WO 02/ 086885 1 Record carrier and apparatus for scanning the recofg@p1f2%-
carrier The invention relates to a record carrier conprising a servo
track indicating an information track intended for recording infor (ison
bl ocks reprvesentsssdsby mar ks having | engths expressed in EAERMBN3I01458t

whi ch servo track has a wobble being a pgriodic variation of a physifeakp(s
paraneter, and the servo track constituting a concentric or spiral pattern
of 5 substRétbiddatrier pad ajpamkustfooschrming tharecomdeiartistt ch t. The i nvention

further relates to recording and/ or playback device c b S ans for
witing and/or reading information bl ocks represented@ﬂﬂﬂﬂﬂMﬂ@NﬂEﬁing
| engths expressed in channel bits in an information pyere e record
carrier, which device conprises nmeans for scanning the servo track and
retrieving the record carrier information. 10 The invention further relates

to a method for manufacturing the record carrier. A record carrier and

device of the type defined in the openi gg par agraph, for readi ng.and/or
writing informati onTheinventinmialates i 1pgord GAISOIRTIS|NE 25979 dack pdicdtiag an
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for causi n%f e genera scanning the track. A
physi cad paibsamiafly pafallel trackeatadtiapitghdsi ti on, of the pregroove periodically

varies 20 constitutipng.a so-call ed bhl e, | t GAGWRN 1
track, this wobble I@gﬂg’e{‘tbo"aﬁ“{}%f?l\é% %r{gcgfgﬁ%é@%rrﬂ\?%bgl gnaf%g%‘ﬁ n% bbl e
signal cangbgsgemnerimigatid/ofrdaamng libimedftioh biocksmepresaesittermarks havirg letathawobbl e
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t

when scaling 'w the optical parameter is acl( n intP acco&nt and thus the
cross 1@l k The invention further relates to a method for manufacturing the record Carrier.

A record carrier and device of the type defined in the opening paragraph, for
reading and/or writing information, are known from WO 00/43996 (PHN 17323). The
15 information is encoded into an information signal which includes time codes and may be
subdivided in accordance with this time codes into information blocks, the time codes being
used as addresses such as with CD-ROM or DVD+RW. The record carrier has a servo track,
usually called pregroove, for causing servo signals to be generated when scanning the track.
A physical parameter, e.g. the radial position, of the pregroove periodically varies
20  constituting a so-called wobble. During the scanning of the track, this wobble leads to a
variation of the servo signals and a wobble signal can be generated.
A problem of the known system is that the wobble signal is disturbed by cross
talk. This problem become increasingly important in newer optical recording systems, such
as DVD and DVR, because the tracks are closer together in these higher density systems

25  (even when scaling with the optical parameter is taken into account) and thus the cross talk

between tracks increases.
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bet ween tracks increases. WD 02/086885 PCT/1B02/01458 2 It is an object
of the invention, for exanple, to provide a record carrier and device in
which the effect of cross talk in the wobble signal is reduced. According
to the i nvemoonesesssr ecord carrier as defined in the openi RGT/RBRZAWSAph s
characterized in claim1. Further, the recording and/ or playback device as
described in the 5 opening paragraph is characterized in claim6. The
invention i s based his drhsbjécobf thevinventioncfor exampde to pawide gseqordsarie@dd di ng
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data. In tdag, bigRlspstichaeht@d track\@d blightlh differem filoth the fraqueaoy of tiowobbleoe t he
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in such a yay dhat .2¥fEneRdyldiBeishiRicaudes wabblebeger slovviriationds bathitedi ment  of

the record carrier 1s characterized_in I;S?t%ptfge rel ati on wobbhbl e Qleri od
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and trHck q;lilplimc_ld and ghexthase g&hq)wobqlp. Qe@_i F%la%%ofqu}agvgt}ceﬁtoag% giyen,
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| engt h shogifficiemlydangs cﬁoraobx@shdeé@éon nﬁthp @/pbbjp._%@g ogher handethe wogl:\l&ﬂgaa be an
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i ts maxi Muigbbble beat would be absent. To reduce the amplitude of the wobble beat the track pitch ¢
20  and the wobble period p (i.e. the number of channel bits * the length of a channel bit) are
chosen in such a way that 2zt/p ~n+1/2 where n is integer.
A further embodiment of the record carrier is characterized in that the relation
of wobble period and track pitch is 0.30 < 2mt/p - n<0.70. It is not always possible to select
the optimal value of 1/2 defined above. This because of restrictions resulting from the disc
25  format (e.g. the total wobble length should comprise an integer number of wobbles, there
should be an integer number of wobbles in a recording unit block, etc.). In particular the
value n=0 is a suitable choice, because then the wobble period is at its maximum.
A further embodiment of the record carrier is characterized in that the length
of the wobble period p corresponds to a whole number m times the length of a channel bit.
30  Such fixed relation has the advantage that the writing process can be easily locked to the
detected wobble signal. An example of an appropriate relation is: a track pitch of 320 nm, a
channel bit length of 80 nm and a wobble length of 69 times the channel bit length resulting

in a value of (2: #320nm)/(69-80nm) = 0.364.




