1 24 March 2005 Method and device for recording information in units The invention relates toa
method of recording at least one information unit on ajtrecord carrier having a recc% eg tra(?g \g/hlch
comprises preformed track position information indicative of predefined locations Tor r 8

information units and a first one of said locations comprising an earlier recorded information unit, said
method comprising 5 generating a modulate resenting the at least one information unit, and
scanning t F@caogi’d'iﬂg ?Vé%?(%ﬁgder%%r A '%ﬂ} jﬂad@ﬁnal at a second one of said locations.
The invention further relates to a device for recording at least one information unit on a record carrier
having a recording track which comprises preformed track position information indicative of predefined
locations for recording information units and a first one 10 of said locations comprising an earlier
recorded information unit, said device comprising: modulator means for generating a modulated signal
representing the at least one information unit, and recording means for scanning the recording track
and recording the modulated signal at a second one of said locations. 15 A method and apparatus for
successively recording Mfermedinionnitates ta aemhddafiecdsdimpatnedsirons hfoiBatioaURQRE88002).
The information from the unit is_modu ate? to,a &1 ulated SI naI nd record d in.the track at
oreciefinec SRR ARARD By L MR ST R AT R BIBLIAE of comsecutively
recording sigmumrzmadmommfapea&fmedﬂaMDnstm rewrdir@rnrmrmac@bladﬂnslein@alﬁrﬁnedmown
linking metho fter a first modulated s aI is completely recorded, the re rocess is
continuea SR A RSBS00 oD P LSOOI O L b e e RS R hrorration
signalsis tgdmrmmgdenbdbmmwmg@memng stadeldaat tne imlopastivoruhit, rawbsdangidy ey
information u rto a follow red E e Ioca 0 Asa sults \‘9’ dli nklng 25 blocks are
created bert%g gr ISR ercdoéé) ﬁl ii e%a%% 8?18 fﬂca} 0 ﬁg blocks include

said link position. For retbedm@rstysmenmhesrmmmsrm eareicidor lideorthrgGDlsysttens,infiditiatieh error

codes are |nctludeadrer&&Pqe rgrrcrxdu eg\(/a% Si re or hert]ra kln the errrcngecode{s F%'&E'”r%éf? the. mformatlon
unit record“'ed Igs t'may ex?ende[)eyon %%W)Pena e ﬁe error corPeé |on a number

of run-in amdfoumatian demrkairaeeofqn[emcefmédZédbttmnhf@ﬁ@&adingqn@mm oty axdng fivstlomeng
bloclﬁ)do nPt caqtal .valid recorded mforrpatlon
of said [ocations comprising an earlier recorded information unit, said device comprising:
modulator means for generating a modulated signal representing the at least one information
unit, and recording means for scanning the recording track and recording the modulated

signal at a second one of said locations.

15
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
modulated to a modulated signal and recorded in the track at predefined locations indicated
by prerecorded track position information. The process of consecutively recording signals in

20  adjacent areas in a track on the record carrier is called linking. In the known linking method,
after a first modulated signal is completely recorded, the recording process is continued up to
a link position after the last data byte of the information unit. When a next information signal
is to be recorded, the recording process is started at the link position by recording dummy
information up to the start of a following predefined location. As a result so called linking

25  Dblocks are created between the first recorded signal and the second recorded signal, which
linking blocks include said link position. For recording systems using error correction, like
the CD system, additional error codes are included in the modulated signal. When linking,
the error codes relating to the information unit recorded last may extend beyond the last data

byte. To fully enable the error correction a number of run-in and run-out blocks are required



data storage capacity is lost. 5 It is an object of the invention to provide a recording method and device
in which linking is more efficient. For this purpose, thezmethod as described in thezg;ﬁgnriqqq@%léagraph
is characterized in that the method comprises in the event that the second one of sal 465ions is
after and adjacent to the first one of said locations, reading linking information from an end 10

boundary area of said first one of said lgcations and using the linking, jnformation for logicall
generatinG T HIBAHIBEAS SISl THOUE AEES 0 GOLEABEU S BER g fod
characteriziachistdhajetbgpdeivicis rmprises retrieving means for reading linking information from an
end boundary area of the location preceding the second one of said locations, and in that the

modulator means comprise linking means for using the linking 15 information for logically generating
the modulated signal in the event that the second one of said locations is after and adjacent to the first

one of said locations. Reading and usjng the linking information has the advantage, that the
moduBited signal is fogilay BOREEk b AR THES 1o EoHHER o By LURM AT S IR herefore
the modulatritisigncihdiieattyreeffirtets. to the information unit recorded earlier. Hence the number of

