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THE | NVENTI ON The present invention relates to disc drive data storage and
recovery waymiosmme Mre particularly, the present inventi atmedoabed2to a
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found to lftherdist diriveconpari son to other types of nedia defects. Therefore,

asperities which are |ocated in the factory during the defect scanning
process are Defects above the surface of the disc, known as asperities, result in

15 undesirable head-to-disc interaction as the head slider flies over the surface defect
on the disc. Immediately after contact with an asperity, the heat (i.e., a thermal
asperity) generated by the contact changes the resistive properties of the MR head.
As a result, the corresponding signal read by the MR head is distorted by a voltage
spike and subsequent decay, sometimes causing the data stored near the thermal

20  asperity to be unrecoverable. For example, a thermal asperity may last for one to
two microseconds, which represents a data error generally beyond the preferred
maximum error correction length of the typical error correction code (ECC) used
by the disc drive. For example, a one-microsecond thermal asperity which occurs
on a track written at 128Mbits per second will corrupt 16 bytes of data. If the ECC

25  capability is less than 16 bytes, the thermal asperity will cause the entire sector of
data to be unrecoverable.

The number of thermal asperities existing on a single disc drive is typically
found to be small in comparison to other types of media defects. Therefore,
asperities which are located in the factory during the defect scanning process are

30 recorded in the drive's primary defect list, and the drive does not store data at

those locations. However, some asperities go undetected during the factory defect



30 recorded in the drive's primary defect list, and the drive does not
store data at those |ocations. However, sone asperities go undetected
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the target response when a thermal asperity is detected. However, the channel is
15  equalized to a response having a null at DC. This is similar to filtering out the Jow
frequency components of the readback signal which, as discussed above, can be
undesirable. A third technique involves addressing the effects of a thermal asperity
offline and by attempting to recover data using coding techniques.
The present invention provides a solution to this and other problems and

20  offers advantages over the prior art.

SUMMARY OF THE INVENTION

The present invention relates to a method and apparatus for canceling the
effects of a thermal asperity in a readback signal from a magnetoresistive sensor
in a magnetic storage system which solves the above-mentioned problem.

25 In accordance with one embodiment of the invention, a cancellation
method and apparatus are provided in which readback data from a
magnetoresistive head follows a nominal readback path during normal
operation. The nominal readback path includes a buffer which delays the
readback data. Readback data through a thermal asperity cancellation readback

30 path is selected upon detection of a thermal asperity. The thermal asperity



met hod and apparatus are provided in which readback data froma

magnet oresi stive head follows a nom nal readback path during normal

oper at i orwODh®sssasri nal readback path includes a buffer whipch/uset/26582 t he
readback data. Readback data through a thermal asperity cancell ation
readback 30 path is sel ected upon detecjion of a thermal asperity. The
thermal asperity WO 03/085646 PCT/ US02/ 26542 -3- cancell ation readback path
i nt r oducesgancdliatioarredébask ihreddedsy filter délayred theldeldayeadibeaiorpiaiab i s
configured to match the delay in the cancellation readback path, These and
vari ous oteadbackaathdscenfigused tasatdh dhe deley intthe pandelatien seadhacks t he
present invention will be apparent upon reading of the follow ng detailed
descripti ®¥nd review of the associated drawi ngs. BRI EF DESCRI PTI ON OF THE
DRAWNGS FI G IryeSe 8§ VIR fs'o‘?ﬂer@egﬁfi'tagé%gfeﬁ@s%fdvang%g%{gljﬁgh%hgfa@ jizRystem

including a prior arg.{1 readpback channe readi ng roma surface of a
10 magset ithe Présent frivientidni wilbb&agpatefif upon eéaliBb®f dhe folarigl detgided

per pendi cul ar recording systeminpul se response in the anal og domain (over
sanpl i ng resémpéouahdirevie®) of thelagsodated dragtiagth of signal |evel vs. sanple

nunber show ng a normal __r graph of signal
| evel vs. sanple nunber BRI I e presence of a
t hermal asperit . | B¢ i ol 4L -Telg a recovery
systemin acco]f?I gagésga%é?hﬁ?ﬁ%ﬁ}o({%sdel% i n\t}ke%?#d O%e IsggpaggfzStgﬁfsi nplified

bl ock di agh@iuig & phitRlhPleadbREK Ehahride EGiCleabidoCdhth (S suttdce ota FIG 7 is
a graph of si gna% Fevel vs. sanple nunber for a readback signal containing

a t herioal rasgeatiadisé.ol | owi ng | ow pass filtering. FIG 8 is a graph of
stgnal Tevel vs TG?% rlrspla ?grgfl)ﬂgf rzm fe>(2arm€1§1>ler g eg r?gfrrklal?zie Sérpendicular recording
system impulse response in the analog domain (over sampling ratio equal to 10).
FIG. 3 is a graph of signal level vs. sample number showing a normal
readback signal. ‘
15 FIG. 4 is a graph of signal level vs. sample number showing a readback
signal in the presence of a thermal asperity.
FIG. 5 is a simplified block diagram of a data recovery system in
accordance with the present invention.
FIG. 6 is a simplified block diagram of a thermal asperity detect circuit of
20 FIG. 5.
FIG. 7 is a graph of signal level vs. sample number for a readback signal
containing a thermal asperity following low pass filtering.
FIG. 8 is a graph of signal level vs. sample number for a readback signal
containing a thermal asperity following another low pass filtering.
25 FIG. 9 is a simplified block diagram of a thermal asperity cancellation
circuit of FIG. 5. |
FIG. 10 is a graph of signal level vs. sample number for a readback signal
containing a thermal asperity following high pass filtering.

