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present

TECHNI CAL FI ELD OF THE INVENTION 5
i nvention relates to CD-R (recordable) and CD-E
recording, and in particular, to detecting recording errors and

inproving data reliability in CD-R and CD-E systens.
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(54) Title: CD-ROM RECORDING
{57) Abstract
Methods for recoding information onto 100
CD-Recordable and CD-Erasable optical disks (12) 10~  wost
are provided. In a fist embodiment, after a session 106
or packet ::' data is n;:fonded, it is verified to detect 3 Z
unrecoverable emors. If no such emors are present, 124
the session or packet is fixed and recording ends. If an ey L inad
unxecovmu;ble error is ;!febcted. the session or packet is H CONTROLLER
re-; in an area of the disk immediately following DATA
the originally recorded area. When the recorded data is i 7 Lovoen |18
verified as being readable, the session or packet is fixed | 3
by reconding lead-in and lead-out areas on the disk (7] USER
and by updating a table of contents with the location 108~ cners oRveR 110 ST N 14
of the verified data and not the originally recorded data. 1 1 1
In a second embodiment, the data is checked as it is {
secorded. If a defect is suspected, recording halts and 1zz/| il WER i1z | [0
the presence of the defect is verified. If a defect is 4
present, the data is re-recorded in an area of the disk \ ;
immediately following the originally recorded area. N/

When the data is verified as being readable, the session
or packet is fixed and recording ends,




3.

devel opeaﬁfor mass distribution of nusic (audio files) wth higher quality
reproduction than was possible with anal og tape or record systens. CD-ROM
systens are an offspring of audio CD systens and used for nass 15

di stribution of conputer-readable information (which can include audio,

vi deo and t extwe®7m3 as conventional conputer "data"). Bot FPCHER% s
and CD-ROM s are pre-recorded by a stanping process and cannot be recorded
onto by the user. New systens are being nmarketed to permt the user to
record informati on on the nmedia once (CD-R); newer systens that permt the

20 user to record and erase information and to record new i nformation
ont o the nedia (CDE). CD-ROM REGQREING,  pt in which data is
recorded onto CD-R and CD-E opti cal media (collectively referred to
herei n as CD- Rédunits SISt aF TR | INVERTION2 5 sanme. Under current industry
standards, each disk can hold up to 650 MB of data partitioned into

up to 99 g racks (eqd walaRt ﬁge%othWGatdnya (recordaBrk)eanmlabes f i | es)

when recorded dur| a sSin S t LPHog sk rBys tahe
nunber of entrgles ’t recé’rghmn%hg:;m%% ﬂluﬁa gl’oﬁ‘ew“ri?%nrteg 5 (TOsb)

recorded on tAEPRRYLRS 9] 8 e*ho a &f¥8rTs are being 30 nmade

to increase the di sk capaC| ty) A di sk may al so be partitioned into

up to 45 sessBa ; WTIOR may be partitioned into one or nore

tracks) doimted by the capaC|ty of the disk to contain the recorded data

and the required i pigitasaDsiampgea)diskio BasattdprécHlesyitens wvare dginadied

by an inter - sgsedi18ped2Br (vhds 40t ABUCihAbE MuOtk Jaddib filesf iwish Hjgheriqdaliby

?L?Q& phéS' C?ke aﬁltéeowh,zmigammgm ,moshtapﬁ;wdg&:al :ﬁ;draé N oo
and a | ead-ou r%rgrgo s A8 Rk &2 ad o e

O RE d{E':I ve Igstr:.gui.xon o cgjg%cz)r gabqg :gfg*nﬁgjon qohfci:% a% ﬂ&%&gfaurdt@.

video and text as well as conventional computer "data"). Both audio CD’s
and CD-ROM’s are pre-recorded by a stamping process and cannot be recorded
onto by the user. New systems are being marketed to permit the user to
record information on the media once (CD-R); newer systems that permit the

20 user to record and erase information and to record new information onto
the media (CD-E).

KIS

The format in which data is recorded onto CD-R and CD-E optical
media {collectively referred to herein as CD-R/E} is substantially the
25 same. Under current industry standards, each disk can hold up to 650 MB
of data partitioned into up to 99 tracks (equivalent to 99 independently
addressable files) when recorded during a single session. This limit is
imposed by the number of entries that can be made in the Table of Contents
(TOC)} recorded on the disk. (It should be noted that efforts are being
30 made to increase the disk capacity). A disk may also be partitioned into
up to 45 sessions (and each session may be partitioned into one or more
trackg) limited by the capacity of the disk to contain the recorded data
and the required inter-session gaps. Consecutive sessions are separated
by an inter-session gap (11,400 physical blocks for the first gap and
3s 6,900 physical blocks for subseguent gaps) which includes a lead-in area
(LIA) and a lead-out area (LOA). When recording, the optical head of the
CD-R/E drive is located at the beginning of the recordable area of the
. disk (at the end of the last session if a multi-session disk), the inter-
gassion gap is allocated, and one or more tracks of data is recorded. At
40 the completion of recording the session, the LIA and LOA are written and
the TOC (located in the program memory area (PMA) of the disk prior to the
first user recordable area) is updated in a process known as "fixing”®.
Recorded as a part of the LIA and the LOA is a copy of the TOC containing
information regarding the starting track address of the current session as
45 well as of all prior recorded sessions and the starting address of each



disk (at the end of the last session if a nmulti-session disk), the inter-
session gap is allocated, and one or nore tracks of data is recorded. At 40
the conpletion of recording the session, the LIA and LOA are witten and
the TOC (located in the program nenory area (PMA) of the disk prior to the

first user rogghdalhs area) is updated in a process known aspCtiGBdcREEss
Recorded as a part of the LIA and the LOAis a copy of the TOC contai ning

i nformati on regarding the starting track atdress of the current session as
45 wel |l as of all prior recorded sessions and the starting address of
each WO 97/ 24723
PCT/ GB96/ 02984ack. When all of the data for the session has been recorded, the LIA
track. Wen ghd 1ol debSrfdal areOfod BE WaASEIOAnd e REBIIhELHabA &l A
and LOA 1 ecotgsfla. e [ | AaclBlRl CkRRLt soR%oRR0 b0 ke RedlBBURT cbikdifed or
fixed"; t heoLl'liesrcEziéee%g&i ?.ed Iirrla £ rerrggxlaeogegsaigg OaErea.e E\gs; rmggrg iegddatgoll‘n{s%cgee d or
) recorded in a new session and the TOC updated. Incremental packet
recording is similar but with the input Qata broken into fixed length (or,
in some versions, variable length) *packets", each with a link block, a
" LIA, a LOA and the data field. There is no limit on the number of packets
which can be recorded, up to the available capacity of the disk.
10
There are currently no reliable methods for detecting and correcting
errors encountered during the recording process of CD-R or CD-E media.
These recording errors resulting'from physical defects in the media,
surface scratches, finger prints and other contamination can all cause
15 permanent errors on read back rendering all or part of the data
’ unrecoverable or defective. While a one or two consecutive bit
unrecoverable error might not be a significant problem if audio or video
" information is involved, such an unrecoverable error in coﬁputer data is
very serious. ' '
20 ' _
In contrast, when data recorded onto magneto-optical (MO) or write-
once, read-many (WORM) optical media is found to be defective, the data
" contents of the defective sector can be re-written to a spare sector in a
" designated spare area on ‘the disk and a defect management table updated
25 ° with a pointer from the defective sector to the replacement sector. The
" defect management table is then used to re-direct all references to the
defective sector to the ieplacement_sector, thus avoiding an erxrror on read
back. '

30 SUMMARY OF THE INVENTION

In view of the foregoing, it is an object of an embodiment of the
present invention to provide a robust CD-R/E drive system for detecting
recording defects in CD-R/E media and reducing read back failures.

35

It is another such object to provide such a system without adversely

impacting drive performance.

