S06P0540 [ Name of Docunent] Specification [Title of
the I nvention] RECORDI NG APPARATUS, RECORDI NG METHOD,
PROGRAM AND RECORDI NG MEDI UM [ Techni cal Fi el d]
[0001] The present invention relates to a recordi n§06P0540
apparatus, a recording nethod, a program and a
recording nedium More specifically, the i nvention
relates to a recording apparatus, a recording nethod,
a progran1 and a recording nediumwhereby data is

COr d tic di sks Background Art] [0002]

ecent® eé%gl fxﬁQ?ﬁ%géﬂa%b?Pcal di sks such as

[&Dt@fﬁy % act_Di sk Revvrl t abl e?;i and DVD+RW (Di git al
ar SKIRE F 1] FEBERRGNGsBBPARAEHS vBEGORDING
rewitable recording nedia. Wth | arge nunbers of

M, (ERGGRAH SANRAIFEPRPINSIMBEDIHMCi r cul ati on, the

need exists for better conpatibility between
ledrdion) Bigptlat uses for witing data to these disks
on the one hand, and reproduci ng appar at uses,

ially those with no neans to record data to such
di sks on the other hand. For the sake of convenience,
it is Phef ereednthanveatd dre ralepreaduced framrding
rewitable optical disks also by the 1 SO6P0540
apparatus, a recording method, a program, and a recording
mediunu More specifically, the invention relates to a
recording apparatus, a recording method, a preogram, and a
recording medium whereby data is recorded to optical
disks.
[Background Art]
. [o0o2]1

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 numbers 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




reproduci ng, apparatus incapable of wing data to such

di sks. [0003] Optical disks such as CD-RWand DVD+RW

to and fromwhich data can be witten and read

randomy cone in one of two states: either they h§9&F0540
no data recorded in their recording regions, or they

have both data-filled and data-free regions |ocated

side by side on a single disk. [0004] Wwen there is

no data recorded in the recording regions of an

data ! gi o |
R RS PP PP LT e RRRB IR, PECH P 4G R nEpar el

' mation for determ ning the physical addresses of
e recording regions out of an acquired wobble

i
ﬁﬁ#ﬁgﬂ' The wobbl e signal is obtained (i.e.,
etected) by emtting a light beam (laser) to a

slightl .meandering track of the recordi ng regions.
[0005] Qe ks U o5 Coriibchrich THAFRY Coo cimyy From

regions of an optical disk, the recording and

' Aridhoan fparat sencayuir sead repdodlgedoseghal one
fromthe disk by emtting the light beamto the pits

- Floril §tptarese ity oflkey Fraviet he deps odeceddsidghal their
t hus obtained, the recording and reproducing

e rnand s aet tlhee. hate Ro06REDBAOrilled and
- data-free regions located side by side on a single diék.
[0004]

When thereris no data recorded in the recording
regions of an optical disk, the recérding 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 é 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.,
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acquire) synchronization information for determ ning

the physical addresses of the recording regions

together with the data which was retrieved fromthe
recordi ng regions and which contains the S06P0540
synchroni zation information. [0006] The reproducing
apparatus with no neans to wite data, by contrast,

wor ks on the assunption that data is reproduced from

a data-filled optical disk, i.e., froman optica
disk.with no data-free recording regions. The

PERrbEGEi Ry aBpardEatiean leferaet ipRoFrrheetepmdduced the
signal the synchronization information for determning
PhESpRgLi RAfTaB8rEseEsthe rReordénpdiragireg dngether with
Unl i ke the recording and reproduci ng apparatus,

HoGedata vivbch epsotatrigvadpiranushkaserortdcid itegions
for extracting the synchronization information from
pe Wpbvle- pemtabnedtheobphehsbghakbt i pAOARK o et iics,.

the reproduci ng apparatus is incapable of reproducing.
b®@6From optical disks with no data-filled recording
regions or fromoptical disks each containing both

dat a- f iTlheed-egrubdiatiand ragepaegi @ syi dhend easHMsi 8o Hbate
fromany data-free recording region on the optica

dhisk, Bhhecomprostici BgrRPPahatHe §350Rb+ eXh! 86kt data is
~ (obtain) data synchronization information. 3 {
SOFEBASd 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 én the optical
disk, the reproducing apparatus cannot extract (obtain)

data synchronization information.
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[ 0008] The recordi ng and reproduci ng apparatus thus

needs to format the entire optical disk so that the

reproduci ng apparatus may randomy reproduce the data

recorded randonly on the optical disk. The formattittpF0540

involves witing dunmy data to the whol e recording

regi ons of each optical disk. [0009] Illustratively,

if a data-free optical disk (i.e., -blank or virgin

di sk) is nounted on the recording and reproducing

zggéé?tus, the apparatus formats the disk by witing
unmry” data to the whol e recording regions of the

nmount ed, . di sk. |t takes |l ot of tinme for the recording

and re %hﬁﬁ?ﬁf%&%%r%?%sr?BrPgPﬁﬁPgaﬁppﬁéééﬂéiﬁ&us needs
egLons , of the mpunted optical disk. An extended

%%r*%ﬁm%Y theeentyFecapPlyCalagded I56f ghati Hhe reproducing

formatting is conpleted and the optical disk is ready

PHRALIRIBY FARIOEEY. rPRrOgUFSr ther disitaf gldamidegl t he

. mounting of an optical disk (blank disk) on the
FarBlneanthe eppbilgaingiappar Bhasformhetungr inuslves
wait a long tine for the disk to be conpletely

Yorrand edvfmy deba LOOLDE Whoils abviomdd nighatecd@fdrey of each
nmounting an optical disk on the recording and

erproducdhgk appar at us, the user 4 S06P0640 expects to
have the disk readied for use in the shortest

[0009]

Illustratiﬁely, 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 ;ser. In
other words, following the mounting of an opticai 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.

[0010]
It is obvious that after mounting an optical disk

on the recording and reproducing apparatus, the user




possible tinme. [0011] Sone techni ques have been

proposed to bypass the above difficulty. The

techni ques involve first conpleting initialization of
(i.e., witing of necessary data to) the |lead-in ars@&%pP0540
of a rewitable single-layer optical disk, the area
accommodati ng information about the data to be

recorded to the recording regions of the optica

disk. Wth the lead-in area initialized, a host device
such as a personal conputer connected to the recording
HFREFepriveluer g Bhparasls resdakedoied teseadoeshet hthortest
nount ed optical disk. Thereafter, while the recording
Qﬂﬁﬁlbb©rbuuetng apparatus is at rest (in idle state),
dunmy data is witten to data-free regions (i.e.,
UHrecbrded regions) in the user area to which to

wite the data designated by the connected host

deVIceSQmaatedhﬂﬂdueﬂlhdﬁéﬂbéénkﬁ@@ﬁo@édatgaﬁggﬁggnghe
formatting process (See Patent Docunent 1)

dHRatee rdi HOTHIERY . 1kﬂﬂ§ﬂﬂ@§§ﬁi£@é§”in#@lgé°?§Ps§bcoﬁﬁiet1ng
11-134799. [Disclosure of the Invention] [Proble

ﬂﬁiﬁiﬁl&%bﬁ&bﬁrﬁfloye@t'Oﬁklt§n§oggoﬁégeskg9§3hata to)
Suppose that during formatting of the single

the lead-in area of a rewritable single-layer optical
diék, 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).
[0012]

[Patent Document 1]

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

[Disclosure of the Invention]

[Problems to be Solved by the Invention]




optical disk by a recording apparatus, the user gives

an instruction to unnmount the optical disk fromthe
recordi ng, apparatus. At that nonment, the recording
apparatus wites dummy data to any region free of &&0540
or dummy data in the area ranging fromthe begi nning

of the wuser area located in the radially innernost

zone of the optical disk, to the radially outernost
position where data is witten in the user area

{'0§3 farthest position fromthe beginning of the

user érea) .- The recording apparatus then wites a

t enpor Y | ead-out (TLO) area indicating the ending
posi ti ot RFOThetlit adyrinredfpegpbasngi aft hbeuséngaeedayer
away fromthe radially outernost position of the data
WF¥?@?~. AhskhBYugekespsdingehpre ragjusct ithg tisemptiivesd an
di sk. In other words, the recording apparatus records
Haf Br8Ft daRmyodaraesnar thag optdmattheli sikeaihdmn taveea t o

the radially outernost position of the data witten
FeCeheéingerPpapatusr edtiesthidie hempntar yhel eadoodling

area, and then ejects the optical disk. [0014]

ApRE e, wdit éagdtionpatbtagtef aayt wegliayerrept ivdaldata or
di sk by a recordi ng apparatus, the user m ght give an
dwrsty udd tanihothamaues thegdhgk chbamhie paBRARALYS of Rhe
6 S06P0540 that case, the recording apparatus wites

wata Dreduldyateat ant ehaghdhi1t he i harehsstCLeALeS A the
| ead-out area (or a tenporary mddle area, to be
desiofabedi sRf efd P8E FLRYLE11y 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 outermbst
position of the data written in the usei area, before
ejecting the optical disk. In other words, the recordinﬁ
apparatus records data or dummy data Startiné from the
lead-in area to the radially outermost position.of 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. 1In




A

and then ejects the optical disk. [0015] If the
rewitable two-layer optical disk is to be unnounted
hal fway through the formatting by the recording and
reproduci ng apparatus operating with traditional S06P0540
techni ques, it mght happen that data (or dumry 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 correspondi ng positions of
the other layer. This eventuality makes it difficult
Q@%p%@%eth%h%bQQ@Or@hﬂgiﬁEQaba@Mgr@mmdeEodﬂnatbmgdummy
rocess to the formatting of the rewitable two-Iayer
3 e eRek.of 00s] lFverexanpketesonsildart-autwarkaygbr a

optical disk, as seenin Fig. 1, with its left-hand
o r@eO el gl ¢ egfoms tbobat ddseribbe ladieal | pernnaker,
side and its right-hand recording regions on the
argdi thdry @iretrs stlde. ohecal e€osding | ayer closer to

the optical pickup emtting the |ight beamto the
diGskSsurface is called the layer LO  Suppose now t hat
aregion 11 in the layer LO has data recorded therein
and thatt aheegiewit2piR theOf | AVef oo 4
called the layer LI (differ entﬂfeé;%m t hecalllaégr %n%lo be

dﬁﬁddﬁﬁé&rHHEﬁJH&(¥H%§ﬁ%%p&ﬁé“?&rﬁéé@iﬂgsbgaEQe recording

recorded therei'n. |
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 eventﬁality 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 Opti;al 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
1ight 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

7




In Fig. 1, an arrow Al indicatesa particular position
(position Al) of the data-filled region 11 in the
| ayer LO An arrow A2 indicates a specific position
(position A2) of a data-free region 14 (devoid of &8680540
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 L1. [0018] In Fig.
1, aregion 13 is a data-free region (devoid of data
or., du data) in the |ayer LO, and the region 14 is
%ajsf‘?ﬁl%‘?yiﬂ%{?’é-ﬂ et éfr6ANtnTrRR Fhgetaver LPOODY]
lr§u TE)ose t hat a reproduci ng.agparat us about to
%g Refickromt Bhe remt teel opi FéuP) dedkoohashdatbovecorded
structure perfornms a seek fromthe position Al in the
the%®in O to the position Bl in the |ayer L1. The seek
may typically involve executing a cross-layer junp
- %kt he position Al in the layer LOto the position
A2 in the layer L1 and then carrying out an optical
pi ckup Imovamentl, famomxtrher (FoSi tiditAZ 4 & thwe-positien
Bl inthe layer L1. 8 S06PC640 [0020] However,
HoeciEusE t fposegian AY) cont ehai agtihei 10881 +é§noA21hasy
no data or dummy data recorded therein, the
reprieguat Mg appar atrttew B2 e PesiddOn ARf; dhe JaValion
L1 cannot, acquire data synchroni zation i nformation
fosition A2) of a data-free region 14 (devoid of data or

dummy data) in the layer Ll. 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 agout to
reproduce data from the optical disk of the above
structure performs a seek from the position Al in the
layer L0 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 L0 to the position A2 in the

layer L1 and then carrying out an optical pickup movement

from the position A2 to the position Bl in the layer L1.

8




determ ning the physical addresses of the recording
regions in the layer LI. Incapable of determ ning the
position in the region 14 of the |ayer L1, the
reproduci ng apparatus cannot nove its optical pick@@er0540
from the position A2 to the position Bl. [0021] In

the two-layer optical disk setup, as described above,

t he reproduci ng apparatus nmay not be able to

reproduce data fromthe disk that was formatted

earlier Dby a recording apparatus. Because the
%%z@hyer,optical di sk has nore recording regions to
be formatted than the single-layer optical disk, it

t akes |Homigerent,o Heigziwte titee feoyimt tihg@inenssngl £hthe
user issues an instruction to unnount (i.e., eject)

péel open ol Whsknhaddvayotrhdough dhbe FerpeBEUNGhe?Rin,
i nordinately prolonged tinme period nay have to el apse

thonrepeodicing hppasitustianths gb¥eRioHNhbl othene 1ayer
optical disk is ejected fromthe recording apparatus.

1 D022 ndk SOEREDAD ddthe PYESERbN L BNEDLH 0L BasReeR MRae
in view of the above circunstances and pFOVIﬁeS

s fAngRTRY SR Y cal Nei£O5QdYCL AT, RDPALALYS s WLt h
no data witing neans to reproduce data froma

tdrdayer, | j th :ﬂgg t Q. he formatte
cécl)gr)ftpl et el,nyfm%él\/éqzdnys% Zi:l 'Sor% n }:%Lge ﬁ%kﬂegcr%‘{mlnlng ghe

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. |

f0022]




[0023] In carrying out the present invention and
according to one enbodi nent thereof, there is
provi ded a recordi ng apparatus including: division
managenment means for dividing for managenent purpo$&$P0540
a recording area of a first recording |ayer of the
data recording nediuminto a plurality of first
recordi ng regions and a recording area of a second
recording |ayer of the same nediuminto a plurality
of sec kF recording regions at substantially the sane
physi cal'p&EGT0 s WY §Hel 91 ras rleeen drade iegVoaw; of the

nd recording control means for controlling data
?a%%ﬁ? off TP 48 t3HeCorat anf e bPHi AgSnediranuemestoh eaabling
manner that if one of the first regions targeted to
?ﬁ?v%?R%QQPCNQQrﬁﬁpﬁéﬁt@atﬂitbrnﬁodﬁaatWMgtdngom@a@% to
the second regions in substantially the sane position .
LEPRRIGs rdrta rigghrone hagoahavereopt dedlsddbar tt@wohds yet
of the first data or of second data designated by a
Gisdre fdremttesd foomgpledatn. is witten to the

unrecorded sector in the first 10 SO6PCB40 region of
iMeaarsesfororsdinvitde fosi piepaéhy] correspondi ng second
region; the recording control neans further
[@@#tF]ol | ing the data recording in such a manner that

if the first data or the second data is witten to
- the firatcakegiag ott AgeS dCH RIS and according
: elimnating the wunrecorded sector fromthe first or

-t erseeamdbdig@inn @t d f ﬁtéhé‘f]é efgrlgl_egvf&g&og l:écording

detected in the first or 1

apparatus including: division management means for
dividing for management purpocses a recording area of a
first recording layer of the 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 the first recording
regions; and recording control means for congrolling data
‘recording to the data recording medium 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 a user, then the first

data is written to the unrecorded sector in the first

10 -




second region different fromthe other region from

which the unrecorded sector has been elimnated, then
the first data is witten to the detected unrecorded
sector. [0024] Preferably, if no unrecorded sector S&P0540
detected in the first region of interest and in the
second region at substantially the sane physica

position as the first region, or if the first or the
second data is witten to the unrecorded sector in

the first region of interest or in the second region
ﬁfg%ﬁ%s?gn%PgPF9SFh@rSaﬁetbﬁy@@@éﬁiom@ﬁhm(mmnﬂeagunding
first region thus elimnating the unrecorded region
FROMRE hecg hpyet BHef reserdégigor oot rofe meseeo o rtdgion,

then the recording control nmeans may gain access to

et heklingstheedhdba amdoandénbernsecchd ar egirorer gt if
to the currently handled first and second regions,

el ite dakaforsthdatacbadadgtaniecarded sseaiOthdN first
the newy accessed first and second regions. 11
BOFRO54AQr (10026¢cnef eeghby, thhe eecnhdbRg nAPRAAL US

of the present invention may further include storage
ureansofad s§@ct 6y £HhotRBt FeRstobrdeher Bbkichd e ion and
- position to which the second data was |last witten;

vhedreiuhrédoadedns €606 Heds 986LEEHSiHCLRE! €4 Al A the
one of all the first regions in the first recording

deaysd anchidh ther second Eeghoppat otggPsﬁr@B%ﬁ' Y & hich
sane position as the first region o
the unrecorded sector has been eliminated, then the first
data is written to the detected unrecorded sector.
[0024]

Preferably, if no unrecorded sector is detected in
_the first region of interest and in the second region at
substantially the same physical position as the first
region, or if the first or the second data is written to
the unrecorded sector in the first region of interest or
in the second region at substantially the saée physical
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 anotﬁer second region
next to the currently handled first and second‘fegions,

and write the first data to any unrecorded sector in the

newly accessed first and second regions.

11




interest in the second |ayer, then the recording
control neans may control the data recording to the
data recording nediumin such a manner that the first
data is preferentially witten to the unrecorded S96P0540
sector in the first or the second region in the
recording layer different fromthe recording |ayer
including the region to which the second data was
witten as determ ned by the information. [0026]
?bggg?ably, the recordi ng apparatus of the present
invention may further include storage neans for
storingPrigforn?tioF whi ch i s about each of the first
- and t he" “REROHA Y egFBRsFaRA AAnghaBBRERfIRe 9 Tt ke present
gosit%on to which the second data was last witten in
RECBF LPRe™PVr SPrthegi dnsigds & toma gsessmns digiorstatring
Su?stantlall¥ the same position as the first region
P PHERFLSE; TRReFErRIMiNIAY theSpORAB4®N Uy eduratedhe
sector is detected in one of the first regions of
PRterdstabadvpl Lhetswcdndenegiwtie ratinsubist ant ivaldesdhid
same position as the first region of interest, then
fhetoretdrdrhgetedt iol angansemayf adnt nole tiesdatr@gions in
recording to the data recording nediumin such a
Hamnkirsharechedingsiaydat ands ipr eher eridoald Y-aafiidt en
to the unrecorded sector in the first or the second
$@QﬁtmmtﬁéibyeﬁhefsamétbesiteghoastQh@hkqgskh%e%qggn@f
data was witten as determ ned by the information. .
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 regioh in the recording layer
.different from the recording layer including the region
to which the second data was written as determined by the
information.

[0026]

Preferably, the recording apparatus of the present
invention may further inclﬁde storage means for stéring
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 substantially the same

position as the first region of interest; wherein, if an

12




[0027] According to another enbodi nent of the present

invention, there is provided a recording nethod the

steps of: dividing for managenent purposes a

recording area of a first recording |layer of the 88680540

recording mnediuminto a plurality of first recording
regions and a recording area of a second recording

| ayer of the same nediuminto a plurality of second
recordi ng regions at substantially the sane physica
ositions as the first recording regions; and

‘gb"rﬁ‘?%?ci‘%gs%%?%r reeoretagted inecnat af rbeofdiay regions
mediumin such a manner that if one of the first

HegiHiRre sl gut@din otlve 9p¢endnreginnf atssuldatantoally the
formatting or one of the second regions in

SstRaftital oy as hehgahkrposi¢gbonastt hetérest, r egeanthe
has an unrecorded sector devoid of the first data or

Igfcogetiont wattrdB BoeR954dy dest goat ele byadausecoribgy to
the first data is witten to the unrecorded sector in

- thive datrsstra@pgidimofmédiwi ebt Slichi f hReneeSEREONBLLYFirst

correspondi ng second region; the controlling step

danalﬁs'pxnﬁqxﬁﬂﬂiﬁﬂlﬁNMﬁEﬁﬁéde@@rﬂﬁ@gunfécéﬂggdasector
manner that if the first data or the second data is

i ithiee 1T Gt ey THS s RUONC Y i dAEy SEEQPLH €BLOR thLuS
elimnating the unrecorded sector fromthe first or

rlehig opeaoNdi it ANt ddndiy L 5664 0L ! -
‘detected in the first 5} t he 32@%%§§?%%?%% %ﬁf%%&%ﬁ%lned
b emet 1 R el 1£0i on from which the unrecorded sector

as been

[0027]

According to another embodiment of the present
invention, there is provided a recording method the steps
of: dividing for management purposes a recording area of
a first recording layer of the 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 sdbstantially
the same 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 to be written with first data for
formatting or one of the second regions in substantially

the same position as the Ffirst region has an unrecorded

sector devoid of the first data or of second data
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elimnated, then the first data is witten to the

detected unrecorded sector. [0028] According to a

further enbodi ment of the present invention, there is
provided a programincluding the fi steps of: 506P0540
di vidi ng for managenent purposes a recording: area of

a first recording |layer of the data recording nedi um

into a plurality of first recording regions and a
recordi ng area of a second recording | ayer of the sane

fyminto,a plurality. of cond recordi ng regions at
gﬁg%?%%he% Ry $h8525m¥5ﬁ93r%gﬁl LA&Sitt Phe as PRéttepsto
% go&ding rggions; and_controILin% data recording to

2 "RRTEOFEEDr AFREChedRuklentdtek &emdRneptt Aaterest or
one_of the, firsi regions targeted to be witten with
17 r ke gBP Sl FbPRa sl BoBpHEaePORELREt SERgNEr Tegéons the
second_regions in _substantially the sane position as
tPREFPHEiNY gt oR Rasthar uppstspdddngsebeodatevoedoofiing
the first data or of second data designated by a
e efuch hermapeefi ket daf aths @ikbtedate orhehe second
unrecorded sector in the first region of interest or
43t his post tiemat ¢ ytvor ridspondiemi eecand e giafind heegion
controlling step further controlling the data
trecorell nyinanisyctha weneesrddat setcbherfbnsthdakaret or
the second data is witten to the first region or the
Her e ored)i oagidhusnel i M nat bngetheqdar scerded; seglPlcreg
fromthe first or
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.

(0028]

According to a further embodiment of the present
invention, there is provided a program including the
steps of: dividing for management purposes a recording .
grea of a first recording layer of the data £ecording
‘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 the first
recordiﬁg regions; and controlling data recording to the

data recording medium in such a manner that if one of the

first regions targeted to be written with first data for

14




the second region and if an unrecorded sector is
detected in the first or the second region different
fromthe other region fromwhich the unrecorded sector
has been elimnated, then the first data is witt&6P0540
to the detected unrecorded sector. [0029] According '
to an even further enbodi nent of the present

invention, there is provided a programfor a

recordi ng medi umincluding the steps of: dividing for
Eanagenpnt purposes a recording area of a first

VR HE Payeie it tHee daeaondcordingsnedi smbistbatdally
plurality of first recording regions and a recording
HieaSyhe Peekoirn aecohreli Agrshyeegobnt hessane unedicomded
into a plurality of second recording regions at
sgffmAewiq ehetlpankl 15t 1d506PO540f pbyshdabata
positions as the first recording regions; and
asghitgroitechdodat aiseacorthay tioet herdat aateCcoEdiREtten to
medium in such a manner that if one of the first
thegiunsscdadgetadt-ttar bien Whét eDrstt Refibst cdat atbQbst or
formatting or one of the second regions in

isubsteandd il Jorld1e s ABr rdISbhd PG aSe EHRAT LE§EoFEOLAR

has an unrecorded sector devoid of the first data or
cahsenanhlaglesianale o r 41 Usgy, chOeLhe LbLshing
data is witten to the unrecorded ector Tn the Tirst

iredh of niAtRnesth-ar i e ﬁ@&t&geg' ({nl\_‘ nghe second

correspondi ng second region; e control

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 is 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.

