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fixed duration sighant.tensity at selected instants of the sequence of

I nstants corresponding to the bit cells, which radiation pul ses have such
an energy that unitary recording marks are form ed on the record carrier,
the information signal conpris- 15 ing a sequence of bit cells of which at
Least n consecu- tive bit cells are of the sane first type, n being 2..
The invention also relates to a record car- .rier provided with a digital

i nformation signal stored in an information track, which information signal
conprises & 20 sequence of biTheeﬁhgpnmEGMﬂndlaﬂedeﬂunarMéiﬁw&G&fiﬂecb$&-
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of bit cells, of which at least n consecutive
type, n being [&FFeEPOnding (tg othe big E&FFFer§hNQH1ﬁ%ﬂ$%iiQn1ER%E#S

have such an energy that unitary recording marks are form-
ed on the recor& carrier, the information signal compris-
15 ing a sequence of bit cells of which at ieast n consecu-
tive -bit cells are of the same first type, n being )2.
The 1nvent10n also relates to a record car-
.rier provided with a digital information signal stored in
. an information track, which information signal comprises a
20 sequence of bit cells, of which at least g_consecﬁ%ive bit
cells are of the same type, a sequence of bit cells of a
first type always being represented by a plurality of uni-
tary recording marks in the information track.
- The invention also relates to apparatus for
25 carrying out the method, which apparatus comprises a radia-
tion source, an optical system for focusing a radiation
beam emitted by the radiation.source onto a radiation-
sensitive information layer of a record carrier, and a
control device for controlling the radiation source depend-
30 ing. on an applied binary information signal, which inform-
ation signal comprisés a sequence of bit cells, of which

at least n consecutive bit cells are of the same type,
n being 2.2.



record carriers have a very high stor- age capacity, enabling a very large
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pattern corresponding to the infornation si is formed in this_material
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recordi ng and rc&prmlnncoﬂgbasqnaltht o8, te2Luidie .0Wtherusniyalsl ¢ nehteohabat
~Of the 'nformﬂé§%] for etample, magneto-optical materials such as Gd-Fe

tive Jjnformation I ayers command nuch interest. This is mainly because shch@

20 and cobalt ferrites. In itself the material selected for
the information layer is irre1evént to the present inven-
tion, provided that upon exposure to'a modulated radiation
beam a recording pattern_corresponding to the information
signal is formed in this material.

25 For an optimum use of the storage capacity
of the recérd carrier the information signal is generally
modulated in a special manner, i.e. the source coding of
the information signal is converted into a channel coding,
which channel coding is adapted to suit the specific pro-

30 perties of the channel, in the present case the record
carrier. | | _ _

Parameters which.are important in this respect are inter
alia -
(1) the maximum frequency of the recorded information sig-

35 nal is in view of the limited transmission bandwidth

of the record carrier and the recording and reproducirg
apparatus,

(2) the low-frequency signal content of the information
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signalk;- this is in view of-cross-talk between the in- formation signal and
the kow frequency servo si gnal s which are_ frequently used in read @
appar at uses for op- tical record carriersofor centri ng the read spot on 5

the information track and for focusing this read spot, (3) the maxi num
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codi ngs. Furthernore, said Patent Appl:ication describes two net
recording Bhe i nf otf8&t Adf oSt o ERark rardr oEafPFRFiRG thiscEerdar@ot,
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iis nmodul - ated exactl I,n accar
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fi ght beamis pul sed, that t ce one type in I n-

formation %ignal a radiation whﬁ?kﬁnﬁ-’r x%%lt?’éhgéhphﬁla25°ﬁa§ﬁ’e99dé 315
generated. On (hm:r 96660 G¥drAted heSee tiod dbAt tRE wbaeﬁeartedu@a in the

recordi ng marks of const ant d| nltar record

unitary recor dPRGHBEK PESREEHT tar"Sfis %B"r“es ?lf?ﬁb 3stf’m8eF a8f‘°§n§°§d‘é‘(§sf|c
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has alsoafavourablee t ont etine o is radiati on source.
Furt hernor B, sifda2RePHEpPEeds ik dihe ghannet sePdimgescri bes a channel

coding in Wm chnaacbeeabnt:\éow&&h %Méw%@tﬁo&ey §1? ] abaﬁy&soinotdm-
same type. e.mni ggg] er of consecutjve bit cel t he _sane type,

ie. n, incr eas% ed; gx2 SOFIRRL DIV HR B‘Fﬁa‘Hgi"ﬁalf Bf'"ﬁﬁﬁlon 39 gnal
“decreases. |t thatbrecurdtinat ntalm hes variable length are recorded on

2 ) the record carrier, which marks correspond to the periods
200 that the information signal assumes one of the digital
values., _
In accordance with the second method the light beam is
pulsed, that is, for each bit cell of one type in the in-.
formation signal a radiation pulée'of fixed length and
25 magnetude is generated. On the record carriers these ra-
diation pulses produce recording marks of constant dimen-
sions, unitary recording marks, each unitary recording
mark consequently representing a bit cell of'one_specific
type. In comparison with the first method this second
30 method has the advantagé that the dissipation in the ra-
diation source is smaller, which has also a favourable
‘effect on ‘the lifetime of this radiation source.
Furthermore, said Netherlands Patent Appli-
cation describes a channel coding in which at least two
¥ consecutive bit cells are always of the same type. As the
minimum number of cénSecutive bit cells of the same type,
i.e. n, increases, the maximum frequency of the binary in—

formation signal decreases. It is obvious that this has a



favourabl e effect on the attainable storage capacity and the required
bandwi dt h of the recording and reproduci ng apparatus. It is an object of
the invention to provide 5 a nmethod of t'"he type nentioned in the opening
par agr aph whi ch enables a very high information density on the re- cord
carri-er to be ahiauvedbletédiecthennehd b taipRIA LETFEEY SdpadgeRt and
requi rements o L dE ng. L Ri..ment ;and _whi ch..al so _enabl es t he.
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this end the | PrRIBRYDFI$s characterized. in that the radiation pul ses are
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which 1 < i [ e HR9EreY Hhe FyBe| Ignticagdr dp ey aupning nexpeseeh
nunber of consediidlveernbleel &sveryt heghainfhrmitidpaldis 1BpIAscthedrdy a