A further enbodi ment of the record carrier is characterized in that the

| ength of the wobble period p corresponds to a whole nunber mtines the

| ength of a channel bit. 30 Such fixed relation has the advantage that the
writing prowevsossass be easily | ocked to the detected wobblPETABIAIS8 An
exanpl e of an appropriate relation is: astrack pitch of 320 nm a channel
bit length of 80 nmand a wobble I ength of 69 tinmes the channel bit |length
resulting in a val Rertied pfeferred32odinchtPf 8Gmythed, dedes and\@eor) ¥EEB35

PCT/ 1 B02/ 0145 referr IS of the method, devices and
record car¥f¥ mﬁé‘&ﬁ‘r"dﬁ“ﬁ"ﬁ{‘?rgarfﬁge?m/d%g% r%?lgl given in the further clains.
5 These and ot her aspects of the invention will be apparent from and
elucidated further with reference to the enbodi nents descri bed by way of
exanple in the following description and with reference to the
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bl ocks, anﬂf ‘f g gg cx@n&qg%e‘céd?ﬁpaglﬁﬁgufag.qﬁ@f rwmth on blocks. Fig. 6
c eat no

shows cal ulation he Figures, elenments which
correspond to el erreﬂi‘tglahtv\&wgw@fdgwpbﬁf@v'ﬁ@ﬁ/%’l ﬂﬁéfvgmmpeference nuner al s.

Fig. 1 a shows a di rrier 1 provided with a track 9
i ntended for recorg‘fgngrg d&gggfeég%l hole 10. The track 9 is arranged in

accordence with a sipig. alshqmsaéwunef@(geoeramgmbmglgclg Fig. Ibisa
cross-section taken OnétSF%WSp?8Vf°§£%‘8\ﬁ]c‘E‘tqgf&%gt%n l&gysrd‘ngr 1, in which a

transparent subst r af a recording layer 6 and a
protective |ayer 7. Fig shds\eg:@dabim’egoﬂ ragtﬁng informytitrebloghtsi cal |y writable, for
exanpl e via phase chang neto cal ly witable by a device for
writing informationF& ﬁh%l S‘quFé‘ ®Fitable or CD Recordable. The
recording |layer may al so be provided wt h i nformati on via a production 25
process, in which first a master disc is made which is subsequently

mul ti pli’r ed through pressing. The information is organized in information

bl ocks and is represeieqiodids, ORmbmewhith correspond to elements already described have
the same reference numerals.
Fig. 1a shows a disc-shaped record carrier 1 provided with a track 9 intended

for recording and a central hole 10. The track 9 is arranged in accordance with a spiral pattern

20  of windings 3. Fig. 1b is a cross-section taken on the line b-b of the record carrier 1, in which
a transparent substrate S is provided with a recording layer 6 and a protective layer 7. The
recording layer 6 may be optically writable, for example via phase change, or magneto-
optically writable by a device for writing information such as the known CD-Rewritable or
CD-Recordable. The recording layer may also be provided with information via a production

25  process, in which first a master disc is made which is subsequently multiplied through
pressing. The information is organized in information blocks and is represented by optically
readable marks in the form of a succession of areas reflecting much radiation and little
radiation such as, for example a succession of pits of different lengths in a CD. In one
embodiment, the track 9 on the record carrier of a rewritable type is indicated by a

30  servopattern which is provided during manufacture of the blank record carrier. The
servopattern is formed, for example by a pregroove 4 which enables a write head to follow
the track 9 during scanning. The pregroove 4 may be implemented as a deeper or a raised
part, or as a material property deviating from its ambience. Alternatively, the servopattern

may consist of an alternation of elevated and deeper windings, referred to as land and groove




readable marks in the formof a succession of areas reflecting nuch
radiation and little radiation such as, for exanple a succession of pits
of different lengths in a CD. In one enbodinent, the track 9 on the record
carrier of wonzuessabl e type is indicated by a 30 servopaPCEABO2WISBh | S
provided during nanufacture of the blankg4record carrier. The servopattern
is formed, for exanple by a pregroove 4 which enables a wite head to
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Assuming the fol | oWk hg fellaving thealsulation ofwelble begt is oyl SSRGS of
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cos(27a-, e push- a, (1 0, 1) are
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| ength al o i he rack the r gle cp. If the spiral has
atr ac k pi IB‘%H h‘a °8?Sé ?%‘m&t and}gllk Hﬁe p:‘°'8°@{’%&‘9§’8f’@gw ng relation hold for
Furthermore, it is assumed that the track is an ideal spiral. Then the position
along the track is fully characterized by either the length along the track s, the radius 7, or the
angle . If the spiral has a track pitch ¢ and starts at radius rs, the following relation hold for