{0029]

According to an even further embodimeﬁl of the
present invention, there is provided a program for a
recording medium including the steps of: dividing for
management purposes a récording area of a first recording
layer of the 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

15




step further controlling the data recording in such a
manner that if the first data or the second data is
witten to the first region or the second region thus

el iminating the unrecorded sector fromthe first op06P0540
the second region and if an unrecorded sector is

detected in the first or the second region different
fromthe other region fromwhich the unrecorded

sector has been elimnated, then the first data is

[t to the. detected unpecorded sector. [0030]
Q%&é%é%iﬁf?%ékﬁ%ﬁ%ga%e Gt L F8EoF 8FREIHBEnBEYions? and
ragram. or recording medium of the present invention
"P%angfioﬁﬁdgbq ac_i,afo%ﬁ § HhovkCe Bhe e@%gai Kgcareangf mgdium
first recording |ayer of the data recording nmediumis

A Y 2L SHEPOE4ETt fof oRMagEnehe Hirpbseecinns a
glura%%}y of first recording regions and a recording

F e ot Lileiori Hy fhyet ddtahfosafermediing or
is likewise divided into a plurality of second
s GHidithe raafiaors moioubsimngilastynt hel sanehghysieal
positions as the first recording regions. Data
Rasddriditn g st ¢ hehef idmtta reeciorwitngs  amedinre ¢ Sréont oLt ed
in such a manner that if one of the first regions
deaicget ed tthebel ivasitt tdart anidih 6 rsdcoiad addod déOIFREEEATDY
or one of the second regions in substantially the
as arse rpositteinonthas ftitestf idata ragiwn hesn afo WKECRE A88o rded
sector devoid of the first data or of second data
sector in the first region of interest or in the
- positionally corresponding second region; the controlling
step further controlling the data recording 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 firsf or the
second region and if an unrecorded sector is 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.
{0030]

Where the recording medium, recording method,

program, or recording medium of the present invention is

in use as outlined above, a recording area of a first

recording layer of the data recording medium is divided
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designated by a user, then the first data is witten
to the unrecorded sector in the first region of

interest or in the positionally corresponding second
region. The data recording is further controlled PROFO540
such - a manner that if the first data or the second
data is witten to the first region or the second
region thus elimnating the unrecorded sector from
the first or the second region and if an unrecorded

ector is detected in the first or the second region

% MRS TYmRHR Gt Fier 17 eqi onP Frbdd kY chf fhest
unrecorded sector has been elimnated, then the first
LRAOF PHIMTILENT Piiched det @e¥ dHNene Bedr dBda seecond
[0031] According to a still further enbodi nent of the
rPF dgpyer 9 ddentsamranedban ihelekewipeosidéded
recording apparatus including: first recording
igdit rolp kveeansl tfiorof coamtend | Tegotding reegidingato the
data recording nmedium in such a manner that if an
Siulpsttraudtiiadn vt d-he ectma heh et @a 1 ripeot ol ;igs nedli uhef £opEt
the recordi ng apparatus is given, wth data having
reeerdimigt trenyitamsr.ec Oadiangeaiosaki mef tRAahe fattdherecording
recording |layers of the medium then an area
mielddiveatiisn @ o I TNA@Bh Qe th NG ER €k i f one of the
substantially the same physical position across al
it MReQANNG @Al It aseak etk fdh r@{@f{ ef‘f@s{: 0qhPg for
position of the data witten in the radially

FOHRAAASy IBCYUd REF 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 a 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 is 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]

-According to a still further embodiment of the

17




area of the data recordi ng nedium and second

recording control neans for controlling the data
recording to the data recording nediumin such a 06P0540
manner that if there exist unrecorded sectors devglg

of data radially inside of the area indicating the
tenporary recording area end in each of the recording

| ayers, then formatting data is witten to the

unrecorded sectors. [0032] According to a yet further

. . tion. th
ot Ak hEEENba BYRRH g PRECEERE of
' — trolli dat di,ng to th t
o e
Lnstr o_eject the data recordi ng nedi um

uction g n 18 .
%‘b%%%ﬁ%m? r%?ﬁ? h%e?%ﬁa%agngoaﬁﬁaraﬁﬁe FECHrdéRy weddum
data havin been witten to recording areas of each
Ot W raec‘%?rb‘?% thabet§ 3R iRethBELLAN EReRIgRtathg data
indicating a tenporary recording area end at
LSRR AT AL kel sret pyseeardipgsppPanatspods gliven,
the recording layers is created in reference to the
Wbt 14 dfating degen wiiteani hot hecorddihal hyeas of each
out ernost recording area of the data recording
e dilim regr Seepn ye xont £ othé ngethemdataeneanr dicag t 0
the data recording nediumin such a manner that if

- dtrbreatied st teneoornde drsect disg devek dend dat a
radially inside of the area indicating the tenporary
gusOrai tigr ldnearendsand gagdi 1t hesf econ dhbgokayans, the
then formatting data is
recording layers is created in reference to the position
of the data written in the radially outermost recording’
area of the data reco;ding medium; and second recording
control means fdr contreolling the data recording to the
data recording médium in such a manner that if there
exist unrecorded sectors devoid of data radially inside
of the area indicating the temporary recording area end
in each of thé recording layers, then formatging data is
written to the unrecorded sectors. |
[0032]

According to a yet further embodiment of the
present invention, there is provided a recording method
including the steps Qf: firstly controlling data

recording to the data recording medium in such a manner

that if an instruction to eject the data recording medium

18




witten to the unrecorded sectors. [0033] According to
anot her enbodi nent of the present invention, there is
provi ded a programincluding the steps of: firstly

controlling data recording to the data recording S06P0540

medi umin such a manner that if an instruction to

ej ect the data recording nediumfromthe recording
apparatus is given, with data having been witten to
recordi ng areas of each of the recording |ayers of the
medi um then an area indicating a tenporary recording
Hrdn iR et amprad tytehel sagbvephysiviah gesiat haning
across all the recording layers is created in
hegrervanide &9 [SOeRSEA0Iing aheapost teanhobft heedataording
witten in the radially outernost recordi ng area of

taee it rdvomidigumedihen amnarsecomdi yatongr al kemgorary
the data recording to the data recording nediumin
syplrdimannesa tdrad df dlieseacxislly unnecoadedpEost eas
devoid of data radially inside of the area indicating

Hdee tienperargs s eclor ding B @iy | Ta fAEH 187 ctB8ted in
recording layers, then formatting data is witten to

Hd e e el ath s @i Si orf 0084M hAceor 4i g t P LHr Lher
enbodi nent of the present invention, there is

%%ﬁ?%ﬁ%?jdtﬂgf%ﬂéﬂnﬁéHofoﬁﬁxH£g£K%Fr%%%Lﬁgégckggb?ging
ps of: firstly controlling data recording to
nkﬁﬁigﬁt%n@?%@%ﬁdﬂlﬁ"%gﬁggéilfﬂﬁﬂkﬁ%r@gwgriecording to
the data recording medium in such a manner that if 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.

[0033]

According to another embodiment of the present-
invention, there is provided a program including the
‘steps of: firstly contrelling data recordingwto the data
recording medium in such a manner that if 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
medium, then an area indicating a temporary recording

area end at substantially the same physical pésition

across all the recording layers is created in reference
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that if an instruction to eject the data recording
medium fromthe recording apparatus is given, wth
data having been witten to recording areas of each

of the recording |ayers of the medium then an ar 846F0540

indicating a tenporary recording area end at
substantially the sane physical position across al

the recording layers is created in reference to the
position of the data witten in the radially

outernost recording area of the data recording

e df 't Pt 5t onbil FRR o2 FBI FEAGEERe 1Rather €e6HaAY t o
the data recording nmediumin such a manner that if

PHT EOVK | BECURTE e r dEH2 seét g davei aesprdang medium;

~radially inside 20 SO6P0540 of the area. indicating
IHE FFRIHHEY Corere bl FagaEka datai neearHiol thethe data
recording layers, then formatting data is witten to
q@ﬁ?%ﬁ#&ﬁxﬁ%&%ﬂ%e@@0$@Ch[@O@S?nvwetbathéf there exist
above-outlined recording nedium recordi ng nmethod,

Proypardedrsecoor s dgvokdi am dhtsheadpa@dgntinisidentbiforhe
is in use, data recording to the data recording

amsd umdiscdtisd dont tahpedarnp secbraingnaeea that inf each
an instruction to eject the data recordi ng nmedi um

dff athet heedeechimy Nos PPy athiéni Sogh¥eNinyl HAtHala written
having been witten to recording areas of each of the

teeatdivigreday®is £dctdesmedi um then an area
indicating a tenporary recording area end at

guistiantially the sanme physical position across al
the recording layers is created in

According to a further embodiment of the present
invention, there is provided a program for a recording
medium including the steps of: firstly controlling data
recording to the data recording medium in such a manner
that i1f 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 medium, then an area indicatiné a temporary
recording area end at subStantially the same physical
position acréss all the recording layers is created in
reference to the positicn of the data Qritten 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 if there.

exist unrecorded sectors devoid of data radially inside
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reference to the position of the data witten in the
radi ally outernost recording area of the data

recording nedium The data recording to the data
recording nmedium is further controlled in such a S06P0540
manner that if there exist unrecorded sectors devoid

of data radially inside of the area indicating the
tenporary recording area end in each of the recording

| ayers, then formatting data is witten to the
unrecorded sectors. [Effect of the Invention] [0036]
oF1 tH56 POB40 -1 nskicttding the ttrnpresent rénvedtinonaras end
outlined above, data can be reproduced fromoptica

igi skeh iof Yher tieutmatirg detess | aytesn opbinat t thgksata is
that have yet to be formatted conpletely. [Brief
whastenptticonthef whedrmidhgsictd0937] [Fig. 1] Fig. 1

is a schematic view explanatory of an ordinary
foussljayer optical disk. [Fig. 2] Fig. 2 is a block

di agram showi ng a typical structure of a recording

and repnedyctRg appakabusiiaeceordi-dditd hdngsent

invention. [Fig. 3] Figs. 3A and 3B are schenmatic

récews isbowettod, program, or recording medium of the
present invention is in.use, data recording to the data
recording medium is first controlled in such a manner
that if 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 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 fhe data written in the
radially outermost recording area of the data recording
medium. The data recording to the data recQFding medium
is further controlled in such a manner that if 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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recording areas of a parallel type optical disk

[Fig. 4] Figs. 4A and 4B are schematic views show ng
recordi ng areas of an opposite type optical disk.

[Fig. 5] Fig. 5is a tabular view listing typical S06P0540
information to be recorded to a zone called FDCB
[Fig. 6] Figs. 6A, 6B, 6C, 6D and 6E are schematic
views 22 S06PCb40 expl anatorynf a background
formatting process performed on the parallel type

opti cal, di sk %éFLg. 7 FI%. 7A, 7B, 7C, 7D and 7E_are
schematd R B ptihdt bF5eBF ANBaRkgPBunds outlined
formatting process Berforned on the opposite type
%B?V%a|daE§kPB?FP@. gprefgced ifeog eptdrati digksw in

expl anatory of how user areas are -typically divided.
$%£5%C§§api§¥0@ Fyozlarpenapitd cpile@icks shatohpvel viedwto
a de- icing process is perforned on the regions making
b faerapted apemsetekyg. 10] Fig. 10 is a bl ock

di agram showi ng a typical functional structure of a
&%ﬁ;@@|Dg@@giphion of the Drawings]

[0037]
{Fig. 1]

Fig. 1 is a schematic view explanatory of an
~ordinary two-layer optical disk.
[Fig. 2]

Fig. 2 is a block diagram showing a typical
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 énd 4B are schematic views showing
- recording areas of an opposite type optical disk.
[Fig. 5]

Fig. 5 is a tabular view listing typical
information to be recorded to a zone called FDCB.
[Fig. 6]

Figs. 6A, 6B, 6C, 6D and 6E are schematic views
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[Fig. 11] Fig. 11 is a flowhart of steps constituting
part of a background formatting process. [Fig. 12]
Fig. 12 is a flowhart of other steps constituting
part of the background formatting process. [Fig. 18]6P0540
Fig. 13 is a flowhart of steps constituting a 23
S0620540 formatting process perforned on a region RX.
[Fig. 14] Fig. 14 is a tabular view explanatory of the
Iast witten address for each region Rx. [Fig. 15].

%i 15 is a flowhart of other steps constituting

argft athie dfack drestiad dwrdraf ¢ Fmegt priog gssocd % goe A6 rmed

Fig. 16 is a flowhart of other steps constituting
O@arttheofpatltﬁdlt%lcltgm@mjatfmmtdiﬂg. process. [Fig. 17]
Fig. 17 is a flowchart of steps constituting a
[(ffdravattli ng  process performed on a regi on Rx.
[ Description of Reference Synbols] [0038] 31 recording

and repigdughpg7Bppacat U, add TENHAENRICheMaRHRC &S]
apparatus, 33 optical disk, 51 _
explanatory of a 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 diwvided.
[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. 111

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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control section, 52 work nenory, 55 optical pickup, 56
si gnal processing section, 71 reproduced signha
processi ng section, 72 nmenory controller, 73 buffer
menmory, 74 interface, 75 recording signal processi AgoP0540
section, 331 determ nation section, 332 division
section, 333 disk access processing section, 334 | ast
witten address storage section, 335 fornmatting

process section, 24 S06P040 y 336 formatting region
ﬁtora e, section, 401 de-icing process section, and
PR EhHY R FOERTS deeaf pE@efdPRga cedienl Ryect i on.

éEESt Mode for Carrying out the Invention] [0039]

¥ erttl enbodi ments of the present invention will

now be described in reference to the acconpanying

dr awi ngs-9-[ Ad40]s B dg.akiliasr av dvo cdecpell aagrtann s oM trige alast
typical structure of a recording and reproducing
wohphen 1d@lesactor deaght neghen pResent i nvention

[0041] The recordi ng and reproduci ng apparatus 31 is
Eiect®ed to an informati on processi ng apparatus 32
such as a personal conputer. |t mght happen that the

i nf or natiigon 19 dee S iMPwRIRAALIS cthed RSN constituting
I nstruction '
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 optical‘disk, 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 section,

333 disk access processing section, 334 last written

address storage section, 335 formatting process section,
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to wite data to an optical disk 33 such as CD- RW or
DVD+RW nount ed on the recordi ng and reproduci ng
apparatus 31 or issues a disk access request to read
data fromthe optical disk 33. In response, the S06P0540
recordi ng and reproducing apparatus 31 wites to the
optical disk 33 the data supplied fromthe
i nformati on processing apparatus 32, or reads data
fromthe optical disk 33 and 25 SO6PC540 sends the
retrieved data to the information processing

drUtA BN | feghen i pEoFaBti onChrotesdPhgdappariagus
32 issues a disk unnmount request to unmount the
Rt iaikions, antel 2coedpngaandendpdatacirrgording
apparatus 31 ejects the optical disk 33. [0042] The
qadoradi g cdnidn epr oduci ng apparatus 31 is structured
to include a control section 51, a work nmenmory 52, a
[$erato Mol riolr Seotiwimd3oua sipeéntheenoion] 54, an
opti cal pickup 55, and a signal processing section 56.
[Ca®B£3] The control section 51 is typically conposed of
a general -purpose central processor or mcroprocessor

“or of P&edé&té@I@ﬁb@@ﬂﬂéﬂﬂéﬂbﬂmﬂﬁéxﬂﬂéééﬁ%tiﬁ%entlon will
recording and reproducing apparatus 31 as a whol e

nlow W IRidMEIned te rLotddbe SESTERD 2d-5RYEn En f a
general - purpose central processor or m cropr sor

d&g@q%g%tored prograns into the work nennry 52 for
execution thereby controlling the

[0040]

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

{00411

The récording 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 an.instruction
to write data to an optical disk 33 such as CD-RW or

DVD+RW mounted on the recording and reproducing apparatus

31 or issues a disk access request to read data from the

optical disk 33. 1In 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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entire recordi ng and reproduci ng apparatus 31. G ven
the disk unnount request fromthe information

processing apparatus 31 via the signal processing
section 56, the control section 51 causes the S06P0540

recordi ng and reproducing apparatus 31 to eject the
optical disk 33. [0044] 26 S06P0540 |If a disk access
request to wite data is received fromthe information
processi ng apparatus 32 through the signal processing
seq%iot 56, the cogtrol section 51 <controls the _

A ROE n’?ﬁ ob8EET REcdedeFBnt86thE HPEPETRS LPRe Propeiseiny

di sk 33 the data held in the work nenory 52 or the
%%Q%r%%lf%d friorhthe it oramt oo pr eedsbhagapparatus 32
apparatus 32. If a disk access request to read data is
IEEE VA 1+ UNROVRE oF AEYESE pPoBBESLNg &pparmtisal2disk
via the signal processing section 56, the contro

Tictihm HACORdY obkdt hebspgnalngr eppsskhygss8dt egrch the
to read data fromthe optical disk 33. The data thus
Rit¥Geletisls 3®ither fed to the information processing
apparatus 32 or sent to the control section 51.

(D45 When the optical disk 33 is nounted on the
spindle of the spindle notor 54, the control section

51 contthel secolrelisiggradld PQReSRIdithd$ egipOra Qs €A s
data fromthe optical disk 33. The retrieved data is

stuppitheted cd hthcloodd rol cseetbPNsdSde i Mt Bit hg Qekkcﬁgmory
di sk 33 nmounted on

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 contreols the recording and
reproducing apparatus 31 as a whole. Illustratively, the
control section 51 made up of a general-purpose central
processor or microprocessor reads stored proérams 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 spindle of the spindle notor 54, the contro
section 51 may al so control the signal processing
section 56 to wite the data generated by the section
56 to the optical disk 33. [0046] 27 S06P(640 |fS86P0540
.di sk access request is sent fromthe information
processi ng apparatus 32 or if the optical disk 33 is
nount ed on the spindle of the spindle notor 54, the
control section 51 generates a signal for rotationally
driving the optical disk 33 and supplies the
gener atiéd 3sidgrfdl acradfe BEIWEs tom rotisecddon 58.received

0047] When witing or reading data to or fromthe

n cHle HiEkrs3; ivhepcontssingesppenabiiscdft thirsutthethe

optical pickup 55 to emt a |light beamto the disk
gnaFptdeenpiey sdettomt 56} shet tontbdlgeaetabassl
tracking and focus control signals based on a
daretcia gy Bre wigsd ynatoanss Bnfosyet ebhob6SteNakiseNto the
fromthe signal processing section 56. The contro
giginad Is dinls Jeneiat&doa el 8UPH! tBE {1OrkhReBBEYO52 or
control section 53. [0048] The work nenory 52 is

thepidald ysumstei ap ofor tNO! 8t FbemQF 1 BRANYPLAEEL S
sem conductor nmenory and retains previously stored

PR o el Liglo vy (Sl oo
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 féom the
optical disk 33. The retrieved data is supplied to the
control section 51. With the optical disk 33 mounted on
the spindle bf 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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wor k menory 52 acconmpdates. the data and prograns
sent fromthe information processing apparatus 32.
The work nenory 52 also supplies its stored data tao
the control section 51. Illustratively, the work S06P0540
menory 52 stores the 28 SO6PC540 data or the-prograns
sent fromthe information processing apparatus 32 or
fromthe signal processing section 56 and

accommobdat es the data or prograns retrieved fromthe
opti cal ﬁisk 33 by way of the control section 51
[0049] 11 RedbTAFGHIIE (FRISPEhal S 17O ¢ REOBORR? ol
section .51 for rotationally driving the optical disk
S3LOrMAtieRr DECEBREIDBY 8BRRFERUS33Porst 6§ the sptagied
gf the_spindle nmotor 54. Furthernore, the servo

bikr 8P déctioyntess ogr ithes spiandin i @hl the cikppndbe bmsedr 54,

on control signals comng fromthe control section 51
theasonbrapvecchiéonopli ganepptkgpas5inehat fee to t he
optical disk 33. [0050] Under control of the servo
rohtkopnaétyi 9nisingt hee spindhé ndsér 334andt atppidkky the
drives the optical disk 33 nounted on the spindle. e 1
JeonstitFhes bpnatatoptibkupebboi sodrirvenseadesnt 6acki ng

and focus control of the servo control section 53.
[004Btratively, the optical pickup 55 is subjected to
tracking control by the servo control section 53 in

such When writing or reading data to or from the optical .

disk 33{ the control section 51 cohtrols 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 memory 52 is typically made Jp of a
volatile or nonvolatile semiconductor memory and retains
previoﬁsly 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. TIllustratively, the work memory 52 stores the
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a manner that the spot of light emtted by the optica

pi ckup 55 to the optical disk 33 follows the track on

the disk 33. The optical pickup 55 is also subjected

to focus 29 SO6P0540 S. control by the servo consd6bP0540
section 53 in such a manner that the spot of [ight
emtted by the optical pickup 55 to the optical disk

33 is focused onto the recording |ayer of the disk

33. [0052] Under control of the control section 51,

the optical pickup 55 energizes its internal |aser

Hited et ¢-heemnogr dmsy e re afw ¢rh aistes )it fothet DPhi PAbcessing
di sk 33. More specifically, when data is to be

apriatagng 32 ke dptdncathe & 5§08, ptdiee opthg abe Pt ckHP565and
under control of the control section 51 varies the

andputodatteensitey daftd her g ghtardm £deeh Hyed herdasehe
di ode in keeping with a recording signal supplied

dptaeaihelisiigns Hpf Ae8s MG hd a6l 9 B6se §0053] 5 By
emtting the light beamto the optical disk 33, the

[@@tgogal pi ckup 55 receives the light reflected from
the di sk 33 and converts the received light into an

e'eCtriﬁakeéggﬁelwi%ﬂrﬁﬁ@ngﬁbhﬁg @fr ohh%h%n%%mﬂfai section

the 1ight he“el ectri cal nal thus acquire

5URRY %ttanotn%ﬁ l§/' gf}qlvﬂlrgo G 'orfggc ic a"\lt | s k563 3, the

servo control section 53 rotates the spindle of the
spindle motor 54. Eufthermore, the servo control section
53 drives the optical pickup 55 based on control signals
coming from the coﬁtrol section 51 so as to move the
optical pickup 55 relative to the optical disk 33;

[0050]

Under control of the servo control 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
t:acking control by the servb 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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[0054] When data is to be witten to the optical disk

33, the signal processing section 56 under control of
the 30 SO6P0640 a control section 51 generates the
recording signal representative of the data to beS06P0540
witten to the disk 33. The recording signal thus
generated is fed to the optical pickup 55. Wen data

is to be read fromthe optical disk 33, the signa
processi ng section 56 under control of the <contro
section 51 reproduces the data froman electrica

