RECORDI NG METHOD FOR OPTI CAL DI SK DRI VE BACKGROUND OF THE INVENTLCNfThé”§LE
present |nvent|on relates to an information recording nethod of repairing
repeat data“fecorded on a wite once optical disk (CD-R) and a recording
met hod for a wite once optical disk. Heretofore, there is an optical disk
devi ¢e capabl e of recording information by sequentially.-formng pits with

I rradiation of |ight beans on a disk-1ike recording nmedium One of such
optical disk devices is known as a CD-R (CD- Recordabl e) conformng to the
standards of so-called conpact disc (CD). An optical disk used in such CD-R
drive device is a so-called wite onceloptical disk (hereinafter referred
to as "CD-R') in whi cChREGORDING iMBTHOBNFOR OFTI02EN DUBKEDRIVE hangi ng opti cal
property of a recording layer within a pregroove which is a

previ ously-fornmed guide groove with irradiation of |ight beam of high
intensity. A data structure of CD-R will be described. A PCA (Power
Calibration Area) for indi cabARFROUNDRF B FVERELO8t nent  area is farmed
in the innernost per eral rtion ear t cen al dISk

The PCA area includ g a Rt 40VFD 1%‘8 {?rslt }é I?’btﬁnég’%omgﬁﬁ'bﬁ
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of the test area.
once optical disk (CD-R) and a recording method for a write once

optical disk. _

Heretofore, there is an optical disk device capable of

recording information by sequentigily forming pits with

+ irradiation of light beams on a disk-like recording medium. One _
of such opticél disk devices i§ known as a CD-R (CD-Recordable)
conforming to the standards of so-called compact disc (CD);.

An optical disk used in such CD-R drive device is a
so-called write once optical disk (hereinafter referred to as
"Cﬁ—R") in which information can be written once by changing
optical proéerty of a recording layer within a pregroove which -
is a previously-formed guide groove with irradiation of light

beam of high intensity.

:—3‘&.“"
%iz“' A data structure of CD-R will be described. A PCA
ELSN ’}. ~ ' :
j '§&m§ (quer Callbratlon Area) for ‘indicating a light amount

~ad3uspment_area is formed in the innermost peripheral portion

near the center of the optical disk. The PCA area includes a
R A

-iteét gge§,fqraadjusting a light amount of light beam used upon
recording and a count area for recording the available state of
the test area.

A PMA (Program Memory Area) indicating a program area

is  formed adjacent to the PCA area in the outer peripheral
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A PNVA (Program Menory Area) indicating a programarea is forned adjacent to
the PCA area;d n the outer peripheral . 2 direction fromthe center of the
opti cal dISk In the PVA area, there are repeatedly recorded the avail abl e
state of the optical disk, to be concrete, start address infornmation and
end Address information of data recorded at the track unit. There are
fornmed a plurality of sessions adjacent to the PVA area in the outer
~peripheral direction fromthe center of the optical disk. Each session
includes a lead-in area, a programarea and a | ead-out area in the outer
peri pheral direction fromthe center of the optical disk. In the lead-in
ar ea, 't her dlimeetiopefired| yhe eemteérsdofiathe ofptiigbledbsk correthe PMA Garest,i on
of a signal recorded on the programarea as TOC (Table O Contents). Audio
data or thé‘-heirﬁearg F%%Yoﬁeﬁﬁéd?ﬁldﬁ%eaﬁvéﬂéablq'tﬁt%@ﬁaﬁh‘ar%tl@lshom

by a track er _corres %ng ;__ % d1urrber ? aif ed. The
track incl ra ?Db?‘l‘r' gc PPt or§@TheiTc AP OETY l?fhtaé’ FP c{i1 ¥SA t hin
the track pre o ﬁtofhdﬁgh'f%c@rﬁagt%QHﬂﬂﬁkéaégPﬁﬁfE.than the track. The

sanme i nformati on |s repeatedly recor on th
There are formed a plurality of sessions adjacent to

the PMA area in the outer peripheral direction from the center
of the optical disk. Each session includes a lead-in area, a
program area and a lead-out area in the outer peripheral
direction from the center of the optical disk. 1In the lead-in
area, there are repeatedly recorded data of table of contents
information of a signal recorded on the program area as TOC
‘(Table Of Contents).

Audio data or the like is recorded on the prograim
area. The program area is shown by a track number corresponding
to the number of data to be recorded. The track includes a T
(Track Descriptor) indicative of data structure within the track
and a ﬁacket which is a unit of data smaller than the track.

The same information is repeatedly recorded on the TD.

As one of methods for recording data in the program
area of the CD-R once, there is known a track recording method
for recording data at the track unit. The track means a
collection of data indicative of one music or oﬁe file of more
than one music or file.

When the track is recorded, an area in which data is
not recorded in the program area on the optical disk, i.e., a
non-recording area is detected by reading data from the PMA area

and data is recorded on the non-recording area at the track



As one of nethods for recording data in the program area of the CD R once,
there is known a track recording nethod for recording data at the track
unit. The track means a collection of data indicative of one nusic or one
file of nore than one music or file. Wien the track is recorded, an area in

whi gh data is not recorded in the program area on the optical disk, l.e., a
non-recording area is detected by reading data fromthe PVA area and data
is recorded on the non-recording area at the track 3 unit. Further, data

is recorded at the unit of packet which is the data unit snmaller than the
track unit. A data recording operation at the packet unit is called
"intra-traamnitecording”. At that tine, information indicative of start
address and end address of track are initially recorded in the PVA area
such that the track iFS‘r‘p'F@’&'rdiPo*}ay 1150Fﬁ§9r‘6?d[?§c?é§?su6+tef?%iﬂafz§?§ wokeRr. In
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At that time, information indicative of start address and end
address of track are initially recorded in the PMA area such
that the track is previously formed of packets of arbitrary
“number. In the intra-track recording operation, data is
sequentially and continuously recorded frbﬁ the first packet
within the track. After this data recording operation is
interrupted, data is again recorded from the next address of the
address of the final recorded data. "

As described above, in the CD-R information recordigg .
format, PMA, TOC and TD data of the same information should be
.recorded continuously a plurality of times at predetermined
recording units. Further, in the next recording operation, data
should be cbhtinuously recorded on the ending portion of the
recorded recording unit ldcated on the outermost periphery of
the CD-R.

However, in the conventional information recording
method of the CD-R, when recording operation of data such as
PMA, TOC or TD data is failed and the recording operation is

"ended in the middle of recording operation, the information
recording method does not take a countermeasure for repairing
data at all. As a consequence, since the recording in the
recording unit area is not completed in accordance with the

format, there is then the disadvantage that data cannot_be



address of the final recorded data. As described above, in the CD-R
I nformat,i on¥ ecording format, PMA, TOC and TD data of the sane information
shoul d be recorded continuously a plurality of tinmes at predeterm ned
recording units. Further, in the next recording operation, data should be
continuously recorded on the ending portion of the recorded recording unit
_ located on the outernost periphery of the CD-R However, in the
conventional information recording nmethod of the CD-R, when recording
operation of data such as PMA, TOC or  TD data is failed and the recording
operation is ended in the mddl e of r%cording operation, the information
recor di ng pEbladddoe thwtareak fo Bl ity eheepscsrdimy fadparei aegata at all .

As a consequence, since the recording in the recording unit area is not
conpl eted i n"accordance w t hSUMMARYrORITHE: EEVENTEON hen t he di sadvant age
t hat data cannot be 4 recorded on the area follow ng the recording
failure area. SUMVARY UiewWiE CREERAPXNSAH! ASBRCEI 1helmfasy ebdeat sebect, it
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and a write once optical disk recording method in which

recording failure information that should be recorded repeatedly

can be repaired. - |

According to an aspect of the present inveﬁﬁion, there

is p;évided an information recording method based on a recording

format in which when information is recorded on an information

recording medium by a recording .means, aqcompénying infofmation

concerning at least the information recording medium or

recordihg information is repeatedly recorded a plurality of

times together with the recording information. This information

recording method comprises the'steps of searching a recording .

failure position in an area in which the accompanying

information is to be recorded when a recording of the

accompanying information is failed,_moving the recording means

from a recording start position to the recording failure

pdsition, and recording the accompanying information from the

recording failure position by the recording means based on the

recoxding format.

According to another aspect of the present inventioﬁ,
there is provided a write once optical disk recording method
based on a recording format in which when information is

recorded on a write once optical disk by a recording means,

accompanying information concerning at least the write once



and a wite once optical disk recording nmethod in which recording failure

i nformation _that should be recorded repeatedly can be repaired. According
to an aspect of the present invention, there is provided an information
recordi ng nmet hod based on a recording format in which when information is
recarded on an information recording nmedium by a recordi ng neans,
acconpanyi ng informati on concerning at |east the information recording
medi um or recording information is repeatedly recorded a plurality of tines
together with the recording information. This information recordi ng nethod
conprises the steps of searching a recading failure position in an area in
whi ch the praeRANgisk omftheneécondisg timfloemaeion dexl repeatedl g creahmdpdof

t he acconpanying information is failed, noving the recording neans froma
recordi ng st plurpdstyieh timeshtogetbedivig hpurecorsting dRfogmatiRor di ng
the acconpanying information fromthe recording failure position by the
recordi ng riHSs WBAEEORFE 1IREicaL o 4P R FHHRI ‘A%Yazlb‘?(gicf? B 35§Roter aspect
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I nformati on concerning at the wite once
recording of the accompanying information is failed, moving the

recording means from a recording start position to the recording
failure position and recording the accompanying information from
the'recording failure position by the recording means based on
the recording format.

| According to the information recording method of the
present invention, there can be achieved the following actions.

By monitoring a tracking'error signal and a focus
error signal supplied from a servo circuit while information is
being recorded, it is determined whether or not the data
recording unit of accompanying information that should be
written a plurality of times is finished correctly.‘ For
" example, when the tracking error signal and the focus error
signal are displaced ffom predeterﬁined error ranges and
disturbed, it is determined that the data recording unit is not
finished correctly.
| If it is determined that the previous recording is

finished correctly, then recording of this time is continuously
made on the following area. If on the other hand the previous
recording is not ended correctly, then a signal is repaired such
that a recorded signal may be ended correctiy. |

If the data recording unit of accompanying information



5 optical disk or the recording information is repeatedly recorded a
plurality of. tinmes together with the recording information. This wite once
optical disk recording nethod conprises the steps of searching a recording
failure position in an area in which the actonpanying information is to be
recorded when a recordi ng of the acconpanying information is failed, noving
the recording neans froma recording start position to the recording
failure position and recordi ng the acconpanying information fromthe
recording failure position by the recgrding neans based on the recording
format. According to the information recording nethod of the present

i nvent i on,tHaeshondd be wadititened pherdlaltdywifngimes i tnnotBgndedi toring a
tracking error signal and a focus error signal supplied froma servo
circuit vWﬂqnyeCﬁﬂUvn@liQﬂPHd;nﬁefﬁglﬂﬁﬁuﬁQﬁaﬁlontl$sko§Q§aﬁ hededhen hdre or

not the data recordlng unj t a coqgﬁg%;ng i nfornption that shoul d be
witten a'f QEK&PBtﬁrﬁ rt?*ﬁﬁ? |§n USHPFERE | S19%Rk - eXARBY e when t he
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recordi ng yiflich 8 POEofdiNe Fad16P6" @4td Ystored in a memory is read out
from the memory at different timing. At that time, timing and
drive power level for driving a laser driver are switched
through a signal modulator in such a manner that a laser power
level supplied to a laser iight-emitting diode of the optical
block is set to relatively low power level from the recording
sfart pqsition to the recording failure position and that the
laser power level supplied to the laser light-emitting diode of
the optiéal block is set to relatively high write power level
- from the recording failure position to the recording end
position. .

- Thus, while information is being.recorded, a write
once recording area on the CD-R is searched and the laser power
1e§el is switched, thereby ﬁoving the optical block to the
starting portion of the recording failure track which is the
starting portion of the write one recording area, resulting in
write once recording being-éarried out.

The write once opticai disk recording method according
to the present invention can achieve the following actions.

When writing of accompanying information is started,
the pbsition of the optical block is set to the light-emitting
position (write start position) of write power. Then, write

data of accompanying information is generated. A control signal .



If it is determned that the previous recording is finished correctly, then
recordi ng ot,thls time is continuously made on the following area. If on
the other hand the previ ous recording is not ended correctly, then a signal
is repaired such that a recorded signal may be ended correctly. If the data
recerding unit of acconpanying information 6 that should be witten a
plurality of tinmes is not ended correctly, a recording failure position is
detected based on the tracking error signal and the focus error signal.

Then, an optical block is noved and dgta of acconpanying information which
S recording failure data stored in a nenory is read out fromthe nenory at

di fferent tiighkapgpliéd tntthel BBrvdidimmiandndsuye HRInrevfhtfohe driving a
| aser driver are switched through a signal nodulator in such a manner that

a | aser powesikéovs| of g ioptitel sblageris inghedeto tthengrdicedprafartiigy opti-cal
block is set to relatively |ow power |evel fromthe recording start
posi tion t@qsrxéme@omltﬁgsr gRFQr cthpp smitenpaver tlight-emitsing paaddridnevel

suppl i ed to the | aser ht-emttin i ode of the optical block is set to
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the recorchfyitggg position and is moved in the radius direction of the CD-
| “R.

Then, it is determined whether or not the position of
the optical block is.moved from the write preparing position to
the write power emitting position, in this case, the write start
position. This judgement is repeated until the position of the
optical block has fiﬁished being moved to the write power
emitting position. If the position of the optical block has
finished beipg mo#ed to the write power emitting positiomn, then
the laser light-emitting diode of the optical block is energized
to emit write laser.power. -

Then, it is determined whether or not the accompanying
information is successfglly written at the predetermined
recording unit. It is determined based on the status of the

' tracking error signal and the focus error signal supplied from
the servo circuit whether or not the writing is successful.
Accordingly, this recording unit of amount corresponding to
information tracks to be recorded on the CD-R is written and
operation is ended.

If the writing is not successful, then the write
failure pqsitioﬁ is searched by moving the position of the
optical block to the write failure position. At that time,

write data becomes write successful data from the write start



position. Thus, while information is being recorded, a wite once recording
area on, the;GCD-R is searched and the | aser power |evel is swtched, thereby
movi ng the optical block to the starting portion of the recording failure
track which is the starting portion of the wite one recording area,
resdlting in wite once recording being carried out. The wite once optical
di sk recordi ng nethod according to the present invention can achieve the
foll owi ng actions. When witing of acconpanying information is started, the
position of the optical block is set to the light-emtting position (wite
start position) of wite power. Then, 8wite data of acconpanying

i nf or mat i opos $t Hemercatche. wfnténﬁamlhrelgﬁﬁitlon'anSbéuaﬁésfﬁkiﬁé EB&IE?&VO
circuit in such a manner that the position of the optical block is nmoved to
the wite ﬁﬁépaﬁ#% heswrive, fdidurei position ttwe thel weipevend Ipoghtiem.tti ng
position ( ite %P osi tion wher eby the optical block rel eases the
initial 'F‘Pon SHBYREPY $ingh 8nAabhe AhAvie JHAGAMSRE 13%e CBPeRtedhen,

it is dete&g1{ﬁgi¢@}% %%rlgrséggegé poéhéﬁ(gberatlon is ended.

Specifically, the position of the optical block is
moved from the write preparing position, in this case, the write
power emitting position (write start position) to the searched
write failure position, whereby the optical block releases the
initial position and is moved in the radius position of the CD-
R. At that time, the laser power of the laser light—emitting
diode of the optical block is set to read laser power although
the timing is the write timing. Accordingly, the optical block
only tfaqes the CD-R from the write start position to the write
failure position and write once data provided at that'time
becomes data that is to be traced with read power.

It is determined whether or not the position of the
optical block is moved from the write preparing position to the
write power emitting position, in this case, the write failure
position. This judgement is repeated until the position of the
optical blogk has finished béing~movedltq the write power
emitting position. If the position of the optical biock has
finished being moved to the write power emitting position, then
the laser light-emitting diode of the 6ptical bldck is energized
to emit write laser power.

It is determined one more time whether or not
accompanying information is.successfully written at the

predetermined recording unit. Specifically, it is determined



the optical block i.s noved fromthe wite preparing position to the wite
power enittipg position, in this case, the wite start position. This .
judgenent is repeated until the position of the optical block has finished
being noved to the wite power emtting position. If the position of the
~optieal block has finished being noved to the wite power emtting
position, then the laser light-emtting diode of the optical block is
energized to emt wite |laser power. Then, it is determ ned whether or not
t he acconpanying information is successfully witten at the predeterm ned
recording unit. It is determ ned based?on the status of the tracking error
si gnal and bdased epusher sbatgs grfaltheupphckeing ramorrheigral camd thei fonhet her
or not the witing is_successful. Accordingly, this recording unit of
anount cor r REFRM dY9Ralo SPRPbIAITON thEcRRIYQ YEcHdtovhethem arhaotD:Re| s

Wite fail WPECEHY (oA PORBRRrIIb a5 HVIHF Tt Bosi T oMo CEHBPBRY sl
200k Pl "t Rty il e Whe gridddiisicbecores wite
recording unit, then operation is ended. At that time, write
once data becomes write once data of write power from the write
failure position to the write end position.
BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A through 1D are schematic diagrams showing a
structure of'data on the optical disk;

FIG. 2 is a schematic diagram showing a data structure
of a track at once system packet;

FIG. 3 is a schematic diagram showing a data structure
of a variable length packet system;

FIG. 4 is a schematic diagram showing a data structure
of a fiked.length_packet system;

FIG. 5 is a schematic diaéram showing a data structure
of link blocks;

FIG. 6 is a block diagram showing a write once opticai
disk recording apparatus according to the present invention;

FIG. 7 is a flowcha;t of a procedure for searching a
non-recording area;

FIG. 8 is a flowchart of a search procedure using an
RF signal during track jump; and

FIG. 9 is a flowchart of a search procedure using a
binary search.

