1 13 June 2005 Method and device for recording information The invention relates to a method of
recording at least one information signal on a record carrier having a recording track which comprises
a preformed track wobble and position information indicative of predefined locations for recording
information and a first one of said locations comprising an earlier recorded informati@rigngr28l05aid
method 5 ner dula ed signal representing the at least one information signal,
and scann ﬁ%@s %cgrﬂf ? ﬂgd{)' BfHéaﬂ‘?e' modulated signal after and adjacent to the first
recorded information signal at a recording clock speed. The invention further relates to a device for
recording at least one information signal on a record carrier having a recording track which comprises
preformed track wobble 10 and position information indicative of predefined locations for recording
information signals and a first one of said locations comprising an earlier recorded information signal,
said device comprising modulator means for generating a modulated signal representing the at least
one information signal, and recording means for scanning the recording track and recording the
modulated signal after Theimatienedttestitedfirsithedwidedordoigatienssigrahtdranegionrdigigaclock
speed. A method aréd aratus for succ ssivel && information units on a record carrier is
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As a resulfisst cedt&ddmiﬂftgnmoksrgnalmtedohmwwhqoﬁedt recorded signal and the second

recorded signal, which linking bloc udes id Ilnk ositign. DeV|c for nin tical record
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To 2 13 Jusign2D0B aobtaid aacoerdtvog b cetdodiag écokdivig ccbmarﬁm@ﬁ\pr)etbsmed packametiie need
contrﬂllngand position information indicative of predefined locations for recording information signals
and afirst one of said locations comprising an earlier recorded information signal, said
device comprising modulator means for generating a modulated signal representing the at
least one information signal, and

recording means for scanning the recording track and recording the modulated signal after

15 and adjacent to the first recorded information signal at a recording clock speed.

A method and apparatus for successively recording information units on a
record carrier is known from US 5,187,699 (PHQ88002). The information from the unit is
20  modulated to a modulated signal and recorded in the track at predefined locations indicated
by prerecorded track position information. The process of consecutively recording signalsin
adjacent areas in atrack on the record carrier is called linking. In the known linking method,
after afirst modulated signal is completely recorded, the recording processis continued up to
alink position after the last data byte of the information unit. When a next information signal
25 istoberecorded, the recording processis started at the link position by recording dummy
information up to the start of afollowing predefined location. As aresult so called linking
blocks are created between the first recorded signal and the second recorded signal, which
linking blocks include said link position. Device for scanning optical record carrier. Known

systems for recordable discs are the compact disc recordable or rewritable (CD-R(W)). To



the start and stop position of the recording on the disk, and the speed of the bit stream relative to the
linear velocity of the empty track on the disk. Between sessions, the positional accuracy is controlled in
a quite coarse way, based on the position ATIP information encoded 5 in the pre-groove. Linking
zones with dummy data exist between recordings to nfake sure that a play-back sy$&ioree)eBhough
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invention is based on the following recognition. Tq be allowed to, dq. interruption of a recording, the
ctop and rOSCE S B, CHETI o, M R RRB T St SISk e S, A0 Blay-back
without angdbas ‘blitfataufaletheinisanHdn secardg) 30 d@i2- Bydskfithegdhseqt@pgedsitithe ned¢rbased on
ATIP, but based, on,the data itself, and accurate,to 1 channel bit exactly. The start position is then
controlled g‘ﬂ%&(ﬁ%@ﬁ%ﬁ?ﬁ?%@@&%ﬂg (\iﬁ?tfjfﬁ(ﬁ%ﬁtgftwaﬁi%’%e know the end position, and
determining the start position based on timing information retrieved from the decoder's digital bit
recoyery PLL, flywheeled frame syncs and sub-code information. This guarantees the spatial
accuracy of

It is an object of the invention to provide seamless linking between recordings.

