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"DISC'DRIVE 5 Field O The Invention The present invention rel ates
generally to a disc drive. More 10 particularly, the present invention
relates to a method and apparatus for dgtecting nedia defects in the disc
drive. Background of the Invention 15 Béfore a disc drive |eaves the
factory it is scanned to determne the |ocation of nedia defects that

will give ris INTYR\P ' ﬁﬁ"ﬁ Egﬁt- t | is a
time consum ngﬁ%ﬂg?g? (upmﬁarﬁs gg!sgﬁ ourgT edgr%%ﬁ&[)?ﬁg@eﬁgﬂﬁy of
the defects) which is exacerbated adDIS&DRIVEr age capacity of disc drives
I ncreases. Controllers associated with disc 20 drives incorporate ECC
(Error Correction Code) to reduce the incidence of errors when reading
back data. A normal wite, also known as sector wite is conmonly used to
wite data in a sector. Prior art defect scanning procedures assune a |ow
| evel of @rror correction (say T1l) to mnimze risks of m ssing defects.
This means that inproved error correction (T2 to 25 T5) capabilities

avai labl e in nodern disc drives are not being fully utilized. One prior
art defect scan nethod invol ves Wield Ofdhe ldeeattdbn pattern. This is

achi eved by using a wedge wite where witing is done fromservo sector °
to servo sector. A wedge wite nornally contains three to four sectors

dependi ng on the way bLREseMdindehfior Oredst g,q?pgp,ﬂl sgfl3Qndst e ttern
Is a 2T freaml e sync patternem?ch foFFé%vs ro téR%/Lei:‘L’(:Pgr"tq|€'al m%'g%onse
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Background of the Invention

15 Before a disc drive leaves the factory it is scanned to determine the
location of media defects that will give rise to problems in reading back
data. Defect scanning is a time consuming process (upwards of 3 hours
depending on the severity of the defects) which is exacerbated as the
storage capacity of disc drives increases. Controllers associated with disc

20 drives incorporate ECC (Error Correction Code) to reduce the incidence of
errors when reading back data. A normal write, also known as sector write

( is commonly used to write data in a sector. Prior art defect scanning
procedures assume a low level of error correction (say T1) to minimize
risks of missing defects. This means that improved error correction (T2 to

25 T5) capabilities available in modern disc drives are not being fully utilized.

One prior art defect scan method involves writing a detect pattern.
This is achieved by using a wedge write where writing is done from servo
sector to servo sector. A wedge write normally contains three to four
sectors depending on the way the media is zoned. A commonly used

30 detect pattern is a 2T preamble synch pattern which follows from PRML
(Partial Response Maximum Likelihood), a 5 level (+2, +1, 0, -1, -2) detect
pattern. The synch pattern is read back whilst comparing it with a threshold
value which should not be exceeded. Whenever the threshold value is



, 2 1, OCT 2003 -2 exceeded a read error is flagged and the |ocation Wl &hUCT 2003

‘gives rise to the error is nmarked as a defect or a "bad" |ocation.
However, this process can give rise to an excessive nunber of defects,
whi ch reduces the capacity of the driveyunnecessarily. To inprove drive
yield and speed up the defect scanning process it is desirable to avoid
| abel i ng as defects, locations which will give rise to errors that nmay
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invention provides a method and apparatus for detecting nedia defects in
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Counter (CDC). When the number of consecutive reaches a 20
predeterm ned threshold value (say 5 bits long) the output of the CDC

counter may flag a defect. The C ki length may be controlled by an °
appropriate selection of the pr%ﬁﬁ&@hngh&}f 't%P{g@Q%I d value. In a typical
i npl ementation the CDC defect may be flagged as a set pattern (say FO

Hex) on an NRZ (Non Return to Zero) 8 bit data output |ine associated with
25 the d8C count efheTREEsAM DL HVeHtion o PaPVides cat sethod bandc epparatuedfom a