ired linking block 20 reduced The i ion | d he followi
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words of tttearadteriratian thaitthd mpditid emptists dode wesnsthaethetetonddire tfsaiediddasphysical
vicinity of the data words but interleaved over a.| art of the recording.track, to allow 25 correction
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said locations is after and adjacent to the first one of said locations. Reading and using the
linking information has the advantage, that the modulated signal is logically generated taking
into account the preceding information unit. Therefore the modulated signal directly connects
to the information unit recorded earlier. Hence the number of required linking blocks can be
20  reduced
The invention is also based on the following recognition. Usual recording
systems comprise error correction measures. Error code words are added to the data words of
the information units. In particular such code words are not stored in the immediate physical
vicinity of the data words but interleaved over a long part of the recording track, to allow
25  correction of local physical errors like burst errors by undamaged error code words.
However, such interleaving extends over a number of blocks. In the usual CD recordable
systems a number of run-in and run-out blocks precedes and follows a recorded block. The
inventors have seen that by reading the last part of the already earlier recorded blocks, and
using this data to preset the error code generator in the modulator means, the number of
30 linking blocks can be reduced. In further embodiments other linking information can be read
from the boundary area to be used for logically constructing the modulated signal. It is to be
noted, that just reading synchronization patterns from the earlier recorded information and
using the timing of such patterns for timing the new recording process is considered

physically linking for timing or synchronizing purposes. Such physical linking does not



involve the logical content of the modulated signal, and hence not using linking information for
logically generating the modulated signal. An embodlr’gent of the device is charac? K}?d IH ?g@}[sread
means are arranged for reading linking information from a begin boundary area of the Gehf
following the 5 second one of said locations and the linking means are arranged for usmg the linking

information for logjca enerating the modulated signal in the event that th co ne of said

oentions ki e o AT (e G A e Ao R T B B0 the

number offivnkingchlBeksneeftng ar eastierate¢aiged.information unit can be reduced. A further
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Further advantageous, preferred embodiments according to the invention are

15  given in the further dependent claims.

These and other aspects of the invention will be apparent from and elucidated
further with reference to the embodiments described by way of example in the following

20  description and with reference to the accompanying drawings, in which

Figure 1 shows a record carrier,

Figure 2 shows a recording device,

Figure 3 shows locations for recording of information units,

Figures 4a and 4b show begin and end boundary areas of recording locations
25 Figure 5 shows logically linking for recording after a recorded location,

Figure 6 shows logically linking for recording after a recorded location on a

write once disc,

Figure 7 shows physically linking,

Figure 8 shows a recording method for successively recording information
30 signals.

Corresponding elements in different Figures have identical reference numerals.



information, is arranged in accordance with a spiral pattern of turns constituting substantially parallel
tracks on an information layer. The record carrier may Lpe optically readable, caIIe(} Eﬂnro@éaédisc,
and has an information layer of a recordable type. Examples of a recordable discare HEDR 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 phaS Ehi Beo eIt THERIAERLTFT S rackPIABIE WK SPRACRT Mtftier s
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8b i

head to foSRTHRIPACI AUARGELLAATIRGIaRAR WL R Shf HYBS PUSHLHRSY
addressespigdliedicationnthe ivoatintiof lagds Thinfesordtanicrswalbealieiddlgcksdaiie pasition

information may. include specific synchronizing marks for logating the start of such units. 15 Figure Ib
o o s LERALER AN R TR H Y PLS o Bep AP B P PR LR e
transparentistibsitateCiD- s o G Withnal redeisingaayeisld YD sspehtecihieDayan1Thd he
protective Jayer 17. may comprise a further substrate, layer, for example as in DVD where the
Fecording LA TR0 B e e AP R Lo b S SRR RN T Back side
thereof. Thdoprerowaek1d.gnaytalinperasuigphas amid ingenatatdnaeanaieiahtiDneafdtie Sobstrate
15 materi lrpor as ﬁ batg/rial(ﬁro erty deviatin ror% itﬁ surroqndig(gs. ﬁle record carrier 1[3i i‘in
intended NSRRI oM H JH G eliTda DY 5 M B & G RS RS RE YRR X HEhe is a
predéfneddarmouminithatarpiefabdddhbl recoythchnaaizirtg sigclabtiustuad ysstortstitated S@iso comprise
error correction codes, e.q. parity,25 words. example of such a recqrding system is. known from the
VD oyt B R TR R F5 S 5 SR RePEn s b e Eyatorn eror
correction ssamftegtdthdyraukostrgqharatyongdseapdsiticat edumptitie, s@ cadtrdsSHR @ (Urdsatioterleaved
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for g{gmple includes pl |nuc?et| e indications andtack{ use lndlk():_%t%r hlgl%ure show gcg cording
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device for writing informatfon’on a record carrier of a type which'is writable or re-writable, Tor

example GBeRecorddiRipeT inewdecita tgansparent 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
of 0.6 mm is bonded to the back side thereof. The pregroove 14 may be implemented as an