For this purpose, the method as described in the opening paragraph is
characterized in that the method comprises reading the earlier recorded information signal
20  and starting recording the modulated signal at alocation dependent on the location of an end
part of said earlier recorded information signal, while locking said recording clock speed to
the track wobble. The device as described in the opening paragraph is characterized in that
the device comprises retrieving means for reading the earlier recorded information signal and
starting recording the modulated signal at alocation dependent on the location of an end part
25 of said earlier recorded information signal, and frequency locking means for locking said
recording clock speed to the track waobble.
The invention is based on the following recognition. To be allowed to do
interruption of arecording, the stop and re-start position should not differ by more then 2
channel bits. Thisto have good play-back without any loss of datafor the user. This can be
30 done by defining the stop position not based on ATIP, but based on the data itself, and
accurate to 1 channel bit exactly. The start position is then controlled by reading back the
previously written data, of which we know the end position, and determining the start
position based on timing information retrieved from the decoder’ s digital bit recovery PLL,

flywheeled frame syncs and sub-code information. This guarantees the spatial accuracy of



3 13 June 2005 start position relative to the stop position. To guarantee continuity of the bit frequency,
both parts of the recording are done with a clock locked onto the pre-groove wobble carrier. Both
parts have then a bit rate derived from the same reference. 5 These and other aspects of the invention
will be apparent from and elucidated further with refer@nce to the embodiments desk3ihew BpQBay of

example in the following description and with reference to the ac.compap ing drawings, in which
Flour I SHECO AT IH AL (5 OB R ETE 0 G A OB FHAH R L i (O CYo BB Figure
2 shows apgateitig dedrdnfigardodeiniwg al bdrabcked tuio aidipecayidondyyuseid ssisiem Bogure 4

shows the block diagram of the seamless linking. Figure 5 shows the simple linking mechanism. 15

Figure 6 sﬂm%g@Wﬂiﬁ%ﬁFﬁﬁWﬁéﬁwggﬁﬂ% rr?f@%ﬁism Figure 7 shows block diagram for
very accurate linking Corresponding elements in different Figures have identical reference numerals.
20 Fiqﬁlre la shows a disc-shaped record carrier 11 having a track 9 and a central hole 10. The track

9, being the position of the series of (to be) recorded marks representing information, is arranged in
accordance with a spirallpastesndodtiweinasoets difutiied radbsiamtialbepappdientrfroks antl @utidatssiation
layer. The record carrief may be gptically readabl calé%g an optical disc, and %{ﬁ information
layer of a LUK e SRl HEcaPRA RS TR B by W A S RS WA writabe
versions ofi&yfiptsucind vl Exférdficdtosthinécomrapanyisgepsesagieoh ovhible information layer by
recording optically detectable marks along the track, e.q. crystalline or amorphous marks in phase
change material. The tr?fﬂ eor:Ea ?ﬁ%%é‘&%%&&%@"fﬁ%&%ﬁscamer is indicated by a pre-embossed
trackistructure providedFuriedashowtareerdfdae &ldolosssertiorgyrier. The track structure is
constituted, for 30 exarqplle rb?a regroove. i4w iclh enables a read/write head to follow the track
during scanning. The tracqys STalbic c%r%%(?l e 554 i6n information, e.g. addresses, for indication the
location of units of inforiFigtion 3shoaltyadatek dikriam dhiheositantl ynisechagsbermay include specific
synehronizing marks for ocatna e, SRR G52 Sl of the scamless inking.

Figure 5 shows the simple linking mechanism.

15 Figure 6 shows a block diagram of write clock re-sync mechanism
Figure 7 shows block diagram for very accurate linking

Corresponding elements in different Figures have identical reference numerals.

20 Figure 1a shows a disc-shaped record carrier 11 having atrack 9 and a central
hole 10. The track 9, being the position of the series of (to be) recorded marks representing
information, is arranged in accordance with a spiral pattern of turns constituting substantially
parallel tracks on an information layer. The record carrier may be optically readable, called
an optical disc, and has an information layer of arecordable type. Examples of arecordable

25 disc arethe CD-R and CD-RW, and writable versions of DVD, such as DVD+RW. The
information is represented on the information layer by recording optically detectable marks
along the track, e.g. crystalline or amorphous marks in phase change material. The track 9 on
the recordabl e type of record carrier isindicated by a pre-embossed track structure provided
during manufacture of the blank record carrier. The track structure is constituted, for

30 example, by apregroove 14 which enables a read/write head to follow the track during
scanning. The track structure comprises position information, e.g. addresses, for indication
the location of units of information, usually called blocks. The position information may

include specific synchronizing marks for locating the start of such units.



