1 Description | NFORVATI ON STORAGE MEDI UM AND RECORDI NG
REPRODUCI NG APPARATUS AND RECORDI NG RE PRODUCI NG METHOD Techni ca
Field [I] The present invention relates to an infornation storage
nedi um and a recording/ reproduci ng apparatus and nethod that can
flexibly operate a mddle area of the in- formation storage nmedi um
when the information storage nmediumis finalized. Background Art [2]
I nformation storage nedia, such as optical di sks, are widely used in
optical pick-up devices which regQrd ipfqgrmation thereon or
reproduce i nformation therefrontlasﬁscﬁg 1) ess manner. Such

Groital ver IFORBFALION S TORAGE MEDITSE, sNBi RECURIIyG/
eproduced | RUBRQRUEINGAPPRRATEFARD {HEORDING/RE-

DVD+R/ RWs, DVD-random accessp I?!]W VD- R/ RW.
Exanpl es of optical disks that are dedi cate ;ror ata re- production
i ncl ude 650 MB CDs and 4.7 GB DVD- ROVEechmuealRield next - gener ati on

hi gh denﬁgt y DVD’-ThQ refint i rﬁ?e ated 'tt?ﬁ'?mﬁﬁ%ﬂa?%]l ﬁg{a@fﬁfzﬂhﬂ%nﬁ%pl%g rEh¥1g/

of 15 GB or greate areu vel tga ustr
the structure r@PfOéW%&%tfPﬁt?@lSrﬁ@metw tspn flexibly ppenete ampiddle pren qflthe in-

| ustrates the fohhatihétoRageimétiug %aeR i ipPihadin sdjrsé@ th&iu & @nalized.
reproduction. As shown in FIG 1A 18 rewrlat optical disk 100A
i ncludes a lead-in area 110, which i Iocated near the
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generally located near the inner cucumference of the optical disk 100A, a lead-out area

120, which is generally located near the outer circumference of the optical disk 100A,
and a user data area 130, which is located between the lead-in and lead-out areas 110
and 120 and in which user data is recorded. Similarly, the optical disk 100B for data
reproduction, as shown in FIG. 1B, also includes a lead-in area 110, which is generally

located near the inner circumference of the optical disk 100A, a lead-out area 120,
which is generally located near the outer circumference of the optical disk 100A, and a
user data area 130, which is located between the lead-in and lead-out areas 110 and
120 and in which user data is recorded. As shown in FIG. 1A and FIG. 1B, the lead-in
area 110 and in the lead-out area 120 of both the rewritable optical disk 100A and the
optical disk for data reproduction 100B are almost identical. However, the lead-in area
110 of the rewritable optical disk 100A, as shown in FIG. 1A, includes an optimum
power test zone for optimum power control (OPC). such an optimum power test zone
is not required in the case of the optical disk for data reproduction 100B, as shown in



2 FIG 1B. [4] The optical power control (OPC) is utilized to
determ ne the best recording | aser power setting for each opti cal
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recording layer L1 close to a pick-up unit. In the case of sequential data recording, data
is always recorded first in the recording layer L1. When test data is recorded in the
optimum power test zone for OPC included in the recording layer L2, a pre-recorded
zone should be allocated in the recording layer L1 in advance since the test data must

be recorded first in the recording layer L.1.

[8] However, allocation of such a pre-recorded zone increases the manufacturing cost
of a data recording and/or reproducing apparatus. Hence, the allocation of the pre-
recorded zone and the optimum power test zone for OPC needs to be selectively
determined. In this case, the optical disk requires an OPC zone at a predetermined
location and an OPC zone that can selectively be used by a drive system.

91 In termos of time, to effectively record data in the outer circumnferential area of an
optical disk having two recording layers L.1 and L2, the position of a middle area in the



[9] In ternms of tinme, to effectively record data in the outer
circunferential area of an optical disk having two recording |ayers
LI and L2, the position of a mddle area in the 3 optical disk may
be different fromthe sane position in an optical disk having a
single recording layer. In this case, diverse |layouts of the optical
di sk having the two recording layers LI and L2 are required to
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[13] The present invention advantageously provides recording methods and techniques
for a multi-layer information storage medium, that is, a disk, when such a disk having
an OPC area for obtaining optimum recording conditions (such as recording power) in
an outer circumference thereof is finalized, and in the event if a middle area of the disk
is not large enough, the middle area can flexibly be extended to ensure better data
recording and reproduction.

