-1 SCRATCH FILL USING SCRATCH TRACKING TABLE Field of the Invention This application
relates generally to data storage devices and more particularly to a 5 method and system for efficient
management of defects on a data storage medium in a data storage device such as a disc drive.
Background of the Invention In the field of storage medium defect management, various methods have
been utilized to handle defects. Some of these defects may be isolated occurrences on the media.
Others may be 10 characterized as scratches. A scr'éfch, as used in this application, is a line of
defects on the storage media where data cannot be properly stored and recovered. They are usually
caused by some process during manufacture, or handling, and may be continuous or may have
breaks in- between. Prod¥sRAdQ/bF Fdhkdbh iyl NGIHERAMEHERNCAs INErddABAd such scratches
grow, i.e. are extended, during normal drive operation. One method utilized for handling potentially
large 15 defects such as scratches in the recording medium surface, is called "scratch fill." One
scratch fill method is described in detail in Ereldeofdime Iavplitigion Serial No. 10/003,459, filed October
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some process during manufacture, or handling, and may be continuous or may have breaks in-

between. Process and/or reliability problems may be encountered when such scratches grow, i.e.
are extended, during normal drive operation. One method utilized for handling potentially large
15  defects such as scratches in the recording medium surface, is called "scratch fill." One scratch
fill method is described in detail in co-pending application Serial No. 10/003,459, filed October
31, 2001.
Scratch fill algorithms basically look at the defects identified on the media and fill in gaps
between closely spaced defects as these typically are indicative of continuous scratches in the
20  media surface. This process is one method that attempts to anticipate where defects that are
passed over during generation of the defect list are likely to occur and essentially fill in the gaps,
as well as pad the identified defects. During drive operation, a substantial amount of processing
time is utilized in processing data through the defect management algorithms. In addition, there
is a potential for the defect list to become full during the scratch fill process as well as failing due
25  to improperly fill due to limitations in the algorithms. In short, such problems may cause the
microprocessor to simply run out of memory during the scratch fill process.
Accordingly there is a need for a robust and efficient method of handling and processing
scratches, and handling data that includes fast processing and accessing of defect lists so that
minimal processing time is needed for such checks. The present invention provides a solution

30  to this and other problems, and offers other advantages over the prior art.

Summary of the Invention




Summary of the Invention -2 Against this backdrop the present invention has been developed. An
embodiment of the present invention to reduce the processing time is to load and utilize part of the
Primary Defect List (PDL) into fast cache memory or Static Random Access Memory (SRAM).
Another scheme may use the Synchronous Dynamic Random Access Memory (SDRAM). In both
cases, 5 defect tracking tables are utilized to track the scratches and the buffer memory is used to
complement that used by the microcontroller. This redults in reduced processing time and elimination
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control Ot[he window as a scratch. A scratch-tracking table is then generated having a start index and an
end index for each scratch. Also, a scratch index table is generated that lists each and every
15  defect location along with its defect index and the scratch index associating the particular defect
with an identified scratch. These two tables are then utilized to pad the scratches as well as being
utilized in a buffer during drive operation to facilitate efficient defect location identification
when queried by the controller of the data storage device. Another embodiment of the present
invention utilizes one or more caches to iteratively develop and process the scratch tracking table
20  and scratch index tables as well as develop the padding of the defects in the event that limited
memory is available for use.
These and various other features as well as advantages which characterize the present
invention will be apparent from a reading of the following detailed description and a review of

the associated drawings.

25 Brief Description of the Drawings

FIG. 1 is a plan view of a disc drive incorporating a preferred embodiment of the present
invention showing the primary internal components.
FIG. 2 is a schematic block diagram of a disc drive control system utilized in control of

30 the disc drive shown in FIG. 1.

FIG. 3 is a basic overall process flow diagram of the method of handling scratches in

accordance with a preferred embodiment of the present invention.



30 the disc drive shown in FIG. 1. FIG. 3 is a basic overall process flow diagram of the method of
handling scratches in accordance with a preferred embodiment of the present invention. -3- FIG. 4 is
an illustration of an exemplary portion of a scratch tracking table in accordance with a preferred
embodiment of the present invention. FIG. 5 is an illustration of an exemplary portion of a primary
defect list scratch index table associated with the scratch-tracking table shown in FIG. 4. 5 FIG. 6 is a
process flow diagram of a routine that generates the tables shown in FIGS. 4 and 5. FIG. 7 is a further

exemplary illustigion of g,SHRIEREAYHRY éQQ&gFﬁ% bifiAFePIAanGR MHAHY RIFIIGH Lmbagiment of

the present invention. FIG. 8 is a further exemplaryillustration of a primary defect list scratch index
(PSI) tableith @ prforid eenkodineatser shetpreacking ealenshown in FIG. 7. FIG. 9 is a process flow
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padding tftéxesmptaaie Sonshahosasieh@agling taplosessflowliagkam of a routine that generates the

STT and PSI tables ié‘iifé?&géﬁ%?owiﬁl%%rg;%%%&l%%ﬁ IWYED R GAGRS &%WH%%%‘R@?Q}“ the
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10  associated with the scratch tracking table shown in FIG. 7.

FIG. 9 is a process flow diagram of the routine that generates the scratch padding in
accordance with the present invention.

FIG. 10 illustrates portions the Scratch Tracking Table and P-List Scratch Index table
with associated padding of exemplary Scratch 9.

15 FIG. 11 is a process flow diagram of a routine that generates the STT and PSI tables in
accordance with the present invention in which a cache is utilized for both the P-List and the PSI
table.

FIG. 12 is a process flow diagram of a routine that generates the STT and PSI tables in
accordance with an embodiment of the present invention in which a cache is utilized for the STT.

20 FIG. 13 is a process flow diagram of a routine that pads the defect scratches identified
with caching for STT.

FIG. 14 is a process flow diagram of a routine that is utilized when the PSI table is larger

than the size of a buffer space allocated for the PSI table

Detailed Description
25
A disc drive 100 that incorporates a preferred embodiment of the present invention is
shown in FIG. 1. The disc drive 100 includes a base 102 to which various components of the disc
drive 100 are mounted. A top cover 104, shown partially cut away, cooperates with the base 102
to form an internal, sealed environment for the disc drive in a conventional manner. The
30

components include a spindle motor 106 that rotates one or more discs 108 at a constant high

speed. Information is written to and read from tracks on the discs 108 through the use of an



shown in FIG. 1. The disc drive 100 includes a base 102 to which various components of the disc
drive 100 are mounted. A top cover 104, shown partially cut away, cooperates with the base 102 to
form an internal, sealed environment for the disc drive in a conventional manner. The 30 components
include a spindle motor 106 that rotates one or more discs 108 at a constant high speed. Information
is written to and read from tracks on the discs 108 through the use of an -4 actuator assembly 110,
which rotates during a seek operation about a bearing shaft assembly 112 positioned adjacent the
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the discs 108, with one or more flexures 116 extending from each of the actuator arms 114.” Mounted
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which head wires (not shown) are caonnected; the head wires beini:; routed along the actuator arms
114 and ASEAtSEdssemlly tH fhptvots about the bearing shaft assembly T12, and the heads 118 are caused

to move across the surfaces of the discs 108.

15 The spindle motor 106 is typically de-energized when the disc drive 100 is not in use for
extended periods of time. The heads 118 are moved over park zones 120 near the inner diameter
of the discs 108 when the drive motor is de-energized. The heads 118 are secured over the park
zones 120 through the use of an actuator latch arrangement, which prevents inadvertent rotation
of the actuator assembly 110 when the heads are parked.