(or edet or m ned LI meQerdiE it BE SR Bfe MHiEH JadiBheis Inb SB60FE. 2 o
the |ength olentieoéd problem.he output of the TDC counter may flag a defect.
8 LYPLCal T PRIEALALCS i preRent Fivertion irdSudds I HRbehRid onthe
number of location defects that may be tolerated before labelling the
15 locations as bad. This may avoid labelling as bad, locations which will give
rise to errors that may be recovered by error correction. It may also reduce
substantially the time required for performing defect scanning. In one form
the consecutive defects may be accumulated in a Consecutive Defect
Counter (CDC). When the number of consecutive defects reaches a
20 predetermined threshold value (say 5 bits long) the output of the CDC
counter may flag a defect. The defect bit length may be controlied by an
( appropriate selection of the predetermined threshold value. In a typical
implementation the CDC defect may be flagged as a set pattern (say FO
Hex) on an NRZ (Non Return to Zero) 8 bit data output line associated with
25 the CDC counter. The number of total defects may be accumulated in a
Total Defect Counter (TDC). When the number of total defects reaches a
predetermined threshold value (say 30 single bit defects, irrespective of the
length of each bit), the output of the TDC counter may flag a defect. In a
typical implementation the TDC defect may be flagged as a set pattern (say
30 F1 Hex) on the NRZ 8 bit data output line associated with the TDC counter.
One reason for having the CDC and TDC in this method is to enhance the
limitations of the existing methods for detecting media defects. The manner

of mapping the defect detected by the CDC and the TDC differ.
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‘counter. One reason for having the CDC and TDC in this nmethod is to
enhance the limtations of the existing nethods for detecting nedia
defects. The manner of mapping the defegt detected by the CDC and the TDC
differ. 2 1 OCT 2003 -3 In prior art data is witten either using sector
wite or wedge wite. In the present invention, both sector and wedge
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nmedi um may i haeuaeth@dphas al step for vmitr@ andmeading dest dataoonlithg mediam. The
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‘may i ncl ude ata sectors n
t o t he seconthisiefetliad.si gnal . The net hod of the present invention may be
| mplemented as a The recordable medium may include a plurality of data domains for
recording data. The method of the present invention may include the step
15  of marking as bad, one or more of the data domains in response to the first
defect signal.
The method of the present invention may include incrementing a
second counter each time the first threshold is exceeded and producing a
second defect signal when the second counter obtains a second count
20 value. The data domains may be organized into data sectors. The method
may include marking as bad, one or more of the data sectors in response
( to the second defect signal.
- The method of the preSent invention may be implemented as a
computer-readable program storage device which tangibly embodies a
25 program of instructions executable by a computer system to perform the
method.
According to another aspect of the present invention there is
provided apparatus for detecting defects in a recordable medium such as a
disc drive. The apparatus has a recording system for writing and reading
30 test data on the medium. The apparatus also has a first comparator for
‘ comparing the read data to a first threshold. Another feature in the
apparatus is a first counter operably connected to the first comparator, the
first counter being incremented when the read data exceeds the first
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30 test data on the nedium The apparatus also has a first conparator for

conparing theh dat ' gl feature in the
apggr at ug S a'@? ?glgt gl‘c%iﬂ {éegeli%%?da{b\% @Eﬁ nﬁ%@?e# ﬁhﬁti?ée‘ﬁisr'g'ﬂaeid@%&ﬁ or,
the first c8stcounteriobfaine e finstoowent vahes alsocforrns paftafahe uppartushe first
-4 threshold. A si].rﬂglg generator Wﬂi ch produces a first defect signal when
the first counter 'SBtafnd V@ANQUSspthel faatyres as avelh g% egivaptagesowhidhe )
appar at us. TbRamcterize! #é h ' iRge | C
cﬁgr acterjze_the present ﬂ\é/séﬁti'@geémﬂiﬁ %g%a%%gpg%nt%&ﬁp@%ﬁgg&o&% he
fol | owi ng® defoliondig detailer|dessription andvewawosf tha @ssesiatsdadretvingsiwi ngs.
Brief Description of the Drawings Fig. 1 shows an expl oded view of a disc
drive. 10 Fig. 2 shows conponents of an apparatus in one enbodi nent of the
present invention where testBrdef Beé‘éripﬁddéﬁﬁeﬂ)faWﬂqui te head. Fig. 3
shows conponents of an apparatus in an enbodi nent of the present

i nvention where nedia defects are detected. Fig. 4 shows one form of test
data signal, whicpid | ' H.shows a flow di agram
exenplifying a rref‘fhgég %ctw%gﬁggpﬁr%e%qﬁrr%‘giog%d@%%g{'ge'i n adisc drive. Fig. 6
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Fig. 3 shows components of an apparatus in an embodiment of the
present invention where media defects are detected.
Fig. 4 shows one form of test data signal, which is written and read.
15 Fig. 5 shows a flow diagram exemplifying a method for detecting
media defects in a disc drive.
Fig. 6 shows a flow diagram exemplifying a method of setting a CDC
threshold value.