Rlurality of unjtary -.cording marks whi.ch_.are at l.east contiguous and
whi ch are prodler’coezg‘{ b‘i/gzgrzb(fgﬁrg?i?f/n%f:ﬁégﬁrggcmlﬁ:\ﬁfé’"ratacﬁhﬁ- irbene‘f)utfose’s'f'p%ﬁe
The invention iexiremslons thingesbgneundmegenitise odmdihe recardimaceqedpthe
M ni MM si ze Olndrl¥e diH ~wASEN 48687 dhAG1UR' 'thel QiSHURA1d:D ¢ Mhke rdBis-
depends on material paraneters of the information |ayer and on the
properties'bf tHEHFATEESF cBAPBRehtUsFARVER EHMEtERTi-a- 25 tion beamin

f he Ei_ecordi ng appar at us ihs Lonuseﬁienb?dt hael H.f:x&_reliﬁijgiﬂ :'Js’:?’cﬂiaréf.ét%ﬁized.
encodi ng systens. i i t he,nupber of .consecutive bit, cel]s of. 1 me
Eooodi 09 PYot STy 'hell ' il S0 INERSE Bl SRR SEE WineRdudiad g et 6o
rélated to oneumittaget |réxarding hatrkeelbsmetobywsiadid 3tdialtom peisésn,

t he storage ca ' t.he ri e i t .
The increase ollg‘t%gztndes b%/ "pne%éfgg%%g%%ggi h\glrgn%igg%gt ﬁefﬂc%lgegen Sé;%@%%g tg,la%g

of m Apr& fé&aredEmbd it §int kB AeehBdbeAng: dovtegans b tand hin that
invention is chalga@=sydZ aduitded hét Bbas8cuthiive PEIAVicEAI A oI5 tHEXSAME
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cording marks which are at least contiguous and which are
produced by a plurality of consecutive radiation pulses.
20 ' The invention is.ﬁaséd on the recognition
of the fact that in practice the minimum size of the uni-
tary recording marks is subject to limits. This depends on
material paramefers of the information layer and on the
properties of the optical components by which the radia-
25 tion beam in the.recording apparatus is focused ontec the
information layer. If in encoding systems in which the
number of consecutive bit cells of the same type is great-
er than one bit cell, said unitary recording mark is not
related to one bit cell but to m bit cells, for which
30 1 «#mgmn, the sforage capacity of the record carrier can
be increased substantially. The increase obtained by means
" of the invention then depends on the value of m. A pre-
ferred embodiment of the method in accordance with the
invention is characterized in that m = n. This provides a
35 maximum increase in storage capacity.
A record carrier in accordance with the pre-
sent invention is characterized.in that one unitary recqrd

ing mark represents m consecutive bit cells of the first



sent. invention is characterized in that one unltary record ing mark-

" represents m Ve, cel t A for_which 1] er
miflerr] n(m an [err? e]%?%%hl ?tet‘leg QS % n-r}t heln§ é‘rneaetgterr do’{r
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unitary re- carideaw ﬂw§¥51§hr6ﬁraéénﬁbd|ﬁ§sh UG YANS 0O uni tary re-
Finally, a recorzgict r%ar{i)ﬁ urts1 {l accor Ece with the invention i's
gharacterized in th e<Zontt ol AETi & 18234a 508818 MPupl v contr ol

pul ses tosgthe radi ati on sourEdnahtlysaadreadrdingn apparaduss iadapicat-dance
produce such %ﬂ%ﬁ“@ﬁéCEhG%QEEon'ﬂsrgﬁQQQE%eEngdPQQF%%ﬁxp%h&ﬁc%ﬂéﬁgﬁ on

the record carrier a unitary recordi ng mark I ch corresponds to
m consecut i ve R3S %‘Fa?ﬁ%ds’é?resFPPéy E9pETPA PHE s drondiieo rasiigidian
.for which 1 < suoJmre Jand é’dmad|ﬂa@ﬂawanv\ebhraewlbead&%ﬁ:bub&d: @t‘o\@ﬁ%é)f 15

exanple, wth Jeference %Qt{pl?ﬁnsorrpan ggrg%\év: gt éd irgg\é\qu H ures 1,

»2 and 3 represent S|gn wav e Ahd™ s to
i |1 ustrat e t hé&hadt IR the aceerrdnearnien ahgnumaem recordiggr ela4:'ksh(a/vs an

exanpl e of a dewimed hid) cOPtesPbAdst B8 hadbakboB tRYeSeI ¢’ %%li'fse%ff q!hé he
.method in accordance with the jnvention_  and Figure 5 shows si gnal

“wavef or ns app?ﬂ%&ﬁrWEQW%&ﬁc?eF?'ﬁﬁ?’é‘“?ctéeﬁeﬁ&ﬂ‘éél' §‘°F'eﬁ’|hé§éhts a

first 25 versitory of ghe. method in accordance wi th the |nvent|on using the

“so-called MIler rmaul ation.m,fl %@eﬂ&%ﬁ%ﬁf”ﬁtﬁw bR ti %n%]e Y wiy of

digital signal, conprising a sequence I'C Zeros and
accor dances wi ehantie Mltqtlerrerﬁﬁ}tﬁfa&ﬁ* oo t e SGF@?PP&Y“E&)“E?‘Q‘H&F: i diehert ed

i'nto a binary information SigiAlrds $)103Nahd §i gpBekbnt! Bigned! GARGT inksh
the M1l er nodul at&qgn t he hi nary in- Tormation signal _then exhibits a
P ansition haFPﬂa associated recording marks to lllustrate.the method
in accordance with the invention,
' Figure 4 shows an example of a device for
20 obtaining the fediation pulses required for the method in
accordance with the invention, and _
* . ' Figure 5 shows the 51gna1 waveforms appearlng
in said device.
Figure 1 schematically represents a first
25 version of the method in accordance with the invention,
using the so-called Miller modulation.

