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read/write head relative to a particular track. The servo fields are then used by the

controller for positioning of the read/write head during read and write operations. Itis

imperative therefore, that the data within the servo fields not be written over. In order not

to write over the data within a servo field, the controller must know where the servo fields

20 are and be able to suspend write operations over that area.

The usable regions for storage on the disk are located on the tracks, between the
servo fields. Data to be stored on the disk is written in these regions between the servo
fields, which will be referred to as a data region. The recording of data within these regions
is measured in bits per inch (BPI). Assuming a constant bit density to record a bit, the

25 number of bits which can be recorded between servo fields is much less for the inner circle,
track O, than the number of bits which can be recorded in the outermost circle, track N.
Though possible, it is impractical to provide a unique recording and reading speed for each

track. In order to take advantage of the higher storage potential of the outer tracks without

exceeding the allowable density on the inner tracks, the disk is divided into multiple zones
30 and a method of zone bit recording is used. The tracks are grouped into zones such that all

the tracks in one zone are adjacent to each other. The data rate at which data is written to

or read from the disk is constant for all tracks within a zone and different for each zone.
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manufacturer of the disk drive and is controlled by the format of the particular disk drive
used. The number of bytes within the ID subfield is the same for every sector and can
20 comprise a cylinder high byte, a cylinder low byte, a sector number byte, a head number
byte and a byte or two for defect management. The ID subfield is then followed by a fixed
number of error detection bytes in the CRC subfield which are used to detect any errors in
the ID field. Some formats, referred to as ID_Less formats, do not use an ID field, but
rather use a header subfield within the DATA field.
25 The GAP field is a fixed number of bytes which are used to separate the ID field
from the DATA field. The DATA field includes a DATA subfield and an error correction
code (ECC) subfield. The DATA subfield is the portion of the sector where the actual
data, which is communicated between the host computer and the disk drive, is stored. The
ECC subfield is a fixed number of bytes tagged on to the end of the DATA subfield which
30 are used to detect and correct soft or hard errors on the media within the capability of the
code. This is necessary in order to avoid the transfer of erroneous data to and from the

host computer.
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on the disk transmitted from the host computer to the disk drive system and read
operations from the disk to read data from the disk and transmit it to the host computer.
The disk is continuously rotating within the disk drive system, even as the read/write head
moves between zones, which may cause the read/write head to cross over one or more

20  servo fields as it travels from one track or zone to another track or zone. The controller
circuit knows the angular position of the read/write head, but as the read/write head
changes tracks between different zones, the number of sectors between servo marks .
changes, because of the change in bit density between zones. The controller does not know
how to translate this angular position after a zone change into a known position on the

25 track relative to the sectors and may be unable to determine the relative positioning of .the
sector pulses on the specific track. To re-orient itself on the disk, the hard disk controller
will normally wait for the INDEX mark and orient itself from the INDEX mark for the
track that it is on. However, waiting for the INDEX mark during a read or write operation
increases the latency in reaching the next desired sector. This delay adds to the seek

30 latency of the disk drive system.
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This del ay adds {esirabigtodevaloppscheme which gHowsasystemawitl defectsoeeurzing on its media to
3 be saved and not discarded.

The manufacturer will identify the defective sectors which are detected after the
15 manufacturing process in a list of defects, known as the "primary defect list" or
"manufacturer’s defect list." This list is stored directly on the disk in a reserved space,
usually outside of the boundaries of the data tracks. Additional defective sectors, known as
secondary or "grown" defects may be detected after the manufacturer's primary list has
been compiled. A list of these "grown" defects are maintained and stored in a secondary
20  defect list also on the disk in a reserved space.

The primary and secondary lists are read from the disk and stored in the random
access memory (RAM) upon power up of the disk drive system. The system controller
then uses the information from the primary and secondary lists to manage the defects and
avoid writing data to bad or defective sectors.

LINEAR REPLACEMENT
Many different defect management schemes have been used in the past. Using the
method of linear replacement for defect management the defective sectors are flagged and
mapped to a good sector somewhere else on the disk, which is substituting for the defective
30 sector, causing the system to jump from the defective sector to the good sector and then
back to the defective sector in order to read or write the data on the disk in a consecutive

order. This mapping technique adds considerable latency to the system and degrades its
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The disadvantage of the method of linear replacement is that it requires extra seeks
to be performed by the system if the system is to read or write the data in a consecutive
order corresponding to the logical sector numbers. For the system illustrated in Figure 3a
to read the data from the first track in a consecutive order corresponding to the logical -
25 sector numbers it will read the logical sector number 0 first. To read the logical sector
number 1 the system must jump to the physical sectdr number 31. When the logical sector
number 1 has been read the system must then jump back to the logical sector number 2,
which is located at the physical sector number 2. Because the logical sector number 2 is
defective the system is pointed to the substituting sector on another track and must travel
30 to that sector in order to read the data in the logical sector number 2. After the logical
sector number 2 has been read the system then must travel back to the first track and read
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PCT/ US96/ 02831 performance because of the_required junps fromthe
defective sectors to the napped substituting good sector and back.
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extra seeks be assigned plogicalrseetdr ymbene system if the systemis to read or
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each track. In a sector slipping scheme the defective sector is mapped to the next good
sector on the track until all spare sectors are used. During formatting of the disk drive,
Jogical sectors are assigned consecutively from a first sector on the track to the last sector,
slipping defective sectors until all spare sectors on the track are used.

20 Figure 3b illustrates a typical track having thirty two sectors, numbered zero
through thirty one where the last sector of the track is a spare. In the track of Figure 3b
there are no defective sectors and therefore the spare sector 31 is not used. Figure 3c
illustrates a track with a defective sector at the physical sector number 2. As can be seen
from Figure 3c, the logical sector numbers are slipped after the defective sector and the

25  spare sector is used as the logical sector number 30.

After the track has been formatted and the logical sectors are mapped out, the
system then performs a calculation to determine the location of the target sector which it

must read from or write to. In the case of Figure 3c, if the system was instructed to read
from a sector having a target logical sector number 26, the system would add the number
30 of defects appearing before that sector, to that logical sector number to know the physical
sector number of the target logical sector number. Therefore, because there is one
defective sector before the physical sector number 26, the correct physical address for the



to read the data fromthe first track in a consecutive order correspondi ng

to the logical 25 sector nunbers it will read the |ogical sector nunber O
first. To read the Togical sector nunber 1 the systemnust junp to the
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flagged as a defective sector and mapped to a substituting sector somewhere else on the
disk, in this case the spare sector at the physical sector number 31 on the track 1.

15 The method of sector slipping maintains the logical sectors in a consecutive order
allowing the system to read or write the data in a consecutive order without extra seeks.
Extra seeks are required when the number of defective sectors on the track or segment
exceed the number of spare sectors assigned to the track or segment and the system must
travel to another track or segment to read or write the data from a substituting spare sector

20 and then back to the original track.

CIRCULAR SLIPPING
Circular slipping or wrapping is another defect management method which can be
used to map the defective sectors to substituting sectors. In the method of circular slipping
25 or wrapping, the defective sectors are all slipped, even if the number of defective sectors
exceed the number of spare sectors. If the number of defects on the track does exceed the
number of spares, then the defective sectors are used as logical sectors to ensure that each
track has a fixed number of logical sectors. The defective sectors which are used as logical
sectors are flagged as defective and are mapped to a substituting sector somewhere else on
30 thedisk.
A system employing circular slipping is illustrated in Figure 3e. The first track of
Figure 3e includes one spare sector and has two defective sectors. Both of the defective
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3b t her eg ar, wlersi | s@egprs and therefore the spare sector 31 is
not- used. Fi Ssuresg%é:% ?ﬁ uglterat eg a track with a defective sector at the

physi cal sector nunbiinttﬁsyo'lsts?sﬁnhqziwgn?tﬁchuﬁﬁﬂmﬂl@pﬁgoﬁﬁmuﬁﬂeﬁm.dﬁl
sector nunbers sl L pped aft t ective.sector _an e 25 spare

sector is used %ﬁmék%%“d s&*&&m@m@wwmw udedm&eiDﬁgpt In dipves that
track has been f@éi@ﬁ_&%ﬁﬁﬂnﬁ%bﬂl&ﬁkﬁﬁﬁﬂeﬁ!ﬁd%&m%gﬁ%ﬁ?t ar get

systemthen perfornms a calculation to determne the locati
sect.or which it identified yithout reading mny subfield\of the seater, It is therafore desirabit fofiagystem3c,

I f the syste "gﬂlé.tgﬁ o) . froma sector. having a target
| ogi cal sectgir’mﬁlgjﬁ%er ,g'?%'e syé'?g%&%ff’wagawﬁ?'ﬁmgwg *of defects
appearing before that sector, to that |ogical sector nunber to know t he

physi cal sector nunber of the target |ogical sector nunber.
Therefore, because there is one MENT SeIPFNGor pefore the physi cal

ZeCt or nunbwe)r 9§?é7gggféﬁkﬁ%awb?io§ﬁbnﬁdﬁmfn%cwmém&e positioned adjacent to each

PCT/ US96/ 02831 other on thelisk os sedis: The tracks within axeguieisqrexconsecutivelyminghered<feam or
number 27. 15 oM. The physical sectors within a segment are consecutively numbered from 0 to SN-1,

where SN is the number of physical sectors per segment, SL is the number of logical
sectors per segment and P is the number of spare sectors per segment. Spare sectors are
included at the end of ﬁ segment and defective sectors within a segment are slipped as
described above for a track. The segment is treated as one contiguous storage space such

20 that a defective sector is mapped to the next good sector within the segment and slipping
occurs across the tracks within a segment. If the number of defective sectors for the
segment exceeds the number of spare sectors included in the segment then the remainder of
the defective sectors are mapped to substituting sectors somewhere else within the system.
The concept of circular slipping can be applied to segment slipping, once the defective

25 sectors vyithin the segment exceed the spare sectors per segment, the remaining logical
sectors are mapped to the defective sectors starting from the first defective sector within
the segment. A special case of segment slipping is cylinder slipping where the segment is a
cylinder of the disk.

A group of four tracks comprising a segment is illustrated in Figure 5b. In the

30 example of Figure 5b, this segment or partition includes four tracks, each with thirty two
physical sectors and two spare sectors at the end of the segment. A track base value TB
for each track, specifies the beginning physical sector number PSN for the first sector of



When the nunber of defects on a track is greater than the nunber of spares

assigned to that track, the defective sectors are still slipped, but as
soon as the nunber of defective sectors ‘exceeds the nunber of spares on

the track, the remainder of the defective 5 sectors are not slipped, but
are mapped t wowwaares2or on anot her track or sonewhere el se onpcr/ussevesai sk
using the |linear replacenent nethod as descri bed above. A system using the

sect or sl i paatigacke etk dsplaberhdift valde FDAndlEdes ihe\Wuinber oiidefedive setiorsin the
sectors than sparge sectors jis illustrated in Figure 3d. The first track

in Figure 3d i rfEackRrevigpttothe quarentdtsack that were shipped ”’QS%FEB?‘F vwﬁ&‘f’@r%“m?he

ho- | ogical - secrornie SonicbRL Y Gdufhoik B i Ting e deRREIGR T

the first trackirstibgical sectornumbestof@aéhetrack can btecaﬂajlaﬁdbxdubtrmgﬂme&ackect or
nunber 29 is d sector on the track has
al ready been us‘&ﬂ’iﬂc‘fﬁge‘%@f‘@%b{‘&”ﬁﬁmgp 28 is therefore - flagged

as a defective sect Ofhedil tra€kiA Wik dxamplesof Figurd S8 had 4 dEREAW seRBFR WRAPHGsiBAISe ON
t he disk, in thi s case the spare sector at thepgh ysical sector nunber

31 on the tracl@eﬁt"&'&’m 1. This defeetisiersectonis skippadand the; Wl%ﬁmrmwlshe

L\;)Ig![ ga![ hzegzﬂ?; I'n a consg’?ﬁ%}l ve oir}‘(gi&elﬁévm %We‘ﬁ%w%ﬂﬁmrg% geeks

are rnghr ed m&mkﬁdfmuﬂmbmbaﬁnd&fdﬂomde?%&%o@iﬁnb?ﬁ%cﬁdmngmh
exceed t he r .of. spare se ssigned to. t track or segnent and the
system rrustrw ﬁmtlf’ﬁﬁé “&H@Fﬁ%& ?‘ﬁE‘E‘P E’F e begause, the track base
data froma suhswfwmam&k%eiaeem&ﬂvaﬂérbh@ R@EAR W&a&m

track.

Circul ar sl i ppidefective m@ppﬁ%x’hﬁwﬂmwmuébt Thmdefg@wemm siippediand thec an

Prgt hod of U(S:?(rjctﬁgml I ppI ng ﬁﬁ%ﬁ%%l%ﬁgﬂe pigalisbls el Ctgé‘sg?elen

sl i pped, even |msmmmmfdmmmeqmﬁwomwmwﬁm@er of
spare sector, | f the nunber of. C on the track does exceed the

nunber of s the-spare sectors ace PWF"%@GP@% to
ensure t hat eaCQégment,thehﬁlﬁSéi'dF x&lidci&?@mﬂ%ﬂh@%rsb&ﬂie glg-bﬁ

def ecti ve sectors Whl ch are use gl cal sectors are

defective and omust pmm&lha@mmwmmwmdﬂemmmmthe

g: Slljre 3e. The ?l Pst%k Oﬁ&ﬂhﬂ%@ngﬁ W Uéggqgﬁgi%%ws&%t%&oﬁnd

has two def ect i anthe tast track of the ségnient illusuaiefnd?igmeSb Because the track displacement

! 20 value TD is not equal to zero, the number of logical sectors is increased by the track
displacement value TD and the number of spare sectors SP is decreased by the track
displacement value TD, using the following equation:

If SP » TD then L=L+TD, SP=SP-TD else L=L+SP, SP=0

Automatic track processing requires hardware defect management and mapping the
physical sector numbers on the track to logical sector numbers. This mapping of a physical
25 sector number to a logical sector number must take into account the defect management
strategy employed in the disk drive system and the skew, if any, of the system. A Logical
Block Address (LBA) is a quantity which is kept for each non-defective sector and includes
a cylinder number, a head or track number and a sector number. This LBA is translated to
a Physical Block Address (PBA) which includes a cylinder, head and sector number. This
30 mslation is based on the assumption that there are a fixed number of logical sectors per
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PCT/ US96/ 02831 sectors are slipped and the spare sector 31 is used as
the | ogi cal sector nunber 209. Because the system expects thirty one

| ogi cal sectors per track, the first defective sector is used as the

| ogi cal sect owWO9eXI882 30. This sector is flagged as defecti vepcangsosmzsippped
to a substituting sector sonewhere on the disk, in this case the spare
sector at the ph;askwdloﬁegrmtor nurrber 31 on the track 1. In
the systems of the pr or fv%l ch sect or |pp| ng or circular

sl i pping, the FP%%%‘ |Ar‘\9& hep dhepaygber of

i ncl uded in thew@cﬂw&sp&mkmscmww%%'&&ﬁé&%%% the 1D

field is elimnated, and I n general the sector | ed
Wi t hout readi ng tanﬂmmmembeménfs@mexmm adjusted byithe mumbes of deféctivé or a

Syt e 10 1 oo BRI it S LBAS chibor 0 &k gtk ERI B 30 Jippes aoss e

corsrespondi ng f

SLI PPI NG track. lfnmmnmwmmwﬁeﬂtﬁﬁksﬁﬁkxywhmwmﬁhﬁemh
are positioned agdj 6] nt to aor&] ther on the disk or nedia. The tracks
within a segrrents“{iNéEE %@E‘F QFM&%%MW@@LBN@SMW&%MM
sectors within Farp QAL

where SN is the numnber o}ﬁf) ys??:ig ﬁ?ﬁ*@ﬁ‘%'@é@?@@%@s@%’%&ﬁ%&? of

| ogi.cal s e dhis translasion willrequire enteh skekis o pérform tindabovetamslatioeif agegment per
segnent . Spag(? sgct.ors re. I ncluded at the end of a segnent and
def ective seCt orSPRiPE P 'ss'é‘a“rent are slipped as descri bed above for

a track. The segnent is treated as one conti guous storage space such 20
that a defective sector is mapped to the ne ood sector within the
segnent and sli pping occurs across t hd lqEr‘%cks withi n a segrrent If the

number of defective gge pmrlmagrgﬁg 3 el er of
spare sectors included int e egrrent then the rerra hS?tF nR‘f finder
def ecti ve sect orskew and &appwmawupmmmagmmbbmmmmm{&@ew&br n

Le System 15 o Kaf@lioRiond yifades b ik B aodlter G it ot oo on tie cidkho nethan
For example, as the system travels from the end of one track to the beginning of a
subsequent track, the system may travel over a number of sectors before it is ready to begin
the operation for that track. The systems described above did not have a skew and began
logicaily numbering the sectors from the INDEX mark. Disk drive systems which do have

' 20 askew value will begin the logical sector numbering of sectors on the track from the first
- sector at which the system is ready to begin the operation, which is not at the beginning of
the track or the INDEX mark. These systems would then number the logical sectors
consecutively, beginning from this scctor and would continue numbering the sectors until
this sector is again reached.

25 An example of this numbering system, taking into account the skew of a system, is
illustrated in Figure 4. The skew value of this system is five sectors and therefore the
system begins logically numbering from the physical sector number 5. After taking into
account the skew of the system, this system can then implement any one or a combination
of all of the defect management schemes described above. When the system comes to the

30 physical sector number 31, it is assigned a logical sector number 25. The system then
wraps around to the beginning of the track and the next logical sector number on this track
is the physical sector number 0 because of the skew of the system. Therefore, the physical

10



25 sectors within the segnment exceed the spare sectors per segnent, the

remai ni ng | oqgi cal sectors are_nmapped to the defective _sectors starting.
fromthe first defective sector within t he segnment. A special case of
segnent slipping is cylinder slipping where the segnment is a cyl i nder
of the di sk. w0 9627882 A group of four tracks conprising RCHUSSSIB2AE3L| S

illustrated in Figure 5b. In the 30 exanple of Figure 5b, this segnent or
partition incl tsdaarﬂmberomﬁgned%lo gicalisédfortn@inbér)26L s the systenpjosnps frain thiect or s

and two spare sec or&Fat the e of the se ment. A track hase val ue . T
for each track, ‘ﬂfeﬁﬂ? must againhe faken Iptg accouapand the ¢ o

I/\;Dr SES/ ;‘;gégr Ofﬁrst logical sector number of the next track will consequently be the physical sector mfmber

PCT/ US96/ 02831 10. each track. A track displacenent value TD includes the

nunber of defective sectors,dn the cks the cu track
that were sl tpped a @WWQW q@%ﬁ?ﬂ?"@”@&%ﬁéﬁy ﬁm&égd
consecutively tpiénHo04|656,582 isu@d R Aprib ¥, 1987.Undef thedRétRéd tauight 9 Grésnberg, the
first logical sector number of each track can be calcul ate by subtracting

the track 5 di sjystamebircading a siagheheadenof a seator, mmﬂw@cauono the logical The

physi cal - SRRPrORIEG 4 oA e i o e E Kk of el et Uap e

physi cal sect ornmbcbefdekoRRMmhamchMommedWthMemmr 1.
The track d| pl acene al.ue TD for  the second trgck_is equal to ane
because of HH&"H@#@X‘FPV%%% Mg‘b?e‘gdé Y"e?gﬁm's'ﬁ’k

first Iogical samawﬁus@wﬁmwﬁ%m on RéRALAWAL vk id be W3EFI0

because the track base hirty two and the track displacement val ue

TD is one. The #seestainthe m@mpsfm thectraghic Theheader includes theioffsetanf ghedfirstdogicdl o
Physi cal sect or*RrBE ek il dhe IEaii'of heTpfebfle deBpR St adk tr i e
nunber 60. The skigped. The methiod pf Greenteng trawslates thedafget logical seétor nurhbien tka sarget
equal to twg e g S sttor number and cousis the sector pulses until the target physical sector is
reached. The method of Greenberg does not teach a translation algorithm for translation of
the physical sector number to a logical sector number, and does not teach a method of
translating physical to logical sector numbers and comparing the logical sector number with
the target sector number for sector identification. The method of Greenberg et al. does not
20 teach using a defect table in memory or using a first-in first-out (FIFO) stack for processing
the track defects. - |
What is needed is a defect management method and apparatus which can be used
with ID_Less formats, wherein the ID and DATA fields of a sector are merged. What is
further needed is a method for automatic sector identification and track processing for disk
25 drive systems which use the ID_Less format. What is also needed is a system which
automatically supports the defect management schemes of the prior art without any real
time intervention by the microprocessor in disk drive systems which use the ID_Less
format.