Fig. 7 shows a flow diagram eXempIifying a method of setting a TDC
20 threshold value.

( | Detailed Description

Fig. 1 shows a disc drive in exploded view. Briefly, the disc drive 10

25 includes a housing base 11 and a top cover 12, which engage a gasket 13
to form a sealed housing that maintains a clean environment therein. A
plurality of disks 14 is mounted for rotation on a spindle motor hub 15. A
plurality of transducer heads 16 is mounted to an actuator body 17. The
actuator body 17 is adapted for pivotal motion under control of a voice coil

30  motor (VCM) including a voice coil 18 and magnets 19 to controllably move
a head 16 to a desired track 20 along an arcuate path 21. Signals used to
control the VCM and the heads 16 pass via a flex circuit 22 and a
connector 23 to and from electronic circuitry on controller board 24. The



. Detailed Description Fig. 1 shows a disc drive in exploded view. Bré' e‘f/\,bﬁ
"the disc drive 10 25 includes a housing base 11 and a top cover 12 Ehzm)?’
engage a gasket 13 to forma seal ed housing that maintains a cl ean
environment therein. A plurality of di %;s 14 is nmounted for rotation on a
spindle notor hub 15. A plurality of transducer heads 16 is nounted to an
actuator body 17. The actuator body 17 is adapted for pivotal notion

under contr ogottolRerVEHEE 281 in \Y/ L fyCilabihy Vg coil 18 and
magnets 19 to controllably msgﬂegnﬁgf;%@léﬁ@%ﬁé; 'hteésﬁd&%d%ﬁ gjc%gﬂépgp g an
ar cuat e pat hconnecprp2@ apd wsspindie canmectari24.he VCM and t he heads 16 pass

i il i rcui k. 2 d | ic circuit
oncontroll r boar s 24808 o, fERShead 15°08Rnhl FohTesiEn 45 Sofickudes 4
fibre channepgioftestidta. 2fhe ﬁasﬁﬁ@l@t@h;d@ﬂéémpﬁgél%@T%e&ﬁb@‘&r%rﬁﬁéétg«%g .

connector_ 27,_Fig. 2 shows a read/wite head 16 operably connec
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appar at us_i NnSAtSHEY B 156 8ABWhih Fig 49 operably connected to read/wite
head 16. The anal og output from preanplifier 29 passes to analog to
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digital signal.
The digital signal from ADC converter 30 passes to finite impulse
15 response (FIR) filter 31 which conducts a parity check. FIR filter 31 also
corrects the phase of the signal to be as close as possible to the 2T

preamble 37.
The filtered signal passes to input A of comparator 32. Input B of
comparator 32 has applied to it a threshold signal THR 39 which is a
20 predetermined percentage of the 2T preamble 37. In one form, the THR
signal may be set at approximately 90% of the level of the 2T preamble 37

. as illustrated in Fig 4.
~ Comparator 32 flags a defect at its output whenever the signal at
input A is greater than the signal at input B. The defect signals are
25 accumulated in CDC counter 33 and TDC counter 34. The count value of
CDC counter 33 is applied to comparator 35 where it is compared to a CDC
threshold value. When the count value of CDC counter 33 exceeds the
CDC threshold (say 5) the output of comparator 35 flags a CDC defect.
This may be represented via an 8 bit NRZ output line as a CDC defect
30 pattern NRZ = FO (Hex). CDC counter 33 is then reset to accumulate the
next string of defect signals.