There is disclosed providing methods for recording information onto
40 CD-Recordable and CD-Erasable optical disks. In a first embodiment, after
a session or packet of data is recorded, it is verified to detect
unreccoverable errors. If no such errors are present, the session or
packet is fixed and recording ends. If an unrecoverable error is
detected, the session or packet is re-recorded in an area of the disk
45 immediately following the originally recorded area. When the recorded



otherwise nodified in the sanme session area. Any nodified data nust be 5
recorded in a new session and the TOC updated. |Increnental packet
recording is simlar but with the input data broken into fixed |length (or,
i n somre versions, variable |length) "packets”, each with a link block, a
LIA a LOA andWoW®2413a field. There is no linit on the numh@CTAIBIENIRA: <
whi ch can be recorded, up to the avail abl e ,capacity of the disk. 10

There are currently no reliable nethods for detecting and correcting
errors encountered during the recording process of CD-R or CD-E nedia.

These recording errors resulting from physical defects In heaéred%}a
surface scratdehesis reniféed ppibriso F#adlRe PRSI AT IR tad® 1t atdse 15

per manent er rreeerding riead-irackd lewdtont myeas lonothepdith aid Prapdating a table
unr ecover abl efotortehes i tie thiVlick&t ian onfe the venified ieds LAndvesthEhe originally
unr ecover abl e.@bffl &Ht@Nt 104 daGora ShigHdihéntanthepaadal esnchéciaddas ibrisvi deo
I nf ormat gon 'r%cb%fa' Vag, » $iEbotd s UWbEERYA! 2BLErRhg Baltd) af® ERY ptesélitiedot S
\I’/rgr %etsgr IOO;JISC t: is ver:.f:.ec!. Qtééﬁ&t :.m gx‘% agﬁ@ggwgd x%n&@cordedal a
i sgf ound Ito o &8 ‘f°§8ﬁo\}8 a1 ﬁ’ée"blﬁf the 13k ime?la ei@@%l% T Qpézjll\slglaslg%t or
can be re-w iece¥fadoazeas pdfhen ey ‘B’r" j }¢ yerified aﬁe%ﬁ‘@ﬁa’feéﬂa é‘a?ea Th the
di sk and a decfreetclwanﬁgémﬂt andy ppecrdpeheads - 25 with a poi nt er fromthe
defectiwe sector to the replacenent sector. The def ect managenent
tabl e i s then usedictérdiagdia ectirst laspeftcoenbesinventibs there isdpfayifed/e
sector to thendtRsd 3¢ErERBEMBCadLa, oritBUus cDVRIEdbpIcal stbidpe Qidk| @ disk -
back. 30 QQWXE g%oIﬂE EMEM |aculuralzty of variable sized recording
: sessions, including the steps of:
15 receiving a data to be recorded;
positioning an optiéal head at the beginning of a first selected
area on the disk to whicﬁlthe data is to be recorded;
opening a session by allocating lead-in and lead-out areas;
recording at least a portioh of the data:
20 reading the recorded data for the presence of unrecoverable errors
~in the first selected area;
' if no unrecoverable errors are found in the recorded data, fixing
the session by record;ng lead-out and lead in areas and updating a table
_ of contents which contains an entry indicating location of the beginning
.25 of the first selected area; and =
' if unrecoverable errors are found in the recorded data-
. positioning the opt;cal head at the beginning of a second selected
area on the disk following the first selected area:;
re-recording at least a portion of the data;
30 reading the re-~recorded data for the presence of unrecoverable
errors in the second selected area; and
if no unrecoverable errors are found in the re-recorded data,
¢losing the session by recording the lead-in and lead-cut areas and
updating the table of contents which contains an entry indicating location
35 of the beginning of the second selected area and not the first selected
area.

- According to a second aspect of the invention there is provided the
method of Claim 1, wherein said step of reading the recorded data for the
40 presence of unrecoverable errors in the first selected arsa comprises the
steps of:
after the entire data has been recorded in the first selected area,
re-positioning the optical head to the beginning of the first selected
area; and

45 verifying that the recorded data can be successfully read.
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In view of the foregoi ndhisiSheet lced of an enbodi nent of the
present invention to prov R E drive system for detecting
recording defects in CD educing read back failures. 35
It is another such object to provi de such a system without adversely

i mpact i ng driwe d@glARer mance. There is di scl ogurrrensomss ng
nmet hods for recording information onto 40 CD- Recordabl e and CD- Erasabl e
optical disks. In a first enbodi nent, af téer a session or packet of
data is recorded, it is verified to detect unrecoverable errors. If
no such errors are present, the session or packet is fixed and

recordi ng ends. | fidvaRtdgebeeigyedigbbeepeot arading the recogdeddaend for Hlesessi on
or packet iSpi&yeh&s QiR ebdvedibidl 8Frddh fnhehdlifSierdbelected Aved icatmtipes the
foll owi ng thgte%r iginally recorded area. Wien the recorded
after the entire data has been recorded in the first selected area,
s re-positioning the optical head to the beginning of the first selected
area; and
verifying that the recorded data can be successfully read.

Preferably said step of reading the recorded data for the presence
10 of unrecoverable errors in the first selected area comprises the steps of:
' while the data is being recorded, analyzing a read-back signal for
the presence of suspected recording errors;
if a suspected recording error is detected wh;le the packet of data
is being recorded:
15 halting the recording of data;
' ' re-positioning the optical head to the beginning of the first
salected area; and
verifying that the recorded data can be successfully read.

20 ‘The foregoing and other features and advantages of the invention
' . will be apparent from the following more particular description of -
. preferred. emhod;ments of the 1nventxon. as illustrated in the accompanying
drawings.-' : '

25 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of a CD-R/E drive of the present
" invention;

3¢ Fig. 2 is a flow chart of one embodiment of the present invention;
and

Fig. 3 is a flow chart of a second embodiment of the present
invention. '
35
DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 is a block diagram of a CD-R/E drive 100 of the present

invention interconnected with a host device 10 for writing data to and

40 reading data from a CD-R/E format optical disk 12. The drive 100 and the
host 10 exchange data into and ocut of a buffer 102 through an interface
104. A microprocessor controller 106 controls all of the functions of the
drive 100, including read/write channels 108, a laser driver 110 (which,
in turn, controls a laser 112), servo controls 114 (which direct the

45 motion of the optical read/write head 116), a disk loader 118 and a



data is verified as being readable, the session or packet is fixed by
recording lead-in and |ead-out areas of the disk and by updating a table
of contents with the location of the verified data and not the originally
recorded data. In a second enbodi ment, the data is checked as it is
recorded. |f awiednan3i s suspected, recording halts and the pPCHEGRIO2¥H t he
defect is verified. If a defect is present, the data is re-recorded in an
area of the disk imrediately follow ng thésoriginally recorded area. Wen
the data is verified as being readable, the session or packet is fixed and
recordi ng ends. According to a first aspect of the inventiqn there
i s provided asmindigdespr radorattnelendi2d- odt detectyy RPIlg a2 Becedvet 448°Ti sk,
t he di sk capallightofret oné ngselalaz which phwbeen trpfisfcted HEf f & syirfagp of the
recordi ng sessiisKI2. SAl fendey ed ¢ancistduag vokie rebdPalwf(ROM) and randawe efcdsag
data to be reqeiueledemory for retd@fidg SdHtREl GRsERit Lok ApdoxXing MALHLQI NNI Ng
of a firsy selggled;anga on the disk to which the data is to be recorded;
opening a session by allocating | ead-in and | ead-out areas;

A first embodiment of the present invention will be described with
reference to the flow chart of Fig. 2. Data to be recorded is received by
the drive 100 from the host 10 through the interface 104 (Step 200). The

10 drive 100 then reads a TOC (Step 202) from the program memory area (PMA)
which contains the physical location (based upon recording time from the
beginning of the recordable area) of each track and the starting track
number of each session. In multi-session or track-at-once recording, a
new recording session is then begun by moving the optical head 116 (Step

15 204) and focusing the laser beam onto the surface of the disk 12

' immediately following the end of the last recorded session (or to the
first recording area near the inner diameter of the disk 12 if no sessions
have previously been recorded). The controller 106 then directs that
lead-in blocks be allocated {Step 206) and one or more tracks are recorded

20 with user data (Step 208). 1If more than one track is to be recorded -
during the session, at the completion of writing each track, the optical
head 116 is repositioned to the beginning of the track (Step 210) and the
just-recorded data is verified (Step 212). Although a bit-by-bit
comparison of data can be performed when there is a requirement for the

25 highest level of recording quality, it is faster and requires fewer

) resources for the data t¢ be read by the laser 112 and parity checked to
be sure that there are no unrecoverable errors (Step 214).