FIG. 10 is a flowchart showing a PMA write sequence in



position to the wite failure position and beconmes wite failure data from
t he WWIte failure position to the wite end position. Then, the above

" processihg and the above judgenent, are repeated. If the witing is
successful, then operation is ended. Specifically, the position of the

opt iscal block I's nmoved fromthe wite preparing position, in this case, the
wite power emtting position (wite start position) to the searched wite
failure position, whereby the optical block releases the initial position
and is noved in the radius position of the CO- R At that tine, the |aser
power of the laser light-emtting diope of the optical block is set to read
| aser poweghalwiidiegoniceeopt ddly diski becordimy tappargtudcacestdigioy tot Bhe
optical block only traces the CD-R fromthe wite start position to the
wite fa|Ipresgmsunwwmtand.mmlte once data prOV|ded at that tinme becones

data that is to be traced with read power. I s determ_ ned whet her or not
the position of the BHtiddl 18 %cquvschﬁﬁeahpwm t%}é"QMWirtléeﬁ%‘b‘é?‘}crﬁg of
{ on, is case,.tfhe. w

t to.th t
Porl U o poBner it o e HaEAcH el rBEBHRLEE areratid SESFratll s¥ Ehe
ti | bl f b dto th t tt
ggs:f?on BﬁFsQﬁ% 6%%#??%& o?l?genggflcaf blgcﬁﬁkag F?ﬁ?;hgg1be:gg noved to

the wite power en t¥i®@g 1205kt 40 owdiRitt BAck@figra lra@hretet seq@erbeo&s of
the optical block is energized to emit wite |aser power.
the write once optical disk recording apparatus according to the
present invention;

FIGS. 13A to 13C are schematic diagrams showing an
.operation of the write once optical disk recording apparatus
according to the present invention;

FIG. 14 is é diagram showing PMA recording format of
the write once optical disk recording apparatus according to the
present invention; and

. FIG. 15 is a diagram showing a TOC recording format of
the write once optical disk recording apparatus according to the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention will now be described with
reference to the drawinés..

Initially, a recording format of CD-R will be
described. The recording format is standardized by the same
assignee of the presenﬁ apélication and Phillips in joint-
development. This standard is written in the so-called ORANGE
BOOK ISO/IEC.

A data structure of CD-R which assumes the present

invention will be described. FIGS. 1A through 1D are diagrams



It is determined one nore tinme whether or not acconpanying information is
successfully witten at the predeterm ned recording unit. Specifically, it

i s deterhined 9 based on the status of the tracking error signal and the
focus error signal supplied fromthe servo circuit whether or not the
writing of acconpanying data is successful. If the acconpanying information

I's successfully witten at the predeterm ned recording unit, then operation
is ended. At that tinme, wite once data becones wite once data of wite
power fromthe wite failure position to the-wite end position. BRI EF
DESCRI PTI ON OF THE DRAW NGS FI GS. 1A tlHrough 1D are schematic di agrans

showi ng a showihyr & ditdlakaueBuideowmhecab-disk; FIG 2 is a schematic
~diagram showing a data structure of a track at once system packet; FIG 3

is a schemati ¢ di agr asn siwn dig EIGat BA sta RCRU(Rowér Laldbrallion| 2ned h packet
system FIG 4 is a schematic diagram show ng a data structure of a fixed

| ength packdl $PQvERg Fildght pmowns Akiwetmendi akpaisREAVAGed thtthe
structure innermost peripheral portion near a disk center 100. The PCA
101 includes a test area for adjusting an amount of light beam
used to record information and a count area for recording the
available state of the test area.

A PMA (Program Memory Area) 102 indicating a program
area is provided adjacent to the PCA 101 in the outer peripheral
direction of the disk center 100. In this PMA 102, there are
repeatedly recorded the available states of the program area of
the CD-R, i.e., start address information and end address
information of data recorded at the track unit.

Concrete contents of tﬁe PMA 102 are as follows.

The PMA 102 includes three kinds of information. The
first contents are track numbers of start time and end time of
recorded information. In this data, contents concerning partial
recordings are recorded in the form of a table. The track
numbers of all tracks provided withih the PMA 102 can be
incremented continuously and step-by-step. All tracks include
ancillary tracks. The.second contents are identification
information for CD-R. In order to identify each disk, there

.can be recorded a number of six digits. The third contents are
skip iﬁformation and unskip information. The skip information
indicates that all of one track or a part of recorded track is

skipped during playback. The unskip information means that a

skip command is canceled.



of link blocks; FIG 6 is a block diagramshowng a wite once optical disk
recordi ng apparatus according to the present invention; FIG 7 is a

fl owchart of a procedure for searching a non-recording area; FIG 8 is a
flomchart of a search procedure using an RF -signal during track junp; and
FIG. 9 is a flowhart of a search procedure using a binary search. FIG 10
Is a flomchart showng a PMA wite sequence in 10 the wite once opti cal
di sk recordi ng apparatus according to the present invention; FIG 11 is a
flowchart showing a TD wite sequence,of the wite once optical disk
‘recordi ng apparatus according to the present invention; FIG 12 is a

fl owchart showing a A’Cﬁ;ywriehgragg?eé’g@ué}{cet Re1vhd %&Qﬁ‘iﬁ%@éi Cq%%\éif[tié‘slsc

recording apparatus according to The present iInvention; _ (
are schematoCheiagi een ShOshagPMm kAt the wiid RE Woi Eeanese aBf bedkrdi sk

recordi ng apparat us
words, the writing of data in the PMA 102 is constantly executed
at a multiple of 10 subcode frames. Within the unit of 10
frames, the same information is assigned to "0" (first frame) to
_ “9".(last frame) at "ZERO" byte in which the continuous frame is
subcode Q channel. In the portion in which the PMA is recorded,
cyclic counts from "0" to "9" are continuously repeated at the
“ZERO" byte.
Information called item is provided within the subcode
frame. Oné item is repeated fivé times within the continuous 5
subcode frames. Inasmuch as one item comprises 10 subcode
frames, the conéinuous five items of one item are labeled by "0*
to "4" or "5" to "9". When the item which is not even-numbered
within a plurality of items should be-reco;ded, the latest item
within these items are repeated not fivé times but 10 times
because a recording is executed at a multiple of 10 subcodes.
In this case, Qhen the item is repeated 10 times, the same
information is assigned to "0" to "9" of "ZERO" byte of the
léubcode. The first item is recorded when the PMA is started.
Specifically, in the PMA; the same information is repeatedly
recorded 10 times or two informations are repeatedly recorded
five times during the 10 frames.
. There are provided a plurality of sessidns 103, 104,
105 adjacent to the PMA area in the outer peripheral direction
from the disk center 100. The sessions 103, 104, 105 include

lead-in areas 106, 109, 112, program areas 107, 110, 113 and



according to the present invention; FIG 14 is a di agram show ng PVA
recqording fqrmmat of the wite once optical disk recording apparatus
according to the present invention; and FIG 15 is a diagram showi ng a TOC
recording format of the wite once optical disk recording apparatus
according to the present invention. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENT The present invention will now be described with reference to
the drawings. Initially, a recording format of CD-R will be described. The
recording format is standardi zed by the sane assi gnee of the present
application and Phillips in joint- development. This standard is witten in

the so- cal ] &su(FeANGEeBORY8 | S E®14 afdtpraitideat ihecwd dueelR pbiEphassunmes -
the present invention will be described. FIGS. 1A through 1D are di agrans
show ng a ditectsiorucrometba disk CBnBerAs06hovin the Fldad-lik axeREAL§&pwer
Calibration Area) 101 showing a |light anmount adjustnent area is provided in
the innernd@?, gdid.phbear e tlapeatedly arerandeasent plungbityried pipes

data of table of contents of signals recorded in the program
area 107, 110: 113 as TOC (Table Of Contents).

‘Specific conténts of the TOCs 115, 116, 117 are as
follows. When the optical disk is completed, the TOCs 115, 116,
117 are.written in the lead-in areas 106, 109, 112. After the
optical disk was completed, information cannot be recorded on
the optical disk. The TOCs are started at starting points of
the lead-in areas 106,'109, 112; within the TOCs 115, 116, 117,
each item is repeated three times. The completed TOCs 115, 116,
117 are continuously repeated in the lead-in areas 106, 109,
112.

Audio data etc., are recorded in the program areas
107, 110, 113. FIG. 1B shows a data structure of the session
103." As shown in FIG. 1B, there are provided track numbers TNOs
in response to the number of data to be recorded. 1In this
embodiment, three data tracks 118, 119, 120 are provided in one
session. Each of the tracks 118, 119, 120 comprises two areas
which can be discriminated by indexes. FIG. 1C shows a data
structure of the track 118. As shown in FIG. 1C, the track 118
includes a TD (Track Descriptor) 121 indicative of track
structure information and a packet 123 which is a unit of data
smaller than the track 118. Similarly to the TOCs 115, 116,
117, in the TD.121,'the_same information is repeatedly recorded

a.plurality of times.



101 includes a test area for adjusting an anmount of |ight beamused to
record information and a count area for recording the available state of
the test area. A PMA (Program Menory Area) 102 indicating a programarea is
provi ded adjacent to the PCA 101 in the outer peripheral direction of the

. disk center 100. In this PVMA 102, there are repeatedly recorded the

"~ avail able states of the programarea of the CO-R i.e., start address

i nfornmati on and end address informati on of data recorded at the track unit.
Concrete contents of the PMA 102 are as follows. The PMA 102 includes three
kinds of information. The first contehts are track nunbers of start tine
and end tinme of recqied fief e6iveéned.of RhehTh did s Colllewss CHCEDNI Ng

partial recordings are recorded in the formof a table. The track nunbers
of all traghslydes iifdrwathom aconeeRmingoattribuke ofc teaehtiell vseat datausl y
and step-by-step. Al tracks include ancillary tracks. The second, contents
are identil22at (Tpisi ARSPERATIAN CONtEBAR INEPTIAYLN: GOPCRIRINY AEAERPRFSK,
e e oF i, TR e B Srehdds TREAI e T 2aBE K B,
e | SRS AL HREFEL %A ket o ReBdi pocid ataael. The

position of each user data 122 and is 8 bytes in length. The

second contents are a plurality of TD units. One unit is

composed of 16 bytes. Thé TD unit describes data attributes of

each track. The data attributes are track number, three track

recording systems of track-at-once system, fixed length packet

system and variable-length packet system and packet size, etc.

The first TD unit is directly located behind the TD table. When .

information is recorded in the TD, the same information is

repeated within this.area for 2 or 1onge£ seconds.

FIG. 1D shows a data structure of the packet 123. A
1ink block area 124 is located at the starting portion of the
packet 123. The link block area 124 constructs a link portion
to the preceding packet together with a run-in area 125. This
embodiment shows the fixed—length packet system in which the
packet iength is fixed. A user data area 127 is located between
thé run-in area 125 and a run-out area 126. Data cannot be
recorded in the run-in area 125 and the run-out area 126 but'the_
run-in area 125 and the ;un—but area 126 are guard areas.

A recording system will be described. FIG. 2 shows a
data structure of packet based on the track-at-once system. An

afea in which the table of contents is "00" is TD 160. In the

TD 160, there is recorded information indicative of the fact



12 A PMA recording sequence will be described. Data has to be witten in
the PVA 102 at the unit of 10 frames. In other words, the witing of data
in the PMA 102 is constantly executed at a nultiple of 10 subcode frames.
Wthin.the unit of 10 frames, the same inforimation is assigned to "0"
(first frame) to "9" (last franme) at "ZERO' byte in which the continuous
frame is subcode Q channel. In the portion in which the PVMA is recorded,
cyclic counts from"0" to "9" are continuously repeated at the "ZERO' byte.
Information called itemis provided w.thin the subcode frame. One itemis
repeated five tinmes within the continuodus 5 subcode franes. |nasnuch as
one item cariharti sepadkets Ulfdde feameded talveordihg ntm uhef tyackt&bsomie one item
are lLabeled by "0" . to "4" or "5" to "9". \When the item which is not

even- nunbersdE tRM: hi At 2F8a) i@ whichitablenwisgentante iddldeds ahe | atest

itemw thin these itens_arg repeated t five times but 10 tinmes because a
recordi ng "SCEXEMNPBTER A MY jg?'éaof&i'o dPpRocRdange Wil thedragien t he

T B Bk B ST L I ek TS i, o
started. Speddrigedl by, tdntHd@uBMbutt eS8 ihRf BIS&Ld A% 3, S168P5Ad edl y
buffer zones. |

FIG. 3 shows a data structure cf.a packet of variable-
length system. As shown in FIG. 3, an area in which table of
contents is "00" is TD 170. 1In the Tb 170, there is recorded
information indicative of the fact that a packet 172 is recorded
according to the variable-length recording system. An area in
which ﬁable of coﬁtents is "01" is a recording area of user data
171. Each packet 172 is composed of blocks of an arbitrary.
number larger than 8 blocks (user data is one block). Link-
blocks 173, 174 are buffer zones.

FIG. 4 shows a data structure of a packet of fixed-
length system. As shown in FIG. 4, an area -in which table of
contents is "00" is ™D 150. In the TD 180,-there are recorded
information indicative of the fact fhat a packet 182 is recorded
according to the variable-length system and a block number of
packet length. 1In this_embodiment, there is recorded the packet
length whose block number is equal. An area in which tagle of
contents is "0l1" is a recording area of user data 181. The user.
data 181 is composed of blocks of packet length recorded on the
TD 180. Link-blocks 183, 184 are buffer zones.

FIG; 5 shows a data structure of link-blocks. As

shown in FIG. 5, the link-block coﬁprises totally 7 blocks of



recorded 10 tinmes or two informations are repeatedly recorded five tines
during the 1Q frames. There are provided a plurality of sessions 103, 104,
105 "adj atent to the PMA area in the outer peripheral direction fromthe

di sk center 100. The sessions 103, 104, 105°include |ead-in areas 106, 109,
112,: program areas 107, 110, 113 g@nd 13 |l ead-out area 108, 111, 114 are
provided in the outer peripheral direction fromthe disk center 100. In the
| ead-in areas 106, 109, 112, there are repeatedly recorded a plurality of
ti mes data of table of contents of sidfals recorded in the program area
107, 110, 113 as TOC (Table O Contents). Specific contents of the TCCs
115, 116, 6f€ brarkaoff dihbwslodMarxrerhdé9bpt4 ddlockissbfi suneimplateadlophe TOCs
115, 116, 117 are witten in the lead-in areas 106, 109, 112. After the
optical di 3rRdvaPlesks efcgunioitorarer A3 cankibitheedataosteurtire o opti cal

di sk. The TQOCs e started_ at startin oints of the |ead-in areas 106,
109, 112. WK Qs h%‘?‘%ﬁ‘slg’??l”éﬁ%ﬂ“i Pagket rEpddhediffree tines.

The compl el Gis 191 L8 el Tudl 90°0004 "HPHSK ERBCRLSEL ARG R N
packet preceding the present packet is the run-out area 193.

As the track recording system, there can be selected
at every track any one of the track-at-once system shown in FIG.
2, the variable-length packet system shown in FIG. 3 and the
fixed-length packet system shown in FIG. 4. A selected system
is described in the TD. The lead-in area and the lead-out area
are treated as one track. The recording system of these areas
is limited to only the track-at-once system.

The minimum recording unit within the track, i.e., the
minimum packet is determined by the recording system described
in the TP. 1In this embodiment, the minimum packet becomes
track, i.e., one packet in the case of the track-at-once system
shown in FIG. 2. The_minimum packet becomes one packet in which -
user data is formed of one block in the case of the variable-
length packet shown in FIG. 3. The minimum packet becomes a
packet of a predetermined iength described in the TD in the case
of the fixed-length packet shown in FIG. 4.

‘Since data of a signal ro be recorded in the CD-R is
dispersed before and after, such signal recorded in the CD-R
uses a CIRC (crose-interleave Reed Solomon coding) for
correcting errors, if recording is interrupted at the position
other than the predetermined position, then a part of data is

dropped and it becomes impossible to reproduce data. Therefore,



Audi o data etc., are recorded in the programareas 107, 110, 113. FIG 1B
'shows a_data structure of the session 103. As shown in FIG 1B, there are
provi ded" track nunbers TNGs i n response to the nunber of data to be
recorded. In this enbodinment, three data tracks 118, 119, 120. are provided
I n one session. Each of the tracks 118, 119, 120 conprises two areas which
can be discrimnated by indexes. FIG 1C shows a data structure of the
track 118. As shown in FIG 1C, the track 118 includes a TD (Track
Descriptor) 121 indicative of track stypucture information and a packet 123
which is a unit of data snmaller than the track 118. Simlarly to the TOCs
115, 116, hlgighan ties B3 belre¢duwdezhmithofior imtémmptsionepbthiigher ecorded a
plurality of timnes. 14 Specific contents of the TD are as follows. The
TD i ncl udepackébrs mati on concerning attribute of track of user data 122.

This information contains intonnatig conce%ﬁing attripute ongﬁeceding

track. The TD conpri $&sERd™3dr%0R .T%élsﬁ 5P BTt EZS MR/ TP e, The
L2l e | B Shd Al Ul 35 wePetd b Rbrooic P ot g2 and (s £
IS predetermined recording unit and failed, then the recording of
the recording unit area is not completed in accordance with a
‘format. Therefore, it becomes impossible to record data in the
succeeding area and the recording has to be carried out in such
a fashion that the writing of PMA, TD and TOC may be completed
at the predetermined recording unit.

As one of methods for recording data in the program
area of the CD-R, i.e., recording data once, there is a data
recording operation in which data is recorded at the track unit.
The traék is a collectiqﬁ of data of one music or file or mofe.