an ideal spiral:
s =7t(r2 —r,,z)/t ,
25 o =2r(r-n)t,

r=Lirn, 2%,
2z 27
Dy

=—tt,
% 2z

In practice, a spiral on a disc will never be ideal. It is, however, sufficient that
the spiral is close to ideal locally, i.e., on the length scale of a few revolutions. The formulas
30  ofthe ideal spiral can then be applied, with the restriction that the results should not depend

on the precise values of 7, and ¢. Results that depend on 7, or @; would require the spiral to



an. ideal spiral: 25 s=7r(r2-rb)/t rp=2rr(r-rb)/t, r=1f t+rbSpbt 2n 2jr
rb=2~t |In practice, a spiral on a disc will never be ideal: It is,

however, sufficient that the spiral is close to ideal locally, i.e., on the
| engt h scalwoobosssssew revol uti ons. The fornulas 30 of th®CTraBel14spiral can
then be applied, with the restriction that the results should not depend

on the precise values of rb and 4pb. Results that depend on rb or cob would
require ths ige aérbssithe MAro2ikE IBARTLABOVE ROROHRY, ABSfollowing reshita areabtained t he

entire dis¢ oef foIIovvlng results are obtained
for the toﬁohmelt@h'gf’?gghstﬂ ﬂ?"rféngar‘i‘f‘n&ﬁ’?a%?ﬂfj f'acent tracks: so =,r(ro2 -rb
)/t, si = ,r ((ro + t)’ srthg)’/ ’Iz)( so+2nro+nt :so+27c(ro.+t / 2)
—so+(go+|pb+1r)t , {(rot)2-rb)1t:so-2rv0+m=so2
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aoei 2=G "1i + Q ei2 (wc+a-+fk/P + 0=1 e-i2x(9)o+9)e-R)IP ao ao Note that

a separ at i beat signakageoblainedeen the rapidly varyi ng wobbl e signal 10 (outside
round brackets) and the Sﬁpfwag'co\éézf;a(,'/f139+9,€t%g(2§d,V‘E}ﬁﬁ_lé&w_,bﬁﬁCketS)-

=Re{aoe12mo/p +alel2ml/p +a'le12m_,lp}

=Rela e‘zmlp 1+ .ﬂ.en"(‘l"o Ve + _a;lelzrr(s_, -5 ) p
0 2, 2
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Q ao ao

=Relg.e'™'? ]+_aie"2"(¢o+%+ﬂ)llp + gie-12n(¢n+w,-n)1/p
0 G a, .

Note that a separation is made between the rapidly varying wobble signal

10  (outside round brackets) and the slowly varying beat (inside round brackets).
[ now make the additional assumption that the cross talks from the left and

right tracks are equal, i.¢., a.; = a;. The beat signal can then be written as:




| now nmake the additional assunption that the cross talks fromthe left and
right tracks are equal, i.e., a., = al. The beat signal can then be witten
as: WO 02/ 086885 PCT/ 11B02/ 01458 6 1 + L1 ei 2a(Po+jP,+" IP + as a0 ao =1
+aei 2XM P( ewDa¢/missss K 1P +e-i 2a(V +q0/P) ao =1 + 2' cos ((PCFIB2/08458nv1 p
ao \~PO (Pb) p =1 + 2-L' cos 1(90 +'Pb) %0 cos (;r 27t + 12 a' cos (q'0 +
(Pb) 27t sin 2nt ao PP ao PP a cos ((,PO + 97b ) 2~rt cos (;r 2V + 4 &'
2 cost (S~0 + cPb)2 ]_.._+4 \2;(&Q.+%/P @aog)M+d-rwpecos (rpo + tpb) psinnbpP *
exp i arctan 1+2a'o closa(e( PO+(O) &, fnt cos n PL k. The beat gives rise to
bot h anplitude (the square r oot factor) and phase nodul ation (the
exponential factor). One also easily sees fromthese expressions that the
peri od of one beat equh,s tﬂvﬂJZ lzd%pavd_ggan(mm/ VD+RW for exanple, p =
4265.6 nmand t = 740 nrrhdso it t akes 0.917 revolutions to conpl ete one
beat peri od. The maxi mum and m ni mum val ues for the anplitude of the beat

are reached for: sin (p0 + 0 PDb) P=0"cos ( ~Po+96) P=il | and
21)20']::0ant2nt- - CoSs (~1302_a_é:0(g ¢£1+% 272 ] LT P, provided that p 2ao /a,

a, .