20 A flex assembly 130 provides the requisite electrical connection paths for the actuator
assembly 110 while allowing pivotal movement of the actuator assembly 110 during operation.
The flex assembly includes a printed circuit board 132 to which head wires (not shown) are
connected; the head wires being routed along the actuator arms 114 and the flexures 116 to the
heads 118. The printed circuit board 132 typically includes circuitry for controlling the write

25  currents applied to the heads 118 during a write operation and a preamplifier for amplifying read
signals generated by the heads 118 during a read operation. The flex assembly terminates at a
flex bracket 134 for communication through the base deck 102 to a disc drive printed circuit

board (not shown) mounted to the bottom side of the disc drive 100.

30 Referring now to FIG. 2, shown therein is a basic functional block diagram of the disc
drive 100 of FIG. 1, generally showing the main functional circuits which are resident on the disc

drive printed circuit board and used to control the operation of the disc drive 100. The disc drive



heads 118. The printed circuit board 132 typically includes circuitry for controlling the write 25 currents
applied to the heads 118 during a write operation and a preamplifier for amplifying read signals
generated by the heads 118 during a read operation. The flex assembly terminates at a flex bracket
134 for communication through the base deck 102 to a disc drive printed circuit board (not shown)
mounted to the bottom side of the disc drive 100. 30 Referring now to FIG. 2, shown therein is a basic
functional block diagram of the disc drive 100 of FIG'.S'l, generally showing the main functional circuits
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drive 100. The disc drive -5- 100 is operably connected to a host computer 140 in a conventional
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sensing. During a seek ration, wherein the actuator 110 moves the heads 118 between tracks, the
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coil motor 124. Alsetdwecbd8ratcincaitd S0aprandtias lsgbtspeohtspla Brindly anseelcapeshtioouin@4s,
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includes afutienhtadasiliéateinigbfapesdidatdiranstar1 24 betwaectitrbosieamBoerdAdeosether
device and the disc drive 100. Data to be written to the disc drive 100 is thus passed from the host

ComputeFT}fﬁOﬂo IR IRgA Bk QRA AR fheigtqprocessor 142 receives information regarding the

velocity of the head 118, and uses that information in conjunction with a velocity profile stored
15  in memory 143 to communicate with the servo control circuit 150, which will apply a controlled
amount of current to the voice coil motor coil 126, thereby causing the actuator assembly 110 to
be pivoted.
Data is transferred between the host computer 140 or other device and the disc drive 100
by way of an interface 144, which typically includes a buffer to facilitate high-speed data transfer
20  between the host computer 140 or other device and the disc drive 100. Data to be written to the
disc drive 100 is thus passed from the host computer 140 to the interface 144 and then to a
read/write channel 146, which encodes and serializes the data and provides the requisite write
current signals to the heads 118. To retrieve data that has been previously stored in the disc drive
100, read signals are generated by the heads 118 and provided to the read/write channel 146,
25  which performs decoding and error detection and correction operations and outputs the retrieved
data to the interface 144 for subsequent transfer to the host computer 140 or other device.
Throughout this specification a number of abbreviations are used that require short

definitions. They are as follows:

30 SRAM: Static Dynamic Random Access Memory
SDRAM: Synchronous Dynamic Random Access Memory
DRAM: Dynamic Random Access Memory.



read/write channel 146, which encodes and serializes the data and provides the requisite write current
signals to the heads 118. To retrieve data that has been previously stored in the disc drive 100, read
signals are generated by the heads 118 and provided to the read/write channel 146, 25 which
performs decoding and error detection and correction operations and outputs the retrieved data to the
interface 144 for subsequent transfer to the host comg)uter 140 or other device. Throughout this
specification a number of abbreviations are used that require short definitions. They are as follows: 30
SRAM: Static DW“T%%&%@F&%&M ory SDRAM: Synchronous Dynamic Random Access
Memory DRAM: Dynamic Random Access Memory. -6 TCM: Tightly Coupled Memory. P-List: Primary
Defect List (PDIP:ibisRsimaist B teeidaist dPdots This istadistheatiatsite: dfestable is a cache to hold the

P-List entries fr%ﬁﬁ?&%ﬁ%b‘i‘&”iﬂi?%@l@ﬁ?%ec%%ﬁi&o%ﬁléﬁﬁé BITRLERMAHIAN KIS Is @

table tracking locatio servo defects. TA List: Thermal Asperities List. This list contains all
identifieddimengadtagpecitiss1gSTT: Scratch-Tracking Table. This table contains one entry for each

scratch identifie o STT stares th@lind X, 0f the entries in the P-List and other informatiaqn. PSI:
P15 Sorateh H B R e R R e Pl Bl A
2-byte entry recdndl FasttHEhSMTainkigertias thstP-List bsitophambedndessdridtbdrmithaspemtieser words,
the PSI stores t TJ in hat the corresponding P-List entries belong to. BFI: Bytes From |ndex.
Siiehahiisn dEE e Sy ebaiby e o o e S R T
In a disc ThivS Tatsstordgea oy od tanynieds dtsthe Rhei shagheticnietiafailmto one of three
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list. Both ¢hehBltiss 2:bg thenBH ek arddergbessTatchdik pliecessinbidreadgiianbibe dstetisthtit. PSFT
and TA ”ﬁ% g{ﬁeiovlv%? si,rh}(e) Iyé? sFt)élr'ggtt (;E elgge(;(fthha(te the corresponding P-List entries belong to.
BFI: Bytes From Index. This is the distance on a track from the index mark to the defect
location.
Len: Length of the defect.
15 In a disc drive data storage device, any defects on the magnetic media fall into one of
three categories: data defects, servo defects, and thermal asperities. All identified data defects
are kept in the P-List. All servo defects are kept in the PSFT. All thermal asperities identified
are kept in the TA list. Both the P-List and the PSFT undergo scratch fill processing. In
addition, the defects in the PSFT and TA list are folded in to the P-List at the end of the
20  certification testing prior to release of the drive from production.
A scratch is typically recognized and identified as such if two defects are detected within
a predetermined radial and circumferential window. As an example, a typical window may be
500 bytes circumferentially and 130 cylinders radially. Thus, if two defects are identified in this
area they will be characterized as a scratch.
25 A basic two-step scratch fill process 200 in accordance with an embodiment of the
present invention is shown in FIG. 3. Scratch fill begins in operation 202 where the entries in the
P-list are classified into different scratches. Each entry in the P-List is evaluated to determine
whether it falls within the scratch definition window such as mentioned above. Once the entire

P-List has
30



20 certification testing prior to release of the drive from production. A scratch is typically recognized
and identified as such if two defects are detected within a predetermined radial and circumferential
window. As an example, a typical window may be 500 bytes circumferentially and 130 cylinders
radially. Thus, if two defects are identified in this area they will be characterized as a scratch. 25 A
basic two-step scratch fill process 200 in accordance with an embodiment of the present invention is
shown in FIG. 3. Scratch fill begins in operation 202 Where the entries in the P-list are classified into
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scratch definition window such as mentioned above. Once the entire P-List has 30 -7- been analyzed,
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The scratch tracking table (STT) 210 has one entry per scratch. Each entry lists a

number of properties of the identified scratch: Start index 213 (index number associated with the
P-list entry212), end index (from the P-list), skew, thickness, end point, and other properties not

15  pertinent to this discussion. Two entries in the STT are shown in FIG. 4. Shown are two scratch
entries 8 and 9.

