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< (57) Abstract: A disc drive data recovery system (100) for recovering data from a magnetic disc (110) having asperities provided.
O Readback data (202) follows a nominal readback path (210) and a thermal asperity cancellation readback path (218). A thermal

asperity detector (204) detects a thermal asperity in the readback signal and responsively selects the readback signal (214) which
follows the thermal asperity cancellation readback path (218).
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systens. More particularly, the present invention relates to a disc drive
data s recovery systemfor recovering data froma surface oB1/acosgmetic
di sc haviwgo3esseesiti es. BACKGROUND OF THE | NVENTI ON | n dipst/udni/x3s2 havi ng
magnet oresi stive (MR) heads, the slider which carries the MR head flies
over a surface of a magnetic disc having data stored in a 10 magnetically
encoded format. TheViRisdo THERMAL ASPERITYIQANCELIATIAGN ve of the data

read fromthe disc, to a preanplifier circuit. After anplification by the
preanplifier, the read si gnaﬁ?@_ﬂl_ﬁw L ' bei ng received by the

read channel i rive, fec bove the surface of the disc,
known as asper?{hf’é)rs}?seglézlﬁ %tio&%qgﬁgoeéﬁ?%vg dﬁiéaasgp{a(g_e PNt EY acti on as
the head siiidek, de%?a?ﬁi&ﬂaﬂ &§he ?&és%ﬁ?hﬁ%ﬁéﬁ rel@fbs tH8 dlSdrivd dRdi ately
after contact with an asperity, the heat (i.e., a thermal asperity)

gener af$ ed réxpvehesystarh dot recoeariyesdathdrom aissitfave opa apenetiedisohatingg MR head.

As a result, the corresponding signal read by the MR head is distorted by a
vol tage 38#PHRHEIeENd subsequent decay, sonetinmes causing the data stored near

the thermal 20 asperity M@M@I e, a thermal
asperity may last for on g , R represents a data
error general | y, BexeRthe Rgviioaheshad %‘gm@{aa tROEESHIRE h of
t he typi cal err%r correecti‘(Sng‘(f::}(;)ldgﬁ(Ercefcslgmutse d )bf t%e dlgs(gé} r]?ﬁvlél.cs%%trs
exanpl e, &hoNR heat e coach sintidwrlf aanpgmdticydivdhaling datd storedina t r ack

witten at 128Mdits per second will corrupt 16 bytes of data. |f the ECC 25
capabil? i t ynagnetically enreded domate ShetlVR hendpravides paead signal, indieaiive afhe
entire segtor of ta to he unrecoverabl e. The nber .of t.he

coper it oleds@orar B i in RSBy Skl (i Bt teeliBR i e pe. el

I n conpari - Ot | | t1 @S which
are | obat By P (izcd Biehabls (IRAEpHSE BFbcing LARNRLALPihe BAREhAE
recorded bhtld@iseldiive' s primary defect list, and the drive does not store

data at those |ocations. However, sone asperities go undetected during the
factory def ect Defects dusErbe surfaw® 0f3he 86 4AnMEn/abisspdrittsamsult 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



-2 scanni ng process and only becone problematic after the disc drive is
operating in the field. For these undetected and other "growathlsussperity
def ect s, womsvsseas of recovery is needed which will signi PcTarsvd/gesencr ease
t he chances of recovering data recorded over the asperity. 5 A nunber of
prior art techniques have attenpted tojaddress the effects of thernmal
asperities in the recording system Current design of integrated circuits
used in W@&Bﬂiﬂﬁepﬁc@@a&qﬁi Sil§ R pebbldmatic Aftgh thradisc Hiive & opierating rer t he
readback signal when a thermal asperity is detected. The effects of the

t her mal a&meﬁeldyFoaﬂxeseandemtedahmgothm'@awsffc {cpspRety Aefgrtspamsthast of f

frequency of the filter. Howeyer, 10 doing sp, the | ow frequen

cont ent's EACOVREY 1 @3@‘%%&3 WIEF&QWQFS%FQ%WQY é‘?‘céﬁgs\%\ﬁ% ﬁﬁal?f@@ 8&‘??8}7&”?%%%% s
system perf ar ce lally in perpendicular recording systens where a
si gni fi caﬁ‘?coﬁi%gﬂ‘{érc’fﬁglggﬁﬁé&”mt ion is carried in | ow frequency conponents.