30
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15 sectors previous to the third track. Because the spare sectors are

| ocated at the end of the _ segnent, the nunber of |ogical sectors and
spare sectors on the |ast track of the segment nmust be appropriately
adj ust ed based on the track displacenent value TD and the nunber of
spare sector woperrsmxanple, initially there are thirty | ogi qedTEssenzsss and
two spare sectors on the Iast track.of the segnent illustrated in

Fi gure 5b. BecSIMMA [E IN¥ENTI@Nent 20 val ue TDIS not equal to
zero, the nunber of i cal ect rs |s |n as

di spl acenent val ue 1‘%9%5 e‘é"'@ ﬁéé’&pemsﬁy
the track défPinformiaioil foldiratk ohld m@emgnédi@wmhhmraﬁvemﬁn QX system
If_SP [err] TD then L=L+TD, SP=SP-TD else L=L+SP, SP=0

AUt omati ¢ t r ackWhighyeses anymethadpf; @stmm'émmﬂxnmmmn septar sHppivEng

This mappt e of S indE Shting biSeyatent fibolisesn 18 ippofied.  pijcal B0 hud &regcrpust
irive Syst em and 4 ﬁm:wwm ey of "t he. sy ?ﬁm Wgﬁm ‘%ng ek
Addres:y?LBA) |'§a"é i #&Eﬁyﬂﬁﬁ%"‘?@‘!@ﬁw’f Pg‘ %‘}W‘fe‘ﬁ"tcr and

i ncl udes r6oesing!En bR WEdRipli s&dhﬁﬁgaﬂ% M&Wﬂﬂ&k 394 uaclS&Féc tab
nunber. This LBA is translated 't hysi cal Bl ock Address PBA) Whl ch

i ncl udes a cyl i bechwilt inthebnfienRAVE @) the defectinformatitincabe writiensinahe keadérof pyaryd
on the assugt | QL) § Gt ARG, fbobed Gilnl AR 185ic. RFbS Bed 16 GHRig? RSl

PCT/ US96/ 02831 list. Théﬁﬁﬁiﬁdﬁdi’mﬂhmpﬂinanm less format whelein 08 daa dieldrdoeéingtan

be used to translate the LBA to a PBA, .. when the nunber of l.og |caI
sectors per tr afontaina hegders m@MJW%?P%‘HW%PnPWW?&FHE
address drive system. In the second method, the header subfield comprises four defect records. In

the third method, if there are more defect records for the track than will fit in the FIFO,

15  then after initialization and loading the first and second banks of the FIFO by the drive
microprocessor, the first and second banks are each loaded by the drive microprocessor
while the other is being processed, in a ping-pong manner, until the track processing is
complete. A defect record includes a physical sector number of the defective sector, an
offset number and a flag indicating whether or not the defective sector has been slipped.

20 The defect record may be either a fixed two byte entry or may be of a user defined number
of bytes. Defect flags are automatically generated by the system for each defective sector.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates a magnetic media platter with embedded servo ficlds.
25 Figure 2a illustrates the format of a typical sector.
Figure 2b illustrates the format of an ID_Less sector of the prior att.
Figure 3a illustrates a typical track within a system using the linear replacement
method of defect management.
Figure 3b illustrates a typical track having thirty two sectors, including one spare
30 sector. '
Figure 3c illustrates a typical track including one slipped defective sector.

Figure 3d illustrates a system using a sector slipping method of defect management.

12



transl ation routine can be used if the target LBA is adjusted by the nunber
of defective 5 logical sectors with an LBA |l ess than or equal to the
target [LBA that are slipped across the track. If there are no spare
sectors used per track by the systemthen the adjustnment wll si mply
be the nunbewooderdsskecti ve | ogi cal sectors with an LBA | ess paEmssan2ssgual
to the target LBA. This translation nethod will require a table
search. O her net ho#igursiheillosates a systeniusing 4 circnlan slippingundthod afglefece extr a
seeks to performthe above translation if a segnment 10 slipping nmethod is
used. management. SKEW The
skew of a system i s Figufed AlESIrAds Atk With B iyiein HaVing A SRl Gl of fiveSedtns) nder

skew and the zone skew and represents the nunber of sectors that the system
travel s over 15 as Figurefaillysteates an example of @ trackavithone spage sectos and by;defetive
from one zo%e on téﬁe di sk to anot her. For exanple, as the system -
travels fro &R of one track to the begi nning of a subsequent
track, the system miigure Stvillustrates an examplsiia oylindes shipping rhethod for a tylinder eady t o
begi n t he operation for that track. The systens descri bed above did
not have a skevngpgdin | ogi cally nunbering the sectors fromthe

g .

| NDEX mark Di sk dri \ﬁ?ﬁg hﬁﬂﬁm&‘ﬁ agmhﬁ ,ggng?qgﬁm ' i n the
| ogi cal sector nunber ngao secto@s‘vont \é&trac rom%tﬁgb#ﬁn‘g’%ﬂvh sect or
at whi ch t he syst emHKigore 2ilthstrates dteagk defebtlisbstored fin the buffériRAM. s not at the

begi nning o t tr or the ILNDEX mark. These s e uld then
nunber the F%gi cal é@%?ﬁmm%W%fwy%%%m#\?Wsector
and woul d cont ijpéladifigfoue défed phie sectors unti | this sector is again
reached. 25 An exanpl e of this nunmbering system taking into account
the skew of a syst edfigyre9 illustrates 3 schematichlock diggra pEthe apppratusofahe presegt of
this systemis i@k%goﬁect ors and therefore the system begins logically
nunbering fromthe physical sector nunber 5. After taking into account

t he skew of the systFige 10 illustrapestan aiternativietvmack defidt distimdiuding/a prograommable

conbi nati on f all of. the defect nmanagenent schenes descri bed above.
When t he syé?erﬂ"@gﬁéghfyéestf%“gb sical sector nunber 31. it is assigned

a | ogical sector nurFigire 1} illubtiftessd/ ForMA0 of Bd consecutive HP Lesy setiofh withoubs header
begi nning of the track and the next |ogical sector nunber on this track
I's the physi calsubBieldor nunber 0 because of the skew of the system
Therefore, the physical

10

20 In previous systems, the defect information, including the mapping of defective
sectors to replacement sectors was contained in the ID field of the sector. The apparatus
and method of the present invention can be used with systems which include an ID field in
the sector and can also be used with systems which use the ID_Less format without an ID
field. The apparatus and method of the present invention can also support the defect

25 management schemes of the prior art described above automatically without any real time
intervention by the miéropmcessor in disk drive systems which use the ID_Less format.
The apparatus and method of the present invention also antomatically generates four flags,
which will be described below, for each defective sector.

The present invention can implement any of the prior art methods described above

30 for mapping the defective sectors to good sectors depending on the method used by the
system. The method of the preferred embodiment of the present invention employs the
method of circular slipping or segment slipping. In this method, the defective sectors are

13
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PCT/ US96/ 02831 sector nunber O is assigned a |ogical sector nunber 26.
As the system junps fromthis track to the next track, the skew of the
system nust again be taken into account and the first logical sector
nunber of thewosse?®8eack will consequently be the physical s®CT®sIemaiter
10. 5 A system whi ch uses an ID Less format was taught by G eenberg
et al. in US shppedliiatng sectorelippingiinti) e humber nfaefectiversedtors on tieafick of segaent he

met hod t aught by enber readi n S ader of
a sector, can aS¥ %mflﬂger Eﬁ%ﬁstﬁs’#ﬁﬁg}q%k@éfe . a@ﬁ &Ibg %e

track, as |ong assigred t'theack cifsegificne in deechoRhitE nfinifhive thenunities bf irdcks 665 t han
t he nunmber of defective sectors for which infornati on can be stored in

the header. |If tspenemsfonwmsbmcwmaef@dpmvguetmﬂenmmﬂm Mheadhe; t he
b f def Emé UIBE h
Egadgt C)t heﬁ ﬁgtrﬂg%ﬁ ne th%a er w avent e usecﬁ?ﬁﬂ‘emascm th ©

the information rﬁuhoddf@lﬁpmktmﬁnﬁomwﬂﬂmlgnmdsedesthdnwomﬂﬂnubah slnhedbumet

| ogi cal sec o n. the trac he Ioc tions of the ctive sect

on the track that® Bigs 3 ’d’"f’?%ﬁ‘f@ﬂ’&?
the target |ogi %hnﬁﬂéﬂfulﬂﬂmfécﬁvéséﬁdr%tﬂwlﬁckﬂh%ﬁrﬁﬂ Fréih te' defielie and
counts the sector pulses until the target physical sector is reached.

The .met hod of Gseeses; thisjlogisalseeton is then anapped tozrsubsiituting spdresector seméwhere else on
transl ation he physical sector nunmber to a |ogical sector nunber,
and does not eéh% ‘met hod of translating physical to | ogical sector

nunbers and conpari n@y dsing thedircalar slippingrmethodrhe nwvhbed of logicalisbdtors peQedckdECt OF
nunber for sector |dent|ucat|on The net hod . of Greenberg ef al. does not
20 teach using S4BWEALSAR %WBP“’BE‘FH&S%W@F-@M%%W‘

(FIFO stack foris pfd@ededyihe number bf tefeckité Lecthd, Biels§stem does not haveto%béeito
needed is a defect managénent nethod and apparatuS which can be used

with 1D Less f or%mmm but canctravel diregtly) nexs sebsequentaracl, CTher system willhgue.

ﬁ 3t t Ir Zc K pr oc es s N goﬁg)ﬂl%%ﬁw H]/'ggtsey Env%&ﬂ@%cwt ck)%g%%ézhg B 2"

format. What i s legical sectedmthbers. Howgedrcbn usingahns method ahetsgsterh iwdld Save asafplqmm S

it ervent i on- by PG DRGRIREE phe g e logles s e BF Yo, e s

| D_Less does not have to travel back to the original track but can travel ducctlytotlvsnext
subsequent track.

20 Figure 5a illustrates an example of a track where the number of defective sectors
exceeds the number of spares assigned to that track. The track of Figure Sa has one spare
assigned to it and two defective sectors. The track has thirty one logical sectors and one
spare sector. The physical sector numbers 1 and 28 are defective and are slipped, as is
illustrated in Figure 5a. To keep the number of logical sectors on each track constant, the

25 logical sector number 30 is assigned to the first defective sector, the physical sector number
1. The logical sector number 30 must be flagged as defective and additional information
must also be kept so that the system will know the location of the spare substituting sector
where this sector is mapped to on the disk.

An offset value is kept for each defective sector and is used to inform the system

30 where the substituting sector for the defective sector can be found. The offset value is a
user defined value and is programmed according to the defect management scheme
employed by the system. The offset value is a pointer which will inform the system where

14
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PCT/ US96/ 02831 Def ect managenent for automatic track
processing without an ID field, processes defect information for a
track on a magnetic nedia within a disk drive system A system whi ch

uses any netwobéessdef ect managenent including |inear repl acerorosssnssit or
slipping, 5 cylinder slipping or segnent slipping, can be supported. A

physi cal sect orthésibstifutih@secda®on the dislsector is translated to a | ogical
sector nunber relating to the order of data on a track. This

transl ati on of the physical sector nunber to a | ogical sector nunber for
automatic track pr oogap meﬁjﬁﬁ QEQI‘ We of three
nmet hods: 1) a track defect tagﬂé can ul t (g er RAM 2)

t he defect informat |'ﬂwdcfumhﬁ:mmmo§ﬁwmkhmwdead2wdabdhﬂeba§edhﬁhmmmg or
3) a systemElFE ocated in the onhoard.|ogic ysed to, ethe
def ect 5 i s‘%w*‘ﬁ EFOLN wgﬁé’gy E‘Hﬁb‘g’r‘@ sV er??

wherein the datmy&bﬂlsdctdmwtanasma@&aﬁﬂwaemwﬁﬁmﬂhm& SL'IP‘PED

i nformation for sector |dent|f|cat|on i's maintai ned by the disk drive

system |n the whighindicates the setor hasrbesn plipped.dInay embiodiment of the present t

[ ack than wi | SR h“%%%ﬁwﬁlﬁm BId 0B o it Gl bl

tﬂe ;I rst and sadogghlbmubkmwm:ﬁﬁﬁd?wmwww?ﬂmmalmmor
the first ang secqn a rjive m croprocessor
while the oﬂﬁer“ eRﬁﬂ"’fﬂ‘G egglgﬁ{}alfdcn)‘-‘%@ gé;“ﬂdﬁ?m Fs“s&‘ill signahan invalidc

processing i s logicalSefet Mintber A def ect record i ncl udes a physical sector

nunber of the de ective sector, an of fset nunmber and a flag indicating
whet her or not the dﬂieassmwdmuhm&wﬁnﬂ.mp@smmﬂndﬁwmrd

(Tfiybs'?egl t ?)21[ e&‘f‘#ﬁ‘gs are éﬁ%ﬁa#l ca@??pn%\é’ﬁrgsr %&Béjfs ﬁ'&%{’:’b?‘g%‘g%g&%éc h
def ective sect ovalue as described below in detail, the user defined offset value must conform to these
15 restrictions. When the SLIPPED flag is at a logical low voltage level, then a non-zero
offset value less than or equal to the number of spare sectors per track indicates that the
substituting sector is a spare sector on the same track,. When the SLIPPED flagis ata
logical low voltage level then a non-zero offset value greater than the number of spare
sectors per track indicates that the alternate sector is not on the same track. When the
20 SLIPPED flag is set to a logical high voltage level, a non-zero offset value indicates that
the defective sector is mapped to a logical sector which is not on the track. The defective
spare sectors are included in the list of defect records, however the offset value for a
defective spare sector should be zero. When the flag SLIPPED is set to a logical high
voltage level, this indicates that the defective sector is slipped. When the flag SLIPPED is
25 resetto a logical low voltage level, this indicates that the defective sector is not slipped.
The number of spare sectors per track is kept in a register SP. The number of
sectors per physical track is stored in the register N and the number of logical sectors per
track is stored in the register L. The values SP, N and L are I;Ot embedded in the defect
information on the track but are initialized by the apparatus of the present invention for
30 eachzone.
The apparatus of the present invention keeps track of the physical sector number
and based on the track defect information, maps the physical sector number to a logical
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BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 illustrates a
magnetic nedia platter with enbedded servo fields. 25 __Figure 2a
illustrates the format of a typical sector. Figure 2b
illustrates the format of an ID Less sector of the prior art.

Figure 3a il wusbtgragas a typical track within a system usi ng pd19usos02381
repl acenent nmet hod of defect managenent. Figure 3b

illustrates a t%&bﬁﬁhwmb&ﬁmﬂﬂorhkrﬁ&eﬁtmeﬁwammmpmuw one spare
30 sector. igure _3c _illustrat es a tﬁ/&scal track i ncl udi ng one

sl i pped def ect |W’Bﬂ!’éﬂl{¥r8°n°m four flags, a DEFE(; m usi ng

a sector sli ppl@@dﬁ iy Wﬁim ﬁ%
PCT/ US96/ 02831 tﬂg&q ?—Rf ure ustrates aa%yst emusing a CI rcuI ar
sl i ppi ng net hocNOfl‘Ql‘é'll'B.ACK(TSNW):ﬂ;gnAﬂtemmwely,anaddmonal:ﬂa;usgenératddlbw:ther at es

track withi h k |
i guro 5a i 1'PustPateBs obhe BiestHl veBionr i NAF vRia ogiie SeRariaRa MYLSN ispeed s,
defective 5 Seﬁéﬂﬁnmvahdlogwdsector'ﬁbﬂﬂéleraﬁﬁrmhﬁékﬁifghﬁ heRddeshinal ViR B FFi0

cylinder slipping nethod for a cylinder |nclud|n four tracks.

Figure 6 il ustthedegicabsertoppurabesy ThePEFEET flag.wher sejtoadogical high yeltage jevel,
![ R\e/egb:‘ ?gr RAM Wmﬁﬁw{l—g gur 5 %‘J‘ % ﬁ@{)&gttdgg ﬁ%;@g# EE O;egyls'?em
using an | D_LESS f orMagping of the phyehldbﬂg-rflmlbrdafl@éal Settdraumber requires the
O L o 1 e ot e o s Bk ot 1B ot
pr esent i nSRPRTAIYS
number of defectxve sectors on the track that are slipped, represented by the value SD, the
logical sector number of the last logical sector on the track, represented by the value X, the
logical sector number of the last good sector on the track, represented by the value Z, and
the logical sector number of the defective sectors on the track that are skipped and mapped
15 to the spare sectors on the track. The first logical sector number that is skipped and
mapped to a spare sector on the track is represented by the value SKIP1_LSN. The second
logical sector number that is skipped and mapped to a spare sector on the track is
represented by the value SKIP2_LSN. A hexadecimal value of FF for the vaiues
SKIP1_LSN and SKIP2_LSN indicates that there was no defective sector on the track that
20 was skipped and mapped to a spare sector on the track. Note that the hexadecimal value of
FF for the values SKIP1_LSN and SKIP2_LSN does not indicate that the spare sectors
were not used because defective sectors on other tracks could have been mapped to the
spare sectors on the current track.
The logical sector number of the last good sector on the track Z and the logical
25 sector number of the last logical sector on the track X are computed using the following
equations: ' |

Z = {N-1) - SD 2)

X=(L-1) IfSP:>SD, ElseX=2 3)

Using the above equations for the track illustrated in Figure 5a, the number of sectors per
physical track N is equal to thirty two, and the number of defective sectors on the track that
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Figure 10 illustrates an alternative track defect list including a

programmabl e 15 nunber of _bytes for each record, Figure 11
illustrates a format of two consecutive |ID Less sectors w thout a header
subfi el d. 20 In previous systens, the defect information,

i ncl udi ng t hwowesppeseg of defective sectors to repl acensrCI/ES»6D23E Was
contained in the IDfield of the sector. The apparatus and net hod of

t he present i nvamslipped SEris lequal toctsvoniThk logjcal sector ninbér of the Yasi goadsertor 6n thed i n

the sector and ca | s0 use it h svst whi.ch use the |ID Les Qr mat
W thout an 1D SaRZ Y Begetoraoel b bmeteyaing, - fFe AbSHREF ot st sgiogs FERAER SRRt | on
can al so suppor gqualt® ofié hfiFis thifreforthidt grRaRNtharb the HiibercSf defectivy seftbrsdhithe track
descri bed above automatically without any real tine i ntervention by

t he ni cr opr ocesthetare slipped RD¢ The dogical sestos numberiof thedast ingiqalsectos an the tragk X is
Th t Bl . | - | s
e or Pt o3, et B &L E5EP Sk e e GG L ot

def ective sectoequaltotwentynine,. The present invention can inplenent any of

the prior art metho descri bed _above 30 for na pi,ngothe gdefective sectors
to good sectors depehifiapgagipso! g”r?ﬁ‘%d“"ﬁ%@i‘%l‘% mputations, Ior a frac

nethod of the pm&%mm%mm%ﬂm&%m%%

met hod of circular slipping or segnment slipping. Inthis
def.ecti ve sect olagical sector number of the first defective sector on the track SKIP1_LSN to the

PeT/ Usoe/ 02600, Bexadéiifi value FF, the fogical sector number of the secpnd defesive sector.an thg track

def ective sect oSKIFMILSNao tHedeXadetintt gl ¥F, the logical sector number of the last logical

sector on the track X to the number of logical sectors per track L minus one and the logical
sector number of the last good sector on the track Z to the number of sectors per physical
track N minus one. A value of one is subtracted from the previous values because the

15 system of the present invention begins numbering the sectors, both logically and physically,
from zero. Alternatively, the sectors on each track could be numbered beginning from one
and then the value of one would not have to be subtracted from the previous values.

The apparatus of the present invention will next scan the defect information for the

track and the entry in the defect list for each defective sector of the track. If the defect

20 sector number DSN is not equal to a hexadecimal value of FF and if the SLIPPED flag is
equal to a logical high voltage level, then the apparatus will increment the number of
defective sectors on the track that are slipped SD and the logical sector number of the last
good sector on the track Z is decremented. Otherwise, if the defect sector number DSN is
equal to a hexadecimal value of FF or if the SLIPPED flag is not equal to a logical high

25 voltage level, and the offset value OFFSET is equal to a value of one or two, signalling that
one of the spare sectors was used for this defective sector, then the logical sector number
associated with the defective sector number DSN is saved in one of the registers
SKIP1_LSN or SKIP2_LSN. The apparatus of the present invention repeats this process
for all of the defective sectors on the track. When the apparatus of the present invention

30 finishes these calculations for the defective sectors on the track, if the logical sector number
of the last good sector on the track Z is less than the number of sectors for the logical track
L minus one, then the logical sector number of the last logical sector on the track X is set
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exceeds the nunber of spares assigned to that track or segnent. The nunber
of spares assigned to the track or segnent can be chosen to mnimze

t he nunber of tracks or segnents for which the nunber of defects will
exceed the nunber of spares. Wien the 5 nunber of spares has been exceeded
by the nunbewobsrheércts on the track or segnent, the recToshenes3t he
present invention will assign the sectors that woul d have been shifted out
to t he defqmlwehsbgtcdrsecmuﬂheroﬁhehsmoodemmmdmkmi ng with the

first defective sect a tinuing until the | ast e _.sector
on the track or segnéhf"ﬂi?wgp'g‘ﬁwmg'ém"mwﬂ?&%ﬁ“?ﬁ Fqi’lfvl

sector is then gRpRadmbér of tielsss iogicdl sebOr 6P the rafiEX| Bé 10ERAPISERF Rurfibdrdf Bhie fikkt
t he di sk. By using the circular slipping nethod the nunber of

| ogi cal sector sdgmuwmqaﬁlwmkmmmam%o samestaghk SKIDhA,SN and
nunber of spgre t
nunber of de?ec?ﬁq‘gé]%éwghﬁpﬁg?g%lé m%es no?c%veﬁ‘?"a@&%gﬁgﬁacw
the original trmbrhuthmnwmdvm;hmm;heh(goéshhron@(ﬂ\enu&lsmb?sédmhd
The systemw || have . 1 ormextra seeks to read or wite the data
in a consecuti vassiEngte q%ﬁ?éé{% B‘F‘%‘ F@‘mm“‘FGQ?‘EJmé%%PW%‘M
However, by usi tsbél same track!