If only one track is to be recorded during the session, at the
30 completion of writing the track and bafore the session is fixed, the
optical head 116 is repositioned to the beginning of the track or session
and the just-recorded data is verified. Again, a bit-by-bit comparison of
data can bs performed, but it is faster and requires fewer resources for
the data to be read by the laser 112 and parity checked to be sure that
35 there are no unrecoverable errors.

In both single- and multi-track sessions, when all of the data can
. be successfully read, the session is fixed by recording the LIA, the LOA
and updating the TOC in the PMA (Step 216).
40 '

On the other hand, physical defects in the media, surface scratches,
finger prints or other contamination can cause unrecoverable read errors
to occur. If such errors are detected, the data is re-recorded beginning
in the area of the disk 12 immediately following the just recorded area

45 {whether it be a track or a session), thereby bypassing the defective area



recording a portion of the data; readi ng the recorded portion of
data for the presence of unrecoverable errors; I f unrecoverabl e
errors are found in the recorded data: positioning the optical head
at the beginning of a second selected area on the disk following the first
sel ected areaywgomgys re-recording the portion of the data;pcricBesn2984
reading the re-recorded data for the presence of unrecoverable errors in

t he second selected area; and 6

4 i f no unrecoverable errors are found in the entire recorded data
i ncl udi ng single
on the disk (Step 218). The re-recorded data is again verified (Step 212)
and when the data can be read successfully, the session is fixed by
recording the LIA, the LOA and updating the TOC (Step 216). The TOC will
contain the location of the beginning of the session (that is, the
s location of the LIA) and the physical location of the track or tracks that
have been recorded without error (the defective areas will not appear in
the TOC). Consequently, the area of the session containing the
unrecoverable defects does not appear in any TOC., cannot be addressed or
accessed and will not be transferred to the host by the drive.

10

If the segsion is recorded uéing the *“packet” writing process, at
the completion of writing each packet, the optical head 116 is
repositioned to the beginning of the packet and the just-recorded data is
verified. Any packets which contain an unrecoverable error are re-

15 recorded in the area of the disk immediately following the packet with the
defect. Information regarding this fact would then be recorded in the TOC
and the defective area bypassed during read back. Currently, the TOC
structure does not have the capability to record the address of validly
recorded packets but the size of the TOC could be extended to contain this

20 information. '

A second embodiment of the present invention will now be described
with reference to the flow chart of Fig. 3. The initial steps are the
same as the initial steps of the first embodiment (Steps 300-308). Rather

25 than record all of the customer data before verifying, however, the data

' is verified as it is recorded (Step 310) by analyzing the light from the
laser 112 after it has been reflected from the surface of the disk 12. If
the analysis indicates that the data can be successfully read (Step 312),
the session is fixed as described above {Step 314). If unrecoverable

30 errors exist, recording is halted at the end of the recordable unit
{packet, track or session) (Step 316). The appropriate recordable unit is
re-recorded beginning at a location immediately following the recordable
unit containing the defective area (Step 318). Once the data is
successfully verified, the session is fixed as dascribed above. By re-

35 recording data in an area immediately following the recordable unit
containing the defective area before writing the next track or fixing the
gsession, read-back performance is not degraded and unnecessary consumption
of a limited number of tracks or sessions is avoided.

40 In summary, therefore, there are provided methods for recording
information onto CD-Recordable and CD-Erasable optical disks are provided.
In a first embodiment, after a session or packet of data is recorded, it
is verified to detect unrecoverable errors. If no such errors are
present, the session or packet is fixed and recording ends. If an

45 unrecoverable error is detected, the session or packet is re-recorded in



recorded or re-recorded portions of data, closing the session by recording
the lead-in and | ead-out areas and updating the table of contents which
contains an entry indicating |locations of the beginning of the correctly
recorded areas and not of the areas containing unrecordabl e areas.
According to AV@8HMB aspect of the invention there is provi REFCBYMAMBbd of
recording data onto a CD-R/ E optical storage disk, the disk capable of
storing data in a plurality of variable sized recordi ng sessions, said
met hod i ncluding the steps of: receiving data to be recorded;
positioning an optical head at the beginning of a first select eg rea on
the disk to ®hieEh® fethfatish dmpegipkely otoigEigo the originaiiy Fefgr _edgé’s‘%ﬁ'on by
al | ocati ng | cHeRn Rheamgcqrdad dage igrwepified as being gepdablag the $988%" S porti on
of the data; packet is @imedeby lrecaiaiiing ilsadreénnapdr bexgh-cherd areasaby Ahadigk and by
read- back si ggdatisy at tdipreseaened with the location of the verified data and
5 not the originally recorded data. In a second embodiment, the data is
checked as it is recorded. If a defect is suspected, recording halts and
the presence of the defect is verified. If a defect is present, the data
is re-recorded re-recorded in an area of the disk immediately following
the originally recorded area. When the data is verified as being
10 readable, the session or packet is fixed and recording. ends.

While the invention has been particularly shown and described with
reference to preferred embodiments thereof, it will be understood by those
skilled in the art that various changes in form and details may be made

15 therein without departing from the spirit and scope of the invention.



suspected recording erMuspect ed recordr ng error is

recorai ng of aat aat trd ARH TR RMBAMA 23, "%, cadi ng o r coraen

data for the presence of #unrcecbve!abt e * errors in the first selected area;

I f unrecover apbenprrsrs are found in the recorded data: PCT/GE96/02984 ONi ng
the optical head at the beginning of a second selected area on the disk
following the first selected area; 8 re-recording at |east a portion
of the data;
CLAIMS
1. A method of recording data onto a CD-R/E optical storage disk, the
disk capable of storing data in a plurality of variable sized recording
5 sessions, including the steps of:

receiving a data to be recorded;

positioning an optical head at the beginning of a first selected
10 area on the disk to which the data is to be recorded:;

opening a session by allocating lead-in and lead-ocut areas;

recording at least a portion of the data;
15
reading the recorded data for the presence of unrecoverable errors
in the first selected area;

if no unrecoverable errors are found in the recorded data, fixing
20 the session by recording lead-out and lead in areas and updating a table
of contents which contains an entry indicating location of the begznnlng
of the first selected area; and

if unrecoverable errors are found in the recorded data:

25
positioning the optical head at the beginning of a second selected
area on the disk following the first selected area;
re~recording at least a portion of the data;
30

reading the re-recorded data for the presence of unrecoverable
errors in the second selected area; and

if no unrecoverable errors are found in the re-recorded data,

35 ¢losing the session by recording the lead-in and lead-out areas and
updating the table of contents which contains an entry indicating location
of the beginning of the second selected area and not the first selected
area.

