1 : OPTI CAL DI SK UNDER- RUN PROTECTI ON

‘TECHNI CAL - FI ELD This invention relates to the storag% yddgal n a
conti nuous sequence of sectors;. and nore particularly to the rqggction
agai nst under-run of the dat.a being organized in a buffer for 4t age in
sectors or blocks of data. BACKGROUND CF THE

| NVENTI ON Optical disk nmedia typically conprise a continuous spiral
groove which extends for the entire data storage capacity of the- disk.
CD-based (CR-R or DVD-R) optical disk media architecture wutilizes the
continuous spiral groove with sectors (also called "blocks") of equal

| ength, which are accessed at a constant |inear velocity (CLV). Thus,
there are a greater nunber of sectors along the outer tracks of the spiral
than at the inner

2 OPTICAL DISK UNDER-RUN PROTECTION

TECHNICAL FIELD
This invention relates to the storage of data in a
continuous sequence of sectors, and more pérticularly to the
protection against under-run of the data being organized in a

buffer for storage in sectors or blocks of data.
BACKGROUND OF THE INVENTION

Optical disk media typically comprise a continuous spiral
' groove which extends for the entire data storage capacity of the
disk. CD-based (CR-R or DVD-R) oﬁtical disk media afchitecture
utilizes the continuous spiral groove with sectors (also called
"blocks") of equal.length, which are accessed at a constant-
linear velocity {(CLV). Thus, there are a greater number of
sectors along the outer tracks 6f‘£he spiral than at the inner

tracks of the spiral.



tracks of the spiral. 2

Herein, the terms "block" and "sector" are used interchangeably. The
CD-R (CD-recordabl e) optical disk nedia is CD based and conprises a
continuous spiral CLV nedia. The coding nodulation for CD-Ris called
"EFM', which neans eight-to-fourteen nodulation. The encoding turns the

i nput data, along with error correction data, address information,
synchroni zation patterns, and other m scell aneous content, into an encoded
binary stream of bits, expanding every eight bits of input data into
fourteen, wth an additional three bits to separate words, as is well
known in the art. In the CO-R format, 24 of the resultant 17 bit synbols
are assenbled into a frame. 98 franes are grouped together to forma
sector. A layered level of error correction is acconplished on a "dianond"
or conbined lateral and slant pattern across the franes to avoid the total
| oss of a fraerefn, déhe, tams "Hakt andt heector” Bue ussath sector
conprises a totality of 98 frames of data, together with a sector header
synch i nintexchangeaklYayered ECC distributed across the frames and
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thereforg,for{@dd ed Wiy NEALS HilAM BEvanGdfA! The coding modulation
for CD-R is called "EFM", which means éight—to-fourteen
modulation. The encoding turns the input data, along with error
correction data, add;ess information, synchronization patterns,
and qthef‘miscellaneous content, into an enc&ded-binary stream of
bits, expanding every eight bits of input data into fourteen,
with an additional three bits to separate words, as is well known
in the art. In the CD-R format, 24 of the resultant 17 bit
symbols are assembled into'a frame. 98 frames are grouped
together to form a sector. - A layered level of error cérreqtion
is accomplished on a "diamond" or combined lateral and slant
pattern across the frémes to avoid the total loss of a frame of
data, as is known in the art. Thus, each sector comprises a
totality of 98 frames of data, together with a sector header,
synch information and layered ECC distributed across the frames
and sectors. The CD-R media does not provide molded sector or
block identification marks to identiff data recording positions.
The sectors are therefore formatted wit@ headers having a great
deal of information to aid in synchronizing fhe rotation of the
disk and obtaining data framing, comprising a great deal of
overhead. A limited number of éntries may be placed in the table

of contents on the disk for locating the beginning of recorded -



deal of information to aid in synchronizing the rotation of the disk and
~obtafning data framng, conprising a great deal .of overhead. A linited
nunber of entries may be placed in the table of contents on the disk for
| ocating the beginning of recorded .

3 areas. Therefore, it is very inportant for CD-R to not interrupt
the data witing process because of this overhead penalty. Current
CD-R devices therefore have a buffer to actunulate the input data to
organi ze the data into sectors for wifing on the disk in a continuous
sequence of - sectors. . When the current buffer of a CD-R device fails
to receive input data fromthe host on a tinely basis (due to higher
priority-tasks or interrupts using host resources), the buffer may
under-run and will beconme enpty, causing the mwiting process to be halted
in an orderly fashion, resultlng in a data fi Wit
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- space and tablcar@entopbeRt aeeyeéaeacbr@ﬁ&el havesel bafikBratdi akcukiayang the
appearance of two recorded files. Mst often, the wuser application cannot
deal mnthhhhan@ﬁmpbaxatyooorgnnhzermhé\natadamaofsbesowbeferoweitsngxpacted,

" so the disk is considered ruined and di scarded.

the disk in a continuous sequence of sectors.

When the current buffer of a CD-R device fails to receive
input data from the host on a timely basis (due to higher
priority-tasks or inté:rupts using host resources), the buffe;
may under-run and will become empty, causing the writing process
to be halted in an orderly fashion, resulting in a data file
being partially written. One proposed solution, which is
undesfrable, is to stop writing sectors uéon the occurrenée of
the under-run. 'This is because in CD-R devices, it is not
possible to restart the writing process without incurring the
space and table of coﬁteﬁts overhead, and it results in a disk’
having the appearance of two recorded files. Most often, the
user application cannot deal with the complexity or with the'two
data files where one is expected, so the disk is considered
ruined and discarded.

What is needed is a means for protecting the recording of
the pptical disk against under-run of the input data to the
buffer.



What is needed is a neans for protecting the recording of the optical disk
agai nst under-run of the input data to the buffer.