Anot heg  t echni QURLBePF8SSart RRIAR]ucE BRGE hitbdPtddbto aldrasetht effectybf int o
the target response when a thermal asperity is detected. However, the

channel i thetmatqsisdritieadn tie weontipgspsgemaCungnd desigh ofintegateth¢iscuits si ni | ar

to filtering out the low frequency caonpgnents of the readback .signal
whi ch, asUusf&ELRSBHEBHYOERZESHACHIS mElHééé‘ic}F&IS pass t{g}tqrﬁprfﬁte{ Wdﬁﬁgﬁ nvol ves

addressing. th ffegts of . ' fli . : ing to
ecover asEnstefp Sabinty Setif HRleu AR ety ok A ERtaPtpRbeaH |

sol ution h@dandiretdasinelthe BiEiBadRdtoff Be§hidiySofatly bR GRSveMeS by he
prior artbgé%%ﬂh\ﬂ%gY G:%I'%%ﬁq[gﬁl\/a\ﬂ% The presgﬁt nvention rel at esr t}f) a

met hodo andoapsy, dieiow freqaangyedontents btheebddizack signahatefditerad veigerity in a
readback signal froma magnetoresistive sensor, in a etic storage

syst em whinggativsly Enpaeis SEHeMHTTIERBESPRERINE R PERENHLC 6?‘&%%3@ wth one

o ovi ded FrmECrh e AmE R R RS R on el T Aefle AP RRNALS, 510
nom nal r g%ﬁg?gsﬁgﬁitmm ad RPEREHALL ashBAHEPEILO dhseheAdidEtopat h

I ncl udes el ays the readback data. Readback data through a
thermal ashetirgy regpweehdidrontiieeadbagierity 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



30 path is selected upon detection of a thermal asperity. The thernal
asperity 31 AUGUST2006 WD 03/085646 PCT/ US02/ 26542 -3 cancel Ausbsonos

r eadback weatos/ossst¢ oduces a filter delay and the del ay in the/usonidiad
readback path is configured to match the delay in the cancell ation readback
path. These and various other features_fas well as advantages which
characterize 5 the present invention wll be apparent upon readi ng of the
f ol | owi ng cartcliatior red@badld Pithantraddcesy fiter aélay hedade it Bothdrmhings .

BRI EF DESCRI PTI ON OF THE WNGS FIG 1 is a sinplified block diagram of a
magnet i ¢ seadkeayl payk ieeonfigireddd mpteh phe delagiin theeattegliRtienaeattackor readi ng
data froma surface of a 10 magnetic disc. FIG 2 is a graph of an exanple
of a nor mdHed per pendi cul ar recording systeminpulse response in the
anal og domain ¢ i LAl . i . of
signal |evel vsﬂ1 \ég(%?ﬁﬁaﬁgglﬁluo %%é’?@%%%@é%s ‘?\lfglrlkgl)advfl ggaggggﬁmgyg%%@{&fg%ﬁ G 4
I's a gsaphh@prédeinaiventioal wilbbe £ At {épﬁﬁeéacﬁhg\ﬁf iiBe mlr@aﬂlg&rétaﬂai gnal in
the presence of a thermal asperity. FI 5is asinplified bl ock diagram of
a dat a r ecesenipticyshdneview actheragsodatedidrhwtings. pr esent invention. FIG 6 is
a sinplified block diagr_g___ er nal per| circuit of 20 FIG
5. FIG 7 is a graph of BY; 3 For a readback

oLonal_contel ey L UGHR ARG sk N ML R gt o 0 8

is a graph of sigha VS _ i _
cont ai ni Ngn@ubfiey grgho@%@@féaabaéwmaqmemgoﬁ@aaﬁ%rdata\ﬁcﬁﬁ%ssarfdcb@fIang- 25 FIG

9is asinplified block diagramof a thermal asperity cancellation circuit
of FI @G 5magnetic disc.
FIG. 2 is a graph of an example of a normalized perpendicular 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.



FIG 10 is a graph of signal |level vs. sanple nunber for a readback signal
containing a thermal asperity follow ng high pass filtering. sFAUGEST 2bdA, 12A
and 13A awe ogosyhes of signal |evel vs. sanple nunber for P8@/USezzHsar k
signals containing thermal asperities. 31 AUGUST2006 WD 03/085646 '

PCTI USO02/ 26542 -4 FIGS. 11B, 12B and 13B are graphs of signal |evel vs.
sanpl e nunber for readback signals follow ng high pass filtering. FIGS.
11C, 12C and 131@@@139&@%&&813%&@%@& heofadigvd lewd gl eamipldhaimbefoni ng

pul se cancel signals. 5 FIGS. 11D, 2[§)and 13D are graphs of signal |evel
vs. sanpl eeadiablesighats folloavring higls pess filjeringe r eadback signals with B = 0.

