tgeaei signalg)ispassed|tg i t h

a no-signal integval first, rd ta . recordi.ng fi lLng

2 O Y i e s 0y R e Bl b B
fol{@w Ny WohhngdPhihdoilyIaQRE seitar Snidal ih eearyOieeordibg.! THeorechCsigaalng t he
guard data, and a second gap field wth a no-signal interval, the total

| engt h' of freimcthe polarity investing clatcwjt 250 isprovided towylaserdrivencirenitd 2; andthe

O O Siptling Iithrval o the HRSF it ind B4 o35 Snd BOrdoRlilg thiEk of S 27"

" first and second guard data recording fields are changed randomly, and the polarity
of the record signal is changed randomly and is recorded in the seqtor on the optical
15 disc. |
' Referring now to Fig. 12, a structural example of the second random
changing circuit 240 is described. In Fig. 12, a random chan;ging. circuit 701 is
composed of 13 stages of shift registers -70'2, and is designed to receive a clock 703
and a random update command 704. By tlie'commami of the random update
20  command 704, the sigﬁal polarity and the changing amount are determined
randomly by a one-bft signal 705 for determining the polarity of record signal, a
four-bit signal 706 for determining the changing amount of the first and second gap
fieldé, and a three-bit signal 707 for dei:ermining the changing amount of the first
and second guard data recording fields.
25 - Fig. 13 is a flowchart showing the operation for rewriting the record
information of a sector by this optical disc device. - |
Referring also to Fig. 11, the operation is described below according to the |
flowchart in Fig. 13. '
At step 261, the optical disc device reads the address information of the

30  optical disc by the command from a host system in an address detecting circuit 17. A



and second gap fields and the Iength of said first and second guard data
recording fields being randomy changeable in every recordlng and the

changi ng f said first and second gap fields being s&epipeafasspan the
changi ng %%ﬁ% said first and second guard data recording fields,

wherein the resol ution of the changi ng agpunt of said first gap field is a
channel bit unit, and the resolution of the changing anount of said first
guard data recording field is a byte unit. 10. An opti cal di sc havi ng

a plurality of sector eac one_of s sect quent = rd SI ng

2 Pt gap sTHEmEOROTD] creis 18 Sonnstns Whetet A adardss ofa spsthns tolbereed R
field for rn%iordl ng guard _data a data recording field containi ng a
synhchronous ‘si'gnal and follow ng user * data, a second guard data recordi ng

field-for recor dlAlgstéﬁEGmLthédeddﬁd dateeis ¢oded e catling pirtuit (18, ad is medulated -
no-si gnal interval e total th of said first and second gap fields

‘bei ng constantﬂdﬂt%@(lwonﬂéﬂgt thatontputsimedulated data.ond guard data

Trerad tnd the AEKES FOUE] A vee ik ISR sRlandfied kol sy BORRRIERERE

bei ng randoygg@ feFsyiiahieatich B\adard bye m?aneﬁuh g dfafiba40i ng amount - of
said first and second gap fields be| ng er than the changi ng amount of

sa: d f t[ rst f a?ﬁ se&bstﬁpg’l‘td; tb thﬁﬁl’stguardlﬂa{gihr:}?edmg field at the bmlnglgtoftlm :

polarity o uar a s inythe data reco ield is

r andom c IF¥Reoppus F‘ﬁ"ef/!? '@igt d gua ?L% copseeutize to i

9, wher g' n ihe nﬁﬁsﬂfﬁé?ﬂ g?ﬁhﬁr‘iﬁggfésﬁﬂgm‘éﬂkﬁ foﬁﬁétﬂufd &é&nﬂ?ﬂ%ﬁdﬂ &red : S
eSS, an n of

15 channel bits or the re e changi ng anount of said

firstifuar d added yrzegwanl data genérdting circhit28f. or | ess. 12. An optlcal '
di sc having a plu aI|ty68f sec¢tors, each onge of sai

sect or eq ent|
conprising: a fir & stsp? gingamguut of the ‘Teﬁ?’@g% aii"r é at a
recording figghghd Sip fields is determined randomly by the changing amount of 0 to 15 channel

bits, at the resolution of one channel bit. Similarly, the changing amount of the
recording interval of the first and second guard data recording fields is determined
15 randomly by the changing amount of 0 to 7 bytes, at the resolution of one byte. That
is, by the extended portion of the first gap field, the lenglth of the second gap field
becomes shorter, and the total l_ength is unchanged. Similarly, the total length of the

first and second guard data recording fields does not vary.
At step 266, while randomly changing the recording interval of the first and

20 ~ second gap fields and first and second guard data recording fields, a record signal is
created from the combined guard data, synchronous signal VFO, and modulated ,
data. S -

At step 267, it is determined. whether to invert the polarity of the record
~ signal. | . _

25 o . Atstep 268 if determined to invert the polanty at step 267, the polarity of the

record sngnal is inverted. | _
' At step 269, the record signals determined in step 263 through step 268 are.
recorded in the corresponding sectors to be recorded.
According to the above-described scheme, the signals are recorded in the
30  optical disc in the format as shown in Fig. 10. '



reéording guard data, a data recording field containing a synchronous
signal andfollow ng user data, a second guard data recording field for
recording the guard data, and a second gap field with