When_the track récording operation is carried out, the
area in which data ié not recorded on the program area on the
optical disk, i.e., a noh—recording area is detec£ed by reading
data of the PMA area, and data is recorded once on the non-
recording area at the track unit. '

| It is frequently observed that a data recording
operation is carried out at the packet unit which is the data
unit smaller than the track uﬁit. This data recording operation
carried out at the-packet unit is called the intra-track
recording operation. At that time, in order that a track is
formed of packets of an arbitrary number, information of start
address and end address of track is previously recorded on the

PMA area. In the intra-track recording operation, data is



conposed of 16 bytes. The TD unit describes data attributes of each track.
The data attributes are track nunber, three track recordi ng systens of
track- at - once system fixed |ength packet system and. vari abl e-1 engt h packet
system and packet size, etc. The first TD unit is directly |ocated behind
the .TD table. Wien information is recorded in the TD, the sanme information
is repeated within this area for 2 or |onger seconds. FIG 1D shows a data
structure of the packet 123. A link block area 124 is |located at the _
starting portion of the packet 123. Thg i nk block area 124 constructs a

i nk t t di ket t h 25. Thi
e'ré.‘od.pﬁ;n{3§ae§gtwef§%%§d'cf?8a&c ok SEC0 8P Tom e ALFRE A i engt h
fixed. A | qcat d
o out ar $305R €5 A ané%h%éfref%%%dﬁﬁ BPaqEE TRy bfe %’ﬁﬁ dd4ge
run-out ar %té d”h%trauas ﬁx?arelc%ia@adﬁ&e R TR 3E8Redd G A Puard

t
areas. A récor g system wi | Q%e described. FIG 2 shows a data structure
of packet Q@ﬂ&ésgnof Rénd Nask- Bécortal akhem An area in which the table of

contents is "00" is TD 160. In the TD 160, there is recorded information

i ndi cative of the faah arrdrgement of the present invention will be
described below. FIG. 6 is a block diagram showing a write once
optical disk recording apparatus. An arrangement of the write
once optical disk recording apparatus will be described. As
shown.in FIG. 6, the write once optical disk recording apparatus
comprises a CD-R whose information recording surface is formed
by organic pigment, a spindle motor 2 for rotating the CD-R 1 at
a predetermined constant linear velocity (CLV), a servo circuit

- 3 for effecting tracking servo, focusing servo and thread servo,
an optical block 5 having an optical system, a laser light-
emitting diode, a photodiode, a.tracking actuator and a focusing'
actuator and a sled - motor 4 for translating the optical block
5 in the radius direction of the CD-R 1.

Further, this write once opnical disk recording
apparatus includes a signal modulator 6 for generating a laser
drive signal supplied to a laser drivef (not shown), a signal
processor 7 for generafing various signals from a signal
detected by a photodiode of the optical block 5, an
encoder/decoder 8 for nodulating_a recording signal in an EFM
(eight—té—feurteen modulation) fashion and error-correcting the
recording signal or decoding a reproduced signal in an EFM
fashion and error-correcting the reproduced signal, a CPU

(central processing unit) block 10 for controlling respective



that a packet 162 is recorded according to the track-at-once system An
area in which table of contents is "01" is a recording area of user data
161. In accordance with the track- at-once system a quasi-signal (e.g.,
data of all "Gs") is recorded up to the run-out area. Link blocks 163, 164
are -buffer zones. FIG 3 shows a data structure of a packet of variabl e-

| ength system As shown in FIG 3, an area in which table of contents is
"00" is TD 170. In the TD 170, there is recorded information indicative of
the fact that a packet 172 is recor deg1 according to the variabl e-1ength
recordi ng system An area in which tabl"e of contenfs jis Q1" is a, recording

area of usEHreRiss1and BOEYiopEcRE: the Mrite; ORECRELCAL HiskZegprding
arbitrary nunber .| arger_than bl.ocks. (usgr, .d | bl.ack) .. Link-

bl ocks 173,aPP?‘Ea§P§'bﬁf’P%W°r2’oSr&s.m ké&h é%gmgtf?ié%t gﬂfs‘%'r &@t gil%to?h%u]ﬁ%lcket
of fixed- len t | Py €ag | ; pHY; of
contents i e %E’Jit%llég %@ﬁ%lit%?\ggfhg %)SGFSI% s’?%grég' are rﬁgggfg\gg‘a?*n?%r mat i on
i ndi cative gfr thapbestiipatcrimacketedSrdinyg sdgaaliesr argaiodiueedt Oidiel ,

vari abl e-1 ength system and a bl ock nunber of packet length. In this

enbodi ment ,ar ketternalr énvsrite kdrpaikel2 |fmmytintenbseiny ddidsnwribbte omce
equal . An area in which table of contents is "01" is a recording area of
user data Ieptichlediskr recerding) appasshposrl e prbekde ofe thok 8t PRt h

recorded on the .
computer and a terminal 13 connected to the outside, e.g., the

host computer.

A cqnnectidn relationship of respective_circuifs and
portions will be described below. The CD-R 1 is connected to
the spindle motor 2 through a rotation mechanism. The servo
circuit 3 is connected to the spindle motor 2. The servo
circuit 3 is further connected to a tracking actuator and a
focus actuator located within the optical block 5 and the -sled
motor 4. Further, the servo circuit 3 is connected to the CPU
block 10.

The photodiode of the optiéal block 5 is connected to
the servo circuit 3 and the signal processor 7. The signal
processor 7 is connected to the encoder/decoder 8 and the CPU
block 10. The encoder/décoder 8 is connected to the buffer
memory 9 and the signal modulator 6. The signal modulator 6 is
connected to the 1a§er 1ight-emitting diode of thé optical block
5. The buffer memory 9 is connected to the external interface
circuit 12. The external interface circuit 12 is connected.to
the terminal 13. The CPU block 10 is connected to the signal
modulator 6, the encoder/decoder 8, the buffer meméry 9, the

external interface circuit 12 and the memory 9.



TD 180. Link-blocks 183, 184 are buffer zones. FIG 5 shows a data
structur.e of; link-blocks. As shown in FIG 5, the |ink-block conprises
totally 7 blocks of 16 one bl ock of link block area 191, 4 bl ocks of
run-in area 192 and 2 bl ocks of run-out area 193. In the data structure of

| i nk=bl ocks, the |ink-blocks of present packet are the |ink- block area 191
and the run-in area 192 and the |ink-block of the packet preceding the
present packet is the run-out area 193. As the track recordi ng system
there can be selected at every track awy one of the track-at-once system
shown in FIG "2, the variabl e-| engt acket systemshown in FIG_ .3 and the
fi xed-1ength packet §¥§F@ﬁ%§hdﬁh? Fgé$e4pn §§Féﬁﬁedd§§§t¥ﬁﬁq§9¥ﬂ€scr|bed

the TD. The | | ut t d t k.
The. recor diTRPRATRE ot i BPralBa; BBFGRY'| aBiEEaElT VAR BBkl Sonce:
system Th?ﬂﬂﬂ&ﬂ-‘@ﬂ ’EﬁQr ﬂﬂ) R u‘."L‘ttg“ NS 8&5@@5 . mbt&r -2 e g‘ﬁ}{aﬂug%

. n thts

packet is termned by t recordi ng system described in the
enbodi ment ,rémmenumnap ket abpredStetiiiad conStan®NEimaak&elbaitye case

of the track-at-once systemshown in FIG 2. The m ni nrum packet becones one
packet in wen¥). The sled motor 4 translates the optical block 5 to the
_predetermined position in the radius direction.

Reflected light which results from irradiating laser
beam on the CD-R 1 is received by the photodiode (e.g., quadrant
photodetector). The optical block 5 supplies an output signal
of the photodiode to the signal processor 7 and the'servo
circuit 3. The servo circuit 3 generates a tracking error
siénal and a focus error signal'by adding and subtracting the
signals eupplied from the photodiode. The servo circuit 3
generates a thread control signal, a tracking control signal and
a focus control signal by use of the thus generated tracking
error signal and focus error signal, and supplies the tracking
control signal and the focus control signal to the sled motor
4 and the tracking actuator and the focusing actuator disposed
within the optical block 5. The servo circuit 3 further
supplies the tracking error signal, the focus error signal or
error signals corresponding to the tracking error signal and the
focus error signal to the CPU block 10.

~ Thus, tracking control and focus controi are carried
out, whereby pits can be reliably formed on predetermined track
positiqns on the CD-R 1 by the laser light-emitting diode of the
optical block 5. Upon reproduction, it is possible to reproduce

data highly reliably. Further, in the CD-R 1, grooves



user data is forned of one block in the case of the variable- |ength packet
shown in FIG. 3. The m ni num packet becones a packet of a predeterm ned

| engt h described in the TDin the case of the fixed- | engt h packet shown in
FIG 4. Since data of a signal to be recorded in the CD-R is di spersed
befare and after, such signal recorded in the CD-R uses a CIRC
(cross-interl eave Reed Sol onon coding) for correcting errors, if recording
is interrupted at the position other than the predeterm ned position, then
a part of data is dropped and it becones inpossible to reproduce data..

Ther ef ore, 17 a signal has to be regprded without interruption wthin
the packet corfrespendihgi €y tile PEEiusSewk tax whiohnpias RIYe fobmeadakd- R used
when data is witten is not carried out at the predeterm ned recording unit
and fail ed,farmed thethecmabndgngf sehtacecdr thagChR t1 dyewobblimg, condl et ed
I n accordance with a format. Therefore, it becones inpossible to record
data in th&heutEasking evear sianahecin &% grRETAER (RAsed O8r Fhe B%RAvEsh such

a fashi on that tgg}\é\{lhgi%n a}rrleyAéut-:r I%y r}:q:e-!q_%ncr:q;1 fula({%net(ﬁq)?t 'f he

predetermr
signal processor 7 detects position information (absolute time

information) by demodulating the frequency-modulated wobbling.

The position information is supplied to the CPU block
10 and the CPU block 10 controls eccess of the optical block
based on this position information, whereby the.write once -
optical disk recording apparatus can record data in
predetermined areas of the CD-R 1 sequentially.

Whiie recording data on the predetermined areas of the
CD-R 1, it is determined by the CPU block 10 based on the
tracking error signal and the focus error signal supplied
thereto from the servo circuit 3 whether or not the data
recording units of PMA, TOC and TD that should be written a
plurality of times are finished correctly. When the tracking
error signal and the focus error signal are out of a
predetermined error renge and disturbed, the CPU block-lo
determines that the recording units are not ended correctly. At
that time, the CPU block 10 monitors the reproduded RF signal,
which is a recorded signal from the signal processor 7, and the
data decoded by the encoder/decoder 8 and stops the recording
operation immediately in response to the detection of the above
error signal. Alternatively, the CPU block 10 may determined
based on the tracking error signal and the focus error signal

together with the reproduced RF signal and the decoded data



As one of nethods for recording data in the programarea of the CDR, i.e.
recordi ng dat.a once, there is a data recording operation in which data is
recorded at the track unit. The track is a collection of data of one nusic
or file or nore. Wien the track recording operation is carried out, the
area in which data is not recorded on the program area on the optical disk
| .e., a non-recording area is detected by reading data of the PVA area, and
data is recorded once on the non- recording area at the track unit. It is
frequently observed that a data recording operation is carried out at the
packet unit which is the data unit snakler than the track unit. This data
recor di ng opierthieirotheaaberl regerding Hanike e garpleted AarE@cthy- '

intra-track recording operation. At that tinme, in rdﬁr 6h t atrack is

formed of packets ofgéhlérb§t4%§ﬁfm%&ﬁ9ep¥ ??ﬁ(ﬁq¥aP38ﬁ of sehﬂﬂ dr ess .and
d add f .t K i iousl d P len t .

it ot 1 ac PTRIISHE RECORRIEN 1igh enfigfrorirect iy EEncHeo Ny, (e’ Plpair

cont i nuous| ¥ 18691060 ohE OB A ¥ddussly . Pagkele Wist BbBetifnéd 35K tnEhepy af ter

this data recording operation was Interrupted, data is agai'n recorded from
the next adgi&8s 19f thB® the previous recording is not ended correctly,

_then a signél is repaired in such a manner that the recorded
signal is ended correctly. The repair of signal is carried out
by the write once optical disk recording apparatus or via a
command supplied from the external host computer through the
terminal 13. |

If it is determined by the CPU block 10 that the data
recording units of PMA, TOC, TD data that should be written a
plurality of times are not correctly ended, then the CPU block
10 detects a récording failure position based on the position
information, the tracking error signal and the focus error |
signal. Then, the CPU block 10 controls the sled motor 4 so
as to translate the optical block 5 and also reads out data of
PMA, TOC, TD which are recording féilure.data stored in the
memory 11 at different timings. At that time, the CPU block 10
switcheS'A timing at which a laser driver (not shown) is driven
and the level of drive power for driving the laser driver
through thé signal modulator 6 such that the level of laser
power supplied to the laser light-emitting diode of the optical
block 5 is set to relatively.low read power level from the
recording start position to the recording failure position and
that the level of laser powef supplied to the laser light-

emitting diode of the optical block 5 is set to relatively high



address of the last recorded data. An arrangenent of the present invention
W ||l be_ desgri bed below FIG 6 is a block diagramshowing a wite once
optical disk recording apparatus. An arrangenent of the wite once optical
di sk recordi ng apparatus will be described. As shown in FIG 6, the wite
once. optical disk recording apparatus conprises a CD-R whose information
recording surface is forned by organic pignent, a spindle notor 2 for
rotating the CO-R 1 at a predeterm ned constant |inear velocity (CLV), a
servo circuit 3 for effecting tracki ngztsservo, focusi ng servo and t hread
servo, an optical block 5 having an optical system a laser light- emtting

di ode, a phptiedi pdfer 21dveClirBl Ad URlcdiradng fafnfiesipdgidcbHatdra and a sled
notor 4 for translating the optical block 57in the radius direction of the

CD-R 1. Furddterdinbi endwpdsdt@oae optical di sk recording apparatus includes
a signal nodulator 6 for generating a laser drive signal supplied to a

| aser driver (not shaeeprdingiyynihepChddekastk 10f seaxehrs & agedath ous
signals froma signal detected by a photodi ode of the optical bh?ck 5, an
encoder / ded8d&h datgr ixgaatdenngnge it dhg f8-Ri hdile, r%ﬁ?ﬁ&ﬂ‘g ata.
(eight-to-faurt et l.atign) .fashi and.,error-cors | HOxt ordi ng
signal or opglcsé)di ﬁg’eggglgp?a%ofg%éa gf%’hsa ates ?a“neElg—mecg%]h?)g'tréc%n QS £ .
error=cort esféalf%qnygﬁfsc@ﬂs&% ¢St aify ERYUILAEENF Ak PRAGBRSIHGANI 1)

bl ock 10 for cont I Ng respective
‘'starting portion of the area in which data is written once by
‘switching the level of laser power.

Upon reproducing, the optical block 5 and the signal
processor 7 generate reproduced RF signals to thereby detect the
signal levels of the reproduced Rf signals as will be described
'later on. The signal level detected result is supplied to the
CPU block 10 as a digital signal. The repréduced RF signal is -
supplied to the encoder/decoder 8, in which it is decoded in an '
EFM fashion and error-corrected. The data thus decoded in an
.EFM fashion and error-cdrnected is'supplied to and temporarily
stored in the buffer memory 9. The data thus temporarily stored
in the buffer memory 9 is transferred to the external host
computer through fhe external interface circuit 12 and the
terminal 13 at a predetermined timing.

Data generatéd from the external hosﬁ_computer is
supplied through the terminal 13 and the exterhal interface
circuit 12 to the buffer memory 9 and thereby temporarily
stored. The data temporarily stored in the buffer memory 9 is
supplied to the encoder/decoder 8 at a predetermined timing.
The data thus supplied to the encoder/decoder 8 is signal-

processed in a predetermined manner such as EFM and error-



19 circuits and portions of the wite one optical disk recording apparatus,
a nmenory 11 jn which data of PMA, TOC, TD that should be witten a
pluralify of tines are stored, a buffer menory 9 for tenporarily storing a
recordi ng signal - or reproduced signal, an external interface circuit 12 for
interfacing this wite once optical disk recording apparatus to the
outside, e.g., a host conputer and a termnal 13 connected to the outside,
e.g., the host conputer. A connection relationship of respective circuits
and portions will be described bel ow.,, The CO-R 1 is connected to the
spindle notor 2 through a rotation nmechanism The servo circuit 3 is

~connect ed dSr e ivpi. Ndr e MBilgAal 2t hd$ ERLMOAUEREEL] dnd dry drubbipeceaanect ed
to a tracking actuator and a focus actuator |located within the optical

bl ock 5 angk tduppdlied totthe 4ighailt hedylatwr $er vDheisianal dodslavonegted to
the CPU bl ock 10. The photodi ode of the optical block 5 is connected to the
servo circyenentesd af haser ghuliveppdgnal gpased PReasl Ry RRast0840fL7 s

connected to the encoder/decodér 8 and the bl o 10. Th ]
encoder / deERfrol Signg nﬁ'é'&?le‘cf‘{ 5r9ﬂet‘6%fcfl’é’rcg¥°°1‘ f6 in synchronism

with the EFM-modulated and error;cprrected signal. The laser
~drive signal is supplied to the laser driver (not shown). The
laser driver ;rradiates laser beams on the CD-R 1 so as to form
predetermined pits, whereby'data is recorded on the CD-R 1 once.
The buffer mémory 9 acts to absorb a difference between a data
rate in the apparatus and aldata rate of data transferred
between the apparatus and the host computer.