4 SUMVARY OF THE | NVENTI ON It is an object
of .the present invention to overcone or substantially aneliorate one or
nore di sadvantages of the prior art. According to one aspect of the

present invention there is provided in a continuous sector witing data
storage device responsive to input data for buffering said input data, for
formatting said buffered data into sectgrs, each formatted sector .
conprising a group of frames and a headér, and for wi tf - Tt e
sectors, in a continuous sequence, apparatus for conti nui&g’ 'Sﬂ:l
upon an under-run of said buffered data, conprising: N33d SV d
detector responsive to said buffered data conprising less than a full
sector of data for formatting into said group of frames, said under-run
detector indicating an under SPMMABY %%jéhﬁ) NI Wat a; and a
paddi ng provi der responsive to said under-run-indication for providing a
formatted paddi ng sector of padding data and a pad sector header.

Accordi ng to agpther e b AN ERL ] ! raqviged in a
conti nuous sec?grgﬁa?gég?%ir a(g%t%rt}\%d(%%?ora&rr%géi ﬁgkg%]%éggﬁ%a(%a}éa)nﬁy 4

transf er r régotablle SbPELEal ddisk tih & ROALINAPRA! BbgiSeRO8NGf SS&gkors, a
read paddi ng detector responsive to said stored data for detecting a sector
of paddi hgvilegaa bmfifer for buffimting thesinpupadataespbich uffersgay be

detection of a sector of padding data for not transferring said sector of
paddi ng dewRjiestshe qupde¥-run, underxauy, prafeebieriis BFRYISd HAR of the

t o ti 't j i d i | { i
Feaponsi VEMIGET Fih AeEpate FEEARTR Y traeher B SR SRR g ai sk
In a contyguousySRONENSE N S S £02°TRELSARIng an under-run, and a

padding provider responsive to the under-run indication for

providing padding signals for formatting into sectbrs. fhe
sectors may be provided with headers indicating the sectors as
padding. A reading device for reading the data sectors and
providing the data to a host detects padding data and prevents
the padding-daté from being gransmitted to the host.

"For a fuller understanding of the present invention,
reference should be made to the following detailed description

. taken in conjunction with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 and 2 are diagrammatic repreéentations of the format
of a sector of frames of optical disk data of the prior art;
FIG. 3 is a block diagram of an optical disk and the read

and write electronics for storing data in a continuous sequence

as Been Reiaced
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a buffer for buffering said input data;

o 4

4a a formatter for formatting said buffered data into sectors;

an optical data witer for witing said sectors on said renovable optica
di sk; an under-run detector responsive to said buffered data
conprising less than a sector of data for indicating an under-run of said
buf fered data; and a paddi ng provi der responsive to said under-run
i ndi cation for providing padding signals for formatting into said sectors.
According to still another aspect of the present invention there is

provided an optical data storage devi e for readi ng data stored on a
renovabl e optical disk, which data is stored in a sequence of sectors, and
‘for transfering said stored data to a host, conprising: - a read
paddi ng-detector responsive to said stored data for detecting a sector of
paddi ng data; and a data transfer gate responsive to said detection
of a sectforsasftqmmmg‘ld?ﬁtoalf end Aptwhichhyay Megtddiigeseaigh $hepaddi ng
data to said host. According to still another aspect of the present
i nvent i GFaSRIYe nveRtdPided in a continuous sector witing data storage

Formatting saF o fg & ek bfiarS e Tk end BocRBk g, O

conpri sig¥e et QR eiftiidndmes and a header, and for witing said formatted
sectors, in a continuous sequence, a net hod for conti nui ng said witing

upon an underrIGin Ofissa dlohuthareddepictimpmie Jdezgl tproceisspefothe
detecting said buffered data conprising |ess than a full sector of data for
f or mat t ipRedento igwlentdonyp of frames, said detecting step indicating an
under-run of sal d buffered_data; ovi di ng a for n%ttl ng

paddi ng sect &9n srésspéﬁséltlBSEE?Elgﬂno‘éﬁ & lf‘r?qq%}cc‘?at"lfo t?&isd ofPat t ed
paddi ng S§GL e YL ditlodd mRAddb B9 At S HUh? NABASAIG' - and

FIG. 7 is an illustration of a command for implementing the

present invention in the optical disk of FIG. 3.
DETAILED DESCRIPTION OF THE INVENTION

Referring to fiGS. 1 and 2, the format of a sector of
optical disk data is illustrated, as described in the '557
patent. As discussed above, in the CD-R format, 24 of the
resultant 17 bit symbbls are assembled into a frame, which also
includes a synch pattern and error correction data. The sector
includes 98 frames grouped together and -organized into a sector
with a sector header across the frames comprising several
channels, including the "Q" channel. A layered level of error
correction is accompiished on a "diamond" or slant pattern across
the frames to avoid the total loss of a frame of data, as is-
known in the art. Thus, each sector comprises a totality of 98

frames of data, together with a sector header, synch information



.4b According to still another aspect of the present invention there is
provi‘ded i'n a data storage device for reading continuous sectors of stored
data, the nethod for reading said continuous sectors of stored data, and
transferring said stored data to a host, conprising the steps of:

readi ng said sectors for detecting a sector of stored data and for
detecting a sector of padding data; and: I n response to said
detection of a sector of stored data, transferring said sector of stored
data to said host, and in response to sagid detection of a sector of padding
data, not transferring said sector of pPadding data to said host.

