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AN OPTI CALLY READABLE DI SC' The .invention relates to an apparatus for
reproducing digitally coded information,; which has been recorded on a
di'sc-shaped record 5 carrier in the forntof optically detectable '
information areas arranged in a concentric ring or- spiral track pattern
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record the i mati on on su recor arrrer In the orm of unit .areas,
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si‘gnat. which is dglnchronl zed with'the aid of said synchroni zation signal .is
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- for reasons of recording technology, to. record the information on such -
a record carrier in the form of unit areas, as disclosed in IEEE
Spectrum, August 1979, pages 26~33. ' ,
25 .When recording information on ‘such a record carrier and .
' especially during the reproduction of digitally coded information from
 such a record carrier synchronization is ‘essential. The generation of
a clock signal in s&nchronism uith the information contained on the
_ record'carrier is not simple. Said Patent Application describes]
30 sjnchronization'sectors formed . between information sectors on the
. -record carrier which, in addition to the address of the information
-sector following it, also contain synchronization information.
Guaranteeing correct synchronisn of a clock signal which is .
synchronized with the aid of said synchronization signal is intricate
. 35 and not readily possible inter alia in the case of variations in the_-
drive speed of the disc. In addition it is possible to synchronize a-
clock signal generator with the aid of the digitally coded signal
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2 'being read by recovering the bit frequency therefrom for exanple by
differentiation of said signal being read. "Such nethods-are'electronicalIy_
conpl ex .and present . probl ems such as a poor. signal-to-noise ratio or

susceptibility . to anplitude variations. % I't is-an object of the
invention to provide an apparatus of the type mentioned in the preanble in -
whi ch during reproduction of the recorded digitally coded information a
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presence of &eMfaFed a2 ¥ Eaf a‘?‘ﬁ““ﬁrread circuit for reproducing the
recorded. di gital Iy s emdde:ﬂesixgreatio:alpdow&deboakappqnhsgﬂmerqinodncthgw ce -
for* synchron I g b fil _.Pavi.ng a
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the™inf ormat hpsy edtﬁear@&%dtml eﬂné:*aesmrm R sa&ew Isaiatas:e% power
spectrum at the fg;enc V/L, The_ inventi i's based on the recognl tion

t hat  when thEe’r"rﬁBP @reds e defigpdderein ""Fo‘ﬁ’ff*o? ‘i?ﬁF‘Ee"éf'Pe%l%“F e signal
bei ng r ead Co&pariasom LCALGR 8hé \tehyk it antkaddng Aoestidag viliighaafgatgtesCy

equal to W ce t ebt f enc f th r Idi.a d30
si gnal , wh? (%: g8tjofent” q:;ire &uaé‘gc y't eset\(;igrg 33%‘9 gk %}gétegpp £ the
digitall y codediagiiomHeant entlof tlwttm:k paftenw at pﬁ\enreadéestkmttm.smemaponent '

frequency Caﬁop%emr&cm@ relof \‘-.ﬁ{-ifie'i' D! RoBBEN Q! ciiigehiidPlahidl it aPUneOf
the informati on signal and using for the clock generation_ for exargl e

by means (ﬁ ag?giggequgﬁkgg* pogﬁ;ector for detecting thé presence of a unit ar
in said beam, a read circuit for reproducing the recorded digitally

‘20 coded signal, and a clockrsignal generation dev;ce for synchronizing
'the read nincuit comprisiné a band-pass filter, having a centrg
frequency which is substantially equal to V/L for filtering the
detector signaljin order to obtain the clock signal, thg digital code
of the information on the record being chosen to have a zero in its
25 power spectrum at the’ frequency V/L. '
The invention 1g based on the recognition that when the
_information is recorded in the form of unit argas the signal being
read contains a comparatively strong component having a frequency
* equal to twice the bit frequency of the recorded digitially coded’
30 signal, at which'éomponent fréqnency the average power spectrum of the
i-n ' digitally'énded signal itself exhibits a zern point, so that this
' | component frequency can be extracied'in a nery simple manner by
- filtering it out of the infotmation signal and using it for :he clock
' generation, for example by means of a’ phase-locked loop.
3 An embodiment of the invention will be described, by'way of
example, with referenée_to the'accompnnying drawings, in which:-