20 indentation or an elevation of the substrate 15 material, or as a material property deviating
from its surroundings.
The record carrier 11 is intended for carrying information represented by
modulated signals comprising frames. A frame is a predefined amount of data preceded by a
synchronizing signal. Usually such frames also comprise error correction codes, e.g. parity
25  words. An example of such a recording system is known from the DVD system, in which the
frames carry 172 data words and 10 parity words. In the CD system error correction is
effected by adding parity words and interleaving, the so called CIRC (Cross Interleaved
Reed-Solomon Code) as described in GB 2076569. The first layer of error correction (called
C1) corrects small local errors like random errors, and the second layer (called C2) corrects
30 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 a record carrier

11 of a type which is writable or re-writable, for example CD-R or CD-RW. The device is



5 24 March 2005 provided with recording means for scanning the track on the record carrier which
means include a drive unit 21 for rotating the record cgrrier 11, ahead 22, a positﬂrwz%éh%g]for
coarsely positioning the head 22 in the radial direction™on the track, and a control tnit 20. ead 22
comprises an optical system of a known type for generating a radiation beam 24 5 guided through

optical elements focused to a_radiation; ot 23 on a track of the information. layer. of the record carrier.
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input unit 27, formatter 28 25 and.modulator 29, ta the read, processing unit 30, and to the drive unit
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accoiging fo trbe inv nti?(n as descri eq, below with referep]pe to Fi Hres 3 1&) 6. 'l;he control unit 20
nely ing,a racking errar and a foctising eror Sidndl TOf ¢ ntr g sal .{rac iNg. an
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representifgcthenindotnatironTare réacseghaln <ipeocessad lnaraa . proeceseiagksn P bé drusuzy tymically
readable form, &ty MG RIMS! aEeatatl aF LamR L SRe IR SR bR on. Hence
retrieving means for reading information include the drive unit 21, the head 22, the
positioning unit 25 and the read processing unit 30. The device comprises write processing
20  means for processing the input information to generate a write signal to drive the head 22,
which means comprise an input unit 27, and modulator means comprising a formatter 28 and
a modulator 29. The control unit 20 controls the recording and retrieving of information and
may be arranged for receiving commands from a user or from a host computer. The control
unit 20 is connected via control lines 26, e.g. a system bus, to said input unit 27, formatter 28
25  and modulator 29, to the read processing unit 30, and to the drive unit 21, and the positioning
unit 25. The control unit 20 comprises control circuitry, for example a microprocessor, a
program memory and control gates, for performing the procedures and functions according to
the invention as described below with reference to Figures 3 to 6. The control unit 20 may
also be implemented as a state machine in logic circuits. During the writing operation, marks
30 representing the information are formed on the record carrier. The marks may be in any
optically readable form, e.g. in the form of areas with a reflection 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

surroundings, obtained when recording in magneto-optical material. Writing and reading of



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 magnetizatiop different from their surroggg @gmd
when recording in magneto-optical material. Writing and reading of 6 24 March 2 orma ion for
recording on optical disks and usable formatting, error correcting and channel coding rules are

well-known in the art, from the CD system. The ma an be formed by means of the spot 23
enerated BIPIMESEE ok 5 PIBEE SROVALINS A e MERRLNR. ST CULA RN Blmscr
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coupled to th .fo matterf orfcontrollln % %efatlontof mod Iatr?g@%nﬁ cordlng to the
invention AR LSRHATAN R Q2B B il PAe § G é%’nc?{ TRIBRGAG SHSRn bl in Figure 2 are
arranged fforragiedhdytafiangthg duqoutfofmhmtfommtm Ieasmesbammlndln@doIdnmnmﬁthms\dbmtnbed

below with referenc to the F'@‘é%?”? 6. Th eto the control un it,2 arraﬂ%d for read ng linking

informatioff VI the read” )F(J%n@essmgalr}h]ﬁ §quom Ihe record gc%lprl'léruall% ﬁprolllng(ip} dr'l\llr?ﬁlng unit 31

for generatiegyth2 mothdatbel mtgimhmwrdtn@mmpriseglsyﬂymommggd%nmmmmm|gure 3 shows

sche atlcallpz{édcatlons fo recordin |nf%m1aatl(§>n un| %a track. The rack 40 an nsecdttv]g

locations 41 42 43 'for glencotre fhsg'rlln OrMaton UNIteING 4 Lajtrr]('-:- 52 eé?ﬁ‘é tica Iy fhalRated. Block