:“Figure 1a represents a bit sequence of a
digital signal,'comprising a sequence of logic zeros and
ones. In accordance with the Miller modulation this digita

" 30 signal is converted into a binary information signal as

" shown in Figure 12.
In accordance with the Miller modulation the binary in-
formation signal then exhibits a transition halfway a
logic "1" of the applied digital signal and transition
35 between two consecutive "O"!'s of this signal.
A characteristic feature of this Miller mo-

dulation is that the length of time in which the binary

signal continuously has one of the two values can assume



logice"1 " of the applied digital signal and transition 35 between two
consecutive "0%"s of this signal. A charaéteristic feature of this Mller
nb- dulation is that the length of tine in which the binary signal
continuously has one of the two val ues can assune 6 only a specific
nunber of di seordiye avaspesifihi ohmbekues disgirete thalides f orbvidla wdludsi s

t he greatest | e ssibl; r &t e I Bs Lhe
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fadi at i on- sengidranta teyen mavadsaumenthxeawamlet 2he BTmiUIlaI s iwillchea way
that on this r%ma[zde&é”f#% egs%ggﬂg %gfl&zt%hfftcw% %antgﬂ%‘.ie'l‘

Pepresents théBinary. information i's purposé this radiation
beam may, of otikkebe beefiornedt td 28 bP-rte@Pll} Widsh IS Wt ¥RIMSTY nf or nat i on

signal to be recorded. In adgp}i geco&aengaltﬂewﬁm@rﬂ&ﬁaﬁﬁ&oﬁpaigﬁn| on
80 00.121 (PHN 9666) describes the gosm bility .of record- glﬁ"%

recor di ng Wrar K& éh THCTLcorETLEF PEVIBF Ah&Fd Pt
radi ati on sounegiid®ioh MbéapunpssebaOmadudditaid dm Euce aswa;hoﬂmat nofi gur e
lc i's generat etq'x fsorreeaoczrhd bcar??er Iecwg'ldﬁ.pxgr ﬁt%.rr’i:sserE:rse afA:Ql%& ;ﬁ;seEggh of
the radiation pu’lses A a Ut TTEi entl h energy to produce a unitary
recor di ng mar lausneespeprensgnts the binaga |1né“m1tm?é=#<éeosveg%h|‘§?r Yhds, a

pattern of recqr.ding, B KsS §a3§a@§BBWBehﬂx Bagur & sl Douisd | 68l HbgeNskeas is.
for med on sai record carrier, which narks are referred to as unitar

recor di ng "Frar \dingrit iR oskthather hipggvedaformaid oft iigrahr Be Nkt Bﬁcéfﬂﬁﬁlﬂ
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t he dlaneter(gotgga{gynepHN 9666) describes the possibility of record-

ing unitary recording marks on the record carrier by the
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pulsed operation of: the radiation source. For this purpose
20 a radiation pulse as shown in Figure 1¢c is generated for
each bit cell T, which represents a logic "1". Each of the
radiation pulses has a sufficiently high eunergy to produce
a unitary recording mark corresponding to one bit ce}l on
the record cafrier. Thus; a pattern of recording marks S
25 (shown in Figure 1g) of fixed dimensions is formed on said
record carrier, which marké are referred to as unitary
recording marks and whose pattern represents the binary
information signal. | _ '
In practice, the dimensions of these unitary
30 recording marks, in general the diameter of the round
marks, is subject to a minimum limit. This minimum depends
on the parameters of the radiation-sensitive material and
on the properties of the optical components used for re-
cording. If the radiation-~sensitive material is, for ex-
33 ample, a material which melts upon exposure to a radiation
beam of sufficient intensity, a specific minimum radiation
energy will be required because of the reliability of the

write process, which radiation energy forms a unitary



rfarks= is subject to a minimumlinit. This mni num depends on the
parameters of the radi ati on-sensitive material and on the properties of the
optical conponents used for re- cording. If the radiation-sensitive

material is, for ex- 35 anple, a material which nelts upon exposure to a
radi ati on beammdcerdingi eatki nf6l§ieby.,fia: sienirid e ﬁ}imméﬁdiﬁgi 6h €ner gy
will be requir ser@f L1t of t he WI’I rocess, Wnich
radi ati on energ"%jtf-%(re%fa :l[fﬁl g?ﬁ 2 lrlgcl%or g r%ar K 01°% e dr nengi bRs
vi a heating of Ct‘h’ef"h%t éhearecprdevenpgmlelsear wirdi d?espmmldmﬂglafhlks The

re- quired the §@e0E4 NGoRpOREAE sWeknp1RGeAE IRl 1AM Sraitle £Pbhfatus
conponent s errpl oyed in the recordi ng apparatus 5 | nt er aI| etermne the
dj aneter of thé%?i¥e—%ﬁa%t dgrgrmipe; &feofigneates rﬂ‘%r‘??h‘h"b‘i’r‘t?%ty%lmtm?g‘