4 13 June 2005 Figure Ib is a cross-section taken along the line b-b of the record carrier 11 of the
recordable type, in which a transparent substrate 15 is provided with a recording layer 16 and a
protective layer 17. The protective layer 17 may comprise a further substrate layer, for example as in
DVD where the recording layer is at a 0.6 mm substrate and a further substrate 5 oflG.6ume209%Honded

to the back side thereof _The pregroove 14 may be implemented as ap indentation or an elevation of
the Substrate 15 mator TS L AR Ot AR I e L6l TR A T carrer
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system error cqrrection is effected dding parity words and interJeaving, the so called CIRC (Cross
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(called 15 Gdgaari@cts amebatiohefrdie diisstrersitmeisis, andshersestal ¢ployertycrilesatiag) corrects
the large error such as bl#’St errors. Further in the CD system the frames include subcode data, which

subcode f Fo&éﬁﬁ‘fgﬂ?a @9§'playing time indications and track / pause indicators. Figure 2 shows a
recording device for writlig rietornoh séioreonld s eterdeabioecaZ i id iof ariyqomivphesentagitalle or

re-writable, for example CD-R or CD-RW. The, device.is_proyided with recording means for scanning
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headld2, sspaditiominggsidgrzb tosuabacsselyfpaaisssisogtnephicadr2it totheetiadiebdiscetippayitythe track,
and a control unit,20. The head 22 comprises an optical system of a k type for generating a
atiation DUBIHA BB LR SR g Sraemes st o e LB T of e
informatioffirdmgsicefrihe7@daiaveandssind he padigtivor teamt3d COgsserateddcearrediatios source, e.g.
a laser diode. The head. further comprises, (npt shown) a focusi for moving the focus of the
o oY R K R IR RS, e Sl AR edys o O
the spot 2Reed Satbaiati€otiencs dldabazi bethier@B theraaed. T trstdiiye alcanatocdteatiay ¢oathedise coils

for raglally YA SRHT O T R Ak R B B A B0 ayer (called C2) corrects
the large error such as burst errors. Further in the CD system the frames include subcode
data, which subcode for example includes playing time indications and track / pause
indicators.
Figure 2 shows a recording device for writing information on arecord carrier
20 11 of atype which iswritable or re-writable, for example CD-R or CD-RW. The deviceis
provided with recording means for scanning the track on the record carrier which means
include adrive unit 21 for rotating the record carrier 11, ahead 22, a positioning unit 25 for
coarsely positioning the head 22 in the radial direction on the track, and a control unit 20.
The head 22 comprises an optical system of a known type for generating a radiation beam 24
25 guided through optical elements focused to aradiation spot 23 on atrack of the information
layer of the record carrier. The radiation beam 24 is generated by aradiation source, e.g. a
laser diode. The head further comprises (not shown) afocusing actuator for moving the focus
of the radiation beam 24 along the optical axis of said beam and a tracking actuator for fine
positioning of the spot 23 in aradial direction on the center of the track. The tracking actuator
30 may comprise coilsfor radially moving an optical element or may alternatively be arranged
for changing the angle of areflecting element. For writing information the radiation is
controlled to create optically detectable marks in the recording layer. For reading the
radiation reflected by the information layer is detected by a detector of ausua type, e.g. a
four-quadrant diode, in the head 22 for generating aread signal and further detector signals



for changing the angle of a reflecting element. For writing information the radiation is controlled to
create optically detectable marks in the recording layer. For reading the radiation reflected by the
information layer is detected by a detector of a usual type, e.g. a four-quadrant diode, in the head 22
for generating a read signal and further detector signat 5 13 June 2005 including d 8 dashapesor and

a focusing.e nal for.controllin tracking and fo sm act ators. The read signal is
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Suitable coeppesstiog tinearieraratidasrabemiiad on the record carrier. The marks may be in any
optically readable form, e.g. in the form of areas with areflection coefficient different from
their surroundings, obtained when recording in materials such as dye, alloy or phase change
material, or in the form of areas with a direction of magnetization different from their

20  surroundings, obtained when recording in magneto-optical material. Writing and reading of
information for recording on optical disks and usable formatting, error correcting and channel
coding rules are well-known in the art, e.g. from the CD system. The marks can be formed by
means of the spot 23 generated on the recording layer via the beam 24 of electromagnetic
radiation, usually from alaser diode. User information is presented on the input unit 27,

