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invention relates to disc storage systens and, in particular, to a nethod
and apparatus for retrieval of a single conplete copy from rrultl pl e stored
copi es of information. BACKGROUND OF THE I NVENTION In data storage systens
such as disc drives, information is stored 1o upon a surface of a nedium
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 usually used to store information. Each
surface of a disc in the disc stack is usually exposed to 15 at |east one
head responsible for reading and witing-#nfornation on that particular
surface. Typically, all the heads which are nounted on an actuator arm .
nove in tandemr &Cﬁ#;z ?ﬂ"}}t@@t @B are a
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address identifies can rea
particular, to a method and apparatus for retrieval of a single complete

copy from multiple stored copies of information.
BACKGROUND OF THE INVENTION

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 atleast 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.



25 data and therefore identifies the disc that the data is recorded on.
EBach track within a cylinder is further divided into sectors for storing
data and servo information. -2- Most cylinders are avail able for

read/ wite access by the host conputer. However, drive unique information,
for exanple, the drive defect table (table that contains remap information
to circunvent defective sectors fornmed at the tinme the disc was

manuf actured) is stored 5 in reserved cylinders which are not normally
accessi ble by the host conputer. Typically, nultiple copies of drive
unique information are stored in reserved cylinders. Additionally,

mul tiple copies of user data are sonetinmes stored on user accessible
cylinders for fast access and data backupR purposes. 10 Each of the
multiple copies is stored on a different et of sectors. Defects can arise
in any of these sectors at various tinmes during the lifetine of the

storage system (gro C ] fects Jinclude or, exanpl e,
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stored in reserved 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 unﬁl,
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



either a conplete copy is retrieved or until a recovery attenpt on the 'l ast
avai l abl e copy has failed. In this retrieval nethod, any portion of 25

i nformati on contained on a defective sector in each copy is sufficient to
prevent the retrieval of a conplete copy of information. Therefore, at -3-
| east one copy of information should be contained on a set of conpletely
error-free sectors for the prior art retrieval nethod to work. :
Consequentiy, data can be lost, or in sone cases, where critical
information |ike the defect table cannot be retrieved, the drive could 5
prevent the user from accessing any data stored on the discs. In general, -
all data backup systens include redundant copies of information. One such
systemis the redundant array of inexpensjve discs (RAID) system In

typi cal RAID systens, nmultiple copies of ¥ information are stored in data
arrays with each copy stored on different i o drive. In sone nodels of RAID
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information. One such system is the redundant array of inexpensive

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



The present invention addresses these problens, and offers other

atlvant ages over the prior art. SUMMARY OF THE | NVENTI ON 25 The present

i nvention relates to disc storage systens capable of mnerging recoverable
sectors (error free sectors) fromnore than one -4- stored copy of
information to forma single conplete copy to solve the above-nentioned
probl ens. A nmethod and apparatus for retrieving a single conplete copy
frommultiple stored copies is provided. Information of each of the 5
multiple 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 recoverable.
One copy fromthe nmultiple stored copies,fromwhich information is
recoverable is selected. Defective sectof%'in the sel ected copy are 10

i dentified. Replacenent sectors are |located fromthe nultiple stored

copi es ot her t NaRrdd oy el ditheiRio ibith AL NI RELOP o EpE HRY copy 1

merged with informati romthe replacene single

conpl ete copy. abieeemantonal psbems.her features as well as advantages which
1s characterize the present 1nvention will be apparent upon reading of the
foll owi ng detail ed odseethpdiand appdratus fawetfievihg aaigle camplite capy ngs.
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surfaces in a disc storage system. Each different set of sectors includes at
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 DRAWIN GS
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.



I n accordance with the present invention. FIG 3 illustrates an exanple of
asprior art nethod of attenpting to retrieve a single copy of information

frommultiple copies of a defect table. -5- FIG 4 illustrates retrieval
of a single copy of information fromnultiple copies of a defect table in
accordance wth an enbodi nent of the present invention. FIG 5 illustrates

retrieval of a single copy of information from5 nmultiple copies of a
defect table in accordance with another enbodi ment of the present
invention. FIG 6 illustrates retrieval of a single copy of information
from nultiple copies of a defect table in accordance w th anot her