Rt the ik i d ast Iogl cal geectofar@s rea i

ot her net hods because when the or vvrl tten to,
the.system staredsdn theregistere SKIP 1L LSNand SKIR2_LSN. e valud of IRiravithin endkofithe can

travel direqglly to. th X S ni.teLa . .., Flgure 5a

I 1lustrat esc@ é‘%é%f g‘@ﬁ—?k‘?ﬁ%ﬁ%&%‘“?‘ﬂ@%@ﬁ%&émﬂw

exceeds the nunmhmbeiforthedefectivg sectn edrdddn WhgﬂieAh&ﬁﬁﬁvﬁ two fldgss Sa
has one spare ned _to it and two defective sectors. The track has
thirty one | ogi §§FP15§§§5? ED are used 10 indicate. whther thealaayithie the registess

numbers | and ng _?_gﬁ,g{,ﬁ,dsfo*pmmgm illustrated in
e nu er 0

Figure Sa. To keep t ogi cal sectors on each track constant,
the 25 1 ogical sectHmphuntﬁsecmnumbaﬁbguwadefemmmmbﬂd)ﬁﬁmmheect or,

{1 agbed as. i cepiimeoliiogion sector hmbllt B if oS B2 bR EBG sitl BB, °

that the syst ermﬂnﬁslth&mnber hBhbMabfwﬁvmcheamﬁmmméal kdttdmgmbafnammhe

where this secto mapped i sk set lue is
kept for each d V@%Empgﬁd%ﬂ the Physics] seetopme ?é re
t hg substituti n%MuMDSNIMdG%WﬁW&HtE@&n%o&%[b ichigeck f set

value is a user. defined value and is programred accordlng to the

def ect managene#pmberlhbis equal to thejogisplvecioy nummber of the dast logieal seetpren the pgkeX |
?4}30' nter Wy h pisldhe dunitief 88 siifped IEREGVE seEi65sDetween the physical sector number 0 and the

current physical sector number PSN.

MAPPING WHEN SYSTEM SKEW IS NOT EQUAL TO ZERO
In the previous discussion the system skew was assumed to be equal to zero.

25 However, for practical application, additional calculations need to be performed before the
physical sector numbers can be mapped to logical sector numbers, in order to handle the
more general case of a non-zero skew. With a non-zero skew the physical sector number
PSN is first mapped to a skew adjusted physical sector number F(PSN) prior to mapping to
a corresponding logical sector number LSN. The skew adjusted physical sector number

30 F(PSN) is calculated using the following equation:

: PSN - SKEW 1if PSN » SKEW, Else N + PS. @
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WD 96/ 27882

PCT/ US96/ 02831 t he substituting sector is on the disk.
MAPPI NG WHEN SYSTEM SKEW | S EQUAL TO ZERO The def ect

i nformati on of the track includes an ordered list, based on an increasing 5
def ect physiwolosamst or nunber, wherein the entry for each deforaisesre2ssect or
I ncl udes a physi cal sector nunber, an associated offset value and a

bi nary val ued frhégalss NiiPkjdation 4 is eglial 6 the Miinbéx of Sectdiepérphysitel track: t Figuie ds
been slipped. In an enbodi nent of the present i nvent|on, glfg%x%i“e’c% mal
val ue of FF i sWhishwasdiscussedpabpye ¢ancheused toillystrate theabgve calqulptions, JIf the skew of -

| ogi cal sector % 'ﬁ&ﬂdi Henhid sttafd cthCmithtieh B{PSN) forahy! of the
| ogi cal sect orm%g nu1 er. t&A taee'r nat | vgeﬁe\",ghgﬁ#\lot Val i d Logi g:al Sefcﬁr Fl ag
NVLSN i s used sectars aftexithecphysical séctat number 4 isgiqual o thephysicalsectbrnymber minus five,

Th i ated of fset .val ue | def.i ped ' i ing th
dofeotive 3 HEEE LR S B sheEephyical Sor nimbes FRIS) tof B o5tk o™
present i nvent kQ¥ors béfore!thepliybicalSbctor number 5 #Feqaal t6l Bt puinbecofiteetsi forthelet ai |

t he user defined offset value nust conformto these 15 restrictions. \Wen

the SLI PPED f | physical tmackN, whighdm this ease isshirty gwo, plusdhe physieal sectorgipmber minus

of fset val ue | t ﬁ?ﬁh

i ndi cat es t hat ed’@mw%gﬁgyﬁlﬂt %%@@P r |°§P;§c§€€l@%e torqgﬁﬁéﬁysgc?r(m
track. Wen t heectdrinminiber 29 wenld be équahto 24. Theskswediphysical sectdr agmberF(PEN) forn a
non-zero offset. val ue greater than t nunmber of spare sectors per
track indi cHl edhe cql Mﬁ"’!’g MOt on the sane track. When
the 20 SLIPPED fl aqoiﬁcﬁﬁkmoaehw&admmﬂﬂsn%ﬁaﬁ@sﬂewbhysw%er 0

of fset val ue indicates that the defective sector is mapped to a
| ogi cal sect or nwmbetFPSN)whe followingequations areised foea physicalsector numbex whichds nafr s

are included i i fe [ ds, however the offset value for a
daiel o 4 ittt p B Bibpe 58I,

defective spar Zero. en the flag SLIPPED is set to a
| ogi cal high - It?ﬂﬁrl I W & L nstippat hag, t he defective secjQr
Is slipped. Wen % 6 <f ag §E’¥‘EFIE‘B&| s§’25 reset 1o Zi’l ogi cal | ow voltag

| evel, this indicates that the defective sector is not slipped.

where bx=b+c2

15

IF PSN = SKEW then LSN = PSN - SKEW - bx; (6)

where bx=b-c1
For a physical sector number which is equal to a defective sector number which is slipped:

If PSN < SKEW then LSN = X + bx ()
where bx=b+c2

Xf PSN » SREW then LSN = X + bx | 8
where bx=b-c1

20 In the above equations, the value b is equal to the number of defective sectors between the
physical sector number 0 and the physical sector number PSN. The value c1 is equal to the
number of defective sectors between the physical sector number 0 and the physical sector
number corresponding to the skew of the system. The value c2 is equal to the number of
defective sectors between the physical sector number corresponding to the skew of the
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The nunber of spare sectors per track is kept in a register SP. The nunber
of sectors per physical track is stored in_the register N and the
nunber of |ogical sectors per track is stored in the register L. The
values SP, N and L are not enbedded in the defect i nformati on on the
track but arwosw2m8s2l i zed by the apparatus of the present i rrcamssemssor 30
each zone. The apparatus of the present invention keeps track
of the physi calsystemtand theiphipsical sector numbet comrespdnding totbe humbek ofketworst per physical

i nformation, na t%ge physi cal sector nunber to a | ogical

15 dE?CE

PCT/ US96/ 02831 InBRAFRK illusiRed in Figife 4Hadingaldkevd bqual'® five ARSvdlud 6RLAME | ON
al so keeps track of and aut omat i cal | y generates four flags. a DEFECT

flag, a LOG CAL equalito @gro brgruse there are nomdefectiye wwmmlwyemwo

( PEQT) flag
At ernati vel y %ﬁ% s&g[’er aFggﬁM‘%\@ ppar at!“as %'?plfhe

p_reselnt i nvent :qhgp?jsldalultﬁohmhbdrMTgogwmbfdﬁﬁémhﬁlmngMmlmedeMVe
signal an invali ca sector nunber,. rather than ning a .
hexadeci mal vaIﬁ?E?BPgT!P”c'BeP ysical, segfor pygber ¢ an E‘F(Ppyﬁ‘ﬁ?ﬁf%?"? %‘m‘*’%\g,
when set to a |QGhMimbel 8fsedidts'REfhysieMack N, mdﬂs%ﬁﬁrﬁﬂ&&ﬁﬁ?ﬁ&li&fcﬂﬁfnﬁ@ﬂ've

sector is nmapped to a spare sector off of the tr Mappi ng of

t he physical sel3k d?ormhymsqcmraumwmatestbenmentumﬂmtmmunaféssmmne
appar at us of, .t he esent Jnventign to scan the k d i nfqrmati on and
conpute the 10 “%ﬁ@??‘%‘f”@%%@“%@ﬁgw @'etP@SQﬁ%ﬁ I’%z??'l pped,
represented by Tdi&emﬂ,ﬂek&‘ﬁaud&mnumberlmm Ito thie phicaDéecton fumbert29,

| ogi cal sector on the track g esented by the value X, the Io%ecal

sector number oYsingfbe to iweaty thies. bacause the physieal sector gumbes
Y?LEE cha?nSr e sk |%g§d*%hﬁ%;%%§gm%memgp%§aéﬁ% @gﬁwg’rﬁ’t@ﬁg tr ac et e
The first | ogi clogicaksector nyrobep 68N charesppadiag tothephysical sector number 2, using the
15 equation (5) is equal to twenty eight, because the number of physical sectors on the track
N, thirty two, plus the physical sector number 2, minus the skew, five, minus the value of
bx, in this case one, is equal to twenty eight.
If the physical sector number is a defective sector which was slipped then the
physical sector number is mapped to a logical sector number LSN using the equations (7)
20 and (8), and adding the logical sector number of the last logical sector on the track X to the
value bx. For the defective sector of Figure 4 which has a physical sector number 28, it is

assigned a logical sector number 31.

GENERAL DESCRIPTION OF THE METHODS OF TRANSLATION

25 A schematic block diagram of the apparatus of the preferred embodiment of the
present invention is illustrated in Figure 9. The preferred embodiment of the method and
apparatus of the present invention can use any one of three methods for translation of the
physical sector number to a Jogical sector number for automatic track processing in disk
drive systems. The first method builds a track defect table in the buffer RAM of the

30 system. The buffer manager 150 uses the buffer interface 162 to control the retrieval of the
defect records from the track defect table and load them into the defect FIFO, The track

defect table includes a defect record for every defective sector on the track. The defect
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mapped to a spare sector on the track is represented by the val ue

SKIP1 LSN. The_second | ogi cal _sector nunber that is skipped and nmapped
to a spare sector on the track is represented by the val ue SKIP2_LSN.
A hexadeci mal value of FF for the val ues SKI P1_LSN and SKI P2_LSN

i ndi cates t wook/meer was no defective sector on the track t ipgtrnsdsmn2ems
ski pped and mapped to a spare sector on the track. Note that the

hexadeci mal vaketordificludes a physidabsectod fuiibérof the Qéfebiive setioA DENDIH Sifketl mithtite &%d
not indicate th?]tagf)he spare sectors wer e not _used because defective

sectors on ot hé& i mdicating W \PE npf the, defective sectop i slipped. spare sectors on

the current track. Thisdefect listi atodl %ngf&r ggod

sector on the track ZsangctfsleI 1gi%cal segﬁgr r oefna;ﬁfb@ ?&foggl cal

sector on the tlmwkm:def&mmm;‘onmuwsmdcddtwlocagedmanyéqnhytemnem
= (N-1)

>Z<:-_( L-1) qs fD ofhe buffer, A defect list stagt addsess pointer DLSAP is stored in the rogister 156 and

(3) Usi pgintsite the Baitigadimss oFithe dcféct 1ift vithinAhi bufferUSANIR A Gefbct liStiedd " ©
5a, the nunber of sectors hysical track Nis equal to thirty two,
and the nunber @ @P@ﬁm«%@ééﬁ mmrmstmbismndmmtstotheendmgaddressofthe

ég'r/ Us96/ 02%2?%%&%?% [?[‘)'g I's equa?yt?def?“v\&st Wﬁ%"d?%&sw
number of the limthe registe lsemdlpommdthecurrem éntry( the defect list Wiith ¢hedlawer siitéen
twenty nine 10 Tt&ﬁs QﬂﬂbgmthERBr s equa tE)Ct).lrles ergaziérggskpolsnlierIDSLEAP the lower sixteen
bits of the pointer DLAP is automatically reloaded with the starting address pointer
DLSAP. The remaining eight bits of the defect list address pointer DLAP is a segment
selector which selects a segment within the buffer RAM. The size of the defect list is
specified by the parameter DL._SIZE,
15 A track defect list is illustrated in Figure 7. Each defective sector on the track has a
- cotresponding entry in the defect list which includes an eight-bit defect sector number
DSN, a seven bit offset value and a flag SLIPPED, wherein the flag SLIPPED is stored in
the most significant bit of the second byte of the defect record. Alternatively, the defect
sector number DSN could be a two-byte value and the offset value could be a fifteen-bit
20 value, with the flag SLIPPED stored in the most significant bit of the second word of the
defect record.

The second method embeds the defect information for the track within the header
subfield of each sector. The defect information includes an ordered list of n defect records,
based on an increasing defect sector number DSN. If a defect record is not used it is

25 assigned a hexadecimal value of FF, indicating that it is not a valid defect record. To begin
processing the defect information for a track it is only necessary to read a single header
field on the track and load the track defect information into the FIFO 152.

When an ID_Less format including the header subfield is being used, the defect

information for each track can be written into the header of each sector, directly on the
30 track. This defect information, in the preferred embodiment of the present invention,
includes an ordered list of four records, each record comprising a defect sector number

DSN, which is the physical sector number of the defect, an associated offset value and a
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equal to one and is therefore not greater than the nunber of defective
sectors on the track _ that are slipped. SD. The | ogical sector nunber of
the last |ogical sector on the track X is 5 therefore equal to the | ogical
sector nunber of the |ast good sector on the track Z. which is equal to
twenty nine. WO 9627882 The apparatus of the present invent PERUSEHZBN jt s
conputations for a track b initializing the nunber of defective

sectors on the flagSkIRPER. The ordering pEthe lisy of Sour secords ishased on an inereasing defest or
nunber of the fi iﬁc&f : %é.gﬁt Iéfﬁ%i,

hexadeci mal val Sée&‘iflyq% e I‘\{ogﬂ“g%%qse%lgg nur'r'b({ee%%o ogééaecon e gacl |?/fel=F
sector on the t ismota valid deféct §¢2tor Rdinber DSN. hexadeci mal val ue FF, the | ogi cal
sector number of the_]last lLogjcal . sectqr.on the track X to the nunber
of logical sectors ngest%?&&'L&%Fﬂﬂ@W“éﬁg‘maF Yied £pr mappingthe.defecting e
of the last gPOGecids tPdliemtelsbors) AdUitiéndlly, 4 FEAGWYRAS ineludSfin'the FeaB& which
physi cal track N m nus one. A value of one is subtracted fromthe

previ ous val ues coasains s Hag bitindicating that there areitoorp than our defectarecardsfonthis track. In
nunbering the sectors h. |l ogicalil nd, physi cal rom.zero.
Al ternatively, the eﬂ%%%ﬁ@%§W§f%%Y%%§s }r?yu%é%ﬁ ‘%‘e"&s‘ﬁm%“?tr om

one and t hprocesianyhing auwmatcadly Whd hibsnié theakiCropRcéssorsditisted miethdd of qoret he
previ ous val ues. - The aﬁpar atus of the present invention wll

next scan the ddeslefect listin the byl t he track and the entry in the
defect i st r each bt of & se@Gt JBFég ot !.Mﬁﬁé"

sector nunbeﬁ‘PDSN is’lﬂgi equdzg?i to aﬁﬂleﬁggﬁggigdn& vglroue oé‘h@ an |f“2@ﬁ%m‘i
SLI PPED f | ag i s in Figured; (Ehe sectorgzomprgises shredsubfields; linchulingl acheader skbfield, a DATA
apparatus will ing t n I f fective sectors t track
that are sli ppe&%?cge ap{%ﬁq %‘5&%&1 TB%M?’ sﬁgﬁ%‘gf""&‘““t‘d@?ﬁ‘g@? °Pg““q§8‘6d
sector on the t mackds/a flig I5es; bpienallea displatedient Fetue, i SkeWhaluted Réall nafbbOValue
nunber DSN i s equal to_a hexadeci mal value of FF or 1f the SLI PPED

flag is not equdndpmemondsisrting CRE sebfishl. \Fhepropsammpahls ECG subicitoay
OFFSET is eqysl &emwﬂaﬁemaw&n%sgamoa&om&kmﬁbm1:.311@.9:@1,%@& the

spare sectors was used for this defective sector, then gl cal sector
nunber as s coibadimentfithe inyentide f 4lernativelyethe offset inforenatiospouldbesremoved fromne

of the register SKJ.P . Or §E| Pg :?N . aratus of the present

I nvention repeaﬁge¥=ﬁ|d=s"§lp£_g§§%‘% or a &@ﬁ'g&g@f ective sectors on the

track. Wien the appalThedirdafethdicinglodes @it onboard first-amnfisOoutistack FIRO 1324ewing a

cal cul ations for_the def [ sectors, on ,.Jf the Jogical sector

manber O of i tauk BANRY 1D a6 § sekna bona B T ich e sed 13 koM e

of sectors fge ti\ﬁa%e‘lﬁt&@het&ét%d@rds.mhi&bﬁu&sm@mﬁh%m@&mhemtor

nunber of the |last |ogical sector on the track X is set . .

17 records if the number of defect records will fit in the FIFO. Otherwise, the microprocessor
fills one of the banks while the other bank is being processed. Since the sector processing
by the system will take more time than filling the FIFQ, the microprocessor intervention
time is negligible and if a reasonable sized FIFO is used, not time critical.

25 This information can be loaded into the FIFO by the microprocessor. The internal

FIFO 152 consists of two banks which are used in a ping-pong manner. After the setup

computation, if the number of defect records will not fit in the FIFO, the microprocessor
loads both banks with defect information and the microprocessor sets both a flag
BANKI1_READY and a flag BANK2_READY to a logical high voltage level, loads other
30 parameters and instructs the apparatus of the present invention that it can begin the
operation.
Each bank within the FIFO 152 of the preferred embodiment can hold four entries



WD 96/ 27882

PCT/ US96/ 02831 equal to the_ |l ogi cal sector nunber of the |ast good
sector on the track Z. After the apparatus of the present
i nvention conputes the values for the | ogical sector nunber of the |ast

| ogi cal sectwo9sn?88ke track X, the | ogical sector nunber of sdreudosisss:
defective sector on the track mapped to a spare sector on the sanme track
SKI P1_LSN and Zronhthe defgétdiat at any ome time: TDebegid the hstomatiopdeesing for thecudeat or on

hen' oce | ne ek bVt i Skt RES Y4B ke it et o

sect or nunbersmmmmmmremnwwm@fém&&%slawbﬁ&émﬁ%&kc&m The
fer the first and second defective sectors nap g to spare sectors on t

sane track are mwroprosesmrw%l%gs of the bardx batithe @xmputatiopxaezlonehy the,

i cate thal VAR o priobf oG8 ARE! die it o r e ik il rocgpped he

defective sect mmﬂMﬁsm;wﬂbgmmﬂgblﬁgeﬂeveﬂﬁd% risgt |8/ sent t6/the
flags SKI PL. USED and SKI P2 USED are used to_indicate whether the data

within the regi™FRpLcessor. MWMV%WWHHWMW@M ve
sector. ﬁmﬁﬁkﬁmﬁb%%ﬁbﬁﬁlm §F*- % ﬁg@act sect or
ogl cal sector

nunber DSN, then the 15 correspondi ng i s equal
t 0.t he physi caI secﬂbcmms%mdﬂlehammh@mmnvmbn&bnpmﬂmeﬁus

defective s lcal sec nd.the
physi cal sec or nur@éwwg ae MM%@%&EWSMW@% i s
a defect operation is voipletedSN, t hen the sector is wapped and the
correspondi ng | ogic ect or .. hupber LSN is equal to the |ogical sector
nunber of the |ast %MWH‘: h gnaintains 3 trackidefecttablp wikhin the buffer RAM and
sl i pped def ect itherthitd adefiod Vﬁgﬁ%ﬁ%ﬁﬂ'&%&@%ﬁm&%&ﬁ@%

[ ’ —SYSTEM

current physical sector nunber PSN
SKEW | S NOT E Qfpamay witls ptpader subfield. In both of théve methods @ headei subfisldiionot nkcessary

system skew éa Q a z Homa\l/qilrgﬂnﬁgqogfeév ctical
appl i cat i on, on I ca Cﬁ{lgﬁﬂgﬁ‘g%ggﬁne (,9&"
physi cal sect ommmmmmmmmh@@m‘ssm wWitBR A ieader Subfielée"
to handl e the . .
are illustrated in Figure 11. Each of the other subfields included in a typical ID_Less
format sector are included in the ID_Less format sectors without a header subfield

illustrated in Figure 11. An intersector gap (ISG) follows the first sector i and precedes the
20 second sector i+1.