BRI EF DESCRI PTI ON OF THE DRAW NGS FIGS. 1 and 2 are diagranmmatic
representations of the format of a sector of frames of optical disk data
of the prior art; FIG 3 is a block diagram of an optical disk and

the read and wite electronics _for storing data in a continuous sequence
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formatted with headers having a great deal of information.to aid
in synchronizing the rotation of the disk and obtaining data
framing, comprising a great deal of overhead. The sector header
incorporated in the Q channel of FIG. 1, illustrated in FIG. 2,
indicates the sector (block) address and the mode. Identifiers
and other information are.pfovided in the other sub-header
channels, as is known in the art.
The complexity of the.formatting} error correction and
encoding, together with the lack of position identification in
tﬁe media, makes apparent the problem that occurs if an under-run
occurs which results in the stoppage of writing. It may be
possible to deal with the stoppage with a sysﬁems level program
which may re-establish the writing process in some way. However,
the writing process cannot be restarted at the drive level
without incurring the space and table of contents overhead
problem, resulting in a disk with the appearance of two recorded
files. User applications most often cannoﬁ deal with the
overhead or the two data files where only one is expected, as
discussed above.
FIG. 3 is a block diagram of an optical disk drive 10 and
the read and write electronics 11 for storing data in a

continuous sequence of sectors of FIGS. 1 and 2. The analog



al ternative enbodi ment of the present invention; and FIG 7 is an
illuStration of a command for I npl enmenting the present invention in the
optical disk of FIG 3. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON Referring'to FIGS. 1 and 2, the format of a sector of
optical disk data is illustrated,. as described in the '557 patent. As

di scussed above, in the CD-R format, 24 of the resultant 17 bit synbols
are assenbled into a frame, which also includes a synch pattern and error
correction data. The sector includes 98 frames grouped together and

organi zed into a sector wth a sector header across the franes conprising
several channels, including the "Q channel. A layered |evel of error
correction is acconplished on a "dianond” or slant pattern across the
frames to avoid the total loss of a frame of data, as is known in the art.
Thus, each sector conprises a totality of 98 franes of data, together wth
a- Sectorlnpgﬁgrprgyngﬁd|ﬁpoaﬁathmwerter 20 are continuous by definition
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the di skaandnebudikNizng #@kiadh includes a buffer, and microprocessor.31
generate the formatting, headers and ECC and organize the dota
into frames and sectors, as is well known in the art. The
resultant EFM éncoded data stream is supplied on line 35 to the
laser recdrding and reading circuitry 36 for recording on an
optical disk 40.

Data encoded on an optical disk 40 is read by the i§ser
recording and reaoing circuitry 36 and provided to decoder 42 and
microprocessor 31 for decoding, error correction and '
reorganization into odtput daoa and supplied by digital output 44
to ouoput line 45 to a host.

FIG. 4 is a flow'chért depicting the write process of the
present invention for protecting against an undor—run condition.
In response to a write command 200, writing is initiated and
decision block 210 determines whether there is less than a full
sector of data in tﬁe buffer of encoder 30 of FIG. 3. A full
sector of dato is 2048 bytes of data. In the Cka format, the
total number of bytes to support 2048 bytes of data is 2352
bytes.

If at least a full sector's worth of data is available, "No"
in decision block 510, the next éeotor is written to the disk in

step 212 and the process cycles back to decision block 210. Upon



fram ng, conprising a great deal of overhead. The sector header '
i ncor'porat’ed in the Q channel of FIG 1, illustrated in FIG 2, indicates

the sector (block) address and the node. Ildentifiers and other
information are provided in the other sub-header channels, as is known in
the art. The conplexity of the formatting, error correction and

encodi ng, together with the |l ack of position identification in the nedia,
makes apparent the problemthat occurs if an under-run occurs which
results in the stoppage of witing. It €Ey be possible to deal with the
stoppage with a systens | evel program ich may re-establish the witing
process in sone way. However, the witing process cannot be restarted at
the drive level without incurring the space and table of contents overhead"-
problem resulting in a disk with the appeafance of two recorded files.
User applications nost often cannot deal with the overhead or the two data

files whegRe 0BbYuPPEnts SXRAEGeraFun(li 624 eth adyfsion blodH @103 n® a
bl ock di agram of an optical disk drive 10 and the read and wite
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FIGS. 1 and 2. The anal o 7
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whi ch i nCJ:é'Qgﬁdé‘dbUfi?rthén%dﬁ‘c%ﬂggrgﬁﬁéfois 3g]resent, "Yes" in block 220,
the data remaining 1n the buffer of encoder 30 is written to disk
40 in block 222 by microprocessor 31, and the process is exited
in block 240. |

If decision block 220 is unable to detect an "EOD"
character, indicating a true under-run, é;padding sector is
written to the disk in step 230.

;Thﬁs, microbrocessor 31 in FIG. 3 determines whether a true
under-run condition exists and provides encoder 30 with the
commands to write a data sector or a padding sector to the disk.

Referring again to FIG. 4, decision block 231 detects
whether the maximum number of pad sectors is written to the disk,
as will be explained. If "No", the process cycles back to
decision block 210. Once again, if sufficient data has been
brovided to the buffer to write a sector by the time decision
block 210 is reached, step 212 writes the sector to the disk.

If, instead, a true under-run remains, step 230 writes another
padding sector to the disk.

In the preferred embodiment, the padding sector will be
identified by an otherwise unuséd Qit pattern in the subheader

field or mode field of the pad sector in the Q channel of FIG. 2.