Wite spot can jectpdesntioVehy ifmlolrmdltam eray%a)rfm ngfrm ckpaesaﬁst:en

the hi gh storagg i f opt i Jd.carri actice
this is also s%-‘g%?a%o‘g%%ﬁi ?é‘gf? 8e(%5' % egar dfselsnsg’of :'f%r x%ﬁgfg }_
fl at ness def ectthofhighe $h0r$sprraapenlrbary9rf tm:e@e/qu@@btrth earyriers,

al.ways be mai nt@ifed, #ﬂeb:.&&t 8hidl 13 LARAS SN A L LRI | SFRELSaON
fhe flatness of the in mation layer and the focusing control of the

recordi ng dpparcfgrrdlgss of, for exampigpedil@tngsgs dtpeehoFhe +R=nind
fhat even if umdma/timoxdyaﬁ ﬁniksw&t\éersxaoamhlanfaﬁm&ﬁm &Bkape bermed

on the record carrl er hi sti.c- .ated techniques, this also
consequences faf ’trhta’i' ;a)%i?gt % ﬁiﬁﬁi HFRITSS 1% retcro’%bg%%? Y%VuT‘Ee‘PSn%e
réad. 20 The rcaradtlaapp%«latmlssshoﬂl dhtehenfbe'ntaeq;am dagfer eindibtlye r Cachaing
these unitary r&gaeEdNd; FREKS . rg\gbgplhgpgégé_r\éqﬁy stringent requirenents on

tfie optical_conponents and con- tro ised 't her ei n, for exanple the
tracki ng sy&tem and the focustpgesyeremi tEshonls Me iForng sin guind ppar st us

25 is a COﬂSUT&iFerDI’leEﬁltiﬁj} ﬁéaaphgngoma&mdldfg Vg tstha Vvl d@ﬂnaﬂsieﬁs

audi o information, .the req Lrement s t hat be .i sed are supject.to
Timits. As a rd POEIHE BhanEpep=ar cora iy oy méssts o) S&oniSeic

- ated techniques, this also has consequences for the read
apparatus with which this record carrier is-to be read.

20 The read apparatus should then be capable of reliably
reading the$e~unitary recording marks, which imposes very
striﬁgcnt requireﬁents on the optical componenté and con-
trol systems used therein, for example the tracking system
and the focusing system. Especially if this read apparatus

25 is a consumer product, for example for reading digital
video and/or audio information, the requirements that may
be imposed are subject to limits.

As a result of this the diameter of the uni-
tary recording marks S shown in Figure 1d is limited to

30 specific minimum dimensions in practice. This diameter in
conjunction with the modulation system then determines the
.storage capacity of the record cartier.

The present invention aims at increasing
this storage capacity in a simple manner. Instead of re-.

35 cording unitafy recording marks which correspond to one

bit cell it is'propcsed,'in accordance with the invention,

to record unitary wrecording marks which correspond to m

consecutive_bit cells of the same type in the binary in-

C



tary ¢«ecording marks S shown in Figure 1d 4s linited to 30 specific

m ni rum di mensicons’in practice. This dianeter in conjunction with the
‘nbdul ation systemthen determnes the storage capacity of the record
cartier. The prEsematinuestigonlyi e ratwhint ebgi ng Lhis s50a896a89P8¢ALKd,N
a sinple mannery Lnstead r d|n u recor di mar ks whi ¢ch
correspond to one b|§t g(f:leltflfe cgs? g’?owf(}gte q"°£| fcao{%%ﬁ‘\tesw Fﬂgf’hén accor-
i ention, to r@RkBFE Hhithather e@memmg:marmsfmm contespbidaldymthat for

consecuti ve blt“ﬁ££|ﬁoaﬁlhhﬁoﬁa s&%ﬂﬁnin-ghej%rﬁﬁd é&ns%%ugnéf§n?£hfﬂpl-
(0}

si gnal , for V\:hl ready stated, n = case

nodul ati on, f%rY T‘ﬁcgfgﬂﬁlg ﬁ‘ﬁﬁl‘;‘e%m ﬁ?%ﬂ%t?%nﬁ'? bHt| opdls. More-
aut omat i cal | y tmerf oin' Acsonddnkat nve.rthsyﬁieenﬂrmenfh.onz élnéréé?ﬂé:BQHﬁﬂ’bleY-

one uni- 5 t ds to two bit cel Mor e-
over, in accorg%yncéegﬁmgéﬁhggvga%\%gnﬁeg% 8 grgﬁ bR ?‘r%o’ﬁggfﬁ?f’%?eﬂlt
Zell's of the sd® 2 yphunrbitEppEsuniddryy requndiag tmams wiiieh yarecaedi ng
mar ks whi ch arelg'as{;e@(sﬁfggagﬁguous 10 . When the nethod in
accor dance Enth the inven- tign is applied to the binary information signal
Tepresent- ed by Figure |b, thhenytipqaetyodeigmmacanianre tekthotheaninyen-
recordi ng mar kstiasn s:hs)vmppn:.EdgﬂéetMa biaaryhisehr dxa Hild:ONs éfsréﬁréggﬁ@--
inFigure le are?{etg}u %u % 1?%§ar|n the patterns of uni %/ recordi ng
marks shown in Figure 19 and 2t L \Jvéisf PTeBRARL & e (PRtteraiofwo
unitary reco'rdl‘-ﬁglfrﬁalrlksr@@rdﬁngunerkb ase shepimded Higwstengl £, Ufot awlich
recording marksadid ¢ & Qigads dBAbnbis E%égfgiy °o LUREWUINE D L8 Bial-
recordi ng q@r ks of Figure 20 are repl ace aretl BeT app
unitary rec rd—p%’h‘g}"%’?}k% @t%%r%ﬁo\?vﬁ PRitRIYT é“ePfordetrxg mRtk sl sleorsn obs  of

the unitary redurglimg rmréerd sEWehéA Bhewserbk %&%m’iﬂ'eecéﬂ%ﬁt Sthd h@ir@t by
direct com par] sq:gi éhe atter sh wn in g@&ure 1d i s possible. 8
reality the unitary recor(ﬁ’ﬁ %r'ﬁa | PEhELgaEec11&y axe Teplaced bY

-

single unitary recording marks S!' in Figure 1, that the
next three consecutive unitary recording marks of Figure

20 1d are replaced by two partly overlapping unitary record-
ing marks S' as shown in;Figure 1£, etc.