The count value of TDC counter 34 is applied to comparator 36
where it is compared to a TDC threshold value. When the count value of
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as illustrated in Fig 4. Conparator 32 flags a defect at its output
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i nvi si bl t oStoRe infernation Thislawersithe aapacity of the diset drivecby ar factor of di sk
(Surface and g defect is registered on one sector, then that sector will
be marked | eaving only n-1 data sectors to 10 store information. This

| oners the capaci Fig. &fshdves difloe diagramlof aaméthoidofor dbtecting media defects
utilizing the apparatus of Fig. 2 and Fig. 3. In Fig. 5 the analog preamp
signal 40, which is the signal from, read head 16 after amplification is

15 converted 41 to a digital signal. The phase of the digital signal is corrected
42 to be as close as possible to the 2T preamble. A threshold value (THR)
is set 43 as a percentage of PRML standard. The digitized and phase
corrected signal is applied to input A of a first comparator where it is
compared 44 to the threshold value applied to input B of the first

20 comparator.

A defect is flagged 45 if input A of the first comparator is greater
( than input B. If input A is less than input B, input A will be subjected to two
further comparison in a second comparator and a third comparator where

comparison in both comparator takes place simultaneously.

25 In the second comparator 47, the input A is compared with a CDC
threshold. The CDC threshold is set using an ECC (Error Correction Code)
counter, which is applied to sample data. Fig. 6 shows an example of how
the CDC threshold is established. The ECC counter is activated on a
sample data 52 to determine the defects that cannot be corrected 53. The

30 average bit length of the accumulated defects is determined 54. The CDC
threshold is set as the average bit length 55. When the CDC threshold is
exceeded a defect value is flagged 48 by the CDC counter. For example, if
the CDC threshold is set at bit length of 5, any defect of bit length greater
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with steps for writing and reading test data on the medium is provided. The
15 test data in the method includes a 2T-preamble synch pattern 37. The
method also compares the read data to a first threshold 44 which is a
predetermined percentage of a signal 43 associated with the test data.
Another step 46 in the method increments a first counter each time the first
threshold is exceeded. A step 47 for producing a first defect signal, when
20 the first counter obtains a first count value 46, is also provided in the
method. The first count value 55 may be set at five (5 bit length). In the
recordable medium with plural data domains, the method also has a step to
48 mark one or more of the data domains as bad in response to the first
defect signal. A further step 50 of incrementing a second counter each time
25 the first threshold is exceeded is provided in the same method. There is
also a step to produce a second defect signal 51 when the second counter
obtains a second count value 49. The second count value 60 may be set at
thirty (30 single bits). Where the data domains are organized into data
sectors, a step 51 is provided to mark one or more of the data sectors as

30 bad in response to the second defect signal.
In another aspect of the present invention an apparatus for detecting
defects in a recordable medium such as a disc drive is provided. The
apparatus has a recording system 16 to write and read test data on the
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is calculated 59. This average total defect value is set as the T 2003
threshold 60. For exanple, the TDC threshold is set at not nore than 30
single bits in total where the length ofg the each bit is not considered.
When the TDC 10 counter accunul ates a count for any one sector where the
count exceeds this threshold value, that particular sector wll be
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15 forms another part of the apparatus. The second counter is incremented
when the read data exceeds the first threshold. When the second counter

34 obtains a second count value, set at thirty (30), the signal generator 36

produces a second defect signal with a mechanism.
It is to be understood that even though numerous characteristics and
20 advantages of various embodiments of the present invention have been set
forth in the foregoing description, together with details of the structure and
function of various embodiments of the invention, this disclosure is
ilustrative only, and changes may be made in detail, especially in matters
of structure and arrangement of parts within the principles of the present
25 invention to the full extent indicated by the broad general meaning of the
terms in which the appended claims are expressed. For example, the
particular elements may vary depending on the particular application for the
disc drive while maintaining substantially the same functionality without
departing from the scope and spirit of the present invention. In addition,
30 although the preferred embodiment described herein is directed to a disc
drive, it will be appreciated by those skilled in the art that the teachings of
the present invention can be applied to other storage systems which



-8 nmedium The test data in the apparatus includes a 2T-preanbl e sy&g?