40 2. The method of Claim 1, wherein said step of reading the recorded
data for the presence of unrecoverable errors in the first selected area
comprises the steps of:

This Sheet Has Been Rep
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4a verifying while re-record esence of unrecoverabl e
errors in the second select edlﬂl‘ “\' M“ﬁ I f no unrecoverable errors
are found in the re-recorded d Isre recorded data including
the single records and re- recor ded ° portlons cl osi ng the session by
recording thewWo9a4Rh and | ead-out areas and updating the t RATECRH602984
contents which contains an entry indicatipg |ocation of the beginning of

t he areas containing no unrecoverable errofs and not the of areas

cont ai ni ng unrecogni zabl e errors. According to a third aspect of
the invention there is provided an optical drive unit conprisin

| oader:; an opti calafmendhe reasire; datahps Peph FRFRIOed iankhe; £ ??}ﬁcg? f’SFa'
directi ng t here-positdatingntref optigak lhead b Q&tae%nvwga°@hﬂlq3r6btﬁe&a‘f“§t or age
di sk; nmeans f4gea;r£maei ving data to be recorded; neans for positioning an
optical head at the beginning of a first selected area on the disk to
which thg data is JeQ’i%ﬁn&%QE ded; rJBadss hMa ORELBE NEkclessEEHY OEnd)Y
allocating lead-in and | ead-out areas; neans for recording a portion of the

dat a; 3. The method of Claim 1, wherein said step of reading the recorded

data for the presence of unrecoverable errors in the first selected area
comprises the steps of:

10
while the data is being recorded, analyzing a read-back signal for
the presence of suspected recoxrding errors;
. if a suspected recording error is detected while the packet of data
15 is being recorded:
halting the recording of data;
o re-positioning the optical head to the beginning of the first
20 sglected area; and
verifying that the recorded data can be successfully read.
4.  An optical drive unit:
25
a disk loader;
an optical head;
30 read and write channels; and
a controller for directing the recordation of a packet of data onto
a CD-R/E optical storage disk by:
35 receiving data to be recorded;
positioning an optical head at the beginning of a first selected
area on the disk to which the data is to be recorded;
40 - opening a session by allocating lead-in and lead-out areas:
recording at least a portion of the data;
while the data is being recoxrded, analyzing a read-back signal for
45 the presence of suspected recording errors; —
-
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means for reading the recordedmr t he presence of
unrecoverable errors; neans f mumm‘nm’t optical head at the

begi nning of a second sel ect ed?“lum\ Bk following the first

sel ecfed area, re-recording the ®portibn bf the data and readi ng the
re-recorded d@b?-,,;pmthe presence of unrecoverable errors i npdgficasspssid

sel ected area | unrecoverable errors are found in the recorded data; and
means for closing the session by recordi a®y the |ead-in and | ead-out areas
and updating the table of contents which contains an entry indicating

| ocations of the beginning of the correctly recorded areas and not of the
areas contai ni ng ynLesepdadiseradording brive ikdecsrted allibe @he alasa arsebéimgnd i n
the entire rggorded data including single recorded or re-recorded portions
of dat a. According to a fourth aspect of the invention there is
provi ded an optical_ unit sin 'dg\tao;li sk | oader; and optical head; read

conprij.
and wite channelg?“é"%&ﬁfrr(ﬁcn?’éd“f’o

5
re-positioning the optical head to the beginning of the first
salected area; and
verifying that the recorded data can be successfully read;
10 .
if recorded data cannot be successfully read and an unrecoverable
error is found in the recorded data:
positioning the optical head at the beginning of a second selected
15 area on the disk following the first selected area;

re-recording at least a portion of the data; and

when the recorded data can be successfully read, fixing the session
20 by recording the lead-in and lead-out areas and updating the table of
contents which contains an entry indicating location of the beginning of
the second selected area and not the first selected area.

\
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4b directing the recordation of a packet of data onto a CD-R/ E opti cal
storage disk; neans for receiving data to be recorded; neans for
positioning an optical head at the beginning of a first selected area on
the disk to which the data is to be recorded; nmeans for opening a_ _session
by al-l ocati ng weatk4728 and | ead- out areas; neans for recordind (GRG0 5
portion of the data; neans for analyzing a read-back signal for the
presence of suspected recording errors while the data is being recorded;
means for halting the recording of data 4#2the end of the portion and
reading the recorded data for the presence of unrecoverable errors in the
first selected area if a suspected recording error is detected while the
portion of data is being recorded; neans for positioning the optical head
at the beginning of a second selected area on the disk followi ng the first
sel ected area, re-recording at |least a portion of the data and verifying
whil e re-recording, the presence of unrecoverable errors in the second
selected area if unrecoverable errors are found in the recorded data; and
means for

100
10~ Host ol
- 106.
o /
104~ 1/0 — s MEMORY }—124
| ! : CONTROLLER
DATA 118
R/W SER | |
108—"|channers[*— | orver 110 | | SERO oqqg
DETECT LASER HEAD
1227 112 ACTUATOR [ 116

MOTOR/
1201 crrL [*

FIG. 1



closing the session by recording the lead-in and | ead-out areas and
updating the table of contents which contains an entry indicating | ocation
of the beginning of the areas containing no unrecoverable errors and not
of the areas containing unrecognizable errors if no unrecoverable errors
are found in tWe94lecorded data, in the entire recorded datRCTGHIEPINES ng

the single records and re-recorded portions. The foregoing and

ot her features and advantages of the invention will be apparent formthe
following nore particular description of Zakgferred enbodi nents of the

I nvention, as illustrated in the acconpanyi ng draw ngs. BRI EF
DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a block diagramof a CD-R E
drive of the present invention; Fig. 2 is a flowchart of one
enbodi nent of the present invention; and Fig. 3is a flowchart of

a second enbodi nent of the present invention.
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4c DETAI LEDVDESER PTI ON O: THE | NVENTI OGN ? Fi glew}_ | B+ a8 lﬂege!kb@-a@hm
of a CD-R E drive 108hig$hest Has BeeRephtedi nvent i on i nt erconnect ed Wi t B a. host
deV| ce 10 for witi ng adl ng data fromasCh RIE. T

optical disk 12. The he host 10 gk«

of a buffer 102 through an interface 104. A md

controls all of the functions of the drive 100,

channel s 10§, 2 1La§ervﬁgg$}grbéﬁ9 fE0,. ke 44t Ee,n %Q-ngw{e% 95 gﬁ 12)

servo contro s § |t head

116), a di skeTBI48Y lffg larhané%_ead -out areas on he

of contents with the location of the verified data and not the orlglnally
recorded data. In a second embodiment, the data is checked as it is

1sk and by upx atlng

S recorded. If a defect is suspected, recording halts and the presence of
the defect is verified. If a defect is present, the data is re-recorded
re-recorded in an area of the disk immediately following the originally
recorded area. When the data is verified as being readable, the session
or packet is fixed and recording ends.

10
According to a first aspect of the invention there is provided a
method of recording data onto a CD-R/E optical storage disk, the disk
capable of storing data in a plurality of wvariable sized recording
sessions, including the steps of: .
15 receiving data to be recorded;

positioning an optical head at the beginning of a first selected
area on the disk to which the data is to be recorded; .
opening a session by allocating lead-in and lead-out areas;
recording a portion of the data;
20 reading the recorded portion of data for the presence of
unrecoverable errors; ’
if unrecoverable errors are found in the recorded data:
positioning the optical head at the beginning of a second selected
area on the disk following the first selected area; .
25 re-recording the portion of the data;
reading the re-recorded data for the presence of unrecoverable
errors in the second selected area; and
if no unrecoverable errors are found in the entire recorded data
including single recorded or re-recorded portions of data, closing the
30 - session by recording the lead-in and lead-out areas and updating the table
of contents which contains an entry indicating locations of the beginning
of the correctly recorded areas and not of the areas containing
unrecordable areas.