The dimensions of the unitary recording
marks shown in Figure 1£ are selected so that a direct com-
parison with the pattern shown in Figure 1d-is possible. In

25  reality the unitary recording mark S' will be selected to
be identical to the marks S of Figure 1d. The pattern show
in Figure 1f is then reduced to the pattern shown in FPi-
gure 1g, from which it is evident that the method in ac-
cordance with the invention leads to an increase in the

3 storage capacity of the record carrier by a factor 2.

In addition to the Miller coding descrlbed
 in the foregoing several other codes. exist in whlch the
minimum number of consecutive bit cells of the same type
is greater than one. These codes include serial codes
(amongst them the Miller code) in which data bits of the

digital source signal are'cmnsecutively transformed into

35

bit cells of the binary information signal and so-called

block codes, in which words of the digital signal are con-




.be identical to the marks S of Figure 1d. The pattern shown in Figure 1f i
then reduced to the pattern shown in Fi-ggure 1[err], fromwhich it is
~evident that-the nmethod in ac- cordance with the invention |eads to an
increase in the 30 storage capacity of the record carrier by a factor 2.
In addition t ¥yeHeMinter 2pdrngniisvernge@aitterme offotdgoi vl keverfil the her

codes exi st i midEh {h€o Fhot i) BUSHAN . OnC QRS te| \éﬁr tydcrpeéléo@é ige

ssie type is greater th odes_j ncl u code am)ngst
themthe M1 %h co?fejcﬁ‘ﬁfﬁﬁngﬁ” Egég]ﬁl%t &% F°“1"t’f€edﬁ %{e )Z GFilre
consecuti vel y dd ainsfXw theslr lanh ds bPé t el Appﬁ.:.tclaa::mmm onfO:RBmtwmlsl b

and so- caIIed LN WeTH i [ . n-
verted i nto antg eq%)l g‘uousaépa \tl\@r’%hd %Q? cerl gh%og’x%%@olaﬁia‘%;oal n o(r?ﬂr% I on
Signal . An exdipfi®e ot amcepbicadliedisct hn $becslo-calrrd ((@mpact Piveirdedie

Modul ation), @,sarénb f:d tie NeADHET banda 1 BakeRl mdRRITAAONRD L K1141.028,

Which code 5 IS oyed as.a nodul atlon for recordi ng audi Q i nfornma-
tion on an opthﬁ’eﬁmﬁl 973 Fhor oSLEPRL I Lo FHAEA e Z2R%I IR SRae Rt 11tk
case of this BFMarshdwtien bhe cesbkt hpg bifnadhe isaimy rﬂajtpe)r(xsugrm), is

char act eriged Jo (Aol 18080 PENTROUN YELRL 68l 13 Are Ol JJe SanEnLYPe

(n =3), 10 wh maxi mim i s of Cal fernatives 1
net hod i n accoreddmed g tacedmedamgenvish &hel 19@@@9@@ wdd Wnitieh ¢%$@r=eb|%‘é to

Figure 2 wthWﬂ%HNfé%ﬁEéhébSt&nﬁi glPbabNinednby-eRaes iSiddtM obtain-
nmodul ation. - gtyre 2a represents_the binary signal. The 15 radiation

pul se used foreq' ortfaRe i &E stihs t FEY mogHLe&i9 i ecording mark S is
obt ai ned whi ch corresponds tm:.éubetzaei-bﬁretsbﬁtm Itwwmlmﬂﬁ;ersignal The

oonsecutiyge bit I of oL ater. purber. of b|t
cells of type Elact:iLno ‘ffe%%r'ﬁse%dl ﬁofhgecgzﬁéi % ‘ied lb%/ IB—a

gure 1 by rreaﬁ?c@frda-mnmkoii toncktained whiicht iceﬁ‘rmﬂpom wpak el bt

time interval ¢eaft ONEHY 58l dhum WihhiBerEo rSHbhSelctitlife RAlY efdy Bhayw i

Figure 2c, generat ed by the radi ation pul ses shown in Figure 2b. The gure
sshows that "1", i.esm = n = 3. A greater number of bit cells of type

"1" can be recorded in the same way as illustrated by Fi-
20 gure 1 by means of a number of comsecutive radiation pul-
ses spaced at time intervals of one bit cell, which re-
sults in the pattern shown in Figure 2c, generated by the
radiation pulses shown in Figure 22. The Figure shows that
this results in a substantial overlap of the unitary re-

