13 APR 2005 MAGNETO- RESI STI VE ASYMVETRY CORRECTI ON Cl RCUI T Background O
The I nvention Field of The Invention The invention relates to the field of

magnet o-resi stive heads, and in particular, to circuitry for ctmrﬁqtzimg
asymmetry in the output (read signal) fromthese heads. Backgroun
I nformation The magneto-resistive heads currently used in disk-drives

sonetinmes produce asymmetric pul ses due to various reasommmmnm,mum”m | ude
tenperature and bias point variation. Asynmetry of a wav t he

one shown in Fig. 2 is given by the equation: Asymretry = (&M N)/ MAX So
for exanple if MNis 30 nvVv and MAX is 60 nmV (absolute val ue) t he

(Shown 10 Fio. 2y WASKESR-BRAE T ASRIVETRY DAIRREGSN BHAEDE 2 ng

circuit techniques. The purpose of a correction circuit is to take such an
‘asymmetric waveform and shape it such that the positive and negative
pul ses are equal (BaekgreyndnifiTihednyentiors. Pat ent 6, 072, 647, shows a net hod

of correcting MR a ry by changing the bias current in the head.
This is based on f%ﬁﬁ'ﬁ%@&"ﬁ?gnm U. S. Patent 6,043,943 (al so Japanese
Patent No. 10- 2144136& invehtiva rélatezttodte ditldehHaghets- l‘é@rsltleéth'e@ﬂsV\Bh&h\
requires matching delay lines. 1 13 APR 2005

particular, to circuitry for correcting asymmetry in the output (read signal)

from these heads.

Background Information

The magneto-resistive heads currently used in disk-drives
sometimes produce asymmetric pulses due to various reasons which
include temperature and bias point variation.

Asymmetry of a waveform such as the one shown in Fig. 2 is given

by the equation:
Asymmetry = (MAX-MIN)/MAX

So for example if MIN is 30 mV and MAX is 60 mV (absolute
value), the asymmetry would be 50 %. This would be defined as negative
asymmetry (shown in Fig. 2).

The problem of asymmetry has been solved before using circuit
techniques. The purp'ose of a correction circuit is to take such an

asymmetric waveform and shape it such that the positive and negative

pulses are equal (i.e. symmetrical).
U.S. Patent 6,072,647, shows a method of correcting MR Head

Asymmetry by changing the bias current in the head. This is based on a

reproduced signal.
U.S. Patent 6,043,943 (also Japanese Patent No. 10-214403)

shows a method of asymmetry correction which requires matching delay
lines.
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U S. Patent 5,943,177, shows a nethod of defection of asymmetry and a

nmet hod of correction based on peak detection and rectifier circui?%. é*@i’
t he net hod includes separating the positive and the negative | obe A?
signal . JAPANESE Patent No. JP623410, shows a nethod of correction which
changes the bias current in the MR head. U S. Patent 6,052,245, describes a
detection nethod which is a delay-based, digital inplenentation of the
squaring nmethod of correction of asymetry. U. S. Patent 5,999, 349,
describes a digital way of correcting asymetry. This patent describes a

method in which tap \Mesghb@nasemchm%awgca %ﬁr&ﬁoﬁ&@rew%%%gg% Thi's
nmet hod of correction of ém try is conplicated Pat ent 831,
rr

deals with MR a@gnd@me)th@uao estionbiashd ongeeakadatedfiaratind ire¢tifiertorcuits.
differentiate s i_nt e ses .circu to cregte an
equal i zed wavef %}]n% ?ﬁf} t&?\?k}?ﬁ Os@sféa% %%glg tﬁgfcﬂsftwgsa%} ﬁ?@tﬁ‘ﬁﬂftW& Qee%n
peak-hol d circyftis s@ﬁa[y of the prior asymmetry correction schenes depend
on changi ng head bias _current or u3|n mat ching delay lines for their

correction to work, d8PANESe PRl PBL3¢E0 shavena degfbadafcosiectiapout
and process par JHrdeERFanddaithd bR<Sodtddifl it SRR K v%ld Therefore, a need exists
|

for an i nproved asymmetry correction <circuit ch is independent of
| ayout and process pMSnE&@nSGMQcM%ldescrﬂmSca tietection maéthodrwhitchds af or e,

overcomes the pr tion rlor a ed al so

oxi ste to provi Ry ks disithlbidengRRySh arhts siartia Betiadotectedion » 15
APR 2005 3 A fupf BgymArag. exists to prOV|de a nagneto resistive asymretry
correction circuit

U.S. Patent 5,999,349, describes a digital way of correcting
asymmetry. This patent describes a method in which tap weights are
changed to change the waveform shape. This method of correction of
asymmetry is complicated.

U.S. Patent 5,986,831, deals with MR asymmetry detection which
uses a digital filter to differentiate samples into states and then uses
circuits to create an equalized waveform.

U.S. Patent 5,787,005, describes a method based on peak-hold

circuits.

Many of the prior asymmetry correction schemes depend on
changing head bias current or using matching delay lines for their
correction to work, so the performance is very much dependent on layout
and process parameters, which are hard to control.

Therefore, a need exists for an improved asymmetry correction
circuit which is independent of layout and process parameters which are
hard to control, and therefore, overcomes the problems and limitations of

the prior art.

A need also exists to provide a magneto-resistive asymmetry
correction circuit.
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that solves the above mentioned problenms so that asymretric pul ses from
magnet o- resistive heads are corrected sinply and effectively. S%WZUUSS
According to a first aspect of the invention, there is provided an A™
arrangenent for correcting magneto-resiskive head asymetry, conprising: a
shift circuit \/\11| phd_rece! ves ? [rﬁgnet Io- retl st :c ve he:gym?ril gpalt ,heapgag
polarity signal indicative o e polarity of any .
signal ; wherein, depetidrAgeduXiside PEtias b inaghdtorbiestAe WERAeHy chbRE€ctRIA difcuit
o i SHRHsEEs 3otk b onclnshu lismiesso ik o pwsone | oad
roduce a s ]

gi gnal, the émtwe%aﬁseﬁgc%% sim gf’eﬁlldtel?%cé\tylg.t val ue, and first, second
and third gain circuits, IC reg ive the read signal, the shifted 15
read signal, and the shift value, resSeEdMMARY, and whi cg eﬁphdrec_el ve a
respective control, signal; erein thﬁ“pfl rst, second an ird gain
circuits ’provide r’%‘?ﬁﬁ@ﬁ {Pea ﬁ?ff pipeet of theinvention, f g:%@d’é‘?ﬂﬂ%%@l \E‘]FW@{WBTI for
respective GoReétg MhgHEad-FosisACCREME I aB¥nMmer R RafRRfhgaspect of the invention,
there is provided ga met hod of 20 porrect?ng as_ym'%gtry in a read signal
from a magnet o- r edishiff giscuitewhich eensisies 8 magnetodesistiveihegd mdasmahtandf; polantyd
asymetry ing: : i g%lﬂ . ymretry detect ed;
and produci gbﬁgﬁggggggfggﬁggglgﬁ igf{r?g?a y c%%?%‘?‘%é&{aﬁ%g%zt puts of first,
second and third gain sthegss,dephedifg osltthegpolrlii@tafgme{mymgleezrylnaﬁeeg?%g?tcgite
bei g & fon-1 i noai B8 1105 05 QPRI el o tereny Bisteicp gheducala aved 1590 a
shift value in acgphdance with the polarity of the asymmetry detected, and
the third gain stage receiving the shift value, the gain stages having a
respective gain ther eof VisiiR Bie|shift pizadiouiputs Hie reaq sgnels heosbi art redd signal,
According to a Fhiaﬁ&ltﬁssﬂﬁ%alﬁ’é-ghﬁe invention, there is provided in a