35 According to a second aspect of the invention there is provided a
method of recording data onto a CD-R/E optical storage disk, the disk
capable of storing data in a plurallty of variable sized recording
sessions; including the steps of:

receiving data to be recorded;
40 positioning an optical head at the beginning of a first selected
area on the disk to which the data is to be recorded;
opening a session by allocating lead-in and lead-out areas;
recording at least a portion of the data;
while the data is being recorded, analyzing a read-back signal for
45 the presence of suspected recording errors;

if a suspected recording error is detected while the portion of data
is being recorded:
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5 spi ndl e roI ler 120; ‘A dq ﬁ %

recei ves | aser Hﬂi&m he | aser 112 Whi c arﬁefl,eied of f

of a surface of the 2. A menmyy 124 unn -H-rdad only

(ROM and random access (RAM menory for ret ai ni ng control _

I nstructions and vvorklng dat a, relspgctlvely bed wi Af:crst .
i ment of the jpresent |nv tlon e descrijbe referenc

tegb;)ﬁe f1 ow char Tm%%l S\A%aet % 8t dBetd §fr‘él?:eeP9’é"dl°By t he

drive 100 from tﬁ?%ﬁ%tt%forTWSE@ﬂaFﬁefqrnF@ Paeeeng4of SMEpcRBERrblTiesrdis
drive 100 theﬁhPe’%zGﬁaséF@tﬂ(dSpepa.ZOZ) fromthe program nenory area (PM)
whi ch contai ns the ypbysiveahbleoepidraNaddsash UROEhd @e6slicadadtare from the

begi nng ng of th%&s@.@@&dﬁs@' %@Eﬁ@gcaqf h@d%cgtttrlécge QQ1L3%ES£6§ IOH% gelggted
nurher of <a% SPRLORm PoTilg SRECLOROL 1 BEL Al oce r eCar

new recordi ng session IS e °0pti cal head 116 (step 15

204) and focusi ntS TRECTHEE2hesnT ﬁt%"”ctl’r@ns‘lf'?f’ﬁ%éiaﬁﬂ the disk 12

verifying while re-recording, the presence of unrecoverable errors
in the second selected area; and
10 : if no unrecoverable errors are found in the re-recorded data, in the
entire recorded data including the single records and re-recorded
' portions, closing the session by recording the lead-in and lead-ocut areas
"and updating the table of contents which contains an entry indicating
location of the beginning of the areas containing no unrecoverable errors
i5 and not the of areas containing unrecognizable errors.

According to a third aspect of the invention there is provided an
optical drive unit:
a disk loader;
20 an optical head;
read and write channels; and
a controller for directing the recordation of a packet of data onto
'~ a CD-R/E optical storage disk by:
receiving data to be recorded; _
25 positioning an optical head at the beginning of a first selected
area on the disk to which the data is to be recorded;
opening a session by allocating: lead-in and lead-out areas;
recording at least a portion of the data;
while the data is being recorded, analyzing a read-back signal for

30 . the presence of suspected recording errors; _
if a suspected recording error is detected while the data is being
recorded:

halting the recording of data;
re-positioning the optical head to the beginning of the first
35 selected area; and R
verifying that the recorded data can be successfully read;
if recorded data cannot be successfully read and an unrecoverable
error is found in the recorded data:
positioning the optical head at the beginning of a second selected
40 area on the disk following the first selected area;
re-recording at least a portion of the data; and
when the recorded data can be successfully read, fixing the session
by recording the lead-in and lead-out areas and updating the table of
contents which contains an entry indicating location of the beg1nn1ng of
45 the second selected area and not the first selected area.
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i'medi at el erQQkaWﬁﬂsh&?Hﬁ%genq{e 1a | ast recorded SRSSI 0N, (@ Dg&nﬁogengg—,

first recording area d| ateter ;of the disk 12 . sions
wﬂﬂm r e control | ér 10G=cHeT: ik
206) ang one or % JCKsgpr & r egor ded

have previously been
| ead-in bl ocks be al _

20 W th user data (Step 208) I f nore t an one —-+-o—fFe—Fecor ded
during the session, at the conpletion of witing e*ac‘ﬁ“track t he opti cal
head 116 is reposrtroned to. the beginning of the .track (Step 210) and the
just-recorded daderordingetpfs d@urtdt eprectoPt thtet Rl ien Biherdyishpyovided an
conpari son aftidat aangan be perforned when there is a requirenent for the 25
hi ghest | evel ofar@eeribaagrguality, it is faster and requires fewer
resources for the da tcgcglohpgdread by the laser 112 and parity checked to
be surée t hat there are no glcovgl rable errors (Step 214).

If onlYy one track® ai‘%wﬁé 8PUed’ during the session, at the 30

conpl etion of wr‘?tq"ﬁ@r‘?lﬁért ?%rcﬂl"’aﬁr?ﬁlb%ft@ﬁer%%édy@sﬁoﬁ Hlurglitgeot ppekets
opti cal heasf Ba6aimtrepd®rRiBsedrdge &hek:begi nning of the track or session
and the just-recadedtslatraceiSringrd ohekbt Agaddta;a bit-by-bit conparison of

data can be perf:@é&ﬁ%dfopﬁgsiéloh§ng %ﬁt&{tl@QP‘ r{eQQUaltr €8e fr?e‘é%n{n%SQHVC@%rJtor
the df& a tO ec’éeé;l ar tlolr%hf‘c% tltn) rcia‘i:X ? 1g Ii:o eerscl:'gr%eahat 35
there are no unrecovera%‘l b th's g

nmul ti-track sessPRS, %éﬁe’éﬂnlg BfSﬁsﬁe“dé’Fanc’z?ﬁatmg leggs 1§u‘?ft§e §‘I‘%‘I°I“§ r ead,
the sessiom4®8sfi xed by recording the LIA the LOA and updating the
TOC in the PNVA (fsiegys 2h6)ecdfliing the data packet;

means for repositioning the optical head to the beginning of the

15 first selected area;
means for verifyihg that the data packet can be successfully read;
meahs for positioning.the optical head at the beginning of a second
selected area on the disk following the first selected area and re-
recording the data packet if the recorded data cannot be successfully read
20 and as unrecoverable error is found in the recorded data packet.

The foregoing and other features and advantages of the invention
will be apparent from the following more particular description of
preferred embodiments of the invention, as illustrated in the accompanying

25 drawings.

BRIEF DESCRIPTION OF THE DgéWiNGS

Fig. 1 is a block diagram of a CD;R/E drive of the present
30 invention; '
Fig. 2 is a flow chart of one embodiment of the present invention;
and
Fig. 3 is a flow chart of a second embodiment of the present
invention. '
38 :
DETAILED DESCRIPTION OF THE INVENTION

Fié. 1 is a block diagram of a CD-R/E drive 100 of the present

invention interconnected with a host device 10 for writing data to and

40 reading data from a CD-R/E format optical disk 12. The drive 100 and the
host 10 exchange data into and out of a buffer 102 through an interface
104. A microprocessor controller 106 controls all of the functions of the
drive 100, including read/write channels 108, a laser driver 110 (which,
in turn, controls a laser 112), servo controls 114 (which direct the

45 motion of the optical read/write head 116), a disk loader 118 and a
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finger pri nt s or other contam nation’can cause ‘ung ecoverabl e

On the ot herufeasdo2physi cal defects .in the media, surn‘eace gscme@asBeenReplaced
e

to occur. such errors are detected, the data.is te- r,ecqrd "/{1 l]y,
in the ar ea .of t“!llulm'lmui"mtllllately f ol § ol rig” t he-lUSt’r ecor ded ar

(whether it be a on) thereby bypag si

WO 97/ 24723

6 _on the disk (Step 218). The re-recor ded=data .-." verilfied
(Step 212) and when the data can bEA¥8d successful ly, The=Session is
fixed by recording the LIA the LOA and updating the TOC (Step 216).