generate the formatting, headers and ECC and organize the data into frames
and Sectors, as is well known in the art. The resultant EFM encoded data
streami s supplied on line 35 to the |laser recording and reading circuitry
36 for recording on an optical disk 40. Dat a encoded on an optica
disk 40 is read by the |laser recording and reading cifcuitry 36 and

provi ded to decoder 42 and m croprocessor 31 for decoding, error
correction and reorganization into output data and supplied by digital
output 44 to output line 45 to a host. FIG 4 is a flow chart
depicting the wite process of the pré%ent I nvention for protecting

agai nst an under-run condition. In response to a wite comand 200,
witing is initiated and decision block 210 determ nes whether there is

|l ess than a full sector of data in the buffer of encoder 30 of FIG 3. A
full sector of data is 2048 bytes of data. In the CO-R format, the total
nunber ofanyytfid 1t @:rﬁaimpmeu: @e¥8boyused ofoxdthe ipnddiny daybesield, sihbeat

| east a full sector's worth of data is available, "No" in decision block

210, the tﬁ’é%(tdaé@ctvﬁrlh beypypashedo ahavhlkbe rexpgtaéﬂemz Angpreréapr d&é@@@

 es bagk {o d bl ock 210,
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a communication failure has occurred to the input data channel.
Therefore, a number of padding sectors is selected as the maximum
to be written. The decision block 231 is provided for this
purpose. If the maximum number of sectorsfhas_been reached,

- "Yes", the writiné'of padding sectors is stopped in step 232 and
the process abends. At this poiht, an unrecoverable "Pad Sector
Under-run" error signal is;sent to the host. Alternatively, the
signal may be called a perﬁanent "pad Sector Under-run" error.

Thus, the process of the invention is to either write entire
sectors of data or entire sectors of padding. The sectors are
differentiated from oﬂe another bj the information in the mode or
sub~header field.

FIG. 5 illustrates the read process, entered at step 300,
and conducted by thé microproceséor 31 and decoder 42 of FIG. 3.
The first step is to reﬁd.the‘mode or sub-header information for
the next sector to be read in step 310. Step 320 checks the
mode/sub-header information to see if the present sector is a
data or'pad sector. If the sector is a data sector, "Yes", the
data sector is read iﬁ step 321 and transferred to the host.
‘Then, a check is made in step 322 to determine if all the data

has been read, per instructions from the host. For example, in



been reached. Thus, decision block 220 | ooks for an "EQD', or "end of

data™ character to designate the end of data to be recorded. |f the "EOD'
character is present, "Yes" in block 220, the data remaining in the buffer
of encoder 30 is witten to disk 40 in block 222 by m croprocessor 31, and

the process is exited in block 240. | f decision block 220 is unable
to detect an "EOD' character, indicating a true under-run, a:padding
sector is witten to the disk in step 230. Thus, m croprocessor 31

in FIG 3 determ nes whether a true under-run condition exists.and

provi des encoder 30 with the commands'®o wite a data sector or a paddi ng
sector to the disk. - Referring again to FIG 4, decision block 231
detects whether the maxi num nunber of pad sectors is witten to the disk
as will be explained. If "No", the process cycles back to decision block
210. ‘Once again, if sufficient data has been provided to the buffer to
Wite a thet GCSIy cnfvd ronfentdgCcthé ommiiBmof 3e¢tioxrsr eacbedrealeps2d@finedies
the sector to the disk. 1If, instead, a true under-run remains, step 230
wites adst ifereagh@wmmgndecdér there his moye to be rPﬁdtch‘éhﬁrEFQ‘Pﬁéﬂ oops

mbodi ment, the paddi t || be identifiedb
oit pat t B4R £ e Hodichtheritee o tnma8oa Ercor tﬁacssaséﬁﬁﬁré’?ﬁt?he

Q channel 4533é%

If the sector is identified as a paddlng sector in decision
block 320, the padding sector is read at step 330 at the drive,
but the padding data is not transferred to the host in step 331.
The padding sectof is needed by the drive to maintain thg ECC
process, but is valueless to the host. Thus, at step 331,
microprocessor 31 in FIG. 3 6perates decoder 42 to comprise a
gate which Fransmits the data of a data sector at digital output
44 on line 45_to the host, and which blocks the paddiné data from
being transferred to the host.

The process then cycles back to step 310 to check the next
sector. | '

An alternative embodiment to the format of the present
invention is illustrated in FIG. 6 which does not use the special
MODE character and which enables existing CD-ROM drives to
utilize the invention. Specifically, the pad header 400 would
use a minimum (00000), maximum (FFFFF), or negatiﬁe address in
the address portion of the header, an address significantly
different than the address expected by the drive, such that the
drivé would bypass the information being read per step 330 .of

FIG. 3. : ' g



Any fill character may be used for the padding data field, since the data
w Il be bypassed, as will be explained. A special "MODE SELECT" comrand
may be used to select the fill character. It is not useful to wite a
full disk of padding sectors if a communication failure has occurred to
'the I nput data channel. Therefore, a nunber of padding sectors is selected
las the maximum to be witten. The decision block 231 is provided for this
Ipurpose | f the maxi mum nunber of sectors has been reached, "Yes", the
‘writing of padding sectors is stopped in step 232 and the process abends.
At .this point, an unrecoverable "Pad Sédtor Under-run" error signal is
sent to the host. Alternatively, the signal may be called a permnent "Pad
Sector Under-run" error. Thus, the process of the invention is to '
either wite entire sectors of data or entire sectors of padding. The
sectors are differentiated fromone another by the information in the node
or sub-headefhiej MOPE SELECTFtoumgnd | maps tatdtlds behatsedagopresesd, that ered at

step 300, and_conducted by the m croprocessor, 31 and decoder 42 of FIG 3.
The firsBPECd@) Bodg F@éHaFﬁ§rn§8€ BeW SR &ddai®Snf or nation for the next

sector to be nead in 3 tfa%g, gfg)gge%fﬁggzgoﬂé%%ist f}ﬁlu';f%g_% %Hb Hei*g&rl?.th

i nformation to seel tor 1s a” data or sector

sector igid 43bE $3Ee00 allbws: tﬁQeusé!tattﬁ: P iHe 'w?xeﬁ:ﬁ%ﬁ!‘ kReSHaR 38&tapd
transferred to the host. Then, a check is nade in step 322 t0 determne if

~all the dakatohde keed Hﬁ&dngpﬂﬁdeﬁ-sfﬂmcddnaﬁﬂ:ﬂdrﬂm t Bgtleoldt deEQnesxanpgl e,

A0 character to be used as pad during the under-run. Allowing the
padding sector to be changed allows for future enhancements.
Alternatively, a different padding sector could result in using
different padding gharécters for each session or when there is a
need to differentiate between the units processed or the drives.
Bytes 2 and 3 define the maximum nﬁmber of pad sectors to be
written before terminating the write operation in steps 231 and
232 in FIG. 4. This termination of the write operation should be
a low prioritﬁ event through the use of pad sectors.