FIG. 5 shows an exemplary portion of a PSI table 216. Note that in this figure, each of
the scratches with PSI of 0 through 7 corresponds to single defects and therefore the PSI table
entry index number 213 (left column) and the PSI value 214 (center column) are the same. This

20  circumstance is purely coincidental in this simplified example. Since these defects do not form a
scratch with any priorentries, they are assigned to different scratch numbers. Referring to FIG. 5,
Scratch No. 8, begins at cylinder 1289, head 0 and BFI of 352,481 and ends at cylinder 1290,
head 0, and BFI of 352,425. Similarly, Scratch Number 9 begins at cylinder 2362, head 0, and
BFI of 242,256. Scratch Number 9 ends at cylinder 2365, head 0 and BFI of 242,270.

25 The operational flow diagram of the process 202 of characterizing the scratches on the
disc is shown in FIG. 6. Process 202 begins in start operation 222 upon the completion of
generation of the P-list. Control then transfers to operation 224.

Operation 224 loads a first entry from the P-List. Control then transfers to query
operation 226 that asks whether the loaded P-list entry fits the scratch size window of any of the

30 last P-List entry of the existing STT scratch entries, and thus can be classified in the current STT

entries. In other words, this query operation examines whether the loaded P-List entry fits the



entry index number 213 (left column) and the PSI value 214 (center column) are the same. This 20
circumstance is purely coincidental in this simplified example. Since these defects do not form a
scratch with any priorentries, they are assigned to different scratch numbers. Referring to FIG. 5,
Scratch No. 8, begins at cylinder 1289, head 0 and BFI of 352,481 and ends at cylinder 1290, head 0,
and BFI of 352,425. Similarly, Scratch Number 9 begins at cylinder 2362, head 0, and BFI of 242,256.
Scratch Number 9 ends at cylinder 2365, head 0O and'BFI of 242,270. 25 The operational flow diagram
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both entriese r\/a\llﬁl(){log*ga scratch or part of a scratch. If the answer is no, control 5 transfers to operation

0 . . .
228. In opgratlon anew STT entry is created for the loaded P-list entry, as the defect is not part
of an identified $€thecmathis pokry Qunatadti226 ixayrsiarsntoolaperstiont@8pciitioe 23&Bwdeia thaery

operation 226 i control transfer operati 2. Here the relevant STT entry is ted to the
omded P L R R e R R e M R e B et
the relevdofeSiTak patrpf @Genicalttthed dnafistis the opevatioSTA3ntGontrah topletatomaAs@apaates the PSI
entry 214 S.e. the 6atch number) of the P-List entry 212 in the PSI table 216 and then transfers to
query op8 gflaothoﬁgi Operation 234 checks whether the operation has reached the end of the P-List

and, if the answ@r)ifsryESpemltitmInanﬁfam&ﬂﬂlmmdmgemﬂc(ﬁla%mﬁmﬁmmmﬁﬂhée’tmm to the
nost 11 on e it g e POSNer 13 19 TSRS0I bt Al 1Sa, USRI A apeige bock
whether the operation has reached the end of the P-List and, if the answer is yes, control transfers
15  to end operation 236 and process control returns to the host. If on the other hand, the answer is
no, there are more P-List entries, then control transfers back to operation 224 where a next P-List
entry is loaded, and operations 224 through 234 are repeated until the last P-list entry is
processed. In this manner, the STT 210and PSI table 216 are both generated.
FIGS. 7 and 8 illustrate this process 202 in action in more detail. FIG. 7 shows four
20  scratches, Nos. 0, 8, 9 and 10 as illustrative examples. Since, during the first time through the
routine, in operation 224, there are no entries in the STT 210, the process takes the first entry
through query operation 226, in which the answer is no, and goes to operation 228, in which a
new entry is created that starts with index 0. The start and end index will be 0 at this point. The
defect location information, 347/1/177,144 are thus inserted in the STT 210 for Scratch No. 0 as
25  the end point in operation 228. The PSI value of 0 is entered in the PSI table 216 in operation
230. The identical steps described above, i.e. operations 224, 226, 228, and 230 are repeated for
the next 7 entries since they do not form scratches with any other points in the P-list, and thus
new STT entries are generated, rather than prior entries updated.
Entry indices 8 and 9 of the P-List, however, actually do form a scratch. First, the
30  corresponding information for index 8, as in index 0, is copied to entry 8 of the STT. The end

point of Scratch 8 initially will be 1,289/0/352,381 in operation 228. Then, when index 9 of the



entry is loaded, and operations 224 through 234 are repeated until the last P-list entry is processed. In
this manner, the STT 210and PSI table 216 are both generated. FIGS. 7 and 8 illustrate this process
202 in action in more detail. FIG. 7 shows four 20 scratches, Nos. 0, 8, 9 and 10 as illustrative
examples. Since, during the first time through the routine, in operation 224, there are no entries in the
STT 210, the process takes the first entry through query operation 226, in which the answer is no, and
goes to operation 228, in which a new entry is created that starts with index 0. The start and end
index willsbe; @ at Shis Rolat it BE. KIS fRELdoRas NIRRT/ 17 LA AR ys ispiasin the
STT 210 for Scratch No. 0 as Zg the end point in operation 228. The PSI value of 0 Is entered in the
PSI tablechaekid opeinstidhe aBtponteoidbatical stepSldeddfisatiighovadats Bsaratiohsioba azpet 008,
a0 o0 SEERRAON R A § BUGSS G ey ot (Y SeiGeR MR ARRIST Points T
the P-list, and thus new STT entries are ge eraté3 , rather thanprior entries updated. Entry indices 8
and 9 of tipeRtiois I owBves Tdcldignty forrhciasdrdich SHirsndite BO codrespuledifgamidhnatidngor
index 8, as.in inde IS, copj t the ST nd, peint ratch 8 imitially will be
oS0 R R R I T I e ST Ny PRI AR S LB, o
224 to opelation 22G;m@&ipthe B kistehtByefatingde P i crivgcked agaitssitbeendplindof the previous

STT 210 entries,.it meets the criteri be a to c 8. Thus't SW the query in
pledien Tl ichl Sk pr o AU M el i i
updated tdosely atlinetexBhantithElenydingaH dainvishipdatdddow RAGKRYP52, 405 sFhteh therBETI210

and PSI le 216 ar dated with t relevant informati ith scratch 8 ending at P-list.entry 9, as
0 s By R DTS T DRT LS S1 R SO or (IR THOTUTN 5 ars
all very closelyurelatsdrattihdad DinlREY 218 .all thus within a window and are part of a scratch number
9. Indices 10 and 11 are processed the same way as 8 and 9 discussed apove. Their information is

10 torod e SERE  G SE IO o LR L e e S T2 BN A amany 10 1
loaded in(peratiemes 1Eqiniroldpansiens2s gwatyOperationis 2omphetthaepieyiisisempared to the
previous P-List entries to see if it fits within the window for a scratch. As it does not, control transfers

to operafBH8 Sh &%&i%himﬁ%egﬂéwémsf%aa&rﬁﬁc{he@ﬁdﬁﬁ%ﬁ%ﬂf HA05EHHS Values of

operation 228, where Scratch No. 9 entry is made in the STT 210, with start and end values of

15 10, and end point of 2,362/0/242,256. Control transfers to operation 230, where the PSI for entry
10 is updated to reflect Scratch No. 9. Control then returns to operations 224 and 226 for P-List
entry 11. As the P-List entry 11 is within the window, control transfers to operation 232 where
the end value is updated to P-List entry 11 and the end point is updated to 2,365/0/242,270.
Control then transfers to operation 230, where the PSI for entry 11 is set at 9.