enbodi nent of the present invention. 10 FIG 7 shows nultiple copies of
all information contained on one disc sutface. FIG 8 shows individual
copies of the nultiple copies distribute® on different disc surfaces. FIG
9 shows sectors of individual copies of the nultiple copies in 15 an
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assenbly (HDA) thé@resent inveintiont he present invention is useful is
FIG. 5 illustrates retrieval of a single copy of information from
5  multiple copies 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



shown. The sane reference nunerals are used in the various figures to
represent the sanme or simlar elenents. HDA 100 includes a housing wth a
base 102 and a top cover (not shown). HDA further includes a 25 disc stack
106, which is nmounted on a spindle notor (not shown) by a -6- disc clanp
108. Disc stack 106 includes a plurality of individual discs which are
nmounted for co-rotation about central axis 109. Each disc surface has an
associ ated slider 110 which is mounted in HDA 100 and carries a read/wite
head for comunication with the disc 5 surface. In the 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 g_rotary novi ng coil actuator and
i ncludes a voice coil notor (VCM, showVgenerally at 118. O her types of
actuators can be used, such as 10 |inear actuators. Voice coil notor 118
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118 operates under the control of a 15 closed-loop servo controller wthin
internal circuitry 1B&hdisestrdace lpssintdseociateti glidet 110whidhiis lndimted o ed on

one or nore of the disc surfaces wthin dedicated servo fields. The servo
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relative to the center line o
of an actuator 116. The actuator shown in FIG. 1 is of the type known as

a rotary moving coil actuator and includes a voice coil motor (VCM),
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.



the desired track. Based on this |ocation, actuator 116 npves suspension
142 to adjust the head's position so that it noves toward the desired
position. Once the transducing head is appropriately positioned, servo 25
controller 128 then executes a desired read or wite operation. -7-
Referring nowto FIG 2, a sinplified block diagramof a disc drive storage
system 200 in accordance with the present invention is shown. For
sinplification, 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
di sc 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 support arm 208. Host conputer 210
is in comunication with controller 128 ich is adapted to receive
commands from host 210 and operate the disc drive 10 in accordance with

(nese comands.  Vhens gk SRR ORLANLED LS, 0 Ie TRt BI0E,
(rom the host 246 ebi(ons el bhAgha ot ARk mBMRL ol 7oA. @

seek is perforned ata 1s rea sc into rive buffer
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algorithmthat attenpts to identify and correct the error at the defective
sector is appli¥Wvy SpindlePMeeonrests divd 202dalspindle drise nurtor 206 Whach t he

drive defect_table, i red.qn th I.sc. 202 in nultiple copies in
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Host computer 210 is in communication with 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 1t.)t:lffer 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



fromthe disc 202. Additionally, nmultiple copies of user data are
sonetines stored on user accessible cylinders for fast access and data
backup purposes. Although storing nmultiple copies of critical 25

i nformati on increases the probability of recovering a conplete copy, in
sone cases portions of information fromeach of the nultiple copies may -8-
be contained on one or nore defective sectors. The following 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 nethod of

5 attenpting to retrieve a single copy of defect table information from
multiple copies is shown. Four copies of defect table information (302,
304, 306 and 308) with each having inforngtion stored over eight sectors
with at | east one of the eight sectors of“each copy being defective are
shown. Retrieval begins with an attenpt to recover first copy 302. Sectors

10 (O0), (1) and S .fenapt to recover
i nformation frolr)rﬁg éael%tggzrﬁdv(g{:@g%?{#{o%95%?€¥?e#e§?org'g%{f @E}Q%%ﬁ "M As a result
of this failedexSRANGM RnURTGR iOWhEBGRe df he 8pibdSreGRBWIGARALy t he
recovery attenpt oh copy 302 is termnated and aprecovery atteyrrpt on
second copy 30dompleteliytreadvetabléhe first four sectors (0-3) of second copy
304 are 15 error free and are therefore successfully recovered. However,
sector (4) of secondefenys sow todTedcan expanplaof e paiosarmethadof ecover

d 304, .ernm nated wh def ect tor, (4) 1i. t d. A
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third copy 20 306 i ect1ve sector ehcolnt er ed.
Finally, an 304, 306 and 308) with each having information stored over eight sectors

with at least one of the eight sectors 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.



