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FIELD OF THE INVENTION
5 The present invention relates to a method and apparatus for
correcting the asymmetry of digital signals and, more specifically, digital
read signals in a read channel of a disc drive.
BACKGROUND OF THE INVENTION

Use of magnetic media for mass storage of digital dataina
10 computer system is widespread. Digital data is generally stored on a
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 concentﬁc 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 transducer
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
or current in an electrical circuit. MR heads offer many advantages over
other types of magnetic transducers and, consequently, are increasingly
25 beingusedin magnetic data storage systems. For example, MR heads
are more sensitive than other types of read heads, such as thin film

) heads, and produce a stronger read signal. Also, MR heads have a better
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frequency response than other types of heads which use inductive coils

~ as a sensing means. In addition, the read signal produced by an MR

head is relatively insensitive to the relative velocity between the head
and the medium, as is the case with other types of heads, because itis the
level of the applied magnetic feld which is sensed by an MR head and
not the rate of change of magnetic flux lines through a coil. Thisisan
advantage in systems where head/medium velocity may vary overa
significant range. Lastly, because MR heads are not capable of writing
dataona magnetic medium, magnetic data storage systeins which use
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,
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 conversion of the magnetic
field variations emanating from the medium into the time varying
electrical signal. For example, the nonlinear nature of the MR head may
cause the time varying read signal produced by the MR head to look
nothing like the magnetic signal applied to the head. To overcome this
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

maximum linearity in the operation of an MR head is obtained by

a Tur BB o GN@ui neaMKThe
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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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APPARATUS FOR CORBESCPhbst Ndh,7AlL 9998 oviiid} useREAR HHi Gt Aled “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 aﬁd 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
asymmetz"ic 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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apparatus for correcting the asymmetry of digital signals and, nore
specifically, digital read signals in a read channel of a disc drive.
BACKGROUND COF THE | NVENTI ON Use of magnetic nedia for nass storage of
digital data in a 10 conputer system im w despread. Digital data is
generally. stored on a magnetic nediumin the formof magnetic polarity

i nversions induced into the surface of the nmedium If the nediumis a
magneti ¢ di sc, foAnothspembedirhérst afitha present iratenyioars dirgeteditn an seri es of
-concentric annuluses on the disc's surface, known as. tracks. To read data
from one of asbrmetxsconaeﬂk@}bh’ékah%@sﬁpﬁﬁﬁa’fgap %‘%@‘F V€peed, and a

magneti c transducer, is brodght neay. t t at.l : t the

-al ternating Wﬁﬂﬁ@ﬁ’%m‘zﬁ?@'oagﬁgﬁgﬁ%iﬁﬁ\ © ?8&8}%3“ ra%tﬁgé? ac&eﬁplr/l(?g an anal og
el ectri cal Sﬁ\gﬂfaes m@é@u@,ﬁ?@ve@ﬁem&%icﬁrﬂ}fe&h@%@@ﬁ abitputi Thei del y used
for reading digital ta froma magnetic nmedium isS_a magneto-resistive

(MR) heads 2@pin rédeivesaddipitalsatepliecd thtasyanmetiicreadsignalangs with t he

applied magnetic field. In this regard,. the head.i,;s capable of convertin
magnetic fi providesthedigital Wﬁé‘éﬁ‘%ﬁvﬁl ‘ﬁ%?%tﬂ'ﬁ'bdhea% Pﬁlt‘%t(gr'ti e varyi %g
vol tage or rgent .l -1 ' L HiciMRs2Y8 many

advant ages o@g?liev iﬁ%trgcﬁgggls%én%%gﬁ%%gﬁ%ducer?%n ,Bj%gnsequently, are

i ncreasi ngl y . MRpbRadion. 1bit kedatermaedl that tegdigitabsaiaple requirege systens. For
exanpl e, are rm?e sensitive than other types of read heads, such as thin
film heads, comgpepsasitme thexcompensgtor gengrRiss 3 faMPeRFatee spRPizali® have a

“better 2 3 SEP 20Q3 YC I' /UJUUCI US54 frequ : er types
of heads i CHIRIYS FWP’&E‘J’ E?L){gf%vg}s? uip %e%ﬁéﬂ cafpiar %Bgﬂﬁfﬁaon, t he

read signal 2Bl En dRAINbS RrAIOF Yied iventionsthei Ve to the
rel ative vel gé%%te%enﬁt he head and the medium as is the case with-
other types abyfesdsy cdreetiondlodk fisthdréncludes 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 compensator.

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.




| evel of . thewappl i ed magnetic field which i's sensed by an.VR.head and? hoeP 200
the rate of change of magnetic flux lines through a coil. This is an

advant age in systens where head/ mediumvelocity nay vary over a

significant range. Lastly, because MR heads are not capable of witing

data on a magnetic nmedium nagnetic daba storage systens which use MR read
heads nust include a separate head to performthe wite function. Using a
separate head for_reading and witing allows each head to be separately

optim zed for perFl§s. mmgplﬂm@n@@mw emésnammmcmacyslgaaly i mprove the
performance of a e ta stora stem |Ilustrated in FIG 1,

the rel ati onship ﬁ?\rﬁe‘ Cll“?ﬁ?‘&égfas}f‘é?g m%tﬂ‘é%ré?ﬁ Bockm y_axis 100,
of an MR heag cﬁf@aﬂc{%@sﬂﬂ%&xb%ﬂmﬁ%@ﬁtﬁfﬂ{e'lﬁb iSEPresented by the x-axis

101, is nonlinear hi's nonl i near aracterls Ic can produce problens in .
the conversion IDETAIIEED@MRM‘IOMOF mmmmmmm the medi um
into the tinme var electrical signal. For exanple, the nonlinear nature
of the MR head is apsespastve viaw ohadisqdei hichgheduced by the MR
head to | ook__nothin i ke t net,i.c nal ed.to t.he head. To

over come t hi BESHRE vgﬂb 8“5?%§“Pﬁ$¥%ﬂP”F§&§8H3P§§$§haﬁﬁvgaﬂ B the head to
move the  QqupLICADLrRPLIGH ddVer it ho¥n )t %@&ﬁdeﬁﬁ)&rfﬂ&%&lh&@@ﬁ region of
the resistance characteristic. Wth reference to FIG 1, it Is seen that