boundarie thé4raxk latiibcated By eertpradiaddress information and are written to corresponding
addressable locations on the record carrier under the control of control unit 20. The linking
information is coupled to a linking unit 31, which linking unit is coupled to the formatter 28
for controlling the generation of the modulated signal. According to the invention the control
20  unit 20 of the recording device and the linking unit 31 as shown in Figure 2 are arranged for
logically arranging the information to be recorded according to the methods described below
with reference to the Figures 3 to 6. Thereto the control unit 20 is arranged for reading
linking information via the read processing unit 30 from the record carrier and controlling the
linking unit 31 for generating the modulated signal according to the logically arranged
25  information.
Figure 3 shows schematically locations for recording information units in a
track. The track 40 and consecutive locations 41,42,43 for recording information units N-1, N
and N+1 are schematically indicated. Block boundaries 44 are indicated by vertical lines. In
actual recording systems like the CD system block boundaries may be spread over a
30 substantial part of the track due to interleaving data of different blocks. In such systems the
block boundary indicates the first byte of a new data block, whereas a last part of the bytes of
the previous block may be physically located after this boundary.
Figures 4a and 4b show begin and end boundary areas of recording locations.

A boundary area is the part of the track which holds linking information, i.e. information



actual recording systems like the CD system block boundaries may be spread over a 30 substantial
part of the track due to interleaving data of different bl(}cks. In such systems the bﬁﬁ\lﬁ t}oHagagy
indicates the first byte of a new data block, whereas a last part of the bytes of the prevallo%s ock may
be physically located after this boundary. Figures 4a and 4b show begin and end boundary areas of
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shown in Fig(ljlre 4 bl%ck N has a{so Iinkinlg 20 inf rr’r}a i?n outs%de the é}lgck boHndar'es 44. The
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enabling 2&ukemielinfongatioanretha @fesystemenbéHetasaboodegimbaradcatbotide pleiieg tioek is to be
information and track/pause information. For a first embodiment as shown in Figure 4a,
block N has within the block boundaries 44 a begin boundary area 45 and an end boundary
area 46. For a second embodiment as shown in Figure 4b, block N has also linking

20  information outside the block boundaries 44. The begin boundary area 45 extends with a run-
in part 47 before the block boundary, which may apply to the situation that the previous area
is not written. The end boundary area 46 extends with a run-out part 48 beyond the block
boundary, which may apply to the situation that the next area is not written. Preferably the
run-in and/or run-out blocks are used to additionally store linking information for enabling

25  easy linking when at a later moment the area neighboring to the written block is to be
recorded, as described below. In the following text the writing and linking of one block (N)
in the CD system is described, but alternatively a series of blocks may be written at once, and
then the linking applies to the begin of the first block and the end of the last block. The
following situations involve linking.

30 In a first case the preceding block N-1 has been written before. Then the begin
part of new block N is to be linked to the existing recorded data, which is usually called
appending data. First the end boundary area 46 is read, and the linking information is
extracted. Using the linking information the modulated signal can be generated, for example

by presetting the CIRC error encoder based on the relevant data bytes of the previous block



recorded, as described below. In the following text the writing and linking of one block (N) in the CD
system is described, but alternatively a series of blocks may be written at once, ar}% '\}Fe §d§1kmg
applies to the begin of the first block and the end of the last block. The following situa Of

linking. 30 In a first case the precedlng block N-1 has been written before. Then the begln part of new

block N is linked to the eX| record ata hich is ed ap data. First the
o boun g B EFOSIE (oo T CRUBR hoe s DR ek N R SFe R tion
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that momemttngingeetibn®isiziantel st githal margdbeged@membememﬂelamnmmdufated
signal_may be eff ted durln he cording action or the modula ed signal erat
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beyond the. QIQW@ inordarith Hrgkiiy intbdoctesirithninddng mﬁmmmﬂ(mkq\smmmmmm block N-1
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comoratod IR S0Ea e SR Ere e A i RS e e SRR of o
write-oncegsysteted ke dhlxey $|rgnemkﬁeumdmry AnkaneXiekidg byt detheibldclaiombddimehOaf.g. two
blocks with linkin |nform tion . an data,from block N-1 ute th area. The
etoncimg DR TESE . o b BN Rt DR NG R BR S et
WhemhOreaa@ingtthe bilokkeonate ditkenfuih&iatuiof tnel sorae deodlemai] dilecconsitittetttending part 48
is known. b)sm this kno n state (tiwe wrlt of block N ca iﬁrt W|th0 tfurtherl kln bloc gs by