25  which may comprise of compression means for input signals such as analog audio and/or
video, or digital uncompressed audio/video. Suitable compression means are described for
audioin WO 98/16014-A1 (PHN 16452), and for video in the MPEG2 standard. The input
unit 27 processes the audio and/or video to unit of information, which are passed to the
formatter 28 for adding control data and formatting the data according to the recording

30 format, e.g. by adding error correction codes (ECC) and/or interleaving. For computer
applications units of information may be interfaced to the formatter 28 directly. The
formatted data from the output of the formatter 28 is passed to the modulation unit 29, which
comprises for example a channel coder, for generating a modulated signal which drivesthe

head 22. Further the modulation unit 29 comprises synchronizing means for including



audio in WO 98/16014-Al (PHN 16452), and for video in the MPEG2 standard. The input unit 27
processes the audio and/or video to unit of information, which are passed to the formatter 28 for
adding control data and formatting the data according to the recording 30 format, e.g. by adding error
correction codes (ECC) and/or interleaving. For comp#éter applications units of inforiBakioe 208§ be

interfaced to the formatter 28 directly. The formatte ta from the output of the formatter 28 js
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linking. information is coupled to a.linki nit 31, which linki nit is coypled to the formatter 28 5 for
ot g TR e Ao e b M o B e P 4o ot e
recording deitice ehthéredinking devicalans thledimRi ity foig U 81 2ssitoauiangeguier2 lagieatingatdoging the
inf tionta b ded ing to. th thod ibed bel ith to the Fi 3
to 7 Tnord0S R LR IS0 L ATTER G LR TR R T DR SRR P2 unit
30 from thevioefdreacses tecFoguntse Bing 2hehkdetimkegomioBlirfie29éseradingdfier meadirigted signal

di the logically. d inf tion. Fi h block di fth tl d
e i T R A St v Gl Tt
genetating iakimgeinii Gikf angedeiajnst e’ shodut atetial ghaltbecortinag t s iisteog) callyriteratged is derived

from a fixed t_'L5 C%’,éta' reference clock. The frequency can be fine-tuned by an additional phase error,

coming o & ror calculation, this is the distance between subcode sync written to the disk and
the ATIP sync encoded Higiime Bhsitwate Ol eckodmysagnel the tueremsly: ddes syssterm| allomessts of tmaply to
the Orange hogk Sﬁf%@'affﬁaﬁ%%*%h%%$n%r‘&ﬁtﬂ%‘d PP RS RR'3 r%%u“rﬁrP@'r?% 3 Stel; or e fiming
information coming from the wobble signal. This iS & quite coarse start stop 20 mechanism, with a
precision afl d¢k aichdokigdtéréisiep engtitol . Thithis curoemtds@Beo s kb ikock rsdernced & ofata pixibdis
flushed and injtialized before every record start. In fact, not the entire  datapath is initialized. It is only
ininatzed QO SRR Bl e ot s Oned oy 2N G FTRF b BN ESimid

from the Xerror calculation, thisis the distance between subcode sync written to the disk and

the ATIP sync encoded in the modulated wobble signal on the disk. This system allows to

comply to the Orange book specification. The start and stop position is controlled completely
on the timing information coming from the wobble signal. Thisis a quite coarse start stop

20  mechanism, with aprecision of 1/6 of an EFM frame length. Thisis around 98 channel bits.
The encode datapath is flushed and initialized before every record start. In fact, not the entire
datapath isinitialized. It isonly initialized down to the EFM modulator. This resultsin the
first few bytes written to disk being faulty.
The further document describes what to do in the channel encoder to do seamless linking

25 recording on an engine level. This feature would be used to prevent the known problem of
buffer under run. For thisit is needed to stop the recording when buffer under runis
imminent, and then link the rest of the recording on a bit-accurate basis after the previously
written part, so that the sync interpolation on a play-back system doesn’t notice that the
recording was interrupted.

