Recor di ng device and nmethod The present invention relates to a recording
devi ce and a correspondi ng recording nmethod for recording user data in a
user ar eawvoroe/asesssr dabl e or rewitable optical record earnBznsoRasd
recordi ng device conprising nmeans for perform ng opti num power calibration
(OPC) by witing OPC test data on the rdcord carrier before user data are
recorded thereon., The invention further relates to a record carrier as well
as to a é%ﬁﬁ@ﬂ@reﬁwégﬁﬁﬁWﬂ@ﬁ i mpl ementing said recordi ng nethod on a
conputer. Only a limted area is available on current recordabl e and
rewitable optical record carriers for performng an optical power
calibration (OPC) procedure. Such an optical power calibration (OPC)
procedure has to be done to deternmne the wite powers that give the best
recorded data quality. A new calibration is usually performed each tinme a
record carrier is |oaded into a drive. For remwitable record carriers the
limted space of t ea L [eserye ed for %(ltlng OoPC
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happen, ar ast . éﬂ 4¥h ver, on small record carriers
such as, IFQeng%aﬁ%%u C&S *SH deo0 em space is limted. In this
case the OPC area shoul d preferably be chosen as small as possible to
provi de as much space as possible for recording user data. Selecting a
small OPC area will increase the possibility that the OPC area is too smal

and that the recor hnGad ilnféd &M RAkaDOIVd duheﬁt &@raﬂﬂémfd&ebﬁtaale&@nm 'space
is avail able to performan OPC procedure. aeﬁordlggl ﬂ obj eci of
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power calibration (OPC) procedure has to be done to determine the write powers that give the
best recorded data quality. A new calibration is usually performed each time a record carrier
is loaded into a drive. For rewritable record carriers the limited space of the OPC area, which
is an area reserved for writing OPC test data, is generally not a serious problem because the
15 OPC test data written during previous runs can be erased and/or overwritten. On recordable
(that is, write-once) record carriers, however, the OPC area can become full so that no new
OPC procedure can be performed anymore. In this case no more user data can be recorded on
said record carrier, even if there is still space available in the user area. The (predetermined)
size of the OPC area should therefore be chosen such that this will never happen, or at least
20  only very rarely. .

However, on small record carriers such as, for example, a Portable Blue
system, space is limited. In this case the OPC area should preferably be chosen as small as
possible to provide as much space as possible for recording user data. Selecting a small OPC
area will increase the possibility that the OPC area is too small and that the record carrier

25  cannot be written to anymore because no space is available to perform an OPC procedure.

It is accordingly an object of the present invention to provide a recording

device and a corresponding recording method which overcome this problem.



devi ce and a correspondi ng recordi ng net hod which overcone this
probl em Thi s object is achieved according to the present invention by

provi di ngve 2@oosasng devi ce wherein the OPC neans are adapBmds/Hzesowiting
the OPC test data in the user area if an OPC area reserved for witing said
OPC test data is not usable anynore or i2f such an OPC area i s not provided
on the record carrier. Correspon ingﬁﬁecordin nmet hods %re def.ined in
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data in éﬁ‘ﬁ;h‘lflefg’é"?oﬁlﬂﬁﬁlﬁfiegﬂﬁcg@f%l%nlga is either full or not usable for any
other reason, or emgthetthor8 U6 irdentdnGeRtce @ 4 fechrdicafieovh ddithakertdats dagdor d
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OPC procedure i'n case the OPC area is full or not provided. Preferred
enbodiomeQRC tt datuebeingwenitdngn ssida@sda@fdaned in t he dependent clains. In a
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the user area having T en space for witin ata. This
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procedure in case the OPC area is full or not provided.

Preferred embodiments of the invention are defined in the dependent claims.

In a preferred embodiment, search means are provided for searching an area in the user area

20  having sufficient space for writing said OPC test data. This provides the advantage that not
just any area in the user area will be used, but only an area where sufficient space is available
for writing all OPC test data for one calibration sequentially (that is, without any user data in
between). In a further embodiment, an area is searched for where still sufficient space is
avaiiable as a kind of guard area between the actual user data and the OPC test data after

25  writing of the OPC test data. This serves to avoid that the OPC test data damages the user
data in the neighboring areas.