presetting Wé’r"’erﬁ% 'é? Ry k%B a?eg §8'191e cfgfy 3‘? B¥0Y {{"8cations
in the begmdnts@cﬂ:t&y&feaeaﬁnch/ﬂlnemﬁdmrﬁghbe prﬂoegimgd]lbehxﬂﬁatosmhe@vmgd@dwesuch a link

the minim num ero linking bloc emain, an%no errors are present in the rec ta. In a
second cal’éslqe1 ﬁ1n oll%z%/'vlngrlo (ﬁQq\Pf{ktsﬁgsn]eneoﬁN Writtdh %te Bre. %rpﬁ?%eeﬂqen r|t|n f é?oc 10¢R N is to
be linked tstahendthistinty releoﬂdddr@ahmdksrsytbmmajmg reuerdargn2@ar ¢a this darhbmlsthtelslemead and

B R R D S s B e e s
or earller wphegedimyblochartego interleaving. After such a Ilnk the minimum number of Ilnklng blocks
remain, and no errors are present in the recorded data.
In a second case the following block N+1 has been written before. Then the
end part of new block N is to be linked to the existing recorded data. First the begin boundary

20  area 45 of block N+1 is read, and the linking information is extracted. Then the read/write
head 22 is jumped back and scans the block N-1 up to the block boundary 44. At that
moment the recording is started using the modulated signal, or earlier when a run in part is
required like extending boundary area 47. Using the linking information the modulated signal
for the last part of the recording can be generated, for example by supplying to the CIRC

25  error encoder (after the last data byte of block N) the first data bytes of the next block N+1.

In an embodiment of a re-writable system like CD-RW, the begin boundary area extends
beyond the block boundary, the extending part 47 is overwritten by the newly generated
modulated signal. The last blocks thus generated may also overwrite the begin boundary area
45 of block N+1. After such a link no linking blocks remain. In an embodiment of a write-

30  once system like CD-R, the begin boundary area 45 obviously cannot be overwritten. Hence
the begin boundary area of block N+1 will remain unchanged. The preceding end boundary
area of new block N is generated by using the linking information of said begin boundary
area 45 so as to minimize the number of linking blocks and linking defects, e.g. the number

of errors detected by the error decoder is minimized by presetting the error encoder when



required like extending boundary area 47. Using the linking information the modulated signal for the
last part of the recording can be generated, for exampbe by supplying to the CIRCﬁSI\ﬁng 388 der
(after the last data byte of block N) the first data bytes of the next block N+1. In ah embodiment of a
re-writable system like CD-RW, the begin boundary area extends beyond the block boundary, the

tendi t471i itten by th I t dulat ignal. The last.blocks th
o P oA I g
blt;)cks rlen(a.igl.. an gewmm@imwtm @wﬁfjm@mﬁm?mmkerﬁpmxﬁmfcbmm I(F?Qmjﬂm@é%ﬁ 45 .
obviously cannot be overwritten. Hence the begin ndary area of block N+1 will remain unchanged.
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begin bounetaiingaredifkisg asda ot vlizek thefixembettohtikingroierkadind dmkivsardefastsed. . the
number of errorg detected by.the error decoder is minimized by presetting the error encoder when 9
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content (eNg-laltrestinda) dmctiadsoritiageeiddkanostary avaanélplocktid ifesse fixadesaotigrilals all
zeroes) and the corresponding error code wqrds in both boundary areas are known also, and when
endim o TR B LS TR Rl BN SR e An oh  Fe BRI & i
noted that nedutngvehiihig kdatginfiorameais tiog exatagitonikthasspeth eoche s e o phitng D bigok it the
timing for th iti lock t [ lled . t tly fill th the start of
satd oxisti AT RIS SRR SR A JBS LR PP R ety
inforaGationydbblexantipdesviitabkpELCi-RMhe servo pattern. During writing the write clock is controlled

accurately, e.g. by again using the servo pattern like the track 10 wobble.on the recordable CD-RW. In
a third case the precedir%abh%% Kot i {ﬁge%dngv!é%ﬁt@%&aﬂfi%%g??ﬁ%@ganﬁk n+t:.'5 Ye. Of course
also block idemayrittaudrbiees @fiteurdeadisehiockhehayasa,theewniniteoiefock, k iwhishabgectded
replacing data. Both preceding cases are now, combined _and applied at the begin and the end of block
N rospect U R g o R ARGt Sl WA SRR R v i
detected vendrapphieing the bedimgnichtbenaatiorf Blodkherespestiletk SuctheirddiefittngxaolyckiNsthd area.

reactBr AT G Gl R Ao T arieaag o St RC ORI iso ceca -
and error ¢oftemabdials aedatimgvioi el oldck é-toatrdlMe o exactly fill said area. When replacing an

existing block N (only possible in a rewritable system) said existing block N is also read for

deriving linking information, because due to interleaving this block usually holds also data

and error code words relating to blocks N-1 and N+1.