The signél reproduced from the CD-R 1 by the optical
block 5 is stored in the buffer memory 9 through the signal
processor 76 and the encodet/decoder 8. The data stored in the
buffer memory 9 is transferred at a predetermined timing through
the external interface 12 and the terminal 13 to the host
computer. Incidentally, before the recording is started, under
control of the servo circuit 3, an amount of light is adjusted
by use of predetermined test data with respect to each light
amount of laser beam of thé'lasef light-emitting diode of the
optical block 5. ' .

A method of seafching a boundary bgtween a recording
area-and:a -non-recording area when data is recorded on the write
once optical disk according to the present invention will be
described below with reference to FIGS. 7 to 9.

FIG. 7 is a flowchart to which reference wiil be made

in explaining a procedure for searching the non-recording area.



menory 9 and the signal nodul ator 6. The signal nodulator 6 is connected to
the laser light-emtting diode of the optical block 5 The buffer nmenory 9
is connected to the external interface circuit 12. The external 4 nterface
circuit 12 is connected to the termnal 13. ‘The CPU bl ock 10 is connected
to the signal nodul ator 6, the encoder/decoder 8, the buffer nenory 9, the
external interface circuit 12 and the nenory 9. 20 Operation of the
write once optical disk recording apparatus will be described bel ow.
IInitially, under servo- control of thgsservo circuit 3, the spindle notor 2
is driven to rotate the CD-R 1 at a predeterm ned constant |linear velocity

(CLV). The sled not ®eferringstatesct 1g gplicwind/theksbate dheogeradabar,m ned
position in the radius direction. Reflected Iight which results from

i rradi ati ngtlasdephéadflonvaluesCbiRstars adshsisse (pbyitien pinfoanatdenfe. g. ,
guadr ant photodetector). The optical block 5 supplies an output signal of
the phot odPBdeeRd 3ANE eSSy hRPS Hrine dadprmakion )t I seayehed (ti@ck 8reThe servo
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circuit 3 sgqdress of searched area. Then,. control goes to the next
.decision step 8102; whereat it is determined whether or not the
size of the search area is less than 3000 physical tracks. If
the size of the search area is less than 3000 physical tracks as
represented by a YES at the decision step S102, then control
goes to a step S104, whereat the boundary between the recording
area and the non-recording area is detected by using a binary
search method. If on the other hand the size of the search area
is greater than the 3000 physical tracks as represented by a NO
at the decision step S102, then control goes to a step 103,
whereat search using an RF signal reproduced during track jump
is carried out. After the schematic boundary between the '
recording area and the non-recording area has been detected, the
position of the strict boundary between the reéording area and
the non;recording area is detected by effecting the search using
the binary search method at the step S104. Then, control is
ended.

FIG. 8 is a flowchart to which reference will be made
in explaining a search procedure using the RF-signél reproduced
during track jump.

Referring to FIG. 8, following thé'start of operation,
at a step s111, the CPU block 10 causes the obtical block 5 to

seek the starting position of the search area on the CD-R 1.



generates a thread control signal, a tracking control signal and a focus
control_sigpal by use of the thus generated tracking error signal and focus
error signal, and supplies the tracking control signal and the focus
control signal to the sled notor 4 and the tracking actuator and the
focusi ng actuator disposed within the optical block 5. The servo circuit 3
further supplies the tracking error signal, the focus error signal or error
signals corresponding to the tracking error signal and the focus error
signal to the CPU bl ock 10. Thus, tracking control and focus control are
carried out, whereby pits can be reli @6y forned on predeterm ned track
posi ti ons Dhei heeddBrkllgbgstie d step SLyhi -vhereaitnghdi opleiadl thecrpsi cal

bl ock 5. Upon reproduction, it is possible to reproduce data highly
reliably. Ftartertrack gwepGn fehe dgresyéen of thecgpdeaddress Pk shehe

positions at mhiché?its are forned are _forned on the Lecording,surface of
the CD-R 1SB3rGRHA , LSt IRC Ry dNBPat ed

f
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Reflected light of this laser beam is received by a photodiode.

An amount of received light is supplied to the signal processor
7 gnd the sigﬁal processor 7 generates a tracking error signal
and a focus error signal. The tracking error signal and the
focus error signal are supplied to and used by the servo circuit
3 for coﬂtrolling the movement of a tracking actuator and al
focus actuator.

An information component of a reproduced signal from
the signal processor 7 is outputted as the RF signal. The
signal processor 7 determines whether or not ﬁhe RF signal
contains a data component. A judéed result is supplied to the
CPU block 10. |

In a decision step_8113, it is determined by the CPU
block 10 whether or not the optical block 5 reaches the non-
recording area within the search area or the end of the search
area. . If the optical block 5 does not reach the non-recording
area or the end of the search area as represented by a NO at the
decision stép S113, then the track jump operation is carried out
and the judging operation at the step S113 is repeated. If on
the other hand the optical block 5 reaches the non-recording
area of the search area or the end of the search area as |

‘represented by a YES at the decision step S113, then control



The position information is supplied to the CPU bl ock 10 and the CPU bl ock
10 control s access of the optical block based on this position information,
wher'eby the‘wite once optical disk recording apparatus can record data in
predetermi ned areas of the CD-R 1 sequentially. Wiile recording data on the
predeterm ned areas of the CD-R 1, it is determ ned by the CPU bl ock 10
based on the tracking error signal and the focus error signal supplied
thereto fromthe servo circuit 3 whether or not the data recording units of
"PMA, TOC and TD that should be witten ﬁ plurality of times are finished
correctly. Wen the tracking error 5| | and the focus error signal are
out of a prepesetai acstay Sdlér avhereatl tlies CRUbblock MO crRwnis| eska 10
deternmines that the recording units are not ended correctly. At that tine,
the CPU bl odwaskipgnfebye antear 8pFddudRFIaRF-seryfa¥re Santaeli §h%1 $CR ded
signal from the S|g al

encoder / dec 5d&CY8ta ds%tro%ﬁ%ﬁgr?%%ﬁ$%P%€Q%%g$; ?gﬁﬁ%4§Q§P ?e?§d|%¥93§ﬁﬂanse
to the det gl QReOholiEi AP/ TieEIL a4 Vs LhblEE ORI P IDbs 1klen CPU bl ock 10

may determ ned d on the tracking error S|gna an ocus error -
signal together with then|esmditacdoBE 660tk nead &b€isEendr@pdsl as,

whereat it is determined by the CPU block 10 whether or not the

present position of the optical block 5 is inside of the end of
the séarch area. If the present position is inside of the end
of the search area as represented by a YES at the decision step
S115, then control goes to a step S116, whereat an address value
of the present position ié set as an address value of the end of
the search area. Thus, the search area is narrowed. If on the
other hand the present position is not inside of the end of the
. search area as represented by a NO at the decision step S115,
then it is determined that the opﬁical block 5 is passed through
the search area. Then, control goes to a step S117, whereat the
optical block 5 is moved to the position of the end of the
search area. | ’
In the next step S118, the CPU block 10 causes the
optical block 5 to track-jump.in the starting direction of the
search area. It is determined at the next-Qeciéion step S119 by
the CPU block 10 whether or not the optical block 5 reaches the
non-recording area within the search area or the starting
portion.of the search area. If the optical block 5 does not
reach the non-recording area within the search area or the
starting portion of the search area as represented by a NO at

the decision step S119, then the optical block 5 track-jumps to



22 whet her the above recording units are conpleted correctly. If it is
determ ned by, the CPU bl ock 10 that the previous recording is ended
correctly, -then recording for repair is carried out continuously. If it is
determ ned by the CPU block 10 that the previous recording is not ended
correctly, then-a signal is repaired in such a manner that the recorded
signal is ended correctly. The repair of signal is carried out by the wite
once optical disk recording apparatus or via a conmand supplied fromthe
external host conputer through the terggnal 13. If it is determ ned by the
CPU bl ock 10 that the data recording units of PNMA, %ﬁ%, TD data that should
be witten &#he §tartipgiizacrdonaPL HiR SEFTCEArG2 ML N HEAILRE CPU bl ock

10 detects . .di fail . it . iti ' ti ,
the 1 acki n?REEARLOB; Ghat b HoiREORos e FPEF 18, ghifaBed, 1Y ch"the D LSE
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aIsgopgggsséﬁgﬁgzbgﬂgftﬁ%&?“?%&???%ﬁ%%?%hkggzkéggg%Q?%g failuﬁgh3§%%és?gred

in the menory; dhlndindr §68F@N tareiaNbR0Ehe Altdritdingt poEtidh o Rilehbaakch O
switches a timng at which a |aser driver (not shown) is driven and the

| evel of driamespaserepoesented by ah¥ES asterthdr degisionoskgp t514.95i ghen
nodul ator 6 such that the | evel of |aser-power supglied to the | aser
|i ght - eni t t igRptdiaddgoss the GFepcil20, whereat the CPU block 10 turns on

the tracking servo and the sled motor'éervq to contfol the
servo circuit 3.so that the optical block 5 is advanced to and
stopped at the position a little ahead of the detected position.

Then, control goes to the next decision step S121,
whereat it is determined by the CPU block 10 whether or not the
present position of the optical block 5 is outside of the
starting portion of the search area. If the present position is
outside of the starting portion of the search area as
represented by a YES at the decision step S121, then céntrol
gbes to the next step 3122, whereat the present address value is
set as the starting address value of the search area, and
control goes to the end. Thus, the search area is narrowed. If
on the other hand the present position is not outside of the
starting portion of the search area, then the starting address
value of the search area is ‘left as it is, and control goes to
the end.

As described above, the optical block 5 track-jumps
and it is determined based on the RF signal of the reproduced
signal whether or not data is recorded. Therefore, a schematic
boundary between the recording area and the non-recording area

can be searched at a high speed.



block 5 is set to relatively |ow read power level fromthe recording start
position to.the recording failure position and that the |evel of |aser
power supplied to the laser light- emtting diode of the optical block 5 is
set to relatively high 23 wite power level fromthe recording failure
position to a recording end position. Accordingly, the CPU bl ock 10
searches an area in which data is witten once on the CO-R 1 while
recording data. Al so, the CPU block 10 translates the optical block 5 to
the starting portion of the recording failure track, which is the starting
portion of the area in which data is witten once by switching the | evel of
| aser power. Upon rePI@dutiisga fhewopartcalf bl sekréh pubdddnrei gafhg pHcessor
7 .generate reproduced RF signals to thereby detect the signal |evels of the
r epr oduced PRPAZY gPRREC JephPf. he described |ater on. The signal |eve

repr oduced RF si gnal FERCEH REaP TG 1D RHLGUERS dovoUats, Of oRpRatian, | <
e o o RSP Y580 20 ARCoghE eIERCLBfy S0 SR  1
determined by the CPU block 10 whether or not the size of the -
_ search area that was set by the search using the RF signal of
the rép;oduced signal in the previous track jump is less than 4
physical tracks. If the size of the above search area is not
less than 4 physical tracks as represented by a NO at the
decision step S131, then control goes to a step S132, whereat
the optical block 5 seeks the center of the search area, i.e.,
the end direction. |
During the seek operation, the RF signal detected by
the signal processor 7 is converted into a binary signal and
supplied to a PLL (phase-locked loop) circuit (not shown). The
PLL circuit (not shown) reproduces a clock signal based on the
binary signal, and the resultant clock signal is supplied to the
encoder/decoder 8. The encoder/decoder 8 decodes the binary
signal by use of the clock signal, theréby reproducing a data
signal and a subcode. The reproduced data signal is outputted
from the terminal 13 and the reproduced subcode is éuppliéd to
the CPU b;ock 10.. The CPU block 10 controls data by use of the
subcode supplied ‘thereto. '
The clock signal reproduced by the PLL circuit (not
shown) is supplied to thé servo circuit as a read clock of thé'
RF signal, in which it is compared with a spindle servo

reference signal. A compared output is supplied to a spindle



stored in the buffer nenory 9. The data thus tenporarily stored in the
buffer menory, 9 is transferred to the external host conputer through the
extérnal "interface circuit 12 and the ternminal 13 at a predeterni ned
timng. Data generated fromthe external host conputer is supplied through
the termnal 13 and the external interface circuit 12 to the buffer nenory
9 and thereby tenporarily stored. The data tenporarily stored in the buffer
menory 9 is supplied to the encoder/decoder 8 at a predeterm ned tim ng.
The data thus supplied to the encoder/decoder 8 is signal- processed in a
predet er mi ned manner such as EFM and &% or- - 24 correction. The signal

t hus EFM nmoitba tdari vaexd asr & arottatiiiofC eedor Ss Byl ueddt ot heprodyirel daedul at or
6. The signal nodul ator 6 generates a |aser drive signal based on a |aser
beam on/ of The ininsilesimghar dxdgsn eontrohst e GRUNGLecROLOr| % byy Mskr ofi sm
wi th the EFM nodul ated and error-corrected signal. The | aser drive signa

i s suppli ebBR® FURFLIODSEFTEF 848 3not shown). The laser driver irradiates

aser D5 o0, 1S FudlehARnieh (ol BBLCs AR BRbpidFa O R 'S
di fferencegpg! Wakdreatd3kais determined by the CPU block 10 whether or not
.the present position of the optical block 5 was already
recorded. If the present pésition of the optical block 5 was
already recorded as represented by a.YﬁS at the decision step
S133, then control goeé to a step Sl34; whereat the address
value of the present position is stored in the memory 11 as the
starting address value of the search area. If on the other hand
the present position of the optical block 5 was not yet recorded
as represented by a NO at the decision step S133, then control
goes to a step Si35, whereat the address value of the present
position is stored in the memory 11 as the addréss valﬁe of the
end of the search area.  If the operation shown in the step S134
or S135 is finished, £hen control goes back to the step S131,
whereat it is determined by the CPU block 10 whether or not the
size of the search area is less than the 4 physical tracks. As
described above, the above-mentioned operation is repeated until
the size of the search area becomes less thaﬁ the 4 physical
tracks. - |

If the size of the search area is less than the 4
physical £racks as represented by a YES at the decision step
S131, then control goes ﬁo a step 5136, whereat the optical
block 5 track-jumps to the starting direction of the search

area. Then, control goes to the next decision step S137,



rate in the apparatus and a data rate of data transferred between the
apparatus and the host conputer. The signal reproduced fromthe CD-R 1 by
the ‘optical block 5 is stored in the buffer nenory 9 through the signal
processor 76 and the encoder/decoder 8. The data stored in the buffer

menory 9 is transferred at a predetermned timng through the external
interface 12 and the termnal 13 to the host conputer. Incidentally, before
the recording is started, under control of the servo circuit 3, an amount
of light is adjusted by use of predeterm ned test data with respect to each
| i ght anount of |aser beam of the |ase8llight-enitting diode of the optical

block 5. A | e I-n +and a
VERCRAL. ol 56kl iind U IR EnRHIGSN 0 RGN AR,

non-recordi ng area when on t

accordi ng tgrelsbatPpesteion wfethé Wptiddl BRodRss idicd1rehay réddrderf.er ence
to FIGS. 7to 9. FIG 7 is a flowhart to which reference will be made in
expl ai ni ng I£ phecpdesent @osdtarnhohithehoptdnal deloak 1% waseaot yet25
Referring to FIG 7, following the start of operation, at a step S101,

val ues of dJtesordgddiesser PEnPY r# d1Grati Bhg decision step S137, then

it is determined that the present position is the boundary
between fhe recording area and the non~recording area. Control
goes to a step S139, whereat address value of the present
position is stored in the mémory 11 and the search using the
binary search method is ended.

If on the other hand the present position of the
optical block 5 was already recorded as represented by a YES at
the decision step S137, then control goes to the next decision
step S138, whereat it is determined by the CPU block 10‘whether
or not the optical block 5 reaches the end of the séarch area.
If the optical block 5 reaches the end of the search area as
represenﬁed by a YES at the decision step S$138, then control
goes to the step S139, whefeét an address value of this poéition
is stored in the memory 11. Then, the search using the binary
search method is ended. If the non-recording area does not
exist in the search area, then the position of the end of the
search éréa is detected as described above.

If on the other hénd the optical block 5 doeé not yét
reach the end of the search area as represented by a NO at the
decision step S138, then thé optical block 5 further seeks the
starting direction of the seafch area and the decision step S137
for determining whether or not the present position of the

optical block 5 was already recorded is repeated.



and end address (position information) of searched track are stored in the
menory 11 as .values of start address and end address of searched area.

Ther, control goes to the next decision step S102, whereat it is determi ned
whet her or not the size of the search area is |ess than 3000 physi cal
tracks. If the size of the search area is |ess than 3000 physical tracks as.
represented by a YES at the decision step S102, then control goes to a step
S104, whereat the boundary between the recordi ng area and the non-recording
area is detected by using a binary search method. If on the other hand the
size of the search area is greater t hat? t he - 3000 physi cal tracks as

represented by a NO ai stike §£Cdcdr@h skl SHAR.is! Qaage,anbéﬁ&ré‘i%% k8afcht ep
103, whereat search using an RF signal reproduced during track junp i1s

carried outis Afttagrtechendcaesiste ofbsearicl yades whas idef xoorilidagdabgansad
the non-recordi ng area has been detected, the position of the strict
boundary bePhldie tH@argcsearaly metbadamaly the sesnteceeraithigraryasigeslet ect ed

by effecting the search usi.ng the binary search nmethod at .the step S104.
Then, control is endéPeRIAC BERALL, OPRIRALRGR (Wil] RS BRSFELRSEnC &I L0be

rack | ump R Git@ragl! il STUR HPLD sedtelte o8 e afleRoREeE, S0
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invention. FIG. 11 is a flowchart used to explain operation of
the write once optical disk recording apparatus according to the
present invention.