2§ cording marks.
In the pattern of radiation pulses shown in

Figure ZQ_evéry second radiation pulse of the sequence, by
means of which a plurality of consecutive bit cells of
type "1" should be recorded, is suppresSea; except for the
30 last radiation pulse of such a sequence. From the pattern
of unitary recording marks corresponding to these radia-
"tion pulses, shown in Figure 2c, it appears that this pat-
tern still unambiguously'represents the binary signal. The
advantage thus obtained is of course that the dissipation
38 of radiation source is reduced.
In addition to the first and the last radia-
tion pulse whose presence and position are COmpulsory the

pattern of radiation pulses shown in Figure 2f, only com-




this results in a substantial overlap of the unitary re- 25 cording marks.
In the pattern.of radiation pulses shown j§ Figure 2d every second

radi ati on pul se of the sequence, by neans of which a plurality of
consecutive birt cells of type "1" should be recorded, is suppressed, except
for the 30 | aspriadsathenmiunbismem husibedr anisequessnnzedfaom thdipatiber pudfses
uni tary recordjng s . correspondi es t own

i i gure 2c, i| t°g§ gartg t?l’at%& % qtuert%r noefét 3rr1 Jr’rggr Héﬁﬁ& u'ﬁli
represents thet@rviarycglr‘gnalg m?h'éﬁSa Pigurre 2dls Wbtehnda Fshéﬁveéubs’epphat

the di ssipatiogi8PoRinka¢hal HAR UL ¢ FLIESTon | PuBFdbt h8NehQalN@ iler St
and the last radia- tion pul se whose presence and_ positj.on are corrgul sory

the patterh ofl?EﬂFXFFBnrﬁ&%éé’esﬁdw;Fhr% ﬁ:’r‘iﬁﬁ A t%ﬁl§7a55nfadlaf °Brises
the m ni num nugheseof internediate radiation pul ses in order to obtain a
sequence of partly overlappi uni.— tar record r

Whi ch is achi eved by po- Slt?%nl ﬁg ’herlyn eer n%d a e radl'ﬁgﬂbg&lgu é[g?%d]:. €
equal tinme 5 mapkershbyw dnafiiemrtey Jihe & i sequemeiet 6 tonsecudiyei At

pul se. Finallyeseiist B8 RFHEEMA mOlaiNiddldedAEQEAE 88 BRI KSpihiown ikl birgure
?i, a sequence of consecdtive bit cCells of type "1" may be reP‘resen ed by a

‘plurality 6f 1’0°ﬂoﬂVBVéPP@ﬂBﬂné""d’ut"%"’tﬁi‘tg‘ﬂl}b%su%?‘?ﬁ?’y PEEBAAPRY™ 4, so
that the reqU|£6dtl‘iﬂﬁb%heOfrehaﬂlxﬁtd Qlunibds ast (Fag@ideien palsesud®dgeven 2h)
further. It will be ewﬁent %t means of logic circuitry the desired
pattern of r adt &t F8ARSEPs 87 °Far B *derived fromthe binary information
signal in a sinple manner. AFdr wifldorhe evisdénit dtkat phyi oaarke oéhadie€d cof

this pattern 031{?&&%&?0%@h%%&:@é%ﬁ@p@msopnrwfaéﬁshr gal1kelsi abinl Hey.
Wen the nyunber of uni ary recording marks is reduced this wll ultllmately

al'so | ead Po adpeyuedi §xopy the bimenw jninrmaiion signal in a simp

manner, Apart from the said dissipation the choice of this

pattern of radiatioﬁ pulses also depends on the desired
reliability; When the number of unitary recording marks is
reduced this will ultlmately also lead to a reductlon of

200 the reliability.
Figure 3 represents an alternative to the

method represented in Figure 2. Figure 3a again represents
the binary signal shown in Figure 2a. However, in contra-
distinction to the situation of Figure 2, the unitary re-
25 cording marks S now correspond to two bit cells, hence
m = 2. The sequence of radiation pulses shown in Figure 3Db
then results in a pattern of unitary recording marks S' as
shown in Figure 30. This alternative method also allows a
number of radiation pulses to be suppressed, for example
30 every second radiation pulse (except the last one) of each
sequence, which results in the sequencewéf radiation pulses
‘shown in Figure 3d and the pattern of umitary recording
marks shown in Figure 3e.
Figure 4 by way of example shows a logic
35 circuit for dériving the radiation pulses from the binary
information signal,.whilst Figures'Sg to 5d show the cor-
responding signals.
This example is based on a binary information




Fi.gure 3a again represents the binary si | shown in Figure 2a. However,
_isn contra- distinction to the situation of Figure 2, the unitary re- 25
cor-ding marks: S now correspond to two bit cells, hence m= 2. The sequence
of radiation ptigmalshoin whikhgavte I3nstheh gosse¢stive abpht telbsohrenptfary
recordi ng mar ko' S I 13 oFi4Ghur fm%‘l th -
allows a nunbe?he(?f s?ﬂggl g?lwgn rQSI ggls%tegaﬁetagl}t)zﬁiésiﬁé oar{&g%gnp gcgoﬁg\rfery
second radi atlﬁﬁsBﬁPget(’eﬁcé’ﬁt" crd Ysasemke RceR@ sequence, whi ch

results in the sequence of rag &ueorlo@iéa,ﬁkwmtlgh&ﬂuiﬁ Bigapd uhehe
pattern of unltar recordin mirks S e Fi gu y , wa

exanpl e shbws 2 ?og}'clgg°a"g3&| f* fsd‘tg"(?\gq] #/erg‘-%qﬁ% i% a’f?o?\pﬁbfgg B mthe
bi nary i nfornedevhcei §nah, wirichs tthiisg i xima tiorbds tdmanl t he detayedspyndi ng
signals. This eXaMpie £810a5¢Haghad B ym&f@erf@}wnmfo%gef%n sagnm' ch

at | east 3 consecutive bit are“of’ t he sane uni t
recording marks' vi@enhtesr infespatdono sianal e’éla‘rl?se (,%E’Pjobe‘FeEBrH‘éﬂ 1¥1ﬁuﬂ7ﬁe
logic circuit &foam ANDEggugezé} h_hQ;hE_rcbllliﬁﬁyb |crlf ommg |,ansg-gaal 2l reEi gure
Ha) is appl ied tp a 11F i N whi. ngt( s i nf tion sjgpal |sldel ayed by
two bit cells (F§ ?J?e 58 ock,gigpply H‘I%’rrrﬁat SIRET S 1E RB-PRE