35 An enbodi nent of the invention.will be described, by way of @)
exanpl e, with reference to the acconpanying draw ngs, in which:-- . 3 '
Figure 1 schematically represents a plan %i ew of a record carrier in
conjunction with which the apparatus in atcordance with the i nvention may

be used, Figure 2 i's a cross-section through the record carrier of-5 Figure a

1 taken on the line Il1-11, Figure 3 on an enlarged scal e shows a part of a
ack of the recorkiedger] eﬁchgfaqi,cgh}aérfprﬁegﬁﬁeaéplpg wey ah %/Féﬁ?’éﬂ‘ t he
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si gnal obt ai ned._when readi ngaa track -portiron in accordance with Figure 4,

Figure 6 repttssdATYinR BRePagieSoner . spectra of some binary signal

codings, Figure 7 mijowe 2hHe 5I¢ﬁa%b-s§uﬂa6@rﬂn&oﬁ§n thai sdroriecfract rex ar e
given in fl re 6, :# 8 schenmatically represents an
|’

appar at us | %‘ESrhatﬁgsnvﬁ”t ﬁh?h]é'n Figure 1 is a plan view of a
possi bl e enbodi rrenl':.@i'eas roacam d;-ulargecblscahe chowa\a pertiddai traak @cp[taeat us

i n accordance Wi th t The record carrier body 1 is provided
with a splraTe°t°Fgc e“%m m's ﬁ‘mekqh is divided into a nultitude of sectors

7, for exanple 128thg%erte\¢%l HUAIR, vfasbfsaret Qi'agk %manseﬁoal (iattalgs@etzon
9; intended for recordi 25(‘; gta an% nchr Z}aecl Qnh sectijon g

order to gnsure t HERBWRe® FEhgmgide rG88° 55T ébﬁéﬁ]el"?t%e d¥#%mned path
the track?4 Pedeipl 0 tedclaposeion mrmdordﬁme twhlt}s F@gﬁp@she the i nformation
sectlons 9 of the lsectorg 7 _exhi an _anp “structure S shown in
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the line II-$:lgnaIandatlggse 1 and thus shovvs a nunber of adj acent track

portions, specifical A%”acgatam%egt' Swatdto sf%r ﬁé gsecmae

direction of the se I's. thus perpendr cu I"ane of _
drawi-ng. SaidFes&kven tlpaﬁi&ms s igdparticul ar the data sect lons 9,.thus take

tI1e form Bf Figure 8 schematlcally represents an apparatus in accordance

with the 1nvent10n.

Figure 1 is a plan view of a possible embodlment of a record
carrier which. may be used in an apparatus in accordance with the
20._lnventzon. The reeerd carrier body 1 is provided ‘with a spiral track

4, This track 4 is divided into a multitude of sectors 7, for
example 128 per revolution,"Each_sector 7 comprises a data section
9, intended for recording data, and a synchronization section 8.
i In order to ensure that the data is recorded in an accurately
25 - defined path the track b is emp;oyed as servo track. For this
- purpose the information sections 9 of the sectors 7 exhibit an
amplitude structure, as is shown in Figure 2. This Figure 2 shows
| a small part of the_eroes-section taken on the 1ine II-II' in Figﬁre 1
' . and thus-sﬁowsja nﬁmber,of adjacent track porfions, specifically
- 30 data sections, of the eervo track 4. The direction of the servo
» fracks 4 is thus perpendicular to the piane of drawing. Said servo
tracks 4, in particular the data sections 9, thus take the form of
grooves in the substrate 5. In thie way it is possible to make a
_ radiation ‘beam, which is. directed at the record carrier in order to.
a5 record data, accurately coincide with said sérvo track # in other

words to control the posltlon of the radiation beam in a radial -



grooves in

the substrate 5. In this vvay it is possible to nmake a radiation

beam which.is directed.at the record carrier in order to. 35 record
data,. accurately coincide with said servo track 4, in other words to _
contro’l‘ the position of the radiation bedmin a radial .4 direction via
a’'servo system which enpl oys radiation reflected by the record carrier.
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As i s apparent fromthe foregoing, record carriers intended
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th the recorded information when an 1nformatlon track thus: 1nscr1bed

T is scanned by a read’ beam. '

Alternatlvely, the 1ayer 6 may take the form of a double layer

of materlals, for example alumznzum on ironm, whlch react chemically

to 1nc1dent radiation. At the locatlon where a high-power radiation

beaﬁ is 1ncldent on the disc FeA16 is formed, whlch is a poor

_ reflector. A 51m11ar effect is obtalned in ‘the case of a double

-layer of. blsmuth on tellurlum, B:r.aTe3 belng formed. : _
Slnce the write radiation spot is. made to. c01n01de accurately
with S&ld grooved servo track, in particular when a data sectlon is
being scanned the data modulating the write'beam'is exactly_recorded
in the data sectzon colncldlng w1th said servo track._'
As is apparent from the forego1ng, record carriers intended

for the user, in which the data sections do not yet contain data,

_ have a groove ‘structure in said data sectlons within the sectors.