20 Control then passes to operation 234, thence back to operation 224, where P-List index
No. 12 defect is loaded. Control then transfers to operation 226, where the P-List entry is
compared again to the prior entries. This entry is not within the window, so control transfers to
operation 228, where a new entry 10 is assigned in the STT 210. The start value and end value
are set at the P-List entry index of 12, and the end point is set at 2,366/1/555,047.

25 Control then passes through query operation 234 again to operation 224 where P-List
entry 13 is loaded. In operation 226, this entry is compared to the prior P-List entries and found
to be within the window of Scratch No. 9. Thus control transfers to operation 232. Here, the
scratch start value remains the same, but the end value is now updated to 13. The end point is
also updated to 2,368/0/242,298. Control then passes to operation 234, and, for this example,

30  assuming there are no more entries in the P-List, transfers to end operation 236, which essentially

passes control back to operation 204 in the process 200 shown in FIG. 3.



15 10, and end point of 2,362/0/242,256. Control transfers to operation 230, where the PSI for entry
10 is updated to reflect Scratch No. 9. Control then returns to operations 224 and 226 for P-List entry
11. As the P-List entry 11 is within the window, control transfers to operation 232 where the end value
is updated to P-List entry 11 and the end point is updated to 2,365/0/242,270. Control then transfers
to operation 230, where the PSI for entry 11 is set at 5190 20 Control then passes to operation 234,
thence back to operation 224, where P-List index No.12 defect is loaded. Control then transfers to

operation 226, wiera [Re Brliisteii%CIMRAISE,299N fa 9oL eNliies: TISIAmiFieot within

the window, so control transfers to operation 228, where a newentry 10 is assigned in the STT 210.
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P-List entry 13 is loaded."In operation 226, this entry is compare e prior P-List entries and found
to be withirvohenginbiwwctsr @armcio o defEbisgrctstibilsiddzrs to operation 232. Here, the scratch

start yalue remaips. the e e e | t0.13.. The ing is, als dated
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back to operation 204 in . the process 200 shown in FIG. 3, -10- TBFI: ag)oy cess,illustrates that, as
oo U e RRETRR AR SR B T g RS IR SR g RS,
been testedwmpainzt4rsdavindoWICiitBrid dquancsaratontind Mddrgiletés dtaet fipstrpias@41f thiegrocess in

accordancet.V\ii.th the present i venttion, i votlviﬁcharacterization toft #Jefectst'g} tpe tP-Liztﬁlz. 5
Operatiof &SR EQUUTS S AGRHEr %1 HoR TS MFL AT OIS TR 51t WA Belescribed
with sefeissree iaNol GSinBant210.iPradedy ahhe ddaotitiech sciaitdhe soispestasn®e.in sequence,

starting at the top a orki n to the of the STT 210 via the operational sequence 204
Shown i FI6, SRER A U dulis SR ERg e TEH BT S50 CRSIREHTIRY counters and
registers cinsidehthle AsRASE8SJO Martinnoddandicre4hd dirsisamécii ol SemRiRd ModentiSTT 210 is
loaded. The Control then transfers to operation 244. Recall from FIG. 7, that Scratch No. 0 includes

only one NEL FhiSisHEral? artiehiitha3chte, N d-aBins e sis RSP Ba £ HEPSFfable 216

is searchgght@deladtdyeration 246, where the top of the one defect scratch is padded. The length of the
15 defect is compared against a length parameter set by the user. If the defect length exceeds the
value set, a pad of similar length will be added one cylinder above and below the defect. If the
defect length equals or is less than the value set, a pad defect entry of the value set by the user is
added above and below the defect. Thus the total "tail" size, i.e., the pad at either end of the
scratch, in the radial direction, is determined by the user. Control then transfers to operation 248
20  where a pad is established between the 2 P-List entries. However, in Scratch 0 there is no second
P-List entry, therefore control simply passes to query operation 250, which asks whether the end
of the scratch has been reached. In the case of Scratch 0, the answer is yes, and control transfers
to operation 252, where the bottom of the single defect scratch of Scratch 0 is padded in a
manner as above described in operation 246. Control then transfers to query operation 256.
25  Query operation 256 asks whether the end of the STT has been reached. In this case, the answer
is no, and control transfers back to operation 242, where the next entry from the STT is loaded.
The sequence of operations 242, 244, 246, 248, 250, 252, and 256 are then repeated, in the
example described and shown in FIGS. 7 and 8, for Scratches 1 through 7.
Then, for Scratch No. 8, the STT entry is loaded in operation 242. Control passes to
30  operation 244 where the PSI is searched for the next P-List entry associated with Scratch No. 8
and loaded. Control then passes to operation 246, where the top of Scratch No. 8 is padded.



another P-List entry 212 associated with Scratch No. 0. Since there is only one, control then transfers
to operation 246, where the top of the one defect scratch is padded. The length of the 15 defect is
compared against a length parameter set by the user. If the defect length exceeds the value set, a
pad of similar length will be added one cylinder above and below the defect. If the defect length
equals or is less than the value set, a pad defect entr 1of the value set by the user is added above
and below the defect. Thus the total "tail" size, i.e., the pad at either end of the scratch, in the radial

directionﬂgggt%gﬁ&%@gﬁﬁl% Hé%ct%&ﬁ%&?&ﬁaﬁéi%f%%ﬁ%ﬁé’%%ﬂ%&%@t 5 Whee2 paglds

established between the 2 P-List entries. However, in Scrat ere is no second P-List entry,
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where the bottom of the single defect scratch of Scratch 0 is padded in a manner as above described
in operaticiuz46t Bothealstian addadiebs o anderyl opehatidaicrs6 Thashseigta pérdtionR36-atkspathether
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operation 242, where the next entry from the STT Is Idaded. The sedquence of operations 242, 244,
246, 24811268 25R, aethA66 248 wemaepedtsd:sintthsheddzatptenddscliBdd drdtsieowndntialGis:n7 and
8, for Scratches 1 through 7. Then %U cratch,No..8..the STT entry is loa in gperation 242. Control
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value set béf%ﬁ]e us?r IS adgedtag%ye snd el v&the defect. Thus the total "tail" size, i.e., the pad 5 at
either end eengérftl%:tﬁ"i tHeTadidl iR i8It s determined by the user. Control then transfers to
operation 248 where duypad oa dsiatishédt beticen tHedcRidsishenigesm € ofifsad thetititiansféssdo query
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Control passes to operation 244 where the PSI is searched for the next P-List entry
associated with Scratch No. 9 and this second entry is loaded. Control then passes to operation
246, where the top of Scratch No. 9 is padded. As shown in FIG. 10, the padding is four
cylinders above. Control then transfers to operation 248 where a pad is established between the
20 2 P-List entries. In this case, two pad entries are made. Control then transfers to query operation
250 which asks whether the end of the scratch has been reached. In the example shown in FIG.
10, the answer is yes, so control passes to operation 252 where the bottom of the scratch is
padded as previously described.
However, if the example of Scratch No. 9 as shown in FIGS. 7 and 8 were encountered,
25  where there is another PSI entry associated with Scratch No. 9, the answer to query operation
250 would have been no. In that case, control would transfer to operation 254. In operation 254,
the earlier of the pair of entries previously loaded in operation 244 is discarded and replaced with
the next P-List entry for the scratch. In the case of FIGS. 7 and 8, that would be index 13,
(2368/0/242,298). Control then passes to operation 248 where padding is done between the two
30 loaded entries. For scratches that have a larger number of defects identified, this sequence, of

operations 248, 250, 254 are repeated until the answer in query operation 250 is yes. Control



and the next entry, Scratch No. 9, is loaded. The column on the right side of FIG. 10 indicates the
sequence of pad addition made to the Scratch No. 9, between defects 2,362/0/242,256 and
2,365/0/242,270. The example illustrated in FIG. 10 is four cylinders in the radial direction for
illustrative purposes. This could 15 be as much as 20 or 30 cylinders. Control passes to operation 244
where the PSIl is searched for the next P-List entry associated with Scratch No. 9 and this second
entry is loaded. Control then passes to operation 24'6,2Where the top of Scratch No. 9 is padded. As

shown Infe i, the aqnads fur euineisie Ahaye, FANCLIANUANGIRIS IR QBRIRIGNAAP here o

pad is established between the 202 P-List entries. In this case, two pad entries are made. Control
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bottom e scratch i1s padded as previously described. Howev e example of Scratch No. 9 as
shown inTEWGS:. (9 erecc8llng eregoountered, 25 where there is another PSI entry associated with

