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BACKGROUND OF THE INVENTION

Use of magnetic media for mass storage of digital dataina
10 computer system is widespread. Digital data is generally. store.d ona
magnetic medium in the form of magnetic polarity inversions induced
into the surface of the medium. If the medium is a magnetic disc, for
example, the data is usually arranged in a series of concentric annuluses
on the disc's surface, known as tracks. To read data from one of these
15 tracks, the disc is rotated at a constant speed, and a magnetic transd-ucer
is brought near the rotating track to convert the alternating magnetic
field emanating from the track surface into an analog electrical signal.
One type of magnetic transducer, which is widely used for reading
digital data from a magnetic medium, is a magneto-resistive (MR) head.
20 An MR head is a device whose resistance varies with the applied
magnetic field. In this regard, the head is capable of converting magnetic
field variations produced by a rotating track into a time varying voltage

T
or current in an electrical circuit. MR heads offer many advantages ove

other types of magnetic transducers and, consequently, are increasingly

ds
25 beingused in magnetic data storage systems. For example, MR hea

are more sensitive than other types of read heads, such as thin film
MR heads have a better

) heads, and produce a stronger read signal. Also,
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e 10 MR read heads must include a separate head to perform the write
function. Using a separate head for reading and writing allows each
head to be separately optimized for performing its singular task which

- can greatly improve the performance of 2 magnetic data storage system.
As illustrated in FIG. 1, the relationship between the resistance,
15 represented by the y-axis 100, of an MR head and the applied magnetic
field, represented by the x-axis 101, is nonlinear. This nonlinear
characteristic can produce problems in the conversxon of the magnetic
field variations emanating from the medium into the time varying
electrical signal. For example, the the nonlinear nature of the MR head may
20  cause the time varying read: signal produced by the MR head to look
nothing like the magnetic signal applied to the head. To overcome thxs
problem, a bias current is generally applied to the head to move the
quiescent operating point of the head to a more linear region of the

resistance characteristic. With reference to FIG. 1, it is seen that

25  maximum linearity in the operation of an MR head is obtained by
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biasing the head at point 102, i.e., the most linear point on the
characteristic. It may be desirable, however, to bias the head at another
point, such as point 104 or point 106, to maximize a conversion
parameter which may be more important than linearity, such as signal to

5 noise ratio (SNR). As a consequence of such biasing, the output signal
of the head may be asymmetrical about a zero volt baseline, such as
output waveform 108 in FIG. 1 corresponding to bias point 104. In
addition to biasing effects, other factors may also exist which result in an
asymmetrical read signal, such as off-track effects. '

10 In a disc drive using a partial response maximum likelihood
(PRML) channel, the MR head is typically biased such that its output is
asymmetric about a zero volt baseline. The difference in the magnitudes
of the positive and negative peaks of the read signal complicates the
sampling of the signal which must be performed before maximum-

15 likelihood detection can occur. The asymmetry of the read signal leads
to a higher mean square error in the detection stage of the PRML channel
resulting in a higher error rate. As a result, it is advantageous to correct
the asymmetry of a read signal pﬁor to the detection stége of the PRML
channel.

20 The amount of asymmetry of the read signal can be defined as the
ratio of the larger peak magnitude of one polarity to the smaller peak
magnitude of the other polarity. For example, the amount of asymmetry
of the read signal of FIG. 1 would be approximately 1.2 -.7 resulting in
an asymmetry of 1.7 (1.2 + .7).
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U.S. Patent No. 5,744,993 (Sonntag) uses a technique called “non-
linearity cancellation” to compensate an asymmetric read signal. This
non-linearity cancellation method believes that the asymmetric signal is
a combination of the fundamental and second order of the input signal,

5  and to get rid of the asymmetry, the second order of the input signal is
removed. However, this method is only effective when the assumption .
that the asymmetry can be modeled by the second order of the signal is
true. Furthermore, when the asymmetry is large enough such that the
noise becomes significant, this method becomes ineffective. Currently,

10 the maximum asymmetry that can be compensated using this method is
approximately 1.5 or 150%.

The need therefore exists for a method and apparatus which are
capable of overcoming the above-mentioned problems to compensate or
correct an asymmetric read signal that is produced by an MR head.

15 SUMMARY OF THE INVENTION

The present invention relates correcting or compensating an

asymmetric read signal in a read channel of a disc drive.
One embodiment of the invention is directéd to a method of
correcting digital samples of an asymmetric read signal. In accordance
20  with this embodiment, a digital sample of the asymmetric read signal is
read and a determination is made as to whether the digital sample
fequires compensation. If the digital sample requires compensation, a

compensated sample can be genérated. Finally, either the compensated

sample or the digital sample can be outputted.
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Another embodiment of the present invention is directed to an
asymmetry correction block that is capable of implementing the above-
mentioned method. One embodiment of the asymmetry correction block
includes an input, a level detector, a compensator, and an output. The

5 ﬁput receives a digital sample of the asymmetric read signal and

provides the digital sample to the level detector and the compensator.
The level detector determines whether the digital sample requires
compensation. If it is determined that the digital sample requires
compensation, the compensator generates a compensated sample. The

10 outputis configured to selectively output either the digital sample or the
compensated sample. In one embodiment of the invention, the
asymmetry correction block further includes a delay circuit. The delay
circuit receives the digital sample from the input and delays providing it
to the output to ensure proper synchronization with the compensatbr. kv

15 These and various other features as well as advantages which
characterize the present invention will be apparent upon reading of the
following detailed description and review of the associated drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a graph illustrating a typical resistance characteristic for a
20 magneto-resistive read head.
FIG. 2 is a perspective view of a disc drive in which embodiments
of the present invention can be used.
FIG. 3 is a block diagram illustrating a PRML data channel in
which embodiments of the present invention can be used.

25 FIG. 4 is a flowchart illustrating an embodiment of the invention.
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present inventi onFel5ds eplotofamexample of dnaspometris réasd sigpak r ect i ng t he

asymmetry of digi i I d, nore specifically, digital. read signals
in a read channelﬁg:ll' @sg%z@wwgﬂ&m GF%E ‘N%ﬂRl%f@xl Use of
magneti c nedj he bRt e |5 n a 10 conputer systemis
wi despr ead. deb ‘?JIT gata I'S genera ﬂtgf%‘t%olpgﬁaonﬂa magneti c nediumin the
f orm of WﬁgnetlDE'DMEEUDES(DRMOMG)BIMMAMMBIMEBMS of the
medium |f the mediumis a magnetic disc, for exanple, “the data is usually