Referring to FIG. 10, following the start of writing
the.PMA, control goes to a step Si,'whereat the CPU block 10
generates a control signal such that a position (X) of the
optical block 5 is set to a write power emitting position (write
start position A). Then, control goes to a step S2, whereat the
.CPU block 10 supplies a control signal to the encoder/decoder 8
such that the encoder/decoder 8 generates PMA write data which
will be described later on with reference to FIG. 14. Then,
control does to a step S3, whereat the CPU block 10 supplies a
coptrol signal io the servo circuit 3 in such a manner that the
position (X) of the optical block 5 is moved by the thread motor
4 to a write preparing position, in this case, the write power
emitting position (write start posifion A). Thus, the optical
block 5 releases the initial position and is moved to the radius
direction of the CD-R 1.

In the next decision step S4, it is determined by the
CPU block 10 whether or not the position kX) of the optical.

block 5 is moved from the write preparing position to the write



seek the starting position of the search area on the CD-R 1. 26 Then,
control_goes to a step S112, whereat the optical block 5 starts track junp
in the direction of the end address of the search area, i.e., in the end
direction. In this track junp operation, reproducing |aser beamis
irradiated on the CD-R 1 fromthe laser light-emtting diode of the optical
bl ock 5. Reflected Iight of this |aser beamis received by a photodi ode. An
anmount of received light is supplied to the signal processor 7, and the
signal processor 7 generates a tracking error signal and a focus error
signal. The tracking error signal and 3%he focus error signal are supplied
to and usegduert bRiseing Fogition $yj prirfamikotasey die wratenepireof a

tracki ng actuator and a focus actuator. An information conponent of a

. repr oduced prisgrtdionf (A t Hehes CBHabloel dds yepedts sthridastitsddnastepesRF

signal. The signal processor 7 determ nes whether or not the RF signal

contai ns a Witle EHRpBRRHELON (RIdgéd-henticrd Blepk iedindshre wpyng ock 10.
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(X) of the‘optical block 5 finishes having moved to the write

~ power emitfing position (Y) &s represented by a YES at the
decision step S4, then control gbes to a step S5, whereat the
CPU block 10 supplies control signals to the signal modulator 6
and a laser driver (not shown) in such a manner that the laser
light-emitting diode of the optical block 5 is enefgized to emit
write laser power.

Then, contfol goés to the next decision step S6,
whereat it is determined by the CPU block 10 whether or not PMA
is written at a predetermined recor&ing unit. Spécificaily, it
is determined by the C?U'block 10 based on the tracking error
signal and the focus error signal supplied from the servo
circuit 3 whether the writing is suécessful. When the PMA is
written at the predetermined recording unit, the'sahe data is
written over 10 frames or the same daﬁa is written over 5
frames. Accordingly; this recording unit is recorded by an
amount éorresponding to information tracks.to be recordeq'on the
CD-R 1 and the writing is completed.

If'the writiné is failed as represented by a NO at the
decision step S6, then control goes to a step 57, wherein the

- CPU block 10 searches a writing failure position (B) by

supplying a control signal to the servo circuit 3 in such a

manner that the position (X) of the optical block 5 is moved by



recording area within the search area or the end of the search area. It
the optical hlock 5 does not reach the non-recording area or the end of the
search area as represented by a NO at the decision step S113, then the
track junp operation is carried out and the judging operation at the step-
S113 is repeated. If on the other hand the optical block 5 reaches the
non-recording area of the search area or the end of the search area as
represented by a YES at the decision step S113, then cantrol 27 goes to
a step S114, whereat the CPU block 10 _turns on a tracking servo and a sled
nmotor servo to control the servo cirqﬁft 3 so that the optical block 5 is
advanced t shendledopmatont 4t ke thewnisddng failuke pasidion (Be- ddtedthad
position. Then, control goes_to e next gecision step S115, whereat it is

det er i ned tBer hR% PR GOk TI6- whtn HEFESr dRbE 1HatEEePpbRYE t176R of the
optl ool Bl gxlaabocki e Bkihce B TorhRoACRAF hAAR kil el
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address value of the present position is set as an address val ue of the end
of the searglitgeaain Hhes arelerangimd fvomthe wedtimpdailiirenpédittion
(B) to a writing end position (C). As a consequence, write data
j becomes write failure data 51. The write failure poeition (B)
is searched based on the above-mentioned binary search method.
Processing and judgement at the steps S3 to S6 are repeated. If
the writing is successful as represented by a YES at the
decision step S6, then control is ended.
Specifically, at the step S3, the CPU block 10
~ supplies the control signai to the servo circuit 3 such that the
position (X) of the optical block 5 is moved by the threaa motor
4 from the write power emitting position (write stérf position
A) to the write failure position (B) searched at the step S7.
As a consequence, the optical block 5 releases the initial
position and is moved in the radius poeition of the CD-R 1. At.
that time, the CPU block 10 supplies control signals to the
signal modulator 6 and the laser driver (not 'shown) in such a
manner that the laser power of ehe laser light-emitting diode of
the optical bleck 5 becomes read laser power although the timing
is the write timing. Accordingly, the optical block 10 only
tracee the Cb-R 1 from the write start position (A) to the write
failure position (B) with the result that write once data at
that time becomes data 52 which is traced by read power.

It is determined by the CPU block 10 at the decision



ot her hand the present position is not inside of the end of the search area
as represented by a NO at the decision step S115, then it is determ ned
that the optical block 5 is passed through the search area. Then, control
goes to a step S117, whereat the optical block 5 is noved to the position
of the end of the search area. In the next step S118, the CPU bl ock 10
causes the optical block 5 to track-junp in the starting direction of the
search area. It is determ ned at the next decision step S119 by the CPU

bl ock 10 whether or not the optical block 5 reaches the non-recording area
within the search area or the starting3portion of the search area. |If the

optical bl ostep sdofetfbr &AL BRe NEGs 1EGA (K Jof It Wrthicalt BRo&ead ch
area or the starting portion of the search area as represented by a NO at
t he deci si ois gtevedSEiOm tiewrtite ppépamindlposkition raekheumpiteéopowe28 t he
starting direction of the search area and the judging operation at the
deci si on steplEnny pesitpent €., An Bhis IRase hEhe Nante rfzuéymcmsmm 5

eaches ¢ he RO ROk gl ST S SN Rt SRR e
S119, then position (X) of the optical block 5 finishes having been moved
to the write power emitting position (¥Y). If the position (X)
of the optical block 4 has finished having been moved to the
write power emitting position (Y) as represented by a YES at the
decision step S4, then control goes to the step S5, whereat the
CPU block 10 supplies control signals to the signal modulator 6
and the laser driver in such a manner that the laser light-
emitting diode of the optiéal block 5 emits write laser power.
Then, PMA data is continuously and repeatedly recorded from the
write failure position (B)) based on the PMA recérding format.
In the next decision step S6, it is determined one
more time by the CPU block 10 whether or not the writing of PMA
data is successfully carried out at the predetermined recording
unit. In other words, it is determined by the CPU block 10 based
on the tracking error signél and thé focus error signal supplied
from the servo circuit 3 whether or not the writing is
successful. If the PMA data is successfully written at the
predeterminéd unit as represented by a YES at the decision step
S6, then control is ended. At tha£ time, write once data is
becomes write once data 53 of writé power from the.write failure
position (B) to the write end position (C) as shown in FIG. 13.
FIG. 11 is a flowchart showing a TD write sequence of

the write once optical disk recording apparatus according to



control goes to a step S120,  whereat the CPU block 10 turns on the tracking
servo and the sled notor servo to control the servo circuit 3 so that the
opti‘cal bl ock 5 is advanced to and stopped at the position a little ahead
of the detected position. Then, control goes to the next decision step
S121, whereat it is determned by the CPU bl ock 10 whether or not the
present position of the optical block 5 is outside of the starting portion
of the search area. If the present positionis outside of the starting
portion of the search area as represe % d by a YES at the decision step
S121, then control Qes to the next st % S122, whereat the present address
val ue is sefhig ambe %§F§PFrng address val ue of the search area, and control

goes to the end. Th e r [ t he at.her hand
the present position i sfe%?mé ?éi Ga alt hgogﬁé‘?’%%hepgrtflggn %fwrrll*’fé'@ear ch
area, then {fie o aradn%&oadgéééstdlal geegfsihe WRAGR ’h8ache ﬂlQJctk a% it is,
and control goes to the end. As-.descri above, the optical block

track-j unpsgémsirates o deherol neigrizdsdn sach he ridmneirgehht ofhd fp‘bsrie&bﬁduced
si gnal mhet%er or not data is recorded. Therefore, a schematic boundary
bet ween t he(Xpowk diheg optdgakriiladie Snds- setdralithg wrdtecpowde epdatingd at a
hi gh Speed:position (write start position A). Then, control goes to a step
s12, Qhereat the CPU block 10 supplies a control signal to the
encoder/decoder 8 in such a manner that the encoder/decoder 8
generates TD write data. In the next step S13, the CPU block 10
supplies a control_sighal to the servo circuit 3 in such a
manner that the position (X) of the optical block 5 is moved by
the sled motor 4 to the write preparing position, in this
case, the write power emitting position (write start position
A). As a result, the optical block 5 releases the initial
position and is moved- to the radius direction of the'CD-R 1.

It is determlned in the next decision step S14 by the
CPU block 10 whether or not the’ p051t10n (X) of the optical
block 5 is moved from the write preparing position to the write
.power emitting position (YY), in this case, fﬁe write start
position (A). The CPU block 10 repeats the above decision step
S14 until the position (X) of the optical blqck 5 finishes
having moved to the write power emitting position (Y). If the
position (X) of the opticai block 5 has finished being moved to
the write power emitfing position (Y) as represented by a YES at
the decision step Sl4,'thep control goes to a step 515, whereat

_ the CPU block 10 supplies control signals to the signal

modulator 6 and the laser driver (not shown) in such a manner



29 FIG 9 is a flowhart of a search procedure using the binary search

met hod.. Referring to FIG 9, follow ng the start of operation, control goes
to tthe next decision step S131, whereat it is deternm ned by the CPU bl ock
10 whether or not the size of the search area that was set by the search
using the RF signal of the reproduced signal in the previous track junp is
| ess than 4 physical tracks. If the size of the above search area is not

| ess than 4 physical tracks as represented by a NO at the decision step
S131, then control goes to a step S1337 whereat the optical block 5 seeks

the center of the search area, i.e., the, end direction, ri.ng.the seek
oper ati on, that REesigRer Jd’t—ﬂ?{é’c'f;@&tﬁﬁng h‘gl%‘ipeg r?% tE?o‘éB‘%’sﬁ[}J'}’lliog’kcén%‘éﬁ%d
into a bin%g..é QQQEI éypplied to a PLL (phase-locked |loop) circuit (not

S
shown). The 'i.C|rcu?$ not shown) reproduces a clock signal based on the

binary signal, and tR§heSHbABFE1 YooK £l eR& nds AepBRLi8H stef RAs,
encoder/decoder 8. The encoder/decoder 8 decodes the binary signal by use

of the cl ochasegtalit ibedetdrnigpEoBycihg cPulalacki g0avhetitern cxuhoadep The.

reproduced data signal is outputted fromthe termnal 13 and the reproduced

subcode i s daypliseducoesbfuldRUwrlistlen1 st aipreSetebnadnkd Ixecending vndkt a by

use of thé In other wor&s, it is determined by the CPU block 10 based on
the tracking error signal and the focus error signal whether or
not the TD data is successfully written. When the TD data is
written at the predetermined recording unit, the same data is
written for two seconds, i.e., over 150 frames or longer..
Accordingly, data at this recording unit, i.e., run-in data of 5
frameé is recorded, the same TD data of about 150 frames is
recorded repeatedly and run-out data of 3 frames aré recorded in
the CD-R 1 and the writing is_completed.

If the writing of TD data is not successful as
represented by a NO at the decision step S16, then control goes
to a step S17, whereat the CPU block 10 seardhes a write failure
position (B) by supplying a control signal to the servo circuit
3 such that the position (X) of the optical block 5 is moved by
the sled motor 4 to the write.faiiure position (B). At that
time, write data is written in the area ranging from the write
start position (A) to.the write failure position (B) as write
successful data 56 as shown in FIG. 13. Write data is not
recorded.in the area ranging from the write failure position (B)
to the write end position (C) and becomes write failure data 51
as shown in FIG. 13. The write failure position (B) is searched

based on the above-mentioned binary search method similarly to



subcode supplied thereto. The clock signal reproduced by the PLL circuit
(not _shown) .is supplied to the servo circuit as a read clock of the RF
sifgnal, in which it is conpared with a spindle servo reference signal. A
conpared output is supplied to a spindle 30 notor driver as a rotation
error signal used to reproduce data. The spindle notor driver controls the
spindle notor 2 by use of the rotation error signal. Thereafter, control
goes to the next decision step S13, whereat it is determ ned by the CPU

bl ock 10 whether or not the present position of the optical block 5 was

al ready recorded. If the present posit3®n of the optical block 5 was
al ready recd§efasge ?%ﬁ#&ggﬁﬁeﬁaﬁg‘aIVE§e§PlPﬂea c?%@ﬁﬂm§ﬁéﬁtSE§%,sﬁqﬂﬁ1

control goeg 0.8 81803 Ypabeneatntdle addLaasYALUE, Ol LS BLERENT .

‘position is storedi y 11 as t'hé starting addréss va

search area.rdfre@BntBg By evrlaRE {KE UBREth eeé%tép@, oéhém%oﬁekbfgjlﬁg' ock

5 was not yet ‘recorded ds represented by a NO at The decision step

then controlengieas to a step S135, whereat the address val ue of the present

position is stored in the nmenory 11 as the address value of the '
Specifically, at the step S13, the CPU block 10

_supplies a control signal to the servo circuit 3 such that the
position (X) of the optical block 5 is moved by the sled motor
4 from the write preparing position, in this case, the write
power emitting position (write start position A) to the write
failure position (B) searched at the step S17, resulting in the
optical block 5 releasing the initial position and being moved
in the radius position of the CD-R 1. At that time, the CPU
block 10 supplies control signals to the signal modulator 6 and
the laser driver (not shown) such that the laser power of the
laser light-emitting diode of the optical block 5 bééome read
laser power altﬁough the timing is the write timing. As a
cpnsequehce, the optical block 5 only traces the CD-R 1 from the
write start position (A) to the write failure position (B) with
the result that write once data at that time becomes data to be
traced with read power as shown in FIGS. 13A to 13C.

It is détermined at the decision step S14 by the CPU
block 10 whether or not the position (X) of the optical block 5
is moved from the write preparing position to the write power
emitting position (Y), in this case, the write failure position
(B). The CPU block 10 repeats the decision step S14 until the
position (X) of the optical block 5 has finished being moved to

the write power emitting position (Y). 1If the position of the



end of the search area. If the operation shown in the step S134 or S135 is
finished, then control goes back to the step S131, whereat it is determ ned
by tthe CPU bl ock 10 whether or not the size of the search area is | ess than
the 4 physical tracks. AS described above, the above-nentioned operation is
repeated until the size of the search area becones | ess than the 4 physical
tracks. If the size of the search area is less than the 4 physical tracks
as represented by a YES at the decision step S131, then control goes to a
step S136, whereat the optical block 5 track-junps to the starting
direction of the search area. Then, c88trol goes to the next decision step
S137, 3lopthisradabliotki $ et Eimiiabed byeinte nowegdbtockhe Ovniivet hbevenr not the
present position of the optical block 5 was already recorded. If the
present posemiting PeRatapri (Rl a5 BERrESeRkehdy ?e¥E$é@bﬁaﬁﬂd§§4$%$ﬁesented

psition | sSTHR Tehundary BorvRR, IPRE” FRCUIUISTSPaP ba aMUETIRE KBR- YRor di ng
o oo Rl dRaD MR ekt MR S GE R e et

the laser driver such that the laser 1ight~emitting diode of the
optical block 5 emits write laser power. Then, the.TD data is
continuously and repeatedly recorded from the write failure
position (B) based on the TD data recording format.

In the next decision step S16, it is.determined by the
CPU block 10_whéther or not the TD data is successfully written
at a predetermined recording unit. In other words, it is
determined at the decision step S16 by the CPU block 10 based on
the tracking error signal and the focus error signal whether or
not TD data is written successfully. If the TD data is written
suCcessfully as represented by a YES at the decision step S16,
then control is ended. At that time, write once data becomes
write power write once data 53 in the area ranging from the
write failure position (B) to the write end position (C) as
shown in FIG. 13C. |

FIG. 12 is a flowchart showing a TOC data write
sequence of the write once optical disk recording apparatus
according to this embodiment.

Referring to FIG. 12 , following the start of writing
T0C data, then control goes to a step S21, whereat the CPU block
10'generates a control signal such that the pdsition (X) of the
optical block 5 is set to the write power emitting position

- {write start positién A). In the next step S22, the CPU block



bi nary search nmethod is ended. If on the other hand the present position of
the optical  hlock 5 was already recorded as represented by a YES at the
deci’si on step S137, then control goes to the next decision step S138,
whereat it is determ ned by-the CPU bl ock 10 whet her or not the opti cal
bl ock 5 reaches the end of the search area. If the optical block 5 reaches
the end of the search area as represented by a YES at the decision step
S138, then control goes to the step S139, whereat an address value of this
position is stored in the menory 11. Then, the search using the binary
search nmethod is ended. If the non-rech? di ng area does nqt exist .in the
search ar ealOtSREPYIRS BoSPRPERT LI ERJERE {1Re P@ﬁ°§f*€a Wk EBated as
descri bed appve. |f.on the . other hand.the t KB + RO et
reach the eﬁ o?n‘f‘ﬁieergggfgﬂeﬁrgageé%r%é:ﬁgeggﬁt edf%/tyg%%owg%gﬁﬁzn et(?legi on
step S138, | . I +SERKS. I, Star the | KLon of
t he search g?%%'r:félrtﬁi ?h%eegiéflls)‘%lgﬁgslt%efp&g?%% F%r det elr%n' ang mgﬁ%&;{ ggrbbnot
the present gp9sitnete¥f biBek O isupplileacl SontsoRlgicary tocothid adrve
r epeat ed. 32 A size of search area that is j udged before the search
circuit 3 in such a fashion that the position (X) of the optical

_block 5 is moved by the sled motor 4 to the reference
preparing position, in this case, the write power emitting
position (write start position A), resulting in the optical
block 5're1easing the initial position and beihg moved in the
radius direction of the CD-R 1.

