[Name of Document] Specification [Title of the Invention] RECORDING
APPARATUS, RECORDING METHOD, PROGRAM, AND RECORDING
MEDIUM [Technical Field] [0001] The present invention relates to a
recording apparatus, a recording method, a program, and a recording
medium. More specifically, the invention relates to a recording apparatus,
a recording method, a program, and a recording medium whereby data is
recorded to optical disks. [Background Art] [0002] Recent years have
witnessed optical disks such as CD-RW (Compact Disk Rewritable) and
DMRERY (Digtah¥etsatibe BiskiRewtitable) being used extensively as
rewritable recording media. With large numbers of these rewritable
récdrdingorhedizein LircalationntheRieedReXiSts AP PakaTcotnpatibildtRDING
between recording apparatuses for writing data to these disks on the one
MahdCand FésteBadingZdpparattiosd) BepgetiBML tHdse with no means to
record data to such disks on the other hand. For the sake of convenience,
ifis prafefed thatdata be reproduced from rewritable optical disks also

PYohs

The present invention relates to a recording
apparatus, a recording method, a program, and a recording
medium. More specifically, the invention relates to a
recording apparatus, a recording method, a program, and a
recording medium whereby data is recorded to optical
disks.

[Background Art]
[0002]

Recent years have witnessed optical disks such as
CD-RW (Compact Disk Rewritable) and DVD+RW (Digital
Versatile Disk Rewritable) being used extensively as
rewritable recording media. With large numbe;s of these
rewritable recording media in circulation, the need
exists for better compatibility between recording
apparatuses for writing data to these disks on the one
hand, and reproducing apparatuses, especially those with
no means to record data to such disks on the other hand.

For the sake of convenience, it is preferred that data be

reproduced from rewritable optical disks also by the



reproducing apparatus incapable of wring data to such disks. [0003]
Optical disks such as CD-RW and DVD+RW to and from which data can
be written and read randomly come in one of two states: either they have
no data recorded in their recording regions, or they have both data-filled
and data-free regions located side by side on a single disk. [0004] When
there is no data recorded in the recording regions of an optical disk, the
recording and reproducing apparatus with means to write data can extract
synchronization information for determining the physical addresses of the
regorditigaegibnsraut of ansacyuired avdlsble Signal. ikhedwbbblesignatlis
obtained (i.e., detected) by emitting a light beam (laser) to a slightly
Fedifttering track of the recording regions. [0005] Where there is data
recorded in the recording regions of an optical disk, the recording and
Fgﬁr%%cing apparatus acquires a reproduced signal from the disk by
emitting the light beam to the pits formed in these regions. From the

JkIJ 155% Lg |%

reproduced sigital thdS S5tafiied’ tie® récoralhgatfdl fepradtiting and from
ﬁﬁ@gﬁﬂgaggnéggag%agff%ten and read randomly come in one
of two states: either they have no data recorded in their
recording regions, or they have both data-filled and
data-free regions located side by side on a single diék.
[0004]

When there is no data recorded in the recording
regions of an optical disk, the recording and reproducing
apparatus with means to write data can extract
synchronization information for determining the physical
addresses of the recording regions out of an acquired
wobble signal. The wobble signal is obtained (i.e.,
detected) by emitting a light beam (laser) to a slightly
meandering track of the recording regions. )

[0005]

Where there is data recorded in the recording
regions of an optical disk, the recording and reproducing
apparatus acquires a reproduced signal from the disk by
emitting the light beam to the pits formed in these

regions. From the reproduced signal thus obtained, the

recording and reproducing apparatus can extract (i.e.,



acquire) synchronization information for determining the physical
addresses of the recording regions together with the data which was
retrieved from the recording regions and which contains the
synchronization information. [0006] The reproducing apparatus with no
means to write data, by contrast, works on the assumption that data is
reproduced from a data-filled optical disk, i.e., from an optical disk with no
data-free recording regions. The reproducing apparatus can extract from
the reproduced signal the synchronization information for determining the
physicakaddressés ofthearecordinguegions: Unlike dhe decerdingraindy the
reproducing apparatus, however, the reproducing apparatus has no
pacikty For extpatimgtne synchionizativpridformatiey frenstheogether with
above-mentioned wobble signal. [OOO?éThat is, the reproducing .
Hpparittis ivihtapania of HebrddUitHTy daertrdrh dphcadisksnwitF Re Lons
data-filled recording regions or from optical disks each containing both
Hata-Yiltd & Bng Hataiired rEGiong YRR& FEIsbRAL RB: forh Uiy dattree
@?%rgéng region on the optical disk, the reproducing apparatus cannot
xtract (obtain) data synchronization information. 3

The reproducing apparatus with no means to write
data, by contrast, works on the assumption that data is
reproduced from a data-filled optical disk, i.e., from an
optical disk with no data-free recording regions. The
reproducing apparatus can extract from the reproduced
signal the synchronization information for determining
the physical addresses of the recording regions. Unlike
the recording and reproducing apparatus, however, the
reproducing apparatus has no facility for extracting the
synchronization information from the above-mentioned
wobble signal.

[0007]

That is, the reproducing apparatus is incapable of
reproducing data from optical disks with no data-filled
recording regions or from optical disks each containing
both data-filled and data-free regions. The reason is
that from any data-free recording region on the optical
disk, the reproducing apparatus cannot extract (obtain)

data synchronization information.



[0008] The recording and reproducing apparatus thus needs to format the
entire optical disk so that the reproducing apparatus may randomly
reproduce the data recorded randomly on the optical disk. The formatting
involves writing dummy data to the whole recording regions of each

optical disk. [0009] lllustratively, if a data-free optical disk (i.e., blank or
virgin disk) is mounted on the recording and reproducing apparatus, the
apparatus formats the disk by writing dummy data to the whole recording
regions of the mounted disk. it takes a lot of time for the recording and
F@Prddilicing apparatus to format all recording regions of the mounted

optical disk. An extended period of time typically elapses before the
formattingti§ competed andathe optivaPdisk isy@ady e be ised byuRe needs
user. In other words, following the mounting of an optical disk (blank _
sk OFRE rEEGrdftytdiEreprddiding Qﬁyﬁgﬁ’aﬁ%, %the bisEPmusERBRALCing

long time for the disk to be completely formatted for use. [0010] It is

VBT tHt After rmaiinG an optical S on'the Y8&GHding shd <
'E%%@%%E?Q&%“%rﬂugﬁyféé réisk. The formatting involves
writing dummy data to the whole recording regions of each
optical disk.

[0009]

Illustratively, if a data~-free optical disk (i.e.,
blank or virgin disk) is mounted on the recording and
reproducing apparatus, the apparatus formats the disk by
writing dummy data to the whole recording regions of the
mounted disk. It takes a lot of time for the recording
and reproducing apparatus to format all recording regions
of the mounted optical disk. An extended period of time
typically elapses before the formatting is completed and
the optical disk is ready to be used by the Qser. In
other words, following the mounting of an optical disk
(blank disk) on the recording and reproducing apparatus,
the user must wait a long time for the disk to be
completely formatted for use.

[00101

It is obvious that after mounting an optical disk

on the recording and reproducing apparatus, the user



expects to have the disk readied for use in the shortest possible time.
[0011] Some techniques have been proposed to bypass the above
difficulty. The techniques involve first completing initialization of (i.e.,
writing of necessary data to) the lead-in area of a rewritable single-layer
optical disk, the area accommodating information about the data to be
recorded to the recording regions of the optical disk. With the lead-in area
initialized, a host device such as a personal computer connected to the
recording and reproducing apparatus is allowed to access the mounted

opgealdisle Theseaftarnwhilg the recgrding and reproducing apparatyisis s +
at rest (in idle state), dummy data is written to data-free regions (i.e.,
pigecasded weg@iwons) in the user area to which to write the data

designated by the connected host device (i.e., user) in what is known as
govdckpground formatting process (See Patent Document 1). [0012]

[Patent Document 1] Japanese Patent Laid-open No. Hei 11-134799.
[Disclosureret thee rive atiors]  Problemb ¢o be rISohvetkieyi theclnbempticry She

above difficulty. The techniques involve first completing
initialization of (i.e., writing of necessary data to)
the lead-in area of a rewritable single-layer optical
disk, the area accommodating information about the data
to be recorded to the recording regions of the optical
disk. With the lead-in area initialized, a host device
such as a personal computer connected to the recording
and reproducing apparatus is allowed to access the
mounted optical disk. Thereafter, while the recording and
reproducing apparatus is at rest (in idle state), dummy
data is written to data-free regions (i.e., unrecorded
regions) in the user area to which to write the data
designated by the connected host device (i.e., user) in
what is known as a background formatting process (See
Patent Document 1).
[6012]

[Patent Document 1]

Japanese Patent Laid-open No. Hei 11-134799.

[Disclosure of the Invention]

[Problems to be Solved by the Invention]



[0013] Suppose that during formatting of the single-layer optical disk by a
recording apparatus, the user gives an instruction to unmount the optical
disk from the recording apparatus. At that moment, the recording

apparatus writes dummy data to any region free of data or dummy data in
the area ranging from the beginning of the user area located in the

radially innermost zone of the optical disk, to the radially outermost

position where data is written in the user area (i.e., farthest position from
the beginning of the user area). The recording apparatus then writes a
teyoparary lead-out (TLO) area indicating the ending position of the
data-filled regions in the user area away from the radially outermost

position dftlpedata writien dutherusef ares thefore ejectinhg theiopfical 1ayer
disk. In other words, the recording apparatus records data or dummy data
srarthrgpfronhithle lendanzeea tlthedradially vutermost pesitise of theves an
data written in the user area, creates the temporary lead-out area, and
HettejBeistAg opficardiskjtot4Iemerhwhiid, dliking foinattikg of a
two-layer optical disk by a recording apparatus, the user might give an

Fttidn o GRRDGALTHR disk frohi'tHe dpidtus. fe recording

apparatus writes dummy data to any region free of data or
dumﬁy data in the area ranging from the beginning of the
user area located in the radially innermost zone of the
optical disk, to the radially outermost position where
data is written in the user area (i.e., farthest position
from the beginning of the user area). The recording
apparatus then writes a temporary lead-out (TLO) area
indicating the ending position of the data-filled regions
in the user area away from the radially outermost
position of the data written in the user area, before
ejecting the optical disk. In other words, the recording
apparatus records data or dummy data startin; from the
lead~-in area to the radially outermost position‘cf the
data written in the user area, creates the temporary
lead~-out area, and then ejects the optical disk.
[0014]

Meanwhile, during formatting of a two-layer optical
disk by a recording apparatus, the user might give an

instruction to unmount the disk from the apparatus. In



that case, the recording apparatus writes data or dummy data to each of
the layers, creates a lead-out area (or a temporary middle area, to be
described later) per layer, and then ejects the optical disk. [0015) If the
rewritable two-layer optical disk is to be unmounted halfway through the
formatting by the recording and reproducing apparatus operating with
traditional techniques, it might happen that data (or dummy data) has
been recorded to the recording regions of one of the layers but has yet to
be recorded to the recording regions in the corresponding positions of the

Other layere Thig gventuality makes, jtdifficultto apply the above-qutlingd .,

background formatting process to the formatting of the rewritable

dwe-dayes optisal disk.JAA16].Rar example qonsider adwg-layer qptical (or a
disk, as seen in Fig. 1, with its left-hand side recording regions located
oenthe radially inner siderand, its Hghthansk cecasding regions opdhe 1ayer,
radially outer side. The recording layer closer to the optical pickup
amittingehe elight teanhto the tdiskadurtaicekis called the layer LO.

Suppose now that a region 11. in the layer LO has data recorded therein
ghdlthat a region 12 in the other layer 7

If the rewritable two-layer optical disk is to be
unmounted halfway through the formatting by the recording
and reproducing apparatus operating with traditional
techniques, it might happen that data (or dummy data) has
been recorded to the recording regions of one of the
layers but has yet to be recorded to the recording
regions in the corresponding positions of the other layer.
This eventuality makes it difficult to apply the above-
outlined background formatting process to the formatting
of the rewritable two-layer optical disk.

[0016]

For example, consider a two-layer optical disk, as
seen in Fig. 1, with its left-hand side recording regions
located on the radially inner side and its right-hand
recording regions on the radially outer side. The
recording layer closer to the optical pickup emitting the
light beam to the disk surface is called the layer LO.

Suppose now that a region 11 in the layer L0 has data

recorded therein and that a region 12 in the other layer



called the layer L1 (different from the layer LO and farther from the optical
pickup) also has data recorded therein. [0017] In Fig. 1, an arrow Al
indicates a particular position (position Al) of the data-filled region 11 in
the layer LO. An arrow A2 indicates a specific position (position A2) of a
data-free region 14 (devoid of data or dummy data) in the layer LI. An
arrow Bl indicates a particular position (position Bl) of the data-filled
region 12 in the layer LI. [0018] In Fig. 1, a region 13 is a data-free region
(devoid of data or dummy data) in the layer LO, and the region 14 is a

simitarly data-fiee regiomin the fayer &k [0019h SHRROs& hat ar,0 ang

reproducing apparatus about to reproduce data from the optical disk of

therabeve siwatura pesiorms aiseekdrarp the pesitian Al ikthe layesk&:q
to the position Bl in the layer L1. The seek may typically involve
elecuting.a cross-layer jump from the position Al in the layer LO to the
position A2 in the layer 1,1 and then carrying out an optical pickup
hisvement from the position A2 to the position B1 in the layer L1. 8

In Fig. 1, an arrow Al indicates a particular
position (position Al) of the data-filled region 11 in
the layer LO. An arrow A2 indicates a specific position
(position A2) of a data-free region 14 (devoid of data or
dummy data) in the layer L1l. An arrow Bl indicates a
particular position (position Bl) of the data-filled
region 12 in the layer L1.

[0018]

In Fig. 1, a region 13 is a data-free region
(devoid of data or dummy data) in the layer L0, and the
region 14 is a similarly‘data—free region in the layer L1.
[0019]

Suppose that a reproducing apparatus é;out to
reproduce data from the optical disk of the above
structure performs a seek from the position Al in the
layer LO to the position Bl in the layer L1. The seek may
typically involve executing a cross-layer jump from the
position Al in the layer LO to the position A2 in the

layer L1 and then carrying out an optical pickup movement

from the position AZ to the position Bl in the layer L1.



[0020] However, because the region 14 containing the position A2 has no
data or dummy data recorded therein, the reproducing apparatus in the
position A2 of the layer L1 cannot, acquire data synchronization
information for determining the physical addresses of the recording
regions in the layer LI. Incapable of determining the position in the region
14 of the layer L1, the reproducing apparatus cannot move its optical
pickup from the position A2 to the position B1. [0021] In the two-layer
optical disk setup, as described above, the reproducing apparatus may
nebbe pble to reproduce data from the disk that was formatted earlier by
a recording apparatus. Because the two-layer optical disk has more

recording;eqgionsito be-formatted than thes singlerlayshepticl Qiski fte

takes longer to finish the formatting process. If the user issues an

nstruction ta urmeunidi.ela ejechtheapticaldiskehalbvayrtiweugh dhe i n,
formatting, an inordinately prolonged time period may have to elapse

friom theptime dle mstractien sstgiven ruritih thepoptical disk A2 ejectedfeormayer
the recording apparatus. [0022] 9

L1 cannot acquire data synchronization information for
determining the physical addresses of the recording
regions in the layer L1. Incapable of determining the
position in the region 14 of the layer L1, the
reproducing apparatus cannot move its optical pickup from
the position A2 to the position BIl.

[0021]

In the two-layer optical disk setup, as described
above, the reproducing apparatus may not be able to
reproduce data from the disk that was formatted earlier
by a recording apparatus. Because the two-layer optical
disk has more recording regions to be formatted than the
single-layer optical disk, it takes longer to finish the
formatting process. If the user issues an instruction to
unmount (i.e., eject) the optical disk halfway through
the formatting, an inordinately prolonged time period may
have to elapse from the time the instruction is given
until the optical disk is ejected from the recording

apparatus.

[0022]



The example embodiments has been made in view of the above
circumstances and provide arrangements enabling the reproducing
apparatus with no data writing means to reproduce data from a two-layer
optica= disk that has yet to be formatted completely. [Means for Solving

the Problems] [0023] In a first aspect, there is provided a recording |
apparatts for ﬁkﬁﬁ%@ ta¥0%d e@ESrdﬁﬁsmé?ﬁﬁﬂ Havitty atleadttad ©F

ewritable recording la i i ising: division .
 PNVIRanie ! c"lrcgmslé%ra%%g'darf?gzg%jé”ogvé%%ar%téJ%acﬁgc%éSAr%% dvision . g
management means for dividing for management purposes a recording

tereeafésrﬁzj%&é%ogd"a%%yreg@&gai%9@1@ rggording medjum jnto aneans to

plura ity of first recording regions and a recording area of a secon
rEeoording gayer.of the same mgdram into aplurality olisegondifgeording o+«

regions at substantially the same physical positions as said first recording

t Fegiens; Jresgrding contrghmeans; for con rolling data recording to, said
data recording medium in such a manner that if one of said first regions

[lergetedito beawrittemyitbifikstrdata 1femn fgrmatting or one of said second

regions in substantially the same position as the first region has an

[Oneeorded sector devoid of said first data or of second data designaTed

by a user, then said first data is written to she unrecorded secior in the

first regibn ofintéiestt aspect, there is provided a recording
apparatus for writing data to a data recording medium
having at least two rewritable recording layers, said
recording apparatus comprising: division management means
for dividing for management purposes a recording area oI a
first recording layer of said data recording medium into a
plurality of first recording regions and a recording area
of a second recording layer of the same medium into a
plurality of second recording regions at substantially the
same physical positions as said first recording regions;
recording control means for controlling data recording to
said data recording medium in such a manner that i1f one of
said first regions targeted to be written with first data
for formatting or one of said second regions @ in
substantially the same position as the first region has an
unrecorded sector devoid of said first data or of second
data designated by a user, then said first data is written

to the unrecorded sector in the first region of interest

or 1in the positionally corresponding second region; said

[
<



or in the positionally corresponding second region; said 10 recording

control means further controlling the data recording it such a manner that

if said first data or said second data i's written co said first region or said

second. region thus eliminating the unrecorded sector from said first or

said second region a#\f if an unrecorded sector is d tecf1 JIn sa-d first
SRSt O reor HtrenCHG b GG regi i Hh wichme T8 data
rseguled sectarnas begr eiminaigd, then said firstdala s witren 705,19
---he detected u=irecorded sector; first storage means for storing

sinformatign =or determining the positiop to which sajd second data wase .o

last written; and second storage means for storing iriformation which is

raboutpach gtsald first-and sajd second regions-and which-de-.ermipgs sa:iq
the position to which said second data was ‘fast wri'ten. in one of said

rfirst regionssariin the segand &egion ak rsubstantially the-same pasiien@sr 1is
the first region of interest. 10a [0024' Preferab-y, if no unrecorded sector

distdeteeted inthe difst regiarsof interest=and ik thecsecond tggion ati fferent
substantially the same physical position as the first region, or if one first

forthelsSetont data isawritten torom which the unrecorded sector has

been eliminated, then said first data is written to the
detected unrecorded sector; first storage means for
storing information for determining the position to which
said second data was last written; and second storage
means for storing information which is about each of said
first and said second regions and which determines the
position to which saild second data was last written in one
of said first regions or in the second region at

substantially the same position as the first region of

interest.

10a



the unrecorded sector in the first region of interest or in the second region
at substantially the same physicai position as the first region thus
eliminating the unrecorded region from the targeted first region or the
second region, then the recording control means may gain access to
another first region and another second region next to the currently
ed first and second regions, and write the first datato any
unrecorded sector in the ,nfewrly accessed ﬂ%iet gmg second riegiocyesfC gg%g% in

rererably., 1T O, UNXrecor ector
Preferably’ the recoréﬁhg apparatus may fartier inclade storage means

deLstedng information fer. determining the posiion Jewwhich lne secand.o,, o+
ata was last written; wherein, _fan tnrecorded sector is_ detected i any
Qneaf.a,thefirst regigns in the first recording layeranddp "hesecond ¢, ¢
region a-- sl.ahs-an the same position as the first region of interest in the
second layer, then thesreegrding control means may gantrol the dataccen o
recording to :he data recording medium in such a manner tha the first
tdada isrprech even :.a «y-wittenrdo thesunfeeerded segetern indhe firstordhe or
second region in the recording layer different from the recording layer
iincludirg theaeqibn te which the secandt dataiwas writtereassdetermingd ical
by the information. 0026 __
position as the first region thus eliminating the

unrecorded region from the targeted first region or the
second region, then the recording control means may gain
access to another first region and another second region
next to the currently handled first and second regions,
and write the first data to any unrecorded sector in the

newly accessed first and second regions.

-
bt



Preferably, the recording, apparatus may further include storage means

for storing information which is about each of the first and the second

regions and which determines the position to which the second data was

last written in one of the first regions or in the second region at

Stibstantially the same position as the first region of interest; wherein, if

an __ 2 unrecorded sector is detected_ in one of the first regions of

interest ang i1F e decond &gion GESGHSEARaIfFRE §aMe pd&iion 4§ 7 ther
.--he first regi%n of interest, then the_ recording control meaps may control P
Hhe'dAtE recordihg 1S the dataTecording msetdgfurrﬁrllr? such'a mannerthat ~°*
editst detais preferentially writen to th wnrecorded sector, n the fist ..

or the second region fferent from the region to which the second data

1was wrifen.asdetermined by, the infermafion. [00271n gsecond aspegt,

there is provided a recording method for writing data to a data recording

amediun hayinga atleastdworewri-able Lecording layers csaid recordingr i rst
me-hod comprising the steps of: dividing for management purposes a

recording area: oka fiesy yeeording-Faye-widsaie dataregerdingmediima 11y
into a plurality of first recording regions and a recording area of a second
the same position as the first region of interest in the
second layer, then the recording control means may
control the data recording to the data recording medium
in such a manner that the first data is preferentially
written to the unrecorded sector in the first or the
second region 1in the recording layer different from the
recording layver including the region to which the second
data was written as determined by the information.

[0026]

Preferably, the recording apparatus may further
include storage means for storing information which 1is
about each of the first and the second regions and which
determines the position to which the second data was last
written in one of the first regions or in the second

region at substantially the same position as the first

region of interest; wherein, if an



recording layer of the same medium into a plurality of second recording
regions at substantially the same ohysi_ca positions as said first
recording regions; controlling data recording to said data recording
medium in such a manner that if one of said first regions targeted to be
written with f.i_.rst data for formatting or one of said second regions in

UBEBStaRST theSante PoshiphHshe: it Ao f-LRS af regbrdedd +ons
secto- devoid of said firs_ data or of second data designated. by .a user,

O e & TRt GRS is W 1o HE e C AR, Rect it fret fagfort 2
of terest or in the positignally.corresponding second region; said

S%rgﬁtrﬁﬁnsglgfégr}ur%hser J(E:%oﬁtro Illr%fgsﬁeherdea%lL Cr%nco?c?--njgn%glfcscé m%kﬁ%rér the

rgggygfg ﬁ@%gég%?r%%gﬁgc%¥§rggpgfgﬁtéﬁghwgg%ﬁgggording to

unrecorded sector from said first or said second region and if an

 Haregorded-secto2~is detected.in said firstor sajd.secondyregion.different s -

from the c--her region. from which the unrecorded sector has been
seliminatedpthencssaigh first data is writtenrto dhe detected varegcorded sector

sector; storing information for determining the pos t-cry to which said
igecond datawas last written; andstaring daformation hichistabauteach he
of said first and said second regions and which determines the position to
radicinsaid secandhdataswasscond data was written as determined
by the information.
[0027]

In a second aspect, there is provided a recording
method for writing data to a data recording medium having
at least two rewritable recording layers, said recording
method comprising the steps of: dividing for management
purposes a recording area of a first recording layer of
said data recording medium into a plurality of £first
recording regions and a recording area of a second
recording layer of the same medium into a plurality of
second recording regions at substantially the same
physical positions as sald first recording regions;
controlling data recording to said data recording medium
in such a manner that 1f one of said first regions
targeted to be written with first data for formatting or
one of said second regions in substantially the same
position as the first region has an unrecorded sector

devoid of said first data or of second data designated by

a user, then said first data is written to the unrecorded

13



last written in one of said first regions or in the second region at

substantially the same posti.on as the first region of interest. 13 a 002 8]

-n a third aspect, there is provided a program for causing a computer_ to

write data to a data recording medium navina at least two rewritable

recording layers, said prograrr comprising the steps of: dividing for
SRfaragemence pufposksatecordiig @rea 6fa first Fécording “averdf  the

said data recording; medium into g plurality of first recordin%]];e%%ijgns and.

PT&EOTTiy aréa of & SEdord: Fecottiing layet of THe sante m into’x -

cBytyally of second recording egions an subsiantialy the same physical, .
posit -lons as said firs recording regions; controliing data recordlng O sal

i flata regording mmediym. in.such.a manner dhatif one, of said first; r60ions. 1,

targeted to be written with first data for formatting or one of said second

rERgIONs insybstantiglly ﬁ_Q% PAQE H%Siti%‘r%%g@dfg st regiophas Afom said
unrecorded sector devoic of said first data or of second data designated

£hy <& user, then saiddirst-data isswrttenstothe gnrggorded-sectoein the ctor
fist region cf interest or in the posi-iona<ly corresponding second region;

i saidecentrailing step durthericantroiingdhe dateerecotdinggion different
from the other region from which the unrecorded sector
has been eliminated, then said first data i1s written to
the detected unrecorded sector; storing information for
determining the position to which said second data was
last written; and storing information which is about each
of said first and said =second regions and which
determines the position to which said second data was
last written in one of said first regions or in the

second region at substantially the same position as the

first region of interest.

13a



in such a manner than if said first data or said second data is written to
said first region or said second region thus eliminating the unrecorded
sector from said first or said second region and if an unrecorded sector is
detected in said first or said second region different from the other region
from which tine unrecorded sector has been eliminated, then said first
délta ¥ written to the detected unrecorded sector; storing information for
determin_.ng the position to which said second data was last written; and

storing Thfdtmatior WhithAg Gbout'€deh® of'saidPfiel af§ Said seesgram for
regions and. which dgtermines thefgsiti%p to which said second data 4
WS 1At whitteRCRGhe of said firs: régions®rin the sécond régiontat® =419
substantially the same position as the first region of in- e-est. Ifa [00291
“Nso %Ilnsc%‘g‘ef iTa %}o%rﬁ %tr aérvé%oraﬁlvé%%ag%e inré?ucdﬁﬁéi the st(()]-:-‘zf)i Srey

Lf; dividing for management purposes, a re%%@ffﬂ.‘;' arga of a firstrecqrding:

layer of the data recording medium into a plural_ty of first recording

regionsrand-a recording.arga pfaseqond recording faver [fthe same; rging
medium into a plurality of second recording regions at subs rantially the

1$8@e 13f said data recording medium into a plurality of
first recording regions and a recording area of a second
recording layer of the same medium into a plurality of
second recording regions at substantially the same
physical positions as said first recording regions;
controlling data recording to sald data recording medium
in such a manner that i1f one of said first regions
targeted to be written with first data for formatting or
one of said second regions in substantially the same
position as the first region has an unrecorded sector
devoid of said first data or of second data designated by
a user, then said first data is written to the unrecorded
sector in the first region of interest or i1in the
positionally corresponding second region; sald
controlling step further controlling the data recording
in such a manner that 1f said first data or said second
data 1s written to said first region or said second
region thus eliminating the unrecorded sector from said
first or said second region and if an unrecorded sector
is detected in said first or said second region different

from the other region from which the unrecorded sector
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physical positions as the first recording regions; and controlling data
recording to the data recording medium in such a manner that if one of
the first regions targeted. Lo be written with first data for formatting or
one of the second regions in substantially the same position as the first
region has an unrecorded sec”or devoid of the first data or of second _
Ddata eSignated by A Fdr, thefthefstdata T 8 Writtéh o the uhfedorGéd ©°
ector in the first region of interest or an the positionally correspondin
t eecoﬁgﬁ ?géigﬁ;gthé“%ﬁt?&ﬁ 5 dstespefﬁFt%Jéf co%%%ﬁiﬁrﬁgthelaétgﬁ%%rﬂ?r%g ir% or
sgusha manner that if the {irst data,or the, second data s, yuitien to the,
firs region orthe seccﬁldsreglon thus el_minating the unrecorded sector

1 the firs- 91 the second region And a0 uprecorded sectar i§k¢§£‘5‘c°t%%ch

was

in the first or the second region different from the other region from whic

~the uggecorded; segtor haspeek ; elimingted, then the first,data isywittepito on

the detected unrecorded sector. [0030j In example embodiments, where
dbedegording mediupme kecording methed pregran, @r resersing Medidmwas

is in use, a recording area of a firs- recording layer of t_e data recording
1mediumds givdded 16 one of said first regions or in the

second region at substantially the same position as the

first region of interest.
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for management_ purposes into a plurality of first recording regions and a
recording area of a second recording layer of the same medium is
likewise d--'T'.ded into a plurality of second recording regions at
substantially the same physical positions as the first recording -egions.
Dana recording to the data recording medium is controlled in such a
[ Hismher that if one of the first regions targeted to be written with first data
for formatting %r, one of the second. regions in substantially trh%.lsam?n 44 um
position as the frsstcréa%%chajésanaur%ecord%ra Séctor Cévo-fo of the first
. data or.of second. designat , er n [ is
TWri-ten to tﬁg%nr%%%%}dgedgsgebtog?rﬁdg#r%t r%%ﬁn%%%r%t@%é%%r iﬁ Ltﬁ oses
aPO%: -opally, gorresponding secend. regzion, Thedatg recording is frthgr .
controlled in Such a manner that i_ the first data or the second data is
WHten 10 the fiest regionor dhe second region fhus, eliminating she.cording
unrecorded sector from the first. or the second reg=..on and if an
rupresopdeghsector isdetegtathin dhe firsb or the ssecond regiondiffergnt ayer
-nom the other region from. which Lne unrecorded sector has been
oiminaed sthen rheedatanis written to the wetdctéd unrecardednsectamcording
[OO3I] In a four--n aspect, there is provides: a recording apparatus for
regiting data tocaldaterecordidg nigdiumame

15



having at least two rewritable recording layers, said recording apparatus

comprising: first recording control means for controlling data recording to

said data recording medium in such manner that if an inst ucti_on to

eject., said data recording medium from said recording apparatus is

given, with data having been written to -recording- areas of each of the
Pretording layefs=idfthe medium then-as areasndiestinya terfocras and

recording area end at substantijally the same physical position across all .