20 Figure 5 shows logically linking for recording after a recorded location in
more detail for a re-writable system, like CD-RW. The track direction as scanned in time is
indicated by arrow 50. Drawn in the vertical direction data frames 53, in the CD system
called EFM frames, are to be recorded consecutively, each data frame preceded by a frame
header, like CD subcode, and including error code words, like the C1 code words from the

25  CD CIRC encoder as indicated by arrow 52. In the CD system 109 of such data frames
constitute a block. Further additional error code words may be included or distributed over
several frames, like the C2 code words as indicated by arrow 57. The first part 54 of the track
has the last complete data frames of block N-1. The second part 55 of the track contains (in
the upper triangle) the remaining data bytes of block N-1 (due to the interleaving used in the

30  CD system). The lower triangle contains linking information 65, for example the values of
the CIRC error encoder at the accurate linking point 58. A second block, indicated by arrow
60, including further linking information 66, may be required, before at the stop recording
point 59 the recording of block N-1 is terminated. For example, the second block 60 may

contain error codes for correcting the last data bytes in the first block 55. When the new



20 Figure 5 shows logically linking for recording after a recorded location in more detail for a
re-writable system, like CD-RW. The track direction aggcanned in time is indicat%w erlébogégg).
Drawn in the vertical direction data frames 53, in the system called EFM frames, afe’to

recorded consecutively, each data frame preceded by a frame header, like CD subcode, and including

de words, like the CI ds from the 25 CD CIR der as indicated 52. |
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be includeehdridistidaniedea\ ot hiseketal fiamesnike tecks 338 \80rdhawrihgaieddy dittomay7. The
first part 54 of the track has the last complete data frames of block N-1. The second part 55 of the
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N-1, i.e. fromattheotack s vecartbdetaftie writhiegafonevsldekaanmditetesiagtenaat the: Bothe ddst bwking

point 58 without recording any _linking information. A true mless link results, equal to recording a
Ceries of bBCRL IR TRPRIEbIT e ATUERE o o IR B ERerated anow
takingOintoaaloantagktleeydtdadydksion btonpstiNewathd\itesod cesysdad HkevgDyRIocks 55 and 60

starting at the accurate |inkin int 58. Alternatively the new linking information may.be concentrated
SRl Tdiiag Hel o6

in the second block 60, s Wﬁi‘?g'@ gcbnrﬁ' ?élrﬁﬁ%r TS &REY Raidhtd by

brace 56. lnritecoiacd thigo. Masstslbnidnty shimum atosiralaaio § avad 8blddaevawttio ktwgratdibnkinghis may
be an 10 adva e, e.g. for a solution compatihle with write-once systems ”f\ﬁe CD-R, Eigure 6 shows
ogteally NI AT e o R R A R B R R B E o are
similar to Feguse theHoleevedaied oty siatic 6O gopainiréPtie hokingdafechaftntbensetbed block 60,

and after the stop recording point 61. Of course the intermediate blocks. 55 and 60 containing the
i e S SRS P AR e o e O B AT ) Saetare

contains tHelbresraradeedtindgtiy lestaatnbydaesiiny threfiess biata Ty tBefartidyfits simrkebardiigferably the
stop recor%i(ﬂﬁt 61 is shortly after the last error code word needed to error protect the last data bytes of
block N-1. Alternatively recording is stopped earlier, e.g. after the last frame of block 55, but
then the error correcting function cannot be fully effected for block N-1. In an embodiment
20  the lower triangle 63 in the second block 60 contains dummy data bytes of a fixed value, e.g.
00, to allow the error encoder and interleaving pipelines to be preset to a known value at the
accurate linking point 62. In that case no or only limited reading of the linking data is needed
before recording block N. The amount of storage space used for linking is about 1,5 blocks,
in practice probably 2 blocks because the second half block of block N cannot be easily used
25  Dbecause the first half contains the dummy data.