] m| . ( 2m
=1+ Zﬂcosl:(qav0 + @, )-2—[?- cos(zr 277“) + i2Z—‘cos|:(¢o + go,,)—; sin| 7 =

a, o p
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=_|1+4—Lcos| (@, + @, )— |cos| z— |+ 4 cos [(0 +Q ]
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. 2
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a4y p

2
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a
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The beat gives rise to both amplitude (the square-root factor) and phase modulation (the
exponential factor). One also easily sees from these expressions that the period of one beat
equals p/2t periods. In DVD+RW, for example, p = 4265.6 nm and ¢ = 740 nm so it takes

5  0.917 revolutions to complete one beat period.
The maximum and minimum values for the amplitude of the beat are reached for:

2mt
sinli((po +, )—2p£:| =0 cos[(cpo + @, )7] =11,

and also for

<2ﬁ-

) cos(fr —]
cos[(¢o +9,) m} = P 2 provided that
p 4

2a,/ a,

%)
cos| #—
p

10 It then follows that the maximum of the beat amplitude is given by:

2
1+ 4— cos(;r —ZE-J + 4(ﬂJ s
a, P a,

and the minimum by either of the following two expressions:




P10 It then follows that the maxi nrum of the beat anplitude is given by:

Lid - cos ;r P <2L
expressions: WD 02/086885 7 1 i -4aL cos
cost 9t 2Pnw0-02/086885 2V cos 7t P cos n 2xt
PCT/ 1 BO2/ 01458 From t he above expressiong it
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From the above expressions it is clear that the wobble beat is smallest when

|cos(72at/p)| is minimum, i.e., when 2at/p = n+1/2 where n is integer.

Fig. 3 shows a device for generating a bit clock in accordance with the
invention on the basis of the servo pattern of the record carrier 1, which is rotated by means
of a motor 31. The motor 31 may rotate at a fixed speed, or the rotational speed may be
controlled on the basis of the servo pattern. The track is scanned in the conventional manner
by a read head 32 via a beam of electromagnetic radiation. During reading, the servo pattern
is scanned and a servosignal is generated for controlling the position of the read head by
servo signal generator (not shown). In the device, disc and winding information may be
regained from the servosignal by the demodulator 33, for example by demodulating a
modulation of the wobble signal. The modulation may comprise addresses, or some
indication of the winding. The winding information comprises, for example a winding
number N, of the relevant winding and possibly also a number N; of the relevant segment,
which numbers are passed on to a computing unit 34. Secondly, synchronizing elements, for
example the pulses in the wobble signal are detected from the servosignal by a pulse detector
36. These detected pulses are coupled to a phase-locked loop (PLL) circuit 37 in which they
are compared with a fraction of the bit clock 38 at the output of the PLL 37. This fraction is
constituted by a divider 35 which divides the bit clock 38 by an adjustable dividend X. The
dividend X may be a fixed value, or may be computed by the computing unit 34 from the
position data (winding number N; and possible segment number N;) and the track pitch which
is known, for example from a standard or which is present in the disc information on the
record carrier. The dividend X can be computed once per winding and adjusted in the divider
35. In another embodiment, the dividend X may be predetermined or calculated less
frequently or more frequently, for example per segment or Zone. The more frequently the
dividend is adjusted, the more accurate the bit clock has the frequency associated with the
radial position and, hence, the more accurately the bit length is constant. During continuous
scanning of a zoned disc, it is desirable to render the steps in the change of the bit clock as
small as possible. The dividend X may also be computed in advance for a desired position on

the basis of a desired address, for example when performing a jump instruction. In that case,



lcos(n2nt/p)l is mnimum i.e., when 2& p = n+l/2 where n is integer. 5
Fig. 3 shows a device for generating a bit clock in accordance with the
i nvention on the basis of the servo pattern of the record carrier 1, which
is rotated wpommsssgs of a notor 31. The notor 31 may r ot atRETABO201#38xed
speed, or the rotational speed may be cogtrolled on the basis of the servo
pattern. The track is scanned in the conventional manner by a read head 32
via a beamtefcomipetig uitafasystem comtich uhiowill Bquiratherinfarmatipn abew theewipdingat t er n

10 is scanned, and,a segrvosignal s gengrate | ition
of the r eaH“‘HE%{(?nﬂ)?ossg’ier ngg’ir‘ld‘r’fﬁ‘berg gd%ﬁ‘ﬁ? %rf Qc{\fnag{aggﬁg%@u th%%fﬂgg ?sdtgﬁc e,
di sc and wpériri@d, thé bit bRtk & alfeadytbe sette ge meadvalueohittni shauld baviegpon arviyalt he
denodul ator 33, for ex:impl,e by denodul ating a nodul ation of the wobble
si gnal . That thedesirsd radipl Rei'Ponpri se addresses, or some indication of the

wi ndi ng?] The wi ndi ngpijs Nf BbWEh VIcERFPFitiEE Mforhfatiow Klatky o adivd-shalbereddyd nunber
N1 of the relevant w nding and possibly al so a nunber, e rel evant

S of .t
segnent,  vattierofiapipsevkiclisaeysrigledn, §or qxgnalcedﬁﬁﬁﬁfﬁor@tlﬁﬁliof 8Bt2ﬁap§_é’&?ﬁ 13,
synchroni z szc):a%e ?%%E?\)&Smeafng) bf 3 57 efechrbRaghalic BRlidtidn [ T1R réQhOL&riedignal are

detected f ervosignal by a pulse detector ~36. These detected
pul ses ar eidentigal tthe recardishniee shayakia &ig. d oPuring thy weitipg gperatipn, markghi ch t hey

d with a f ' ' : : PLL
3° Thiet Fepepibetad SRR & S Bh tue SR cpfleriné diice profidel wiihS [
cl ock 38 bylriwmaﬁjglAStfa{:rﬁmidg thie denocli c)érrieffheanﬁ writédearl 42 fangcapaing the trask val ue,
or nma e ut e the cC, ut.l n ni t I.