FIGS. 11A, 12A and 13A are graphs of signal level vs. sample number for

30 readback signals containing thermal asperities.



containing a thermal asperity follow ng another |ow pass filtering. 25 FIG
9 is asinplified block diagramof a thermal asperity cancellation circuit
of FIG 5womB@8561® is a graph of signal |evel vs. sanple momhsn2/2an2 a
readback signal containing a thermal asperity follow ng high pass
filtering. FIGS. 11A 12A and 13A are grgphs of signal level vs. sanple
nunber for 30 readback signals containing thernmal asperities. WO 03/ 085646
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readback signals with ‘B"= 70. DETAl PTI ON OF | LLUSTRATI VE

EVBODI MENtl®rElabaspierity faediaclbadk signals with g + Or art di sc drive data recovery

system 100 for_reading data from surface 112 gnetic disc 11 Dat a
recovery systefIG &ddﬁr&%ﬁ@&ﬂl@ﬂ%@l%@@@s Qi ‘5375 sATaRlaN ‘FIf‘P%TFPQ?i rcuit

130, readfilt 140, 15 co | a 0 and read channel 160. MR

head 120 F]?ﬁe(ffrﬁ?g@@)%rﬁfyl\fﬁeef laéﬁ) %gﬁg‘aga%&irtbg%_o a slider which "flies" over

surface 112 of pg§C11¥Ll92F aﬁ@’T@F'a‘i’@glé eﬁlﬁeoftsﬁgﬂﬂllé\(}%l%%m pie rikkertforr efer to
n

the transduci ng el enent only d herein, the termcan nean the
t ransdeci ﬂgarﬁiadmepém’qnﬂryereadbabksigmmlthB sl70der carries the MR head. In

the alternative, the term d" used 20 herein, can _nean the
transduci ng el pBEFFAIEFD DESCRIPHK?N(@F &LUSEBAHMMJVR head 120

's typically coppl 9ds Y& (?%Eggallrﬁ%f COINEEHI0 Wit Atath © Tecovery system 100

for reading data from surface 112 of magnetic disc 110. Data recovery system

100 typically includes MR head 120, preamplifier circuit 130, read filter 140,

15  coupling capacitor 150 and read channel 160. MR head 120 includes an MR
transducer carried on a slider which "flies" over surface 112 of disc 110.
Sometimes, the term "MR head" is used to refer to the transducing element only.
As used herein, the term can mean the transducing element only, in which case a
slider carries the MR head. In the alternative, the term "MR head", as used

20  herein, can mean the transducing element and the slider (i.e., the "head slider").

MR head 120 is typically coupled via electrical connections 122 to
preamplifier 130. Preamplifier 130 is typically coupled via electrical connection 132
to read filter 140. Read filter 140 is typically coupled to read channel 160 via
electrical connection 142, coupling capacitor 150 and electrical connection 152. The

25  block diagram of Figure 1 is intended to diagrammatically illustrate the data
recovery system of a typical disc drive. However, it must be noted that other
circuits and/ or components may be included with, or substituted for, those shown
in Figure 1. For examplé, MR head 120 can be interpreted to include any necessary
drive circuitry which may be neéded to drive MR head 120 in a manner known in

30 theart. In the alternative, the drive circuitry can be considered to be an integral



preanplifier 130. Preanplifier 130 is typically coupled via electrical
connection 132 to read filter 140. Read filter 140 is typically coupled to
read charwelo3@s§®4e/i a el ectrical connection 142, coupli ngPcapsot/2esn2 150 and
el ectrical connection 152. The 25 bl ock diagramof Figure 1 is intended to
diagrammatically illustrate the data rgcovery systemof a typical disc
drive. However, it nust be noted that other «circuits and/ or conponents
may be i nglovidenl ofvptdamslifies1BO1 Binnilaty, othier wlbkrowhaiise diive Ehtgué@)vbgy For
exanpl e, MR head 120 can be interpreted to include any necessary drive
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connecti o i (S L 6lk I e ] i.fi anplifies
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connect i oRnidlified Zhe ReAIki&hdlle@d pPrdidek lif toread hiftef BATviaiclit@licdl BortdzBibdance
with preferred read channel characteristics as is known in the art, and

provi des d3%i Read &tter Hbfiléerghlad rend sigredih atrandaice36ih prefeskdcead cal
onpection 152

