21 JUNE 2006 -1 RETRIEVAL OF A SINGLE COWPLETE COPY FROM MULTI PLE STORED
COPI ES OF | NFORMATI ON FI ELD OF THE | NVENTI ON 5 The present invention
relates to disc storage systems and, in particular, to a net RbeNEA0é
apparatus for retrieval of a single conplete copy fromnultiple stored
copies of information. BACKGROUND OF THE I NVENTION I n data storage systens
such as disc drives, information is stored 10 upon a surface of a nmedi um
such as a storage disc in a set of concentric <circular patterns called
tracks. Typically, storage discs of a disc drive are stacked and nounted
for rotation together on a single spindle. Each side of each disc in the
di sc stack has a surface which is usuaIVQ used to store information. Each
surface of a disc in the disc stack is usually exposed to 15 at |east one
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further divided into sect OhiéﬁéRﬁﬁﬁﬂ‘%Fdﬁ%ﬁ IMNTION

In data storage systems such as disc drives, information is stored

10 upon a surface of a medium such as a storage disc in a set of concentric
circular patterns called tracks. Typically, storage discs of a disc drive are
stacked and mounted for rotation together on a single spindle. Each side
of each disc in the disc stack has a surface which is usually used to store
information. Each surface of a disc in the disc stack is usually exposed to

15  at least one head responsible for reading and writing information on that
particular surface. Typically, all the heads which are mounted on an
actuator arm move in tandem radially over the surfaces of the disc so
that they are all at the same approximate disc radius at the same time.

In order to read and write data from the correct location in the

20 disc stack, the data storage areas in the disc stack are identified by a
cylinder address, head address and sector address. A cylinder identifies
a set of specific tracks on the disc surfaces in the disc stack which lie at
equal radii and are, in general, simultaneously accessible by the
collection of heads. The head address identifies which head can read the

25 data and therefore identifies the disc that the data is recorded on. Each
track within a cylinder is further divided into sectors for storing data and

servo information.



servo information. 21 JUNE 2006 -2 Most cylinders are available for read/
write access by the host conputer. However, drive unique information, for
exanpl e, the drive defect table (table that contains remap i #f 8N2Pfon to
circunvent defective sectors formed at the tinme the disc was nmanuf act ured)
Is stored 5 in reserved cylinders which are not normally accessible by the
host conputer. Typically, nultiple copies of drive unique information are
stored in reserved cylinders. Additionally, multiple copies of user data
are sonetines stored on user accessible cylinders for fast access and data
backup purposes. 10 Each of the nmultiple copies is stored on a different
set of sectors. Defects can arise in anﬁbof these sectors at various tines
during the Ilifetime of the storage system (grown defects). G own defects
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Def ective sectors’ present within a group of sectors storing any of the

mul tiple copi edefeét tabhtf (@abite thartopeaies eemaprinformutionarty crcupererdnent pr obl ens
inretrieving an entire copy. In typical prior art systens, when retrieval
of a first copyefeaiivesaiters formed ajthistimeithe dissorapmapaiauesd) a8 #08edd, a
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net hod, any pogtbi&Dirofeserved cylinders. Additionally, multiple copies of user data
are sometimes stored on user accessible cylinders for fast access and data
backup purposes.
10 Each of the multiple copies is stored on a different set of sectors.
Defects can arise in any of these sectors at various times during the
lifetime of the storage system (grown defects). Grown defects include,
for example, invading foreign particles which become embedded onto
the surface of the disc, or external shocks to the storage system which
15  can cause the transducer to nick the surface of the disc. Defective sectors
present within a group of sectors storing any of the multiple copies of
information pose either temporary or permanent problems in retrieving
an entire copy.
In typical prior art systems, when retrieval of a first copy fails due
20 to a defective sector being encountered, a second attempt is made to
retrieve a second copy. If the second attempt fails, a third attempt is
made to retrieve a third copy and so on. This process is repeated until,
either a complete copy is retrieved or until a recovery attempt on the last
available copy has failed. In this retrieval method, any portion of
25  information contained on a defective sector in each copy is sufficient to

prevent the retrieval of a complete copy of information. Therefore, at



25 information contained on a defective sector in each copy is sufficient
to prevent the retrieval of a conplete copy of information. Therefore, at
21 JUNE 2006 -3 | east one copy of information shoul d be contaiZhdtNEGA% set
of conpletely error-free sectors for the prior art retrieval nethod to
wor k. Consequently, data can be lost, or in sone cases, where critical
information |like the defect table cannot be retrieved, the drive could 5
prevent the user from accessing any data stored on the discs. In general,
al | data backup systens include redundant copies of information. One such
systemis the redundant array of inexpengive discs (RAID) system In
typical RAID systens, nmultiple copies of“"information are stored in data
arrays with each copy stored on different to drive. In sonme nodels of RAID
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avail ability of bot} dabal alfdR@A BdckupishbRiBihtRiflereduhdhAcdpies efl drive is
regenerated froma sarviving drive. ?hz present invention addresses these
probl ens, and infdretasiont Dete suatlvgpteayissthe redutdantpriay obirexpensive
discs (RAID) system. In typical RAID systems, multiple copies of
information are stored in data arrays with each copy stored on different
10  drive. In some models of RAID systems, when a failure occurs in an
array, subsequent read and write operations are directed to a surviving
drive. A replacement drive is then rebuilt using data from the surviving
drive. Thus, a surviving drive containing error-free data is needed for
this technique.
15 Other models of RAID systems use parity information for data
recovery. This technique involves regenerating missing data by
determining the appropriate value of each missing bit. Typically, parity
information is distributed among all drives in the array, instead of a
dedicated parity drive to prevent loss of all parity information. However,
20 loss of any drive still reduces the availability of both data and parity
information until the failed drive is regenerated from a surviving drive.
The present invention addresses these problems, and offers other
advantages over the prior art.