' Moreover, within each sector such a record carrier has a synchronlzatlon

section 8 in the form of an optically detectable rellef structure,

_which in this case is'constituted by a sequence of recesses alternating,_



for the user, -in which the data sections do not yet cont ain data, have a
gr oove structure in said data sections within the sectors. Mor eover'
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Wi thin each sector such a record carri eregas a synchroni zation section 8 in _

the formof an optically detectable relief structure, which in this case is
constituted by a sequence of recesses alternating “with internediate
areas. The depth of the recesses in this structure of the synchronization -
section is guidht éntermadiatee adeas.h Bhe deptlsafybhe recksses Lhethiat atmmwenron 9.
Thi’s depth of¢ ttttg éﬁﬁ:ﬁ%é@ﬁzdt%oéeée‘é‘éié‘dj J.b”gz?e%?:gf- danaecd tde%,a%@r gle Qbisal

rul es and, dep shape of said recesses in the selected read:

system in stk%?kvm%t a?a% sSﬁY%%?rrr@&ﬂscﬂﬁPth"*t kBej FASERRE ii6nselastedent ed'-

by the StrUcwra%cbﬁdaetl%awmtdgenémtJsr@u%aﬁemﬁfesaaﬂeeadelseﬁa&ﬁgtdnntmblsﬁa she
radi ati-on beamreflected. by the record carrjer js detect d\a%ﬁ srngF

phot-o- deck ec?%rsalilxifﬁeﬁﬁiﬁ B8 e setectedsr et RSt thes 2 on
section rec um[x&arara]-onbeloﬂgtm&anmﬁte&gtﬂtpeésédtedrmdltate|muueﬁda isl f,
for the dept&? of, t ervo track
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l'i ght det ectle@kllautéoh rydeﬁ@citeeérd Rghier 3sScdtesedd cagrl b Ysin@Ds epmlat:sctecmeator, ,
cross-section m{g the l'ongi tudinal direction of the servo tracks 4, _shovm ng .

a part of subfh
and a part@ oéeée@eegafxabéﬁpgt kRe v%vef%t'ﬁ' gH e r§tﬁ%‘ﬁ’§oz‘? d%&n VigeWe Of tﬁ@' d
part of the track i e prepared disc is provided wth a serv rac 4,
formed 20 |nd§’t§u?)%ttrh&t éela'o farcketaniftee dpta rﬁ@ahs%ﬁsatheagetu%éégn

nodul ati'ng thesd Bk eébaletcyeda,f thil® dedo@rtrBeRMHll hérdijeasResstiy %mbﬁutf @&*m a
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dat,a secti.on t he vaglue 1/8[err]'

may \be sekasited ag dhpth Sartthsf syrhiropheshioni sextiiom section 8

relief structur contajning information in the synchronization.
SrarErg o fBe cirterts

section 8. e HPFECTi sc, including for the sake of - |
sinplicity, the pdriguoe })fschb@aﬁeamﬁ représemtslimul sres-isbet pnodw ethed, nay '
i nf ormat,ion, r

Focord carr | SO RS CRUREISTH T H (BRRaTTABES roc BBAS: & 1985 ThiFhmt i on
section 9 bya feerwm rtgahbllesutu a parheod &hersyiichf orizexiopisectionramsl af a
| aser beam Itmt §20.1Qf g d %felzﬁfén' 89 Anzﬁyer 6 it is alternatively possible.
' Flgure 4 ghows a plan view of sald part of the track 4, -
_ ' The prepared disc is provided with a servo track 4, formed
20 in a substrate 5, for éxémple by means of a laser beam. By modulating
the intengity of the laser beam it is then possible to form a relief
structure of "pits" 13 containing information in the synchrbnization
~ section 8. . Subsequently, the entire disc,.iﬁcluding for the sake of .
-simplicity, thé portion of the fecord-carriér 1 outside the grooveé-
.25 4+, may then be coated with the reflecting information recording layer 6.
In the record cafr;er thus prepared information cén be recorded in _
‘the information section 9 by forming holes 14 in fhé_léyér 6, for
e  example by means of a laser beam. | o B
20 Instead of a réflgcting_layer 6 it is alternatively possible_'
: to provide a non-reflecting layer on a reflecting substrate, which
non-reflect1ng layer is locally removed in order to obtain the

lnformatlon areas. Instead of read-out based on a dlfferent reflect1v1ty

of a record carrler, read-out may also be based on'a dlfferent

- 35 transm1851v1ty of a record carr1er.