25 maxi mum | dise pack 114,rwhich 1s)pmmitecboncafspamilbﬁxdxea(hot$howabyed by -3

bi asi ng the head at point 102, in poi.nt. on the
characteri stii’écqatmﬁﬁ 6b9‘~°ﬂé§4‘éﬂ§é“¢%‘3§ﬁe@8f“m{’ ‘Eﬁ&%‘“‘t‘ﬂ% at anot her

t, h t ' t
bl oh g bﬁr%‘?ﬁ*%n%é%te‘a{ﬁ’? RaRotif ool SRR A8 AR BRR " DL et o

(SNR). As a safsROhs Hifassbcidted hdadaR0nghichieniinted tedigodrivedflot he head may
be asymmetrical about a zero volt baseline, such as output waveform 108 in

FI G 1 corresfasmommunisabionsvigo the disoaurface. ladbeexampleshovasimBlGf f ect s,
ot her fact Or?ﬁ?@@@@%&?@}’%ﬂm ggsﬁgge%}omqﬁr%ﬁsymmi rical read signal,

such as off

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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channel, the MR head is typically biased such that its output is

asynmetric about a zero volt baseline. The difference in the magnitudes of
the positive and negative peaks of the read signal conplicates the
sanpling of the signal which nust be pgrforned before maxi num 15 |i kel i hood
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 raOne eAbodimestiof theittansgdueehiatteadd@(ss a magnetect  t he

.asymretry of a_read signal prior to the detection stage of .the PRWM
channel . 20 WF&WRM%WP %n‘ff@tclhy dyring|fga gagragogﬁaqgené%ﬂ}ge defined as

the ratio of QTER! thfg |l er peak
-magni t ude of "Hé‘eé\h{: ég%v a“?ﬂﬁ%hﬁﬁggsa% egg‘r%%%% asymtry of
the read si gﬁbaébmfcklaha@mémgx&ar aapémwedce&l .mr%aaaseaatlzog in an
asymetry of 1.7 (1.2 53 SEP ' 2003 S. Patent No. 5,744,993

( Sonnt ag% 5 useecewesehhmadmm ehb fulmne%fha magnetic Qeﬁeﬁmgthtslm I ][ o
rethod bel | cFuD: Tltatedh By 585 B PR e rashent Suacd R ARt the
fundamental and 0 f o al’H gt rid of the
asymretry, the sezlggmfﬂ Qﬁge mhgﬁlt?]dgiﬁc%lﬁss?x‘sngﬁ{slgn chle%)? However, this
met hod is 0n|ryacehéa&13120\mmhﬁnsifacbﬁguﬂphltbmfonnbbarasmﬁ(t)stry can be
nodel ed by the second order of the signal is tr] e Fur her mor e, when the

asymetry i s indicgteddydingnl4duthat melﬁ’ﬁé byrRsea@ph reFmplifient . this
e e e sy R TR o
therefore ex '&E%B&rd & V{BlahadnandiaPppiiat 143.Picaknpliffer 192phbhe Of
overcom ng the ove-nent'i oned probl ens to conpensate or
provides the voltage signal v(t) to read channel 144, in which,
_embodiments of the present invention can be used.
Read channel 144 is generally configured to perform a partiai
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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SUMWMARY OF THE | NVENTI ON The present invention relates correcting or i

conpensating an asymetric read signal in a read channel of a disc drive.

One enbodi ment of the invention is directed to a nethod of correcting

digital sanples of an asymmetric read g gnal. In accordance 20 with this

enbodi nent, a digital sanple of the as tric read signal is read and a

determ nation is made as to whether the digital sanple requires

conpensat i ongaifrlddBy N Ab kah ?@gg)j &ﬁg‘w es C | OR, L coppensat ed
sanpl e can be ggner a¥ebe|an‘é Iy, 5g’it roﬁlg%st%%%g\ﬁ%%apso%ﬁlgfeeggr t he
di gi tal sanplbit saamplbd valuesiirtéddposiible 6-bitedpledvalues TREROMIMFBE of the
present invention is direct e% an asymmetry correction block that is

capabl e of i @pe tirRpassed throughaligitahiiltari152.avhichtichnde aH®tagnfinite nent of t he
asymmetry correckion bl oc i.nel ud an, i t, a lLevel .detector, a
conpensat or, “AW %ﬁeﬁﬂ?ﬁﬁm%%afﬁlﬁﬂtWﬁg%F@@eﬁpﬁ esdgpl e of the
asymmetrig r%ﬁdnﬁélqg? r%@m&é%hgﬁ' | g RPURL D Redclist 153V ©!
detector and the co eonsat or. Th ?se%/rgﬁh%{eig%@?é& detéel%ﬁh%gs whieﬁher t he
di gi tal sanplivehickgehemtes ermodedsiata that carf bé dedosledeiyededotird 16665 t he di gital
sanpl e requires ensation, _the conpensator generates a conpensated

co
sanpl e. The f8MWiets the maximwm likelihooddetestion piasess fordata readitack t he
di gital sanpl . Le .. n.oneenbodi mrent of the
I nventi on, trll)i ﬁ%g@%ﬁ;gtaﬁ‘%g@?}?ég%%ﬂgﬁﬁgﬁgég l?yu‘”t‘%g‘?fi ncl udes a del ay

circuit. The del afachiof ehe digitabSahpRS prb@udity A DraiRlestel 1S0hhPe | nput and
~delays providing it to the output to ensure proper synchronization wth
t he conpdfsataonagnisudterslevehthais indicative loéa vhbm JlorsheEPRdIrkadis advant ages
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BRI EF DESCR! iekbiii e diBhaREAMbNEAV G 1ebel thafishirfthth 4 bbHbibadlg @ typi cal

resi stance characteristic for
-~ range can be indicative of the value 0, a level that is within a one

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 aésess 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




20 rragne&gw,ggwtwe read head. FIG 2 is a perspecttve VIIL‘W,QL,‘Q_,“QI%(E SEP 2003
drive in which enbodi nents of the present invention can be used

a block diagramillustrating a PRML data channel in which enbodi nents of

t he present invention can be used. 25 FIG 4 is a flowhart illustrating an
enbodi nent of the invention. V W/ V/7¥/ FIG 5 is a plot of an exanpl e of
an asymmetric read signal. FIG 6 is a block diagramof an asymretry
correction block in accordance with one enbodi nent of the invention.