Preferably, said search means are adapted for searching an area in the user area
for writing the OPC test data comprising at least three consecutive tracks. This is because
generally at least one track is required for writing the OPC test data for one OPC procedure.

30 In a preferred embodiment thereof, one or more central tracks of said at least three
consecutive tracks are used for writing said OPC test data, and the outer tracks of said at least
three consecutive tracks are used as safety areas (buffer areas) to prevent damage to the user
data in neighboring tracks of the user area. This is preferred because the OPC procedure

might corrupt user data in the neighboring tracks if such a safety area is omitted.



data in the neighboring areas. Preferably, said search nmeans are adapted
for searching an area in the user area for witing the OPC test data

conpri si yoanodmsmss t hree consecutive tracks. This is becauBmogeszesal |y at
| east one track is required for witing the OPC test data for one OPC
procedure. In a preferred enbodi ment t héreof, one or nore central tracks of
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The invention will now be explained in more detail with reference to the
20  accompanying drawings, in which:
Fig. 1 shows a block diagram of a recording device according to the present
invention, and
Fig. 2 shows a physical layout of a record carrier according to the present
invention.

25

Fig. 1 schematically shows an embodiment of a recording device 1 according
to the present invention comprising a recording unit 2 for recording user data on an optical
record carrier 4, such as a recordable or rewritable CD, DVD, or BD disc, and OPC means 3

30  for performing an optimum power calibration. The OPC means 3 comprise an OPC recording
unit 31 by which OPC test data are recorded on the record carrier 4, and a reading unit 32 for
reading the recorded OPC test data which are subsequently analyzed to optimize the write
power used subsequently for recording of the user data by the recording unit 2. The method

of performing an optimum power calibration is generally known in the art and will not be



acconpanyi ng drawi ngs, in which: Fig. 1 shows a bl ock diagramof a
recordi ng device according to the present invention, and Fig. 2 shows a
physi cal wayoestoosdssa record carrier according to the presenB200svE2s9 on.
Fig. 1 schematically shows an enbodi nent of a recording device 1 according
to the present invention conprising a retording unit 2 for recording user
data on an optical record carrier 4 su as a recordable or_rew.itable CD
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ar ea thatsch&na%&Qﬁé&lcﬁ@érdlmoﬁFzgoqsﬁt ed for this purpose. It is noted that,
al though the recordl ng unit for recording user data and the OPC recordl ng

unit 3 1 are shownlmerdseiovaiddhgprgblgm discugsed abave thaf gifherag npoxe uses data
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W i tl{g test data for one run of _an optimum power calibratiqn procedure.
For npthe, ceptad track is then used for writing the OPC test data for one run, while the outer tracks
serve as a buffer between the OPC test data and the user data in the neighboring tracks. This
is advantageous because the OPC procedure might corrupt user data previously recorded in
the neighboring tracks. Such a search for sufficient space in the user area is performed each
time before the OPC test data are actually written.
20‘ In a next step the OPC procedure will actually be performed. Special OPC test
data is written during this procedure. This step is generally known.
Since the OPC test data is generally not according to the data format of the
user data, a drive should not attempt to read back the data assuming it is normal user data.
Therefore, the OPC means 3 additionally comprise a marking means 34 for marking the area
25  where the OPC test data has been written. This area where the OPC test data has been written
may, for example, be marked by the files system as an area with invalid data or, alternatively,
by a defect management system as a defective (i.e. unusable) area.
This is also illustrated in Fig. 2 showing a physical layout of a record carrier 4
comprising a lead-in area LI, a user area UA, and a lead-out area LO. Generally, an OPC area
30 40 is provided for writing the OPC test data of all OPC procedures in the lead-in area LI.
However, if this OPC area 40 is full, not usable for any other reason, or even not provided on
the record carrier at all, no more user data can be written in the user area UA even if there
were sufficient space available in the user area UA. According to the present invention, the