magnet o- 30 resistive head redd channel, an arrangenent for correcting any
asymmetry in a redigstsbegand and ¢ipd gsinmgreuidgtveltth oeceiveaths tad sigableclid sigfitady

asymetry i ?eatdm?gr{a?,aa%d%g gﬁ%t vaapu%, }ers]gecg%l‘)a},r a!lntdywhitcﬁ %E&O;e;ceigg % respective control
signal;

wherein the first, second and third gain circuits provide respective outputs
amplified in accordance with the respective control signals.
According to a second aspect of the invention, there is provided a method of
20 correcting asymmetry in a read signal from a magneto-resistive head, comprising;
detecting an amount of asymmetry in the read signal, and the polarity of the
asymmetry detected; and
producing a corrected read signal by combining the outputs of first, second and
third gain stages, the first gain stage being a linear gain stage which receives the read
25 signal unaltered, the second gain stage being a non-linear gain stage which receives the
read signal altered by a shift value in accordance with the polarity of the asymmetry
detected, and the third gain stage receiving the shift value, the gain stages having a
respective gain thereof controlled based on the asymmetry detected.
According to a third aspect of the invention, there is provided in a magneto-
30  resistive head read channel, an arrangement for correcting any asymmetry in a read signal
comprising:
detection means for detecting any asymmetry in the read signal and the polarity
thereof; and
correction means for correcting any detected asymmetry of the read signal based

35 on the detection means, the correction means comprising;
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correction means for correcting any detected asymmetry of the read signal
based 35 on the detection neans, the correction means conprising: {3 IﬂPR\YdﬂS
IBQ] 2462 . doc: MIC 13 APR 2005 3a polarity switch and shift
control circuit nmeans which receives the ggad signal and an asymetry
polarity control signal fromthe detection nmeans, and which output the
read signal, a shifted read signal, and a shift signal; 5 first, second and
third gain nmeans, which receive as input the read signal, the sh!ftﬁd rgad
signal, and the shift signal, r ectively, fromthe polarity swtch an

. sh?ft control circuit né’g%s”,ty éWﬁag/ﬁ?(i: ﬁhlgé)éﬁtrPfe@EWﬁgf}Se‘g{ﬂéétrP%ﬁseég%ﬁadt e
gai n control si gnajgrahbkd ad dsHsinstrRPoREPHE SRR KbinCHk RRcABR s, td
produce a respective output; and 1%&}00%%:dnatl on “neans for receiving the
respective out put SViielheNPHEthe readisignak; e sbified zend S!Biial,dng_amhlffmgm?; conbi ni ng
the respective outputs ifqf0 N apd. adj ustin Qr, an
comon m?de effect in tfﬁggtbg%bo?lge 40 Su a%i%:fcag?’dfvgl.lgc FOENC d p&Rpt ﬁ?eyfel‘?g

i nvention, an i nplsegmah e shifbedofeachsigaaear the yhi}ft&;ﬁ’@iﬁﬁhé@p&btﬂe%@dl tﬁv‘elpdlﬁ?yf or
a read channel in Bl t echnol ogy because of its range .of correction
and the size of tﬁ&'ltﬁﬁtzﬁ’gl ﬁERr“(?BfrggPIT%EWP%gaI‘@oWQWha%ﬂSBCWC@VC tAhEespective
invention, an exergghaity g%ﬂ@&ﬁ'l'tf&?ﬂ%nél%i&?&‘d]us&&?%o%lﬁ’t cﬂ%ﬁﬂlffﬁ:%{ibx‘{ ﬁpﬁlféd%t h
| aboratory and simlation. According to an“aspect of the i'nventiom, ™ an
exenpl ary enbodi mPreducgdvespeetiieowiivg; andcr eases magnet o-resi stive (MR) head

oymmetres and i s capabrRoiiby ikt for i afiiEE Sus Befec G RS ot 81l
By being abl e to stiondramddbirdvgbin mmngewonﬂﬁgdﬂmdnesp@maan@?ts injo @bﬁh‘lﬁtﬂl@d be
i ncreased. Accordin 0 _an.,aspect of the inventign, .correcting asymetry is
advant ageously acl é’\%@&?aﬂ’blft%ﬁjfé’f AT BUNPH O ?eﬁg‘ééﬁf@@mb“&‘f‘l APHnount of

asymetry. 25 Accoicdomighd @ am agsdeeof (e idvestidd) AN 8medBtifik 87Bh &x¥mplary
enbodi ment of ' the resent invention advantageously does not involve
changi ng bi Sgﬁbﬁgmef‘élﬁbﬁ‘tf?lbﬁ@tqdrfoweeadﬁh@ﬁék @é@@ﬁitmnewgybn@am of Hstangel,

the exenpl aBYc&{‘&%hﬁR&‘EhelLk?&sof%é;&‘f{@l cheysof anal og wave shaping by
[

enpl oyi ng non-1linear and |1 near erential stages in the read
According to an aspect of the invention, an exemplary embodiment has been

shown to be effective in both laboratory and simulation.
According to an aspect of the invention, an exemplary embodiment
advantageously increases magneto-resistive (MR) head yield since placing the circuit in

20 the read path tolerates larger head asymmetries and is capable of obtaining acceptable
error rates on drives. By being able to ship heads with larger asymmetry, component
yield can be increased.

According to an aspect of the invention, correcting asymmetry is advantageously
achieved, not just detection or measurement of an amount of asymmetry.

25 According to an aspect of the invention, an exemplary embodiment of the
present invention advantageously does not involve changing biasing conditions in the
magneto-resistive (MR) head. Instead, the exemplary embodiment uses a novel way of
analog wave shaping by employing non-linear and linear differential stages in the read
channel.

30 According to an aspect of the invention, an exemplary embodiment corrects
asymmetry such that the positive and negative pulses are equal.