SUMMARY OF THE INVENTION

25 The present invention relates to disc storage systems capable of

merging recoverable sectors {error free sectors) from more than one



SUMMARY COF THE | NVENTI ON 25 The present invention relates to disc storage
systens capable of nerging recoverable sectors (error free sectors) from
more than one 21 JUNE 2006 -4 stored copy of information to f&MNE28%ngle
conplete copy to solve the above-nentioned problens. A nethod and
apparatus for retrieving a single conplete copy fromnultiple stored
copies is provided. Information of each of the 5 nultiple stored copies is
contained in a different set of sectors on disc surfaces in a disc storage
system Each different set of sectors includes at |east one defective
sector fromwhich information is not recqverable. One copy fromthe
multiple stored copies fromwhich infornmalion is recoverable is sel ected.
Def ective sectors in the selected copy are 10 identified. Replacenent

sectors are | olp. il t Of. ' hgp e
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i nformation frgvbhgeh@Pharsrdbiémsectors to formthe single conplete copy.
These and various other features as well as advantages which 15
characterize the pré&seethoimndrapparatisifor bariappey ®singleommpleteltory of t he
followi ng detail ed description and review of the associjated draw ngs.
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prior art nethod of attenpting
least one defective sector from which information is not recoverable. One
copy from the multiple stored copies from which information is
recoverable is selected. Defective sectors in the selected copy are
10 identified. Replacement sectors are located from the multiple stored
copies other than the selected copy. Information from the selected copy
is merged with information from the replacement sectors to form the
single complete copy.
These and various other features as well as advantages which
15 characterize the present invention will be apparent upon reading of the

following detailed description and review of the associated drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a head-disc assembly (HDA) with
which the present invention is useful.
20 FIG. 2 is a simplified block diagram of a disc drive storage system
in accordance with the present invention.
FIG. 3 illustrates an example of a prior art method of attempting
to retrieve a single copy of information from multiple copies of a defect

table.




to retrieve a single copy of information fromnultiple copies of a defect
table. 21 JUNE 2006 -5 FIG 4 illustrates retrieval of a single copy of
information from nultiple copies of a defect table in accordéh&@ﬁ#ﬁ%lan
enbodi ment of the present invention. FIG 5 illustrates retrieval of a
single copy of information from5 nultiple copies of a defect table in
accordance with anot her enbodi nent of the present invention. FIG 6
illustrates retrieval of a single copy of information from nultiple copies
of a defect table in accordance with another enbodi mrent of the present
invention. 10 FIG 7 shows nultiple copies of all information contained on
one disc surface. FIG 8 shows individual copies of the nmultiple copies
distributed on different disc surfaces. FIG 9 shows sectors of individual
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mul tiple storgdypank 28olds RACRIEANEEl e \th bR I8 ncPHARLA einbb8ithbRef DETAI LED
DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS 20 Referring nowto FIG 1, a

perspective vithe/poésemthwentibri.ve, head disc assenbly (HDA) 100 with which
the present invention is useful is shown. The same reference nunerals are
used in the vari ousFlfs. ilestrates retsisvakeln single eomyeofdnfaymmation frenenent s.  HDA

100 i ncl Ud%S ampl upﬁle r':]:gpies of a defect table in accordance with another embodiment

of the present invention.

FIG. 6 illustrates retrieval of a single copy of information from
multiple copies of a defect table in accordance with another embodiment
of the present invention.

10 FIG. 7 shows multiple copies of all information contained on one
disc surface.

FIG. 8 shows individual copies of the multiple copies distributed
on different disc surfaces.

FIG. 9 shows sectors of individual copies of the multiple copies in

15 aninterleaved form.

FIG. 10 shows a flow diagram of a method of retrieving a single
complete copy from multiple stored copies in accordance with the
present invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

20 Referring now to FIG. 1, a perspective view of a disc drive, head
disc assembly (HDA) 100 with which the present invention is useful is
shown. The same reference numerals are used in the various figures to
represent the same or similar elements. HDA 100 includes a housing
with a base 102 and a top cover (not shown). HDA further includes a

25 disc stack 106, which is mounted on a spindle motor (not shown) by a



with a base 102 and a top cover (not shown). HDA further includes a 25 disc
stack 106, which is nounted on a spindle notor (not shown) by a 21 JUNE
2006 -6 disc clanmp 108. Disc stack 106 includes a plurality of!?!fi209dual
discs which are nmounted for co-rotation about central axis 109. Each disc
surface has an associ ated slider 110 which is nounted in HDA 100 and
carries a read/ wite head for communication with the disc 5 surface. In
t he exanple shown in FIG 1, sliders 110 are supported by suspensions 112
which are in turn supported by track accessing arns 114 of an actuator
116. The actuator shown in FIG 1 is of the type known as a rotary noving
coil actuator and includes a voice coil notor (VCM, shown generally at
118. Ot her types of actuators can be used, such as 10 |linear actuators.

Voi ce coil not t r. i | -1 li.ders 110
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al ong a pat h ZRidpeireefbuited f5€ cbRBRItoH MR ebnkadaagtio® di sc outer

di aneter 126. Voice coil notor 118 operates under the control of a 15
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position information, which is staored_on one or nore of _the_c}{9 c surfaces
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signal that identifies the location of the head felative to the center line
of the desir edf arratkatoBd3edTha athiasort sheatn omFIGCh isatf dhe 16 lmores as
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shown generally at 118. Other types of actuators can be used, such as
10 linear actuators.
Voice coil motor 118 rotates actuator 116 with its attached sliders
110 about a pivot shaft 120 to position sliders 110 over a desired data
track along a path 122 between a disc inner diameter 124 and a disc outer
diameter 126. Voice coil motor 118 operates under the control of a
15 closed-loop servo controller within internal circuitry 128 based on
position information, which is stored on one or more of the disc surfaces
within dedicated servo fields. The servo fields can be interleaved with
data sectors on each disc surface or can be located on a single disc
surface that is dedicated to storing servo information. As slider 110
20  passes over the servo fields, the read/write head generates a readback
signal that identifies the location of the head relative to the center line of
the desired track. Based on this location, actuator 116 moves suspension
112 to adjust the head's position so that it moves toward the desired

position. Once the transducing head is appropriately positioned, servo

25  controller 128 then executes a desired read or write operation.