arranged S n a serﬂ@sl#a@?ﬁmhﬁﬁﬂlf&ﬁ@éalﬁb@sdﬂmn%‘ﬁh@btbesurface known

as tracks. To read dat fro t.hes 5 cks the disg is rotated at
a constant s at § ﬂgxaﬁig&mqtlg ils hﬁﬁ?nﬁé”ﬁ&‘?he rotating
track to Conb’z?sretlm%daéi g&%t Dﬁdﬁb@lﬁi‘ﬁﬁ%@ﬁdﬁ&%the track
surface into. an anal og eI ectri sign One type of magnetic transducer,

whi ch i s w déisy paskd14,orhichasimogntetd gnlaa;ipunﬂiteméﬁoo(n@ shmgmdbya nedium is a

magneto-resistive (MR) head. 20 _An MR head |s devi ce. whose resi stance
varies with C-?ﬁspili@ Dhﬁ&gwéklé‘lfnfévéesnhtrﬁf fsy?fég§m “?Irfgs‘ﬁead i s

capabl e ?J CRR& Mer}gloﬁﬂ%%k Co-rotation about central axis 118. Each disc
surface has an associated head 120 which is mounted to disc drive 110

for communication with the disc surface. In the example shown in FIG.
2 heads 120 are supported by suspensions 122 which are in turn

attached to track accessing arms 124 of an actuator 126. The actuator 126

15 shownin FIG. 2, is of the type known as a rotary moving coil actuator
and includes a voice coil motor (VCM), shown generally at 128. Voice
coil motor 128 rotates actuator 126 with its attached heads 120 about a
pivot shaft 130 to position heads 120 over a desired data track along a
path 132 between a disc inner diameter 134 and a disc outer diameter

20  136. Voice coil motor operates under control of internal circuitry 138.
Write circuitry within internal circuitry 138 encodes the data to be stored
into successive code words and sends the code words in the form of a
serial analog write signal to the write transducer on head 120 which
encodes magnetic flux reversals within a magnetic layer on the disc

25 surface.
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y-axis 100, of an MR head and the applied nmagnetic _field, represented by
~the x-axis 1m¢1cﬁt§dl’4wdmerﬂéérﬂ‘la1’m@C%ﬁﬂib&éﬁﬁm@ﬁﬁél r lééﬂ produce

probl ens in conversion.qf the j fie | ations emanating from
the medi i :}ggcf’ﬂ‘ée Ay ﬁefl%%¢gg$g9%§8@§ ggarrpl e, the

nonl i near na%%fedé%@(%nﬂ%dieﬁ%ﬂ BP1iRaUSR Phanipliferiapitheg read signal
produced by the head to | ook nothing |ike the magnetic signal applied
to the head. providesthovatageisignad v te rgadchainael t4 iewhi¢cl, general Iy applied
to the head to noye the ng‘ui escent op‘ﬁrati n oi(rjat of the head to a nore
linear regi orfTgpodientsofde present inys, BPéﬁ?g’Fi%t?? Wth reference to FIG 1,

s Seen that 25 I thahiil 14 elrotally cbi5geai8 Peforil a pErdd head s

15 response maximum likelihood (PRML) approach to detecting and

decoding data read from the storage medium. Read channel 144 can be
an Enhanced Partial Response Type Four (EPR4) read channel, or other
types of read channels such as PR4 and E’PR4 read channels. The typical
components of read channel 144 include a variable gain amplifier (VGA)
20 146, a low pass filter 148, an analog-to-digital (A/D) convefter 150, a
digital filter 152, a Viterbi detector 154, and a decoder 156. VGA 146
receives the read sighal, in the form of a time-varying voltage signal v(t),
from preamplifier 142, and produces an amplified read signal V(t) in
accordance with the tolerances of A\D converter 150, and transfers the

25 read signal V(t) to low pass filter 148. The filtered read signal V(t) is then
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characteristic. It nmay be desirable, however, to bias the head at a

poi nt, such as point 104 or point 106, to naxim ze a conversion paraneter
whi ch may be nore inportant than linearity, such as signal to noise ratio
(SNR). As a consequence of such biasin the output signal of the head may
be asymmetrical about a zero volt basellTne, such as output waveform 108 in
FIG 1 corresponding to bias point 104. In addition to bi asi ng effects,
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channel resulting i hi gher error rate a resu antageous

to correct tvihkich nmmte@embdadmmlﬂmtgmabeaéawedtlﬂ/dé@&eussw on stage of
the PRML channel tg The am)unt of asymmetry of the read signal can be

-3 bi asi hg Lhe,head at point 102, i.e., the nost linear pql nt on th%§h§gp 2003

defined as t K@mRleteithe maximam lik meféﬁhh@@d kty to the
smal | er peak yr@g exanpl e, the amount of
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range can be indicative of the value 0, alevel thatis w1thm aone
threshold range can be indicative of the value 1, and a level that is within
15  atwo threshold range can be indicative of the value 2. Typically, these
values are interpreted by Viterbi detector 154. One problem associated
with a read signal that is asymmetric about its positive and negative
polarities is that it becomes difficult to correctly aesess the value of the
digital sample that is intended. Consequently, it is important the
20 asymmetry of the read signal be corrected prior to application of the read
signal to the Viterbi detector 154. The present invention provides such
compensation or correction by adjusting level of some of the digital

samples of the asymmetric read signal V(t) prior to Viterbi detector 154
using an asymmetry correction block 158, shown as a dashed block in




that theygeygigs 'y can be nodel ed by the second order of the,sia0al 2 SEP 2003
true. Furthernore, when the asymmetry is | arge enough such that the noise
beconmes significant, this nmethod beconmes ineffective. Currently, 1 o the
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approximately 1.5 or 150% The need thagrefore exists for a nethod and
apparatus which are capable of overcom ng the above-nentioned problens to
conpensate or correct an asymetric read signal that is produced by an MR
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digital sapple require C ensation. Jf [t ) the digital
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15 and a negative polarity. When the read signal V(t) is asymmetric, either
the positive peak magnitude is smaller than the negative peak
magnitude or the negative peak magnitude is smaller than the positive
peak magnitude. In one embodiment of the invention, step 162 involves
a two step process of first, determining whether the polarity of the
20  digital sample corresponds to a polarity of the read signal that requires
compensation, and second, determining whether the digital sample has a
level that is within a zero threshold rahge. For this embodiment of step
162, a digital sample will require compensation when the polarity of the

digital sample corresponds to the polarity that requires compensation

and the level of the digital sample is not within the zero threshold range.
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words and sends the 68@%\?3}‘85“'7 Qﬁt 71?01?':9?‘??1“8?1 ranged77 ot ead SiEggalr i t e si gnal
to the wite t V&ﬁ‘,stﬁg Q%osﬂf\ré“fég threh ¥l 16Rit 178 and a negative zero threshold

15 limit 179, as shown in the example of FIG. 5. Both positive zero '

threshold limit 178 and negative zero threshold limit 179 are shown to
have the same magnitude, however, they could be different. Generally,
the best settings of positive zero threshold limit 178 and negative zero
threshold limit 179 are determined experimentally. Only digital samples