According to an aspect of the invention, an exemplary embodiment corrects
asymmetry in a very different way than has previously been done. In contrast to known
asymmetry correction circuits, which depend on matching delay lines for their correction

35 to work, an exemplary
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channel . 30 According to an aspect of the invention, an exenplary

enbodi nent corrects asymetry such that the positive and negativqngquﬁqmga
are equal . According to an aspect of the invention, an exenplary enbodi nent
corrects asymetry in a very different way than has previously been done.
In contrast to known asymetry correction circuits, which depend on

mat ching delay lines for their correction 35 to work, an exenplary

[ R\ LI BQ 2462. doc: MLC 13 APR 2005 enbodi nent of the present invention does
not require matching delay |ines. Therefore, the performance of the

exenpl ary enbodi nent of the present invention is independent of |ayout and
process paranmeters which are hard to control. Accordi n to an aspect of
the inventi onembﬁdmelﬁrfﬁéh%@ﬂ'eﬁeﬂt invenition dloes gotrpirednatehing delayhead

asynmetry, d C i stive
head read si gﬁgq% e@ﬁ%eg&%b haeréér?&bf nrc];g‘Hf?lPeng:)?%rgk) !é\?ieﬁ}b%ﬁﬂgﬁg?ﬁﬁgty of any
asymretry of pd@@enemeﬁu@mw md@p@ml&htrwlayout ahe ppoessigayambtdrbavidsty met ry,
the shift circuit either adds or subtracts a shift value to the read

signal to prodgchard 8iIGoNreY read signal. The shift ci rcwt out puts the
read signal, ' he SAbE g ®Aéh BYSEf tRAVERFore Bifdar prst, second

and third gain circuits, receive the read si t he “shi ted read si gnal ,
and the shiftcomealing magpetoriesistiye h@ﬁd asyiame! étdﬂGWﬂeﬁ a shiffitatitve cont r ol

outpat s ampl i WL EREGEE B BatlbieieFsFh Befl st bRl M anbfrina”
Accordi ng to jpgicatipe of tied polasity ﬁ@ya%mémofﬂmﬂlwghalomdp@ndqu gnal s
and the pol arltﬁglgnal are derived fromthe re nal contr neans,

the control palasty eithetasymmaealdy.4he shi C'@é’ﬂ&'ﬁf‘?a@d%s gosublragisg  any
asymwetry of 48 (y%ﬁﬂegtosthan@hd filfhl B BAIOQ dilifo Rl di gar?us'mh.fto the

shift circuit respecti signal s I rst, second and
third gain c¢|rcmm cbuipuilsetbedead smahrtbeuﬁhlﬁﬁﬂ read szg@al @mdrtquhlfbmaluAccor di ng

to an aspect of (L Dg 41 S0 1R gfin THENRE B88% the read signal, the shifted

read signal, and the shift value, respectively, and each receive a
respective control signal. The first, second and third gain circuits provide
respective outputs amplified in accordance with the respective control
signals.

According to an aspect of the invention, the respective control
signals and the polarity signal are derived from the read signal by control
means, the control means receiving the read signal, detecting a polarity of
any asymmetry of the read signal, and providing the polarity signal to the
shift circuit and the respective control signals to the first, second and third
gain circuits, based on an amount of correction required.

According to an aspect of the invention, a common mode
adjustment means is provided for receiving the respective outputs from
the first, second and third gain circuits, as a combined output, and for
correcting any common mode effect in the combined output. The
common mode adjustment means includes a common mode feedback
circuit. A pair of emitter followers is provided for receiving the respective

| outputs from the first, second and third gain circuits, and providing the
combined output to the common mode adjustment means.



adj ustnment nmeans is provided for receiving the respective outputs from the
first, second and third gain circuits, as a conbined output, and f
correcting any common node effect in the conbined output. The connié N%H@m
adj ust nent neans includes a common node feedback circuit. A pair of
emtter followers is provided for receiving the respective outputs from
the first, second and third gain circuits, and providing the conbined

out put to the common node adjustnent means. 4 13 APR 2005 According to an
aspect of the invention, the control neans includes detection neans for
receiving the read signal, detecting any asymmetry in the received read
signal and the polarity of any asymmetry, producing the polarity signal,
and producing a di é\pc@ndlmg)tqae@ﬁ@ﬂc@fdhwnweﬁ&lpedhe\ﬁ@n@m gieangripclbdesf

Coreivi ny t netfestibl MERH fof fecdfio Indlrédd Sonb dBREAA ack UVRIEty ),
control signajte feeived rfeadﬁgnélfaﬂdrtble@mﬁhrtmof dn;gasymmetwpmiudhﬂfmé on an

anount of correction required. Accord %{to an aspect of the invention, the

first, secondpaladity ﬁgnal aggumoelweauat@g QoIFgstion ﬁ!gé'labﬁ‘@i(‘é! vadbent i er pairs
havi ng cert ai @ﬂ&ﬁ changed by
addi ng Curren?moﬁ@?gﬁé%}ﬂﬁféf hé‘dag qgg@%‘ﬂa‘gﬁ% g‘lg?tght?hese rrpl ifier pairs
are diff er ent cahverterdot Eecemra@ﬁ‘lesdlgltalrmrrectlbn scgml and paivdwging theecording to

S gnal 11 om alomgrEYG ePuEPLyfdue fien SRichi Bh3oid BT Skds, Bafhd o7

asymretry in pR@n snduht 8NEdredtiof rébenréml arl ty of the asymetry det ect ed,
and producing a corrected read signal tbg%l t he outcﬁuts of first
it

second and third gépﬁorgtlrmg@sanaﬁeecft.qféhewﬁﬁtw% rsls sconchand thyed n st age
whi ch receive stage is a
non-1|i near ga §%|tnr}§?rcruﬂ§qnau ragi:eglé»\?tiaés'%trﬁgrr?fagﬁws ﬁ&ﬁﬂg%ﬂﬂrﬁred by a shift
val ue in accotrdasmdudtdndermqrabmnshqs whlchhzan lmsqimmadyb)deddmgmrreahd t he

third gain Stﬁﬁe@%giﬁgoc}'ﬁﬁgt %@tht val %ﬁ? ?rﬂgllfgea}'p%w%taa}ge(ﬁffer% fal

respective ga
bipolar transistor pairs in one embodlment.

According to an aspect of the invention, a method of correcting
asymmetry in a read signal from a magneto-resistive head, includes
detecting an amount of asymmetry in the read signal, and the polarity of
the asymmetry detectéd, and producing a corrected read signal by
combining the outputs of first second and third gain stages. The first gain
stage is a linear gain stage which receives the read signal unaltered, the
second gain stage is a non-linear gain stage which receives the read
signal altered by a shift value in accordance with the polarity of the
asymmetry detected, and the third gain stage receives the shift value.
The gain stages have a respective gain thereof controlled based on the
asymmetry detected.

These and other aspects of the invention will become apparent

from the detailed description set forth below.

Brief Description Of The Drawings
Fig. 1 illustrates a block diagram of a magneto-resistive head

asymmetry correction arrangement according to an exemplary
embodiment of the present invention.
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asymmetry detected. These and ot her aspects of the invention will becone
apparent fromthe detail ed description set forth below Brief Desir‘-ii {\)ﬁf{,@&
O The Drawings Fig. | illustrates a bl ock diagram of a magnet o-resi®sti
head asynmmetry correction arrangenent according to an exenplary

enbodi nent of the present invention. 5 13 APR 2005 Fig. 2 illustrates the
wavef orm of an exanple of negative asymetry. Fig. 3 illustrates a typical
transconductance (GVW) characteristic of a |inearized bipolar differential
pair. Fig. 4 illustrates a Vout vs Vin characteristic obtained froma

| i nearized differential pair having the GM characteristic of Fig. 3. Fig. 5
illustrates a typical GM characteristic of a non-linearized bipolar
differential pair. Fig®R illBstrotesstheavaaeforheol/anexamplé of négativet eri stic
obtained fromthe non-linearized differential pair having the GV
characteristi @symmetsy. 5. Fig. 7 illustrates is a bl ock diagram

representation of t grﬁ@ : b S| ﬁﬁﬁ&[ W : I on
circuit of Fig. 1, a@'cor Pﬁéﬂatsoé %lﬁly\éﬁ#%% oa‘?’ﬁ% o'?x%erig'?%\?ént i on.
Fig. 8 ill ustinsadzédbipcldratifiereotialpait.i c of a non-linearized differential

pai r which has been_shifte a dded t,o a li.nearjzed ifferential pair
for positive corrgg':t'ﬁ?- '"("ﬁ&@tjﬁ%iﬂ/ oﬁé‘ﬁrﬁ&?%r?m@f'aﬁc 9#*231' ‘??sg?'a‘t%s t he Vout
vs. Vin char aGhehtind giffsrenthf pairfHaaitheabM diractBavidsf tiges M
characteristic of Fig. 8 for positive correction (negative asymmetry).