DETAI LED DESGRGR3| @yOEnetcy oSitRedon/bloekBEtavEpiitormd this@sy@medria per specti ve
view of a disc drive 110 in_which the present invention is useful. D sc
drive 110 i ncqouERSEioR usigYaripusmathedshase 112 and a top cover. (not shown).

Di sc drive 110 fur r ed on a

spi ndl e notor (not S.g\,\%\%%}g&v |scb§ e%ﬁ%%ﬂm@@%{%{?ﬁ%ﬁd udes a

plurality of dgydhnettitadeadsipral, IR abddirdin@ Withoeleasbddiinen®of Ot at i on about
central axis .118. Each disC surface has an associ ated head 120 which is

nmounted tc di&ymtmiewcym@cﬁ¢mblock&ﬁ&nlm$tepéﬁova'symmmdbscc®nface. In the

exanpl e sho in F . hegads, 120 .are su ried.b ns 122 which

are in turnwﬁlﬁnﬁéh&eﬁ%&%ﬁ&@mgg 1%?3@ a%fl r‘?Q fel?gtor 126. The

actuator 126,4 ary novi ng
: étgﬁ@ﬂlsar% & fe i al%aﬂ{plé lﬁ»ag%og%wea@&l A0

coi | actuator es a vo ce corl shown general |y at

128. Voice cdeétermidiedl thiPtherdigithbsaingsie vequireskcobnpdrisation, theh line 168 heads 120
about a pivot shaft 130 to position heads 120 over a.desired data track
along a pat hisfelowedaadm c&m@%atqdrﬁ@mmemr@ra@@am%% out er

di anet er 20 136. Voi coil oper er nal

ci roui £y sgomppred feletry et B pems VR RIS SR e
data to be St%gekssl m;em%&&meu%§@9qsmﬁ5n@minpamﬁom§neaﬁa words in
the formof a erial analog wite signal to the wite transducer on head

120 whi ch entheshdinertfifrie follovediand Svedigithbsampleicandermagputted to ayer on the
di sc

~ Viterbi detector 154 after some delay, as indicated in step 168. o
As mentioned above, the read signal V(t) has a positive polarity

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.

[
w




25 surfagg, vuSEP 2003 One enbodi ment of the transducer in head.12Q.9sSEP 2003
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 formagp-a magnetic field strength signal
H(t), indicated by line 140, fromthe nmagnetic surface of a disc of disc

drive 110. In response to magnetic field strength signal H(t) (140), M

read head 120 tr andnione embadithent,ghelpolaritytod thereadodigmal V(s) thhaince R(t),
indicated by line, 141, that js received bX preapplifier 142. Preanplifier |

0 142 conver t sFedHIres campensationds the,polarity having)the smaller peak age si gnal |

desi ted \ @8d Fredi ' !'!;i% 142 t:h
preg{/igggset hgsvi({)\%)élge g@%}%}ﬁlﬁb‘}éﬁ%%ﬁ%ﬂﬁg%, in \rﬁﬂ?ccﬁe,ad o
enbodi nent s of sigha \gt)ea&ignét@&%tww&% 16% whéé thBgaskis 70 ¥edreskifs | S

generally configured to performa partial 15 response maxi mum | i Kel i hood

(PRWML) apprbacthme@nddhe ytaxig1Znmepresentathe gnagnitudeofthe read sigmakV(y.age
medi um Read chanp a hanced. Par.ti a| Response Type Four
(EPR4) read ch mgef,né;%oﬁﬁ@rl%{%& preseqt Xﬁﬂﬂﬂ%i%a‘% wheretgadand E2PR4

read channel s. g | W N-y-To Ry n | e a

vari abl e gain g%@i?‘iwievr VbG%\)gleg’ 146, %ﬁ? Sd\;/v paségh?lnl ?len;ﬁil%g ah !

anal og-t o- di gi thelnegdity polairitg watld be@hosen ab thietpolarfityl that rekfudresa Vit er bi
detector 154, and a decoder 156. VGA 146 receives the . read signal, in the
formof a ti necarapPSnsagon sincgdiconteing the smaller peakynagaitusie.i Asaresuly,  and

- produces an, anpl ifie ' ( i J Lt h t ol erances
of ADD con\lloer {Tglrgl %ﬁ%\él%%gf ?%glgﬁéa\s{ \{(betag%n ?Peé‘gm%il%ﬁr# | ow pass
filter 148. Thaohld h&¥epolhfitids Sial@etredhdnd icsthle aﬁty&EE’t?&gﬁr 8 sanpl ed by

Al D converter 1§0 thateeg? ovi dfas, for eziiarrpl e, 32 possible 5- e'gi t sanpl ed

val ues or 64 pemspe¢nsationbit sanpl ed val ues. These sanpl es

- Oneembodiment of a zero threshold range 177, of read signal
V(t), has a positive zero threshold limit 178 and a negative zero thfes;hold
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)




are t henwiasseewd hrough digital filter 152 whi ch can be Q»lQ,LLaD.,.I,J.Z‘l ig 2003*
| mpul se response (FIR) digital filter, to f|t the sanples to the des Eg
channel response. These sanples are then applied to Viterbi detector 154

whi ch generates encoded data that can be decoded by decoder 156 to

conpl ete the maxi mum |ikelihood detection process for data read back by
providing a read data signal indicatedlby |ine 157. Each of the digjtal

sanpl es produced by A/ D converter 150 have 10 a nmgnitude or level that is

i ndi cative of | u PR4 r ad. channel, the levels typically

.represent the‘ag%n%‘e&%tsﬂ%ana%g i&éﬁ*ﬁl"é‘mg taTedwiE sanpl e having a

level that is 8&%2 £an be indicative of the val ue
e res o

0, a level that |s W t |n a on range can be indicative of the
value 1, and a |E\MmbhﬁbnédiabﬁvbhhﬂstéﬁIMb%xﬁﬁErﬂﬁtléwsgnfpiE%e can be
|nd|cat|ve of the value 2. pically, these values are’interpreted by