STRMEP iRY cHIS sSeEER| GeRCFPonSEeRE 1opt PBalinpistkilp a5Ranner
and which represents the intensity of the [|ight

thatei VR 1ot tak bigktpessttFHebyephedopedcdat @iickup 55
sent either to the control section 51 or to the
tafihertroicadl oteski By iapparasad 88to[ 6BB5etheding
signal processing section 56 is structured to include

keyeproduded dignad3 processing section 71, a nenory
controller 72, a buffer nmenory 73, an interface 74,
EHbAl recordi ng signal processing section 75. The
interface 74 is connected to the information

processSnngr apparalus3Zhd MGH rdhesd@praduced shgnal
processi ng section 71 generates a reproduced signha
dpatcalepiathiges Ve f§PMRs 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 5% 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
iight. 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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-memory controller 72, é buffer memory 73, an interféce T4,

and a recording signal processing section 75. The

electrical signal fed from the dptical pickup 55 and by

the optical disk 33 by rectifying the waveform of the

el ectrical signal fed fromthe optical pickup 55 and

by extracting specific frequency conponents fromthe

31 S06P0540 waveformrectified signal. S06P0540
Illustratively, the reproduced signal processing

section 71 subjects the reproduced signal thus

generated to particular processing such as

ei ght - si xt een denodul ati on and sends the data

resulting fromthe process to the nenory controller

gt fQo5KctGrn hel basnsrateshehel eetbirdahgsisdralal

coming from the optical pickup 55, the reproduced

el erpradciess | of) tlseciaba ¥ peneratesnt ke thackiiRyk 33.
error signal and focus error signal. The tracking

Tre orecoghialg asihAHT uUshesr geneshgpal ikhysdoenerakedprical
are supplied to the nmenory controller 72. [0058] Tﬁ

PRI 3Nt Welkhedafd figf way dse tfl@acﬂaﬁj?orgomggopéigm disk
the reproduced signal processing section 71 to

If frafe NEMHY raseseededsc G veR dat anag&hgbnft&%? bLBe the

reproduce si gnal procesSing section rom-t

dBHﬁﬁHl'EﬂE%ﬁbﬁﬂ%ltfﬁéﬁ? 5¥scgﬂér§££§r?%gphgﬁm%ﬁg%trlcal

the data to the co section 5

SEREITHCD, I Q6555 0l PR NS 2 LINGUBILI o5 an
vﬁﬂﬂ%@&%ﬁﬂégéﬁé§95ky%Jmensity 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

-

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

extracting specific frequency components from the
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error signal and focus error signal comng fromthe
reproduced signal processing section 71 to the contro
32 S06P0540 section 51. [0060] Furthernore, the

menmory controller 72 supplies as needed the buffef06P0540
menory 73 either with the data sent fromthe

i nformati on processing apparatus 32 via the interface
74 for recording to the optical disk 33 or with
predeterm ned data fed fromthe control section 51

The _nmenory controller 72 also supplies the recording
PR DT SEELSI NG S6eRrbn 7ELMMA ARy a Tt Fevodduced
fromthe buffer menory 73, with the data fed fromthe
FHI%R heR TOFE S pEog e8SFRgORPPAr atlidedRs bhewirtproduced
predeterm ned data sent fromthe control section 51.
D8] YiHes ugnerahedoty Fartsculbusprativelygcenphsed
of a volatile nenory such as DRAM (Dynam ¢ Random
RNeesss Lpern yJemndut @npon anhdlyseptiai ftheddhaacessngting
fromthe nenory controller 72. [0062] Il lustratively,
fven rigvoreiiowe s$ goal tips aeessipgcoseeb08r 7525Ubj ect s
the data fed by the nenory controller 72 for

Eordi ng to the optical disk 33 to specific

processi ng such as eight-sixteen denodul ati on.and

sends ohheéhdabasiesyrt ivMe dIUBENR&Nr ACRFI™ T dhfhg from
opti cal pickup

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 ﬁhus 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 fgom 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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55. 33 S06P0540 [0063] Generally, of the two
data-recording layers constituting a two-I|ayer

opti cal disk having one recordable side, the |ayer
closer to the light-emtting optical pickup is cal IS®®P0540
the layer LO and the layer away fromthe optica

pickup is called the layer LI. The two- |ayer optica

di sk cones 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
FPstHenoPla - recordlng area in each of the layers LO
and LI. A read operation on the recording areas of
{%%6@hyers LO and LI involves reading data from the
radially innernost side to the radially outernost
Side(ﬁFuﬁﬂﬁEﬂMQME,(ﬁhéfmkmmﬁycabnﬂkﬁklekn72hguﬁpﬁﬂés as
of a read operation on the recording area in t

hegded LEhenobuf Rer oppastte78ype tBpti ¢akndicsk, @data desit
read fromthe radially innernost side to the radially

Kmﬁm%tﬁ@t1ﬁfdﬁm@flohhﬁr@@ébQﬁhgdbﬁbargfu%oﬁbr%%t'tW%en
data is to be read fromthe recording area of the LI

ireertadder datgri seb8adinkr e/ the 53@'%|hyd9%m¢@@D%E with
side to the radially innernost sid the optica

pkéﬂétéfﬁEﬁﬁdT@§t£afé&'Ekoﬁ”9h8988ﬁkE%1t%@%tﬁ%&'%%' The

di sks wi
memory controller 72 also supplies the recording signal

processing section 15 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 illustrativeiy composed of
a volatile memory such as DRAM (Dynamic Random Access
'Memory) and temporarily retains data coming from the
memory controller 72, ‘

[0062]

Tllustratively, 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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{ 34 S06P0540 now be explained in reference to Figs.
3A through 4B. [0066] Figs. 3A and 3B are schenmatic
views showi ng recording areas of the parallel type
optical disk. In Fig. 3A the vertical direction S06P0540
denotes the physical sector nunbers of the physica
sectors created in the recording areas of the optica

di sk, and the horizontal direction goes fromthe
radially innernost side to the radially outernost

fige of the optical disk. A straight line Gl1

W Péhtes the physi cal sector nunbers of several
positions in the recording areas of the optical disk.
Arrows FErEihrbughe Fizheotwe datéheeposdingndapbrs
interest on the straight line GI. [0067] As shown in
Fpystiputangeadivn-dagar9dpics celeatiett haadinal loyiel nsi de
of the recording area in the layer LO. Next to the
Yeodriabaeeaidd, i sha Lagerarease2 e WhieChildt -Whiittd ing
data. Next to the user area 92 and radially outernost

optibalrecokdbnysacenieén the layer LO bsdatnhkeadveut away
area 93 indicating the ending position of the uSer

aren YReioptheal ayeckhP. 1508881 eA kgadibhear @ 947hs tyo-
created radially i1nside of the recording area in the
layer dptidlextaioktbemésadni PywBl €9pes: 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 L1. A read operation on the recording
areas of the layers L0 and L1 involves reéding 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 read-from 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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35 SO6PGB40 94 is a user area 95 to which to wite

data. Next to the wuser area 95 and radially outernost

of the recording area in the layer L1 is a | ead-out

area 96 indicating the ending position of the user SO6P0540
area 95 in the layer LI. The |[|ead-out area 96 of the
layer L1 is slightly greater than the |ead-out area

93 of the layer LO [0069] Suppose that the recording
and reproduci ng apparatus 31 reads data successively
starting fromthe beginning of the user area 92

v ebe ¢xphaimedpbsi rp6ATeneRt too Fike -1 8adthmoaka 4%1)
foll owed by the user area 95 in the layer LO. In that
t@8@%] t he recording and reproducing apparatus 31

first reads data fromthe user area 92 successively
starti fida.omA tend 6B nist  paisétaohc ¢ Owas dshbeingght

in the layer LO as seen in Fig. 3A. Having read data
feoprdheg ragbasiost phsi puenlokit kgpesepridkea k. In Fig.
(i.e., fromthe position adjacent to the |ead-out

2k pat1938) ve thica Bodt déagianddeapteduehBIpApRaEal US 3L or
then reads data fromthe user area 95 conhsecutively
sirasd i NG £ fieen prips 1&g0t 8BS oPYSEL| Oyar dhth i
in the | ayer Lﬁ.§?0070] Suppose n%&??ﬁa?ﬁagh&hgﬁbgghlng
d:08ak NG A&, o theca T €EPERT NgnandLEeRLPEUSH Y aRRLARYS

31 successively 36
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 recordinq area in the layer LO.

Next to the lead-in area 91 is a user area 92 to which to

‘write data. Next to the user area 92 and radially
outermost of the recording area ih.the layer L0 is a
lead-out area 93 indicating the ending position of the
user area 92 in the layer LO.
10068]

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

recording area in the layer Ll. Next to the lead-in area
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SO6PC640 wites user-designated data to the user
areas 92 and 95 starting fromthe beginning of the
user area 92 in the layer LO (i.e., fromthe position
next to the lead-in area 91) In such a case, the S06P0540
recordi ng and reproducing apparatus 31 first wites
the data to the user area 92 starting fromits
| eft nost position toward the right in the layer LO
Having witten the data to the rightnost position of
%Eeiuseruarea 92 (é e,, tg,the position adjacent to

e’ TeRd dut aF6d 93) Lot KBiFBcEPdIRgtandatrepribatti by the
aggaratus é% thgn wites the data to the user area 95
2onEeRbt? ver y2 Rt aF £ihg L oRIFESPEEL RS LhBosPEPSAiNgG area
toward the right in the |ayer LI. [0071] The recording
HiebReotaYRE bptitap 4Fak-are arerd88 indicatéygobbeof
a predeterm ned size (i.e., physical sectors) As
¢t Rt RIS byleneost Fhpghseri Ase®l25 fhethphysiveal L1. The
sectors are assigned physical sector nunbers (PSN)
tted-eohtarere Serefll thef taprrhblr adi allighthpegmeater than
physi cal sector to the radially outernpst physica
et brad-orut heropt Peabfdibk. 1ayeustoati vely, the
physi cal sector nunber of the physical sector
{0®e®) di ng area position) indicated by the point of
intersection of the arrow FIl and straight [ine Gl1

denot esufplpe sehytsiaaalt hee Gldio rd ity WH G dhes a0 A1y
position of the lead-in area 91 as 37 SO06P0540

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 positibn
toward the right.in the layer L0 as seen in Fig. 3A.
Having read data from the rightmost position of the user
area 92 (i.e., from the position adjacent to‘the lead-out
area 93), the recording and reproducing appératus 31 then
reads dafa 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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wel | as the physical sector nunber (e.g., "02FFFFh")

of the physical sector including the ending position
of the lead-in area 94. [0072] Likew se, the physica
sector nunber of the physical sector indicated byS@AB0540
point of intersection of the arrow F12 and strai ght
line G| denotes the physical sector including the
starting position (beginning) of the wuser area 92 as
wel | as the physical sector nunber (e.g., "030000h")
of the physical sector including the starting

"Fosias off oi-dewel apakedréat 95t o Thiee physicakessctBdrand 95
nunber of the physical sector indicated by the point
g qtter dacan dmefbedinmingw F1Bhandsstrarght 92i be €44
denotes the physical sector including a particular
lpasint iléh ©f. ¢ he fUsen Eiep@Riatonehéxastdhehphyshgain
sect or nunber of the physical sector including the

agrei 199 )posilhi emobf at kesdserhar ed@rdithe Y SiGHoducing
sector nunber of the physical sector indicated by the

gppiantatafs INtRnsaction el the MW EFlghandsstraight oo
line Al denotes the physical sector including the

seaditi@ P GFidnl Gt s Ofe A HUS YoM €092t S7a 18! Lh8S 1 h8: in
physi cal sector nunber of the physical sector

PR I01R SPAGLLLS BOSLLEn fl (s SO Bl
2R iRPRY SICN S area 92 (i.e., to the position
édjacent 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 éreas 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 sectp£ numbers
{PSN) that éontinue 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 G11l denotes the physical sector

including the ending position of the lead-in area 91 as
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nunber "030000h" in fact represents two physica
sectors: the physical sector including the starting
position (beginning) of the user area 92, and the
physical sector including, the starting position &06FP0540
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. Simlarly,
&lelefti and, si de of the user area 95 indicates
VSdi-afPy M HsPBESFE8or GRAGOAr @xEbemhd erOght SRARE EFS de of
Eﬁ thE user area 95 denotes radially outside

BoPO¥igCate 38 POOFAT LA RYy thependiagpRpsisdlon of the

gectot-including the ending position of the user area
eaflzigsergheddthe physical sector nunber "End

PSh&C%," t he physical sector corresponding to the
p8P%Elof intersection of the arrow F14 and strai ght

line GL1 in Fig. 3A. The physical sector including

t he endiiigeviosd t itdre gfhyhecakescaten QGnbsr @i vehet he
physi cal sector nunber "End PSN(I)," the physica
Blers beatoseesponindjcabetihbypahst polinti bretseetrcertabn of
the arrow F13 and straight Iine Al in Fig. 3A
fiDO78tr39 BDBPLhdOst Meagnhi eneasishawhotBsFile ﬁ»ﬁysical
the layer L1 of the opposite type optical disk haS no
j$e@athtrniactading the starting position (beginning) of the

user area 92 as.well as the physical sector number (e.qg.,
‘“OBOOOOh”) 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 stralight line G111
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 sector number

of the physical sector indicated by the point of

- intersection of the arrow F14 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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[0076] In Fig. 4A, the vertical direction denotes the
physi cal sector nunbers of the physical sectors

created in the recording areas of the optical disk,

and the horizontal direction goes fromthe radial $§6P0540
innernost side to the radially outernost side.

Straight lines &1 and &2 indicate the physica

sector nunbers 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

i nt er eS1Ugn 2EhENSFRaLghtF ilg-nSFG2 Ehearyasws phsz cald Fas-or
denot e the(Positions of interest on the straight Iine
mapgoey OWRH0 0 sHewEd ot Riepregentss | e -phy aiteal 14dcteors:
created radially inside of the recording area in the
fhey erhysO.caNevecttar tives lwdichg ntlee estdddling posiseioar ea
112 to which to wite data. Next to the user area 112
Goredy imardiirad )| yof duteennmst afed he2  enod dilng EHeei ¢aLt Bector
layer LOis a mddle area 113 indicating both the
ierdiuty o st et anft iddiepdisier i i edf 1dike isdhestayessLO 1y
and a turning position between the |ayer LO and the
Riayer3s, 1.t HeO Q28 4D 6RER40 £ Ragh aldyr i 082 of niheates
recording area in the layer LI is another m ddle area
bt d1Ndj Galdire hAldbAdieptardd 19 0S|t al o thes HSET o
area 115 in the | ayer LI

the user area 92 denotes radially outside recording areas.

VSimilarly, 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 Q£ the arrow
F14 and straight line G11 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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and a turning position between the |layer LO and the
layer LI. To the left of the mddle area 114 is a
user area 115 to which to wite data. To the |eft %f

the user area 115 and radially innernost of the S06P0540
recording area in the layer L1 is a |ead-out area 116
pointing to the ending position of the user area 115

in the layer LI. The lead-out area 116 of the |ayer

LI is slightly | arger than the lead-in area 111 of

the | a [ 0079 pose that the recordin

reprodé§|ng Hishar %Lé%% r%%dgl%at%ASUEE%séﬁyngLl of the
rt|€$ fron1the iglnn ng of the user area 112

??POSl OIRT hePpbSRLi GASKnBRE P8 dRed-dad Aneaar ea

E%&% Lollomed by the user area 115 in the layer LO.
fht case, the recordi ng and reproduci ng appar at us
31 first reads data fromthe user area 112
successiVEIL -stHit iThe freortiesl | direesiopodenpbas the
.toward the right in the layer LO as seen in Fig. 4A
PRYS HeR F esrClHRE amﬂmbmfs hefr thhat pbysipedi skomoafs theated
user area 112 (i.e., fromthe position adjacent to
theths diteordien ansds ohethecopdingladdskepradudinag
apparatus 31 then reads data fromthe user area 115
hﬂﬂmzannalmﬂ%memtf@ﬁﬁ@ﬁé@ fsbar thegrhdealiiys ihngtdRst
position (i.e., fromthe position adjacent to the

sidill o arlea ddd)albyesdtéheost ebiapst poshigep (in€s.G21
position adjacent to the |lead- out area 116) in the
dreye32d lindicate the physical sector numbers of several
positions in the recording areas of the layers L0 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 the-layer 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 L0 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 L0 and the layer L1.

-{0078]
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[ 0080] Suppose now that as when readi ng data, the
recordi ng and reproduci ng apparatus 31 successively
wites user-designated data to the user areas 112 and

115 starting fromthe begi nning of the user areastE»0540
inthe layer LO (i.e., fromthe position next to the

| ead-in area 111) In such a case, the recordi ng and
reproduci ng apparatus 31 first wites the data to the
user area 112 starting fromits |eftnost position

toward the right in the layer LO Having witten the

data tRatihgini,gbhBste BESicheoReebridieguseraarea thk? layer
(i.e., to the position adjacent to the niddle area

1113) ahlR HeBCRUHNG ata e OO A BRPBX WS then
wites the data to the user’' area 115 consecutively

s$haktlinlg fI-Qmiids I AHdMEler RASI I 005 (in &ehe FTOMRE ey

p05|t|on adjacent to the mddle area 114) to the

}n %”gﬁmggl atpllO t(lldr? tR“f@:t:‘lyertqfél %%%81 ee layer

riecosdi pg-aiegs ot the aaLial disk e l%' u %%%r A 115

Ions Or a erm ne

806 640 di ht |
t@zﬁﬁ 6§§§{Q!S%¥%%10rg a%gteg§&5h§%?5%§%lc t§%%¥9115
”nghsig |(11§(§N) t hat co;yil e seri alé}[/lbf {%gé% gﬁﬂa‘fh% layer

out ernost physical sector in the | ayer. LO on, the
Ldpircal 1grskout ard di&dgintipg to the ending position

of the user area 115 in the layer Ll1. The lead-out area
116 of the layer L1 is slightly larger than the lead-in
érea 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) fcllowed by the user area
115 in the layer L0O. 1In that case, the recqrding 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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physi cal sector nunber of the physical sector
(recording area position) indicated by the point of
intersection of the arrow F21 and straight [ine Q1
denotes the physical sector nunber (e.g., 02FFFFh*§6P0540
of the physical sector including the ending position
of the lead-in area 111. [0082] The physical sector
nunber of the physical sector indicated by the point
of intersection of the arrow F22 and straight |ine

&1 denotes the physical sector including the starting
Poxiinn beyi hbs ngdoltnedle peeitianediiap, (drgn, the
"030000h"). The physical sector nunber of the

physt cat adtroent ndd caltednbydideapoant 16f toward the
intersection of the arrow F23 and straight line &1
dehiotest tihes phien cal . sectposibidndadfatbet endi hge lead-
position of the user area 112. [0083] As indicated by
dilte steai ght) | imeckR2layde physical sectors including
the recording area in the layer L1 are assigned

- physocal sector nunbers (PSN) that continue 43

S06PCB40 * serially fromthe radially outernopst
physi c@upsREOmdw0 tHdte Jadirld .\/scéama{gmﬁtaahy@ié:al

sector on the optical disk. The physical sector

SUEDREL0F e POYSLERL: S0k O8arhpdhCal edubye L be DR N!

of |ntersect|on of the arrow F24 and straight Iine

pos' denpLes-dde; %ﬁ‘é(éé&aéaé% Lol &Q?anggélel2 and 115

Ser area in the

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

apparatus 31 first writes the data to the user area 112

starting from its leftmost position toward the right in
the layer L0. 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'datg 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 1L1.

[0081]

The recording areas of the optical disk are divided'

into regions of a predetermined size (i.e., physical
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wel | as the physical sector including the starting
position (beginning) of the user area 115 in the | ayer
LI. That is, the physical sector whose physical
sector nunmber is indicated by the point of S06P0540
intersection of the arrow F23 and straight line &1 is
the | ast physical sector in the user area 112 of the
| ayer LO. Next to that physical sector in the |ayer
LO, the first physical sector in the layer L1 has its
physi cal sector nunber indicated by the point of
datttensact | as dhdtibeteadr ow E24 andasigtei ghind igtel, @2
The physical sector nunber of the physical sector

pghad ikt NG ddi wndifg Jasidriean iy heausesceseandibei s

i ndi cated by the point of intersection of the arrow

) ahStdaiitud 1de @2y [OR84] t HOUSa@Ba BNPWInh8rmost
Flg 4B, the physical sector nunber (given as

QQOh"Je Aot Re RIS L1 SECY ObutdRArb i ﬁﬁy&b@a%zsector

startlng position (beglnnlng) of the user " area

ig fd H?erslawé-lmﬂdqeo hysd Gale 8Ef aunber Of s 4N A1y, the
S06PCB40 © physi cal sector |nc d}ng the starting

FRAE A g YA B

rI%o% | nsiyde reco td|Cp est ?Zcﬁ)?fr . {1 ngcﬁigﬁ of

e user rea eno

R AR s i rﬁﬁ%}e%{ﬁgﬁ’&geséﬁﬁ% fa?e’i phgsTeal

égn ha si de of t he user area 115 denotes rfdial
or n er {e.g., “O02FFFFh”) 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 Qé
intersection of the arrow F23 and straight line G21
denotes the physical sector including the ending position
of the user area 112.
t0083]

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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inside recording areas. [0085] In Fig. 4B, the
physi cal sector including the ending position of the
user area 112 is assigned the physical sector nunber
"End PSN(0)," the physical sector corresponding t806P0540
the point of intersection of the arrow F23 and
straight line Q1 in Fig. 4A. The physical sector
including the starting position of the user area 115
is given the physical sector number "End PSN(O)," the
physi cal sector corresponding to the point of
sont bz 5keet foom of h¢ headiablw F24tandostr ghghbt.chiinee@21i o
Fig. 4A. The physical sector including the ending
posi tadha byt henesessarpayilbails sagssobgned the phydiczal
sector nunber "End PSN(I1)," the physical sector
¢osk esmorRdipy dicdineaaidit 0imbét es 5e€hé Oph i £EAR sector
arrow F25 and straight line Q2 in Fig. 4A. [0086] 45
SREPEHESy dhechorpadht ngrofntbeseptical odi $ke33rirdw F24
descri bed el ow. [0087] When the optical disk 33 is
‘éﬁ&”@ﬁ%bﬁ@h%hEinée@@Edaéﬁoéag,Eﬁ@r?ﬁy%aﬁglaegékéku%t the
31, the apparatus 31 initializes the disk 33 by

h i, ryei r [.0 data) :t0 eql -
%ﬁ%éﬁ%gpfﬁg@%%gﬁygSﬁﬁfog§%¥ Bre6da8a) 110+hR la?%q I as

well as the physical sector including the starting

position (beginning) of the user aréa 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 thé last physical sector in
-the user area 112 of the layer LO. Next to.that physical
sector in the layer LO, the first physical sector in the
layer L1 has its physical sector number indicated by the
point of interéectioniof-the arrow F24 and straight line
G22. The physical sector number of the physical sector.
including the ending position of the user aréa 115 is
indicated by the point of dintersection of the arrow F25
and straight line G22,
[0084]

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

including the starting position (beginning) of the user

area 112 differs from the physical sector number of the
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More specifically, when the optical disk 33 is

mounted on the recordi ng and reproduci ng apparatus 31,

the control section 51 acquires fromthe work nenory

52 the necessary data to be witten to the | ead-i®06P0540

area and supplies the acquired data to the signa

processing section 56. The nenory controller 72

forwards the data received fromthe control section

51 to the recording signal processing section 75. The

recordi ng signal processing section 75 subjects the

piatsal oM g tfaromridiad Ieiot e COMdFOIh@rpd2it Don of the

predet erm ned processi ng such as eight-sixteen

udulatdon 18nd freedsga necondidna edtgaing rS tdMkche user

fromthe process to the optical pickup 55. Under

G rol2 ofndie oty Qi SECY | PRsPde £8EPRIAGALreRESKYRE

55 emits light to the lead-in area of the optica

it Fhdd) & dBer et oot | 88e1 e 1 eeondLog hanalay

sent fromthe signal processing section . I'nthe

ensyi P SCriti t .0ces

9 nltfggfégﬁb trg?gﬁﬁﬁégi &F%k]%ggjgvng}ﬁ%T%%(%%gégzd%%er
rtial

ta taq its..|ead-j be_ . cal]ed
A g e S L T BT o Fob6) - Ko bRl e ppeges ene
"I D sk .l tificati Zone" j h d-in.
R INROB 141" Gk 55 HOTE ATHER al LOHCNRET T elR S EpeRy
that stores format-related information including

% SOt 145" dat a recorded on the optical

di sk 33. U tial f tti f th tical
[65%5] pon partial formatting o e optica

In Fig. 4B, the physical sector including the
ending position of the user area 112 is assigned the
.physical sector number “End PSN(Q},” 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 Q£
intersection of the arrow F24 and straiéht line G22 in
Fig. 4A. The physical sector including the ending
position of the user area 115 is assigned the physical
séctor number “End PSN(1l),” the physical sector
corresponding to the point of intersection of the arrow

F25 and straight line G22 in Fig. 4A.