REPL ACENENWO3S{L5951 PCT/IPY7/03559 30
a no-signal interval, the total length oh said first and second gap fields
being constant, the total Iength of sai 2first and second guard dat a

recording fields being constant, the length of said first and second gap
fields and the I ength of said flrst and second guard data recording fields

bei ng 'random y chie gfmione changivg state of thiecfinsg and vecoribgap falgs npdafinst ahdof
said first and second p f| el ds_being snmaller than the changing am)unt of
said first cseconsoguprd @%\sm'gqu with seference to Figg, ddardy

e he T eeorarifatict& o dgﬁoi%ia?ﬁeﬁt ﬁ&%ﬂé«?ﬁ‘v“cﬂﬂﬁ@g%zﬁtﬁfam |
di sc .device ﬁxepsmkéem%paﬁm@n& ﬁtstcun‘ipsdaaﬂa Blard a&w&&ﬁunghemaqiyom .

~divided froma track, each said sectors having a header freld
- cont aithi-ng eahmemthoulieﬁmthesertomf ntptigabdlsc amfoandhanadétesssigngl 4014 first

t field t. d
Sonpri i ng: BRI dth.s Btana dae Fesontingdield 408 Zretorgnal aﬁﬁmpo%mw
first recor %?ﬁj T gdat a
recording fi ?’B%g‘ et m%gﬁ?f;s%xf ﬂ n&?ﬁai g a“ﬁﬁ% ﬂ%%ﬁr d| ng
‘field. '~ asetond\gapifield406.di sc device of cI aim'13, wherein said

synchronous signal_field includes a Qynchronous si gnal for, _synchroni g a
starting port i on Hig- l‘éﬂﬁh@&%‘hqsédﬂrvﬂi‘ﬁb P?%ﬂ%aw dpfthe ﬁé’“{ﬂ@pé%‘g o

adJ a et i n%o?éﬂ;@%?@% éa| gua&%ncé?% recor ﬁ“edﬁ?gécéls the S

as a recor diyegording ﬁaﬁ%%hetmmmmmﬁc Orlskrefore)ahé lmgtméfnhheﬁxsygmﬁadous
signal . 402 is the minimum value of G1min, and the length of the second gap field 406 is the
maximum value of G2max. The length of the first guard data recording field 403 is
the minimum value of Dlnﬁm and the length of the second guard data recording
15 field 405 is the maximum value of D2max. In the case shown in Fig. 14a, the reconl
signal 404 is located at the foremost position in the sector. -
In Fig. 14b, J=Jmax and K=0, in Fig. 14c, J=0, K=Kmax, and in Fig. 144,
‘J=Jmax, K=Kmax. Herein, Jmax is the maximum changing amount of the gap field,
which is usually 15 channel bits, and Kmax is the maximum changing amount of the
. 20 - guard field, which is usually 7 bytes. In the case shown in Fig. 14d, the record signal
404 is located at the rearmost position in the sector. The length of the first gap field ,
402 is the maximum value of Glmax, and the Jength. of the second gap field 406 is the
minimum valie of G2min. The length of the fi;'st'guard data recording field 403 is
the maximum value of Dlmax, and the length of the second guard data recording
25 field 405 is the minimum value of D2min. -
Figs. 15a-b show schematic diagrams of deterioration of a sector. In Fig. ISa,
J=0, K=0, and in Fig.15b, J=Jmax, K=Kmax. As shown in the diagram, start end
deterioration 501 occurs in the first guard data recording field 403, and a start end
deterioration region 504 is formed in a total length of the maximum changing
30 ~ amount Jmax portions of the first an& second gap fields. Similarly, terminal end

deterioration 502 occurs in the second guard data recording field 405, and a



31 ~16. An optical disc device of claim 15, wherein the phase of
the recording pattern is continuous near the boundary of said guard data

recordi ng _f| d said synchronous signal field. 1geThPorBésocal
di sc devi (%6§+I&8$£I m 13, further conprising first random changi ng neans for

random y changi ng the recording interval z?f sai d guard data recording
field. 18. An optical disc device of claim1l7, wherein said random
changing nmeans randomy changes a changi ng anount of 7 bytes or |ess of

t he ard. dat di fieldin, . i | ut i '

o f’éy{e. | i‘er:rzainﬁﬁé’éd etbejoesidon reaian Subis Burmed 01 pfal boih GF the ks, | o
o] yte is ) t ' : |

byte by 16 ShancioR fhine s bhRREIPENE il fIP HAGR dap s “BBRRSLE i
operative oOegetioratibh degidnsis ihothienBrst. atid setbond yguaind sdxth aresordiing dields, fandm a

track, conpri sing: . guard data generating neans for generating guard
~data in firderthex expansion pfathe start, endcand fermingl cends deterioration sxegionsol§ous

si gnal. generating peans,f ting. h ' | d
chanafhg gequnﬂ;ﬂ?wf hesice, He, deferingatio Hheta dors bt dethiienially ptfees, (b
irst an : g \Wudt 4T 'maﬁ“'srgggd AFO data. | th of
said first 3%‘3@%’%%34833&‘?@3#&&‘%3% conost an ,ﬂl(i 1) 3?2?32% y chgggi nng n
every recordi ng tIheidentally) imthe record sighal 464 romposedi of dbe synchronatisnsjghalel ds