30 For areading system not to be disturbed, following requirements need to be
met:

. no (or very small) frequency jump between previous and next recording



first few bytes written to disk being faulty. The further document describes what to do in the channel
encoder to do seamless linking 25 recording on an engine level. This feature would be used to
prevent the known problem of buffer under run. For this it is needed to stop the recording when buffer
under run is imminent, and then link the rest of the re@ording on a bit-accurate basi$3aftercthe0s

previously written part, so that the syng interpol tion.on_arﬁla%@aack tem doesn't notice that the
recording Was interruptét?’ (?(5‘1‘—%}’5'%‘&(??@9 AGRYSHE \ fé}fﬂg\ﬁﬂ% RIS ARYts need to

be met: neekorardisigaibstelyeneyniesdohelveematerionsiafitbned neacspin®7+133)cmead05 no
(or very small) mis-synchronisation between EFM syncs of previous and next recording; basically it
comes do o0 a maximum shift of the new sync of +/- 3 channel bits limited phase jump between
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back, start/stop mechanism, wobble PLL.

15 Figure 4 shows the block diagram of the seamlesslink. The start of the session
isdone based on ATIP. At the moment a data stream interruption isimminent, the start/stop
mechanism is switched from lock-to-wobble to lock-to-data. The new system differs from
the current mechanism on following points:

. The write clock is generated fully locked to disk, this means with the wobble

20 carrier recovered by the digital wobble PLL as areference. Thisis already possible in the
current system, but improvements will be done for write clock generation jitter. Now thereis
a conflicting bandwidth requirement for the wobble PLL.

. The start and stop for the main recording will still be done on ATIP, but for
hold and resume actions on the recording when buffer under run isimminent, we will need to

25 do more accurate stopping and re-starting. The stop position will be done bit-accurately on
the written data: subcode frame, EFM frame and bit within a frame. The start and stop
positions will be fully programmable. The starting position will need to be determined on the
data already written on the disk, also in the form of subcode frame-EFM frame and bit within
aframe. This can be done by means of the play back front end part (PLL, bit detection and

30 EFM demodulator). The start position will be re-enforced by means of interpolation
mechanism to flywheel position of EFM and subcode syncs and the content of the sub-code.

Sync interpolation is already present in the current play-back system. Interpolation on
subcode frame address will need to be added. The accuracy of the start position is the factor

determining the quality of the seamless link mechanism. The accuracy depends on the timing



current system, but improvements will be done for write clock generation jitter. Now there is a
conflicting bandwidth requirement for the wobble PLL. The start and stop for the main recording will
still be done on ATIP, but for hold and resume actions on the recording when buffer under run is
imminent, we will need to 25 do more accurate stoppi@g and re-starting. The stop piiime 200%He done
bit-accurately on the written data: subcode frame, EFM frame and Hle.lt%within frame. The start and
ctop. posiIRRS SIS 1R G Br o PSSt b b WiV S HB I RRF % data
already writencaidtiesdisiceasavii dhentonim ddtsectimodectinime tnhivgramenartipvdtion a frame. This
can be done by means of the. play back front end part (PLL, bit detection and 30 EFM demodulator).
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current play-back system. Interpolatiopn on subcode frame address will need to be added. The
accurkoy STRBELET Al 1 AR By LS BUL SRS LR SUh e Webhanism.
The accuraggtidapends on the timing 8 13 June 2005 precision of the play-back detection system
(PLL). Basically this comes down to the accura f the clock source on.which the bit detection circuit
5 runming.-on e start PO TR HE AR AP A TR AR LIS HEAE o
implementpipeli neds $estdravernetiigiobilathel amenthdekn st virtmadky. infiaiel trskang i a adiczosd e
several 5 embodiments allow for a step.hy step approach. This will be explained better. in the next
ection. T S LRE I T L B e A T BB bt Beine i just
frozet) thiglisdibsdthenviniéati onkrig stdtinminmal Fecimblobiztaet ssthrcitapencbantisenstantsteaken
mechanisr%. The different embodiments on the start position control will be 10 discussed in the

following s &R all the embodiments, the stop mechanism can be taken the same. The
embodiments for start pObeiomismtiehes éod et ipesitivereardites| atadisgritathhereaftplesstetingosition on

fixed system clock. In thjs system, the front end digital PLL_ will be us is, This PLL is operating on
o fcea oyati SRR 0 D A0 SRS T Ss e o g e e b