attenpt 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 attenpt is
termnated and no further recovery attenpts are made. Consequently, the
defect 25 table cannot be retrieved, thereby making the drive inaccessible.
-9- Referring nowto FIG 4, are-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 copy 304 is ir_]'é_tiat ed. Four error free sectors
are read successfully fromsecond copy 304 before a defective sector (4) is
encountered, Again, the nunber of error free sectors read (0-3) are
recorded foll owed b } t : . L, 6. 10
Encount ering the de%%%f %ﬂ\%g gg@?@@?ﬁ%ﬁ%ﬁg@ﬁ#} F’fregfe23 eécgiér PS? gﬂ%ni are
recorded. The pFIGE8aminga hepertererythéthodin atdozdMice! With@adnabddiRRites

avail able is conpleted. In this exanple, a read attenpt 408 is perforned
on fourth and |efdhe pspsengisrentionds shoven.Fhesrettiey adl eftemipt begineorith a( 2) i n
read attenpt 408, .the n r of error_free sectors, (0-1) are again 15
recorded. The &PGFW%Q@F‘%@t ?%ﬁ%@%}swwemgt eqtiyiegestor &quence
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second set of read attenpts is then Ccarried out to find error free 20
sectors (5-7) tarefreadhsuccessipllyfrontsqrpndicoph 804 béfere atdefdctive Bbitor (f)és at i on

encountered, Again, the number of error free sectors read (0-3) are

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



begins with a second read attenpt 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 attenpt 414 on
sectors (5-7) of 25 second copy 304 is carried out. This attenpt results in
successful recovery of error free sectors (5-7) of second copy 304.
Therefore, the -10- retrieval process is termnated as all eight sectors
have been successfully recovered to forma single conplete copy. This
retrieval nmethod has enabled a copy of the defect table to be retrieved by
merging information fromthe error free sectors fromdifferent stored
copi es when none of the 5 copies are ind@yidually recoverabl e. Referring
nowto FIG 5, a recovery nethod in accordance with another enbodi nent of
the present invention is shown. The retrieval attenpt begins with a read

attenpt 502 on fdgedil" Bcé‘sg@é’te%a&@t& gﬁ]i S%Qts@{t&{s(}%v%begfelstelé&%%ﬂéﬁ ed,

defective sector (3) i's encountere ncounte ect or

(3), read attenpicobéedite fornisitledomplete doHR Y RotFiE6d Fhethdl Hag ' €cor ded.
Next a read attenpt 504 to read second copy 304 is initiated. Read attenpt

504 st aE t)s f r on¢nabled egcpyj@ﬂﬂwet?éﬁtit&}de te be treriefad by mergin mﬂt)mmnéoxgoz_.
Sector (3) is rgcovered successfully, hut an error is encountered during
the r et r ggza! OBk cﬁrrqrtg-ge s@ﬁ*"éﬁ@éﬁh&&h?? %@e(éffﬁﬁgi‘?}gifg’?gtgﬁf ‘(ggéa read
atte s ) .ed. sect or i :

atteggt 506,§ peéﬁ%&n%%%ﬁ“@@%@ﬂgﬁg&és%gﬁs at last recorded defective
sector (4). Sector (Refeifing oW 85 FIGSYCE 8&ively Yneth iﬁrhcc&rdaﬂgee g%th Read

encountered during the rettieval of sector (5), which 1s recor

attenpt 508, pearatherdmbodimpnt 808he gresens iaveritist is sluwwdeThe retrieval
attempt begins with a read attempt 502 on the first copy 302. After

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



20 defective sector (5). After sector (5) is recovered successfully, an
efror is encountered during the retrieval of sector (6), which is
recorded. Read attenpt 508, perforned on copy 308, is the last of a first
set of read attenpts perfornmed on all copies of information. Since a
single conplete copy has not yet been successfully recovered, a second set
of read 25 attenpts is carried out starting fromsector (6) of copy 302.
Sector (6) is the last recorded defective sector at the end of the first
set of read -11- attenpts. Read attenpt 512, perfornmed on copy 302, starts
at last 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 beginning at sectgr 6. This attenpt results in
successful 5 recovery of sectors (6-7) O 1topy 304. Thus, the retrieval
process is termnated as all eight sectors have been successfully

recovered to f siggle _conpl copy... An unsucce ul .term,natjon of
t he rezri evgl ?roc tss %&rjﬁgﬁ{#%é;%%ﬁr%ﬁsi@& gp}g?@émﬁgﬁ%&td%ﬁt ggda
current read atdegsidledOfefect u

defective sect cﬂe froma prtclavi Soét}zér@fd %F‘tagrgr%?r é@ tﬂg()@@z?%ﬁféﬁ%f he
above exanpl e, readdtteaptebiR isS@Pmimated pnd3fbadr sttathps 514 i§§eif_©fméa)orbel ng
the recorded defective sector. If, for exanple, sector (3) is also found
def ective on cEBP¥s36hPegimEnganly seger dur This atempht teswits snseuccessfal and
508, respec%iv
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recovery nethod 1 n accordanc
single complete copy.