The TOC wi | L. A methedadh reherdiogaddtencwfo BheD-REi snviingl Gfitotdme désisi ghe
(that is, thesb capabDCatifdrdhg idaealinh Fiidal g, BBYEGabld @Eaéd GRcOHFdiNnGE

track er tragksidnBatinciuaingh@Ne REFN Jegcorded without error (the defective

areas w |l not ap ggqvfng (200) data to be recorded;

‘"positioning (204) an opt1ca1 head at the beginning of a first
selected area on the disk to which the data is to be recorded;
opening (206) a session by allocating lead-in and lead-out areas;
10 recording (208) a portion of the data;
reading (212, 310) the recorded portion of data for the presence of
unrecoverable errors; )
if unrecoverable errors are found in the recorded data:
positioning the optical head at the beginning of a second selected
15 area on the disk following the first selected area;
' re-recording (218) the portion of the data;
reading (212) the re-recorded data for the presence of unrecoverable
errors in the second selecfed area; and
if no unrecoverable errors are found in the entire recorded data
20 including single recorded or re-recorded portions of data, closing thefﬁ
session by recording the lead-in and lead-out areas and updating the table
of contents which contains an entry indicating locations of the beginning
of the correctly recorded areas and not of the areas containing V
unrecordable areas.
25
2. A method of recording data onto a CD-R/E optical storage disk, the
disk capable of storing data in a plurality of variable sized recording
sessions, including the steps of: .
receiving (300) data to be recorded;
30 positioning an optical head at the beginning of a first selected
area on the disk to which the data is to be recorded;
opening (306) a session by allocating lead-in and lead-out areas;
recording (308) at least a portion of the data;
while the data is belng recorded, analyzing (310) a read-back signal
35 for the presence of suspected recording errors;
if a suspected recording error is detected while the portion of data
is being recorded: ' ‘
ﬁélting the recording of data at the end of the portion;
reading the recorded data for the presence of unrecoverable errors +
. 40. in the first selected area; |
if unrecoverable errors are found in the recorded data:
positioning the optical head at the beginning of a second selected
area on the disk following the first selected area;
re-recording at least a portion of the data}
45 :
verifying (310) while re-recording, the presence of unrecoverable
errors in the second selected area; and
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t he TOC) . CQﬁg@:gi@ggl y, the area of the session cont ajeki ngﬁt,hemsSheetHasBeenReplaced

unrecover abl e defects does mot—appear in ﬁnyh;TOC, .cannof b"ga ,addmlmﬂ“m“ul”"
accessed and wil | d tolthe hosthy-therdrive.

If the session is Nmﬂﬂﬂl‘ﬂﬂﬂﬂmﬁe " packgt- "wriiPiTRgs BHEEEER A

conpl etion of witihg %eath Packet* the optical Hpad 1HERLACE. 0 _
repositioned to the beginning of the packet and ‘he-jwst=recorded data is
verified. Any packets which contain an unrecoverable error. are re- 15
recorded in the d&fe? JPTEFRYEIRYR PRIAEGI e fudblirongerTrRecpaekdetai tin thr
def ect. | nf 6PHHLS sACIregdrditagindindina the vidobte tdeenrdse and cmr-dechbrdedt he TOC
and the def pottimsarcashypassetksdisn by faredDREkhe Quabeit lapd 10A-IE areas
structure defs Jpht @y ent Naptapabibidetes Qnick UAcbhe addiRss Sasvatigly
recor d%d pagg@étﬁoﬁ“&f ttlﬂg 1§ég§.§n:81fg LPQ:hIaa;‘e%. ucl:tgi tggnfr);(t egden%et gvecr%. E.éal I}rgzbé S
20 i nfornmati on, , secon e_r?oo Fent ot t he presen

i nvention vma’fq? WoW B “GedTPFHERT21nIng YRtaToFRIBPACEPE®t he fl ow chart of J
Fig. 3. The i mtd-al steps are. the sanme as the initial steps of the
first ermbodBrent 2aStmpEsaBl3i808nit Rat her 25 than record all of the _
cust omer data beficasswesidat;Nng, however, the data Is verified as it
is regqrded (Stepn3Jf)ichy 0alyzing the light fromthe | aser 112
after it has been_r flgct% efromt- e sugface of the disk 12. If t he

anal ysi s i ndi cat 85°1 & dRAeHH A& successfully read (Step 312),

the session is fPxEPESI I EPT e Eidgethesregrrsesion of yrackey @fadtt® 90to
errors exist, CPEBrebtigal sthuddeedigh bvhe end of the recordable unit
(packet, track oresesdngrjateStepeddzbraddie appropriate recordable unit is
re-reqerded begi RBEI AL sh0G5H QN HeHEBMA 2helntt Al 1QWLRY thE geosslall e
area on the disk to which the data is to be recorded;
opening a session by allocating lead-in and lead-out areas;
recording at least a portion of the data;

while the data is being recorded, analyzing a read-back signal for
20 the presence of suspected recording errors; '

if a suspected recording error is detected while the data is being
recorded: '

halting the recording of data;
re-positioning the optical head to the beginning of the first
25 selected area; and
verifying that the recorded data can be successfully read;
if recorded data cannot be successfully read and an unrecoverable
error is found in the recorded data: .
positioning the optical head at the beginning of a second selected
30 area on the disk following the first sélectéd area;
re-recording at least a portion of the data; and .
when the recorded data can be successfully read, fixing the session
by recording the lead-in and lead-ocut areas and updating the table of
contents which contains an entry indicating location of the beginning of
35 the second selected ar'ea and not the first selected area. V4
4. An optical unit: 2 7
a’ disk loader;
an optical head;
40 . read and write channels; _
a controller for directing the recording of a plurality of packets
of data onto a CD-R/E storage disk:
means for receiving a packet of data;
means for positioning an optical head at the beginning of a first
45 selgcted area on the disk to which the data packet is to be recorded;

means for opening a session by allocating lead-in and lead-out
" areas;
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unlt cont ai rmglggst_lagg defective Step 318). Once tQg. daLa 4 Desember: 1997
successfully ver e sessi i s fi.xed as describeyd above. 'By? res;* 35

recording data in m ﬁﬂely fol l owiing the recbrdable unky ;-
cont ai ning the de“ “m re wrltlragthe-' LxLng the
sessi on, read- back sperf okmehce is not degraded a Tmeaessammjﬁptlon

of a limted nunber of tracks or sessions is avoijded. RE&EFQACED I'n
surmary, therefore, there are provided nethods forrteco =
i nfor mati on ont o "ERRRECH I RSBFEngnehaCBR Bt o8k e optical disks are provided.

"In a first enbodimeemd fonfrteppsticatmi ohe owtpeak dbadftodbla beginmdoaraedhei t

is verifiedsissyekeedtedniraoverabl e errors.” If no such errors are
present, the sesgjQs %rnaec‘rls@;mbstﬁatxsgﬂe ARda r;%eszwlaag B0 QS ccdds Bl P 2ead:

r n
\L/I\;l)l‘ 8(7:;) 2;23' e ert OI‘ I gogeg;[oeslglon’lng h:%e SESJ.ICQP headpa ¢ tge geglrwe ! ecg edg%rkfl

7 selected area on the disk following the first selected area and re-
recording the data packet if the recorded data cannot be successfully read
and as unrecoverable error is found in the recorded data packet;

means for fixing the session, after success, recording of all the
10 data packets, by recording the lead-in and lead-out areas and updating a
table of contents to contain entries indicating the location of the
beginning of the successfully recorded data packets and not of the areas
containing unrecordable ones.

18 5. An optical drive unit as claimed in claim 4 further comprising
means for analyzing a read-back signal for the presence of suspected
recording errors; and -
means for halting the recording of subsequent data packets and
initiating the means for repositioning if a suspected recording error is
20 detected while data is being recorded. |

-_—_—
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an area of the disk inmediately following the originally recorded area.
When the recorded data is verified as being readable, the session or
packet is fixed by recording |ead-in and | ead-out areas on the disk and by
updating a table of contents with the location of the verified data and 5
not the originally recorded data. In a sgcond enbodinent, the data is
checked as it is recorded. If a defect is suspected, recording halts and

t he presen g I i fil . [ ted ¥

o o recorgad YRR, Bohe riudifle eXide pPollREFRIIS 1B RfIng el Ahe
the ori gi ngl cord area. A the.data..s verified eing,.10
Foadab o Trdoul 635 5T00e AR and L woifians” s JebIF of Gobiens Wil ehe 166k of he
While the inyention has been particular|ly shown and described with )
ref erence Y‘H‘fe fatp Iaééll nehifsaprienally reserdsdrdata. ¢ Inna secand embrdimento thepgatatisse
skilled in the art that various changes in formand details nay be made 15
t her ei n wi eheskied aeivas recarfefly dfindefect 1si suspectadd resowiing biltstand theypmsencerof the

defect is verified. If a defect is present, the data is re-recorded in an area of the disk
immediately following the originally recorded area. When the data is verified as being
readable, the session or packet is fixed and recording ends.