20 of read signal V(t) taken at points 172 and 173 would have levels that are
within zero threshold range 177 and, thus, do not require compensation.
However, digital samples of read signal V(t)'tal_cen at points 175 and 176
would each have a polarity that corresponds to the polarity that requires

| compensation and each would have a level that is not within zero

25 threshold range 177. Consequently, digital samples of read signal V(t)




encodes RAgewisbé Tl ux reversals within a magnetic layer’ on;,t.hﬁ,.,d‘i.‘;S;Q;i% SEP 23’03“
surface. 3 SEP 2003 One enbodi nent of the transducer in head 120 is

magnet o- resistive (MR) head 120, which, during read operations, senses the
magnetic flux reversals and generates a serial analog read signal. FIG 3

Is a block diagramof a typical path of the read signal. MR read head 120

5 receives the read signal in the formlbf a magnetic field strength. signal
H(t), indicated by line 140, fromthe magnetic surface of a disc of disc

drive 110. | esponse, t.Q_na ic field strepngth signal H(t) (140), M
,._regpl hteag éz%a{“?’h %Rﬂlf‘?ﬁf'a&gﬁ%mw&# *ftﬁmﬂrfréqum (izizstgnce Rl('t12', _
i ndi cat ed by nkddo fr{@ﬁs L SRS amplifier . Preanplifier j
0 142 converts the resllls ancéexﬁgl gna‘%ﬁ‘(%?ts?éb(fl)dg) into a vol tage signal,
designated as v(t)Asmentiotidabo@, Hystepn84 hddmpereaietlshiriplé isl 42 then

provi des the voltage signal v(t) to read channel 144, in which,

enbodi ment s dgenerrted wheniit isidetermined in stepib2 thatitherbigitalshmplel 144 i s
generally configured to performa partial, 15 regpons xi mum | i_ kel i hood
(PRM.) appr od&f ??&'@?ﬁ?ﬁﬁ“‘a € CHRPSTFAE &Miﬁgéeiﬂﬁ? %Wfﬂ"ée%‘%% age

medi um Read &g@nsg% ; ﬁﬂfﬁé §%{5§ pe Four
(EPR4) read cﬁgﬁn |, or tﬁ%?ﬁgﬁ?ly%glsﬁg@r@gigsc an%rseggu a?( R4 and E2PR4

read channel sudilkatithpieval of the xpaipenisstedisatpld redembled theddvélnacl ude a
variable gain anplifier (VGA) 20 146, a low pass_filter 148, an

anal og- t o- di gfigipl sepRls wosld baye had sithegeadsignabV (8 hadbeens2, a Viterbi
det ector 154, - d r . 4 recei.ves the .read signal, in the
formof a tim -va?%chgﬁ\%? £ g‘;t’g’gﬁiglﬁﬁlt&?/???\fgn%%%swggeﬁﬁI&ef‘?@rtg(tz, and
produces gn aspbfifdetiant trdeveliod Bivd didital shinpleby ah GHBaSyahé Budihat ol er ances
of ADD converter 150, and transfers the 25 read signal V(t) to | ow pass

filter 148. Tihelével isdnentasasla Fogithe ekamiple shavn iRl Ssirheeffset 8 sanpl ed by

A/ D converter_ 150 that, .provides, ,for ex le, 32.possible 5- bit sanpled
val ues or 64 %%WBF@G%BM&‘Q%‘BF@@“P% YIRER 183 1%?11\3/&96315%n passed

thr ough di g1 talpchin 178) whRR has W IERICH02 buld tedfiehibd By thdBidcte T esponse
(FIR) digital filter, to fit the sanples to the desired .
value to a higher magnitude of -1.1 by subtracting the offset value from
15  thelevel of the digital sample. Similarly, if the polarity that requires
compensation is the positive polarity and it is determined that a digital
sample requires compensation, the level of the digital sample will be
increased by adding the offset value to the level of the digital sample.
One embodiment of the offset value includes a one offset value
20 and a two offset value. The one offset value is used to compensate or
correct digital samples that have levels that are within a one threshold
range 180. The two offset value is used to compensate or correct digital

samples that have levels that are within a two threshold range 182. The

one and two offset values can be different values that are generally

25

optimized experimentally for a particular disc drive or type of disc drive.




whi ch generates encoded data that can be decoded by decoder Y5815

conpl ete the maxi mum |i kel i hood detection process for data read back by
provi-ding a read data signal indicated by |ine 157. Each of the digital
sanpl es produced by A/ D converter 150_fiave 10 a magnitude or level that is
I ndi cative of a value. For the EPR4 read channel, the levels typically
represent the values 0,1, and 2. For exanple, a digital sanple having a

| evel that i Phe\iélifitatioh B thidEeaRbg 162 A@evEdRe el DIy e of the val ue
O, alevel that is within a one thrieshold range can be indicative of the
val ue 1, anddigitabseshplefalls mdthinthé one thrashold rariged8hordhe 2wge can be

i ndicative of the_ yal ue Typically, these values are interpreted by
Viterbi det e@l‘%?ri‘ogl‘fmﬁﬁgzpr obl em associated wth a read signal that is

asynmetri c about Lt | = | aridi | s_.that,oht becones
difficult to cor r%%%f‘gﬂgégée%@oﬁ'ﬁgeg%ﬁg%%?' (f:‘ﬁ:’g O%Sit%ﬁegg?deWésphat I'S

i nt ended.s Cogieleied pysitive one thiteRbkdaiahgt 181 A4 2 p¥gaRid ondfhrbdipld ead si gnal
be corrected prior to application of the read signal to the Viterbi

det ect or 154rangrd8fs &wmerallys thepositive ooe thresholdivangedSdrextereds foomor
correction by adjusting |evel  of. of the digital I of .t he
asymetric ré%ﬁihg? grs SW%O?%PFBF f%&)\ﬂ peiiye Wkﬂg%'ﬁ%\o@gﬁt E@ R an
asynmetry co j E,E.gmg ﬁ%?@ o U UWWWUD -9
FIG 3. Asymﬂr{gt r? gg??;ggt%e%ﬁ%doc 153%35%(%& o?‘rﬁ%%??‘;ggfwﬁet ry ,
-correction uttiresholdlimit 179es & odgative che thresholblisit 190Wdh@rpositiori b gener al

met hod for caqrrecting. an . as%/rmetri c read signal, in accordance with one
enbodi meft othesheaseld himjtse 679,a¢81 158, 100190 sy pirelly hgpendmsed oy met r y

tep 162, il EpelielcfRitedul BbBup AR Grdhold BuletaztalMBe il on 11

it is detergpasitiveiaio thieshdld rdrile BREMdE: RGQAtVE 850 CRFGABRPENGE, then |ine
163 is followed and a conpensated sanple is generated in step 164. The t o

conpensat ed ¥rasitieatwothresholduapge i 8extends indhe positivestitactiof4 at
from positive one threshold limit 188 and negative two threshold range

5 c’hahne&urueﬁggpse‘. These ‘Sarrbl es are theh"épp“l ied to ‘\ﬁ"t-ér~~bi"’de't‘"ebgtz‘ogﬁééﬁ'2003“

15 194 extends in the negative direction from the negative one threshold
limit 190.