Description of Drawings

[14] FIG. 1A illustrates the structure of an example rewritable optical disk;

[15] FIG. 1B illustrates the structure of an example optical disk for data reproduction;

[16] FIG. 2A illustrates the structure of an optical disk according to an embodiment of
the preéent invention;

[17] FIG. 2B illustrates a first middle area of a first recording layer that is extended,

when an optical disk shown in FIG. 2A is finalized;



the present invention; [17] FIG 2B illustrates a first mddle area
of a first recording |layer that is extended, when an optical disk
shown in FIG 2Ais finalized; 4 [18] FIG 2C illustrates a second
m ddl e area of a second recor di ng | ayer % hat is extended when an
optical disk has the structure shown in FIG 2B; [19] FIG 3A

il lustrates the structure of an optical disk accordi ng to anot her
enbodi nent of the present invention; [20] FIG 3B iIIustrates a fi rst
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Best Mode

[29] According to an aspect of the present invention, there is provided an information
storage medium including at Ieast one middle area used by a recording/reproducing
apparatus that records/reproduces data on/from the information storage medium to
move among multiple recording layers, wherein the at least one middle area is
extended when the information storage medium is finalized.

[30] A dedicated area for a special purpose may be disposed after the at least one middle
area, and, when the information storage medium is finalized, the at least one middle
area may be extended to at least a portion of the dedicated area.

[31] The dedicated area may include a test area for testing data recording/reproducing
characteristics of the information storage medium. Data having lead-out properties
may be recorded in the at least one middle area.

[32] The middle area may variably be disposed after a user data area where user data is
recorded, an unrecorded area where the user data is not recorded may remain
unrecorded, such that the at least one middle area may be extended to at Ieast a portion



characteristics of the information storage nmedium Data having

| ead- out properties may be recorded in the at |east one m ddl e area.
[32] The m ddle area nay variably be di sposed after a user data area
where user data is recorded, an unrecoPded area where the user data
is not recorded may remain unrecorded, such that the at |east one

m ddl e area may be extended to at |least a portion 5 of the
unrecorded area when the information storage nediun1is finalized.
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file ugfg 91011 sg)rage medium to move among at least two recording
layers of the information storage medium when the information storage medium is
finalized.

Mode for Invention

[37] FIG. 2A illustrates the structure of an optical disk according to an embodiment of
the present invention. The optical disk iltustrated in FIG. 2A is a dual-layer optical disk
comprising two recording layers, that is, first and second recording layers L1 and L.2.
In the disk structure illustrated in FIG. 2A, middle areas and dedicated areas are fixed
at predefined positions in an outer circumference of the optical disk. Data can be
record on the dual-layer optical disk in an opposite track path (OTP) manner. For
example, data can be recorded on the first recording layer L1 from an inner cir-
cumference to an outer circumference of the first recording layer L1, and on the second
recording layer L2 from an outer circumference to an inner circumference of the



conprising two recording layers, that is, first and second recording
| ayers LI and L2. In the disk structure illustrated in FIG 2A,
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unused areas I lbadi IXxesmptivdent ar eas that are not used at all.

Recor di ngyi¢har achghieil dar iRficAB tHedlrst3hd Y& ohd Ghttdh RYads B:ldulr()atjeﬁrreé/ent areas
that are not used at all. Recording characteristics of optical disks including a plusality
of rewritable recording layers depend on a recording layer in which data is recorded
first. In particular, outer circumferential areas of the optical disks have poorer
recording characteristics than inner circumferential areas thereof. Therefore, an area in
the second recording layer L2, which corresponds to the first dedicated area 5 in the
first recording layer L1, is designated as the second unused area 10 such that no data is
recorded in the second unused area 10. Similarly, an area in the first recording layer
L1, which corresponds to the second dedicated area 8, is designated as the first unused
area 3 such that no data is recorded in the first unused area 3.

[42] If the first and second dedicated areas 5 and 8 are used as test areas, and data is to




of rewitable recording |ayers depend on a recording |ayer in which
data is recorded first. In particular, outer circunferential areas
of the optical disks have poorer recording characteristics than
inner circunferential areas thereof. Thérefore, an area in the
second recording layer L2, which corresponds to the first dedicated
area 5 in the first recording layer LI, is designated as the second
unused area 10 such that no data is recorded in the second unused
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m ddl e areas 238 ahdof cahbe ckiehiddd asﬂﬂﬁtr&@@fﬁﬁd ggording |l ayers LI and

L2 1s nohé] arge Wg.%qﬂlugt?ates the B}st %E]c%les aergz? E of the %rst recording layer L1 that is
extended when the optical disk shown in FIG. 2A is finalized (i.e., data having lead-out
properties is recorded in the first and second middle areas 2 and 7 upon completion of
data recording on the first and second recording layers L1 and 1.2). Referring to FIG.
2B, the first middle area 2 can be extended to the first dedicated area 5, which has
already been used, thereby covering the first unused area 3 and the first buffer area 4.