CeRitTetordiy 1961 istGreatedinFeferent8 fo the CHosttiord the daty s+

~written in the radially outermost recaording area of said data recordin .
lﬁwed?ﬁﬁ%gse@on&lar%%&%inég%gﬁtroIlr%ea%%?or &)gntrg}ilr?g th?eléasg%l gions

c[geording to.sajd daja reqarding mediymip,sugh amarjner ihatf there, o
exgt unrecorded sectors devoid of data radially inside of said area

oindicating the temporary recording area;end in,each. of said recording g,

sayers, then formatting data is written to said unrecorded sectors; third

precording control-meanssfor.controlling the data secording.to-saiddatdector
recording medium in such a manner that if an instruction to mount said

Jdatairecerding-mediums ongsaid recording appaiatuscafter sakkingtiaeton by
to ejectis giver., then said formatting data is written over said temporary
aregeding areaandhwit-ehrtetuntecarded sectors aevaid of datawiShcorded
saia recording areas of each
sector 1in the first region of interest or 1in the
positionally corresponding second region; the controlling
step further controlling the data recording in such a
manner that 1f the first data or the second data 1is
written to the first region or the second region thus
eliminating the unrecorded sector from the first or the
second region and 1f an unrecorded sector 1s detected in
the first or the second region different from the other
region from which the unrecorded sector has been
eliminated, then the first data i1s written to the
detected unrecorded sector.
[0030]

In example embodiments, where the recording
medium, recording method, program, or recording medium 1s

in use, a recording area of a first recording layer of

the data recording medium is divided
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of the recording layers of the medium. 1 ?a ~OC?2 In a fifth aspect, there
is provided a recording method for writing data to a data recording
medium having at least two rewritable recording layers and mounted on a
recording apparatus, said recording method comprising the steps of:
firstly controlling data recording to said data In S'-IC-"l a manner that ir- __
Tam insIAGGHIRDATFSLY' diRE TREdIE T 6 Bjett said datatéedrd-rg mediumt1rst
from said recording apparatus is given, with data having been written to
I RSEOFdinG GredS 61 E4ch ofthe refordh6 F4/ers BF the® higdiuf? theh ar SO
area indicatin a temporary, %ee(,:orggnxg area gngmat substfg iaI\»/ithee sagme. ..

r (O n L aVEer - OT e . I 1 . AS e
physical’positiohn across alF&5id fecording 1ayers is created in reference

. to the pasition., of the .data written in the radially  outermast recording area
18];£ said data rj%%:gF:dalrj?gidzn?/ediu(r)n%;eseEQf(%r(fcﬁ)r/1 C(g:jontr%)ﬁi%}gf-fﬁw‘fgq data ?e%%lr“ |ﬁ§ to at

s5@id.data ;recerd._pgmediym in tgHsj‘@ admanngpthat if there eX.-Sene  £irst

unrecorded sectors devoid of data radially inside of said area indicating
r%@&ﬁﬁ%ar&‘é‘%‘%@ﬁ@g areg,end ineach; of said recordinglayersy eheR ding

formatting data is written to sa_c unrecorded sectors; thirdly controlling

nth€idadais controlled in such a manner that if one of the
first regions targeted to be written with first data for
formatting or one of the second regions in substantially
the same position as the first region has an unrecorded

£

sector devoid of the first data or of second data
designated by & user, then the first data is written to
the unrecorded sector in the first region of interest or
in the positionally corresponding second region. The data
recording is further controlled in such a manner that if
the first data or the second data is written to the first
region or the second region thus eliminating the
unrecorded sector from the first or the second region and
if an unrecorded sector 1s detected in the first or the
second region different from the other region from which
the unrecorded sector has been eliminated, then the first
data is written to the detected unrecorded sector.
[0031]

In a fourth aspect, there is provided a recording

apparatus for writing data to a data recording medium

having at least two rewritable recording layers, said

17



recording to said data recording medium in such a manner that if an
instruction to mount said. data recording medium on said recording
apparatus after said instruction to e-..,.ect is given, then said formatting
data is written over Sala temporary recorod_n_q area and written to

. gnre§g£%ed sgctoa@ g%}’f’id- &1; Igllataivgi:yrwlin_sai% recq{:dinrge%S areas of e%%htro 1
of the recgrdin}agayers of the Thedidm. 18a [ T n a Sixth aspeqct, there

niS:provided a pragram for caysing g compuiertowitg datatoadatay  ya¢q

recording medium having at leas- two rewritable recording layers and

rAaunted gn adecording-apparatus, said-prograp, compeising the steps of 1 on
firstly controlling data recording tc said data recording medium in such a

rnanner-that i an ingtruction: Jdo-ejectsaiddatarecording smediun #eprding
sa-d recording apparatus is given, with data having been written to
arecordingareas of gaehrof the irecording dayersof the medium, thencarn to
area indicating a temporary recording area end at subs_ant-ally the same
rphysicalposition asross alksaid recordingdayees isr drieatedlin yefesencé the
co the position of the data written r. the radially outermost recording area
meflsait datd aecerdirmy mediumtisetbhdly controllingthe dakerebiding area

end at substantially the same physical position across all
said recording layers 1s created 1in reference to the
position of the data written in the radially outermost
recording area of said data recording medium; second

recording control means for controlling the data recording

to said data recording medium in such a manner that if
there exist unrecorded sectors devoid of data radially
inside of said area indicating the temporary recording
area end in each of sald recording layers, then
formatting data 1is written to said unrecorded sectors;
third recording control means for controlling the data
recording to said data recording medium in such a manner
that if an instruction to mount said data recording medium
on said recording apparatus after said instruction to
eject 1s given, then said formatting data is written over
sald temporary recoding area and written to unrecorded
sectors devoid of data within said recording areas of each

of the recording layers of the medium.



to said data recording medium in such a manner that if there exist
unrecorded sectors devoid of data radially inside of said area indicating
the temporary recording area end in each of said record.--ng layers, then
formatting data is written to said unrecorded sectors; thirdly controlling
the data recording to said data recording medium in such a manner that if
[8A fitstruction to mount said data recording medium on said recording

apparatus after said instruction eject is given, 'hen_said formact-ng data is.
written ‘ovet sé& %a%poarlgl%e Fetc’odi%t&%%a and whitter 16 'firc11recaordge%cOm?JL e

sector void of a.data within said rec r%ing eas of each of the ,
g LVt G rAdEre 108 COBMT Ao DECioDad o5 pesbyGa 0

a@”?éSSQWW%bmFQ%@ItQHM@"%E@@?%EH%OE£§§Q§DQHQWH8&E@%d on a

recordinc to the data recording medium in such a manner that if an

rstyctiondo giect the data regardinemedium, fromthesecotding i sing the
apparatus is Given, with data having been written to recording areas of

seaghofthe recarding, layers ebtheimedivay, dherean areanindicatingad data
temporary recording area end at substantially the same physical. position

racross all dheneetornding tayersds ceeatethinrer that if an instruction
to eject said data recording medium from said recording
apparatus 1s given, with data having been written to
recording areas of each of the recording layers of the
medium, then an area indicating a temporary recording
area end at substantially the same physical position
across all said recording layers is created in reference
to the position of the data written 1in the radially
outermost recording area of said data recording medium;
secondly contrcolling the data recording to said data
recording medium 1in such a manner that 1f there exist
unrecorded sectors devoid of data radially inside of said
area 1indicating the temporary recording area end in each
of said recording layers, then formatting data i1s written
to said unrecorded sectors; thirdly controlling the data
recording to said data recording medium in such a manner
that 1f an instruction to mount said data recording
medium on saild recording apparatus after said instructicn
to eject is given, then said formatting data is written
over saild temporary recording area and written to

unrecorded sectors devoid of data within said recording
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reference to the position of the data written in the radia-l_y outermost
recording area of the data recording medium; and secondly controlling
the data recording to the data recording medium in such a manner that if
there exist unrecorded sectors devoid of data radia--1y ‘inside . 2C of the
area indicating the temporary recording area end in each of the recording
I57E s CthehForm O tihg ata 2° Wit toTHE hrirecorddt s&&ors- fo0351
-n example embod-:ments, where the above-outlined recording medium,
recording method, program, or recording medium is in use, data
recording to the data recording medium is first controlled in such a
manner that an instruction to eject the data recording medium from the
recording apparatus is given, with data having been written to recording
areas of each of the recording layers of the med__um, then an area
indicating a ..emoora-y recording area end at su:ostanti.ally the same
physical position across all the recording layers is crated in reference to
the o .._ tor_ of the data written i- the radially outermost record-ng area
of the data recording medium. ?he data recording to the data recording
medium fu=nor con-rolled in such a manner that _f there exist unrecorded
sectors devoid of data radially inside

o
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of the area indicating the temporary recording area end n each of the
recording layers, then formatting data. is written to the unrecorded
sectors. Effect of the 'invention) 00361 21 According to example
embodiments as outlined above, data can be reproduced front optical
disks, in particular from two-layer optical disks that have yet to be

[ftritted como'_etely. [Brief Description of the Drawings] [0037] Fig. - is
a schematic view explanatory of ordinary two-layer optical disk. [Fig. .
Fig. Z?irs1 ablock ¢ %grgr%p s%%%\iing% g%ﬁcd{ %tr‘%%ﬁﬁé %r?apreaco?d:lﬁa %%rg oF

cERedueng 2pRaBlis. acqoringadhe present iyentionsJF9- AT aing

and 3B are schematic views showing recording areas of a paraltie

nPe gptical disk. g 41 Fins. 4A and 4B are,schemalic Views showing 1ayers

recordinc areas of ar opposite type optical disk. [Fig.u 5]
and mounted on a recording apparatus, said program

Fh

comprising the steps of: firstly controlling data
recording to said data recording medium in such a manner
that if an instruction to eject said data recording
medium from said recording apparatus 1s given, with data
having been written to recording areas of ecach of the
recording layers of the medium, then an area indicating a
temporary recording area end at substantially the same
physical position across all said recording layers 1s
created 1in reference to the position of the data written
in the radially outermost recording area of sald data
recording medium; secondly controlling the data recording
to said data recording medium in such a manner that i1f
there exist unrecorded sectors devoid of data radially
inside of said area indicating the temporary recording
area. end 1n each of said recording layers, then
formatting data 1s written to said unrecorded sectors;
thirdly controlling the data recording to saild data
recording medium in such a manner that 1f an instruction
to mount said data recording medium on said recording
apparatus after said instruction to eject is given, then
said formatting data 1s written over said temporary

recoding area and written to unrecorded sectors devoid of
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Fig. 5 is a tabular view listing typical information tc be recorded to a zone
called 3DO03. Fig. 6] Figs. 6A, 6B, 6C, 6D and 6E are schematic views 22
explanatory of a background formatting process performed on the parallel
type optical disk. [Fig. 7] Fig. 7A, 7B, 7C, 7D and 7E are schematic views
explanatory of a background formatting process performed qn the .
IEpBoSE P oPHca FOEFR BF FIEE B1S aSoheiatic Vew BXplaR&IH "9
lof how user areas are 'E}lrﬁ)ically divided. [Fig. 9] Fig. 9 is a schematic view
ae%ﬁli%rslaféry of fow & dé- ICing process is performed on the regions
making up the user areas. [Fig. 10] Fig. 10 is a block diagram showing a
typical functional structure of a control section. [Fig. 11] Fig. 11 is a
flowchart of steps constituting part of a background formatting process.

[Fig. 12]



Fig. 12 is a flowchart of other steps constituting part of the background
formatting process. [Fig. 13] Fig. 13 is a flowchart of steps constituting a
23 formatting process performed on a region Rx. [Fig. 14] Fig. 14 is a
tabular view explanatory of the last written address for each region Rx.
[Fig. 15] Fig. 15 is a flowchart of other steps constituting part of the
'Back§dound formatting process. [Fig. 16] Fig. 16 is a flowchart of other

steps constituting part of the background formafting process. [Fig. 17] Fig.,
17 s o fohaft b LGRS Stings 5 ARting pr Goekt BATRREERCL ur

;3 region Rx. [Descriptio foésf{efeé 1ce Symbols] 003@%%%%%‘%%‘5‘ and, .
reproaucing apparatus, information processing apparatus, optical

rcg%léjr%tug nt{c%!_ S%%t.éondggé{vo%@gMthSﬁn%@%pigﬁu_pséghSi%n%anner
processing section, 71. reproduced signal processing section, 72 memory

éﬁg@nﬂ%ngébﬂﬁgEruction to eject the data recording medium
from the recording apparatus 1is given, with data having
been written to recording areas of each of the recording
layers of the medium, then an area indicating a temporary
recording area end at substantially the same physical
position across all the recording layers 1s created 1in
reference to the position of the data written in the
radially outermost recording area of the data recording
medium; and secondly controlling the data recording to

the data recording medium in such a manner that 1f there

exlst unrecorded sectors devoid of data radially inside

20



memory, 74 interface, 75 recording signal processing section, 331
determination section, 332 division section, 333 disk access processing
section, 334 last written address storage section, 335 formatting process
section, 24 336 formatting region storage section, 401 de-icing process
section, and 402 temporary end data recording control section. [Best

o MotleForCarying SuttheliRdentidR] [EU30P Preét&rédembotifents 6fthed

. present invention will now be described in reference_to the accompanying ,

Tir&ings. 100401 Fid. PR BI08K didgFam 'showiiy a fypical stiugtré ofa - °

recording ancjae roducing apparatus 31 according to the present
Wﬂll\(jcetn idn.f00 [ﬁPTHQ rr&é%rﬁ%%%n? r%%%&dcing apparatus 31. is

[gggrg?cted to an information processing apparatus 32 such as a personal
computer. It might happen that the information processing apparatus 32

gives an instruction, fo wiife data,tg,an optigaldisk 33 such 8s LRRW O eq

DVD+RW mounted on the recording and reproducing apparatus 31 or
rissyes adiskaseess request:ta 1ead datafrom the ogram, or recording
medium 1is 1in use, data recording to the data recording
medium 1s first controlled in such a manner that if an
instruction to eject the data recording medium from the
recording apparatus 1s given, with data having been
written to recording areas of each ‘of the recording
layers of the medium, then an area indicating a temporary
recording area end at substantially the same physical
position across all the recording layers is created in
reference to the position of the data written 1in the
radially outermost recording area of the data recording
medium. The data recording to the data recording medium
is further controlled in such a manner that 1f there
exist unrecorded sectors devoid of data radially inside
of the area indicating the temporary recording area end
in each of the recording layers, then formatting data is
written to the unrecorded sectors.

[Effect of the Invention]

[0036]
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optical disk 33. In response, the recording and reproducing apparatus 31
writes to the optical disk 33 the data supplied from the information
processing apparatus 32, or reads data from the optical disk 33 and 25
sends the retrieved data to the information processing apparatus 32. If

the information processing apparatus 32 issues a disk unmount request

to unmobiREtEGptital disk 33 retordifg andTeprodiuciig apparattsed
31 ejects the optical disk 33. [0042] The recording and reproducin ,
ahpEratus'atds SRtctdréd tTRAGEE 3Nt LRCHBR B A woTk F%‘e?nor)}“
52, a seryo control section 53, a spin(ge mator.54, an optical pickup 55,
Pind a %%eraaT p?ri]orcoergsi%vgJ%e%:fiigﬁE 567 dff]%l'h%lcsokn roﬁs& iokrgagf s/ <t Lo
ggpigg%g%@ggs%% o{) %%%rleggl-purpose central processor or _
microprocessor or of - a dedicated controller and controls the recording

[%r}di é@prggggi]pgpatpip&gatb@ 3Las %M%.glgqstratively, the control

section 51 made up of a general-purpose central processor or
Miggaprocessor reads stored programs into the work memory 52 for
execution thereby controlling the entire recording and reproducing
[@pparatus 31. Given the disk unmount request from the information
processing

Fig. 1 1s a schematic view explanatory of an

ordinary two-layer optical disk.
[Fig. 2]

Fig. 2 1is & block diagram showing a typiceal
structure of a recording and reproducing apparatus
according to the present invention.

[Fig. 3]

Figs. 3A and 3B are schematic views showing

recording areas of a parallel type optical disk.
[Fig. 4]
Figs. 4A and 4B are schematic views showing

recording areas of an opposite type optical disk.

I"Lj

[Fig. 5]

Fig. 5 is a tabular wview listing typical

information to be recorded to a zone called FDCB.

Figs. ©6A, ©B, 6C, 6D and 6E are schematic views

22



apparatus 31 via the signal processing section 56, the control section 51
causes the recording and reproducing apparatus 31 to eject the optical
disk 33. [0044] 26 Il a disk access request to write data is received from
the information processing apparatus 32 through the signal processing
section 56, the control section 51 controls the signal processing section
56 to write to the optical. disk 33 the data held in the work memory 52 or
the data supplied from the information processing apparatus 32. If a disk
access request to read data is received from the information processing

SBRParatis 32 Vvig sthe signal Procgasing seetien B8, the-contal sgetion,ol 4

controls the signal processing section 56 to read data from the optical

ofisk 33. Phe datathusyetieypd i £ithgr fed to the information processing
apparatus 32 or sent to the control section 51. [00451 When the optical

[disky 3379 mounted on the spindle of the spindle motor 54, the control
section 51 controls the signal processing section to read data from the
optical diskg33. TFhe réfrieved,datd isssupplied4o ¢hes cdoatret sectionesds
With the optical disk 33 mounted on the spindle of the spindle motor 54,

ethle lcomnybpbgectioph @ background formatting process performed

on the opposite type optical disk.

[Fig. 8]

Fig. 8 is a schematic view explanatory of how user
areas are typically divided.
[Fig. 9]

Fig. 9 is a schematic view explanatory of how a de-
icing process is performed on the regions making up the
user areas.

[Fig. 10]

Fig. 10 is a block diagram showing a typical
functional structure of a control section.
[Fig. 11]

Fig. 11 is a flowchart of steps constituting part
of a background formatting process.
[Fig. 12]

Fig. 12 is a flowchart of other steps constituting
part of the background formatting process.
[Fig. 13]

Fig. 13 is a flowchart of steps constituting a
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51 may also control the signal processing section 56 to write the data
generated by the section 56 to the optical. disk 33. [0046] 27 If a disk
access request is sent from the information processing apparatus 32 or if
the optical disk 33 is mounted on the spindle of the spindle motor 54, the
control section 51 generates a signal for rotationally driving the optical
disk 33 and supplies the generated signal to the servo control section 53.
[0047] When writing or reading data to or from the optical disk 33, the
control section 51 controls the optical pickup 55 to emit a light beam to
fhe disk (331 F yrtlerase pibe tontretisection Sleganerates tracking and
focus control signals based on a tracking error signal and a focus error
kitjreal séritifrom the signal processing section 56. The control signals
thus generated are supplied to the servo control section 53. [00481 The
work mefbfly 52 4s picallyFrade tp 6 awveistiebrHopvolagiie the last
semiconductor memory and retains previously stored programs or

HrdddternMBaTRES tHR m&R Be dfsplied t&the control section 51. As
figeded. the A

Fig. 15 is a flowchart of other steps constituting
part of the background formatting process.
[Fig. 16]

Fig. 16 is a flowchart of other steps constituting
part of the background formatting process.
[Fig. 17]

Fig. 17 is a flowchart of steps constituting a
formatting process performed on a region Rx.
[Description of Reference Symbols]

[0038]

31 recording and reproducing apparatus, 32
information processing apparatus, 33 opticalﬁdisk, 51
control section, 52 work memory, 55 optical pickup, 56
signal processing section, 71 reproduced signal
processing section, 72 memory controller, 73 buffer
memory, 74 interface, 75 recording signal processing
section, 331 determination section, 332 division sectiQn,
333 disk access processing section, 334 last written

address storage section, 335 formatting process section,
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work memory 52 accommodates the data and programs sent from the
information processing apparatus 32. The work memory 52 also supplies
its stored data to the control section 51. lllustratively, the work memory 52
stores the 28 data or the programs sent from the information processing
apparatus 32 or from the signal processing section 56 and

accommodates the data or programs retrieved from the optical disk 33 by
way of the control section 51, [0049] In keeping with the signal from the
control section 51 for rotationally driving the optical disk 33, the servo

Toptrebsection 93 rotalgs the spindieff the spindle mater %-icin%

Furthermore, the servo control section 53 drives the optical pickup 5
pesed 98 cantriol signalsneomiy fremibe septrelrsectian 51,5025 19ing
move the optical pickup 55 relative to the optical disk 33. [0050] Under
wontrobdf the seivmcontrol section 53, the spindle motor 54 rotationally
drives the optical disk 33 mounted on the spindle. [0051] The optical
pickeip 3B dadrien irler raoking whdtfoeus woatrdlicfithe servo control

[s(c)agt?i)%r} 53. lllustratively, the optical pickup 55 is subjected to

Preferred embodiments of the present invention will
now be described in reference to the accompanying
drawings.

[0040]

Fig. 2 is a block diagram showing a typical
structure of a recording and reproducing apparatus 31
according to the present invention.

[0041]

The recording and reproducing apparatus 31 is
connected to an information processing apparatus 32 such
as a personal computer. It might happen that the
information processing apparatus 32 gives anainstruction
to write data to an optical disk 33 such as CD-RW or
DVD+RW mounted on the recordingland reproducing apparatus
31 or issues a disk access request to read data from the
optical disk 33. In response, the recording and
reproducing apparatus 31 writes to the optical disk 33

the data supplied from the information processing

apparatus 32, or reads data from the optical disk 33 and
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tracking control by the servo control section 53 in such a manner that the
spot of light emitted by the optical pickup 55 to the optical disk 33 follows

the track on the disk 33. The optical pickup 55 is also subjected to focus

29 control by the servo control section 53 in such a manner that the spot

of light emitted by the optical pickup 55 to the optical disk 33 is focused

onto the recording layer of the disk 33. [0052] Under control of the control
section 51, the optical pickup 55 energizes its internal laser diode to emit

a light beam (laser) to the optical disk 33. More specifically, when data is
t@hdvritten todthe Dptieal disk 33t thecopticah piskua 55 amdereerise) 0f g
the control section 51 varies the output intensity of the light emitted by
grplaserdivdedn keepirigwith af recordingsignab sepplieddrap ke signal 32
processing section 56. [0053] By emitting the light beam to the optical
KIS theddpticalpiekis: 55 ¥ecaigss-thedightrsfleeted-fremothieidisk 3g81isk
and converts the received light into an electrical signal representative of

e int&TsitySTRE it ot SIBBFiRANSidRA tRESaEqHER I8 SuppRst® the
optical disk 33.

[0042]

The recording and reproducing apparatus 31 is
structured to include a control section 51, a work memory
52, a servo control section 53, a spindle motor 54, an
optical pickup 55, and a signal processing section 56.
[0043]

The control section 51 is typically composed of a
general-purpose central processor or microprocessor or of
a dedicated controller and controls the recording and
reproducing apparatus 31 as a whole. TIllustratively, the
control section 51 made up of a general-purpose central
processor or microprocessor reads stored programs into
the work memory 52 for execution thereby controlling the
entire recording and reproducing apparatus 31. Given the
disk unmount request from the information processing
apparatus 31 via the signal processing section 56, the
control section 51 causes the recording and reproducing

apparatus 31 to eject the optical disk 33.

[0044]
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the signal processing section 56. [0054] When data is to be written to the
optical disk 33, the signal processing section 56 under control of the 30
control section 51 generates the recording signal representative of the

data to be written to the disk 33. The recording signal thus generated is

fed to the optical pickup 55. When data is to be read from the optical disk
33, the signal processing section 56 under control of the control section

51 reproduces the data from an electrical signal which is received from

the optical pickup 55 and which represents the intensity of the light
receivediby theipickup 85cThke repradyced datasds senteither iatheeceived
control section 51 or to the information processing apparatus 32. [0055]
fihersighal processing sectionrsfrisssiructuregpa include areptodvicgd the
signal processing section 71, a memory controller 72, a buffer memory

387 anlinterface $#4, nand acédondingtsigdl processinglsestioh & The
interface 74 is connected to the information processing apparatus 32.

JOD58] e feproducEersigmal Precessiig Seetibhq 56 to write to the
optical disk 33 the data held in the work memory 52 or
the data supplied from the information processing
apparatus 32. If a disk access request to read data is
received from the information processing apparatus 32 via
the signal processing section 56, the control section 51
controls the signal processing section 56 to read data
from the optical disk 33. The data thus retrieved is
either fed to the information processing apparatus 32 or
sent to the control section 51.

[0045]

When the optical disk 33 is mounted on the spindle
of the spindle motor 54, the control section 51 controls
the signal processing section to read data fgom the
optical disk 33. The retrieved data is supplied to the
control section 51. With the optical disk 33 mounted on
the spindle of the spindle motor 54, the control section
51 may also control the signal processing section 56 to
write the data generated by the section 56 to the optical

disk 33.

(0046]
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generates a reproduced signal that reproduces data from the optical disk
33 by rectifying the waveform of the electrical signal fed from the optical
pickup 55 and by extracting specific frequency components from the 31
waveform-rectified signal. lllustratively, the reproduced signal processing
section '71 subjects the reproduced signal thus generated to particular
processing such as eight-sixteen demodulation and sends the data
resulting from the process to the memory controller 72. [0057] On the
basis of the electrical signal coming from the optical pickup 55, the
reproducéd sigril processings sectibre?L generatastthétrackireerror
signal and focus error signal. The tracking error signal and focus error
SiYFRAFNAGS §BneraRs At Sith it s el etrory Eohtroliérer 2rpbss]
The memory controller 72 forwards the data coming from the reproduced
dighial procSsifty WBEfish PLd e BB HENlY ’?@%s%éﬂ@gee%ﬁor 54,
data either from the reproduced signal. processing sectiop 71 or from the
h ntr C%L tlgn El{'f gF ‘JD %%réa;[%e

biifter Menicty 735 the ménory €ontrofier72 forwa ddta to the

gopuolisection fla%rit%ﬁ% InfREMAIQN, PIqCessing apparatys g hrauah )
the Interface 74.

generated signal to the servo control section 53.

[0047]

When writing or reading data to or from the optical
disk 33, the control section 51 controls the optical
pickup 55 to emit a light beam to the disk 33.
Furthermore, the control section 51 generates tracking
and focus control signals based on a tracking error
signal and a focus error signal sent from the signal
processing section 56. The control signals thus generated
are supplied to the servo control section 53.