For the example shown in FIG. 5, when the digital sample of read
signal V(t) is taken at point 175 its level is within ﬁegaﬁve one threshold
range 186 and, in accordance with this embodiment of the invention, it

20  will be offset with the one offset value. When the digital sample of read
signal V(t) is taken at point 176 its level is within negative two threshold
range 194 and, thus, will be offset by the two offset value.

If the digital sample does not require compensation, then the
digital sample is outputted to Viterbi detector 154 after a suitable delay,

25 asindicated at step 168 of FIG. 4. If the digital sample requires




step 166 didood S deternmined in step 162 that no conpensation is neegdega ..
then |i n;v(?LIéuin"s’&fol | oned and the digital sanple can be o&%"ﬁ"afa"ﬁ@ g gEP 2003
Viterbi detector 154 after sonme delay, as indicated in step 168. As
ment ioned above, the read signal V(t) has a positive polarity 15.and a
negative polarity. Wen the read signa]lh V(t) is asymretric, either the
positive peak magnitude is snaller t hah>t he negati ve peak nagnitude or the

negative peak magnitude is smaller than the positive peak nagnitude. In

one enbodi n nga{,g\ﬁ i ' ' ves t S process of

first, det g'raérﬁrﬂP%g gf ﬂge?l g%ncﬁ %ﬁ?%e?%ﬂ@%g%\ e&%tg‘i‘ F\g?tegéﬁ%l e

cor responds 4rad shaxadmpénsatel sarhple Bakiphedio Vitaibi ueRkidr 934 afgEpensat i on,
eve

and second, determ ning whether the digital sanple has a that is
within a zer¥&hreshol d range. For this enbodi ment of step 162, a digital

sanple wll requije c ensati,on when.the polarity of the digital sanple
corresponds to thé'H '?’ng’ﬂgi‘e’t‘fe?fntf?‘?é’év%%‘eﬂ?éiqq%tyg%fﬁaﬂhe | evel of
t he digi tsal gigﬂm@,a{ bhdH %R) ] JWIVI7TW -10
l., TIVIW'V.,, Z-v 3 g%%feg%%%ﬁ}%é%\sgﬁ?e og%ﬁé‘ﬁ??ﬁieﬁé&%%gﬁv%gg‘fe t he read
signal V(t) lahger peakquagritudanPhasdor the exanple showain FIG.sawieng the smal | er

peak magni tél,de. FIG 5 shows a plot of an exanple of an asymetric read
signal V(t),digste] sarapleprfaeads Vi) taken airpaintstlfd apd 3%4 wonld haepr esent s 5

time and the, y-axi . represents, the ni tude of.the read signal V(t).
Points 172, 1%&0%%6 f%%hﬁnﬁ ei%‘éset&%&?ﬁ%‘gr d&f@?ﬁﬁsaﬁq‘ﬁﬂ?‘sﬁﬂ%‘ge read
'signal . V() A8th stepel 631 RhePrédiot¥ BnbRauAEAL theldigital AingIE thafXanpl e,  the
“negative polarity woul d be chosen as the polarity that ‘requires

conpensald orresjuireeccampersatian ase offeetdypan effsgvaluetagoduckea As a result, 10

digital sanples of read signgl V(t) taken at points 173,175, and 176 would
have pol ari t8PERFe ngpgﬁ‘a‘”&&% Fathsp than ingrepsing the level ofthe

conpensat i ondgggf RALPRA! Fﬁﬁr Eggg f_read signal
V(t), has a pl Si t?e\g/\rgpze o] thorfg%ﬁg r?‘rﬁ'?{’%%@égﬂf n%éélgllz\%ﬁzbeero t hreshol d
15 limt 179easasddwntheroffseevabuertherebyireduéing the Baghitnde bf ihee zer o

t hreshol d I’iérjt_ %78 and negative zero threshold limt 179 are shown to
igital sample such that it more closely resembles a digital sample of a

15 symmetric read signal V(t). In addition, this embodiment can utilize a
one offset value when the digital sample is within the one threshold
range 180 and a two offset value when the digital sample is within a two
threshold range 182, as in the previous embodiment.

_ In another embodiment of the invention, rather than choosing a

20  polarity that requires compensation, all of the digital samples having
levels that are not within zero threshold range 177 will be determined to
require compensation in step 162, shown in the flowchart of FIG. 4. In
this embodiment, the polarity of either the larger or the smaller peak

amplitudes is determined in step 162. Next, as in the other

25 embodiments, when a digital sample requires compensation a




have the ,5305.4599ni tude, however, they could be different. Genelally.a of gEP 200‘3
best settings of positive zero threshold limt 178 and negative zer02 3
threshold imt 179 are determ ned experinentally. Only digital sanples 20 .
of read signal V(t) taken at points 172 and 173 would have levels that are
within zero threshold range 177 and, tlﬂ\s/ do not require conpensation.
However, digital sanples of read signal "V(t) taken at points 175 and 176
woul d each have a polarity that corresponds to the polarity that requires
conpensati on JRH I [ : oW tsQHp' 25

t hreshol d rar%%%%?té@nseéﬁzg%ﬁ?a%?\g{ﬁt% ?%hp%gqé?%lead Qfg‘%ﬁf‘ V(t) W V
WIVI7W t t,polaivibrredpendingitohie poliidty-of the mladsigital ¥¢t)ostainingand 176

woul d be determ ned to require conpensation_in this enbodi nent of step

162. As nent ithadergghpeek magnituds, thesompessped sample is geperated bygener at ed
when it is d i ned,,i n_st 62. t.hat_the .di gi tal | i
Compensat 1 on Qe leEh oAbl bauffety 1 et YRR e o il ©°
conpensat isngeélahggléihgkta olﬁmcﬁré%boﬁbﬁrgg@m&h}i@y beaw rehdRgna¥(t) such

that the lev t he conpensat ed” sanp resenbl es the level  a digital

sanpl e woul d Vigtyeortaihing theremaklerpenkgnagnitide) theawmpersatedssammpleds €. I n this
enbodi nent, the conpensated sar{gl eis g ng{ja,t dto bt; glf_lfs tting the |evel
e )

of the digitafeneiasd dygncrassingitoglexgip SAEple ¢eUest is increased.