DESCRIPTION OF THE ALGORITHM OF THE PRESENT INVENTION

A flow chart illustrating the method of the present invention is illustrated in Figure
6. The default values for the registers and flags are set in the Block 10. The logical sector

- 25 number LSN is set to a hexadecimal value of FF, the DEFECT flag, the logical end of track
flag LEOT, the physical end of track flag PEOT and the target sector not on track flag
TSNOT are all reset to a logical low voltage level. The DEFECT flag is generated for a
defective sector that is mapped to a spare sector off of the current track. The logical end of
track flag LEOT is generated for a sector which is the last logical sector on the track. The
30  physical end of track flag PEOT is generated for a sector which is the last physical sector

on the track. The target sector not on track flag TSNOT is generated when the logical
sector number of the target sector TARGET_LSN is greater than the logical sector number
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nore general case of a non-zero skew. Wth a non-zero skew the physi cal

sect or nunber PSN is first mapped to a skew adjusted physical sector
nunber F(PSN) prior to napping to a corresponding | ogical sector
nunber LSN. The skew adj usted physical sector nunber 30 F(PSN) is

cal cul at ed uswisesiigsaf ol | owi'-ng equati on: = PSN - SKEWpcTdseéiodssl err |
SKEW Else N + PS. (4)

18 W06/ of tiAdst logical sector on the track.

PCT/ US96/ 02831 The value Nin equation 4 is egual to the nunber of
sectors per physical Aftesthe &P'gaﬂsewsen%vmg the presertdaveationher o pe

used to illustr fentnhﬁs %ﬁlﬁ flegem 1 S
equal to five, ﬁ?en t eﬁlﬂ% physi c ﬂﬁgeetuétagéﬁﬁf% atStRﬁngglg%y of

t he sectors Mmhstmmshmmemoﬂﬂeywmvenmn tlmerp:hmlfoal
sect or nunber e w_of st e wed | cal
segt or number F(?’é\ﬂ"‘*éfuﬁrwp EF@BE#PF&‘%%?@ f')“ég
nunber 5 i s equahe Bibekhs. mmmaeﬁssmweﬁtmveﬁtk&hasmﬂWWdMﬁ#ﬁNm

which in this case is thirty two, plus the physical sector nunber m nus

five, the skew ghe besdeespdiiatthe defoctdi @nwdpnmmpss@walomsmd begIBN) f or
ARSIy v ST A o o g
equal to 29. to wait while theodefeet listlisdead aridaddeonotyed hasethe dei_’euﬂtsbhadéd_smeﬂ itowaits
Lsed for & piysi e Btk b wafhhs JPEHRE s hady boce e delry i s epdy, e MRITe
?gft or nunber DSHoceeds to thé BISSiN 7a widiY it dbRnined\f the thofe Setbbr flaf Fothe setfor is set to
a logical high voltage level signalling that the number of defects has exceeded the number
of records available in the defect list. If the apparatus determines that the more defect flag
is set to a logical high voltage level then an error is signalled and the signal START is reset
15 to alogical low voltage level at the Block 17b and the apparatus returns to the Block 10 to
begin the algorithm again. If the more defect flag is not set to a logical high voltage level
then the apparatus jumps to the Block 15a.
If the defect list is not stored in the header of each sector on the track, the
apparatus then determines at the Block 13 if the defect list is stored in the buffer RAM. If
20 the defect list is stored in the buffer RAM then the defect list address pointer DLAP is
initialized with the address of the defect list starting address pointer DLSAP and the
apparatus is instructed to begin the fetch of the records from the defect list stored in the
buffer RAM at the Block 14. At the Block 15, the apparatus waits until the fetch of the
entries in the defect list is complete or until the FIFO is full whichever occurs first. Once
25 the fetch of all of the entries in the defect list is complete or the FIFO is full the apparatus
then determines at the Block 15a if a sector mark rising pulse is detected. A sector mark
rising pulse is generated when the rising edge of a sector mark is detected. If no sector
mark rising pulse is detected the apparatus jumps to the Block 18 and begins processing the
defect information for the track.
30 If the defect information is not stored in the header of each sector or in the buffer
RAM, the apparatus then determines at the Block 12 if the defect list fits completely in the
defect FIFO and that the microprocessor has loaded the defect list in the defect FIFO. If
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where bx=b+c2 15 IF PSN [err] SKEWthen LSN = PSN - SKEW bx;

(6) wher e bx=b- cl For a physical sector
nunber which I's equal to a defective sector nunber which is slipped:

I f PSN < SKEWthen LSN = X + bx (7)
wher e bx=b+cwo 9627882 If PSW[err] SKEWthen LSN = Xpc1iuseen2ssi

(8) . _ where bx=b-cl 20 In the above equati ons,
the val ue b i sy@Qidflct i@ db&Shob HIQMipIALly HEhE AbfeFIFOCHSH the bdicontrol,

physi cal sector nunber 0 and thg@ghy& cal sector nunber PSN. The val ue cl
i s equal to theetby the micrapsecessor, dudicatesithat theclefest list oespobfit eompletely in thy defect

SE0L O MU S 8ol SR g g R APl
sect or s bet weegedoiid baikfiregidters BANK2. N starting physicad geotod nomberSTART_PSMis of t he
! 9,—. 5 loaded into the internal physical sector number register N_PSN at the Block 31. At the
Block 32, the defect FIFO pointer i is reset to zero and a command is given by the onboard
logic to begin a mapping subroutine C. The apparatus then waits until the subroutine C is
complete at the Block 33 and it has received an asserted signal DONE_C. During the
mapping subroutine C, the computations for physical to logical mapping are performed,

10 utilizing the spare sectors and taking into account the skew value for the system and the
number of slipped defective sectors. Also during the subroutine C, the defect list is loaded
in the first and second banks of the FIFO if it is determined that the defect list is not already
loaded in the buffer RAM.

After the apparatus completes the mapping subroutine C, it then waits for a sector

15 mark rising pulse at the Block 34. After the apparatus has detected a sector mark rising
pulse, it then waits at the Block 36 until the physical sector number PSN is equal to the
starting physical sector number START_PSN. As soon as the physical sector number PSN
is equal to the starting physical sector number START_PSN, the apparatus determines at
the Block 36a whether or not a stop command has been issued. If a stop command has not

20 been issued the apparatus jumps to the Block 30, otherwise at the Block 37 an error
condition flag is set to a logical high voltage level, the signal START is reset to a logical
low voltage level and the apparatus jumps up to the Block 10.

If the apparatus determines at the Block 12 that the defect list fits completely in the
defect FIFO and the microprocessor has loaded the defect list in the defect FIFO, it then

25 jumps to the Block 15a to begin processing the defect information for the track. The
apparatus determines at the Block 15a if a sector mark rising pulse is detected. If a sector
mark rising pulse is detected the apparatus waits at the Block 15a until no sector mark
rising pulse is detected and then proceeds to the Block 18. At the Block 18 the apparatus
loads the next physical sector number NEXT(PSN) into the internal physical sector number

30 register N_PSN. At the Block 19 the apparatus begins the subroutine A. During the
subroutine A, the track defect information is scanned and the number of defective sectors
on the track that are slipped, the logical sector number of the last logical sector on the track
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PCT/ US96/ 02831 system and t he physical sector nunber corresponding to
t he nunmber of sectors per physical track N In the track
illustrated in Figure 4, having a skew equal to five, the value of cl is
equal to zer wosspassae there are no defective sectors betweerpcriusoebessi ca
sector nunber 0 5 and the physical sector nunber corresponding to the

sklew of f t hg sysx.ahe 1ommr?mbm?:gmmam?hmwmmmmr The
val ue of c2 is equa e pecause there is one defective sect or

bet ween the phﬂ%ﬁ°@%8&%ﬁ%ﬁ“%ﬂ% §lf‘B%ﬂd @@Wﬁﬂﬂ’ﬁé_ﬁ’m _
correspondi Ng  gsecrorsion thePack WRIPT_ISN SREKIPZ_LEN, th deFectivé list'addréss Yointd? offaéts

exanpl e the physical sector nunber 31.” For physical sector nunbers

greater than twehAD_offsetrand thervalugsik,ed. cand biage albealdulated. Gnbexadecimgl yalue of FF

Dare, o Thorier B R RE ghif of e Blecirighion A G iug aminBed . °
physi cal sect ormipped 65 the Spare sectors 6 the tradk-SIIRY ALSN Gnd SKIF2SL SN titlicated thateitre/
t hree, because the physical sector number 29 m nus the skew, five,

mnus the val ues 8ot asielective sastos op hedrack that was skipped apd,mappedty theipare secteron
ua (6]

| ogi cal sector HP& I Mkﬂgﬁ %‘“’t psr%ﬁh' gg,hcks‘g ‘EMQ

using the 15 et(%a |oR (@ﬁ?‘;sf“g'g nt%&gl ght, ecaués\t%%%e ﬁun%aélfge of
physi cal sect ordefextive beetors from other tradks conld have beesmnmappeddo thespart yectarseibn thect or
nunber 2, m.nus, the skew, five, mnus the val ue of bx, in this case

one, is equé t nty eight. I f the physical sector nunber is

a defective sector WHeafedive list hdUpS pbi@ioffeEDLAP_offdeY fsiaGintet Of5e? UsedlRa"

is mapped to a | ogical sector nunber LSN using the equations (7) 20 and

(8), and addi ngthe Hefegtdist is storeddn thebufferRAM. Jihevalue kzepresents theaumberaf defesh ¢ he
track X to the W’Hﬁg tlirnfac 3@@& ' r | | ch
has a physi cal rseg%rfl%r n er .Eli |sE tlfgisfgil‘%ﬁlégﬁgl M&'Egé%&
nunber 31. defective sectors befBirédnitid pliysiSalisedtdn ntiber) dndtihé/physicalSebr number
TRANSLATI ON 25 A schenmptic.bl ock di.ggram of, the arat us aqf. {he
preferred e odf%ﬁl{"n&"giﬂg'e w°{)‘?‘%§’é i%&ﬁ&ﬁ@@*ﬁ?ﬂ?”ﬁ#ﬁ‘c&m}%ﬁue
9. The pref err eskcpdiivéBnihe pHysicilSedtor fufibedtiresponding [ the 3k ofthe §y3@niars ent
i nvention can use any one of three nethgds for trans|ation of the

physi cal sect or th§® geston npmber correspanding tothe myumber of segtorsperphysical,teack N.

processing in difikvalue b repfesafits thy RMMbEE of deféitive SettordBerlEtn the'pHlysical Becibrifulinbe
defect table in th‘é lf)euf.fegr RAM of the°30 syste@ The bmr manager 150r

uses the buff er Oand te physical gptor pumbesPBN} the retrieval of the def ect

recor ds fromg et kg e S barkPbrinSheheckiBi 9 dxBbiio B ok hER> The

checks for a sector mark rising puise at the Block 21. If a sector mark rising pulse is
detected before the apparatus completes the subroutine A, the apparatus aborts the
execution of the subroutine A at the Block 28 and then determines at the Block 28a if the
defect list is stored in the buffer RAM. If the defect list is stored in the buffer RAM the

25 apparatus jumps back to the Block 13, otherwise it jumps back up to the Block 15a. Also
at the Block 28 the logical sector number LSN is set to a hexadecimal value of FF, the
DEFECT flag, the logical end of track flag LEOT, the physical end of track flag PEOT and
the target sector not on track flag TSNOT are all reset to a logical low voltage level. The

apparatus waits at the Block 22 until the completion of the subroutine A, as long as no
30 sector mark rising pulse is detected before the subroutine A is finished.
After the subroutine A is completed the apparatus then begins the subroutine C at
the Block 23. While the apparatus is executing the subroutine C it also checks for a sector
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defect table includes a defect record for every defective sector on the

track. The defect _ _ 20
W0O6/ 27882

PCT/ US96/ 02831 record i.ncludes a physical - sector nunber of the
defective sewbdoen@8iN, an of fset nunber and a flag bit | ReTRS/02831
whet her or not the defective sector is slipped. Thi s defect

list includes maikwisipypulsear the Blocki2dt & ssettoymarkrisargpulsds datectedbefare ther on
the track This defect |ist nust,be_contjiguous an an bhe | gcat i 64
Kbyt e segnent apPapfuscamplstesthe subrouting @\:4‘9 PRP@P“&‘%P&S @881“?3@0%86&? %"?"@%ﬁp
i's stored in t (g HmRISKPY ahd furipback up totRé Blotk 28a. L AlSo a6 thé Blodl 28/ Mle Iogivabf
the defect list wthin the buffer RAI\X A defect list end addr ess

poi nter DLEAP bestasnumber LISN isiset tp a hexpdeqimalyglug of FEand the PEFEGE flag, dhe-jggical

address of the o =S L1 Rl PEOYan géfg&- ect
| i st addres p8?%?f§ag%ﬁ§§’i‘lggrs{l%pheifw eﬁ&?%@fé egl steM ar?ga‘ %rgnlogt%s to
the current engrask fldg TSNOT areqdlireset tdta logibal Tow Weltage level. Thetapparatiidwails at theof
the pointer DLAP is equal to the endi ng address i)oi nter DLEAP,. t.he | qwer

si xt een bBlosk 25 uptilthe,eampletion of He spbroutine {ry26 fqng)a o sector markrijipg
starting addreW% subroline ¥ is fitidhed. €I Ni ng eight bits of the defect
ol nter |

|ist address p S a segnent sel ector which selects a
segment within the Afibfthe completiohinf the subronfing Gahelagpatatus| of the present invention

speci fied by, the paraneter ZE. 15 Adr d . | ieSts

i IOI ulst Irat edYq nlaﬁ‘i'&ﬂ‘%‘ ’?&@Me'? g(ﬁ ﬂo\fg)pmﬂngothe %1"&%@%&3&9 5 track.
correspondi Ng qfithé ¥pp tokedpPstbdséing theldefebt infopmatimForthistragk théxi dn ek ect
sect or number SN, a seven bit offset value and a_flag SLIPP

wherei n the f| &gndifioorfiagis es tosa logical high voltage leyel atthe Blagk 34 the signal SEE!QTJ? t he
e B! g e KA A b e 5ty ek T e
fifteen-bit 20 appavhtuedeteriines thineitfis my teitopPpibessing thedlefeqt information fog thistrackc ant
bit of the 3£cQpd WL 2 the BlSck 27 for a SKElos Suark SGSF Sulse. After the apparatus has
detected a sector mark rising pulse, it then completes the instructions at the Block 30 and
jumps to the Block 23 and begins the subroutine C for the next sector.
At the Block 30, the next physical sector number NEXT(PSN) is loaded into the
internal physical sector number register N_PSN, the value from the internal logical sector
20 number register N_LSN is loaded into the logical sector number register LSN, the value of
the internal defect flag N_DEFECT is stored in the defect flag DEFECT, the value of the
internal logical end of track flag N_LEOT is stored in the logical end of track flag LEOT,
the value of the internal physical end of track flag N_PEOT is stored in the physical end of
track flag PEOT and the internal target sector not on track flag N_TSNOT is stored in the
25 target sector not on track flag TSNOT for processing by the Format Sequencer 166. The
apparatus of the present invention always performs the calculations for the sector ahead of

where the apparatus actually is on the disk. The results of these calculations are stored in
the internal registers and flags denoted by an N before them and when a sector mark rising
pulse is detected, the values of the internal registers and flags are loaded into the apparatus
30 registers and flags for that sector and the apparatus then begins performing the calculations
for the next sector, always one ahead of its actual position.
While only the functions of the subroutines A and C have been described above and
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The second net hod enbeds the defect information for the track within the
header subfield of each sector. The defect information includes an
ordered list of n defect records, based on an increasing defect
sector nunber DSN. If a defect record is not used it is 25 assigned a
hexadeci mal vaoss20882FF, indicating that it is not a valid defcnmsseaessy d.
To begin processing the defect information for a track it.-is only
necessary to r eea;ﬂmibadgﬂcapﬁmdﬂenotbeeninclilﬂd.iivdlibehm)atmatoldmnddllahmthm

track defect infgr t.io Fl EO 152, n D Less
format includi ng‘R‘P‘ [agxa f'r‘“§& |W qugaleVanrgt&ways'bymmeonc
i nformation for ﬁﬂl‘cﬂu’ith@ﬁk mﬁﬁuﬂehﬁ pléifleritalion defeddig AP the bverdlsys@Act or
directly on the 30 track. This defect information, 1n the preferred

enbodi nent of t HeONAgWA™: | nventi on, i ncl udes an ordered Iist of four
records, eachgrecord conprising a def ect sector nunber DSN, which is
t he physical sector nunber of the defect, an associated offset value and a
21 WD 96/ 27882 ALTERNATEEMBODIMENT

PCT/ US96/ 02831 ag LIPPED The derrn ist o four re ords
i s based on an mcrea@rnﬁg""iﬁl@l‘l" q’eg Fsﬁgﬁf
oper at i on_descr | it ARG 6xed REHGUEL rﬁ'an‘éﬂérﬂﬁe@ﬁxb&ﬁmcnt of theSpredeiit ﬁve\i%ﬂ,ﬁ)e

def ect sector nunber DSN. The associ ated offset 'information i1 s

defi.ned, and usecenniber ofipysesicantainadinthe dafect sasorl maybetdefined by the vser.nWhen the

igﬁi grrrsrs Q‘d?: glgo%i\%& nd?c t#A’%d%?t“(?et]b'?fﬁéere ng%%agﬁé}ﬁgpgﬁgaﬁkl%@t Process P s

for tgr sftracE Mecthstfrdrl]ﬁlthebaﬁﬁ‘ mmfmmmmmim@rﬁmfsedﬁmhsmd
records for the frack, t ystemc no praocess. anyt hjn )
automatical |y anl® in a9y H%S‘FH“EP%B? &W&QFEF‘&E ﬂ%ﬂdﬁ'ﬁﬁ”‘!ﬂ’b?@l‘sw
the defect |ist (igndid\e Befirdfitg Wuﬂeﬂdefeahsnﬂﬁ@bﬁff&”ﬂ%aﬂid&eciﬁ&teﬁ&aﬂr&é&

enbedded defect information in the header is | ustr at ed in Figure 8.

The sector conprposter TRLEAPsignals theend of the track mhﬂevaﬁreubuﬁgbﬂhemk oSt
15 start address pointer TDLSAP and the track defect list end address pointer TDLEAP

correspond to the pointers DLSAP and DLEAP discussed above.

The user will define the size of the defect record per entry in the parameter
REC_SIZE. As stated above, the value stored in the register DL._SIZE specifies the
number of entries in the track defect list. Each entry in the track defect list includes a first

20 byte, Byte 0, specifying the defect sector number (DSN), a second byte, Byte 1, specifying
the offset value OFFSET and the value of the flag SLIPPED and optional bytes 2 through n
which specify optional user defined flags, where n equals the defect record size. The
optional user defined bytes are skipped over automatically by the Buffer Manager 150.