i 1otal oD wier ditalsthte the reforalig futervil B randoimfy da6ged b chpanded
at the resolution of one byte, the range 506 for inducing local oscillation is expanded,
10 and the local deterioration 503 is dispersed, so that the effects of local deterioration
may be decreased. ' _ - o
' Inactual recording operation, J is a channel bit, and one byte is composed of
16 channel bits, and K is a larger value as compared with J. Therefore, the positions
of the first and second gap fields change randomly and minutely, while the recording
15 position changes rather widelj' in the record signal 404 enclosed by the first and
second guard data recording fields.
In this embodiment, J is set in channel bit unit, and K in byte unit, to satisfy
the follbwing requirements. That is, the random shift of the first and second gap
~ fields is small in scale so as not to expand the deterioration region at the recording
20 start and terminal end, and random shift of channel bit.in the minimum unit for
handling digital data is realized, whereas local deterioration is dispersed by
increasing the changing amount of the recording fields of the synchronous signal
and user data record signal, and the artangement of information is simple.
The first and second guard data recording fields are inteﬁded to prevent the
25 deterioration phenomenon occurring at the start and terminal end due to repeated
recording from propagating to the record signals such as synchronous signal VFO
and user data. Therefore, from the viewpoint of preventing expansion of the
deterioration region, the random shift should not be increased too much.
" The local deterioration in record signals such as synchronous signal VFO and

30 * user data should be preferably dispersed by expanding the inducting region by



constant, and (iii) controlling the change anmount of said first and second
gap fields to be smaller than the change anmount of said first and .second

guard d ding fields; and record controlli or (i)
form nga@é{qﬁg%ét or conprising sequentially a first gap é}g@v)ga?% a
no-signal interval, a first guard datagsecording field for recordi ng guard
data, a data recording field containi r?é a synchronous signal and foll ow ng
user_data, a second guard data recording field for recordi ng guard dat a,
and a second gap field with a no-signal .interval, and for (ii) recording
si gnal's i nchaxiging iinsbytenunife dbexebyulowering: the qossitilengatei of dffectsddyeitd dat a
recording dfie.l d ) the basis of. the changing anount of said first and
second gap ¢tegpration, § ¢ e changi ng anount of said first and second guard
data recordi ng {/s&41f{S when handfing GiiAPAGAL i ﬁﬂ@?ﬂ&ﬁﬁhxﬂ@ﬁi@&dtﬁ‘fn Byeed"

optical disc having™a plurality of sectofs froma trac

* - conpr i si ngunits. However,df dhe zbndaye shift is handlediis the bygenaitailony deviatidndat a

~-in first ‘and second guard data . recordi.ng figelds; -.synchr onous

' sihg I genmwmg‘ﬂg’ ?B‘gﬁﬁtéH@F%ﬂqq‘_ﬁglﬁ'%%!%ﬂiflﬁsrmgo%@g‘ﬁeﬁ?dthe;efonasr gndom-'
changi ng r - far anging. the - - A and_second gap
fields with anlfggs‘r%ir'])z&é ?ﬁ@«g&rﬂélaépﬁ?ﬁi‘g@%i ?&cﬁ%,fe{'ﬁ‘&&ﬁ?& PIEYCHY of

~ said firsteffied of the mikdimp iidecetasitEi Oh thensther hahd, if randem dhift Gl aledyzd t he

|l ength of first_ and second guard data recordin fields in every recording,

the total herdlehinghansetbif ppionkiairaciommishiats bitsor Shitacoursgatd szusl

bei ng cons eded | 5l i t he change anmount of said first and
secogd gapﬁﬁ%@\‘gé@gm@%!;%?hfﬁ% the changi ng anount of said first and
secphd guard dahithicembedingent, Re6kdinglydhe random sKifiGa the S8t ahA'skdond gaBans:

for (i)form ng each sector conprising sequentially a first gap field with
a no- si gnafieliis inpo=signal interval isjinachannel bit unitp solithat détertioration indayse unitg

P € 2t Sunefé Bfventgh Hndl el O Gt 0iaBon iR byl TI°LIBE Preventsl and
??Epmgfg/ggégfeiwﬁf deterioration at start and terminal end of a sector can be effectively

: ' suppressed. In the record signals of synchronous signal VFO and user data, if the
15 random shift is bandled in byte unit, the region to be recorded is expanded, and
hence deterioration in mark unit can be disperse&, and, moreover, the data to be
reproduced can be handled in byte unit, so that no inconvenience is caused in signal
processing in reproduction. |

As a result, the recording position of record sighal 404 of synchronous signal

20 VFO or user data as seen frbm the entire sector is changed over in two stages of
‘random slii_ﬁ that is, large random shift and small random shift} in every recording.