For the exanp] h :] IE m f . ééé&j 0.4 a

di gital sarrpl‘éﬁgg‘ gﬁ%ﬁ%’r@g i géﬁﬂ{%ﬁ?ﬁf@ en &éﬁ%ﬁﬁﬁ , Which .
has a level ofomperkatetPudifigitalies bEsa@adhing thiretlef hetiods\disdigséd a hi gher
magni tude of -1.1 by subtracting the offset value fromj5 the | evel of the

di gital sknplabovsi dhijadditjon,ithe pHeetpwilugsiusgd ty gengrata the sempesspledsat i on i s

[ gital st shors nledeitonth g ngenerai Asati on
compensat i on, Saeiayid B tidsrRniegi et 3 o dgiel SRR ") daai ng

the of fset vahggvgsgdtalggvg_evel of the digital sanple. One enbodiment of the
of fset value I ncludes a one offset value 20 and a two offset value. The
one of fset val ue iElG$ethows arengabediteentof asyonmetyy adirrgctioh bleakpl38s t hat

have |l evels that are within a one threshol range 180, The t ffset
val ue is usedof radshgenelk¥d thrt ’éGf“Pg@? ofjjgp g}ennglgﬁég 820‘{%3?5‘%3’(?3 | evel s
that are yt hh&tﬁo&%ﬁcﬁﬁ%@t@ﬁé gsfrﬁﬂ@ﬂié-x%%d s@ﬁl V(t). Asdiscussed above,

asymmetric read signal V(t) has a polarity that requires compensation;

either the polarity having the smaller peak magnitude or the polarity
having the larger peak magnitude depending on how the digital sample
is to be compensated. Asymmetry correction block 158 generally

20 includes an input 200, a level detector 202, a compensator 204, a delay
circuit 206, and an output 208. A processor (not shown) is used to
control the components of asymmetry correction block 158 and to-
perform the various functions of the components of asymmetry block
158.




one and LWuRbiset val ues can be different values that arg_genesall9 $%6EP 2003
optim zed experinentally for a particular disc drive or type of disc drive.
W(J W/ O YUD -12 r,- i/UOUWvma42 3 SEP' 2003 The determ nation is.nade-
in step 162 as to whether the level of the digital sanple falls within the
one threshold range 180 or the two thfsgshold range 182. Referring again to
the exanple in FIG 5, one threshold range 180. 5 can have a positive one
threshol d range 184 and a negative one threshold range 186. Generally, the

posi tive one thr ebipnit@00dngenck8ly extfipuied o eeteivos digitad sample ¢fhr eshol d
limt 178 to a positive one threshold |imt 188 and the negative one

t hreshol d | i psYmIEdriexeashdgnal \is) fromm digial filler 152y devehdelpdPri202isit 179 to a
ti hreshold |injt, . 190. T Jt 1.0 the, threshol d
ot s, S170. pleeRuahy coufley e anppU A AR Reffelly oREBRHEin exper | rent a
results. Si "kb%ﬁ%th&‘é&;l&@é&%ﬁhﬂ?%&ﬂ&%@éﬁb@gﬁngﬁ &8ﬁirb§ ve two
ang 294. Positive two

threshold r e 192 and"a negative Two threshold rang
t hr eshol d5r angmptfiatiort doevel detettor 202 38 det ve delieckedigitahsarhplesthpeingt | ve one
threshold limt 188 and negative two_ threshold range 15 194 extends in the

negative di r & pelarity thatcaeresponds todhe pelariy ot readsignal W) thed.  For t he

exanpl e sho 3}? % gt Lpal V(t) is
taken at po}N?l?é] clgf“sé? ev_e§H1 isrbg\?%hhlgr&?’%gag |ve_8{)gé2§%rﬁ§gﬁe§l ¢ range 186
and, in acconeaoe i digitaléampiettodiZees thrédhdld@ahge ETW usiig aisuitablevi | | be
offset with the one of'set value. Wen the digital sanple of read signal

“V(t) is takewompagatont The gexrq threshpld level rangeild7 can keiadmstedbta hr eshol d

194 and, th i || be offset .by the t ffset value. |f the digital
ol ¢ 4083 RRETERU S RRBIASATIDHON ARARE HETotmgmast Sapherd out put t oo

to Viterbi daugcifhe &kl af I digitsHidniPless A6! Within e Ao tdikaled at_step
168 of FIG 4. If the digital Sanple requires W U0163906 -13 pcTl usoon”

3 SEP 2003 coapgantat arahthe palarityhef the njigitd shogple coppesparsisgemeatebesd i n st ep
164, _ the polarity of read signal V(t) that requires compensation, then level -
detector 202 will determine that the digital sample requires - |
15 compensation.

One embodiment of compensator 204 is configured to implement
step 164, shown in FIG. 4, by generating a compehsated signal at least
when the digital sample is determined by level detector 202 to require
compensation. Compensator 204 is electrically coupled to input 200 such

20 that it can receive the digital sample being analyzed by level detector
202. In one embodiment, compensator 204 is configured to generate the
compensated sample by offsetting level of the digital sample by an offset
value. Compensator 204 includes a setting that determines whether

compensator 204 will increase or decrease the level of the digital sample

25 by the offset value. This is set according to the choice of the polarity of




and 't he worpensat ed sanple is outputted to Viterbi det"ect’pc,",l,';},{},;,ﬁ;_,‘;?t gpSEp \2003'
166. I n anot her enbodi ment of the invention, the polarity of the read
signal that requires conpensation is chosen to be the polarity having the .
| arger peak magni tude. Thus, for the exanple shown in FIG 5, the digital
sanpl e of read signal V(t) taken at poysts 172 and 174 woul d have a
polarity which corresponds to the polarity that requires conpensation. As
in step 164 of the previous enbodinent, the digital sanples that 10 require
conpensat i onreadesi ﬂaﬁ(t)ﬂiﬁt?éqtﬁfés&%hnp@kb@oﬁ.oﬁﬂheﬁuﬁﬁr?oﬁ%m ed sanpl e.
However, rather than increasing the I'evel of the “digital sanpre by the
of f set val ueV(t) Heatirequirescomipenstitisint containsPiecsmallér prak miagnibateed by t he

g;;fe:ttvsr{)ggﬂg%gégﬁquag,gg%g:;é,,ag efi it b insreset by the otoned H?Le-rigﬁlh
nat it moretEUSEIY'S ESCHEF _ 6fl P 145 oLt
ahen the. di gy Poty Stred BTV (ARt b teiin BRBRT 48T "o

of f set vas uelarperpedkemdgpitiide, thenpheldvel of theidigitallsamplé rikbBol d range 182,
as in the previous enbadi nent. I n another enbodi nent of the invention,

rather than efgeasesbmthefisasvalue Thegompensatadsamplageneratedby al | of the

di gital | havi | s. { a i thi th hol d 177
wi D1 he et orfPRESG0204 & ioRidesrio i e dcbupR eSS OB RIEn i heo
flowchart of FI G Iflend BmboliisheRtl 88 tor Q@fls%hﬁ?hféﬂ @ offdet iy the larger