The Defect Management Apparatus keeps track of the physical sector number PSN

25 and based on the track skew and the defect list information, will map the physical sector
number PSN to a logical sector number LSN. The Defect Management Apparatus also
keeps track of the flag DEFECT, the target sector not on track flag TSNOT, the logical
end of track flag LEOT and the physical end of track flag PEOT. As described above, a
hexadecimal value FF is not a valid physical sector number PSN or logical sector number

30 LSN. This limitation may be eliminated by including a not valid logical sector number flag
NVLSN, as described above, instead of assigning a hexadecimal value FF 1o the logical
sector number LSN of an invalid sector. Thus, for an invalid logical sector number LSN,
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subfield and an ECC subfield. The header subfield contains a defect |ist of
four defect records, a flag byte, optionally a displacenent val ue, a
skew val'ue, a head nunber value and an error detecting CRC subfield.
The programmabl e ECC subfield covering the header 15 and DATA subfiel ds

al so can be wdghrdgd accommopdate a servo mark in the preferr@eyusesnss:
enbodi nent of the invention. Alternatively, the offset information could be

removed from  the ndth@lidRgidalsector ihnibet flA N PLEN Will b8 aisenad. assumed to be
sl i pped. The third method includes the onboard first-in

first-out stack FI Fdnthsprefesedem L, abave tesayalues stopeddn thefegigtersnd
bank BANK2 172 @hi End 'SIER2 w@*e' Q,g{ gﬁ@ ' f,g‘;qrgen
records. The ms(’:ﬁrlgg%)sggssor vm'??sr?i tce Iﬁ%&\f/istﬁéfa{l?%?k' e ecﬁnéjt%ﬁfsrt

records if the andstwond défectivesedtors anppeldo spdré seciors omthe lsamé-tradR. AOrahe ofi FFE,

ber ng. pr oces ol ppeofbeeaien VKIR) g shEandkaPa R il adicdc g hei b po i

more time than jogitdl isédor bkt fofthe dBfRctiVeGeRBF 6184 fifthe hedpRtiveRgisth. =~ time
is negligible and if a reasonable sized FIFO is used, not time critical.
25 Thi s Alereatively; ipsiead-of stoging theyalye Fitin theiregisters SKEP1_LSN and SKIP2_LSN,

m cr opr ocessor. i I - bish S ks Lch.,are
used in a pi ng-ap%ggaln%r?ﬁd’é';@Wt%rnwgé%gm&%%ﬁwfﬁsﬂ%%er
of defect recorsibroutihe AJiadiciting tha tieheis hd ¥4lid logical ietorGivnfeeoréd inthe | 0ads

bot h banks with defect, i nformajion and the m croprocessor sets both a flag

BANK1_READY 1@n forresnonding regrsterithes, in the subrojsing £, when,a fipst skipprd spetoror a seennds
other 30 par anrakripa% g&ﬁrhmuummpaﬂpﬂmbmnggc bgﬁgﬁtﬁzggsw'm

that it can begin't oper at i on. I'n the

FI FO 152 of t hecajsulatedrand thespprogiriate flag SKIP1hused of SKIP2:msedi will be set to a logidl one
96/ 27882

PCT/ US96/ 02831 Value- This alicmptive method is advantagequs becanse there, are. no exffa gompyfational
aut omati ¢ pr ocestéps euired id the subrsutiA@ A or the subfoatilie C if6rdé# tohichlate thevillues €S

there are. miSe SREIKN pod SR LS, Howrstc b siiapma defestin SowE i FBEPmIES. { he
second bank. The not vali¥idgicaPictof Aiitber NBSRYESN fOFthe 3pdtk Bittdad is'aliRnbPRiizh but
t he conputations are done by the '
results in an extra revolution of the disk before the spare sector is identified as an alternate
sector for a skipped defective sector. This will not cause any performance degradation in
the system unless the first target sector on the track is a skipped defective sector that is
20 mapped to a spare sector on the track.

In the preferred embodiment of the present invention, the number of skipped
defective sectors for a track is limited to two. In systems which have more than two spare
sectors per track, the apparatus of the preferred embodiment will flag any subsequent
defective sector on a track, after the second defective sector, as defective. For such a

25 subsequent defective sector the DEFECT flag will still be set even though the defective
sector may be mapped to a spare sector on the same track. Alternatively, additional

registers are used to store the logical sector number of these subsequent defective sectors
that are skipped and mapped to the additional spare sectors on the track. In systems with
more than two spare sectors per track, the number of registers used to store the logical
30 sector numbers of the defective sectors can be set equal to the number of spares on each
track. Also, if necessary, additional flags may be used to indicate that there is no valid

logical sector number stored in a corresponding register.
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5 hardware of the present invention. After the defect list in the first
bank is processed, the flag BANKL_READY is reset to a |logical |ow
voltage | evel and an interrupt is sent to the m croprocessor. \Wien the
m croprocessor receives the interrupt, it initiates the load into t he
first bank iwowbers82are nore than eight entries in the def eRCT/HS02833r t hi s
track. The m croprocessor and the hardware of the present

i nvention then cont Inthepiefared éhbodimentaisidescribed atoye shelpgichlend of wackSlagn one
bank, while th j s, .bei | oad til th . ti '
conpi et ed, - LEOT is set iy ogleR 0gh Fllepolave s Aterey Wi s adogPA SR aREEE
tabl e within t ngNwu4hiles tBAdgicdd Sector numbércof it 1ast 16 daD Settodlon ee sk X. 2 FI FO to

store the defect records, both support an ID _Less format with no

header subfi el ditematiyaly.is pergrammable medesslest valved FQT. Moder may be pregrammed to
ot o oS SRR b ilogich BB R LLHOT flpenloeli® i pofifibableidde" | ©
consecutive | Dgéleuhsalael‘.EM‘sMadeh' isqnﬁglﬂnmabﬁwf I loiﬁc%lﬂdctivebdtagelevelalmllthéIUgMQﬂed
in Figure 11. Each_o t her subfjelds ipcluded in a pical. 1D Less
format sector 3?@“? _ﬁsﬁﬁwﬂi@ég%lmf“’éw %‘E&A‘f mmémh@%@r
subfi el d isctotSu Mﬂgﬁ'lﬁ%lwheséﬂotoﬁ‘ﬂldtmcﬁﬁé%%fp oHOeIves

the first sector I and precedes 20 second sector i+1.

DESCRI PTI ON OF value LEOTOMote is pregranmedardogical highvaitageNevel, then the logicalent jof vy

Froure G baiate e iedo Wik BeRAARL sl Bplbst) ¥ st 5 R 0668
the Bl ock 10. Tikeminilgr 6flogiealGbetors oh thet#mPEI/(LLISN i s set to a hexadeci nal

val ue of FF, the DEEECT flag, the |l ogical end _ of track flag LEQOT, the
physi cal end of tradRe PIest investion has Ben described;in tegms of speific flag

Il g joEadili i
oo ares 2b) RoridgaehlloTalling e b RaRILEYrhe pRp RISt AG 48

generated for a ective sector that Is ppe

of the current operatién of the:inventionaSuchirefergnce herein torspedific embodinpedTs dnd detailer at ed
for a secto  ch d. L oglL,ca r,on th [ .
physi cal enifw;éin*%ﬁ@'ﬁghéﬁﬁg’?gﬁc%P&W%ﬁgﬁﬂf’% 2Pl st
physi cal sect orto those skilledtii thetartahdt modifications gy bs aide in theémbudithen chosks foy
TSNOT i s generajed when, the.logjcal ,sector nupher of .the t t .sector
TARGET LS 1o giesration Vot depating Jromshe spiiiagy ScppmL e imvemion. Specifickfy, i S
23 be apparent to one of ordinary skill in the art that the method of the present invention could
be implemented in many different ways and the apparatus disclosed above is only
20 illustrative of the preferred embodiment of the present invention.
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W06/ 27882

PCT/ US96/ O283l of the last lo g| e track

After the default values are set, h(#e i] B E.m ﬁiuﬂ present invention
t hen determnes if the defect t he headers of the

sectors at thypoBéomse 11. If the - defect list is stored i pcrivsssassier
then the apparatus of the present invention determnes if it 5 is to wait

for the apparatus of the present inventi @LAQGMesd the defect list froma

header at the Bl ock 16. |f the apparat us of the present invention has
al ready read thé def 4 hardwags drivep defect mm@aﬁéwmn@wedlwsmm&q

| oaded, it then Mﬁ l%&@

defect i nfornat | 0 or e tra(k:’ﬁ&& Rgﬂg%%%ﬁs Br esent p}‘ﬂéent i on
is to wait memmoéwmm@de&cmadhmmhﬁst pimahgyancltzhsesedond

?gf:eg;d;i'stméoadﬁ L %MI% 0 tlutﬁﬁgy%ock 17 unéle hhg def ect tlhf

Bl ock 17a wheregiehsgfetermnes if the nore def ect flag for the sector |s set

to a |l ogical high voltage | evel SI gnal ling that the nunber of defects
has exceeded the nun®er access@garhg e%recmmn@ﬁaenemwtuchgn. | f

t he apparatus determ nes AQQ“ def ect flag Is set to a | ogical
hi gh voltage | evel then arterror T1s S|gnal | ed and the signal START is reset
15 .to a | ogical |owbwvol tdeyeminingd method bfdeRicoménagémentided biethe piagieditc niedia
returns to the Block 10 to begin the algorithmagain. If the nore
defect flag Q nhot set tosya“’%gl cal high vol tage IeveI then the
apparatus junps to tge Bl hysical sector wi aititionth 3 Yogichl &for
stored in the header of each sect o? on the trac apparatus then

determ nes at the Bl ock 1mmm¢mmmmgmmammmumm
If 20 the defect list is d ct

address pointer DLAP is d&é&% M%’ﬁ %gas‘?s% &'ﬁ@'%%‘f%g{om
list starting address pmb&@m@ﬁdﬁ’ammandwnmﬁhgwﬁmﬁvslylmsl*lmﬁd to
begin the fefgh of the recor fro he defect list stored in th

buf fer RAM aigt he Bl ock 1%vol gg‘ﬁée "'E"n'étl %%R??W@Fﬁela}“the
fetch of the ent r i esddfbetivl Secttizf fthin Mmﬂ 4fg Or until the FIFO
is full whichever occurs first Once 25 the fetch of all of the entries in

the defect list is céapl emepmngmndemwmmmcnnmm&ﬁmmsubsmn

determ nes at the Block 1 é%{ rggsg A
sector nmark rising p e I's genera% [% doﬁ ?'lwgtl?%gke ge of a sector
mark is detected. If no swcﬂmﬁhecunenrmthmlexmgsqhuhmbemfdmemmnthe

appar at us ju%)s to the Bl ock }gatgggln begi ns processing the

2. The method as claimed in the claim 1 further comprising the step of obtaining for
execution of an operation a physical sector number address for accessing a location in the
storage media at which the operation is to occur.

3. The method as claimed in the claim 2 wherein the operation can be one of a format
operation, a read operation or a write operation.

4, The method as claimed in the claim 2 wherein the partition is a track on the media
30 and the first plurality is the number of physical sectors on the track.

5. The method as claimed in the claim 4 wherein the list of defect records includes

\
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defect information for the track. 30 If the defect information is
not stored in the header of each seiﬂﬁ ffer RAM t he
apparatus then deternmines at the Bl "wm”"" ﬂr ect list fits
conpletely in the defect FIFO 4nd®t hat X he }rkl*cr oprocessor has | oaded
t he defect |yweologhrast he defect FIFO |If PCT/US96/02831

24 W06/ 27882

PCT/ US96/ 0283 1defect recotis fatafteack of thetmeadliees not fit conpletely in the defect

FI FO, then the operation node control, set by the m croprocessor,
I ndicates that the defect |ist does not fit conpletely in the defect

FI FO and the ns.croprmmmraswammmmg@mhmdma tition istiebup e NKéradkh

regi sters and a second bank of regi sters BAN A starting physi caI
séctor number GFnRdiapeach having shecfirstplurplity is-aqual to M sactoss multiplied by
number regi gt eﬁt“pf N at the BI ock 31. At the Bl ock 32, the defect FFO
painter i i35 reset to zero and a command is given by the onboard | ogi c
to begin a rrappi ng subrouti ne C. The apparat us then waits until the
subroutine C i et e e Block 33 and.it_ has recejved

asserted signa Q}F‘Fﬂ"éP ‘ﬂ’éﬁ‘p‘l e Jizstisertor€an be, anyw cre on

conput ati ons fﬁkM&éﬁﬁ&né&&@ﬂeﬂdWW&he performed, 10 wutilizing

the spare sectors and'taking into account e skew val ue for the system
and the nunber of sI | pped defective sectors. Also during the

subroutlne he st,ts loaded. i n h.fi nd ecand banks
of the FI F(S & dghe drﬁsﬁgﬂnf‘in'gqﬁeﬁiﬂmole‘r f'FS‘f ° g@’g‘

| oaded in the bm&wum&uhuvaemww&mmtphmuaﬂmﬁatmmlmmw
mappi ng subroutine C, it then waits for a sector 15 mark rising pul se at
the Block 34. defectimanpgementiised.bythe gysbeMiet ected a sector mark rising

pulse, it then waits at the Block 36 until the physical sector nunber PSN
is equal to the starting physical sector number START_PSN. As soon as
t he physical s®ctor Themithed s<laimed in thesclaig Rawhearein thieoffsetvalve isuspd tosindigdte

sector nun‘qesr &ﬁereRErﬁé nﬁ&e?@éf&i&c{éﬁsﬁﬁe&” nes at

10. The method as claimed in the claim 2 wherein the list of defect records is stored in a
buffer RAM within the system.

20 11. The method as claimed in the claim 10 wherein each defect record includes a
predetermined aumber of bytes.

12.  The method as claimed in the claim 11 wherein the predetermined number of bytes
of each defect record is programmed by a user.
25 .
13.  The method as claimed in the claim 12 wherein each defect record includes at least
two bytes, wherein a first byte specifies a defect sector number and a second byte specifies
an offset value.
14.  The method as claimed in the claim 13 wherein the offset value is used to indicate
30 wherein the system the logical sector is mapped.

15.  The method as claimed in the claim 2 wherein each sector includes a separate data
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the Bl ock 36a whether or not a step—eomrand has been issued. If a stop

command has not 20 been issued the to the Bl ock 30,

ot herwi se at the Block 37 an errOrRumgmi““mml\ag is set to a logical
hi gh voltage |l evel, the signal START.TSclesetn t6 a*l ogical | ow vol t age
| evel and twWOoSpRM8At us j unps up to the Bl ock 10. PCTUSD6ISS
apparatus determnes at the Block 12 that the defect list fits conpletely
in the d ednddD fiald; @ndithe method fuxthes comprises the stepof reading ait lehst ode Il fieldito St
in the defect ] . ' s to the Block 15a to begin processing
t he def ect inf&;érér:ra ?éoéﬁeﬁgsp?%%tfér%@i The apparatus determ lﬁl)es at the
Block 15a if a sector mark rising pulse is detected. If a sector mar k

riesing pulse ig, detected the apparatus waits at the Bl ock 15a until no
sector mark i6. riﬁﬁﬂ‘%@é&@%%@m%wmnﬁmeﬁédﬂd&mm

18. At the Bl opdaddiFicidiCarditiensth ‘J’@ﬁgés i
nanmber NEXT(PSN) i nt o&f?]lg | ntergcg p yCS| a sde‘é(; ﬁ%ﬁ@lﬁé%ﬁr%g%
N_PSN. At the Iadendo detexniine thp flistrofdefectrecprds t he subroutine A During the
subroutine A, the track defect information is scanned and the nunber of
defective sectors on the track that are slipped, the |ogical sector
ggnber of tC&%’?;%SWQWiﬁ'ﬂxéélﬁniiﬁﬁéieinthelistofdefectrecordsisloadedby
PCT/ US96/ 028318 microprecessor into asiprage elementdhaving aifeurthpfurality of Jocationsod sect or on
the track 4gand the |ogical sector nunber of the defective sectors on
the track tRat are ski pped and napped to the spare sectors on the track
SKI P1_LSN and BKI P2TheShithddas cliirhebinitheccldiins)7 fality eomipidng the stepdf detdrmining if
DLAP_of fset an iirge vla‘ ues kI ‘%h c2.and b are all cal culated. A
hexadeci nal va taf il fit i) the fouzth plyrality, pf locations. of t he defective
sectors on the track that are skipped and mapped to the spare sectors
on the track SKIP1 LSN and SKI P2 LSN i ndicates that there is not a
def ective sect b} onTherraethodasclaimesd inheclaim 18 furthes nomprisingtie step of dividingtie
sector on hm@ . L.pgdicate that fhe are sectqors on
the track vgreﬂr?gﬁpuse ,oﬁb‘%ﬂ%éiﬁé’a%dawm%‘ammmms&mga““l“a?

number of locations, if it is determined that the list of defect records will not fit in the

fourth plurality of locations, wherein the first bank and the second bank are alternately
loaded and processed until the operation is completed.

20 20.  The method as claimed in the claim 19 wherein the first bank is loaded, then the
records in the first bank are processed while the second bank is loaded, then the records in
the second bank are processed while the first bank is again loaded and the process is
repeated until the operation is completed.

25 21.  The method as claimed in the claim 2 wherein each sector includes merged data and
header fields and the method further comprises the step of determining if the list of defect
records is stored in a buffer RAM within the system, in a header of each sector on a track
on which the operation is to occur or will be loaded by a microprocessor into a storage
element.

30
22.  The method as claimed in the claim 21 wherein the storage element includes a

fourth plurality of locations and is loaded from an appropriate one of the buffer RAM, by

33
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def ective sectors from ot her trackstped to the spare
sectors on the 10 track. ) The defecti st address pointer

of fset DLAP-offset is a pointer off #ﬂ, ’ the defect list is
stored in the buffer RAM The val ue 'M ’mﬁm!ﬂlmlrnunber of defect
records al reawossressessed in the track defectn| st y¥The val uecriuss@g@sasent s
t he nunber of defective sectors between the physical sector nunmber O

and t he physi calresiiigtaticaden 6D£ secior on tiey ttaek pn wiichahe speldtion $sw@wcair or bethey st em
The value c2 represents the nunber of defective sectors between the
physi cal sect or TEPPOPESEBr r esponding to the skew of the system and t he
physi cal sector nunber corresponding to the nunber of sectors per physical
track N The value b represents the nunber of defective sectors

bet ween t he phy$Bcal Adwaivware driven defect managementiapphratus lisy 8 magietic mediasysiemissing

the subrouti s A ighgieliedidingols obmpls SR Bl it SRR el sy SEPHHEH
Bl ock 21. If a seaés/apokion of whidhdnaybesdefective, whereifl ehecfirsEluialifyGficludel @ second
apparatus conpl etes_ the subroutine A _ . the appgr atus aborts the

execution of th@lualifysflogicel sectams apd,a thisd plyrality of spare spetarshe apparatuscomprising:

Bl ock 28a if the def s b ciﬂcﬁiﬁ%?&ﬁ 1 &

defect list is storea‘ in ?&gﬂb"l‘}% er the ﬁ%gﬂ%‘%‘%ﬁ%’ﬁl{)ao to the
Bl ock 13, otherw se it | upsttitnoarkwhich amopematioiistolocdira. Al so at the

Bl ock 28 the,)ogical ,sector .nunber LSN is.set to. a hexadeci nal val ue of FF,
t he DEF fIag,b'theaf%mﬁFwwlqwmngE@ﬁéf%Z“HH%?H@EI end
of track flag PEOT and mahwafwﬁh@ﬁmrisﬁcﬁemﬁyﬁekys{éﬂg TSNOT are
all reset to a logical |ow voltage |evel. The apparatus waits at the

Bl ock 22 until the cénpl et fihmeppingeiroitispunled ta themagactic medja for mappiag cadhict or
T e Subrone: e ot PR PRI ki b | Bl o
subroutine C at t hecisrent partiGon wlnig the Lidt of dafert rexords and the nsethadi of defette
Zgbr outi ne C]kt al so chec%)san;g%lrm&“%g&t’yo&e magnetic media system, the logical sectors
beginning from a first sector and continuing consecutively to a last sector,
avoiding the defective sectors and utilizing the spare sectors if there are
defective sectors within the current partition; and
d. a second mapping circuit coupled to the first mapping circuit for mapping
20 the defective sectors within the current partition to a substitute spare sector
within another partition if the number of defective sectors within the current
partition exceeds the number of spare sectors within the current partition.

24.  The apparatus as claimed in the claim 23 wherein each defect record includes a
25 predetermined number of bytes.
25.  The apparatus as claimed in the claim 24 wherein the predetermined number of

bytes is programmed by a user.

26.  The apparatus as claimed in the claim 25 wherein each defect record includes at
30 least two bytes, wherein a first byte specifies a defect sector number and a second byte
specifies an offset value.
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WD 96/ 27882

PCT/ US96/ 02831 mark ri si ng k 24. |f sector mark
rising pulse is detected before-t “I“ﬂ" [ﬂﬂgﬂﬁum conpl et es t he subroutine
C. the apparatus aborts the execu ronco e subfouti ne C at the Bl ock
29 and junpwdsesidgsap to the Bl ock 28a. Also at the Bl ock 29PCTAI896/03881cal

sector nunber LSN is set to a hexadeci mal value of FF, and the DEFECT fl ag,
the | ogi cal R7.endhafapparatosasiclabged in@he claine26aheaein the offset valuctis wsed té indigateEOT
and the target sector not o track flag, TSNOT are all reset to a .

| ogi cal |ow vo‘i"‘? E’%Véﬁ‘m%@gﬁmf s at the Bl ock 25 unti |

the conpletion of the subroutine C, as long as no sector mark rising pul se
IS detected before the subroutine Cis finished. ' After the

conpl etion of Zﬂie smmmmmmm&mmmpgm@mmmﬂéwh 10

i or mat § onS1 AP0 P ket mlta bl MRS R MinbaARNE ccomaine s |

def ect mfornahbﬂnnfimﬂ\e'shragehbaiak then an error condition flag is set
to a logical high voltage level at the Block 37, the signal START is
reset to a logical |ow voltage Ievel and the apparatus junps back up to the

Bl ock 10. If the a:%? E@ﬁn l?ﬁﬁ h Qars b
processing the defect ormation for this traé‘ﬁ*ﬁlldééo elr? It vvaﬁes at the

Bl.ock 27 for aformstaperation,la readsoperation los & writf operativhe appar at us has
detected a,gector mark risi ng pulse, it then conpletes the instructions at

t he Bl ock é and junps to the Block 23 and begins the subroutine C for
the next sectos). The apparatus as chiinied th @Bk Cfalm 38 whérei thepdrtitidhis a Gtk 618the Or
nunmber NEXT(PSN) is | oaded into the i nt ernal physical sector numnber

regi ster N_PSNmedigand the fisst plugality isdha numberiof phygieal sectors ae theitradly nunber

register NLSN is |oaded into the |ogical sector nunber register LSN, the
val ue of the internal defect flag N DEFECT is stored in the defect
fl ag DEFECT, tBk vaThasappimmhasclainwdmﬂnchHhBOWhgbmalwhmdfdéfemmﬂsﬁﬂd@eN

LEOT is stqQred dn_the ca track flag LEOT, t he val ue of
the |nterna} pﬂsfgaé%@‘%‘rfa‘g%ﬁﬂgﬁ N_PEOT is stored in the physical
end of track flag PEOT and the |nternal target sector not on track

flag N.TSNOT is_stored in the 25 target sector not on track flag TSNOT for
processing by e FMG&WR@“W”WWWBMQ iteacks

i nvention al Wways taGhdddd $ettopl | fefdde multiplied
where t he apparatus act uaIIy |€ on theagaﬁf TI?e resul of t ese P

cal cul ati ons abgNstrasked in the internal registers and fl ags denoted by
an N befor hem and when a sector mark rising pul se is detected, the
val ues of t'he internal registers and flags are | oaded into the apparatus 30

regi sters and BB.agSThinphdaaswmmﬁmzamam&shgmsmbh&ltcoupled
perform ng the cal cul ations t he, next sector,_al way ahead of
its actual posfq§ggoBTo 3m“'tf°r““m%§?‘§°ﬁ@‘ﬁﬁﬂmﬁfﬂ§s pFthe system.
subroutines A 3ad CW%%amlibﬂﬂcﬁﬁ%%mehstofdefectreoordsincludcs
an offset value for each defective sector within the partition, which depends on the method
25 of defect management used by the system.