[0048]

The work memdry 52 is typically made Jb of a
volatile or nonvolatile semiconductor memory and retains
previously stored programs or predetermined data that may
be supplied to the control section 51. As needed, the
work memory 52 accommodates the data and programs sent
from the information processing apparatus 32. The work

memory 52 also supplies its stored data to the control

section 51. Illustratively, the work memory 52 stores the
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[0059] The memory controller '72 also forwards the tracking error signal.
and focus error signal coming from the reproduced signal processing
section 71 to the control 32 section 51. [0060] Furthermore, the memory
controller 72 supplies as needed the buffer memory 73 either with the
data sent from the information processing apparatus 32 via the interface
74 for recording to the optical disk 33 or with predetermined data fed from
the control section 51. The memory controller 72 also supplies the
recording signal processing section 75 with the data retrieved from the

deuffer srerpry P3.omithithe dataded from thednformation treeessing-essing
apparatus 32, or with predetermined data sent from the control section

abh 40661 sTheEzbufferimemory: €3 ssiijustiativety-eamposedsefca volatites and
memory such as DRAM (Dynamic Random Access Memory) and

ateaporady tetainsdatdadoining fronptheantenicry coatrolierfZ2j006 2%
lllustratively, the recording signal processing section 75 subjects the data
q@H%@%ﬁe¢ﬁéﬁo%ﬁc@Mnﬂ%¥ of the control section 51.

[0049]

In keeping with the signal from the control section
51 for rotationally driving the optical disk 33, the
servo control section 53 rotates the spindle of the
spindle motor 54. Furthermore, the servo control section
53 drives the optical pickup 55 based on control signals
coming from the control section 51 so as to move the
optical pickup 55 relative to the optical disk 33.

[0050]

Under control of the servo contrcl section 53, the
spindle motor 54 rotationally drives the optical disk 33
mounted on the spindle.

[0051]

The optical pickup 55 is driven under tracking and
focus control of the servo control section 53.
Illustratively, the optical pickup 55 is subjected to
tracking control by the servo control section 53 in such
a manner that the spot of light emitted by the optical
pickup 55 to the optical disk 33 follows the track on the

disk 33. The optical pickup 55 is also subjected to focus
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72 for recording to the optical disk 33 to specific processing such as
eight-sixteen demodulation and sends the data resulting from the process
to the optical pickup 55. 33 [0063] Generally, of the two data-recording
layers constituting a two-layer optical disk having one recordable side,

the layer closer to the light-emitting optical pickup is called the layer LO
and the layer away from the optical pickup is called the layer L1. The two-
layer optical disk comes in two types: parallel. type optical disk, and
opposite type optical disk. [0064] On the parallel type optical disk, a
feadtincdrel vistdreated radiatty imsidelofssergcording areaninseadh of thenner
layers LO and LI. A read operation on the recording areas of the layers
torand D¢ imishereatlirghdatarbht ade Padisieinnetmest sidel tokthe 55
radially outermost_side of each layer on the optical disk. In the event of a
tead-Bperdibh oithe Fekordihglate d S therdyerto o therSisiustéigpe

]ggtical dist,‘EcEta idsljr:ead from the radially innermost side to the radially
Otermost side of %kop%i%al disk. By contrast, when data is to be read
Er(%%gn]e recording area of the L1 layer, the data is read

Under control of the control section 51, the
optical pickup 55 energizes its internal laser diode to
emit a light beam (laser) to the optical disk 33. More
specifically, when data is to be written to the optical
disk 33, the optical pickup 55 under control of the
control section 51 varies the output intenéity of the
light emitted by the laser diode in keeping with a
recording signal supplied from the signal processing
section 56.

[0053]

By emitting the light beam to the optical disk 33,
the optical pickup 55 receives the light refiected from
the disk 33 and converts the received light into an
electrical signal representative of the intensity of the
light. The electrical signal thus acquired is supplied to
the signal processing section 56.

[0054]

When data is to be written to the optical disk 33,

the signal processing section 56 under control of the
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from the radially outermost side to the radially innermost side of the
optical disk. [0065] The parallel and opposite type optical disks will 34
now be explained in reference to Figs. 3A through 4B. [0066] Figs. 3A
and 3B are schematic views showing recording areas of the parallel type
optical disk. In Fig. 3A, the vertical direction denotes the physical sector
numbers of the physical sectors created in the recording areas of the
optical disk, and the horizontal direction goes from the radially innermost
side to the radially outermost side of the optical disk. A straight line G11

ndieates the physicalssector pumiers of reveralgsitians in I epording

areas of the optical disk. Arrows F11 through F14 point to the positions of

MUBIESt O e stight ling 1L Q06 4 Axshown indHg3Aa lead:iBy 33,

area 91 is created radially inside of the recording area in the layer LO.

Next e therleaddn auem 9l issd useaiga Q2 tedvhieh @ avrite data: Nt ical
to the user area 92 and radially outermost of the recording area in the
payet i Boa lemneout @nean 93 indicating the endingquosition afifhe cal disk
33, the signal processing section 56 under control of the
control section 51 reproduces the data from an electrical
signal which is received from the optical pickup 55 and
which represents the intensity of the light received by
the pickup 55. The reproduced data is sent either to the
control section 51 or to the information processing
apparatus 32.

{0055]

The signal processing section 56 is structured to
include a reproduced signal processing section 71, a
memory controller 72, a buffer memory 73, an interface 74,
and a recording signal processing section 75. The
interface 74 is connected to the information processing
apparatus 32.

[0056]

The reproduced signal processing section 71
generates a reproduced signal that reproduces data from
the optical disk 33 by rectifying the waveform of the

electrical signal fed from the optical pickup 55 and by

extracting specific frequency components from the
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user area 92 in the layer LO. [0068] A lead-in area 94 is created radially
inside of the recording area in the layer L1. Next to the lead-in area 35

94 is a user area 95 to which to write data. Next to the user area 95 and
radially outermost of the recording area in the layer LI is a lead-out area
96 indicating the ending position of the user area 95 in the layer LI. The
lead-out area 96 of the layer Ll is slightly greater than the lead-out area

93 of the layer LO. [0069] Suppose that the recording and reproducing
apparatus 31 reads data successively starting from the beginning of the
wisee rean92 ¢icet Lffdmdhe posiibn next tosthedeadrimiareatdiy followesiuced
by the user area 95 in the layer LO. In that case, the recording and
seproducingcappasatug 3d<firstieads datafroarthe usee arep®2duced
successively starting from its leftmost position toward the right in the layer
%928 5ebh Ui Fif B 218ANG Pe&h H&ECHAM e Fighsest position of ive
user area 92 (i.e., from the position adjacent to the lead-out area 93), the
TEEOirY & FabroGUGAY hppardtus' 31 tiGT FeadS Gatddfcin IS tddring

r n ivel rti from its rightm ition toward the left in
f?ﬁ§%a?}§ek%ceo Sgggtegsy %tg ttqge rgemésrygc%nqcsrtg?%ég 7t%a

[0057]

On the basis of the electrical signal coming from
the optical pickup 55, the reproduced signal processing
section 71 generates the tracking error signal and focus
error signal. The tracking error signal and focus error
signal thus generated are supplied to the memory
controller 72.

[0058]

The memory controller 72 forwards the data coming
from the reproduced signal processing section 71 to the
buffer memory 73 as needed. Given data either from the
reproduced signal processing section 71 or f;om the
buffer memory 73, the memory controller 72 forwards the
data to the control section 51 or to the information
processing apparatus 32 through the interface 74.

[0059]
The memory controller 72 also forwards the tracking

error signal and focus error signal coming from the

reproduced signal processing section 71 to the control
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Li. [0070] Suppose now that as when reading data, the recording and
reproducing apparatus 31 successively 36 writes user-.designated data to
the user areas 92 and 95 starting from the beginning of the user area 92
in the layer LO from the position next to the lead-in area 91). In such a
case, the recording and reproducing apparatus 31 first writes the data to
the user area 92 starting from its leftmost position toward the right in the
layer LO. Having written the data to the rightmost position of the user
area 92 (i.e., to the position adjacent to the lead-cut area 93), the
Jecqrding and reproducing apparatus 31 then writes the data to the user
area 95 consecutively starting from its leftmost position toward the right in
tlo@ Eyer LI. [0071] The recording areas of the optical disk are divided into
regions of a predetermined size (i.e., physical sectors) As indicated by
the straight tine<Gihdhe physicahseciorg arerassighed physicakggeldres as
numbers (PSN) that continue serially from the radially innermost physical
seetbrdo the rauidlifcoutevenost physSicalisdctor on the bpticalldisk. sent
lllustratively, the physical sector
from the information processing apparatus 32 via the
interface 74 for recording to the optical disk 33 or with
predetermined data fed from the control section 51. The
memory controller 72 also supplies the recording signal
processing section 75 with the data retrieved from the
buffer memory 73, with the data fed from the information
processing apparatus 32, or with predetermined data sent
from the control section 51.
[0061]

The buffer memory 73 is illustratively composed of

a volatile memory such as DRAM (Dynamic Random Access

Memory) and temporarily retains data coming from the
memory controller 72.
[0062]

Illustratively, the recording signal processing
section 75 subjects the data fed by the memory controller
72 for recording to the optical disk 33 to specific
processing such as eight-sixteen demodulation and sends

the data resulting from the process to the optical pickup

55.
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number of the physical sector (recording area position) indicated by the
point of intersection of the arrow F11 and straight line Gil denotes the
physical sector including the ending position of the lead-in area 91 as 37
well as the physical sector number (e.g., "02FFFFh") of the physical
sector including the ending position of the lead-in area 94. [0072]
Likewise, the physical sector number of the physical sector indicated by
the point of intersection of the arrow F12 and straight line Gil denotes the
physical sector including the starting position (beginning) of the user area
Poas3well as the physical sector number (e.g., "030000h") of the physical
sector including the starting position of the user area 95. The physical
sector némberr ot the, phySidal sector inthdaied by thelpaint dbiptarsection
of the arrow F13 and straight line G11 denotes the physical sector
drelading Eparticalat woshtiyicof the bserdredigkadwell ag the physical
sector number of the physical sector including the ending position of the
TREPAFEPIS. THelShysicd seetd? hufnlse? <6t the physicalsdetorardit&tbda

by the point of intersection_of the arrow E'14 and straight line GIl denotes

‘fﬁébﬁ?&c&l&fé&‘f& inSludmytRé ehdfhgioliion-0 and the layer away

from the optical pickup is called the layer L1l. The two-
layer optical disk comes in two types: parallel type
optical disk, and opposite type optical disk.

[0064]

On the parallel type optical disk, a lead-in area
is created radially inside of a recording area in each of
the layers LO and Ll1. A read operation on the recording
areas of the layers LO and Ll involves reading data from
the radially innermost side to the radially outermost
side of each layer on the optical disk. In the event of a
read operation on the recording area in the layer LO on
the opposite type optical disk, data is readgfrom the
radially innermost side to the radially outermost side of
the optical disk. By contrast, when data is to be read
from the recording area of the L1 layer, the data is read
from the radially outermost side to the radially
innermost side of the optical disk.

[0065]

The parallel and opposite type optical disks will
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of the user area 92 as well as the physical sector number of the physical
sector including a specific position of the lead-out area 96. [0073] 38
Thus as shown in Fig. 3B, the same physical sector number "030000h" in
fact represents two physical sectors: the physical sector including the
starting position (beginning) of the user area 92, and the physical sector
including the starting position of the user area 95. In Fig. 3B, the left-hand
side of the user area 92 indicates radially inside recording areas; the
right-hand side of the user area 92 denotes radially outside recording

eAS Siilarly; thedeftzhapdside attheuser arga 95 indicatesadialy
inside recording areas; the right-hand side of the user area 95 denotes
radiakty outside recording areas. (0074] In Fig. 3B, the physical sector
including the ending position of the user area 92 is assigned the physical

sector nuiiber."E3d RSN(QE the physibahsectar edrsespaniding togthe

point of intersection of the arrow F14 and straight line G11 in Fig. 3A. The
physicdliserter érctudirdg tHeeending posilions vbtheoyser aaéa 953 givém Fig.
the physical sector number "End PSN(1)," the

3A, the vertical direction denotes the physical sector
numbers of the physical sectors created in the recording
areas of the optical disk, and the horizontal direction
goes from the radially innermost side to the radially
outermost side of the optical disk. A straight line G11
indicates the physical sector numbers of several
positions in the recording areas of the optical disk.
Arrows F11 through F14 point to the positions of interest
on the straight line G11.

[0067]

As shown in Fig. 3A, a lead-in area 91 is created
radially inside of the recording area in the layer LO.
Next to the lead-in area 91 is a user area 95 to which to
write data. Next to the user area 92 and radially
outermost of the recording area in the layer LO is a
lead-out area 93 indicating the ending position of the
user area 92 in the layer LO.

[0068]

A lead-in area 94 1is created radially inside of the

recording area in the layer Ll. Next to the lead-in area
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physical sector corresponding to the point of intersection of the arrow F13
and straight line Gil in Fig. 3A. [0075] 39 Meanwhile, as shown in Fig. 4A,

the layer L1 of the opposite type optical disk has no lead-in area. [0076]

in Fig. 4A, the vertical direction denotes the physical sector numbers of

the physical sectors created in the recording areas of the optical disk, and
the horizontal direction goes from the radially innermost side to the

radially outermost side. Straight lines G21 and G22 indicate the physical
sector numbers of several positions in the recording areas of the layers

B® and I ondhe optical disk: ArrawnisdF2 k threugh E23 point tontbet to the
positions of interest on the straight line G21; arrows F24 and F25 denote
theepositiorts Sfinterestordthe 1 dtyaighttlinenG22. [0077hAs showndi fig.area
4A, a lead-in area 111 is created radially inside of the recording area in

tHe 1aher HoyNext o ife Radgadreartl 2isea uBér arediripttorwhitheto
write data. Next to the user area 112 and radially outermost of the

ﬁ&%ﬁﬁHgEﬁééﬁFﬂ%|8§eﬁﬂ§i§§ef area 95 in the layer L1. The
lead-out area 96 of the layer L1 is slightly greater than

the lead-out area 93 of the layer LO.
10069]

Suppose that the recording and reproducing
apparatus 31 reads data successively starting from the
beginning of the user area 92 (i.e., from the position
next to the lead~in’area 91) followed by the user area 95
in the layer LO. In that case, the recording and
reproducing apparatus 31 first reads data from the user
area 92 successively starting from its leftmost position
toward the right in the layer LO as seen in Fig. 3A.
Having read data from the rightmost position of the user
area 92 (i.e., from the position adjacent toathe lead-out
area 93), the recording and reproducing apparatus 31 then
reads data from the user area 95 consecutively starting
from its rightmost position toward the left in the layer
L1.

[0070]
Suppose now that as when reading data, the

recording and reproducing apparatus 31 successively
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middle area 113 indicating both the ending position of the user area 112
in the layer LO and a turning position between the layer LO and the layer
Li. [0078] 40 Radially outside of the recording area in the layer Ll is
another middle area 114 indicating both the starting position of the user
area 115 in the layer L1 and a turning position between the layer LO and
the layer LI. To the left of the middle area 114 is a user area 115 to which
to write data. To the left of the user area 115 and radially innermost of the
recording area in the layer L1 is a lead-out area 116 pointing to the

engdingsposition. pf dhey Hserareadds indhe layen bk Fhe Jeadsoybareay 95
116 of the layer Ll is slightly larger than the lead-in area 111 of the layer
d10s {0079} Stippease ltkatihe recordingandaepratiisings apparatus 31 t he
reads data successively starting from the beginning of the user area 112
l(ag e frohDtheipasitiont next tolthe pead-iniamearierxtl followied bycthd -user
area 115 in the layer LO. In that case, the recording and reproducing
Appardtus 31 first Felels datafom thehgsereareadiliXosyoedssivsly starting g

from its leftmost position toward the right in the layer LO as seen in Fig.
apparatus 31 first writes the data to the user area 92

starting from its leftmost position toward the right in
the layer LO. Having written the data to the rightmost
position of the user area 92 (i.e., to the position
adjacent to the lead-out area 93), the recording and
reproducing apparatus 31 then writes the data to the user
area 95 consecutively starting from its leftmost position
toward the right in the layer L1.

[0071]

The recording areas of the optical disk are divided
into regions of a predetermined size (i.e., physical
sectors). As indicated by the straight line G11, the
physical sectors are assigned physical SectQ£ numbers
(PSN) that continue serially from the radially innermost
physical sector to the radially outermost physical sector
on the optical disk. Illustratively, the physical sector
number of the physical sector (recording area position)
indicated by the point of intersection of the arrow F11
and straight line G1l1 denotes the physical sector

including the ending position of the lead-in area 91 as
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Having read data from the rightmost position of the user area 112 (i.e.,
from the position adjacent to the middle area 113), the recording and
reproducing apparatus 31 then reads data from the user area 17.5
consecutively 41 starting from its rightmost position (i.e., from the position
adjacent to the middle area 114) toward the leftmost position (i.e.,
position adjacent to the lead- out area 116) in the layer LI. [0080] Suppose
now that as when reading data, the recording and reproducing apparatus
31 successively writes user-designated data to the user areas 112 and

@d b 1stadingfromrbe beginning-aftherusepareakl2yin, theolayerk@(j.ec £
from the position next to the lead-in area 111) In such a case, the
técorgingsainchrepsedicing apparatus @1 finst werités the dataitoithe usér the
area 112 starting from its leftmost position toward the right in the layer
lerdavingweitted the data to the rightmost position of the user area 112
Ei.e., to the position adjacent to the middle area 113), the recording and
&prbddiicing apparatus 31 then writes the data to the user area 115
consecutively starting from its rightmost position (i.e., from the position

adjacent td ' histe HreaRi%y i the [RRMOIT pOSHIGIE fi.e2 Spdditon

physical sector indicated by the point of intersection of
the arrow F12 and straight line G1l1l denotes the physical
sector including the starting position (beginning) of the
user area 92 as well as the physical sector number (e.g.,
"030000h"”) of the physical sector including the starting
position of the user area 95. The physical sector number
of the physical sector indicated by the point of
intersection of the arrow F13 and straight line G11
denotes the physical sector including a particular
position of the user area 92 as well as the physical
sector number of the physical sector including the ending
position of the user area 95. The physical é%ctor number
of the physical sector indicated by the point of
intersection of the arrow Fl4 and straight line G11
denotes the physical sector including the ending position
of the user area 92 as well as the physical sector number
of the physical sector including a specific position of

the lead-out area 96.

[0073]
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adjacent to the lead-out area 116) in the layer LI. [()081] The recording

areas of the optical disk are divided into regions of a predetermined size
(i.e., physical 42 sectors) As indicated by the straight line G21, the

physical sectors are assigned physical sector numbers (PSN) that

continue serially from the radially innermost physical sector to the radially
outermost physical sector in the layer LO on the optical disk. lllustratively,
the physical sector number of the physical sector (recording area

position) indicated by the point of intersection of the arrow F21 and

straight line1624 destotestherptiysical. 3sectohpumber(exthy 02FFFFRE - tor
of the physical sector including the ending position of the lead-in area
nide[0082BTRHE phsical Seoctdr mapbersafithe physicallsecioraihdicatatbrs :
by the point of intersection of the arrow F22 and straight line G21 denotes
tthe physitarsdctsemeRming thbustanitgipositidhabedingingy ot theouser

area 112 (e.g., "030000h"). The physical sector number of the physical
(QK4SMiRdied eooﬁy Wp&ﬁ?éf fiteseltion 8fthe Ao Ess Bfdstafghtor
line G21 denates the physical, sector including the ending position_of the
Hﬁﬁﬁ%ﬁégqlﬁhe starting position of "the user area 95, In
Fig. 3B, the left-hand side of the user area 92 indicates
radially inside recording areas; the right-hand side of
the user area 92 denotes radially outside recording areas.
Similarly, the left-hand side of the user area 95
indicates radially inside recording areas; the right-hand
side of the user area 95 denotes radially outside
recording areas.

[0074]

In Fig. 3B, the physical sector including the

ending position of the user area 92 is assigned the

physical sector number “End PSN(0),” the physical sector
corresponding to the point of intersection Qg the arrow
F14 and straight line Gl1 in Fig. 3A. The physical sector
including the ending position of the user area 95 is
given the physical sector number “End PSN(1),” the
physical sector corresponding to the point of

intersection of the arrow F13 and straight line G11 in

Fig. 3A.

[0075]
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[0083] As indicated by the straight line G22, the physical sectors including
the recording area in the layer. LI are assigned physical sector numbers
(PSN) that continue 43 serially from the radially outermost physical sector
to the radially innermost physical sector on the optical disk. The physical
sector number of the physical sector indicated by the point of intersection
of the arrow F24 and straight line G22 denotes the physical sector at the
ending position of the user area 112 in the layer LO as well as the
physical sector including the starting position (beginning) of the user area
115 in thd4ayeriLill eThatds,sthephysicaliSegtordthosehghybicak sedior of the
number is indicated by the point of intersection of the arrow F23 and
ARt ike GisaRé jast bhydiekl dextorin theadei arearEE2 of the
layer LO. Next to that physical sector in the layer LO, the first physical
%@/Qtz)ﬂn the layer LI has its physical sector number indicated by the

point of intersection of the arrow F24 and straight line G22. The physical

sector nUb&r & théphy5iesl S6tidr ftuding e ertiing' 5BS6T of fie

- user area, 115 is indicategb the point of intersection of the arrow F25
}%n%%ﬁcé}ﬂﬁﬁ%%gfquB E%S OP {he ghy31c§T sec%ors created

ral
in the recording areas of the optical disk, and the

horizontal direction goes from the radially innermost
side to the radially outermost side. Straight lines G21
and G22 indicate the physical sector numbers of several
positions in the recording areas of the layers LO and L1
on the optical disk. Arrows F21 through F23 point to the
positions of interest on the straight line G21; arrows
F24 and F25 denote the positions of interest on the
straight line G22.

[0077]

As shown in Fig. 4A, a lead-in area 111 is created
radially inside of the recording area in thewlayer LO.
Next to the lead-in area 111 is a user area 112 to which
to write data. Next to the user area 112 and radially
outermost of the recording area in the layer LO is a
middle area 113 indicating both the ending position of
the user area 112 in the layer L0 and a turning position

between the layer LO and the layer L1.

[0078]
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Thus as shown in Fig. 4B, the physical sector number (given as
"030000h") of the physical sector including the starting position
(beginning) of the user area 112 differs from the physical sector number
of the 44 physical sector including the starting position of the user area
115. In Fig. 4B, the left-hand side of the user area 112 indicates radially
inside recording areas; the right-hand side of the user area 112 denotes
radially outside recording areas. The left-hand side of the user area 115
indicates radially outside recording areas; the right-hand side of the user

area 11xdenatesyadiaily, iinside reqardingarsas Q88310 £ig-AB.Hhe 1 4 yer
physical sector including the ending position of the user area 112 is

1.assignechthen physical-sestor runbier /End RSNE) . ghesphysieal sector
corresponding to the point of intersection of the arrow F23 and straight
slirerG 2t dn Bdgs 4A. drhecphysioal seector andading the starting pasition oft
the user area 115 is given the physical sector number "End PSN(0)," the
aphysical seotor ¢oprespdnding rethegsointtéfeintersectidnofahe artow F24er
and straight line G22 in Fig. 4A. The physical sector including the ending
Libositibh of fife bsdrtared 11845 Bssighed #ephysidalis a user area 115

to which to write data. To the left of the user area 115
and radially innermost of the recording area in the layer
L1l is a lead-out area 116 pointing to the ending position
of the user area 115 in the layer L1. The lead-out area
116 of the layer L1 is slightly larger than the lead-in
area 111 of the layer LO.

[0079]

Suppose that the recording and reproducing
apparatus 31 reads data successively starting from the
beginning of the user area 112 (i.e., from the position
next to the lead-in area 111) followed by the user area
115 in the layer LO. In that case, the recqgéing and
reproducing apparatus 31 first reads data from the user
area 112 successively starting from its leftmost position
toward the right in the layer LO as seen in Fig. 4A.
Having read data from the rightmost position of the user
area 112 (i.e., from the position adjacent to the middle

area 113), the recording and reproducing apparatus 31

then reads data from the user area 115 consecutively
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sector number. "End PSN(1)," the physical sector corresponding to the
point of intersection of the arrow F25 and straight line G22 in Fig. 4A.
[0086] 45 The formatting of the optical disk 33 is described below. [0087]
When the optical disk 33 is mounted on the recording and reproducing
apparatus 31, the apparatus 31 initializes the disk 33 by writing
necessary information (data) to the lead-in area of the disk 33. [0088]
More specifically, when the optical disk 33 is mounted on the recording
and reproducing apparatus 31, the control section 51 acquires from the
SGTK eYofr s the hetésddryerata kPiBe Wiitten {4 tife leadtifarédand
supplies the acquired data to the signal processing section 56. The
BRcthbiyPBorfoler 72 ForvrarGs th& 4@ et fldih thé QBAKE dekfion
lSéLftgH'Ege recordi,ntg, signal, processi%% section 75.. The recordin% signal

process?ntg §S&tion subjecis th& tlat(%oorﬂin% PSHTITRE niém FS? lead-
chgtr%)glf%ranlg_oggregetecrmizn%d %reogeﬁing such_ as eight-sixteen
modulation and feeds a recordi g signal resulting from the process to the
Rp@ig@l}pickup 55. :
Suppose now that as when reading data, the
recording and reproducing apparatus 31 successively
writes user-designated data to the user areas 112 and 115
starting from the beginning of the user area 112 in the
layer LO (i.e., from the position next to the lead-in
area 111). In such a case, the recording and reproducing
apparatﬁs 31 first writes the data to the user area 112
starting from its leftmost position toward the right in
the layer LO. Having written the data to the rightmost
position of the user area 112 (i.e., to the position
adjacent to the middle area 113), the recording and
reproducing apparatus 31 then writes the'dat; to the user’
area 115 consecutively starting from its rightmost
position (i.e., from the position adjacent to the middle
area 114) to the leftmost position (i.e., position
adjacent to the lead-out area 116) in the layer LI.
[0081]

The recording areas of the optical disk are divided

into regions of a predetermined size (i.e., physical
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Under control of the control section 51, the optical pickup 55 emits light to
the lead-in area of the optical disk 33 in a manner reflecting the recording
signal sent from the signal processing section 56. In the ensuing 46
description, the process of initializing the optical disk 33 by writing
necessary data to its lead-in area may be called partial formatting where
appropriate. [0089] A zone called "Inner Disk Identification Zone" in the
lead-in area of the optical disk 33 contains a zone called "FDCB" that
stores format-related information including information about the data

seeqrded)on thes opfigal disk33J4pem paial-formattingofdhe; optical disk
33, the "FDCB" zone is divided illustratively into fields such as those

shewndaiFig o teach field baingi gifanget tosaccommedate relevante r s
information (data). [0090] For example, data is written to the FDCB zone

(P ANitstdfeEC CHeironclrecking and gorfection) itocks ddra &irgr innermost
correction. Fig. 5 lists typical fields to be written with information, the
physicakdsectectiambeérs ¢htherpliisidal Bectorseomainingthe iB@Q sector
blocks for recording the information, the positions to which to write the
infoFmation Yatd the stZes-bftheRielgsfer disk. Illustratively, the

physical sector number of the physical sector (recording
area position) indicated by the point of intersection of
the arrow F21 and straight line G21 denotes the physical
sector number (e.g., “02FFFFh”) of the physical sector
including the ending position of the lead-in area 111.
[0082]

The physical sector number of the physical sector
indicated by the point of intersection of the arrow F22
and straight line G21 denotes the physical sector
including the starting position (beginning) of the user
area 112 (e.g., “030000h”). The physical sector number of
the physical sector indicated by the point QE
intersection of the arrow F23 and straight line G21
denotes the physical sector including the ending position
of the user area 112.