position. Once the transducing head is appropriately positioned, servo 25
controller 128 then executes a desired read or wite operation. 21 JUNE
2006 -7 Referring nowto FIG 2, a sinplified bl ock di agram of! #N§i28¥% dri ve
storage system 200 in accordance with the present invention is shown. For
simplification, only one disc 202 of disc stack 106 (of FIG 1) is shown.
Spi ndl e 204 connects disc 202 to spindle drive notor 206 which 5 rotates
disc 202 at high speed. Slider 110 that carries the read/wite head is
connected to actuator 116 through support arm 208. Controller 128 directs
the action of actuator 116 which noves sypport arm 208. Host conputer 210
IS in comunication with controller 128 Which is adapted to receive
commands from host 210 and operate the disc drive 10 in accordance with
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seek is perforned and data is rea romthe disc into isc drive buffer
menory 212. Typirsanplificafien anly ead dsa )2 afatise stacla 04 bofdilGoil) isor r ect i on
algorithmthat attenpts to identifé and correct the error at the defective
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copies of the drive defect table are store 0 he disc 202 to ensure that
at | east one dafplisices demctioarfetuadr 1 HvethicH mowes bieppor ar20208.
Additionally, nultiple copies of user data are sonetines stored on user
accessi bl e cyllodepmpyer 213 is incosynuniratigatwith controller 128 which is

adapted to receive commands from host 210 and operate the disc drive

10 inaccordance with these commands. When a read operation is sent from
the host 210 to controller 128, the controller converts a logical block
address received from the host 210 to a physical block address (PBA).
Based on the PBA, a seek is performed and data is read from the disc into
disc drive buffer memory 212. Typically, when a read error occurs, an

15 error correction algorithm that attempts to identify and correct the error
at the defective sector is applied by controller 128.

Critical information, such as the drive defect table, is stored on the
disc 202 in multiple copies in reserved cylinders. One copy of the drive
defect table is retrieved from the disc 202 into buffer memory when the

20 disc 202 is booted up. Multiple copies of the drive defect table are stored
on the disc 202 to ensure that at least one complete copy can be retrieved
from the disc 202. Additionally, multiple copies of user data are
sometimes stored on user accessible cylinders for fast access and data
backup purposes. Although storing multiple copies of critical

25  information increases the probability of recovering a complete copy, in

some cases portions of information from each of the multiple copies may



backup purposes. Al though storing multiple copies of critical 25
information increases the probability of recovering a conplete copy, in
sone cases portions of information fromeach of the mltiple 8bﬂﬂE§°Why 21
JUNE 2006 -8 be contained on one or nore defective sectors. The foll ow ng
is an exanple of a condition in which none of the copies are individually
conpletely recoverable. Referring nowto FIG 3, an exanple of a prior art
nmet hod of 5 attenpting to retrieve a single copy of defect table
information from nultiple copies is shown. Four copies of defect table
information (302, 304, 306 and 308) mﬁt@ each having information stored
over eight sectors wth at | east one of“fhe eight sectors of each copy
bei ng defective are shown. Retrieval begins with an attenpt to recover

L otoopY 30%e RTLRES obfofl michd 1B EhoAR, THETARALI X apecver Bd. But

an attenpt to're nformation Trom defec of first copy

302 fails. As &ahfisiblbol a@bnditirsinf @hic@théRCoMBE Lopids@iPindiRidigglyor (3) of
the copy 302, the recovery attenpt on copy 302 Is term nated and a

recovery att enpinpiatedecernerabdpy 304 is initiated. The first four sectors
(0-3) of second copy 304 are 15 error free and are therefo efi\skgccessfully
recovered. However Refgging npw)to Eif:;@e@@)ﬂlﬁﬁréﬁh/ofﬁﬂn%aﬁé’f‘%ép and the

attenpt to_recover second.co 304 is t i A i sector (4)
i s encount ér ec??teﬂpté% g%’?tr]feggarsgt%%g?w ﬁlf ?8&%%%% l%gg{rgg{lﬁ%#ﬁi tiat ed.
Sectors (0-4) ,mﬁhgqbca Rs% S wnf F&S coMi® SUETBaTAMIeliMfdrataleer @02, but the
recovery attenpt on third copy 20 306 is term nated when defective sector
(5) is encount3®dedD6 &nda08)ywithrachhbemy infernmatiten stored overagighbsactdrscopy
308. Sectors (0-1) of fourth copy, 308 ar? SLﬁ:CESSLU_Hy recovered, but an
error i s encouith@aélpast ogggfg}eqlgslt gfictors of each copy being defective are

shown. Retrieval begins with an attempt to recover first copy 302. Sectors

10 (0), (1) and (2) are successfully recovered, but an attempt to recover
information from defective sector (3) of first copy 302 fails. As a result of
this failed recovery attempt on sector (3) of the copy 302, the recovery
attempt on copy 302 is terminated and a recovery attempt on second
copy 304 is initiated. The first four sectors (0-3) of second copy 304 are

15  error free and are therefore successfully recovered. However, sector (4)
of second copy 304 is defective and the attempt to recover second copy
304 is terminated when defective sector (4) is encountered. An attempt to
recover third copy 306 is then initiated. Sectors (0-4), which are error
free, are successfully recovered, but the recovery attempt on third copy

20 306 is terminated when defective sector (5) is encountered. Finally, an
attempt is made to recover fourth copy 308. Sectors (0-1) of fourth copy
308 are successfully recovered, but an error is encountered at sector (2) of
fourth copy 308. After this failed read, the retrieval attempt is terminated
and no further recovery attempts are made. Consequently, the defect

25 table cannot be retrieved, thereby making the drive inaccessible.



fourth copy 308. After this failed read, the retrieval attenpt is
termnated and no further recovery attenpts are nmade. Consequently, the
defect 25 table cannot be retrieved, thereby making the drive?2 f#¥28%si bl e.
21 JUNE 2006 -9 Referring nowto FIG 4, a re-illustration of the exanple
shown in FIG 3 using a new recovery nethod in accordance with an

enbodi nent of the present invention is shown. The retrieval attenpt begins
with a read attenpt 402 on first copy 302. On encountering defective
sector (3), 5 the nunber of error free sectors retrieved (0-2) is recorded.
Next a read attenpt 404 to read second.ggpy 304 is initiated. Four error
free sectors are read successfully from’second copy 304 before a defective
sector (4) is encountered. Again, the nunber of error free sectors read