An unsuccessful termination 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



anot her enbodi nent of the present invention is shown. The retrieval 20
attenpt includes retrieving all error free sectors (0, 1, 2, 5 and 7) from
copy 302 with the help of read attenpts 602,604 and 606, respectively. All
defective sectors (3,4 and 6) are recorded. Read attenpt 612, perforned on
copy 304, begins at first recorded defective sector (3) whichis
successfully recovered, but term nates at defective sector (4). 25 Read
attenpt 614, also performed on copy 304, begins at sector (6), which is
successfully recovered. Final read attenpt 620, perforned on -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
single conplete copy. In general, the dat@ recovery nethod of FIG 6
includes retrieving information fromall &fror free 5 sectors of a first
stored copy of data (such as 302), and recording all defective sectors of

0 L1151 L0t oy, (ol ity i Rl AL B el Oy ©

def ective sectof out py (such "as 304).

The process is pRRESH i8eRMnatidSRAUIPAEhERRIS hhPdBébrfdicca@filly308) until all
defective sectors are recovered. The recovery attenpt 10 term nates

unsuccessful | y recoverdftodorma siregle oomipete nopyih generabthe dhtestecowdryr ed copy
h t he above exanples relate to recovery of a
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i nf or mati on. _FI&fezﬁiivéééé@drgamﬁﬁrs%%m&éoﬁﬁﬁagssm,rﬁefﬂ,Lu» tiple copies
702 are contai ned on one disc surface 700.°°Ih FIG 8°a formot storage is

attempt for recovery of defective sectors is carried out on a second stored
copy (such as 304). The process is repeated on subsequent copies (such as
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



shown where individual copies of the nultiple copies 702 are each stored
on a different disc surface of disc stack 800. FIG 9 illustrates a sector
20 interl eave nethod of storage where consecutively nunbered sectors are
not laid next to each other in nultiple copies 702 on disc surface 900.
The new schenme for nerging error free sectors fromnultiple stored copies
can be applied in all the above forns of storing nultiple copies of
information. 25 Referring nowto FIG 10, a flow diagramillustrating a
met hod of nerging information fromthe error free sectors fromdifferent
stored -13- copies to forma single conplete copy in accordance with the
present invention is shown. At block 1010 of FIG 10, one copy having a

| ongest sequence of error free sectors fromwhich information is
recoverable fromnultiple stored copies4¥% selected. In block 1020,
defective sectors in 5 the copy having the | ongest sequence of error free
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than the copy having a longest sequence of error free sectors is located.
At block 1040, information from the 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 etror free sectors (306) includes sequentially reading each

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



identified in the selected copy (302). Replacenent sectors fromthe

mul tiple stored copies other than the selected copy are | ocated to repl ace
defective sectors. Information fromthe selected copy (302) is nerged 20
with information fromthe replacenent sectors |located to formthe single
conpl ete copy. In some enbodi nents, selecting one copy fromnultiple stored
copi es 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 nultiple stored copies
-14- (302-308). A nunber of error free sectors read before a first
defective sector is encountered in each stored copy (402-408) is recorded.
The copy having the | ongest sequence of Mrror free sectors (306) fromthe
recorded nunber of error free sectors corresponding to each copy of the

mul tiple 55to es. | n_id ntlfed sonme enbodi.nments, |ocating
r epl agement sec 3@23682%8}1?@%3 gerr8§, §8F%C5?§S\f§?@b@5€iﬁﬁ’§5ft‘ff’ér§%e of sectors
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| ongest sequence of error free sectors ele I've rea g S
restricted to skatingshaddrigest delgq@es& of ir@ffréartwirs (308Pfrosdthe’ ﬁ@dnfﬁéa
defective sectors. In sonme enbodi nents of the present invention,

i nf or mation frm@nbowmgrfree e%ctfsl@cﬁpmespmdmgl’cgeathww ofi the enulitiphor y 212.
In sonme enbodi t.he, It1 ored copies 702 are all contained on
one disc SLﬁ'fa%E P“F%fsgﬁ flment's, individual copies of the
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by selectively 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. Insome
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 ments, individual copies of the multiple stored copies 702 are

