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BACKGROUND OF THE INVENTION

Magnetoresistive (MR) heads are employed in magnetic disc drives to

s applied'to t he head
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read data from the storage disc. More particularly, the MR head employs an MR
15  element whose resistance changes with changes in the confronting magnetic
field. As the disc rotates adjacent the read head, changing magnetic fields due to
recorded data on the disc moving past the MR element induces changes in the
resistance of the MR element. A fixed bias current is applied to the head to
generate a voltage across the head representative of the data. The voltage
20  changes with the resistance changes to provide signals representing the data.
There is a continuing need to increase the recording capacity, and hence
the density of data recording, on discs. Consistent with this need, efforts have
been directed to more narrow data tracks and smaller track spacing. As track
widths become more narrow and track spacing becomes smaller, the read heads
25 also become more narrow, so as not to extend over the space between the tracks
that might cause errors due to simultaneous reading of two or more data tracks.
As the dimensions of the MR heads become smaller, it becomes more
difficult to control the dimensional variations to a reasonable tolerance.
Consequently, smaller MR heads are subject to large relative dimensional

30 variations, resulting in wide variations of the resistance of the heads. Asa



.19 MAR 2003 2 result, for a given bias current, different heads of the sane.
disc drive mght exhibit large differences in resistance ranges, resulting
in a wi de range of power dissipation between the heads. Th1|

current nust be increased for heads whose MR el enents have | ow resistance
in order to achieve a design 5 output voltage. Conversely, if the MR

el ement has a high resistance, the bias gurrent nust be reduced so that the
head does not overheat due to increased power dissipation. Overheating the
head | eads to head failure. . It has been the practice to match MR heads
for a given disc drive so that the sane bias current level is applied to
all of the headst i 4 BRefbidd@urrthy diffdrOif hbadk dTeR¢lspdadisctinvé siigles are
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drive. Howevesxhibihlarge difgtbenges intresisfancst rgagest resulipg in 2 ide rapeg of POWflent

| evel s at the, ti.ne. of, nmanuf , 4l ff : Fgonnment al
condi ti ons di‘F‘F%@m'iﬁtw%%‘ tﬁ%é?&gs gg{ﬁl tﬁ |é §%E c{sﬁﬁ%ﬁ n?algs?tﬁ %a?#pcgerag%?%r? t hat
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fl.uct uat i @ns. hekdehpraeeestics atv ercaswed anitithe heads artaatchad avit otber lteobl ens, and

of fers 25 ot her .advant ages .over the priqr.art. oadl e
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current val ue&%‘g?&ﬁglﬁggﬂatg}%"ﬁgenti Pi gd, fromwhich a range of bias 19
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iteration ovelat @i éﬁﬁfet.he SR C%?Y?B?n?téﬁsg%f@ebﬁﬁggg&ra g%h}égtr&t 1.ee%?esult of

each read,d t e Al BPihe BaReiiRSdrive difblentls, regllend chedd$atiran the read error
rates. 5 1n a preferred formof the invention, the hias current value is

incremental |y st epfbelpresent inyration agdirecissioranadaptive bigh GUSHnt HSIER| ect ed
based on the | pwest .rea ! Sve VY S| el safctedfbembtiMal ue is
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wth the ioowexgéadrigé i&%ﬁf'iaifo?é&o th&@hee HAKENtRE pieléhtiiientibh Mdirediey € a
plurality of bias current values are associated with the | owest read error
rate, the numesdapfivélptursngtitediiasxvarentiorthe MR beddsée addressrmanufpgfuriagf i ned by
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val ue equal s pha R ebadifibny Shiltasasmperade Nattwatonshi ghest and | owest
bias current values of the range is selected. |f the gynber | s.even, the

bi as current whoseThaptrscrigoegmioniddrssses thase pah pthgnproblcaiy Y 8ffc%et ween (a)

ei ther theg_highest,or. | i rent value and (b) a bias current
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current values. In one enbodiSTAVIMARYtMie THRINNENDIONhe nmaxi mum bi as

current value is identified by identifying a, predetermn ned X . power
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minimum bias current value for the head are identified, from which a range of bias