35.  The apparatus as claimed in the claim 34 wherein the offset value indicates where in
the system the logical sector is mapped.

30 36. The apparatus as claimed in the claim 23 wherein each sector includes merged data
and header fields comprising defect information for the track and further wherein by
reading at least one sector header the controlling circuit can determine defect information

-_
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27 WD 96/ 27882 - -

PCT/ US96/ 02831 a detailed d e d not been included, it wll
be apparent to those Skilled int hﬁ'ﬂ,ﬂﬂuﬂ!ﬂaﬂﬁﬂmm i npl enent ati on of

t hese functions may be achi eved in fiU N PV soneone skilled in
the art, wthyoogpssi fic i nplenentati on dependi ng upon the operesdsnsgsit em
configuration. ALTERNATE "EMBCDI MENT

In the enbodi Nefer tidaeack ilwhichiie \Operaliditis &0 sunf the defect record per entry
in the defect list was fixed at two bytes. In an alternate enbodi nent

of the present invention, the nunber of bytes contained in the defect
record may be dgji neﬁhebaéa ks BS@himed\iRe L1ty 39 whélein@ath debidf inkiddsh sk

buffer, the Def?ct Mana gmant Appar at us WI% a‘gtorra??%:aﬁn? l;l)lrocess he
défect |ist frodatsane IDufidld, the Mhiield comprisihgfdefect information fios the srackisoi that by geadingl 0

IS contiguous a d i ny 64K se nt. of e buffer. track
ot eot 1 Lot aftieastpne IO 5 hitroling cipi: i Uefining detertinfStanioh o e Gkl o
track defect |i ghichthe djRrativh is@b ocdhr!rack defect |ist end address

poi nter TDLEAP signals the end of the track defect list in the buffer. The
track defect list 15 start address pointer TDLSAP and the track defect

| i st end addr esgg poi palgu . R ﬁvﬁg -QQIE %?@ﬁ and
DLEAP di scussed§%1’bov'§.'ee£p Faol i e ué@?'??m@ e‘%ﬁe T g@@% 0 he
def ect record pesupledito she contrdilingecircaivfdrdsading the BEGf Gefeédt recbrdsst at ed above,

t he val ue Stﬁ{aed in the register DL_SIZE specifies the nunber of
entries in ttre track defect list. Each entry in the track defect |ist
includes a firsg920 Thydpparaiy afcifimed Bh EMind' 23 ing & QEtermifing BREuit
(DSN), a second byte, Byte 1, specifying . the offset value OFFSET and
the val ue of t heotpladdo tieicopwylling\circyisorsaterminingd the listof defept records is stareddma
speci fy opti onab WAL fhe YA, in ¥iEEr F SO RLSr bl fhe $5LESH whiBfi et ST 2€:

The

operation is to occur or will be loaded by a microprocessor.

15
40.  The apparatus as claimed in the claim 38 further comprising a storage clement
having a fourth plurality of locations coupled to the controlling circuit and the
microprocessor for loading the list of defect records into the storage element.

20 41. The apparatus as claimed in the claim 40 wherein the storage element comprises a
first bank and a second bank which are alternately stored with defect records from the list
of defect records and processed, until the operation is completed.

42. In a data storage device with multiple media surfaces that rotate in unison and a

25 plurality of transducers carried by an actuator to enable movement in unison and alignment
with concentric data tracks on said media surfaces permitting each transducertobe ina
read/write relationship with one of a series of tracks, whereby at a given location the tracks
confronting said plurality of transducers form a cylinder and wherein each of said data
tracks are divided into a plurality of sequential sectors, and further wherein cylinder

30 information and an actual physical sector number for each sector are provided by the
storage device and are not stored on any one of the sequential sectors, wherein the actual

physical sector number is the sequential number of the sector on the track, each sector

‘\
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optional user defined byt es ar e—ski-pped-—overautomatically by the Buffer
Manager 150 _The Defect I\/ana enent par atus keeps track of the

physi cal sector number PSN 25 :a IJ E'I u H rack skew and the defect
list information, wll mapthep nunber PSN to a | ogi cal
sect or nunbewomss’ﬂhe Def ect Managerrent par atus al so PCEAOBIS02BI1CK Of

the flag DEFECT, the target sector not on track flag TSNOT, the | ogical
end of track fmmli@'ﬁneimnﬁe@opivpsamtaklamp&mﬁ uthbaﬁkthé idotiffdr portiofincludes a

descri bed abov, value FF is n a valid physical sector
nurmber PSN or %SPBQP%’@QPQPFI%C% @Sﬁ CtoFppm W%Wﬁ%%"

elimnated by ameupbaamefemecouﬁhadmhg)ﬂp&gtmm Ui BESyds! @flereby the NVL SN,
as descri bed above i nst ead of assigning a_hexadeci nal val ue FF to the

| ogi cal ientifier portina pf eachysastor provides theiinfogaation as tolthe positionrof all logiced i d

I ogr cal sec&m%gp@mhg%k

PCT/ US96/ 02831 the not valid | ogical sector nunber flag NVLSN wi Il be
assert ed. t he p ef erred enbodi nent, described above, the
val ues stored #h th'g“r‘]étﬁ in3he glaim 4% whereinsmchdsfect seconli| at ed

in the subrout inBlRdé at IeARTTHS BPes Qﬂ)cfeﬂﬁa l%q qst EE} &
sectors mapped to spare sectors on the sa%e?eaggp val'le o ’*o"d Wi t hin

one of the r egesonskbytesspersifies aroffsetvalbel P2 LSN wil| indicate that there is no
valid gi cal sector number for the defective sector stored in the
respective regi ster. Alternatively, instead of storing the value FF in

the regi sters &Kl PITheSddtarstatagetdelice hsTlhimed in the LIgith S5 wh&SinQhe/ e is B6ed
assigned to the flags SKIPl used and_ SKI P2 used during the subrouti ne

A. indicating toriagicaie, where in the system the logicg] segtor isamapped.nunber stored in the 10
corresponding register. Then, in the subroutine C. when a first skipped
sector or a second sklpped sector is encountered, the appropriate

val ues SKIP1_L#N or SKI anmmdm@asclmmdmmmwmeompﬁmpﬁtﬁse

flag SKI Pl yseg, %]usﬁﬁgpzmlﬂﬁggm\% for ag%pesrgttuont in rgspcly oa Lkew value of the device.

46.  The data storage device as claimed in the claim 43 wherein the identifier portion
further includes a flag byte comprising a flag bit indicating that there are more than a
predetermined number of defect records for a track.

20
47.  The data storage device as claimed in the claim 42 wherein said defective sector list
contains an identification of all the sectors on the track that are to be skipped, whereby the
identifier portion of each sector provides the information as to the position of every logical
sector on the track.

25
48.  The data storage device as claimed in the claim 42 wherein the identifier portion and
the data portion of each sector are recorded as a single consecutive sequence of data bits.

49.  The data storage device as claimed in the claim 48 wherein the sector data portion
30 further includes an error correction field that corrects errors in the consecutive sequence of
bits that form the combined identifier and data sector portions.
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value. This alternative nethod is—advantageous because there are no extra

conput at i onal steps required i ' A or the subroutine C

in order to calculate the val ues 13Mi@m'mmmm!§ﬂ P2 LSN. However, until
a ski pped defective sector is enco cedL m s not valid | ogical

sect or nunbewddenossbVLSN for the spare sectors is asserted WoTAS96/02831
results in an extra revolution of the disk before the spare sector is

identified as 30, al The dfti Sorage device@s clainiedin theiain U8 Wheleinsaid secrosideiitifier Thi s
wi || not cause any performance degr%dation in the system unl ess the

first target sdomion fugther meludesflag bits tor recording the data cendition ofdhe assoqiated sector.o

mapped to a spare sector on the track In the preferred
enbodi nent of the present invention, the nunber of skipped defective
sectors for a tSlack Inadita storageisystem hewing inultiple media sucfacesh edchsurfacehavingan t wo

spare sectors.per track the aratus _of the preferred.enhadirent

will flag an€ ﬁ@éﬁﬁéﬁ@m&dm&gﬁgﬁﬁ&#é@%?gﬁﬁ%{% k“,'“‘é?'?éfy 'H’gF'gecond

def ective sect qormed¥roia gi0én 1dcatiofr of tradks bn difféfent Mbdis SAETACE, wHerbinCylivder &Rl dnOr

the DEFECT flag w |l still be set even though the defective sect or
mypbex-information-fo

may be nmapped taswal physicd r each sqetor apepsovidad bydhe storage

SRR
addi ti onal ' I “ﬁﬁq ﬁ.‘.;ﬁg? | iﬁﬁif “‘?ﬁE of
t hese subsequenslys’té'ggke“(i%‘lﬁ\l/%t sec%ors ah?ofﬁn?ha r%tJ SEI p’SJélg an Q#a‘%%e o the
addi ti onal sparastuakphysical sectortnombér is alsequiential yemboref asector on a respemive ohdrafithe Wo
spare sectors per ftrack the nupber of registers used to store the |ogical
30 sector ﬁﬁnﬁgﬁ"?ﬁtéﬁ"?fm‘f '\fé%%&% CRIEIPBhe set equal to the nunber
of spares on each amwe&fmkdue&oserﬁanmﬁmgwmeﬁm&bbﬁaehnﬂw may be

used to indicate that there is no valid ogi cal sector nunber stored
in a corresponding ngg:iogt\d\el,emtheidenﬁﬁerponioninclndcsaheadnumberandalistof

PCT/ Usoe/ 02831 Seet econds o et pumbers on e gepeciv ans o eyl o,
above, the |ogical aoncenfrictrackskwhichgre to be hiilled, cach défedt vecard ingludimig ahi gh
voltage levgl for a ool Qiabit huibel 3f byles ahd fiod the isntter porho of each
' sector the information as to the position of all logical sectors on the
respective one of the plurality of concentric tracks is détermined allowing
the data storage system to translate each physical sector number to a logical
sector number.\
20
52.  The data storage system as claimed in claim 51 wherein the identifier portion and
the data portion are within one field within each sector.

53.  In adata storage system having multiple media surfaces, each surface having a
25 plurality of concentric tracks subdivided into a plurality of sectors each having a
predetermined sector organization including an identifier portion and a data portion,
wherein each track includes repetitively occurring prerecorded servo sectors, and further
wherein a cylinder is formed from a given location of tracks on different media surfaces, the
data storage system comprising:
30 cylinder and head numbers embedded in each servo sector on the track and
wherein the identifier portion of each sector includes a defective sector list
including defect records for sector numbers on a respective one of the

—_—
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LSN equal to the |ogical sector nunber of the |ast—togical sector on the
track X Al ternatively, a prog ect value LEOT Mode nay
bé programmed to 5 sel ect when thgnma "E’ @ ’ﬂﬁ,traek flag LEOT is
generated. |If the programmabl e node*. ¢ Lse ue LEOT _Mbode is

programed twodehmgecal | ow voltage | evel then the | ogical agrusesn2sdi
track flag LEOT is generated when the | ogical sector nunber LSN is equal to

the | ogi cal seﬁhﬂiﬂﬁ&ﬂ@&&&b&,hﬁﬁh&&%ﬁ&%@&pmmk&rmack X.
| f the programmabl e rmde seI ect val ue LEOT_Mode is programred to a
| ogi cal high vol t agi@cluding almmahle WE@MUW‘M@P"@WW@@&EOT is

- gener ated when the d‘é?{n gpgsg sﬁﬁ% han

t he nunber of | ogi céfl8 sectors on ?% %w*ﬁoﬁﬁ%&?o@&@é h’Le pr esent
i nvention has been olteeufnhdapidrahtydfeomnméuaﬂemllbwmgelﬁ)daﬂasmgssystemto _
I ncor por ati details to f e the nder s{ an of the principles of
constructior® and ‘Eﬁfe‘?‘gﬁpﬁﬁ‘ Fﬂ‘f e rRumber-cnce herein to
speci fic enbodi mrents and details 15 thereof is not intended to limt the
scope of the clainms appended hereto. It will be apparent to those

skilled in the34rt Thedatwstonage systemmasslairad i claim §3 whereirtthe ilettifisir petion ahdsen
for I 11 us on \Mthout de td fromthe spirit and scope of the

i nventi on. Spe&rﬁ‘ﬁ? , ‘Bgﬁ vﬁ@' “p‘gié ﬁ‘ff to one of ordinary skill
in the art that the net hod of the present invention could be

i npl enented_in _many_different ways and the apparat us di scl osed above is
only 20 il Ukt ﬁéuvbleéaqﬁemmmém mwtiplemedia syrfaces, cashsudace hayipgat i on.

plurality of concentric tracks subdmded into a plurality of sectors each having a
predetermined sector organization including an identifier portion and a data portion,
wherein each track includes repetitively occurring prerecorded servo sectors, and further
wherein a cylinder is formed from a given location of tracks on different media surfaces and
15 head number information is provided by the storage system, the data storage system
comprising:
a cylinder number of a respective one of the plurality of concentric tracks
embedded in each servo sector and wherein the identifier portion of each
sector includes a defective sector list including defect records for sector
20 numbers on the respective one of the plurality of concentric tracks, which
are to be avoided, each defect record including a programmable number of
bytes; whereby the defective sector list provides information as to the
position of all logical sectors on the respective one of the plurality of
concentric tracks allowing the data storage system to translate each physical
25 sector number to a logical sector number.

56.  The data storage system as claimed in claim 55 wherein the identifier portion and
the data portion are within one ficld within each sector.

30 57. Inadata storage system having multiple media surfaces each having a plurality of
concentric tracks subdivided into a plurality of sectors each having a predetermined sector
organization without an identifier portion, wherein each track includes repetitively
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30 0265- MSCA- PCT ——— - 1. A defect management

method in a magnetic media systemusi e“‘ “ di a havi ng
one or nore partitions each I ncludi 1@ ““ “ physi cal sectors, a
portion of whi ch- may be d dVG— Whefeih said plurality of

physi cal sewose27ssic! udes a plurality of | ogi cal mexosIsm23Nd a
plurality of spare sectors, the nethod corrprl sing the steps of:
a. accessi rt@cmﬁhgmbrddéﬁezchmwmlsfuﬁhmmmaeﬁmwaﬂmmﬁomm gnﬁdnch

ggterm’ ni ng \AHP'C‘H%%W‘SQ"&?%PB?M“W s O%‘?&%Wﬁ@?ﬂ&% i s

bei ng used by the magnetykndePsidhesdifinfels ehibedded in each servo secforon Sel ecting
one of a plurality of predeterm ned mappi ng_net hods for mapping

a physical sector to a %@&k%&#@@p&ﬁﬁﬂﬁ@l‘ﬁﬂlﬂﬂf%ﬁoﬁf a det er ni ned

one 5 b.  aretrieviflf cittdit fordthbRhs umfbff dg@: errent met hods
I's being used by the I'a system
d. mappi ng a physi calcumnpmnmomwhchhmoperaﬂmriktqmun,eachn to a | ogical

sector 15 er Wlthlnt curre artition using
the list of defect reco @“'F??édm&ny“gapmm’aben“ P"’G%term ned one of

said plurality of gefect,seRafigRirent
magneti c nedia system and a sel ected one of sal d pI urality of
) selecting which method of defect management is to be used

10 by the system;

d. a first mapping circuit coupled to the multiple media surfaces
for mapping each physical sector within the current partition
to a logical sector within the current partition using the list of
defect records and the method of defect management used by

15 the magnetic media system, the logical sectors beginning
from a first sector and continuing consecutively to a last
sector, avoiding the defective sectors and utilizing the spare
sectors if there are defective sectors within the curreat
partition; and

20 e. a second mapping circuit coupled to the first mapping circuit
for mapping the defective sectors within the current partition
to a substitute spare sector within another partition if the
number of defective sectors within the current partition
exceeds the number of spare sectors within the current

25 pattition.

58. In adata storage device with multiple media surfaces that rotate in unison and a
plurality of transducers carried by an actuator to enable movement in unison and alignment
with concentric data tracks on said media surfaces permitting each transducer to be in a

30 read/write relationship with one of a series of tracks, whereby at a given location the tracks
confronting said plurality of transducers form a cylinder and wherein each of said data
tracks are divided into a plurality of sequential sectors, and further wherein cylinder
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l!i@i cal sector nunbers beginning from

iy oo

predet er m ned mappi ng net hods, t
a first sector and continuing co

20 defectiv

if there are defective sectors within the current
partition; a®eesnrss: e. mappi ng the defecti vecarsdessw t hin
the current partition to a substitute spare sector

Wi t hi n anot her infsinkiidn nd ah factkilphpsicd) eéctstinufhbérdoi ¢ach seotit lafy provided by the
within the current é)ea[tition exceeds the nunber of spare sectors withipn the
o5 storage device and MHWQPPPPYB'PF.“ the sequential sectors, wiaereqaﬁge od

as clainmed in Ply@ic&l‘séct&ﬂnﬁﬁlﬂiim' jtibnunibRr 5 the séetor OR Uik thick Seadh sector
physi cal sector "nunber address for "accessing a location 1n the storage

medi a at whi chcomprisipg an identifiesportiomi and aidataportion awhereinsthe identifier pottion inslndesi@  of

id pl | iot v, Of ] i . . 7.
o ot hod S e oRinfé s sl S o IG s for secton upbed{h Be ek which aretobe. [
nmagneti ¢ nedi aavoidedSdichdéedt iccobd ineTudibg & pRigraiiabRenunstep bESite) WhErebyethen a
track dependi ng 35 . on the determ ned skew val ue,. . .8.

The nmet hod as identifigsgortian of each sectariprovides therinformation @ tothe pesitionof gl degical

I ncl udes an 9“]? “m% ﬂw g%ﬁ& ] gg{:?r L b0l
partition, whi ?:%aoése?)ne%s onﬁiohe ﬂe{?gir'%ﬁeﬁg tfb?’e%gl?]e or °8a d&ﬂﬁFut&r%ei't y
of . def ect manatrewstatid toaidgichl sectorauimper. he nagnetic nedia system 40

and is useqﬂgy the selected one of said plurality of predeterm ned mappi ng
nmet hods to p physi cal sectors to |ogical sectors including

; E g tL Z&w&ﬁ? t g hgg | A helifod! of perférmitiearFoperatitit BY o i%orage device having multiple media a1
surfaces that rotate in unison and a plurality of transducers carried by an actuator for
movement in unison into read/write alignment with repsective data tracks on the media,
wherein the data tracks accessed by the transducers when the actuator is at a given position

15 from a cylinder, comprising the steps of:
a. translating a physical sector number to a logical address of a target sector;
b. formulating the identifier information for the addressed sector ID field;
c.  _waiting until the target sector is the next sector on the track; and
d synchronizing with a sync field of the target sector and performing the
20 operation.

60. The method as claimed in the claim 60 wherein the steps a-d are repeated for each
sector of the track.

25 61. The method as claimed in the claim 61 wherein the operation can be one of a format
operation, read operation or a write operation.