Coi nat ng. ndREBiees BnerdotRa il At tonfiob PR feco R coprithof b o,
which i's k&wlling @mpateastet &1 foot a usdr andifor dorrollivy thiidévicep Te semend, thet he

disc information on the Trecord carrier. -The dividend X can be c t ed
once per WSYSRMMEOMIQHURIHEQRATiSes, fof SKaMmPlE A IEFAProsessafa PEogram, WENaLY aé“ﬁgg%fqﬁrent,

the dividepg g%o?gxrf i B BloRédlir s @ibe £ BloW aad 85} cbediling dakDplenédty The nor e
frequently, For xanpl € per segnent or zone. The nore frequently the

di vi dend | systemn centrodiunit faay alse be meniementad asstats magingdR legisCifapds HEAGER cy
associ at ed 4 & Bsiediiad iffthe PRI birEltioR O theftRRE 8y pbiioriRy MeARAMIwite! VL he

bit length I's con Ing continuous scanhing of a zoned disc, it is
desi rabl e positiemiéormatien fsora the track being defesterk meccordangs; witlhcknown tiasking 284y | as

possi bl e. The divi dend u ' Aglhtica vigsi r ed
position o ocuf‘ﬂgn}fgg):a%' "%%f%%&géféﬁé%qgggg%égsﬂ’ffg?e%%?%@oy\ﬂe}.1 pe?%or mng a
j unp i nst r pedsértiin the tratking sigiss due to\AGvdlible(iB 6 3&Fop@e!n. B trackirssigal is

20  demodulated and the position information coded therein is regained in the positioning means

44 and passed on to the system control unit 46. The radial position of the write head can be

verified by means of the regained position information. The information presented to the
input of the writing means 41 is distributed, if necessary, into information blocks and
converted into a write signal for the write head 42. The writing means 41 comprise, for
25  example an error coder and a channel coder. According to the invention, the writing device is
provided with clock means 30 for generating the bit clock as described above with reference
to Fig. 3, which bit clock is coupled to the writing means 41. The system control unit 46
controls the positioning means 44, the writing means 41 and the drive means 45 and is
equipped for computing the winding numbers and angular position within the winding on the
30 basis of the address of an information block. The system control unit performs this
computation in full bit lengths (and possibly simple rational fractions) without rounding
errors being produced.
Fig. 5 shows a reading device according to the invention for reading

information blocks. The reading device is provided with drive means 45 for rotating the disc-




the conputing unit of a systemcontrol unit will acquire the information
about the wi nding nunber and possible segnment nunber. It is then an
advant age that, when the junp is being performed, the bit clock can

al ready bewart2/o8688s he new val ue which it shoul d have uponPGI/EBO/@I458 at t he
desired radial position. 5 Fig. 4 shows @ device for witing infornation
bl ocks on a disc-shaped record carrier of a type which is rewitable in,
for ex anpb}&ged FR6rdRheiep Pldndalreadrheap$2 fonkcanning thre ttack an thetraensd carsierg &he by

neans of a beam of el ectrqmagnet,c .radi atiagn. T r LLiGl A

ot i cal el hewkshig e aored ih farecit dipeton op i ok SygPfiing Hekls ohine
operation bﬁ@éﬂ%&nafs QB RIS i rh Rrks BEtHeRéRFd @i Niniceorfiacawdthahe ¢dnzentioodr d
carrier. The device is Prqvi ded with T10 Brive maan{%téﬁpfor f t tri ng the
record caDifferentinl Phase Dgtegrion & Diffsgnid Tange Detection sy§te r%f&.ﬁ)fﬁoe device is
furt he[% prf’éfﬁrﬁgﬁxe%ﬁ&tea S SHiGATak FOeCElved st 4 dedéutdrGhotishowen)y whighdeterranids from
a controlli g conputer systemor froma user and far con%rol I |L§€mt he

devi ce. Teutidividedsintp, 4 subeletestpss. Bindetsrminisg phpseror tipyeshifesenses ‘E}}VCEB(_ le a
i CT Opr 0CES2t of @Bgépqg%%g&g%ﬁ%s%mﬂ%f%@& Ing sP&d ith FeSfecPRIthOseriesef t he

pr ocedur e$'8} W a orcontrolling said elements. The 15 system
control  UmidtksTesordddsn thearackphreedeterniingd. Duringaeading e signal of thefad headr2yi ¢ s,
The wite, head 42 is positioned,i i | ' sifd@ dhhdifek by
posi £ on; dpmeied T g aafRGR plehebdife bR . G LESICRAAHSILA i i
det ectjgd. dedbdecidrafianescortdctor kiourdirtgta e invention) the dayiesiinpromided vt cloche