.25 bi-as current val-ue is then cal cul ated based on the predeterm ned nmaxi mum
power, the identified bias current and the predeterm ned threshold voltage.
I n anot her enbodi nent of the invention, the maxi num bi as cuqrﬁnkkgﬁggﬁggs
identified by identifying a predeterm ned nmaxi mum power for ‘the ad>

vol tage across the head to a read anplifier is varied fromhigh to | ow
until the voltage 19 MAR 2003 4 triggeys operation of the anplifier. The
bias current at which the voltage across the head triggers operation of the
anplifier is identified, and the maxi mum bias current is cal cul ated based
on the predeterm ned maxi num power, the identified bias current and the

vol tage trigaerlng gRe ri%&érwg:d.o fA gp}.\?al@'glgk fdah %E)erag?#sﬁr? ggfaﬁgﬁgr&%ﬁbflﬂédn of the

invention, the mnimumbras curr ue 1s i ying a bias
current to theingeadiffefeanbias olirrénd vhlue/ fomeaoh itemtiorgover thdbrdnge.y Aofead erread

amplifier receiving a voltage across the head.generated b he egi s, current
to sustain opdfds measused @ré&]ﬁqﬂ%ﬁif i 163 Heraign. rlgl?‘ﬁjag’iaﬁ&#?"f["ﬁﬁ e?% val ue
of the bias %H%Jded?xtth A ehberst&ad anplifier becomes unable to sustain

operation of the 1 o clock. FIG 1 is a perspective viewof a disc drive in

whi ch aspects of tlhe puefesedforimefithe inyantinay thedigsrcamentowdie isingrementallyy bl ock

diagramillustratjin ortion t.he Dbi as r r r ead
recovery ci réEﬁPPgA BTC"erghgir%edWcﬁ@"eiqITSu%l?TrGQE %g’ e{eﬁt@{glbése d%&pﬁlleg&ggstiqgﬁ a flow
chart il ust regb} Rdte.t WoPhéte LGRSl ViastQirRhnVali & dxseudated svitht thedewedt read
magnet oresi stive (MR) head according to one enbodi nent_of the presept

i nvention. FleGSr rale, frecselectaddisy eyeahhasthat bias curenivalug Wherey BlugAdily
daptively 2.t uni t he bj .o f i ;
o ebent i e its R Yailfes 38 BosBAtd Wit GE 1AM EAG: BRE e pBaBpn®

whi ch t hgopr @aRBit Had werhieobetiveerthe highestRinddowest bias Mfrentnadlned essezidvalisi ng
with a base 102 and a top cover (not shown). Disc drive 100 further
i ncl udes a divath thatavestwad gFPERtS: s 25 mpunted on a spindl e notor (not

shown) by a di sc Gl 3R e or B frvBfch, Wibke! SLHAESoPLL Lirdbrt WIS are

i ndi vidual discs, 'Whi'ch are nount r co-rotati‘on about central axis 109.
Each di sc surfachtddasitimtheldsest read drrati mt, Hraumbler dfmcieb@entaltbiasteursntount ed
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15  with the lowest read error rate is identified. If the number is odd, the bias current
whose value equals the bias current value centered between highest and lowest bias
current values of the range is selected. If the number is even, the bias current
whose value equals the bias current value centered between (a) either the highest or
lowest bias current value and (b) a bias current value incrementally adjacent the
20  other of the highest and lowest bias current values.

In one embodiment of the invention, the maximum bias current value is
identified by identifying a predetermined maximum power for the head. The bias
current to the head is then varied to identify a bias current that generates a voltage
across the head that exceeds a predetermined threshold voltage. The maximum

25  bias current value is then calculated based on the predetermined maximum power,
the identified bias current and the predetermined threshold voltage.

In another embodiment of the invention, the maximum bias current value is
identified by identifying a predetermined maximum power for the head. A voltage

across the head to a read amplifier is varied from high to low until the voltage



.19 MAR 2003 5 suspensions 112 which are in turn attached to track accessing-
arns 1 14 of an actuator 116. Actuator 116 is driven by a voicge, coill t or
(VCM) shown generally at 118. Voice coil notor 118 rotates aciLBtMAR%Da
with its attached head-sliders 110 about a pivot shaft 120 to position the
heads supported by 5 head-sliders 110 over a desired information track