According to a first aspect of the invention there is provided a method of recording
data onto a CD-R/E optical storage disk, the disk capable of storing data in a plurality of
variable sized recording sessions, said method including the steps of: |

receiving data to be recorded;

. positioning an optical head at the beginning of a first selected area on the disk to
which the data is to be recorded;

opening a session by allocating lead-in and lead-out areas;

recording a portion of the data;

reading the recorded portion of data for the presence of unrecoverable eITors;

if unrecoverable errors are found in the recorded data: |

iaositioning the optical head ét the beginning of a second selected area on the disk
following the first selected area;

re-recording the portion of the data;

reading the re-recorded data for the presence of unrecoverable errors in the second

selected area; and
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CLAIMS 1. A nmet hod of recording data onto a CD-R/ E optical storage
di sk, the disk capable of storing data in a plurality of variable sized

recordi ng sessions, said nmethod including the steps of: recei vi ng
datasto be recorded; positioning an optical head at the beginning
of a first selected area on the disk to ich the data is to be recorded,

openi ng a session by aIIocating | ead-in and | ead-out areas;

recording a portjion of the r.e the r rded portion
Gata for the or dbBRcBrsPUETAPE St 2t fousdrifThe Bhite Rodried U5 nliinechrde
errors are found in the recorded data: positioning_ the optical head

at the begF§ferdfg rreaeeudehpotions et defagslesing the WéSl@FP &x reqosding ihs, lpadtia apd ; st

sel ected area; ) ) ) Lo
lead-out areas and updating the table of contents which contains an entry indicating

locations of the beginning of the correctly recorded areas and not of the areas containing
unrecordable areas.

According to a second aspect of the invention there is provided a method of
recording data onto a CD-R/E opticai storage disk, the disk capable of storing data in a |
plurality of variable sized recording sessions, said method including the steps of:

receiving. data to be recorded;

positioning an optical head at the beginning of a first selected area on the disk‘ to
which the data is to be recorded;

opening a session by allocating lead-in and lead-out areas;

recording at least a portion of the data;

while the data is being recorded, analyzing a read-back signal for the presence of
suspected recording errors;

if a suspected recording error is detected while the portion of data is being
recorded:

halting the recording of data at the end of the portion;

reading the recorded data for the presence of unrecoverable errors in the first
selected area;

if unrecoverable errors are found in the recorded data:

positioning the optical head at the beginning of a second selected area on the disk

following the first selected area;
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re-recording at least a portion of the data;




re-recording the portion of the data; readi ng the re-recorded data
for the presence of unrecoverable errors in the second selected area; and
if no unrecoverable errors are found in the entire recorded data i ncl udi ng
singte recorded or re-recorded portions of data, closing the session by
recording the lead-in and |ead-out areag,and updating the table of
contents which contains an entry indicating |ocations of the beginning of
the correctly recqrded [eas and .not .of the areas conta@ning) unrecordagle
arcas. 2. AVRRORGHEYEECEIURRG ik BeRTED O BECRy R TN DLy sgen

di sk, the disk capable of storing data in a plurality of variable sized
recordi ng §§@§ﬁgﬁ§?ﬂgﬁid met hod including the steps of:

if no unrecoverable errors are found in the re-recorded data, in the entire recorded
data including the single records and re-recorded portions, closing the session by recording
the lead-in and lead-out areas and updating the table of contents which contains an entry
indicating location of the beginning of the areas containing no unrecoverable errors and not
the of areas containing unrecognizable errors.

According to a third aspect of the invention there is provided an optical drive unit
comprising: a disk loader; an optical head; read and write channels; and a controller for
directing the recordation of a packet of data onto a CD-R/E optical storage disk; means for
receiving data to be recorded; means for positioning an optical head at the beginning of a
first selected area on the disk to which the data is to be recorded; means for opening a
session by allocating lead-in and lead-out areas; means for recording a portion of the data;
means for reading the recorded portion of data for the presence of unrecoverable errors;
means for positioning the optical head at the beginning of a second selected area on the
disk following the first selected area, re-recording the portion of the data and reading the
re-recorded data for the presence of unrecoverable errors in the second selected area if
unrecoverable errors are found in the recorded data; and means for closing the session by
recording the lead-in and l(_tad-out areas and updating the table of contents which contains
an entry indicating locations of the beginning of the correctly recorded areas and not of the
areas containing unrecordable areas if no unrecoverable errors are found in the entire
recorded data including single recorded or re-recorded portions of data.

According to a fourth aspect of the invention there is provided an optical unit

comprising: a disk loader; and optical head; read and write channels; a controller for
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9 receiving data to be recorded, posi tioning an opti cal
head at the beginning of a first selected area on the disk to which the
data is to be recorded, opening a session by allocating | ead-in and
| ead=out areas; recording at | eas#ba portion of the data;
while the data is being recorded, analyzing a read-back signal for the
presence ofdiretisgdnt edordation df mpacket of data onto a CD-R/E optisal sprerageedisk;aueandifng
errof is detected while the portion of data is being recorded: _
hal ting t hereceiemgtangtobe tebried; melres fon gosifioning apopticadihead at the beginaig ¢fn
the recorded data for the presence of unrecoverable errors in the first
sel ected ar®mt selected area on the disk to which the data is to be recorded; means for opening a
session by allocating lead-in and lead-out areas; means for recording at least a portion of
the data; means for analyzing a read-back signal for the presence of suspected recording
errors while the data is being recorded; means for halting the recording of data at the end
of the portion and reading the recorded data for the presence of unrecoverable errors in the
first selected area if a suspected recording error is detected while the portion of data is
being recorded; means for positioning the optical head at the beginning of a second
selected area on the disk following the first selected area, re-recording at least a portion of
the data and verifying while re-recording, the presence of unrecoverable errors in the
second selected area if unrecoverable errors are found in the recorded data; and means for
closing :che session by recording the lead-in and lead-out areas and updating the table of
contents which contains an entry indicating location of the beginning of the ?;reas
containing no unrecoverable errors and not of the areas containing unrecognizable errors if
no unrecoverable errors are found in the re-recorded data, in the entire recorded data
including the single records and re-recorded portions.
The foregoing and other features and advantages of the invention will be apparent

form the following more particular description of preferred embodiments of the invention,

as illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of a CD-R/E drive of the present in
Fig. 2 is a flow chart of one embodiment of the present invention; and

Fig. 3 is a flow chart of a second embodiment of the present invention.