It i§ determined at the next decision step S24 by the
CPU block 10 whether or not the position (X) of the optical
block Slis moved froﬁ the write preparing position to the wfite

.power emitting position (Y), in this case, the write start |
position (A). The CPU block 10 repéats this decision step S24
until the position (X) of the optical block 5 has finished being
moved to the write power emitting position (Y). If the position
(X) of the optical block 5 has finished being moved to the write
power emitting position (Y) as represented by a YES at the
decision step.szé, then contrpl goes to a step S25, whereat the
CPU block 10 supplies control signals to the signal modulator 6.
and the laser driver (not shown) ‘in such a manner that the laéer
liéht—emitting diode of the optical block 5 emits write laser
power. Then, the TOC data is continuously and repeatedly
recorded from the write failure position (B) based on the TOC
‘data recording format.

It is determined at the next decision step S16 by the



Is started and a size of search area that is first judged by use of the

bi nary search:nethod nmay be set to be arbitrary sizes. Specific repair
operation will be described. FIG 10 is a flowhart showing a PMA wite
sequence of the wite once optical disk recording apparatus according to
the present invention. FIG 11 is a flowhart used to explain operation of
the wite once optical disk recording apparatus according to the present

i nvention. Referring to FIG 10, following the start of witing the PMA
control goes to a step Sl, whereat the CPU block 10 generates a control

signal such that a £05|t|on (X) of the4dptical block 5is set to a wite
power enittiGRY PdSFrki bk "(’Wrtlhﬁé QF et ﬁgquaﬁﬁ AS . sueRas sy Brigeen at a

t S2, wh t .t CPU K 0 trol I, to th
ancoder | deccuBE AR RE 1A SRS IRTCHRH todatEr B QIR 6 PR wri Lo dat a

whi ch wil | %%t%ggﬁh bRCHy | L epANbLR 1@t en nflRath oFhefle cONt! O

goes to a ste t he 10 supplies a control signal to

the servo C'Ez“ak':'k&n% éﬁréﬁ@lg’&allﬁaﬁértﬁélaﬁodd%ee@@&tt$:D§ha@<)wliéfthébeo9m&§a|
block 5 is noved by the thread notor 4 to a wite preparing position, in

this case, time WOCt@apaviy vatdittenhngupesss fully.w Whensthe (TqDdataofs A) .
Thus, the optical block 5 releases the initial position and is noved to the
radi us di r esttigrenf at eheprrdeterningd rRoQrdiag yndh, stkep e fatassuch

det er mi ned by the
as start address of each track or format information are written

three times. Accordingly, the TOC data is recorded at this
recording unit, i.e., the three same TOC data is repeatedly
written in the CD-R 1 and then the writing is ended. _

If the TOC data is not written successfully as
represented by a NO at the decision step S26, then control goes
to a step S27, whereat the.CPU block 26 searches the wfite
failure position (B) by supplying a control signal to fhe servo
circuit 3 such that'the position (X) of the optical block 5 is
moved by the sled motor 4 to the write failure position (B).
At that time, write data is recorded in the area ranging from
fhe write start position (A) to the write failure position (B)
as the write successful data-so. Alsé, write data is not
recorded in the area ranging from the wriie failure position (B)
to the write end position (C) and becomes the write failure data
51 as shown in FIG. 13B. The write failure position (B) is
searched by the above-mentioned binary search method similarly
to the cases of the PMA and TD data. Processing and judgement
at the steps S23 to S26 are repeated. Then, if the TOC data is
written successfully as represented by a YES at thé decision

step S26, then control is ended.



CPU bl ock 10 whether or not the position (X) of the optical block 5 is
moved fromihe wite preparing position to the wite 33 power emtting
position (Y), in this case, the wite start position (A). The CPU bl ock 10
repeats the decision step S4 until the position (X) of the optical block 5
finishes having noved to the wite power emtting position (Y). If the
position (X) of the optical block 5 finishes having noved to the wite
power emtting position (Y) as represented by a YES at the decision step
S4, then control goes to a step S5, whereat the CPU bl ock 10 suppl.ies
control signals to the signal nodulatd2 6 and a | aser driver (not shown) in
such a manner that tspecdfecallyhtirerdhet Bhgpdtdile tdfe CRE bpe¢k dl0 bl ock 5 is
energi zed-to enmit wite |aser power. Then, contrql goes_to the_ next

deci si on st¥ppE¥iesyieFeRETP} signad: EPntRRFIRVQ KPP U Fhfkether or
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the same dapéweérs emitting position (write start position A) to the write
B failuré ﬁosition (ﬁ) that was searched at the step S27,
| resulting in the optical block 5 releasing the initial position
and being moved in the radius direction of the CD-R 1. At that.
: tiﬁe, the CPU block 10 supplies control signals to the signal
modulator 6 and the laser driver (not shown) in such a manner
that the laser power of the laser light-emitting diode of the
optical block 5 becomes read laser power although the timing is
the write timing. As a consequence, the obtical block 10 only
traces the CD;R 1 from the write start position (A) to the write
failure position (B) with the result that write.once data
becomes the data 52 to be traced with read power as shown in
FIG. 13C.
It is determined at the decision step S24 by the CPU
block 10 whether or not the position (X) of the optical block 5
is moved from the write preparing position to the write power
emitting position (Y), in this case,lthe write failure position
(B). The CPU block 10 repeats the decision step of $24 until
the position (X) of the optical block 5 has finished being moved
to the write power emitting.position (¥). If the position (X)
of the optical block 5 has finished being moved to the write
" power emitting position'(Y) as represented by a YES at the

decision step S24, then control goes to the next step S25,



witten over 10 franes or the sane data is witten over 5 franes.
Accordi.ngly, .this recording unit is recorded by an anmount corresponding to
information tracks to be recorded on the CD-R 1 and the witing is
conpleted. If the witing is failed as represented by a NO at the deci sion
stepr S6, then control goes to a step S7, wherein the CPU bl ock 10 searches
a witing failure position (B) by supplying a control signal to the servo
circuit 3 in such a manner that the position (X) of the optical block 5 is
noved by 34 the sled notor 4 to th§3mwiting failure position (B). At
that tinme, as shown in FIG 13, wite data is witten in the area ranging
fromthe w whersdtarthepasutblock AP sapphiesddntiolf 8ighabs pasitheosigil as
wite successful data 50 and wite data is not witten in the area ranging
from t he wRedwlkatey 18yaadpbie tiaser( Briver ainvsiuchng mamneodiltatoshéClasds a
consequence}iggéte dat.a becones wite failure _data 51. The wite failure

position (B RIS 82247 h thReCBbERL RIACKoAcBMEYH 51 tee AR ERT et hod.

Processi ng gﬁ@h}Udgenent at the steps S3 to S6 are repeated. If the witing
I s successf as represented by a YES at the decision step S6, then control

i's ended. ' , In the decision step S26, it is determined one more
time by the CPU block 10 whether or not the TOC data is
successfully written at a éredetermined recording unit.
Specifically, the CPU block 10 determines based on the status of
the tracking error signal and the focus,error signal supplied
thereto from the servo circuit 3 whether or not the TOC data is
successfully written at the predetermined recording unit. If
the TOC data is successfully written as represented by a YES at
the decision_step 526, then control is ended. At that time,
write once data becomes write once data of write power in the
area ranging from the write failure position (B) to the write

. end position.(C) as shown in FIGS. 13A to 13C.

‘ When any one of repetitive data of PMA, TD, TOC is
written, the CPU block 10 stores data indicative of the
successful recording of the frame of the track during recording
in the memory 11 and controls the recording such that the
recording for repair is executed from the end of continuous
data. .

When the recofding of fixed length packet is failed in
somewhere of the recording, aata'can be repaired by a similar
method. Specifically, the write area of the fixed length.packet
can be detected based on the run-in area, and the position of

the run-out area or the like can be detected based on the
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Specifically, at the step S3, the CPU block 10 supplies the control signal
to the servp.circuit 3 such that the position (X) of the optical block 5 is
moved by the thread motor 4 fromthe wite power enitting position (wite
start position A) to the wite failure position (B) searched at the step
S7. As a consequence, the optical block 5 releases the initial position and
is noved in the radius position of the CD-R 1. At that tinme, the CPU bl ock
10 supplies control signals to the signal nodulator 6 and the | aser driver
(not shown) in such a manner that the |aser power of the |aser
light-emtting diode of the optical blé&k 5 becones read | aser power

al t hough t ke iitiimigngtast t s wiioneof | thertradke andi tigd \padkex dphgthl [wock 10
only traces the CD-R 1 fromthe wite start position (A to the wite
failure pogihatotifg) whe HEname pEslink ttmckybpecemes RAupd &oathestant me

becones data 52 which is traced by read power. It is determ ned by the CPU
bl ock 10 ataddfeselfskoack + 35"39%5 ongHbihd? 3r ot (HETE0R| 15 I X) of

e OPC1 ool BebEnBBNEthd B, hUR,ME OF GRERARE 08 AOREhEET ARG el
The CPU bl ofk L regRRekStAdqndte $eRGLRIGH otk phoked ]| the |

FIG. 14 shows a fecording format of PMA data of the
write once optical disk recording apparatus according to the
present invention. As shown in FIG. 14, in response to thé'
frame numbers (Frame Number) of "1" to "50", there are
respectively writﬁen control and address numbers (CONTROL & ADR)
of "01" to "50“,.track numbers (TNO, POINT), track end address .
times (MIN, SEC, FRM), ZERO of "00" to "09" and tréck start
address time (PMIN, PSEC, PFRM). As shown in FIG. 14, in the 10
frames of frame number "11" to "20", there are repeatedly
recorded two data of data of frame numbers."ll" to "15" and data

. of framé numbers "16" to "20" five times. The repeated data 60
of 10 frames from frame number "11" to "20" are recorded in one
sequence.

FIG. 15 shows a recording format of TOC data of the
write once optiéal disk recording apparatus according to the
present invention. As shown in FIG. 15, in response to frame
numbers (Frame Number) of "n" to "n+54", there are respectively
recorded control_and-address numbers (CONTROL & ADR) from "O1*
to "05", track numbers (TNO, POINT), track end address times
'(MIN, SEC, FRM), ZERO and track start address times (PMIN, PSEC,
PFRM). As shown in FIG. 15, in the three frames from frame

number "n" to "n+2", there are repeatedly recorded the same data



position (X) of the optical block 5 finishes having been noved to the wite
power emtting position (Y). If the position (X) of the optical block 4 has
fini’shed havi ng been noved to the wite power enitting position (Y) as
represented by a YES at the decision step $4; then control goes to the step
S5, mhereat the CPU bl ock 10 supplies control signals to the signa

nodul ator 6 and the laser driver in such a manner that the |laser |ight-
emtting diode of the optical block 5 emts wite | aser power. Then, PMA
data is continuously and repeatedly regorded fromthe wite failure
position (B)) based on the PVA recording format. In the next decision step
S6, it is defisgenviersonerepdardd aachy70 hef Chidebl ockmdd fvet kbe Hramet the
witing of PMA data is successfully carried out at the predeterm ned
recordi ng uminkexns "at'hse Wotrdls ariet recoxidedrin pad %@qm¢n933DU bl ock 10 based
on the tracking error signal and the focus error sign led fromthe

servo circuit 3 whet fferS-oPaheRt t“ﬁé’l\?ofcﬁi"'ilﬁﬂ $%nﬁ}c$‘8$sf’§f'4sg$'f3?t%§hPMAWﬂ§t a
full tt t t d t d t db YES
et he. Got BVt BRoBbed tub ERCHERE' DihaielpB s AE RRENCY, DY 5 1C
data Is becgﬁﬁ&g}ei&: a96e1 954 & éﬁaaﬁewg SUHARHCERL T QB I et bRoh Al | Ur @
e wite

position (B end posi hown 1n FIG 13. FIG 11 is
a fl ovvchartwfb@\nmmr"éDp@sgiﬁﬁxﬁqggemges@érdﬂw wite once optical disk

recordi ng -apparatus according to
According to the write once optical disk recording

method, when information is recorded on the CD-R 1 serving as
the write once optical disk by the laser light-emitting diode of
the optical disk 5, information is recorded according to the
recording format in which at least PMA, TD, TOC data serving as
agcompanying information concerning CD-R 1 or recorded
information are repeatedly recorded a plurality of times prior
to recording information together with the recording
information. In accordance with this write once optical disk
recording method based on the above-mentioned recording format,
when the recording of PMA, TD and TOCIdata is failed, the
recording failure position (B) is searched, the optical block 5
is moved from the recording start position (A) to the recording
failure position (B), and PMA, TD and TOC data are recorded from
the recording fai;ure position.(B) by the laser light-emitting
diode of the optical block 5. Therefore, without destroying the
recérding format, the PMA, TD and TOC data can be repaired with
ease, whereby the recording in the recording unit area is
completed. Thus, information can be recorded on the following
.area. Also, information can be read out from the same CD-R 1 by

other drive apparatus than the drive appafatus which made the
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36 this enbodiment. Referring to FIG 11, followng the start of witing
the TD,. control goes to a step Sl1, whereat the CPU bl ock 10 generates a
contTtol signal in such a manner that the position (X) of the optical block
5is set tothe wite power emtting position (wite start position A).
Then, control goes to a step S12, whereat the CPU bl ock 10 supplies a
control signal to the encoder/decoder 8 in such a manner that the
encoder/decoder 8 generates TD wite data. In the next step S13, the CPU

bl ock 10 supplies a control signal to the servo circuit 3 in such a manner
that the position (X) of the optical Rleock 5 is. noved by the sled notor 4

to the witedyreiag 68 ©R6s tdpak 1N this case, the wite power emtting
position (wite start position A). As a result, the optical block 5

rel eases the initiaIIposheiwwitnuinbe optical ditshke readrdinglimeadiodon of t he
CD-R 1. It is determned in the next decision step S14 by the CPU bl ock 10
whet her or arsondiagpssi Ehe rpregpngf ipvenbien cAuringckhe eptinnledlorkndt he
wite prepar ower en1tt|n 03|t|on %Yg in this

case, the V\F'Ir g‘g’ @%%B’Sg'%}it‘é) r:?t‘r%fgr ngﬁga@@%%&?nl e dhe £

decision step 914 PaLLEibREHPS the0lebd) & £hRCaPPbL C gl 0 EOabiPirges
the optical block 5, the signal modulator 6 and the laser driver
(not shown) is decreased. During identification information for
the CD-R i is recorded from the recording failure position (B)
by the laser light-emitting diode of the optical block 5, the
level of the drive signal for driving the optical block 5, the
signal modulator 6 and the laser drivef is increased. Thus, if
the processing for the same informéfion signal is repeated and
the level of the drive signal is switched before and after the
recording failure position (B), then PMA, TD and TOC data can be
repaired with ease.

In the write once opticai disk recording method
according'to the present invention, since the fact that the
recording of PMA, TD and TOC data is failed is identified based
oh the error signal from the servo circuit 3 through the laser
light-emitting diode of the optical block 5, recorded
information need not bé reproduced at once and verified.
Therefore, while information is being recorded, the failure of
recording can be identified and thus PMA, TD and TOC data can be
repaired with ease.

Since a write once optical disk recording method
according to the present invention is such one that the PMA data

contains address information of at least recording information,



havi ng noved to the wite power emtting position (Y). If the position (X) .
of the optigal block 5 has finished being noved to the wite power emtting
position (Y) as represented by a YES at the decision step S14, then control
goes to a step S15, whereat the CPU block 10-supplies control signals to

t he signal nodulator 6 and the laser driver (not shown) in such a manner

37 that the laser light-enmtting diode of the optical block 5 emts wite

| aser power. Then, control goes to the next decision step S16, whereat it
is determ ned by the CPU bl ock 10 whet her or not TD data is successfully
witten at a predeterm ned recording jt. In other words, it is determ ned
by the CPU phoadkesBashlopatitm thacke rhgaﬁlrr@a Fign&ht aiaittraglﬁeou& error
signal whether or not the TD data is successfully witten. Wen the TD data
is witten pecotdbinyg doematni Miohsr,ednfdrmation icant he sermrdat ani sheritten

for two seconds, i.e., over 150 frames or longer. Accordingly, data at this
recordi ng. ufblloving areanbasedi@matbe Fidregrednfermatiemed, the same TD data
of about 150 frames i s recorded’re eatedl and_run- out dat a of 3 franes are
recorded in the CDRV?E‘%&hFhEeWF‘Br%qu ¥npika@g, TOC data is failed,

the 1lght—em1tt1ng timing of the write laser power of the laser
light-emitting diode of the optical block 5 is switched as
described above. The present invention is not limited thereto
and the following variant is also possible. That is, only PMA,
TD, TOC data in the repaired data area may be generated and
recorded from the recording failure position (B) by the write
laser power of the laser light-emitting diode of the optical
block 5.'