Alternatively, a.sténdafds group may define the character to
be used to identif&-padding sectors, and, if not a mode
-character, the MODE SELECT command would not be used.

When an under-run occurs where the limit on pad sectors has
noﬁ been reached, the device notifies the host with a recovered
error code, "Pad Sector Under-run". Alternativelf, the signal
may be called a temporary "Pad Seqtor-Under—fun" error. The host
may then interrogate the drive, requesting error statistics such
as the number oflpad sectors written or the number of tracks
padded. This information could also be written on the disk for

future reference.



10 the SCSI environnent, the nunber of sectors to be read is defined
in a“read command. If there is nore to be read, the process | oops back to
step 310. OGtherwi se, the read process successfully exits in step 340.

If the sector is identified as a padding sector in decision block 320, the
paddi ng sector is read at step 330 at the drive, but the padding data is
not transferred to the host in step 331. The padding sector is needed by
the drive to maintain the ECC process, but is valueless to the host. Thus,
at step 331, .microprocessor 31 in Fl 3 operates decoder 42 to conprise.a
gate which transmts the data of a data sector at digital output 44 on
line 45 to the host, and which bl ocks the padding data from being

transferred to the host. The process then cycles back to step 310 to
check the next sector.: An al ternative enbodinent to the format of
the present invention is illustrated in FIG 6 which does not use the
speci al  MODE Binsg actterhasmdasn dischabedsthnd sthie@topiRQd f ke mxite
utilize the |nvent|on SpeC|f|caIIy, t he pad header 400 would _use a

ol mum (RO kI SRR, ZBPeAERy £ idiscant of a °pttHé=a&dd'|i§§‘s as
portion an addre Si t f th ess
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bei ng. r eagl Pﬁﬁlt%&%m;ofof 'ﬂa@dlﬁg sectors:3 The padding ge@t'}ﬁs. may be
-identified in the control area of the sector (the addfess,
subheader,'and/or mode field), so as to be identified in the read
process and the sector used for the purpose of ECC by the drive,
bat blocked from transfer to the host. Also, the existing MODE
'SELECT command may be utilized to invoke the padding sector
function, select the padding character to allow different
characters to be used, and define the maximum nﬁmber of padding
secto;s to be written before terminating the write operation.

While the preferred embodiments.of the present invention

have been illustrated in detail, it should bé apparent.that
modifications and adaétations to those embodiments may occur to

one skilled in the art without departing from the scope of the

present invention as set forth in the following claims.



1. _ In_a continuous sector witing data storage device responsive to

i nput” data buffering said input data, for formatting said buffered
data into rs, ea rmatted sector conprising a group of franes
and a heaéW@ iting said formatted sectors, in a continuous
sequence, ap IIIW/ ﬂnti nuing said witing upon an under - run of
said buffered data® c si ng: an under-run detector responsive

to said buffered data conprising |less than a full sector of data for
formatting into said group of franes, s'gid under - run_det ect or

indicating an under-run of said buffered data; and | THIS SHEET HAQ ] ng
provi der responsive to said under-run indication fof provRé%UNEE@
formatted paddi ng sector of padding &Eﬂfm@nd a pad $ee& 1 2.

The apparatus of Cainrl, wherein: _ sai d paddi ng provider
provi des sai d paddi ng signals for padding one conplete sector at a
time. 1. 3. In aTgeniipupususeotorwiihing Wadeistorage device g3j(

paddi ng provi der, additi onall royi des addi ng .i,ndi cator, [ n sgid pad
Sect or hERREOTE VeGSR HAPUL fata chon buftdriagianig Sages, data, Fof Pir
appar at u i . kD, A5 d Sk ed..i '
| ess t ha%og:gnlag ‘%ﬂral £?é\§?§£ﬁg€r%%t%aﬁaen%}trﬁ ng ato%éi gl?:ﬁ Eg&uﬁﬁ%?%ngﬁé
indicati gactio ra?pta&tafcageéoyr&&ﬁtiwﬂﬂge@dimwri@am upoRUbh tiRdobi-gh
.compl etes said full 'sector of data. 5. The apparatus of C aim4,
wher ei n: of said buffezxadddabadgreonpridddtmect or is additionally responsive to
sai d sector conpletion by said further input data to termnate said
~under -Tun i ndidgamnder-run detectanaregnansives ter saidi puffenpdrdata
14 . said input data ends with a special, EOD i ndi cat or; and
sai d undEPMPEHSIadedesE BhAR R FEFTSF (% SBES (RE APOIFEELRE en ndgioru
EOCD of Fa'a'adho%%%%:ﬁfﬁoﬁai:gdi cgg;‘d ng sai d under-run. 7. . The
aim1, erernt ‘

apparatus o

a padding provider responsive to said under-run indication
for providing padding signals for formatting into said sectors.
2. The apparatus,of'Claim 1, wherein:

said padding prowvider provides said padding signals for

padding one complete sector at a time.

3. The apparatus of Claim 2, wherein:
said padding provider additionally provides a padding
indicator for said formatting to identify said sector as a padded

sector.

4. The apparatus of Claim 2, wherein:
any said buffered input data less than a sector remaining at
said under-run indication, remains buffered until further input

data is buffered which completes'a sector.