Vi t er bi detecﬁ%\eraigiwmtlpr%tﬁrmadmetemmmaﬂhechgﬁdmlgnal that is
asyrmetrlc about. its 05|t ne atlve r|t S.is that it becorres
di fficult %o EIFFELLImPEnse dtsﬁ‘@f’ s from gorrecting

I nt ended. Corbs,% Yhin ‘th uﬁ@gpyggﬂ a%gnﬂt% t\@ read 5| gnal
be corrected prior toa Ilecalon ofﬂtherea sl gna to% t er bi

det ect or 154.suthé¢hgtrthe keviel ofrﬂ\enbmnpateﬂlsdﬁqnlem%mb}@mﬂé@éllaon or
correction by_adjusti ng | evel of sqne_of the di ?ltal sanpl es of the

asymmetric r eHigtal sgmn eV‘(Q“}d bayehad if theread signal ¥¢9 bad bsan using an

PG, heymarpeal, TS shteribRt e SoeR BRGSO ptitey) 9
correcti op ushyeffscltingdtife 1ewdl P dse digital s&n@!@ﬁ?aﬁoﬁﬂs&‘@@é Sud tHate gener al

met hod for correcting an asymretric read signal, in accordance with one
embodi ment  ofths lexe) intneregsasorfor the examipbeshavds in FIG.S, ifghe effsesynmet ry

correction

value was set to 0.4 a digital sample of asymmetric read signal V(t) taken
at point 175, which has a level of -0.7, would be increased by the offset
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

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

25




bl ock 158 h6a6s,a digital sanple of the read signal ‘and, in step 162 | e
determ ne‘s”\i’/?]%?%er the digital sanple requires corrpensatif)'ﬁ’.'uf‘f‘ﬁl"f“ii?’ SEP 2003
determ ned that the digital sanple requires conpensation, then line 163 is
foll owed and a conpensated sanple is generated in step 164. The t o

conpensat ed sanple can then be outputte#d to Viterbi detector 154 at step

166. If it is determned in step 162 that no conpensation is needed, then
line 167 is followed and the digital sanple can be outputted to Viterbi

det ect or 154TRd deler@RRiGIElsIMad@n $tB91624L@ WhethbLihel6fe] fihgEnt i Oned
above, the read signal V(t) has a positive polarity 15 and a negative

pol arity. Whdigitahsamplafalls grithin ¢ pne thrasholdrednged80eirtthetwot he positive
peak magni tu&g .S émal | er_than the negative peak magnitude or the negative
peak magni t ulgeshold xanged82.han the positive peak magnitude. In one .

enbodi nent of thepj ' t | r ss of
First, detern ni ok 2B B AR pRplRICES opf yinSiAccaRg
corresporgs ¢ lavea positiye ohethrshellrang @184 arld'@heg Ak sreSthrésHopgnsat i on,
and second, determ ning whether the digital sanple has a level that is

wi thin a zermngrl86h&iemerallyythe positiveppe thredwldeangediB4sixéendsifg@m a di gi t al
sanple will require coppensati.on the.pol ari f e. digital sanple
cor r esponds Pgsqvﬁgszggﬁﬂg?ﬁh&t%{ﬁag@@m@%ﬁw%guaﬂébgw@ | evel of
the digital A1 tthi’% 18 ﬁ%ﬁ]{l . J WIVJI7W -10
l., 11 VJW'%@THZg-g\%hgég%% 20 %‘Bll n one Sg%%é@rgrent , ﬁieﬁ.éé%?ﬁggrzlet;?/ of the read
-signal V(t) thredhold ¢ipnit 123 teamegatied onthreshohtlindd 190L (Thepositich e smal | er
peak magnitude., FI G .5 shows ayglot of _an exanpl e of an asynmetric read

si gnal VIQ), thedbreshald limits, 123, d78r 1881000 190tase sy pinellkchogen beser r epr esent s 5
B e )
signal . V(t) §pubitiveawartipedld Yarfyell RRMAS! hépati¥e bwo tRfeshBidramganpl e, the
NeGALIVE POl 1) Positive fwo shreshold range 197 extends in the positive difection
- 19 sitive two th g n the pos irection
from positive one threshold limit 188 and negative two threshold range
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




conpensatyofmsSipce it contains the small er peak nmagnitude.: As a resul't, 10 .
digital ?a(?rg‘flijsy%f read signal V(t) taken at points 173, 17‘§T"é§’?8’1 5V\%é?dnﬂ3
have polarities that correspond to the polarity that requires

conpensation. One enbodi nent of a zero threshold range 177, of read signal
V(t), has a positive zero threshold Iig#_t 178 and a negative zero threshold
15 1imt 179, as shown in the exanple™f FIG 5. Both positive zero
threshold Iimt 178 and negative zero threshold |imt 179 are shown to

have the sangABeRddrdce ;Eﬁ _ e different. erally, the
best settings of posi ?‘f'\(/}lee%?g{r‘é\c{):smes bc%ldcd(sglﬁlL mefbs& r%kﬁ%"hﬁtﬁﬁ e zero

t hreshol d |imdﬂﬁ&mp@ﬁﬁ@%pﬁdis@uggﬁ&é@mvitabid@%k%rqis@'h{&& sanpl es 20
of read signal V(t) taken at points 1 and 173 woul d have Ieve‘l)s that are