FIGS. 11E, 12E_and 13E are s of sjgnal, |l eyvel ys. sanple nynber for
t hermal asperi F§=%-1d& 1 %‘%ﬁi?ﬁ\%@hﬁﬁ?ﬁl@aﬁﬁl{@i%%ﬁ@%ﬁT}if#’?? and 13F

are graph . Si || | . vs; sanpl e nunber for to thermal asperity free
r eadback gki“%&%}gslg@mg?ﬁaﬁyei SigRlSF T Al LED DESCRI PTI ON OF | LLUSTRATI VE

EMBCDI AVENTS Fl G4, 119,320 aek13Dags grpHs dIrs'i%{al el &b SsansiplietrRirdlIBéFok ecovery
system 100 for reading data from sarface 112 of nagnetic disc 110. Data

recovery gystredhasp@ityt fyee cmldback sighatbegitv® héad 120, preanplifier circuit
130, read filter 140, 1s coupling capacitor 150 and read hanngl 60. MR

head 120 i ncl uBKsS.ad Bvik2E apddSE e grephs ofctignal lavel Visqeample Rymbey fo8s over
surface 112 of .disc.110. S tinmes, .the term" MR head" is used to refer to
the trans %a@%r&gnge%ﬁﬁa@ggcﬁl %@Wﬁggi_%p'the termcan mean the
transduci ng el ef€g11190hYF ahd 19R1a¢8 oEA518 JF sighldl U&el ¢8! danBslelttendé? fogad. 1 n

the alternative, the ferm"MR head®, ‘as used 20 herein, can nean the
t ransdaci &garﬁia&rare?éri’@)nﬁeé readbhckdeignals. with BH&0" head slider"). MR head 120

is typically COUE ed via electrical connections 122 to reanplifier 130.
Preampl i fier 13DETAILEZE BESCRIPAINLF {LILLUSTBA"EWFEMB.QIE 132 to

read filter 14%:R93¢ abodChiagtin! ot pridl'ailisy dER/UURE rEQvefe oA 160

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



el ectrical connection 142, coupling capacitor 150 and el ectrical connection
152. The 25 block diagramof Figure 1 is intended to di agramaaducost 096

i 1l ustratwotobessdad a recovery system of a typical disc dripce/UShioyesver, it
must be noted that other ~circuits and/or conponents may be included wth,
or substituted for, those shown in Figgre 1. For exanple, MR head 120 can
be interpreted to include any necessary drive circuitry which may be

needed t o pdrfiome ofMRrdaegslifie? A 30 nSiniteaiy) ethdevoslhkhowdQlisd@rive Hatalrecdvieey
alternative%vépe drive circuitry cgg_ba gogsideéﬁguhnge an iﬂtegral 31
AUGUST2006Ys QBEDE LenpPoneustane3nduded op subs op tesaghowiner 130.
Simlarly,, other..well kno di s¢..drive data.recover system gi,rcuits or
conponent ?uﬁéjﬁr'tf\g&ﬂépﬁ%ggg a?&ﬂ?ﬁ?‘t EFﬁMaﬁﬂﬁé%gg‘ﬁ%‘%ﬂo apd/PREAN filter
140 can h@%?ﬁﬁ%%$§é9ﬁﬁ¥5ﬂﬁ¥wg&ﬁagﬂhgcatiOn in system 100 and/or can be

conbi ned w er conponents ring normal operation of data recovery

systens100, MR hafnil dRgaticty6f dat réverldydtah 100 S0RIH& I 120ah&eer t o
read magnetically stored data fromthe disc.” In response to the data read

from sur f aver durfaceNR2ipé disc120 ip prdarde sead magdeticaglyaitoredidasd ot thealisc.
connection 122 which_is . indicative of th . Preanplifier 130, anplifies
the road &7 GFRRONSHEP B}ecﬂﬂt@ée;@a éfowuréﬁa 1f%33@31e§é636 Piowdge R reacksignal
connectio f 0. %]kt er r ' .rd cordance
with pref E‘F %I%‘c:i&i;%la%fﬁﬁ%g%%fﬁ g%f{évt%(ﬁlalg ?éé(?lk%‘?ecéé}glg d%gad kIﬁngvm %!h#efl%é% art, and

provi des @n{fj'liﬂ@ tRElrdeBo%d] Gl prodides $A@ reA@ ARG 14PPia e tiddf Ebriheelbn

connection 142, coupling capacitor 150 and el ectrical connection 152.
Wheneuver flA2 Rearh&tter B4 Sltérs thdwead sigital coadcacdsncelveithl psefesud fresk, a 15

significanf increase in the tenperature of the MR elenent js qQbserved. This
causes aﬁf%wﬁﬁ é@CFW§F1€%§%1SﬁW°M€ﬁ€& andl prayidgnp siktered wad stareditas a

rapi d changey i t el b signal ... T t.h .
ragnet or obr it sl SREAR Sttt ConhetRob A b PeRPraoh 8 anl it e
base |inecghnddi®nre@dback signal until it reaches its normal value. Such a
phenomenon i s observed when the nmagnetoresistive 20 el enent 120 contacts an

asperity 114 oWhémeventliemaghdidresistiiedwad 120 contacts the disc surface, a
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