30 to provide-a non-reflecting layer on a reflecting substrate, which

non- reflectlng | ayer -is locally removed in order to obtain the information -
areas. | nstead of read-out based on a different reflectivity of a record
carrief., read-out may al so.-be based on aé&ifferent 35 transmssivity of a-
record carrier. 6 The digitally coded information can be nodul ated in
different manners before being recorded. For. this purpose Figure 7
represents three rmﬂuhfgﬂtamyrmoheaiSx,nfbhmta.eﬁocarabednudpeatmhmedilg’eshm!vm in.

Figure 6. 5 r.ef erence in
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digital si gg‘gl é)OSItlve duri-ng the tiire interval T/ 2 and.negative during .
‘the next tine®nterval T/2, T bei ng the bit length 10 of the applied
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corresponds g} ed rdllgi@al signal 18 ds%w@rmubg ltﬂeFt:ﬁHér eneerﬁramrwaﬁ@ the
- nmodul ati on known_ by the na

He [ler” * nl? he bi na y SI

gener at ed b)}"%éh‘ée Gf"r’t‘}ﬁ & ?rﬁlfa‘lt }"E?nlﬁﬁ%"vélt Ft POmes Hsmdis” 9t“§ 1" or.
vite- vler 38 idT the dpplfée dagwall Q@ieal gn.e"ldgﬁct'r@rapmneeds Chix@ict By - t$1legna| and
a sinmlar tran5|t|o ncti on_hetween,t Ssecutlve eros"
The* f r equenciF PSFR] E’El?r?r(ﬁ Sf‘ﬁ’Jééid oy "SERHAS & I}E,g:l negmﬁy rr%ezfﬁ'sa![g?)?tc .
nodul ati on tREhEL ok StHE MG}EII: tﬁme Uiné@rval /Bl guhes Gnodﬁll.ﬁlﬁdn}’te&lhﬁque '
reference c i.,n_Fi %;ere 7 reg a.nmodul ati on _knpwn

" guadphase" IhSUGF 4t PERER Fa8% %%P BPP S&°ES s@f"'cgﬁg’ 5X5rets§F@ l%ﬂé’ﬁfal first
of all bei ngutveiaed F:tgln-ecéns@hetfnetquéﬁcsgrfouﬁmnobormpbnds; to Fyrom each

L2 rst DE P, g, BoAlieRll O 0 riElee® MeALI RO abButlbX ol 0 0
ln tl1e next Hy BRe inadiner oA 1"Miller" modulation. The blnary signal generated
' by means of this modulation has a trans1t10n from "O" to " op
vice-versa in the m;ddle_of a logic "onef“of the applied digital
. signal and a similar transition at the junction between two consecutive
o 1oéic 'zeros". The frequency spectrum of the binary signal obtained
-by means of this modulation technlque is glven by curve b in Figure 6
Flnally, the reference ¢ 1n Flgure 7 represents a modulatlon
:known by the name of "quadphase" modulation, the applied blt serles
of the digital signal first of:ell belng divided into consecutive
B . groups of two bits, From each tuo-bit group having a'duration of 2T.
_ a binary signal is derived whlch in a first tlme interval T has the
same varlatlon as the orlglnal two bits and in the next tlme 1nterval
s T an inverse variation. The b1t combinations 11, GO, 01 and 10 whlch
are possible are thus converted.into the bit combinations 1100, 0011,
L 30 0110 and 1001 respectively. The binary signal'ebtained by means of
th1s modulatlon technlque has a frequency spectrum as is represented‘
by curve ¢ in Figure 6. ' '

_ It is evident from Plgure 6 that these modulation technlques
35 have the common property that the'resultlng blnary s;gnal exhlblts

no strong frequency components at coﬁparatively’low-freéuencies,;