or the smaller peak anplitudes is determned in step .162. Next, as in the
~other 25 enblaviehefrach digital saraplgirectived frobeinpet 00 by the offsetsaiueon a VW X- 0
Wi VIYW.  r,.1 'l\/~Wf11 JOY 2.3 SEP 2003.-14 conpensated_sanple is

gener at ed®i nTeERE(llesaf whetherthadigisal, FEIWEES CQmMPSBFalion. yINcor r espondi ng
to the polari : ' I.0i t ere peak ,
magni t ude, t eatggﬁg%{r??g?ggqggénﬁ?elte\s&%%zr?g%g%ggﬂg)ggm&%?lggﬁcﬁlg&t he | evel of
the digital satpersdiyd sampléssiey corpufsatdd 204hesiflg gdthaturBetibidlink has a
polarity corresponding to the polarity of the read signal V(t) containing

the smal | er pHAkAmAgRTHILGOMPeNsatarAfdsanbednsiamgiedto gengjaieer at ed by
'ncreasing t nglpgxgtec? fsa}nlgﬁe Sh%' Witen ?%%Pldgtegyor%ﬁ RAdrR8hes that the

15  digital sample requires compensation. In another embodiment, level

L€

detector 202 is further configured to determine whether the level of the
digital sample is within a one threshold range 180 or a two threshold
range 182. Examples of one and two threshold raﬁges 180, 182 are
shown in FIG. 5. In this embodiment, level detector 202 can provide

20 compensator 204 with the.range ‘180 or 182 in which the level of the
digital sample is positioned through communication link 210. If the
digital sample requires compensation, compensator 204 can generate a
compensated sample by offsetting the level of the digital sample with a
one offset when the level of the digital sample is within a one threshold




val ue. Ilvublibsveranner, the asymetry of the digitized ‘\‘r‘eaﬂ;ngmg‘Lﬁ'a?b})sEP 2003
conpensated using snaller offset values than the nethods di scussed A

above. In addition, the offset values used to generate the conpensated '
sanple could be different for different |evels of the digital sanple as
di scussed above. FIG 6 shows one enbgginent of asymetry correction block
1.58 of read channel 144 that is capable of inplenenting the
above-described 15 nmethods for correcting asymmetric read signal V(t). As
di scussed abrange 180yaritba two offeeidwhexy tee leviel bfﬂﬁ&ii?itﬂ@hﬁfpléis\krhhh\ requires
-conmpensation; either the polarity having the smaller peak magnitude or the
pol arity ha¥iwg thresholshigage A82lasprghionshedisewssadiforstem16bw t he digit al

nehudes an | nput DB CUR o084 U FoSBEer S R o8 Gl By
Sath

circuit 206, oandi Bl red89 d,ﬁ&ﬂgﬁﬁ@@m&ﬁ% 5&}(3“?}“ j gheused to control
t he corrponen(t)s 0 asyn’n‘gt rry co(rerect I on bl ock 158uand o-g performthe
vari ous fancprapestied of the digitgisanpls The payposs ofydeldyocikcuitiZA®.isto 1. i, VIWI 1
VIl 1' ~ 3 SEP 2003 -15 I nput 200 iseglgner ally configured to receive a

di gital sanpheldghe le foraypr tPFnPFicﬂ%ﬁd'i‘%ﬁQt%{PuF‘Flt‘er 152.
L | detect A S, - t | [ s [ |1
conti gured. t gpigyigitiof nAl caRbERaldk S0L Al ke PR appiesdfE, | 0 9STTLETY

requires 5 cagRpasdigitl samplelo GRpREDOB tRQUghS ddhydédosipuel2 shai t al

sanpl es having “the polarity that corresponds to the polarity of read :
signal V(t) elecronicegnnedionclidpensation. In addition, |evel detector 202

leihg & dbital o OushiAdisfortzafies BF Bl detee B b btV 990, fe

adj usted to éﬁ.%{,slqtmﬁmra b6 YooV d Afd dopipiagtel! &4 gbapnce of

read channel 144, the lev of the digital sanple is not within the
zer o t hr eshotempensager AW atanput 28 qral the delapéd digitalisapnples feamplelay

corresponds or matches the_polarity of read signal, V(t hat requires
conpensat.i onSirgybA0g akjgput a&e‘e‘f‘tﬁl dotestay ?aqzs& E‘Vﬁ]in‘Fg’“%’l? oytRut di gi t al

sanpl e requi ﬁ%tol&&%mgﬂﬁ@rbf)@etector 154, a compensated sample of a digital

15 sample when the digital sample requires compensation or the digital

sample when the digital sample does not require compensation. Asa
result, asymmetric correction block 158 can provide Viterbi detector 154
with compensated and non-compensated digital s.amples of asymmetric
read signal V(t) such that the digital samples more closely resemble
20  digital samples of a symmetric read signal V().

In summary, one embodiment of the present invention is directed
to a method of correcting digital samples of an asymmetric read signal
V(t) in a read channel 144 of a disc drive 110. In accordance with this
embodiment, a digital sample of the asymmetric read signal is read and a

25  determination is made as to whether the digital sample requires




One enbodivwid»&@ * conpensat or 20.4 is configured to inpl er;g‘q;‘;oos,tlg_g,;zG&;SEP’ 2003
showmn in FIG 4, by generating a conpensated signal at |east when the

digital sanple is determined by | evel detector 202 to require )
conpensati on. Conpensator 204 is electrically coupled to input 200 such 20
that it can receive the digital sanple_fpging analyzed by |evel detector

202. I n one enbodi nent, conpensator 204 1s configured to generate the
conpensat ed sanple by offsetting |evel of the digital sanple by an offset

val ue. Conpensernpengftibni. rif theddigital sehpleteqiifaicongpaiatingsa Whet her

conpensator 204 will increase or decrease the |evel of the digital sanple

25 by the of f <enpepsated sapple Gan hageneratedd Finglly oeither thencpmpensatele pol arity

of -16 read sj t. reguires, conpensation.. |t the polarity of read
signal  V(t) %%ﬁ?ier%%%%r&égl?% {55 b OB e atn\ﬁ'éefi’héﬁ ri4ief

magni tude, t#RrehehhAiNal149f the digital sanple will be increased by the
offset value. - If the polarity of read signal V(t) that requires

conpensat i%n cont aAmethérentbddinmgat of tekpresgn inviaaiontib diretted torue! of the
digital sanple will be decreased by the offset value. The conpensated

sanpl e gener atYIBFITYTRSHORRIPCIOIHB that iscapable of implementingtde t hr ough

connection 21 ngg | t ~.CO tQ 4 is configured to offset
the Ilevel of %%%% [ gf’?‘g?%géanp e%&%&f&ﬁﬁﬁ?ﬂ% y the offset
val ue 1o regesriection blockirelides Alpiit 200,alleve HekQt6€H2] €S conpensati on.