4 nformation sﬂgmhfwahyaeeeappbnéd ced lt.wd ti rjhe owfpwh FMDElYhs cAND-gathki Bd

input of this mg@i@lgsr@helgugg' V%a@.n?'s@fd‘ é'ﬂpaﬂ‘l%ul('%: ? rewﬁﬁ):h alse

conprising pul ses_hal fway ever It cell. At t e out l's AND- g 2
this yields th”é‘”ﬁﬂ‘s’ést?aPhlgﬁoﬁﬁ Pnrﬁd@-@rté-% S‘Wﬁ"t‘h %ul%’él?r’é?ﬁl?§l°n

apg! ied to aI rs%h:::%é o? snuﬁcgrsdulsblss rramjaa;tzjdm ;ﬁgw@@ ﬁof hﬂﬂrlﬁiﬁéuﬁe&nl-
rgalatlon uses or forning a u tar ecor di na jresponding to
01t cel 18 ontare Tettrd g, Prel ooz sHoRdiFE ciibon i E SRELenaRcBRer o
sys- tens, sud'etasrta ¢acuieng control system used in this re-

The optical components and - the control sys-

Figute 3 represents an alternative to the nmethod represented in Figure 2. @

tems, such as a focusing control system, used in this re-
cording apparatus are of minor importanqe to the present
20 invention. The samé applies to the organisation structure
on the record carrier, for example the presence of ab-
sence of a pre-recorded track on this record carrier. For
an example of these aspects of the recording apparatus
reference is made to the previously mentioned Netherlands
25 Patent Application 80 00 121 (PAN 9666), which is herewith

incorporated by reference..
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cordifrfg apparatus are of mnor inportance to the present 20 invention. The,
same applies ta the organisation structurel8n the record-car+ier—for—

exanpl e the presepce of ab- sence of a pre-recorded tr '
carrier. 'For anth | e of these aspects of the recor dﬂﬁl‘iﬂ“ﬂm‘%ﬁmﬁf
reference is nmade to the previously nentioned Netherla s
Application 80 00 121 (PHN 9666), which is herewi th i ncorporated by
raference. 30 35 CLAIMS: 1 - A method of recording a binary
information signal on a record carrier having a radi ation-sensitive

I nformation |layer, a recording pattern corresponding to said information
signal being fornmed in the information 5. |ayer of the record carrier by
the generation gf radiation pulses_.of fixed duration apd intensity at .

del ect ed instan?s? of the sequ&c"éeifﬂ-‘"il n%faﬁ?%"ﬁ%?‘?@sﬁoﬂ&f‘ﬁﬁyt FofREms Hion
cells, which radiigmiadn opules eedravt cacihien kaeingg ahatdiaittiany seasdrtdivey
flar ks are fOr Meqn@uit SAE Al € 1d Socd PB1hE pdPeel A BBLLBL-SHLANA: ¢o
conprising a sequence of .bit cells, of |_c:h t"least n Consetut) ve hi t
cells are of th&ddmdnfiormatinn signnl eies formednipather indermg tiioa
']fhe rgdib a- bi 3n1a&b&€$f'arﬁxéj:ﬂ“éiﬁﬁid)mﬁﬂei-hﬁi the gah&igay_ibacgrdkaali{a&rﬂ@?
ornmed by said radiation -nul ses. represent copsecu- tiv it ce of,
the same first Pi/lg'gesf 8;} Vf\lﬁixc frﬁﬁaztr]ﬁn nar(% TRECRSHEY nB®i ﬁfgﬁgfg)d, * 3’351“:5 |
greater nunber ofF ¢hesseguenoee df tirgetdntoficehreespondingstot yhe bit cells,
represented by g I alalgl f ] I | Kk LGh .|
cont i guous and \/\/rrﬂQ(L::%i g?g%rtgglﬁe%&hg{/%a %ﬁlﬁ %Q%n%? %%ﬁgg; E%E%C%l\}:%@
radi ati on pul se§ec9rding marks agxefiqrRpdon| thepherprdl spFrier, the in-
aharacteri z@d i Porhattidn= signadl comprising A N®é4@6nas 6FabiedciiiEl,aioh 1
or 2, charac- tg{liiéﬁdaitnltegatt a numnber og. consegcuti f bi t ce}l %hOf t he 25
sane first type gréatér than n3 SYeHBEentedd ?ae% Trafe © e same

first type, n being 3} 2, characterized in that the radia-

rr
L

tion pulses a:e'dimensioned so that the unitary recording
marks forméd by said radiation pulses represent m consecu-
15 tive bit cells of the same first type, for which 1<m\< n
(m and n being integers); and a greafer nunber of consecu-
tive bit cells of the same first type is repreéented by a
pPlurality of unitary recording marks which are at least
contiguous and which are produced by a plurality of conse-

8 - cutive radiation pulses. .
2. A method as claimed in Claim 1, characterizel

in that m = n.
3. A method as claimed in’'Claim 1 or 2, charac-
terized in that ﬁ number of consecutive bit cells of the
25 same first type greater than n is represented by a plural-
ity of partly dverlapping unitary recording marks.
4, _ A method as claimed in Claim 2, characterized
in that for recording (n + p) consecutive bit cells of the
 same first type (P + 1) radiation pulses are generated, .
30 which radiation pulses are spaced at time intervals of one
bit cell from each other.
5. A record carrier provided with a digital in-

formation signal stored in an information track, which




cénsecutive bit cells of the sane first type (p + 1)-r

ity of. partly overlapping unitary recording marks. 4. . od |
as clainmed in GQaim2, characterized in that for recorHM",ﬂL’lﬂ LI!D' )AP
ael at | sare

generated, 30: which radiation pulses are spaced at tinme intervals of one
bit cell from