62. A method of performing an operation in a storage device having multiple media
surfaces that rotate in unison and a plurality of transducers carried by an actuator for

30 movement in unison into read/write alignment with respective data tracks on the media,
wherein the data tracks accessed by the transducers when the actuator is at a given position
from a cylinder, comprising the steps of:
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0265- MSCA- PCT 9.  _The-wethod asS clained in claim8 wherein

the of fset value is used by the sel ected one of said plurality
of predetermn ned mapping net hods n““m‘“m““i\“ﬂmm ch physi cal

sector the |logical sector is map The net hod as cl ai ned
in claim2 wisdephesza first one ‘of *sai"d pI urallty of PCT/US96/02831
predet er m ned mappi ng net hods conprises storing the |ist of defect records
in a buffer a. alingiah D field/iacludigg theiptesem deaoriyantification and the

11. The rreth ?ys |rred | t e claim 10 wherein each defect record

i ncl udes a 10 f‘&ﬁ nmber of bytes. 12. The

met hod as cl ai med ip) thﬁaﬁ&lﬁnghla Wm&@sn&g&ﬂwﬂsﬁmﬂm@f of bytes

of each defect record is programed b The . met hod

5 claimed i the o ai mionmuehes te aieotber sformmasion fasghe adrosesaerser I fekdiast
two bytes, ere| n £ fi M%B&ﬂ%@ér%ﬂ?k&&tse&& E%e@&éﬂb@? and a

second byte speC|f|és

net hod as cl ai ned ien cl ammmlmuyhhﬁemfofﬂewlmmadpmﬂmdl cate

20 where in the nagnetic nedia systemthe |ogical sector is mapped.
15. . The met RAGTH8Rc| aimed in claim 2 wherein a first one of said
plurality of defect managenent net hods conpri ses a separate
data and at |least one ID field in the each sector, and t he

met hod f ur t her63; onFhiegusthadras claimed in theclaind 62 whetein the step ofreadingan| ID fidldisd, t he
at |east 2 one. D fie onpr i si e list of _defect re ds.

6. The 0 Hisme gBBEoL KK tnd i S b3 P et re a6 afiepr e Back.
plurality of dgf ectThe method as clairfiedlif Gft thiiin GIBVHRAHS the @PEraliciRfan Bé one 6Tl fornat
nmer ged data and header flel ds.in the each sector, and the nmethod

further conprieReEationea read pPCsMionoF 4wiite OREatION. | cast one rrerged dat a

65. The method as claimed in the claim 63 wherein the ID and data portions of the
15 sector are a continuous, uninterrupted sequence of serial data.

66.  The method as claimed in the claim 65 wherein the sector further comprises an error
correction code that extends to both the data and ID sector portions.
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30 and header fields, the at |east one nerged data and header fields
conprising the list of def ect records. 17, [he
nettod as crained 1n claim?2 wherein a second one of said plurality of

pr edet er mi ned mappi ng nmet hods conprises |oading the list of defect records
using a 35 woegnmsLr oprocessor disposed within said nmagnet per/ossnassiyst em

Into a storage el enent havi ng a plurality of storage |ocations.
18. The nethod as clainmed in claim17 further conprising the step of
determning if the |ist of defect records will fit in the
plurality of storage |ocations g the |ist of defect 40 records

in said plurality of storons i Qe |ist of defect records wll
fi.t in the pl 7 of st ores | Oati ons, ang¥ﬁﬁy ' out at
| east one additi onal t he_Lilst of (a e redcs)(?rlggnvm Il not

fit in said pluralit opage | qcati @
32
0265- MSCA- PCT

said at | east onefadd tep hey
di vidi ng said pl MWions i Mo a

) T TRACK 0
S

ed in claim18 wherein
conprises the step of

and a second

FIGURE 1
(PRIOR ART)
PLO| ja|D-|cRC|cap| DATAI | DATA  |ECC| PAD
FIGURE 2a
(PRIOR ART)
PLO |SYNCJHEADER DATA ECC_] PAD
FIGURE 2b
1/10
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bank, each having an equal nunber of storage |ocations, and storing the
i st of defect records in said first and said second banks .
wherein said first and said second bank are 5 alternately | oaded
and processed until said step of storing the |ist of defect records is
conpl eted. wo96r27882 20. The net hod as cl ai ned in cl ai mpt3ode&IRsN sai d
first bank is loaded with a first set of records | oaded fromthe
|ist of defect records, said first set of records are processed in, 10
said first bank while sal secon ank 1S Toaded wtn a second set o1

cﬁmm

records | oaded from Hmmmsgmdﬁ 82&1 s29d 36

set of recordqﬂcnlsaw ﬂhn[ﬁ%m@%-w»w -m S |
fi4«st bank is rel oadedgfromt | BOGICAL SECTOR NUMBER gal gseggn

set of records are rocessed in said second bank and e Ioadidg
and processing repeated until the List of defect records has
been processed conpletely. 5 21. The clained in
claim 16 wherein said second one of said plurality of det

managenment mnet hods conPri silng sai pﬂ?? Bd‘&ﬁﬁﬂﬁﬁ} det a and d
field in Track 1 ac ur connri-se %a% al
determning if the | (} I@AESEE?I’ORNUMBER ]
medi

RAM wi t hin the nagnetl a system in a header of ea

track or will be |oa roprocessor into a storage elenent

22. The net hod as gﬁgpng55323§|aln1zl wherein the storage el enment

I ncludes a plurality of storage locations and is | oaded froma
determ ned one of said buffer RAMw thin the magneti c nedi a
system said header of each sector on a track or said mcroprocessor. 25
23. A def ect nanagenent apparatus in a magnetic nedia systemusing a
magneti c 2 PHY BERS. A2 8 nc29di a 31
plurality of phJEI:E ) f R i lﬁﬂl
sectors which areglefegrtiveg sedt orlQGm&EGTQ&MJMBERaIz-;tyzg 29 130

physi cal sectors includes a plurality of |ogical sectors and a plurality of
spare sectors, the 3KI '[HRIS Bct nmnagenent apparatus conprising:

a. aretrieving circuit for retrieving a list of defect records for a
current partition; b. a
detecting circuit coupled to the retrieving circuit for detecting which one
of a plurality of defect nmanagenent nethods is being used by the nmagnetic

35 nedi a system C. a selecting
circuit coupled 1 SK]AESBG’GOR JUMBER; 1237 28 9: 30 ﬁg
for selecting o dﬁ”gr@dﬁr ngg ) (
0 1 31 2 ICAL SECTOR NUMB 26 27 28 29 30
FIGURE 3¢

Tracki DEDI’HYSICAI.. SECTOR NUMBER&&& 30 éﬁ

LOGICAL SECTOR NUMBER 26 27 28 D 2

Teack 1 |J_|[_.IjEZ_IPHYSICAL SECTOR mm&éﬁ&

0 1 2 LOGICAL SECTOR NUMBER 37 23 29 30
FIGURE 3d

2/10
SUBSHITUTE SHEET (RULE 26)



used by the magnetic nedia system dependi ng on which one of the plurality
of defect namnagenent nethods is being used by the magnetic nedia_system 40

d. afirst mapping circuit coupled to the selecting circuit, the
retrieving circuit, and the detecting circuit for
mappi ng, acwoenrrg2to the one of the plurality PCT/US96/02831 of

predet er m ned mappi ng net hods, each physical sector within the current
partition to a |l ogical sector within the current partition using the |ist
of defect records and the detected one of the

plurality of defe PHYSICALSECTORNUMBER&“*
ephilds | by

33 Track i

the magnetic nedia syst3oD the LOGICAL SEEROR NUMBERN26g 27
froma first sector and_continuing consecutively to a last sector, av0| d| ng
t he utilizing the spare

sectors if the defective sectors are wttm t he
current partition; and 5 a second mappi ng circui
coupled to the firstl ' \TSICAIIECE@RMM 30

Y

circuit, the Teckipyj AT TEtRTECTI N
def ective sectors wi phi nit he curlQGICALSECTD rN‘ﬂgﬁRsmst i 284t €28 paB® sect or
wi thin another partition if the nunber of defective sectors within the

current partltlon exceeds the nunber of spare
sectors within themuR[Eéﬁtltlon 24. The apparatus as
claimed in the claim23 wherein each def ect record includes a

predet erm ned nunber of bytes. tus as clainmed in
the claim?24 V\/rBer elln ttbe pr edet er m§gﬂvj{ﬁélg§£8?6w 8byt 9§ 31

pr ogr ammed le 1 T L 1 rh-l

2% 27 28 29 30 0 AL OR 2%31131
FIGURE 4 L:s SECTOR NUME

DF’HYSICAL SECTOR NUMBER_27__28 29 30 _ 31

- - - -

1 o2 LOGICAL SECTORNUMBER 35 31 27 28 29

FIGURE 5a
0 1 _ 2 PHYSICAL SECTOR NUMBER 28 29 30 3l
TB=0
oo L_JLD] -] C I IC 11
0 1~ LOGICAL SECTOR NUMBER 27 28 29 30
TB =32 PHYSICAL SECTOR NUMBER 60 61 62 _63
[ |[ T C 1 1
32 33 LOGICAL SECTOR NUMBER 39 50 61
64 65 66 92 93 94 95
=64 PHYSICAL SECTOR NUMBER
=2 L] Lot i1
62 63 ¢4 LOGICAL SECTOR NUMBER 99 91 92 093
TB=96_96_ 97 98 PHYSICAL SECTOR NUMBER 124 125 126 127
=2 J ] L s
94 95 96 LOGICAL SECTOR NUMBER 122 123 124 125
FIGURE 5b
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26. The apparatus as clainmed in the claim25 wherein in one of the
plurality of predet er m ned mappi ng net hods each defect record
imcrudes at Teast two bytes, wherein a first byte specifies a
defect sector nunber and second byte specifies an offset value. 20

27. The aRpabgigg as clainmed in the claim26 wherein the pttasésnesdiue is

used to I ndi cate in which physical sector the |ogical sector is
mapped. 28. The apparatus as clained in the claim23 further
conprising a third mapping circuit 25 coupled to the first and second

mapping circuits, the selecting circuit, the retrieving circuit,
and the detecting circuit for providing a physical sect nynber addr ess

for accessing a location in the storage nedi gl a_logical
sector nunber. The apparatus a aiX 1n the cldim?28
wherein said plural |F;QU$E§a:a sectors 30 he n unber
of: physical sectors on a nedia tra aratys as

claimed in the claim28 further corpdlging a ske @Q’f:ﬁptl’m ¢d

to the third mapping circuit, the figst and secondlx¥hh its,f the
sel ecting circuit, the retkjeving circuit, arf FﬁgTdet g4t} ng
circuit for nunbering a fir$§ ggbg |n1¢o . gKew off t he
magneti ¢ nedia system TS Appar 2t terted i claim
28 wherein defect infofmation is reag rom g YYeast one dector
header read by the thi{d mapping cird It s atNI east ok sect ge=Ioegder
formatted according tofa first{qne,.0 C ura -, anaggnment
met hods 40 conpr|sing ne o..—u 11 {.j heaper r each ect or,
t he nmerged data and hehder Feted s fuptfper coigprd si ng def €et

I nformati on. 37. 3| claed AL C a|m28 erein
defect information is fead from at P AP, peldey read
by the third mapping c{rcuit t fEct or™N 170
34 }

Y
. e - Set Error,
Semi Auto? Reset START

N
3 ECTOR Rising
\ X~ _u

—

N_PSN = Start_PSN N_PSN = Next(PSN)

{ '/- 32 * 19
STARTC,i=( START A

/-28 282

ABORT A
LSN =FF, DEFECT =
LEOT =0, PEOT =0
TSNOT =0




0265- MSCA- PCT formatted according to a second one of the
plurality of defect nanagenent nethods conprising_a.separate data
and TDTrelrd ror each sector, the ID field conprising defect

i nformation. 5 38. The apparatus as clained in claim28 wherein
a third onewglesofsez pl urality of defect managenenPCIwsysis3lf ur t her
conprises a m croprocessor coupled to the third mappi ng circuit,
the first and second mapping circuits, the selecting circuit, the
retrieving circuit, and the detecting circuit for |oading the
list of defect records. 10 39. The apparatus as clained in the
claim28 further conprising a determning circuit coupled to the
third mapping circuit, the first and second mapping circuits, the selecting
circuit, theg,etrievipg circuit,  and the detecting circ i_t__f_i det er mipni ng
if the Iist ¢f defect recorcie is to be loaded froma butfer RAM
within the ny i -dia3§ysten1 a hedder %£ 7 each sectof or] from
a m croproces ) 40, Thes@ppar ajus as_cl ai med | he El ai m
38 further cqrpsSi ade_e YI ARO pl uralfi 1y

Nt? %t 20 'éf. nd
mapping circuits, < he

e ret 0 ,
detecting circuit, r opr ocesy 13{--"' --'-- he |ipt of
defect records into twy storaoe el enen N 20 41. The apparpt us
.r.og sel ement conpri Se9a
first bank of 5 atlo N apd” a secomq bank of storage |ocations
whi ch are al i »f ect records fromthe I} st
of defect re t he defect recprd

in the first or age Iocatlo Ocessed whil e the defect recofds
in the 25 seconfk,bank Al € bei ng gp¥ded, the |oadi ng and processihg
repeated unt)l the i aefect ecords is processed

conpl etely. [ A s LP a gefa stongge device with nmultiple neflia
surfaces thal rjofarec P spg o

N

| 30

27 - [N_PSN = Next(PSN)
Y [LSN=N_LSN
SECTOR Rising >~ DEFEVT = N_DEFECT L.

LEOT =N_LEOT

PEOT = N_PEOT
{ |TSNOT=N_TSNOT

FIGURE 6b
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plurality of transducers carried by an actuator to enable novenent in

uni son and al i gnnent wW.th concentric data tracks_aon said nedia
Surfaces permtting each transducer to be in a 30 read/ wite
relationship with one of a series of tracks, whereby at a given | ocation

t he tracks woo9sn27ss2 confronting said plurality of transdpomusedersn a
cylinder and wherein each of said data tracks are divided into a
plurality of sequential sectors. and further wherein cylinder

informati on and an actual physical sector nunber for each sector are

provi ded by the storage device and are not stored on any one of
the sequential sectors, wherein the actual 35 physi cal sector nunber
i.s the sequential nunber of the sector on the track, each sector

conprising an identifier portion and a data portion wherein the identifier
portion includes a head nunber and a list of defect records for
sector nunbers on the track which are to be avoi ded, each def ect
record including a programmbl e nunber of bytes whereby the

i dentifier FHA%KGle HESt or provides thg .information as to the
position of all |ogical W@ sectors on tﬁé track. 43.

The data storage device ps clainmed in the clairh 42 wherein each defect
record includps at |east two bytes, Whisﬁﬂ&nts&dd@?m?omter
specifies a defect sector nunber and a Second byte specifies an
of f set val ue. 35
0265- MSCA- PCT 44, The data storjage device as clained in the
claim 43 wherein the of fpet value is used to indicate where in
the systemthe | ogical spctor is mapped. 45, The data storage
device as clainmed in the]claima42 further:conp&ising means for

Defect List Address Pointer

-

DSN[7:0]
SLIPPED —p»|  OFFSETI[6:0]

2efect List End Address Pointer

FIGURE 7
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5 adjusting a start location for an operation in response to a skew

val ue of the device. 46. The data storage device as cl ai med
Frthecrarm 43 wherein the identifier portion further includes

a flag byte comprising a flag bit indicating that there are nore than a

pr edet er m Repdogiayegyer of defect records for a track. 10 PCTUS96/02887 . The
data storage device as clained in the claim42 wherein said defective
sector |ist an identification of all the sectors on the
track that are to be reby the identifier portion of
each sector provides t nor mefion as to the posi tion of every | ogical

sector on the track. 48. The data storage device as clained
in the claim42 wherei ifier portion and the data
portion of each sector led as a single consecutive sequence of
dat a bits. 19. The data storage device as clained in
the claim48 wherein t jata portion further includes an

error correction field thﬁ ts errors in the consecutive sequence of
bits that formthe conbing? [ Y fier and data sector portions.

50. The data storagejfdevice as]clainmed in the claim48 wherein said
sector identifier 25 bn further includes flag bits for recording
t he data condition of hted sector. 59. A met hod of
perform ng an operatio Lage device having nultiple nedia

surfaces that rotate i pd a plurality of transducers carried by an

actuator for HoyegreNt fi n unison into read/wite alignnent with
respective data tracks] ia, 30 wherein the data tracks
accessed by the transdygc whenjthe actuator is at a given position

froma cylinder conpr|5|§g,1he teps of: a.
translating a physical |se@ #r iber to a | ogical address of a target
f

sector; rrmul ati ng the |dent|f|er i nformation for
t he addressed sector D gg waiting until the

target sector is the ne on the tr and 35 d.
f the tar sector and performng the

=

synchronizing with a sy
nethod as ained in the claim59 wherein

operati on.
the steps a-d are repead sector of the track.

S [NpEEER

D
owé_ﬁhflanl‘%
- : NoN o]

D

DEFECT
NUMBER |#3

SECTOR | OFFSET]| SECTOR |OFFSET|SECTOR
#3

NUMBER [#2

#2

DEFECT

NUMBER} # |
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DEFECT
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36 WD 96/ 27882 conprising an identifier portion and a data
portion wherein the identifier portion includes a head nuobher and-a

ST of def 6ct records for sector nunbers on the track which are to be
avoi ded, each defect record including a programmabl e nunber of bytes;

wher eby t hawooenrsstentifier portion of each sector provi desPCrigsos/2831 nati on
as to the position of all logical 5 sectors on the track 43. The
data Storage d i n _tho ~l i m A2 uk Ord

i ncl udes | east two_bytes, wherein a first byte specifies|a}defect gector
nunber ?a seco@dd byte specifies an offset value. 10 . he
dat a stor i ce clained in the cﬂaim43 wherein the val e is
used % i mdi cat eaglnere in the systeﬁthe | ogi cal sector d.

45, Z |The dat.g storage devi ce claimed in th 2 fFu er
conpri si ngﬁrreﬁans 15 @Hor adjusting a t location fof an ppef=ty o iIn

response tg a Tew valge of the device~®
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46. The data storage device as clainmed in the claim43 wherein the
identifier portion further includes a flag byte conprising a flag bit
fmdicating that there are nore than a pr edet er mi ned nunber of defect
records for a track. 20 47. The data storage device as clainmed in

t he cl ai m 4%vovspresen sai d defective sector |ist cont aiR¢I/Ss6/02831
identification of all the sectors on the track that are to be ski pped,

wher eby t he identifier portion of each sector provides the information
as to the position of every |ogical sector on the track. 25 48.
The data storage device as clained in the claim42 wherein the identifier
portion and the data portion of each sector are recorded as a single
consecuti ve sequence of data bits. 49. The data storage device as
clainmed in the claim48 wherein the sector data portion 30 further includes
an error correction field that corrects errors in the consecutive seqguence

g; bb&; tr“%lﬂﬁﬁﬂ&ﬁ??lﬁ§¥b'ned identifier and data sector portions.