al ong an arcuate path 122 between a disc4inner dianeter 124 and a disc

outer diameter 126. Voice coil notor 118 is driven by servo el ectronics
supplied by circuit board 130 based on signals generated by one or nore
heads 110 and a host conputer (not shown). The heads of head-sliders 110

i ncl ude a magripgersepetion of hivRnplifier] Treddasidhrieat/twhicinthi/Rokagsrerass iger at ed

by a bias current fromcircuit poard. 130., The, hias, current operates wth
the resi stanc’éeaéfmé%ﬁwll”r’éﬁéf’“t‘?f'-g?%‘vp Tds idgpyhl e“&‘éﬁ&i“xl"&“‘B?’P&&“Feﬂ%o

representativ 561G PRedef@m{iRd RAtimith Pbwer, 106 idehfifie@bient
invention is igi (?dftla%l?%%@tb%géggapti vely tuning the bi a_g current to MR head 110.
As il | ustr at eclirfent fid3he 2pltagertcggeringoperatioa of thaamptifier. pr eanpl i fier 15 150

connected to receiye the, voltage I 0SS head 110. P, L Ois
connected %o a reall TP f‘&’?’? 88?‘?6 bksha o) ?qehgmﬁfnggl %‘??\gg&'&e‘g%uerlgcovery
circuit 152 iai%ﬁiédn@y Vhyir4 bia@lculrB® toané heddepaal hightd lowgymbritiingea i n

[

circuit board nthe“di'sc drive. Read recovery circuit includes a clock
recovery cir cahilitylf4 resthamplofisrsecsiniog a Meltaggtagross the hewd gsnseatecdby the biafe cl ock

to the data. 20 rent.source 1 [:es: hi CHI 80k el 110.
Tabl e 158 con‘flgfﬁ%{%%‘a %E%%%&naoigc?wmaﬁéu&?ﬁn?pgﬂ%ht%{d lgéa}hﬁalggo las current
and provi des @R®iRlcuffeftovEel Be ted aglifier bezomes nnable Gustaintdpatatisoof te 156
supplies a selected bias current value to each MR head 110. Preanplifier
150 is relponelpéle to voltage signals from MR head 110 to 25 anplify those
signals and provide themgordgrked G YU DEAW RN Aden the product of
t he head resistance, Rnr,~ana—tne ol , I nrt, exceeds a

predet ermi ned t hr epi®! His apdispeatisocieat cfth disd dritdia wiichagpettsiofthe
preanplifier 150 will trigger and prqvide a neasurabl e output signal to
read recover ypiesentinventisp mayRearasticeds ¢ he product of Rnr and Inr does not
exceed the thresho vl t ~ tgpgog : werewpl i fier will
not trigger, and ngp%'u?%osufglls%kgleEIgWel@S@%ry c?ﬁ‘g??ﬂlﬂgg?%ﬁur s. The present
i nvent i onienpgeiesator arabiead pedoabiyecitciBs ofadisc drivailhstrated ésFissloci at ed with
different increnmental valugs of bias current for t . . Typi cal |y,
table 158 is used W& Pk O‘P'éi‘??‘@‘fsgav’i‘g ﬁ"ﬁé’r‘?%ﬁ OF%((,? r@ﬁ‘ggﬁ‘g step the
bias current [disdee 8Y8&HagRbtofesistive (MR)heaLacchidin@iesémboiimeht afithe S
directed to selecting a biras current for each MR head on the basis of a
maxi mum and npresendimvEngioncurrent val ue for the head and sel ecting an
incremental bias c nt value ba - - er r iated with
bi as current val ue E%s'e‘}a dﬁ% RE &%‘ﬁngg?&%lgﬁ?ﬁ lrngttﬁgf)rgﬁesltsﬁﬁtaﬁ%ﬁgﬁ)%ess is the
det er ni najd ony@find e bisSiusteanfr ah WRhead headling/bxihapresetaidvendidnst ance i s
predicted on the basis of experinent aI dat g s L < | stance at

one or nore sel ecRBEAILERS Araneter of the MR

> :B SiACie “ ¥ oX F) SRRl
head. The resistan t ek j of dave 160 MRviieRehd sresanpst antial |y
linear within the ggce}'r gggl)%ga%g%ggggféwtﬁfgﬂead, with the resi%t ance varying
bet ween a | owinehtien &t usafil oWiscedrper HOUneudesck ousinghvittng baseak02-ard; afeBr