|
rate, we caviltleruseshastise BiesPlposgiopeciving oo tigxed syittem aioEl: M fmmér’heslia«tcposition is
fully Eéogr?rrgqrﬂ%ﬁ)(lz?/'i-sng%sen so that it is around the channel bit rate, we can determine the start
position down to the bit within an EFM frame. The start position is fully programmable. This
makes it possible to compensate and fine tune in software for delays through up- and
downstream data path, from optical signal on the disk for read back to optical signal on the
disk for writing. Since the resume command actually is controlling the output data shifter on
20 thewrite clock, it hasto be re-clocked first from the system clock to write clock. The resume
command is also given to the external world, in the form of Laser-on signal.

Figure 5 shows the simple linking mechanism. Since there is no fixed phase
relationship between the system clock and the write clock, we have 2 uncertainties
determining the granularity of the start position: the phase of the incoming bit stream with

25  respect to the system clock and the phase of the system clock with respect to the write clock.
If we take for the system period, something around the bit clock period, the start position can
be controlled with an accuracy of less then 2 channel bit clock periods. The phase error
between previous and next recording bit stream can be 180 worst case. This system could be
used as afirst step. All changes done for this are al'so necessary for the other embodiments,

30  which only do improvements to make the phase error smaller. Changes to be made with
respect to the current system are:

. extracting some control signals from current front end PLL and demodulator
. adding interpolation protection on the subcode address

. modifying start control with new input, and more accuracy.



makes it possible to compensate and fine tune in software for delays through up- and downstream
data path, from optical signal on the disk for read back to optical signal on the disk for writing. Since
the resume command actually is controlling the output data shifter on 20 the write clock, it has to be
re-clocked first from the system clock to write clock. TBe resume command is also @B/é&me20e5

externalw Id, in the form of | aser-o naI Fi ureSSho the simple linkin chanism. Since
thore 1o oKD IR BLA B ey LA AL B L e ECIERIE P O
uncertaintige sdaterrmnmuagd@ﬁ@mutaetsygfam el st&rtthe@tm diner peasecaittic dospnaiiddtl gieeam
with 25 res o the system clock and se of the s clock w the write clock.
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controlled wa@wmmmag@p m@hertrmidmmmmmﬁbeﬁdﬂ%gb@eﬂeafqhmmen
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accuracy. miﬁeHIQEaBG’Q!E Ehﬁﬁmﬁownglmbwﬂwprew Mﬂetﬂe&smqntmtloﬁthraohased by write
clock re-sync. On he start co non the s stem cI se error b een
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PLL.IDhis quuasel@mocicauthe dsiad, nrsdeteeasl“rtgﬂmpmmlephMmroufrmanm szdnepadmrfkbbe write 5
clock. This can be done,.because w |te lﬂck IS ratedltt%y %39?” n th g)q[ zoa}ﬁvco
which is 0&8i ﬁa‘?ﬂﬁu&ﬁtf%b w% ?dﬂe A wite §6eE i B 88 error
between sﬂ:ﬂeirslclﬂiblemdqulabybw@bcﬂnﬁmﬂnm&%watécfoqulmjzsbeemrealm:tecmrcﬂhugdmal PLL, a
countdown circuit ca se WI'[ & comp nt of thi ase error, and so compen atlng for
that phaseaééo in alﬁa‘r% r(()afdlscre?B eps ﬁqac? m-aﬁPW&B'E:%ulljthtW(Fown cwc&%n%g%l?ng is

decreasmgidalmmmﬂbl@/ﬂbasmmeecawandyeﬁyésaenmm;sce\vbematypBeh@pammmmeby matching the

phasg_of the write clocﬁ4 h ase of th bit clock.pn the disk. Thi LIEsS nchronising that
Write s ockjusf: e% ng e(riefor%h\ ﬁg it ft requency, {RE more Accurate es?ar? P
Figure 6 shows a block diagram of write clock re-sync mechanism. For this

embodiment, the write clock generation has to be modified. The write clock dividers have to
be moved very close to the analog block. They will also be removed from scan-test, since no
clock tree insertion is allowed, to guarantee operation up to very high speeds. Very good

20 layout hasto be done of thiscircuit aswell (probably has to be done manually). The changes
have medium difficulty. The downside is that the accuracy is till discrete, and depends on
the speed of the VCO. For a 16x writing system, currently the oscillator would be chosen to
run at a speed of 4 times the write clock. This means that the highest precision is still around
1/4 of the write clock, which is +/- 90 degrees phase shift.

