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resi stance rikes a particle or magnetic nedia defect, the
tenperature of the head can increase by nore than 100 C, the terrperature
rise is a TAhepisenignyensionaekpies b amethedend Fysiesnfor dptepting and compenesting ffier head
(about 0.02% per degree C), a TA can cause a significant voltage transient,

or DC hlzsekl sspefities ih mapietic aisk dgvéshendumateq@irtiialyb dadthoRaarkys@no@t a from
the disk is then either not possible or has a large bit error rate (BER)
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an accepta range. In or ecover abI e data,
t he channel controller needs to initiate a re-read operatlon

2. Description of Prior Art

Data read from a disk is susceptible to errors caused by media defects producing thermal
asperities (TA’s) in the read channel electronics. For example, in disk drives using
magnetoresistive (MR) or giant magnetoresistive (GMR) heads which take advantage of the
resistivity of MR material, a DC bias current induces voltage across the sensor (MR stripe of the
head) which varies according to changes in the sensor resistance. When a head strikes a particle or
magnetic media défect, the temperature of the head can increase by more than 100° C, the
temperature rise is a TA. Due to the temperature coefficient of resistivity of the head (about
0.02% per degree C), a TA can cause a significant voltage transient, or DC baseline shift, -
saturating the analog read signal. Reading data from the disk is then either not possible or has a

- large bit error rate (BER) for about 0.5-5 microseconds (us), until the head temperature returns to
an'acceptable range. Typically, in order to recover the unreadable data, the channel controller

needs to initiate a re-read operation.
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2 2 MAR 2005, One approach to TA detection involves detection at the
anal og-to-digital converter (ADC) output of the channel i nput circu'q.tz.MR 05
Because the ADC output is typically late in the signal chain, nore of ‘%k?g
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"hi gh squel ch” and "l ow squel ch". This does not allow for flexibility in
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or the return to a normal position. In systens which work wthin tHe arm

e ect AmSrHOhy i O HEyhS, MG AAPH o Ty b AIBA ST Lyl oo
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difficult. Filtering prior to TA detection is 2

rectification to improve detection reliability, the movement of the AC coupling pole at t.hé VGA
mnput is adjustable only in two steps, “high squelch” and “low squelch”. This does not allow for
flexibility in the position (frequency) to which the AC- pole is moved in response to a TA, or the
return to a normal position.

In systems which work within the arm electronics module prior t6 the VGA input, a TA
transient is detected following low-pass filtering and “dead-zone” rectification. An analog signal
is generated which moves an AC coupling pole in the Arm Electronics Module in a continuous
fashion. This is less desjrable because the signal amplitude at that point in the signal chain has not
been acted upoﬂ by the automatic gain control (AGC) loop. Therefore, the normal amplitude of

data signals can vary widely, and therefore, needs to be considered when setting the TA detection

threshold. This makes reliable TA detection more difficult. F iltering prior to TA detection is



2 2 MAR 2005 sinmple first order, however, the first order filter provides
] ess effective discrinmination between TA transients and.nornal S|ganm{m%
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 diffioult,
5 Therefore, a need exists for a method of detecting a thermal asperity in magnetic
disk drives in real time and compensating for the asperity at the channel input, thereby

shortening the length of error caused by the TA.

SUMMARY

20 A method according to one aspect of the present invention is disclosed for
detecting a thermal asperity. The method amplifies a data signal having a thermal
asperity, detects the thermal asperity in the amplified data signal prior to a continuous-
time filter and adjusts a variable resistor prior to amplification for compensating for the
thermal asperity.

25 The method may adjust the variable resistor by setting a detection threshold with
a threshold comparator and transmitting an event signal to the variable resistor for
adjusting a pole frequency. The pole frequency decays at a predetermined frequency ratio
at each step. The steps are taken at fixed intervals of about two to about eight bytes of
data. The predetermined frequency ratio can be expressed as:

30

R= exp[ln(fﬁ)_ln(f/v)}
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thermal asperity. 25 The nmethod may adjust the variable resistor by settl ng
a detection threshold with a threshold conparator and transmttirgy %ﬂﬂﬁe
event signal to the variable resistor for adjusting a pole frequency

pol e frequency decays at a predetermned frequency ratio at each step. The
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a data rate. According to another enbodi nent resent i1nvent
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data signal after conversion. |In another aspect of e present | nventivon,
system f or d@@l@g;tanngla@g toedigrdl converter, applying the data signal to a gain control for

adjusting a gain of the data signal to a constant signal amplitude, and error correcting the
data signal after conversion.

In another aspect of the present invention, a system for detecting a thermal
asperity within a data signal is presented, including a variable gain amplifier for

15 amplifying the data signal, a thermal asperity detector for detecting the thermal asperity
within the amplified signal and outputting an event signal, and a programmable control
unit receiving the event signal and adjusting a variable resistor accordingly, the variable
resistor having a pole frequency for compensating the thermal asperity, located prior to
the variable gain amplifier in a channel, wherein the pole frequency is set by a

20 programmable control unit for controlling field effect transistors in the variable resistor
and accepting an event signal upon detection of the thermal asperity after a variable gain
amplifier in the channel electronics.