(0-2) are recor dece{ahhqed i A 1 0k SRS AIG-AORe A8t RAMI T d copy

306. 10 Encountering t ective sector t he error-fﬂrPee sectors (0-4)

are recorded.FIThe y3ing 832w fechepBainethddin accardaiceenith ah@nileatinedrdt copi es
available is corrgl eted. In this exanple, a read attenpt 408 is perforned
on fourth and ofdbe pressyt Bwentiam is shewero hhe eefrigyabattempt begivsarish a( 2) in

d attenpt 408, th f tors (0: in 15
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sequence of five error tree sector rom copy 306 are the | ongest
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second set of read attenpts is then carried out to find error free 20
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retrieved recorded followed by a third read attempt 406 to read third copy 306.
10 Encountering the defective sector (5), the error-free sectors (0-4) are
recorded. The process is repeated until an attempt to read all copies
available is completed. In this example, a read attempt 408 is performed
on fourth and last copy 308. After encountering defective sector (2) in
read attempt 408, the number of error free sectors (0-1) are again
15 recorded. The error free sectors from the copy with the longest sequence
of error free sectors are then loaded into memory. In this example the
sequence of five error free sectors (0-4) from copy 306 are the longest
sequence of error free sectors and are therefore loaded into memory.
A second set of read attempts is then carried out to find error free
20 sectors (5-7) to form a complete copy of the defect table. This operation
begins with a second read attempt 412 on first copy 302 which is carried
out starting at first subsequent error free sector (5). Sector (5) is retrieved
successfully, but an error is encountered during the retrieval of sector (6)
of first copy 302. Next, a second read attempt 414 on sectors (5-7) of
25  second copy 304 is carried out. This attempt results in successful

recovery of error free sectors (5-7) of second copy 304. Therefore, the



successfully, but an error is encountered during the retrieval of sector
(6) of first copy 302. Next, a second read attenpt 414 on sectors g$-7) of
25 second copy 304 is carried out. This attenpt results in suct&®&0g6
recovery of error free sectors (5-7) of second copy 304. Therefore, the 21
JUNE 2006 -10 retrieval process is termnated as all eight sectors have
been successfully recovered to forma single conplete copy. This retrieval
met hod has enabled a copy of the defect table to be retrieved by nerging
information fromthe error free sectors fromdifferent stored copies when
none of the 5 copies are individually [ﬁfoverable. Referring now to FIG

5, a recovery nethod in accordance w th “another enbodi nent of the present
invention is shown. The retrieval attenpt begins with a read attenpt 502

the first _ i _ :
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(3) 10 encountering ctive sector ttenpt

502 is term natesverad to daing atsiytle sofipdéte(dpyi Thiseetricdatmdirad hasr ead
attenpt 504 to read second copy 304 is initiated. Read attenpt 504 starts
from t he recormebleded eepy vobthesdefedrtabl®)toibe nebdeyest bemsrgdganf@aration (3) is

recovered successfully, hut an error 1S encountered during the trieval
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term nat ed.an [FRV] - 5. recorded. Read attenpt 506,
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the retrieval of sector (5), which is recorded. Read attenl'pl)t 508,
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the retri eval SeraSicPERITpOp i e, 819Dk 0o HBR it capy S02 RREF 17119
sectors (0-2) are retrieved, defective sector (3) is encountered. On
10 encountering defective sector (3), read attempt 502 is terminated and
defective sector (3) is recorded. Next a read attempt 504 to read second
copy 304 is initiated. Read attempt 504 starts from the recorded defective
sector (3) in read attempt 502. Sector (3) is recovered successfully, but an
error is encountered during the retrieval of sector (4). On encountering
15 defective sector (4), read attempt 504 is terminated and defective sector
(4) is recorded. Read attempt 506, performed on copy 306, starts at last
recorded defective sector (4). Sector (4) is recovered successfully, but an
error is encountered during the retrieval of sector (5), which is recorded.
Read attempt 508, performed on copy 308, starts at last recorded
20  defective sector (5). After sector (5) is recovered successfully, an error is
encountered during the retrieval of sector (6), which is recorded. Read
attempt 508, performed on copy 308, is the last of a first set of read
attempts performed on all copies of information. Since a single complete
copy has not yet been successfully recovered, a second set of read
25  attempts is carried out starting from sector (6) of copy 302. Sector (6) is

the last recorded defective sector at the end of the first set of read



attenpt 508, perforned on copy 308, is the last of a first set of read
attenpts perforned on all copies of information. Since a single conplete
copy has not yet been successfully recovered, a second set oszéaﬁggy
attenpts is carried out starting fromsector (6) of copy 302. Sector (6) is
the | ast recorded defective sector at the end of the first set of read 21
JUNE 2006 -11 attenpts. Read attenpt 512, perfornmed on copy 302, starts at
| ast recorded defective sector (6). Since sector (6) of copy 302 is
defective, read attenpt 512 is termnated and read attenpt 514 is
performed on copy 304 begi nning at SEth{ 6. This attenpt results in
successful 5 recovery of sectors (6-7) of*copy 304. Thus, the retrieval
process is termnated as all eight sectors have been successfully

recovered 10 fatdihges ShOf SRR 19 GO UWASUGSESSINI (e mnaLion of

the retrieval process occurs i Ve sect ncountered during a

current read aferidd abfeativa GeP@ii(6} Widke G6@Yr i(6) bNeopRABD2aE defebgws ded
defective sector froma previous read attenpt on the same copy. In the

above exanpl e,readaatterapt Sitptis F&2nimaterbpnd 3A@GAdr &sarhps St is germrn(esd) obei ng
the recorded defective sector. If, for exanple, sector (3) is alsop found
defective on cEYes030Re8BOEE Masesber fur THg AESIPAL TeSHEE sins GHCcC land

205, reBest Akl P 48R 5P Wy 4 iy RO-BALD, BRo0F (),
retrieval procesninftediaBallRSghtHeetzs Bacé Bbéy suddesFully Recd@ved & firm a6, a
recovery nethod in accordance with another enbodi nent of the present
i nvention is siioghe.cofipleteatapiveval 20 attenpt includes retrieving all error
free sectors (0, 1, A121’ ur?éucggs%ftzl) tefntn%q;tion of the retrieval process occurs if a
defective sector encountered during a current read attempt on a
10  particular copy is the same as a recorded defective sector from a
previous read attempt on the same copy. In the above example, read
attempt 502 on copy 302 results in sector (3} being the recorded defective
sector. If, for example, sector (3) is also found defective on copies 304, 306
and 308 during read attempts 504, 506 and 508, respectively, then read
15 attempt 512 will also begin on sector (3) of copy 302. If sector (3) is found
defective during read attempt 512, the retrieval process terminates
unsuccessfully.
Referring now to FIG. 6, a recovery method in accordance with
another embodiment of the present invention is shown. The retrieval
20  attempt includes retrieving all error free sectors (0, 1, 2, 5, and 7) from
copy 302 with the help of read attempts 602, 604 and 606, respectively.
All defective sectors (3, 4 and 6) are recorded. Read attempt 612,
performed on copy 304, begins at first recorded defective sector (3)
which is successfully recovered, but terminates at defective sector (4).