In order to consider the effect of a thermal asperity on a readback signal,
a first exanple using a perpendicul ar recordi ng system w t h3asvcuspubese
response wewshssass shown in FIG 2 is examned. FIG 2 is acygrspmaai2
normal i zed anplitude vs. tinme in the anal og dormain. The inpul se response
is convolved with an input bit 25 streag (randomy taking values of either
1 or -1) to obtain a readback signal as illustrated in the graph of FIG
3. FIG 3 dspesitydiatighs oigaiftufibeid &fpid @RRh@sin thebaselirrialdgAs Gitpdensyss .
signal |evel. However, when an inpact between the nagnetoresistive head
120 and t lweokestherbasglind affent deray;s witd th¢eriginal valperis teachédht r oduces an of f set
In the baseline_as i]JJustrated ip the graph of Fl 4. The thermal 31
AUGUST2006 WD %ﬁ@@@méq%s mee%u@epbaéeé%@%%yf E]%F‘d"seéglg%fj%%%‘?ﬂ?lf i cant
and rapid | P P I seline
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changesi n sifigil BaseincR@sy 8 1Hidly thieit heRERARK tihd ARgheti@fdcerdifig By&tiem to
performance in a nunber of ways. The magnitude of "the readback 5 signal may
i ncrease geadlais sHtyrativatlimits. e ausauration, maynedorded dat@rwillize eresidim t o

reach its saturation limts. Wen in satyration, any recorded datg will be
erased. HER If there arengsuchngrasyges,  the g4 ﬂ@%?lgf@fkﬂ@ng%}&ﬁ"gi’f@ﬁ q5eliBat

change of th ?q%sel' e Jevel aff .1 h f\Qr ce. ntire system
Mor e speciI%Ye? f/ts tbggegﬁlgﬂ%ﬁc_ea%fitg%ﬁl ceassltgpeglﬁié\%ﬁ{ee %e@;tfﬁéﬂ%gg%%%%é% aused by
the ther ”%Egﬁﬁ%t'chﬁn%@éﬂﬂ{e%abélﬁ% Aiséle By WAt PMalhs $s@8in hO noi se
ratio (SNR)"in the system The present ihvention addresses this

degr adat i ategraddtivm off thaalgnabtowdiseratiot (SHIR) Th ¢hesyestant Theywrséntanvention des a
real time filtering technjque which can be, easily inplenmented and is very
ef f ecti ve ddsrases tiis dgstadatien e the signalie peise raidperity effects. 15 FIG 5
Is a sinplified,block di.agram of a.thernal,.as Ity detection.and

cancel | ation ciTtWT® dn?‘nnn O&%I}Da %%@Wimeﬁggeﬁ?éstg ! ﬂ‘ﬁ%vr’i‘ﬁ%b‘f??"%ﬁ rcuit
200 can beéasi?ﬂzﬁﬁ ﬂemérﬁéd%ﬁé@b@rx éfﬁcﬁﬁ@ﬂfd&éctﬁ{%&iﬂéﬁi@bﬂﬂ%t%rﬂaﬂ' pl ace of,
normal read filter 140 shown 1h FIG 2. Grcuit 200 includes a nornal
readback papbri@léfferesd a ther mal

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 asperi Byjucdet ®at
circuit 280,03a85646 correct or cancellation circuit 206 aneca/usof/teuz 208.
During normal operation, the readback signal which follows nom nal path
210 through buffer 208 is selected by gmitch 212 and provided to readback
out put 214. However, if TA detect circuit 204 detects the presence of a

thermal agp@ith Bywhieh s rpdlto pfovid @ tedaeholatdrl @g buffet POS. Thusegh220 25 to
TA correct circuit 206 and to swtch 212. Wen line 220 is high, the

readback reddpack sighatwill baveths spateatengy regasdless obthetsignahfallowipg the The TA
correct circuit, 206 rovi des a corrected readback .si gnal line 222 which
i s then obPpuRalgath2y Oﬁélﬁt%eﬁﬁa]i IPEF RIS Wﬁga(g%ﬁﬁtbggﬁt ative of the
readback signa | f 4 ' i : |} o TA
correct circui ltF I(E&fs%%% %%?%%?B%dfgﬁ%é S% oAn C‘I%Fé%léag%‘ﬁ%gb %gv%?%cussed

bel ow i n fRiI€d&ia! RiW pask fiRer 748Gindd 20endble tiudsisold a2, a5 31
AUGUST2006 WD 03/ 08@646 PCT/ US02/ 26542 -7 Iength B which is configured to

provi de t Hiscassed dbevenihy baselinefdfehe paglbadksignat dhangessighifickniy émtkie wi | |
have the sane | atency regardl ess of  t signal follow.ng.the .nom nal path
210 or t hBressareal a Rysdble thermal agperity; baus chjﬁé%ﬂtmsa% igantehang@in ¢ o

nore det aiy ed bl.ock. di aqr f.TAde NeRAAT 0 ' i ncl udes a
| ow pass %]?ef ﬁ%slghﬁ%ﬁf g‘ﬁﬁggggarc%gsrl%émlr&@g gg%%@éest ?le %gcgf%ccﬁsc%ﬁ&&g di scussed
above, th%mlagg@ﬁ?f t he readback signal changes significantly in the
presence of a possiblfe thermal asperity. Thus, by detecting a significant
changeoi n t he Filas@40ran obniphise napdppodpridte fikier.ilh one spesfi¢ embodimetdt ect t he
occurrence of a thermal asperity. 10 _Filter 240 can conprise any