In anot her enbodi nent, |evel detector 202 can control the generation of
“conpensat ed sePPPEBRsAgr 24 pad aatantprp208, sThegnputiraseivesaidigitalisaknplz0. As a

' It t 204 be j t to. e. t ed |
only when  ovBl BieAeYBIERES oo e3Pk VNI SnE REPIRE CYSTIgig) SMPEdRp|  roqul T es
conpensat i on. jvi] aeekbie2089ha¢ aﬂo?ﬁ?-i.olféiﬁgﬁfeg{or%@g d&&ﬁp&?er

configured to determ ne whether the |eve Igital sanple is within

a one t hr eshowhetlerghe tigital samplewedquiressbaipensativrg df 3@ defexpiipéds of one
and two thres}[}?alécéilzéggg%e 180, 182 are shown in FI'G 5. In this enbodi nent,

| evel detectof® tal sampleredyires spmpensabionpeRMpPRIRteh204 ange 180 or 182
I n which the f el ' ot ] LQuUgh
comuni cat i onhﬁ%ﬁt%ﬁ%ﬁ?eﬁgé%%“gﬁ? gﬁ%gg ‘g%td%%}%%‘%gﬁgénsat i on,

conpensat o5 26electivelyengmiteither tikodipabsimple 521 copefatedbirnpte. t he | evel

of the digital sanple with a
In one embodiment of the invention, the asymmetry correction block 158

further includes a delay circuit 206. Delay circuit 206 receives the digital
sample from input 200 and delays providing it to butput 208 to ensure
proper synchronization with compensator 204.

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

25  especially in matters of structure and arrangement of parts within the




one of f s@i, whaoud he I'evel of the digital sanple is within @”ngwl ahggpwmQS
% UW\JIYVo -17 1 /VIWNV/V, 2 3 SEP 2003 range 180, and a two of f setl

the level of the digital sanple is within a tw threshold range 182, as
previ-ously discussed for step 164. Delay circuit 206 is generally
configured to delay the transm ssion qfg.a digital sanple received from

i nput 200 without changing the 5 properties of the digital sanple. The

pur pose of delay circuit 206 is to hold the digital sanple for a

predet er ni ned préndiplds of theipresednd irvesition toshe alt adeﬂaind:mtedby thenpensat or
204. Delay circuit 206 applies the delayed di sanple to output 208

t hrough a del ER}'@E GG{“E'G%"‘ZMM éF%’E’tSrlﬁrW}@dégh‘h amsieQut put 208
is controlled % s%%% detector 202 through control Ilne 216. Out put 208
is configured recei ve the conpensated sanples from conpensator 204 at

i nput 218 and the del ayed digital sanples fromdelay circuit 206 at i nput
220. Level detector 202 selectively controls output 208 to output, to
Viterbi detector 154, a conpensated sanple of a digital 15 sanple when the
digital sanple requires conpensation or the digital sanple when the digital
sanpl e does not require conpensation. As a result, asymetric correction
bl ock 158 can provide Viterbi detector 154 wth conpensated and

non- conpensated digital sanples of asymretric read signal V(t) such that
the digital sanples nore closely resenble 20 digital sanples of a synmmetric
read signal V(t). In summary, one enbodi nent of the present invention is
+'directed to a nethod of correcting digital sanples of an asymmetric read
signal V(t) in a read channel 144 of a disc drive 110. In accordance with
this enbodinent, a digital sanple of the asymetric read signal is read
~and a 25 determnation is made as to whether the digital sanple requires

18 conpensation. If the digital sanple requires conpensation, a

conpensat ed sanple can be generated. Finally, either the conpensated




“sanpl’e-or the di.gital ‘sanpte:can: be out putted to, a. Viterbi:det ector 154 wof, i s
the read channel 144." 5 ‘Anot’her "enbodi ment of the preésent invention is. “i:=""
directed to an asymmetry correction block 158 that is capable of 2 3 SEP 2003
inpl ementing the above-nentioned nethod. One enbodi ment of the asymmetry
correction block includes an input 200, a |l evel detector 202, a

conpensator 204, and an output 208. The input receives a digital sanple io

of the asymetric read signal V(t) and provides the digital sanple to

| evel detector 202 and conpensator 204. Level detector 202 determ nes

whet her the digital sanple requires conpe®ation. If it is determ ned that
the digital sanple requires conpensation, conpensator 204 generates a
conpensat ed sanple. The output 208 is configured to 15 selectively out put

ei ther the di giWHATIGRIABYEDNS: conpensat ed sanple. I n one enbodi nent of

the invention, the asy try correction block 158 further_ includes a delay
circuit 206. Dday cfgm%dzfeécweéﬁ%én@wejn@aﬁa sigial Bayingd i nput 200
and del ays provjdi it ensure . proper _synchroni zation

wi t h conpensat éjroq%% !%5?@191?&550¢%m§g§s&%1§ Crs&tr%%rd&f‘ggfeopec‘ h t hough numerous
characteristics anqapdvahd OHiMeN | i SnRdtrich

i nventi on have beeﬁlt get for?ﬁ@i n t%e f%ﬁ%ﬁ%%ﬂ?@?i pt it(gfr?, F%a(%gt%ﬁg}, wth
details of the structur ewhertif e digital simpés hanis leveband mepdlariof; t he

invention, this dis§losure is.illustrative only, and changes may be nmade
in details, 25 espedPhl | \BSNEraRg arcompersatagcsamnpleatdeastwher feadigitalpar t s

i thin the 203 WJ WU bi ' ipci pl f th t tion to th
fUll extent indicated by Erptedegahelshesismio RO EE St th ch -
*Eﬁl %EBQ.”‘S’?" claims are RyANRSs S@inpensalibn?Whdn? the PlardBP - g2 Wikiall S

sample corresponds to the polarity of the read signal that

10 requires compensation and the level of the digital sample is
not within a zero threshold range; and _

(c)  outputting one of the compensated sample and the digital

sample, wherein the compensated sample is outputted

when the digital sample requires compensation.