[0083]

As indicated by the straight line G22, the physical

sectors including the recording area in the layer L1 are

assigned physical sector numbers (PSN) that continue
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accommodating the information. [0091] lllustratively, in the physical sector
having a physical sector number "0" in the FDCB zone, a four-byte 47
field "Content Descriptor" is formed between a position DO and a position
D3 over the sector length ranging from the position DO representing the
beginning of this physical sector in bytes to a position D2047 denoting the
end of the physical sector. This four-byte field is written with 1D
(identification) information in ASCII code. Each of the positions DO
through D2047 represents a one-byte recording field. The ID information
3§ & fixdd wdlierox4sa44300eihdicating eFDEs ane VesioR AumbeE 30" to
Another four-byte field "Unknown Content Description Actions” ranging
fftn B5b5RibhYDA 168 PBRition DY it BFet pRysidet Sebdr hagingRhe cal

@Q%%i}cal sector numper "0" is written with information illustratively about

protEsLARNS fo b8 HMiRE iFtHERGSteRT d58S N ¥aagart sector

"Content Descriptor”. A 32-byte field "Drive ID", ranging.from a position
10 %lﬁoasFt?oCESBé(Q%r? the” %ﬁ?gcglﬁelc?c?r%%%ﬁlcg%grgh?%i cgrl%ec%rrr? um t’%?‘l

afaiss writtepyyith drive information about the %gé%tﬂag S0, e
record data to the FDCB zone. A four-byte fiel DCB update count
4anging from apositionD4Q 10 8ser area 112 in the layer LO as
well as the physical sector including the starting
position (beginning) of the user area 115 in the layer L1.
That is, the physical sector whose physical sector number
is indicated by the point of intersection of the arrow
F23 and straight line G21 is the last physical sector in
the user area 112 of the layer L0O. Next to that physical
sector in the layer L0, the first physical sector in the
layer L1 has its physical sector number indicated by the
point of intersection of the arrow F24 and straight line
G22. The physical sector number of the physical sector
including the ending position of the user aréa 115 1is
indicated by the point of intersection of the arrow F25
and straight line G22.
[0084]

Thus as shown in Fig. 4B, the physical sector
number (given as “030000h”) of the physical sector

including the starting position (beginning) of the user

area 112 differs from the physical sector number of the
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position D43 in the physical sector having the physical sector number "0"
is written with the number of times the data in the FDCB zone has been
updated. The data update count written in the field "FDCB update count"
is 48 incremented by "1" every time the data in the FDCB zone is
updated. [0092] A four-byte field "Formatting status and mode" ranging
from a position D44 to a position D47 in the physical sector having the
physical sector number "0" is written with information that indicates format
status, verify status, and recording status. For example, a two- bit field

;{?}199@95@%@3@0@ bit,Z in,thefiysthyte Qfthe figld accommadating thge
In

ormation about the format status in the field "Formatting status and

uBede’s isswritters withrinfarmation i dieativeief the format sstalisof thee user
optical disk 33. Format status information "00" indicates that the optical
adisla 33 has yetitoche formaited; faynatrstdtas infermatiom© B rindisateshe
that the optical disk 33 is partially formatted; format status information
righindicates thatdtheodptidat diske33 is rfedly farihattedddyethe redaraingy

and reproducing apparatus 31 (i.e., by the user); format status

Jhferrhdfiorr eCPTAdieate3tRatthe ptical Bisk 33aes side of the user

area 115 indicates radially outside recording areas; the
right-hand side of the user area 115 denotes radially
inside recording areas.

[0085]

In Fig. 4B, the physical sector including the
ending position of the user area 112 is assigned the
physical sector number “End PSN(0),” the physical sector
corresponding to the point of intersection of the arrow
F23 and straight line G21 in Fig. 4A. The physical sector
including the starting position of the user area 115 is
given the physical sector number “End PSN(0),” the
physical sector corresponding to the point Qg
intersection of the arrow F24 and straight line G22 in
Fig. 4A. The physical sector including the ending
position of the user area 115 is assigned the physical
sector number “End PSN(1l),” the physical sector
corresponding to the point of intersection of the arrow

F25 and straight line G22 in Fig. 4A.

[0086]
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fully formatted by its manufacturer. [0093] A four-byte field "Last written
address" ranging from a position D48 to a position D571 in the physical
49 sector having the physical sector number "0" is written with the
physical sector number of the physical sector to which data was last
written. Another four-byte field "Last verified address” ranging from a
position D52 to a position D55 in the physical sector having the physical
sector number "0" is written with the physical sector number of the
physical sector that was last verified (i.e., checked for data error).

four-byte fisld *Bitfap Skt Rbdrels" P%Wgaﬂorﬂlfﬁoﬁﬁor}f)%%%r ibed

k?Oflthﬂ D59 in the physical. sector having the physical sector number

0" i Wiritten with the physical sector number of the physical sector

@@g@lpg the first ECC block indicated by another field "Formatting
itmap" . A four- byte field "Bitmap Length" ranging from a position D60 to

a positioR43 inthe physicah sectarhaving thephysical seetqryuimber
"0" is written with the number of ECC blocks indicated by the field

r&ounatting bitteap e {00941 A3 bwedield thisk 13", rangingfm@ tus 31
position D64 to a position D95 in the physical sector having the
initializes the disk 33 by writing necessary information
(data) to the lead-in area of the disk 33.

[0088]

More specifically, when the optical disk 33 is
mounted on the recording and reproducing apparatus 31,
the control section 51 acquires from the work memory 52
the necessary data to be written to the lead-in area and
supplies the acquired data to the signal processing
section 56. The memory controller 72 forwards the data
received from the control section 51 to the recording
signal processing section 75. The recording signal
processing section 75 subjects the data comigg from the
memory controller 72 to predetermined processing such as
eight-sixteen modulation and feeds a recording signal
resulting from the process to the optical pickup 55.
Under control of the control section 51, the optical
pickup 55 emits light to the lead-in area of the optical

disk 33 in a manner reflecting the recording signal sent

from the signal processing section 56. In the ensuing
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physical sector number "0" is written with the ID information identifying
the optical disk 33. Another 32- byte field "Application dependent” ranging
from a position D96 to a position D127 in the physical sector 50 having
the physical sector number "0" is for use by application software and is
set to "0" if nothing is designated thereby. A 64--byte field "List of DCBs"
ranging from a position D128 to a position D191 in the physical sector
having the physical sector number "0" is written with information
constituting a list of DCB arrangements. A 1,856-byte field "Reserved and

Setto- () sanging fropy 8 position £192:10;a position, D047 in dhe. .1 45 o

physical sector having the physical sector number "0""is written with a

fixed yalpe; 0x09". 1@025] AN18.432:byte figld s Founatting bAMaR" nay be
ranging from a position DO to a position D2047 in each of the physical
setlossl havingiphysicaksecter ngmbersr'd " atbroughr'9a tsewritten with
information about ECC block recording status. lllustratively, bit O of the
fiestd®te in the field "Formatting bitmap" is written with the ECC block
recording status indicated by the field "Bitmap Start Address". Bit 1 of the
first bytefis @eittenadthl ¢ise rebonding Bistls bfithetnekt ECC blockone” in
indicated by

the lead-in area of the optical disk 33 contains a zone
called “FDCB” that stores format-related information
including information about the data recorded on the
optical disk 33. Upon partial formatting of the optical
disk 33, the “FDCB” zone is divided illustratively into
fields such as those shown in Fig. 5, each field being
arranged to accommodate relevant information (data).
[0090]

For example, data 1s written to the FDCB zone in
units of ECC (error checking and correction) blocks for
error correction. Fig. 5 lists typical fields to be
written with information, the physical sector numbers of
the physical sectors containing the ECC blocks for
recording the information, the positions to which to
write the information, and the sizes of the fields for
accommodating the information.

[0091]

Illustratively, in the physical sector having a

physical sector number “0” in the FDCB zone, a four-byte
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the field "Bitmap Start Address". illustratively, the ECC block recording
status bit that is set to "0" indicates that data is recorded in the ECC
block; the ECC block recording stats bit that is set to "1" indicates that 51
data is not recorded in the ECC block. A 12,288-byte field "Reserved and
set to (00)" ranging from a position DO to a position D2047 in each of the
physical sectors having physical sector numbers "10" through "15" is
written with a fixed value "Ox00". [0096] When the optical disk 33 is
partially formatted, the recording and reproducing apparatus 31.

fgenesates & signal saying that partial formattingiotibepptisaldisk 33-ison
completed and sends the generated signal to the information processing

fappanatus 320 Fhe signab roavthe tecordiagtand réprogiutingaappasatus rom
31 announcing the completion of partial formatting of the optical disk 33

tdrabiessthelinforiétioe processingrap paratus 82 to siary actessing the
optical disk 33 mounted on the recording and reproducing apparatus 31.
PHHESThfGTnation racdssimy appaFatus 3R cah themwhitd 4r redreinddtang ok he

from the optlcal disk 33. [00971:Upon completlon of the partial formatting
qﬂqhg e physical sec his four-byte field is

written with ID (identification) information in ASCII
code. Each of the positions DO through D2047 represents a
one-byte recotding field. The ID information is a fixed
value “0x46444300” indicating “FDC” and version number
“0”. Another four-byte field “Unknown Content Description
Actions” ranging from a position D4 to a position D7 in
the physical sector having the physical sector number “0”
is written with information illustratively about some
process details to be limited if the system does not
support “Content Descriptor”. A 32-byte field “Drive ID”
ranging from a position D8 to a position D39 in the
physical sector having the physical sector ngmber "0 is
written with drive information about the drive that was
used to record data to the FDCB zone. A four-byte field
“FDCB update count” ranging from a position D40 to a
position D43 in the physical sector having the physical
sector number “0” is written with the number of times the

data in the FDCB zone has been updated. The data update

count written in the field “FDCB update count” is
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optical disk 33, the recording and reproducing apparatus 31 may receive
a disk access request or a disk unmount request from the information
processing apparatus 32. In response to the disk access request, the
recording and 52 reproducing apparatus 31 writes to the optical disk 33
the data supplied by the information processing apparatus 32, or reads
data from those regions (positions) of the optical disk 33 which were
designated by the information processing apparatus 32 and sends the
retrieved data to the apparatus 32. If the disk unmount request is
irecewednfrem the infofmatvenprocessing lappdeatas 32, thiea tAROECB zone
recording and reproducing apparatus 31 ejects the optical disk 33. In the
iensupstpdestription, the process performed by the recording and
reproducing-apparatus 31 in response to the disk access request from the
iRfbPrmhtion processing apparatus 32 may be called the disk access
process where appropriate. [0098] if no disk access request is received

from the infSiTatidRSroldssinly apparails-33 Hld g ComPriBR ST the

artial formatting of the optical disk 33, the recording ancér roduci
b it 1B 57 e Blates f e e A6 T BCor i A -

piepraducing, appatatys 31,progeeds Ip farmatyth opfical disk 33 (N ¢
written with information that indicates format status,
verify status, and recording status. For example, a two-
bit field ranging from bit 6 to bit 7 in the first byte
of the field accommodating the information about the
format status in the field “Formatting status and mode”
is written with information indicative of the format
status of the optical disk 33. Format status information
“00” indicates that the optical disk 33 has yet to be
formatted; format status information “01” indicates that
the optical disk 33 is partially formatted; format status
information “10” indicates that the optical_éisk 33 is
fully formatted by the recording and reproducing
apparatus 31 (i.e., by the user); format status
information “11” indicates that the optical disk 33 was
fully formatted by its manufacturer.

[0093]

A four-byte field “Last written address” ranging

from a position D48 to a position D51 in the physical
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background formatting). [0099] If the optical disk 33 is illustratively a

parallel type optical disk, then the recording and reproducing 53

apparatus 31 writes dummy data to the user area in the layer LO starting

from a lead-in area 141 (radially inner side of the optical disk 33) of the

layer LO toward a region 142 (radially outer side of the disk 33) to which

to write lead-out data. Likewise, the recording and reproducing apparatus

31 writes dummy data to the user area in the layer L1 starting from a

lead-in area 1.43 of the layer LI toward a region 144 to which to write

teadk out Hatai hiyythehensuing desdriptionr the pracgss-oftbe recording ten

and reproducing apparatus 31 writing dummy data to the sectors or

wagdions ithployaimey datet(ioe:, rummeeorded setterporyedicns) seaythe: to

called the de-icing process where appropriate. The dummy data, different

flohtRhelaser-desighatel data destined foraeberdingrtothe yostical dis®

33, is predetermined data arranged to be written to the optical disk 33 for

ToraTttinG pirpbRes 2 {00} $n Figh BAL Bl SptEl AisREBlE PowRc2 to a
formatted. The lead-in area 141 is already recorded on the

artiall | .
BP0 HReK 35 In tHe UaGr B4R 18 LOE a2 710G the physical

sector number “0” is written with the physical sector
number of the physical sector that was last verified
(i.e., checked for data error). A four-byte field “Bitmap
Start Address” ranging from a position D56 to a position
D59 in the physical sector having the physical sector
number “0” is written with the physical sector number of
the physical sector including the first ECC block
indicated by another field “Formatting bitmap” . A four-
byte field “Bitmap Length” ranging from a position D60 to
a position D63 in the physical sector having the physical
sector number “0” is written with the number of ECC
blocks indicated by the field “Formatting bigmap”.
[0094]

A 32-byte field “Disk ID” ranging from a position
D64 to a position D95 in the physical sector having the
physical sector number “0” is written with the ID
information identifying the optical disk 33. Another 32-
byte field “Application dependent” ranging from a

position D96 to a position D127 in the physical sector
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region 145 is already written with dummy data whereas a region 146 has
yet to be written with dummy data. In the user area of the layer LI, a
region 147 is already written dummy data while a region 148 has yet to
be 54 written with dummy data. [0101] The recording and reproducing
apparatus 31 carries out the de-icing process parallelly on both the user
area in the layer LO and the user area in the layer L1. in other words, the
recording and reproducing apparatus 31 performs the de-icing process in
such a manner that the recorded regions in the user area of the layer LO

iecome substantalythe same in,size ag the reporded regionsdp the

user area of the layer LI. [0102] More specifically, the recording and

Agprodusingoappayais3L fiest writes dummysdatg o ap unsesardgd ; s
region of a predetermined size (recording capacity of, say, Ql) headed by

dhe starting:positien &pgginnmg} of dhe ysernarea inthe tayerLOcFhe
recording and reproducing apparatus 31 then writes dummy data to an
wanecionded region ob thel size Q IDHead ebby theostarttingnpodiian dhthehe
user area in the layer L1. [0103] ‘

physical sector having the physical sector number “0” is
written with information constituting a list of DCB
arrangements. A 1,856-byte field “Reserved and set to
(00)” ranging from a position D192 to a position D2047 in
the physical sector having the physical sector number “0”
is written with a fixed value “0x00”.

[0095]

An 18,432-byte field “Formatting bitmap” ranging
from a position DO to a position D2047 in each of the
physical sectors having physical sector numbers “17
through “9” is written with information about ECC block
recording status. Illustratively, bit 0 of the first byte
in the field “Formatting bitmap” is writtenv;ith the ECC
block recording status indicated by the field “Bitmap
Start Address”. Bit 1 of the first byte is written with
the recording status of the next ECC block indicated by
the field “Bitmap Start Address”. Illustratively, the ECC
block recording status bit that is set‘to *0” indicates

that data i1s recorded in the ECC block; the ECC block

recording stats bit that is set to “1” indicates that
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With the state of Fig. 6A in effect, the information processing apparatus
32 might issue a disk unmount request to the recording and reproducing
apparatus 31. In that case, as shown in Fig. 6B, the 55 recording and
reproducing apparatus 31 stops the ongoing de-icing process, writes
temporary lead-out (TLO) data to both the user area in the layer LO and
the user area in the layer LI, and ejects the optical disk 33. In Figs. 6B
through 6E as in Fig. 6A, like or corresponding areas, regions, etc., are
designated by like reference numerals and their descriptions will. not be
repeateds hersunder aviierd rédundantEf0104] YUpan repeipobthe-disk e
unmount request from the information processing apparatus 32, the
felcotdind Reek repsrddacifg appatatud 80 Mirites adil® afesofies qreates ion
the TLO area by writing necessary data) headed by (next to) the position
Bfjatenftopd dat@ (d iy datd of asthePdathh ®ringy 16 telragifdiyors
outermost sector (closest to the region 144 or 142) in the user areas of
IR Y8 POG P Efﬁi%’ir%ﬁv@l&}{“%@ ERowh in Fig? 520 %he ehding' s
osition of the area 147 w(q'tten, ith dummy, data (i.e., de-iced) in the
a@lelt‘%.e[rlls V&dignf outsitfe” of” ﬁ"niguéendﬁé(%]gsition of the de-iced area 145

b6

When the optical disk 33 is partially formatted,
the recording and reproducing apparatus 31 generates a
signal saying that partial formatting of the optical disk
33 is completed and sends the generated signal to the
information processing apparatus 32. The signal from the
recording and reproducing apparatus 31 announcing the
completion of partial formatting of the optical disk 33
enables the information processing apparatus 32 to start
accessing the optical disk 33 mounted on the recording
and reproducing apparatus 31. The information processing
apparatus 32 can then write or read data to gr from the
optical disk 33.
[0097]

Upon completion of the partial formatting of the
optical disk 33, the recording and reproducing apparatus
31 may‘receive a disk access request or a disk unmount

request from the information processing apparatus 32. In

response to the disk access request, the recording and
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with dummy data in the layer LO. For this reason, the recording and
reproducing apparatus 31 first writes TLO data to a region 149 (to form
the TLO region 149) headed by the position adjacent to the region 147 of
the layer 56 L1 as shown in Fig. 6B. [0105] With TLO data written to the
region 149, the recording and reproducing apparatus 31 writes TLO data
to aregion 150 in the user area of the layer L1 in such a manner that the
ending position of the area 149 corresponds to the ending position of the
TLO region created in the user area of the layer LI. in other words, the

3585%%?6’5!9:%% reprodycing apparatys 31 writes TLQ datato the region 33

in such a'manner that the distance between the starting position o

the regien 14ganditbe sRding ositien of the; ragign 10 .equals t%%giﬁéatus

distance between the starting position of the region 147 and the en

wsition afdhe segion 149 (31061 bhe recajdivg anddeprodusig) of the
apparatus 31 proceeds to write dummy data to a region 151 between the
apgibos 1145 akd 150« thieciegian-E5 @ may alectbel caled:the TG aegioni on
~150) With the region 1.51 thus de-iced, the recording and reproducing
rappaeatas 31 ejpristhe optiGdl and sends the retrieved data to

the apparatus 32. If the disk unmount request is received
from the information processing apparatus 32, then the
recording and reproducing apparatus 31 ejects the optical
disk 33. In the ensuing description, the process
performed by the recording and reproducing apparatus 31
in response to the disk access request from the
information processing apparatus 32 may be called the
disk access process where appropriate.

[0098]

If no disk access request is received from the
information processing apparatus 32 following completion
of the partial formatting of the optical disg 33, the
recording and reproducing apparatus 31 enters an idle
state. In that state, the recording and reproducing
apparatus 31 proceeds to format the optical disk 33 (in
background formatting).

[0099]
If the optical disk 33 is illustratively a parallel

type optical disk, then the recording and reproducing
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disk 33. At this point, dummy data or other data has yet to be written
starting from the ending position of the TLO region 150 to the region 142
and from the ending position of the TLO region 149 to the region 144. 57
0107] Where the user areas of the layers LO and L1 are thus de-iced in
parallel, it is possible to reduce the sizes of the regions to which to write
dummy data after the disk unmount request is supplied. Thus when the
disk unmount request is received from the information processing
apparatus 32 during background formatting, the optical disk 33 can be
agjpeted mereJuickdy theam ifitthenyseareas @are de-icet one layer ata tine
(e.g., the layer LO is first de-iced, followed by the layer L7.). After issuing
lthgeaqudst 3¢ anmbuat thecoptital disk 381 the eserliéed metdaail longifoner
the disk 33 to be ejected from the recording and reproducing apparatus
s3190 298] i ok thatkhe bptical Hiskod3 e lstaeofLAigteBagd a

ejected from the recording and reproducing apparatus 31 and is later

rﬁ%ﬂlﬁt’éd]al}g%in( o tHé ApParatts %1%@&%%@%&{35 %@erﬁ@rs‘”ﬁh"—d‘
e e, Mgt n g ese e oo 0 RIONENY, o
reproducing apparatus 31 writes dummy data to the user
area in the layer L1 starting from a lead-in area 143 of
the layer L1 toward a region 144 to which to write lead-
out data. In the ensuing description, the process of the
recording and reproducing apparatus 31 writing dummy data
to the sectors or regions with no dummy data (i.e.,
unrecorded sectors or regions) may be called the de-icing
process where appropriate. The dummy data, different from
the user-designated data destined for recording to the
optical disk 33, is predetermined data arranged to be
written to the optical disk 33 for formatting purposes.
[0100] “

In Fig. 6A, the optical disk 33 is shown partially
formatted. The lead-in area 141 is already recorded on
the optical disk 33. In the user area of the layer L0, a
region 145 is already written with dummy data whereas a
region 146 has yet to be written with dummy data. In the

user area of the layer L1, a region 147 is already

written dummy data while a region 148 has yet to be
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formatting process of the optical disk 33. Specifically, the recording and
reproducing apparatus 31 writes dummy data to (i.e., overwrites) the TLO
regions 149 and 150 shown in Fig. 6B. The recording and reproducing
apparatus 58 31 then do-ices regions 152 and 153. [0109] If the
information processing apparatus 32 issues a disk access request asking
the recording and reproducing apparatus 31 to write data to the optical
disk 33, then the recording and reproducing apparatus 31 responds to
the request by writing to the user areas of the optical disk 33 the data

wHpplied, by the,infermationpracessing apparatus 32. lllustratively, as
shown in Fig. 6C, the recording and reproducing apparatus 31 writes the

data 1designated by the disk access request to a region 7.54 specified by

the request. In the state of Fig. 6C, a region 154 is written with the data
designatéd &y the odisk agcessreguestanded regiappbs hasalrdadyarries
been de- iced. Regions 156 and 157 have no data recorded therein and
Have et tolbe telived oX region 168 has bekhwecivethowhilecheegior 158 rea
has no data recorded therein and has yet to be de-iced. [0110] Suppose
Howtat hithtke optiedidisk g3 wpthe area in the layer L1. In

other words, the recording and reproducing apparatus 31
performs the de-icing process in such a manner that the
recorded regions in the user area of the layer L0 become
substantially the same in size as the recorded regions in
the user area of the layer L1.

[0102]

More specifically, the recording and reproducing
apparatus 31 first writes dummy data to an unrecorded
region of a predetermined size (recording capacity of,
say, Ql) headed by the starting position (beginning) of
the user area in the layer LO. The recording and
reproducing apparatus 31 then writes dummy d;ta to An
unrecorded region of the size Q1 headed by the starting
position of the user area in the layer L1.

[0103]

With the state of Fig. 6A in effect, the

information processing apparatus 32 might issue a disk

unmount request to the recording and reproducing

apparatus 31. In that case, as shown in Fig. 6B, the
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state of Fig. 6C, the information processing apparatus 32 sends a disk
unmount request to the recording and reproducing apparatus 31. In that
case, with the ending position of the region 154 located radially outside of
59 the ending position of the region 158 on the optical disk 33, the

recording and reproducing apparatus 31. writes TLO data to a region 160
starting from the position adjacent to the ending position of the region 154
as shown in Fig. 6D. The recording and reproducing apparatus 31 further
writes TLO data to a region 161 in such a manner that the ending position
oftherTiOgegion indbe usercaneq of the: tayerd 13doregsppnds tethengoing
ending position of the region 160, i.e., so that the distance between the
@tariing eositiveetsthe regioh 458tandtheendingpokitior-of tAeOegieta to
161 equals the distance between the starting position of the region 155
Rmbhhé kpditkeposieirofithe LYo Y80: Afferamriing L gata rthe 1in
regions 160 and 161, the recording and reproducin aggaratus 31 writes

tdheimm§ ¥ata folthetegioR 156 Ehd-& Fedibh 162, bSthSnrédorddd Figs. 6B
regions, and ejects. the optical disk 33. [0111] When the optical disk 33 in

R SR P Faan 18 Aobiht mttol O e TeCOraHE B FagTEadng
Apparatys 3l which then gnters an idig state, higrecording.and 1 inerals
and their descriptions will not be repeated hereunder
where redundant.

[0104]

Upon receipt of the disk unmount request from the
information processing apparatus 32, the recording and
reproducing apparatus 31 writes a TLO area (i.e., creates
the TLO area by writing necessary data) headed by (next
to) the position adjacent to the data (dummy data or
other data) written to the radially outermost sector
(closest to the region 144 or 142) in the user areas of
the layers LO and L1. Illustratively, as shg@n in Fig. 6A,
the ending position of the area 147 written with dummy
data (i.e., de-iced) in the layer L1 is radially outside
of the ending position of the de-iced area 145 filled
with dummy data in the layer LO. For this reason, the
recording and reproducing apparatus 31 first writes TLO

data to a region 149 (to form the TLO region 149) headed

by the position adjacent to the region 147 of the layer
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reproducing apparatus 31 starts (i.e., resumes) the background

formatting process of the optical disk 33. With the background formatting
process of the optical disk 33 completed, a region 163 constituting the
user 60 area of the layer LO and a region 164 making up the user area of
the layer L1 are fully formatted as shown in Fig. 6E. The regions 163 and
164 are written with dummy data recorded during the de-icing process

and with the data recorded as per the disk access request from the
information processing apparatus 32. The regions 142 and 144 form
Ileadroutareas writteni with eecessary data. [0112] Suppose now that a
partially formatted opposite type optical disk 33 is mounted on the
reédording and reproducing apparatus 31 which then enters an idle state.

In such a case, as shown in Fig. 7A, the recording and reproducing
apparatUsiZhwiités diahimy-atd tethetyserharenad tloelaléP L Otdtarting
from a lead-in area 201 (radially inner side of the optical disk 33) of the
1876t £ONBwWARd alfe§ibR DO I (RadiampPadtet ditle B the disks33)te whigle to
to write necessary data in order to create a middle area. Likewise, the
Fel6@Y and PeprBd &Ry Yaspardtie B 194rileR Yuhdng Balaltolthe TREP 2

HRAST NS, Jyentd Lanng rom 2 feadiout areg 203 1n the fayer

corresponds to the ending position of the TLO region
created in the user area of the layer Ll1. In other words,
the recording and reproducing apparatus 31 writes TLO
data to the region 150 in such a manner that the distance
between the starting position of the region 145 and the
ending position of the region 150 eguals the distance
between the starting position of the region 147 and the
ending position of the region 149.

[0106]

The recording and reproducing apparatus 31 proceeds
to write dummy data to a region 151 between ;he regions
145 and 150 (the region 150 may also be called the TLO
region 150). With the region 151 thus de-iced, the
recording and reproducing apparatus 31 ejects the optical
disk 33. At this point, dummy data or other data has yet
to be written starting from the ending position of the

TLO region 150 to the region 142 and from the ending

position of the TLO region 149 to the region 144.
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LI toward a region 204 to which to write necessary data so as to create
another middle area. [0113] The partial formatting of the optical disk 33 in
61 the state of Fig. 7A is completed, so that the lead-in area 201 is
already created on the disk 33. The regions 202 and 204 have yet to be
written with the necessary data for turning these regions into middle

areas. In the user area of the layer LO, a region 205 is already written
with dummy data while a region 206 has yet to be written with dummy
data. In the user area of the layer L1, a region 207 is already written with
dopgmy data whereas a region 208 has yet to be written with dummy

data. [0114] Suppose also that with the state of Fig. 7A in effect, the
informatigh precessmguapparatus32 issuesha diskammolnt requesiltoare
the recording and reproducing apparatus. In that case, as shown in Fig.
7B thelqeéoelihgland reprddgding Appamaitire St stobs the desidinge the
process, writes necessary data to regions 209 and 210 to turn each of
tHerfiIntofa tetfpdras/imitdid ared (WAL and éfetttrBTptidardisk 85T
In Figs, 7B through 7E as in Fig. 7A, like or_corresponding areas, regions,
SHE, Gre’ HedigatEutby ﬁi?élfe?grehée ot aR%nd tes when the disk

unmount request is received from the information
processing apparatus 32 during background formatting, the
optical disk 33 can be ejected more quickly than if the
user areas are de~iced one layer at a time (e.g., the
layer L0 is first de-iced, followed by the layer L1).
After issuing the request to unmount the optical disk 33,
the user need not wait long for the disk 33 to be ejected
from the recording and reproducing apparatus 31.
[0108]

Suppose that the optical disk 33 in the state of
Fig. 6B is ejected from the recording and reproducing
apparatus 31 and 1is later mounted again on g%e apparatus
31 and that the apparatus 31 enters an idie state
thereafter. In that case, the recording and reproducing
apparatus 31 starts (i.e., resumes) the background
ermatting.process of the optical disk 33. Specifically,
the recording and reproducing apparatus 31 writes dummy

data to (i.e., overwrites) the TLO regions 149 and 150

shown in Fig. 6B. The recording and reproducing apparatus
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descriptions will not be repeated hereunder where redundant. [0115)
Upon receipt of the disk unmount request from the 62 information
processing apparatus 32, the recording and reproducing apparatus 31
writes a TMA (i.e., creates the TMA by writing necessary data) headed by
the position adjacent to the data (dummy data or other data) written to
the radially outermost sector (closest to the region 202 or 204) in the user
areas of the layers LO and LI. lllustratively, as shown in Fig. 7A, the
ending position of the area 207 written with dummy data (i.e., de-iced) in

Ihedayar Lhisradially auiside of thepending 1position of the de-iced area

205 filled with dummy data in the laver LO. For this reason, the recording

[@b geproducing apparatus 31 first writes the TMA to the region 209 (to

form the TMA region 209) headed by the position adjacent to the region

207 of theflayérel i as ostoanimi g r 8B 93 16 pWithrthe IS whiten seues a
the region 209, the recording and reproducing apparatus 31 writes
Hth@CTMAS to-reuregion, 210 inthelus e arearetithe |ayed LEpp sachiaing

manner that the ending position of the area 209
apparatus 31 to write data to the optical disk 33, then

the recording and reproducing apparatus 31 responds to
the request by writing to the user areas of the optical
disk 33 the data supplied by the information processing
apparatus 32. Illustratively, as shown in Fig. 6C, the
recording and reproducing apparatus 31 writes the data
designated by the disk access request to a region 154
specified by the request. In the state of Fig. 6C, a
region 154 1is written with the data designated by the
disk access request and a region 155 has already been de-
iced. Regions 156 and 157 have no data recorded therein
and have yet to be de-iced. A region 158 has been de-iced
while a region 159 has no data recorded therein and has
yet to be de-iced.
[0110]

Suppose now that with the optical disk 33 in the
state of Fig. 6C, the information processing apparatus 32
sends a disk unmount fequest to the recording and

reproducing apparatus 31. In that case, with the ending

position of the region 154 located radially outside of
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corresponds to the ending position of the TMA created in the user area of

the layer LI. In other words, the recording and reproducing apparatus 31
writes the TMA to the region 210 in such a manner that the distance

between 63 the starting position of the lead-in area 201 and the starting
position of the region 210 equals the distance between the starting

position of the lead-out area 203 and the starting position (beginning) of

the region 209. The recording and reproducing apparatus 31 proceeds to
write dummy data to a region 211 between the regions 205 and 210 (the
tBgioA T ay afso-Beealidd thesTMAFagion 1 210)owiththeqegiba 191 sk
thus de-iced, the recording and reproducing apparatus 31 ejects the
Sitickl sk SSCALRIE (i, dFRATY TR DY ot YaEdHas yét tbetes TLO

C}{vritten starting from thigndin osition oéthe TMA region 210 to the
8hidn 202 are Hofrthe Bhdig positish of i TRIA G208 0hé ent

region 204, [0117] Where.the user areas of the layers LO and. LI are .thus..
F e-iggg in Ba%a?l%lﬁﬁgggégi%leot% r%gﬁcerﬁ%l%%egg thaesresgklloonvéntoln %lg'

a¥nich-tg write dummy, datg, after, e disk upmouptieaLests SUppligd. o .