within zero ¥eshol d range 177 and, thus, do not require conpensation.
However, digital sanples of.,read sj | .V(t). taken at points 175 and 176
woul d each have af$%P°§ﬁHWﬂ§p§B§&négﬁ%é§2q° '&?@Cgﬁl‘%(rqfttbe{‘ﬁét requires
conpensats Orsj g@@mgﬁy&q 168 YEhdsBRto 1 L dhin.zero 25

t hreshol d rarlléfei 177. nsque tly, Jc)illggltal sgon%?g%%?%%%% I V(t) WV
WIVI7TW t tlargérgreaki maguitude. STRES, 30tk exhinpleklkdwAlin FIG.Y, thel 75 and 176

woul d be det(&rm’ ned to require conpensation in this enbodi nent of step

162. As nent$ighiddsampplecof read signal ViY) takeroalpaistsildd and A4 woudd hgemer at ed

when it is ] N 16 t the.digital sanple 5 requires
conpensati o gfb%ae'ﬂtg gshi%gﬁ § a{'g‘%’%%‘%%{ogﬁf é’?ﬂﬂ? "ﬁ‘?tcfﬁﬂﬂgf‘r SETPHAteR- _
“conpensat i NgAL bR s& imaifmaﬁpéﬁoe;éh%dﬁﬁammé&igtmﬂﬁé p V(t) such
“that the level of the conpensated sanple resenblé&s the level a digital

sanpl e wul dreiqanxe deamperisatioe areaffsetibynar off¢et vahmdo preduce synmetric. In this
embodi nent, the corqg%psat eﬁ 33 le is %gng{??{ﬁd to by offsetting the |evel
of the digi tS™ BB HRMBIT- JTPWEVey Zather fFreasingihplevel@fithe s j nereased.

For the exangy @M@lé Gffset viafue % itPs RS to 0.4 a
digital sanp gﬁof as tirﬂlec r%ag suleg':jna 19{;/ }tsc?tt{‘%é%&as le ¥4 be
_ . decreased by the offset value thereby reducing the magnitude of the

digital 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




at poi nt JZ5.e3b ch has a level of -0.7, would be i ncre‘aserq_py;,",tungs;gfigﬁs . 200‘3
value to a higher magnitude of -1.1 by subtracting the offset value f Fg
the level of the digital sanple. Simlarly, if the polarity that requires
conpensation is the positive polarity and it is determned that a digital
sanpl e requires conpensation, the |evel 4_of the digital sample will be

i ncreased by adding the offset value to“the | evel of the digital sanple.
One enbodi ment of the offset value includes a one offset value 20 and a

two offset v 3 i d correct
aéogﬁ%rgfﬁéggvagn@mgén&ﬁiea% sfepHBa. ﬁmeq?gigﬁt@%fd e Bhs a

digital sanple evers that arewthin a o shol d range )
180. The two milafstcotpespending kathetpplaitynd duateadsigrabM(§conthigirigal  sanpl es
t hat have levels that are within a two threshold range 182. The one and
two of fset vdhedargenpetemnagnitadenthecgmpesnsated sample is@seerated bys optini zed

O 0 YU - 1 AeerEHsit BRIy b Bhe beln SyB art S e, 3F i il e
step 162 gs t ghagh s 'ntyﬁeg@%e\igan%ih todhdpbRityefietehdlsighal t hin the

one threshold range 18 eshold range 182. Referring again to

t he exanpl e iVi(tjtdhtaiming the sthalletdalt magrgeidegthe compensatedsamplgdsi ti ve one
threshol d range 184 and a negative one e 186. Generally, the

| hreshqld ra
posi tive one geneEaigd by ingregeingdhe destel phtherdi sﬁﬁ’eﬂl?pgéhig %% hr eshol d

linmit 178 to Sit] L i AN - ' one \
‘threshol d Iim‘??lggBk{gﬁ%Ien%E’g#’%gn e ﬁeéa}fﬁéﬁ%ro tﬁéﬁg&%%ﬁt 179 to. a
negative one é&hgémtéh héiﬁ'gtsnﬂamr offb& valsdsithantif methodstdiscdsbed shol d

limts, 179,178,188, and 190 are typically chosen based upon experi nental

resul ts. ‘B ni abovey Inagdition dbe offeetrvaliugs used te generatedhe sopmpensated t wo

t hreshol d range 2 apd. a atjye. t hr eshol.d r ositive two
t hreshol d rangfé“égfoﬁgﬁggﬁ%ﬁn{%é ‘%%DFPP(%S]&P; gﬁ‘?%%& ?%gﬁ%ep%si tive one
threshol d |injfd884qandveegative two threshold range 15 194 extends in the

negative direction fromthe negative one threshold
o - - FIG. 6 shows one embodiment of asymmetry correction block 158

of read channel 144 that is capable of implementing the above-described

15  methods for correcting asymmetric read signal V(t). As discussed 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.




limt 19QU,E,QE,,J°he exarrpl e shovvn in FIG 5 V\/nen the d| gi I@st,gvr,rp,l ‘eqog SEP%OB
signal V(t) is taken at point 175 its level is within negative o

threshold range 186 and, in accordance with this enbodi nent of the
invention, it 20 will be offset with the one offset value. Wen the di gltal
sanple of read signal V(t) is taken ajspoint 176 its level is within
negative two threshold range 194 and, thus, will be offset by the two

of fset value. If the digital sanple does not require conpensat ion, then the

digital sanple ishuuitP00icgencally tonfigurddito ceceivedddigifal eamplesofi tabl e del ay,
25 as indicated at step 168 of FIG 4. If the di glta sarrp e requires W
U0163906 - 13asympamtisirad signapi{(tfyom @6@%@&%‘ Hledeteier 28hisensat ed