wite head scans_the track, wth, far exanpl | ' present
' the 1 Fsanng) F Brneracedia it dokkengreerPa Mol sy RS} Bl S RRIRe i PO
signal is f&%&@fmmhaﬁm §99mticbfird) @ait Ut dor contfallingthie devicn ddich systemi n i s
regained in th ositioning nmeans, 44 and ssed on to,th ontr ol
unit 46. Thatroladithes fypetions Sorresponding W}qu%oﬁtggaysg%cggol %f?@{%%g}lyg neans of
the regai ngd, lo bt QRibck ' Rfginkdafy FPdnddn g@teesaiindebendentipef i nput
of the vvr{@?lﬁgolﬁﬁgtghgmﬁq%gug?g?ﬂﬂ%a%ed,g i f r_lecess%i%ye | nto information

bl ocks]5andhe marks & the tta¢knThisds as ddvantagegmaan ap ipformation,blqek suRssapeRbLo F0n-
witing nmeans 41 co LS far i8R EREk Axthén dlivadnel
coder. Accwtmnﬁéeatlﬁ)%ﬁgn E?%\a}lés(r%tﬂlie(z)‘ﬁt, 8?@&? fﬁ%g{fgﬂ/ﬁ%e is _pr _ovf ded with

cl ock nearkeestet tothe gemet adliadn teading deviess of thesenveatiendl bog, the Bif &logk tsn

reference tqQ Fig. 3, ich bit clock i u € i\bx the ARG dRRARS 41.
The systerfF%”é?ﬁdr‘%qm ﬁ’f‘?irg’ﬂi naEé%te?‘%rﬁéletv hza%gé?%ﬁ%gﬁrl}egééé&eéns 44, t@writi ng
nmeans 41 agGnth®odieneoMranadidddaia dcsordiagtd thp svvention, herepskimsgny¥e wi ndi ng

i e R e ALaLE
Sffﬁ(‘jb?t 'r g%ﬁﬂé?%{hg |p2?i§%x§, gk gg?%‘?’ﬁ’ﬁ royla @igﬁ&inbd hetweemthebit alocloand the lfeaét i ons)
signal of the marks. The position controlfl ﬁaGS the advantage that the additional lock-in range
of the bit clock can be limited to a great extent because the desired frequency has
substantially been computed and set. A correction of the phase and, if necessary a small
25  correction of the frequency are then performed by the additional lock-in on the basis of the
marks. The additional lock-in is realized by controlling the clock means 30 only with the
computed block and/or possibly with pulses of synchronizing elements during a jump or
when there are non-written areas. It is alternatively possible to start from synchronizing
pulses derived from the drive means 45, such as tacho pulses or control pulses from a
30  synchronous motor. When the read head 52 is positioned on a written area and marks can be
read, an extra control signal is generated and applied to the control input of the clock means.
This extra control signal is generated, for example by comparing the bit clock with the read
signal in a phase comparator, and, based on the phase difference, the PLL is readjusted in the
clock means 30. This provides the advantage that the bit clock is substantially determined by




Fig. 5 shows a reading device according to the invention for reading

i nformati on bl ocks. The reading device is provided with drive neans 45 for
rotating the disc WO 02/ 086885 PCT/1B02/01458 9 shaped record carrier 1,
and a readwoe@ds@85f or scanning the track on the record cRETBE2014Fhe read
head 52 is positioned in the radial diregfion on the track by positioning
means 44 on the basis of signals derived frommarks of the record carrier.
I n accor daneexavdly tonigueedoaluedatadonahe radial gositionandibn edrack pischaaformptions

Differential Tipe Detecti,on syste DPD or DID),, .faor e
reflected ﬂf“‘aﬁl“&i%ﬂ“‘&’&ﬁ‘"ﬂéﬁ‘? @ﬁ%@d&fﬂ’[}%w gte%lg‘fk-%r{gx?gcgﬁ@%keﬁy&gi ch
det ect Or ijfnited4d divirydarge extbit sé tiatitie BR CRIK G iess sBysittiette distunbangesiansed byr ti me

di fferences between the signals of the sub-detectors, the position of the
scanni ng §9mxamq¢1§’t@§ﬂ€épr@q?9qfﬁ@r§@‘¢8§“8‘f marks recorded in the track

can be sdet ermined. By & YbwsaAslidldlatéd Beathodadtionl Atlambeesthubnerical s2amples

converted into the information in the rez_al%i 09 WEO%S@{A& dfg{r%fxt l e

conpri si ngs aivemanheding the grsulitiefan sRePrIFIby s P 18 1 9K ”dﬁi% to the

| nvent | 0”1di&&§n&%‘ébﬁe@gh&:ﬂ%@?ﬁhﬂ%ﬂd Wiikithued Webble BRARASPIRAIS, Gividkangtiad i ng t he
escribed wt 3

bit clock as reference to Fig. 3. The device i% further
provi ded whadimamsbesttamplitusiet Flast table belowshewsy refeyant ymbets dor isting {Tats afgi ch