In other words, data having lead-out properties may be recorded as far as the first
dedicated area 5. In FIG., 2B, the extended first middle area 2 is indicated by diagonal
lines. The first middle area 2 in FIG. 2B is extended to the first dedicated area 5,
thereby covering the first unused area 3 and the first buffer area 4. However, the first



areas 2 and 7 can be extended as illustrated in FIG 2B. [46] FIG 2B
illustrates the first mddle area 2 of the first recording |ayer LI
that is extended when the optical disk showmn in FIG 2A is finalized
(i.e., data having | ead-out propertieseis recorded in the first and
second m ddl e areas 2 and 7 upon conpletion of data recording on the
first and second recording layers LI and L2). Referring to FIG 2B,
the first mddle area 2 can be extended to the first dedicated area
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respectivel y. fepgju¢ing sptaratisoletermines thezizs of o date aiea in exbrof éut fost antheecond

optical disk n@uéra&gqmrsfugd@mdﬁ glaée%%ﬁidawr@a\eers LI and L2,
if the c city %f user recorde than the

e I | er
total rett¥dabie B‘&B&éWSP"S‘POP HE'?]GHP?@W”HF%% of g gtn THANd s¢qopd FegPdipe
and/ or repr odlayermgl apg P i predatketnived] oes thehapaiityof afer datd ad be @t@ded in
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in each of thethf ﬂ?@@fﬂ&ﬁho'%é%ﬁaa%é@flabwgm yies of the dafa greppacperdingly, the

pr edet er m ned, siggsfantohfer appacedcy odthe fizeand sdcond fecbdinzdeidieandd 2 should
determ ned, an L6 position of the data area can be determ ned. The
determ ned size 0O the data area should be snmaller than the original

si ze of [Hé& dat aRefesdng teddOr e first ragerding layer bl ingludss therdaterasen 4nd a first
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I ncrease. [51] Refe | rst cor n

el udes 1 ho. PO & 00 Ete 03 g et i e o] 3 i g sodpentially

i ncl udes a fi rdisposskironiananmer eiacubiferchesr &f thtsrephcdah&k tp an avterieitduynference
thereof. The first outer area includes a first unused area 14, a first buffer area 15, and a

first dedicated area 16.
[52] Similarly, the second recording layer L2 includes the data area and a second outer

area. The data area includes a second user data area 17 where user data is actually
recorded, a second middle area 18, and a second unrecorded area 19 sequentially
disposed from the inner circumference of the optical disk to the outer circumference
thereof. The second outer area includes a second dedicated area 20, a second buffer
area 21, and a second unused area 22.

[53] FIG. 3B illustrates the first middle area 12 of the first recording layer L1 that is
extended when the optical disk shown in FIG. 3A is finalized. Referring to FIG. 3B,
the first middle area 12 of the first recording layer L1 is extended to a portion 12-1 of



recorded, a first mddle area 12, and a first unrecorded area 13,
whi ch are sequentially disposed froman inner circunference of the
optical disk to an outer circunference thereof. The first outer area
includes a first unused area 14, a first buffer area 15, and a first
dedi cated area 16. [52] Simlarly, the second recording | ayer L2
i ncludes the data area and a second outer area. The data area
I ncl udes a second user data area 17 where user data is actually
recorded, a seg@igkiihAdhSeds®a138, and a second unrecorded area 19
sequentially di cgsafzgliufromthe I nner . ¢j rcunference of the optical
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area 31 wher e Hergof. hhe Hist qutgrarga includes a fixed second middle area 34, a first unused area
35, a first buffer area 36, and a first dedicated area 37.

[58] A second recording layer L2 includes a data area and a second outer area. The data
area includes a second user data area 38 where user data is actually recorded, a third
middle area 39, and a second unrecorded area 40, which are sequentially disposed from
the inner circumference of the optical disk to the outer circumference thereof. The
second outer area includes a fixed fourth middle area 41, a second dedicated area 42, a
second buffer area 43, and a second unused area 44.

[59] FIG. 4B illustrates the first middle area 32 of the first recording layer L.1 that is
extended when the optical disk shown in FIG. 4A is finalized. Referring to FIG. 4B,
the first middie area 32 of the first recording layer L1 is extended to a portion 32-1 of
the first unrecorded area 33.

[60] FIG. 4C illustrates the third middle area 39 of the second recording layer 2 that is



recorded, a first mddle area 32, and a first unrecorded area 33,

whi ch are sequentially disposed froman inner circunference of the
optical disk to an outer circunference thereof. The first outer area
includes a fixed second niddl e area 34,1 first unused area 35, a
first buffer area 36, and a first dedicated area 37. [58] A second
recording layer L2 includes a data area and a second outer area. The
data area includes a second user data area 38 where user data is
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second recordi A and 4.2 |1 rat i.n Fl ar

initially fi xégg_‘a_zl‘ftady‘% ﬁﬁé#’r@gd%&%ﬁ F‘E‘fm‘i?d%ﬁge%taﬁ%s He?%éQWfWPP%

m ddl e areas 3F®siieus,3oflexiblyfplaced oy an eutersfrgerferanceoffbe pptinal diler e dat a

recordi ngagnds i Refeli®ngdiFAGaS L asStirs{ Brdink fayePL idcluided & 8t sreh B a first

structure of an_ _optic I sk acc&rddl ng@go %?Ot her E&' odi nenj = of ta?le

present i nventqUlH arcd; g datq greg pcludes Teghusepdaty arepp Ewherg yisoFdata iy actually

optical disk reerdédse fisstauddle bey SR, ofptsi wakedhirek5; afjpstibeffexpréa®t, a first

recording | ay&fedicatelldealss; adddl firkt & orded area 56, which are sequentially disposed from
an inner circumference of the optical disk to an outer circamference thereof. The first

outer area includes a fixed second middle area 57, a second unused area 58, a second
buffer area 59, and a second dedicated area 60.