Fig. 10 illustratefigHheillustiatessa typicat Gl gbaeacteristie of @nanetaganized correction
(positive asy : ' Description O The Preferred Enbodi nent(s)
The inventionrg\ﬁ#'{ayﬁgﬁi@&bggﬂ bed in nore detail by way of

' Fig. 6 illustrates the Vout vs Vin characteristic obtained from the

non-linearized differential pair having the GM characteristic of Fig. 5.

Fig.' 7 illustrates is a block diagram representation of the magneto-
resistive (MR) head asymmetry correction circuit of Fig. 1, according to an
exemplary embodiment of the invention.

Fig. 8 illustrates the GM characteristic of a non-linearized
differential pair which has been shifted up and added to a linearized
differential pair for positive correction (negative asymmetry).

Fig. 9 illustrates the Vout vs. Vin characteristic of the differential
pair having the GM characteristic of Fig. 8 for positive correction (negative
asymmetry).

- Fig. 10 illustrates the Vout vs Vin characteristic for negative

correction (positive asymmetry).

Detailed Description Of The Preferred Embodiment(s)

The invention will now be described in more detail by way of
example with reference to the embodiment(s) shown in the accompanying
figures. It should be kept in mind that the following described
embodiment(s) is/are only presented by way of example and should not
be construed as limiting the inventive concept to any particular physical
configuration. '

As already explained, the magneto-resistive (MR) heads currently
used in disk-drives sometimes produce asymmetric pulses due to various

6



exanple with reference to the enbodi nent(s) shown in the acconpanying
figures. It should be kept in mnd that the foll ow ng descri bed

enbodi ment (s) is/are only presented by way of exanple and shoul d hdt APRa05
construed as |limting the inventive concept to any particul ar physical
configuration. As already explained, the magneto-resistive (MR) heads
currently wused in disk-drives sonetines produce asymmetric pul ses due to
various 6 13 APR 2005 reasons which include tenperature and bias point
variation. The purpose of the invention inplenmented in the exenplary
circuit described below, is to take such an asymmetric waveform and shape
It such that the positive and negative pul ses are equal (i.e.

symmet ri cal ) . retisehs whiclc mchedtet iangoeqaumanndwias paiat uariatipeo Theypurpbseved, not

t detect t t of metry. Fjg. 1 .
1 Tustrat oo cDbhBIRVRTIEG, BeneB arBr oxpuiay HHEIR Batcrivesl feiow i
correction arg3neeEheh Bﬁlé\ﬁa@é’foﬁﬁ%'ﬁl’e‘l'sﬂabe |?§¢HPQhE?ﬂ’ie B&c)snﬁ\*i@ present

i nvention. In the block diagram of 1, th Asymretry Correction
Circuit bl ockardaegatiys pdleds bee aqual (! hesymmetrml)e Thatis, Awpflelctlhgr 102 and

the Low Pass 0, f a disk drive
havi ngwan W{Qggﬁfﬁ%g@%ﬁ@ge{) ?éagﬂek}ﬁd 'f'?mln (fog&eibzll QS':([)I ve hlaad reia\(;
channel i ncl uﬁeasarenmmﬂarrmoammea dyeadetr04, a preanplifier 105 coupl ed
to receive a read qall (IHC?‘Q@ 104_and output .a rea lified read
signal, a vari abl er§'§a| ockodiageann of @d“@@ertgéﬁ"f"% headr eanpl i fi ed
si gnal and 0%%@§n¥%ﬁaﬁéchbﬁ%rt ggme‘h‘t%«%%rg ggegm@hbwrycorrectlon

circuit 101 0 recelve nal ‘and out put a
corrected r eaeinboglnwnt of the presend lrivelnttlerl Inte b,loqlpmagram ofddgi l,dhehe

C et e LR Bl b bEEE oA e Ppethiatleefih 27 .
signal and ouyaible GhigiAmplifsrav2 aﬁcEWeeLamPa‘ss Filter M@Bdathe féwd path
channel 1 BIGBIOE chBBRAGPR ) shekRadimaro oe bk Kegd . oS st 1
magneto-resistive head read channel includes a magneto-resistive head
104, a preamplifier 105 coupled to receive a read signal from the head
104 and output a preamplified read signal, a variable gain amplifier 102
coupled to receive the preamplified signal and output an amplified read
signal, an asymmetry correction circuit 101 coupled to receive the
amplified read signal and output a corrected read signal, a low-pass filter
103 coupled to receive the corrected read signal and output a filtered read
signal, and an analog-to-digital converter 106 coupled to receive the
filtered read signal and output a digital signal representative thereof.

The implementation of an exemplary embodiment is well-suited for
a read channel in BICMOS technology because of its range of correction
and the size of the actual circuits. The implementation of the exemplary
embodiment has been shown to be effective in both laboratory and
simulation experiments. The exemplary embodiment advantageously
increases magneto-resistive (MR) head yield since placing the circuit in
the read path tolerates larger head asymmetries and is capable of
obtaining acceptable error rates on drives. By being able to ship heads
with larger asymmetry, component yield can be increased. In contrast
with some prior arrangements, the present invention advantageously does

7



and the size of the actual circuits. The inplenentation of the exenplary
enbodi nent has been shown to be effective in both | aboratory and simulation
experinments. The exenpl ary enbodi ment advant ageously increases 3 05
magnet o-resistive (MR) head yield since placing the circuit in f@%g]
path tolerates | arger head asymetries and is capable of obtaining
acceptable error rates on drives. By being able to ship heads wth |arger
asynmetry, conponent yield can be increased. In contrast wth sone prior
arrangenents, the present invention advantageously does 7 13 APR 2005 not

I nvol ve changi ng biasing conditions in the magneto-resistive (M) head.