T an inverse variation. - The bit conbinations 11, 00, 01 and 10 which are @
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and 1001 respectively. The binary si gnajp obt ained by neans of this @
nodul ati on- t'echni que has a frequency spectrumas is represented by curve c
in Figure. 6. It is evident fromFi gure 6 that these nmodul ati on techni ques:
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information signal_being read already contains Sueh a clock signsl_ |

™ hen the information has been recorded in.the form ¢f unit-areas,
shown_inlthe Figures as unit-pits. Figure 5 thefefore_schematically
'represents the signei obtained when reading'a track in accordance
_with Figure 4. This signal comprises components which are ﬁfoduced
by the transitions, between the individuei pits, which in the

25 : :
. frequency spectrum, shown in Figure 6, appears as a comparatively

strong frequency component Sc of the frequency 2 fo. This. frequency
'coihcides with a zere‘point in the power spectrum of a digitally

coded signal of the bit frequency fo and can thus be extracted from

30_Jthe s1gnal being read w1thout any problems. )

. s , c Flgure 8 schematlcally represents an apparatus in accordance'

| with the invention. For the sake of simplicity various elements of
"the apparatus whlch are not essentlal for explalnlng the 1nvent10n,
.-such as the drlve of the record carrier and servo controls for

35 controlling the focusslng of the laser beam and for the tracking, are

- not shown.. These elements are 1nter alla descrlbed in Patent
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frequency spectrum shown in Figure 6, appears as a conparatively strong .
frequency conponent Sc of the frequency 2 fo. Thiss frequency coincides with
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frequéncy fo and can thus be extracted & om 30. the signal being read
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a¥ the drive of the.r corg car%$§r ser voifggtro S for 35 controllrng
“the focussi nJROISFRE 1Xs&he r?@sf‘o’r‘mt"ﬁ% %

el enment s ar eandtaer oh.ﬁeza:ldes‘tﬁrr bmj)ercrhsFmt]eaer beall Fpphi thad toackid: BfOE&& T44A. |
A | aser e 37 un Y, r osi tioni ng of

t he beam on ¥he 'gir wg%ndjrhw\é,gﬁ(eﬂg’tvggere?%?wrgge 1%4;%55 ast%f1 eaz{'mmbmon t he
track 4 &f thberdigerticsapfithe errqmrlﬁh rﬁ)de'seqteram,véorcﬁﬂaml?)raopmoed beam
1010 5 the disgn! betedih LIE - il or '%rg@éﬁ%%%%%g e el 4RI g5 3 Phot o~

di ode, detects e reflection or transm ssion o beam 1 at a-
signal as sh&bit ian skgnplr 8s shownoin Figare 5 Fmiobtairpdhl "c"%irﬁ&?—ﬁ?]t he

frequency cogpofgnk fite qiveqmcirr%eﬂsm %cf@f thEi SigRefdy 20 crrrlgaretwa to
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signal is reéo%rlédOW%lne@u cﬂrP@uWhJ-cZSbY wWhiésionothe fis ﬁﬁqyeeevrfe may
synchr oni zedybyrdcB@erd ki Haabi b3 494 sbyereriBLP adloln, 865 OblaREL W4t
t he IInverul Ogn a phase-locked loop, ‘which -may comprlse a highly stable oscillator
whose phase is 1ocked to the signal supplied by the fllter 21
¥ From the signal detected by the détector 20 the digitally |
‘ coded signal is recovered w1th a 01rcu1t 23, which for this purpose :
‘is synchronized by the clock signal obtained by a method in
" accordance w1th the invention.
] The 1nvent10n is not 11m1ted to a use as illustrated with
25 reference to the Figures, but may also be employed for the-
xeproductlon of digitally coded audio or video signals and the like
for which in most cases the sector arrangement w1th synchronization
; : ..areas 8 descrlbed W1th reference to Flgure 1 does not occur. '

. Tnstead of a laser beam it is frequently posslble to use a .

e ;“.30'-*non-coherent radiation beam, especially at low information densities.
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The invention-is not linmted to a use as illustrated with 25 reference to‘

coded audi o or video signals and the.like for which in nost cases the -
sector arrangenment wth synchronizationgareas 8nﬂlmn “ﬁmmlﬂmt‘l ference to
Figure 1 does not occur. Instead of a |aser bea possi ble
to use a * i non- coherent radi ati on beam &speci‘al 'y at Tow
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chosen to have a zero in its power spectrum at the frequency V/L.
2. An apparatus for reproducing digitally coded information
substantially as descri.bed'wit:h'reference to Figures 6 and 8 of the

20 accompanying' drawings.
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