system control unj f unct,i ons oRdi t MOSEx stem
control u fagmﬁ@w& rf’ﬁcoralélgit%tehg?%gé@r ?ﬂ l(‘:cl oactlﬂf/é cou&gitetga?gz?%e

readi ngy MRS IR Ekeh, SQBRTADAR Welane Dagns 1090kndthe hdveprapoed fomat b
track. This I's an advantage when an infornation_bl ock 3 sergﬁlxjﬁent Ly & non-
witten arB¥RiRWackardiag ththe snpsationdashealuap)arhersd 7y = £33 A i on

bl ock has { hen eady .been se hect.: In readi ng devices
of the co (G @k@igwf%//%%,gmﬁﬁaé&H%'qrg‘gﬁr%gﬁofégm rg’g%tg?/g#ggﬁaft?om t he read signal,
for exanple via a PLL which then locks in on the read signal. 1In an
enbodi ment of the reading device according to the invention, the clock
means are 20 adapted to additionally lock in on the marks. The frequency of
the bit clock is then controlled both by the position, as in Fig. 3, and
by a difference between the bit clock and the read signal of the marks.
The position control has the advantage that the additional |ock-in range
of the bit clock can be limted to a great extent because the desired
frequency has substantially been conputed and set. A correction of the
phase and, if necessary a small 25 correction of the frequency are then
performed by the additional |ock-in on the basis of the marks. The
additional lock-in is realized by controlling the clock means 30 only with
the conputed bl ock and/or possibly with pul ses of synchronizing el enents
during a junp or



when there are non-witten areas. It is alternatively possible to start
fromsynchroni zing pulses derived fromthe drive neans 45, such as tacho
pul ses or control pulses froma 30 synchronous notor. Wen the read head 52
is positiomadozmessswitten area and marks can be read, aPCEBOR480Nt r ol
signal is generated and applied to the cgntrol input of the clock neans.
This extra control signal is generated, for exanple by conparing the bit
clock with the read signal in a phase conparator, and, based on the phase

di fference, the PLLA%WWWMW des the
advantage that the bit clock is substantialty“detér Qy 02/ 086885
PCT/ 1 B02/ 01458 10 The exactly conputed value based on the radial position
and on the track pitch information, the winding qgg}?er a?_g the rotational
speed, because the Fhaskelbitleegtyndan t heretid/’He  11P#Pted {6%a very |arge
extent so that the by I i Ss sensifljye toogixst urbgpges caused by,
for exanple dirt onm’tl#'gasﬁtgégmo t he reccf?z car rziger. 5 Fig. 6 shows the
cal cul at ed beat nodwelatitoim/s)A nunber of nune?? cal 3é‘>?arrp| es:08j 5 gi ven,
including the results of an experinent. The beat nodul ation is defined as
the difference between the maxi num and m ni mrum wobbl e beat anplitude,
di vi ded by the maxichanmelsipeswphtle ude. Thel%6abl e 3Bel ow sh®ws rel evant
nunbers for existin t nd for a forr DV ac ing to the
i nvention. Note that%’“%g%q?@ﬁ'kﬁﬁsl er than Orgz{‘ldn2 1C|f}'ir§§')st k?\g\@vﬁ systens,
except DVD+RW wher e wibleffreguénc@®&HANd t he nZa0proBdzsd f oPh@s2 of DVR RW
according to the invention (last colum) where 2nt/p = 0.38. The range of
0.30 < 2nt/p < 0.70 gives a significant inprovenent over all existing
formats. WO 02/ 0868ql§c1§>§{4h|(m§/01458 11 chesogel WH40 | engBR0 (nm)  channel
bit rate (Miz) velocity (nms) channel bitg per wobble wobble length (um
wobbl e frequency (kHz) track pitch (nm 2*pi*(track pitch)/(wobbl e period)
2*pi*(track pitch)/(wobble period) 0.18 1.09 0.38

The situation described here has smallest amplitude variation of the beat factor. This situation
corresponds, however, with the highest phase variation of the beat factor, The advantage thus
5 depends on the relative importance of phase and amplitude variations.

Although the invention has been explained by embodiments using a wobble
modulation, any other suitable parameter of the track may be modulated, e.g. the track width.
Also for the record carrier an optical disc has been described, but other media, such as a
magnetic disc or tape, may be used. It is noted, that in this document the word ‘comprising’

10 does not exclude the presence of other elements or steps than those listed and the word ‘a’ or
‘an’ preceding an element does not exclude the presence of a plurality of such elements, that
any reference signs do not limit the scope of the claims, that the invention may be
implemented by means of both hardware and software, and that several ‘means’ may be
represented by the same item of hardware. Further, the scope of the invention is not limited to

15  the embodiments, and the invention lies in each and every novel feature or combination of

features described above.