PCT/ US96/ 02831 50.| 7 The data storage dbf/i D@ R¢ | 1 the claim
48 wherein said sector ijdentifier portion éﬂgﬁ%ga BEPY flag bits
for recording the data dqondition of the associ S
EFi:DLSAP)
Defect List Address Pointer
DSN(7:0] ~ X (DLAP)
SLIPPED ——|  OFFSET[6:0] Defect Record
- {
Track Defect List
< End Address Pointer
(TDLEAP)
FIGURE 10
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51. In a data storage system'having nultiple nedia surfaces, each surface
having a 5 plurality of concentric_tracks_subdivided into a_plurality. of
sectors, wherein a cylinder is formed froma given |ocation of tracks
on different nedia surfaces, wherein cylinder and an actual physi cal
sect or nunb®BiO627¥2ati on for each sector are provided by tPcT/usS@omEE
system and are not stored within any of the plurality of sectors, and

further wherein the actual physical sector nunber is a sequenti al
nunber of a sector on a respective one of the 1 0 plurality of concentric
tracks, each sector conprising: a predeterm ned sector

organi zati on having an identifier portion and a data portion

wherein the identifier portion includes a head nunber and a |ist of
defect records for sec unbers on the respective one of the plurality of
concentric tracks, whi §hBafe to be avoi ded, each defect record including a

15 pr ogr ammabl e dﬁ er of bytes and fromthe identifier portion of
each sect e information as to the position of all |ogica
sectors on the respective one of the plurality of concentric
tracks is determned a I%%Mrm) the data storage systemto
transl ate each physi cal tor nunber to a | ogical sector
nunber. 20 52. +he ata storage systemas clainmed in claimb5l1
wherein the identifier]porfion and the data portion are within one
field within each sect §r. - 53. In a data storage system having
mul tiple nedia surface:,ﬁeach sidr f ace having a 25 plurality of concentric
tracks subdivided into a<pt;%?'ity of sectors each having a
predet er ni ned sector of g&ni 1on including an identifier portion and a
data portion, whegei njeach track includes repetitively occurring
prerecorded servo sect ¢rs, Jand further wherein a cylinder is forned
froma given location ¢f tfacks on different nedia surfaces, the dat a
storage system conpri simr=130 cylinder and head nunbers enbedded
in each servo sector o % track and wherein the identifier
portion of each sector Jifclludes a defective sector |ist
i ncl udi ng def ectg rgcor Ir Sqaf Or nunbers on a respective one of the
39 B0 Q vy
o =
§ ~| B
E\L
a
2 K
R
<
<
Q] -
QO
4
S
W
9
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WD 96/ 27882 , plurality of concentric tracks, \Mﬁ Zr(fbar \(fo

aVoi ded, each defect record i ncl udi ng a progrannabl@” unber of
bytes, whereby the defective sector |ist provi des information as
to a position of all |ogical sectors on the respective

the plurality of concentric tracks allowing the data storage sighiss
translate each pPEMEal sect GroRERATIFIECTUAL PRC QREANIZIIONOr  nUTh NG

The data storage stemas clainmed in clal wherein the identi

e ot AR bbb ToRhes i ot PRl gl S5 ﬁtﬁhm
10 "55.] (51 Jntdrnitiofldl Pitent Cisiifigtion Sy St €M hQVi NGy tbkebratind PRBEcE Nubibdr2CES, WEC6/27882
surfacq hagiiaens, 27n0p! urality of comgentric tracks subdivided into a
pluralilty of sectors each havi ng a % Engernatione! Rubljcation Datsy 12, Sepierrbes 139§ (4309-96)

includifng an 1denttirer portron and a datc&Portlon wherei n each track
i ncl ude szlrbmwmuy- ing BFEPEERSHA

0 ﬁn’@ Wt(ﬂ‘ﬂE
whet ei 1] fe0r med Qe B0596) |OCatﬂr§§ FH Fa on di er%rl]‘tcm'

medi a sur aces and head nunber informatlion is provided by the storage

system éoh ata storage system conpiipg “?g, a cylinder
nunber |6 £Uive D @s o] Ur aldstly O Wl Rcllbral seardib@irks
enbedddd i n each servo sector and V\/nerel N |t he iBdbrathe kipipaioafnhe|tipe tind foe areinting the

sector [i ncl udes a def t_ i ricl udicigtrs @ e repyblished iniibe avegt of e repeist of
20 . m’?ﬂém éﬁm 3@ the pftrality of concentric
tracks,| whic are to be av0|ded, each defect record including a
prograrﬁblﬂmumswmm@m lo§m wher eby the defective sector |ist

provi dgs i anE&W Jobm; 8480 Haystack | it on of all |ogical sectors
on the|respective one of the plurality of REPLACED SHEETS SG
(74) Ageats: CHURCH, Shirley, L. et al.; Cirnus Logic, Inc., 3100 [0 Description : paged ........ to paged
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(54) Title: DEFECT MANAGEMENT FOR AUTOMATIC TRACK PROCESSING WITHOUT ID FIELD
(57) Abstract

Defect management for automatic track processing without an ID field, processes
defect information for a track on a magnetic media within a disk drive system. A system
which uses any method of defect management including linear replacement, sector slipping,
cylinder slipping or segment slipping, can be supported. A physical sector number for each
sector is translated to & logical sector number relating to the order of data on a track. This
translation of the physical sector number to a logical sector number for automatic track
processing can be accomplished using any one of three methods: 1) a track defect table can
be built in the buffer RAM; 2) the defect information can be written in the header of every
sector; or 3) a system FIFO, located in the onboard logic, can be used to manage the defect
list. The first and third methods support an ID_less format wherein the data field does not
contain a header subfield and information for sector identification is maintained by the disk
drive system. In the second method, the header subfiekl comprises four defect reconds. In
the third method, if there are more defect records for the track than will fit in the FIFO,
then after initialization and loading the first and second banks of the FIFO by the drive

mi theﬁmmdseeondhmksmeachludedbydwdmemmopmm
whnle the other is being processed, in a ping-pong manner, until the track processing is
complete. A defect recond includes a physical sector number of the defective sector, an
offset number and a flag indicating whether or not the defective sector has been slipped.
The defect record may be either a fixed two byte entry or may be of a user defined number
of bytes. Defect flags are automatically generated by the system for each defective sector.




*concentric tracks allow ng the data storage sys o tr

physi cal 25 sector nunber to a | ogi cal ﬁ&? : agsé)béagizsl
The data storage systemas clained in claimb55 wh d g

Cportion and the data portion are within oneTPEAyyanzg ﬁpﬂac sector.
30 57¢o P‘ ﬁd ¢ storage system having mes each = -
haV|ng a plurality of concentric tracks su a plurality
of sectors each having a predeterm ned secto M\“Tmﬂmgmnmﬁl on WlthOUt an
i dentifier portion, wherei n each track incl u . Ivel y

96/ 27882

PCT/ US96/ 02831 - occurring prerecorded servo sectors, and further
wherei n b cylAdefset managemens ancthosiin a mpgnetic media system bsing @ magnetic keedian

di f f er enhavingdting os mofeapastionsitechtiatlading aphyality pf pleysicabseotors iapgrtion of

a. CyWwhichl etay de defeetive, rwhtbsii said phiediteof physieslC Secties inolutiesd slurality of

eagch tr aplicalnctofitanda phirflith Y spake k@@r@kﬂéﬁﬁéth&d’cﬂpr&ﬂfgﬁﬁé Stepsof: b.

caretrieving £ircujctefy ngfamewd%&bmcadéfo%ac%e&?w nloR SRS OF @

current partltlon(Egx peration 1s to o eac
defect record incl bIe C. a
sel ecting ci ?l?:ui t ﬂgﬁ&gﬁ ﬂﬂe ggﬁﬁnﬁ%gf$£@#agfwnt methods is
sel ecting which SRASNERETHEMFSIFCMs to be used 10 -

b the systen§  selecting one ofa pluraliy pf prsdeterampdigapning methoduiop magping ¢ he

mul tiple media surfphysigal sector to a logical sector deperfding erapwhich ¢f e dethrmingdsongal
- sector wthin the ofsaidehtralitsiof défectmanagement methods is being usedbmtheogi cal sect or

W thin the currentmameti¢ ivedia systémig the |ist of def ect
records and tdle Mehiihgd pifl8icaICsectoPAREIATE durkénephrtition to a logical sector
S number within the current partition using the list of defect records, the

determined one of said plurality of defect management methods used by the
magnetic media system, and a selected one of said plurality of
predetermined mapping methods, the logical sector numbers beginning from
a first sector and continuing consecutively to a last sector, avoiding the

20 defective sectors and utilizing the spare sectors if there are defective sectors
within the current partition; and ' _

e. mapping the defective sectors within the current partition to a substitute

spare sector within another partition if the number of defective sectors
within the current partition exceeds the number of spare sectors within the

25 current partition.
2. The method as claimed in claim 1 further comprising the step of obtaining a
physical sector number address for accessing a location in the storage media at which an
30 operation is to occur using the selected one of said plurality of predetermined mapping
methods. :
7. The method as claimed in claim 1 wherein a skew value is determined for the

~ magnetic media system and the first sector can be located anywhere on a track depending
35 | on the determined skew value.

8. The method as claimed in claim 2 wherein the list of defect records includes an
offset value for each defective sector within the partition, which depends on the determined
one of said plurality of defect management methods used by the magnetic media system

40 and is used by the selected one of said plurality of predetermined mapping methods to map
physical sectors to logical sectors including sectors contained in the list of defect records. *
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15 the magnetic nedia system the'I I cal C

begi nni ng 9 froma first secto%n;ﬁ&%@éS}l

- utively to a | ast sector, i e ive
gggfgrcs -and yuti l'i zi ng the’%o_a’r_g,/ |Ega{§t‘s2|?f “mgr L@gZe

def ect i VR6SMISCKA-PCW t hi n The current _ “partition; and 20
e. a second mapping cir “‘mﬂw“ ﬂ‘\!kﬂ“\he first mapping circuit
for mapping the defective gm ) e current partition
to a substitute spare sector* wi‘thi'n another partition if the

nunber of jdefegtive, sectors within the current partition '

exceeds tfie nuht etB?‘F ?@eﬁi&am§ \‘M%?’ﬁ%nnth% péset yplpe rig used by the selected

parti ti onone of said plusglity of predefermined meppingmethods to dndigatétorwhich physicakdi a _
surfaces o6ier thedegieal seqtorinmeppedand a plurality of transducers carried
by an actuator to enable novenent in unison and alignnent wth

corfcent r i 10.dat Bhetmethddsasainimad th ¢laiti 2wherenacst RR'OT sald fGrafgF L r ansducer to
Rt 8 G VoR DR Y g et O At ol th Bl "er DY
at a give inQ ; _co _ _ .
transguceIraé fmhaﬁhcylsiﬁr? %?ﬁa%cfy.m ‘i ei n each of said datﬁ " tracks are

I Vi ' | | furt erein

di ?’: ﬁggr Lo al’l%'n"i'é’tﬁ(l)d a'{s%la?rfne i the Clatny llO %v%g}eglre%bh 82 ect rlejcrord ianrcludes a 40
%096 /27 8%'Edetermined number of bytes. <

PCT/ US96/ 02831 I nformati on and an actual physical sector nunber for
each secttd arkhepnahodnselaimed incthe claing { bmhgreinthe predetanmined sumbr of byeed on
any one off eattedefet mentd is progeammedsby ahser.ei n t he act ual - physi cal sector
nunber is the sequential nunber of the sector on the track, each sector
5 13. The method as claimed in the claim 12 wherein each defect record includes at least
two bytes, wherein a first byte specifies a defect sector number and a second byte specifies
an offset value,

14. The method as claimed in claim 13 wherein the offset value is used to indicate
20 . where in the magnetic media system the logical sector is mapped.

15.  The method as claimed in claim 2 wherein a first one of said plurality of defect

management methods comprises a separate data and at least one ID field in the each sector,

and the method further comprises the step of reading the at least one ID field, the at least
25 one ID field comprising the list of defect records.

16.  The method as claimed in claim 2 wherein a second one of said plurality of defect
management methods comprises at least one merged data and header fields in the each
sector, and the method further comprises the step of reading the at least one merged data

30 and header fields, the at least one merged data and header fields comprising the list of
defect records.

17.  The method as claimed in claim 2 wherein a second one of said plurality of
predetermined mapping methods comprises loading the list of defect records using a
35 microprocessor disposed within said magnetic media system into a storage element having
' a plurality of storage locations.

18.  The method as claimed in claim 17 further comprising the step of determining if the
list of defect records will fit in the plurality of storage locations, storing the list of defect

40 records in said plurality of storage locations if the list of defect records will fit in the
plurality of storage locations, and carrying out at least one additional step if the list of
defect records will not fit in said plurality of storage locations.
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“conprising an identifier portion and a data port wher e] il er
portion includes a 5 head nunber and a |ist of éé.ﬁ re Ga&r?
.hunbers on the track which are to-be avoi ded, of C

. including a progranmabl e nunber of bytes: whereby U 2&?‘”‘&%7

por ti a266iMS@AIPCECT Or p“ﬂlﬁim letm/ mat i on as to the position of all

| ogi cal sectors on g t he physical sector nunber for
each sector on the track fo e fransiated to a | ogi cal sector nunber.
10 59. A nethod of perfornlng an operation |n a storage devi ce havi ng

mul ti pl rred a Lty of

transdugers ggi?fnleth d%&‘ n%?sfl a orlg% e?nsaldﬁg ar&g‘ﬁm% e@ﬂ% l}ﬁ%

r ead/ wr iCPEP ﬂﬁgﬁé‘m° m‘wn%é ‘i‘l%o ]:QP%POPFHE wher ei n

the dat ¥k saq0chaxiigaa sgvpl gym 1=re° fistosngs deratpas, orﬂngeﬂlabﬁwétdefecn s at a given

. posi t i omecpsisfip saidl first gnd spitbsecondobanks wherginsaid firstaand seif second bank are 3.

t¥ ans| ataltengatalydbadeil and proeessest until sdid step of stotimgythe dikt cfddfeesscarfls i t ar get

sect or, completed. b. formulating the identifier information for the

-addressed sector ID field; C. waiting until the target

sector ipg, 1 h?h@ﬁféihoﬁ%?&lﬁfmémnu&ﬁntwmrelm ﬁrst bank i 1s loadecfiwnh aﬁl@?‘éar oni zi ng

Wth a S¥iolds Rale oxrnQﬁeIJ'Els‘%E)? SR, ANFREL BF .

ﬁ)eratl%nd b, Seco loac? econd se ofre I sfn %gv\@rgrel n the
eps aa‘m% ¢ gid serond S8P‘g?1 5 B e

met hod 42 1§t of womwasaiﬁmomﬁﬁ é?‘i‘?f S8 sgjfh ascopd RPEGess of 2

format While sgid dirsfibagkiis relagde the ilistpfdlefest trporde whle said pegand set

met hod @¢corfbrar@prn¢¢$gedan saiéammi bank andsheloading andiprppessing sepepigd mltthw e medl a

sur f acedist ¢fadefect revouisihas beenpoocessed complewehyal i ty of transducers carried by an

agtuator for 30 noverent in unison into read/wite alignnent with

respect i2ie dghanietivd!ss clafinddia clahdi18 wherein saidh Sgcohdlond of s@id! plufalibedds accessed

by the iepeesbtgenetifihddeonpisiag Odid kiledt o Hbrged'ddtR Ehd hédler field il F OM &

cyl i ndenpe GRABES fihe: B6mprisel theQtep of determining if the list of defect records is

41 stored in a buffer RAM within the magnetic media system, in a header of each sector on a

20 track or will be loaded by a microprocessor into a storage element.

22.  The method as claimed in claim 21 wherein the storage element includes a plurality
of storage locations and is loaded from a determined one of said buffer RAM within the
magnetic media system, said header of each sector on a track or said microprocessor.

25
23. A defect management apparatus in a magnetic media system using a magnet1c
media having one or morg partitions each including a plurality of physical sectors, some o_f
the plurality of physical sectors which are defective sectors, wherein said plurality of _
physical sectors includes a plurality of logical sectors and a plurality of spare sectors, the
30 defect management apparatus comprising:
a. a retrieving circuit for retrieving a list of defect records for a current
partition;
b. a detecting circuit coupled to the retrieving circuit for detecting which one
of a plurality of defect management methods is being used by the magneuc
35 media system;
c. a selecting circuit coupled to the remevmg circuit and the detectmg circuit

for selecting one of a plurality of predetermined mapping methods to be
used by the magnetic media system depending on which one of the plurality
_ - of defect management methods is being used by the magnetic media system;

40 d. a first mapping circuit coupled to the selecting circuit, the retrieving circuit, -
and the detecting circuit for mapping, according to the one of the plurality -
of predetermined mapping methods, each physical sector within the current
partition to a logical sector within the current partition using the list of
defect records and the detected one of the plurality of defect management E

nemwmm L |
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WO 96/ 27882 (
PCT/ US9/ 02831 M an 1D fP&G‘dﬁld U(ﬁ resent

sector identification entify of bad §P § g)gb st19 ?d
dress atarg

b. ‘transl ati ng a physi cal o a | ogical
sect 0P265-MSCA-PCT L\“ﬂ“ﬁ‘\mngm\ﬂgmhe i dentifier information for the
addressed sector ID f| waiting until the target sector
is the next sector on the track and e. synchroni zing with a
sync field of the target sector and performng the operatlon 63.
The method as cl %&E&Hs'd&e&ﬁﬁh@'n?d AtR2m¥diS §yteth, ftﬁkﬁloékﬂ%eétﬁrsrb% mg an ID
fieldis 10 dong rit%cft& &%8#&1 JoH?ecg i¥elfyto la§t’se f{ q

<h d a8 § ai nme |n

repeated for each

the claim63 wherdee? nglﬁ'%g esé)'é“edsﬁ °rc§flf ??fr%é operatlon
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24.  The apparatus as claimed in the claim 23 wherein each defect record includes a
predetermined number of bytes.

25.  The apparatus as claimed in the claim 24 wherein the predetermined number of
5 bytes is programmed by a user.

26.  The apparatus as claimed in the claim 25 wherein in one of the plurality of
predetermined mapping methods each defect record includes at least two bytes, wherein a
first byte specifies a defect sector number and second byte specifies an offset value.

20
27.  The apparatus as claimed in the claim 26 wherein the offset value is used to
indicate in which physical sector the logical sector is mapped.

28.  The apparatus as claimed in the claim 23 further comprising a third mapping circuit

25 coupled to the first and second mapping circuits, the selecting circuit, the retrieving circuit,
and the detecting circuit for providing a physical sector number address for accessing a
location in the storage media using a logical sector number.

30.  The apparatus as clalmed in the claim 28 wherein said plurahty of physical sectors
30 is equal to the number of physwal sectors on a media track.

33.  The apparatus as claimed in the claim 28 further comprising a skew circuit coupled

to the third mapping circuit, the first and second mapping circuits, the selecting circuit,

the retrieving circuit, and the detecting circuit for numbering a first sector according to a
35 skew of the magnetic media system.

36.  The apparatus as claimed in claim 28 wherein defect information is read from at
least one sector header read by the third mapping circuit the at least one sector header
formatted according to a first one of the plurality of defect management methods

40 comprising merged data and header fields for each sector, the merged data and header
fields further comprising defect information.

37.  The apparatus as claimed in claim 28 wherein defect information is read from at
least one sector header read by the thlrd mappmg circuit the at least one sector header
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formatted according to a second one of the plurality of defect management methiods
comprising a separate data and ID field for each sector, the ID field comprising defect
information.

38.  The apparatus as claimed in claim 28 wherein a third one of the plurality of defect
management methods further comprises a microprocessor coupled to the third mapping
circuit, the first and second mapping circuits, the selecting circuit, the retrieving circuit,
and the detecting circuit for loading the list of defect records.

39.  The apparatus as claimed in the claim 28 further comprising a determining circuit
coupled to the third mapping circuit, the first and second mapping circuits, the selecting
circuit, the retrieving circuit, and the detecting circuit for determining if the list of defect
records is to be loaded from a buffer RAM within the magnetic medla system, a header of
each sector or from a mlcroprocessor

40.  The apparatus as claimed in the claim 38 further comprising a storage element
having a plurality of locations coupled to the third mapping circuit, the first and second
mapping circuits, the selecting circuit, the retrieving circuit, the detecting circuit, and the
microprocessor for loading the list of defect records into the storage element.

41.  The apparatus as claimed in the claim 40 wherein the storage element comprises a
first bank of storage locations and a second bank of storage locations which are alternately
loaded with defect records from the list of defect records and alternately processed, the
defect record in the first bank of storage locations processed while the defect records in the
second bank are being loaded, the loading and processing repeated until the list of defect
records is processed completely.

42,  Inadata storage device with multiple media- surfaces that rotate in unisonand a
plurality of transducers carried by an actuator to enable movement in unison and alignment
with concentric data tracks on said media surfaces permitting each transducerto be ina
read/write relationship with one of a series of tracks, whereby at a given location the tracks
confronting said plurality of transducers form a cylinder and wherein each of said data
tracks are divided into a plurality of sequential sectors. and further wherein cylinder
information and an actual physical sector number for each sector are provided by the
storage device and.are not stored on any one of the sequential sectors, wherein the actual
physical sector number is the sequential number of the sector on the track, each sector
comprising an identifier portion and a data portion wherein the identifier portion includes a
head number and a list of defect records for sector numbers on the track which are to be
avoided, each defect record including a programmable number of bytes whereby the
identifier portion of each sector provides the information as to the position of all logical
sectors on the track. '

43.  The data storage device as claimed in the claim 42 wherein each defect record
includes at least two bytes, wherein a First byte specifies a defect sector number and a
second byte specifies an offset value.
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44.  The data storage device as claimed in the claim 43 wherein the offset value is used
to indicate where in the system the logical sector is mapped.

45.  The data storage device as claimed in the claim 42 further‘comprising means for
adjusting a start location for an operation in response to a skew value of the device.

46.  The data storage device as claimed in the claim 43 wherein the identifier portion
further includes a flag byte comprising a flag bit indicating that there are more than a
predetermined number of defect records for a track. i
47.  The data storage device as claimed in the claim 42 wherein said defective sector list
contains an identification of all the sectors on the track that are to be skipped. whereby the
identifier portion of each sector provides the information as to the position of every logical
sector on the track.

48.  The data storage device as claimed in the claim 42 wherein the identifier portion
and the data portion of each sector are recorded as a single consecutive sequence of data
bits.

49.  The data storage device as claimed in the claim 48 wherein the sector data portion
further includes an error correction field that corrects errors in the consecutive sequence of
bits that form the combined identifier and data sector portions.

50.  The data storage device as claimed in the claim 48 wherein said sector identifier
portion further includes flag bits for recording the data condition of the associated sector.

~59. A method of performing an operation in a storage device having multiple media

surfaces that rotate in unison and a plurality of transducers carried by an actuator for
movement in unison into read/write alignment with respective data tracks on the media,
wherein the data tracks accessed by the transducers when the actuator is at a given position
from a cylinder. comprising the steps of:

translating a physical sector number to a logical address of a target sector;
formulating the identifier information for the addressed sector D field;
waiting until the target sector is the next sector on the track; and
synchronizing with a sync field of the target sector and performing the
operation.

e o

60.  The method as claimed in the claim 59 wherein the steps a-d are repeated for each
sector of the track. '
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