Figure 7 shows physically linking. It is to be noted, that logically linking as
described above with reference to Figures 4, 5 and 6 relates to the formatting of blocks. The
start and stop of recording of the marks representing the bits of information in the track is
called physical linking. Suitable physical linking is achieved in longer marks, for example in

30 EFM synchronisation marks, as indicated in US 5,463,607 (column 6, lines 48-59). In Figure
7 the EFM frame 70 starts with a Sync and thereafter follow data bytes and error codes (also
called parity symbols). The sync 71 contains a pit of 11T and a land of 11T, T being the
length of a channel bit. At a first recording session 72 writing is stopped at the arrow 76. At a

second recording session 73 recording is started at arrow 77. Due to the start-up of the laser



point 61 is shortly after the last error code word needed to error protect the last data bytes of block
N-1. Alternatively recording is stopped earlier, e.qg. af'tﬂ'lthe last frame of block 55 H'%g error
correcting function cannot be fully effected for block In an embodiment 20 the owgr 63 in
the second block 60 contains dummy data bytes of a fixed value, e.g. 00, to allow the error encoder

and interleaving pipelines to be reset to_a known valu at the accurate linki int 62. In that case
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S|gneil If notub nka'rnaao tﬁoc%?l\ql'l I\i( aIH cl)(rl “0 erf rme %sd Sﬁerfgr%%cg o) e\lﬁwthr ference to
Figure' 5 or% '? |n ormation signal ispresen he preceoe ocation, In a steqp §4 (RUN-IN) a

sequence sHcdadntesy YA EXprdplasadicy the m@émbétmwon N+1 after block N is determined. In

the event that the next location N+1 contains a valid information signal, linking information
is retrieved in a step 99 (READ LINK INFO) and used for generating the modulated signal.
In the event that the next location is blank, in step 98 (INSERT LINK INFO) link

20  information is added to the end boundary part of the modulated signal of block N. In step 96
after said steps 98 or 99 the actual modulated signal of block N is recorded, and thereafter a
next command may be awaited.

Although the invention has been explained by embodiments using the CD

optical recording format, it may be applied for any format for recording units of information,

25  wherein the units share data, e.g. error correcting symbols or interleaving. For example the
record carrier may also be a magnetic type disc or a tape. It is noted, that in this document the
word ‘comprising’ 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

30 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 the embodiments, and the invention lies in each and every novel feature or

combination of features described above.



the start of location N to enable a read circuit to lock to the data, adding in the begin 15 boundary area

of block N linking information as described with reference to Figure 4. In second test 9%4(IRI/,E%( 2005
BLANK) the status of the location N+1 after block N is determined. In the event that the hext Foca%on

N+1 contains a valid information signal, linking information is retrieved in a step 99 (READ LINK
INFO) and used for generating the modulated signal. “Th the event that the next location is blank, in
step 98 (I NK INFO) link 20 information is added to the end boundary part of the modulated
signal of block N. In step 96 after said steps 98 or 99 the actual modulated signal of block N is
recorded, and thereafter a next command may be awaited. Although the invention has been explained
by embodiments using the CD optical recording format, it may be applied for any format for recording
units of information, 25 wherein the units share data, e.g. error correcting symbols or interleaving. For
example the record carrier may also be a magnetic type disc or a tape. It is noted, that in this

document fhe word "comprigagHass AR SXTsS MSRETARRGR OhASE FeBIARS QESigpmEnan those

listed and the word "a’ or "an’ preceding an element does not exclude the presence of a plurality of
such elemESS&S HRELEASY Mnisie GEENRIERES RISTROMRFhifaple RestiiendnfREMEHARdNdGAtYRIhvention 30 may

be implemgaiediRIMR NS BP T MRMArR FRASHINALE 0l HISE SSYBrahidBRAToMRaY be

represented by the same item of hardware. Further, the scope of the invention is not limited to the
embodimefREPsINEhaN A iR GRCREdemh iBERMatiena by sats @B ae FanaRrisBisbination of features

descriged glove. 24 MajehA00 A2 oHAMS s ethresaitRs ardina allens PRS-iRfABaHAN unit on a

record carrier having a recording track which comprises preformed track position information
indicative éf‘%redefined locations for recording information units and a first one of said locations

comprisingin earlier regofgadd I regsieihg i ckaAMEHRAPIMPRRIA R4 G 8 alyag Ghdnodulated

signal representing the at least one information unit, and (b) scanning the recording track and
recording 81 MIGHAdRAUIRal at a second one of said locations, characterized in that the method

COMPriseScharacterized in that the method comprises
10 (c) in the event that the second one of said locations is after and adjacent to the
first one of said locations, reading linking information recorded in an end boundary area of
said first one of said locations and using the linking information for logically generating the

modulated signal.

15 2 Method as claimed in claim 1, wherein the method comprises
(d) in the event that the second one of said locations is before and adjacent to the
first one of said locations, reading linking information from a begin boundary area of said
first one of said locations and using the linking information for logically generating the
modulated signal.

20
3. Method as claimed in claim 1, wherein the linking information comprises a
last part of the earlier recorded information unit for presetting an error encoder.