The system may also include a continuous-time filter for preventing distortion of
the data signal, an analog-to-digital converter for converting the data signal to a digital

25 data signal, and an automatic gain control for adjusting the gain of the variable gain
amplifier.

The thermal asperity detector according to another embodiment of the present
invention, includes a loss-pass filter for discriminating between the thermal asperity
signal and the data signal, a non-linear rectifier for selectively amplifying large amplitude

30 portions of the data signal, and a threshold comparator for setting a detection threshold
and outputting the event signal.

The non-linear rectifier includes a differential amplifier for transmitting a V1+
signal and a V1- signal to a first differential source-coupled pair, and a Vem signal (o a

second differential source-coupled pair, and a second differential amplifier for accepting



asperity within a data signal is presented, including a variable gain
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an output of said first and second differential source-coupled pair and
transmtting a signal to the threshold conparator. The differenti 9"2 MAR 2005
~source-coupl ed pairs further include a pair of source degeneration )
resistors. The variable resistor according to the present enbodi nent o
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wi |l be described belowin nore detail, wth reference to the acconpanying
drawings: Fig. | Ais a diagramof a Chebyshev filter according to one

enbodi mrent of the present .
BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the present invention will be described below in more detail,
with reference to the accompanying drawings:

Fig. 1A is a diagram of a Chebyshe’v filter according to one embodiment of the present
invention;

Fig. 1B is a diagram of a channel input circuit according to one embodiment of the present
invention;

Fig. 2 is a diagram of the Rin and programmable digital controls of Fig. 1B;

Fig. 3 is a graph of the clipping point of a VGA according to anoth;ar embodiment of the

present invention;

Fig. 4 is a graph of an output of a non-linear rectifier according to yet another embodiment

of the present invention;



invention; Fig. | Bis a diagramof a channel input circuit according to
pne enbodl ment of the present invention; Fig. 2 is a diagram of tQteZhEAk’zuo
and progranmabl e digital controls of Fig. -1B; Fig. 3 is a graph of _,5
cli'pping point of a VGA according to another enbodinent of the present
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according to yet anothe e present
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at the ARPRRE RN put and at a VGA output with and w thout conpensation;
and Flg 8is a grap of a simulated disk data with a TA transient, shown
w th and w thou rrgenfatj o% EETAI LED DESCRI PTI ON OF PREFERRED

EMBODI MENTS Y485 { & 4B 6 #retdreliped &rapsignd sy gafé%ﬁJAqg Wp\sn 89K appescTdtiBat  Of
the present invention for detecting a thermal asperity (TA) in real tinme
and cordBradiontput. and ahe VI3 loytpit with mhd withbuttdempensasionedndi nput, t hus
shortening the length of the error that results fromthe TA If the error
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codes (ECC) used in the channel

compensation.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
A system and method is presented according to one embodiment of the prese'nt invention
for detecting a thermal asperity (TA) in real time and compensating for the TA by filtering at the
channel input, thus shortening the length of the error that results from the TA. If the error can be
contained to less than about four bytes, standard error correcting cbdes (ECC) used in the channel
controller can correct the error and thus, the need for a re-read operation is eliminated.
A circuit is provided according to one embodiment of the present invention, as part of a
— read channel electronics chip (the “chalmel”). The circuit includes a thermal asperity detector, a
digitally-variable resistor (Rin) at the input to the channel, and programmable digital controls that
adjust the value (resistance) of the Rin in response to detection of a TA. ’I‘h‘ese components are
shown in the block diagram of F 1g 1B. The purpose of the circuitry is to reliably detect TA’s as

they happen, move the VGA input pole to a higher frequency to shorten the resulting DC baseline



controller can correct the error and thus, the need for a re-read operation
is elimnated. Acircuit is provided according to one enbodi nent O%Ztmﬁ? 2005
present invention, as part of a  read channel electronics chip (th a
"channel "). The circuit includes a thermal asperity detector; a
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detect TA's as they happen, nove the VGA input pole to a higher frequency
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pole to decay gradually back to its normal value. Referring to Fig. 1B, the

pole frequeggy el i : . itance (Q) .apd Rin,
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to Fi gbﬁ gls eGP l?lsd B@cﬁd&gm P?‘iheeh%klklpm GigHER: dhe sigraldirantiel iant
circuitry. The signal fromthe MYGW head enters the channel at the left,
comi ng GMi headnantdre tterchanmes anthel ldfe c¢rAinp. vidthe armiefabnicsmaamlki(AEgdrfy a
variable gain anplifier (VG) 104 and then passes through an anal og
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applicatrons, it is “"advantadeous to provide a conti nuous-tl
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CTF 106 js applied to an anal og-to-digital converter (ADC) 108. The out put
of the %&D@%%@é@ provide econtirumiettime athiye filkér Withna censtampptosip deleg pharaetefistid er
(DFIR). Further, the ADC output is applied to an automatic gain control
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mai ntain a constant signal anplitude.

CTF 106 is applied to an analog-to-digital converter (ADC) 108. The output of the ADC passes to
the channel’s digital finite impulse response filter (DFIR). Further, the ADC output is applied to
an automatic gain control circuit (AGC) 110 that adjusts the gain of the VGA 104 in such a way
as to maintain a constant signal amplitude.