Scratch No. 9, the answer to_query operatipn 250 | v en_na. Inthat case, control would
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operation 4eQ, % yes. SoNUiok 12 ien tansfers (o perafonaa2.winele e halam, ofine seraigh is
padded as desc ed bove. "TORErGI thén passes to query operaﬁflon %6, which ask& Whethér'the end
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where control returns to the calling program. 5 In summary, in the,example shown in FIG, 10, first,
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immediately peiobtartbétsiahe diffadacobinkedefedefpbysicaliydioidenbysite wfitihedefeghih&econd, a

pad defegt entry is added) (@ the,two cyinders fgtween the,start and eng oyinders, Third, four pad
is 3. Similarly, there is padding done in the circumferential direction that is not illustrated in the

15 example shown in FIG. 10.

An alternative method in accordance with an embodiment of the present invention is
utilized when dealing with a drive configuration that includes limited Tightly Controlled
Memory (TCM). In this case, caching schemes are incorporated into the method 200 of
characterizing (202) and padding (204) scratches. This method is shown in FIGS. 11 through 14.

20 TCM currently incorporates only 1024 entries of PSI (2 bytes each entry), 1024 entries of
P-List (14 bytes each entry) and 256 entries of STT (48 bytes each). Consequently, a caching
scheme must be employed, in which scratch characterization is done in blocks of 1024 entries
and padding is done using the PSI, with only selected entries being retrieved. This is facilitated
because each P-List entry belongs to only one scratch. One of the advantages of using the PSI, is

25  that it facilitates quick update and retrieval since it only utilizes 2 bytes per entry.

In the discussion that follows, it may be helpful to note that FIGS. 11 and 12 demonstrate
the characterization algorithm 202 and FIGS. 13 and 14 demonstrate the overall padding
algorithm 204 variations involving the use of caching.

Turning now to FIG. 11, the simplest use of a cache in an embodiment of the present

30 invention is shown. This is the situation when there are less than 1024 entries in the P-List 212

and less than 256 entries in the STT 210. This involves P-List caching and is shown in routine



following the end of the scratch, i.e. one on each of the four cylinders immediately after the end 10
cylinder of the defect (i.e., physically on the other side of the end defect). The BFI number is just the
guantum space to be added or subtracted to each preceding or subsequent pad entry. It can be
obtained by the difference of the two defect points divided by the number of cylinders in between. In
the illustrated example, the difference is 14 and the number of cylinders in between is 3. Similarly,
there is padding done in the circumferential direction tRat is not illustrated in the 15 example shown in

FIG. 10. Agpalisratye MaiopsnacRUdange i @Htﬁé@?ﬁé’ﬂ@féﬁ%é@?&fﬁﬁﬁ@& vaRiian;ispwlized
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use of a cache in an bodiment of the present 30 jnvention is shown. This is the situation when there
e loce HEHTRE BTE ORI R o T ST St ibe i the ST 210, This Ivolves
P-List caching awdtistsRanalifidatidiehd 3pedafions B2, 306,808 Bl dabB 2xeepds i3l edires, PSI
caching is performed as shown in FIG. 14. If the STT 210 exceeds 256.entries, STT caching is
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shown indatfe d3thEes Meibied 2360, ThvQlpiretBrl380aRghHIgn iSeuili i 30P whihe thbaGeterizaion
method 5 as in the first embodiment described above with reference 1o FIG. 6. Operation 304 is in

effect opBYaSASAAh thiertie 16atEd ABERE 15 RSP dRNEetR P B a B W e Bapist 212

been described in detail by operation 202 with the exception that the P-List entries are obtained
15  from the cache and PSI entries are updated to the cache.

When operation 304 has completed for all the cached P-List entries, control is transferred
to operation 306, that will determine if the end of the P-List in the DRAM has been reached. If
the answer is no, control will transfer to operation 308 where the updated PSI entries are
transferred to the PSI table 216 in DRAM before returning to operation 302 to load the P-List

20  cache with the next 1024 entries from the DRAM . If the answer to the question in operation 306
is yes, control will be transferred to operation 310.

Operation 310 will determine if there are any PSI entries updated to the DRAM. If the
answer is no, the PSI information will be used directly from the cache and no other operations is
necessary and the control is returned to the calling function via operation 314. If the answer is

25  yes, the PSI entries in the cache is updated to the PSI table 216 in DRAM before control is
returned to the call function via operation 314.A different situation exists when the STT 210
exceeds 256 entries. In this case, all entries in the STT cache are saved to the DRAM and only
active entries are kept in the TCM. In this case the STT cache is loaded from the DRAM starting
with the first active entry. An active entry is defined as one with the cylinder of the last entry

30  within the radial window of the current entry. This is because the P-List is arranged in an

ascending order of cylinder, head and BFI. So, if the last entry of an STT is outside this window,



and the PSI entries updated to the PSI cache instead of direct to the PSI table 216. Operation 304 will
also support caching of the STT that will be described later but not important in the description of the
operations where the PSI and P-List are cached. 10 With this modification, the operations 302, 306,
308, 310 and 312 are just involved in loading the P-List entries 212 from the P-List to the cache and
updating PSI entries 214 from the cache to the PSI Table 216. The operation 300 begins in operation
302 where the 1024 P-List entries are loaded to the ¢ache. The P-List cache is then transferred to
operation,30d,whichhas Reep desaribeddn detel v eraration ARG E¥caRim AL Ie,RyList
entries are obtained 15 from the cache and PSI entries are updated to the cache. When operation 304
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determine if the gndhof the PrLigtin e DRAMPAS hReMEaehedTH 519 A0RNSLS A%, §9ptrol wil
transfer to operation 308 where the update§ PSI éntries are transferred to the PSI table 216 in DRAM
before redgsaitleydorbpesatiban30riate|varbshid IR, Listr2 vardiserafith thepdesadl 024renpdets frometthe
DRAM. If the.answer ion. | tion 306 i 11N fe t ion
310, Opo e ST e e e B L Rl THoRSEEIL
no, the P8idmépratatidnt vsikhbended thir&Atly Zidhmthercswhelamdl hbcativeredperdiidyiBlisindgbe ssahg and

the contrgl is returned ta the ?31@511 functi ia pperation 314. If the an ris 25 yes, the P tries
i the ot e B o L R R e R e K e o v
operatioredt#sAdiffentet. slfuationtkais2s Mdrendher Sdou2e0, xddadsc2y6 Shirieslcn ithiscoads]. all
entries inthe STT cache are saved to the DRAM.and gnly active entries are kept in the TCM. In this
case e QHr oA AR TGRS et actve entry. an active entry i
defined as one Ritfethiegcytinder lifihE2ladtaenttgri20tivitlius ihepadiabwBtdowy whitie: Q@0EnttriiyT This
is because the P-List is arranged in an gscendin r of cylinder, hea d BFIl. So, if the last entry
of an ST T BRI TSI GO i R A DB RS AGRTHC T AL LA BRrE A SRt he fun
STT overapk, Whtwbmninaies anyTmeHd iainabidelthelsaativiecaitias. Brigiyatbedr tbighentry is

checked agalst s gache STT.210.85.1 operaton 226, deselifd gy g Jedais fposlle

operation 404 and transfers to operation 406, where the P-List entry is checked against the