00861
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di sk 33, the FDCB" zone is divided illustratively into
fields such as those shown in Fig. 5, each field being
arranged to acconmodate rel evant information (data).
[ 0090] For exanple, data is witten to the FDCB zoBe&cP0540
in units of ECC (error checking and correction)
bl ocks for error correction. Fig. 5 lists typica
fields to be witten with information, the physica
sector nunbers of the physical sectors containing the
ECC bl ocks for recording the information, the
posi ti e thorweitdh rto ofiwrtiltee ariiei ¢anif atiedt | D, iande sdeibed
sizes of the fields for accommodating the
hekormati on. [0091] Illustratively, in the physical
sector having a physical sector nunmber "0" in the
- FIXEB’ zone, a four-byte 47 506P0540 field "Content
Descriptor” is formed between a position DO and a

posi ti omekB theeodtieSed ik | BN AngidW I ofhe t he
position DO representing the beginning of this

PSRl g S OFep FodYE 85t SpPaPOSHET 91 D@Qéh?ﬁaegwg 31
t he &Jof t he phyS|caI sector. This tour-byte field

iﬁltﬁliﬁ&" i had O (3 glepyi &ff@ih&nﬁebgggéwt H_H@o!rﬂatlon
~ASCll  code. Each of the positions DO through D2

(LS AL it k&% £(%o&@“Elgx4%§gg3%)ghelndlcatlng

|nfornat|on 'S i xed val ue
{ ']and verS|on nunber "0". Another four-byte field
nown Content Description

More specifically, when the oétical disk 33 is
mpunted 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 fofwards 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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Actions" ranging froma position D4 to a position D7
in the physical sector having the physical sector
nunber "0" is witten with information illustratively
about sonme process details to be limted if the S06P0540
system does not support "Content Descriptor”. A

32-byte field "Drive ID'" ranging froma position D8

to a position D39 in the physical sector having the
physi cal sector nunber "0" is witten with drive

i nformati on about the drive that was wused to record
detestcar itpdr itcimg . EDEB o s A dbuirbyi®€l f1et@ tHi&EDGB: ipdat @isk
count” ranging froma position D40 to a position D43

33n byher iy sigC ale cseciary hiaviancd et physdadain S$L€4 Ofhay be
nunber "0" is witten wth the nunber of tinmes the
datied Palrta ADER meie ap heare Sgkidbe, data
update count witten in the field "FDCB update count™
lopsdg SO6PCB40  increnented by "1" every tine the

data in the FDCB zone is updated. [0092] A four-byte

field AFOpABL ELAG e8! ATYS NP iMRA8 e taANGING: fdPBShe” in
position'D44 to a position D47 i1n the physical sector

t!?l%\/il%%dt—!l% %‘Bé% %@ndﬁqeecic&tjfwe&ls)? éscof{\ﬁéitri?;a%gﬁe

information that | I ca ormat stat us, verl

B R SOOI 0 L5 T, BB P
i%fclturgﬁnfgi e:Lln oa}:(r:n% qg)ndaggon& ttq'lee iorlgtoe{ nraéci:gpdgg oclilrt1 Hqg

- 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 is 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 sectq£ 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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format status.in the field "Formatting status and

node" is witten with information indicative of the

format status of the optical disk 33. Format status

information "00" indicates that the optical disk 33P0540

has yet to be formatted; format status information

"01" indicates that the optical disk 33 is partially

formatted; fornmat status information "10" indicates

that the optical disk 33 is fully formatted by the

recordi ng and reproducing apparatus 31 (i.e., by the

fliselrd ;“Gaorirmtt Dedasipiaf6rimt foméd Ibetndenatepothaion

the optical disk 33 was fully formatted by its

Mhrrddc wesit{A093} Avdourhdbysectoel Denyart rangihenfrom

address” ranging froma position D48 to a position

Dl pok tthieorpysi cabr e on SOOPEHE begehRinfavEnghibe

physi cal sector nunber "0" Is witten wth the

gysical sestor Mbpfedftdhe physt ceh 82019 qbAoting the

which data was last witten. Another four-byte field

erndsdr Matd fiagk addr esscr saNYITG  rQm A Rast téam PS5 to

a position 5 in the physical sector having the

WS Gl 1 S8CEPN (4 fi?at%én}’\'riﬁfgﬂfné{\%igntbﬁ ASCTI

physical sector number of the physical sector that

aas. | agt, Keylf R (N - ] : d r

four- byt & fIO:eE| gﬁ% r%)asﬁ%l&ng;ﬁgg}%g{sgh ﬁa%ogﬁ}gﬂ{gr%em antS a
sit.g.on 610 a position, .D59 in %%; Sical _sector

R r SR PR or TRt R e v i

Jgfhé”“ﬁﬁégﬂ4£§ﬁﬁi”iﬁ‘{§§¥ié§ “EDC” and version number

0”7, BAnother 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 héving the physical sector n&mber “0” is
ﬁritten 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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t he physical sector including the first ECC bl ock

i ndi cated by another field "Formatting bitmap" . A

four- byte field "Bitnmap Length" ranging froma

position D60 to a position D63 in the physical sest®pr0540
havi ng the physical sector nunber "0" is witten wth

t he nunber of ECC bl ocks indicated by the field
"Formatting bitmap". [0094] A 32-byte field "Disk ID'
ranging froma position D64 to a position D95 in the
physi cal sector having the physical sector nunber "O0O"

iscremdi©ad Wi h1heetEryi 0ime MBhé ofatdenhi Exkngpthezone
optical disk 33. Another 32- byte field "Application

fdepgngiendd . ranging froma position D96 to a position
D127 in the physical sector 50 SO6P0540 having the

p@w§gpal sector number "0" is for use by application
sof t war e and is set to "0" if nothing is designated

h b n
2 e R s A i v
t "
SR e %%%’é%?%ﬁﬁ%%ﬁ§§-%ﬁ?%%@or.d%g?%@e
A1, ,856-byte f d”
%an@aﬁéﬁgt%gmfrWa%oﬁﬁ.%l'a?ﬁga (55" §5s${3v%§?az aris

e BIVR! G540 2Rk o AL, L Bl s S8l SECLen
0095] An 18,432-byte field "Formatting bitnmap"
¢ --}wf tatus, and recording status. or 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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froma position DOto a position D2047 in each of the
physi cal sectors having physical sector nunbers "1"
through "9" is witten with information about ECC

bl ock recording status. Illustratively, bit 0 of EAgP0540
first byte in the field "Formatting bitmap" is

witten wwth the ECC bl ock recording status indicated

by the field "Bitmap Start Address". Bit 1 of the

first byte is witten with the recording status of

the next ECC bl ock indicated by the field "Bitmap

Starer Addvesg"thel pupsiatl vebgtorhrullBEr BD6cks written
recording status bit that is set to "0" indicates

wvhilt da¢aphgsiesdrdedton hlweb&CCoD| ohk; phhiei EEC bkatkr to
recording stats bit that is set to "1" indicates that

wili 3068064 0wa dal @ast Swhdt tegCoraiask har t heu =S ofke 1A
12,288-byte field "Reserved and set to (00)" ranging
fro8 avepstie@nad®e 497 arpegihfonrbBR047pbBieash obot ke a
physi cal sectors having physical sector nunbers "10"

S DUObn "B65 18 tMEIbh Ql&éihsécébfeﬂaV§h?etEgK§E&sical
0096] Whren the optical disk 33 is partiall

éé%ﬁ%%tﬁﬁhbefheoﬁeerﬁffﬂt@HdwiﬁﬂrQHHCFH95§@Q§r§EH§0§1

generates a signal saying that partial formatting o

ﬁﬁﬁb@?tbfakhg'g y?ﬁga%ss§89$£e£ﬁ tawgssfggﬁ BQ?lfled

gener at ed si ormati on processi ng

T. f h d “
I SR 15, AR A g

taéddressLtln fﬁgtPﬁbﬁpé'ﬁggl 1on BEG to a position

art
"DP59 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 biémap”.
[0094]

A 32-byte field “bisk ID” ranging from aAposition

- 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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enabl es the information processing apparatus 32 to

start accessing the optical disk 33 nounted on the
recording and reproduci ng apparatus 31. The

i nformati on processing apparatus 32 can then wi tS0&r0540
read data to or fromthe optical disk 33. [0097] Upon
conpletion of the partial formatting of the optica

di sk 33, the recording and reproduci ng apparatus 31

may receive a disk access request or a di sk unnmount
request fromthe informati on processi ng apparatus 32.

Havingespanghi ddie giskonceasser egpresis tdhe uesasdi ng
and 52 SO06PC640 reproducing. apparatus 31 wites to

ddig iopddical i kvl tdhey dad asswppd iegr byr thething is

i nformati on processi ng apparatus 32, or reads data

deamidiese tirtians. (Ro%LIQRS) Mfeildherient igalpcdsk 33
whi ch were designated by the informati on processing

HR USroid ANhSignds, thed et L i eveds dat a, ti91 01 hey the

apparatus 32. I'f the di sk unmount request is received

BN SN OGS0 SPPRLS, T 8P
h&qte‘tce%l wiq!hSl&n?fsdr I rJCJ_t he SIS i{] Qleécraia :{son’ca% hIS 2]
process perforne&wby(?he recordi ng Qi reﬁ%o uci ng
FPAHTHER 1t okt PR oo g aBRaraioe 32 o o
(Eb%blg”g?rgn%eingdifsr%macac epSoSs iptriocgnesﬁc’l g\get"[oe a?pg)orsoiotrjj_gxg eD2047 in
the physical sector having the phyéical 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 “1”
.thfough "9 is written with information about ECC block
reéqrding status. TIllustratively, bit 0 of the first byte
in the field “Formatting bitmap” is written';ith the ECC
block recording status indicated by the field “Bitmap
Start Address”. Bit 1 of the first Eyte is written with
the recording status of the next.ECC block indicated by
the field “Bitmap Start Address”. TIllustratively, 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
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If no disk access request is received fromthe

i nformati on processing apparatus 32 foll ow ng

conpletion of the partial formatting of the optica

di sk 33, the recording and reproduci ng apparatus 826P0540
enters an idle state. In that state, the recording

and reproduci ng 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 reproduci ng 53
da6PCbaOnoappacatrdsd3inwtheeECHuninpclat aA t b2 t h@8 tisete
area in the layer LOstarting froma |lead-in area 141
fiaddal'Rysénmed asddeedf tohéCOPli eahgdhgk £33 af pbldtion
| ayer LOtoward a region 142 (radially outer side of
Dbetdi skp33)tionwhpch7 in watheokeaHeophydatal sectors
Li kewi se, the recording and reproducing apparatus 31
navieg physycdat setoothgurBeEs anea tArbhghl ayer Lk
starting froma lead-in area 143 of the l[ayer LI

tpvet énawi€gi Hnridddt ganwhkchokoowite | ead- out data.
In the ensuing description, the process of the

fesosding and reproducing apparatus 31 witing dummy
data to the sectors or regions with no dumy data

(. e, yHd QG ded iSept Qissjors 4 egl t%eﬁﬁﬁm%gged,

the de-icing process where appropriate.

G o B ol 0 LABCURS" SHGRLAORL S0, Iokforppes o
Ei&ggieég}ﬂﬁg Qﬁéé 8££ ngdfggmggting 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 proceésing
apparatus 32 can then write or read data to ;r 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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witten 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

al ready recorded on the optical disk 33. In the useesros549
area of the layer LO, a region 145 is already witten
wth dumy data whereas a region 146 has yet to be
witten with dunmy data. In the wuser area of the

| ayer LI, a region 147 is already witten dunmy data
whil e a region 148 has yet to be 54 SO06P0540 witten
Mg Ao ARG dadda rd Q19131 Thei £ £60f i PHeaBP+EERNOdYGKNG 3
apparatus 31 carries out the de-icing process

ﬂﬁ%”ﬂdﬂ%|éﬁﬂ§lf%ﬁrb}rﬁhésfﬁfﬁfﬁ%tiﬁgt%pchgggé?Lgﬁgﬁgatus

the user area in the |ayer . In er wor

Jecqyding and;repradyci Qgpéégwlﬁﬁﬂpogg&&gm gggthe

e-1Clng process I n sucn a manner at t recor

i i s f ,the | .
SEAAR A P B AL RPaaANRY Y, BRGeaRragmasion
ol th f I .,.]0102] Mo
At Tl PR Poctr aThG. ATRCT b oateT RGo aipdPERS®

R e I R R T
eaded by the starting position (beginning% of the
eeai”ﬁr?ﬁ“??e“t%é?r‘[‘é‘?ssl'h%gr%%%‘f‘ﬁ‘?ﬁ@sa g, then the

recording and reproducing apparatus 31 ejects the optical
disk 33. In the ensuing description, the prdcess
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 disi 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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reproduci ng apparatus 31 then wites dummy data to an
unrecorded region of the size QL headed by the

starting position of the user area in the |ayer L1.
[0103] Wth the state of Fig. 6A in effect, the S06P0540
i nformati on processi ng apparatus 32 m ght issue a disk
unnmount request to the recordi ng and reproduci ng
apparatus 31. In that case, as shown in Fig. 6B, the

55 S06P0540 recording and reproduci ng apparatus 31

stops the ongoing de-icing process, wites tenporary
dpgarauls (JLOridada dunnpodhtsheouske asea hbebhén the

| ayer LO and the user area in the layer L1, and

lejyeert SLO hecopt 16@l £ obika 3Beadinifi §8eabB41t heaughl16F asner
in Fig. 6A, like or corresponding areas, regions,

filde ofrthsleshgnai Bddbyk | 3xe 6§f€f1@nE§y€Hn§0at§wa§Hda
their descriptions will not be repeated hereunder

Peifreh regundaidi a1 01 044+ &poni #€C8EPERAf qi BR dB$Kto which

unnount request fromthe information proceSS|ng

- fPRAFALIS) 324-d e &@@&r d'ﬂ&em%e T e oduct gy @ﬁus

31 wites a TLO area .e., creat’es the TLO area

A EE ﬁ%ﬁﬁg 1h§g?€9? au&ﬂﬁda?tgokotgﬁﬁePser

position adjacent to t a or

LTS U SRR S T e g o
o 1R QAN Hasbh! K2 e Vel B8 SDOM 1fao-
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 formattiﬁg purposes.
[0100] )

In Fig. 6A, the optical disk 33 is shown partially
formatted. The lead-in aréa 141 is already recorded on
. the optical disk 33. In the user area of the layer Lo, 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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the ending position of the area 147 witten with dumy
data (i.e., de-iced) inthe layer LI is radially

outside of the ending position of the de-iced area

145 filled with dunmy data in the layer LO For thgger05490
reason, the recording and reproduci ng apparatus 31

first wites TLO data to a region 149 (to formthe

TLO regi on 149) headed by the position adjacent to

the region 147 of the layer 56 SO6P0540 LI as

shown.in Fig. 6B. [0105] Wth TLO data written to the

wieh o 1406 h tdenmy e€0t 4l ng and reproduci ng appar at us
31 wites TLO data to a region 150 in the user area
cfighe layer L1 in such a manner that the ending
position of the area 149 corresponds to the ending

posi ti aheOfrdif dilg 8% Pep . LEat i£b§£¥éﬁ§§r3ﬁr§§rries

of the layer Li. In other words, the recording an

6ﬁ¥nﬁﬁguﬁémﬁé¥ﬂﬁ"§§é€ég@'ﬂ5££ $ThQ ofabathothReyuser area
ﬁat t he

region 150 in such a manner t _ I stance between
itrhecﬁéaié'é@.fé’sélﬁé oty Loe éggéoﬂn%ﬁea?%g&g%. In
endi ng position of the region equal’s I Stance
st artin sition.of the .region_ 147 and

TALEIANE polf oA Pegrah Sau8 pg aBr orRE s 31
recordi ng ,and rgfroducin aggaratus gé proceeds . to h
Rt e Ty AT el % FEgTont 151 BREReBn™eRBSF oPaNs the
145 anpd, 150 (the regi.on 150 may al sg be called the TLO
recorded regilons 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 data to én
unrecorded region of the size Ql headed by the starting
position of the user area in the layer IL1.

[0103]

With the state of Fig. 62 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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region 150). Wth the region 151 thus de-iced, the
recordi ng and reproduci ng apparatus 31 ejects the

optical disk 33. At this point, dummy data or other

data has yet to be witten starting fromthe endi 8g6P0540
position of the TLO region 150 to the region 142 and
fromthe ending position of the TLO region 149 to the
regi on 144. 57 S06P0540 [0107] Were 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
e ing wnid ectummuctona apperatthe3ti skopanbhat ongoing
request is supplied. Thus when the di sk unnount

deequEisty israece ved fram téepdnd oy nhéadrRoupr OTRSSI dgta to
apparatus 32 during background formatting, the

bapth odle disske 3Frecaniberied eThger NDO eafdi ehkbyubbanakba in
the wuser areas are de-iced one layer at atinme (e.g.,

dthe 1dwyernl,Odrsd fdJsdr dlecheespr { @41 omedik byst herd ayggs. 6B
LI'). After issuing the request to unnmount the optica

tHrsdagd3, 6k the iuseriqeesh Not i ¥ai b1 888ré 9hohliendi 8ke33,

to be ejected fromthe recordlng and reproduci ng

RRPAIA, U3 h%@%es%{%pg@edtwtlme &féﬁé‘hcg'ﬁh 33als

in the state of Fig I'S eJected fromthe recor I ng

a%ﬁtrreqrzo%ed}q tqr&%qu 1 3o nﬁ Ee%@éféd”ﬁé' éﬁggir

again on the ap ar at us ara
Cgle:state thereafter. In that case, the

recorgzng d Tepr oduci ng
[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 Ll. Illustratively, as she@n in Fig. 64,
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 L0. 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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apparatus 31 starts (i.e., resunmes) the background
formatting process of the optical disk 33.
Specifically, the recording and reproduci ng appar at us
31 wites dummy data to (i.e., overwites) the TLED6P0540
regions 149 and 150 shown in Fig. 6B. The recording
and reproduci ng apparatus 58 S06PC640 31 then de-ices
regions 152 and 153. [0109] If the infornation
processi ng apparatus 32 issues a disk access request
~asking the recording and reproducing apparatus 31 to
Mr idse stadwn tin tihiegopéscal di sk 33, then the recording
and reproduci ng apparatus 31 responds to the request
lpromjiting to the user areas of the optical disk 33
the data supplied by the information processing

appar afgsh321.0 ldawst ratitely « A oMy idh Fi o, 6Get he
recordi ng and reproduci ng apparatus 31" wites the data

fgﬁﬂﬁﬁﬁﬂéﬂ%ﬁa/féﬁ%éﬁé&iﬁ&cfgﬁ?%ggHgsﬁltQFﬁEégg&gg’ég%a to

speci fied by the request- e statfe o

SEHPLASE0 S Gt Ll Crglonet o0 e

an
a region al ready been

-] . ' 56 d 157 h dat ded
il Pl m i B GRITE Aa S 00T
b de-| il ' 159 h dat ~ded
D AEaS L & 8y 00100, 100 Basena, detrccorded

t hat w t.h the optical disk_33 in the
creaté@ in the J%er area of the layer L1. 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 equals 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 betweenvghe regions
145 and 150 (the regiop 150 may also be called the TLO g
region 150). With the region 151 thus de-iced, the
recording and reproducing apparatus 31 ejects the optical
disk 33. At this poinf, 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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state of Fig. 6C, the informati on processi ng appar at us

32 sends a di sk unnount request to the recordi ng and
reproduci ng apparatus 31. In that case, with the

ending position of the region 154 |ocated radiall $06P0540
out si de of 59 SO06P0540 the ending position of the

region 158 on the optical disk 33, the recording and
reproduci ng apparatus 31 wites TLO data to a region

160 starting fromthe position adjacent to the ending
Fosition of the region 154 as shown in Fig. 6D. The
@E®r Hi ng and reproducing apparatus 31 further wites
TLO data to a region 161 in such a manner that the

endi ng Wosi4 i dre ofsehea e refi ore i haybesuser aadenl oire
the |layer L1 corresponds to the ending position of

times régtboed 160, parelledp tibatst pesdistlance hekweenthe
the starting position of the region 158 and the

ehdéngoposhei sagobntheo wREcANtd6{regealksmye qdicst areer
between the starting position of the region 155 and

tihe enhsk ngnposhti pBqAEsthes EaPHOAEG0. TALE efrhiki £hB80disk
TLO data to the regions 160 and 161, the recording

@niblepr fdyet 89 2pPAEAE S rbht 8Re JUIBYRERLRLIO the
region 156 and a region 162, both wunrecorded regions,

s Li 8Lt § 4 aPQEﬁ§a§2dH§Ki§§%b%?%%}égwgg%ogggFﬁing, the

optical disk 33 in the state

GPUILES, SIS, eRgr0h 1y SO0 PEUGLOB AR Bhe
~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,
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 is later mounted again on the apparatus
31 and that the apparatus 31 enters an idle state
thereafter. in 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 TLO regions 149 and 150

shown in Fig. 6B. The recording and reproducing apparatus
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reproduci ng apparatus 31 starts (i.e., resunes) the
background formatti ng process of the optical disk 33.
Wth the background formatti ng process of the optica

di sk 33 conpleted, a region 163 constituting the useerP0540
60 SO6P0540 area of the layer LO and a region 164
meki ng up the user area of the layer L1 are fully
formatted as shown in Fig. 6E. The regions 163 and
164 are witten with dumry data recorded during the
de-icing process and with the data recorded as per
Ihechlrskdeacioass rafguasd f3pmndelssnf ormation
processi ng apparatus 32. The regions 142 and 144 form
jogapbjout areas witten with necessary data. [0112]
Suppose now that a partially formatted opposite type

opti calr rdicpl 3%fb§mﬁ@ﬁ%he%ﬁ@&é§§id§“§ﬂﬁyﬂgiégnh2 issues a
reproduci ng apparatus 31 which then enters an idle

BilAl Gccddl UL A 1Ca38 1,85 ShO é@r&%l%g dhu £Q§roduc1ng

recordi ng and " reproduci ng appar at us wites
e B0 a2 sl a#%%'@%%%? cghe
?1 ity o bRt At 8%?%%??%% to
LA IREILAALDDI W e T Soesce
R R SR e B AT
Iayer L1 tomard a region 204 to which to wite
3§ata lustratively, 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 is 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. 6¢, 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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SO as to create another mddle area. [0113] The

partial formatting of the optical disk 33 in 61

S06PC640 the state of Fig. 7A is conpleted, so that

the lead-in area 201 is already created on the di $W6P0540
33. The regions 202 and 204 have yet to be witten

W th the necessary data for turning these regions

into mddle areas. In the user area of the layer LO

a region 205 is already witten with dunmy data while

a region 206 has yet to be witten with dummy data.
thetfadisgrrasthion eRethayesedilon 1&8r egi che2@ptisal disk
already witten with dumry data whereas a region 208

hds Yee recoedimytaed wephodumiygdabparp@ibi]31Suppcses TLO
also that with the state of Fig. 7Ain effect, the
d@t@rh@taone@i@neS§0ngtappangt&xo&Zth&spe&iaic@i%bjacent
unnmount request to the recordi ng and reproduci ng

appenat esdihg pbatttaseofagshehewgion F5g. aBBshidi@ in Fig.
recordi ng and reproduci ng apparatus 31 stops the

6le: | g reeRsSty aMd tESp PEEES A YafidkPat Osr 891 @Sther
209 and 210 to turn each of theminto a tenporary

wit Ok € Bread{ddoe andeg&bBCh g1t e Qﬁbhcﬁlmgh§%r3%haknthe
Figs. 7B through 7E as in Fig. 7A ke or

éﬁ&I@@Q%%ﬂiEbé”@?sthée@L@n§e%§bﬁ 18aEﬁe desl. g%ﬁ%%?cﬁythe

li ke reference nunerals and their escri ptions w

IE§eP%;[%%%%é%b&ﬁﬁ§UQQGEhghSBSinﬁeBBBQQQEn 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] )

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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[0115] Upon receipt of the disk unnmount request from

the 62 S06P40 n information. processing apparatus

32, the recording and reproducing apparatus 31 wites

a TMA (i.e., creates the TMA by witing necessarysg6r0540
data) headed by the position adjacent to the data

(dummy data or other data) witten to the radially

out ernost sector (closest to the region 202 or 204)

in the user areas of the layers LO and LI.