An information recording method according to the
present invention is an information recording method based on a
recording format in which when information is recorded on the
information recording medium by the recording means,
accompanying information concerning at least an information
recording medium or recording information is repeatedly recorded
a plurality of times £ogether with recording information prior
to the recording information. According to this information
recording méthod, when recording of accompanying information is
failed, a recording failure position is searched, a recording
means is moved from a recordiﬁg start position to a recording
failure position and the accompanying information is recorded
from the recording failure position by fhe recording means.
Therefore, without destroying the recording format, the

accompanying information can be repaired with ease, whereby



If the witing of TD data is not successful as represented by a NO at the
deci sion stegp S16, then control goes to a step S17, whereat the CPU bl ock
10 searches a wite failure position (B) by supplying a control signal to
the servo circuit 3 such that the position (X) of the optical block 5 is
noved by the sl ed nmotor 4 to the wite failure position (B). At that
tinme, wite data is witten in the area ranging fromthe wite start
position (A) to the wite failure position (B) as wite successful data 50
as shown in FIG 13. Wite data is notl\;,éecorded in the area ranging from
the wite failure position (B) to the ite end position (C) and becones

wite fail Wdlalingdinachs Haddruing! thit hrebhesWeomg1dedd Ur @hpgsi tion (B)
i s searched based on the above-nentioned binary search nethod simlarly to
38 t he caseinfforniae iBhicaatlse recocdedi oy tdhed foldigeimataxsa tand saleps S13 to

S16 are repeated. Then, if the writi(r)\g]{i s successful as represented by a
YES at the iefisirgagdos: ean 316 regiefut oFEQID | thies sarg keCHFENG meding byt t he

step S13, the CPU_bIock 10 qu [{es control signal to the servo circuit 3
such that tHSFoSFEVEn2PEITRT ﬁpﬁbaﬁp&% rlﬁ’leoé‘ﬁ’pgr? u ‘\’)b’c&o?‘afiﬁet%? ed ,
ot or recording on this recording medium.

The information recording method according to the
present invention is such one that during the recording means is
moved from the recording start position to the recording failure
position, the level of the drive signal for driving the
recording means is decreased and that during identification
information for the information recording medium is recorded
from the recording failure position by the Trecording meéns, the
level of the drive signal for driving the recording means is
increased. Therefore, if the processing of the same information
signal is repeated and the level of the drive signal is switched
before and after the recording failure position, then
ACcompanying.information can be repaired with ease.

The information recording method according to the _
present invention is such one that the fact that recording of
identification information for identifying the ihformation
recording medium is failed can be identified based on the error
signal from the servo circuit provided through the recording
means. Therefore, recorded information need not be reproduced
at once and verified, the failure of reco;ding can be identified
while information is being recorded, and accompanying
information can be repaired with ease.

The information recording method according to the



4 fromthe wite preparing position, in this case, the wite power emtting
position (wite start position A) to the wite failure position (B)
searched at the step.S17, resulting in the optical block 5 releasing the
initial position and being noved in the radius position of the CD-R 1. At
that-tinme, the CPU bl ock 10 supplies control signals to the signa

nodul ator 6 and the | aser driver (not shown) such that the |aser power of
the laser |.ight-emtting diode of the optical block 5 becone read | aser
power -al though the timng is the wite timng. As a consequence, the
optical block 5 only traces the CD-R 1%romthe wite start position (A) ‘to
the wite fpréserst javenhtdon (B smchhobhdethatsthe tbadbmpanyingrhadodmbticn t hat
time becones data to be traced with read power as shown in FIGS. 13A to
13C. It is ceataifishaddgesshnfpsadion of a3 deaskyreperdmg Binfokmabiomet her
or not the g@;ition (%% of the optical block 5.is nmoved fromthe wite
preparing poREFGIAT &0 1 nENGAAATeFE LRI 1Ty 1505 PPREFPE WitPHt hi s case,

05 WELE SRS el ol SoFRILD Bl 10 BRRBRS daisafsg phon oL et
to the Wit geROMEHnEdrnht on RIS itheORol Yowind dred Baskhi O tHe LBAress 39 |
information. ' - '

The information recording method according to the
present invention is such one that thé accompanying information
is table of contents ihformﬁtion of.recording information.
Therefore, if table of contents information is repaired without
destroying the recording format, tﬁen it becomes possible to
record information on the following area based on the table of
contents information.

The write once optical disk recording method according
to the present invention is such write once optical disk
recording method based on the recording format in which when
information is recorded on the write once optiéal disk by the
recording means, accompanying information concerning at least a
write once optical disk or recording information is repeatedly
recorded a plurality of times prior to the recording information
tbgether wifh the recording information. When the recording of
accompanying information is failed, the recording failure
position is searched, the recording ﬁeans is moved from the
recording start position to the recording failure position,. and
the accompanying information is recorded from the'recording
failure position by the fecording means.'Therefore, the

accompanying information can be repaired with ease without



optical block 5 has finished being noved to the wite power emtting

posi tiion,.(Y). as represented by a YES at the decision step S14, then control
goes to the step S15, whereat the CPU block 10 supplies control signals to
t he signal nodulator 6 and the | aser driver such that the |aser

| i ght-em tting diode of the optical block 5 emts wite | aser power. Then,
the TD data is continuously and repeatedly recorded fromthe wite failure
position (B) based on the TD data recording format. In the next decision
step S16, it is determ ned by the CPU bl ock 10 whether or not the TD data
is successfully witten at a predeterndflied recording unit. In other words,
it is deterdestrbyng bhhedeecardimgs fopndt camy tthwe €RE béootdik® Haseheon t he
tracking error signal and the focus error signal whether or not TD data is
written sucteeerding unit arga JiS ganpletedy | densesudBEQEPYLign ganr ber esent ed

by a YES at the decisi op s)% S16, then co E#gg | s . ended. At that tine,
wite once HETXIFEESReE G cﬁgloﬁ'd\ﬁgr aﬁf?t%mg CFEEL183 FRM e T8RAHaCTEngi ng
¢ th . fai | ue L B . . . H
R G 13chin e, YaRePaE s BhckPbot Bobl it 1g GRE BEMMAN dEkbel? ST
the wite ogggardtius thafll ke FiGedhpparabes ailiz2®eae0tRg tetdrdifig on

enbodi ment. Referring to FIG 12 , following the start of witing TOC data,
t hen controthimasitte enséepptSdhl diiskeat the CPU bl ock

The write once optical disk recording method according
to the present invention is such write once optical disk
recording method in which during the recording means is moved
from thé recérding start position to the recording failure
position, the level of the drive signal for driving the
recording means is decreésed and during identification signal
for the write once optical disk is recorded from the fecording
failure position by the recording means, the level of the drive
signal for driving the recording means is incfeased. Thérefore,
if the processing for the same infbrmation signal is repeated
and the level of the drive.signal is switched before and after
the recording fajlure position, then the accompanying
information can be repaired with ease.

The write once’optical disk recording method according
to the present invention is such write once optical disk
recording method in which the fact that the recording of

~ accompanying information is failed is identified based on the
error signal from the servo circuit pfovided through the
recording means. Therefore, recorded information need not be
reproduced immediately and verified. Thus, the failure of

recording can be identified while information is being recorded



10 generates a control signal such that the position (X) of the optical

bl ock 5-i,s set to the wite power emtting position (wite start position
A). In the next step S22, the CPU bl ock 40 10 supplies a control signal
to the encoder/decoder 8 such that the encoder/decoder 8 generates TOC
wite data which will be described |later on with reference to FIG 15. In
the next step S23, the CPU bl ock 10 supplies a control signal to the servo
circuit 3 in such a fashion that the position (X) of the optical block 5 is
moved by the sled notor- 4 to the reference preparing position, in this
case, the wite power -emtting positiobl(wite start position A), resul ting
in the optiasd tHeakcbmpahyirg nglfph'élathptll%ﬁn Pespasbhy arrPaddiedg noved in

the radius direction of the CO-R 1. is determ.ned ?% t he next deci sion
step S24 by the CPU Fwdbero V\Pl%t"f@rteoPnHSt°ft'"h’eFa&o§|1F ﬁeﬁ%d’cﬁg &8t i cal

e S ARSI Rl SORHRSER L ALl Lyl

ok 10, SRy derhaan e o cecdeRpaig Bt 1

posi tion (Y%onti;ﬁéﬁhdaiébhl£ﬁEormatlon of at least recording information.
Therefore, if the address information is repaired without
-destroying the recording format, then it becomes possible to
record informatiqn on the following area baséd on the address
information.

Furthérmore, the write once optical disk recording
method according to the present invention is such ﬁrite-once
optical disk recording method in which the accompanying
information is table of contents information of recording
information. Therefore, if the table of contents information is
repaired without destroying the recording format, then iﬁ
becomes possible to record information on the following area
based on the table of contents information.

'Having'described a preferred embodiment of the
invention with.reference to the accompanying drawings, it is to
be understood that the invention is not limited to that precise
embodiment and that va;ious chaqges and modifications could be
effected therein by one skilled in the art without departing
from the spirit or scope'of the invention as defined in the.

appended claims.



(X) of the optical block 5 has finished being noved to the wite power
emtting,position (Y) as represented by a YES at the decision step S24,
then control goes to a step S25, whereat the CPU block 10 supplies control
signals to the signal nodulator 6. and the |aser driver (not shown) in such
a manner that the laser light-emtting diode of the optical block 5 emts
wite | aser power. Then, the TOC data is continuously and repeatedly
recorded fromthe wite failure position (B) based on the TOC data
recording format. It is determned at the next decision step S16 by the

41 CPU bl ock 10 whether or not TOC datspis successfully witten at a

pr edet er m nékpt doFdragednis: I n other words, it is deternmined by the CPU
bl ock 10 based on the status of the tracking error signal and the focus
error signal whether or not the TOC data is witten successfully. Wen the

TOC data is witten gt hhfigf O%:r@ Qggo%ﬁigéq&gguﬂpbgse&hgnggne dat a such

as start addross of eéac Iac “Torima nmation are witten Fhreo
times. Accorgédyidng ebemdPG HaiB chSwhéh Of Kkt ibhi $sT P6@ I ok, |- €.,

the three sanme TOC data is repeatedly witten in the CO-R 1 and then the
witing i s ghfiehation recording medium by recording means, accompanying
information concerning at least said information recording
médium or recording information is repeatédly recorded a
" plurality of times together with said recording information,
comprising the steps of:
searching a recording failure position in an area in
which said accompanyrng information is to be recorded when a
recording of said accompanying information is'failed;
moving said recording means from a recording start
position to said recording failure position; and
recording said accompanying information from said
recording failure position by said recording means based on said

recording format.

2. An information récording method as claimed in claim
1, wherein said moving otep further includes a step for setting
level of a drive signal for driving said recording means to be
lower than level used when said accompanying information is

recorded.

3. An information recording method as claimed in claim
1, wherein said accompanying information contains identification

information for said information recording medium repeatedly

* C L M s *



1f the TOC data is not witten successfully as represented by a NO at the
deci sion step S26, then control goes to a step S27, whereat the CPU bl ock
26 searchés the wite failure position (B) by supplylng a control signal to
the servo circuit 3 such that the position (X) of the optical block 5 is
noved by the sled notor 4 to the wite failure position (B). At that tine,
wite data is recorded in the area ranging fromthe wite start position
(A) to the wite failure position (B) -as the wite successful data 50.

Also, wite data is not recorded in the area ranging fromthe wite failure
position (B) to the wite end positiom3C) and becones the wite failure
data 51 as r=vomdednpredeterydnedhbingsie failure position (B) is searched by
the above-nentioned binary search nethod simlarly to the cases of the PVA
and TD data. Processi ng and j udgenent at the steps S23 to S26 are repeat ed.

Th f the TOC d
t hgndel:i sit oﬁ step gtzg en écod"?‘}%ti?(ﬁpgé %&:’d}’g %%tgfgarsgécg#&ﬂla**o C¥§§T
step S23, t ef‘ﬁ'?:lﬂhQB:OE éé&siqﬁob' §€e f&ntﬂd@nt&}".gﬂﬁb 4 rdiNQréepyo circuit 3

such that the position (X) of the optical block IS nmoved by the sled
ot or recording of said accompanying information based on an error

signal ‘from a servo circuit for controlling said recording means

through said recording means.

5. An information‘recording method as claimed in claim
1, wherein said accompanying information contains address

- information of at least said recording information.

6. An information recording method as claimed in claim
1, wherein said accompanying information is table of contents

information of said recording information.

7. A write once optical disk recording method based on
a recordlng format in which when lnformatlon is recorded on a
write once optical disk by recording means, accompanying
information concerning at least said write once optical disk or
said recording information is repeatedly recorded a plurality of
times together with said recording information, comprising the

. steps of:

searching a recording failure position in an area in
which said accompanying information is to be recorded when a
récording of said accompanying information is failed;

moving said recording means from a recording start

R



4 fromthe wite preparing position, in this case, the wite power emtting
position (wite start position A) to the wite failure position (B) that
was searched at the step S27, resulting in the optical block 5 rel easing
the initial position and being noved in the fradius direction of the CD-R 1.

At that tinme,

t he CPU bl ock 10 supplies control signals to the signal

nodul ator 6 and the | aser driver (not shown) in such a manner that the

| aser power of

‘the laser light-emtting diode of the optical block 5

beconmes read | aser power although the géning is the wite timng. As a

consequence, the optical block 10 only

races the CO-R 1 fromthe wite

start posi tpamitian to said wecbedingl faElyesipbsdhifém) and h t he result that
write once data becones the data 52 to be traced with read power as shown
in FIG 13C. It is déEecPriieg said RECAERARY RO JNEPTBRRIQY fuam €RWdb| ock 10

whet her or not

the pasition (X), of the optjcal block 5 is noved fromthe
wr o pr opdeansded EREMuES fanitRon: BY bid TaRPEATRG TR PRt 344 i <
case, the vwéééiii%bnggmggsition (B). The CPU bl ock 10 repeats the decision
nti €

step of s24°9
bei ng noved to
of the opti cal

posTtion (X) of the optical block 5 has finished
the wite power emtting position (Y). If the position (X)
bl ock 5 has finished being noved to the wite power emtting

position (Y) as reprasent etity oncéESpalicabhalikkirecondihe médbd alen contr ol
goes to the next step S25,
' - claimed in claim 7, wherein said moving step further includes a

step for setting level of a drive signal for driving said

recording means to be lower than level used when said

accompanying information is recorded.

9. A write once optical disk recording method as

claimed in claim 7, wherein said accompanying information

contains identification information for said write once optical

disk repeatedly recorded predetermined times.

10. A write once optical disk recording method as

claimed in claim 7, further comprising a step for identifying a

failure of recording of said accompanying information based on

an error signal from a servo circuit for controlling said

recording means through said recording means.

11. A write once optical disk recording method as

claimed in claim 7, wherein said accompanying information

contains address information of at least said recording

information.

—
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43 whereat the CPU bl ock 10 supplies control signals to the signa

nmodul ator 8, and the |aser driver in such a manner that the |aser
light-emtting diode of the optical block 5 enmits wite |aser power. In the
decision step S26, it is determ ned one nore tine by the CPU bl ock 10

whet her or not the TOC data is successfully witten at a predeterm ned
recording unit. Specifically, the CPU bl ock 10 determ nes based on the
status of the tracking error signal and the focus error signal supplied
thereto fromthe servo circuit 3 whether or not the TOC data is
successfully witten at the predeterni®®d recording unit. If the TOC data
is successfully witidn msvrider opeatepk inala AYER atcohdintpaiethoa ssep S26,
then control_i,s ended. At that tine, wite once data becones wite once
data of wuqlélﬁlsﬁe%nﬁwlae%hr%e?%ﬁ@@dr RERPTPRNYKNG dnfermatiomdss ti on (B)
to the wite OSIt?ﬂd& ;E} s shown in FIGS. 13A to 13C. Wen any one
of repetltlgﬁ? Sa? °§@§?*QP\HQ padf reqpraipg ppiermapianor es dat a
i ndi cative of the successful recordlng of the frane of the track during
recording in the nenory 11 and controls the recording such that the

13. A write once optical disk recording method
_according to claim 7, further comprising a step for previously
storing said accompanying information in memory means in such a
manner that said accompanying information is continuously

recorded after the failure of recording without destroying sald

recordlng format.

* [4 L M S *



recording for repair is executed fromthe end of continuous data. \Wen the
recording of .fixed |ength packet is failed in sonewhere of the recording,
data’ can be repaired by a sinmlar method. Specifically, the wite area of
the fixed | ength packet can.be detected based on the run-in area, and the
position of the run-out area or the |like can be detected based on the 44
witing start position of the track and the packet |length. At that tine,
the frame of link block becones equal to the start address of track +
(packet length + 7) x n - 5 where nis the integer representing the nunber
of packets and (packet length + 7) repfesents the wite length of one -
packet. FIG 14 showsECORDIGG MEMHOD oFORIORIFICRMADISKaPRIVE he write once
optical disk recording apparatus a@®ST8ARE to the present invention. As
shown in FIG 14, in response to the franme nunbers (Frame Nunber) of "1" to

AR of 05+ 1o +Eof A ihEhtmElo SRRAINY gt ke of M ISIcErbRRTIC,

(MN, SEC, FEMat é%R@n%n"%n inForRQt aﬁdlé rderabal bn adfiia¥srin 8864 PM N
PSEC, PFRM. As shown in FIG 14, in the

recording medium by a recordlng means, accompanying information
~concerning at least the information recording medium or
recording information is repeatedly recorded a plurality of
times together with the recording information comprises the
steps of searching a recording failure position'in an area in
which the accompanying information is to be recorded when a
recording of the accompanying information is failed, moving the
recording means from a recording start position to the recording
failure position, and recording the accompaﬁying information
from the recording failure position by the recording means based
on the recording format. A write once optical disk recording
method based on a recording format in which when informatioh is
recorded on a write once optical disk by a recording means,
accompanying ihformation concerning at least the write once
optical disk or the recording 1nformatlon is repeatedly recorded
a plurallty of times together w1th the recording 1nformatlon
comprises the steps of searchlng a recording failure position in
an area in which the accompanying information is to be recorded
when a recording of the aecompanying information is failed, '
moving the recording means from a recording start position to
the recording feilure position and recording the accompanying
information from the recording failure position by the recording

means based on the recording format.