The TA detector circuit 112 accepts the signal from the output of the VGA 104 and
processes it through a low-pass filter 114 and a non-linear rectifier 116, both of which are
adjustable to provide reliable detection of a thermal asperity. The output of the non-linear rectifier
116 is passed to the threshold comparator 118, which sets a detection threshold for TA’s. The
threshold comparator’s output is a digital signgl (“TA event signal”) which indicates the

occurrence of a thermal asperity in the data stream. The TA event signal triggers the

programmable digital controls 120, which are further detailed in Fig. 2.



The TA detector circuit 112 accepts the signal fromthe output of the VGA
104 and processes it through a |owpass filter 114 and a non-linegry MAR 2005
rectifier 116, both-of which-are adjustable to provide reliable detection
of a thermal asperity. The output of the non-linear rectifier 116 is passed
to the threshig d shonptheatroctueld thedipitdllysetiable rekdtacRigRhnehdalgdilar TA s.
The threshold conparator's output is a digital signal ("TA event signal")
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The TA event signal triggers the prog igrtal contral's

are further .detail i ig. 2. 8.2 2 MAR 2005 Fig. 2 shows the structure
of the %‘ﬂgﬁeéa?ﬁlﬁo if(?éagpz, %wg%ﬂwmg{ynwg,e gi gf&am%siz%rae TAessient or s
204 and a set of field effect transistor (FET) sw tches 205, each FET in

seri es signdh tiggead the hold tirhoreX8; ehichtimten (ABEs thA@éday saquanedrl2 1830 trE on some
programmabl e digital controls 120. The TA event signal triggers the hold
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all of the FET swtc ower i ng the nput 1 nmpedanc
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timer 208, then it is allowed to decay at a predeternmned rate set by the
decay tWrie pProppammeble belhiymercififetheniit i allowe tosletdyet BpTedstinnited sat2 0& ynher
off in an appropriate nanner so that the pole frequency decays gradually

to its dvoay timer YHl. Che dbdhylsBGuaRE@Q0 tun S HRAITBRAbohed DS HPMEF # i
changes by the sane predt}alt e?ln‘i ned ratio at each 0dlgcay st ep. \?%%gl;h%gﬁ%ﬁlgtrenal

es by . i each decay step. Wien
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hi gh-pass filtering action (of the C and Rin), noving the pole to a higher
frequerFé@’oFlfIP?‘gr the pale fregienay sherass Py disrpapisdredsteamnined ratipr shedndecaywtegh i s
equi valent to saying the transient will decay at a greater rate. The

When a thermal asperity is detected, the input pole frequency is moved to a higher

frequency in order to minimize the duration of the transient. Due to the high-pass filtering action
(of the C and Rin), moving the pole to a higher frequency filters out low-frequency components of
a transient, which is equivalent to saying tﬁe transient will decay at a greater rate. The
characteristic decay ;ime can be given by: T=(Rin/25C, where the decay time is mnversely
proportional to the pole frequency.

L The pole frequency decay is preferably gradual back to its normal value. If the pole
frequency decays too rapidly, a DC baseline shift occurs which can raise the channel bit error rate
(BER). However, if the pole frequency decays too slowly, an unnecessarily high BER persists for

the duration of the decay time, since having the pole frequency set above its normal value also



characteristic decay‘tine can be given by: ti=(Rin/2)C, where the decay
time is inversely proportional to the pole frequency. The pole fre %
decay is preferably -gradual back to its normal value. If the pole MA 2005
frequency decays too rapidly, a DC baselinme shift occurs which can raise

t he charmss thd ¢haan¢l BER dlllfs, thBER a chiap@de invdlvédia seing the gleieany ril€GaY S
too slowy, an unnecessarily high BER persists for the duration of the

decay t R deSivia&hHRVI Ng the pole frequency set above its normal value also
9 2 2 NRR 28 g ra}ses t he channel BER Thus, there is a conprom se involved

in setting tl e pole decay rate and pole deca nmet hod. In the present
oy

enbodi ment, 1% thgEesentFmbodanen}, i Se emprally ﬁ%t@mlﬁ%i Bt therapipBmepdrederyy
met hod was to aI | ow pol e frequency to decay by the sane predetern ned

f r equenmethodtwas tatlleapbledfequendyuoideday bl tisd @pse prddeterindiedtequb Q@tﬁ&M' e%l?oit he
predeterm ned ratio R can be witten as: = exp Rrin(fH- In(fiv)1l

where fy nhxgxbgpﬁ slﬁéé)gthﬁ'?et fofirﬁlﬂg ll'(? Qaqglfllltg Mrg&t&l}ﬁn@% ra@ ?_lk NB% gv?m%{}tﬂg E)P e. TA

is detecte uenc
steps. In the present enbodlnent fHiIs 32N+E fNis 0.5MHZ, n is eight

steps, and Ris 1.682. Thus, the pol kkﬁﬁqqﬁpgy decays in the sequence:
32MHz, 19MHz, 11.3MHz, 6. 7MHz, 4M=|Zexpf. ; ﬁl\/Hz 0. 84MHz, and 0. 5MHz.
Steps are taken at fixed tine intervals eqdivalent to

where fir is the highest frequency to which the pole is moved after the TA is detected, fy is the

normal pole frequency, and » is the number of steps.