[65] A second recording layer L.2 includes a data area and a second outer area. The data
area includes a second user data area 61 where user data is actually recorded, a third
middle area 62, a third dedicated area 63, a third buffer area 64, a third unused area 65,
and a second unrecorded area 66, which are sequentially disposed from the inner cir-
curnference of the optical disk to an outer circumference thereof. The second outer area
includes a fourth middie area 67, a fourth dedicated area 68, a fourth buffer area 69,
and a fourth unused area 70.



second recording layers LI and L2. However, in the structure of the
optical disk il- lustrated in FIG 5A, mddle areas and dedi cated
areas are fixed at predefined positions, or flexibly placed in an
outer circunference of the optical disk?{[64] Referring to FIG 5A a
first recording layer LI includes a data area and a first outer

area. The data area includes a first user data area 51 where user
data is actually recorded, a first mddle area 52, a first unused

area 53, rgfirst F@eféﬁggﬂmﬁ & fird nliddi8 brea 820 @@ﬁdﬂr&%ﬁﬁnﬁyﬂiﬁ%&m

first unrecorded seqgueni

nner ci r cunt ePRFiEd Fien He apfie dink o FIG. %mérwawere%mm S e first.
t hereof. The fifidiile areafPmapbeaxtbitel ysles fastidediedesaeoBs] whichHae aEéﬁ? been

57, a second u ed_area,5 a_second .,buf fer. are Seco

dedi cat ed area Q%ﬁ “YESIE A %%8%‘%?3? CAra aﬂ‘gzhfeg&f%rbuﬁ? ??Fcﬁ]g‘b%h Esadata
area and a seckavinglaadputprenerticsmaydgirecordedaa firas thediost dedisecdada 65dn FIG.
data area 61 \’\mrtﬁe ﬂﬁ;@fmcﬂﬂé freh §2 %‘é{%ﬂhé&’to'm%caﬁdra@a@g co%,ﬁlﬂg tﬁe first
area 62, a third d dlcgi ﬁ ? S %m§$ ii rea g;
unused area 69?“3 ahe i P, 4 853%%’ F%ﬂ“ garea 52 may also
sequential | y dbespussdd fo metherei betvesen therfirstounnfealraencts ol thd@rsoddicart area

disk to an out g circunference thereof. The second outer area
includes _a fourth nmiddle area 67, a fourth dedicated area 68, a

fourth blffler ar B8 ilustrates sherthisd piddle aee 62 af tha seeond repordingdpyer Rehat 5B
i |lustrates thextérided when thelopticdl ik has BE sliturk ilhirate @ GOFICG, 5B. k@meﬁgleé

that is exten cal liz
Roferring Lo L SEpthe il ARl £ Bt B olidriiea v nt i Bichhf frea 3
the first dedi wh&bbaw@admeenm(h homsgdrert@a@ymiseréwea 63 entl the thindrtiuffgr
the first unusggzefea 53 and the first buffer area 54. In other

d h d- b d f
(orer delar od drida o8 asentipn IS e Ge B il il ety S @ind e
ext ended to t hirsf andsthlrdié@ﬂmza@&deeulemﬁéan&!i?a ofthe &rst agd tehend fecatling layesdd and
area 53 and thezéferfeklbrwmmf&e%e&%d ah@wtﬁ d%IQ%*efag 5P ind 8798 GhePlebshd

52 may al so be extended to sonewhere betwee unused area
53 and the fir&diguth dedicatpdzareas 60 nd 63 Bﬁqﬂeﬁrse@n%ecquragq@agwersﬂé and 1.2
third m ddl e adreé@ixéPatqiredefigedgaiiods rte batbndrchAyeaence of fetoptical disk.

t ended wh t
5B, Ret er 1 ng Tove e B Sl fad0Gea i2l6 éﬁ%%n%@e%ra%ﬁﬁﬁr% it
to the third ceersSaed 63o&hednst andpsceond Fsardinglavess L b %@eﬂbe ﬂembly
covering the téﬁtéﬂde&éﬁt%ﬁﬂng%b% aEduats dafa@o bbiecOrded Th ther RORS, Witbn a[tﬁi%]a

It can be seen_fromFEl G t _and h|rd m.ddl.e. a S
[ 020 De Seen LR B of Al Aol 05 raBtheh Bl 8| pche B 34
first and secchidddde dieas52 G&deﬁ?eorlﬂle fanstand|thirddeslidatedardab 85 and$3 aral | v,

the second andegichdbd bndWosttbErigtt @S- PoiRNC" 1p fo Fhekhidat i8 RARNEcor@id:s il-

fourth dedicated a nd 68 of the first and second recording
layers Li and lpsrat 'ﬂf‘@ﬁ&x@g at predefined positions in the outer

ci rcunf ef®hce of Before daub isoadordidsik the data areas, it is test-recorded in the dedicated areas if
the dedicated areas are used as test areas. As illustrated in FIG. 5A, if the data is
recorded up to the point 'C' in the first user data area 51, the first middle area 52 is
formed right after the point 'C'.