25 Read attempt 614, also performed on copy 304, begins at sector (6),

which is successfully recovered. Final read attempt 620, performed on




copy 302 with the help of read attenpts 602, 604 and 606, respectively.

Al'l defective sectors (3, 4 and 6) are recorded. Read attenpt 612,
performed on copy 304, begins at first recorded defective secbfUNEZPOé which
is successfully recovered, but term nates at defective sector (4). 25 Read
attenpt 614, also perfornmed on copy 304, begins at sector (6), which is
successfully recovered. Final read attenpt 620, performed on 21 JUNE 2006
-12 copy 306, begins at sector (4) which is successfully read. The
retrieval process is termnated as all eight sectors have been
successfully recovered to forma singleqgonplete copy. In general, the
data recovery nethod of FIG 6 includes retrieving information from al
error free 5 sectors of a first stored copy of data (such as 302), and

recording all c&®f 804,ibeirsaaiseétor ) whRhfis 58écesifAll9Fes@PPhd SbvAs 302).
Next, a read attenpt for recovery 'of defective seCttors is carried out on a
second stored pomeys [ssterhiretedad hll efgie spetocehave Beerepaatatulby subsequent
copies (such as 306,  308) until_all defective sectors_are recovered. The

recovery att enficoyeradetioforax asinglesiprnpless eany In geperpbrtbe dalerese¥ent | s

encount ered on ored,copy pf data {such as 308). Al though the
above exanpl esmﬁéé‘llll (g(?éffgg'rée%%cﬂ% fSF“%%’"a%f meQBPZfomi‘%l edé?fe&%ﬁ’, t he sane
retrieval pf oCassosaiF dferseBRrb@dopPbf Hﬁ&%ﬁ&ﬂas@ﬁﬂ%, arid R&to®d | ete copy
fromany set of nmultiple stored copies. 15 FIGS. 7-9 illustrate different
forms of storidefentive sgitersonfiihe $irstfstoredf apysbidnas B0Xh Neéxt, lalreadrates a form
of storage where all mnultiple copies 702 are contained on one_disc surface
700. In FIG s2tempf fRrgrecyesy o dlafectiversenhorsiscaericd g pa@secerppegeds t he

nul ti ple copi ez, 702 af e Spp sLoned. on, & di ] S Sle 86 SHSLARRR s SC

306, 308) until all defective sectors are recovered. The recovery attempt

10 terminates unsuccessfully if a defective sector is encountered on a last
stored copy of data (such as 308).

Although the above examples relate to recovery of a defect table,

in general, the same retrieval process can be applied for recovery of a
single complete copy from any set of multiple stored copies.

15 FIGS. 7-9 illustrate different forms of storing multiple copies of
information. FIG. 7 illustrates a form of storage where all multiple copies
702 are contained on one disc surface 700. In FIG. 8 a form of storage is
shown where individual copies of the multiple copies 702 are each stored
on a different disc surface of disc stack 800. FIG. 9 illustrates a sector

20  interleave method of storage where consecutively numbered sectors are
not laid next to each other in multiple copies 702 on disc surface 900.
The new scheme for merging error free sectors from multiple stored
copies can be applied in all the above forms of storing multiple copies of
information.

25 Referring now to FIG. 10, a flow diagram illustrating a method of

merging information from the error free sectors from different stored




20 interl eave nethod of storage where consecutively nunbered sectors are
not laid next to each other in nmultiple copies 702 on disc surface 900.

The new scheme for nerging error free sectors fromnultiple s2b/®§20Qqpi es
can be applied in all the above fornms of storing multiple copies of

i nformation. 25 Referring nowto FIG 10, a flow diagramillustrating a

nmet hod of nerging information fromthe error free sectors fromdifferent
stored 21 JUNE 2006 -13 copies to forma single conplete copy in accordance
with the present invention is shown. At block 1010 of FIG 10, one copy
havi ng a | ongest sequence of error free,gsectors fromwhich information is

recoverable fromnultiple stored copies'is selected. In block 1020,
defective sectors in 5 the copy having the | ongest sequence of error free

sectors are | %&J {Prm ﬂiﬁgwe&nﬁ%ggﬁpfﬁ{ ALBP®AH ceSPEh The gfés@m mul tiple

stored copies er than 't copy a |l ongest sequence of error free

sectors is | ociavedtionAd stdwak AOdOck 10I®ONELG.AO, bnooophhatmgoekingesiquence
of error free sectors is nerged with information fromthe |ocated
repl acenent sewquence of emenireggectors figmewbishpnéermnatiniyis reervespklgent

(1) “HDA 100" ardoR M ReleLorEH e o arcistol bogk dppibre Y itorar Ve ™ ©
storage Sy%temh%%%m%@h@mggm%ﬁgané IR frEB5dI06ksQfre TERSHIG. €7 T OF

free sectors fromnultip copi met hod 15 1 ncl udes sel ecting one

copy (302) fr oAt buckh0B0f eplakehrmt sectoscover @litplefstamitcbpiendthepl e st ored
copi es (302-308). Defective sectors are then identified in the selected
copy (302). Reihhachaeapy dering aldngssi sageenaeipf ¢ppeiree sedarsisppe@iedt her t han

the sel ected °|P %lo%{(el()!l(?,ci%tfoercringt?or{ g'glmaﬁlee longest sequence of error free sectors

is merged with information from the located replacement sectors to form
10 asingle complete copy.

The present invention can be summarized in reference to the
figures, which illustrate (1) HDA 100 and components thereof, (2) block
diagram of a disc drive storage system 200, and (3) examples of the new
method of merging error free sectors from multiple copies. The method

15 includes selecting one copy (302} from which information is recoverable
from the multiple stored copies (302-308). Defective sectors are then
identified in the selected copy (302). Replacement sectors from the
multiple stored copies other than the selected copy are located to replace
defective sectors. Information from the selected copy (302) is merged

20  with information from the replacement sectors located to form the single
complete copy.