[Ilustratively, as shown in Fig. 7A, the ending

Posi tddrhofldher ar@ard/a Wweiien Wthnduiny dat @he user
(i.e., de-iced) in the layer L1 is radially outside

afed het el Mayosit i ohe ofuthe derhsedearea 308uhi hheeiq.
with dutmy data in the |layer LO For this reason, the

EECOMBieNgedN®ns AHOMR] NG ARRAT 3l 3 et Whh$Sdata
the TMA to the region 209 (to formthe TMA regi on

200 gends i gy assiéjop pfegentobg bhey! el

SIS N G800, SRR Bl LR

repr oduci ng appar at us es an 0 the
AR AU SRR A0e8 10| UL L4086l S
00 AP0 L0 P00 1 POBLA 9D 6T e B gL o0
[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. 73, 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 o&der 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
L1l toward a region 204 to which to write necessary data
S0 as to create ancother middle area.

{0113]

The partial formatting of the opticél disk 33 in
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recordi ng and reproduci ng apparatus 31 wites the TVA

to the region 210 in such a manner that the distance
bet ween 63 SO06P0640 the starting position of the

| ead-in area 201 and the starting position of the S06P0540
region 210 equals the distance between the starting
position of the | ead-out area 203 and the starting
position (beginning) of the region 209. The recording
and reproduci ng apparatus 31 proceeds to wite dumry
data to a region 211 between the regions 205 and 210
fheshalgs ont 2009 mayA al socheptatedd shetfibA tbhgi brad-in
210). Wth the region 211 thus de-iced, the recording
arek 2@prbslue]l nepdpparatusd 3dnefbet dithe3apt i Tk hgkons
33. At this point, dunmy data or other data has yet

AW bend V04 tleavstpet i g he onribeerndioy phsi heeBsehry
the TMA region 210 to the region 202 and fromthe

dxtch nfpiposiin DNy theiderddPofiedi fbo 209380t BecE8JI Ofh the
204. [0117] Where the user areas of the layers LO and
dsle@rgred hais lee i tLPAral tehioht 208 pPasghbkgal0
reduce the sizes of the regions to which to wite
whirgBe i ak o raf di@himy tder &1 Sl POMRUDL 4§ 6HUSBE his yet to be
supplied. Thus when the disk unnount request |¥

! . ! '
W8a8i e d, f 1o 'cﬁ‘é@éf‘a.frpr&}% r19§<§135 £, P gf%g%r L1,

during background formatting, the "optica

Eﬁé*%%% gﬁgﬁﬁgiégﬂé§¥%yt%€€9?%$g&?g?héégﬁgséggécﬁlereas a
fé&fgncgbé(ﬁg% ;é%légwgkk%&{€§kﬁa¥f£hL&&mmy 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. 78, 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 area (TMA), and
ejects the optical disk 33. 1In Figs. 7B through 7E as in
Fig. 7A, like or coﬁresponding areas, regilons, etc., are
designated by like reference numerals and their
descriptions will not be repeated hereunder where
redﬁndant. |

{0115]

Upon receipt of the disk unmount request from the

62




After issuing the request to unnmount the optical disk
33, 64 S06P0540 the user need not wait long for the
disk 33 to be ejected fromthe recording and
reproduci ng apparatus 31. [0118] Suppose that the s06pP0540
optical disk 33 in the state of Fig. 7B is ejected
fromthe recording and reproduci ng apparatus 31 and
is later nounted again on the apparatus 31 and that
the apparatus 31 enters an idle state thereafter. In
that case, the recording and reproduci ng apparatus 31
sttt {ioe.préo@sseBsg Ahea baekgr 9uNdehé or8BbEEN8g and
process of the optical disk 33. Specifically, the
HROaidli dih AN LPA0881C3 NGy APPAE a4 UBMBL (WM Lt €S- HUARY s the
data to (i.e., overwites) the TMA regions 209 and 210
BIOWY i Thy 4 ' i g

Wy M thg Rcddea Fpopidh pgh@@&e&e@gggﬂéz\'lgﬁgsT%iag]

apparatus 31 then de-ices regions 212

éijéégﬁﬂ'gd”ﬂﬁgi&gEQrﬂﬁﬁﬁg§t a@gpgfa&H§e§2d%§§Pe§rftten

di'sk access request askin e recording an

' P |t ta to_the optical
o R R AP R et St FebPh e ry Erpar et e
r s to . ..the request_ by iting to t user
ngzea?gtso he ot T at® e i TE RS ?ﬁgtla%t a%%?)rﬁ%da%?/ the
i.nf Qr.mat.i.qn processi.n ap atus_32. Illlustratively, .
f&gus%&ﬂ}tlivnelﬁ’g.a%(‘fhcg’ﬁb 1’{) Fdi My ahRf ref bRl cPrgltion
ites the data designated by the disk

o}?% ratﬁ%@wt%%%iw@ﬁpmy data (i.e., de-iced)

in the layer Ll is radially outside of the ending
position of the de-iced area 205 filled with dummy data
in the layer L0O. 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 2Q9i 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 thét the ending position of the area 209
~corresponds to the ending position of the TMA created in
.the user area of the layer L1. 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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65 S06P0540 specified by the request. In the state of
Fig. 7C, the region 214 is witten with the data

desi gnated by the disk access request and a region

215 has already been de- iced. Regions 216 and 217506P0540
have no data recorded therein 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 inthe state of Fig. 7C, the information

Preo ctsyi i apperidtien 32 gendsead diskauraolt aegduese
to the recording and reproduci ng apparatus 31. In
St igas mosittilont et artde ngegposi 21 0eqialheciegidbat 2dde
| ocated radially outside of the ending position of
hdtvaayitdre 2t&on tdieopttical of skhe 3Bad-heut espedi ng3
and reproduci ng apparatus 31 wites a TMA to a region
220 tdteardtiang ifrcppddie: Pasi (hoi meimeeds {ie theg essli g9 .
position of the region 214 as shown in Fig. 7D. The
TIRC ofeidigiiangd arepregua e arpalmiata dls fr tﬂi‘:%ceéé\ﬁét€§
a TMA to'a region 221 in such a manner that

WA GRS dan oo the-dMy A el Podiddie ﬂ‘?’@rs:%lﬁf@ns 205

ofthe |ayer L| corresponds to the ending posi

drd 71801 Qhe 22Qidn S10 21%1}{ src'é;kge diStance lg%t'ﬂ%?n egion

the starting p03|t|on area

24 St e LhNBnePRSkE LA 29k tt%sf %%'_q%eéélt%%uqr'e%&rdelng 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 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 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 Ll1).

After issuing the request to unmount. the optical disk 33,

64




SO06PC640 the starting position of the lead-in area

201 and the starting position of the region 220. After
witing the TMA to each of the regions 220 and 221,

the recording and reproducing apparatus 31 witessS06P0540
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 nounted on the recording and reproducing
apparatus 31 which then enters an idle state, the

the orsimgesdl noepraiucioggappar ahasd3sksBar ts bie. @jected
resunmes) the background formatting process of the

fopin ddle diskoBRing Ve toerbackgnguagphesrakt 3ng

process of the optical disk 33 conpleted, a region
PPRigjonstituting the user area of the layer LO and a
region 224 making up the user area of the layer L1

are fubbypbeemanad @ &lpwballn HHe 376 Thge r§9é@é‘sof
223 and 224 are witten wth dummy data recorded

MW e tihe dRed€dNOr PERCESS AR WL R tgﬁgdﬁé roduC1ng

recorded as per the disk access request

dofaramid oy prpsess %t%g:lp%{oq}ﬂ‘tséc?’%q%ﬂ? cgr?g%ﬁ)@saggaratus

and 204 each forma m e area wi en wt

foiAmeRRIa, oSG2, 0 0oL DG FORE, LLprLon

a%ttlésr BlIhS th f%rarger]g the J:e6c7c>rS 16n%053f'r9d 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 andureproducing
apparatus 31 to write data to the optical disk 33, then
the recording and reproducing apparatus 31 responds td
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
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background formatti ng process on a two-layer optica

disk 33 (i.e., parallel or opposite type optical disk
33), the information processing apparatus 32 issues a

di sk unnount request to the recording and reprodudtg0540
apparatus 31. In that case, a tenporary |ead-out area
(TLO or a tenporary mddle area (TMA) is created

where appropriate in each of the user areas of the

| ayers LO and LI. This enables the recording and
reproduci ng apparatus 31 to eject the optical disk 33
?ﬁ&F%ﬁé@dﬁg’M Fheorestiuesd -i nIa sheubspse ofafer BGL the
not in real terms. A reproducing apparatus wth no
FEARST 6 Lfr iite Wadst tielie witdprtdducia tdatde frmmitdie by the
optical disk 33 that has yet to be fully formatted in
déshapicrg s s| ek sburingg at rediaok @ldurt S arinmdddingadn de-
the optical disk 33 by the recording and reproduci ng
appdratkegBdns £hé anfloR @t hemepnoceasiangeappaeat tshe32in
may illustratively issue a disk unnount request to

thd hreeoyditngoabe deprieddci ng apgabat 8383hasAbekhalie-iced
point, the recording and reproduci ng apparatus 31
shetesat hegiopt 2¢8l hdisSko33aith e cHARLE ¥ferfdiG 4B has
In this case, the regions 205 and 211 in the user

aeeatof behgel-ayen . LO are witten with dunmy data or

other data, and so is the region 207 in the user area -
pbipbe layer LI corresponding 68 S06P0540

Suppose now that with the optical disk 33 in the
lstate 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 re?roducing apéaratus 31 writes a
TMA to a region 220 starting from the position adjacent
to the ending position Qf.the region 214 as ghown in Fig.
7D. The recording and reproducing apparatus 31 further
writes a TMA to a region 221 iﬁ such a manner that the
ending position of the TMA region in the user area of the
layer L1 corfesponds to the ending pésition 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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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 nounted on the
reproduci ng apparatus with no recording nmeans, thgoer0540
reproduci ng apparatus may effect a junp from any user
area position within the regions 205 and 211 of the

| ayer LO or within that region 207 of the |ayer LI

whi ch correspond to the regions in the other layer, to
a desired user area position in the other |ayer. From
theatst qosing g s 1o epf odie | DgaappPar akds ray peAf eR|
a seek toward the radially inner or outer side of the

saptricialg pbske 35 SOF ashd Orégagnt heo datmrddengf 1Oy the
[0125] More specifically, as showmn in Fig. 8, the

TMIC (il AN Y Oskigi dYils apPar 3has2 31, pend ofgéotaﬁng and
background formatti ng process on the optical disk 33

ﬁ@pﬂdﬁﬁbﬂﬂ&‘hﬁﬁ%ﬂéﬁﬁéCélawPi€Q§t&ﬁﬂkﬁega§52€oegﬁg Fegion

(recording capacity). As seen in Fig: 8, the direc

dreonad £1d zltébi!‘d'rgfﬂzi ,e%@&?”ﬁﬁré%‘ﬁrgé&efé' f&‘ngm 04 &Jccts

the radially I nnernost side to e radrafTy olternos

[ . Lhe ' disk 33. [0126] In Fig. 8, the
tﬁggsng%é%hbfﬁgﬂ% ayer LOis divided 69 S06P(640 for

'[Qﬁﬁﬁgenent pur poses into regions 251 through 256 of

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 L0 and a region 224 making up the user
area of the layer L1 are fully formatted as shown in Fig.
7E. The regions 223 and 224 are written with dumﬁy data
recorded during the de-icing process and with the data
recorded as per the disk accéss 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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an equal size each, ranging fromthe radially
innernost side to the radially outernost side of the
optical disk 33. The user area of the layer L1 is
likewi se divided into regions 261 through 266 of tREPOS40
same size each, corresponding to the regions 251
through 256 in the user area of the layer LO and
ranging fromthe radially innernost side to the
radi al |y outernost side of the optical disk 33.

0127] In the makeup of Fig. 8, the distance between

Rex9 P&P9|ﬁaraa§FﬂPSnpapC€ﬁé Py ok Wo5 1 ayB&gORFg lodisk
the user areag and the starting position of each of

(ip ggr oRT2B1eLhPBEUGRP256 ties Laprangtdced EdeH 33He the

dlstance between the starting position of the region
ppformpEgPRNPRECEFSERE appprartes) 3dnd sshesspadiiskg unmount
positionof each of the regions 261 through 266. That
reguehé tisethearegovflinbe ahdyeepkOdandnghappefratties 31. In
| ayer LI are divided at substantially the sanme
pbsit cems, pOt28pokklysirati-velyarehe (T&OOr drng amthporary
reproduci ng apparatus 31 divides the user area of the
hagdicl &reat gTMAheikegireas edSihkheoughrapeinfeunint $a0h of
physi cal sectors, the region 251 being on the
thdi abby hppesnest tBkdeayklks 70 S86P0340 ThEs assHPELs the

here that the regions 251 through 256 are renaned
£86b2ASnEAAt PEPHERURPNG EEPR2EELYERY, th- 84ect 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 dafa 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 uﬁmount regquest 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 LO

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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that the region 251 is nanmed as the region RO-0, the
region 252 as the region R -0, the region 253 as the
region R2-0, the region 254 as the region R3-0, the
regi on 255 as the region R4-0, and the region 256 &86FP0540
the region R5-0. [0129] In |ike manner, the recording
and reproduci ng 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 LO the region 261 being on the
fadikgsy jemiermpsef silhe. layersL@ssuned, thatret hee no
regions 261 through 266 are renanmed regi ons RO-1
wihretepddb-degiagpelct i vely, i.e., that the region 261

iIs nanmed as the region RO-1, the region 262 as the
i&Ex4odn R -1, the region 263 as the region R2-1, the
region 264 as the region R3-1, the region 265 as the
regi onAR4al resand ,t HE re@ Gpr2ehlasdide 3B R RSrdpared
[0130] In the ensuing description, the segnent made up

iﬁ‘mddﬁtéfghﬂﬁﬂm?@%ﬁﬂ&ﬁ&@ﬂn%ﬂéﬁp@faf@éeﬁiﬁﬂ b8 88cBrding
region RO, the segnent of the regions 252 and 262 as

i re ath€ . 3528026
nedregl AR &%@1%%{ the 19! OPB2P tﬁgg %63 rom

as a region t he segnent of

diREI NS %r%@&%;?i@icﬁ? R %ﬁreéﬁ%%eﬁﬁngnﬁf gtlgfeof

regions 255 a 265 as a region he segnen

151{1@ fa%%xor}fo 2051:6 V\%ptq‘l]%'ﬁat}%;t arégjgér?%(ﬁ‘?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 optical-disk 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 Qf the optical disk 33.

[0126]

In Fig. 8, the user area of the layer LO is divided
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[0131] After dividing the user areas of the |ayers LO
and LI into the regions RO through R5, the recording
and reproducing apparatus 31 formats the optical disk
33 by de-icing the divided regions successively, S06P0540
starting from the region RO (i.e., regions 251 and

261) and ending with the region R5 (regions 256 and
266). [0132] Illustratively, it is assunmed that the
direction fromleft to right as shown in Fig. 9 is

the direction going fromthe radially innernost side
forthenagenent yousneerRodRtSi degdbnshe Sdptihamiugli 66 of
33. It is also assuned that the recording and
FRpPodati phzappacht usagidovifden thke rasérldedsingrmost
the optical disk 33 into regions 281 through 289 and

- shde o rdyt oraRRDlysohbemedsby stile ofeghens28tadndiisk

282, a region RI-O by the region 283, a region R2-0
BY. t Mhe egicon 284 & rigdgt are R 1L byi $ heikewgbend28bdea
region R1-1 by the regions 286 through 288, and a
Ireigh oredRPeris by6t hehregyhn28890 £l Bhthssmease zca%adh,
the case of Fig. 8, the regions RO-0 and RO-1 will be

cef esseshd h@sté hehs egegiof, 25hetheglghs 2BE ArdRtie user
R -1 72 SO6PC640 as the region R, and the regions

dPecd) Nt -lapsrthe éﬁSiQBnﬁgng EPeR3the radially
Illustratively, with data alfeady witten to the
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 is, the user
area of the layer LO and that of the layer L1 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 sectdrs,

the region 251 being on the radially innermost side. It
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user areas of the optical disk 33 in response to a
di sk access request issued by the information
processing apparatus 32 to the recordi ng and
reproduci ng apparatus 31, the recording and S06P0540
reproduci ng apparatus 31 de-ices a given region Rx
("x" is an integer) starting fromits conponent
region Rx (i.e., Rx-0 or Rx-1) in the recording |ayer
different fromthe layer to which data was | ast
witten, followed by the conmponent region Rx in the
layessunedtheret thatwechk dabdonthatli shrehen dsd cireg
the region Rx, the recording and reproducing
- oppanad use@loper ROFOBthitbegleREeDNgeppRERITely, i.e.,
preferentially on the conponent |layer Rx in the
tiecordieagréayen 2bif esenbmbaORst BRel 8%8A onl R0, LE KO
whi ch data was last witten. [0134] In the nmakeup of
Fe@iod, 25t as (ean¥edaba QN-0t hehe g@%@oﬁu@@b'%g Yo
the informati on processing apparatus 32) has yet to

Wi teng t e HAN 8 : h 288, 8,
e be. T aer cae Thaoa 3 4upsl 3 byOthe Rafof mifron

EPCEHS S) g é@p@ﬁ@tPéggﬁghﬁﬁ—@eegnﬁﬂgbgfﬁeggontB%62§§ the

regi ons 282 and 287. pose how g-regi on
e §? %@Fﬁ%’i_ is first witten with the data followed
Sigt e region 287, i.e., that the data is | ast

¥q#%§@n to the region 287 on the optical disk 33. In
at”" case, with the region 287 |located in the user
area ofnﬁﬁe | ayer and reproduci ng

. . LI Hgg%recording
appar atlls 135 e i LGP TOHbfEHE reproducing
apparétus 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 regidn 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 regidn R1,

the segment of the regions 253 and 263 as a region R2,
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region Rx-0 of the region Rx in the layer LO and then
the conponent region Rx-1 in the layer L1 [0135] That
is, the recording and reproduci ng apparatus 31 in the
case above formats the optical disk 33 by witing S06P0540
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
%%Earatus 31 wites data to_the user area of the layer
e R[REThPF rbhet hedtarralby andelmdsesspdseghgn R3,
oing toward the radially innernost side of the disk.
é%ﬁ SRt 0T When Geeipng dabaand £RE reghomeg86ni R4,
Fig. 9, the recording and reproduci ng apparatus 31

M tiee gegment opfr thbt regibeft 254 terhalévely,abeégien R5.

witing data to the region 285, the recording and
r®btldduci ng apparatus 31 may divide the region 285

into a predeterm ned nunber of conponent regions

(i.e., AfreunidiyiafimhydicalsRe sy .off 4 5D6RGOs heand
data nay then be witten successively to the region

1285 rstarttieng-dg o s eo | ef i oSl ROPPORENLeE89HOAGARA]
ending in the rightnost conponent region. Each of the

Il SOt g L SISl seleom baBl b9 b
déHﬂdﬂHg 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]

Illustratively, 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 RO-0 is formed by the
regions 281 and 282, a region Rl;O 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 R0O-0 and R0-1 will be

referred to as the region RO, the regions R1-0 and R1-1
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functional structure of the control section 51
included in the setup of Fig. 2. Wth this structure,
the control section 51 carries out rel evant programs
so as to functionally inplenment a determ nation S06P0540
section 331, a division section 332, a disk access
processing section 333, a last witten address
storage section 334, a fornmatting process section

335, and a formatting region storage section 336 as
shown in Fig. 10. [0138] The determ nation section 331
Hetdrei pegioheRherand tleskegtosssREeuestl B2-4 disskhe
unnount request has been received fromthe

Yol oemalk2 on processing apparatus 32. Gven the result
of the determ nation, the determ nation section 331
E&U3Ek the rel evant conponents of the control section
51 to carry out their processes accordingly. As

needed,T Itihes tdedtarvE gt ot s efdi £ Bda@Pegkse 8n to the
determ ne whether the user areas of the optical disk

Eehavsedeeds fuhd Yopei @At dakky3Bos ABLESHOnBY to a disk
referencing in the 1 75 { S06P(B40 fornmatting region

S AP SO O 36 d iﬂﬁ@erEBQHaQQBHtgggcggsgﬁghe

next region to be formatted. G ven the result o

Sipen e MO e aett, Py Plesplisteg Phparacus
§¥¥fﬂHénEéE%fde&9£§§¢§e§§88£9lﬁg'prggéggL 31 de-ices a
given region Rx (“x” is an integer) starting from its
component region Rx (i.e., Rx~-0 or Rx-1} in the recording
layerldifferent 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 laver
LO or L1 to which data was last written. )
[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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When the optical disk 33 is nmounted on the recording

and reproduci ng apparatus 31, the division section

332 divides the user areas of the nounted di sk 33

into regions of a predeterm ned size each for cont PEEFP0540
pur poses. [0140] Wen a di sk access request cones from
the information processing apparatus 32 through the
signal processing section 56 (Fig. 2), the disk

access processing section 333 controls the signa
frogess£n% .%ectiontgg to carry out processing as
BqueEtEaVEi-tEen Waitdy thecslat drrbkeyed[pyathe region 287,
Jllustratively, if the information processing,

hppar atti’t 35hfsdaka asdiartavEdssenetiveshet segione 287 on
data to the optical disk 33, the disk access

ProceRsiayl déeki 3A- 338 vikhatescaset hei vt thal reysem 3387
the data supplied by the information processing
HppaEed usn 3phe ouger SEBPEHA0 thhe laygmall.lpr abessiengrding
section 56. In another exanple, if the information
Prdcespioduappar appsr3fuisdliesiasdi dk-iaesesher egupshent
to read data fromthe optical disk 33, the disk

zRTEys Rxotessitige seeyion BI3inauseslbbhersignahd then the
processing section 56 to read the fromthose positions

@mp d¢ienoptégabn dk ekl 38nweheh1ayerdesi gnated by the
di sk .access request and to send the retrieved data
tal 35 '

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
dpposite‘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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i nformati on processi ng apparatus 32. [0142] Upon

recei pt of a disk access request fromthe information
processi ng apparatus 32, the last witten address
storage section 334 stores the last witten addre§8§6P0540
(e.g., physical address) indicating that user area
position of the optical disk 33 to which data was

last witten. [0143] The formatting process section

335 causes the signal processing section 56 to wite
format information to the FDCB zone in the lead-in
Hredata thry oprsrdbe dvsktt88. sTheekoinelyi ng phecesgion
section 335 further causes the signal processing
Hirtstonrsmng of fon nglte ptefienes i nedponegiconsgabnt bad
user areas on the optical disk 33. The formatting
rdiges sisetie on @Enosc| adesonede- ireglgn . proge€sSof the
section 401 and a tenporary end data recording 77

SOGRAGAD contont $8CHEQR 402 wiltdlAHtAst rapdedght heo left.
de-icing process section 401 in the formatting

[rlxelss section 335 references the last witten

address in the last witten address storage section

ot G SRR s e gt
iR RNM Nt A S8 F 0P 33dont PE1d82LEL BE BEOGRES Lded
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
divisién 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 requesé has been
received from the information processing apparatus 32.
Given the result of the determination, the determination
section 33i 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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section 401 causes the signal processing section 56 to
format predeterm ned regions of the users areas on the
optical disk 33. [0145] In the event of a di sk unnpunt
request getting issued by the information processiigF0°40
apparatus 32 via the signal processing section 56
hal fway through the formatting of the user areas on
the optical disk 33, the tenporary end data recording
control section 402 in the formatting process section
§§5 cggtrols t he signal processi ng _section 56 to
W T TR T ehPof 8P yCRNI LR ES PRECEAE ng ot FAE deérrarddon
$osition on the aEtical di sk 33 up to which data was
Rt Hed YRdSAF WRFEnreRécBats beedordpi§eRas Given the
tenporarilghended. [I'lustratively, the tenporary end

Rt eobr B RgCeRkr oFhsedetermipatient KectionnBBli wguses
process section 335 causes the signal 78 S06P0540 N
e LE N ecPTRAREBL & 0ofr Lhe goTIt@odr sgctioa BNWA tico

the user areas of the optical disk 33. [0146] The
Rorhatt i Hye i egboncespeagecsectiiogly36 stores

i nformation pointing to the region RX to be formatted
Hek39]i.e., region Rx to which to wite dummy data) in
the user areas of the optical disk 33. For exanple, at
the ti fheshdrmd heptfiaraintdisig 3 {Henopit&al ofli ske 33

(i.e.,

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 requested (i.e.,
disk access process).