appr opr i atlee £ fnapsformy tepgepentation; Gfithe éﬂ‘i%a‘il%r&“,’eng}’fe z transform

representation of the filter 240 is given by: L(z) k1 =1 (1 k)z 1" ()
where k is a paranetefr(fft= i—he%(_l—u-e; ter. For k = 1/16, the @prresponding |ow
pass 1-(1-k)z
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/ 10241 Aucher 2006
resul ti ngwbasograse filtered signal is shown in the graph eCTRIS®2d42 As
illustrated in FIGS. 7 and 8, when k is snmall, the |low pass filtered
output fromfilter 240 becones "cl eanerg. " However, wth such a
configuration the filter cannot respond to a sudden baseli ne change as

qui ckly asufpit id Astdess thah tegshbldk2, the T4 ddesiedalitput i6 lefs entlergedkThal ues to
identify 20 where the TA started and small values to identify where the TA

ended. Theersitivitt arid tohusowesp abthefthprmaal aaperifysdefeetianesn kaadjusted bys to TA
correct circyit 20 ich S iltered output as discussed belowin
nmor e det af"ﬁi]}lsﬁiﬁ%th%glﬁ%t'%?ﬁaﬁ%égﬁ%ter bl ock 240 is al so provided to

t hreshol d bl oc . \My:“? i ' A\ 4 .
Initially, theiﬁlfci%gt ec ggﬁg(lﬁg#ac%%lﬁ%ﬁset }tchk%g%gﬁgﬁ% re%ﬂgﬁdéﬁg?8§%9242.
The TA debRteral g@l I TA BbirctRirehRERIG/indRSles A &iffer P60 ofsin®B kyepledasias. For
exanple, rf the filtered signal i's larger than a first threshold |evel

(t hr eshol High 13ss filtiee 260 Alsecontddwapssp filtenRo4 amba find scalesiruitdéd. Furt her,

if the TA detected output  is 1_a he output fromthe filter 240.is |ess
than a | of@fPled e aampltiplicatioraagds g& utPHE%ch%eﬁéa@éio Sd° SEPPRRLOR set

|5 not 1 oB8% R e R e T T O B anged

The senspigvity and robustness of the thermal asperity detection can be
adj usted by adjusting threshold -1 and threshold -2. FIG 9 is a

sinpl éi ed bl otke tiglypasw {tesR6P garT Be obame frioor diargaietistic. Bo6né preférrgd eat er
detail. TA correct circuitry 206 includes a buffer 260 of size B coupled to
a high pggwogimeny theshigh pase HERH2A0KZHEEAS i | ter 264 and a find scal e
circuit 266 coupled to a nultiplication node 268. CQutput from node 268
coupl es to summation Hiigdel 2 —provi des a correctgld) out put on line
222 to switch 212 shown in KE@-2z10 The hi gh pass filter 262 can be of
any formor characteristic. |In gne preferred en‘?odi ment the,hia?T p?ss
filter 26»hese g iparpargmeter of the filter. For example FIG. 10 eve

is a graph of a sign
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) = m s (3)

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



Hz) =1- ni ' (2) 1-(1-mz-1 where mis a paraneter of the filter. For
exanple FIG 10 is a graph of a signal level vs. sanple nunbesucsbimaeng t he
out put frwmoBisices 262 for a readback signal 15 contai ni ng@Ca/ushyerased
asperity in which m= 1/1024. The high pass filter can be selected to
reduce the time for the baseline |evel o decay back to its original |evel.
Further, the filter nmakes the rate of decay of different size thermal

asperit i e204 slebtsonthesiray aspeniy ahe fixéd tpattaghon line BBQtornpsised d ddrizis o 62
reduces the tinme for the baseline to decay 20 back to the original |evel,

t he. t her m&PnseayEVElip. @llcrwmgelﬂ@pngecuﬁveﬂé, lﬁmerz?&lé@ggmgaﬁratOOmhe the high

pass cut off freguenc creas ca cr.eased wever,

this willH f@:n? f %}fieﬁlfc??r{?léﬂnﬁgggps? ?‘5%@1 m}“@%ﬂg ‘g}ﬁlgwd?asﬂ *f eadback

si gnal Wﬁuw’ﬁd‘%%ﬁ Blutiy s agpggrfor mance. The use of a second | ow pass
inb

filter 264 i's ‘provi to address this problem Any appropriate

| ow pass fil terAlclwugiﬁ}%&sé&&ﬂe aﬁ@\&evaar raté Of SR@Bpetiromfilesrodicarbe t he
filter of the form 1-(1-n)z- vvherenlsaﬁaramater of