In the embodiment, for two types of deterioration, that is, deterioration at start and

- terminal end of a sector and local deterioration occurring in.every mark, effects of

these deteriorations on recording and reproducing of information can be effectively
25 decreased. . |
B Further according to the present embodiment, the polarity of the record
signal is inverted randomly in every recording. Flgs 16a-c shows the relation
between the polarity.of the record signal and the actual recording state on an optical

disc. In the sector of the optical disc are formed an address signal 604, a first gap

30 field 605, a first guard data recording field 601, a record signal 607 composed of
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recording field for recording guard data, and a second gap field with a
no-signal interval, and for (ii) recording signals in said first and
second g&grd %ﬁia recording fields and said data recordi ngciipetessse on the
basi s of WO&1 ngi ng anount of said first and second gap fields and the
changi ng anmount of said first and secopg guard data recording fields,
wherein the resolution of the changing anmobunt of said first and second gap
fields is in the unit of channel bits, and the resolution of the changing

amount of the first and second guard data recordi.ng.fields iS | ni t

of bytes. synchropousgignglVEQand, 'ﬁ’é%»i%‘é@‘lfﬁ%‘f“ﬂ‘i‘@éﬁ Wﬁﬁ“ﬁﬁ"@%@ gf"gc
having a plural i Galgor s _divided froma track, conprising: _
guard dataagsg‘ f&agﬁlﬁgem%'s for generating guard data in first and second
guard data recorid regord sigriid 601, if not invexted i polarity, s rpeatdeddn ¢herdcordingans - .
for generating a synchronous Ssi | random changi pg rreansg;_or (1)

l,;
random y cediimgin: » state af; 602 .%Pi%riavel‘éﬁminsmlaﬁ%gasewrﬂ%d i the recording

no-siggnal interval i Y r r.di . I : 3 af and
cecottl gap mediiin 4 SafR S dhe: IR b VA ot Bnhot Mdd deritbn "
first and SRAQRH AAAY PorifonrtRE ilfodhing b Thakk are @xiplatelyonipuditBcso thaeat ot a
| engt h of sal irst ‘and second guard data recording fields being
constant, dfarther effectdoaddel toi preventioncefdegerionabion: of said first and second
"gap fields to be_ smmller than the changir mount of saidefigst,an econd
guard data:recorfignty Badi ,mﬁngfhel%w'\geﬁ%%ﬁﬁmi%mgFgF&(i )
formng ea r i U ifnent, siterdefeatbdly récordiny the
no- si gnal ﬁ’r?tré'r?‘\?/% ,Shgggf)frﬂse?hg%t?ﬁﬂ ata re oflgkil nglg’ fieel dpﬁaor ryecordiﬂngg guard
dat &40 a datsamerdutasignals ihithé sectarmifthe optical disc) te jittexvaluespreishawn. Afkarowi ng

e 2 e ormecompug rencatenty IO ABED A B Rags i dandsTRg oT ety PHAIR! O,
signal s in oalddid ShestR 000U e ahd tifldd it debfodfuilitiih, hejidler Aie sp1SHpdat 2

recordi ng

or less is regarded as the standard of data reproduction.
In curve 50, the maximum .changing amount of the first gap field is J. max=15
15 channel bits, and the maximum changing amount of the first guard data recording
field is Kmax=7 byfes, and in curve 51, the maximum changing amount of the first
gap field is Jmax=15 channel bits, and the maximum changing amount of the first
guard data recording field is Kmax=7 bytes, and polarity inversion is included.
- Ascanbe seexi from curves 50 and 51, the d_esired conditions can be satisfied
20 by the maximum changing amount of the first gap field of Jmax=15 channel bits,
" maximum changing amount of the first guard data recording field of Kmax=7 bytes,
and inclusion of polarity inversion. From the viewpoint of disc capacity, it is desired
that thé changing amounts of the first gap field and first guard déta recording field
be as small as possible, and hence it is judged that the combination of maximum
25 changing amount of the fist gap field of Jmax=15 channel bits, maximum changing
amount of the first guard data recording field of Kmax=7 bytes, and polarity
inversion is preferred.
In the stage of the present experiment, incidentally, the random shift was
j max=1S channel bits and Kmax=7 bytes, but, ih-the future, along with th.e technical
30  progress such as development of high performance recording thin film material, it is

believed that the error probability rate may be lower than once in 10,000 times in



fields, on the basis of the changing amount of said first and second gap
fields and the changing anount of said first and second guard data
recording fields, further conprising polarity changlng me ghdonly
changlng ﬁﬂﬁﬂgrlty of the guard data and signals in thqu§¥a recording
field in every recor di ng. 23. An tical disc device of claim?21
wherei n the random changi ng neans changesS said first gap field by an
amount of 15 channel bits or |ess in every recordi ng, and changes said
first —guard data recording field an anount of 7 bytes or |ess.