[70] Referring to FIG. 5B, data is recorded in the first middle area 52 to finalize the
optical disk. If the first middle area 52 is not large enough, the data invades up to the
first dedicated area 55 and is recorded there. Referring to FIG. 5C, after data recording
in the first middle area 52 of the first recording layer L1 is completed, data is recorded
in the third middle area 62 of the second recording layer L.2. If the third middie area 62
is not large enough, the data invades up to the third unused area 65 and is recorded

there.
[71} Turning now to FIG. 6, a schematic block diagram of an example data recording



However, the first and third m ddle areas 52 and 62 and the first and
third dedicated areas 55 and 63 of the first and second recording

| ayers LI and L2 may be flexibly extended according to an anount of
data to be recorded. In other words, whéh a drive systemis aware of
t he amount of data to be recorded on the optical disk, the first and
third mddle areas 52 and 62 or the first and third dedicated ar eas
55 and 63 are extended and forned right after a point 'C wup to

which data is r

data is recor d%lgzvl n é mdlé p@ﬁntds uuhhkiégd?sﬁ(%? Iar ec‘:¥(ﬂlr§%t()c1?éi en[bt%ajme%%%g
dedi cat ed ar eaBrepent inveptionds ! Bﬁ?@ﬂd Refarsng iodIGs 6the date gasprdingeand/or Ae-
il u?]t r?t ed i npﬁklﬁ(:jm%&ppatd’tuﬁxﬁﬂud%’étﬁam?tﬁag/r?ﬁﬁﬁg ﬂﬁﬁ%ﬂlﬁldtafbggﬁﬁ lﬁﬁlgﬂt ForC
in the first user da e firs ar ea i

Toht af ter t nBafthpPedlaf slang Eorink 3hy Bt #ictuBhs Sprtfuntanoo; ShaFe
in the first nivhale@r aypaat, 5an alsp e nefeited bo astredrivepystenalwhiihsian be int¢rnal

first mddle a(lﬁ)ﬁs&lzwﬁlﬁn Hﬁhstj & S Eerdl g&lﬂgbd ih r&%eﬁ@&t@b?)?ﬁfﬁ%?gébgsl 11%% Hgéﬁnot

first dedicate t here
after data recg?‘) ’ﬁg““ 5&‘}“?% ‘thl%f & Pé”‘él?%%{"ag‘g Jguc ﬁ% for xample, CD-R,
recordi ng | ayeCDER/RVE, RYPERERVEJIDAVD iinplermeated dethe manndrhae dederibed with

mddi e area 62re@efreﬁd3%ﬁﬁ§§@%—ﬁ@qqf}§ | PAL3CRURES Aol b HGE A §em adl e

area 62 s not arge enoualé | hivades unused
area 65 BHd is r&heVrEne/reagag anit 86, yhigh ingludes Hpi Tecprds dﬂaoafhe disk 100,

sche mélt i ¢ bl oclhithagiraaptiosl mmm@a@aﬁmm a@crodmwtothﬁe prRB&sht ngfventlon ?nd

reproduci ng ap | ccor 0.an e

of the pr esen%glﬁsﬁtbgﬁ ?%fﬁh flét Fléggﬁe ér?grﬂ g8 Co%mﬁ 550

dat a recor di ngcant@lsghe Wéﬂﬂyret@dmg un:g Sthpdxaaﬁlg svritingfrepding it 80 can record data

\t,)w Pt [lgt r Sﬁdl 3@:{ #heidisk800 @E&nﬁn%?fﬁ r@(lletéi'ﬂhﬁed%ﬁe sysim, aﬂ&'ﬁﬂ@&@%aﬁfread by the
revity, the dat.a rec nd/or. re ar

in whole or iRH ﬁ%’f 38'8 Hnglsgf)o%mfl ?chw EFB%E ‘ﬁgr g‘ éiﬁgtlgﬁﬂﬁ%dﬂﬂg

can be i nt er nai dedidatadseeh thattihisedao i’a@ertd)dammcaxbeuenatcu(rﬁmdh&rmfas

separat e box tﬁﬂ"atth(P Wﬁicﬁl]é ﬂe@tu%%ﬁ&)%tmsuﬁagm)the F&h%g@x?@&tcﬁdp the

di sk 100 can be. any optical disk suc for exa
CD- R RW DVD- C4fE-DVD i npl emented in the manner as described with
ref erencf3jo Fl GAs sRéwz @G FIH. G3he 3éutCuniEdGncludés ﬂ@;steﬁﬂﬁbnﬁbﬂﬁ 019Ah&E.