connection, 142, coupling capacitor 150 and el ectrjcal __c .
Vnenever ChBTHIGRETASHETIGY Fs Moxen Tidbe b pad PEOYIHES aiflieresrepdeignal 1 5
significa ! \p. t . r heq. I erved. This
causes  an it ey oo e e BRSLAICR R (DB Shiti o3 aeaE,
rapi d chagggnédtiontt®. base Iine of the readback signal. Then, the
magnet oresi stive el enent begins to cool which results in a decay in the
base |ine of tWhesaih&knmigga@iresistivielhdatl 128 @ohtasts the slisteunfake,wal ue. Such a
phenonenon, i s_observed when the magnetoresistive ) )
15 significant increase in the temperature of the MR element is observed. This causes
an unwanted increase in the output signal which is observed as a rapid change in
the base line of the readback signal. Then, the magnetoresistive element begins to
" cool which results in a decay in the base line of the readback signal until it reaches
its normal value. Such a phenomenon is observed when the magnetoresistive
20 element 120 contacts an asperity 114 on the surface 112 of disc 110.
In order to consider the effect of a thermal asperity on a readback signal, a

first example using a perpendicular recording system with an impulse response

such as shown in FIG. 2 is examined. FIG. 2 is a graph of normalized amplitude vs.

time in the analog domain. The impulse response is convolved with an input bit

25  stream (randomly taking values of either 1 or -1) to obtain a readback signal as
illustrated in the graph of FIG. 3. FIG. 3 is a graph of a number of samples in the
analog domain vs. signal level. However, when an impact between the

magnetoresistive head 120 and the asperity 114 occurs, the thermal asperity
introduces an offset in the baseline as illustrated in the graph of FIG. 4. The thermal



20 el enent 120 contacts an asperity 114 on the surface 112 of disc 110. In
order to consider the effect of a thernmal asperity on a readback signal, a
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response such as shown in FIG 2 is examned. FIG 2 is a graph of
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thermal asperity resufts in a to degradation of the signal to noise ratio

(SNR) lon tdegragaticmof thisigmaétemtisé raten(SINR) in doelsesansThapresergnuesioron in
the signal to noise ratio, The present inventign provides a real tine
filtering adsapsses this degradatign ip ghe sigaality nojssiralient ed and is very effective
I n detecting anﬂ,l cancel.i.ng t.her A

| .sasperit cts, NN
sinmplified bloc o raea?r}frﬁl O?I_I%Oq er rlr%as aglge[a)jeér'}!ﬁe;?m g%neggt t ?%ﬁqgél gém%é%%e ation
circui t 20019 iApRIAIRES BnWid Oex;y@feEﬁﬁé AT ettOHBNAAP@Banchlihs Yhdrn)0 can be
pl aced, for exanple, in front of or follow ng, ©or in place of, normal read
filter 14Gspetfionetféas.FIG 2. Circuit 200 includes a normal readback path
210 and a thernal ]
15 FIG. 5 is a simplified block diagram of a thermal asperity detection and
cancellation circuit 200 in accordance with the present invention. Circuit 200 can be
placed, for example, in front of or following, or in place of, normal read filter 140
shown in FIG. 2. Circuit 200 includes a normal readback path 210 and a thermal
asperity cancellation readback path 218. Circuit 200 receives readback signal input
20 202 which is applied to a TA (thermal asperity) detect circuit 204, a TA correct or
cancellation circuit 206 and a buffer 208. During normal operation, the readback
signal which follows nominal path 210 through buffer 208 is selected by switch 212
and provided to readback output 214. However, if TA detect circuit 204 detects the
presence of a thermal asperity, a high output is provided on detect output line 220
25  to TA correct circuit 206 and to switch 212. When line 220 is high, the readback
signal which follows path 218 is selected by switch 212. The TA correct circuit 206
provides a corrected readback signal on line 222 which is then output on line 214.
An intermediary signal, representative of the readback signal following low pass
filtering, is also applied to TA correct circuit 206 by TA detect circuit 204 on line

30 226 as discussed below in more detail. TA correct block 206 includes a buffer of



asperity cancellation readback path 218. G rcuit 200 receives readback
signal input 20 202 which is applied to a TA (thermal asperity) detect
circuit 280,03m8546 correct or cancellation circuit 206 anacCa/usot/tesu2 208.
During normal operation, the readback signal which follows nom nal path
210 through buffer 208 is selected by gwitch 212 and provided to readback
out put 214. However, if TA detect circuit 204 detects the presence of a
thermal afpeith Bywhiehhs rpdlto povide ticlaeholatdryee butfet p8. Thiusgh220 25 to
TA correct circuit 206 and to swtch 212. Wen line 220 is high, the
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03/ 085646 PCT/ US02/ 2]8542 -7- leng th B which is configured to provide the

same | ate duspuasedmhoﬁier thzdﬁseliﬁwﬁ the madbaelaeﬁgaakd@mgﬁwlgmﬂclan%ﬁu”eﬂteh e sane

| atency regardl ess o ignal follo g nom na 10 or the
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bl ock di agy et pass
filter 24 ag%%gmg oEng} ar%aa%%krs? raég i3 E’gé%m té b’fﬁ% H%sé&gﬁéggesé@év above, the
basel i ne @hedil}f a5 ck signal changes significantly in the presence of a

possi bl e thermal aspérity. Thus, by detecting a significant change in the
basel ilme of t h&ilte@dBaak coingmiak ahy appromrsase filter.flo odespedific mmbodtnentence of

a thernal erity. 10 Filter 240 c rise apy appropriate filter. In
one speci fh %Z%Wrwresew&om rﬂa%gaﬁa'f%)%‘é%ﬁ%at ion of the filter 240
Is given by: 1 L(z) _ k 1- (I k)z 1 () where k is a paraneter of the

filter. For k = 1/16, L(j)e:sear—%)-pgr}dl ng | ow pass 1)

where k is a parameter of the filter. For k =1/16, the corresponding low pass
filtered version of the readback signal in the presence of a thermal asperity is