25 Figure 7 shows the block diagram for very accurate linking. The embodiment
isavery accurate phase link by locking write clock on incoming bit stream. The main
problem with previous embodimentsis that the read PLL istime discrete, and on a different
clock domain as the writing process. If however we could bring them on 1 clock domain, and
lock the phase of the write clock to the phase of the play-back EFM stream, the phase

30 accuracy just depends on jitter, which should be low anyway. This can be done by modifying
the front end digital PLL to amixed signal PLL. The DTO isthen removed and replaced by
the write clock frequency synthesizer. The ADC, zero crossing detector and digital loop
filter, will be placed on avarying clock. The phase difference between write clock and

incoming clock is tuned by regulating the zero crossings to a programmabl e phase in between



adding an offset to the phase fed forward to the count-down circuit, we can compensate for delays in
the system more accurately. The accuracy eventually is the period of the 15 overclocking VCO. The
higher its frequency, the more accurate the start position is. Figure 6 shows a block diagram of write
clock re-sync mechanism. For this embodiment, the d@ite clock generation has to bErabfR805The
write clock dividers have to. be moved very close to the analog block. They will also be removed from
Scan-toor, WRUTE ARECHIE PG @ SRTBATS 3o ROl LEr e R e S68ds
Very goodtRe diyealtshapiiorbe doneeabihis eirastithangeli (rocpediy bgsdoiie @eneharrerialieT he
changes have medjum difficulty. The downside is that the accuracy is still discrete, and depends on
the smeed DY 0 TR EFa0 K eGP 61 B R R RS e ONN P GEH Ak ot
speed of 4tdipER| thel vokiel eoakobblgs means that the highest precision is still around 1/4 of the write
clock, which is +/- 90 degrees phase shift. 25 Figure 7 shows the block diagram for very. accurate
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crossings to a programmable phase in between 10 13 June 2005 twg write clock rising edges. As a
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generatiorbgerls tr%@%% E%gctgﬁd frorgik%ﬁj'(gphto aEElr'\é} ég Ir(lfﬁléreq to g‘éVObb(l)?' r?e'?‘rllthe% | rr]”tge invention has
been explalne%omalnﬁy embodiments usi% W eco! ) simhl?ar 8Pneb0(}|men\fs are suitable for other
optical recbhniiteg &y the mrathibet rHAYIR; fRrok tHeVileRibh Adsa riaatheantf evesgtitovddeaturaooptical disc has
beer(‘;lgesc(r:lbe%, %Pt oti}e{ eartrﬁ?%%l e%tCJrcI:Q ASE magnetic disc or tape, may be used. It is noted, that in
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word “comprising' does not exclude the presence of other elements or steps than those listed 10 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 inventi?équa 88
implemented by means of both hardware and software, and that several ‘'means’' may LHgsyr%sélsnted
by the same item of hardware. Further, the scope of the invention is not limited to the embodiments,
and the invention lies in each and every novel featudd.or 15 combination of features described above.
13 June 2005 11 CLAIMS: 1. Method of recording at least one information signal on a record carrier
having a recording track which comprises a preformed track wobble and position information
indicative @f'-p% ned locations for recording information and a first one of said 5 locations
comprising an earlier recorded information signal, said method comprising: (a) generating a modulated
signal representing the at least one information signal, (b) scanning the recording track and recording
the modulated signal after and adjacent to the first recorded information signal at a recording clock
speed, 10 and (c) reading the earlier recorded information signal and starting recording the modulated

signal data at a location dependent on the location of an end part of said earlier recorded information
signal, while 18cking sailylrtgotdih secrickngpd et one rsematishignalnendiesaid easoaingytack

speed is determinesl iyemplovingA WiHRGRck, Lrrymtaasized Noteit g aenie siapRsines gl clock
edges. 2. Method as claimed in claim 1, wherein an interruption of the information signal is detected,

and after detémi@?‘@féﬁj Qﬁt@fﬂﬁﬂ@ﬁ@ﬁdH@Wﬂif@ iﬁe;ﬂ@"ﬁmgj WQﬁ@iﬁ@C@ ﬁﬂér@rfd:@tsi@ﬁglpbrﬁi herein
the presence pidhe iiosmalignGignakAlErdBS IRIETHRRR 80 SyAS s adnanaAlishsRihgresence

detection the recording is re-started using the same reference signal. 3. Method as claimed in claim 2,

wherein the widbble cong@ifgtainaa ragekbaied ssupablIapicsRinghiteablapm @it rseieng sl