Thus when the disk unmount request is received from the information
JAFOERSSING aPRAALNS 32 duringshackareund formatings heinner that the

ending position of the TLO region in the user area of the
layer L1 corresponds to the ending position of the region
160, i.e., so that the distance between the starting
position of the region 158 and the ending position of the
region 161 equals the distance between the starting
position of the region 155 and the ending position of the
region‘160. After writing TLO data to the regions 160 and
161, the recording and reproducing apparatus 31 writes
dummy data to the region 156 and a region 162, both
unrecorded regions, and ejects the optical disk 33.
[0111] Q

When the optical disk 33 in the state of Fig. 6D is
again mounted on the recording and reproducing apparatus
31 which then enters an idle state, the recording and
reproducing apparatus 31 starts (i.e., resumes) the
background formatting process of the optical disk 33.

With the background formatting process of the optical

disk 33 completed, a region 163 constituting the user
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optical disk 33 can be ejected more quickly than if the user areas are
de-iced one layer at a time (e.g., the layer LO is first de-iced, followed by
the layer LI). After issuing the request to unmount the optical disk 33, 64
the user need not wait long for the disk 33 to be ejected from the
recording and reproducing apparatus 31. [0118] Suppose that the optical
disk 33 in the state of Fig. 7B is ejected from the recording and
reproducing apparatus 31 and is later mounted again on the apparatus
31 and that the apparatus 31 enters an idle state thereafter. In that case,

Ahe recarding.and,reproduring, @pparatys 3 stafts (e, fASUMES)HE user
background formatting process of the optical disk 33. Specifically, the

Jeearding and reproducing apparatus 33 Writesndumaty datastodig. in Fig.
overwrites) the TMA regions 209 and 210 shown in Fig. 7B. The

adecording andgéepraduciniy apparates 3kdhen dedees regionsRikdngndiata
213. [0119] If the information processing apparatus 32 issues a disk

rapcess eelubst asking ke decording @ndreprogeicigdappdriatush@l.deta
write data to the optical disk 33, then the recording and reproducing
rasparsked FAseBpondd® Hesrequeseby writiAy & thefusen ardgs of the
optical

information processing apparatus 32. The regions 142 and
144 form lead-out areas written with necessary data.
[0112]

Suppose now that a partially formatted opposite
type optical disk 33 is mounted on the recording and
reproducing apparatus 31 which then enters an idle state.
In such a case, as shown in Fig. 7A, the recording and
reproducing apparatus 31 writes dummy data to the user
area of the layer L0 starting from a lead-in area 201
(radially inner side of the optical disk 33) of the layer
L0 toward a region 202 (radially outer side of the disk
33) to which to write necessary data in order to create a
middle area. Likewise, the recording and reproducing
apparatus 31 writes dummy data to the user area of the
layer L1 starting from a lead-out area 203 in the layer
L1 toward a region 204 to which to write necessary data
so as to create another middle area.

[0113]

The partial formatting of the optical disk 33 in
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disk 33 the data supplied by the information processing apparatus 32.
lllustratively, as shown in Fig. 7C, the recording and reproducing
apparatus 31 writes the data designated by the disk access request to a
region 214 65 specified by the request. In the state of Fig. 7C, the region
214 is written with the data designated by the disk access request and a
region 215 has already been de- iced. Regions 216 and 217 have no data
recorded therein and have yet to be de-iced. A region 218 has been
de-iced while a region 21.9 has no data recorded therein and has yet to
thhee deticad: [0L20] Suppose howcthapwithehe optical ldisk 33im theastatien
of Fig. 7C, the information processing apparatus 32 sends a disk
AfRodtredBie sttt IRE Yecorging HhdoPeprbaucing kpparatud 32 Fethaens
case, with the ending position of the region 214 located radially outside of
e étitfihg Bdsiticn of thatreffonP218"6r e Bptithk NdisR 3R qrgssary

di d duci tus 31 writ TMAt ion 220
ERing o he POSioN SA1acone 18 e SRlrg BSIBR of e rogio 214

as shown in Fig. . 7D. The recording and reproduging apparatus 31 further
uv%/ﬁtresaar‘?ﬁ/lAOt% g%lé%gi-gr? 351 ir{gcglﬁchga?ﬁ%égnln%? tr%selst]gtheJP genagﬁge Bér%/ition of

d@%{@@érﬁg%wiaﬂ%ﬁ95%5¥§a&%ﬁ¥% a region 206 has yet to be

written with dummy data. In the user area of the layer L1,
a region 207 is already written with dummy data whereas a
region 208 has yet to be written with dummy data.

[0114]

Suppose also that with the state of Fig. 7A in
effect, the information processing apparatus 32 issues a
disk unmount request to the recording and reproducing
apparatus. In that case, as shown in Fig. 7B, the
recording and reproducing apparatus 31 stops the de-icing
process, writes necessary data to regions 209 and 210 to
turn each of them into a temporary middle ar;a (TMA), and
ejects the optical disk 33. In Figs. 7B through 7E as in
Fig. 7A, like or corresponding areas, regions, etc., are
designated by like reference numerals and their
descriptions will not be repeated hereunder where
redundant.

[0115]

Upon receipt of the disk unmount request from the
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layer L1 corresponds to the ending position of the region 220, i.e., so that
the distance between the starting position of the lead-out area 203 and
the starting position of the region 221 equals the distance between 66 the
starting position of the lead-in area 201 and the starting position of the
region 220. After writing the TMA to each of the regions 220 and 221, the
recording and reproducing apparatus 31 writes dummy data to the region
216 and a region 222, both unrecorded regions, and ejects the optical
disk 33. [0121] When the optical disk 33 in the state of Fig. 7D is again

. ing. ' 31 which th
JH%’E%QPf%hgg?%%@@&ﬁ%i%%%%%% ag@?_ra%se revc\ljolggi r%eiggr?snd

enters an idle state, the reco and reproducing apparatus

r%/%-ré%‘?@ the hackgroungh fogmatting proeess of the optical disk.33. o

h the background formatting process of the optical disk 33 completed,

TMPEGIGN %23 eQRgfituling-theauser jarea)ofibea layer bO antagedion 224
making up the user area of the layer L1 are fully formatted as shown in
ddga dé&nThesegioas 228an0Rdngredwritiers with thusimy glats) reeardedn
during the de-icing process and with the data recorded as per the disk
taccebs reguest from thet mforosdtioneprocessing apparatutso32.liEheregion
regions 202 and

202 or 204) in the user areas of the layers LO and L1.
Illustratively, as shown in Fig. 7A, the ending position
of the area 207 written with dummy data (i.e., de-iced)
in the layer L1 is radially outside of the ending
position of the de-iced area 205 filled with dummy data
in the layer LO. For this reason, the recording and
reproducing apparatus 31 first writes the TMA to the
region 209 (to form the TMA region 209) headed by the
position adjacent to the region 207 of the layer L1 as
shown in Fig. 7B.

[0116]

With the TMA written to the region 209, the
recording and reproducing apparatus 31 writes another TMA
to the region 210 in the user area of the layer L1 in
such a manner that the ending position of the area 209
corresponds to the ending position of the TMA created in
the user area of the layer Ll. In other words, the

recording and reproducing apparatus 31 writes the TMA to

the region 210 in such a manner that the distance between
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204 each form a middle area written with necessary data. [0122] As
described above, it might happen that while the recording and
reproducing apparatus 31 is performing the 67 background formatting
process on a two-layer optical disk 33 (i.e., parallel or opposite type
optical disk 33), the information processing apparatus 32 issues a disk
unmount request to the recording and reproducing apparatus 31. In that
case, a temporary lead-out area (TLO) or a temporary middle area (TMA)
is created where appropriate in each of the user areas of the layers LO
tard klalhis enaplesitbe orecording and seproducingeppacatus 34 te ieiect
the optical disk 33 that was fully formatted in a simulated manner but not
sihaeélitepmp oA repraducingtapparatas owitlk ho meprsito wiite ciinsthence
reproduce data from the optical disk 33 that has yet to be fully formatted
hipt aemalityh 1S3 Duy trebdckgrount fohmatling &f thie opticah diSIS
33 by the recording and reproducing apparatus 31, the information
aBdcessing apparditds B2 Tadyt Mustrativén iddi@)a aisk kol teguest 2 -
to the recording and reproducing apparatus 31. At thatf)oint, the
TR ofdifiG BHA TEp Al cingPparatis 3178 iBaE s 31 proceeds to

write dummy data to a region 211 between the regions 205
and 210 (the region 210 may also be called the TMA region
210). With the region 211 thus de-iced, the recording and
reproducing apparatus 31 ejects the optical disk 33. At
this point, dummy data or other data has yet to be
written starting from the ending position of the TMA
region 210 to the region 202 and from the ending position
of the TMA region 209 to the region 204.

[0117]

Where the user areas of the layers L0 and L1 are
thus de-iced in parallel, it is possible to reduce the
sizes of the regions to which to write dummyﬂdata after
the disk unmount request is supplied. Thus when the disk
unmount request is received from the information
processing apparatus 32 during background formatting, the
optical disk 33 can be ejected more quickly than if the
user areas are de-iced one layer at a time (e.g., the

layer LO is first de-iced, followed by the layer L1).

After issuing the request to unmount the optical disk 33,
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optical disk 33 in the state of Fig. 7B. In this case, the regions 205 and
211 in the user area of the layer LO are written with dummy data or other
data, and so is the region 207 in the user area of the layer L1
corresponding 68 to these regions of the layer LO (i.e., there are no
unrecorded regions). [0124] As a result, if the optical disk 33 thus
prepared is mounted on the reproducing apparatus with no recording
means, the reproducing apparatus may effect a jump from any user area
position within the regions 205 and 211 of the layer LO or within that

Tagion 207 ofdbe layer Li;yvhich garrespandtgdhe fregionsinthegthery o ot e g
layer, to a desired user area position in the other layer. From that

Ppesitionhthedepraducing apparatisHyay peHgrm gseekttoward the
radially inner or outer side of the optical disk 33 so as to read the data

tharerpm. [0125] More specifically, as shown in Fig. 8, the recording and
reproducing apparatus 31 performs its background formatting process on
the opticéldisk 38 dibiedtihto regionsof ajiredetéfminedtsize eachte of
(recording capacity). As seen in Fig. 8, the direction from left to right
FépreséRtsitheslireetion gbifgffrdhe recording and reproducing

apparatus 31 and 1is later mounted again on the apparatus
31 and that the apparatus 31 enters an idle state
thereafter. 1In that case, the recording and reproducing
apparatus 31 starts (i.e., resumes) the background
formatting process of the optical disk 33. Specifically,
the recording and reproducing apparatus 31 writes dummy
data to (i.e., overwrites) the TMA regions 209 and 210
shown in Fig. 7B. The recording and reproducing apparatus
31 then de-ices regions 212 and 213.

[0119]

If the information processing apparatus 32 issues a
disk access request asking the recording andareproducing
apparatus 31 to write data to the optical disk 33, then
the recording and reproducing apparatus 31 responds to
the request by writing to.the user areas of the optical
disk 33 the data supplied by the information processing
apparatus 32. Illustratively, as shown in Fig. 7C, the

recording and reproducing apparatus 31 writes the data

designated by the disk access request to a region 214

65



V-

the radially innermost side to the radially outermost side of the optical

disk 33. [0126] In Fig. 8, the user area of the layer LO is divided 69 for
management purposes into regions 251 through 256 of an equal size

each, ranging from the radially innermost side to the radially outermost

side of the optical disk 33. The user area of the layer L1 is likewise

divided into regions 261 through 266 of the same size each,

corresponding to the regions 251 through 256 in the user area of the

layer LO and ranging from the radially innermost side to the radially
eytermostside of the: optigalatisk 331 [0127¢ Insthewaakaupraffig78;,thehe
distance between the starting position of the region 251 (beginning of the
useriareal add the startingspositiarofcéachleftthe dregions25ddthrgugthe
256 is arranged to equal the distance between the starting position of the
feifidn 26T ehegirming eftthensbes ares) ama thé Staréng positien of keaeh de-
of the regions 261 through 266. That is, the user area of the layer LO and
fze of th&f/ep LParelGivitied atlsubstaiftially the§ameesitions. [ohegpin

and have yet to be de~iced. A region 218 has been de-iced
while a region 219 has no data recorded therein and has
yet to be de~iced.
[0120]

Suppose now that with the optical disk 33 in the
state of Fig. 7C, the information processing apparatus 32
sends a disk unmount request‘to the recording and
reproducing apparatus 31. In that case, with the ending
position of the region 214 located radially outside of
the ending position of the region 218 on the optical disk
33, the recording and reproducing apéaratus 31 writes a
TMA to a region 220 starting from the position adjacent
to the ending position of the region 214 as ;hown in Fig.
7D. The recording and reproducing apparatus 31 further
writes a TMA to a region 221 in such a manner that the
ending position of the TMA region in the user area of the
layer L1 corresponds to the ending position of the region
220, i.e., so that the distance between the starting

position of the lead-out area 203 and the starting

position of the region 221 equals the distance between
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lllustratively, the recording and reproducing apparatus 31 divides the user
area of the layer LO into the regions 251 through 256 in units of physical
sectors, the region 251 being on the radially innermost side. It 70 is
assumed here that the regions 251 through 256 are renamed regions
RO-0 through R5-0 respectively, i.e., that the region 251 is named as the
region RO-0, the region 252 as the region RI-O, the region 253 as the
region R2-0, the region 254 as the region R3-0, the region 255 as the
region R4-0, and the region 256 as the region R5-0. [0129] In like

{panner, the fecording and reprpdying apparafus 31, divides the usgr,
area of the layer L1 into the regions 261 through 266 positionally

Qorresprpdingdethefegipns 25 1 thrpugh 266in the dayer 1,0.5the 1egion.
261 being on the radially innermost side. It is assumed that the regions

TR61 thsougr266 are: renamed wgionsROhdhrovgh RS:d. respeetialyy and
i.e., that the region 261 is named as the region R0-1, the region 262 as
thpregioniRd-Ehe regios 263 asithe segidnidy 1 theaegionti264 asdhen
region R3-1, the region 265 as the region R4-l, and the region 266 as the
ZégiorR54. J@1B0jn 222, both unrecorded regions, and ejects
the optical disk 33.

[0121]

When the optical disk 33 in the state of Fig. 7D is
again mounted on the recording and reproducing apparatus
31 which then enters an idle state, the recording and
reproducing apparatus 31 starts (i.e., resumes) the
background formatting process of the optical disk 33.
With the background formatting process of the optical
disk 33 completed, a region 223 constituting the user
area of the layer LO and a region 224 making up the user
area of the layer Ll are fully formatted as shown in Fig.
7E. The regions 223 and 224 are written with dummy data
recorded during the de-icing process and with the data
recorded as per the disk access request from the
information processing apparatus 32. The regions 202 and
204 each form a middle area written with necessary data.
[0122]

As described above, it might happen that while the

recording and reproducing apparatus 31 is performing the
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In the ensuing description, the segment made up of the regions 251 and

261 will be referred to as a region RO, the segment of the regions 252

and 262 as a region RI, the segment of the regions 253 and 263 as a

region R2, 71 the segment of the regions 254 and 264 as a region R3,

the segment of the regions 255 and 265 as a region R4, and the segment

of the regions 256 and 266 as a region R5. [0131] After dividing the user
areas of the layers LO and L1 into the regions RO through R5, the

recording and reproducing apparatus 31 formats the optical disk 33 by
Hedding therdividednegionssuccessigely ostaging«rom atheregioniR@1 disk
(i.e., regions 251 and 261) and ending with the region R5 (regions 256

drd 266% {0182]nRdstrtively, RuPassurfed viva the Hikeetiord froln Bt the
right as shown in Fig, 9 is the direction going from the radially innermost
SIHEAETARE FadalRF Sutetids? sRIBRSTIRE BpticH diske3s 9t 8 didsk unmount

assumed that the recording and reproducing apparatus 31 divides the

h88H &R ot i Spﬁcea?ai%‘%léégin?dlijeg?&%r?éjf%r%%gﬁ%rﬁ@ﬁla??5' In
0 E530," Syt eone 254 o 208 aypgen FLODLYS, .,
middle area (TMA) is created where appropriate in each of
the user areas of the layers L0 and Ll. This enables the
recording and reproducing apparatus 31 to eject the
optical disk 33 that was fully formatted in a simulated
manner but not in real terms. A reproducing apparatus
with no means to write can then reproduce data from the
optical disk 33 that has yet to be fully formatted in
aétuality.
[0123]

During the background formatting of the optical
disk 33 by the recording and reproducing apparatus 31,
the information processing apparatus 32 may °
illustratively issue a disk unmount request to the
recording and reproducing apparatus 31. At that point,
the recording and reproducing apparatus 31 ejects the
optical disk 33 in the state of Fig. 7B. In this case,
the regions 205 and 211 in the user area of the layer L0

are written with dummy data or other data, and so is the

region 207 in the user area of the layer L1 corresponding
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region 285, a region R1-1 by the regions 286 through 288, and a region
R2-1 by the region 289. In this case, as in the case of Fig. 8, the regions
RO-0 and RO-I will be referred to as the region RO, the regions RI-O and
RI-1 72 as the region R1, and the regions R2-0 and R2-1 as the region
R2. [0133] lllustratively, with data already written to the user areas of the
optical disk 33 in response to a disk access request issued by the
information processing apparatus 32 to the recording and reproducing
apparatus 31, the recording and reproducing apparatus 31 de-ices a
tivéhrgfiorr RY {0 ds af ittegedastarting from its conpjorieat pegiomRx
(i.e., Rx-0 or Rx-1) in the recording layer different from the layer to which
Waig wakdast wWeitteRnllowed by the component region Rx in the layer
last written with data. That is, when de-icing the region RX, the recording
[aorgdzr%broducing apparatus 31 performs the de-icing process

preferen}%%”yaon thseuﬁLc%lmpgr%e_r% Ié'alyer Eix in ihedriec%rdg gj@ierdiﬁ‘eﬁreenatr q
from the'Tayer LOor L1 to'which Yatd was Tast Writt n.%)l J'ih fhecPare
j{%}%%\%qa%g%%?gc%iﬁ% (a%ej agg%%%é S%r O?;[trf) ragg@ussu%)y%% bX<§h%ecording
means, the reproducing apparatus may effect a jump from
any user area position within the regions 205 and 211 of
the layer LO or within that region 207 of the layer L1
which correspond to the regions in the other layer, to a
desired user area position in the other layer. From that
position, the reproducing apparatus may perform a seek
toward the radially inner or outer side of the optical
disk 33 so as to read the data therefrom.

[0125]

More specifically, as shown in Fig. 8, the
recording and reproducing apparatus 31 performs its
background formatting process on the opticalmdisk 33
divided into regions of a predetermined size each
(recording capacity). As seen in Fig. 8, the direction
from left to right represents the direction going from
the radially innermost side to the radially outermost
side of the optical disk 33.

[0126]

In Fig. 8, the user area of the layer LO is divided
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has yet to be written to the regions 281., 283 through 286, 288, and 289,
whereas the data supplied by the information processing apparatus 32
has been written in the regions 282 and 287. Suppose now that the
region 282 73 is first written with the data followed by the region 287, i.e.,
that the data is last written to the region 287 on the optical disk 33. In that
case, with the region 287 located in the user area of the layer L1, the
recording and reproducing apparatus 31 first de-ices the component
region Rx-0 of the region Rx in the layer LO and then the component

fedion Rxaljaibe tayer £3J9235)i that is; dbe eeeording andreneadusing o ¢
apparatus 31 in the case above formats the optical disk 33 by writing
siumiy datastodbe sagions 284 g28%; 268302860288, X84a lang 280, drthed
order. [0136] More specifically, if the optical disk 33 is an opposite type
optealtdisk; ke recbrdihyyancireprodusings agparatussBE woitdsidata tdisk
the user area of the layer L1 starting from the radially outermost side and
Yding Wwardshe radialy inhermestiside of the disk. Fokeexapepld iwherd
writing data to the region 285 in Fig. 9, the recording and reproducing
%%E@Hﬂﬁ@%@@ﬁhéé atgrrough 266 of the same size each,

corresponding to the regions 251 through 256 in the user
area of the layer LO and ranging from the radially
innermost side to the radially outermost side of the
optical disk 33.

[0127]

In the makeup of Fig. 8, the distance between the
starting position of the region 251 (beginning of the
user area) and the starting position of each of the
regions 251 through 256 is arranged to equal the distance
between the starting position of the region 261
(beginning of the user area) and the starting position of
each of the regions 261 through 266. That i;l the user
area of the layer LO and that of the layer L1l are divided
at substantially the same positions.

[0128]

Illustratively, the recording and reproducing
apparatus 31 divides the user area of the layer LO into
the regions 251 through 256 in units of physical sectors,

the region 251 being on the radially innermost side. It
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from right to left. Alternatively, before writing data to the region 285, the
recording and reproducing apparatus 31 may divide the region 285 into a
predetermined number of component regions (i.e., in units of physical
sectors). 74 The data may then be written successively to the region 285
starting from the leftmost component region and ending in the rightmost
component region. Each of the component regions is written with data
from right to left. [0137] Fig. 10 is a block diagram showing a typical
functional structure of the control section 51 included in the setup of Fig.

2s Withsthisestryctute, theseontrl section,pd caffies autrelgyant programs

so as to functionally implement a determination section 331, a division
sentin:332,cydisk ACrResS) pracessing seetion 333padastwyitien addsess
storage section 334, a formatting process section 335, and a formatting
tégion tsteragegsentiod BB36ias shovedinakigt he. [D238]chherdeterminiation
section 331 determines whether a disk access request or a disk unmount
request haSbeen dreiveddiom tikd irfforntationysrocessing apparatus=32.
Given the result of the determination, the determination section 331
ragdedtHrirefovahl tompanents ot thetgothisl region R3-0, the

region 255 as the region R4-0, and the region 256 as the
region R5-0.
[0129]

In like manner, the recording and reproducing
apparatus 31 divides the user area of the layer L1 into
the regions 261 through 266 positionally corresponding to
the regions 251 through 256 in the layer L0, the region
261 being on the radially innermost side. It is assumed
that the regions 261 through 266 are renamed regions RO-1
through R5-1 respectively, i.e., that the region 261 is
named as the region R0-1, the region 262 as the region
R1-1, the region 263 as the region R2-1, the region 264
as the region R3-1, the region 265 as the region R4-1,
and the region 266 as the region R5-1.

[0130]

In the ensuing description, the segment made up of

the regions 251 and 261 will be referred to as a region

RO, the segment of the regions 252 and 262 as a region R1,

the segment of the regions 253 and 263 as a region R2,
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section 51 to carry out their processes accordingly. As needed, the
determination section 331 checks to determine whether the user areas of
the optical disk 33 have been fully or partially formatted, by referencing in
the 75 formatting region storage section 336 the information pointing to
the next region to be formatted. Given the result of the check, the
determination section 331 causes the relevant components of the control
section 51 to perform their processes accordingly. [0139] When the
optical disk 33 is mounted on the recording and reproducing apparatus
31 the divisien sectinr 332 glividles theduser @reasiofdbe maunjed disk B3
into regions of a predetermined size each for control purposes. [0140]
WWhen @gdisk Bcodsstiaguestocomes #0im thedinfgsmation proesssing R4,
apparatus 32 through the signal processing section 56 (Fig. 2), the disk
Hredesd Processing section B33 miromsthe signaih grotessing sectiegbén R5.
to carry out processing as requested (i.e., disk access process). [0141]
Wd&ﬁa%ively, if the information processing

After dividing the user areas of the layers LO and
L1 into the regions RO through R5, the recording and
reproducing apparatus 31 formats the optical disk 33 by
de-icing the divided regions successively, starting from
the region RO (i.e., regions 251 and 261) and ending with
the region R5 (regions 256 and 266).

[0132]

Tllustratively, it is assumed that the direction
from left to right as shown in Fig. 9 is the direction
going from the radially innermost side to the radially
outermost side of the optical disk 33. It is also assumed
that the recording and reproducing apparatus 31 divides
the user areas of the optical disk 33 into régions 281
through 289 and that a region R0-0 is formed by the
regions 281 and 282, a region R1-0 by the region 283, a
region R2-0 by the region 284, a region RO-1 by the
region 285, a region R1-1 by the regions 286 through 288,
and a region R2-1 by the region 289. In this case, as in

the case of Fig. 8, the regions R0-0 and RO-1 will be

referred to as the region RO, the regions R1-0 and R1-1
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apparatus 32 issues a disk access request to write data to the optical disk
33, the disk access processing section 333 writes to the optical disk 33
the data supplied by the information processing apparatus 32 to 76 the
signal processing section 56. In another example, if the information
processing apparatus 32 issues a disk access request to read data from
the optical disk 33, the disk access processing section 333 causes the
signal processing section 56 to read the from those positions on the
optical disk 33 which are designated by the disk access request and to
asenditheretyievedRibta tonthet nformationnproBessingapparatus 3% the
[07.42] Upon receipt of a disk access request from the information
n9EessiRg apparatus 32, the last written address storage section 334
stores the last written address (e.g., physical address) indicating that user
[é)réé%sition of the optical disk 33 to which data was last written. [0143]
The formattin%%ocess section 335 causes the signal processing section

56 to write totat b ifidton td tHe EBEB Zdretidie 1aktincdte Of i

Qpical disk 33, The formatting fogess segjion, 335 further causes e,

sk
access request issued by the information processing
apparatus 32 to the recording and reproducing apparatus
31, the recording and reproducing apparatus 31 de-ices a

rr

given region Rx (%“x” is an integer) starting from its
component region Rx (i.e., Rx-0 or Rx-1) in the recording
layer different from the layer to which data was last
written, followed by the component region Rx in the layer
last written with data. That is, when de-icing the region
Rx, the recording and reproducing apparatus 31 performs
the de-icing process preferentially on the component
layer Rx in the recording layer different from the layer
LO or L1 to which data was last written. Q
[0134]

In the makeup of Fig. 9, data (dummy data or other
data supplied by the information processing apparatus 32)
has yet to be written to the regions 281, 283 through 286,
288, and 289, whereas the data supplied by the

information processing apparatus 32 has been written in

the regions 282 and 287. Suppose now that the region 282
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signal processing section 56 to format predetermined regions of the user

areas on the optical disk 33. The formatting process section 335 includes

a de-icing process section 401 and a temporary end data recording 77

control section 402. [0144] As needed, the de-icing process section 401

in the formatting process section 335 references the last written address

in the last written address storage section 334. Given the referenced last
written address and in accordance with the result of the determination by

the determination section 331, the de-icing process section 401 causes

‘tRe Siyhalrprotesding sdtidh 580 forhtat predeteipsindd régiensreithen 287,

users areas on the qptical disk 33. [0145] In the event of a disk unmount

refuestgitting issudd sy the idfdfrhation: prdtesdifg Hpparitdd 32 vidtheon
S shlan 5 et o e (i o e o

aréas on the optical disk'33, t emporary e

1356100 402,0n he, formatting process sgeliqn 339 controls the signal 5
processing section 56 to write temporary end data in icating that user
éH@aPQE@SH&Eﬂ%S<§E§§@$§%§331 first de-ices the component
region Rx-0 of the region Rx in the layer L0 and then the
component region Rx-1 in the layer L1

[0135]

That is, the recording and reproducing apparatus 31
in the case above formats the optical disk 33 by writing
dummy data to the regions 281, 285, 283, 286, 288, 284,
and 289, in that order.