15  shown in the graph of FIG. 7. Withk =1/1024, the resulting low pass filtered
signal is shown in the graph of FIG. 8. As illustrated in FIGS. 7 and 8, when k is
small, the low pass filtered output from filter 240 becomes "cleaner." However,
with such a configuration the filter cannot respond to a sudden baseline change as
quickly as for larger values of k. It is desirable to use large k values to identify

20  where the TA started and small values to identify where the TA ended.

The output from low pass filter 240 is provided on line 226 to TA correct
circuit 206 which uses the filtered output as discussed below in more detail. The
output low pass filter block 240 is also provided to threshold block 242 which
provides a TA detected output on line 220. Initially, the TA detected signal is set to

25 0 by threshold block 242. The TA detect algorithm is preferably designed with
some hysteresis. For example, if the filtered signal is larger than a first threshold
level (threshold - 1), the TA detected output on line 220 is set to 1. Further, if the
TA detected output is 1 and the output from the filter 240 is less than a lower
threshold (threshold -2) then the TA detected output is set to 0. If the filtered



filtered version of the readback signal in the presence of a thernal
asperity is 15 shown in the graph of FIG 7. Wth k =1/1024, the resulting
| ow pass Wolos®swde si gnal is shown in the graph of FIG 8. PA3/USo2/eEs8z ated in
FIGS. 7 and 8, when k is small, the low pass filtered output fromfilter
240 becones "cl eaner." However, wth guch a configuration the filter
cannot respond to a sudden baseline change as quickly as for |arger val ues

of k. It batpirss netless than dheshaldg, theViA detected dutpnt isflaft 2chvrged. The TA
started and small values to identify where the TA ended. The out put from

| ow pass $énsitivityarsd rebysingss abthegheimalaspertit detertioroeandes adjsted iyt 206

whi ch uses.the filter ut a i gcussed below in nore detail. The

out put | oaﬁﬂa%gfbrﬁg%ﬁgﬁfaﬁa%%ﬁ?@% so provided to threshold bl ock 242
whi ch provide 1P e i Ezp L1 A

detected si gnaFKil?\'s9 S&t t%ﬁgg(qg%%%geshﬁ%w oc%cé%&%éeﬂqﬁ& gt(%?tl

al gor i § hnpieatdr @@l atl YolesticgaairyP0dinchelee albysfee PG bSsizéBogpledbe, if the
filtered signal is larger than a first threshold I|evel (threshold - 1),

t he TA dehiglt pasdilitep362.dhsedond lowpass fitter 264band a findishele cicpit2he  TA

det ect ed out is 1l and the o fromthe filter 240 is | ess than a
oo Ct hPeshlenao ponrptistton syab ps, CitBub ASaureds 26 coppito Samebetion o, 1 1
the filte A - 8. ' ESsnihan

t hr eshol d;@%%Wﬁ&@%@gg&%%gﬁﬁt8§Em%lr?gﬁg§18e CH%ZeE senrslél?ti vity

and robusgpess of the thernal asperity detection can be adjusted by
adjusting threshold -1 and threshold -2. FIG 9 is a sinplified bl ock

di agr am showi nghAiglopasdilteyR62 icamw be of gny B or clargeteristar. Injenapteferrad
correct circuitry 206 jincludes. a buffer 260 of size B coupled to a high
pass fil t Embogment, thebigh nageiiBesd4is g a4 and a find scale circuit 266
coupled to a multiplication nodem268. Qut put from node 268 couples to
summati on node 270 wHi(gh= prevides—a—corrected output on2)ine 222 to switch

1

212 shown in FIG 2. 10 Thelhilghmass filter 262 can be of any formor
;h \6/1 ;ﬁcgg IV?]]E%; 'm_-ilf?a Sqra}‘gn?etceﬁ'foefrt‘rrlg ?ﬂtef %219 g;(anrgg{e’ FItGh To Psl aggrag)%sosf afsliérga? Iievze?z 'S
vs. sample number showing the output from filter 262 for a readback signal
15  containing a thermal asperity in which m =1/1024. The high pass filter can be
selected to reduce the time for the baseline level to decay back to its original level.
Further, the filter makes the rate of decay of different size thermal asperities
substantially constant.
Although the high pass filter 262 reduces the time for the baseline to decay
20  back to the original level, the thermal asperity still remains in the filtered signal. If
the high pass cutoff frequency is increased, the decay time is decreased. However,
this will result in the filtering of low frequency contents of the readback signal
which will affect system performance. The use of a second low pass filter in block

264 is provided to address this problem. Any appropriate low pass filter can be

25  used, however, in one specific embodiment the filter of the form:

n
L2(z) = ml— ’ )

where n is a parameter of the filter.
Low pass filter 264 receives a fixed pattern input on line 280. The fixed

pattern input is set to 0 when TA detect from block 204 is 0. However, when block