I d 64 d
o Vi ter bi CGBIERP Il sOPRAE S EE0 arlfing ”ﬁ@?fe%v%% BB of “the
i nventi on, t@,erfgp‘kﬁhég fdgm%mwlméa%ﬂ%g eeﬁggggpensat ion is

chosen to be the polari havi ng the | arger k mag Thus, for the

exanpl e showeompehsdtiorb, L&vtebdetécg:rﬂﬁﬂ lsssntrprb detaef:t digiid] samples he¥ing t aken at
points 172 and 174 woul d have a_pol ari t}f/ th corresponds to the polarity

that requi r edheBplsEtY thatsarrespandstodhe po nbodl ment, the

digital sanp r S offset vaI ue
" to produce allr %%%ﬁ%’g%d{sgggh &Sﬁﬁ_’%ﬁ%ﬂ I%%P@?t%&&?{% crea5| ng the |evel .
of the digi tiélel oA dightl difpleftbaciery airéshold kang @muﬁﬁ§b@&1tdblﬁlta| sanpl e

will be decreased by the offset val ue thereb%redum ng the magnitude of
“the digital CQW&OSU%EZMW@SWI?VGIWQ esmbpladmistediteyi t al sanpl e of

15 t d V(t). | dd t hi nb til
one of 1 oeb. v RHERAA LhF TR eCRB AR e R R R LIRS EhPEBol d  r ango
180 and a twmf iﬁﬁ%lé@l%@tﬂ@“&@tﬁf%ﬂ%Q'xéﬁotxmﬁ\é&r&w&lﬁbla t wo

threshol d range 182, as in the“previous enbodi nent
range 177 and the polarity of the digital sample corresponds or matches

_ 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




| n anot het veb®edi ment of the invention, rather than ch"oos';@’g',;gi,,;,g,g;;?o@a Epyzuu37
that requires conpensation, all of the digital sanples having |evel’s™that

are not within zero threshold range 177 will be deternmined to require
conpensation in step 162, shown in the flowhart of FIG 4. In this
enbodi nment, the polarity of either the_k%arger or the smaller peak
anplitudes is determned in step 162. xt, as in the other 25 enbodi nents,
when a digital sanple requires conpensation a VWX-0 W VJYW

r,. 1, V=W11Vika s tha0 gequifescorppnsation HanPp6larity o feiddigshli N step
164. |If the di it%l?alggsr)ple has a polarity corresgor?gl?}r'\g to .th%‘%gol arity of
the read si gM&) thatirpqeises evmipapsatidnecandains thessrakllergpeakimagnitudes conpensat ed

s o L T
Phe comensarage PaRay dizead sigbl Vit rfiiibed inoélftatibh BAGGIIRIT ' USC:
sanpl e bys t hiargéd pertk maghitade) thehthelevehofahe difitalaaiplewill bef the digitized

read signal can be _ conpensated using snaller offset values than the
met hods  di scdegeased by theeféset valugy dihe comperisatast sample ganeratedibrd to

generate the_ ¢ { . sanpl ould b jfferent for di rent |evels of
the digital g%ﬁ”?@%@ff%m@&%aﬁ &ﬂ?ﬂﬁ?@ﬁ"gogﬁbmoaﬁé@di ment of
asymel ry cor r ect ipondkAfbbdimf, ebniptAtate 20018 cohfifudifio difsef bl e of

I mpl enenting the above-described 15 nethods for cOrrecting asymetric read
~signal V(t). lexel of eachsligitabssonple ressived froncinpest@08 bythe offéet)vahas a pol arity

that requires conpensation; i ther .the polarity having the smaller peak
magni t udd® or TEEREAIGS? 8??’?\?8‘9?55?% SERIURES CORPSRF AR Bependi ng on

how t he di gi ] [Srrmt : t ection block
158 generall %ﬁé%éﬁgﬁb&ggg%g%qﬁﬁ%e% . acﬁgvcgﬁaﬁgﬁeg%reg%f&ta conpensat or
2048 a del ay compensited 38mplestly eompehgitér Ausidg podeagedtidnigik shown) is

used to

' 210. As aresult, compensator 204 can be instructed to generate a )

compensated sample only when level detector 202 determines that the

15  digital sample requires compensation. In another embodiment, level
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




| control wheo,sgmponents of asyrmetry correctlon bl ock 158 ,a‘n,du‘t,g,wp,ergcy 'SEP "2003
the various functions of the conponents of asymetry bl ock 158. i

, VIWI'1 VJI1'~ 3 SEP 2003 -15 Input 200 is generally configured to receive’
:«a digital sanple of asymetric read signal V(t) fromdigital filter 152.
Level detector 202 is electronicallygoupled to input 200 and is generally
configured to performthe step of determ ning whether the digital sanple
requires 5 conpensation. Level detector 202 is set to detect digital
sanpl es havirange(186, 411l atwbd wifsbiedvhen thiekivehdsthealigital spaiplé istwithin r ead
-signal V(t) that requi res conpensation. In addition, |evel detector 202
conpares t hea twehtesheld aageil ,taéIPfS@@Hﬁb’@QC@ﬁszélf@'%tWé%ol d range 177

bl d 177 b
ad] ustod Lo 10 ofPPRYSE<EIV8 iy AR CORPERTSCUAY deiY PRa RIS Bince of
read Cha““e'of&di@tal&axh?réﬂe@éteéd?xforﬁﬂgg&tmdﬁi&ééfm{aﬁgi:%ﬂﬁt Wi thin the

zero threshold ange 177 and the polarity of the digit sanpl e
cor respongls propmﬁtdsﬂmhhglmilsammy The pazposs afrdelay\itduit 206tis kequi r es
conpensat i o then I evel tector 202 wi|l determne that the di g| t al

sarrF! e regw ?%@@%Fﬂf&&?‘ﬁérﬂe"&fi of fimeiesensyre 20. 4 i s
t
ggﬂplegg;t?ed gna+r%g$ﬁ{’e§§{he&\ﬂ%§4mt ﬁ&o%&gl elF&giarcn%ilt%B%/sp@ retﬂﬁql Rgdaby | evel

det ect or 202délﬁ ngfésaﬁgl@wﬁﬁblut)mSWQé yetDdutpat 212aidi cal |y
coupled to |npu such 20 that it can receive the digital sanple being

v:jvana:cyzed 3y elev@onmwaoeqnonzzlez I n ong enbo;jl ment , ](c:orrpensator 204 ics ]
digital S%néfegﬁyﬁaﬁéﬁt#@éf L A R SR

det er m nes %11@94 Yédeivé fife @Ase r@gteg%hgg%mﬁ | evel of
the digital sarrp 25 by t he setoval u‘{a This is set according to the
choi ce of theompperasatoy2@®f at-ifput 218 and the delayed digital samples from delay