72] The wit reco

E:Iat!a on theI dlfﬂ r{fg%&}ﬁvw% %EI&%%X\@ ‘?&(S:é)ﬁlﬁb% | on S “8“%‘(9%“94@587%
according to tHAME)Sdsmdi seripdit F‘éfrﬂiﬁtaefﬁ%Pfdlﬂédh%hQShBFﬁééﬁﬂed’é%lad’alﬁfacoﬂrtr@ﬁmd
the di sk 100 f®émadost (hEhOGHLindARnsThitethe KRt Sdmmbstid o ¥R sy@temtcbﬁdralek be

t / di Lt 80
fecord data ot e Dpiaus L serd 6 iss'S ST e barrrfdbo wie
system and pretwnanddeceivedden the hostd/F $. iThe BYPro8acticings dath to BOretarded from
obtain valid dabaestliF SQaﬁdds%HJhﬁBmaiwglﬁ @uéhtﬁ i it @6 Srfdf LotHcASh tohthe data,

o ot e o b S s &ea@mﬁﬁ% RSBl genGRPRF 9% ont
t he control ungdne@6sex EEXUsotky@hich is an error correction block, and modulates the ECC
block using a predetermined method.

[74] The RF AMP 94 converts data output from the DSP 93 into an RF signal. The
writing/reading unit 80 that includes the pickup unit records the RF signal transmitted
from the RF AMP 94 on the disk 100. The servo 95 receives a servo-control command
and servo-controls the pickup of the writing/reading unit 80.

[75] In particular, the system controller 91 finalizes the disk 100 when data recording in
a data area of the disk 100 is completed. Here, a middle area indicates the completion

®)

1Q)

of data recording in the data area and data is recorded in the middle area formed such
that the pickup unit can move among two or more recording layers. If the middle area
of a predetermined size is not large enough, the system controller 91 extends the
middle area and controls the writing/reading unit 80 to record data in the extended



m ddle area. [73] As shown in FIG 6, the control unit 90 includes a
systemcontroller 91, a host interface (I/F) 92, a digital signal
processor (DSP) 93, a radio frequency anplifier (RF AMP) 94, and a
servo 95. For data recording, the host 1rr3/pF 92 receives a wite
command froma host (not shown) and transmts the wite command to
the systemcontroller 91. The systemcontroller 91 controls the DSP
93 and the servo 95 to execute the wite command received fromthe
host | T 92. T%d&@PaI%g receives data to be recorded from the host IT
92, adds_additional data such as parity bits for error correction to
the datal’0land efPifatzispraduetionmibedge vesRapukeommand fenm the dast. The
result. Then, dybemlohrSiter ogenaitalies fonddtitepkddackon. Th &kitihSrealing uhid BO

correction bl ock,. and.,npdul ates t bl oc Si a e erm ned
ot hod 74 a0 R Rl R e i fo ool Rite bl et rBGE(EE 15106 S
an RF signal . H@eandputputsien ondigali sigpalidhe REAMBH converis dhesopting signekmegeived
gni L r1 ggor ?ﬁ t6in e wiiEipHeadih @RSIRG fn@fan RF Sighiingd B’Etpﬁﬂ\fﬁocﬁﬂat%mdéw@mamed
is : e serv recei ve r ,0- CO ng an .
servo-control s“sf“rgetg?)ggﬂ%‘a]gtf’ @%@gﬂ??tﬁlﬂ%ﬁ Wﬁ%pﬁ@_a sexg) sigrgl
particul ar, t hibtaystwsingabeRFeignelrtodi seivodlSi zes t he di sk 100 when data
recordi ng+n a t i i :
i ddi e aah i ni Dy DyPep Rl b oadiiydha el Boc ok fncbion on the
area and dat a desadalgisddlatd. puf Quiutidairipitainedaftar fheklelC swenroreption. Theservo
pi gl(;:;p uni t C@Sﬁw’&smds@)abfrpm‘_ewmlghaﬂi&Qérﬁf&)ntrbf(;]dnhﬂandfrom
m e area re ed ,Si is 0ot large epou . Syst
control | er 91%‘;’( esﬁa S ﬁt@)ﬂ@n{i dag’ld Zseérgggntéﬂaghg@h“tkrggf)s%? P{%ng} readinizihit 30,
wri tingtreadi nkhediostVIg92 ransmits dheddagimouiput dronhise HEPA3de thettwst. Fheidite
area. [76] Forreghiiig bRdbORPRIdLARg afdAfblOs shdw in FAGEE YRS be a'sBRME apparatus
command fromthe hobsﬁt. Tt}e Fli stemcontrol]ler. 91 is |?|t|all ed 1Por
data repr oductJ-8TRY DPEEPafpipd %ﬂe@g PRAFATS §ef-» TPerdeg) apdareadipg, apppratus
beamto the di(sk,glefer).recei ves the | aser beamreflected by the disk
100, andizgyt put Syt &eg&&@ﬁt iRveah has HaEn giﬁﬁédvﬁlﬁéhom%@ g%s%ﬁsaﬁwith
optical signal recelve fromthe witing/readi’ng unit Into an RF
si gnal and outrﬁ{ﬂe“ﬁ%mﬁx&{n@ gnbodipents fetpol jsWillPermdenpod by Higse ¢fo t he
DSP 93. Al so, drdiaadisk#iNR tilarsihpilariess éhasges\in famgindldetatibinay be thadsihB@in
t he RF signal e S
nodul at ed dat a‘%&ﬁégg??ﬁ%\é%{%?gre %élryt 3%$§8€%§%otﬁ§8%gﬁ g‘%’@}e‘ﬁ‘bﬁé‘{%‘f’%‘a‘e’_
data, and out pfees infarmatipnsipragednadia, sychias blusry (BP) discss ddvanced Optical Risks
servo I95 r ece(ig\c?;x),tdaﬂ hawgvaphﬁ:icﬁthadtorﬁgea}alvicb@:ngé\Mﬁd i34, a'sméhgaasﬂeelrmma]ﬁ
control conmmand from the systemcontroller. sServo- I t he
i ckup of tne NgEertey PUEGEH I R PR o8 asbonl e oSl % R AR Lo e
dat a out put f ri8@St hé-30sPIGS 4e4€radides. SAHE . daadditioue beth dhemiddleditess and