———
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said_forng sect ors co'rrpri se a header, data, and ECC distributed across
‘said. and sai d continuous sequence of sectors and
sal d paddi y{”m nal I'y provides a padding indicator bit pattern

fﬁy header to identify said sector as a padding
el

sect or, and wfer is additionally distributed. across:
sai d fornatted paddlngss 8. The apparatus of Claim7,

wher ei n; any sald buffered input data less than said ful
sector of data remaini ng at said under-run i $
buffered until further input data is bdffered which THIS SHEEC d1AS BEEN | sai d
.full sector of data. 9. I n a continuous ectorﬂﬂmmfﬂ orage¢
‘device for reading stored data and transferri at a
to a host, apparatus conpri sing: a read paddi ng detector
responsive to said stored data for detecting a sector of paddi ng
data; and. . The apparatus afatClatimadsfehepetim: r esponsive to said detection
of a sector of paddl data for not transferring said sector of
“paddi ng data t%2%% ‘?R)’%‘tr‘m detector)§s addiiongllwHRSRAnsdve o sadsgi d
devi ce having sai ata r into segtars havin

header s, ﬂﬁ% &t n© omﬁi {% ggfgﬁ?ﬁaﬁP%EEkﬁ?ﬁf(ﬁﬁ Gy as) r? §n5|ve
to said sged ﬁﬁ@ d&éé{lékﬂectlng a sector of padding data

11. An opt| cal ‘data storage device responsive to input data for storing
said data on a renovabl e optlcal di sk in a continuous sequence of
sectors, conprising: 15 a buffer for buffering
said i npui. datBhe apparatus of Claim 1, whexréinmmmtter for fornmatting said
buffered data into sectors; an optical data witer

for witing saaidcnmis dittas sinds, vAEha»| PPtk HORyjindicator; and

o7 UnerTTN SRS G SR YetBetBe, SnALriondT Arise TR appeeeRaot
buffered éﬁgéi §g§hal EOD indicator. gor 1ndléh&§HH“é¥1d)‘Hﬂé4 guhespon5|ve to

sai d under-run cation for provi ng signals
for formatting into said sectors. . 12. The optical data
storage device of Caim 11, wherein: .

7. The apparatus of Claim 1, wherein:

said formatted_sectors comprise!a header and data; and

said padding provider provides said padding signals for
padding one complete sector at a time, and additionally provides
a padding indicator for said formatting to identify said sector

as a padded sector in said header. .

8. The apparatus of Claim 7, wherein:
any said buffered input data less than a sector remaining at
said under-run indication, remains buffered untilnfurther input

data is buffered which completes a sector.

—
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sai dh__paddiwges sai d paddi ng signals for padding one
conplete ctor at a tine. 13. The

‘optical dfnmm‘ i.ce of Claim 12, wherein:

sai d padd mmﬂu F@!ﬁti onal Iy provi des a padding indicator for said
formatting*tofidents I d sector as a padded sector. 14.
The optical data storage device of Caim12 wherein:

any said buffered input data less.than a sector repaLALRg-at~—ettt-mrTder -run

indication, is held in said buffer unti1|5 further i?msﬁéﬁa\'i% Ferl ed

whi ch conpletes a sector. REPLACED  Th
optical data storage device of C aim 14, wherein: .
said under-run detector is additionally responsive to said sector

“conpl etion by said further input data to term nate said
under-run indication. - 16. The optical data storage

devi ce of9.C ain ld ,coMtgimmions sector data storage devickaifibr meaiditgt a ends
with a special EOD indicator; and sai d under-run detector

addi t i on@loretbidata anse txsosfesringsaatd sgrered ded@ itediac osit .,
for indicating said under-run.
16 17. @ g EAMRFELNGor age device of O aim 11, wherein:

Sl fornml! ela MU S8eLaLE ALY Ul Uihreiata sor

sai d paddi ng provi provi’des “sai g ‘st gna one

conpl et e qet&LtiIndla BB oFNPaddihyi @dd; Y siPvi des a paddi ng indicator

. for said formatter to identify said sector as a padded sector in said
header. 18. a Wastapivamifedtaiyatet pespensine cso afaid aietettionhefein:

any said buffered input data | ess than a sector remaining at said under-run
i ndi cat i Giector (nf Padding dabaf fer netitrangfierringmEaldigegtior Bdf f ered

whi ch cog(r@fl( etes a  .sector. An optical data storage device for

19.
reading dﬁ@%r‘?&faoﬁ%rsﬁéﬁopaﬁFe opti cal

.10. The apparatus of Claim 9, said device having said stored
data formatted into sectors having headers, wherein:
said read padding detector is responsive to sai!d'sector

headers for detecting a sector of padding data.

\\
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di sk, which data is stored in a sequence of sectors, and for transferring
sai d st ored—data—to—a host, conpri sing: a read paddi ng detector

responsi ve i a for detecting a sector of padding data; and
a data trani-i“ﬂﬂg Mm“m “ ve to said detection of a sector of padding
* c

data FOR n e#risng *said sector of padding data to said host. 20.
The optical data storage device of Claim19, said optical disk having said
stored data formatted into sectors having headers, wherein: sai d
read paddi ng detector is responsive to_said sector h : ing a
sector of padding data. 21. In a coh®inuous sectbTHIS SHEEIGH -gt or age
devi ce responsive to input data for buffering said inputREH&RﬁﬁDfor

formatting said buffered data into sectors, each fotmatTed sector
conprising a group of franmes and a header, and for witing said formatted
sectors, in a continuous sequence, a nethod for continuing said witing
upon an ukider -An raptisfals sdiatabstbeage dienice crgporsivg ttoe ispepsdata for
detecting said buffered data conprising | ess than a full sector of data for
for mat t i riRFOTENY swAid gaddp off ar ramevableepiditalc (difk dneR CABLLRUPHE an