[0136]

More specifically, if the optical disk 33 is an
opposite type optical disk, the recording and reproducing
apparatus 31 writes data to the user area of the layer L1
starting from the radially outermost side ané going
toward the radially innermost side of the disk. For
example, when writing data to the region 285 in Fig. 9,
the recording and reproducing apparatus 31 writes data
from right to left. Alternatively, before writing data to
the region 285, the recording and reproducing apparatus

31 may divide the region 285 into a predetermined number

of component regions (i.e., in units of physical sectors).
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up to which data was recorded and at which the data recording has
temporarily ended. Illustratively, the temporary end data recording control
section 402 in the formatting process section 335 causes the signal 78
processing section 56 to write a TLO area or a TMA to the user areas of
the optical disk 33. [0146] The formatting region storage section 336

stores information pointing to the region RX to be formatted next (i.e.,
region Rx to which to write dummy data) in the user areas of the optical
disk 33. For example, at the time when the formatting of the optical disk
153%(i.@a t haekgyounc: formatting) is-torbesstaried sthedormatting Hegiesy i on
storage section 336 sets to RO the region Rx to be formatted next. Every
Ahe thesformattinfrefithe hegidr Rxnisstcompletedn thetregiminumbeacRx

is incremented by "1" to determine the region Rx to be formatted next.
€Tl rggion stbsequerh towtwtalresadyfosnattetteions isEestabtishddhas
the region Rx to be formatted next. [0147] When a partially formatted
Gptieardisk 3358 HRduntéd ol tHe Fe&tdrding and #éprodicifg apparatdszeft.
or _when the optical disk 33 mounted on the recording and reproducing
[a(b]p%lFaltus 31 has been partially formatted,

Fig. 10 is a block diagram showing a typical
functional structure of the control section 51 included
in the setup of Fig. 2. With this structure, the control
section 51 carries out relevant programs so as to
functionally implement a determination section 331, a
division section 332, a disk access processing section
333, a last written address storage section 334, a
formatting process section 335, and a formatting region
storage section 336 as shown in Fig. 10.

[0138]

The determination section 331 determines whether a
disk access request or a disk unmount reques£ has been
received from the information processing apparatus 32.
Given the result of the determination, the determination
section 331 causes the relevant components of the control
section 51 to carry out their processes accordingly. As
needed, the determination section 331 checks to determine

whether the user areas of the optical disk 33 have been

fully or partially formatted, by referencing in the
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the recording and reproducing apparatus 31 carries out background
formatting. Described below in reference to the flowcharts of Figs. 11 and
12 is a typical background formatting process carried out by the recording
and 79 reproducing, apparatus 31. [0].48] In step 511, the determination
section 331 checks to determine whether the optical disk 33 is fully
formatted. lllustratively, the control section 51 in step S11 causes the
signal processing section 56 to read formatting status information from

the FDCB zone of the lead-in area on the optical disk 33 shown in Fig. 5,
therinfermattpnrsdicating bewAgethedetmatiing hast pewgiessed 0149
In the case above, the reproduced signal processing section 71
gereratesia teprotleced:signaldaased drothiee electricak signal comingrfrarnhe
the optical pickup 55, the reproduced signal being arranged to reproduce
thesdrlts ebotderl on dvekopticatdidgk B3rMhaasproduced sigoal 331 causes
processing section 71 subjects the reproduced signal thus generated to
PRt hiied prot8Bing FUER R eidthte sixtaEn demeadaticrinodrdepPto

acquire data including the formatting status information. The data thus
B&ﬁﬁﬁﬁﬂ their processes accCordingly.

{0139]

When the optical disk 33 is mounted on the
recording and reproducing apparatus 31, the division
section 332 divides the user areas of the mounted disk 33
into regions of a predetermined size each for control
purposes.

[0140]

When a disk access request comes from the
information processing apparatus 32 through the signal
processing section 56 (Fig. 2), the disk access
processing section 333 controls the signal processing
section 56 to carry out processing as requesged (i.e.,
disk access process).

[0141]

Tllustratively, if the information processing
apparatus 32 issues a disk access request to write data
to the optical disk 33, the disk access processing

section 333 writes to the optical disk 33 the data

supplied by the information processing apparatus 32 to
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is sent to the memory controller 72. In turn, the memory controller 72
supplies the control section 51 with the data received from the

reproduced signal processing section 71. 80 [0150] The determination
section 331 examines the data including the formatting status information
supplied by the signal processing section 56. If the examined formatting
status information, explained earlier in reference to Fig. 5, is found to be
"10" or "11," that means the optical disk 33 was fully formatted either by

the recording and reproducing apparatus 31 or by the manufacturer. If the
taemattingstatys daferpation wers o tg be "01y) thatonpanrs thesaptical irf
disk 33 is a partially formatted disk and has yet to be fully formatted.
t{0&51nif orstepiSil thewpticalidigk 33ps foundsto b2 iulydJesnattett, shen
the formatting of the optical disk 33 is already complete. The background
dompatingproesss isotheadodghtao andierich {01521 ifda Stepisiktha3, the

optical disk 33 is not found to be fully formatted, then step S12 is
qgéghggqﬁgﬁeﬁggggssing section 333 causes the signal

processing section 56 to read the from those positions on
the optical disk 33 which are designated by the disk
access request and to send the retrieved data to the
information processing apparatus 32.

[0142]

Upon receipt of a disk access request from the
information processing apparatus 32, the last written
address storage section 334 stores the last written
address {e.g., physical address) indicating that user
area position of the optical disk 33 to which data was
last written.

[0143]

The formatting process section 335 causes the
signal processing section 56 to write format information
to the FDCB zone in the lead-in area of the optical disk
33. The formatting process section 335 further causes the
signal processing section 56 to format predetermined
regions of the user areas on the optical disk 33. The

formatting process section 335 includes a de-icing

process section 401 and a temporary end data recording
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the division section 332 divides the user areas of the optical disk 33 into
regions of a predetermined size each. The divided regions are serially
named RO through Rx (x is an integer) ranging from the radially innermost
side 81 to the radially outermost side of the optical disk 33. [0153]
lllustratively, as discussed in Fig. 8, the division section 332 divides the
user area of the layer LO and that of the layer L1 at substantially the
same physical positions for management purposes. More specifically,
the division section 332 divides the user area of the layer LO into regions
254ttheaughe2h6 oha 4giredetermined size each and names then as
regions RO-0 through R5-0 respectively. Likewise, the division section
3324divides the user area of the layer L1 into regions 261 through 266 of
the predetermined size each and names them as regions RO-1 through
R5-1 respactviydqdi541a step $E3nherderapsifaticirseion38 in the
checks to determine whether the recording and reproducing apparatus
Erianh angleRtae S TRatsis CtheC BeterminatibA <R fiGiT 351 % srepis1a
determines whether the information processing apparatus 32 has sent a

"Hidk 'Hcke8S st th'thEMontroPSedtioh 5 1thr fhas storage

section 334. Given the referenced last written address
and in accordance with the result of the determination by
the determination section 331, the de-icing process
section 401 causes the signal processing section 56 to
format predetermined regions of the users areas on the
optical disk 33.

[0145]

In the event of a disk unmount request getting
issued by the information processing apparatus 32 via the
signal processing section 56 halfway through the
formatting of the user areas on the optical disk 33, the
temporary end data recording control sgctionm402 in the
formatting process section 335 controls the signal
processing section 56 to write temporary end data
indicating that user area position on the optical disk 33
up to which data was recorded and at which the data
recording has temporarily ended. Illustratively, the

temporary end data recording control section 402 in the

formatting process section 335 causes the signal
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signal processing section 56. [0155] If in step S13 the recording and
reproducing apparatus 31 is not found to be in the idle state, i.e., 82 ifa
disk access request is supplied from the information processing
apparatus 32 to the control section 51, then step S14 is reached. In step
514, the disk access processing section 333 causes the signal.
processing section 56 to perform a disk access process. [0156]
lllustratively, if the information processing apparatus 32 supplies the
control section 51 with a disk access request to write data to the optical

disk 33, then the disk access processing section 333 causes the signal
BrSUER SR Kb 55T il b5 I ptieat k33 the dAth tRatahs Snit e

from the mformgtrloré%[?rocoegggwga pp(g{%t]gs%: In this case, the memory

¢ontrolfer 72° sénds to therecor Ing Signal processing section 75 the

%@ﬁ;ﬁpplied from the information processing apparatus 32 through the
interface 74. The recording signal processing section 75 subjects the data

coming froputhe, MG RPNEoYen A2 Lo Bredeterningd Brocessing SYch s

as eight-sixteen modulation thereby to acquire a recording signal. The
recesehing signal gaushacauiredds fe@dtothgion RX to be formatted
next (i.e., region Rx to which to write dummy data) in
the user areas of the optical disk 33. For example, at
the time when the formatting of the optical disk 33 (i.e.,
background formatting) is to be started, the formatting
regicon storage section 336 sets to RO the region Rx to be
formatted next. Every time the formatting of the region
Rx is completed, the region number Rx is incremented by
“1” to determine the region Rx to be formatted next. The
region subsequent to the already formatted regions is
established as the region Rx to be formatted next.

[0147]

When a partially formatted optical di;k 33 is
mounted on the recording and reproducing apparatus 31 or
when the optical disk 33 mounted on the recording and
reproducing apparatus 31 has been partially formatted,
the recording and reproducing apparatus 31 carries out
background formatting. Described below in reference to

the flowcharts of Figs. 11 and 12 is a typical background

formatting process carried out by the recording and

79



optical pickup 55. Under control of the control section 51, the optical
pickup 55 energizes its internal laser diode to emit light to the optical disk
33 in a manner reflecting the recording signal sent from the signal 83
processing section 56, whereby the data of interest is written to the
optical disk 33. [0157] In another example, if the information processing
apparatus 32 issues a disk access request to read data from the optical
disk 33, the disk access processing section 333 causes the signal
processing section 56 to read the data of interest from those user area

Positigns o the,Qptical disk 33;which have been designated by the disk
access request, and to forward the retrieved data to the information

pracessing apparatus 32. [0158] In the above example, the reproduced
signal processing section 71 generates a reproduced signal based on

the electrical stgnal somjng:fiemdbe opticalgickip 58cthegeprogiucedecks
signal being arranged to reproduce the data recorded on the optical disk

33. Theeeprodeacethsigeal proeessingisectiod /4 ksubjects thearepyoduced
signal thus generated to predetermined processing such as eight-sixteen
Hemutlutation thelébystoracduireldatatige control section 51 in step

S11 causes the signal processing section 56 to read
formatting status information from the FDCB zone of the
lead-in area on the optical disk 33 shown in Fig. 5, the
information indicating how far the formatting has
progressed.

[0149]

In the case above, the reproduced signal processing
section 71 generates a reproduced signal based on the
electrical signal coming from the optical pickup 55, the
reproduced signal being arranged to reproduce the data
recorded on the optical disk 33. The reproduced signal
processing section 71 subjects the reproduceé signal thus
generated to predetermined processing such as eight-
sixteen demodulation in order to acquire data including
the formatting status information. The data thus acquired
is sent to the memory controller 72. 1In turn, the memory
controller 72 supplies the control section 51 with the

data received from the reproduced signal processing

section 71.
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data thus obtained is forwarded to the memory controller 72. In turn, the
memory controller 72 supplies the data coming from the reproduced
signal processing section 71 to the information processing apparatus 32
through the 84 interface 74. [0159] In step S15, the last written address
storage section 334 stores the last written address (e.g., physical
address) indicating that user area position of the optical disk 33 to which
data was last written during the disk access process (of step S14)e With
the last written address thus stored, control is returned to step 513.
(016Ql;lllustratively, if data was last written to the region 253 shown in Fig.
8, then the last written address storage section 335 stores the last written

address Tindicating e pasition okteregions2a3 Gearedios RR:0 inths
layer LO). More specifically, the disk access request might also involve
ineadingidata from the-eptical rdisks33 dueng e disk aceessspresessdn by
such a case, step S15 is bypassed because no data is written to the
topticalidisk B3p[0dtd$sing section 56. If the examined
formatting status informatioh, explained earlier in
reference to Fig. 5, is found to be “10” or “11,” that
means the optical disk 33 was fully formatted either by
the recording and reproducing apparatus 31 or by the
manufacturer. If the formatting status information turns
out to be “01,” that means the optical disk 33 is a
partially formatted disk and has yet to be fully
formatted.

[0151]

If in step S11 the optical disk 33 is found to be
fully formatted, then the formatting of the optical disk
33 is already complete. The background formatting process
is then brought to and end. Q
[0152]

If in step S11 the optical disk 33 is not found to
be fully formatted, then step S12 is reached. 1In step S12,
the division section 332 divides the user areas of the
optical disk 33 into regions of a predetermined size each.

The divided regions are serially named RO through Rx (x

is an integer) ranging from the radially innermost side
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If in step S].3 the recording and reproducing apparatus 31 is found to be
in an idle state, i.e., if no disk access request is being sent from the
information processing apparatus 32 to the control section 51, then 85
step S16 is reached. In step 516, based on the data from the signal
processing section 56, the determination section 331 checks to determine
whether the region Rx to be formatted next (i.e., targeted region Rx) as
indicated by the information stored in the formatting region storage
section 336 is fully formatted. [0167_] lllustratively, suppose that the

fegien Rxtadie: fornattedbnexd 4s fasmnddo he thasegipn RQ acenrdingste .
the information held in the formatting region storage section 336. In that
taséXhe determination section 331 checks to see if the formatting of the
user area of the layer 0 and that of the layer LI (i.e., regions RO-0 and
RO-1) is dltdadytemmpletedy [0 E63] dfiin stes 846 thre f&hipn Rx ishet

found to be fully formatted, then step S17 is reached. In step 517, the
oMt SeEtidDA FAifoPmaisthe FEdida RE IS Willde describell lafeeinayer

more detail, the control section 51 controls the signal control section 56 to
rmdidp&hat of the layer L1 at substantially the same

physical positions for management purposes. More
specifically, the division section 332 divides the user
area of the layer LO into regions 251 through 256 of a
predetermined size each and names then as regions R0-0
through R5-0 respectively. Likewise, the division section
332 divides the user area of the layer L1 into regions
261 through 266 of the predetermined size each and names
them as regions RO-1 through R5-~1 respectively.

[0154]

In step S13, the determination section 331 checks
to_determine whether the recording and reproducing
apparatus 31 is in an idle state. That is, ghe
determination section 331 in step S13 determines whether
the information processing apparatus 32 has sent a disk
access request to the control section 51 through the
signal processing section 56.

[0155]
If in step S13 the recording and reproducing

apparatus 31 is not found to be in the idle state, i.e.,
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region Rx-O of the layer LO or the region Rx-1 of the layer L1 through the
de-icing process. [0164] In step 518, the determination section 331 checks
86 to determine whether a disk access request is supplied from the
information processing apparatus 32 to the control section 51 through the
signal processing section 56. [01.65 ] If in step S18 the disk access
request is not found to be supplied, then step S19 is reached. In step
519, the determination section 331 checks to determine whether the
information processing apparatus 32 has supplied a disk unmount

. t0,fh | secti te i ' ion. . .
lg%?#glggl%f %%%gg%s fg%fﬁg%? hrough H‘fl%%”aﬁr%ﬁ%?‘:?%%“%?b%%{‘atmn

isk unmountrequest is not found to

p%&péiggﬂh&”%%%%%% regehed. Instep 320, dhe determingtian section,

331 checksto determine whether the formatting of the region Rx being
sdesjceghin the reeardinglayer is carapletet For examplex SHpResSSs that in

step 517, the region 253 shown in Fig. 8 (i.e., region R2-0 in the layer LO)
pisdernatiedy Irsueh arcase3 the:detesmination sgalion 33b resiep:520
checks to
section 56 to perform a disk access process.
[0156]

Illustratively, if the information processing
apparatus 32 supplies the control section 51 with a disk
access request to write data to the optical disk 33, then
the disk access processing section 333 causes the signal
processing section 56 to write to the optical disk 33 the
data that was sent from the information processing
apparatus 32. In this case, the memory controller 72
sends to the recording signal processing section 75 the
data supplied from the information processing apparatus
32 through the interface 74. The recording signal
processing section 75 subjects the data comi;g from the
memory controller 72 to predetermined processing such as
eight-sixteen modulation thereby to acquire a recording
signal. The recording signal thus acquired is fed to the
optical pickup 55. Under control of the control section
51, the optical pickup 55 energizes its internal laser

diode to emit light to the optical disk 33 in a manner

reflecting the recording signal sent from the signal
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determine whether the formatting of the region R2-0 in the layer LO is
completed. [0167] If in step S20 the formatting of the region Rx 87 being
de-iced in the recording layer is not found to be completed, then step S18
is reached again and the subsequent steps are repeated. In this case, the
control section 51 continues formatting the region Rx by carrying out the
de-icing process on the region in question. [0168] If in step S20 the
formatting of the region Rx being de-iced in the recording layer is found to
be completed, that means the region Rx has been de-iced in the

pecarding layeranckthah thegyexiegien js readyda the formattedndhat s
case, step S16 is reached again and the subsequent steps are repeated.
@169 dfnin istepr 546 dipe: formattingsaf the region Rx is found to be
completed, then step S21 is reached. In step 521, the determination
Eedtion 331 checks to determine whether the optical disk 33 is fully
formatted. [0170] If in step S21 the optical disk 33 is found to be fully
formatted,thémsigpeS22 isreathed U stéps52nformation processing

apparatus 32 issues a disk access request to read data
from the optical disk 33, the disk access processing
section 333 causes the signal processing section 56 to
read the data of interest from those user area positions
on the optical disk 33 which have been designated by the
disk access request, and to forward the retrieved data to
the information processing apparatus 32.

[(0158]

In the above example, the reproduced signal
processing section 71 generates a reproduced signal based
on the electrical signal coming from the optical pickup
55, the reproduced signal being arranged to reproduce the
data recorded on the optical disk 33. The rgproduced
signal processing section 71 subjects the reproduced
signal thus generated to predetermined processing such as
eight-sixteen demodulation thereby to acquire data. The
data thus obtained is forwarded to the memory controller
72. In turn, the memory controller 72 supplies the data

coming from the reproduced signal processing section 71

to the information processing apparatus 32 through the
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the formatting process section 335 controls the signal processing section
56 to write format information to the FDCB zone in the lead-in area of the
optical disk 33 before terminating the background formatting process. 88
lllustratively, the formatting process section 335 causes the signal
processing section 56 to write "10" as formatting status information
constituting part of the FDCB zone, as explained above in reference to
Fig. 5, the information indicating that the optical disk 33 has been fully
formatted by the recording and reproducing apparatus 31. [0171]
iustratively, i step S22, the formatting process section 335 supplies the
signal processing section 56 with the data containing the format
[infcgvption to be written to the optical disk 33. The memory controller 72
forwards the data coming from the control section 51 to the recording
signal prbcessing settion Zh.eThexrecording tsignal gracessingtsection 75
subjects the data from the memory controller 72 to predetermined
sprotessing sdcls asreight-sistebagtiodutatioreso asido asguireea gecording
signal. The recording signal thus obtained is sent to the optical pickup 55.
POHgaCeontrsl OF thesdontisl s6ctiohn 91 Hivetoptiegipiekignrsb emélgizes it

internal laser _ .
the optical disk 33 to which data was last written during

the disk access process (of step S14). With the last
written address thus stored, control is returned to step
S13.

[0160]

Illustratively, if data was last written to the
region 253 shown in Fig. 8, then the last written address
storage section 335 stores the last written address
indicating the position of the region 253 (i.e., region
RZ2-0 in the layer LO). More specifically, the disk access
request might also involve reading data from the optical
disk 33 during the disk access process. Invs;ch a case,
step S15 is bypassed because no data is written to the
optical disk 33.

[0161]

If in step S13 the recording and reproducing

apparatus 31 is found to be in an idle state, i.e., 1f no

disk access request is being sent from the information

processing apparatus 32 to the control section 51, then
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diode. to emit light to the optical disk 33 in a manner reflecting the

recording signal received from the signal processing section 56. This

allows the format information such as that shown in Fig. 5 to be written to
the FDCB 89 zone in the lead-in area on the optical disk 33. [0172] If in

step S21 the optical disk 33 is not found to be fully formatted, then step
S23is reached. In step S23, the formatting region storage section 336
increments by "1" the region number Rx for the region to be formatted

next (i.e., targeted region Rx) as indicated by the information stored in the
sseepors 386 iContrakindhien returaed o Step, 5t Hiustrativelyiesuppose f rom
that the region Rx to be formatted next is found to be the region RO
deeording: o thernformation hetbinithe formattitige rdgibastarage seotion
336. In that case, the formatting region storage section 336 sets to Rl the
Fegiohtumber Rk fstke kegiors te b ionatiedithes®. {0193 Fdd sepRx to
S18 the disk access request is found to be supplied, then step S24 is
Readiiddian & 52K the Hofmattihg Procsss seefidn33Bthusss fedicated

k?égnaé %r_ocegssin section 56 to sgop forrﬂ?ttin]g the re%igg ergla£ﬁ£/gy to
t thedisk’ S prOlest B ESrib gup® formatting reg
storage section 336 is fully formatted.

[0162]

Illustratively, suppose that the region Rx to be
formatted next is found to be the region RO according to
the information held in the formatting region storage
section 336. In that case, the determination section 331
checks to see if the formatting of the user area of the
layer 0 and that of the layer L1 (i.e., regions R0-0 and
RO-1) is already completed.

[0163]

If in step S16 the region Rx is not found to be
fully formatted, then step S17 is reached. I; step S17,
the control section 51 formats the region Rx. As will be
described later in more detail, the control section 51
controls the signal control section 56 to format the
region Rx-0 of the layer LO or the region Rx~1 of the
layer L1 through the de-icing process.

[0164]

In step 518, the determination section 331 checks
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Control is then returned to step 514. [0174] If in step S19 the disk
unmount request is found to be supplied, then step S25 is reached so
that the optical 90 disk 33 may be ejected from the recording and
reproducing apparatus 31. In step S25, the temporary end data recording
control section 402 in the formatting process section 335 controls the
signal processing section 56 to write a TLO area or a TMA to the user
areas of the optical disk 33. [0175] lllustratively, if the optical disk 33 is a
parallel type optical disk in the state of Fig. 6A, then the temporary end
data recording contral. section 402 in the formatting process section 335
%8nﬁ8?§etﬁg %lggenaﬁdhperg(':ﬁgs%inag gg“cstl%nagéct%svﬁritgeagﬁ%ggaré’g 15 tHe” tied
Fegian 149 inths laverild.and anoather ILOarsa fa theregion. 150,in the
layer LO on the disk 33 as shown in rig. 6B. In this case, the temporary

&pddata recording conirok isestion, 402 in thefermatting pracesssestion  on
335 supplies the signal processing section 56 with the data (i.e., TLO) to

He .written to the regions 149 and 150. The memory controller 72 forwards
the data coming from the control section 51 to the recording signal

poacesking

If in step S18 the disk access request is not found
to be supplied, then step S19 is reached. In step S19,
the determination section 331 checks to determine whether
the information processing apparatus 32 has supplied a
disk unmount request to the control section 51 through
the signal processing section 56.

[0166]

If in step S19 the disk unmount reguest is not
found to be supplied, then step S20 is reached. 1In step
520, the determination section 331 checks to determine
whether the formatting of the region Rx being de-iced in
the recording layer is completed. For exampig, suppose
that in step S17, the region 253 shown in Fig. 8 (i.e.,
region R2-0 in the layer L0O) is formatted. 1In such a case,
the determination section 331 in step SZO checks to
determine whether the formatting of the region R2-0 in
the layer LO is completed.

[0167]

If in step S520 the formatting of the region Rx
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section 75. The signal processing section 75 in turn subjects the data
from the memory controller 72 to predetermined processing such as
eight-sixteen modulation to acquire a recording signal. The recording
signal thus 91 obtained is sent to the optical pickup 55. Under control of
the control section 51, the optical pickup 55 energizes its internal laser
diode to emit light to the optical. disk 33 in a manner reflecting the
recording signal from the signal processing section 56, thereby writing
the data to the regions 149 and 150. If the optical disk 33 is an opposite

typeeptical diskathen thesteppasatyiend datadecqrding,eontral sgction pe
402 in the formatting process section 335 controls the signal processing
seidr: b6 do write T M#As=to the 8I1ses areascifethexeptical disk 38n[0176] In
step S26, the de-icing process section 401 in the formatting process

Sebtien 885 tontrels the sgnaé precessing Sectidni56 taformatthe control
unrecorded portion of the region Rx subject to formatting. lllustratively, if

3Re kdgion Rx-Gimthéraps IO Kbéihgiorntdttedraed PrthBfomatting vy ing
the region Rx-1 in the layer Ll has yet to be completed, the de-icing
‘b%cég%esééﬁoﬁ 207 9n B 6 FattiRg bhScese Sketort 335¢BAtrdRhe

Oglnal

If in step S20 the formatting of the region Rx
being de-iced in the recording layer is found to be
completed, that means the region Rx has been de-iced in
the recording layer and that the next region is ready to
be formatted. In that case, step S16 is reached again and
the subsequent steps are repeated.

[0169]

If in step S16 the formatting of the region Rx is
found to be completed, then step S21 is reached. In step
S21, the determination section 331 checks to determine
whether the optical disk 33 is fully formatt;d.

(0170]

If in step S21 the optical disk 33 is found to be
fully formatted, then step S22 is reached. 1In step S22,
the formatting process section 335 controls the signal
processing section 56 to write format information to the
FDCB zone in the lead-in area of the optical disk 33

before terminating the background formatting process.
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processing section 56 to write dummy data to those portions of the
regions Rx in the layers LO and LO which have yet to be written with data
(or dummy data) for formatting purposes. 92 [0177] lllustratively, suppose
that as shown in Fig. 6B, the region 151 is an unrecorded region (i.e., a
yet-to-be formatted region) in the user area 145 between the lead- in area
141 and the TLO area 150 and that the user area 147 has been formatted
between the lead-in area 143 and the TLO area 149. In such a case, the
de-icing process section 401 in the formatting process section 335

contrslshe sighal pragessing section 9§ tp viite dunupy-data tIat® causes
unrecorded region 151. [0178] In step S27, the formatting process section

385 saptiels the signakprogessing seatidp56 t0 writer tormab ‘infosmation

to the FDCB zone in the lead-in area of the optical disk 33, before
ftermiaating thesthackgsounmd® domadttiog provess . illustiatiyehyg tie of the
formatting process section 335 causes the signal processing section 56
RBWiHitE e format ifordmatividsiidwim Fig. 3¢ ee FOCR 20l tn-the, the

lead-in area of the optical disk 33. With the format information written to
YREEBEE ¥8Re bpdlcating that the optical disk 33 has been

fully formatted by the recording and reproducing
apparatus 31.
[0171]

Tllustratively, 1in step 522, the formatting process
section 335 supplies the signal processing section 56
with the data containing the format information to be
written to the optical disk 33. The memory controller 72
forwards the data coming from the control section 51 to
the recording signal processing section 75. The recording
signal processing section 75 subjects the data from the
memory controller 72 to predetermined processing such as
eight-sixteen modulation so as to acquire agecording
signal. The recording signal thus obtained is sent to the
optical pickup 55. Under control of the control section
51, the optical pickup 55 energizes its internal laser
diode. to emit light to the optical disk 33 in a manner
reflecting the recording signal received from the signal

processing section 56. This allows the format information

such as that shown in Fig. 5 to be written to the FDCB
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the optical disk 33, the control section 51 controls the relevant
components of the recording and reproducing apparatus 31 to eject the
optical disk 33. [0179] 93 In the manner described above, the recording
and reproducing apparatus 31 first divides the user areas of the optical
disk 33 into regions of a predetermined size each. The recording and
reproducing apparatus 31 then performs de-icing processes on the user
area of the layer LO and that of the layer L1 in parallel., thereby
formatting the optical disk 33 (in a background formatting process). [0180]

Begauserthele-icingprogess-an the,useraregdn dhe layes L Osis carried

out in parallel with the de-icing process on the user area in the layer LI
duringethe formatting of the optical disk 33, a disk unmount request

issued by the information processing apparatus 32 halfway through the
backgroudd formattieg obthe diske 38 causes sigrsficahily senaller afeasito to
be written with dummy data than if the de-icing is not parallelly performed.