" pattern 37. The apparatus has a first conparator 32 for conparing t r8&H 2003
data to a first threshold, a predeterm ned percentage of a signal
associated wth the test data. Another_glenment in the apparatus is a
first counter 33 5 operably connected to the first conparator, where the
first counter is increnmented when the read data exceeds the first,
-threshol d. iAcefppmale regerdabie anedia, witholt depdrivgsfreml thesécapef 86d spirnal
when the firsf counter, ., obtains a first count value forns part of the
appar at us. dheinregsentdoyentio.ue is set at five (5). There are plural
data domain in the nmedium of the 10 apparatus where the apparatus has a
mechani sm for marking one or nore of the data domains as bad in response
to the first defect signal. The data domains are organized into data
sectors and a nmechanismis used to mark one or nore of the data sectors
as bad in response to the second defect signal. A second counter 34
operably connected to the first conparator 15 forns another part of the
apparatus. The second counter is increnented when the read data exceeds
the first threshold. When the second counter 34 obtains a second count
val ue, set at thirty (30), the signal generator 36 produces a second
defect signal with a nechanism It is to be understood that even though
numer ous characteristics and 20 advantages of various enbodi nents of the
present invention have been set forth in the foregoing description,
together with details of the structure and function of various
enbodi mrents of the invention, this disclosure is illustrative only, and
‘changes may be made in detail, especially in matters of structure and
arrangenment of parts within the principles of the present 25 invention to
the full extent indicated by the broad general neaning of the terns in
whi ch the appended cl ains are expressed. For exanple, the particular
el ements may vary depending on the particular application for the disc
drive while maintaining substantially the sanme functionality w thout
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departing fromthe scope and spirit of the present invention. In addition,

30 al though the preferred embodi nent described herein is directed tb1a0CT 2003
disec drive, it will be appreciated by those skilled in the art that the
teachings of the present invention can be applied to other storage

systens which 2 1 OCT 2003 -9 incorporate recordable nedia, wthout
departing fromthe scope and spirit of the present invention. 2 1 OCT

2003 | 10 CLAIMS What is clained is: 1.A nethod for detecting defects in a
recordabl e medi um such as a disc driv® the nmethod conprising steps of:

(a) witing data to the nmedium 5(b) reading the data fromthe nedi um

defining a read signal; (c) corrpar'b M read signal to a signal
t hreshol d, defining a data defect; F‘ crenenting a consecutive defect

count er Whatrieelaimekist 0 a data defect consecutively with a previously

def ect ed dat a, def.ect, 10(e) producing a consecutive defect signal when the
consecuti vé& ﬁ@@ﬁé&f#fﬁnnﬁaF’gFtﬁén %1%58%@815’??@8“6%@ diserdsivgothg; and (f)
repeating stqgah({(paompr(sﬂgg@epg%kzect ed nunber of times. The nmethod accordi ng
to claim1l wherein the nmediumincludes a plurality of data 152.donai ns,

t he net hod conptd dvritinglata teghq mpdism; nar ki ng as bad one or nore of the data

domains in resp@?ﬁ%}“&,‘%’?ﬁae@%ﬁ%%e\ﬁﬁlﬂgef{egfg@séi«r%w?' The met hod

according to cl conprising’s ’ncr ement i ng a tot al
def ect counter @xchmparireg theeadisignal totarsigmmhthrethold, @dFimkgeedias defastl

| (d) incrementing a consecutive defect counter in response to a data defect
-~ 10 consecutively with a previously défected data defect;
R (e) producing a consecutive defect signal when the consecutive defect counter
obtains a consecutive defect threshold; and

(f) repeating steps (b) — (e) a selected number of times.

15 2. The method according to claim 1 wherein the medium includes a plurality of data
domains, the method comprising a step (g) of marking as bad one or more of the

data domains in response to the consecutive defect signal.

3. The method according to claim 2 further comprising steps of:
20 (h) incrementing a total defect counter each time the signal threshold is
exceeded; and »
(i) producing a total defect signal when the total defect counter obtains a total
defect threshold.

25 4. The method according to claim 3 wherein the data domains are organized into
data sectors, the method comprising a step of (j) marking as bad one or more of

the data sectors in response to the total defect signal.