CD- RW DVD+RW DVR- RW 277. 7133. 377.0 4. 326.266.0 1.203. 495.08 1963269
54.4224. 2665. 313 22.05817. 38956. 52 1600740320 0. 181.090. 38 The situation
descri bed here has snal |l est anplitude variation of the beat factor. This
situati on wmezvessdsnds, however, with the highest phase VECTEHORBWSHf the
beat factor. The advantage thus 5 depengs on the relative inportance of
phase and anplitude variations. Al though the invention has been expl ai ned
by enbodi ¥IMS3isi ng a wobbl e nodul ati on, any ot her suitable parameter of
the track may be nodulated, e.g. the track wwdth. Al so for the record
carrier an optical disc has been described, but other nedia, such as a
magnetic disc or tape, nmay be used. It is noted, that in this docunent the
word 'conprising' 10 does not exclude the presence of other elenents or
steps than those listed and the word "a' or 'an' preceding an el enment does
not exclude the presence of a plurality of such elenments, that an

ref erence 1si gns do Redord ¢amti¢r comprisingpeervd tradkd4Lindicating anHaformption; tﬁ\?é(ﬂ)i on
may be inple t ed by. neans of

ceveral ' HBEER rggeostind papulon PRk R RARE RV AR AR Erckietly |
t he scope cafinrlelits, MHieh séro0 track @Phasla wokblecbeing alferiotis verigingi ofephysicaind t he

invention lies in each and every .novel feature of. nad | features
descri bed PAFRFET %?WW ¢ ‘}ét‘&?‘ﬂﬁ REPISSRLTF Pb%yagggﬁ qgﬁ%%rg{agycar rier
conpri s ”g:a?alléle&ééﬁs httaaedek pftdh 4, Bislirtdrizedyinathatitind tearckapitclonandrtbelengthpf a i nt ended
for recording Information bl ocks _represented by marks having | engths

expr essed wobblegiesing plareyetated Sﬁﬁ‘i"éﬁ"‘%ﬂ)‘b”??”i‘é‘l? ‘{lﬂ}m?ﬁf& a wobbl e being a
periodic variation of a physical paraneter, and the servo track
constituting a concentric or spiral pattern of substantially 5 parallel
tracks at & track pRecind parrietesiciaimed ingdaimily whergin 1!‘#?“?‘#%‘!(0%*‘? EREN ohnd t he

length of the wobble period and track pitch is 0.30 < 2at/p —n <0.70.
10

=t

3. Record carrier as claimed in claim 1, wherein in the relation of the length of

the wobble period and track pitch is 0.30 < 2nt/p < 0.70.

4, Record carrier as claimed in claim 1, wherein the length of the wobble period

15  p corresponds to a whole number m times the length of a channel bit.

5. Record carrier as claimed in claim 4, wherein the number m of channel bits in
a wobble period is 69.
20 6. Recording and/or playback device comprising means for writing and/or

reading information blocks represented by marks having lengths expressed in channel bits in
an information track (9) on a servo track of a record carrier as claimed in any of the

preceding claims, which device comprises means for scanning the servo track (4) and
retrieving the record carrier information, characterized in that the device comprises means for .

25  generating a wobble signal from the record carrier as claimed in claim 1.

7. Method of manufacturing a record carrier as claimed in any of the claims 1 to
5, in which the record carrier is provided with a servo track (4) indicating an information

track (9) intended for recording information blocks represented by marks having lengths




wobbl e period p are related so that 2itt/p n+tl/2 where n is integer. 2.
Record carrier as claimed in claiml1l, wherein in the relation of the |ength
of the wobble period and track pitch is 0.30 < 2tttlp - n < 0.70. 10 3.
Record car micee2/086888| ai med in claim1, wherein in the rel aRGBYI1458he | engt h
of the wobble period and track pitch ig30.30 < 2nt/p < 0.70. 4. Record
carrier as clainmed in claiml, wherein the length of the wobble period 15
P cOrr espeRgtessedinhaiiel bits) whivshrsenvo track:(d) istpeovidadgvith mperipdicaription ¢fiar . 5.

Record carrier _as clained in,clai rei f ] bits
s wonBres pret seiges i it HAKGRLD A HEORE pR Q) p p SRR
CONpri si NGuBAST chaineMbiistpengobbielfimes the agthrd aichdrmelkit, axerchbsendi suchapyaysent ed
by marks having | engt hs expressed in channel bits in an information track
(9) on a gkatd Matgﬂmherf« Tigdye&carrier as clainmed in any of the

precedi ng cl ai ns, which device conprises neans for scanning the servo track
(4) and retrieving the record carrier information, characterized in that

t he devi ce conprises neans for 25 generating a wobble signal fromthe
record carrier as clainmed in claiml1l. 7. Method of nmanufacturing a record
carrier as clainmed in any of the clainms 1 to 5, in which the record
carrier is provided with a servo track (4) indicating an information track
(9) intended for recording information bl ocks represented by marks havi ng

| engt hs WO 02/ 086885 PCT/ | B02/ 01458 13 expressed in channel bits, which
servo track (4) is provided with a periodic variation of a physical
paraneter, characterized in that the track pitch t and the wobble period p,
p being the nunber of channel bits per wobble tines the Iength of a
channel bit, are chosen in such a way that 2 tt/p n+l/2 where nis

i nt eger.