I nterl eaved with each other. 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

i nformation. Information 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 selects one copy (302) fromwhich information is
recoverable fromthe nultiple stored copies (302-308). Controller 128 al so
identifies defective -15- sectors in thejﬁflected copy (302). Repl acenent
sectors fromthe multiple stored copies™Ther than the sel ected copy are

| ocated by controller 128. Finally, controller 128 merges information from

h I d ' ' ' f h I I ted
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_ 4gsst sequence
of error free sectors (306). In sone enbodi nents, controItPer?iZB

sequential |y recudraiber 28 finhidy, cohtrolier $28 mefgesénfoematibhdromakd of t he
mul tiple stored copies. 10 Dur I’r?ig t he sequential read, controller 128
records a nunbefelestedsectprsrwish information froma thexeplacement sectorsdotased twe

sector is encountered in eac opy. Controller 128 then identifies the
copy havi ng hepof%@?ggpes@dﬂ&ﬁgeeg%’fy' error free sectors fromthe recorded
number of error freemsRmOERbEATh&RRYAN Nt P2ERILLEBRY Sy bthe! Li Pl €

stored copi es.
multiple stored copies having a longest sequence of error free sectors

(306). In some embodiments, controller 128 sequentially reads each
sector of the set of sectors from each of the multiple stored copies.

10 During the sequéntial 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  controller 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



15 I n sonme enbodi ments, controller 128 selectively reads the set of
sectors of at |least one the multiple stored copies other than the copy
havi ng a | ongest sequence of error free sectors to |ocate repl acenent
sectors. In sone enbodi nents of the present invention, information from
the error free sectors is nerged in a buffer nmenory 212 by 20 controller
128. It is to be understood that even though nunmerous characteristics and
advant ages of various enbodi nents of the invention have been set forth in
t he foregoing description, together with details of the structure and
function of various enbodi nents of the invention, this disclosure is 25
illustrative only, and changes nay be made in detail, especially in matters
of structure and arrangenent of parts within the principles of -16- the
present invention to the full extent i ndil®at ed by the broad general
meani ng of the terns in which the appended cl ains are expressed. For

exanpl e, the particul ar.el enent,s ary dependi n t he.particul ar

appl i cation fo;at Wgeﬁﬁr@én‘feé}qfopet\?ﬁg éﬂg?’ﬁﬁmﬁeﬂ???%%‘?%ﬁi%&e@
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at sector (0), equjvalent alternative enbodinents are” contenpl ated wherein
the | ongest segpplisation fer therdise xebriewsd operation whilelotwintainieg begi nni ng at
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embodiment discloses determining the longest sequence of error free
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.



storage system it will be appreciated by those skilled in the art that the
15 teachings of the present invention can be applied to systens, |ike
magnetic, optical or other storage systemtechni ques, w thout departing
fromthe scope and spirit of the present invention. S Ifit
1ih2azvitrrrrtilbrriitii 11 WHAT IS CLAIMED 1S: 1. A nethod of retrieving
a conplete copy of data froma plurality of stored copies of the data, the
plurality of stored copies contained in a 5 different set of sectors in a
di sc storage system the nethod conprising: (a) selecting one of the
copies fromthe plurality of stored copies; (b) identifying defective
sectors in the selected copy; (c) locating replacenent sectors fromthe
plurality of stored 10 copies other than _the sel ected copy; '

mer gi ng sectors fromthe sel ected copy wil¥h replacenengg Joriree i ni ng
the conplete copy. 2. The nethod of claim1 wherein st "lmﬂmﬂ@“@g@#

sel ecti ng one .A% ﬁf% fromthe plurality of storedtco i ng
a | ongest sequ e sectors. 3. The nmethod of claim 1l wherein
each of the plurality of stored copies of data conprises at |east one
defective sector fromwhich data is 20 not recoverable. 4. The nethod of
claim1, whereih theAssethotliofgetpiefirgopyormphite (6py ofddta ficie a:plaealiti bf

sequentially reading each sector of the set of sectors from
stored copies of the data, the plurality of stored copies contained in a

5  different set of sectors in a disc storage system, the method comprising:
(@)  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 (a)
comprises:
(@)(1) sequentially reading each sector of the set of sectors from

25 each of the plurality of stored copies;



25 each of the plurality of stored copies; flI 1/1I11fflhffl k ~If [f~~Iff~If
S -18 (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 s (a)(3) identifying
one copy having a | ongest sequence of error free sectors fromthe recorded

nunber of error free sectors corresponding to each of the plurality
of stored copies. 10 5. The method of claiml, mher?pym
repl acenent sectors step (c) is perfornmed by |ocati n#ﬂ'ﬂm rs
of at least one of the plurality of stored copies ot y ,W#MFWt ed
copy, wherein the locating is restricted to reading sectors*w#hisn e set
of sectors that can replace defective segtors identified in step (b). 15
6. The nethod of claiml, wherein the nerging sector step (d) is perforned
in a buffer nmenory. 7. The nethod of claim1, wherein the plurality of

stored copies is all {@&Sulgﬂ%gkﬁhg%dn 0 m%egﬂloﬁ‘?rﬁ%ﬁeét%(fﬁeaﬁ'be? dEipod of

claim1, wherein ind copPes ura stored coples are

di stributed on different gifpetivdidecRiiaS enctunleredWherbédthdbfthe plidralityl,

wherein individual copies of the plurality
of copies is sequentially read in accordance with step (a)(1);

and

5 (aj(3) identifying one copy having a longest sequence 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.



of stored copies are interleaved. 1111121121111 111112121211111 CL r s '-19
10. A disc drive storage systeminplenenting the nethod of claimi1. 11. A
disc drive storage system conprising: 5 at |east one rotatable disc having
a disc surface including a plurality of stored copies of information, with
i nformation 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 fromwhich informati on TS Tecoverable, and to
identify defective sectors in the selected copy, and [ enment
sectors fromthe other stored copies, and to 15 n”erge”= ﬂm!m“ﬂmﬂtlﬂg

sel ected copy with the replacenent sectors defining a*cdnplet® cbpy* of the
stored information. 12. The disc drive éﬁbrage system of claim 11 wherein
the controller is further adapted to select one copy of the plurality of
stored copies 20 having a | ongest sequence of error free sectors. 13. The
di sc drive storage systemof claim 11l wherein each of the plurality of

ohi ch dath (s nby 1 casnr Snre SRR SR iy e BRG] 10T

11. A disc drive storage system, comprising:

5 at least one rotatable disc having a 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;
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



-20 1 4. The disc drive storage systemof claim1l1l, 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 sectors
read before a first defective sector is encountered when each of the 5
plurality of stored copies is read, and to identify the 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.
15. The disc drive data storage systemof claim 11, “ﬂ"ﬂﬂﬂ"mwﬂlﬂﬂ"
controller is further adapted to selectively read t s of at
| east one of the plurality of stored copies other t hant he cbpy hdving a

| ongest sequence of error free sectors. 16. The disc drive data storage
system of claim 11, further including a A5 puf fer menory to tenporarily
store the conplete copy 17 The disc drive data storage systen1of claim

11, wherein the I | t or DI €5 1 S ai ne disc
surface. 20 18. 141' fﬁ%ﬁagegi’” dgecl aﬁm E“Mﬂﬁ ?11 rein

| ndi vi dual _COpisefﬁr&Erhaﬁp@H%%%ﬁeg\ﬂ%ily b2 BALHRRI0? Frdth @adll Sf fHlOUt €d on
different disc surfaces Isc’drive data storage systemof claim
11, wherein i ndphirdlityl of s2aredapipiss, atd tdwecptdia atiriber of egbp fred segpises are

interleaved. | [11J114l 111111 111111111 11 !l * CL -21- 20. A disc
drive storage straddnferera st defegtive sentomisieneoweredsyhen eachosf the

5 plurality of stored copies is read, and to identify the copy having a

longest sequence of error free sectors from the recorded number of error

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

25 copies of the plurality of stored copies are interleaved.



a rotating disc, the disc surface including a plurality of stored copies of
I nfformation, with informati on of each of the plurality of stored copies
contained in a different set of sectors, the systemconprising: s a
transducer head configured to read information fromthe disc surface; and
a controller neans for selecting one copy of the plurality of stored
copies fromwhich information is recoverable and for identifying
defective sectors in the sel ect egmu‘m"u“jﬂﬁ “wo | ocating repl acenent
sectors fromthe other stored co " rging sectors fromthe

sel ected copy with the replacenent Sectors efining a conplete copy of the
stored information.

21-

20. A disc drive storage system for storing information on a surface of
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.