In some embodiments, selecting one copy from multiple stored
copies includes selecting a copy with the longest sequence of error free
sectors (306). In some embodiments, selecting one copy with the longest

25 sequence of error free sectors (306) includes sequentially reading each

sector of the set of sectors from each one of the multiple stored copies




defective sectors. Information fromthe sel ected copy (302) is nerged 20
with information fromthe replacenent sectors located to formthe single
conpl ete copy. In sone enbodi nents, selecting one copy from mdl tYN5128%st or ed
copies includes selecting a copy with the | ongest sequence of error free
sectors (306). In some enbodi nents, selecting one copy with the | ongest 25
sequence of error free sectors (306) includes sequentially reading each
sector of the set of sectors fromeach one of the nmultiple stored copies 21
JUNE 2006 -14 (302-308). A nunber of error free sectors read before a first
defective sector is encountered in each1 tored copy (402-408) is recorded.
The copy having the |ongest sequence of "&rror free sectors (306) fromthe
recorded nunber of error free sectors corresponding to each copy of the

mul tiple 5 stopedogPOp 3 .OF%?}OE%@%Féﬂo@realﬁrbe?Qf%ﬁgﬁt kdPpRES, |ocating

repl acenent sectors s per y selectively rea e set of sectors

of at |east orechir it BRcouHtbtdel i eas:h@ﬁﬁédcé@gye(&ommaris tdadedeTleo@pynavi ng a
| ongest sequence of error free sectors (306). The selective reading is
restricted to hedngthe lingestsequeneeef amgonfree seatorsd30hdromatheregirded
defective sectors, In sone,enbodi nents of the &;es nt invgﬁtio

nformation fIHAPEH GPPLECF SedobdRrtrBond MR raiticnry B (ke BrlRlory 212.
In some enbodjHrn iésj,lﬂﬁgtﬂéijlﬁde‘?{t iegit. ored copies 702 are all contai ned on

t
one disc surface 700. In some enbodi ments, individual copies of the

mul tiple 15 stored IaopneseriBddihentd] BichtiRg r@slacemehf Jeet@nis persenéd0. I n
sone enbodi nents, individual copies of the nultiple stored copies 702 are
i nt er| eaved wilyhsedegtivelr reading the set of sectors of at least one of the multiple

stored copies other than the copy having a longest sequence of error free
sectors (306). The selective reading is restricted to sectors within the set
10 of sectors that can replace defective sectors.

In some embodiments of the present invention, information from
the error free sectors is merged in a buffer memory 212. In some
embodiments, the multiple stored copies 702 are all contained on one
disc surface 700. In some embodiments, individual copies of the multiple

15 stored copies 702 are distributed on different discs 800. In some
embodiments, individual copies of the multiple stored copies 702 are
interleaved with each other.

Embodiments of the present invention also include a disc drive
storage system with at least one rotatable disc 202 having a disc surface

20 including multiple stored copies (302-308) of information. Information of
each of the multiple stored copies is contained in a different set of sectors
on the disc surface. Each different set of sectors includes at least one
defective sector from which information is not recoverable. Transducer
head 110 is configured to read from the disc surface. Controller 128

25  selects one copy (302) from which information is recoverable from the

multiple stored copies (302-308). Controller 128 also identifies defective




Enbodi nents of the present invention also include a disc drive storage
systemw th at | east one rotatable disc 202 having a disc surface 20
including nultiple stored copies (302-308) of information. |nPb/WER2P¥n of
each of the nultiple stored copies is contained in a different set of
sectors on the disc surface. Each different set of sectors includes at

| east one defective sector fromwhich information is not recoverable.
Transducer head 110 is configured to read fromthe disc surface.
Controller 128 25 sel ects one copy (302) fromwhich information is
recoverable fromthe multiple stored cog%es (302-308). Controller 128 al so
identifies defective 21 JUNE 2006 -15 sectors in the selected copy (302).
Repl acenent sectors fromthe nmultiple stored copies other than the

sel ected cODY Gl kG e Lilked $BY! ADbLTRAAS crhiAlkiys o bl | er 128

merges information from sect'ors wi ormation fromthe

repl acenent segfuliiplel 6R{IED i€ StheptHArathe sellce LA &ledoapd byl N some
enbodi ments, controller 128 selects one copy of thé multiple stored copies

havi ng a | ongesintsatpréi2Belivhllgy eantrdilerd 28 entrges infoB06)ion from the
enbodi nments, controller 128 sequentially reads each sector ﬂf t he set of
sectors from eXderted sedtarsyjt ilﬁr%nﬁt&”efao &splagpment serdoisHecaieddent i al

read, cont r@!lﬁrrn}g?i&rg?ecg&g@&eg er of error free sectors read before a

first defective sec i S encount’ef'ed in each copy. Controller 128 then

identifies the copyléth®gnidirlimeneesénteeltieIIBseRicts &id &pyf 6fesect ors from
the recorded nunber of error free sectors corresponding to each copy of

the multiple stholidplestpiedsopies havisgmdorgdsd dequantce of eorarfidd sectorg s
selectively reads the set of sectors of at |east one {he mul tiple stored
copi es ot her t&Hf) tIResosaggmbodiments, controller 128 sequentially reads each

sector of the set of sectors from each of the multiple stored copies.

10 During the sequential read, controller 128 records a number of error free
sectors read before a first defective sector is encountered in each copy.
Controller 128 then identifies the copy having the longest sequence of
error free sectors from the recorded number of error free sectors
corresponding to each copy of the multiple stored copies.

15 In some embodiments, controller 128 selectively reads the set of
sectors of at least one the multiple stored copies other than the copy
having a longest sequence of error free sectors to locate replacement
sectors. In some embodiments of the present invention, information
from the error free sectors is merged in a buffer memory 212 by

20 controlier 128.