if unrecoverable errors are found in the recorded data: posi tioni ng
the optical head at the beginning of a second selected area on the disk

following the first selected area; re-recording at |east a portion
of the data; verifying while re-recording, the presence of
unrecoverable errors in the second selefted area; and if no

unrecoverabhle errors are found in the re-recorded data, in the entire
recot ded QQ’%&‘WG@WEFQN@FJHEJHV&VWW recorded portions,

closing the session by recording the lead-in and | ead-out areas and

updating the tabige bfis cobledkt diagrane rofcarCRIRYE driveri0Pyof ithed ipeesentn gnventioni on

of the beginning of the areas containing no unrecoverable errors and not

t he of ar ebsercamicetiediwith arhostcdayidezEbfor veritirgy data to and reading data from a CD-R/E
format optical disk 12. The drive 100 and the host 10 exchange data into and out of a
buffer 102 through an interface 104. A microprocessor controller 106 controls all of the
functions of the drive 100, including read/write channels 108, a laser driver 110 (which, in
turn, controls a laser 112), servo controls 114 (which direct the motion of the optical

read/write head 116), a disk loader 118 and a




10 3. An optical drive unit conprising: a di sk | oader;

an optical head; read and write channels; a controller

for directing t ' a packet of data onto a CD-R/ E opti cal

storage di sk; Mlﬂﬂﬂ Etlﬂr"ﬂﬁ‘ receiving data to be recorded;

means for posit L&'y i head at g he beginning of a first selected

area on the disk to which the data is to be recorded, means for
means

opening a session by allocating | ead-ig@gLAIMS ead-out areas;
for recording a portion of the data;
- 1. A method of recording data onto a CD-R/E optical storage disk, the disk capable of

storing data in a plurality of variable sized recording sessions, said method including the

steps of:
receiving data to be recorded;

positioning an optical head at the beginﬂing of a first selected area on the disk to
which the data is to be recorded;

opening a session by allocating lead-in and lead-out areas;

recording a portion of the data;

reading the recorded portion of data for the presence of unrecoverable errors;

if unrecoverable errors are found in the recorded data:

positioning the optical head at the beginning of a second selected area on the disk

following the first selected area;
re-recording the portion of the data;

reading the re-recorded data for the presence of unrecoverable errors in the second
selected area; and
if no unrecoverable errors are found in the entire recorded data including single
recorded or re-recorded portions of data, closing the session by recording the lead-in and
lead-out areas and updating the table of contents which contains an entry indicating
locations of the beginning of the correctly recorded areas and not of the areas containing
unrecordable areas.
2. A method of recording data onto a CD-R/E optical storage disk, the disk capable of

storing data in a plurality of variable sized récording sessions, said method including the

L
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means for reading the recorded portion of data for the presence of
unrecoverable errors; means for positioning FﬁmﬂTar—heaHt

t he begi nning of a second sel ected area on the di sklmmm rst
sel ected area, re-recording the portion of the data (ﬂﬂ"
re-recorded data for the presence of unregoverable ertors itn Fhess

selected area if wunrecoverable errors are found in the recorded data and

nmeans for closi RGelvi $888 Brel¥rdegcor ding the lead-in and | ead-out areas
and updating the tab e of contents which contains an entry indicating

| ocations of tneoeglnglatnieh 18 K SGhining SP9 HSCALRACENn 0L Bl hhe

areas containi ng unrec 'é areas i ecoverable errors are found
in the entj ile tgcgrtdeéjt atr% 'H uding single recorded or re- recorded
portions of PIFRHAE dataistobe reeQrdedi ' cal’ unit compri sing:

opening a session by allocating lead-in and lead-out areas;

recording at least a portion of the data;

while the data is being recorded, analyzi;lg a read-back signal for the presence of
suspected recording errors;

if a suspected recording error is detected while the portion of data is being
recorded:

halting the recording of data at the end of the portion;

reading the recorded data for the pi'esence of unrecoverable errors in the first
selected area;

if unrecoverable errors are found in the recorded data:

positioning the optical head at the beginning of a second selected area on the disk
following the flrst selected area;

re-recording at least a portion of the data;

verifying while re-recording, the presence of unrecoverable errors in the second
selected area; and

if no unrecoverable errors are found in the re-recorded data, in the entire recorded
data including the single records and re-recorded portions, closing the session by recording
the lead-in and lead-out areas and updating the table of contents which contains an entry
indicating location of the beginning of the areas containing no unrecoverable errors and not

the of areas containing unrecognizable errors.
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a d| sk | oad tical head, read and wite channels;
a controll er f 0”"1“] m!ulﬂyu'mﬂ“'ecor dation of a packet of data onto a
CD- R/ E optical means for receiving data to be
recor ded,; means for p03|t|on|ng an optical head at the begi nning of
a first selected area on the disk to whijgh the data is to be recorded;
nmeans for opening a session by allocating | ead-in and | ead-out areas;
means for Becor dingptithl de@sinibcdirisig? of the data;
a disk loader;
an optical head;
read and write channels;
a controller for directing the recordation of a packet of data onto a CD-R/E optical
storage disk; |
means for receiving data to be. recorded;
means for positioning an optical head at the beginning of a first selected area on the
disk to which the data is to be recorded;
means for opening a session by allocating lead-in and lead-out areas;
means for recording a portion of the data;
means for reading the recorded portion of data for th¢ presence of unrecoverable
errors;
means for positioning the optical head at the beginning of a second selectéd area on
the disk following the first selected area, re-recording the portion of the data and reading
the re-recorded data for the presence of unrecoverable errors in the second selected area if
unrecoverable errors are found in the recorded data; and
means for closing the session by recording the lead-in and lead-out areas and
updating the table of contents which contains an entry indicating locations of the beginning
of the correctly recorded areas and not of the areas confaining unrecordable areas if no
unrecoverable errors are found in the entire recorded data including single recorded or re-
recorded portions of data.

S e

4, An optical unit comprising:
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means for ang_y;Lng_aJead——baek—mgnal for the presence of suspected

recording errors a I s being recorded, nmeans for
hal ti ng t he r mu“t | ‘ \ t the end of the portion and reading the
recor ded data £ of unrecoverable errors in the first

sel ected area if a suspect ed recording gnror is detected while the portion
of data is being recorded, means for positioning the optical head
at the begi nni ng ddk ldaggecond sel ected area on the disk followi ng the first
selected area, re-recording at least a portion of the data and verifying
whi l e re-recordigfgnitdifed;esence of unrecoverable errors in the second
selected area if Bnrecoverabl e errors are found in the recorded data; and

nmeans for cl osi recording the lead-in and | ead-out areas
and updating tE ?@Iwr?%%h%n?s\ént S which contains an entry indicating

| ocation of the be of 1he areas, containi unrecoverabl e errors
and not of the &P@B@g@%&gﬁfiﬁ?ﬂ@g tb?\F‘?@H{j‘HP‘E& Fé’aa?er‘ ngatﬁfon%a (#-Bdp optiead| e
errors are found in the re-recorded data, in the

storage disk;

means for receiving data to be recorded; |

means for positioning an optical head at the beginning of a first selected area on the
disk to which the data is to be recorded;

means for opening a session by allocating lead-in and lead-out areas;

means for recording at least a portion of the data;

means for analyzing a read-back signal for the presence of suspected recording
errors while the data is being recorded;

means for halting the recording of data at the end of the portion and reading the
recorded data for the presence of unrecoverable errors in the first selected area if a
suspected recqrding error is detected while the portion of data is being recorded;

means for positioning the optical head at the beginning of a second selected area on
the disk following the first selected area, re-recording at least a portion of the data and
verifying while re-recording, the presence of unrecoverable errors in the second selected
area if unrecoverable errors are found in the recorded data; and

meéns for closing the session by recording the lead-in and lead-out areas and
updating the table of contents which contains an entry indicating location of the beginning
of the areas containing no unrecoverable errors and not of the areas containing
unrecognizable errors if no unrecoverable errors are found in the re-recorded data, in the

entire recorded data including the single records and re-recorded portions.
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entire recorded data including the single records and re-recorded portions.

12
CD-ROM RECORDING

ABSTRACT
Methods for recording information onto CD-Recordable and CD-Erasable optical
disks (12) are provided. In a first embodiment, after a session or packet of data is
recorded, it is verified to detect unrecoverable errors. If no such errors are present, the
session or packet is fixed and recording ends. If an unrecoverable error is detected, the
session or packet is re-recorded in an area of the disk immediately following the origihally
recorded area. When the recorded data is verified as being readable, the session or packet
is fixed by recqrding lead-in and lead-out areas on the disk and by updating a table of
contents with the location of the verified data and not the originally recorded data. In a
i second embodiment, the data is checked as it is recorded. If a defect is suspected,
recording halts and the presence of the defect is verified. If a defect is present, the data is
.re-recorded in an area of the disk immediately following the originally recorded area.
When the dat_a is verified as being readable, the session or packet is fixed and recording
ends.

Fig. 1.