In the present embodiment, fy is 32MHz, fy is 0.5MHZ, n is eight steps, and R is 1.6§2.
Thus, the pole frequency decays in the sequence: 32MHz, 19MHz, 11.3MHz, 6.7MHz, 4MHz,
2.4MHz, 1.4MHz, 0.84MHz, and 0.5MHz. Steps ére taken at fixed time intervals equivalent to
roughly two to eight bytes of data. Other values of f, fi, R, and » would be appropriate for
different channel data rates and magnetic head characteristics.

Reliable detection of TA’s in the thermal asperity detector shown in Fig: 1B is needed for
proper operation of the system described above. False detection of TA’s when they have not
actually occurred can increase the channe] BER or result in data loss. F ailure to detect actual TA’s
wil_l result in a failure to compensate for them, which can also increase BER, force re-read
operations, and/or result in data loss. A simulated TA superimposed on a typical data sequence at

200-Mb/s as it would appear at the VGA output is shown in Fig, 3.
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roughly two to eight bytes of data. Other values of fH fN, R and n would
be appropriate for different channel data rates and magnetic head MAR
characteristics. Reliable detection of TA's' in the thernal asperi >z 2005
detector shown in Fig: 1B is needed for proper operation of the system
descri bed ab@he clipfihg eor dguatiohppoinf of The ¥GahieRlepioRY i Bipe 3R9B00 ﬂprﬁ', hyd
occurred can increase the channel BER or result in data loss. Failure to
det ect e S Wl result in.a failure to c ensate for em, _whi ch
can al s ardd Besd SSipthces DEPHA a4 ol Blos KT i SR TRE G echivor e Vg

| oss. A sinul ated TA superinposed on a typical data sequence at 200-M/s
as it weYANGVilpE Hie ogeurranee WGAT Hu Bivanle rlges}énbk/dﬁcemlonilgt.hus inadequatebduiaRe 20 (&
The clipping (or saturation) point of the VGA is depicted in Fig. 3 as 300
nMVppd, higth proishbdility befasse Cefettits RefgAng totbe Pigak stawa @R B HHER i$Ad08RE 0ach
the clipping point of the VGA even w thout the occurrence of a TA. Sinple

t hresholgl: t i IS, | Qf e i gh obabi. | i.ty,. of
fal o dopitied ARsbanlish SIERAMPUARTRE AT Hiouk Bine oK GhEm R mge Vv
at which to set a threshold which will reliably detect the TA w thout
bei ng cPeyEeal datarstgnalsndspyrics aealyns obibe dd) signal and fygical data srsencersignalslipdicatenf
the TA signal and typical data sequence signals indicates that |ow pass
filteritigt banpasyiliering tdaieingebdecthe detesthiralibility Yy discHingtingibo@tceR thelld ween
the TA signal and the data signal. Table 1, below, summarizes simnulations
whi ch f ; t i : . di Lm-nat i, on
WeibRal AL ('igl?tg S%Qal. $alie¢! lfetl ' AR &Huﬁa,?ironé%{cﬁb\%gé p aq(xﬂngd io

between a TA signal and atypi cal data sequence a

E Iu![ LE\{ r tg%‘?c?ﬁ}l\és(}p%%\l- gﬁ%ﬁg&?ﬁuﬁg{f&l l!’)ert]\;evgernl a? Afxﬁ%ps?gsnsal Iului zgt}?pricgl Idlat%aesr(.aquence at

200-MUb/s.
Table 1.
Filter type SNR @ low-pass SNR @ non-linear low-pass filter
filter output** rectifier output latency*
no filter 1.06 1.09 (0.75dB) N/A
1* order -3dB @ 1.47 1.91 (5.6dB) 0.33 bytes
10MHz
L 2™ order Butterworth 1.59 2.32 (7.3dB) 0.65 bytes
-3dB @ 10MHz
3™ order Butterworth 1.85 3.15 (10.0dB) 0.95 bytes
-3dB @ 10MHz
3™ order Chebyshev 2.13 4.27 (12.6dB) 1.10 bytes |
1/2dB ripple -3dB @ |
10MHz

* To 75% of TA peak amplitude
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no filterl.061.09 (0.75dB)NA 1 ' order -3 dB @.471.91 (5.6dB)0.3 3 bytes
10MHz 2"d order Butterworthl.592.32 (7.3dB)0.65 bytes -3dB @ 10VHz Ql'ZdMARZ(][B
order Butterworthl.853.15 (10.0dB)0.95 bytes -3dB - @ 10MHz 3' order o
Chebyshev2. 134. 27 (12.6dB) 1. 10 bytes 1/2dB ripple -3dB @10MHz * To 75% of