24. An opti damodulgéloeafr@e 00,000 &meﬁeoforﬁp&ﬂteépmceaﬁma.egfen rabva sEaller shifk) i ¢ y

of sectors d|. om.a rating
‘neans for gé" ?\%rfd"g‘&afﬂf” Pa}é‘r"ﬁ’m d %gggwsegggﬁdasgh% g'gg@%?eg@bnﬁdﬁ ng
f.ields; possible X6 GRPPFaY thé bﬂea!s 08 thé deferiotafitin @.ﬁeﬁahemfl 8h athe Wiowrate
synchronous signal ; random changi ng neans for (i) randomy changi ng

the length nécoi-dmgtnndmtpnuhmng ofipformatiou st aicextain lirpited gardom shiftraraduntn

_ every.recordi.ng, .the total..leng of sa d-firgst sec fiel -
. bei ngdconst ant , ( i swﬁ?ﬁi’dﬂ! g’ng'l‘Fg @mbé’HQH‘FPa'D %‘F"“A&day’é’&ﬂgd%gﬂard
data record st
and second é&gr‘af’%&"egﬁ?*e éi&&n? ei oéiﬁggeﬁrdgﬁcons ant ﬁﬁﬂ#}x%ﬂbf?iv@rﬁﬁé _
control i ngtnmlaimrmhwmﬂuignabfn everyirécordihg,atdhemasimumahahgingdmdunt bf
smaller than the chag_gl ng_anount_ of said first and second guard. data

recordi-ng f fhe fizst gap dield of Jmax<15 channghbits, saximyny ehanging amonnt phtheifirst cach

nerval - oepil faGOERIE el Br iyl - el fil rdliafing % eilaloa m o

dat a10r ecor HitiGdf randbraOsliift Aimount, apdCéffetdWf thiegtwb typds f ol uet&-iogaﬁmer
data, a second guard data recording field for_recording guard data, and a
second gap Phememepom in, eferyssegton and,dn eysry mark em the accurate recording and

reproducmg of information can be suppressed.
In the present embodlment, by settmg the recordmg pattern of guard data in
~the first guard data recording field to the same recordmg pattern in the synchronous
15 | signal field, and keeping continuous the phase of the record signal between the first
guard data recording field and synchronous signal mterval, the synchronous signal
interval is expanded and system stability can be enhanced.
Moreover, in the optical disc device using the reproduced light output and at
lust one type or more of recorded light output, regardless of the type of the
20 recording medium, evidently, the invention can be applied not only in the phase

change optical disc, but also in magneto-optical discs and others.



(i) recording 5|gna1s I'm sard first and second guard data recording fields
and sai d data recordl baS| s of the changi ng anount of -
said fi rstﬁ%&r‘ond mHmim muvﬂ e changing anount ofp@Eg@7bissst and
second gua a recordi kg tie erein the guard data in said first
and second guard data recording fields isgthe sane a rdin attern
of the synchronous signal. 25. A recordi ng nethod, corrprl sing the
steps of: providing an optical disc having a pluralityThi élestlinels la¢édd e d
froma trackE gggg gg:lgs!a eI tors having a header flel m ”B
sector "iden# - %ﬁg—and a data recording f|eI

synchronous signal .-field; and recording guard data in a guard ata

recording field dlsposed bet ween 'sai d header field and said data recordlng
field. 26. -Aly ecorn apfical dissocamPrisingopt i cal disc of claim 25, further

conpr|5|ng provi din a c

signal .for synchrgn‘lg'}l?%b‘:9 ’Z‘gﬁ‘ga&%%‘ﬂ’gnmg? sallfg’hw(?gpa re%ggngwghé d
and provi di ngedisinelilimg @) PRGIEer ek coNBiRing Wstetoridéntification sighal, aiid (ii) a
recordi ng method for an optical disc of .clai'm26, further conprising

provi dbng guﬂnwmngﬁekhmtgmmmd)mmmﬁﬂdemdt hat is the. sarre
as the recording pattern ord
met hod for an opt Skt ofjsay fﬂ" £¥ ﬁglah%?’gﬁo#&}? ’?F?ﬂﬁg%ﬂﬁ'ilg&

phase of thg, B@i{lﬁﬁh}}an aﬁ@sﬁﬂd&ﬁf‘#r Brdiip ﬂ%ﬁﬁ%ﬁ%ﬂﬁuggamasmsa' d

guard dat a recor I ng sald sync signal freld

2. An optical disc of claim 1, wherein said synchronous signal field
contains a synchronous signal for synchronizing a starting portion of said data
10 recording field and user data is disposed adjacent the synchronous signal.

3. Anoptical disc of claim 1, wherein the guard data in said guard data

recording field is the same as a recording pattern of the synchronous signal.

4. An optical disc of claim 3, wherein the phase of the recording pattern
'is continuous near the boundary of said guard data recording field and said

15 synchronous signal field.”

5. An opticai disc of claim 1, wherein a recording interval of said guard
data recording field is randomly changeable in every recording. . .

6. An optical disc of claim 5, wherein the recoiding interval of said guard
data recording field is changeable by an amount of 7 bytes or less, and is randomly
20 changeable by a unit of 1 byte, in every recording.

7. An optical disc of claim 6, wherein the period of 1 byte is 548 ns and
the frequency of a channel bit for composing 1 byte by 16 channel bits is 29.18 Mhz.

8. Inan opﬁcal disc having a plurality of sectors, and having a header ]

field contailiing a sector identification signal and a data recording field containing a
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29. A recording nethod for an optical .disc of claim25, further conprising
random y changi ng Immmmuﬁﬁﬂm” the recording interval “of said guard
data recordi ng_fiel.d tor di ng method for an 8’&@ gdgsc Of
cl ai m 29, MAMAR conpriSidg detfing the changing amount e recording
I nterval of said guard data recording fI28| d to 7 bytes or less, and
random y changi ng the anmount in every recording by a unit of 1 byte.