15  cached STT 210 to determine whether the defect entry is within the predetermined window of
any entry in the STT 210. . If the answer to query operation 402 is yes, the active STT is greater
than 256 entries, process control proceeds to operation 404 where the cache is loaded with those
STT 210 active entries from DRAM, starting with the first active entry, and then control transfers
to operation 406. Referring back to FIG. 8, for example, the radial window is 130 cylinders. The

20  last current entry is 13 (2,368/0/242,298). Scratches 0 to 8 are inactive. Only STT Scratches 9
and 10 are active, thus only Scratches 9 and 10 would be loaded into the cache. Then control
transfers to operation 408.

Query operation 408 asks whether an entry in the cache can possibly be updated. If the
answer is no, no update is possible, control transfers to query operation 410. If an update is

25  possible, control transfers to operation 414.

Query operation 410 asks whether the end of the active STT 210 has been reached. If the
answer is yes, then control transfers to operation 412 where a new STT entry is generated, since
an existing scratch can't be updated. If the answer in query operation 410 is no, there is more to
the active STT 210, then control transfers back to operation 404, where the next set of the STT

30 210 entries is loaded into the cache. Then operations 406 and 408 and 410 are repeated until the



5 possible, the query is made whether or not it is the end of the STT 210. If not, load the new entry
and repeat. If it is the end of the STT 210, a new scratch will be created in the STT and the cache
information is updated. The entire STT in DRAM is then updated and the number of active STT
entries is counted. If more than 256 entries are counted, the first active STT index is recorded.
Otherwise, only active entries will be loaded into the cache. 10 Referring now to FIG. 12,
characterization (as in operation 304 in routine 300) With STT caching is more fully explained. The

routine 400,0aGINS QPRI ¢ RIWDRLE. t@ﬁe%"é@ﬁﬂfol%ag%‘é,s\éﬁ‘?&%%%fﬁ‘ﬁoﬂ%‘ft?&ﬂ@&ﬁe%ﬁ)ﬁ‘Ore

than 256 active entries. If the answer to query operation 402 is no, process control continues as in
routine 384 b dibier anevds, tesnigtt BiPasses wikrationrads ansserarisfighs fo openitiorddde, where the

P-List enty is ciegkerk aainat e d Seasied ST 28,0 SRISTRBNDSHIS e fplect yy s it

the predetermined win any entry | T nswer to query operation 402 is yes,
the activeSiniedsbyreatae dhaddiBtaemwentproCessrobiiivoltprodersds tpoperatibht404 where the

cachg is loaded with thase . STT, 210 active entries fram DRAM, starting with the first.active entry, and
then-control traraEaTY (L8 A S e S S e o e 130
cylindersThisej@@yastregessatyetotde isri3n(2i B368/0624 3 PP 8htiSaratsthiesup dat@ldoctheactiie a@h BT T
Scratche d 10 are active, thus gnly Scratches 9 and.10 would be. loaded into the cache. Then
control 2 RA St P B R S a kA ey R
possibly bewpostied tiiikierarsyperdsoiod 18) whdatehis $OESibIRR advitiohprdatsfeasd ohguetivoSaration

410. If date is 25 possiple, control transfers to. ion 414, tion 410 asks wheth
the enct G0 BCHOST D16 RS R FOBEHGER AL AR (LGRSO SO AR

operatiorogddtvwsher®da new STT entry is generated, since an existing scratch can't be updated. If the

answer in query operation 410 is no, there is more he active STT 210, then control transfers back
to operation 40@%5%?&?%18%{2 et eg‘fﬁ% éoﬁé RS AR ito tRE e SHHED F?éﬁfrers

operations 46 cpea408 478 dhRlieaspea@htbLibioR td Sreanidliabtpl aelive IS The dddisreaghed,
where control is passed to operation 412 then to operation 414 or if the answer to query 408 is yes,

where cotFSHOPASEEY LiraidHt $8Cbp &t A QT2 fn SpRITR) RS fRET AR QRS B3 6%l alhass
through” shaeaithes438 TilO1vwas MSIDRAM is updated and the active STT 210 count is updated. Note

15  that the active STT may have shrunk if the end points of active STT entries passed beyond the
radial window of the current P-List entry so that they are unable to form a scratch or part of a
scratch with any subsequent P-List entries. Control then transfers to query operation 422.

Query operation 422 again asks whether the active STT is greater than 256. If so, control
transfers to operation 426. If the answer in query opration 422 is no, control transfers to

20  operation 424.

Operation 424 loads the active entries to the cache and control transfers to end operation
428, where control returns operation 304 for completion of the characterization algorithm, update
of the PSI (operation 306) until the end of the P-List 212 is reached in operation 308. Operation
426, on the other hand, records the first active STT 210 entry index and then returns to the

25  calling program 300 in operation 428, specifically operations 304-310.

The padding portion 500 of the method in accordance with the alternative embodiments
of the invention involving caching are best understood while referring to FIGS. 13 and 14.
FIG. 13 shows the process 500 where caching has been utilized, such as where the STT
210 has greater than 256 entries. Here, operation begins in operation 502, where the cache is
30  loaded from the STT 210. Control then transfers to padding algorithm operation 504 which

implements the operations described previously, in operations 240 through 250 with reference to



updated by virtue of adding a new entry. Control then transfers to operation 416 5 Query operation 416
again asks whether there are more than 256 active STT entries. This query is necessary to determine
if the new STT entry must be updated to the cache and then DRAM or if only an update to the cache
is necessary. If the answer in query operation 416 is yes, then control transfers to operation 418,
where the STT in DRAM is updated and the active STT count is updated. If the answer in query
operation 416 is no, then control transfers to query 1'd6dperation 420. Query operation 420 asks

whether ;S TJ GAChPi 5L AT SRASE B ROpGRNIOA KRRSIBER o 9 ORI RN ARR, Waich transfers

control back to the calling program. If the answer in query operation is yes, the STT cache is out of

space, coderdiftedristetshio dfergroh t18ciguihe irncbpeésaiddedtBranghSiny sarthedd REKAtionpdated
and the aefiye, ST.HAR &S’gﬂ%gsbé%qbﬁ‘lﬁ% r;é}@%?o%??ﬁ%%ﬁ%ﬂ@%{&%ﬁ@ﬁ%%@%1" fihe b%%gh

points of active STT entries p eyond the radial window of the current P-List entry so that they
are unabteadhédrnifanstretoh dripantfofsdo spatthowifanisaisegerdmidrtibisvé tteied. 0oy Avels