| nstead, the exenplary enbodi nent uses a novel way of analog wave shaping

by enpl oyi ng Rgpinvb@ahaithd biasiig criditurerinitaé neigrees resistieqMRead

channel . Also, I1n contrast to other known asynmetry correctlon circuits,
whi ch depend beadaﬂmteag m@mgemwlae'semspdm@wseerar%ﬁ ¥Ryt apgied and

exertpl ary _enbod Btoilo bRErRIGARY hohTifEar AR 1H8ES ARterfiERangs iThieE " O

del ay lines. mance o nent of the

present i nvenidachanndld@iss)desbntrast tayather lmmbvrpasmnmtrypmrmmﬂbars whi ch
are hard to control. The conc [ ement ed rrection

t
circuit 101 Stewisiwhich deps B!@éh%&bm q—)‘ﬂﬁ)ﬁ!ﬂ“%f?ﬁ'&?" P?lrég‘f’ rwi |
now be  expl abhqdyefiifiahfeABydIRit 6! @R pRdenPhvehlicH bed Adt .%cqqmedl ng to the

exenpl ary enb Invention has two basic nodes of " operation.
The first onematchiogrdsiaytinis. Whkerefore, e peffermancenidhe sxemelargi gnal with a

where correct PoIPRmARERT iy FHRSeHAREATE AFARINCRTES (hout 14 ARlcRE T0L2

it symretric. éﬂamé@% wmmha@haddlts casiyrohet ry correction circuit i s based
Is that di fferentlal bi pol arr@ﬁal rs hcgye C ain traq nscond ct ance.
characteristics whitég ccepbiMNEREEEDIN %5\,9 e %C%‘a? H ?:'[ﬁq'tent to

one side of 1481HLbRIARLS Bl BRdrhplafy biiboRithe AT rilentibh wiPhow Hd near i zed
pol ar ere 1al palr 1s” shown belowin Fig .geealsoJarres

explained. The MR asymmetry correction circuit 101 according to the

exemplary embodiment of the invention has two basic modes of

operation. The first one is normal mode when the circuit 101 passes the

signal with a symmetrical gain of approximately one. The second one is

correction mode where correction is applied in the form of current to the

signal to make it symmetric.

An idea on which this asymmetry correction circuit is based is that
differential bipolar pairs have certain transconductance (GM)

o characteristics which can be changed by preferentially adding current to
one side of the differential pair. A typical characteristic of a linearized
1:4:4:1 bipolar differential pair is shown below in Fig. 3. (See also James
R. Schmook, "An Input Stage Transconductance Reduction Technique for

_High-Slew Rate Operational Amplifiers," IEEE Journal of Solid-State
Circuits, vol. SC-10, pp. 407-411, Dec. 1975.)

When a signal passes through, such a linearized differential pair
the Vout vs Vin obtained is shown in Fig. 4. So an input signal would be
symmetric with respect to Vin = 0V

When the differential pair is non-linearized, the GM characteristics
is shown in Fig. 5. The linear range for such a differential pair is much

smaller, as can be seen from Fig. 5. Fig. 6 illustrates the Vout vs Vin

8



R Schmook, "An Input Stage Transconductance Reduction Techni que for

H gh- Sl ew Rate Operational Anplifiers,” |EEE Journal of Solid-Stat
Crcuits, vol. SC 10, pp. 407-411, Dec. 1975.) Wen a signal passeg:‘ APR 2005
t hrough, such a linearized differential pair the Vout vs Vin obtained is
shown in Fig. 4. So an input signal would be symetric with respect to Vin
= OV Wen the differential pair is non-linearized, the GV characteristics
is shown in Fig. 5. The linear range for such a differential pair is nmuch
smal ler, as can be seen fromFig. 5. Fig. 6 illustrates the Vout vs Vin 8
13 APR 2005 characteristic obtained fromthe non-linearized differential
pair having the GMcharacteristic of Fig. 5. It can be shown that by
combi ni ng theelearaefe‘nsuc btained fram ther nerelinearizesydifferential paivbavingthe\n

exenplary cir nt of th Ve, conc escri bed above
will now be dé’g)&@i‘ %rg?ﬁ O?E Iégapiﬁeﬁ'}bo '%i{haﬁp cog%or%mgqhsfﬁ%ck di agr am
represent ati opfedts ! bife bah @8HEBEAR ¥s tic Malvefdrin. bl ock 101 of Fig. 1,
according to an exenpl ary enbodi ment of the inyentjon. In overview and

with reference to /An@xemplarrsr@lr@uﬂ¢mplerﬁ¢mtat19@ﬁéme inveRtivepsensept ng

t 7
ocei ves. o r oder EipRRbARMITICW be BESHS i efcrofed Ol 7 PRINE | npu
control si gnablo(:l?diagratrmjepbwrﬂatmn aftﬂ\etMRtaammmétryhdjlpbbmmtlylooik any
asymmetry of th ad si Dependi n nt t asynmetry,
th)é shi f%/ Ci r&@fpf glﬁh 19?8 "'&Qd'&’p %PX%@BF%S@"E)QD'E ?MOSI"?V%@OPO yt he rgad
signal to produce t?sﬂérg’(eﬁﬂa &ﬂtrﬁréfé@nceibfr@m fthe eire@tihirari@menut put s the

read signal, the s rea gnal , and the shift vol tage. First, second
and third gai for@nrreatlmgnmnetqzoaslsmw%%awmme&ydnclm%ﬂ shift@iEsUWie t he read

signal, the SZQ% S@?%{ %gl\%'s%?éad Qﬁﬁalt(h/e;%nh{a% n?féﬂoﬁe?&‘?emsﬁ\%sﬁ’é‘é\& ¥l vy, and

whi ch each re espect1 ve control I'tal -to-anal og
converter ( DA&H infiif comtrel e&ugnslt(Po@dp)rmsaonm a|dedeq1mnrof tbepolarlnsofimy 702,

T o ey T R BB OLeh AR RN he By or e on the
asymmetry, the shift circuit 704 either adds or subtracts a shift voltage to
the read signal to produce a shifted read signal. The shift circuit 704
outputs the read signél, the shifted read signal, and the shift voltage.

First, second and third gain circuits 701, 702, 703 are provided, which
receive the read signal, the shifted read signal, and the shift voltage,
respectively, and which each receive a respective control signal from
digital-to-analog converter (DAC) 707. The first, second and third gain
circuits 701, 702, 703 provide respective outputs amplified proportionally
based on the respective control signals received.

Detection circuitry 708 detects any asymmetry in the read signal Vi,
and its polarity, and provides the respective control signals to the polarity
switch and shift control circuit 704, and to the first, second and third gain
circuits 701, 702, 703, via the DAC 707, based on an amount of correction
required. The detection circuit may include therein a digital control loop,
and the amount of correction required could be determined by the digital
control loop, for example. This detection circuitry 708 could take any
number of other forms, as would be apparent to one skilled in the art. For
example, the read signal output of the variable gain amplifier/ continuous
time filter (VGA/CTF) could be digitized by an analog-to-digital converter

9



Detection circuitry 708 detects any asymmetry in the read signal Vin and
its polarity, and provides the respective control signals to the qia{kég
switch and shift control circuit 704, and to the first, second and PR 4005
gain circuits 701, 702, 703, via the DAC 707, based on an anount of
correction required. The detection circuit may include therein a digital
control |loop, and the anount of correction required could be determ ned by
the digital <control |oop, for exanple. This detection circuitry 708 could
take any nunber of other forns, as would be apparent to one skilled in the
art. For exanple, the read signal output of the variable gain anmplifier/
continuous tine filter (VGA CTF) could be digitized by an

anal og- t o- di ADKT), and\the nemiser tf gakrl samplas ecprdedrantallyn ubinen, thbé gat ed
sanpl es recorded manual The t he r oper. nt of, correction could be
2pp! | ed t o ¢ HIoARGADYRL TheRTsgon i Be AR eR TR 1 pORloE FYREGRE 707, The
amount of cordgeddtien cireits g thd PRAESI707. Fheaimbent dfeidhetabh ealildasd cul ation
of the head asymmetry, based on the gated sanples. This entire control
process coul daseddna comenmathematieaigalcylatianef thediead arymmetry, aut onat ed
[ future gengial Gt GltoHSAhAIENTlsSentRe Wanfol Hobks b Qe fone