under-run of said guff red data; gnﬂ% providing a formatting
paddi ng SRIHBGTH 9 X S o CORPELEIREY - run i ndication, said formatted

paddi ng sect or c&m;%lsifr& B@Qg&%g?agaggi@%r%@o%@ader. 22. The met hod

of Claim 21, erein: provi step provides said padding

signals for pagdidignatiterC ¥oR! gbemateLid sald duffered data ihl6 BotBOdsHf
Cl aim 21, wherein: said providing step additionally provides a

paddi ng i ndi camropticsdi dlateadeiten foxiemiting siaid sgakorssona pgadidi ng
sector. 24. The net hod of C aim 21, wherein: sai d under-run
det ect i N RVRRIR WY Fi€6#pri ses hol ding any said buffered input data
less than said fullsSeShor a2kedata LEIBLMAL Ao 331G WIGFerbidahlg! cation.
comprising less than a sector of data for indicating an under-run
of said buffered data; and
a padding provider responsive to said under-run indication

i
for providing padding signals for formatting into said sectors.

12. The optical data storage device of Claim 11, wherein:
said padding proéidér provides said paddihg signals for

padding one complete sector at a time.

13. The optical data storage device of Claim 12, wherein:
said padding provider additionally provides a padding
indicator for said formatting to identify said sector as a padded

sector.
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buffered until further input data is buffered which conpletes said full

sect or oi—daLa______h__Iﬂganethod of C aim 24, wherein: sai d
under -run ietectlng step additionally conprises responding to said sector

conpl etio """rmmm input data to terminate said under-run
|nd|cat| hod of C aim 21, wherein: said input data
ends with a speC|aI E®D t ndi cator; and sai d under-run detecting
step additionally detects the absence of said special EOD |nd|cator for

i ndi cating said under-run. 27. The net hod of Clf 3k ? :

said formatted sectors conprise a headE@ dat a, apd : s:u.,d:across
said franmes and said continuous sequence of secthLs. '

said providing step additionally provides a padding indiCa ~gittern -

in said pad sector header to identify said sector as a
paddi ng sector and wherein said EEC is additional ly

di stri buléd afheseptacal fdatrmtisisrragaddiengcecofoClaim 12, -wherein?8. The
met hod of C aim 27, wherein: sai d under-run detecting

step addltlonﬁPszééﬁpPFgﬁﬂFﬁﬁﬂkﬂHﬂ} Qﬁﬁaséﬁﬁsbﬁhﬁér%dse°t°r remaining @¥yt
data | d_ful t f.d

i cat ) GaLd and@e el IndfiRelot < h31arER, Rafd, APl L dpkhan,
whi ch Cogﬂbﬁiea £81 957 BhEr SR Qnidh @%ﬁgletes sector. 29 In a data

storage devi ce or readi ng continuous sectors of stored data, the
met hod for reading said-continuous sectors of stored data, and transferring

said stored data to a host, conprising the steps of:
readi ng 3%id Thet optical odalsx stomgecdevicecofoClaimsl4ey edhakadimsand in
order to det ect a sector of padding data; and

in response t&aidj UndRrzEyR d*?"fﬁc%’rséét afditiepally mespOngivadiesaidy said

detecti OReBFO5 SeBphetieR ey dhekReRopioue aacd So' Eatpi Btk *Caly
sector ofy, égdkﬂﬂ gﬁ%gcgg&gﬁu(j host 30. The net hod -of

Cl ai m 29, aV|ng sald stored data formatted into sectors having
headers, wherein:

l16. The optical data storage device of Claim 11, wherein:
said input data ends with a specialIEOD indicator; and
said under-run detector additionally detects the absence of

said special EOD indicator for indicating said under-run.

17. The optical data storage device of Claim 11, wherein:

said formatter formats said secﬁors into a header and data;
and

said padding provider provides said padding signals for
padding one complete sector at a time, and additibnally provides
a padding indicator for said formatter to.identify said sector as

a p&dded sector in said header.

b\
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said readjng said sectors step conprises reading said sector headers for

det ecting\lﬁgrsector of paddi ng dat a.

14. The optical data storage device of C aim 12, wherein: any
sal d bUfU"’mw,’m,ﬂi'm | ess than a sector remmining at said under-run
i ndi cati l "Hl d buffer .until further input data is buffome

whi ch conple es aseétor. 15. The optical data storage deue .M
14, wherein: said under-run detector is additiomg ’ k.
said" sector conpletion by said furthqé i nput data to\¥

under-run indication. 16. The optical data storage fevig

wher ei n: said input data ends with a special EOD™ndicator; and

said under-run detector additionally detects the absence of said special
EOD i ndicator for indicating said under-run. 17. The optical data
storage device of daim 11, wherein: said formatter formats said

sect or s18nt oThehertiécahndptmtstorageddevice @fii dlabmidlhg yheraider provi des
sai d padding_signals for padding one conplete sector at a tine, and

addi t i onal | y2R¥o9R48sPUEfered) IpPutn data; 175 othan iy $eFIRE (REAiRing @t £ v
sai d .seggga fiider-run indication, is held in said buffer until further

input data is buffered which completes a sector.
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a padded, sector in said header.
18 18. The optical data storage device of Claim1l7, wherein: any
said buffered input data I'ess than a sector remaining at said under-run

mﬁgﬁatcgﬁ",wmllrmmmnmﬂl d buffer until further input data is bufferlgd

19. An optical 'dat®a $torage device for reading data stored on a renovable
optical disk, which data is stored in a sequence of sectors, and for
transferring said stored data to a hqgt, conprising: a_read.g
detector responsive to said stored data for detec il » BHEET HAS BEEND
data; and a data transfer gate responsive to sgﬁ% ﬁ @giepon of .
sector of padding data for not transferring said se : =
sai d host. _ -

ddi ng
a |
ata to

19. An optical data storage device for reading data stored on a
removable optical disk, which data is stored in a sequence of
éectors, and fof transferring said stored data to a host,
comprising: |

a read padding detector responsive to said stored data for
detecting a sector of padding data; and

a data transfer gate responsive to said detection of a
sector of padding data for not transferring_said sector of

padding data to said host.