4. Method as claimed in claim 2, wherein the linking information comprises a
25  first part of the earlier recorded information unit for, after writing the modulated signal,

generating an additional modulated signal representing said first part and error correction

words based on the at least one information unit and said first part, and recording the

additional modulated signal in the begin boundary area.



10 (c) in the event that the second one of said locations is after and adjacent to the first one of said
locations, reading linking information recorded in an end boundary area of said first on$4q{§sai%/]2
locations and using the linking information for logically generating the modulated signat.”1 g eqpn%d
as claimed in claim 1, wherein the method compriseség) in the event that the second one of said
locations is before and adjacent to the first one of said locations, reading linking information from a
bogin bountiary area of SRUIOHEE BHSELG BEM RS AN BRI IR GRS GHTH Wically
generatingatiktionatkeeset rgjdntrR&idnMe thad asaecleeashioddaim 1, wherein the linking information
comprises a last part of the earlier recorded information unit for presetting an error encoder. 4.

Method as claimed in claim 2, wherein the linking information comprises a 25 first part of the earlier
recorded igformation uniitaroafaeiclalitiog ithelarady latedesighali geirdoating aniaddiivoas|modulated

signal representing said first part and error correction w rdsé) s%g on the at least one information unit
2 s TG AR R r T T S0 HREA v ol Ve S h S50 I GUTHUGR Wik, 24
March 2005 13 5. Method as claimed in claim 1 or 2, wherein the linking information comprises
additional recording information, in particular CD subcode. 6, Method as claimed in claim 1, wherein
inking ifoimation i acbHCHEIE® & TCEJBA T S H UL e RAaPR (S e e ot
least one ifioninatéarbynit. echd\ietimadraaicaitoembiisiogsa ®asditoail the eadéer liekiokged information
unitis termipated.by an epd bounélar rea comprisi .sai?ﬁ dcﬁ%t'onall recorded linking information,
and the re DR A BB A A B R0 B GG i o T DGLR S e, or wherein
said tecortmardanyisred, @nitereircsatypecardldireidinising ainidteraitenypelutkethellinking data bytes of a
predefineo& A Irue [Ioor alrll%yvin&aaresettia%aﬁ error en%ﬁi?{ wéu\a/nl re&oFdiln&Na CO”F’eCti,ﬂ"e ingormation
unit. 8. Del1CE TEHELST fﬁ% R oTeY %%%%R GRT ST RS c%ul mr’%?nﬁ%e nf??ec%%ling
track whichrooogpnses peetodingch tcankepoitgdinfioioatiationitndicative of predefined locations for
recording information units and a first one of said locations
8. Device for recording at least one information unit on a record carrier having a
15  recording track which comprises preformed track position information indicative of
predefined locations for recording information units and a first one of said locations
comprising an earlier recorded information unit, said device comprising:
modulator means for generating a modulated signal representing the at least one information
unit, and
20  recording means for scanning the recording track and recording the modulated signal at a
second one of said locations,
characterized in that the device comprises retrieving means for reading linking information
recorded in an end boundary area of the location preceding the second one of said locations,
and in that the modulator means comprise linking means for using the linking information for
25 logically generating the modulated signal in the event that the second one of said locations is

after and adjacent to the first one of said locations.

9. Device as claimed in claim 8, wherein the read means are arranged for reading
linking information from a begin boundary area of the location following the second one of

30 said locations and the linking means are arranged for using the linking information for
logically generating the modulated signal in the event that the second one of said locations is
before and adjacent to the first one of said locations.



comprising an earlier recorded information unit, said device comprising: modulator means for
generating a modulated signal representing the at least one information unit, and 20 re&oﬁin&@@gﬁs
for scanning the recording track and recording the modulated signal at a second one of said [bcations,
characterized in that the device comprises retrieving mpans for reading linking information recorded in
an end boyndary area of the Iocatilc%ﬂé)g:(ﬁcedﬁ?gthe econd one of said locations, and in that the

modulator feans compR&¥!fRRMG UGlAGiRAgWHE RHKIG TRFBFARIBI18F 38 RILAASRY (inerating

the modulatefitRigaldy redbeli@gaiikhat ififerseaiidivie ehadadustaijansd afeftarcandadsasestttte the first
one of said I?é:ations..g Device as claimed in claim 8, wherein the read means are arranged for
[

reading lifk BSWB?MRHH%P(SW%BBQM boundary area of the location following the second one of 30
said locations and the linking means are arranged for using the linking information for logically
generating the modulated signal in the event that the second one of said locations is before and
adjacent to the first one of said locations. 24 March 2005 14 10. Device as claimed in claim 8, wherein
the recording means are arranged for additionally recording linking information in the end boundary
area after the data bytes of the at least one information unit.