nodi fication 1S not desTri be erein since 1t 1s not necessary for a

conpl et e undananaaltyi, hgwelvet, liecould atsa he fullyandomatedsintflature geperatiomst t er of a

b uats For - @tRBdchafheRh sicA BT R LB AL S abladsbel i no.
Consi der i ng_tpAeiifet ITRShol fledEsarylniral éomblefo UAGAIBIAMDiRELSMeVe  head read

signal (fromthe variable gain anmp ier), shown in Fig, as vin, is
processed i n inventiany andifarmas the-suiectiatiegaba furthaspatent applisation. unal t er ed

t hrough the Iinear | 1 ' WA caq@% ta nmount of
correction is applpi‘ %&ﬁg‘ngﬁfﬁg‘grﬁh@ﬁ'rgﬁug@ﬂggg?bgho tlgﬁér |ga?|ge$1 as V.
Si nce the as)imie cgmmorcniddeachiseddyctinerwatefoum shapiigde of the GV vs Vin
curve, a dc offset_ is.induced duyi t he correcti.on. Therefore,. .a second
non-1inearized di f¢YFeINg a‘?’P{”ﬁr‘)f‘l‘é‘?“, 9 H%Ofﬁé%ﬁé'ﬁ?'ﬁ%magé@&"ﬁ%%we7os,
whi ch has no tiggneadaighal ¢flointthetvariableigaifl dnoplifien; ehown in Fig. 7 as Vi,

is processed in two ways. In one case the signal is passed through

unaltered through the linear GM block 701, while in the other case certain

amount of correction is applied in non-linear GM1 block 702, shown in Fig.
7 as Vg, Since the asymmetry circuit adds dc current to one side of the
GM vs Vin curve, a dc offset is induced during the correction.

Therefore, a second non-linearized differential pair, i.e., the non-
linear GM2 block 703, which has no signal applied to it, is used to cancel
this effect. The polarity switch and shift control circuit block 704 of Fig. 7
is used to apply correction to either the positive or the negative signal.
The outputs of these three differential pairs, i.e., the linear GM block 701,
and the non-linear GM1 and GM2 blocks 702 and 703, are then summed
and connected to the common mode feedback circuit (CMFB) 705 using
emitter followers 706

The currents in all the differential pairs are controlled by the DAC
block 707. This current changes based on the amount of correction
needed for the signal. The amount of correction is determined through a
digital control loop. The circuit shown in Fig. 7 can correct asymmetries of
up to 40% in simulation and in lab evaluation.
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this effect. The polarity switch and shift control circuit block 704 of

Fig. 7 is used to apply correction to either the positive or the qe\ﬁggﬁy@w
signal. The outputs of these three differential pairs, i.e., the I

bl ock 701, and the non-linear GVML and GW bl ocks 702 and 703, are then
summed and connected to the common node feedback circuit (CVFB) 705 using
emtter followers 706 The currents in all the differential pairs are
controlled by the DAC block 707. This current changes based on the anpunt
of correction needed for the signal. The anobunt of correction is

determ ned through a digital control |oop. The circuit shown in Fig. 7 can
correct asymmetries of up to 40%in sinulation and in |ab evaluation. 10
13 APR 2005 Wien awhena hopdineardzed diffeeertizl pair ipshiftedsusand aededto and added

Shown i1 Fi dinegria AHeTPuanal & ANSHArHReN G SURD Ao GHmsBowRIn st o of
shown I n 1 g . ) . stic O
the differengjpal Bfite Sebtedt! TRISUNE VRIS, VinkhdrackRgtic biylg 9. 9. Because

the gradient On the right side o -axl s |$Igreater than on the left,
this differ ediffesdntiphpair gats alteredde doaknkkepibdpes ireFigo Ot iBecasisedhsi gnal

comng in while.keepi g ' i S | all ed

posi tigve corg'@gﬁ ﬁP'(tﬁgé'QE\&@%gg;mféﬁy%Saﬂgg Seﬁgﬁjf’@&mﬁgie'gﬁa al which a
positive si dgiffaranitial paie canidreasé tanpositverpgrtionwsf sasighat estaingThe Vout vs.
Vin characteristic for negative correcti n,(‘gositive symmetry) is shown
in Fig. 10. swhifekgempam%geaatﬂ\feeﬁ\@rﬁa'a?- %Qisr,okd'gr?ee%! ROSIHVES™ | i i t ed
method of - ooy ERReRghegutd SRATElyPind epphodida S uARCH dpgfive- TS
‘char act er i st i side @aimplitwde sinffler thanithe negiative ampbituds. nhhe Vouhes.i¥bgni t ude and

the direction,of corregti A s 1.S{ ne-.applied
on either si o‘f—har a%tﬁﬂsgﬁ °z£ﬁ‘%ﬁﬁ?%%?ﬂ%?@g(?%g%%m'ﬁé@ '33%9%'8?’:&&9 gnal
conmes into thjge circuit, the polarity of asynmetry, positive or negative,
i s obtained froma_neasyrenent,, . . - .
Since a bipolar differential pair, for example, has limited linear

range, the pair is replaced by a 4:1 1:4 differential pair. This method of

correcting asymmetry can be thought of adding the GM characteristics of

two differential pairs. Depending on the magnitude and the direction of

correction needed, the GM characteristic can be applied on either side,

and at an appropriate current.

When an asymmetric signal comes into this circuit, the polarity of
asymmetry, positive or negative, is obtained from a measurement.
Depending on the polarity of the asymmetry, the Vs is either added or
subtracted from the signal. This shift applied by the non-linear GM1 stage
702 changes the dc point of the linear stage 701. The non-linear GM2
stage 703 applies a dc shift which is equal to the one from GM1 702, but
opposite sign so that the linear stage 701 has the same dc level.

Subsequently, the control signal Kasym is applied to the digital-to-
analog converter (DAC) 707, and started to increase until most of the
asymmetry in the read signal is gone. As Kasywm is increased, more of the
linear characteristic and less non-linear characteristic is applied to do the
waveform shaping. Since this changes the current through the load
resistors in the linear stage 701, the common-mode of the linear stage
moves. A common mode feedback (CMFB) circuit 705 corrects the
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Dependi ng on the polarity of the asymetry, the Vshift is either added or
subtracted fromthe signal. This shift applied by the non-linear GVML stage
702 changes the dc point of the |linear stage 701. The non-linear GVR APRUgge
703 applies a dc shift which is equal to the one fromGVL 702, but

opposite sign so that the linear stage 701 has the sanme dc |evel.
Subsequently, the control signal KASYMis applied to the digital-to- anal og
converter (DAC) 707, and started to increase until nost of the asynmetry
in the read signal is gone. As KAsSYMis increased, nore of the |I|inear
characteristic and | ess non-linear characteristic is applied to do the
wavef orm shaping. Since this changes the current through the |oad

resistors in gcbmrmomemdesofithe MR ortettion airooib ootple (U, )tduing inteale sbage
noves. A conmpn mde feedpack (‘gE[FB) circuit 705 corrects the 11 13 APR