Figure 6



frames of frame nunber "11" to "20", there are repeatedly recorded tw data
of data of frame nunbers "11" to "15" and data of frame nunbers "16" to
"20" five tinmes. The repeated data 60 of 10 franes from franme nunmber "11"
to "20" are recorded in one sequence. FIG 15 shows a recording format of
TOC data of the wite once optical disk recording apparatus according to
the present invention. As shown in FIG 15, in response to frane nunbers
(Frame Nunber) of "n" to "n+54" t her & fd% respectlvely recorded control
and address nunbers (CONTROL & ADR) from"01" to "05", track nunbers (TNO
PO NT), track end addre t s.(MN, SEC, FRVM, ZERO and track start
address tinmes (PM N, PSEE As shown in FIG 15, in the three franes
from frane nunber "n" tol"
45 three ti ep
"n+2" arE?eG
08/ 460, 320 that was preV| 0
application.discloses g ma
position (B) is searched.
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According to the wite once optical disk recording nmethod, when information
is recorded-on the CD-R 1 serving as the wite once optical disk by the

| aser light-emtting diode of the optical disk 5, information is recorded
according to the recording format in which at |least PMA, TD, TOC dat a
serving as acconpanying information concerning CO-R 1 or recorded
information are repeatedly recorded a plurality of tines prior to recording
information together with the recording formation. In accordance with
this wite once optical disk recording nethod based on-the above-nenti oned
recording format, when the recording of PMA, TD and TOC data is failed, the
recording failure position (B) is searched, the optical block 5 is noved
fromthe recording start position (A) to the recording failure position
(B), and PMA, TD and TOC data are recorded fromthe recording failure
position, (B) by the laser light-emtting diode of the optical block 5.
Therefore, wthout destroying the recording format, the PMA, TD and TCOC
data can be repaired with ease, whereby the recording in the recording unit
area is conpleted. Thus, informatjon can be recorded on the follow ng area.
Al so, information can-be read out ;,fromthe same CD-R 1 by oLth drive
apparatus than the drive app&ﬁqlgg whi ch nade the :
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46 recording on this CD-R 1. In the wite once optical disk recording

nmet hod agcor-déng to the present invention, during the optical block 5 is
moved fromthe recording start position (A) to the recording failure
position (B), the level of the drive signal far driving the optical block
5, the signal nodulator 6 and the |aser driver (not shown) is decreased.
During identification infornmation for the CO-R 1 is recorded fromthe
recording failure position (B) by the laser light-emtting diode of the
optical block 5, the level of the drive3gilgnal for driving the optical

bl ock 5, the signal nodulator 6 and the | aser driver is increased. Thus,
if the processing for the sane information signal is repeated and the | evel
of the drive signal is switched before and after the recording failure
position (B), then PVA, TD and TOC data can be repaired with ease. In the
wite once optical disk recording nmethod according to the present

i nvention, since the fact that the recording of PMA, TD and TOC data is
failed is identified based on the error signal fromthe servo circuit 3
through the laser light-emtting *di ode of the optical block 5, recorded
i nformation need not be reprqducel] at once and verified. Th fore, while
information is being recorde eH-at-Hureqof—r<gcor di ng can be identified
and thus PMA, TD and TOC data canj pbe - =~
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repaired with ease. Since a wite once optical disk recording nmethod
according to.the present invention is such one that the PVA data contains
address information of at |east recording information, 47 the address
informati on can be repaired w thout destroying the recording format. Thus,
i nformati on can be recorded on the follow ng area based on the address

i nformati on. When the recording of PMA, TD and TOC data is failed, the
light-emtting timng of the wite |asefyppower of the laser light-emtting
di ode of the optical block 5 is switched as described above. The present
invention is not limted thereto and the follow ng variant is also
possible. That is, only PMA, TD, TOC data in the repaired data area may be
generated and recorded fromthe recording failure position (B) by the wite
| aser power of the laser light-emtting diode of the optical block 5. An
information recording nmethod according to the present invention is an

i nformation recordi ng nethod based on a recording format in which when
information is recorded on the information recordi ng medi um by the
recordi ng neans,
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racconpanyi ng i nformation concerning at |east an information recording

medi um.or recording information is repeatedly recorded a plurality of tines
together with recording information prior to the recording information.
According to this information recdbrding nethod, when recording of
acconpanying information is failed, a recording failure position is
searched, a recording neans is noved froma recording start position to a
recording failure position and the accdvehying information is recorded
fromthe recording failure position by the recordi ng neans. Therefore,

wi t hout destroying the recording format, the acconpanying information can
be repaired with ease, whereby 48 recording in the recording unit area
is conpleted. Thus, "information can be recorded on the foll ow ng area and
al so information can be read out fromthe sanme recordi ng nmedi um by ot her
drive apparatus than the drive apparat.us which nmade the recording on this
recordi ng nedium The information recording nmethod according to the present
invention is such one that chling tihe g§cording neans is noved fromthe

recording start position to the redordewg failure position, the |evel of
the drive signal for driving §he
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recording neans is decreased and that during identification information for
the i,nfermaticon recording nediumis recorded fromthe recording failure
position by the recording nmeans, the |evel of the drive signal for driving
the recording neans is increased. Therefore, if the processing of the same
information signal is repeated and the |evel of the drive signal is
switched before and after the recordinggfasl ure position, then acconpanying
i nformation can be repaired wi-th ease. The information recordi ng nmet hod

according to the present invention is such one§ ) the fact that recording
of identification information for identifying §he information recording
mediumis failed can be identiffetTased on[t1

efqror signal fromthe servo
JWerjef ore, recorded
Yeffified, the failure of
& QeHrg recorded, and
: le i nformation

circuit provided through thesrjecordijng
i nformati on need not be repr-oudéég |
recording can be identified wjI¢d

acconpanying i nformati on can Qe A

recordi ng met hod according to ‘ﬁ%EI ion is such one that
t he acconpanyi ng i nformati on dont ai on of at | east
recordi ng information.
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Therefore, if the address information is repaired wi'thout destroying the
recordhng frmat, then it becones- possible to record information on the
follomnng area based on the address i nformation. The information recording
met hod according to the present invention is such one that the acconpanying
information is table of contents information of recording information.
Therefore, if table of contents information is repaired w thout destroying
the recording format, then it becones pPo<dlsi ble to record information on the
foll owi ng area based on the table of contents information. The wite once
optical disk recording nethod according to the present invention‘is such
wWrite once optical disk recording nethod based on the recording format in
whi ch when information is recorded on the wite once optical disk by the
‘recordi ng.means, acconpanying information concerning at |least a wite once
optical disk or de Z Zilrﬁ tion is repeatedly recorded a plurality of
times prior to th 1ag iMformation together with the recording

i nformation. When the recordi ng of acconpanying information is failed, the
recording failuré position is searched, the recording neans is noved from
the recording start position to the recording failure position, and the
acconpanyi ng information is regfrde rom e recording failure position by
the recordi ng nmeans. Therefore{ th&8TART :

1
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acconpanyi ng i nformati on can be repaired with ease w thout 50 destroying
the recordingsformat and thus the recording in the recording unit area is
conpl eted. Hence, information can be recorded on the follow ng area and

i nformati on can be read - out fromthe same wite once optical disk by use of
other  drive apparatus than the drive apparatus which nmade the recording on
this wite once optical disk. The wite once optical disk recording nethod
according to the present invention is Stb wite once optical disk
recordi ng method in which during the recording means is nmoved fromthe
recording start |t| to the ree vg—taj | ure position, the |evel of
the drive signéal ving the pans i s decreased and during

i dentification signal for the wit I cal disk is recorded fromthe
recording failure positidq $§ft of the drive
signal for driving the re e I f the
processing for the sane ilal i | el and the | evel of the
drive signal is swtched =g failure position,
then the acconpanying i nffoPf headd2
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The wite once optical disk recording nethod according to the present

i nventioepn i swsuch wite once optical disk recording nmethod in which the
fact. that the recording of acconpanying information is failed is identified
‘based on the error signal fromthe servo circuit provided through the
recordi ng nmeans. Therefore, recorded information need not be reproduced

I mredi ately and verified. Thus, the failure of recording can be identified
while information is being recorded H/¥d the acconpanying information
can be easily repaired. Further, the wite once optical disk recording

met hod according to the present invention is such wite once optical disk
recordi ng- mrethod in which the acconpanying i nfornmati on contains address

i nformati on of ;/Iﬁ?st a?cording i1 O et O Therefore, if the address

i nformation is rédpalfed t hout de trﬁﬁﬁﬁa't e recording format, then it
becomes possible to record infornnat e follQwing area based on the
address infprmation. Furthernore;, the ' al disk recording
nmet hod accofding to the present_i write once optical disk
recordi ng method in which YES
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information is table of contents information of recording infornation.
Therefare, .i.i the table of contents information is repaired wthout
desttoying the recording format, then it becones possible to record

i nformati on -on the foll owing area based on-the table of contents '

i nformati on. Having described a preferred enbodi nent of the invention with
reference to the acconpanying drawings, it is to be understood that the
invention is not limted to that precil®¢lénbodi nent and that various
changes and nodi fications could be effected therein by one skilled in the
art w thout depazriygéﬁﬁon1ggr spirit or scope of the invention as defined
in the appended What is clainmed is: 1. An information
recordi ng method based on a recordlng format in which when information is
recorded on a == di um by recordi ng neans,

acconpanyi ng |n§nﬁmﬁt&5ﬁ7buecév5|ng at Yeast said information recording
medi um or recordwng!lmmwnnatron S rep tedly recorded a plurality of tines
together with Sa 0 [ , conprising the steps of:
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searching a recording failure posi-tion in an area in which said
acconpanyi ngs¥ nformation is to be recorded when a recordi ng of said
acconpanying information is failed; noving said recording neans froma
recording start position to said recording failure position; and recording
sai d acconpanying information fromsaid recording failure position by said
recordi ng neans based on said recording format. 2. An information recording
nmet hod as clainmed in claim1, whereirlsﬁy/igmoving step further includes a
step for setting lLevel _of a drive signal for driving said recordi ng neans
to be | ower thangteyel quse en said acconpanying information i s recorded.
3. An information recording nethod as clained in claim1, wherein said
acconpanyi ng information contains identification information for said

information r et T epe 53 recorded predeterm ned times.
4. An infor REE SFiitHh "%&od accoyding to claim1, further conprising
a step for i FOi RATA failure of ording of said acconpanying

i nformati on based on an edror
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signal froma servo circuit for controlling said recordi ng neans through
sai d s e€ordisg neans. 5. An information recording nethod as clained in
claim1l1, wherein said acconpanying i nformati on contains address infornmation
of at least said recording information. 6. An infornation recording nethod
as clained i'n claim1, wherein said acconpanying information is table of
contents information of said recording information. 7. A wite once optical
di sk recordi ng net hod based on a recordggpgsformat in which when information
is recorded on a onc tical disk by recording neans, acconpanying

i nformation comf;ﬁyréy 7E2§t_said wite once optical disk or said
recording information is repeatedly recorded a plurality of tines together
with said recording information, conprising the steps of: searching a
recordi ng faj Siil n area™\n which sai d acconpanying

i nformation %’791 éj«%c %dlg@/%hen a rgcording of said acconpanying

i nformation TaYal ording neans froma recording start
54 position to said recorwlng failure position; and
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recordi ng said acconpanying information fromsaid recording failure
position.by.usaid recording neans based on said recording format. 8. Awite
once optical disk recording nmethod as clainmed in claim-7, wherein said
- moving step further includes a step for setting | evel of a drive signal for
driving said recording nmeans to be | ower than | evel used when said
acconpanyi'ng information is recorded. 9. A wite once optical disk
recording method as clainmed in claim73merein said acconpanyi ng
information contains identification information for said wite once opti cal

di sk repeatedly recorded pr term ne imes. 1 A wite once optical disk
recording nethod as clainmed in claim?7, further c nprising a step for
identifying a failure of reEUWding of ¥ai d acconpanyi ng i nfornmation based
on an error .signal froma s o] CIrCUI for con | 1ing said recording
means through said recording ans. A wite,orce optical disk recording

nmethod as clainmed in claim?7, whereln sald acconpanyi ng i nformation
contai ns address informati oa Qf at | eash said reeqrding information.
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55 12. A write once optical

sai recordlng i nformati on.

according to claim?7,

di sk recording method as clained in claim?7,

mherewn4sapd acconpanying information is table of contents information of
13. A wite once optical
further conprising a step for previously storing said

di sk recordi ng nethod

acconpanyi ng infornation In menory nmeans in such a manner that said-
acconpanying i nformation is continuously recorded after the failure of
recording wi thout destroying said recydifig format.

FIG. 14

Noame lcgw;ggu. TNO [POINT|WIN | SEC | FRM | ZERO|PMIN | PSEC |PFRM
1 02 [oo|oo|20[15 |1 |00 |00 oo] oo

| 10 02 |00 {0020 |15 |14 |09 00| 00|00
1 01 | 00jo01}|05|45 67|00 o00]|o02]o01
12 01 |00 |0t| 0545 (67| 01|00{02] 01
13 ot foofo1|o5)|45|67|02{00]|02]o01
14 01 {00 [0t }|05145| 67| 03]|00]|02] o1
soil 15 01 | 00f01]05]|45 | 67| 04| 00]|02]| 01
16 o1 |00foz2|12})01|[09]|o05]|05]|u45]|s7
17 01 | 00f02]12})01|09]|06]05]|45]|587
18 | 01 100|02f12]01|{09]|07|05]|45]| 67
19 01 | 00| 02| 12| 01|09|08]|O05]|45]| 67

| 20 01 | 00|02} 1201 ]|09|09]|o05]|45]|567
21 01 |00 |03 |30)17 |42 |00 | 12| 01| 09
22 01 | 00| 03 |30|17 |42 |01 12|01/ 09
23 01 | 00| 03)30)|17 |42]|02] 12|01/ 09
24 01 | 0003|3017 |42]| 03| 12]01]09
25 01 | 00|03 |30|17 42| 04] 12 01]09
26 01 | 00 | 0437 | 50| 18| 05]|30] 17 | 42
27 01- 100 | 04| 37 |50 | 18| 06| 30] 17|42
28 01 | 00| 04|37 |50 | 18| 07| 30]17| 42
29 01 [ 000437 |50 |18/[08]|30]|17]42
30 01 | 00|04 |37 |50 |18 09|30] 17|42
31 03 (00|01 |02]03]04s|00fo00][00]00
32 03 (00|01 02|03]|04/ 01| 00]|O00][ 00
33 03 | 00| 0102|0304/ 02]|00]|00]o00
34 03 | 00|01 |o2|03|04s|03|00]|00] 00
35 03 [ 00| 01{o02]03|04/o04/00]|00]00
36 05 00|01 |05]|45|67|05]|05]|42] 67
37 05 00| o1 fo05]|45| 67| 06|05/ 42/ 67
38 05 (00| 01|05 |45 | 6707 05]|42]e7
39 05 | 00 [ 011 05|45 | 67| 08| 05| 42/ 67
40 05 [00fo01 05|45 |67 03] o05]|42] 67
41 01 | 00| 0542|1632 00| 37|50/ 18
42 01 |00 [o05|42]16]32|01(37]|50] 18
43 01 (00| 05|42 16132|02|37|50][18
44 o1 0005|4216 |'32f03/|37| 50|18
45 o1 |00 f05)42] 16| 32[04/37|50]|18
46 04 | 00| 01 {03]04]00fo05]/o00]|00]| 00
47 04 | 00| 01]03]|04]|00f06|o00]|00]|o00
48 04 | 00| 01]03]04]|00fo07]00]|00]|o00
49 04 00 [ 01]03)| 04/ 00|fO08o00]|O00] OO0
50 04 | 00| 01]03]0s]0009]o00]|00]|o00

51 etc ; unrecorded :
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FI1G. 15

®
15/15

|Frame |CONTROL ;

N | & apR | TNO ’POINT WIN SEC FRM |ZERO|PMIN |PSCE|PFRM
n 01 00 | Ao | absolute time | 00 | 01 | 00 | 0O
ne1 01 | 00| Ao | absotute time | 00 | 01 | 0o | oo
ne2 01 00 | A0 | absolute time 00 | O1 00 00
ne3 o5 loo|B1| o0 oo oo|loo|o3]|o01]|o00
ned o5 (ool B8 |00 o0 oo ool o3]|o1]o0
n+5 os |oo|B1 oo oo oo|o00jo03]|01]| 00
n+6 01 | 00| A1 | absotute time | 00 | 05 | 00 | 00
n+9 05 |oo|B2|03 00 oo oo ool|oo]| o0
nei2 | 01 | 0o | A2 | absolute time | 00 | 42 | 16 | 32
15 o5 |ooloi | os 45 67] 00| 05| 42} 67
n+-18 0 1 (_).0 0'1 a'bsolu;:e tirr;e 0.0 dO 0.2 dl
2t | o5 |ooloz|37 53 oo|o00| 37|50/ 18
ne26 | 01 | 0ol 02 | absotute time | 00 | 05 | 45 | 67
ne27 | 05 |00 |03 |42 16 32|00| 43| 14|00
n30 | 01 | 00 | 03 | absolute time | 00 | 12 01 | 09
ne33 | 05 |00 |B1|co oo oo | o0o|o03]|o01|o00
n;36 0 1 0.0 0-4 a-bsolu.te tim.e ' 0.0 3.0 1.'7 1;2
ne39| o5 |00|B2|03 oco 00| 00| 00| 00|00
ne4s2| 01 |00 | 05 | absolute time | 00 | 37 | 50 | 18
nas | 05 |00 o1|os 45 67| 00| 05|42 67
ne48 | 01 | 00 | AO | absolute time | 00 01 | 00 00
n+51 os |ooloz|37 s3 oo |oo|37]|s0] 18
n+54| 01 |00 | A1 | absolute time | 00 | 05 00 | 00
n;57 e.tc .