tﬂe ;u | tgra djusted, rbh%gams @ld @@q%e@dmmtmt&éheml@mmte}vp of the | i ne 280.
T 04 0.
Fovever . Bt eRedH Hue D3t i RSO Lo S bisas ey eaB i8S hnd el
detects a b&iﬁt‘i{ IR WARRGEEYes tthfE’o ﬁé@gﬁﬂ%‘iﬂ%ﬁdﬁ% i otrﬂﬁ@te%?ﬁoﬁ? 94 bx;@g\e?‘

seri es of consecutive 1

agai n set .20, The flhé scl@ bRFR 166 %Féraaémb}}\bﬁﬁﬁ@lh@a?ﬁ)dtbat fépir@se&qlta{fweac;fd:héec ay
time of the |low pass filter put which is output to node 268. 5 Although

the rilge tmardnmad vdbeagf thalew plass hbenedtrpmﬂbafc.*k(srgﬁaﬂ whenep@sthe diA Jetect
e vt e, L BB PR, also e adustad o, o s T el of,
the find 53 &low pass filtered readback signal, the current sample is compared to the
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



bl ock 266 which receives the |ow pass filtered signal fromdetect block 204
on line 226. The find scale bl ock 266 operates by providi ng3asucosit 20t

repr esentwoios®sweiic t he 10 maxi num val ue of the | ow pass fi lPCerusd2/zasariback

si gnal whenever the TA detect signal is high. This is assigned to be the
maxi mum val ue. For the next Msanples 4gf the low pass filtered readback
signal, the current sanple is conpared to the nmaxinmum value at that

i nstant. bh [{e@22 o e0tr, itesUbfractiorsé Bk @ulse dantdeigriahan linb @84 Tﬂi@ﬁinﬁ‘um
val ue, the maxi numvalue is updated to the current sanple value. This 15

has the efuséptiooto thiertdwereytachegsal@ming bighron liae 220, éhd thedmebadperity ick 266
defines the I mum signal value in the |o s filter readback signal
Within a WHEGHeRHVElE Faarelied o Hae AgUEEAREC iR é%ér@aét}aﬁ ﬂ%&ﬁenum val ue
is frozen :x e . t] Har. exanpl e,
M can be E%%‘%&ﬂ‘p &I&f’:g@%féer{%ag agﬂéﬂﬁtgfé?h%g hggl?rp Oe@%??%ﬁqgggﬁlr)\bg% 1\'{;;1%3” the | ow
pass filt gesit@PdBAEHB & HofdraBlY 1% Ble by Rsdebdihisliitiihs wugsed above) and
foll owi ng bel ow threshold -1 or hreshold -2. At each instant, the output
of the oubpetifiedly, theoThfdetett sirattigryn?dcgen2tfes & TAeadetedted bignikl by nes t he

maxi mum val ue at that instant, ere Kis fi.xed nunber. Becau there is
afinite mnmt@mzﬁthﬂte@wé%&fi mﬁgﬁquﬂgﬂalt Fhen,inthe 5 qomefb?ﬂ%izyszﬁﬁe 25

output of filt 64 cannot i t t i b .ost 1/ K
Thent t he 4 1%28hedanfld” Phaios Rar 2 and Bt Bl gReTR Rl i) o
exanpl e, Lepeied 4P1iREI84 Bs dFisedsded a%é@eﬂ"h?egﬁﬂsé‘ca%él%%%lﬁ Qfferdced20. The
correct stale for the output of the |low pass filter 4 is selected so that
a pulise 6am dhe suffsral and High padstltéred St digyet] sirch ten thesshitratiaat ed from
the output of 30 the high pass filter 262 to cancel the _remaining thermnal

asperity eflpgee ta therawipetaipal astualiychoginededoraie 43y debseiad signpl 8862/ 26542
o BT ond I Bl OSSR PR ST 2B 1
220, o e A 3SPS 4 i 2O, g Gaseel) sprema oot |
The buffer 260 FaGSslilZeFRreé grapisodfsipnal velies. sample number which illustrate
15  operation of the present 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.



5 desired delay. Bis preferably programmable, to address this timng

I ssue. Specifically, the TA detect circuitry 204 generates alAlaugebect ed
si gnal bywomsnsises i ng t he unbuffered readback signal. TheRrCTiUusoy/ha4TA
correct circuitry 206, the readback signal is buffered by buffer 260 and
the pul se cancel signal is generated ¢q |ine 284 as discussed above. The
pul se cancel signal is subtracted 1o fromthe buffered and hi gh pass
filtered inputIsigiehs asisdetd, Aatisd dve dbtar @edvasy syB’@r@(iOO?id%dvﬁ@ed)ﬁﬁrput
signal actually begins before the TA detected signal goes igh. In order
for the sysowaring dass &onhe magreticatisn@dy0) wsingnimagnéteresigivertean(820)shown i n

FIG 5, the buff 08 has the . | ength (d ' the buffer 260.