tenperature. One co rci al avai l.ahle MR.read he i1t resi stance
of 70, 09" ohirs CAteTghe SRETY Pl Sran rhacnaitesti@s R0 FHRRIET < Fe
absence ofsa AR i 61 4 b5ihdle HIRBE ot sittin) hsardibasiamprosi SisnpaekA06

t enper at u?"é gra |getrglté\no%:lk@’1 |e45 82?]8. Then)%ad r esi S'Fance Rm is asured by

ei ther of twoinctedesiaqples)itoefindividual dises, vehigh 31§ mavated Qs cRIRIAUR a9GH ¢ o

trigger preanmplifier, d, the other, i nvol vi L 00 eshol d
vol tage Vth tGe‘Ethlﬁéﬁﬁ%&r%Idﬁcis@F aiqstaés ﬁaéydr?éfhg%d/@éés/bés?fqa%@gr ?Qm’ at a given
tenperature egﬂg&gis\ﬁl&{dt@a to ASCEAvE 1A foP coMmudicafion shthtthe ist quefacet Ap bi as

e

current provi source 156 is increased to th ead
P the exa¥nple shown in FIG. 1, head-sliders 110 mcluge thﬁ‘ers supported by




.until- the voltage, Vnr, at the input to preanplifier 150 exceeds the

threshold voltage; that is, Rir Inmr > Vth. The head resistgnge be
calculated fromthe neasured bias current, Inr, where Vhr e cgemtéﬁd&m

= Vth/Inr. According to the second technique, Inr is set to a predeterm ned
val ue and the 19 M A R 2003 threshold voltage is |owered until the

t hreshold voltage Vth is smaller than tige voltage, Vnr, at the input to
preanplifier 150, and the preanplifier triggers. The value of Rm nay be
cal cul ated. The maxi mum current Imax is then derived froma presel ected
maxi mum 5 power Pmax | max=(Pmax/ Rnr) n2 The result is then conpared agai nst

table 158 to identif he,d ; | : '
bias curr ent SFEERtne 2] SERIGl R bkl Rusdpgahts PR 0 Ome

appar ent her gigabt €16. Abatordil Sugrivensbycaveientoil motor (YEMhshosment al  bi as
current established by table 158 that .is bel ow the | cul.at ed- X. The

i o b e senmralbnat T8 pics &1l motLAB Foieh auiar 1 FE A BRI, |
produce a volt i ' [P gositioh th&RNMEE ;ﬁim'e @byt 154. More
particul arl y{he?cgghc{/egﬁ ﬁg&e@d@#%ﬁﬁl&ﬁ? to rfrfogarrpl ifier 150, is_anplified and
15 suppl i gd head-€liidry Eooery desiradinforiBiontrackalong paarcuate nael3%2ad channel

of the disc drive. That, vol t.age i oyed b | L8R OVYAE frcuit 154
to synchroni Pet¥esaa “E‘Frd%%‘%’?tﬁr f?\‘gg'gda? éx_sc %r (f‘\r'iaﬁl%%ﬁ%ggl ﬁq%@uéraruent val ue,

Imn, is the sagl @Sk dlrioex*i 67881 BleldRiragicE pplBd by elrewit boarfir6basddlan 158
necessary to operate clock Tecovery circuit 154 to synchronisig{lyiét n. 20 FIG

3 is a flow digngisgenérated byrameiongnarh deasisdd 8 45d stheplcopipubtTdnes ‘processes

to identify head resistanc [t.is I is provided
for each disd g‘F?‘ﬁcﬁﬁﬁeﬁ 'aﬁg?fs EW WY\%G‘ %wrg{i.&{vﬁéncg, ?‘?ﬁ%asc pack 106

has six djsc vihggnwlﬁ(éléilﬁén\(@?a_@&dtbﬁ biés Elirfent Sronf cinomit twacd B30.1 Bast twel ve
read heads 1 8. he process of identifying head eS|st%nce or the. heads of

the disc 25 bidswembrigipssateswithshersaisians efreagh head toprovides VolpseSignd)  at
step 200, a head wh resi Ncer | ; . step 200, one
of the twel vé® ﬁ;é%gpfogreg%qsggt%@ac_ gfﬁéaