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DI SK DATA STORAGE DEVICE Field of the Invention This invention pertains to
magneti c di sk data storage devices and nore particularly {6 a data recovery
met hod for use therein. Background of the Invention A‘@E '
menory incl §§_a§_t | east one rotatable di sk capabl e/
t

L[|y storing

data. To wi 0&} a magneti sabl e Head I ncor pora / is flown
over the surface of the disk. Current is passed t ' he head
to produce nmagnebita recovERY OfTHOD UM AGAGNESICt IISK QAT $EURAE, @te 3nd
-thereby magnetize portions of the di.sk surface. A pports
the head and is used to nove it to various positi oygh ?cehof

of the

t he disk. The head is al so used to sense the nagnet
di sk Field of the Invention ,

This invention pertains to magnetic disk data storage devices and

more particularly to a data recovery method for use therein.

Background of the Invention

A typical disk file memory includes at least one rotatable disk
capable of magnetically storing data. To write data, a magnetisable "
head incorporating an air gap is flown over the surface of the disk.
Current is passed through coils in the head to produce magnetic lines of
flux across the gap which penetrate and thereby magnetize portions of
the disk surface.- An actuator arm supports the head and is used to move

it to various positions over the surface of the disk.

" The head is also used to sense the magnetized portions of the disk
to read the data from the disk. The actuator arm moves the head to a
selected area of the disk that contains the data requested by host
computer. The magnetiéed portion of the disk produces flux lines or a
magnetic field near the surface of the disk. As the head is flown or
passed near the surface of the disk, a voltage is induced within the
coils of the head by the changing magnetic field generated by the disk
as it rotates. This voltage is used to detect transitions in the
magnetic field on the surface of the disk. These transitions represent

the data stored on the disk.

In some instances, an error in the data read from the disk is
-detected which in turn triggers some corrective action. An error
detected while the data is being read from the disk is commonly referred
to as a read error. A soft read error is an error that it is possible

to correct. In many instances, the correction of the read error is
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fo rehd the data fromthe disk. The actuator arm noves the head to a

sel ected area of the disk that contains the data requested by host
conputer. The magnetized portion of the disk produces flux lines or a
magnetic field near the surface of the disk. As the head is flown or passed
near the surfggfeefoif he disk, a voltage is induced within the coils of the
head by the changing magnetic field generated by the disk as it rotates.
This voltage is used to detect transitions in the nmagnetic field on the
surface of tHendfjed withpykdatarruntite Fisnkost eqsrrusemerst tre berend the dikd on the

di sk. | n SoMBstbi¥gh ARERS, &N s@EH Blcasd thd1eomatead fefid fsr emallgecodiaked S

det ect ed whi GRel Al &Ml fiel HLOQEL SwaQEE gOrrective action. An error detected
while the data is being read fromthe disk is conmonly referred to as a

read error. A soft read error is an error that it is possible to correct.
In many inst ancedn alhdneispeese tihem aofead [fErar cifdenspingprefis @ multistep

procedure is attempted called a data recovery procedure. When the steps
in the data recovery procedure are unable to correct a read erxror, then

the read error is termed a hard error.

Hard erroxrs mean data has been lost. Once data is read with a high
DRP count (ie many DRP steps are.required before the data can be read)
or lost altogether from a particular portion of a disk such as a sector,
that storage area is reallocated to another spare magnetizable portion
on the disk drive. During the process of reallocation, errors may be
recovered. Other hard errors may be ultimately recoverable but only
after returning thé disk drive to the factory. This procedure is time
consuming for the people or the system relying on a disk drive and is
also expensive for the manufacturer of the disk drive. Thus, sending a
disk drive back to the factory to recover errors is usually done only in

the rare instance when Jliarge amounts of important data are lost.

Since read errors are undesirable, there always is a need for any
step, process or apparatus which enhances a disk storage device's
ability to recover any read errors without allowing them to become hard.
Any enhancement in the ability to recover read errors means that the
rate of occurrence of hard errors will be reduced which in turn
minimizes any loss of data, inconvenience for customers relying on the

disk drive, and expensive data recovery at the factory.

In the past, various steps have been used to recover data with data
recovery procedures. U.S. Patent Nﬁmber 4,821,125 issued to Christemsen
et al. discloses a data recovery procedure at column 8, iline 32 and
following. The data recovery procedure is also-d;picted in Fig. 6 of
that patent in flow chart form. Basiqally, the Christensen et al.

patent teaches rereading the portion-of the disk containing the error



Rmo- 90- 011 2 handl ed without interrupting the host
conput er system beyond the di sk storage device. In such a case the soft
read error is usually corrected before the user beconmes aware of it. In all
i nstances, when a read error is encountered, a nultistep procedure is
attenpted called a data recovery procedure. Wien the steps in the data
recovery prod¥fiP% %t e unable to corrdct a read error, then the read error
is termed a hard error. Hard errors nmean data has been lost. Once data is

read With a hegdtaDREnGOMA tieh CniBiyYy PRRasEEREardéR{RU AL thdief Qe the data

g_age'(t:)'?o:: ead) r%{:ealdzc.)ns'gt thaél ;taocz): J?otnhgfr tl']:er g)im(a_'se h Itgml'clals ah Blogtttlen?pq 1(::)0f reaéogérSk such as

data which is in error. The disk is first reread without error
correction code. After this certain channel characteristics are
changed. The portion of the disk is reread with error corréction code,
then the head is offset from the track both inwardly and outwardly, then
a reread is attempted after changing the variable delta-V detection
parameter, and then a second error correction code is used during a
reread. The Christensen et al. patent discloses one particular error
recovery procedure and the specific step of changing the variable

delta-V to recover errors.

There are many different'error recovery procedures that feature all
sorts of steps other than those shown in the Christensen et al. patent.
Other steps that are known in the art of data recovery include
electronically varying the timing window used to detect transitioms.

The timing window can be shifted forward or backward from its on center
position to detect transitions Whicﬁ occur either slightly ahead or -
slightly behind the time at which they are supposed to oécur in the

window.

Anotheé data recovery procedure for recovering read errors is
disclosed in U.S. Patent No. 4,516,165 issued to Cunningham et al. and
entitled "Exror Recovery Procedure Using Selective Erasure". The
Cunningham et al. patent discloses reading and storing the data on the
two adjacent tracks on either side of the track containing the error.
The adjacent tracks are then each erased and the track containing the
error is reread in an attempt to recover the error. This technique
allows recovery of data from a tfack which exhibits consistent errors
either because the track was partially occluded by adjoining tracks
through writing over a portion of the track of interest due to track
misregistration or the data on adjoining tracks was phased and of such a

frequency that the lateral readback amplitudes were excessive.
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that storage area is reallocated to another spare nagnetizabl e portion on
the disk drive. During the process of reallocation, efrors nay be
recovered. Qther hard errors may be ultimtely recoverable but only after
returning the disk drive to the factory. This procedure is tinme consum ng
for the peopl er&Y-08agr Systemrelying o a disk drive and is al so. expensive
for the manufacturer of the disk drive: Thus, sending a disk drive back to
the factory to recover errors is usually done only in the rare instance
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Disclosure of the Invention

Accordingly, the invention provides a data recovery method for use
in a magnetic data stofage device in which data are stored on a mgnetic
disk, said magnetic data storage dévice having a magnetic transducer for
reading data from and writing data to the disk, said data recovery
method cohsisting of the steps of: (a) detecting a read error whilst
trying to read data from a first location on the disk surface; (b)
positioning the magnetic transducer over a second location on the disk
‘surface; (c) altering the magnetic state of the transducer; (dj
positioning the magnetic transducer over said first location on the disk
surface where the read error was &etected; and (e) rereading the data
fiom the first location on the disk surface withithe magnetic

transducer.

The magnetic state of the transducer can be altered by writing to
the disk, in which case it is clearly necessary to avoid overwriting any
data or other information necesséry to operate the storage device. One
way of doing this is to position the transducer over a portion of the
disk surface on which data are recorded, read the data therefrom, aﬁd
then write the data read therefrom back to the same surface portion with
the magnetic transducer, thereby altering the transducer state whilst
leaving the data on the disk unaffected. An alternative possibility is
to position the transducer over a reserved location on the disk surface

" and write data to the reserved location with the magnetic tramsducer. A
suitable reserved location would be an area used for performing
diagnostic tests,_such as testing the write circuitry of the transducer,

regions of the disk determined to be bad (ie areas not used for data
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’di sk*drive, and expensive data recovery at the factory. In the past,
various steps have been used to recover data with data recovery procedures.
U S. Patent Nunber 4,821,125 issued to Christensen et al. discloses a data
recovery procedure at colum 8, line 32 and follow ng. The data recovery
procedure is also depicted in Fig. 6 of that patent in flow chart form
Basi cal |y, t PP Pt ensen et al . patgnt teaches rereadi ng the_ portion of

t he di sk containing the error RM-90- 011 3

several ti nestafide bbais< datagédifotab paspacly cladrfaadt erenyt bt sparé t hen again

rereading the g%t 'othfdlélbﬁoﬂthJa BRVESRlstddapE Beuch xagaoas 8Bl ovii@dr eCover

dat a whi ch is n error LSk i.s first rerea %hgqﬁ error
to act as replacements when other reglons turn ou e

If possible it is preferable for the reserved location to be in the
same data track as the sector with the read error. This allows the data
recovegy method of the invention to proceed extremely quickly, since it
is when the transducer has to access another track that relatively large
time delays are introduced. The method of the invention generally
requires an access to one additional track at most, whereas using the
side erase error recovery method mentioned earlier for example typically
requires aceesses to three of four other tracks. Thus the data recovery
method of the invention would execute much faster than the side erase

error recovery procedure.

In general, the data recovery method of the invention, plus others
such as the side erase error recovery procedure, will be ineorporated
into a multistage data recovery procedure (DRP). Other typicalistages
would be rereading the data with the transducer slightly offset in '
position, or changing the timing synchronisation. In general, the stages
of the DRP will be ordered so that the fastest occur first, allowing the
error to be corrected as quickly as possible. The steps of each stage
may be repeated eithexr until the error has been corrected, or a
predetermined maximum number of repetitions has occurred, before passing

onto the next stage.

It is also possible to alter the magnetic state of the transducer
without writing to the disk. For example, in a storage device in which
the magnetic transducer is a typical inductive read/write coil, the
state of the transducer can be altered by passing a current through the
coil which does not write to the disk, either because the current is too
small; or because it is a high frequency curfentt Alternatively, if the
transducer is a magneto-resistive strip, then changing the bias to the

MR strip will alter the state of the transducer. These techniques have
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dorreétion code. After this certain channel characteristics are changed.
The portion of the disk is reread with error correction code, then the head
is offset fromthe track both inwardly and outwardly, ‘then a reread is
attenpted after changing the variable delta-V detection paraneter, and then
a second error 5@%1 on code is used during a reread. The Chri stensen et
al-. patent discloses One particular error recovery procedure and the
specific step of changing the variable delta-V to recover errors. There are
many di fferent teradvantegeostar yitpisoseduercessabhit mpeather eragdducgosffstmgek,st eps
other than thosgashomn deBut heyCluibabensen et al. patent. Qther steps that
are known in the art of data recovery include electronically varying the
timng w ndow used to detect transitiq t m ng wi hdow can be shifted

forward or backwar d*% FBF¥Fi 4852 GRCCETL 'é"rtpf)dﬁs?rf ﬁedt BB EF"E Fihsi ti ons whi ch
occur either s|mag¢qpiqystﬁteggf the transducer, and thereby improving read
perfqrmance. Note that whilst these techniques do improve read

performance, it is not absolutely certain that this is because they
bring about a change in the state of the transducer, but this is
believed to be the case. The magnetic. state of the transducer can if
desired be altered not just as part of a data recovery procedure, but
alternatlvely on a perlodic basis, or in response to the read error rate
rising to an unacceptable error. Any of the methods described above can
be used for altering the magnetic state of the transducer. It may be
necessary to alter the transducer state more once before a satisfactory

read performance level is obtained.

Thus use of the method of the invention enhances the ability of a
disk drive to recover data which is in errox. Typically this technique
involves a portion of the disk surface which is not being used to save
information. In other words, an area which can be written on without i
the fear of losing data, servo or other information vital to the .
operation of the disk drive. Placing reserve sectors in a disk drive
is common. Spare sectors are provided as a backup in the event that a
sector or sectors are determined to be magnetically defective. '
Generally, each cylinder is provided with a number of spares. In normal
operation, if a séctor is determined to be defective, data is written
into the spare sector. rather than in the flagged sector. To recover
data from a sector with a read error, data is written on a portion of
the disk free of vital information and then the sector that had the
error is reread. By writing with the same head into an unused area of
disk, the read performance of the head has been shown to improve and it

is believed that the state of the head is changed.

Head instability is generally regarded as a problem in the field of

magnetic storage. However, the invention takes advantage of head
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%Iightly behind the time at which they are supposed to occur in the w ndow.
Anot her data recovery procedure for recovering read errors is disclosed in
U S. Patent No. 4,516, 165 issued to Cunninghamet al. and entitled "Error
Recovery Procedure Using Sel ective Erasure”. The Cunningham et al. patent
di scl oses readi ng and storing the data on the two adjacent tracks on either
side of the tr &8ﬁ{aln|ng the error.’ The adj acent tracks are then each
erased and the track containing the error is reread in an attenpt to

recover the ergofabitiRyS baehik CUé@n 8hileAVWhat EEAY QhYt @fheddtlsardhd QM track

whi ch exhi bit S gonslalanle 8Ll 9L aeat{ﬁpeat?negcme hig o Brépcléo\e@o% pactially
occl uded by a%‘m I NQ racks he track of

i nterest due t'et thEReTHS reétﬁbéﬁnatrﬁ% *HrTE Pl% r&%ﬁ“‘é “'c‘JH' adiibferettgrtrlicks was
phased and of wathesl $radguémayvhitinpreviersipeyld|not dadivat kowaibpd Bt udes were

excessi ve. statistically improved chance of being read correctly.

From another viewpoint, the invention provides a method for
recovering data from a magnetic storage device which has a disk for
storing data, said disk having at least one track with a plurality of
sectors fherein, at least one track with a plurality of sectors, at
least one of said sectors having a read error, said disk having at least
one portion of the magnetic surface of the disk as a reserve portion,
the device also having a transducer for reading and writing data to the
surface of the disk, said method for recovering data comprising the
steps of: locating the tramsducer which passes over the sector having
the read error over the reserve portion of the maghnetic surface; wfiting
to the resexrve portion of the magnetic surface of the disk using the
transducer which passes over the sector with the read error; locating
the transducer over the sector where the read error was detected; and

rereading the sector of the magnetic surface that had the error.

Advantageously, use of the method of the invention has been found
to improve the soft error rate up to three orders of magnitude, and hard
error rates have improved as well. The bhetter error rate performance
also improves file throughput. In addition, the method of the invention
does not require additional hardware and also requires very little in
terms of additional time when compared to other steps in a data recovery
procedure. The method of the invention can alsé recover data that

commonly used single burst error correction codes can not.

Brief Description of the Drawings

Fig. 1 is a schematic top view.of a disk and an actuator arm for

accessing the various areas of the disk.
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4 The“techni ques for data recovery |isted above are useful for certain
applications. As nentioned previously, there is always a need for a step or
apparatus whi ch enhances the ability of a disk drive or nagnetic storage
unit in recovering data in a track or sector that is difficult to read.
SUMVARY OF THE, éygﬁgﬁgCN It is an.objeg{ of the present invention to
anel i orate one® | di sadvant ages of the prior art. According to one
aspect of -the present invention there is provided a nmethod of recovering
data.from a nagnetrig. gtBr agepaeantsontdif Cihe Bastoas dithkn faotradt 6 iandysdat a, sai d
di sk '

Fig. 3 is a side view of a disk drive with a plurality of disks.

Fig. &4 is a depiction of the sector organization on a disk that has

an intersector gap.

Fig. 5 is a flow chart showing the steps in the head state changing

process used in a data recovery procedure according to the invention.

Fig. 6 is a flow chart showing the steps for a data recovery

procedure which includes the head changing process shown in Fig. 5.

Detailed Description

Fig. 1 shows a top cut away view of.é disk drive or magnetic
storage device 10. The magnetic storage device 10 includes a housing
12. Rotatably attached to the housing is a disk 14 which has a
plurality of concentric tracks 16. Now referring to Fig. 2, each of the
tracks 16 includes a numbexr of sectors 18. Fach of the sectors contain
data in the form of magnetized poktions of the magnetic surface of the
disk 14. Now referring back to Fig. 1, also rotatably attached to the
housing 12 of the disk drive 10 is an actuator arm 20. Attached to the

- actuator arm 20 is an assembly 22 which includes a slider-24 and a
magnetic transducer 26. The actuator arm 20 is rotated to position the
transducer 26 of the slider 24 over é selected track 16. The selected
track will include the sector or sectors 18 that has the desired

information stored therein.

Now referring to Fig. 3, a magnetic storage device 10 may have a
plurality of disks 14. A head or magnetic transducer 26 is associated
with each surface of the disk 14. The heads 26 are attached to a comb
structure 28 which swings or moves each of the heads to the same

position on a particular disk, relative to the center of the disk. In



5 having at |east one track in which includes a plurality of sectors which
I ncl ude data, said storage device also having a transducer for reading and
writing data to the surface of the disk, said nethod for recovering data
conprising the steps of: detecting a read error in the data in a first
sector of said plurality of sectors within said track; reading data froma
second -sect orROFILALY plurality of sedtors within said track; rewiting the
data from said second sector to said second sector; and reading the data in

the first SeCLel: & wéqgorcf;u Bghobfh: BOOLRRT 1ASPER! 48k (LN PHERSBIaE NvENti O
there is provi data storage

a recovery et hod tlc
devi ce in whi@AYat é glf‘ée 8t BFEGPER 8 ﬁ?@'ﬁ@f‘ a“é%’ I‘(’ngsg"l 8951? Raving a
plurality of tedimsksAllatitbe taedks HEvimsheadisk Jfati ¢ parshicndar Fafids 559" 1 ecor di ng

the center of the disks form what is commonly known as a cylinder.

For each cylinder a number of the sectors 18 afe designated as
spare sectors 18'. . The spare sectors are normally designated for use
when one or more of the sectors 18 in a cylinder are determined to be
magnetically bad. In other words, the spare sectors 18' are used as
backups to the sectors 18 normally designated for storing data. Rather
than write to a sector where soft errors or hard errors will occur, data
is written to a spare sector 18' so as to preserve data integrity.
Typically all of the spare sectérs 18' for a particular cylinder are
located on only one surface of one disk in the cylinder, although
different disk drive designs may physically locate the spares on more
than one surface. :

A reserve srea is also provided at’ thé outer diameter of each of .
disks 14. This reserve area is space for data and space necessary to
perform the ovethead functions of the disk drive 10. The reserve space
is used for storing interface data and for testing of the write function
for each of the magnetic transducers or heads 26 as well as other

diagnostic functions and file processor information storage.

Now turning to Fig. &4, the sector 18 is described in more detail.

It should be noted that there are many ways of arranging the sector 18
and that this is one particular arrangement. The sector 18 begins with
a sync zone 32 which contains information for properly synchronizing the
data channel as it reads data. The next portion of the sector 18 is a
sector identifier 33 which identifies the paréicular sector. Next is a
data portion 34 which contains data which is stored. Following the data
portion 34 is a portion containing error correction code 35. Error
correction code in portion 35 is used to determine errors in the data as
read. The next portion is an Iintersector gap 36. The intersector gap

36 is a write recovery field normally for prevention of accidental



6 dath therein, said magnetic data storage device having a magnetic
transducer for reading data fromand witing data to the disk, said data
recovery met hod consisting of the steps of: (a) detecting a read error
whilst trying to read data froma first |ocation on the disk surface; (b)
positioning the nmagnetic transducer over a second |ocation on the disk
surface, mheré%ﬁ’%gpﬁlsecond di sk locald on is a reserved location; (c)
-altering the magnetic state of the transducer by witing data with the

magneti c transgusgs otfchat:be:eélﬁgﬁfgvﬁ% lt@eahd OFF Rdadtdhecdbkentlsd ace; (d)

positioning the netic nsducer sa Lrst Jocatien on the disk
surface where ‘iﬁ&a%gg e‘rc{r (%glemnce P%ong £hgd]I ’3se°toféga%|3gg the data from

the first | ocardAoBniehehedrexk se°t°’7

Head instability is generally considered a problem in the field of
magnetié storage. The instability varies the probability of data or
servo signals being read with an error. This instability generally has
been regarded as bad in the industry since the head is considered of
less quality because the state of the head is not comnstant -and may
change during the write and read operations. As a result of this head
instability, the maximum areél density or bits of data stored per square
inch of the disk, is generally lowered during the design stage so that
the soft error rate in the final version of the disk drive is within

acceptable limits.

Now referring to both Fig. 1 and Fig. 2, the basic operation and
detection of an error on a sector 18 will be discussed. The actuator
arm 20 is positioned over a track containing a desired sector or sectors
18 on which data is desired. The magnetic transducer or head 26 is
flown over the track and reads the various sectors 18. During the read
operation, one of the sectors 18 is determined to have an error. Use of
the error correction code in portion 35 of the sector 18 indicates a

read error in the sector 18.

Detection of a read error triggers implementation of an error
recovery procedure such as the one shown in Fig. 6. The data recovery
procedure is implemented to attempt to correct these errors and prevent
them from becoming a hard error or an error that is unrecoverable within
the disk.drive 10. It should be noted that an error recovery procedure
as shown in Fig. 6 is a multi-step procedure that is pursued until the
error is corrected and the procedure is terminated or continued through
the entire routine of procedures to identify a hard, unrecoverable
error. The initial steps in an error recovery procedure are typically
the fastest or most effective to implement. The steps then typically

become progressively more time consuming to implement. A block of error



*surféace with the magnetic transducer; and characterised in that said
reserved location is in the sane data track as said first |ocation on the
di sk surface where the read error was detected. DESCRI PTION OF THE
PREFERRED EMBCODI MENT(S) Fig. 1 is a schematic top view of a disk and an

act uat or armflgéa_g&_gﬁssi ng the variousg;areas of the disk. R™-90-011
8 Fig. 2 is arepresentation of the sectors within a track on a disk. Fig.
3is aside view of a disk drive with a pIuraIiti; of disks. Fig. 4is a

&

depi ction of tdeovsecprrcedrgatersardrobe pepeatedisskerehairaiakelant thit ¥rsect or gap.
Fig. 5is a flQwdhar s nshDeireg vhikd £ epscivardbhe fhaaditbinatie ¢ishngiveg

10.

As shown in Fig. 6, after an error is detected by use of the error
correction code in portion 35, the sector 18 is reread a number of times
without ECC which is denoted as step 42. If unsuccessful in recovering
the data, the head is offset a selected distance outward and the sector
is reread as depicted by step 43. The next step 44 is to offset the
head inward a selected distance and reread the sector. The next step 46
is to reset the head and to reread the sector 18. This step, 46, is the
basis for this application and is detailed in the following paragraph.
The next step 48 is to use error correction code and then reread the
sector. The next two steps 50 and 52, are related to adjusting the rate
at which the voltage must change in a detected pulse before it is
considered a valid pulse. Track_bffsets similar to those shown in steps
43 and 44 are then tried as shown by.step 54. The final sfep 56 shown
in Fig. 6 is to reread sector 18’afteﬁ electronically shifting the
window into which a transition is ta fall both forward and backward.
This is shown as the data strobe stepi56 in Fig. 6. Shown in Fig. 6 are
only the initial steps in one particular data recovery procedure. It
should be noted that the steps can be repeated several times in an
attempt to recover the data before the error is termed a hard error.
Different data recovery procedures may use different steps or place
steps in different orders than the steps shown in the data recovery

procedure of Fig. 6.

Now referring to Fig. 5, the step of resetting the head, depicted
as step 46 in Fig. 6 is further detailed. The head is passed over a
reserve area, as depicted by step 62. The reserve area can be one of
several areas where data or sérvo information or information vital to
the operation of the disk is not contained.. The reserve area is not
necessarily positioned in one particular location relative to the other
sectors 18. Now returning to Fig. 5, a write operation is performed

with the head 26 over the reserve area as depicted by step 64. Once the



process used in a data recovery procedure according to the invention. Fig.
6 is a flowchart showng the steps for a data recovery procedure which

i ncl udes the head changi ng process shown in Fig. 5. Detailed Description
Fig. 1 shows a top cut away view of a disk drive or magnetic storage device
10. The magnetic storage device 10 includes a housing 12. Rotatably
attached to tgeghueiing is a disk 14 which has a plurality of concentric
tracks 16. Now referring to Fig. 2, each of the tracks 16 includes a nunber
of sectors 18. Each of the sectors contajn qui in the f magnet i zed

m _of
portions of tMerdndagrReer dsedift ACE1ET “PHAS P Sk B PeRb AP PR g‘?"r ithy*®%ck to Fig.
1, al so rot at aistfyrmanteaehabe hendt frechepeasi- nghe headf stetre clfingk may i9rro99 is an
actuat or arm 2fe r&idt @pehataice detheheachdabor Tier nexRGtes ianogessiibd yh2?2 whi ch

includes a slider.24 :a0qea.B808f hés LHARSAUCES:, 28- defhRed@tyUator arm 20 is

rotated to pOSI }elrgnr):e tnl;lzmber 66 Finally the sector 18 is reread with the reset

head in an attempt to read the sector 18 correctly.

There are several different embodiments of the step of resetting
the head which is depicted as step 46 in Fig. 6 and is the subject of
Fig. S. The difference in the embodiments is related to where the

reserve area is found.

A first embodiment moves the head 26 to the reserve area located on
tﬁe outer diameter of the disk 1&. The reserve space is for the
overhead fuﬁctions of the disk drive 10 such as testing the write
circuit and various other diagnostic items. - When the head 26 is moved
from the track 16 on which the sector 18 with the read error.is located,
the actuator arm 20 must move the head 26. The actuator arm 20 moves
the head 26 to the reserve area before writing to reset the head and
then moves it back again to the sector 18 with the read error. The

sector with the read error is then reread.

A second embodiment is very similar to the first embodiment. In
this embodiment, the spare sectors that are provided for use as a
substitute when a defective sector is found are used as the reserve area
for the head state change of the head 26. Usually a number of spare
sectors are provided per cylinder. The physical location of these
spares varies with each file design. For example, many files place all
the spares for one cylinder on one surface. In this case, the head
state change step could only be used for read errors occurring on the
surface having the spares since the particular head that reads the

sector with the read error is the one that needs to be written.

A different design of the placement of the spares would make this

embodiment more effective. For example, the file would be designed so



stransducer 26 of the slider 24 over a selected track 16. The sel ected track
will include the sector or sectors 18 that has the desired informati on
stored therein. Now referring to Fig. 3, a nmagnetic storage device 10 may
have a plurality of disks 14. A head or nmmgnetic transducer 26 is
associated with each surface of the disk 14. The heads 26 are attached to a
conmb struct urR@d-28-0dhi ch swi ngs or no¥es each of the heads to the sane

position on a particular disk, relative to the center of the disk. In
5?022 glli_k &hﬁt the sp?)raeers tf.loE::uelach c¥11 der gécuxﬁcléd ‘QQQQ&,, oé Qﬁe g@zl}gge tI‘I c track 16

have a corres track on
anot her: di Skwifh:lnafhet Wéi%dﬁﬁ‘e In such a case, each track would contain a sp r% ac O

.which may or may not be used. If unused, the resetting step would
require no movement on the part of the actuator arm 20. The head could
be reset on the spére in the particular track 16 having the sector 18
with thé_read error. One revolution would assure that the head is
passed over the spare reserve area. If the spaie was used on the track
in such a design, the actuator arm 20 would only have to move the head
to an adjacent track 16 to use its spare in the head reset step. Other
designs of physical placement of the spares could also be used and
result in different schemes. In addition, if a defective sector occurred
within the track 16 having the sector with the read error, the defective

sector could also be used as a reserve area.

A third embodiment would be to use the intersector gap 36 as the
reserve area in the head state change step. After an error is detected,
then the head would rewrite in one of the intersector gaps 36 befo;e
rereading the sector 18 éontaining the read error. . The advantages'with
this.embodiment is that no accessiﬁg to a reserve area on another track
is necessary to change the head state, This minimizes any ef{fct én file
throughput because the step causes no more loss of time than & regular

reread..

It should be noted that the reserve area can be any area on the
surface of the disk which is free of data or other information necessary
to operate the disk. It could also be a portion of the track that is

set aside for this purpose in some designs.

Another embodiment would be to use a data sector in changing the
state of the head. Rather than using a reserve area to write to, a data
sector could be used. On one pass a data sector could be read. The
data obtained could then be written back irito the same sector. A sector
that is read and rewritten into would be a sector in the same track as

the sector having the read error. Preferably, the sector from which



Tadius. Al of the tracks 16 on the disk 14 at a particular radius fromthe
center of the disks formwhat is commonly known as a‘“cylinder. For each
cylinder a nunber of the sectors 18 are designated as spare sectors 18'.
The spare sectors are normally designated for use when one or nore of the
sectors 18 in_a cylinder are determned to be magnetically bad. In other
wor ds, the spH*Pg’ ectors 18 are usedl4s backups to the sectors 18 normal |y
designated for storing data. Rather than wite to a sector where soft
errors or har gat@r1sOfdad vinki | re@if thn, tolddidd ibS nbki theBedto aacipgriie 844 Or 18' so
as to preserve data integrity. Typically all of the spare sectors 18" for a
particul ar cylinder are | ocated on only one surface of one disk in the
cylinder, although different disk drive designs may physically |ocate the
spares on nore thdnshentd glefkeceoted thats eheyeamg rteghnigues | conlgplsgi teebedt t he

out er di anet efn @fme@settic @torage device that used other than concentric tracks.

For exaﬁple, writing to reserve areas or to a data track could be used

in a device having a spiral track.

It is also further contemplated that the technique of performing a
head state ﬁhange may not be triggered only in response to the detection
of a read error in a sector. For example, a head state change action
may be triggered when an indicator of the head's soft error rate
pexformance is determined to have.changed. This could be accomplished
with an amplitude or resolution measurement. The head state change
would then bring the indicator into the normal operating range. Another

method might be to implement a head state change on a periodic basis.

It is also notéd that it may be possible to perform a head state
chaﬁge by exciting the head with a small amount of current or current of
i high frequency which would not overwrite or otherwise disturb the
existing data. This could potentially be done without accessing -to a

reserved area.

In addition, with a certain type of head, a magneto resistive (MR)
head, it may be possible to perform a head state change without passing
the head over a reserve area or reading from a sector and rewriting to

the same sector.

This could be done by changing the bias of the MR stripe in a
similar manner to alter the readback state of the MR stripe. For MR
head designs incorporating the MR stripe within or in close proximity to
the write gap of the head, the MR stripe's read state might be altered

by energilzing the write coil in one of the methods previously described.



*di sks:14. This reserve area i s space for data and space necessary to
performthe overhead functions of the disk drive 10. The reserve space is
used for storing interface data and for testing of the wite function for
each of the magneti c transducers or heads 26 as well as other diagnostic
functions and F‘ ?qﬁ@cessor informati gy storage. Now turning to Fig. 4,

t he sector escribed in nore detalil. It should be noted that there
are many vvays of arranging the sector 18 and that this is one particul ar
arrangement . The stetrspcess dfcyhers stieth changy 6 of dhe M82d Wes B#cont ai ns

i nformation fopgRhRe.| yIhe \prcdeed Requing tdie datla whanoakcaplist vheads dat a.
The next portigr QJedtt!%eotﬁsptseészﬁ Anse@o§%s;xqatibﬂ%mae&arersu&3amhglane

identifies the® grtl CPLJ_| ar, ﬁese%‘t“ﬁNga h[eads t&e ata g%retl Q0 t§e tm h cont ai ns
n e da

data which is &t6rd8. &0l oW fi'on i's a portion containing
error correcti @wné@d@%ﬂf“EF?ﬁPc‘ée? ceds | ¢ @6@@5% Alsgotepi 4Aredse the used to
det er m ne err ogseti drrébieatdatedd performance anywhere from approximately ten times

to a thousand times for certain heads. The improved error rate has the
additional benefits that the maximum areal density does not have to be
derated as much to yield an acceptable soft error rate. Furthermore,
the improvement in soft error rate also increases margins in file

operation to protect file data integrity.



read. “The next portion is an intersector. gap 36. The i nt er sect or gap 36 is
a wite recovery field normally for prevention of acci-dental RO9-90- 011
10 erasure of data resulting fromturning off head wite current or

rotational speed tolerances. Follow ng the intersect "ﬂlﬁuﬂi ync
zone for the 2&?{; ?@% Head instabijdty is generaHl mﬁmwmr
problemin th 8 f rragnetlc storage. The instability véari®s the
probability of data or servo signals being read with an error. Thi s
instability generally has been regardg@tkias bad in the industry since the

head is considered of |ess quality because the state of the head is not
eonstant and rrlafyA data recovery method for use in a magnetic data storage device (10)

in which data are stored on a magnetic disk (14), said magnetic data

storage device having a magnetic transducer (26) for reading data from

and writing data to the disk, said data recovery method consisting of

the steps'of:

(a) detecting & read error whilst trying to read data from a first

location on the disk surface;

{b) positioning (62) the magnetic transducer (26) over a second

location on the disk surface;

(c) altering the magnetic state of the transducer;
(d) positioning (66) the magnetic transducer over said first

locatioﬁ on the disk surface where the read error was detected; and

J (e) rereading (68) the data from the first location on the disk

surface with the magnetic transducer.

2. The method of claim 1,.wherein said step of altering the magnhetic

state of the transducer consists of:
reading data from said second disk location; and

writing data read from said second disk location back to said

second disk location with the magnetic transducer.

3. The method of claim 1, whérein'said second disk location is a
reserved location, and said step of altering the magnetic state of the
transducer consists of wr1ting £64) data with the magnetic transducer to

the reserved location on the disk surface

een Rep laced
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Ehangé during the wite and read operations. As a
t he maxi'mum areal density or bits of ?EBa stored per square

i nstability,

inch of the disk, is generally |lowered during the
soft error rate in the final version of the disk d

O

[

this head

hat the
cept abl e

limts. Now referring to both Fig.lé 3??|Fig. 2, ‘the basit dpefation and

det ecti on of aﬁ errofr on a sector

“be discussed. The actuator arm 20

i s positioned over a track containing a desired sector or sectors 18 on

whi ch data is glesthe etthodlhe chuignBt vierénatisdicc@ived iodaea B6an srdal @em over the
track and readg,teeiaidg0aisgmReiOtatd §uctPW ki idsehel BaC QRREALY QR One of
the sectors 18 is _determned to have an error. Use of the error correction
code in portioﬂmﬁgﬁﬁmﬁﬁﬁesector 18 indicates a read error in the sector

18. Detection of a read error triggers inplenentation of an error

5. The method of claim 4, wherein the reserved location used for
pefforming diagnostic tests is located at the outer diameter of the
disk.

6. The method of claim 3, wherein said disk surface has a plurality of
tracks (16), each having a plurality of sectors (18) for recording data
therein, said disk surface being prévided with one or more spare sectors
(18') for use in the event that a sector on the disk is determined to be
unable to store data without read errors, and wherein said reserved

location comprises one or more of said spare sectors.

7. The method of claim 3, wherein said disk surface has a plurality of
tracks (16), each havihg a plurality of sectors (18) for recording data

itherein, and wherein said reserved location comprises one or more bad

sectors that have been determined to be unable to store data without

read errors.

8. The method of claim 3, wherein said disk surface has a plurality of
tracks (16), each having a plurality of sectors (18) for recording data
therein, each of the sectors ihciuding an intersector gap (36) to
protect against accidental overwriting, and wherein said reserved

location comprises one or more of said intersector gaps.

9. The method of claim 6, 7 or 8, wherein said reserved location is in
the same data track (16) as said first location on the disk surface

where the read error was detected.

10. A data recovery procedure for usé in a magnetic data storage device
(10) in which data are stored on a magnetic disk (14), said magnetic
data storage device haéing'a magnetic trandncer (26) for reading data

from and writing data to the disk, said data recovery procedure

_ This Sheet Has Been .Rei
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recovery procedure such a$ the one shown in Fig. 6. The dat__J;_ecmLer-yL
procedure is inplenmented to attenpt to correct thése errors and prevent

t hem from becoming a hard error or an error that is mmﬁ | u thin
the disk drive 10. It should be noted that an errorH re as
shown in Fig. fobwoaomul ti-step proceduge that is putrsutd unti | *t he error

is corrected and the procedure Is terntnated or continued through the
entire routine of rocedur |det|f a hard, ecoverable error. The
initial steps eI "%rsf?ﬁﬁ c’i?v%‘?)y %F}b"c B8 WP TVE’ ‘gﬁ%llai‘/y Pﬁ“"‘%ﬁt est or
nost ef f ecti vecladmi ppeatpdnuntilyifee seampy of iedthetypi cal | y becone progressively
nore time consuming to inplenment. A block of error RO9-90- 011

11 (a) a read error is no longer detected from said first location on

the disk surface; or

steps (a) to (e) have been repeated a predetermined meximum number

of times.

11. A data recovery method for use in a magnetic data storage device
(10) in which data are stored on a magnetic disk (14), said magnetic
data storage device having a magnetic transducer (26) for data transfer

with the disk, said data recovery method consisting of the steps of:

(a) detecting a read error whilst trying to read data from a first

location on the disk surface;
(b) altering the magnetic state of the transducer; and

(g) rereading (68) the data from the first location on the disk

surface with the magnetic transducer.

12. The method of claim 11, wherein said transducer comprises a
read/write coil and the step of altering the magnetic state of the
transducer consists of the step of passing a current through the coil
which is large enough to alter the state of the transducer and small
enough so that data will not be written to the disk surface below the

transducer.

13. The method of claim 11, wherein the transducer comprises a
read/write coil and the step of altering the magnetic state of the
transducer consists of the step of passing a high frequency current
through the coil, said high frequency current inducing a voltage which

will not write to the disk surface below the transducer.

- This Sheet Has Been Re laced




Fécov§ry procedure steps may be repeated several times—before-the error is
termed a hard error which is unrecoverable fromw thin the disk drive 10.

- As shown in Fig. 6, after an error is detected by Puﬁunml : I&“H '
correction code in portion 35, the sector 18 is re ¢ s ORNti mes

wi t hout ECC whirds-p&-otlenot ed as step 4219 | f unsuccessful 1n recovering the
data, the head is offset a selected distance outward and.the sector is
reread as depictedq by step 43 . Th ext step 44 is to offset the head
inward a selecﬁédqﬁf§?§ﬁ§éﬁa Gﬂ?éﬁeﬁ e e BB F ERERES &tep 46 is to
reset the head mgrptegeristivgchent dagiogtipreaigtr He aleaqnsp vheopgin ithe s¥pp Hfasis for
this applicati ciltedisl the dedtaidfecihel traiddecerodohoistngr pae agepaph altBhgnext step
48 is t0 use ergehiedks aal i-0d sQdf aledthen reread the sector. The next two
steps 50 and 52, are related.to adjusting the rate at which the voltage

must change in a detected pul se before it is
15. A method for improving read performance in a magnetic data storage

L
|

device (10} in which data are stored on a magnetic disk surface (14),
said magnetic data storage device having a magnetic transducer (26) for
reading data from and writing data to the disk surface, said method
consisting of the step of altering the magnetic state of the transducer

of any previous claim.

This Sheet Has Been Replaced




%bns?defed a valid pulse. Track offsets simlar to those shown in steps 43
and 44 are then tried as shown by step 54. The final Step 56 shown in Fig.
6 is to reread sector 18 after electronically shifting the window into
which a transition is to fall both forward and backward. This is shown as
the data strobgostgpeQR®d in Fig. 6. Showg in Fig. 6 are only the initia
steps in one particular data recovery procedure. It should be noted that
the steps can be repeated several tinmes in an attenpt to recover the data
before the error APATERERSYERY YFIHQD BY ACHAGNHDIG PESKSHTA FEPRACE BEYORry procedur es
may use different steps or place steps in different orders than the steps
shown in the dajq fgcovery procedure of Fig. 6. Nowreferring to Fig. 5,
the step of resetiing the head, depicted as step 46 in Fig. 6 is further
detail ed. The head is passed over a reserve area, as depicted by step 62.
The reserve area cligclpsedpp dgfiethod for recovering data from a portion of a

magnetic surface that contained a read error. After a read error is
encountered a magnetic transducer undergoes a head state change. The
head state change is accomplished by either writing 64 to a reserve area
of the magnetic surface and or reading a portion of the magnetic surface
and then rewriting to that portion of the magnetic surface. After the
magnetic transducer undergoes.a head state chanée, fhe portion of the

magnetic surface that contained the read error is reread 68.

This Sheet Has Been Replaced




¥-al' areas where data or servo information or ihformation vital to the
operation of the disk-.is not contained. The reserve area is not necessarily
positioned in-one particul-ar location relative to the other sectors 18. Now
returning to Fig. 5, a wite operation is perfornmed with the head 26 over
the reserve area as depicted by step 64. Once the R™-90- 011

12 head has been used. in a wite operation it s been shown that the read
performance of the head is changed. The head Sstate change may i nprove the
read performance of the head 26. The next step is to position the head over
the sector which has the read error, as depicted by the reference nunber

66. Finally the sector 18 is reread with the reset

FIG. 1



ﬁead in an attenpt to read the sector 18 correcthy. There are severa

di fferent enbodi ments of the step of resetting the head which is depicted
as step 46 in Fig. 6 andds the subject of Fig. 5. The difference in the
enbodi ments is related to where the reserve area is found. A first

enbodi ment noves the head 26 to the reserve area | ocated on the outer

di aneter of the disk 14. The reserve spaceif%'for t he overhead functions of
the disk drive 10 such as testing the wite&'Circuit and various ot her

di agnostic itens. Wien the head 26 is noved fromthe track 16 on which the
sector 18 with the read error is |located, the actuator arm 20 nust nove the
head 26. The actuator arm 20 noves the head 26 to the reserve area before
witing to reset the head and then noves it back again to the sector 18
with the read error. The sector with the read error is then reread.

FIG. 2



K_sedﬁnd enbodi nent is very simlar to the firstyenbodinent. In this
enbodinent, the spare sectors that are provided for-use as a substitute
when a defective sector is found are used as the reserve area for the head
state change of the head 26. Usually a nunber of spare sectors are provided
per cylinder. The physical |ocation of these spares varies wth each file-
desi gn. For exanple, many files place all the spares for one cylinder on
one surface. In this case, the head state eﬁé@ge step could only be used
for read errors occurring on the surface having the spareées since the
particul ar head that reads the sector wwth the read error is the one that
needs to be witten. A different design of the placenent of the spares
woul d nake this enbodi nent nore effective. For exanple, the file would be
desi gned so ' '

FIG. 3



~

"R+ 90- 011 13 that the spares for each cylinder
occurred on each of the surfaces within the cyl'inder. In such a case, each
track woul d contai'n a spare which may or may not -be used. I|f unused, the
resetting step would require no nmovenent on the part of the actuator arm
20. The head coul d be reset on the spare in the particular track 16 having .
the sectoer 18 with the read error. One revol ution woul dfassure that the
head i s passed over the spare reserve aref/élf the spare was used on the
track in such a design, the actuator arm 20 would only have to nove the
head to an adjacent track 16 to use its spare in the head reset step. O her
desi gns of physical placenent of the spares could al so be used and result
in different schenmes. In addition, if a defective sector occurred within
the track 16 having the sector with the read error, the defective

/32 /33. '/34- / /35 /36

SYNC| SID DATA ECC INTERSECTOR{ SYNC

FIG. 4
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sector could also be used as a reserve area. A third enbodi nent would be to
use the intersector gap 36 as the reserve areadn the head state change
step. After an error is detected, then the head would rewite in.one of the
intersector gaps 36 bef-are rereading the sector 18 containing the read

error. The advantages with this enbodiment is
reserve area on another track is necessary to

that no accessing to a
change the head state. This

mnimzes any effect on file throughput bggguse the step causes no nore
|l oss of time than a -regular reread. It should be noted that the reserve
area can be any area on the surface of the disk which is free of data or

ot her informati on necessary O operate tne ai g
of the track that is set asife r.t 'g-p* pos
enbodi nent woul d be to use ajd gg% E RREB ct

k. It could also be a portion
e in so dési gns. Anot her
e

rangl ng

1

WRITE WITH HEAD
IN RESERVE AREA

\

MOVE HEAD TO
SECTOR WITH
"READ ERROR

" READ SECTOR
WITH READ ERROR
WITH HEAD .

| — 68

FIG.
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“tdt&-of the head. Rather than using a reserve area to wite to, a data
sector could be used. On one pass a data sector could be read. The data
obt ai ned could thert be witten back into the sane-sector. A sector that.is.
read and rewitten into™would be a sector in'the same track as the sector
having the read error. Preferably, the sector from which R(9-90- 011

"14 data is read and rewitten to would be near the sector having the read
error. It should also be noted that the safébtechni ques coul d al so be used
in a magnetic storage device that used other than concentric tracks. For
exanple, witing to reserve areas or to a data track could be used

~42 43
-V REREAD WITH V
' REREAD A N OFFSET OUTWARD
SELECTED NUMBER - A SELECTED
o OF TIMES | . DISTANCE Y
Uy — 46
REREAD WITH HEADY L
| OFFSET INWARD RESET. OR CHANGE .
> A SELECTED - ™ THEAD STATE
- DISTANCE Y
50
18 : S |~
REREAD WITH : REREAD AFTER :
» ERROR CORRECTION = CHANGING AV
CODE . o PARAMETER v
i : - /52 - /54
REREAD WITH | TRACK
= ANOTHER AV — :
CHANGE OFFSETS
] /‘56
DATA
STROBE
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-in a device having a spiral track. It is also further contenplated that the
t echni que of perforning a head state change nay not be trigoggeeasonly in
response to the detection of a read error in a sector. For exanple, a head
“state change action may be triggered when an indicator of the head' s soft
error rate performance is determ ned to have changed. This coul d be
acconplished with an anplitude or resolution neasurenent. The head state
change woul d then bring the indicator_into the normal operating range.

Anot her net hod m ght be to inplenent29 head state change on a periodic
basis. It is also noted that it may be possible to performa head state
change by exciting the head with a small anount of current or current of
hi gh frequency which would not overwite or otherw se disturb the existing
data. This could potentially be done wi thout accessing to a reserved area.

A DATA RECOVERY METHOD IN A MAGNETIC DISK DATA
STORAGE DEVICE

- ABSTRACT

Disclosed is a method for recovering data from a portion of a magnetic surface
that contained a read error. After a read error is encountered a magnetic transducer
undergoes a head state change. The head state change is accomplished by either writing
(64) to a reserve area of the magnetic surface and or reading a portion of the magnetic
surface and then rewriting to that portion of the magnetic surface. After the magnetic -
transducer undergoes a head state change, the portion of the magnetic surface that -

contained the read error is reread (68).

FIG. 5 .
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I addition, with a certain type of head, a magneto resistive (M) ez it
may be possible to performa head state change w thout passing the head
over a reserve area or reading froma sector and rewiting to the sane
sector. This could be done by changing the bias of the MR stripe in a
simlar manner to alter the readback state of the MR stripe. For MR head
designs incorporating the MR stripe within or in close proximty to the
wite gap of the head, the MR stripe's read state m ght be altered by
energizing the wite coil in one of the nethods previously described.

RCO- 90- 011 The techniques for data recoveryl Histéd @bBVO GRS fiseiil for RAdirS hFPIRaEHNIIA L6
of the head has many
mentioned previously, there is always a need for a step or apparatus which enhances the ability
of a disk drive or magnetic storage unif in recovering data in a track or sector that is difficult
to read.
SUMMARY OF THE INVENTION
It is an object of the present invention to ameliorate one or more disadvantages of the
prior art.

According to one aspect of the present invention there is provided a method of

recovering data from a magnetic storage device which has a disk for storing .data, said disk

REPLACEMENT SHEETS SG
dDescrip?j.on :paged .£. to paged . 7.
Claim(s) :paged.$.to paged .1z..
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advanttages. The process requires very little tinme to acconplish when
conpared to other steps in an error correction procedure such as the one
shown in Fig. 6. Resetting the head takes less tinme than the tine for
running the error correction code. Thegprocess also can decrease the soft
error rate read performance anywhere fron1apprOX|nater ten tines to a-

t housand tines for certain heads. The inproved error rate has the

addi tional benefits that the maxi mum areal density does not have to be
derated as much to yield an acceptable soft error rate. Furthernore, the

| Mpr oViRWRIRt af feaSobhe erackrinrwhieh ahclodésna rpdwrabity ofisgnitors Which i includp adate,i said t o
protect file data integrity. 16

stdrage device also having a transducer for reading and writing data to the surface of the disk,
said method for recovering data comprising the stéps of: detecting a read error in the data in a
first sector of said plurality of sectors within said track; reading data from a second _sectpr’ of
ﬁﬁdphmﬂﬂycfsammxvﬁﬂﬁnsﬁdtnmk;nwwﬁhgthe§mafhnnsﬂdsaxmdsaﬂoru)sﬁd
second sector; and reading the data in the first sector.

According to another aspect of the present invention there is provided a data recovery

method for use in a magnetic data storage device in which data are stored on a magnetic disk,

said disk having a plurality of tracks, each track having a plurality of sectors for recording




CLAI M5 1. A nmet hod of recovering data froma magnetic storage device
which has a disk for storing data, said disk having at |east one track in
whi ch includes a plurality of sectors which include data, said storage
device al so having a transducer for regding and witing data to the surface
of the disk, said nethod for recovering data conprising the steps of:
detecting a read error in the data in a first sector of said plurality of
sectors within said track; reading data froma second sector of said
plurality of sectors within said track; rewiting the data fromsaid second
sect odatacthemin st oagnetérdata stoxagk devack ayingha nebgineti¢ fransdacén fostreading alata 2.
A data recovery nethod for use in a magnetic data storage device in which
data are stored on a nagnetic disk, said disk having a plurality of tracks,
each track having agg]urality of sectqrs for recording data therein, said

magnetfom @ds Vaitie, slatag 4 the” disk. Saida data gresovery ¢ mgthod  cnsistive pE 4Be nYeRsat a

fromand witing data to the disk, said data recovery net hod

of: (a) detecting a read error whilst trying to read data from a first location on the disk -
surface; (b) positioning the magnetic transducer over a second location on the disk surface,
wherein said second disk location is a reserved location; (c) altering the magnetic state of the
transducer by writing data with the magnetic transducer to the reserved loca:tion on the disk
surface; (d) positioning the magnetic transducer over said first location on 'the disk surface

where the read error was detected; and (e) rereading the data from the first location on the disk




consi sting of the steps of: (a) detecting a read error whilst trying to
read data froma first location on the disk surface; (b) positioning the
magneti c transducer over a second |ocation on the disk surface, wherein
said second disk location is a reserved, | ocation; (c) altering the magnetic
state of the transducer by witing data with the nmagnetic transducer to the
reserved | ocation on the disk surface; (d) positioning the magnetic
transducer over said first location on the disk surface where the read
error was detected; and (e) rereading the data fromthe first |ocation on

t he di sitfasel vidc thewnhgnetibaramsduvet ;i andt chargcthrised in that said reserved location is in the

same data track as said first location on the disk surface where the read error was detected.
DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

Fig. 1 is a schematic top view of a disk and an actuator arm for accessing the various

areas of the disk.
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17 and characterised in that said reserved |location is in the sane data
track as said first location on the di.;sk-surface where the read error was
detected. 3. The nethod of claim2, wherein the step of altering the
magnetic state of the transducer consigts of: reading: m' llﬂtcond
di sk location; and witing data read f?%m sai d second lmm{mnﬂmﬁ ﬂ RICKk to
sai d second disk location with the magnetic transducer.*4.° the"nef hod of
claim2 or 3, wherein said disk surf@c&Ifa&s one or -.nore spare sectors for
use in the event that a sector on the disk is determ ned to be unable to
store tat aAwnéthodof revdstering a4ta fronnd nidp@esd Stofuge devies evhictthasos disk #6r storing
conprises one or nore of said spare sectors. 5. The nmethod of claim2 or
3, whedaa,nsasdidiskrimyingvatdedst oae itrack ¢ mhichsinsludesca plurality eoflsectose whinhsintiude

have been determned to be unable to store data w thout read errors.
data, said storage device also having a transducer for reading and writing data to the surface of

the disk, said method for recovering data comprising the steps of:

detecting a read error in the data in a first sector of said plurality of sectors within said
track;

reading data from a second sector of said plurality of sectors within said track;

rewriting the data from said second sector to said second sector; and

reading the data in the first sector. |
2. A data recovery method for use in a magnetic data storage device in which data are
stored on a magnetic disk, said disk having a plurality of tracks, each track having a plurality
‘of sectors for recording data therein, said magnetic dafa storage device having a magnetic
transducer for reading data from and writing data to the disk, said data recovery method
consisting of the steps of:

@) detecting a read error whilst trying to read data from a first location on the disk
surface; .

(b) positioning the magnetic transducer over a second location on the disk surface,
wherein. said second disk location is a reserved location;

(c) altering the magnetic state of the transducer by writing data with the magnetic
trarisducer t_o the reserved location on the disk surface;

(d) positioning the ma_gnetic transducer over said first location on the disk surface
where the read error was detected; and

(e) rereading the data from the ﬁrst location on the disk surface with the magnetic

transducef;




6: ° The nethod of claim2 or 3, wherein each of " the Sectors includes an

I ntersector gap to protect agai nst accidental ove TR | rein said
reserved | ocation conprises one or nore of said |H“}“HHHIIWHW? A

data recovery nethod according to any pkeceding claintin wtch steps (a) to
(e) are repeated until the sooner of either: (a) a read error is no |onger
detected fromsaid first |ocation on the disk surface; or (b) steps (a) to

(e) have baghchepesfissll in paedeidereserved loaationusnin uhdeamefdata meck as said first
location on the disk surface where the read error was detected.

3. The method of élaim 2, wherein the step of altering the magnetic state of the
transducer consists of:

reading data from said second disk location; and

writing data read from said second disk location back to said second disk location with
the magnetic transducer.

4. The method of claim 2 or Ei, wherein said disk surface has one or more spare
sectors fdr use in the event that a sector on thé disk is determined to be unable to store data
without read errors, and wherein said reserved location comprises one or more of said spare |
sectors.

5.  The method of claim 2 or 3,-wherein said reserved location comprises one or more .
bad sectors that have been determined to be unable to store data without read errors. |

6. The method of claim 2 or 3, wherein each of the sectors includes an intersector gap’
to protect against accidental overwriting, and wherein said reserved location comprises one or
more of said intersector gaps. ]

7. A data recovery method according to any preceding claim in which steps (a) to (¢)
are repeated until the sooner of either:

(a) aread error is no longer detected from said first location on the disk surface; or

(b) steps (a) to (e) have been repeated a predetermined maximum number of times.
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A DATA RECOVERY METHOD IN A MAGNETIC DISK DATA
STORAGE DEVICE

ABSTRACT

Disclosed is a method for recovering data from a portion of a magnetic surface
that contained é read error. After a read error is encountered & magﬁetic transducer
undergoes a head state change. The head state change is accomplished by either writing
(64) to a reserve area of the magnetic surface and or reading a portion of the magnetic
surface and then rewriting to that p(i)rtion of the magneﬁc surface. After the magnetic
transducer undergoes a head state change, the portion of the magnetic surface that

contained the read error is reread (68).

FIG. 5
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