FI S, 11AFPERGC b BraisgREy Faireliagen “efaee PREE) HIeN a9 us r ai o
15 operat| . | ' . Fl | h k

i gnalcounSoRrRd i, MUY hlricetom pngaliBad BABNTR, AR PABPEFY,
out puts f r kA&, fikes@60) Wieeh BfidodddeSa dbldy (262pir0thanBadbadd gl ae cancel

signal on line 284. FIG 11B is a graph showing the output on line 222 for
B = 0, FlGomind rehtlbad paths2B))Hs poouddd which indadesa wuffer B208) whiclas t hese

Iie?riiilili rilelaFhe e dbeR PG A ERGEI] aBper O FIPH AU RRS
i gnal . AFEEEs pBFRRL b U A BRoR BRI A YRR BTt o] . Conse

of the sysdintRefy 54165t TRE réRARICk slrRAYS Bk thefthhl &Pty d8RaNlatidhe. FI G5.
13A-13F are also “simlar but illustrate operation of the systemin

respomse treadbatkeatin(2183.0d hgmdtal ipath byffer (08pisemonfigyned trlgynchitohize he
various paraneters and configurations of the present i nvenii on,. the

i Event : ondatarthseuglhy she Bemiralpath (&W) mgth date theomgh thefwsmal aspesiy of

" itn ey . o Pt Ful - v

maneti ¢ FeRaary et il PR RRrT Aty sl BT ol a1 y

advant ag?@b‘ﬁlg‘ﬂstela 13% ﬁé‘srsﬁfﬁf@'i (S40)aind £aREMNIE RE&YS 4%)’ THR&ht@Wofd equenci es
ch systens. 31 AUGJ

present in s ST2006 WO 03/ 08564 CT/ US02/ 26542 -11 In
various asgpgeta,can hostdelan vatplatwhichdox fayctiysofeatitst @bjesheldlevel atetiaf or

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



recovering data froma magnetic disc (110) using a nagnetoresistive head
(120) as provided. A thermal asperity cancell ation readbackspatchs(2d8) i s
provi ded wandogsemd i gured to filter a thermal asperity fromca/usezzhsark
signal. The path (218) 5 includes a filter (260) which introduces a del ay
(262) in the readback signal. A nom pgl. readback path (210) is provided
whi ch includes a buffer (208) which delays the readback signal. A thernal
asperity glef@aesdembdMmens destibtiedttegeintio dirdeteeicio :ad Bt starapasystennrfot he
readback signal due to a thernmal asperity and_  responsively select the
readback stoyngldata it wall breppueciaieddyi thpse aldbled i the arttbat diederdrnganeh

(218). The nom nal, gath bufferl(zgﬁ? i% configuaed to synchroni ze data
through thE FAEFRTHANVIHION feBPLlicRPlY e Athet Wibst Oh StORass REHTr asperity
cancel l ati on readback path (218). The thermal asperity detector (204) can
conprise a low pass filter (240) and a threshold detector (242). The
threshold detector can provide an output which is a function of a first
threshold | evel and a 15 second threshold |l evel. The thermal asperity
filter (206) can include a high pass filter (260) and a pul se cancel

signal (284) configured to cancel a pulse 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 nethod to adjust the
scal e accordingly via 266 is also provided. 20 It is to be understood that
even though numerous characteristics and advantages of various enbodi ments
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 nay be
made in detail, especially in matters of structure and 25 arrangenent of
parts within the principles of the present invention to the full extent

i ndi cated by the broad general neaning of the terns in which the appended
clainms are expressed. For exanple, the particular elenments may vary
depending on the particular application for the thermal asperity reduction
system whi |l e nmai ntai ning substantially the sanme functionality w thout
departing 30 fromthe scope and spirit of the present invention. In

addi tion, although the 31 AUGUST2006



WO 03/ 085646 PCT/ US02/ 26542 -12 preferred enbodi ment described herein is
directed to a disc storage systemfor storing data, it wl| sbecappoeci at ed
by those whioBhgd4é n t he art that the teachings of the presenisSoz/msenti on
are applicable to other types of storage systens. 31 AUGUST2006 WO

03/ 085646 PCT/ US02/ 26542 -13 WHAT IS G4AIMED IS: 1. A disc drive data
recovery systemfor recovering data froma magnetic disc using a

magnet or ey ATV OEAGMEI®IRr i Si ng: a thermal asperity cancellation readback
path configured to cancel a thermal asperity froma readback signal,

i ncl udi ngla fi A disc dinivehlats réqoverydsipsemdar seqeweting data from ganagnatic t he
readback signal; a nom nal readbac ath.including a buffer to delay the
readback Sis§HSIME 2 MRENLRICSISHEE NSRRI I8 ect or configured to detect a -