2005 common mb@ssdiiteritasessls _H-d?r circuit output (Vout) going into the
Low: Pass Fi | ter 193, fitaegHapantotnedldd inthl arbhatRRaRsildk rone ski || ed

in the art that the manner "of  making and usi ng the clainmed 1 nvention has
been adequat einyaking ahdgising the daimesbiovention bashednsdeqpateindistclaskd in

preferred enbgdi S): ] r e | £4: W nder st ood
that the abovgg%ggg\gé E)é'ggﬁl@%ggmﬁe% Ofa@%o% F%H}?éwbg?'%éﬂ(?&ggéﬂ?‘ﬁtlhnvent I on
are suscepti bkise Himawiags.ous nodifications, changes, and adaptations, and
the sane are intended to be conprehended within the nmeani ng and range of
equi val ents of the t%ﬂ@)@mrﬁpgamt tﬁ?ta?hﬂYS eé&ﬂb@ﬁlpé@né”@@rrponent s may
have been nent ' ' ' : e conponents

A llustrated a%gm(}g@greﬁggd& tpﬁ‘ﬂgﬁ%@ﬂ@@@é@%ﬁ?g@ﬂt@ ?g)vaﬁ?ﬂ?s i s not
‘meant to be amadifizationsyeharigesaand adaptations, and fidsamecarevinieaded tober to
limt the inventi Onhdrgi ne@zjb)fh the cl ai m to an art| C:f” af equi val ent or
conbi nat i on t [EFPEEhendedwilyin the peqnind pRARIIE of SHUYPPTHRAI 1% t hat there
may be other ggpeNd@éEblimsgonponents presently known, or to be devel oped,
whi ch coul d be used . , .

Although equivalent components may have been mentioned herein

which could be used in place of the components illustrated and described

in the preferred embodiment(s), this is not meant to be an exhaustive

treatment of all possible equivalents, nor to limit the invention defined by

the claims to any particular equivalent or combination thereof. A person

skilled in the art would realize that there may be other equivalent

components presently known, or to be developed, which could be used

within the spirit and scope of the invention defined by the claims.

For example, although the above-described embodiment was

based on the idea that differential bipolar pairs have certain

transconductance (GM) characteristics which can be changed by

preferentially adding current to one side of the differential pair, one skilled

in the art would understand that the invention is not limited to gain stages

using differential bipolar pairs. Any type of differential gain stage could be

used, e.g., having field effect transistors, so long as the gain of one side

or the other of the differential pair can be adjusted.

12



within the spirit and scope of the invention defined by the clainms. For
exanpl e, although the above-descri bed enbodi nent was based on the j dea
that differential bipolar pairs have certain transconductance (G\h APR 2005
characteristics which can be changed by @?ef erentially adding current to
one side of the differential pair, one skifled in the art woul d understand
that the invention is not limted to gain stages using differential

bi pol ar pai rwe ofdih:t ype of differential gain stage could be wused, e.g.,
having field effect transistors, so long as the gain of one side or the
other of the differential pair can be adjusted. 12 13 APR 2005 13 W claim

1. An arrangenent {for cofregct.l gRet - resi st ] ad. . tr
conpri si ng: ga shi flt' Ci rcﬁtﬁv%nig%ﬁ&?eg%i g%%&ghga%l\ég?%g?‘gejséﬁq%%inggadhéwgﬁﬂ
signal, and @ngoisaig:ty signal indicative of the polarity of any asynmmetry

of the read signal; erei.n, . dependi ng on the polarjty of the asymetry,
the shift ci rcgit d %ﬁwHHF“IQHBEC?’JFC%YPS%%%%TG fYe flfiﬁéﬂﬁ%,d fignalnaid apejarity

signal to proehsstdicatibl bt 8 pofdilly o SIgRImmelg e bitEsisfif t circuit outputs
the read si gn%hlh, thea shifteg reg%los.ingna . agé)_ the s ?I?{tﬂval ue; and first,
second and third gain civkaginsdepghdisl onelbeipelarithef theagsysimetsy, the klifis¢iiduited

read signal, and th { .t el -wWhi ¢h _each receivye
respective contr o|é‘]§‘§‘isgﬂn‘f§|°;r\éa tgafc ésl %gﬁﬁg\%”ertgtt?{e _rsegcﬁz g}%{ggﬁodp I:toﬁ]ilcfeqa glgﬁﬁ(\{ Fead
circuits provide rsggpictive outputs anplified in accordance with the

respective control signal,s. .2.. The,arrangenent accqrdin o claima1l,
wherein the respective Coitepithe &GHHFQP&WBH{;HQG B &t tg‘? @MQPd é‘?aé senabved
fromthe read signal thysle@rnhle) andeans, the control means receiving the
read signal, detecting a polarity of any asynmetry of the read signal, and
providing the pol ditf yeeongriad thisd i eirquits, whichuicecinnthe: tead rségabcthe whifted
control sigpgy §Fﬁaﬁ, Afdeenk shigt valt?e‘??é%ﬁgctf%@g/, b SR a0n ?écreﬁ}é'e}lseSpe%?i%g Qo an
amount of correctlion
signal;
wherein the first, second and third gain circuits provide respective

outputs amplified in accordance with the respective control signals.

2. The arrangement according to claim 1, wherein the respective control
signals and the polarity signal are derived from the read signal by control means, the
control means receiving the read signal, detecting a polarity of any asymmetry of the read
signal, and providing the polarity signal to the shift circuit and the respective control
signals to the first, second and third gain circuits, based on an amount of correction

required.

3. A method of correcting asymmetry in a read signal from a magneto-

resistive head, comprising utilizing the arrangement according to claim 2.

4. The arrangement according to claim 1, further comprising common
mode adjustment means for receiving the respective outputs from the first, second and
third gain circuits, as a combined output, and for correcting any common mode effect in
the combined output.

5. The arrangement according to claim 4, wherein the common mode

adjustment means comprises a common mode feedback circuit.

[RALIBQJ2462.doc:MIC



required. 3. A nmethod of correcting asymmetry in a read signal froma
magnet o- resistive head, conprising utilizing the arrangenent accorggngwwﬁ
claim?2. 4. The arrangenent according to claiml1, further conprising‘c W
node adj ustnent neans for receiving the qgspective outputs fromthe first,
second and third gain circuits, as a conbi ned output, and for correcting
any common node effect in the conbined output. 5. The arrangenent

according to claig4, WIBEQifangdheent QREAEin eclamwwtcd@ﬁmg:qrmﬂ 8eS a
common node feedback circuit. [R \LIBQ2462.doc: M C 13 APR 2005 14 6. The

ar r angenent Bt falloers frapegiving therrgsnetive QUSRS ifonhthedirptasecond and: Hiixd; gain

foll owers f .ecel ving: ! i d and
third gain CriBGRAIOGANE ERARED KRBt orhBTHchE sl e BBERT Tode
adj ustnent neans. 7. A nethod of correcting asymmetry in a read signal from
a magneto- resistive head onprJ sing.utilizi the arran nt accordi ng
to claim4. 8. The arra%g@“rﬁ'ﬁg?‘gjcc@&ﬁ '%aﬁm% M i,re%{] glgg?lﬂea PEEPERt i ve
control  si ghakive 804, tHBpRAhANIKMnS tHENSanSdnferfl 8EdoYMiflg td &Mk Be read si gnal
by control neans, the control means recerving the read signal, detecting a