TA peak*pgmki_;g%%gral?I%PW@&a%%?%;T@iéw = peak TA anplitude/ peak data

anplitude I'n wer  cutoff frequencies and shar per
cutof f characteristics provide better discrimnation between the TA and
the data. However, the filter is also constrained by the maximm
acceptabl e latency. Since the total error Iength nust be held to | ess than

f our bylhgenéral, filtedevitlf otveE&Xtoff frequdayiet hed sipnter ohitofichhacteRéticd providiee®Er OF |
the TA detector must operate within approximtely 1.2 bytes or |ess,

or coont HTRAnRRE b Sa: PR Sl T ReC AR YR Phlhd Glmee o ¢

passband ripple and a -3dB cutoff frequency set at about” 5% of the data
rate. CRENHUAHacSERIRbIE dafensy; $incq the tatd egior lepgily raust be bgldite dess thanifougiiytesfin t he
present description, that other filters are within the scope of the

I nvent iarder fol BCCheedbeterbniestizo ch sveratt, the reorCirlIs Aevctdd hii® opbrtel viglig ment ed

as a GnC
approximately 1.2 bytes or less, allowing for additional latency in the TA compensation circuitry.
In the present embodiment, a third order Chebyshev filter with about % dB of passband ripple and
a -3dB cutoff frequency set at about 5% of the data rate. One with ordinary skill in the art would
recognize, in light of the present description, that other filters are within the scope of the invention.

In the present embodiment, the Chebyshev filter is implemented as a Gm-C
(transconductance-capacitance) filter, as shown in Fig. 1A. This architecture is particularly
amenable to implementation as a complementary metal-oxide semiconductor (CMOS) integrated
circuit. |

The third order filter is implemented as a cascade of a first order section and a second
order section. The transconductances (Gm1 to Gm6) and capacitances (C1 to C3) shown in Fig.
1A are chosen to give the desired Chebyshev characteristic. It should be understood that other
filter architectures would work as well.

Tﬁe rgliability of the TA detection 1s further improved by the use of a non-linear rectifier

following the low-pass filter, as shown in Fig. 1B. The purpose of the non-linear rectifier is to

further discriminate between the TA transient and the data signal. The Chebysheyv filter
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(transconduct ance- capacitance) filter, as showm in Fig. 1A This
architecture is particularly anenable to inplenentation as a conpl eZTP'MARrZ[}fB
nmet al - oxi de sem conductor (CMOS) integrated circuit. The third order o
filter is inplenented as a cascade of a first order section and a second
order segdctifiinag t apacit ances.{Cl "to
Gy shoun o mimetes ey EAORE P R APGAR ob bl of BEducB SHERD G Tedtiser
characteristi.c. |t should be understood that other filter architectures
woul d m@ﬂﬁ?“g%“%ﬁ betwagndhe LA andithg dasa g therhasts Af Heltage emphituds. TAvstlase largpr oved
by the use of a non-linear rectifier following the |lowpass filter, as

shown i ampligndes, vBhileThn pgngiobavesnatlve muderatd applitudedcThd h@Llihdar bReifif Ukt her
di scrim nate between the TA transient and the data signal. The Chebyshev

filter Hésigned dYARpABPRrd 5 liturﬂe 2k &&E%&lﬁ%ﬁﬁ%&?ﬂe %uglgli'g@% \%ggalstﬂgls;r A

basi s of frequency. "The non-l1near recti I'Scrimhna

and the ta on the basis . .of voltage | jtude. TA's have | arge

anpl it uags%?fg\ﬁch@tegla‘f@h QF&O&F@F% a@ﬁﬁﬁqd Bpclypasthienemsl signelesThiThe
non-linear rectifier is designed to anplify large anplitude signals nore

t han smhfhaven offiearoatlimearmptifiardeillsitoned tsy thd inmi/ostpgnetasacasisae betigds Wileh t he
TA events are anplified much nore than normal signals. This behavior of

t he nonnbi-igedr réciiet fsidekighsd foltaVs s AbBGoRYutthSrl JShar geteristic
of Fig. 4. The non-1Ii nelgr rgctai fi erbi S Lg%‘é%gﬁré%‘@’?%ﬁ‘{]%\%ﬁe‘%ﬁ“?ﬁ&;?/ out put
characteri st g 4. .The f this input/output

0 in_Fig. ur.pose [ )
characteristi Ce?érpt% L(;e at lléﬁrfpa‘{vgu?%‘f}\ar%ﬁ%ls{léjﬁdg ag‘?rﬂfﬁ% smajlAmpRlitadartignals ng
I‘arge anpl.itude_sigpals. Since data signals typically have snaller

g % g . S1 g . Y§ Uy

anpl i tu de amp fyinenlagge anpplgudessignajse Shieel deip siging typrealythang sinell aveeiplitwies

signals in the anplitude donmain. The conbination of the |owpass filter

f ol | ovethabyl A’kehisdna nietieairof désetimiriating bstwoad t€ siladlh ¥ B8 BRI RIR domain, The
combination of the low-pass filter followed by the non-linedr rectifier is particularly beneficial,
resulting in more effective discrimination between data signals and TA’s than could be achieved
by either technique alone. This is shown by the data in Table 1, where the highest signal-to-noise
ratio (SNR) is achieved by the signal which has passed through both the low-pass filter and the
non-linear rectifier. It can also be seen visually in Fig. 5, which shows the signal as it exists at the
VGA output, the low-pass filter output, and the non-linear rectifier output. The non-linear rectifier

— output clearly shows the TA transient 502 as distinct from other signals and noise.