di sturbance in e ' . . [ d

responsi vel y s%ﬁggﬁmﬁl%g?ﬁgf%{gg?m logg%é'irk{&tc gﬁggﬁge ' ti gﬁhr%gﬁ%gck pat h;
wherein, the nom na'théi%eﬂa’@?éxﬁsifrbﬁl&fﬁaﬁibgdkergnhg inyladiigaifitler edtieh t hr ough
the nomi nal path with data through the thermal asperity filter readback
path. 2. The appar aintsodiicaslaai asperityfibeeielaytia theseadbacksignalit y det ect or
conprises a low pass_filter and a threshal d.detector, 3. e .apparat us of
claim 2, whereRAomp@al %Ha&b{r@%‘{w‘éﬁﬂﬁ%ﬁﬁe@ ay ﬂtﬁfﬁﬁ&%@‘ ‘ggf‘ﬁlﬁcti on
of a first thresholg1 l.evel and a second threshold | evel. 4. The apparatus
of claim1, wherein®fHe thernal asperity cancellation path includes a high
pass filter, 54 tﬁéﬁnélm%@ﬁwae&&&lc@hﬁgﬁrema@ﬂe& 4 BB tiancein geperity

cancel lation path further 1 ncludes a pulse cancel signal configured to
cancel the thernmal asgiackysignal due to a thermal asperity and responsively select

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.



froma signal fromthe high pass filter. 6. The apparatus of claim§5,
wherein the pul se cancel signal is a function of an output Bramwusarodw pass
filter combiogussas to receive a fixed pattern input. 7. Thecapsarztsus of
claim5, wherein the pulse cancel signal is a function of a scale

adj ustnment. 8. The apparatus of claim}y wherein the buffer in the nom nal
readback path provides a delay. 31 AUGUST2006 WO 03/085646 PCT/ US02/ 26542

-14 9. A get hodh piethed of esdongrifigidatd from a nageeicidisdlinecdiso stordgsc st or age
system using a magnetoresistive head, conprjsing: providing a thernal
asperity epstenl isingermagaetbaesictetheaghreompeisingl s a thermal asperity from

“eadback i gnaloHABNs ARG R IHORFHA CPESIRGOR stk rer U S BET e ¢o
del ay readback dat ghegﬁl%ghgllqg,eﬁog{ éké&ﬁﬁgﬁ%yﬁr&é}%@km%% gpal due to a

thermal asperity an respo y selecting sig t hrough the
thermak 10 asperi tyagﬁm@ﬂﬁlaéﬂdmayga&taafwdba@mgigﬁaﬁ synchroni zi ng data

t hrough the nom nal path with data through the ‘thernal asperity

cancel | ati on r gadbikikg patcminat teadibeclpatheincludinga bufégritaalelayereahask pat h.
10. The net hod of cldai m 9, wherein detecting includes a | ow pass filtering
the readback signal add det ect | ng a threshold. 11. The nethod of claim?9,

her i 1, 9o oct ) SR, AGIREI SR e il o o s3ibagh abemelae 8 |
LD e s gt alhas gutd iongdestntan s
cancelibati on path asperity cancellation readback path; and
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.



further includes a pulse cancel signal configured to cancel the thermal
asperity froma signal fromthe high pass filter. 14. The nmetihwmdsofosc| ai m
13, wher ewo oshgsepall se cancel signal is the function of amrcComtSprLesiz om a

| ow pass filter configured to receive a fixed pattern input. 15. The net hod
of claim 14, wherein the pul se cancel gkgnal is further a function of a
scal e adjustnent to the output of the low pass filter. 16. A disc storage
syst em co¥i guredist drivepdstaratoviehe systbinoidr oécovlesing data SbrAGFRGR6 WO

03/ 085646 PCT/ US02/ 26542 -15 17. A disc drive data recovery system for
recover i n§isfatsing ponagneterpsistive hegilseornpripigga magnet or esi sti ve head,

conprising: thermal ,asper.jty cancell ati on,.neans f.or ncel.ing a,thernal

asggri ty 19 rom erp@e&@ﬁﬁg@ Sélad}qgﬁa%%nﬁg%s foF %Wﬂé?%ﬁ&ﬁ%@b@r Sgﬁrlf:ya 8t ati on
ath; 5 thermal a i . £ or t . . Jty in
Ito he readback si gnaisag%aps‘%\n&ﬁ:ﬁﬁér}g t he r1é§§gg§{<1ﬁ§l|%sﬂ>gfl?¥ %ﬁeﬁgﬁﬁgﬂﬁ’l );;alth

to thesthermal tﬁ@ﬁﬂliatsgeﬁﬁ}ﬂ@ﬁbbtahb&ﬁé foanrkteimognathepmabadpdritgrinikans for
synchroni zing the readback signal through the nom nal path and the thermal
asperity cancel | ati seadback sigra\l amdesvipahang thesreatlbatlasignalArames apmingle
thermal asperity cancreﬁel atio means i ncl ude hi gh. pass cancel | ati on
means for filteringPRHR! @%fcfg’ﬁw ety canepllagnn aratus of claim17
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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.
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