1-(1-mz-' (2) where mis a paraneter of the filter. For exanple FIG 10 is
a graph of a signal |evel vs. sanple nunber show ng the output fromfilter
262 for awpeadbmek signal 15 containing a thermal asperit pCrruSetizash m =
1/1024. The high pass filter can be selected to reduce the tinme for the
baseline level to decay back to its original level. Further, the filter
makes the rate of decay of different size thermal asperities substantially
const ant . 284 detaetia theenal adpapitg stheifixed pattesh oriine 280 tdraptisesra §ariestai &N
baseline to decay 20 back to the original |level, the thermal asperity
still remgPRsequiives. FollowingNgpgsegutived's, ine24{) igagpimsst t.oftfe frequency is
I ncreased,_the decay ti I,s _decreased,. Howeyer this,will result in the
11t er ng PRFAREHET et e EmRTErhe 56F vire demsscine oS oW e e

af f ect sy%ﬁgﬁ rs of a second | ow pass filter in block
264 is provi eﬁﬁﬁ)&algg?g@gttghq\?gé%?%bl em Any appropriate | ow pass filter
can bes25 used,Alievwiethe rise thne as§ieletdy eate oboai t frome filtdrt26d cah behe form
L2(z) n - (1- Q(%z 1 (3). where nis a parameter of the filter. Low pass
filter 264djusted vhe gainfshould plsoberdiusteshito watahi the nzedmumh tevie] efdthe patt ern
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det er m ne 20BeTld S@d bidle bR 286 OprdtedTBy pfovidlidg] Vo ERPaSrdprededitativalbtie Whi ch
I's output to node 268. 5 Although the rise tine and decay rate of the

out putlof r onaximum vahexofdhe low passifilieteddeadbrekgignal stteneversthed A detedf ust ed
to match the i, | evel of the., baseline present_in, the ut from
filter zef}@ﬁﬁ%‘ﬂ%ﬁ%ﬁﬂ%@%@%tﬁ&eﬁ @ Mgy walye. Kprdhg nexeMgarenies ecei ves
the lowp | 151 A The find
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maximum value at that instant. If the value of the current sample is larger than the

maximum value, the maximum value is updated to the current sample value. This

15 has the effect of windowing the signal such that the find scale block 266 defines the
maximum signal value in the low pass filter readback signal within a window of
size M. At the end of the Mth sample, the maximum value is frozen. M can be set
to a fixed value or can be adaptive. For example, M can be selected to be the
number of samples which occur between the low pass filter readback signal

20  exceeding threshold -1 (discussed above) and following below threshold -1 or
threshold -2.

At each instant, the output of the output 282 from find scale block 266 is set
to be K times the maximum value at that instant, where K is a fixed number.
Because there is a finite number of N consecutive 1's at the input of filter 264, the

25 output of filter 264 cannot rise to 1, but instead becomes at most 1 /K. Then, the
fixed K value is sets the maximum value to-the unity. For example, for N = 40 and
n =512+ 256 = 768, K becomes close to 20.

The correct scale for the output of the low pass filter 264 is selected so that a

pulse cancel signal on line 284 is such that it can be subtracted from the output of
30  the high pass filter 262 to cancel the remaining thermal asperity effect in the output



10 maxi mum val ue of the |ow pass filtered readback signal whenever the TA
detect signal is high. This is assigned to be the maxi nrum val ue. For the
next M sawploa®ssead the | ow pass filtered readback signal, PCRaSoreaSent
sanple is conpared to the nmaximum value at that instant. If the val ue of
the current sanple is larger than the qgaxi numvalue, the nmaxi mumvalue is
updated to the current sanple value. This 15 has the effect of w ndow ng

t he si gnabngitet22pdbwieher, fif the sabahetidi oftthe Pofsedtahteleriahen lite 2Bdbegisgnal
value in the | ow pass fil'ter readback si gnal within a window of size M At

t he end ofust pelommﬂm% Id@tectdtbmgaadlgﬂmg highuen lige ﬂ%z@themhaﬁmeltjé@t to a
fixed val ue or e i.ve. For exanp] e sel.e be the
nunber of r%%i-'ﬁﬁ %W?‘Y @froé’éitb\%%‘ﬁtpﬂlﬁng‘wrb %ﬁflﬂa@?c si gnal
20 di.ng. I h hol d
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i nstant, where is a fixed nunber Because there is a finite nunber of N
consecut i Spedlflealkyt, thenBAidebert crbuitiyt 20drgeerites HE A2deteciegpaignet by i | t er 264

cannot rise to 1 ns becones at st 1/ K _Then, the K value
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512 + 256 e | e he output of
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284 s sugenéﬂaa%d bk [iR@D8PSEs §14bhdsq bBlvé. M@ gulige é%ﬁhfcé‘ltﬂi is Atbtide@edri gh pass
filter 262 to cancel the remining thermal asperlty fect in the output WO