polarity of any asymmetry of the read signal, and providing the polarity

signal to the shift ciregyi i ve. cont . S
first, second andg't hi rd%gg%ﬁ%ﬁ:eﬁfta éc?°§(§§gtetg()j\é%ﬁlﬁglﬁ ‘g%%lﬁtst hg? gggg?t}r\;e%c‘h%grﬁl
required; whegnasrantlitbe polatitpkignelams deainpd ifivas thedehé Gignah byemngof afeans, the

receiving the read signal, detectin symet.r in the receiv rea

Cgnal ad trtdiean f e Fdsiihel e SRl tfho Suniey oF hegre
and produci gigna, dh@iprr@lidiagrth@%iaeig« sigdflddo fhechherlirv@t @hd ahe aE8pYAtve @hntrol

asynmmetry correction required; and a digital to anal og converter for

recei vi ng t Bignds grtthe feey seonf aindsthipdagain gieuipss basedi ey anhamewy (nf cqorsgation
control sig Sef:0 the first, second and third gain circuits, based on an
anmount of correction required. 9. A nmethod of correcting asymetry in a
read signal from whamgnthe gontrol means comprises:

detection means for receiving the read signal, detecting any asymmetry
in the received read signal and the polarity of any asymmetry, producing the
polarity signal, and producing a digital correction signal indicative of an amount
of asymmetry correction required; and

a digital to analog converter for receiving the digital correction signal
and producing the respective control signals to the first, second and third gain

circuits, based on an amount of correction required.

9. A method of correcting asymmetry in a read signal from a magneto-

resistive head, comprising utilizing the arrangement according to claim 8.

10. A method of correcting asymmetry in a read signal from a magneto-

resistive head, comprising utilizing the arrangement according to claim 1.
11. The arrangement according to claim 1, wherein the first, second and
third gain circuits comprise differential amplifier pairs having certain transconductance

characteristics which can be changed by adding current to one side of the differential pair.

12 The arrangement according to claim 11, wherein the first, second and

third gain circuits comprise differential bipolar transistor pairs.

[RALIBQ]2462.doc:MIC



resistive head, conprising utilizing the arrangenment according to claim 8.
10. A nethod of correcting asymmetry in a read signal froma magnetrg APRfUOB
resi stive head, conprising utilizing the arrangenent according to claim 1.
11. The arrangenent according to claim1,qgsherein the first, second and
third gain circuits conprise differential anplifier pairs having certain
transconduct ance characteristics which can be changed by adding current to
one side of the dilBf er et nathadaéf corfe2ting agyrmetay gie nerehd aipnal iony a troagilefd- M
11, wherein the, fi rs&, second and third gain circuits conprise

di f f erent i afeHiiy§IIgRd. CPBRESEELr pairs. [R\LIBQ 2462.doc: MIC 13 APR 2005

15 13. A nethod Ofyeepfifi®6h buff ¥IMBhety iﬁtﬁ@?&?%i@ﬁﬁ' al‘fdrﬂllg!l?olé[}ﬁgrlﬁ{tﬂé

resi stive head, conprising: detecting an anount of asymetry in r ead
si gnal , and asyrempsy detectgd,oindt he asymmetry detected; and producing a

d d si b nbi pi he qutputs.of first d and .third
gai n stages. the PREBETS A FTReRIaYd P Rindifhg the SkpuB iR RPat et e
the read sitigifdigaiinaddes 8@, firbhgaif 8120 befhipl 4 liGERGRID Siapg whidtOreckivee &ife &ad N

stage which receives the read signal altered by a shift value in |

accor dance WIEAL wpadtersdh the segonst 24ip stage \peingta yon-Heeas gepystagmyhichaeegivesdhgai n
stage recei yj i kddt pval 0124 ; ' itv '@ SHRE GL in
hereof contFo T B Eackd bt e alle BP0 Al Joidfiy DTSRG ShuniReR
nmagnet o- r esidsterted, wedithe dunl ghinrstiage, reaeivangr tha ikt velueo thec grinestagen chavingya

asymetry i ' I Lsina; ectl ns.,for detecting any
asymretry iEﬂﬁﬁéggggﬁigggﬁgﬁﬁgﬁﬁC?hgg38ﬂ§$?%%h&@%§§%§FFﬁgnd correction
means for correcting any detected asymetry of the read signal based on
t he detection neans, the correction pegns conprising: polarity switch and
Shi f1 control cirdfit mUARSABRFEHCTELS \Fad FaEhpaich angirigRgemefongprrecting

asymetry pgh@hdynymé; ;ﬂp}eagg%ﬁﬁlcofr{p%;nrghe detection nmeans, and which
output the read 'signal, a shifted read Signal, and a shift signal; first,

second and third ¢elieptignemaans fphdethctingcasiy\asyameirypaithe read signdl angi g lolarithe
shifted rea%&é&pmd and the shift signal, respectively, fromthe polarity
correction means for correcting any detected asymmetry of the read signal based
on the detection means, the correction means comprising:
polarity switch and shift control circuit means which receives the read
signal and an asymmetry polarity control signal from the detection means, and
which output the read signal, a shifted read signal, and a shift signal;
first, second and third gain means, which receive as input the read
signal, the shifted read signal, and the shift signal, respectively, from the polarity
switch and shift control circuit means, and which each receive a respective
separate gain control signal which adjusts an amount of amplification applied to
produce a respective output; and
combination means for receiving the respective outputs from the first,
second and third gain means, combining the respective outputs into a combined

output, and adjusting for any common mode effect in the combined output.

15. The arrangement according to claim 14, wherein the correction means
further comprises digital to analog converter means for receiving a digital signal from the
detection means indicative of an amount of asymmetry in the read signal, and for
providing the respective gain control signals to the first, second and third gain means,

based on the digital signal received.
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switch and shift control circuit means, and which each receive a respective
separate gain control signal which adjusts an anount of anplificatich3 APR 2005
applied to produce a respective output; and conbi nati on nmeans for

recei ving the respective outputs fromthqggfirst, second and third gain
means, conbining the respective outputs into a conbined output, and

adj usting for any common node effect in the conbi ned output. 15. The
arrangement accor i.ng t’ﬁhcc:hahn‘geimnt wiverding ta hiaim drd; edicrein the s, sefcumd bled

conprises djgital to analo rter nean for. receiving a di naI
rom the. dUHCEHB SRR TIHAF QdsroalabnBhioh BAR TEYInE AR KRB FEad
si gnal , andcﬁe@icter&h@é’ivﬁicﬁgzah B8 che8 61 ad@ing et WbAOSIdS bﬂﬂ@lcﬁffé@nﬁmau
first, second and third gai n neans, ased on the digital signal received.

[ R\LIBQ 2462. doc: M C 13 APR 2005 16 16, The arrangenent according to claim
L4, wherein the fist, second ity LOKdnOR TRARS WHAMRA kRE il Lepanbia!
anpl|f|er pai rs havi ng cer al ranscond chara er|s I'Cs

be changed thyrdanih sigeuits comptisd differeatislitdgolaf pailse differential pair. 17. The
arrangenment according to claim 16, wherein the first, second and third
gain circuits conprise differential bipolar pairs.
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