OPC test data will now be written in the user area UA. In an embodiment, the OPC test data



search nmeans 33 may search for an area where at |east three consecutive
tracks are available. The central track is then used for witing the OPC

t est dat awbanoccmesssun, while the outer tracks serve as a&chuaBioes/oizesoveen t he
OPC test data and the user data in the neighboring tracks. This is

advant ageous because the OPC procedure nbght corrupt user data previously

recorded in, the neighporing. tracks. ch a s ch for.sufficient space in
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defective (Le. unusable) area. This is al illustrated in Fig. 2 showing a
physi cal F’éﬂﬂﬁﬁ’tﬂe’&fm eﬂgemvacﬁgéﬂheé?adztne@ Pgiﬂ?‘Fgreﬁor&Q%fa‘?’i'n area LI, a user
area UA, and a | eadrofdtabBl 8@ dyfmiCROTRT @bdsy41, a0 sidifd B BakdDsdch ik avd ded for
witing the OPC test data of all OPC procedures in the lead-in area LI.

Howevéd , pessiblei for oittvetoabistinguisk betwpen arepstthay samiobbe vied dagpusn et conédizon, or
even not. Héf&ﬁé e on tﬁaﬁ%arﬁ?gé gseﬁ%%éé%lﬁegp cdhdin OPE: 18R 8t USBEra Au&pn be

witten in the user area even i were sufficient space avail able
i n the usesmn@Engtheldisc Witlcosmiciabsofiwatdmogragbattanilyzesihd dsc ont hiowdP@lmaght dat a
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tracks. To avoid that the OPC test data witten in such dynam ¢ OPC areas
41, 42 ar weans of the defect management system, at the moment when the OPC procedure is

performed. Alternatively, an OPC area in the user area may be reserved beforehand, that is
before any OPC procedures are performed. In this way a new OPC area is created in the user
20  area through marking by the defect management system.
It is noted that the preferred place for the search means to start a search for
sufficient space is the location where the OPC test data of the previous OPC procedure was
written, provided that at least one previous OPC procedure was already performed in the user

arca.



erroneously interpreted as user data, they are preferably marked as invalid
data in a file systemor as defective areas in a defect nanagenent system
for exanpwe 200v/m8akef ect managenent tabl e 43 provi ded i npCnaBloesds225» area L
on the record carrier. Preferably, the dynam c OPC areas 41, 42 should be
mar ked such that it is possible for a drPve to distinguish between areas

t hat canngg %ﬁﬁused because they contain defects and areas that cannot be
used beca é ey contain OPC test data. Ot herw se a user scanning the disc
with a special software programthat analyzes the disc on a |ow | evel m ght
think that the disc is defective and therefore unreliable, although in
reality the disc may be perfect, nerely because an OPC procedure was
performed in the user area. It is noted that the guard areas serving as a
buffer may al so be marked as descri bed above. Cenerally, the area used for

witing Ctest d a i for e mean def ect
nanagenecf system gpf&h@ﬂﬂﬁﬂggﬁﬁéa Hﬁégﬁﬁﬁgm(ggggPPorned
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that is before_any OPC procedures are perfornmed. In this_way a new OPC area

i s creat edeis %h@r BerErmnea qpﬁpwabwwfcklrht@tw@wr@%éur@éwmmgé?t’éé
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a search for sufficient space is the I'oca ere OPC test data of

t he previ siduverP@epfVdetiurted).-was witten, provided that at | east one previous
OPC procedure was already perfornmed in the user area. CLAIMS: 1. Recording
device (1) for recording user data in a user area (UA) on a recordable or
rewitabl2 opticalI&emﬂﬁ@(hakeheﬂaﬁﬂﬁjnshﬂﬂlrecording devi ce conprising OPC

means (3) i owel. ¢ ti rrocedure b iting
e st WiRhnGRA G Hethse) Sapiaplat By ind il BBE e B 5 Wt gt At e
for writiag4spifdn OPC drestaofRbavéd o atiting 588 ORCaSst (1WAis Aot hsabde?) . 2.
Recordlng device as clained in claiml,

3. Recording device as claimed in claim 2,

wherein said OPC means (3) are adapted for writing said OPC test data in said user area

(UA) if said reserved OPC area (40) is full.