03/ 085646 HifET thiSOfered 4R d-High pass filtered 22ut dijfpwad vach thet thevsulsrdstioact i on of
t he pul se cancel signal on [ine 284 begins . just Tpr| or to the TA detected

si gnal goirelgtire 5?1&@@141?%’@51212%1 acﬂ?él}’tl??@lﬁﬁebef@r@ﬁhﬁl t@/d?’f@deﬁfﬁi%laégf’%%t i vely

|1 ed h 2
begi nni ng IR ERsAPHEIE 23R e P&Vt BaiarerBEn bty 2 s,
provi de agsRofeshd, sehapufBr 268 m&ii@%%?llﬂeﬂg‘tﬁ aafamhzgs tHe@etednees this

timng issue. Specifically, the TA detect circuitry 204 generates a TA
detect ed si gnalFI@$. 11¥pHidre praphstdigignablevbbve damebinankeswhidhl illudtate, i n t he

TA co rlg ectop(eznlcartﬁ)lfrlI (;frt e %ggsent invention. FIG. 11A is a graph of a readback signal
containing a thermal asperity, FIG. 11B is a graph of the resulting output from high
pass filter 262, FIG. 11C is a graph of the pulse cancel signal on line 284. FIG. 11B is
a graph showing the output on line 222 for B = 0, FIG. 11E illustrates B = 40 and
FIG. 11F is with B=70. As these figures illustrate, the use of the pulse cancel signal

20 effectively removes most of the remaining effects of the thermal asperity and the
overall thermal asperity reduction algorithm provides a very clean output signal.

FIGS. 12A-12F are similar to FIGS. 11A-11F but illustrate response of the
system to a thermal asperity having a different decay rate. FIGS. 13A-13F are also
similar but illustrate operation of the system in response to a thermal asperity

25 having a greater magnitude.

With the various parameters and configurations of the present invention,
the invention can be adapted as desired for particular heads or types of thermal
asperity signals. The invention is useful with any type of magnetic recording,
however, the present invention may be particularly advantageous with

30  perpendicular recording because of the low frequencies present in such systems.



t he readback signal is buffered by buffer 260 and the pul se cancel signal
Is generated on |line 284 as di scussed above. The pul se cancel signal is
subt r act ea018/0836a6n t he buffered and high pass filtered i npatr/tsoymsh2 such
that the subtraction relative to the output signal actually begins before
the TA detected signal goes high. In _gfder for the systemto have the sane
| atency in both paths 210 and 218 shown in FIG 5, the buffer 208 has the
sane | ength (diiastions agsectd)a disd deve doth rebobsty systenir (HJO? i.gﬁﬁﬁ’lﬁded)foﬁi gnal

| evel vs. sanple nunmber which illustrate 15 operation of the present

i nvent i onrederering tata from gmaggnesic dise dd@bhusikgsimaghetoresistiiadiaag @20her nal
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of the remaining effects of the thernal asperity and the overall thernmal

asperity nethoalireadbadopathl @h0)is provided avhichyindiidana buffen(208) gvhith  FI GS.
12A- 12F inj | | GS. . 11A- 11F but il yst f th

A e oo e et S BROSSg Sl e system
simlar b g%te{%g %\/ ﬂ?&tﬁ?ﬁa%c%@ﬁ R &&a’&bﬁ%la é%%afl\%{ﬁ%?% ‘tl@eﬁﬁzfi%%ﬁéxg @ thernmal

asperity I'ng a greater nagni € variou rameters and

confi gur atdsasisiely Sledt thS 984 dDAek el fo the theriAl &Per-RY caAcellationdapt ed as
desired for "particul ar heads or types of thernmal asperity signals. The

i nventid onréesslbask fpath @18h Ereynompel phtinhgifet (208) Bconfignged thsymheonizehe
present invention may be particul arly advantageous with 30 perpendi cul ar
recor di ng dB@cta'iEQ’ég]MK‘? REIHRR) H%’fgtﬁ%@ & @S dg pgh Fhestth?ﬁ“ﬂr SERETEY WO

03/ 085646 PCT4.US02/ 26542, -1 ' t ' ' dat
recovery g%ﬁe@ﬁgﬂ683@%*&%@(%@3}/?%‘% ﬁltézr@%\f}ggﬁeﬁg(yégettg&éfg%ﬁgg%agﬁe? i c disc
(110) usi pgmpri¥RANSWPp&S Htdr(24d)eafl 4 &ddholaericdyt @aY). ThelthedshBld asperity
cancel l ati on“readback path (218) is provided and configured to filter a

t her mal aslptctdrncahrprovide sadhgmkt whighas a fTheiqraota {it8hréshohtlevdeandhaf i | t er

(260) which introduces a del ay (2621 in the_readback si ginal . A
15 second threshold level. The thermal asperity filter (206) can include a high pass

filter (260) and a pulse cancel signal (284) configured to cancel a pulse due to the
thermal asperity. The pulse cancel signal (284) can be a function of a low pass
filter (264) configured to receive a fixed pattern input (280). A method to adjust
the scale accordingly via 266 is also provided.