It is to be understood that even though numerous characteristics
and advantages of various embodiments of the invention have been set
forth in the foregoing description, together with details of the structure
and function of various embodiments of the invention, this disclosure is

25  illustrative only, and changes may be made in detail, especially in

matters of structure and arrangement of parts within the principles of



havi ng a | ongest sequence of error free sectors to |ocate replacenent
sectors. In sone enbodi nents of the present invention, information from
the error free sectors is nerged in a buffer nenory 212 by 202t4NERB%4 er
128. It is to be understood that even though nunerous characteristics and
advant ages of various enbodi nents of the invention have been set forth in
the foregoing description, together with details of the structure and
function of various enbodiments of the invention, this disclosure is 25
illustrative only, and changes nmay be nade in detail, especially in
matters of structure and arrangenent of ﬁgrts within the principles of 21
JUNE 2006 -16 the present invention to ffie full extent indicated by the
broad general neaning of the terns in which the appended clains are

expressed. For, I rticular, el ements var epending on the
particul ar aggF%%‘{gl{ct)gmféﬁ%trﬁe %‘Fg%h ’éEeF‘it&@F%ﬁﬁ%ﬁ%ﬁgﬁﬁg’é‘e@i nt ai ni ng
5 substanti al Iteddifg oA tRe fétﬁ%tih%ﬁichtt}ie\&p};%&'éd FlRRAS hi NS preQBdL Rrscope
and spirit of the present invention. Al so, although the preferred

enbodi ment di sxhoyds, Hetrartitulanglentents orgestrysiEpeadog, of ther particiitae
sectors begi nni ng. at, Sﬁct?%ﬁég%, equi val ent alternatjve enbodi nents are
cont enpl at ed IREHERHOR e § retugvRlamegatipn wiilsmangaining 1 ors is 1o

det er m ned begj,pn ' : r re the
et o . 10l AL ST, R MR, e
herein is diregdapififof el pro¥éitdndestidtl! £1s6 h QMR ef@Rd Of
information fromultiple copies of the sane information for a disc
storage syst emmbadiment dierlagepdetiratinthgothetlbngest skdhdred df ertdidrear t that the
15 teachings of the present invention can be applied to systens, |ike
sectors beginning at sector (0), equivalent alternative embodiments are
contemplated wherein the longest sequence of error free sectors is
10 determined beginning at any desired sector or regardless of where the
sequence begins. In addition, although the preferred embodiment
described herein is directed to retrieving a single copy complete copy of
information from multiple copies of the same information for a disc
storage system, it will be appreciated by those skilled in the art that the
15 teachings of the present invention can be applied to systems, like

magnetic, optical or other storage system techniques, without departing

from the scope and spirit of the present invention.



magnetic, optical or other storage systemtechni ques, w thout departing
fromthe scope and spirit of the present invention. 21 JUNE 2006 -17 WHAT
IS CLAIMED I'S: 1. A nmethod of retrieving a conpl ete copy of d& #NE28% a
plurality of stored copies of the data, the plurality of stored copies
contained in a 5 different set of sectors in a disc storage system the

nmet hod conprising: (a) selecting one of the copies fromthe plurality of
stored copies; (b) identifying defective sectors in the selected copy; (c)
| ocating replacenment sectors fromthe plurality of stored 10 copies other
than the sel ected copy; and (d) nerging_fﬁctors fromthe selected copy with
repl acenment sectors defining the conpl et'e copy. 2. The nethod of claiml
wherein step (a) includes selecting one of 15 the copies fromthe

plurality of siefff é@iﬁ;ﬁﬁ\ﬁ' ng a | ongest sequence of error free
sectors. 3. T LS 'S'l wherein each of the plurality of stored
copi es of data conprises at | east one defective sector fromwhich data is
20 not recoverable. 4. The nethod of claim 1, wherein the sel ecting one

copy step (a) 1.conphimetbodcdyetrievingjasnmpietegopy afidatp Eagha pbatebity 6f t he
Se06 157" O Stored Topies STIRE data, the pRaralify of dtofld Soples ortigRedin 1 I NE
5 different set of sectors in a disc storage system, the method comprising:
(a)  selecting one of the copies from the plurality of stored
copies;
(b)  identifying defective sectors in the selected copy;
()  locating replacement sectors from the plurality of stored
10 copies other than the selected copy; and
(d)  merging sectors from the selected copy with replacement

sectors defining the complete copy.

2. The method of claim 1 wherein step (a} includes selecting one of
15 the copies from the plurality of stored copies having a longest sequence

of error free sectors.

3. The method of claim 1 wherein each of the plurality of stored
copies of data comprises at least one defective sector from which data is

20  not recoverable.

4. The method of claim 1, wherein the selecting one copy step ()
comprises:
(a)(1) sequentially reading each sector of the set of sectors from

25 each of the plurality of stored copies;



(a)(2) recording a nunber of error free sectors read before a first
defective sector is encountered when each of the plurality of copies is
sequentially read in accordance with step (a)(1); and 5 (a) (%) ‘UYN¥2MR% fying
one copy having a | ongest sequence of error free sectors fromthe recorded
nunber of error free sectors corresponding to each copy of the plurality
of stored copies. 10 5. The nethod of claim1, wherein the |locating

repl acenent sectors step (c) is perforned by |locating the set of sectors
of at least one of the plurality of stored copies other than the selected
copy, wherein the locating is restrlctq% to reading sectors within the set
of sectors that can replace defective sectors identified in step (b). 15
6. The nethod of claim1l1l, wherein the nerging sector step (d) is perforned

in a buffer menor Y(?)zz g fordh aé‘%galﬁflb&ﬁ'eﬂ 1fré’¥‘B%E§Jr§‘réJE?béIb%§Hr§B/ of

stored copies is al on one disc surface. 8. The nethod of
claim1, wherein indivi @@éetﬁz@@ee@r@s‘eﬁdwnpérudadfhéryeac(bfofstherpédrampl es are
distributed on different disc surfaces. 25 9. The nethod of claim.1

wher ei n i ndi vi dual copi @f copies fiesqsuentinlly yeadin agcordancedpithsten @)(1);
interleaved. 21 JUNE 2006 -19 10. A disc drive storage systeminplenenting
the nmethod of claiml. fi‘dA di sc drive storage system conprising: bat

| east one gotatabl ¢, s Glayiig ndbsSy R f@Celdngestdhien of error
free sectors from the recorded number of error free sectors
corresponding to each copy of the plurality of stored

copies.

10 5. The method of claim 1, wherein the locating replacement sectors
step (c) is performed by locating the set of sectors of at least one of the
plurality of stored copies other than the selected copy, wherein the
locating is restricted to reading sectors within the set of sectors that can
replace defective sectors identified in step (b).