[0141]

Illustratively, 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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background formatting) is to be started, the ,
formatting region storage section 336 sets to RO the
region Rx to be fornmatted next. Every tinme the
formatting of the region Rx is conpleted, the regB8AP0540
nunber Rx is increnented by "1" to determ ne 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] Wen a
partially formatted optical disk 33 is nounted on the
e o YRl apveb e beluics agt Appab At uslrBlarthehenxahple, if
optical disk 33 nounted on the recordi ng and

Thepr buleimet apparatwss S3inbaspbeeatpar SR al kyuter aatt ed,
the recording and reproduci ng apparatus 31 carries out
draokgy oreghidor ned tiegd Desar fbed bekowbthchef @ieRC83t Othe
the flowharts of Figs. 11 and 12 is a typica

diook grotuehs giyd@dding PEOEess 8anrkedseyt thy Ehgnal
recording and 79 SO6P0540 reproducing. apparatus 31.

] s iy detx D, 54 heo detganiRAt EPPnSERLERNE331tions on
checks to determ ne whether the optical disk 33 is

1l |l opt formadtad. 33 | hmistih atfyehys i Hgt@&%golchéea&gﬁn

51 in step S11 causes the signal processing section

- R4 reahe SOrIRY ltﬁéé‘ago_éﬂé‘t e | Pé@{-gg\&%gnd&g%gghgs

. FDCB zone of the In area on trca

%ﬂﬁ?ﬁ%ﬂ%%ﬁﬂEﬁﬁfﬁﬁéggagiéﬁﬁgP@{&gﬂ3épdiCatihg how f ar
[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.
{01431
.The formatting process section 335 caﬁ;es 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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progressed. [0149] In the case above, the reproduced
signal processing section 71 generates a reproduced
signal based on the electrical signal com ng fron1b%e
opti cal pickup 55, the reproduced signal being S06P0540
arranged to reproduce the data recorded on the

optical disk 33. The reproduced signal processing

section 71 subjects the reproduced signal thus

generated to predeterm ned processing such as eight-

i xteen denpdul atjon in order to acquire data
?%%‘%ﬁ%?nsgec%h%nf%{)?mtti ng status information. The data
t@f%4?cquired is sent to the nmenory controller 72. In

,- the menory controller 72 supplies the contro
section 51 wi-th the data received fromthe reproduced
si gnal & 86&8SGhg thedeoirie B SosPEAoti¢m1460] hethe
determ pation section 331 exam nes the data including
FPena o iRg thFRCStat B8CTApdr Aabi safeupprredtby lake
si gnal processing section 56. |If the exam ned
Yo redn i adfse s usni bher kast onriekphaisdddesar bierape
reference to Fig. 5, is found to be "10" or "11," that
FRenson his Hpt iCatenditdle 3 Imseriadd yldor nat Tteteei ddd@ress
by the recording and reproduci ng apparatus 31 or by
ane lmmmdacdanes . withttieef pesalti 69 shat d&termination by
information turns out to be "OL," that neans the
dpd il et iska t3on Sséction 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 section 402 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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partially formatted di sk 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 conplete. The S06P0540
background formatting process is then brought to and
end. [0152] If in step S11 the optical disk 33 is not
found to be fully formatted, then step S12 is
reached. In step 512, the division section 332
di vides the user areas of the optical disk 33 into
P%@ﬁ%ﬁﬁ#%ﬁ e pEbdet ebntaedrsieeacdbh. ardheodi wi GMA to the
regions are serially named RO through Rx (x is an
isgeger9as ani vige f opmi che dadkaBBy i nnernost side 81
SO6PC640 to the radially outernost side of the
bpt4ehl disk 33. [0153] Illustratively, as discussed
in Fig. 8 the division section 332 divides the user
ar ea ofTHehef drageart i O gl drhadt Haddesd@yesn LIz @t stores
substantially the sane physical positions for

n P DOSESg AT Ene SPEGEEL CRK! Yo Bgefgkf{lh§'t88
section 332 divides the user area of the [ayer

ndio (e onsrilod htough 226:0f+ 8 wPi e&&ﬁﬁ& gggﬁ hZ2€n

each and nanes then as regions RO O rou

HIRSRed 4 Vel das Léf%éeoﬁ?{{]ﬁ f“éfi§f(o : f]EtcgrorE le, at

di vi des the user area 0 regl
the time when the formatting of the optical disk 33 (i.e.,

background formatting) is to be started, the formatting
region 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 digk 33 is
ﬁounted 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
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261 through 266 of the predeterm ned size each and

names themas regions RO 1 through R5-1 respectively.
[0154] In step 513, the determ nation section 331

checks to determ ne whether the recording and S06P0540
reproducing apparatus 31 is in an idle state. That

is, the determ nation section 331 in step S13

deternmi nes whether the infornmation processing

apparatus 32 has sent a disk access request to the
contrql section 51 through the signal processing
EBRTPONCERY $PRE5RFERF Ph-step S13 the recording and
reproduci ng apparatus 31 is not found to be in the
[%f%ektate, i.e., 82 S06PC640 if a disk access

request is supplied fromthe information processing

appar atids B2r ¢lihe dontdale geinabioBslsethibon 38kpchidks
is reached. In step 514, the disk access processing
secd¢brrBBEee caluseer hehsi gpalicpilodéski BG isecuilay 56

to performa disk access process. [0156]

Totwmsttadi veally udtratherd Inf orired | @hiprOCessttgon 51 in step
appar atus 32 supplies the control section 51 with a

%l Bkcawseesishe egl@sal tPrvets i dgt aet0ibRe58PELCRkadi SK
33, then the disk access processing section 333

Ponsest iMe StHnas i RFOLRSSINY $86hi BAeSPDER Wbhke kO the
the optical disk 33 the data that was sent fromthe

- iHrImid A8k PSICESSI A¥tical 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. In 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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apparatus 32. In this case, the nenory controller 72
sends to the recording signal processing section 75

the data supplied fromthe information processing
apparatus 32 through the interface 74. The recor ddhgP0540
signal processing section 75 subjects the data com ng
fromthe nenory controller 72 to predeterm ned
processi ng such as eight-sixteen nodul ation thereby

to acquire a recording signal. The recording signa
thus acquired is fed to the optical pickup 55. Under
[ddritGlol of the control section 51, the optical pickup
55 energizes its internal laser diode to emt |ight

to theTopt dedkrdiiakt33n Beatimmne3l refdndcidsng@Hehelata
recordi ng signal sent fromthe signal 83 S06PC540
iprodaesising: tee aitd rams i ngvher ahys ther siahar 0fn | SUSs L1 By
witten to the optical disk 33. [0157] In another
tévamglghall fporidiRdJifrdy MRIdOBPINEEeSIMNG h-aARRIALES 32

I ssues a disk access request to read data fromthe
fepiaaali rdf $eadhs e Hntke RGELSSPI PGESS -1 SECT] QN
333 causes the signal processing section 56 to read
Adre daia ofy ipmter est f (= o 0Sj4 im0

on the opticalkgigﬁ §§;3¥%%Epﬁ§%g§%eéﬁjd2%$g§% ‘ed yat
s Uk ARGRSS aquesty (and 4o foraand e, relrieved,

data to the infornmation processing apparatus

@l %%]colr'a M&F a%%o \f:%pq:)é)%m?:l ieﬁg ta'b% a reapcruosd UGe do e | l%p ail he
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. o
[0152]

If in step 511 the optical disk 33 is not found to

be fully formatted, then step S12 is reached. In 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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processi ng section 71 generates a reproduced signa
based on the electrical signal comng fromthe

opti cal pickup 55, the reproduced signal being

arranged to reproduce the data recorded on the 506P0540
optical disk 33. The reproduced signal processing
section 71 subjects the reproduced signal thus
generated to predeterm ned processing such as

ei ght - si xt een denodul ati on thereby to acquire data.

The data thus obtained is forwarded to the nmenory
EBnEhEI FRf1a2dy PHteEMAStt Ké deemdt heomprtdldadr diixsk 33.
supplies the data coning fromthe reproduced signa
b?ggé%sing section 71 to the information processing
apparatus 32 through the 84 S06P0540 interface 74.

[ 015, 9]Th st Basl v £ hes | dsscussetiehnaddyess, stheage
section 334 stores the last witten address (e.qg.,
physscah addtéss)3Badicatiieg that usser aaeea dFOIHd Auyer
of the optical disk 33 to which data was [ast witten

Horamg thhe df skhactegerpLocass s(ektsheRali4) thd tdhume

the last  witten address thus stored, pontrol_ls
pleysioell posst bpns SAdr ﬁ@ﬁﬁ@bmbhhugh&%bbe%Ly’MbEedata
was |last witten to the region 253 shown in Fig. 8,

éﬁéﬁﬁff@aiﬁfl e tdeni addressctsbar age ﬁg%ﬁh%%e%%% user

stores the last witten address 1 ndicating

POsA td PN 10d 15@%feﬂﬁofn€§3rébi8ns Eggigﬂrough 256 of a

predetermined size each and names then as regions RO-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 anJidle state. That is, ehe

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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R2-0 in the layer LO. Mre specifically, the disk

access request mght also involve reading data from

the optical disk 33 during the di sk access process.

In such a case, step S15 is bypassed because no dabar0540
is witten 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., if no disk access
request is being sent fromthe information processing
apparatus 32 to the control section 51, then 85
E%GP@@QX_&nQ§S&ﬁiﬁq@e$Eathedupphieﬁeﬁr8ﬁ6thbasado®mation
the data from the signal processing section 56, the
rdwtcErsd imat iagppassttuon333do chreksohordet eeatnenwbet hehen
the region Rx to be formatted next (i.e., targeted

stegi A14RY)s aeddhidat gth dnep w14 hfardredion stesed in
the formatting regi on storage section 336 is fully

droomidiedy sddtlied] 333 usduats vehy, sSERROSErbhat st hg
region Rx to be formatted next is found to be the

Jer@ioh RQ atr Yedi M 0 ab§kiaéeé§§t3%98c8§5¢ in the
formatting regi on storage section 6. In that case,
fohggjet erm nation section 331 checks to see if the

formatting of the user area of the layer 0 and that

of thelhﬁﬁgﬁ EEiQEl 0 1N Qh&ﬁ%ﬂ%%é&é%%%nF“%ééeééin

al r eady cooneted. Fblééf P g
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
dgta that was sent from the information processing
apparatus 32. 1In 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 comigg 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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If in step S16 the region Rx is not found to be fully
formatted, then step S17 is reached. In step S17, the
control section 51 formats the region Rx. As will b%
described later in nore detail, the control sectior§F0540
controls the signal control section 56 to format the
region Rx-0 of the layer LO or the region Rx-1 of the

| ayer LI through the de-icing process. [0164] In step

518, the determ nation section 331 checks 86 S06P0540

rmne et her .a dji sk access request is s lied
é?%%?%%%ngn?%$ﬁﬁ?Poﬁ6pr8b8§§gﬁgt Fpdf gu§f35nF8%%%é 1s
gont ol gection 51.th£ou%h t he signal processing
s%%?f%% 86-1F 02BEF R FhSkt d3-S18 the di sk access

[@ﬂ@ﬁit is not found to be supplied, then step S19 is
d. In step 519, the determ nation section 331

checks to determ ne whether the infornmation

pr ocesSiThGraiiateramgel siasi £ uppet | beif ermalt s&n uprooessing
request to the control section 51 through the signa
PrREEBSEN P Setssans58. df k68T CeEsi negieptSte thaddidska
unnmount request is not found to be supplied, then
Brep-9r optieakbhddsk] B3stehe 828k theedst proipation
section 331 checks to determ ne whether the

Faorteen | T ofadhes relye oni abepngcdesifgdskBtion 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 rééroduced
signal processing section 71 subjects the réproduced
signal thus generated to predetermined processing such as
eight-sixteen demodulation thereby to acquire data. The
data thus obtained is forwarded to thé 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 recording layer is conpleted. For exanple, suppose
that in step 517, the region 253 shown in Fig. 8

(i.e., region R-0in the layer LO is formatted. In
such a case, the determ nation section 331 in stef06P0540
S20 checks to determ ne whether the formatting of the
region R2-0 in the layer LOis conpleted. [0167] If

in step S20 the formatting of the region Rx 87 _
SO06P0540 being de-iced in the recording |ayer is not
found to be conpleted, then step S18 is reached again
1t¢niigee sifbsequent steps are repeated. In this case,
the control section 51 continues formatting the
[%dgi%n Rx by carrying out the de-icing process on the
region in question. [0168] If in step S20 the

format ihngtep SRE,r ¢éficon ot wheittgrderddetsd nstdeage
recording layer is found to be conpleted, that neans

- Selt ioegi3dd Rtdiass been Oest oeditfentheareser ding. | ayer
and that the next region is ready to be formatted. In
phiyati ceds addxteays )Slihd ic 4 eacdh eth 298k fe ANPret NBosition of
subsequent steps are repeated. [0169] If in step S16
thle charmatt idig 33 he rag | 0 t ;
coongted, then step Sgggfgpfggg%éﬁééIﬁgg%egrpgﬁﬁ? ?ﬁglng

teet e Bknatlan S eald iy 33 et er.ni
whet rl1er t he opti%%tzfl di sk(]osgrhls%&?uéf%/)df O?Jr%a}{]gc&e 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
R2-0 ip 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 S$13 the recording and reproducing

apparatus 31 i1s 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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[0170] If in step S21 the optical disk 33 is found to

be fully formatted, then step S22 is reached. In step
522, the formatting process section 335 controls the
signal processing section 56 to write format S06P0540
information to the FDCB zone in the |lead-in area of

the optical disk 33 before term nating the background
formatting process. 88 S06P0540 |Illustratively, the
formatting process section 335 causes the signa

rocessjing section 56 to wite "10" as formattin
%%‘? uifég n?%rﬁ%?‘%%ﬁdcoﬁrs‘% ist‘iflff? Myt Parkadtdipe t ta from

one,. as expl ai ned, above in reference to Fig. 5, the
‘?Z*h? oF HERF brPFer et R gSERREORhabeptheaPelrsRina thas
been, fully formatted by the recording and reproducing
%ﬁﬁ%&%ﬁu%3g1¢hT@ﬁ$1Tol@?E@fﬁéﬁﬁv@h??hﬁﬁ sheprsp2oent Re to
formatting, process section 335 supplies the signa

ocedR Hegp @ et xon( 562 - wi targhbedaragtont Akhi g tihdicated

format information to be witten to the optical disk
33, thh el Epronat tomt sobted 7@ ther fiardstthagdatgieani ng
fromthe control section 51 to the recording signa
Procassi syctsent | 306 7hs  ThEly eEordatgedsi gnal

processi ng section 75 subjects the data fromthe

et ly controller 72 to predeterm ned processi.ng such

as eight-sixteen nodulation so as to acquire a

recor dirngussirgiahe 1The $1@gI<l nthati N Adyiso0btRi 18dhe
Is sent to the

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 R0O-0 and
RO-1) is already completed.

[0163]

If in step S16 the region Rx is not found to be
fully formatted, then step $17 is reached. I; step S17,
the control section 51 formats the region R%. As will be
described later in more detail, the control seétion 51
cpntrols the signal control section 56 to format the .
regién Rx-0 of the layer L0 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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opti cal pickup 55. Under control of the contro

section 51, the optical pickup 55 energizes its

internal |aser diode..to emt light to the optica

disk 33 in a manner reflecting the recording sign&06P0540
received fromthe signal processing section 56. This
allows the format information such as that shown in

Fig. 5to be witten to the FDCB 89 S06P0640 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
fFordrteEning heheshep 2dipk pesehsd rekmestep s528pp ltikel
formatting regi on storage section 336 increnments by

fyom ¢ e r Byt oAt HDer PRRCESB1Nhe apegiranuto 3Be to the
formatted next (i.e., targeted region Rx) as

o1l et et byioheSli phooughi bhessanedli priokesseali @@ction
336. Control is then returned to step 516.

34J ustratively, suppose that the region Rx to be
formatted next is found to be the region RO according
flldde i nformation held in the formatting region

storage section 336. In that case, the formatting

regi on Ist amagae S EIPR MBGSHt S5 ' i

nunber Rx for fﬁg region to be f%ﬁ%é%t%ﬂfﬁiig.P@[%ﬁgsfound
id B s S8, theedl skeaCee6S;: L e hs f t

be suppﬁﬁgb, t hen ;?éﬁ&ggigfg %éagﬁggﬁe ns eggg%%,§i9’
e dd Uil d P OCeSE, 56§41 Oghééﬁ f?ﬁ;géﬁégﬁiéégnglﬁ%her

processi ng section 56 to stop forna e regro
.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 519 the disk unmount requést 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 exampi;, suppose
that in step S17, the region 253 shown in Fig. 8 (i.e.,
region R2-0 in the layer L0O) is formatted. In such a case,
the determination section 331 in step SZO checks to
determine whether the formatting of the region R2-0 in
the layer L0 is completed,

(0167]

If in step $S20 the formatting of the region Rx
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hal fway to |l et the disk access process be carried out.

Control is then returned to step 514. [0174] If in

step S19 the di sk unmount request is found to be

supplied, then step S25 is reached so that the opt S€&F0540

90 SO06P0B40 disk 33 maybe ejected fromthe recording

and reproducing apparatus 31. In step 525, the

~tenporary end data recording control section 402 in

the formatting process section 335 controls the

si gnal processing section 56 to_ wite a TLO area or a
NgodEReCEdet NaF BEsTEECEAANGpLRYEIr diSskog3 foupgl 5] be

Illustratively, if the optical disk 33 is a paralle

typelebefcalh@nskten EhE scateacher ggadn, anHemhet he

tenporary end data recording control section 402 in

$ReSeavAREt FhgPPr otessepestiedn 385 tlonsrokset hehsi goatrol

processi ng section 56 to wite a TLO area to the

pegibpn 149centihwesafermbktandg ahet heryithORar By tarrying

the region 150 in the layer LO on the disk 33 as

swownhe ndé+ ein®. prooeshi sncaae, rebeohepoLaEY tend .

data recording control section 402 in the formatting

PP be®ks section 335 supplies the signal processing

section 56 with the data (i.e., TLO to be witten to

- the regifons MEAELlTthe HMErndBMDLY SOMEO! L &L dE Ry
forwards the data comng fromthe <control section 51
Beoiddedsecosdi NY ShPNBLcOHF@SRESIAYer 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. 1In 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
:821, the determination section 331 checks to determine
whether the optical disk 33 is fully formattéd.

{0170] |

If in step 521 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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section 75. The signal processing section 75 in turn
subjects the data fromthe nenory controller 72 to

predet ermi ned processi ng such as ei ght-si xteen

nodul ation to acquire a recording signal. The S506P0540
recordi ng signal thus 91 SO6PC540 obtained is sent to
the optical pickup 55. Under control of the contro
section 51, the optical pickup 55 energizes its

internal |aser diode to emit light to the optica

disk 33 in a manner reflecting the recording signa
Fbrstretsyghal ProcEesmagtinst bosncs6s shetaby 335 causes
witing the data to the regions 149 and 150. If the

Oyt i ehonal skracessing 9ppvspheSbype wpikealldi’'sks then
the tenporary end data recording control section 402
formatielfiorpeatingl pforeesionecbheniddbingnpaeks offhehe
signal processing section 56 to wite TMAs to the

Hige? zomas af ethkbapédcabotdeskn33erp0dr6E tB §igR 5, the
526, the de-icing process section 401 in the

Frof owerhd & 1ign mmf@@tt@aﬂaﬁeceﬁtwbi hexsBgnahks been
processi ng section 56 to format the unrecorded portion
f1 1§ heo regh 05 Ry st eeécbPal MRS P@producing _
[I'lustratively, if the region -0 in ?he | ayef LOis
dpngatfesmtted and if - the formatting of the region

Rx-1 in the layer L1 has yet to be conpleted, the
@erici ng process section 401 in the formatting

process section 335 controls the signal processing

secti Oljlﬁgsttga\ﬁﬁiivteﬁyquw sdcaetl:ﬁa 45 ,t r}:%see 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 proéessing such as
~eight-sixteen modulation so as to acquire a'gecording
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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portions of the regions Rx in the layers LO and LO
which have yet to be witten with data (or dummy
data) for formatting purposes. 92 S06P0540 [0177]
Illustratively, suppose that as shown in Fig. 6B, 34fF0540
region 151 is an unrecorded region (i.e., a yet-to-be
formatted region) in the user area 145 between the
|l ead- in area 141 and the TLO area 150 and that the
user area 147 has been formatted between the |ead-in
r 3.and, the.TLO area 149. In such a case, the
St ot 1 0o G o i e Pl ek 1
grgggis section 335 controls the signal processing
8 ion 56 to wite dunmy data to the unrecorded
regi on %gl, [0178] In step 527, the formatting process
section 335" ¥R rofs the ephaaplprbeksdBnyssaeti Saund to
Lo gﬁite format information to the FDCB zone in the
BadlilhYafegmatteHe then cilerdiSRe 33 Hsefabresl. In step S23,
term nating the background formatting process.
FP?u§PF3ﬁFgény,r@EeOﬂoﬁﬁama@ﬁgsepma@@s§3§eamma@maais by
causes the signal processing section 56 to wite the
P'ér niihei ntoiont hombeloRs IfrrFithe Fegydonheo BBCBozaRe ted
in the lead-in area of the optical disk 33. Wth the
‘heorhatii af or rargehedr retyénnt 8xh hasFDEBizaredoBy tihe
optical disk 33, the control section 51 controls the

iefevmatioonpboeatisinf thBeseeeobdi RGsandcéLPFOUUEENGhen
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 $24 is reached. 1In séép S24, 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.