20 It is to be understood that even though numerous characteristics and
advantages of various embodiments of the invention have been set forth in the
foregoing description, together with details of the structure and function of
various embodiments of the invention, this disclosure is illustrative only, and
changes may be made in detail, especially in matters of structure and

25  arrangement of parts within the principles of the present 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
depénding on the particular application for the thermal asperity reduction
system while maintaining substantially the same functionality without departing

30 from the scope and spirit of the present invention. In addition, although the



nom nal readback path (210) is provided which includes a buffer (208) which
del ays the readback signal. A thermal asperity detector (204) is configured
to detecwoasdsstar bance in the readback signal due to a tPherusat/2@sperity
and responsively select the readback signal to the thermal asperity
cancel l ation 1o readback path (218). Tfie nom nal path buffer (208) is
configured to synchronize data through the nom nal path (210) with data
through theféded ealbodspent dyscribeddelréiatis directeidioccdispatdrag@ dptemTioe t her mal
asperity detector (204) can conprise a |low pass filter (240) and a

t hr eshol dstdeingetata, it wilk be appeediateddydihgse dllledinthe art thabthedeadingtphut
which is functiqn of .a firstlthL sholﬂ | evel gn%)a 15 %econd t hreshol d

| evel . ThHEeFEFeRIINREMIOR pif FRRLcAPIEOGRNeTLReP QF PIRiRS R g pass  fil ter
(260) and a pul se cancel signal (284) configured to cancel a pul se due to
the thermal asperity. The pul se cancel signal (284) can be a function of a
| ow pass filter (264) configured to receive a fixed pattern input (280). A
nmet hod to adjust the scale accordingly via 266 is also provided. 20 It is
to be understood that even though numerous characteristics and advantages
of various enbodi nents of the invention have been set forth in the
foregoing description, together with details of the structure and function

of various enbodi nents of the invention, this disclosure is illustrative
only, and changes may be nmade in detail, especially in mtters of
structure and 25 arrangenent of parts within the principles of the present
invention to the full extent indicated by the broad general neaning of the

terms in which the appended clainms are expressed. For exanple, the
particul ar elenents nmay vary depending on the particular application for
the thermal asperity reduction systemwhile maintaining substantially the
sane functionality w thout departing 30 fromthe scope and spirit of the
present invention. In addition, although the WO 03/085646 PCT/ US02/ 26542
-12- preferred enbodi nent described herein is directed to-a disc storage
systemfor storing data, it will be appreciated by those skilled in the
art that the teachings of



the present invention are applicable to other types of storage systens. WO
03/ 085646 -13 PCT/ US02/ 26542 WHAT IS CLAIMED I S: 1. A disc drive data
recovery wWoIBesscior recovering data froma magnetic di scPaIIUSG2/26542

magnet oresi stive head, conprising: a thermal asperity cancellation readback
path configured to cancel a thermal agperity froma readback signal,
including a filter which 5 introduces an asperity filter delay in the
readback swEpat 1S GLAGNWIEIAIS:r eadback path including a buffer to delay the
readback signal; and a thernal asperity detector configured to detect a

di st ur bante i nAt diec debreblati redoyesy syriemtfor seqoverimg deda fom aymagetic
responsiv?il_y sel ect 10 the, thermal asperity cancellation readback path;
wher ei n, IS UsHha 2GRSV e ef"é/%’ﬁﬂl ed to synchroni ze data through

t he nom nal pa i . r : ) i eadback
path. 2. The a%g%&é‘{l %s%ﬁlﬁgf g%%é%?tl%g?%}%cwg ﬂ?ﬁ@?‘ﬁ%‘f 13(::étist:%))eéra |h§éy1 a(rzlet ect or
conprises a | ow pasgermdlta@pe@fdirént dfesibackl s%@iai;dhdudiﬁg a Tibter &ydpel at us of
claim2, wherein the threshol d detector provides an _output as a function
of a first threshol intredretesamdspesity GHer dalegdndhe readhack signabhe appar at us
of claim1, wherein the thermal asperi.t ancel l ation_.path ,,incl.udes a high
pass filter. 52DpFRINgL %P@Fh&§%§,amg$é@%t Hiephrclesnh ¢
cancel l ation path fa it her i ncludes a pul se cancel signal configured to
cancel the thermal asperity froma signal fromthe high pass filter. 6.
The apparat us gfihedAhMdperithdericridoafiputseicdoret a disgmdancs irtteunct i on of
an output froma |low pass filter configured to receive a fixed pattern
input. 7. The appar atadbauk sigrail tiu®, towsHheminal adperityiland resparsively gelert i s a

function of a
10 the thermal asperity cancellation readback path;

wherein, the nominal path buffer is configured to synchronize data

through the nominal path with data through the thermal asperity
filter readback path.

2. The apparatus of claim 1, wherein the thermal asperity detector comprises

a low pass filter and a threshold detector.

3. The apparatus of claim 2, wherein the threshold detector provides an

output as a function of a first threshold level and a second threshold level.

4. The apparatus of claim 1, wherein the thermal asperity cancellation path

includes a high pass filter.

5. The apparatus of claim 4, wherein the thermal asperity cancellation path

further includes a pulse cancel signal configured to cancel the thermal asperity

from a signal from the high pass filter.

6. The apparatus of claim 5, wherein the pulse cancel signal is a function of

an output from a low pass filter configured to receive a fixed pattern input.