5. The method according to claim 1 wherein the data includes a 2T préamble synch

30 pattern.
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(i) producing a total defect signal when the total defect counter_agbtains
a total ‘defect threshold. The nethod according to claim 3 wherei nd th&8Cda2e3
domdi ns are organi zed into 254.data sectors, the nethod conprising a step
of (j) marking as bad one or nore of the data sectors in response to the
total defect signal. 5. The nethod according to claim1l wherein the data
i ncludes a 2T preanble synch 30pattern. 2 1 OCT 2003 11 6. The nethod
according to claim1l wherein the datallis witten using a sector wite. 7.
The nethod according to claim1l wherein the data is witten using a wedge
wite. 5 8 The nethod according to claim1 wherein the signal threshold
i's a predegerThesthodficeritgR@ 1 1SWhkeh tRsddbsisairatbn Wsing alRGofatie. 9. The
met hod according to claim 1l wherein the consecutive defect threshold is
five 10 (5). 10. The nethod according to claim1 wherein the total defect
t hreshold #s [ d"‘iglt r f ' f Mol

r ecor dabl ev'rre]f:lﬂialﬁm‘%ﬁa;&glbp rgt us ql‘gﬁﬁgﬁpt%%ﬁg%&t e@glgglgc?s?]%@g)@tgm whi ch
wites data to the nmedium and reads the data, defining a read signal; A

et i ni g abats Rttt h AN AHEAR o Brffdh a POFF B8 cct e 1o

the signal cqorpentageosf sighidhassociaedauth thedstef ect counter being increnented °
in response to a data defect detected consecutively with a previously
detected data defect; and 25 A signal generator which produces a

consecut i ve. dffeqdthod %@%%s%lﬁﬂq wiEEl B bon¥Rubd Eétbet BtEdHofd sk al NS 2

consecuti ve defect thres )
: 10 ().

=0

10. The method according to claim 1 wherein the total defect threshold is thirty (30).

11. Apparatus for detecting defects in a recordable medium, the apparatus
15 comprising:
A recording system which writes data to the medium and reads the data,

defining a read signal;

A signal comparator comparing the read signal to a signal threshold,
20 defining a data defect;

A consecutive defect counter operably connected to the signal comparator,
_the consecutive defect counter being incremented in response to a data defect

detected consecutively with a previously detected data defect; and

25
A signal generator which produces a consecutive defect signal when the
consecutive defect counter obtains a consecutive defect threshold.
12. Apparatus according to claim 11 wherein the medium comprises a plurality of
30 data domains, the apparatus comprising means for marking as bad, one or more of

the data domains in response to the consecutive defect signal.



12. Apparatus according to claim1l wherein the nediumconprises af 1 &1 2003
plurality of 30 data domai ns, the apparatus conprising neans for marKking

as bad, one or nore of the data dommins in response to the consecutive
defect signal. rl 1 T 2003 12 13. Apparatus according to claim12
conprising a total defect counter operably connected to the signal
conparator, the total defect counter being, incremented in response to

each data defect detected, and vvhereilz t he signal generator produces a

total defe | . t i.n tal defect
t hreshol d. P}S%.g&%gar a?lﬂg&g%%g{rl Slﬁ ﬁ%ﬁ %ﬁﬁcg gﬁ%ﬁfgfeﬁﬁ%&%eﬁg?%aeﬁlgat a domai ns
are organi zedonnected dathe sighebcomparator) theapiabdefeat sommnénbelngiingemented irani sm
whi ch nmarks as bad, on r of the. data,sectors in response to the
total defect TeSpoRsg o e@#&%ﬁ?‘ﬁ?tﬁé aﬁﬂ(‘f&e{ﬂ% ¢ sign IE?P?FPtPiBWﬁE?"éi% t he
data conpri sesalaefebt SigRaWHeR ts10f defe@icofiiter obtfins £RIPA WBteUEthAGRAATI Ng t O
claim 1l wherein the signal threshold is a predeterm ned percentage of a

signal associated with the data. 15 17. Apparatus according to claim 11

ccordi ng b PR 15 GHLET R 1S ER8SHInt Bea aint e orpin R Al

thirty (30). sectors, the apparatus comprising a mechanism which marks as bad, one or more

of the data sectors in response to the total defect signal.

10 15. Apparatus according to claim 11 wherein the data comprises a 2T preamble synch

pattern.

16. Apparatus according to claim 11 wherein the signal threshold is a predetermined
percentage of a signal associated with the data.
15

17. Apparatus according to claim 11 wherein the consecutive defect threshold is five

&)

18. Apparatus according to claim 13 wherein the second total defect threshold is
20 thirty (30).