Fig. 6 shows our implementation of the non-linear rectifier 116. The signal comes from the

low-pass filer 114 (a third order Chebyshev in the present embodiment) at the left and passes

through a differential amplifier 602. The differential amplifier 602, in addition to the standard

differential outputs V1 + 604 and V1- 606, has a common mode output Vem 608 which is the
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resulting in nore effective discrimnation between data signals and TA's
than coul d be achieved by either technique alone. This is shown byztzhm
data in Table 1, where the highest signal-to-noise ratio (SNR) is achi e'VQQi
by the signal which has passed through both the |owpass filter and the .
non- | i npascerg eoint ofthe differamial sipsad (¥ 1 $)p€W 19)/2udhe differenfiesigimals aveiapplishions
the signal as it exists at the VGA output, the |lowpass filter output, and
t he non-4:i 1, LE : : i e rectd fi arly
shove. CHanGERialBECt bRl PNt iR SoteucokR o Gkl 2. ARS8V Y
shows r. inplenmentation of the non-linear rectifier 116. The signal cones
from t eS8 ﬁg&%a%@ from de junotionof the sourcs deganeratian jesistars b - tlhe cpmaanmode
enbodi ment) at the left and passes through a differential anplifier 602.
The di fsignabNemed08asmppliddas b6 dnpitnotdgcondidertivat fiffeehisidande- dupfeampaft i al
outputs VI + 604 and VI - 606, has a comon node output 'Vern 608 which

is the : C U o} t, .Of di fif i @l 181G ((Vv
15) (v O ISR e S B GR o1 Bkly ler B o HEFPA0 R el ol
sour ce-.coupl eg air 610 with source gf@eInerati on .resjistors 612. An out put
si gnal JURAIOg o s source drasneratighTesisiors GHcineatear! Yie 0% and wlaerrenareheitare
resistors 612. The conmon node signal Vern 608 is applied to both inputs
of a sepphel fodesetochdiffdichfidmendifial 620 ihe eutpotofjthedcqad differdidal wihtphifisour ce
degeneration resistors 616, and a reference signal Vref 620 is taken from

the | t((my)oavzg)) Ha 9 8heSBH6RHSIRIRAGKATH 18, 4 85ikISTHe gféin@%@ -degﬂae oBh& %Fééﬁ& %8618
r | e

and reference ef 620 are applied to a second differential anpli 22.

Th d diff ial anplifi V2+) - (V2-)) has th
char act B TeeorRERBRRANN GO efreo P dyichFingdh HER 0o near i 1y

of the rectifier determined by the transistor transconductances and the
val ue 61Fg?1’f?éat§’8159%§0rsdegenerati on resistors. The output of the non-linear
rectifier 116 passes to a threshold conparator 118, which in

The output of the non-linear rectifier 116 passes to a threshold comparator 118, which in

the optimum embodiment has some form of hysteresis to further improve the detection reliability.
Once the non-linear rectifier output passes above the TA detection threshold, the TA detector’s
digital output is asserted. The non-linear rectifier output must then pass below a second, lower
threshold for the TA detector’s digital output to be de-asserted.
The overall operation of the thermal asperity detection and compensation system is
L__ illustrated in Figs. 7 and 8. In Fig. 7, the idealized transient resulting from a TA (without any disk

data) is shown as it appears at the MR head output. It is also shown as it appears at the VGA

- output, with and without compensation. These simulation results show how real time detection

and compensation can significantly shorten the duration of a TA transient. Tn Fig. 8, simulated

14



t he opti mum enbodi nent has some form of hysteresis to further inprove the
detection reliability. Once the non-linear rectifier output passes .above
the TA detection threshold, the TA detector's digital output is aégeMéféZ_ﬂDS
The non-linear rectifier output nust then pass bel ow a second, | ower o

t'hr eshol disk detatvieh ZRAd@LRELOLS sBotth U; Qui.put to be de-asserted. The
overal | operation of the the{snsgi)ggg}ﬁgﬁntdwlh@ﬂ’ EIPIsHsafu, abipppeat dtdhe V@ em

is il usihat i N Fi 7.and 8§ In Fig. 7, the idealized transient

resul ting ? r bﬁggﬁ]’lﬁle(ﬂfFﬁ%‘fﬂtéﬁ}g'&iﬁ%ﬂ@ﬂ}’dh@medbyshnwsnsaﬁoﬂ.t appears at the
MR head out pgﬁ. ,Itéi S '%cho shown as it appears at the VGA output, with and
Wi t hout conpefi3¥ig epscrivedembedimehiator @ ther@alsher® IRW.AQW. real tine detection
and conpensation can significantly shorten thelzurgég%tls.b’(;]\rll\én fCOPPPRASAIPR S¥stemy |
In Fig. i8is mitetithatBeditidatdne a VR, disk data with a TA transient is
shown wi th and wit hout corrﬁ)gnsatrl?ag%;g c%%t)e( Pag%tlﬁa‘?@"“ﬁtﬁ"ktll@é ivehe arointlight of thga
*in, thepld jent. i.s significantly shortened by conpensati on. Havi ng
descri bed en%%ﬂ?‘%shﬂés h’fer OIgﬁ% Primdessions thatchdeges atdydie radb iﬁqp;%ﬁgﬂgron
system eg{htofii S rtloctpfetfl t hat nodifications and variation can be e by

per sons foacpts of therinvamtioni disdlosgtitwhidh 4rbQith@P@¥ e ings. . Lt.is .
therefore to be understood that changes may be mac %i%ﬁgtsﬂgﬁﬁg{l?il@ﬁilg?“ as

enbodi melafiseddfy theppendedtlafis. dias gﬁ]gsdd hch are within the scope and
spirit of the invention as def i frfllg y e%hebegﬁ% Hieiog  vathhihe details augd t hus

descri begtichRsml i Lth the details and particularity required by the
pat ent Pav&s , %w;%&%éﬁ}a&né atgﬂtgaﬁés‘?d?aééf Prpiaat dasited firetotted by Patt@oPatesi s Set

f:Orv in ga%raig%%ngp%gngeldagl%& 15 2 2 MAR 2005 What is clained is;
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1. A nethod for detecting a thermal asperity conprising the steps of.
anmplifying a data signal having the thermal asperity; detecting the hermal
asperity in the anplified data signal prior to a continuous- 5 timel i MARE2005
and adjusting a variable resistor prior to anplification for conpensating
for the theWhalisabpeedsy. 2. The method of claim 1, wherein the step of

adj usting further rlses t he ste 0 of settlngadetectlonthreshold
with a threshold C%Wgﬁ}oéit grd et%ﬁlgtartg?l?fﬁ}?iﬂeﬁb’ e theisgRrar/t o t he

vari abl e resi stor @hgglﬁgg%ta{a lﬁmdg%thertﬁé}tﬁﬁpg%en%fg 3. _The net hod of

claim?2, wherein t fre term ned frequency
ratio at each of alepﬂcungthettyem’ialatlﬁpﬁy irdthe Bgplifiet kiath dfnat paibMmo3a cymefen

the steps are t ﬁ at fixed intervals of about two to about eight bytes
of data. °20° Bneg & A hod of claim3, wherein the predeterm ned frequency

ratio i s expressedgagiingae¥RidoM feslstbpfiortd andplificadtd s c&ﬁpensanng for the

thermal asperity.

2. The method of claim 1, wherein the step of adjusting further comprises the steps
setting a detection threshold with a threshold comparator; and
transmitting an event signal to the variable resistor for adjusting a pole

frequency.

15 3. The method of claim 2, wherein the pole frequency decays at a predetermined

frequency ratio at each of a plurality of steps.

4. The method of claim 3, wherein the steps are taken at fixed intervals of about

two to about eight bytes of data.

S. The method of claim 3, wherein the predetermined frequency ratio is expressed

as:

R= exp[ln(f") _ln(fN)i|

n

25

where:
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2 2 MAR 2005 fH is a highest frequency to whi ch the pole is adjusted
after the thermal asperity is detected; fNis the pole freequency prior to
the adjustrment; and 'n is the nunber of steps. 6., The nethod of cl £2r’rMAR2005
wherein the step of detecting further corrprlses the step of discrimnating
bet ween t he thern?i 1%§t¥?r and the g éal naI using a |low pass filter.

7. The method of ¢falm SRSy &4 e %@taﬁﬂ@ted@(ﬁ@rélewhédﬁahasbeﬁt}qgt es
of the gegtcz(fignal. 8. The rrethod of claim®6, wherein the | ow pass filter
conpris ®third order Chebyshev filter with about V2 dB of passband
ripple and a -3dB.cutoff frequency of about 5% of a data rate. 9. The

met hod of cl ai m 1f if it %{éﬁ s . of filtering the data
signal with a con{l nuouﬁsbq}ﬁr wltﬁlld?%{l{(%gn@lgﬁ ”11? Nhe data si ghal using an
anal og-t o-di gltal onvert plying the data S|gnal to a gain control for
adjusting a gain o? t?ﬁ&”'&’if’”’fg?e@ﬁal to a constant signal anplitude; and
error correcting the data signal after conversion. 17 2 2 MAR 2005 10. A
system for detecting a thernal asperity within a data signal conprising: a
variable gain anplifier for anplifying the data signal; a thermal asperity

det ect dr f orTleahethdd Bclhine] t‘h&r I Wi t the anplified signal
and outputting an event ISI gnal - iR theas'i‘gbe&{&e%cung It?lrtﬂer comprlses the step of

discriminating between the thermal asperity and the data signal using a low-pass filter

7. The method of claim 1, wherein step of detecting occurs within 1.2‘bytes of the data
signal.
8. The method of claim 6, wherein the low

-pass filter comprises a third order Chebyshev

filter with about % dB of passband ripple and a -3dB cutoff frequency of about 5% of a data rate