7. The apparatus of claim 5, wherein the pulse cancel signal is a function of a

scale adjustment.

8. The apparatus of claim 1, wherein the buffer in the nominal readback

path provides a delay.



scal e adjustnent. 8. The apparatus of claim1l, wherein the buffer in the
nom nal readback path provides a delay. WO 03/085646 PCT/ US02/ 26542 -14-

9. A net hwo oefseecoveri ng data froma magnetic disc in a @CIWSeL/5aye
system usi ng a magnet oresi stive head, conprising: providing a thermnal
asperity cancell ation readback path whijgh cancels a thernmal asperity from
a readback signal, and introducing an 5 asperity filter delay in the
readback 9i gnalA nipthyd of Agtoaeriagidatd froead bandneatiatdisd incd didc stpragbuf fer to
del ay readback data; detecting a disturbance in a readback signal due to a
t her mal aspetent ysingd magagionesistsiejhensl, sempaiging:r eadback signal through the
thermal 10 asperity..cancel | ation r.eadbac at h; and. synchroni zi ng, dat a

t hr ough t he nod'f% d”ﬁ%ﬁﬁﬁﬁmﬂ FREL G ﬁg?ﬂééaqaq‘?ﬁlr( 5‘?}5@? fyelsa

cancel | ati on readba e iR ] ack path.
10. The met hod of cﬁg?%?s%}égéﬁgﬁh%?%{%aﬁggf%{é?’ua es a |§vﬁg‘%§§ filtering
the readback signalas ltacdélag imthdweagbatldsighdl; The method of claim9,
wherein detecting includés conparing the filtered readback signal to a
first threshol prbeiding andrainebrendback petthisicldisgel buffer todelayeaadbaclet cl ai m
9, wherein the ther %i‘]aoasperi ty cancellation path includes a high pass
filter. 13. The net of claim 12, wherein the thermal asperity

cancel lation p j . i i to
cancel the the?fﬁg?c%gpéeaﬁ%fbgﬁ%%gﬁeér%dgégg%% omat‘é\l héﬁg ﬁ?g?‘lnﬁ%gds%kfn ?ﬁ{ gﬁd 14.
The nmethod of clai mré@por%@lf%&e&ﬁ@gB@bé&o&:&@i@hal&hﬂﬂ@hﬂh@ thégnéluncti on of
an output froma |low pass filter configured to receive a fixed pattern

i nput .1015. The net h(adperﬁt}maaicailaﬂonm@%@

further a

ck patte apdl se cancel signal is
synchronizing data through the nominal path with data through the

thermal asperity cancellation readback path with the buffer in the
nominal readback path.
10.  The method of claim 9, wherein detecting includes a low pass filtering the
readback signal and detecting a threshold.
11.  The method of claim 9, wherein detecting includes comparing the filtered
readback signal to a first threshold level and a second threshold level.
12. The méthod of claim 9, wherein the thermal asperity cancellation path
includes a high pass filter.
13.  The method of claim 12, wherein the thermal asperity cancellation path
further includes a pulse cancel signal configured to cancel the thermal asperity
from a signal from the high pass filter. ’
14.  The method of claim 13, wherein the pulse cancel signal is the function of
an output from a low pass filter configured to receive a fixed pattern input.
15.  The method of claim 14, wherein the pulse cancel signal is further a
function of a scale adjustment to the output of the low pass filter.

16. A disc storage system configured to implement the method of claim 9.



function of a scale adjustnent to the output of the |ow pass filter. 16. A
di sc storage systemconfigured to inplenent the nethod of claim9. WO

03/ 085646WB@308i802/ 26542 -15- 17. A disc drive data recovecy/usyyream f or
recovering data froma magnetic disc using a nmagnetoresistive head,
conprising: thermal asperity cancellatjjgn nmeans for canceling a thernal
asperity from a readback signal and having a thermal asperity cancellation
pat h; 5 tAer mai diss pkeiviet Jatd @et@nteryepstent for re@ivecingndnta fidmampbgadperity in
t he readback signal and sw tching the readback signal froma nom nal path
to the théliseetsing penagneterasistivehepgncoantisgin nal path buffer neans for

synchroni zi ng e readback signal,.through, the mn at-h and, the thernal
aperi Ly cancetNamOAoRatEY CAreTa BRAr SO THIEE A he LA BRaRL R,
thermal asperity ca i ' i : L -atfh.0n
means for filteri ng@%ﬁé&%&éﬁﬁ% Sl g%%‘{iﬁé%%gér@%{g %gggf gﬁ%ﬂg S%I}%ltﬂlrlﬁ 17
wher ei g t he t heh¢rmhalasperityt detean@ehhaforetetediggnstliottiall dgseritgdnshé or

T NG & Pl O i sighan and switching the readback signal trom & nominal
path to the thermal asperity cancellation; and
nominal path buffer means for synchronizing the readback signal through
the nominal path and the thermal asperity cancellation path.
18.  The apparatus of claim 17 wherein the thermal asperity cancellation
means includes a high pass cancellation means for filtering the readback signal.
19.  The apparatus of claim 17 wherein the thermal asperity cancellation

means includes means for generating a pulse cancel signal applied to the

5  readback signal.