31. A recording nethod for an optical disc of claim30, further conprising

setting the period of 1 byte tg 548 ns and the frequency of a ghannel bi t
" for. conposisygchroneus sighaland-wser data igjeach ppe ofsgid spcians, each one ofsaid gectors,

froma t racoupisl sttatil-sfat Bletoalidy fie, B it biaid dal rediighit fuid b, C7C.
structure cRpfdifgSusdMa] daid datadecerding fiéldJasecoha lotlail aktaaeaﬁum

interval, a first guard data recording freld for recordi ng guard ata a
dat a recor dinya sécond noesignal ilm'-ngl gap ﬁnldhﬂmtotﬂi lenigti of said fxstandsetong gaper

gﬁéaah‘;‘efiﬁﬁﬁﬁé%ﬁé‘ﬁéép%ﬁskﬁs i@ﬂg#ﬁ Hiﬁmﬁc‘”d'«i‘ﬂmé‘leq##“ Beor a
|§28§h C)of sgéa%i’?{n?tt andﬁ’ggggg cf%dgtﬁgﬁr &?%PW gﬁgtant

when recor drangrdmglﬁéhhbymgfmgnmjy thmgabgﬁixsemyaaeui‘dlng,smdm dnnging gap
fields and . randond y,changin ldﬁ engt hs of sa| d first and second %;rd

data recor GRMEURG ¢f 53id firstgap; changing amoynt pfspid

change ano f d second gap flel ds to be smaller than the
changi ng aﬁ%ﬁm’?[ i sai %é";n%ﬁ se?rﬂand second guard data recording fields. -

37 33. A recording nethod for an optical disc having a pI urality of

sectpgs divided jrom 2.t 5k aidc"r ARl % WRTBH! fHe"FsbiifioR! 6t the Uhianging

amount of said first gap field is a channel bit unit, and the resolution of the changing

amount of said first guard data recording field is a byte unit.

10.  An optical disc of claim 8, wherein the polarity of the guard data and
signal in the data recordlng field is randomly changeable in every recording.

15 | 11.  An optical disc of claim 9, wherein the resolution of the changing
amount of said first gap field is 15 channel bits or less, and the resolution of the
changing amount of said first guard data recording field is 7 bytes or less,

12.  An optical disc of claim 8, wherein the guard data in said first and J
second guard data recording fields is the same as the recording pattern of the
20 synchronous signal. '

13.  An optical dfsc device, operative on an optical disc having a pluarality
of sectors divided from a track, each of said sectors having a header field containing
a sector identification signal and a data recording field containing a synchronous
s:gnal field, the optical disc device, comprising: '
25 ‘guard data generatmg means for generating guard data; and
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form ng a sector structureconprised aequenti'ally of a first gap field with
a no-signal interv mﬂ , data recording field for recording
~guard da q n Mm &lﬁ ontaining a synchronoi,kgT b3 fosdseand
foll ow ny?lg%)fsg%tata ata recording field fof I"ﬁ?gcor di ng the
guard 'data, and a second gap field withgg no-signal interval;

setting the total length of said first and second gap fields constant,

setting the total length of said first and second guard data recording
fields constant

wh . di h the | h f
said first and é‘t&%ﬁ&*’&hﬁ*’?é&lﬂégclwor 'r}gama ?géﬁﬁc aﬂg “I’\‘esgﬁ?e ’Ufs‘ gai d
f t d 554
Controf || niceflhehaniisc: basatd sl ‘t‘ta?éfﬁ%'ﬁﬁ’"?!s??n&“g“aﬁ' ifig feld, |

smal l er than the changing armunt of said first and second guard data
recording field her co t nt of
said first gap ?14él d%ognfés‘ﬁf‘hflfvd nﬁfﬂ"@ 3':?’3 ab‘f? #
the_changi maidPilieliides & syh@ronbi signalyer Sy mfran&ﬁ%gmhﬁ% Sifbol

resolution unit of b tsy gn ‘A recordi t hod féo? an o(g.tslglcd “‘3. sc
havi Ag a plrecoxtingficid andamerdaﬁns'dlspdsd&adjneentrthckynchrmmgm conpri sing
the steps of: forming a sector structure conprised sequentially of
a first gap field with a no-signal interval, a first guard data recording

field for recor clsng QAnn lopiticalt disc aemeafrmm nghérefh the efatd daith said
synchronous si'gnal and fol owing user data, ‘a ’second guard data recordi ng

field for data gecording figld) ixjthe-samgas 8 ‘reeqrding patiem ef the\synehgonous
no- si gnal g%g vaI random y changing in every recording the polarity of
t he guard § "and signals in said data recording field,;

setting the total length of said first and second gap fields constant

petting the ot g | engt gl il dbold ot sl $2Mn B2 Aalolent SO0 S

10 pattern is continuous near the boundary of said guard data recordmg field and said

synchronous signal field.

17.  An optical disc device of claim 13, further comprising first random
changing means for randomly changing the recording interval of said guard data
recording field.