reprod ug ing amaafcatg& ared o RV ikell And7biFexPb18BY dRnited RS & a%gﬁéa@mﬁ. Data
?(ra a g:a % 9 :p;:[ﬁ)%ﬁt@ 50 b!a ?écgrfed rog (t:lg)ercflillaﬂpaygrp J%?rrm?tti-?asyel( {nfc?rirfaﬁ(gnes%grragee Irn)edi%zgc% g
parallel track path (PTP) manner, that is, a direction in which data is recorded on the

first recording layer L.1 may be the same as a direction in which data is recorded on the

- second recording layer L.2. Similarly, the system controller can be implemented as a
chipset having firmware, or alternatively, a general or special purposed computer
programmed to implement methods as described with reference to FIGS. 2A-2C,
FIGS. 3A-3C, FIGS. 4A-4C, and FIGS. 5A-5C. Accordingly, it is intended, therefore,
that the present invention not be limited to the various example embodiments
disclosed, but that the present invention includes all embodiments falling within the
scope of the appended claims.



(i.e., player). [78] Wile the present invention has been
particularly shown and described with reference to exenplary

enbodi nents thereof, it will be understood by those of ordinary
skill in the art that various changes in formand details nay be nade
therein wthout departing fromthe spigrit and scope of the present

i nvention. For exanple, other infornmation storage nedia, such as
blu-ray (BD) discs, Advanced Optical D sks (AODs), and hol ographic
data storage devices may be utilize@ladgméong as the nmddle areas
can be extended in the manner as described with reference to FIGS.
2A-2C, FIGS. BA- 3CA rkdonfing/fopredicingngpdritcSor ddvobding o wpdadihg G4ta ol 6E h
the m ddl gr areas. and. dedicate 9 areas can be fixed and/or flexible in
desi gnat edfRyHafogPatign FHPECHEANN ROMRBHE: can al so be recorded on

the dual -1 ayer aWntﬂE}réddTﬂgacMﬁrwﬂléﬁ EE&EE HAR of HRIADEmARA b mBdium or
parallel track path (PTP) manner, that is, a direction in which data

i s recor deagdprecended dfth frgm themfmmaﬁgn btayage medivmngorherisitges lear@tsa@f a
directi Onrelc rd\Mg lﬁgerg %ta er i ql?&l? Qué)e? dgta%rea%gr r%@cg'dlr eglgé ddapag at Igz?:s one

L2. Siml ar con Fer>cantse i"npl enen as a psSet
havi ng fi nmtuﬁc apacunmhﬁedramm b belfar,aren, gﬁmrealarw ampeci al purposed
conputer progranmne Iene met hod described with reference
to FIGS. 2A 2C3Cony m“ ﬁk@é"mﬁr Ede Wikl e& PRIVTRY fegecashths data on the