15 4 According device as claimed in claim 1, wherein said OPC’ means (3) are
adapted for writing said OPC test data in said user area (UA;41, 42) if an OPC’ area reserved

for writing OPC test data is not provided on said record carrier.

5. Recording device as claimed in claim 1, 2 or 4,
20  further comprising search means (33) for searching for an area in the user area (UA) having

sufficient space for writing said OPC test data.

6. Recording device as claimed in claim 5,
wherein said search means (33) are adapted for searching for an area (41, 42) in the user area

25  (UA) for writing the OPC test data comprising at least three consecutive tracks.

7. Recording device as claimed in claim 6,
wherein the one or more central tracks of said at least three consecutive tracks are used for

writing said OPC test data, and wherein the outer tracks of said at least three consecutive



wherein said OPC neans (3) are adapted for witing said OPC test data in
said user area (UA;, 41, 42) if an OPC area (40) reserved for witing said
OPC t est wataodmsssst usabl e. 3. Recordi ng device as cl aiPcgdB2005/632259m 2,
wherein said OPC neans (3) are adapted for witing said OPC test data in
sai d user area (UA) if sai d reserved OPCd area (40) is full. 4. According
device as clained in aim wherei.n said g@) dapt ed for
writing JEFE @?’E‘,setdé’étsa té(taéeaFFP%rﬁY‘Hlt Jampgedp gser gﬂ},&pﬁef 104, re‘qu 1OPC area
reserved fehb¥fidg trd@ls Rfe h@sbrefl@A).i s not provided on said record carrier.
5. Recording device as clained in claim1, 2 or 4, further conprising
search means (33) for searching for an area in the user area (UA) having

sufficient space fg@k. %!d@\gcesd% 6hiGB& it 85ty Hat a. 6. Recording device as

clainmed in claimb5, I'n sal search neans (33) are adapted for

sear clsi ngvifeoein &e Qﬂ?@me@m@) dotivrite ey degaio the wacks wathe fafetywrdasi ng t he OPC
test data conprising at |east three consecutive tracks. 7. Recording device
as claimed in claim®6, wherein the one or nore central tracks of said at

| east three consecm:d':ot&mgﬂaﬁ«b’esas&ﬂa%mﬂ&ﬁﬁcliiﬁrlWrdrt4i, ng said OPC test data, and

wherein the outer .tracks. of sai | east ree co ecutlvetr s are used
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nei ghbor i oy LifiREOPCI bt HAE a4l8RkatE €3 réddfling Sud/dra6aind dtasglertce as claimed in
claim7, wherein the OPC neans (3) do not wite any data to the tracks in

t he slé)fety areas. 9. Recording device as clained in claim1, 2 or 4,

further conprisi ngR@@({r{ﬁhﬁQe@%ﬁ%le‘ﬂ%@& ﬂ‘cqélmngar king the portion of said user
g

area (UA) used for wri test data as 'unusable for recordi ng and/ or
r eadi ng ofhensie thednarking branRee adaptatigforamiking gl pirgdnmfdaidiser a¢ailBy) usper ei n

E[]Ji) mar kidfg wHF BPateStggggéggeJt% mar ki ng said portion of said user area
use

15 11. Recording device as claimed in claim 10,
wherein the marking means are adapted for marking said portion of said user area (UA) used
for writing OPC test data as defective such that they are distinguishable from portions of said

user area marked as defective for any other reason.

20 12, Recording device as claimed in claim 9,
wherein the marking means are adapted for marking the data recorded in said portion of said

user area (UA) used for writing OPC test data as invalid data.

13. Recording method for recording user data in a user area (UA) on a recordable
25  or rewritable optical record carrier (4), comprising the step of performing an optimum power
calibration procedure by writing OPC test data on the record carrier (4), wherein said OPC

test data are written in said user area (UA; 41, 42).

14. Recording method as claimed in claim 13,
30  wherein said OPC test data are written in said user area (UA; 41, 42) if an OPC area (40)

reserved for writing said OPC test data is not usable.
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