15 18.  An optical disc device of claim 17, wherein said random changing
means randomly changes a changing amount of 7 bytes or less of the -guard data
recprding field in every recording with a resolution unit of 1 byte.

19.  An optical disc device of claim 18, whé;'ein the period of 1 byte is 548
ns and the frequency of a channel bit for composing 1 byté'by 16 channel bits is 29.18
20 MHz |

20. An optical disc'device, operative on an 'o‘pti'cal disc having a plurality |
of sectors divided from a track, each of said sectors having a header field containing
a sector identification signal and a data recording field containing a synchronous

signal and user data, the optical disc device, comprising:
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when recordi ng, randerty—echanging—the—-lengths of said first and second gap

fields and randonly | { I dt hs of said first and second guard
data recordi n? fi elq' ﬂ}ﬁmu Eﬁjﬁ:di ng and - controlli nl% e
change anBOA#Isls,; gk d gap fields to be snBFFE? t he

changi ng amount of said.first and secong guard data recording fields.

35. A recording nethod for an optical sc of claim 33, further conprising
. setting the changing ambunt of said first gap field of 15 channel bits or
| ess,” and setting the changing anount of said first guard data recording
field to 7 byt eguaxd data generating méans/or gemerdting gumard) ddtsf i firsh angdtseemd di sc
having a pluraljty of sectors divided froma track, the nethod conprising
the steps @;qrd-datarecorql@,g,ﬁ)qlfgs;a sector structure conprised sequentially of

a first gap fi ' - = S le o R : ' - 10k rdin

Field for recordrel Suegife Mag ur 09 xihddinty Gulghl} e ot Bf fink S © 0

synchr onousecondgayp fields, fheltbmmigtmaﬁsa‘dm nd seeond gap Geldd béitigoconstamtdi ng
B at a, e‘md a asecond gg?)ﬁf ield \;lmigﬁ] a

field for recording the guard e 1
- no-sdgnal amd &ii»aamgmlmh@nm thedengthaoffirst randasecond ;gnard data gecording ar d

Synchr onoutlB ghs Totsl 165geR ot 53 AR aeh st E5eR lafe sPiraf s b,
second gapedhsBiisSasPnstant, setting the total length of said first and
second guard data recording fields constant,

39 vireeord eantrolling means fomiegording signals imsaid dirstrand s;i:th'gt_niaﬁ rst
aecond guatdiairerordiog Sels and P flata FoSURIng ey on b pasis ot fe changhy "
CO”] ol I %B{iﬁteﬁ@ﬁ?ﬁxsi‘ﬁﬁﬂ Siconll g%?}fﬂaé«g sﬁﬁ#th@'&ﬂaﬁﬁgg'%i’n of 541 st

smal l'er than changi ng anount I rst and-second guard data
recor di ng decendiguard data recording fields. '

21.  An optical disc device of claim 20, wherein the resolution of the
changing amount of said first and second gap fields is in the unit of channel bits, and
the resolution of the changing amount of the first and second guard data recording

15 fields is in the unit of bytes. o |

22. An optical disc device of claim 20, further comprising polarity
changing means for randomly changing the polarity of the guard data and signals in
the data recording field in every recording. -

23.  An optical disc device of claim 21, wherein the random changing
20 means changes said first gap field by an amount of 15 channel bits or less in every
recording, and changes said first guard data recording field by an amount of 7 bytes

or less.

24.  An optical disc device of claim 20, wherein the guard data in said first
and second guard data recording fields is the same as the recording pattern of the

25 synchronous signal.
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37. An optical di sc~hav1'—ﬁg—a—|al—trFaH~t—y—of sectors, each .of one of said
sectors, sequentiall y uard data recording field for
recordi ng guard dat a i%‘mﬂ ﬁ u field containing a S
si gnal an‘l!!gﬁ&M’é!\n ng ' ard data in said gua?g*@g%qa&g&l

recording field being the same as a recofqdi ng pattern of the synchronous
signal, and the phase of the recording ‘pattern being continuous at the
boundary of said guard data recording field and said data recording field.
38. An optical disc device, operative on an optical disc having a plurality

of sectors divi d¥¥ annc@rdmameth@bmpsnsmg the steps of: - providing;anraeptitat a

I e A S B ot e o
first recorﬁhafaeptﬁem éﬂogﬂnﬁ‘iﬁ NS.sé@br ﬁdéntffl% Hgsx *hn%eﬁtﬂta%ﬁﬁéﬁﬁ

sequentially a guar ata lecording f ecordi ng guard and a

dat a recorchut@afhi@dsmﬂranousrs@gﬂdlﬁekkmhronous signal and foll ow ng user
data,_(ii) setting the guard data in said guard data  recording field to be

the shre as a rckespEiing gyard datd isra gwarddafareesrding field dispased betveeepifai of
the. d the bound f d d data-
Facor di ng. rHENRPIRA! dhd SuB RaFLRCBRIBETE. | 17 "0 Y D) PaCO Hihg s gna s

in the guard data recordi ng field and the data recording field.

g Epngg/g BI'(I)’ SHEE{G A recording method for an optical disc of claim 25, further éommifixig