15
6. The method of claim 1, wherein the merging sector step (d) is

performed in a buffer memory.

7. The method of claim 1, wherein the plurality of stored copies is all

20 contained on one disc surface.

8. The method of claim 1, wherein individual copies of the plurality

of stored copies are distributed on different disc surfaces.

25 9. The method of claim 1, wherein individual copies of the plurality

of stored copies are interleaved.




plurality of stored copies of information, wth information of each of the
plurality of stored copies contained in a different set of sectors; a
transducer head configured to read data fromthe disc surface2!UNf28%d a
controller configured to select one copy of the plurality of stored copies
fromwhich information is recoverable, and to identify defective sectors
in the selected copy, and to |locate replacenent sectors fromthe other
stored copies, and to 15 nerge sectors fromthe selected copy with the

repl acenent sectors defining a conplete copy of the stored information.

12. The disc drive storage system of claig111 wherein the controller is
further adapted to select one copy of the’plurality of stored copies 20
havi ng a | ongest sequence of error free sectors. 13. The disc drive storage
system of claim 11 wherein each of the plurality of stored copies of
information conprises at | east one defective sector fromwhich data is not

recoverable. 20.21 AUk 2606 stoiflgd dystdindintplemetiting@hs hittheé of ¥Riem.of claim
11, wherein the controller is further adapted to sequentially read each
sector fromeach of the plurality of stored copies, and to record a nunber
of error free ctors Féﬁad before a first defective sector is encountered

when each of the 5 ﬁlq} TV Starage SYLe e SYPBESIS r ead, and to identify the
copy having a | onggsk,§eueReRanl oﬁgmgvihg%edﬁ@g&:gé& heRhge recor ded
to eac 0 e

nunber of error free sectors correspondin copy plurality
of stored copies. plurality of stored copies of information, with information

of each of the plurality of stored copies contained in a
different set of sectors;
a transducer head configured to read data from the disc surface;
10 and
a controller configured to select one copy of the plurality of stored
copies from which information is recoverable, and to
identify defective sectors in the selected copy, and to locate
replacement sectors from the other stored copies, and to
15 merge sectors from the selected copy with the replacement

sectors defining a complete copy of the stored information.

12.  The disc drive storage system of claim 11 wherein the controller is
further adapted to select one copy of the plurality of stored copies

20 having a longest sequence of error free sectors.

13. The disc drive storage system of claim 11 wherein each of the
plurality of stored copies of information comprises at least one defective
sector from which data is not recoverable.

25



15. The disc drive data storage systemof claim 11, wherein the 10
controller is further adapted to selectively read the set of sectors of at
| east one of the plurality of stored copies other than the copy!##%y a

| ongest sequence of error free sectors. 16. The disc drive data storage
systemof claim 11, further including a 15 buffer nmenory to tenporarily
store the conplete copy. 17. The disc drive data storage system of claim
11, wherein the plurality of stored copies is all contained on one disc
surface. 20 18. The disc drive data storage system of claim 11, wherein

i ndi vidual copies of the plurality of stored copies are distributed on
different disc surfaces. 19. The disc #ve data storage systemof claim
11, wherein individual 25 copies of the plurality of stored copies are

11, wherei n ] the pl ur _ _
| nf ormat i on’ of T sUPFALEC oo sepneRe nEmATaE B YRGB TH A i ng

plurality of s4 ﬁfrﬂﬁbﬁé&%{;ﬂéd%seqd&@ibﬂ?&k&d'ea& idetdrrom@ich@i thé each of the
plurality of stored copies contained” in a different set of sectors, the

SKSt 3 m conpr i ];;ilwgaflitﬁ oistaradl sdp’rele,lrarttbaxirecort; a gmmdzlzbrtof ergadréedestarat :c on hf rom
e Ty o ST ool S Sk e B o SR oo

repl acenent sELUaLY Pf SffedESaieR it e Fud 0 e ERT e AEPY b¥ik%yi 0 sectors

fromthe sel e¢fehst oRyucMch f bh@r HRRAGBIERM BRCIRIRILB IMbEE oflecBP| et e

copy of the stored
free sectors corresponding to each copy of the plurality of stored copies.

15.  The disc drive data storage system of claim 11, wherein the
10 controller is further adapted to selectively read the set of sectors of at
least one of the plurality of stored copies other than the copy having a

longest sequence of error free sectors.

16.  The disc drive data storage system of claim 11, further including a

15 buffer memory to temporarily store the complete copy.

17.  The disc drive data storage system of claim 11, wherein the

plurality of stored copies is all contained on one disc surface.

20 18.  The disc drive data storage system of claim 11, wherein individual
copies of the plurality of stored copies are distributed on different disc

surfaces.

19.  The disc drive data storage system of claim 11, wherein individual

copies of the plurality of stored copies are interleaved.




information. 21 JUNE 2006 22 RETRIEVAL OF A SI NGLE COWLETE COPY FROM
MULTI PLE STORED COPI ES OF | NFORVATI ON ABSTRACT OF THE DI SCLOSURE 5 A

met hod and apparatus for retrieving a single conplete copy froMNAEPE ple
stored copies is provided. Information of each of the multiple stored
copies is contained in a different set of sectors on disc surfaces in a

di sc storage system Each different set of sectors can include at |east
one defective sector fromwhich information is not recoverable. 10 One copy
fromthe multiple stored copies fromwhich information is recoverable is
sel ected. Defective sectors in the selected copy are identified.

Repl acenent sectors are |ocated fromthe nmultiple stored copies other than
the sel ected copy. Information fromthe selected copy is nmerged with

::BL Sr rrg iGonll(‘) rEgn thg digPHAGERRIMhgS SFdtemSok StorHgMntendiRors bAG! sirfRERIf L €
a rotating disc, the disc surface including a plurality of stored copies of
information, with information of each of the plurality of stored copies
contained in a different set of sectors, the system comprising:

5 a transducer head configured to read information from the disc
surface; and
a controller means for selecting one copy of the plurality of stored
copies from which information is recoverable, and for
identifying defective sectors in the selected copy, and for
10 locating replacement sectors from the other stored copies,

and for merging sectors from the selected copy with the

replacement sectors defining a complete copy of the stored

information.