{01741

If in step 519 the disk unmount request is found to

be supplied, then step $25 is reached so that the optical
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apparatus 31 to eject the optical disk 33. [0179] 93
S06PB40 I n the manner described above, the recording
and reproduci ng apparatus 31 first divides the user

areas of the optical disk 33 into regions of a  S06P0540
predeterm ned size each. The recording and

reproduci ng apparatus 31 then perforns 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).
F91803° Brrake ¢hecHedi Ereg phectssobAintieanderepregducing
in the layer LOis carried out in parallel with the

P2 BR A ocdss sorep HE usdrhartzmparathe ¢myedath

during the formatting of the optical disk 33, a disk
eeeuhing ecprstol | ssuetiohyd heinntbe nhbirnat piogepsiongss
apparatus 32 hal fway through the background

$oreet | 3 ofortthieo s skh@3stqusesprsegasinganstkbyion 56 to
smal ler areas to be witten with dummy data than if
wihetelea ITIMaiesa not pardhl ebl ynpensof nedeadhbs thmkes

it possible to eject the optical disk 33 nore quickly

dweicdeforec 39181] If a di sk unnmount request is

i ssued by the information processing apparatus 32 to
tde7gecording and reproducing apparatus 31 during the
background formatting

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. 63;

- In this case, the temporary end data recording control
section 402 in the formatting process secfion 335

- supplies the signal processing section 56 wigh the data
{i.e., TLO) to be written to the regions 149 and7150. The
memory controller 72 forwards the data coming from the
control section 51 to the recording signal processing
section 75. The signal brocessing 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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process on the two-layer optical disk 33, a tenporary

94 S06P0540 |ead-out (TLO area or a tenporary mddle
area (TMA) is created where appropriate in each of

the user areas of the layers LO and LI, and dummy S06P0540
data is witten to any unrecorded regions between the

| ead-in area and the TLO or TMA. It follows that even

i f the background formatting of the optical disk 33

has yet to be conpleted by the recording and

reproduci ng a ratus. 31 upgon disk ejection, the

%}Jgg%%%%i‘gdlrgksgggi gof GPPy oP&A ALt Bd CkiPa 5$i-nulagded control
nner. This enabl es the_reproducing apparatus with no

‘?%c‘b i 7Yt hERhsSe6t L epr sduckhgaraticem triekemt i5¢al

disk 33 yet to be fully formatted in actuality.

FABDUZ T st bedtBENBN LASEsf diedeetroemi¢ flighthard the

of Fig. 13 is a typical formatting process perforned
%t%@ A63f 0?3 Rk Fhingnpeocesslectiegpahes rewostdEmg
S17 in Fig. 11. [0183] In step 551, based on the data

Ty fromthe ssggakl pproeesshggssectban 556, tHageby
determi nation section 331 checks to determ ne whet her

Wit §roy nte i dat of to heher egiyoonRx1 @i Anthesbayer eLEES
conpl eted anong the regions Rx indicated as the next
areyi arils dicslbe3 3 of sreah edppbyitBet ypEoppRt an stiaked rihdn
the formatting region storage section 336.
tHd ustmpadiase} Yend fadd6e F€8bPAiRY Léntrol 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. Illustrativelyjrif
the regioh Rx~0 in the layer LO is being foréatted and if
the formatting of the region Rx-1 in the la?er L1 has yet
to be completed, the demicing 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 iayers L0 and L0 which

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

formatting purposes.
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95 ..., SO06PC640 i ndi cated as part of the
regions Rx to be formatted next according to the
stored information, then the determ nation section
331 checks to see if the formatting of the regi onS06P0540
RO-0 in the layer LOis conpleted. [0184] If in step
S51 the region Rx-0 in the layer LOis not found to

be fully formatted, then step S52 is reached. 1In step
S52, based on the data coming fromthe signa

rocessing section 56, the determ nation section 331
Eﬂ%&%% to determ ne whether the formatting of the

region Rx-1in the layer Li is conpleted anong the

regi onst IRusnati cetled asuphesaeitiat egs osisown be Fig. 6B,
formatted by the information stored in the formatting
?@@lbﬁgs¢@rh@b iseegni onr886rdpO186ibh i(d.8tep aSHRtihe-be
region R<-1 in the layer LI is not found to be fully
formatted, régeon) i int heef asemt hireg 106 bBewkeeg @hs Read-
in the layers LO and L1 (i.e., regions Rx-O and Rx-1)

irs awota CoApl @b, thEeNLot 8peS5850Sangaeh8E. thkNuSk®Parea
S53, the de-icing process section 401 in the

14T red 4 i 1hgepr D6EHSL SE81 HOPW33R €RBL18LS- &Hea&'e%”?c'n and
processi ng section 56 to format the reglon RX in

tresoroh ngrdayeds di fhergnty f7 amdhe | Zlaltilg dfé‘%oéggs

position (in the recordabl e user ‘area
ddtion 401 in the formattlng process section 335

controls the signal processing section 56 to write dummy
data to the unrecorded region 151.
{0178}

In step S27, the formatting process section 335
controls the signal processiné 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. ITllustratively, the formatting
- process section 335 causes the signal procesging 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 céntrol section 51 controls the
relevant components of the recording and reproducing
apparatus 31 to eject the optical disk 33.

1 {0179]
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96 SO6P0540 |ast witten address held in the | ast

witten address storage section 334, before

termnating the formatting process. If the |ast

written address storage section 334 does not store&96P0540

any last witten address, i.e., if the optical disk

33 is not witten wwth any data (not recorded by any

di sk access process) other than dumry data, then the

de-icing process section 401 in the formatting

process. section 335 formats the region Rx in the

predeté¥hﬁﬁgﬂI?%ﬁﬂﬁ%ﬂ#%f?%@kﬁd(?%&%?'Lth%rrEQ?Fdlng and
0186] Illustratively, suppose that in the makeup of
g O AR APRTBRURGID FATPEr HAULEY St hBer dgeoner28E of
nd 282, the region RO-1 by the region 285, and the

‘%éegi%%tlﬁﬁlo 15he3? ebibRsrogionpgofan pgsdessdmingd size

the region 287 is 1in the position indicated by the

3t wiher eecaddriass vl repreodueingn ®pasathe Begtben

to be formatted next according to the information

Bidhi ot e ofcine pegtensestangeheduserberktar nit teed layer
next. In that case, the de-icing process section 401

Lt anvk trovtreed i e proyessLiethi par33%elgonheekdyt he

signal processing section 56 to format preferentially
fidrmategingn e Mpmnidcdke dayer3kO(ghfhepabkgrbuam t he
| ayer L1 containing the region 287. [0187] In the
fadynee: tebrayd iy cddre) de-i ci ng process section 97
{01801

Because the de-icing process on the user area in
the layer LO is éarried out in parallel with the de-icing
process on the user aréa in the layer L1l 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 perfogmed. This
makes it 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

94




SO06P0540 401 in the formatting process section 335
acquires dumy data illustratively fromthe work
menory 52 and supplies the acquired data to the

signal processing section 56. The nenory control |l ersd0540
forwards the dunmy data comng fromthe contro

section 51 to the recording signal processing section
75. In turn, the recording signal processing section
75 subjects the dummy data fromthe nenory controller
72 to predeterm ned processing such as eight-sixteen
treddhatiton TL.O) olatraian ca e a@hidigh Sy gitiaddle TH¥=a (TMA) is
recordi ng signal thus acquired is sent to the optica

. prektipd5@heedeppeopiiolt cofid ey o f ddhsasdd M Bdas of
the optical pickup 55 energizes its internal |aser

dhedeayersemot ahidght, t@n@h@dﬂﬂj‘&ﬁté“fﬂ(ﬁ%ﬁﬂﬂb&iif any

manner reflecting the recording signal supplied

theegbgnal PEQELSS BGtwsRGH e Q%acgirﬂwaf@iaaﬂcf EﬁLPSrLo

witten to the unrecorded region e region

&0 emal the FaveswtOnyberghy- ftgﬁerggl%ggggn% rpatting

formatted. The region 282 in t e layer al'ready

gat anecopt ded! BSLE! A3aRdniyl: 91 e \’I\Tﬁ}p:;;%t?qndn hithe
L o Pk TR 0 eceson,
v BAb L et 1, smen ReR n e aver
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 817 in Figq.
i1. |
[0183]

In step 551, 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 stored in the formatting region

storage section 336. Illustratively, if the region RO is
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step S54 is.reached. In step 554, the de-icing process
section 401 in the formatti ng process section 335
controls the signal processing section 56 to format

the region Rx-0 in the layer LO before term nati rif6P0540
the formatting process. [0189] If in step S51 the
formatting of the region Rx-0 in the layer LOis

found to be conpleted, i.e., if the region Rx-0 in

the layer LOis fully formatted but the region Rx-

in the layer LI has yet to be formatted, then step
sBgiratpdadfenartnodt 6pesssgiths dex itei e fiorested next
.section 401 in the formatting process section 335
2ORPFELBIt he shgnakopedcassiompatdein,orchsh tthef or mat

the region Rx-1 in the layer L1, before termnating
@ﬁ@ermbﬁﬁﬁiphngept®063§31[&h@ﬂké1tdﬁ$ﬁﬁjhamm%Tﬂdﬁﬁatting
the region Rx in the recording |ayer about to be

$broaet edgient Re-Dash thgi ayee be ifsomiieded.. €.

that formatting the region Rx in the recording |ayer
DPigsierest will conplete the formatting of the

optical disk 33. In such a case, the de-icing process

- secti o AQh igtdhess Oravad tidgi B ORLSH §§C£h8”%%§§r§t LO is

controls the signal processing section 56 to f« _
nde £6£88080RK0fruhe @%%ME%HBHJ n'£%é%e§§boﬂs reached.
a l'ead-out ar a

bef ore 99 S06P0640 Creating a or
TR dot & akeR, by ¥E4tbA%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 the formatting

©of the regions Rx in the layers L0 and L1 (i.e., regions

Rx-0 and Rx-1) is not complete, then step 553 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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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 formatté&@6P0540
In that case, the formatting process section 335

first conpletes the formatting of the region 284 and

then controls the signal processing section 56 to

create a lead-out area or a mddle area by witing
necessary data to the radially outernost regions of

kL apftsen @ddirrEs theld ihi shpolast whétophi eakirdissk

33 is fully formatted. [0192] As descri bed above, the
Flexorai neeehidon epiHdued igre appamahasidy thenBbsmbhe ing
regions Rx by referencing as needed the last witten
raduress. stidr éthel Aatshe wrdstt enwddd o5 Q0 €689 St H£88€0n 334
section 334. Illustratively, if only one of the

deegd o tRxetdia dihe layervi{:a86 hh8reE8Yi 9NaRX- 1 i Rhe
the layer L1 has been fully formatted, the recording

dpuidaﬂndghmijgyﬁﬁnﬁﬁﬁﬂw@i§ﬂeﬁfQ§€ﬁd§n§0dé€é”?hotFhe
other region Rx in the other recording |ayer (region

RERddd By Iny Idi Hot ' i e r
LO and Fﬁg ggaigh Réﬁééiﬁt Eé§§§§$ ﬁ%ﬁ gvghégthg% e

dbAQ SAGREPAG e frmatited. o the. LecoLdl ng;, apg, r epr educi ng
apparatus 31 prefereﬁﬁf&%%y ?orna%s ?%e r €gi on %ﬁ in
NI RH SIS cess section 335 formats the region Rx in
the predetermined recording layer (layer L0 or L1).
[01861]

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 tée 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 R0-0 in the layer L0 different
from the layer L1 containing the region 287.

[0187]

In the above example, the de-icing process section
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£

| ayer different fromthe | ayer containing the position
indicated by the last witten address that may be
referenced in the last witten address storage section
334. [0193] When supplying the recording and 506r0540
reproduci ng apparatus 31 with a disk access request
to wite data to the optical disk 33, the information
processi ng apparatus 32 designates the position from
which to start witing data and the length of data to
£§ transferred throu%h the use of the same disk

Lebl TRguERTMaBEHBAIPRECER St FECTPPI 3]t ReRUBrSgr atmmy
run by the information processin apparatus 32, the
Rt %%%%%H%Hﬁ%lmmr@@ Chevivagk megerydaayrics smpstlies
often witten sequentially to the user } areas of the
ot i ReFuEF SR @3ta Thesthgpeighadapaocessridiongeicsion 56.

referred in order to minimze the time of access to

b mprReRal ceskoBBer whdr Ebywseds! ébe datay data coming
reproduction is inplemented. [0194] It follows that
Fromoviacomegel deeatisnwhbilt tenthe reherdegigosidm3lin
the layer LO as shown in Fig. 8, it is nore than
Ipradredhs Eng hagcthen next msithon, tohderakoideng 494nal
506P0540 with data is the region 254 adjacent to the
pregiess 253 dectide TayeibiOctW thet BAmh@SHaWhl ¥LBR the
address stored and

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 LO, whereby.

the region R0O-0 is formatted. The region 282 in the layer

‘L0 already has data recorded therein and will not be

written with dummy data.
[0188]

If in step 552 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 LO -has yet to be formatted, then
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with the recording and reproduci ng apparatus 31 in an
idle state, both of the regions Rx in the |ayers LO

and L1 may turn out to be unformatted. In that case,

the recording and reproduci ng apparatus 31 S06P0540
preferentially formats the region Rx in the recording

| ayer different fromthe |ayer containing the

position indicated by the last witten address. This

| owers the possibility that the region Rx in the
recording layer including the position indicated by
P 15t Wi iteasiiettidr 95 Sted G oy mletiedingpaprocess
resunpti on of data recording to the user areas.

gegt9sin Sidpase thratfateattietoy dpngcans sept bducBRg
apparatus 31 is placed in an idle sate, with the | ast
a@nirtictltse i heed driggs p it daws t10g t Hect Beh 006 268 FOrbe the
| ayer LO as shown in Fig. 8 1In such a case, the
regrdiomdifng-Canich  thepricduet Ngo Apper ek &ist Sdm P et engnthal | y
formats the layer LI different fromthe [ayer LO
foantaaitriineg greasegi on 253 indicated by the | ast

witten address. Illustratively, the recording and
[oaproqduci ng apparatus 31 may enter an idle state and
performa formatting process (de-icing process)
startimpg fpoBrLEReE gi It I koL 0 A s
S06P0540 mherEEpgﬁga%g?s%ggg%gggggbéﬁzgﬁﬁﬁ%?q;é% Rx Q tH
ehSSURY O I o P of iSd by SR DETOT S 1hecpe

formafting e region
region Rx-0 in the layer L0 is fully formatted but the

region Rx-1 in the layer L1 has yet to be formatted, then

step 855 is reached. In step $55, 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 the recording

‘layer about to be formatted is the last region to be

formatted, i.e., that fofmatting 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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264 is conplete. At this point, the region 254
adjacent to the region 253 last witten with dumy
data has yet to be formatted and has no dumry data
recorded therein. In this case, as discussed abovel®F0540
it is highly probable that data will be witten to
the region 254. Since no dummy data is currently
witten in the region 254, the nunber of tinmes the
region 254 is overwitten with dunmy data can be
reduced. This &g tgrn contributes to suppressing the
degradati dn~oRr 8B6r 8FRG PégifoRd ddidGsd ey byheriting
repeat ed overmwiting of data to the optical disk 33.
PETSETATH LRECRBOLCOBXAAPEES FENAS SHOMFeRRatonthls user
the last witten address stored, the region Rx is
ForiatR@drapt et eYeAbt a0y therretfrecordi ng | ayer
different fromthe [|ayer containing the position
[hbPEhted by the last witten address. Alternatively,
the last witten address nmay be stored for each

r egi on RPLERE ey Behatef b epbeduskeumsof oFiet eachll
region Rx be formatted preferentially in the

¥egbert iexdeyer fdi f teeentgivonpBhehbagebekncifudilgg

the position indicated by the last witten address in

Toresa tloed. THirs thedi fdosd | ofhd UFSHedt ¢ WY Db ScdH® section
degradation of the recordabl e regions on the optica

WWSKE1AD8 SRGPEADs ﬂ@é%bnhatthﬁgpégceﬂlengeg&eﬁpbm and
the last witten address storage section 334 stores

tHheen | @sit v814 tiehe a6l0g 888 HPhcessing section 56 to create
é.lead—out area or a middle area by writing necessary |

'. data to the radially outermost regions of the layers L0
and Ll. At this point, the optical disk 33 is fully
formatted.

[0192]

As described above, the recording and reproducing
épparatus 31 formats the regions Rx by referencing as
needed the last written address stored in thé last
written address storage section 334. Illusﬁratively, 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). 1If 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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each of the regions Rx involved as showm in Fig. 14.
Fig. 14 lists the regions Rx of user areas in
association with corresponding |last witten addresses
(e.g., physical addresses) each pointing to the S06P0540
position where data was l|ast witten in the region Rx
in question. [0198] Illustratively, the last witten
address storage section 334 stores a last witten
address "Layer LO, 3000" pointing to the position
where data was last witten in the region RO.
vera bt | he thecordingr indenepnoduessy” apyeratls 31
3000" indicates that the data last witten to the
R leijt FETRO a by deermat $ heh@oségion Releshgnht edebyrding
hysi cal address "3000" pointing to the region ROO
ayethedd BeerentO £ @1 96he Asayk t hedirea t ®ghgnt 9, pbBetion
| ast witten address storage section 334 stores a
ireditcatrdd thgn ek bsst "wayeten LdddbO09" t ROE NhhPIbLO the
position where data was last witten in the region
Rifermntbend liasteive i Tdeh eDf €55 addAyes 4 1r89905cction
pointing to the position where data was last witten
i3 the region R2. 104 S06P0540 [0200] In that case,
the recording and reproducing apparatus 31 may format
thexptical disk 33 starting from the region RO
foll owed by the regions R and R2, in that

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 ofzdata 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) 1is most often written sequentially to the user
areas of the optical disk 33. This type of_a;ta recording
is preferred in order to minimize the timé 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 L0 as shown in Fig. 8, it is

more than probable that the next position to be written
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order. Wth the last witten address for the region RO

gi ven as "Layer LO, 3000," the recording and

reproduci ng apparatus 31 first fornmats the region

RO-1 in the layer L1 and then the region RO-0 in £H&P0540
| ayer LO. Wth the last witten address for the

region R given as "Layer L1, 5000," the recording

and reproduci ng apparatus 31 then fornmats the region
RI-0in the layer LOfollowed by the region R-I in

layer L1. Wth the | witten address for the )

é%%?é%%ﬁ& hﬁv%mea%eg{%?efg%o,déﬁﬁé?t tRethpeéBPdPRg2o3 in

nd reproduci ng apparatus 31 proceeds to format the .
’ﬁéegi]ﬁf%&- 05 n%tll'fgl ITfertast felltdvied aidEees regpepd and
R2-0 in the layer LO. If both of the region Rx in the
e rthoo TRiP 1R | #nd heePE9@Rcing haneayetuso3bein an
formatted, then the recording and reproduci ng
Hpardale, 3emyedithe feghmnstRe iegiba Rayemsal0 and
predeterm ned recording |ayer (e.g., layer LO.
LA tervhdtunrelgut tihe be evofelimgt bad. r épr oducti ntase, the
apparatus 31 may initially format the region Rx in
aeRendEer dindy tegyerdull fieramtard twm sheptagerentially
including the position indicated by the last witten

faduredss ther el aredoni iR(trd ) re dOB SOGPEFOr 9204} ent
Descri bed below in reference to the fl owmcharts of

ficys thib larye rl Gdric i M Catle BRekor oundi AQLFREEENGY the
process perforned by the recordi ng and reproducing
lappanatits chl afeRid t e ilkagbwardd 18R 3drass Siaf agest
the region Rx in the recording layer including the
position indicated by the last written address is fdund
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 i£ the layer
L0 as shown in Fig. 8. In such a case,'the.recording and
reproducing apparatus 31 preferentially formats the layer
Ll 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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section 334 stores the last witten address for each

of the regions Rx involved. [0202] This background
formatting process is started if a partially

formatted optical disk 33 is nounted on the recor80A§0540
and reproduci ng apparatus 31 or if the optical disk

33 nounted on the recordi ng and reproduci ng apparatus
31 has been partially formatted. Steps S81 through

S84 are the sane as steps Sil through S14 descri bed
above in reference to Fig. 11 and thus will not be
Whereiseer & Wineractesslfeqmest epagside theudiskoacessse
processi ng section 333 controls the signal processing
ety on: 567 t of efdertbafodé skhacfessapt ingssff ohe region
witing data to the optical disk 33. In step 585,

464 hig heonh bktaccdss rioc gssi nmderv@yred o | DM ngafd @t
S84), the last witten address storage section 334

1 ortes tdwpi dras2 5w 144 €nwadet 68 Swl eh0dummphistahas yvet to
address) pointing to the user area position to 106

R0 GRObAD: t i i ded @ N@Sah@ey MEtLt 8BchbPabhetH8BEin. 1n
areas of the optical disk 33. Control is then returned

10 St S8hs §020M sdd | assvat i vel Ys 8YRRPSesLBBLL i Benat
14t &

| ast witten address storage section 3 res t

daAS Wi USRD wRAA &S & Ofn&arh, PEL 1 he, T e QNS R, dummy
listed in Fig. 14 and
‘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 storéd, 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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that wth the di sk access process in progress
(followng step S84), the recording and reproducing
apparatus 31 wites data to the position designate%
by physical address "5000" in the region R of theV6P0540
| ayer LI. In such a case, the last witten address
storage section 334 stores "Layer LI, 5000" as the

| ast witten address for the region R [0205] More
specifically, it mght also happen that only data is
r@§g7gron1the optical disk 33 in response to a disk

écces request demanding retrieval of recorded data
fron1thf djsk 33. In such a case, steE S85 is bypassed
because ho Mt $SH 7Y t @¥2TB e hetBpt f88F WFikten. address
% 206% | in_steg S83 the recording and reproducing

gBﬁ? Pusestire PdnatrscBeths dnsitdmaistsne address iffor
no di sk access request is being sent fromthe
FRAFBr fht FBR rTpPdeBSsRAgiaPpANEtues3Zhoynt ha Eoatrdld. Fig.
section 51, then 107 SO6P0C540 step S86 is re ached.