_ circuit 206 at input 220. Level detector 202 selectively controls output
208 to output, to Viterbi detector 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




read signalwMibye t hat requires conpensation. I'f the polar i',u,"pj_;wrlgggﬂﬁ'g?r@‘ 003
V(t) that requires conpensation contains the smaller peak magni tude, then

the level of the digital sanple will be increased by the offset value. |If

the polarity of read signal V(t) that requires conpensation contains the 5

| arger peak nagnitude, then the |level ofgthe digital sanple will be

decreased by the offset value. The conpensated sanpl e generated by

conpensator 204 is provided to output 208 through connection 218. In one

enmbodi nent, coomeessdtion. A0the di hia:ﬂg legqiifestohgminshfién, 4 evel of each

digital sanple rgcei ved fromi ﬁgﬁt 200 by the offset value 1o regardless

of whet her t heor@pgnsated samplecandp genesatednbinalls either the campensatedmbodi nent ,

| evel detecto cpnt ol the generagi of onpensat ed sanpl es by
conpensat or 2%%8@%‘?1’8‘51‘859&%%% Hri%ﬁg'l‘ E’“E’Pg{édﬁg aa‘9$€'§’baﬁtecw ®at or 204
can be instrugaaiehdfharae a conpensated sanple only when | evel
detector 202 determ nes that the 15 digital sanple requires conpensation.

| n anot hers enbodi mAmothdrembodinent of the piegerit inentionds doeofddorafl t 0
determ ne whether the level of the digital sanple is within a one

threshol d r angTER$bE; correckigniblocdks IR that isgaprble 9f implemanting e one and two

threshol d rangges, 1804 h | .G 5. .Ln this enbodi nent, |evel
detector 202 can %rovFﬁgg‘}%‘eggon%é%égp%eﬂf?ﬁh\eﬁéwm 180 or 182 in
whi ch the | evedrredtidriblock irtliidés Hofipu 208, allevd] detest 2020 quUgh communi cati on
link 210. If the digital sanple requi res conpensation, conpensator 204 can

“generate a ceMPPensateri204; apd @ntutpnit 208. tThegnphitrdceives a digitilesathplet al

sanple w a ne of fset. when fhe el ,of the digital,sanple is within a

one thr esifgl d%@%asm%r?i‘?swb provi Ss%lﬂ:é’m 40180, and a

two of fset wh Qi ' ik wo. threshol d
Rvel B6tet @202 QfldtcBﬁg%h?%ltlp?sb?% Sm}’g?ﬂb%g?“g 713 Qetdtnlifis

range 182, as previously discuss y Cir 6 is
general | y coniihgtherdhe digitdl agmipherdquirscospensationt. 1fitds getexninedpl e
received from.i ”Qﬂt 200 wi t hi)ut changi ng t he, :

- that'the digital sample requires compensation, compensator 204

generates a compensated sample. The output 208 is configured to

15 selectively output either the digital sample or the compensated sample.
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




5 proper {icswddbod he digital sanple. The pur pose of del ay QLr,Q_,l‘;t,‘t,",Z,Qﬁ Sﬁﬁ 20&3
hold the digital sanple for a predeterm ned period of tine to ensur e
synchroni zati on with conpensator 204. Delay circuit 206 applies the

del ayed digital sanmple to output 208 through a del ayed output 212 and

el ectroni c connection 214. 10 Qutput 2Qfy.is controlled by Ievel detector
202 through control line 216. Qutput 208 is configured to receive the
conpensat ed sanpl es from conpensator 204 at input 218 and the del ayed

di gi tal sanpl esridaiples detheypresent imven?idh tatthe idliext2Atindieated bylehect or 202
selectively cantrgls output 208 to output, to Viterbi detector 154, a
conpensat ed saﬁfﬁP gereral myegning; of tbstmnavbaﬁbﬁh@m@%lmm e requires
conpensati on Q%gﬁgﬁa?'g'tal sanpl e when the digital sanple does not require
.conpensati on. ‘esult, asymmetric correction block 158 can provide
Viterbi detector 154 wth conpensated and non-conpensated digital sanples
of asymetric. 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 asymetric read signal V(t) in a read
channel 144 of a disc drive 110. In accordance with this enbodinent, a
digital sanple of the asynmetric read signal is read and a 25 determ nation
is made as to whether the digital sanple requires 18 conpensation. If the
digital sanple requires conpensation, a conpensated sanple can be :
+‘generated. Finally, either the conpensated sanple or the digital sanple
can be outputted to a Viterbi detector 154 of the read channel 144. 5

Anot her enbodi ment of the present invention is directed to an asymetry
~correction block 158 that is capable of inplenenting the above-nentioned
nmet hod. One enbodi nent of the asymmetry