Pheis fmake's fipossibletb ejebethe Dpticalsdisk 38 murecheidkly thanstep 523,

before. [0181]
the formatting region storage section 336 increments by

“1” the region number Rx for the region to be formatted
mnext (i.e., targeted region Rx) as indicated by the
information stored in the.section 336. Control is then
returned to step S16. Illustratively, suppose that the
region Rx to be formatted next is found to be the region
RO according to the information held in the formatting
region storage section 336. In that case, the formatting
region storage section 336 sets to R1 the region number
Rx for the region to be formatted next.

[0173]

If in step S18 the disk access request is found to
be supplied, then step S24 is reached. 1In sgép 524, the
formatting process section 335 causes the signal
processing section 56 to stop formatting the region Rx
halfway to let the disk access process be carried out.
Control is then returned to step S14.

[0174]
If in step S19 the disk unmount request is found to

be supplied, then step S25 is reached so that the optical
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If a disk unmount request is issued by the information processing
apparatus 32 to the recording and reproducing apparatus 31 during the
background formatting process on the two-layer optical disk 33,a
temporary 94 lead-out (TLO) area or a temporary middle area (TMA) is
created where appropriate in each of the user areas of the layers LO and
LI, and dummy data is written to any unrecorded regions between the
lead-in area and the TLO or TM.A. It follows that even if the background
formatting of the optical disk 33 has yet to be completed by the recording

angdrepmdusing-apprayatiss3l wpomdisk €jactionr dhe gjestad disk 33dsicing
fully formatted in a simulated manner. This enables the reproducing
apparatus withino recordirg NEahs ta heprodupe datayfremdhel eptical
disk 33 yet to be fully formatted in actuality. [0182] Described below in
referenttenty therflovchasteof tRign 13 02a typicaldorfvattiag protgsprocess
performed on the region Rx. This process corresponds to step S17 in Fig.
L DEBIPIMStEP B Chased 6n tHeodath donviAg froaMthessighabn 56 to
processing section 56, the determination section 331 checks to determine
ﬁe@tk?@%rrﬁéﬁlﬁg%}ftﬁe TMA to the user areas of the

optical disk 33.
[0175]

Illustratively, if the optical disk 33 is a
parallel type optical disk in the state of Fig. 6A, then
the temporary end data recofding control section 402 in
the formatting process section 335 controls the signal
processing section 56 to write a TLO area to the region
149 in the layer L1 and another TLO area to the region
150 in the layer LO on the disk 33 as shown in Fig. 6B.
In this case, the temporary end data recording control
section 402 in the formatting process section 335
supplies the signal processing section 56 wigh the data
(i.e., TLO) to be written to the regions 149 and 150. The
memory controller 72 forwards the data coming from the
control section 51 to the recording signal processing
section 75. The signal processing section 75 in turn
subjects the data from the memory controller 72 to

predetermined processing such as eight-sixteen modulation

to acquire a recording signal. The recording signal thus
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region Rx-0 in the layer LO is completed among the regions Rx indicated
as the next regions to be formatted by the information stored in the
formatting region storage section 336. lllustratively, if the region RO is 95
indicated as part of the regions Rx to be formatted next according to the
stored information, then the determination section 333. checks to see if
the formatting of the region RO-0 in the layer LO is completed. [0184] If in
step S51 the region Rx-0 in the layer LO is not found to be fully formatted,
then step S52 is reached. In step S52, based on the data coming from

dhe signab pracessing sectiond6, the determination seetion 334 ccheckstro1
to determine whether the formatting of the region Rx-1 in the layer LI is
epmpletedameng thesregions RX indinatedasithe hexti kegignse be
formatted by the information stored in the formatting region storage

sectign 386. [018511ftin stepl S52 skee refionl®xEbincthe tayer ¢his hot the
found to be fully formatted, i.e., if the formatting of the regions Rx in the
IRyersa2 D dna ki G2, iregnsaRrOand Rkayisinoy cohmplete thed Step

S53is reached. In step 553, the de-icing process section 401 in the
signal from the signal processing section 56, thereby

writing the data to the regions 149 and 150. If the
optical disk 33 is an opposite type optical disk, then
the temporary end data recording control section 402 in
the formatting process section 335 controls the signal
processing section 56 to write TMAs to the user areas of
the optical disk 33.

[0176]

In step 526, the de-icing process section 401 in
the formatting process section 335 controls the signal
processing section 56 to format the unrecorded portion of
the region Rx subject to formatting. Illustratively, if
the region Rx-0 in the layer L0 is being foréatted and if
the formatting of the region Rx-1 in the layer L1 has yet
to be completed, the de-icing process section 401 in the
formatting process section 335 controls the signal
processing section 56 to write dummy data to those
portions of the regions Rx in the layers L0 and LO which

have yet to be written with data (or dummy data) for

formatting purposes.
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formatting process section 335 controls the signal. processing section 56

to format the region Rx in the recording layer different from the layer
including the position (in the recordable user area) indicated by the 96

last written address held in the last written address storage section 334,
before terminating the formatting process. If the last written address

storage section 334 does not store any last written address, i.e., if the

optical disk 33 is not written with any data (not recorded by any disk

access process) other than dummy data, then the de-icing process

gection 401 in the formatting process section 335 formats the region Rx in

the predetermined recording layer (layer LO or L1). [0186] lllustratively,

supposelhatinttiie makelp,of Rigp 9sthetiegionaRO-Shis formied Biithe 6B,
regions 281 and 282, the region RO-I by the region 285, and the region

e byetheoreglons 281, 282U 285 raHithat theregibh- 287, isainthé —to-be
osition indicated by the last written address and the region RO is the
ByBAbHE fBRAARED nékt adtording fo BemioriratiBR ifieative st thead-

regions tar%eted to be formatted next. In_that case, the de-icin% process

RcfET 201 I 78 Forindfting proctss séctivn®35 BAtrols e Yighal 272
f%gcﬁggu£g%§mgéﬁﬁgggggahetween the lead-in area 143 and
the TLO area 149. In such a case, the de-icing process
section 401 in the formatting process section 335
controls the signal processing section 56 to write dummy
data to the unrecorded region 151.

[0178]

In step $27, the formatting process section 335
controls the signal processinq section 56 to write format
information to the FDCB zone in the lead-in area of the
optical disk 33, before terminating the background
formatting process. Illustratively, the formatting
process section 335 causes the signal proces;ing section
56 to write the format information shown in Fig. 5 to the
FDCB zone in the lead-in area of the optical disk 33.
With the format information written to the FDCB zone on
the optical disk 33, the control section 51 controls the
relevant components of the recording and reproducing

apparatus 31 to eject the optical disk 33.

[0179]
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preferentially the region R0-0 in the layer LO different from the layer LI
containing the region 287. [0187] In the above example, the de-icing
process section 97 401 in the formatting process section 335 acquires
dummy data illustratively from the work memory 52 and supplies the
acquired data to the signal processing section 56. The memory controller
72 forwards the dummy data coming from the control section 51 to the
recording signal processing section 75. In turn, the recording signal
processing section 75 subjects the dummy data from the memaory

controller 72 tth predetermmninegd pradessing=suchegs eight-sixteerding and
modulation to obtain a recording signal. The recording signal. thus
rFgouiréd s sentaprthe aptical 3pickup 55. dnderdsontrohef theecontrokas of
section 51, the optical pickup 55 energizes its internal laser diode to emit
Uiyt ePthecoptical gisk 33 ik atmanreriieflécting therreedrdingBighatl size
supplied by the signal processing section 56. Dummy data is thus written
9B tHe untBorlEa redidtP2&1 h theREGIBRROD GHthe et £.0° wieby

the region R0-0 js formatted. The region 28% in the layer LO already has
Fiith PR IEE Tl Camtt GHEGLBS. WREAithe dmihy Tats 0188 L2ver

L0 and that of the layer L1 in parallel, thereby
formatting the optical disk 33 (in a background
formatting process).

[0180]

Because the de-~icing process on the user area in
the layer LO is carried out in parallel with the de-icing
process on the user area in the layer L1 during the
formatting of the optical disk 33, a disk unmount request
issued by the information processing apparatus 32 halfway
through the background formatting of the disk 33 causes
significantly smaller areas to be written with dummy data
than if the de-~icing is not parallelly perfo;med. This
makes 1t possible to eject the optical disk 33 more
quickly than before.

[0181]

If a disk unmount request is issued by the
information processing apparatus 32 to the recording and
reproducing apparatus 31 during the background formatting

process on the two-layer optical disk 33, a temporary
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If in step S52 the formatting of the region Rx-1 in the layer LI is found to
be completed, i.e., if the region Rx-I in the layer LI is fully formatted but
the region Rx-0 In the layer LO has yet to be formatted, then 98 step S54
is reached. In step 554, the de-icing process section 401 in the formatting
process section 335 controls the signal processing section 56 to format
the region Rx-0 in the layer LO, before terminating the formatting
process. [0189] If in step S51 the formatting of the region Rx-0 in the
layer LO is found to be completed, i.e., if the region Rx-0 in the layer LO
is fully formatted but the region Rx-1 in the layer LI has yet to be '
fSiATATEE CthehbSte 355 isteaghd TR Stehr 858 4AE te-igih§drodady) is
section 401 in the formatting process section 335 controls the signal

procekSing Hettion 86RO Tt tire BgiBARX-2 i tHelafert, Béfore ©F

rminating the formatting,process. [0190] It might happen that the region
%ﬁn 14 r%rcsoré‘lggalgéenrgalﬁoﬁ%? héoénfn atffe%%g the Iavé)f%écgﬁgﬁl t?)t ey

fprmatisd ey, that frmatiing theregion R in.the pecopding Jayer of o 1,0
interest will compléte the formatting

or TMA. It follows that even if the background formatting
of the optical disk 33 has yet to be completed by the
recording and reproducing apparatus 31 upon disk ejection,
the ejected disk 33 is fully formatted in a simulated
manner. This enables the reproducing apparatus with no
recording means to reproduce data from the optical disk

33 yet to be fully formatted in actuality.

[0182]

Described below in reference to the flowchart of
Fig. 13 is a typical formatting process performed on the
region Rx. This process corresponds to step S17 in Fig.
11.

(0183]

In step S51, based on the data coming from the
signal processing section 56, the determination section
331 checks to determine whether the formatting of the
region Rx~0 in the layer LO is completed among the
regions Rx indicated as the next regions to be formatted
by the information storéd in the formatting region

storage section 336. Illustratively, if the region RO is

95



of the optical disk 33. In such a case, the de-icing process section 401 in
the formatting process section 335 controls the signal processing section
56 to format the region Rx of the recording layer in question, before 99
creating a lead-out area or a middle area by writing necessary information
to the region adjacent to the user area and radially outside thereof. [0191]
Suppose now that in the makeup of Fig. 9, all regions except for the
region 284 have been fully formatted. In that case, the formatting process
section 335 first completes the formatting of the region 284 and then
controls the signal processing section 56 to create a lead--out area or a
mitfate dreah \ﬁ/ri’t?ﬁé hetdssaly datdiSte Bidt§ ouferhiostrddisns 8=t
the layers LO and. L.1. At this point, the optical disk 33 is fully formatted.
050 AL e Sb0e. et ratA A probei isparatus 31

foumats the regions Rx by referencing as. peeded the last-wiitten ad ?@gn ting

stored in the last written address storage section 334. Illustratively, |

e ehiberegionRx0-ip the,layge LO-And theo region-Ryd i thedayer L
has been fully formatted, the
[0184]

If in step S51 the region Rx-0 in the layer LO is
not found to be fully formatted, then step S52 is reached.
In step S52, based on the data coming from the signal
processing section 56, the determination section 331
checks to determine whether the formatting of the region
Rx-1 in the layer L1 is completed among the regions Rx
indicated as the next regions to be formatted by the
information stored in the formatting region storage
section 336.

[0185]

If in step S52 the region Rx-1 in the layer L1 is
not found to be fully formatted, i.e., if th; formatting
of the regions Rx in the layers LO and L1 (i.e., regions
Rx-0 and Rx-1) is not complete, then step S53 is reached.
In step S53, the de-icing process section 401 in the
formatting process section 335 controls the signal
processing section 56 to format the region Rx in the

recording layer different from the layer including the

position (in the recordable user area) indicated by the
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recording and reproducing apparatus 31 proceeds to format the other
region Rx in the other recording layer (region RO-0 or RO-1). If both of the
region Rx-0 in the layer LO and the region Rx-1 in the layer Li have yet to
be 100 formatted, the recording and reproducing apparatus 31
preferentially formats the region Rx in the recording layer different from
the layer containing the position indicated by the last written address that
may be referenced in the last written address storage section 334. [0193]
When supplying the recording and reproducing apparatus 31 with a disk

18GGesy request tqyyite data,to) the; optioal disk 33, thesipfarmaligress
processing apparatus 32 designates the position from which to start

switingsdata apgdhe fengrh ptdatado hedransierietithraughrthendse ofi g

the same disk access request. Depending on the application program run
ply thesisformatiarhprotessing rappasatus 32y thesdata eoastitutiag: moviess 3 4

(moving image data) is most often written sequentially to the user areas
dofetheropticaltdiske 383nThis aype sfrddtasecerdityge isspreferred, iniofdémte

minimize the time of access to the optical disk 33, whereby seamless
ogatadeprodiuetion 3s implefterféd.tten with any data (not

recorded by any disk access process) other than dummy
data, then the de-icing process section 401 in the
formatting process section 335 formats the region Rx in
the predetermined recording layer (layer LO or L1).
[0186]

Illustratively, suppose that in the makeup of Fig.
9, the region R0-0 is formed by the regions 281 and 282,
the region RO-1 by the region 285, and the region RO by
the regions 281, 282 an 285; and that the region 287 is
in the position indicated by the last written address and
the region RO is the region to be formatted next
according to the information indicative of tge regions
targeted to be‘formatted next. In that case, the de-icing
process section 401 in the formatting process section 335
controls the signal processing section 56 to format
preferentially the region R0O-0 in the layer LO different
from the layer L1 containing the region 287.
[0187]

In the above example, the de-icing process section
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[0194] It follows that if moving image data is written to the region 253 in
the layer LO as shown in Fig. 8, itis more than probable that the next
position to be written 101 with data is the region 254 adjacent to the
region 253 in the layer LO. With the last written address stored and with
the recording and reproducing apparatus 31 in an idle state, both of the
regions Rx in the layers LO and LI may turn out to be unformatted. In that
case, the recording and reproducing apparatus 31 preferentially formats
the region Rx in the recording layer different from the layer containing the

Resitiqn, indicated, by the Jagt witien.address. (This,lowets the passiRility, .,

that the region Rx in the recording layer including the position indicated
b the last weiten addess is found: fprmatted upondesumptionaf datgplies

recording to the user areas. [0195] Suppose that the recording and
tepsoducing appataius 3dds placed inanidlgsate: yvthnihedast- weitten 6 .
address pointing to the region 253 in the layer LO as shown in Fig. 8. In
Suich acase,thesecordinheand’ 2edrodueing aapparatasidi prefetentiadying
formats the layer L1 different from the layer LO containing the region 253
from the‘control section 51 to the recording signal
processing section 75. In turn, the recording signal
processing section 75 subjects the dummy data from the
memory controller 72 to predetermined processing such as
. eight-sixteen modulation to obtain a recording signal.
The recording signal thus acquired is sent to the optical
pickup 55. Under control of the control section 51, the
optical pickup 55 energizes its internal laser diode to
emit light to the optical disk 33 in a manner reflecting
the recording signal supplied by the signal processing
section 56. Dummy data is thus written to the unrecorded
region 281 in the region RO-0 of the layer L0, whereby
the region R0O-0 is formatted. The region 28£ in the layer
L0 already has data recorded therein and will not be
written with dummy data.
[0188]

If in step S52 the formatting of the region Rx-1 in
the layer L1 is found to be completed, i.e., if the

region Rx~1 in the layer L1 is fully formatted but the

region Rx-0 in the layer L0 has yet to be formatted, then
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indicated by the last written address. lllustratively, the recording and
reproducing apparatus 31 may enter an idle state and perform a
formatting process (de-icing process) starting from the region 264 in the
layer LI, 102 whereupon a disk access request may be issued to resume
the writing of data before the formatting of the region 264 is complete. At
this point, the region 254 adjacent to the region 253 last written with
dummy data has yet to be formatted and has no dummy data recorded
therein. In this case, as discussed above, it is highly probable that data

switkbeswritten ta-thectegion 254. Sinep nedumMmyedata-is ctrignthrwiiters
in the region 254, the number of times the region 254 is overwritten with

segrnimyndat8 lcambé hed dsednd hisiinqumpcortriutes to-suppréssing  the
degradation of recording regions caused by the repeated overwriting of

cgathie e bptical Higle33. PO1OBF Mithe abpvé exampfe, itwas sHewn the
that with the last written address stored, the region Rx is formatted

reretsrentidinlinithe Focordmyasydrif&iehtiremiRsMhy et ddifaihiiy the

position indicated by the last written address. Alternatively, the last written
TREGrRES “Hdy BEXE12T for each region Rx and may be referenced so as
[té)llgtg?ach region Rx be formatted preferentially in

If in step S$51 the formatting of the region Rx~0 in
the layer LO is found to be completed, i.e., 1if the
region Rx-0 in the layer LO is fully formatted but the
region Rx-1 in the layer L1 has yet to be formatted, then
step S55 is reached. 1In step S55, the de-icing process
. section 401 in the formatting process section 335
controls the signal processing section 56 to format the
region Rx-1 in the layer L1, before terminating the
formatting process.

[0190]

It might happen that the region Rx in lhe recording
layer about to be formatted is the last region to be
formatted, i.e., that formatting the region Rx in the
recording layer of interest will complete the formatting
of the optical disk 33. In such a case, the de-icing
process section 401 in the formatting process section 335

controls the signal processing section 56 to format the

region Rx of the recording layer in question, before
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the recording layer different from the layer including the position indicated
by the last written address in question. This modification further inhibits
the degradation of the recordable regions on the optical disk. 103 [0197]
In the preceding example, the last written address storage section 334
stores the last written address for each of the regions Rx involved as
shown in Fig. 14. Fig. 14 lists the regions Rx of user areas in association
with corresponding last written addresses (e.g., physical addresses)
each pointing to the position where data was last written in the region Rx

questiay. [9198kLWustiativels the lash whitten pedrass:stekager seation

334 stores a last written address "Layer LO, 3000" pointing to the position
wheresdataywas iestwittesninthe tegion &Q.copedificatiyibe dastyyitanse r
address "Layer LO, 3000" indicates that the data last written to the region
ROeresides indhie position udesighatédh by gphiysical address "3000"

pointing to the region RO-0 in the layer LO. [0199] As with the region RO,
thelldstlwritten address storage section 334 stores a last written address
Layer Suppose now that in the makeup of Fig. 9, all
regions except for the region 284 have been fully
formatted. In that case, the formatting process section
335 first completes the formatting of the region 284 and
then controls the signal processing section 56 to create
a lead-out area or a middle area by writing necessary
data to the radially outermost regions of the layers L0
and Ll1. At this point, the optical disk 33 is fully
formatted.

[0192]

As described above, the recording and reproducing
apparatus 31 formats the regions Rx by referencing as
needed the last written address stored in th; last
written address storage section 334. Illustratively, if
only one of the region Rx-0 in the layer LO and the
region Rx~-~1 in the layer L1 has been fully formatted, the
recording and reproducing apparatus 31 proceeds to format
the other region Rx in the other recording layer (region

RO-0 or RO-1). If both of the region Rx-0 in the layer LO

and the region Rx-1 in the layer L1 have yet to be
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L1, 5000" pointing to the position where data was last written in the region
R1, and a last written address "Layer LO, 6000" pointing to the position
where data was last written in the region R2. 104 [0200] In that case, the
recording and reproducing apparatus 31 may format the optical disk 33
starting from the region RO followed by the regions Rl and R2, in that
order. With the last written address for the region RO given as "Layer LU,
3000," the recording and reproducing apparatus 31 first formats the
region RO-1 in the layer L1 and then the region RU-0 in the layer LO. With

#heJastwritten addigss forthesegion Rlgivenas ikayer Ll 50Q0,5 they

recording and reproducing apparatus 31 then formats the region R1-0 in

ghe fayesdQ followeddprthesregien Rid inthe:layen Lk Math-thedast ng
written address for the region R2 given as "Layer LO, 6000," the
Iregerding gric reproddeiog appardtuy 3t proeaedsriodormate theaegionon
R2-1 in the layer L1 followed by the region R2-0 in the layer LO. If both of
ithdregioaRoin theelayesltOvandthatinatie tayer Li have yettodse
formatted, then the recording and reproducing apparatus 31 may first
fefpaetheadgion R a prddeterhiined reddidinglayeptage laectO)n
Alternatively, the

334.

[0193]

When supplying the recording and reproducing
apparatus 31 with a disk access request to write data to
the optical disk 33, the information processing apparatus
32 designates the position from which to start writing
data and the length of data to be transferred through the
use of the same disk access request. Depending on the
application program run by the information processing
apparatus 32, the data constituting movies (moving image
data) is most often written sequentially to the user
areas of the optical disk 33. This type of data recording
is preferred in order to minimize the time of access to
the optical disk 33, whereby seamless data reproduction
is implemented.

[0194]
It follows that if moving image data is written to

the region 253 in the layer LO as shown in Fig. 8, it is

more than probable that the next position to be written
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recording and reproducing apparatus 31. may initially format the region

Rx in the recording layer different from the layer including the position
indicated by the last written address for the region R(x-1). 105 [0201]
Described below in reference to the flowcharts of Figs. 15 and 16is a

typical background formatting process performed by the recording and
reproducing apparatus 31 wherein the last written address storage

section 334 stores the last written address for each of the regions Rx
involved. [0202] This background formatting process is started if a .
widrfiaMp formiatteBlEptie8Idisk 33 ! s it tHe® réétdingaen 253 in
reproducing apparatus 31 or if the optical disk 33 mounted on the :

Hcordiig antl teprdtiuding Appafattis %1 HasBeen Pshrfially BhRafed. 2nd

Steps S81 through S84 are the same as steps S11 throu h§ 4 .
i e g ity i e BR SR D S e

iféﬁtg‘e%é 2031 IpSiep 334, 1he digk AceesSL0GEsS| eseﬂ%%s?‘%o and

controls the Signal processing section 56 to effect a disk actess process

ﬂ?rmgyngdgﬂaégﬁhQQPQ9§|gﬁ%ormatted. In that case, the

recording and reproducing apparatus 31 preferentially
formats the region Rx in the recording layer different
from the layer containing the position indicated by the
last written address. This lowers the possibility that
the region Rx in the recording layer including the
position indicated by the last written address is found
formatted upon resumption of data recording to the user
areas.

[0195]

Suppose that the recording and reproducing
apparatus 31 is placed in an idle sate, with the last
written address pointing to the region 253 ig the layer
L0 as shown in Fig. 8. In such a case, the recording and
reproducing apparatus 31 preferentially formats the layer
L1l different from the layer LO containing the region 253
indicated by the last written address. Illustratively,
the recording and reproducing apparatus 31 may enter an

idle state and perform a formatting process (de-icing

process) starting from the region 264 in the layer L1,
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33. In step 585, with the disk access process underway (following step
S84), the last written address storage section 334 stores the last written
address (e.g., physical. address) pointing to the user area position to 106
which data was last written in the user areas of the optical disk 33.
Control is then returned to step 583. [0204] lllustratively, suppose that the
last written address storage section 334 stores the last written address
for each of the regions Rx listed in Fig. 14 and that with the disk access
process in progress (following step S84), the recording and reproducing

ﬁggaratus 31 Wgtles data to the pasition esignatgd b%/ Spshl}/i%‘g;ajC address

00™ i the ?eglons ﬁlaochfﬁg fay%?cﬁ_ﬁﬁ such’a caese, the fast writteR

afdress storage sectign 334.5ig1es Layerh1,00007 4 Be lastwriien; o,

address for the region R1. [0205] More specifically, it might also happen

shat oply dstpissead fram the ppticalidisk 33 irespgnse ted 4diskijacent
access request demanding retrieval of recorded data from the disk 33. In

such acasegsiep S8Bisypassed hasause Ho dakaisWekdeR ththe vet to
optical disk 33. [0206] .

be formatted and has no dummy data recorded therein. In
this case, as discussed above, it 1is highly probable that
data will be written to the region 254. Since no dummy
data is currently written in the region 254, the number
of times the region 254 is overwritten with dummy data
can be reduced. This in turn contributes to suppressing
the degradation of recording regions caused by the
repeated overwriting of data to the optical disk 33.
[0196]

In the above example, it was shown that with the
last written address stored, the region Rx is formatted
preferentially in the recording layer different from the
layer containing the position indicated by the last
written address. Alternatively, the last written address
may be stored for each region Rx and may be referenced so
as to let each region Rx be formatted preferentially in
the recording layer different from the layer including
the position indicated by the last written address in

question. This modification further inhibits the

degradation of the recordable regions on the optical disk.
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If in step S83 the recording and reproducing apparatus 31 is found to be

in an idle state, i.e., if no disk access request is being sent from the
information processing apparatus 32 to the control section 51, then 107

step S86 is reached. Step S86 and steps S88 through S97 are the same

as step S16 and steps S18 through S27 in Figs. 11 and 12 respectively,

and thus will not be described further. [0207] In step S87, the control

section 51 formats the region Rx as will be discussed later in more detail.
Upon formatting the region Rx, the control section 51 may as needed
FefePerice the last written address for each region Rx stored in the last
written address storage section 334 and may accordingly control the

signal cohfroF-§ectihe 46 drr§ Bt e He-iciiytpréésss. ‘Pelormhgrfiires s
process formats the region Rx-0 in the layer LO or the region Rx- 1 in the
TayEr A4S [FA0BT Whers wiiting GBSt thE offtichl diSK 83 throagA thaide ™
access process as described above,lthe éecordin and reproducin 4 P
Spparattis 315téred 1hE Tast writteh addess fordach reflon Ry in the: 19

ﬁ?ei§§¥§f&%gglegions Rx of user areas in association with
corresponding last written addresses (e.g., physical
addresses) each pointing to the position where data was
last written in the region Rx in question.