20. The opFical data storage device of Claim 19, said optical
disk having said stored data formatted into sectors having
headers, wherein:

said read padding detector is responsive to said sector

headers for detecting a sector of padding data.

—_— . -
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20. The ical data storage device of Claim19, said optical disk having
sai d stafgﬁhaa?é‘fOfﬁaLLed_lnto sectors having headers, wherein
sai d rea tor is responsive to said sector headers for
detecti n m[ja I ng dat a.

Iﬁ altcom

20 sector witing data storage device responsive
to input data for bufferlng said input data, for formatting said buffered

data into sectors, and for witing said sectors,the nefhod for continuing

said witing upon an under-run of saigobuffer ed d'm&nggTrpmssBEm he st eps
of : detecting said buffered data conprisin IesngpEA gg sectpr of
data for indicating an under-run of said buffere providing.

paddi ng signals for formatting into said sectors in response to said
under-run indication. 22. The method of Caim 21, wherein: sai d

provi di ng step provi des said padding signals_ for paddlng one conplete
sector at?dk tiHe. 2 conginupnys seckoy vriting (Hat2 Ssfryage device ;i

PrOV. S 0S50 4 O HaAL 988 BuPRLENY oSN dita S3k
formatting said buffered data into sectors, and for writing said
sectors, the method for continuing said writing upon an under-run
of said buffered data, comprising the steps of:

detecting said buffered data.comprising less than a sector
of data for indicating an under-run of said buffered data; and
providing padding signals for formatting into said sectors

in response to said under-run indication.

22. The method of Claim 21, wherein:
said providing step provides said padding signals for

padding one complete sector at a time.

23. The method of Claim 22, wherein:
said providing step additionally provides a padding
indicator for said formatting to identify said sector as a padded

sector.

24." The method of Claim 22, Qherein:

said under-run detecting step additionally comprises holding
any said buffered input data less than a sector remaininé at said
under-run indication, buffered until further input data is

buffered which completes a sector.
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24. The nethod of Caim 22, wherein: sai d under-run detecting step
addi tionally conprises holding any said buffered input data |l ess than a
sect or repaifi said under-run indication, buffered until further

a

i nput data i ﬂ“‘“u h conpletes a sector. :

21 25. T&&! M m Mim 24, wherein: sai d under-run detecting
c

step additi y tonprites responding to said sector conpletion by said
further input data to term nate said under-run ipdi.caliofm—m——26=The

met hod of d aim 21, wherein: saé? i nput dat hTHISISHEET: HAS BEENdi al EOD
I ndi cator; and sai d under-run détecting step addiREPRABEDY detlects the
absence of said special EQOD indicator for indicat saro—umder-  run.

27. The nethod .of Caim 21, wherein: said formatted sectors conprise
a header and data; and sai d providing step provides said padding

signal s for addi ng one conplete sector at a time, and additionally
provi de€3-a ﬂgﬁﬁFﬁﬁgPﬂdPEaF 1?0$4séWQF§?ﬁHHatting to identify said sector

as a padded $£GPLuNRr23hfl HE8dEEing step additionally comprises

responding to said sector completion by said further input data

to terminate said under-run indication.

26. - The method of Claim 21, wherein:

said input data ends with.a special EOD indicator; and

. said under-run detecting step additionally detects the

absence of said special EOD indicator for indicating said under-
run.
27.j.The method of_Claim 21, wherein: . -

said formatted sectors compfise a header and data; and .

said providing step provides said padding signals for
padding one complete sector at a time, and additionally provides
a padding indicator for said formatting to identify said sector

as a padded sector in said header.

28. The method of Claim 27, wherein:

- sald under-run detecting step additionally comprises holding
any said buffered input data less than a sector remaining at said
under-run indication, buffered until further input data is
buffered which completes a sector.
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28. The nethod of Caim 27, wherein: sai d under-run detecting step
additionally conprises holding any said buffered input data |l ess than a
sector remai ning a ' nder-run indication, buffered until further

izngt dggﬁwmmnm"ﬁ,mHmlgghdg\?rELe; g? ?e:tg?trlgréénti nuous sectors of
ed #0

stored dath, % hé nm#th r readi ng said continuous sectors of stored data
and transferring said stored data to a host, conprising the.stet
reading said sectors for detecting a ggctor of stored - \.\mﬁ
detecting a sector of padding data; and in \ ‘&% npeBai d
of a sector of stored data, transferring said segtor A Srerdata to

said host, and in response to said detection of sector of paddi ng data,
not transferring sai d sector of padding data to said host. 30. The

met hod CHQM? o ?fé}mﬁz %at%avsitsgg'lz%%i ge%.gé efhd ?e%&iq{g%tn%q.nubﬂgo seeEbsS oavi ng

header s reading said sectors step conprises reading

sai d sedYredRBAN,S e ndeheat kBY ResdtiPlsaid RRMinUOUst Bectors of

stored data and transferring said stored data to a host,

comprising the steps of:

readiné said sectors for detecting a sector of stored data
and for detecting a sector of paddiné data; and

in response to said detection of a sector pf stored data,
transferring said sector of stored data to said host, and in
response to said detection of a sector of padding data, not

transferring said sector of padding data to said host.

30. The method of ‘Claim 29, having said stored data formatted
into sectors-having headers, wherein:
said reading said sectors step comprises reading said sector

headers for detecting a sector of padding data.
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