“corregtion bl ock ingl udes ‘aninput' 200, - a’ievel “detector <202, " a w0 il
conpensat or 204, and an ‘output 208. The input receives a digital sar Igééa -
of the asymmetric read signal V(t) and provides the digital sanple PE P 2003
{evel detector 202 and conpensator 204. Level detector 202 determ nes
whet her the digital sanple requires conpensation. 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
either the digital sanple or the conpensated sanple. |In one enbodi nent of
the invention, the asymetry correction Bl20ek 158 further includes a delay
circuit 206. Delay circuit 206 receives the digital sanple frominput 200
and delays providing it to output 208 to ensure proper synchroni zation
wi t h conpensat SVERAT IS L. AIMED I be understood that even though nunerous.
characteristics and adv%gbages of various enbodinents, of the present

r

i nventi on have 1 beerf> &gt R cPrTectiRg AR ASBIRITId &8R4 pigabRavingqet her wit h

details of the : A ' f various enbodisrents of the

i nvention, thi spo?%{@gh%gg?@ﬁggg%ﬁéﬁs{_&é&wgnﬁlvpgﬁb sc?fanges may be nmade
in details, 25 eSpeS?E!'Yrehﬂi ol BigitaBfsaPAPIECOU bR B8 ERRIRIIRN Sigfal Par t s
within the 203 WJ UU/ bivub 1 principles of the present invention to the
full extent sindicated by whereihthadigitheampletkana leyeband laepdlaritys i n whi ch

t he appended cl ai ns Ere expressed. 3 SEP 2003 2 3 SEP 2003 -20 WHAT IS
CLAIMED I'S: 1. A net(Rbd rEfnesdiing aiqompensates) saraple; at leestgvbenshe digitalng a

polarity that requires Coézpr?ﬂﬁ%iqaﬂeg gggtrpie%isaqgoritvgﬁgre% the digital sample

requires compensation when the polarity of the digital

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



Sfa)t readl ng a dl gl tal sarml e of the asyrmetrlc read 51 gnai 5. wher &i nithe:
" digital sanple has a |evel and a polarity; (b) generating a corrpenszZt adSEP 2003
sanpl e at |east when the digital sanple requires conpensation, wherein the
~digital sanple requires conmpensation when the polarity of the digital

sanpl e corresponds to the polarity of the read signal that 10 requires
conpensation and the level of the digital sanple is not wthin a zero

t hreshol d range; and (c) outputting one of the conpensated sanple and the
digital sanple, wherein the conpensated sanple is outputted when the
digital sanple requires conpensation. 15-23-The nethod of claim1; wherein
the generating step (b) generates a conpensated sanple even though the
digital sanple does not require conpensation. 20 3. The nmethod of claim1,
wherein the generating stange(bl)ld@otmwﬁbst valeswhen rig thadwiceasyimutettitie
digital sanple with an offselt1 | ue. 25 4. The nethod of claim 3, wherein:
the offset value is one aefset value and a two offset value; and
the |l evel of the digital sanple is offset with the one offset value when
the level is within the one asymetric threshold 2°'3 ' SEP " 2003 -21 range
and a two of fsgt valThe méthodiof dldim 3wwheasymmet ric thr eshol d range. 5. The
met hod of claim 3, wherein: 5 the read signal has | ar ger peak arrplltude

and a smal I%®r peak thenad sigaal hae as}eﬁgmepe?}éaml%hwdietm acsmalé@rpaﬁ%ls

the polarity that amplitude;

the smaller peak amplitude corresponds to the polarity that
requires compensatibn; 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



—

_retuires sconpensation; . .and -the: l'evel -of the .di gitdlsampl e i's increased by .. -

“the offset value. 10 Thé nethod of claim3, wherein: the read signal T:assepzooa
| arger peak anplitude and a snaller peak anplitude; the |arger peak ™= *©

anpl i tude corresponds to the polarity that 15 requires conpensation; and

the level of the digital sanple is decreased by the offset value. 7. The

nmet hod of claim 1, wherein: the read signal has | arger peak anplitude

corresponding to a first 20 polarity and a snaller peak anplitude

corresponding to a second polarity; and the generating step (b) conprises:

(b)(i) determ ning whether the digital samg2e corresponds to one of the

first and the second polarities; and 25 (b)(ii) decreasing the |level of the

digital sanple by a first offset value when the polarity of the digital

sanple corresponds to the fir$vepafahetdigitainshmpler bpsi serondeoffséd GfiRe 2003

-22 level of the digital sanple b second offset value when the paglarity

of the digital sanple correspo n &E? Pelarite ob e digitalispgnpls qorresponds

asynmetry correction bl ock of .for conpensating digital
sanpl es of an asymretric read g?élﬁég%cgpﬁg&%rsl?'mmtri c read signal having a

polarity that requires conpensation, the asymretry correction block
conprising: an input for receiving a digital sanple of the read signal, the
10 digital sanpbe hadinRfymuneiry cosrretignidpels of g reagl chargiel fett ect or
electrically COgcprjrlleagnéa(%ir;[ghgigit%?lsjém%?e% SE2 aIH :;s?r%r%gtrtlcoread signal, the
asymmetric read signal having a polarity that requires compensation, the
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 selectively 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



deierﬁlne mhetheri,he'dlgltal sanple reqU|res conpensatlon mhereln thé
‘digital sanple requires

sanpl e 15 corresponds to the polarity of the read signal that reqwfi SEP 2003
conpensation and the level of the digital sanple is not wthin a zero
threshol d range; a conpensator electrically coupled to the | evel detector

and configured to generate a conpensated sanple when the 20 digital

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. Th&3asynmmetry correction bl ock of
claim@8, further conprising a delay circuit configured to receive the
digital sanple fromthe input, hold the digital sanple for a predeterm ned
period of ti mhe@gltakmpﬁetthmﬁwdzmd-outpuh@vhmgm the culppiteetdivesugh a

del ayed out put erein the outp t celves the digital sample fromthe

‘del ay circuit.ﬁ@gﬁgﬁ@# W@ﬁ %yEﬁgE -drive, conprising: 5 a read

signal produced froma nagneto-resistive head; a variable gain anplifier

for producing an anplified read signal; a Iom1pass filter that filters the
anplified read(si gnAlread chbhaélrofa dise driwepcbmpesingt gnal . an

anal og-to-digital converter which provides digital sanples of 10 the
filtered rdad si gnad reag %%@k%oﬁcﬁﬂ&omr@hgwﬁ l’leﬁlﬁtlt’ﬁéleédgl tal sanples to

CSesl e Ea R S TN Sh RS LTl b, S
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.