digital in- forwrirlatcihorgtsilgenagétsﬁoglg%‘-e'%zegg?isg%?rbgg : g,qtg][c%%ﬁ.;s WL F the

i Rfor mati on signal  conprises a s

aafo raidicion Ssignal comprideseaosdqaahiciecio fproavti derl vé i hof

ch at least n

(n[err]) consesameyctinea, cel $equercefof hebianeelyfe ofa asddFatc £¥ae AL

cells of a firshy/Rfeile YoySeH&hpoar spr 8Spnted1hyd ofl widltdry Gfeddird oy
recording 5 marks in the information track, ch%%%%teri zed |

unitary redor dMFKAR rEM T RTLoRsETRFKve

rype,

gnitary 10

st nad i (e e one

for whi clinli tar rdcdrabdg Mabki Agpresenessin @nchs® qyrisiate rbintnbekl of
consecutive bit Lls of said firsit-type:Ls Lepresente al 14y of
ot Ghe Ar g'gmé f‘o}:’ gﬁlfzﬁ 1£ f glugés))é.r%i&_lbgﬁﬁé A

recordi ng mar

ch are eastScont®

record carrier idi¢egetnednd € gresberchunbenceér coagocntifa WiHe emttargf

recordi ng mark J.GRf 6S&N $ . £59NELCHLH¥EsBh e@CbYS a0 1 11 B lo £t Vbl Bdlfly a
plurality of consecutive bit cells of the first type ar,eatqr than n is 15

r epr esent ed by TEATHAG (BRTFS pFREEY B8 phpprA§ tulSi

7

that the overl

corresponds to3f

%tor di ng mar ks.
Arecord carri eA fécetai sreribrChai Rl imstbrin Glxin 220 ¢mar-
ap .,of the. part verl appi ng_unitary. J. r.di

t-erf'ﬁﬁdf :Czé|+1¥a'9 2cbne 88311:&1:7 r&a%ﬁ%% n{yxritg :J&ésents I

paratus Tor carryrng

out the nethod cas s citied vl O @bl g, ofhitbh Apparattorec et iasesturakibut 96n.
source, an OPlicciHs WA MLy [ OOHEL NGr AhRdirdlbqn 1hRAMEAdexl ek N 1s

r@di ati on source onto a radiation-sensitive infornation
carrier, afd aTeRReAnRYIRE 25PLRER1ILEK: Pl PARG 1Ph& Vieddi

ayer, of a record
SRRARE ST EY

dependi ng on akedfdrdldg£dndiwary information signal, which information

si gnal

conpris

consecuti ve bi
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ol potuence of Bllofs!L et ettt (6 idn 6, oma-
acterized in that the overlap of the partly overlapping
unitary recording marks corresponds ton - 1 bit cells.

8. An apparatus for carrying out the method as
claimed in Claim 1, which apparatus comprises a radiation
source, an optical system for focusing a radiation beam
emitted by the radiation source onto a fadiation-sensitive
information layer of a record carrier, and a control device
for controlling the radiation source depending on an ap-
plied binary information signal, which information signal
comprises a sequence of bit cells, of which at least n
consecutive bit cells are of the same type, h being )}2,
charactefiZed in that the control device is adapted to
supply control pulses to the radiation source and said

radiation source is adapted to produce such a radiation

‘pulse, in response to a control pulse, that on the record

35

carrier, a unitary recbrding mark is formed which corres-
ponds to m consecutive bit cells of the same first type

in the information signal, for which 1'< m £ n.

9. An apparatus as claimed in Claim 8, charac-
terized in that the control device is adapted so that (n+p)
consecutive bit cells of the same first type of the in-



«characterized in that the control device is adapted to E“ m I
pul ses to the radi-ati on source and said rpsliati on sourc I“ mn numﬂlﬂ
pr oduce such a radiation” puI se, in response to a control*pufse¢, ®haf onh t
record carrier, a unitary recor di ng mark is formed which corres- ponds to
consecutive bi forahltdont silgmadame fukstinypp 851)i radhetinhesnarien congma

for which 1 < migek] Whick are spaced fFoRPPRLRIYENES Gl akiRd mtgr%ms ;
shar ac- terized in that the control device is adapted so that (n+p)

“consecutive bi FOTELEROFAING t04 ARG jB%t ¢9bb- of the in- formation signal
result in (p +1d) I‘adIAafnéﬂﬁde@ﬂr:@e:.)fdiﬁgri)ldlgﬂtld(ESnWﬁnﬁfho&r elﬁaacadaf f&doird
each other by LLI | HLyplas CaLesponding Loy Ok |sdbstantiaf)

nmet hod of fecofding a i g?taf I'nf Or mat’1 on S|egna 13“ 8’8?&%‘ s acf'é?“? ar
*havi ng a radi ass dweretnbsifore deserfibedmtitbrrdfayence . swtisgamﬁ dkltp 38 and 2 to 5
her ei nbef ore dg§ngb§gomggg}lggf&ragmg§ to Figures e to 1g and 2 to 5 of the
sacconpanyi ng drawi ngs. 1 record carrjer_as clained in claimb5,
substantial [y &% herelAnE%‘f‘HFec'i‘fé%FlaéeGl%‘“Fﬁ ierlfdhée TOSHRFIALY B8 to I g
and 2 to 5 10 néfeihberodecdurpaibddgich @vfd@nce 1td. Figures Ale 8PP ahdI 86 5
«claimed in ucI algn ésucbgt ant.i alc{%was s‘her ei nbefore described with reference
to Figures le ?o g and Y etE frfﬁe'accorrpanyi ng drawings. 20 25 30 35

- o . An apparatus as claimed in claim 8, substantially as

: hereznbefore,described'witﬁ reference to Fighres le to 1g and 2 to 5

of the accompanying drawings.
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