The method of claim 1, further comprising the steps of:
filtering the data signal with a continuous-time filter;
converting the data signal using an analog-to-digital converter:

applying the data signal to a gain control for adjustiﬁg a gain of the data signal to a

constant signal amplitude; and

error correcting the data signal after conversion.
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5 a programnmabl e control unit for receiving the event signal and adjusting
a variable resistor accordingly, the variable resistor having a polg) y I}BZUUF’
frequency for conpensating for the thermal asperity, located prior to t
variable gain anplifier in a channel, wherein the pole frequency is set by
a programubl con spiterardot defepting ertherolal asperityfwielio aelhfaesignal c@ngiigh@rs in
the variable resistor d acceg ‘lln% an event si gnal upon detection 10 of

t he thernal asperlﬁvrﬁ‘g[]e&a”bar{} hictppramaplifyingihg dat gignaly t he channel

el ectronics. 11l. Th@esYALemeRy d@tl::&bmo;gcte& tﬁ@’fheﬁ?%@éﬂ&&%ﬂﬂn the atmphﬁed

continuous-tine filter for preventing distortion o
anal og-t o- d|Sggltaéhn(b@lmeutmglanEwﬂsrgnsyleamd ng the data signal to a d| gital

data 15 signal; and an aut mati ¢ n control adj usting the gain of
t he vari abl g gai n ‘aRerdnEed! elc?ntreﬁ §y€°ﬂ'e‘ﬁ?%‘l’mélté? rﬁ‘@@t SW& r @it agléﬂﬁ@iﬂg a

ther mal aspeyariled @dptd:0racEHTR] lyseﬁle FatiQns- R} o hél\ﬁﬁé }Ir)olg' ?r%éﬂlemlc?a%lng

bet ween the thernmal asperity SI gnal and the data s
rectifier foompehstngvet yheairlnphna‘l;aspglty,a]ogaeduppbr tude mrabld)g@n aingdlifer idat a

signal ; and t hreshol d arator faqr setti n a det ction threshold and
outg putting t gmbq},e\ﬁlgergmdﬁ%ggleng:qg@cyﬁéet T3MMabsG GAN{] U &presontre hiag

non-|inear rmgy bffé&ﬁraﬁﬁﬁ’f@Fs‘ i 8% \a?lagle rfeﬁﬁ&né daalccﬂ{q?lg ahl e9Ent Pnat [1%??(?@&1&9 a

V1+ signal and a VI- signal to a first ere sour cez cou
and a Vcih siqjrilkd thtﬁl@nid aspEridy dfteti of agiablatgal ansmiffec én thowphedt] elpatidnicsand

11. The system of claim 10, further comprising:
a continuous-time filter for preventing distortion of the data signal;
an analog-to-digital converter for converting the data signal to a digital data
1s  signal; and

an automatic gain control for adjusting the gain of the variable gain amplifier.

12. The system of claim 10, wherein said thermal asperity detector comprises:
a loss-pass filter for discriminating between the thermal asperity signal and the
20 data signal;
a non-linear rectifier for selectively amplifying large amplitude portions of the
data signal; and

a threshold comparator for setting a detection threshold and outputting the event

signal.

13. The system of claim 12, wherein the non-linear rectifier comprises:

a differential amplifier for transmitting a V1+ signal and a VI- signal to a first
differential source-coupled pair, and a Vem signal to a second differential source-coupled
pair; and

30 a second differential amplifier for accepting an output of said first and second

differential source-coupled pair and transmitting a signal to the threshold comparator.

14. The system of claim 13, wherein the differential source-coupled pairs further

comprise a pair of source degeneration resistors.
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30 a second differential anplifier for accepting an output of said first
and second differential source-coupled pair and transmtting a SiP?EMARtYﬁ]
the threshold conmparator. 14. The system of claim 13, wherein the 5
differential source-coupled pairs further conprise a pair of source
degeneration resistors. 18 2 2 MAR 2005 15. The system of claim 10, wherein
t he vari abl e resistor conprjises: at |east one f| xed resistor; and a
plurality ofl%iel dT}§fSEY§tE"tn qfrciaia 195 whersi the yagab lp ESIFLOTEORWIISES with a pai r
of fixed 5 reS|st r ] pol e frequency to the variable gain
anplifier, the fie f%n% ﬁ)égtrﬁstrtgrrgrtmgr swi tches controlled by the

progr amebl e cont rao;blutarhnt)t of fi6ld cffeet aysdieon ofitches i gacl On sWTt%l’\eitlﬁ\ atﬂh& of fixed
pr ogr ammabl e contrg@_ it sets a oIe frequency decay rate to
pr edet er i nd@S§!PEy n%‘{)]usr“é}tgl fbpalte HENOF tOeﬂ}@l Yarabler gainranylidiss. thiO” eld effefe

system of cliajmdf o Rk LRSS it ke fixed intervals of about
two to about i 5%1) Sgyt es o?trdlat ab.%'t %Bre%? ool
16. The system of claim 10, wherein the programmable control unit sets a pole
frequency decay rate to a predetermined frequency ratio at each of a plurality of steps.
10
17. The system of claim 16, wherein the steps are taken at fixed intervals of about

two to about eight bytes of data.
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