39. Ar ecor%tow![ ?‘g%ﬁﬁ%ﬁﬂhﬁ%@ﬁ&h%eﬂm i‘é’yﬂcﬂﬂoﬁnﬁ Isigmal fdrkyﬂéhx%ﬁi‘iﬁﬁ S.

di vided fr he met hod conprisin ofmng a sector -
struct ure castarting postienieftaiddata mi:onhggﬁelﬂ aiad prowﬁngdlsagdﬂaeﬂ(ﬂaéelt the

recoiiéjl ng guarﬁmta and a data recording field containing a synchronous
si gn® and $&¢ q‘l‘js‘g??!-)r dat a, : setting the guard data in
said guard dat.a recording field to be the sane as a recordl ng pattern of

t he synchronous signal, and
27. A recordmg method for an optical disc of claim 26, further comprising

providing guard data in said guard data recordmg field that is the same as the
recording pattern of the synchronous signal. :

28.  Arecording method for an optical disc of claim 27, further comprising
15 setting the phase of the recording pattern to be continuous near the boundary of said

guard data recording field and said synchronous signal field.

29.  Arecording method for an.opt'ical disc of claim 25, further comprising
- randomly changing in every recording.the recording interval of said guard data °
recording field. . ' -

20 30.  Arecording method for an optical disc of claim 29, further comprising
setfing the changing amount of the reéording interval of said guard data recording
f_ield- to 7 bytes or lesé, and randomly changing the amount in every recording by a
unit of 1 byte.

'31.  Arecording method for an optical disc of claim 30, further comprising
25 setting the period of 1 byte to 548 ns and the frequency of a channel bit for

~ This Sheet Has Been R
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composing 1 byte by 16 channel bits to 29.18 MHz.
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setting the phase tern to be continuous at the boundary

of said guard data | A nd sai d data recording field. ©40.
An optical disc of cum ‘\Lﬁﬂ Iﬂhe recordi ng pattern of the g%?rd dat a
in said JHES8INSta r Ml Cls peats a mark and spacRCHIEIOPP engt h

of 4 channel bits, and the recording inh‘irval of said guard data recording
field is randonmly changeabl e by an anou of 7 bytes or less in units of 1
byt e. 41. An optical disc of claim40, wherein the recording pattern
of the guard data in said guard data recording field repeats a pattern of
channel bits 000@2001A recording metimod fiuxi amabptical distchaving afplatalitynof Sectovser ei n
t he random ¢chanqgi nhg neans_is for changi ng the recordi pattern of the
guard dat a dixides;fyom atrack, sagh P@EﬂfléF&Qlﬁ‘gﬁﬂ'w aﬂﬁa#erp&%ti@awz a5egterpace

ot 1 ccor o praidAgE sl dua 3Rcbr A48 Rhdtabind B FhiEpniia AP H°)

in units ofuskr@its: the method comprising the steps of: : 41
43. g] optical disc device of claima42, wherein the recording pattern of

the gliard ‘dat a isequentially forminga sectarssirurtuxe comprised of a first no-signalinterval

h | bits 00010004, A di.ng get hod .of cl aim 29, inth
ocordi ng. (R B, g st gugrd aen SedoFietld F Peprahe Sval e, ot dnta o
changed to l‘e@&%ﬁ¥ el hlsecitd gundd Aatd iehoﬁlih%ﬁ@idt‘aﬁﬁ la%cém ﬁteir;ﬂ}ﬂ Secop@d the

recording interval of "said guard data recording field is randonly
changeabl e gap Beldanount of 7 bytes or less in units of 1 byte. 45. A

Gata in Said " assetting b (el lenet PESaid pisdama3ecind e AN camatant o %ét%%rdl
000109O01. : i ; j i j
19 total A@n%ﬁﬂéﬁﬁ@&?&sﬁnﬁugggﬁﬁmﬁe@ ottt Shd WHeRY €

of said guar recording fie | eable 1n every
recordi ng. recordidg, raAdomly chaiginig the lehgthl ofisaid3Brst gap ekl amdb sgid ifirsthgparir st

random changi ng neaps r. .random hangi ng the recording interval of said
guard data aeteg'ptgg,{g{iéfldpeveryre&g_%mgg ‘tordi ng nethod for an optical disc

of claim39, fur | i r i i . he
recordi ng int erv‘}jﬂﬁo lﬁggﬁé Sllijdggg ata rdgégiﬁ%%??éﬁ‘ﬂ‘%xs{“gﬁ“ fhﬂlgthte

changing amount of said first guard data recording field.

15 33. A recording method for an optical disc of claim 32, further comprising
setting the changing amount of said first gap field to a resolution unit of channel bits,
and setting the changing amount of said first guard data recording field to a

resolution unit of bytes.

34. A recording method for an optical disc of claim 32', further cbmprising
20 randomly changing in every recording the polarity of the guard data and signals in
~ said data recording field. -

35.  Arecording me_tliod for an optical disc of claim 33, further comprising
setting the changing amount of said first gap field to 15 channel bits or less, and
| setting the changing amount of said first gnard data recording field to 7 byteé or less.

25 36. A recording method for an optical disc of claim 32, further comprising
_setting the guard data in said first and second guard data recording fields to be the

same as the recording pattern of the synchrdnous signal.
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