[0198]

Illustratively, the last written address storage
section 334 stores a last written address “Layer LO,
3000”7 pointing to the position where data was last
written in the region RO. Specifically, the last written
address “Layer LO, 3000”7 indicates that the data last
written to the region RO resides in the position
designated by physical address “3000” pointing to the
region RO-0 in the layer LO. )

[0199]

As with the region RO, the last written address
storage section 334 stores a last written address “Lavyer
L1, 50007 pointing to the position where data was last
written in the region R1l, and a last written address

“Layer LO, 6000” pointing to the position where data was

last written in the region R2.
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Described below in reference to the flowchart of Fig. 17 is a typical
formatting process performed on the region Rx. The process corresponds
to step S87 in Fig. 15. Steps 5121, S122, S124 and S125 in Fig. 17 are

the same 108 as steps S51, 552, S54 and S55 in Fig. 13 respectively and
thus will not be discussed further. [0210] If in step 5122 the formatting of

the region Rx-1 in the layer L1 is not found to be complete, i.e., if the
formatting of the regions Rx in the layers LO and L1 (regions Rx-0 and
Rx-1) has yet to be completed, then step S123 is reached. In step 5123,
the de-icing process section 401 in the formatting process section 335
controls the signal. processing section 56 to format the region Rx in the
recording tayen differenidrom e layen containiag the-pesitieiGing
recordable user areas) indicated by the last written address for the region
#Hpstoredin the msywhttenaddigss stgragesectiors334,3befosert ing from
terminating the formatting process. If the last written address storage
Seetiait 334 WoRS nbP Stove aRy Pidstweattere address Rle. antheRegiolnRx hat
An the layer LO or L1 is not written with any data (through a disk access

PFEGEss) dlhéMthaRubany dakl themtdefity brocesisetsisn 201 7P

the formattln%process sectlon 335
given as ayer LO, 3000,” the recording and reproducing

apparatus 31 first formats the region RO-1 in the layer
L1 and then the region R0-0 in the layer LO. With the
last written address for the region R1 given as “Layer LI,
5000,” the recording and reproducing apparatus 31 then
formats the region R1-0 in the layer L0 followed by the
region R1-1 in the layer L1. With the last written
address for the region R2 given as “Layer L0, 6000,” the
recording and reproducing apparatus 31 proceeds to format
the region R2-1 in the layer L1 followed by the region
R2-0 in the layer LO. If both of the region Rx in the
layer LO and that in the layer L1 have yet tg be
formatted, then the recording and reproducing apparatus
31 may first format the region Rx in a predetermined
recording layer (e.g., layer LO). Alternatively, the
recording and reproducing apparatus 31 may initially
format the region Rx in the recording layer different

from the layer including the position indicated by the

last written address for the region R{x-1}.
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formats the region Rx in a predetermined recording layer (layer LO or L1).
[0211] llustratively, suppose that in the makeup of Fig. 109 9, the region
RO-0 is formed by the regions 281 and 282, the region RO-1 by the
region 285, and the region RO by the regions RO-0 and RO-1; that the
region 282 is in the position indicated by the last written address for the
region RO; and that the region RO constitutes the region Rx to be
formatted next according to the information ndicatve of the regions
targeted to be formatted next. In that case, the de-icing process section
[A50Othlthe formatting process section 335 controls the signal processing
section 56 to format preferentially the region RO-1 (region 285) in the

layer L1 dfférentromitfie Adydrl & SOREMIAG thePrelgich 282162824 of
described, the recarding and reproducin aratus 31 formats the

5o Fog b3 10reldncig s FHERKER NG Tt BTN hcch e ok eleh

re icoenSFS{x in glgoj:z%nsé (\:{vr'tten ta}gdresescsgor e segti%n §§4.r I(I)Igsté%tively, if
porﬁy one of the region Rx20 in the ]fayerrL and of the ré)glon -1t the

Apyertd has beenjnlly formafted, the, recording and J8ROINCING: o ra ge

apparatus 31 proceeds to format
section 334 stores the last written address for each of

the regions Rx involved.
[0202]

This background formatting process is started if a
partially formatted optical disk 33 is mounted on the
recording and reproducing apparatus 31 or if the optical
disk 33 mounted on the recording and reproducing
apparatus 31 has been partially formatted. Steps S81
through S84 are the same as steps S11 through S14
described above in reference to Fig. 11 and thus will not
be discussed further.

[0203]

In step S84, the disk access processing section 333
controls the signal processing section 56 to effect a
disk access process for writing data to the optical disk
33. In step S85, with the disk access process underway
(following step S84), the last written address storage
section 334 stores the last written address (e.qg.,

physical address) pointing to the user area position to
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the other region Rx in the other recording layer. If both of the region Rx-0
in the layer LO and the region Rx-1 in the layer LI have yet to be
formatted, the recording and reproducing apparatus 31. preferentially
formats the 110 region Rx in the recording layer different from the layer
containing the position indicated by the last written address for each
region Rx that may be referenced in the last written address storage
section 334. [0213] As described, the last written address is stored for
each region, and the region Rx is formatted preferentially in the recording
wiayeh diffetént¥rom Hees taver dohtaining thé positer indicated by tHe st
written address for the region Rx in question. This lowers the possibilit

Oftiat 47 rébicrt Rxdn the Ofebsifing RykR feiddfig thessbsitonshsieateds -

B Bhté last written address is found formatted upon resumption of data
[ of ing to the user areas. That in turn contributes to suppressing the

el sy oo e soges gl
aga%gg@dseggg%éfggg%fgﬁn%ﬁgr@%%¥g§5@ﬁ%ﬁqggmN%%itten
address for each of the regions Rx listed in Fig. 14 and
that with the disk access process in progress (following
step S84), the recording and reproducing apparatus 31
writes data to the position designated by physical
address “5000” in the region R1 of the layer L1. In such
a case, the last written address storage section 334
stores “Layer L1, 5000” as the last written address for
the region R1.
[0205]

More specifically, it might also happen that only
data is read from the optical disk 33 in response to a
disk access request demanding retrieval of r;corded data
from the disk 33. In such a case, step S85 is bypassed
because no data is written to the optical disk 33.
[0206]

If in step S83 the recording and reproducing
apparatus 31 is found to be in an idle state, i.e., if no

disk access request is being sent from the information

processing apparatus 32 to the control section 51, then
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through the background formatting process performed on the two-layer
optical disk, a temporary lead-out (TLO) area or a temporary middle area
(TMA) is created where appropriate in each of the user areas of the
layers LO 111 arid L1. Dummy data is then written to unrecorded regions
between the lead-in area and the TLO area or TMA. This enables the
recording and reproducing apparatus 31 to eject the optical disk 33 of
which the background formatting is not complete but which has been fully
formatted in a simulated manner. A reproducing apparatus with no
secgrdifigmeans eartiren. regibdpcesdatadram s dyp€ 98 opticab digk 3P 7
that has yet to be fully formatted in actuality. [0215] Also according to the
PrEsrt tnvERIen 2the Heclicivd proveds Dhahe uSeBardarinwed [ayer Lonis
carried out in parallel with the de-icing process on the user area in the

TayE? L11durfitnéd forhSatRRg bitfFe dpticAl idkdas ittdidws tHat2edisk

unmount request issued during background formatting of the two-layer

SpticaHizR chusEd Significantly smaller areas to be written with dummy

E@anq-nﬂan if the de-icing is not parallelly performed. 'Phis makes it
oSsible to eject the optical disk halfway through the formatting more

qmcmytqﬁ1step 387, the control section 51 formats the
region Rx as will be discussed later in more detail. Upon
formatting the region Rx, the control section 51 may as
needed reference the last written address for each region
Rx stored in the last written address storage section 334
and may accordingly control the signal control section 56
to carry out a de-icing process. Performing this process
formats the regioﬁ Rx-0 in the layer LO or the region Rx-
1 in the layer L1.

[0208]

When writing data to the optical disk 33 through
the disk access process as described above, ghe recording
and reproducing apparatus 31 stores the last written
address for each region Rx in the user areas.

[0209]

Described below in reference to the flowchart of

Fig. 17 is a typical formatting process performed on the

region Rx. The process corresponds to step S87 in Fig. 15.

Steps S121, S5122, S124 and S125 in Fig. 17 are the same
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before. [02161 The series of steps and processes described above may
be executed either by hardware or by software. For 112 the
software-based processing to take place, the programs constituting the
software may be either read from the optical disk 33 by the optical pickup
55 and sent from there to the work memory 52 for storage therein through
the signal processing section 56 and control section 51, or sent by the
information processing apparatus 32 to the work memory 52 for storage
via the signal processing section 56 and control section 51. [02171 In this
aspedificatioppthe stepgs which destribethe rprogmms Storedspr diiei vely
recording medium represent not only the processes that are to be carried
apdt ihHe depidteddbghiencl @1 s6red tifter$ées-basis) but also
rocesses that may be performed parallelly or individually and not
[Bﬁﬂo%blogically. 113 Claims [Claim 1] A recording apparatus for writing

i i having at least two_rewritable recordin
dauiK)%gaE%r%%ggwgfggd%wé %or attfhg of the reg%on Rél

in the layer L1 is not found to be complete, i.e., if the
formatting of the regions Rx in the layers LO and Ll
(regions Rx~-0 and Rx-1) has yet to be completed, then
step S123 is reached. 1In step S123, the de-icing process
section 401 in the formatting process section 335
controls the signal processing section 56 to format the
region Rx in the recording layer different from the layer
containing the position (in recordable user areas)
indicated by the last written address for the region Rx
stored in the last written address storage section 334,
before terminating the formatting process. If the last
written address storage section 334 does not store any
last written address, i.e., if the region Rx in the layer
L0 or L1l is not written with any data (through a disk
access process) other than dummy data, then the de-icing
process section 401 in the formatting process section 335
formats the region Rx in a predetermined recording layer
(layer LO or L1).

{0211]

Illustratively, suppose that in the makeup of Fig.
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layers, said recording apparatus comprising: di, T--sior management

means for dividing for management purposes a recording area of a first
recording layer of said data recording medium into a plurality of first,
recording regions and a recording area of a second recording laver of the
same medium into a plurality of second recording regions at substantially
the same physical positions as said first recording regions; recording
control means for controlling data recording to said data recording

medium in such a manner that if one of said first regions targeted to be
Writtehewitl fitstdaf® fdr formditimgier ohe of kaidisegbdnd sregibhsand 282,
substantially the same position as the first region has an unrecorded
sB&or Beveid ot Saitl first daxa seofsEtord Yatadesighateddsyious&?d by
then said first data is written to the unrecorded sector in the first region of

irterese gt Hoshiohafly BSrdepdrifirly sReork@ fgion: <3ad fetot@inghe
control means gjrther controlling the data recording in such a manner that
O&id First dedts %?ggﬁdgggc%naq%%tﬁ%ﬁﬁrit‘f’eﬁﬂbtseg?d iR Pedion oF e
id.secopd region thus elimjnating the unrecorded sector from said firs .

]g% éi%nse%?)hd%gé%oﬁﬁgrl?d rl%;f?a% urngrgégrlaégzegﬁ)??sté‘e%t‘éétee%%%%idr firgt "

§§idt§§ecggd f 8?&%%@@@5@@0&:H@r%@ﬁ%r%oncﬁgmi nformation

indicative of the regions targeted to be formatted next.
In that case, the de-icing process section 401 in the
formatting process section 335 controls the signal
processing section 56 to format preferentially the region
RO-1 (region 285) in the layer L1 different from the
layer LO containing the region 282.

[0212]

As described, the recording and reproducing
apparatus 31 formats the region Rx by referencing as
needed the last written address for each region Rx in the
last written address storage section 334. iflustratively,
if only one of the region Rx-0 in the layer LO and of the
region Rx-1 in the layer L1 has been fully formatted, the
recording and reproducing apparatus 31 proceeds to format
the other region Rx in the other recording layer. If both
of the region Rx-0 in the layer LO and the region Rx-1 in

the layer L1 have yet to be formatted, the recording and

reproducing apparatus 31 preferentially formats the
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which the unrecorded sector has been eliminated, then said first data. is
written to the detected unrecorded sector; first storage means for storing
information for determining the position to which said second data was
Last written; and second storage means for storing information which is
about each of said first and said second regions and which determines
the position no which said second data was last written in one of said first
regions or in the second region an substantially the same position as the
first region of interest. _Claim 2] The recording apparatus according to

elaimdh wherain, munieeerdedsecialjs detectacbinsaid firsiedion of syer
interest and in said second region at substantially the same physical
positionrasrenid fiest pegioni onif saitifirst exisaig sesend data is writtesn

to the unrecorded sector in said first region of interest or in said second
Fegior at stibstaatially theganre RS physical positionasisaid first degion the
thus eliminating the unrecorded region from said targeted first region or
karitsetohdregiondtherssaid ksvording TontrbPmednd -gains access to

another firs-_ reg-on and another second
[0213] ,

As described, the last written address is stored
for each region, and the region Rx is formatted
preferentially in the recording layer different from the
layer containing the position indicated by the last
written address for the region Rx in question. This
lowers the possibility that the region Rx in the
recording layer including the position indicated by the
last written address is found formatted upon resumption
of data recording to the user areas. That in turn
contributes to suppressing the degradation of recording
regions caused by the repeated overwriting of data to the
optical disk 33.

[0214]

According to the present invention, as described
above, if a disk unmount request is issued halfway
through the background formatting process performed on
the two-layer optical disk, a temporary lead-out (TLO)
area or a temporary middle area (TMA) is created where

appropriate in each of the user areas of the layers LO
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region next to the currently handled first and second regions, and writes
said first data to any unrecorded sector ir_ the newly accessed first and
second regions. [Claim | The recording apparatus according to claim I,
wherein for the first storage means if an unrecorded sector is detected in
any one of all said first regions in said first recording layer and in the
second region at substantially the same position as the f-rst region of
interest. in said second laver, then said recording control means controls

th a recording to said data recording medium n such a manner that
asna?lid irst d%%%%rét%?@ ntféﬁy%v{}ﬁtré n'to Jg[‘ﬁet GiRrecdrddyr %ggt’f)?a%é]séﬁ garons
firs- or sai C ion inthe r rding | different fro .

b .

L O U L8 G ST o s

rttan as determined By saiddnfermation JGlaim Al Jherecording ;o

apparatus according no claim 1, wherein for the Second storage means if
Anrunreepedesbsactanis detacted inene; af said dlirst regions ofintgrest

and in the second region an, substantially the same position as the first
fregiontafi inferest, then saidgeearding control sreanscoptels the1data
recording to said data recording medium in such a

formatted in a simulated manner. A reproducing apparatus
with no recording means can then reproduce data from this
type of optical disk 33 that has yet to be fully
formatted in actuality.

[0215]

Also according to the present invention, the de-
icing process on the user area in the layer LO is carried
out in parallel with the de-icing process on the user
area in the layer L1 during the formatting of the optical
disk 33. It follows that a disk unmount request issued
during background formatting of the two-layer optical
disk causes significantly smaller areas to b; written
with dummy data than if the de-icing is not parallelly
performed. This makes it possible to eject the optical
disk halfway through the formatting more quickly than
before.

[0216]

The series of steps and processes described above

may be executed either by hardware or by software. For
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manner than said first data is preferentially written to the unrecorded
sector in said first or said second region different from the region to which
said second data was written as determined by said information. [Claim s)
A recording method for writing dara to a data recording medium having

an least two rew_ritable recording layers, said recording method
comprising the steps of: dividing for management purposes a recording
area of a first recording layer of said data recording medium into a
plurality of first recording regions and a recording area of a second
reeordinfrlayerofthe samerdt@anedigntinta a jpturality of secord programs
recording regions at substantially the same physical positions as said first
geverdingvebionst benteolliriy' data reewrdisy folsdid dateratofding the
medium in such a manner that if one of said first regions targeted to be
Apitierrvbith ifsE data RY féhmattRy 6F oherdfEaiPseconiYégrsitin from
substantially the same position as the first region has an unrecorded
'Seeldt d&vdidof Y0 fir&tiutd Br of séendPdataMSignRiethy 4 tisquah

g en gaid rfgit daltgésé wgigten t% éhcetggrrlecg%degn gector %n the first rtegion %f 1
interést or in the posi‘ﬁongl%/ corresponding secona(?relgi:(f)ﬁ, sagct+ton !

or sent by the information processing apparatus 32 to the
work memory 52 for storage via the signal processing
section 56 and control section 51.

[0217]

In this specification, the steps which describe the
programs stored on the recording medium represent not
only the processes that are to be carried out in the
depicted sequence (i.e., on a time series basis) but also
processes that may be performed parallelly or

individually and not chronologically.
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controlling step further controlling the data recording in such a manner
that if said first data or said second data is written to said first region or
said second region thus eliminating the unrecorded sector from said first
or said second region and if an unrecorded sector is detected in said first
or said second region different from the other region from which the
unrecorded sector has been eliminated, then said first data is written to
the detected unrecorded sector; storing information for determining the
(Pasition to which said second data was last written; and storing
information which is about each of said 118 first and said second regions
[@hcewhich determines the position to which said second data was fast
written. in one of said first regions or in the second region at substantially
the samé posifien 4s!the fipstasgionsof fipterast. [EIaim &3 Peprogramderta
causing a con-Outer to write data to a data recording medium having at

1eastivotewREsbtE Tt eRBIthRG Iayers. Saitt grograh CoRigdmG theSstepsl 1 g
of: dividng for manageme,nt purposes a recording area 0,, a first recording

J8YE ot 'saftf d&taTecording oredain T it & piaraNit of st recording

regions and a_.
9 %1v1510n management means for dividing for

management purposes a recording area of a first recording
layer of said data recording medium into a plurality of
first recording regions and a recording area of a second
recording layer of the same medium into a plurality of
second recording regions at substantially the same
physical positions as said first recording regions;
recording control means for controlling data
recording to said data recording medium in such a manner
that if one of said first regions targeted to be written
with first data for formatting or one of said second
regions in substantially the same position as the first
region has an unrecorded sector devoid of said first data
or of second data designated by a user, then said first
data 1s written to the unrecorded sector in the first
region of interest or in the positionally corresponding
second region; said recording control means further
controlling the data recording in such a manner that 1if

sald first data or sald second data is written to said
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recording area of a second recording layer of the same medium into a
plurality of second recording regions at substantially the same physical
positions as said first recording regions; controlling data recording to said
data recording” medium in such a manner that if one of said first _ gions
targeted to be written with first data _for formatting or one of said second
regions in substantially the same position as the first region has an
unrecorded sector devoid. of said first data or of second data designated

byrauserdhen said first datads yittendg the uprecordad Qs seetor in thee

first region of interest or in the positionally corresponding second regicn;
said contrelling step furthes goptolling thesdataregariing da sHeh 8egion
manner that if said first data or said second data is written to said first
Zegion or said:secansk fegion thusoeliminatiag ¢he- warecoardedh sectarfsamor
said first or said second region and if an unrecorded sector is detected in
saidifirstopsaid:segcond region differentt fram thesothen regiore froorwhichm
the unrecorded sector has been eliminated, then said first data is written

W ithe delfected barscoided sectorstoniy Ipdermatiohrfondétedminiigthe

position to which said second data was last written; and
said first data is written to the detected unrecorded

sector;

first storage means for storing information for
determining the position to which said second data was
last written; and

second storage means for storing information which
is about each of said first and said second regicons and
which determines the position to which said second data
was last written in one of said first regions or in the
second region at substantially the same position as the
first region of interest.

[Claim 2]

The recording apparatus according to claim 1,
wherein, i1f no unrecorded sector is detected in said
first region of interest and in said second region at
substantially the same physical position as said first
region, or if said first or said second data is written

to the unrecorded sector in said first region of interest

or in said second region at substantially the same

'.,, A
[
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storing information which is about each of said first and said second
regions and which aetermines the position to which said second data was
last written in one of said first regions or in the second region at
substantiallye the same position as the first region of interest. [Claim 77 A
recording apparatus for writing data to a data recording medium having at
least two rewritab]e recording layers, said recording apparatus
comprising: 120 first recording control means for controlling data

Secding ta said data recording mediym, insuich.a manner dhatif an. ; g

instruction to eject said data recording medium from sa-d recording

apparatus is,given, with data havingsheen wittgn ta.recording areas b or
each of the recording layers of the medium, then an area indicating a

dempory sacording arep endeat substantially thel same ophysical postion
across all said. recording layers is created in reference to the position of
dhe datawrittes ihdheradiaky ottermostregording aresaofgaie datee cond
recording medium; second recording control means for controlling the
data recording to saidhdatauecerding mediuh évsdchra tmandesthavifd

there exist unrecorded sectors devoid of
regions, and writes said first data to any unrecorded

sector in the newly accessed first and second regions.
[Claim 3]

The recording apparatus according to claim 1,
wherein for the first storage means
, 1f an unrecorded sector is detected in any one of all
said first regions in said first recording layer and in
the second region at substantially the same position as
the first region of interest in said second layer, then
said recordiﬁg control means controls the data recording
to saild data recording medium in such a manner that said
first data is preferentially written to the unrecorded
sector in said first or said second region in the
recording layer different from the recording layer
including the region to which said second data was
written as determined by said information.

[Claim 4]
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data radially inside of said area indicating the temporary recording area
end r._ each of said recording layers, then formatting data is written to
said unrecorded sectors; third. recording control means for controlling the
data recording to said data recording medium in such a manner that if an
instruction to mount said data recording medium on said recording
apparatus after said instruction to eject is aiven, then said formatting data
is written over said temporary recoiling area and written 121 to

unrecordegl sectars,devoid af data within said_ recording areas gf each of

the recording layers of thé medium.,’Cia-_m 8"."A récording method'for

Wiiting; data o a-gatastecgrding medium .4y £.¢ at least two re p r stable
recording layers and mounted on a recording apparatus, said recording

,methog-comprising thessteps o firstly eprtealingdata regerding to-said.

data recording medium in such a manner that if an instruction to eject

Siaids datecrgecorting medira feosm saidrecarding apparatds isgiven, with
data having been written to recording areas of each of the recording
dayersaf the Imediuhg theman area indicating atemporarytrecerding: of
interest, then said recording control means controls the
data recording to said data recording medium in such a
manner that sald first data 1s preferentially written to
the unrecorded sector in said first or said second region

different from the region to which said second data was

written as determined by said information.

A recording method for writing data to a data
recording medium having at least two rewritable recording
layers, said recording method comprising the steps of:

dividing for management purposes a recording area
of a first recording layer of said data recording medium
into a plurality of first recording regions and a

recording area of a second recording layer of the same
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area end at substantially the same physical posit-on across all said
recording layers is created in reference to the position of the data written
in the radially outermost recording area of said data recording medium;
secondly controlling the data recording to said data recording medium in
such a manner that if there exist unrecorded sectors devoid of data
radially inside of said area indicating the temporary recording area end n
each of said record-'= layers, then formatting data is 12 written to said

niecorded sectors thirdly controlling the data tecording 1o ?%igi%%@ at

recording medium in such a manner that if ar. instruction “to -nount said

datarecn. rdine, medium opsaid, tecording apparatysafer said 5 £ rsc

instruction to eject is given, then said formatting data is written over said
Aemperanygrecoding-area and written to unrecorded sectors devoid of
data within said recording areas of each of the recording lavers the
medium d&taineg 1A progranefor causingragcaputet to witesdatadoading
data recording medium having at least two rewritable recording layers
ragtlimountedsorca recordingeapparatus;. Saich progfamscomnprising theegions
steps of: firs-__y controlling data recording to said data
targeted to be written with first data for formatting or
one of said second regions in substantially the same
position as the first region has an unrecorded sector
devoid of said first data or of second data designated by
a user, then said first data is written to the unrecorded
sector in the first region of interest or in the
positionally corresponding second region; saild
controlling step further controlling the data recording
in such a manner that if said first data or said second
data is written to said first region or said second
region thus eliminating the unrecorded sector from said
first or said second region and i1f an unrecorded sector
is detected in said first or saild second region different
from the other region from which the unrecorded sector
has been eliminated, then said first data is written to
the detected unrecorded sector;

storing information for determining the position to

which said second data was last written; and

storing information which is about each of said
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recording medium in such a manner that if an instruction to eject said
data recording medium from said recording apparatus is given, with data
having been written to recording areas of each of the recording layers of
the medium, .her an area indicating a temporary recording area end at
substantially the same physical position across all said recording layers is
created in reference to the .position of the data written in the radially '_23
outermost recording area of said data recording medium; secondly

<optrolling the data ecording 1o said datg fecording mediunmin such a o

manner that if there exist unrecorded sectors devoid of data radially
gaside ;of said area indicating the tesnporary: recesding aLea gnd. ingagh
of said recording layers, then formatting data is written to said unrecorded
sestars; thirdly contretlingdhe slata recordingie said-data recgidingat
medium in such a manner that if an instruction to mount said data
getarding:metiwn ohssait recopding tapparatustafter Saicsinstractiamtoo £
eject is giver, then said formatting data is wri-ten over said temporary
¥etedingarea and written to unrecorded sectors devoid of data within
said recording areas of each of the recording layers of the medium.
-C--aimQ]

[Claim 6]

‘A program for causing a computer to write data to a
data recording medium having at least two rewritable
recording layers, sald program comprising the steps of:

dividing for management purposes a recording area
of a first recording layer of said data recording medium
into a plurality of first recording regions and a
recording area of a second recording layer of the same
medium into a plurality of second recording regions at
substantially the same physical positions as said first
recording regions;

controlling data recording to said data recording
medium in such a manner that if one of said first regions
targeted to be written with first data for formatting or
one of said second regions in substantially the same
position as the first region has an unrecorded sector
devoid of said first data or of second data designated by

a user, then said first data is written to the unrecorded
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The recording medium or. which the program claimed in claim 6 is
recorded. aim i1] The recording medium on which the program claimed in
claim 9 is recorded. 124 Abstract  _he present invention relates a
recording apparatus, a recording method, a program, and a recording
medium whereby data is reproduced from a two-layer opt-cal disk that
has ye-_ to be formatted completely. A control. section 51 divides a
recording area of a layer LC of the optical disk 33 into a plurality of

skecording regions:and.a recording area.of adayerl Lof the same disk 33
into a plurality of recording regions at substantially the same physical

hositionsasithe reserding sedions ok thedayerkQ: Arconyek section 5-
records the region where user-designated data was last written. The
eontrebsactrion 5tk gomtrelsaesignaln processing section 8640 wterding
dummy data to the recording area of the layer LO or LI different from the
layerdbat includes ¢he Bgion icwhichahé user- designated datacwas dastd
written. The signal. processing section 56 is then controlled to write durciy
Wrata toLthew radording tared of the faye? tontd nPihgrthegegidnalssred
region thus eliminating the unrecorded sector from said
first or said second region and if an unrecorded sector
is detected in said first or saild second region different
from the other region from which the unrecorded sector
has been eliminated, then said first data is written to
the detected unrecorded sector;

storing information for determining the position to
which said second data was last written; and

storing information which 1s about each of said
first and said second regions and which determines the
position to which said second data was last written in
one of said first regions or in the second region at

substantially the same position as the first region of

interest.

[Claim 7]
A recording apparatus for writing data to a data
recording medium having at least two rewritable recording

layers, said recording apparatus comprising:
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the user-designated data was last written, thus formatting the optical disk
33. This invention can be applied advantageously to the recording
apparatus for recording data to optical disks. 125

first recording control means for controlling data
recording to said data recording medium in such a manner
that 1f an instruction to eject said data recording
medium from said recording apparatus is given, with data
having been written to recording areas of each of the
recording layers of the medium, then an area indicating a
temporary recording area end at substantially the same
physical position across all said recording layers is
created in reference to the position of the data written
in the radially outermost recording area of said data
recording medium;

second recording control means for controlling the
data recording to said data recording medium in such a
manner that if there exist unrecorded sectors devoid of
data radially inside of said area indicating the
temporary recording area end in each of said recording
layers, then formatting data is written to said
unrecorded sectors;

third recording control means for controlling the
data recording to sald data recording medium in such a
manner that if an instruction to mount said data
recording medium on said recording apparatus after said
instruction to eject is given, then said formatting data

is written over said temporary recoding area and written
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to unrecorded sectors devoid of data within said
recording areas of each of the recording layers of the
medium.

[Claim 8]

A recording method for writing data to a data
recording medium having at least two rewritable recording
layers and mounted on a recording apparatus, said
recording method comprising the steps of:

firstly controlling data recording to said data
recording medium in such a manner that if an instruction
’to eject saild data recording medium from said recording
apparatus is given, with data having been written to
recording areas of each of the recording layers of ﬁhe
medium, then an area indicating a temporary recording
area end at substantially the same physical position
across all saild recording layers 1s created in reference
to the position of the data written in the radially
outermost recording area of said data recording medium;

secondly controlling the data recording to said
data recording medium in such a manner that if there
exist unrecorded sectors devoid of data radially inside
of said area indicating the temporary recording area end

in each of sald recording layers, then formatting data is
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written to said unrecorded sectors;

thirdly controlling the data recording to said data
recording medium in such a manner that 1f an instruction
to mount said data recording medium on said recording
apparatus after said instruction to eject is given, then
sald formatting data is written over said temporary
recoding area and written to unrecorded sectors devoid of
data within said recording areas of each of the recording

layers of the medium.

[Claim 9]

A program for causing a computer to write data to a
data recording medium having at least two rewritable
recording layers and mounted on a recording apparatus,
said program comprising the steps of:

firstly controlling data recording to said data
recording medium in such a manner that 1f an instruction
to eject said data recording medium from salid recording
apparatus 1s given, with data having been written to
recording areas of each of the recording layers of the
medium, then an area indicating a temporary recording
area end at substantially the same physical position
across all said recording layers 1s created in reference

to the position of the data written in the radially
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outermost recording area of said data recording medium;

secondly controlling the data recording to said
data recording medium in such a manner that if there
exist unrecorded sectors devoid of data radially inside
of said area indicating the temporary recording area end
in each of said recording layers, then formatting data is
written to said unrecorded sectors;

thirdly controlling the data recording to said data
recording medium in such a manner that if an instruction
to mount said data recording medium on said recording
apparatus after said instruction to eject is given, then
sald formatting data i1s written over said temporary
recoding area and written to unrecorded sectors devoid of
data within said recording areas of each of the recording

layers of the medium.

[Claim 10]

The recording medium on which the program claimed

in claim 6 1s recorded.

The recording medium on which the program claimed

in claim 9 1s recorded.
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