transfers.tg quer eration 422, Query gperation422 again asks.whegther,the active STT is greater
han 256 H s e B O e o B G A Somvro
transfers BR 2o EllatsoratB4d Gpenati pasdsitioads dhe aciiveMSniried tchtbeecatpeoaess comtral transfers
to end op%g{gti% 0%%8 Where coorllgrrgl returns operation 304 for completion of the characterization
algorithm, uﬁaa eo ﬁ1e 1Iggplfo%eration 306) until the end of the P-List 212 is reached in operation
308. Operation AzGpondiz2dthanhand]ipgehrdsfftredfirdtthetRtd BHE 216 eniry lndeXanbetieMeturns

to the 25.call rogram 300 | ion 428, specifically operations 304-310. The paddin rtion
500 of ths nAlHa T SELB ARG T e SHATE o A B AT SO b B g
are hest urdesstabit Whilésneteteingdb &I S opSratich D44 Risrd thsRelvabhel@isess Ok winere

caching has be tilized, such here the STT 210 has greater than 256 entries. Here, operation
begins inr%té]?g?é# Ci0p ﬂ‘g&lﬁlﬁﬁajﬂéﬂgﬁ% I‘(%E’j‘gﬁlﬁ‘gﬁ&'the STT 210. Control then transfers to

padding algoritiRo@per310beQdsvwihisherimpiesieniswheppes afiens idesalibet ey thu Fig] laperations
240 ihrougl 250 wilh IeETECe Qe IS, S0 10, PAich, o iaRle Bad ARRdHgp bove,
table 216 is less than the cache size, the PSI table 216 is already in the cache and process
15 continues as above described. If the PSI table is to large, control passes to operation 514. In
operation 514, the PSI DRAM address is set to the STT start index. Control passes to operation
516 where the first 1024 entries of the PSI table are transferred into the cache. Control then
transfers to operation 518 where the cache is searched for entries associated with the scratch.
Control then transfers to query operation 520. Query operation asks whether there are entries
20  associated with a scratch found. If so, control transfers to return operation 524, in which control
returns to the place in the routine asking for the PSI table 216, such as the operation 244 carried
out in the padding routine operation 504 in routine 500. If, on the other hand, no matching
entries were found in operation 518, control passes to operation 522. The DRAM addresses are
incremented in operation 522 and the next 1024 entries in the DRAM PSI table are loaded into
25  the cache and control returns through operation 516 to search operation 518. This process
repeats until the required P-List entry is found.
Thus, for a disc drive 100 utilizing a limited buffer size, such as TCM, if the size of the P-
List, the STT, and the PSI table are each too large to be immediately accommodated, e.g., several
thousand, the process 200 may well involve use of each of the routines 300, 400, 500, and 510
30  described with reference to FIGS. 11 through 14 iteratively, in order to process all of the

scratches identified on the disc media.



identified scratch. After each scratch in the cache is padded through this series of operations, control
transfers to query operation 506, which asks whether the end of the DRAM STT has been reached. If
not, control transfers to operation 502 where the next portion of the STT in DRAM is 5 loaded and the
padding process in operation 504 is repeated. Finally, when the end of the DRAM STT is reached,
control passes to end operation 508 in which overall process control returns to the calling program.
The process 244 may be slightly different if the PSI tale 216 is too large for the TCM, i.e., there are
more than 1024;PgLiphentugsmily S Fase GRS AreqYash i ssateirhurdate A e finkable

216 is made, such as the operation 244 where the PSI table 216is searched, a routine 510 as Is
shown in@@lmmwﬁéammm@@nﬁbm M@llﬁeg mgsmdp@@ﬁmesmmmth@s baety is
made Wh&é&‘%{ﬁ@&fﬁ%&?ﬁ&s@f@ﬂ% Fsatuban g aplAble SAER FEC AR Eﬁbﬂf GARRAL Qe ieRded
all at once. If the PSI "table 216 is less than the cache size, the PSI table 216 is already in the cache
and procexssvwdlooithimubs seopbolthdesesitne cnveénbiorP SFaalskaintls | dirgeoeonts A1 S68s 460 58fation

514. 1In qperati t R ' 0 ' : r

operétion 1‘§)l gv%eg e%t Ie.l!l%l(rf)ﬁ Alr(%af ﬁﬁ%ﬁg%@%&gé&g@g&gﬁ%ﬁ%@i ﬁ%g@é?%ﬁﬁéggé%trol then
transfersitmogecatiorn 648 vike dritieel 08chiéh issseaot tetstontehts esag dsopiade tiwitlvtiestgichabeld. by
Control then tran to query, operation 520. Quer erati sks.whether there are eptries 20
ssociatal e DL B R I v
returns taltherpkatbkereiheXoutinreuaskhey fbatlgesPBiythblm&ik6wbinthvad thedolyenatimst2idncmiried out
in the padding roytine operation 504 in.routine 500. If, on, the other ha %no matchi ntries were
found im ULl OT L o oS S SO B R A R YRRl
operatiorn$2fmed théhneypin®d ehtimes in the DRAM PSI table are loaded into 25 the cache and
control returns through operation 516 to search operation 518. This process repeats until the required
P-List entry is found. Thus, for a disc drive 100 utilizing a limited buffer size, such as TCM, if the size
of the P- List, the STT, and the PSI table are each too large to be immediately accommodated, e.g.,
several thousand, the process 200 may well involve use of each of the routines 300, 400, 500, and
510 30 described with reference to FIGS. 11 through 14 iteratively, in order to process all of the
scratches identified on the disc media.



-17- It will be clear that the present invention is well adapted to attain the ends and advantages
mentioned as well as those inherent therein. While a presently preferred embodiment has been
described for purposes of this disclosure, various changes and modifications may be made which are
well within the scope of the present invention. For example, the routines 200, 300, 400, 500 5 and 512
may be incorporated in drive firmware and/or may be externally controlled during the manufacture of
the disc drive 100. The size of the scratches may be'ﬂ)%édefined or established by the user. Different
padding schemes may be implemented other than the ones specifically described herein. Numerous
other changes may be made which will readily suggest themselves to those skilled in the art and
which are encompassed in the spirit of the inventiédaimslosed and 10 as defined in the appended
claims. -18 Claiggg, Whatis glaimed is: 5 1. A method of managing spatially related defects on a data
storage media surface in a data storage device comprising: identifying defect locations on the media
surface; determining whether the location of an identified defect is within a predetermined window of

another identified defegt ' mnedi O [on. Js withi ined
Wind?)w, charactf(jérizinggtr%% g%%%t{qur{laE@%%%gaff?sgga&%a%%%ﬁ%ﬁ%é%gg%%%%?étg&%?ggﬂr%
table havinlp@ staragndexiatdoampenthgndex for each scratch. 2. The method according to claim 1

further comprisip&ﬁ?%gﬁ%%g%&ts%&tﬁgh&é n:’?fhyﬁ?eﬁ}gtsrl‘f?ﬂ &ccording to claim 1 wherein the
on

characterizing operat omprises: assigning a unique scratch index to the scratch; and associating
each defect withiet¢hsinimglpheitith tielocitgoe sCaatclentidexd. &iedt iFhel tinethpdedetondimglto claim 3

further C%@&bs\kfnﬁﬁ %eoqﬁé%@&%%se%r?%%c@%eﬁgghe ?}?ﬁgdcr)gel%}hngueﬁgg |den_t|f|ed defept with a scratch
index. 5. The method according to claim 1 wherein the determining operation comprises:
10 if the location is within the predetermined window, characterizing the defects in the
window as a scratch; and.

generating a scratch tracking table having a start index and an end index for each scratch.

2. The method according to claim 1 further comprising padding the scratch.

15
3. The method according to claim 1 wherein the characterizing operation comprises:
assigning a unique scratch index to the scratch; and

associating each defect within the window with the unique scratch index.