Accor di ngigfermiatioh &okdgb%{k@ﬁﬁn of 1R&d ﬁlfe%c%rdedtdlﬁﬁtfrc;ntﬂ%eﬂﬁﬁﬁﬁﬁﬁon‘S'M' ' on
not be limted to the various exanple enbodi nents disclosed

that the preégannd, whenthe drompationdtesagsimediur sdinmiineds ettgndsi thgatvbpztshorw
the scop

recordi ng rlde)c%? %@%E@ﬁgﬁg%%g? a% ’tajdsig?ug&féée@%rg% tﬁgt%traléég}e Iaﬁlglenagrea ftnég on
or from asedibyfthe watingreagingag e neek amyngeaigast tsiongeordingiayetsndiiteeadi ng
unit which_recards data gqn the information storage nedi umor reads
recor ded H]a(?lgla?ip%?ﬁof%gnﬁafug? mati on storage medi um conprising a
plurality of recording |layers, each layer including a user data area
for recording user data, at |east one mddle area, an unused area, a
buffer area, ahd a Fessecadugirenpdncmecpneirps ageipmeghn chin dnvhern thhe
w1 NG/ 1 eafll il Rirthol DnfBRARAWHRE AARe At [1Reork Bh@ TR A9 1R IGS
medi um or read the recor ata omt e informati on storage ium
and, whenotthpeopenfesnmatt lewh as exaeralyd nmédle areni s fi nal i zed, extends t he at
| east one mddle area to the unused area, the buffer area, and the
test area, the mddle area being used by the witing/reading unit to

nove anong at 3.eastThsvecdr@@@reirbdhcliy@bsratik aé Hleimddnh elaitli Khersinahage
medi um 2. The recordl ng]/re produci ng apparatus as clained in claiml,

wher ei n t FIUOE Bt Yaiablylaces aﬁtfﬂé‘?ld‘éléﬁ’feﬁéﬁéf the, Boigf intthewrer dafapisg un i t

to recordyand tﬁ@@s@r 4R34 B rBRYEAAAN hEBHon RY sePbRINGIdlISPed fixAlat heast an
extended m ddl e area.

predetermined position in an outer circumference of the information storage medium.

4, An apparatus comprising:

a writer which records data on an information storage medium comprising a
plurality of recording layers each including a user data area to record user data, at least
one middle area to record reference data used to move among the recording layers and at
least one test area for power control; and

a controller which controls the writer to record the data on the information storage

medium and, when the information storage medium is finalized, extends at least one



3. The recording/reproduci ng apparatus as clainmed in claim1l1, wherein
the control unit variably places a first mddl e area after the point
in the user data area up to which the user data is recorded in
addition to a second nmddle area fixed at a predeterm ned position in
an outer circunference of the informatjson storage nmedium 4. An
apparatus conprising: a witer which records data on an information
storage nediumconprising a plurality of recording |ayers each

i ncl udi ngnaddis erea ttatha ableast ohotestower ahdusetrold dteayritat tolreasd refemecendatidhe
area to ref orsg re}]f;[ercgagce1 ata used to nove anong the recording |ayers
and at | 8aStS BRE RS LS 48 hower control; and a control ler which
controls the witer to record the data on the information storage

nmedi um and, when the information, stor atlge_ mediumis finalized, extends
at |east one 13 i 4o @rarasy 3 gleimed igclanads heicen the sefergnesdagygxhibits

controls i&&-oﬂ’fﬁ»ﬁaﬁéﬁi&@inﬂﬁ%{g@hé @5&?1@&‘&%%&%&&&@% {838 @ £34 ended
m ddl e area. 5.” The apparatus as clainmed in claim4, wherein the
reference data exhibits |ead-out properties indicating the

conpl etion of data tecording in the, user ta area, 6. The. a at us
S Pl med i n Era, e Sl ok el R cdhne] SR PRERL b

at | east ¢heesthelstleasaopamildiccirestalizph Pbint th thbBscddeth aftatud @hdechiRerd dita
whi ch user datge !@; recorded, | eaves the rest o% t he user_ data area
unr ecor ded esaitede aausiiae tanEolihe yssndata aisa uniererded and exends thy atleagtone,

portion ofyiddI€aldRELAUMLHpGHiERoIAE UndeBGdld ik TRLA 2R iﬁ%ﬂﬁzﬁﬁﬁ_st&?%i um
is finalized. 7. The apparatus as clainmed in claim4, wherein the

cont rol uniedivgwisifiablized. pl aces a first middle area after the point in
a user data area up to which the user data is recorded in addition
to a second mddle area fixed at a predeterm ned position in an outer
circunference ®f th€hd aparanstas ohimddoihaigmne diheiin the aves] bhie viredly of

t he user d@)tfa ea . Lég‘frecoaré_de , and.extends the fi rsiﬁﬁg gdl e grea to

the at | cBLESEOIE, BIfOLToreAfuter ieOBT dbavsE 632 HRieh 't RRIPriFOIE B

storage nR@bRY irSadditial tb 286kond middle area fixed at a predetermined position in an outer
circumference of the information storage medium, leaves the rest of the user data area
unrecorded, and extends the first middle area to the at least portion of the unrecorded area

when the information storage medium is finalized.