(b) scanning the recording track and recording the modulated signal after and
adjacent to the first recorded information signal at a recording clock speed,

10 and
(© reading the earlier recorded information signal and starting recording the
modulated signal data at alocation dependent on the location of an end part of said earlier
recorded information signal, while locking said recording clock speed to the track
wobble, wherein said recording clock speed is determined by employing a write clock

15 synthesized by regulating zero crossings of clock edges.

2. Method as claimed in clam 1, wherein an interruption of the information
signal is detected, and after detecting said interruption the recording is stopped by using a
reference signal, and wherein the presence of the information signal after the interruption
20 is detected, and after said presence detection the recording is re-started using the same

reference signal.

3. Method as claimed in claim 2, wherein the wobble constitutes the reference
signal for both said stopping and re-starting.

25
4, Method as claimed in clam 1, characterized in that the position of said
information signals constituting an interrupted recording is accurate by starting recording

based on the earlier written signal.

30



4. Method as claimed in claim 1, characterized in that the position of said information signals
constituting an interrupted recording is accurate by starting recording based on the earlier written
signal. 30 13 June 2005 12 5. Device for recording at least one information signal on ar corc}&ggrier
having a recording track which comprises a preformed track wobble and position infojl%fg%%
indicative of predefined locations for recording informatign signals and a first one of said 5 locations
comprising an earlier recorded information signal, said device comprising: modulator means for

generating a modulatedSignal fEPFESSAIMPANeRE (R AG AN N SEHA bR AP BbFUHBORAAGS for

scanning the recording track and recording the modulated signal after and adjacent to the first
recorded infor@GFFIg HEREk WG caIApIEfeeiedpetarmed oo WRBheeats PR FEAYIREPtRw@IEaRlier
recorded informgtign,signpl s sartigdssorainedhaimpiliadion sl sdarating dreidgn on the
location of an end part of said earlier recorded information signal, and frequency locking means (PLL)

for locking sai@CREEHRIFRINTE SXd pae 38 i B el ReikedobhRMghene fobald Fach¢MigRI6eRBRESE is
determined bmmwngn@aw&%?'%@émﬁh@%%w5@&14'@*'@?@%&%.%@@%@%6%%@*

edges. 6. Device as claimed in claim 5, wherein the recording'means comprise detection means for
detecting an iHEQRFIFOR 86ARk information signal, and for, after detecting said interruption, stopping

the recording Ry:4feiing el GBF&ciaRRy 36 FRESIBIRG Pk Sre0rBEBRGRGENIN %dﬂf&"éﬂaéigfgﬁigna'

after the interruption, and for, after said presence detection, re-starting the recording using same

reference sigrihle’7 apsbAdacsstcigithed irsicreraraedvHERSRahenda endlich mESERsdng felealetaRensly the
wobhlg as the gaieipns felgRAbFIFERAHY SRICLEIPRNIBELARY [RFSFATANSh 48nal and starting recording

the modulated signal at a location dependent on the location of an end part of said earlier

recorded information signal, and frequency locking means (PLL) for locking said

recording clock speed to the track wobble, wherein said recording clock speed is

determined by employing a write clock synthesized by regulating zero crossings between
15 clock edges.

6. Device as claimed in claim 5, wherein the recording means comprise detection
means for detecting an interruption of the information signal, and for, after detecting said
interruption, stopping the recording by using a reference signal, and for detecting the

20 presence of the information signal after the interruption, and for, after said presence
detection, re-starting the recording using the same reference signal.

7. Device as claimed in claim 6, wherein the detection means are for detecting
the wobbl e as the reference signal for both said stopping and re-starting.
25