20 4. The method according to claim 3 further comprising:

generating a scratch index table associating each identified defect with a scratch index.

5. The method according to claim 1 wherein the determining operation comprises:
loading an identified defect location in a register; and
25 comparing the defect location and a last identified defect location of each identified

scratch against predetermined window criteria.

6. The method according to claim 7 wherein the predetermined window criteria
comprises a number of cylinders and a number of bytes.

30



loading an identified defect location in a register; and 25 comparing the defect location and a last
identified defect location of each identified scratch against predetermined window criteria. 6. The
method according to claim 7 wherein the predetermined window criteria comprises a number of
cylinders and a number of bytes. 30 -19 7. A method comprising: identifying defect locations on a data
storage media; tabulating the identified defects in a defect list; determining whether one or more
defect locations lies within a predetermined window 6f’5 another defect location; assigning a unique
scratch index togach %mgﬂgggg%ﬁ\gmgy the predetermined window; generating a scratch tracking
table listing a start index for a first defect focation in the window and an end index for a last defect
location in the witrdt\yfog defsistderaterninaes dUagioigsednetha generating a scratch index table

associating a S%ﬁﬁﬁtiﬂﬁ‘?ﬁe"ﬂ&uﬁﬁ%ﬁ qefest E%F‘H%cﬁhéﬁ‘e method according to claim 7 further

comprising: using the scratch tracking table and the scratch index table to determine whether a read or
15 write commagrdagnming retkitbeted o nmotialctiatol starage Iinedidhoratoed Qembsathathdd wedording

to clgim 7 furthenc mq{)igm . retrieving an entry in the scratch tracking table having a first scratch
index; searcﬁ%ng tﬁée scratc%nl’ndex table for defect locations associated with the first scratch 20 index;

padding the scrasstgnangiaepepigrigidtehratdeviogasbaldiendosadopadding wensdoresfonel next scratch
index. 10, The method according to claim 9 wherein the repeating operation includes a query 25

. WINdOw . . Do
operation asking whether an end of the scratch tracking table has been reached prior to retrieving the
next scratch indgsnerating a scratch tracking table listing a start index for a first defect location in the

window and an end index for a last defect location in the window for each scratch index
10  assigned; and

generating a scratch index table associating a scratch index with each defect location.

8. The method according to claim 7 further comprising:
using the scratch tracking table and the scratch index table to determine whether a read or

15  write command is to be redirected to another data storage media location.

9. The method according to claim 7 further comprising:

retrieving an entry in the scratch tracking table having a first scratch index;

searching the scratch index table for defect locations associated with the first scratch
20  index;

padding the scratch; and

repeating the retrieving, searching and padding operations for a next scratch index.

10. The method according to claim 9 wherein the repeating operation includes a query
25  operation asking whether an end of the scratch tracking table has been reached prior to retrieving

the next scratch index.



-20- 11. A system for managing scratches on a data storage media in a data storage device
comprising: a controller adapted to control access by a host to and from the data storage media; a
memory coupled to the controller; 5 a scratch index table in the memory having a unique index entry
for each identified defect location on the data storage media and an associated scratch index entry for
each defect location; and; a scratch tracking table in the memory having, for each scratch index entry,
a start index, and end index, and an end defect location for each identified scratch index. 10 12. The

system according to clai, 14, her OMRASIE@ R TRL S ANIIONRt ARG 1N e acking

table and scratch index table are utilized in'the buffer to identify defect locations. 15 13."The system

accordingameteimgl 1 further comprising: an operational sequence for identifying defect locations on
the media surfage: ApRe-alional sPaysRAc e dsiermning wheer i ralp AR dgatiied defect
is within a predetermined window of another identified defect location on the media surface; an
operational seqaenvador edunigditritingahealsiacts in the window as a scratch, if the 20 location is
withip the predeferpingd indawt.aneh 2 ARSIAHAVALSEAHRRGS AL OENFAlpg AispialEl ipgking table
having a start index and an en(?lll%?ﬁex %El eacf?scratc%s. 14.FdT1[he1 system?gccorcﬂng to cTzeulm 13 further
comprisitgranonper dhivdaestoagnaectbn 46! pnddingiaadhaeteiohdaxtitetsefatclachadkied tagdeons. The
system agcording to claim 13 wherein the characterizing operational sequence comprises: assigning a
unigue scratch index to the scratch; and 30 associating each defect within the window with the unique
scratch index. -25détcA dathispidge idebicmeomprisingyg, for each scratch index entry, a start index,

and end index, and an end defect location for each identified scratch index.

10
12. The system according to claim 11 further comprising a buffer in the controller
wherein the scratch tracking table and scratch index table are utilized in the buffer to identify
defect locations.
15 13. The system according to claim 11 further comprising:

an operational sequence for identifying defect locations on the media surface;
an operational sequence for determining whether the location of an identified defect is
within a predetermined window of another identified defect location on the media surface;
an operational sequence for characterizing the defects in the window as a scratch, if the
20  location is within the predetermined window; and.
an operational sequence for generating a scratch tracking table having a start index and an

end index for each scratch.

14. The system according to claim 13 further comprising an operational sequence for

25  padding each scratch in the scratch tracking table.

15. The system according to claim 13 wherein the characterizing operational sequence
comprises:
assigning a unique scratch index to the scratch; and

30 associating each defect within the window with the unique scratch index.



a data storage medium; a controller coupled to the data storage medium; a plurality of sequences for
generating and using a scratch tracking table and a scratch 5 index table to characterize defects
identified on the data storage medium as belonging to one or more identified scratches. 17. The data
storage device according to claim 16 further comprising a sequence for padding identified scratches
on the medium. 10 18. The data storage device according to claim 16 wherein a sequence for
generating a scratch tracking table includes operatid%ls' of: identifying defect locations on the data
storage mediuml;6;abu@%%@gr%%qg{ggec&tﬁﬁ%mga defect list; 15 determining whether one or more
defect locations lies within a predetermined window of another defect location; assigning a unique
scratch index todedith defegs faediion within the predetermined window; and generating the scratch
tracking table lisfing a SiartJndax£es ﬂléi%gg{g&#gﬁ%tm%g the 20 window and an end index for a
last defect location in the window for each scratch index assigned. 19. The data storage device
according to clainplus:tiivtésaprenaisinyg gesspisrcentbusgeresatitehdrsckangtablidesndabieratiociating
a scratch lndex Wi eag &?@?%}%!88%% deRt Tﬁ%@ga t t&r&gge%%&ﬁ&nzﬁ‘s‘%g@i 3%%@1{&]& further
Iste atc .

comprising a sequence 10or pa dlng each scratc In the sc trac Ing ta
more identified scratches.

17. The data storage device according to claim 16 further comprising a sequence for

padding identified scratches on the medium.

10
18. The data storage device according to claim 16 wherein a sequence for generating a
scratch tracking table includes operations of:
identifying defect locations on the data storage medium;
tabulating the identified defects in a defect list;
15 determining whether one or more defect locations lies within a predetermined window of

another defect location;
assigning a unique scratch index to each defect location within the predetermined
window; and
generating the scratch tracking table listing a start index for a first defect location in the
20  window and an end index for a last defect location in the window for each scratch index

assigned.

19. The data storage device according to claim 18 further comprising a sequence for
generating a scratch index table associating a scratch index with each defect location.
25
20. The data storage device according to claim 19 further comprising a sequence for

padding each scratch listed in the scratch tracking table.

30