&f epiptsgbhangegieps B88ofhnseghagezsarie beosdmeias with
step S16 and steps S18 through S27 in Figs. 11 and 12
FespespPPRdinyg hadttwustwehl addrebeesddecyi.heghfgrichar .
[0207] In step 587, the control section 51 formats the
addresses) each pointing to the position where data was

last written in the region Rx in gquestion.
[0198]

Illustratively, the last written address storage
section 334 stores a last written address “Layer LO,
30007 pointing to the position where data was- last
Written in the region RO. Specifically, the last written
address “Layer L0, 3000”7 indicates that the data last
written to the region RO resides in the position
designated by physical address “30007 pointing to the
region R0O-0 in the layer 1L0. )

- [0199]

As with the region RO, the last written address
storage section 334 stores a last written address “Layer
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.
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region Rx as will be discussed later in nore detail.

Upon formatting the region Rx, the control section 51
may as needed reference the last witten address for
each region Rx stored in the last witten addressS06P0540
storage section 334 and may accordingly control the
signal control section 56 to carry out a de-icing
process. Performng this process formats the region
Rx-0 in the layer LO or the region Rx- 1 in the |ayer

t 0208] When witing:data to the optical disk 33
%%% the di sk access process as described above,

t he recordln% and reproduci ng apparatus 31 stores the

| ast wiint TART Sdfees oo rr et e ord Rrepnodheinger
areas. [0209] Described below in reference to the

IPRARHEEE DY may gfoumatsthet 9ptiahlf dimkt BBngtpradess from
performed on the region Rx. The process corresponds

tthe stepl @8R nfdl Jowdd . by Stepsré&d2ens5k22an81R4,ane that
S125 in Fig. 17 are the sanme 108 SO6P0540 as steps

G5der S5 tB54 hand oS85 vimi thieh adiresperst vehy ragdon RO
thus will not be discussed further. [0210] If in step

Fihdh tedwe ‘fogyet timg o0 e trgi 8cHxdin lﬁnﬁh%eb%b@h01ng
L1 is not found to be conplete, i.e ?

S thin@B 10 £ L her r eghenss Rxné nré@foha)s(@ti &9 and blyer

(regions Rx-0 and Rx-1) has yet to be conpl eted, then
Ll and then the region R0-0 in the layer L0. With the
last written address for the region R1 given as “Layer L1,
5000,” the recording and reproducing apparatus 31 then
formats the region RI-0 in the layer LO followed by the
region R1-1 in the layer Ll. 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 té 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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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 R in the recording |ayer diffeP@RF0240
fromthe layer containing the position (in recordable
user areas) indicated by the last witten address for
the region Rx stored in the last witten address
storage section 334, before termnating the

éﬁg ting process. If the last witten address

orage section 334 does not store any last witten

addr es i.e., |[f the region Rx in the layer LOor L1

i s not ﬁm%ﬁlé%?%lw%ylraa%%fﬂ%%ghoatla@sﬁl%@b@ggs of

rocess) other than dummy data, then the de-icing
Eglr%%-e SR bR ¥912i hvpheal obaskereyngr dessetEdeyi on
335 formats the region Rx in a predetermn ned
RIS e rEgered (baykhe L orepriding pogltpproducing
Illustratively, suppose that in the makeup of Fig.
PRIV HD witerehe thei basROvOitschordddeby sherage
regions 281 and 282, the region RO-1 by the region
sEgFiandBihestegontiRO bysttheiteghonddROs8 @nad BOch; of
that the region 282 is in the position indicated by
tthee degpitove i Rt eimadiiveds for the region RO and that
the region RO constitutes the region Rx to be
foraet t ed next according to the information

indicative of the regions targeted to be formatted

~next. ThAst katckepstind e @erd Ciny process section49lir 5

in the

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.

[6203]

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 585, with the disk access process underway
(following step S84), the last written address storage

section 334 stores the last written address (e.q.,

_.physical address) pointing to the user area position to
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formatting process section 335 controls the signa
processing section 56 to format preferentially the
region RO 1 (region 285) in the layer L1 different
fromthe layer LO containing the region 282. [0218P6FP0540
As described, the recording and reproduci ng apparatus
31 formats the region Rx by referencing as needed the

| ast witten address for each region Rx in the [ ast
witten address storage section 334. Illustratively,

if only one of the region Rx-0 in the layer LO and of
WHeh (fidiiak-asth Yhtteyetn L thpayspeenreasl pf the
formatted, the recording and reproduci ng apparatus 31
Prtoceed sk fot maContiye lotifert eyt R et tdiestoehesss.
recording layer. If both of the region Rx-0 in the
10324] LO and the region Rx-1 in the layer LI have yet
to be formatted, the recording and reproducing

appar affldd udt rptéfredent isaldpp feorummits e NdHc SOEPOEL0
region Rx in the recording layer different fromthe
ddayrerss contiaigd ngdthieorpasd4 | ofctadi ertedaby heckast
witten address for each region Rx that nmay be
acefrersended: igadiher tasd Mdided RAdI 568t PhaPEy. 14 and
section 334. [0213] As described, the I ast mﬁit?en

taddy @S H That ofiedk Qe LAGH- 885 ON:in APH-LPESECPEQD 1 R ing
is formatted preferentially in the recording layer

sl eygant, fuh Na L L §.]

dikf e, i yh%phﬂéz%e rd ANPla kPN S PLAG10E BESAELLRs 31

writes data to the position designated by physical
address “5000” in the region R1 of the layer L1l. 1In such
a case, the last written address storage section 334
stores “Layei 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 ;écorded data
from the disk 33. 1In such a case, step S85 is bypassed
because no data is written to the optical disk 33.
[0206]

If in step 583 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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witten address for the region Rx in question. This
| owers the possibility that the region Rx in the
recordi ng ‘layer including the position indicated b%
the last witten address is found formatted upon -06P0540
resunption of data recording to the user areas. That
inturn contributes to suppressing the degradation of
recordi ng regions caused by the repeated overwiting
of data to the optical disk 33. [0214] According to
t.he ent invention, as described above, if a disk
TIRHRURIC 1 Lt ESTNeT T s SUkP Haf f 89S FHFBRghet Hehrough S97
background formatting frocess performed on the .
30- 14y TPt F T LHP sk a2 PEnpERRPY SE8adhsaobTEY! in
area or_a tenporary mddle area (TMA) is created where
Bhi optt AR i i emr$Poftivielsepndr shysowifhenbaydes LO
111 . SO06P0540 and L1. Dunmy data is then witten to
darecderrdiweifions between the lead-in area and the
TLO area or TMA. This enables the recording and
r&ftolduci ng apparatus 31 to eject the optical disk 33
- of which the background formatting is not conplete
but whiloh sttap I588n fulld orftaramtded: idn &6 5i fatmied the
manner. A reproduci ng apparatus wth no recording
meEgRs Gan dhen refsodicecdasadf 1atethis mbypedetail. Upon
optical disk 33 that has yet to be fully formatted in

ot i ing 2 M8gion 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 L0 or the region Rx-
1 in the layer L1.
[0208]

When writing:data to the optical disk 33 thrbugh
.the disk access process as described above, éhe recording
and reproducing apparatus 31 stores the last written
address for each region Rx in the user areas.
[0209]

Described belqw 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 S$125 in Fig. 17 are the same
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Al so according to the present invention, the de- icing
process on the user area in the layer LOis carried
out in parallel with the de-icing process on the user
area in the layer L1 during the formatting of the S06P0540
optical disk 33. It follows that a di sk unnmount
request issued during background formatting of the
two-| ayer optical disk causes significantly smaller
areas to be witten wth dumy data than if the
de-icing is not parallelly erformed. This makes it
FoshiMe V- ejerts tHet oprd c%1€5 i sRidal I hayesheotghely
the formatting nore quickly than before. [0216] The
agist tdispfvidtle g take photessesd déscrhidied above may be
executed either by hardware or by software. For = 112
540 the software-based processing to take place,
the prograns constituting the software may be either
read fiémitheteppsileal tdiesk cIhant ke oFptinealr & LdRx-1
55 and sent from there to the work nenory 52 for
ist ahagd atykar @iln itshraugh ol 15 ghal caPress] ng, sect i eNthe
56 and control section 51, or sent by the information
fproGesingg oIpRAALS iFhd Ril N RS K AR 11,6200 11
storage via the signal processing section 56 an ‘
(geqtibals &gcblgﬂdﬁkx—EQZ%Hs'ﬁ%ﬁ'ﬁéSB%N%B@Pféﬁégﬁ’tﬁgﬁ
on e

st eps whi ch describe the - prograns store
skepokdbng i BEHUMNEeP €$ANL Q! 5123, the de-icing process
section 401 in the formatting process section 335
controls the signal processihg 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 fhe 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

LO or L1 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 L0 or L1)..

[0211]

Tllustratively, suppose that in the makeup of Fig.
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only the processes that are to be carried out in the
depi cted sequence (i.e., on a tine. series basis) but
al so processes that may be perforned parallelly or
i ndi vi dual |y and not chronol ogical ly. 113 S06P0540 S06P0540
[ Name of Docunent] Clains [Claim1l] A recording
apparatus for witing data to a data recording nmedi um
having at |least two rewitable recording |ayers, said
recordi ng apparatus conprising: division managenent
Eeagﬁ for divi%in% f.or _ managenent purposes a _
ec6ldi h§IAPBaROra ifi formest bdithe nejemoi2&hiand 282,
g@ta recording_nediuminto a plurality of first
EoFBPhG"r BYi dnEYakttea Headondi2ig rared dthey meariond RO by
recording |layer of the same nediuminto a plurality of
§BBoRAIIEREr BPnY Pegi B9sldt téaissttaet ireldipnt P825dne in the
physi cal positions as said first recording regions;
BRAALF&eBr dndgcabadr by tbend afser wadrttteol laduyedat £or the
recording to said data recording nmediumin such a
heaRer Rbhaenilf tbat ochesaiedibinr & wegisarit dtaigethed te@yion
be witten with first data for formatti ng or one of
Bai toskeofdrmatygednackn achstradihigalkloy thiee is@®mation
position as the first region has an unrecorded sector
dedocdt bfe saf dther skgilaha trargetegeeondeldAmatted next.
designated by a user, then said first data is witten

I thet usesprerd gectBingNpbBeekil $bethitd AB10fin the

interest or in the positionally correspondi ng
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. Illustratively,

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 L0 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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second region; said recording control neans further
controlling the data recording in such a manner that

if said first data or said second data is witten to

said 114 S06PC640 first region or said second regisoBF0540
thus elimnating the wunrecorded sector from said

first or said second region and if an unrecorded

sector is detected in said first or said second

region different fromthe other region from which

the, unrecorded sector has been elimnated, then said .
feéghen da ainsthei reeartddnyheagereat edettenhec@rded the layer
sector. [Claim?2] The recordi ng apparatus according to
cbmiaiding whiee epbsitionoinal eaeededySeakon akss detieglgd

in said first region of interest and in said second

d&@i €8k afor s&dsh apegabhyrkhenhaanRaphyel ¢alreResickldion % he
said first region, or if said first or said second

Tt wisi e t 8drb9st BeouREECOLded 5eakar in said
first region of interest Or in said second region at

gypﬁjpntially the sane physical position as said
irst region thus elimnating the unrecorded region

from sajd farget ji{ﬁg.f§§ﬂ Ol o 58 gy second stored
region, then said r'ecordi'ng conttol means gai N
P08 L AOLNET o Bl 019028 sOoter pocand
LS AR A eSO ak o B U oqrded
layer containing the position indicated by the last
written address for the region RxX in gquestion. 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) i1s created where

appropriate in each of the user areas of the layers LO

111




[Caim3] The recording apparatus according to claim
1, 115 S06P40 further conprising storage neans for
storing information for determ ning the position to
whi ch said second data was |ast witten; wherein, SPPP0540
an unrecorded sector is detected in any one of al
said first regions in said first recording |ayer and
in the second region at substantially the sane
position as the first region of interest in said
sgﬁond | ayer, then said recording control neans '
Pt kbt s THEY fatd retdrrmgrr bt sandt darareeesddiingegions
mediumin such a manner that said first data is
Peerecential Lyadrint areeoanghshenféforded secdiR.i nThis
said first or said second region in the recording
¢rifeledi ther sacordonut Ardr eeprdidng ihgy eppairatchusdidig to
the region to which said second data was witten as
ekt et nthedobyisal ddiakoBiabiforhif6l ahm #hcKoeound
recordi ng apparatus according to claim1, further
Lonprisimg $$onagecomahstéobust ahinh hakobeehi Tnlly
whi ch i s about each of said first and said second
faghotised abhd shé Chutlet ed ninagsethe @o,ﬁélbjc@@u&pn@h%@ﬁaratus
said second data was last witten in one of sa
Witlstnd egeOfBd Dfig i leahHEcSRCOAENT 8BLPBRAALe data from this
substantially the same position as the first region
.Lg}pé s ergstscabeaein, 331 cRR: URRBCOEEed SBet enh$

etected 1 n one

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 bé 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 thaﬁ
.before.

[0216]

The series of steps and processes described above

may be executed either by hardware or by software. For
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of said first regions of interest and in the second

116 SO6PC640 region at substantially the sane

position as the first region of interest, then said
recording control neans controls the data recordi 8g6P0540
to said data recording nmedium in such a manner that

said first data is preferentially witten to the
unrecorded sector in said first or said second region
different fromthe region to which said second data

was witten as determned by said information. [Caim
Hle fco ko vk riga sred hododessimét tagrdhtaplaca, d8hd programs
recordi ng medi um having at |east two rewitable
T@ETHE i wigi nd ayles Sso Seldrs ey db8Je TERBOArE8APE LS8N NEhe

the steps of: dividing for managenent purposes a

opecorall ngi €k €33 19§ €hdi ds;stlésso%sﬂtﬁgpl aseanefséﬁtdfrom
data recording medium into a plurality of first

RO WA HLGhORS bRy $£COLAI BgRLE8 Phef §ﬁcﬁﬂgough
recording |layer of the sanme nediuminto a p ura

e SELAHUN NOCOELL High § 69l o0 df?r&‘t%Sét'xtP&t éﬁxgjc%iysé&?léﬁ”%l

physi cal ‘positions as sal i rst recor I'ng regro

@ﬂq%é}wtﬂflﬂﬂfglrg@éﬂna[@f %P&?éssfﬁ ( ggé ﬁifgg@é’ P9 ihe

medi um i1 such a manner one

t t Lt th. f t data f
fornattlﬁg?ﬁgfzﬁgs é¥%v€l %%EE%ér%bg%% ﬁgCessgng

one

o%ntsl)@al %C%thﬁﬁti%ﬁoﬁéooﬁlje“ Io 1as the first region

as an unr 6¢ of said first data or
fﬁ %ﬁcond dat a desi gnat ed- by

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

individually and not chronologically.
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117 SO6PC640 a user, then said first data is witten
to the unrecorded sector in the first region of
interest or in the positionally correspondi ng second
region; said controlling step further controlling34F0540
data recording in such a manner that if said first
data or said second data is witten to said first
region or said second region thus elimnating the
unrecorded sector fromsaid first or said second
region_and if an _unrecqorded sector is detected in
égggng?s?OSngng gi@bﬂﬁ region different fromthe
gégeg r& ion fromwhich the unrecorded sector has

A8 ihinated, then said first data is witten to

t he detected unrecorded sector. [Claim®6] A program

for cadSifRfF AT ARR2kBLYE | ferduratingadatiatbo a data
recordi ng medium having at |east two rewitable

Fecording ragins, hayiadpasglemstonpoi sengithblst epsording
of : dividina for managenent purposes a recordi ng area
bryarsi rseidererdragnd agppavhtsai donatrasiegor di ng

medium into a plurality of first recording regions

and a detisridimgraarearennta memondf s ecoldidpnd ager of

the sane nmediuminto a plurality of second recording
Teghemseat psubssant s akéyordenganeephysi 6akipasi k@B ding
as said first recording regions; and controlling data
Yapor dbfigsd Dd sdd th dbd@o F @CAE thBdiuhl8nto a plurality of

first recording regions and a recording area of a second
recording layer of the same medium into a piurality of.
second recording regiéns at substantially the same
physical positions as said first recording regions; and -
recording control means for controlling data
recording to said data recording medium in such a manner
that if one of said first regions Ltargeted to be written
with first data for formatting or one of said second
regions in substantially the same position a; 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; said recording control means further
controlling the data récording in such a manner that if

said first data or said second data is written to said
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S06P0540 nediumin such a manner that if one of said
first regions targeted to be witten with first data
for formatting or one of said second regions in
substantially the same position as the first regi®mepP0540
has an unrecorded sector devoid of, said first data

or of second data designated by a user, then said

first data is witten to the unrecorded sector in the
first region of interest or in the positionally
correspondi ng second region; said controlling step
fsttheregdamt roal |saigl tdee-dad ars@con diings ¢ hisledt ang the
manner that if said first data or said second data is
unrrieicioarieidd seaitehf ifirsim regidnf Drssabd serONgecsegi PAgion
thus elimnating the unrecorded sector fromsaid ‘
ahidr Stf @in S@iré e JRHON 2hdidtc@edN£COLA8dFirst or
sector is detected in said first or said second region
s@iiff eeRind fredr@iiathare {€0F M fFEIM WHED t88ion from
unrecorded sector has been elim nated, then said
whilch! ¢l Jnir®Mrdd LB ot Nea JE LT 8h YW 8COL§e hen
sector. [Claim7] A recording apparatus for witing
sdata it a dakd secandith Mesi U Nau Do &l Leastolugy
rewitable recorglng ayers, sSaid recordi ng apparatus
<seempri sing: first recording control neans for
controlling data recording to said data recording

[ Qﬁﬁﬂbi” such a manner that if an instruction to

€j ec sAid data recording 119 S06P0540

The recording apparatus according to claim 1,

‘wherein, if 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
physical position as said first region thus eliminating
the unrecorded region from said targeted first region or
said second region, then said recordinQ control means
gains access to another first region and another second
région next to the currently handled first and second
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,
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medi um from sai d recordi ng apparatus is.given, wth

data having been witten to recording areas of each

of the recording |ayers of the nedium then an area
indicating a tenporary recording area end at 506P0540
substantially the same physical position across al

said recording layers is created in reference to the
position of the data witten in the radially

out ernost recording area of said data recording

gedi m and second recording control neans for
BHFFSF | FRGRE hE1Ndafhoragsr Aiedg st & cFaisd ddtra raderiatgion

diumin such a manner that if there exist
EEFe@%F@E@1§éEEOF§ed§@§R@l@ﬁ t@atwh Lcddisalildy sSewsirde dxfta
said_area indicating the tenporary recording area end
VASedeRtoFrshFantecording layers, then formatting
data is witten to said unrecorded sectors. [ aim 8]
A recordigneimet hod dorunrétdéndedatactoraidatiatected in any
recordi ng medi um having at |least two rewitable
peeorfi agl sayerfimnd meygnbed on sanec@ndishg recording
apparatus, said recording nethod conprising the steps

bayefiasd| ynconerebtong dayaoneeer dupechat3aind dat@ same
recording mediumin such a manner that if an

postrictien the eiest sahdofdaba raeardisnd;pEdbum HQBng
said recording apparatus is given, with data having

, I&?ﬁmywtﬁéﬁwb$£d]£$b§@§595490n5989rﬂEQQsaEgﬁ%rgﬁse%%%
of the recording |layers of the

data recording to said data recording medium in such a
manner that said first data is preferentially written to
the unrecorded sector iﬁ 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]

The recording apparatus according to claim 1,
further comprising storage means for storingginformation
which is about each of said first and said second regions
and which determines the positién 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:

wherein, if an unrecorded sector is detected in one

of said first regions of interest and in the second
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medi um then an area indicating a tenporary recording
area end at substantially the sane physical position
across all said recording layers is created in

reference to the position of the data witten in SAéP0540
~radially outernost recording area of said data

recordi ng nediunt and secondly controlling the data
recording to said data recording nmediumin such a

manner that if there exist unrecorded sectors devoid

of data radially inside of said area indicating the
¥ePpoR a2y pekedtanhyadivatbadsaime pashtdbnsaisdthe first
recording layers, then formatting data is witten to
segdonneecontdedeseet bhen [Eidi me@prAipgogpamrbar means
causing a conputer to wite data to a data recording
¢mmﬁ£mdﬁawhﬂgdatalEasbrﬁmngremWEhablaatée@@bdkﬂﬁng medium
| ayers and nounted on a recordi ng apparatus, sa

o oguaim £ ongnhist nghabesaiapsiebt fhtsthy peareekhicRgily
data recording to said data recording nediumin such

wr e rtd hthe | inBdcbP8EAUSELEBr §A 8564t rsakd datasig
recording medi um fromsaid recording apparatus is

Ghoey Mdivhlad arhaving Besn %étisgl&ﬂ tBe&REthgald
areas of each of the recording |ayers of medi um

d d 1 .
dd@th@nAf £ayhy hg%Ek@gs%bstantl %%é#xéy éé@h %%form?tlon.

S06P0540 area end at sane physica
RO in oy across all said recording Iayers I's created
in reference

A recording method for writing data to a data
recording medium having at least two rewritable recording
layers, said recording method éomprising the steps of:

dividing for management purposes a recording area
_of a first recording 1ayer 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; and

contrelling 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
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to the position of the data witten in the radially

outernost recording area of said data recording

medi um and secondly controlling the data recordin

to said data recording mediumin such a manner thatVéP0540
if there exist unrecorded sectors devoid of data
radially inside of said area indicating the tenporary
recording area end in each of said recording |ayers,

then formatting data is witten to 3ald unriﬁprge?h
ectors.  [Cl aim10]..The recordi ng nmedi um on iC e

%r 0gram 8&18?@81%1 P4 63 &5 deditded O tdimurmecorded
The, recordi di um on which the programclainmed in
EFSFﬂFglpstEgcgﬁﬁé&.rf@@@f of interest or in the

positionally corresponding second region; said
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 ié written to
the detected unrecorded sector.

[Claim &]

A program for causing a computer to write data to é
data recording medium having at least two rewritable
recording layers, said program comprising the steps of:

dividing for management purposes a reé;rding 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; and

controlling data recording to said data. recording
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medium in such a ﬁanﬁer 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
sector in the first region of interest or in the
positionally corresponding second region; said
controlling step further controlling the data recording
in such a manner that if said first data or said second
data is written to sald first region or said second
region thﬁs eliminating the unrecorded sector from said
first or éaid 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.

[Claim 7]

A recording apparatus for writing data to a data
recording medium having at least two rewritable recording
layers, said recording apparatus comprisings:

first recording control means for controlling data
recording to said data recording medium in such a manner

that if an instruction to eject said data recording
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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; and

second recording control means for controlling the
data recording to said data recording medium in such a
manﬁer 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.

[Claim 8]

A recording method for writing data tg 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 said data recording medium from said recording

apparatus is given, with data having been written to

120




S06P0540

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;
and

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
0of said area indicating the temporary recording area end-
in each of said recording layers, then formatting data is
written to said unrecorded sectors.

[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,
éaid program comprising the steps of:

firstly controlling data recording to said data
recording medium in such é 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, thenm an area indicating a temporary recording
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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 fecording area of said data recording medium;
and

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.
[Claim 10]

The recording medium on which the program claimed
in claim 6 is recorded.
[Claim 11]

The recording medium on which the program claimed

in claim 9 is recorded.
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