15
2. The method of claim 1, wherein the generating step (b) generates
a compensated sample even though the digital sample does not require
compensation. |
20 3. The method of claim 1, wherein the generating step (b) comprises
offsetting the level of the digital sample with an offset value.
4. The method of claim 3, wherein:
the offset value is one of a one offset value and a two offset value;
25 and

the level of the digital sample is offset with the one offset value

when the level is within the one asymmetric threshold



1 A mat hod for correctl ng an asyrrrretrlc read SI gnal h‘a\n ng a poI arlt
't hat requires conpensation conpri sing st eps of : (a) reading a digitd 3 SEP 2003
sanple of the asymetric read signal, 5 wherein the digital sanple has a
-level and a polarity; (b) generating a compensated sanple at |east when the
digital sanple requires conpensation, wherein the digital sanple requires
conpensati on when the polarity of the digital sanple corresponds to the
polarity of the read signal that 10 requires conpensation and the |evel of
the digital sanple is not within a zero threshold range; and (c)

out putting one of the conpensated sanple-and the digital sanple, wherein
the conpensated sanple is outputted when the digital sanple requires
conpensation. 15 2. The nmethod of claim1; wherein the generating step (b)
generates a conpensat edra.wgq:)aled@vtaﬂoDlﬁf@a’ghahlhavhegllnahestvaagmmloot
require conpensation. g}ﬁ% e met hod of claim1, wherein the generating
step (b) conprises of fsEi%EShRld188Cevel of the digital sample with an

of fset value. 25 4. The net hod of claim3, wherein: the offset value is one
of a one offset value and a two offset value; and the |level of the digital
sanpl e is of fs&t w Theniethodeofaldisged, wheretn: when the level is within the
one asymmetric threshold 2'3 ° SEP 2003 -21 range and a two of fset val ue
when in théeé two asy?hﬁa?ereidc51gﬁ"ﬁ} H3p A lfrgarngeak Bmﬂiﬁé‘ geanb@ gnallerapealy,
wherein: 5 the read S|gnal a |larger peak anplitude and a small er peak
anplitude; the smaller §HSF1 tude corresponds to the polarity that

requires conpensati gs si’ri‘ﬂler peak amplitude corresponds to the polarity that
requires compensatian; and
the level of the digital sample is increased by the offset value.
10
6. The method of claim 3, wherein:
the read signal has a larger peak amplitude and a smaller peak
amplitude;
the larger peak amplitude corresponds to the polarity that
15 requires compensation; and " ”

the level of the digital sample is decreased by the offset value.

7. The method of claim 1, wherein: .
the read signal has larger peak amplitude corresponding to a first
20 polarity and a smaller peak amplitude corresponding to a
second polarity; and
the generating step (b) comprises:
(b)(i) determining whether the digital sample corresponds
to one of the first and the second polarities; and
25 (b)(ii) decreasing the level of the digital sample by a first
offset value when the polarity of the digital sample

corresponds to the first polarity, and increasing the



_phie Tevel: of “the digital: sanple isincreased byt He'of f set: value 10 The' ..

%

003

“method of c¢l'aim 3, wheréin: the read signal has a |arget’ peék’ahplitqﬂ?“sgp”é
a smaller peak anplitude; the |larger peak anplitude corresponds to thé&
polarity that 15 requires conpensation; and the level of the digital sanple
is decreased by the offset value. 7. The nethod of claim1l, wherein: the
read signal has |arger peak anplitude corresponding to a first 20 polarity
and a smal |l er peak anplitude corresponding to a second polarity; and the
generating step (b) conprises: (b)(i) determ ning whether the digital
sanpl e corresponds to one of the first an@2-he second polarities; and 25
(b)(ii) decreasing the level of the digital sanple by a first offset val ue
when the polarity of the digital sanple corresponds to the first polarity,
and increasing the 2 3 SEP 200%ved2fitbealigizhl samplti by taasecondpoffsdtyvalusecond
of fset value when the polarity of the digital sanple corresponds tq the
second polarity. 5 8. An asyrméfl?"?‘ P&éf‘ﬁbﬁf@‘%é!@‘éﬁl samplg FOEFRSRABAS f or
conpensating digital sanples o i ead signal, the asymetric
read signal having a polarity E%ggeggéﬁaﬁggéé%%pensation, the asymmetry
correction block conprising: an input for receiving a digital sanple of the
read signal, the 10 digital sanple having a |level and a polarity; a |leve
det ector el ettrcal | fncasyprBgtysorrrstiondieclanta teast channed fero  det er ni ne

whet her the digital sanple,requires, c ensation, wherein the digital
sanmpl e requi r es“'CBHY ?@%@rﬁlpﬁ%&% adsiymxg;e%]ic ’E%g 82 Hie sanpl e 15
corresponds t0 iHenRRkA¢ béad AbnhlRaviRBS SAIIAB) tHal 3quiiddtdRpensation, the
2 asymmetry correction block comprising: '
an input for receiving a digital sample of the read signal, the
10 digital sample having a level and a polarity;

a level detector electrically coupled to the input and configured to
determine whether the digital sample requires
compensation, wherein the digital sample requires
compensation when the polarity of the digital sémple

15 corresponds to the polarity of the read signai that requlres
compensation and the level of the digital sample is not
within a zero threshold range; ‘

a compensator electrically coupled to the level detector and
conﬁgured to generate a compensated sample when the

20 digital sample requires compensation; and

an output electrically coupled to the level detector and configured

to selecti\}ely output one of the compensated sample and

the digital sample.

25 9. The asymmetry correction block of claim 8, further comprising a
delay circuit configured to receive the digital sample from the input,

hold the digital sample for a predetermined period of time, and transmit



“conpensati o and the d evel] of the-digi tal ‘sanpre s not "withina zero
t hreshol d range; a conpensator electrically coupled fo“fhé'YéVeT’de"eCf%{ o
and configured to generate a conpensated sanple when the 20 digit 13 SEP 2003
sanpl e requires conpensation; and an output electrically coupled to the

| evel detector and configured to selectively output one of the conpensated
sanple and the digital sanple. 25 9. The asymmetry correction bl ock of
claim8, further conprising a delay circuit configured to receive the

digital sanple fromthe input, hold the digital sanple for a predeterm ned
period of time, and transmt 23 SEP 200323- the digital sanple through a

del ayed out put, wherein the output receives the digital sanple fromthe
delay circuit. 10. A read channel of a disc drive, conprising: 5 a read

si gnal pr oduc ettrefdigitalesamapledhvougls a slelayedrsdput, avhereimthecogigput reggives i er

for producing an |ified read sigpal; .a |l.ow pass filter that filters the

anmplified reacﬂ@i‘ﬁgg’fllﬁa&‘ PR tﬁe C%?E}X‘é‘F%Ht-read signal ; an

anal og-to-digital converter which provides digital sanples-of 10 the

filtered read signal; a digital filter which can fit the digital sanples to

a desired charnel Aesa)dmhenndmfamﬁamdrﬂvercmnpﬁem?ati ng the digital sanples
redu

such that the asymetry of the read signal is ced.
5 a read signal produced from a magneto-resistive head;

a variable gain amplifier for producing an amplified read signal;

a low pass filter that filters the amplified read signal to obtain a
filtered read signal;

an analog-to-digital converter which provides digital samples of

10 the filtered read signal; |

a digital filter which can fit the digital samples to a desired
channel response; and

means for compensating the digital samples such that the

asymmetry of the read signal is reduced.





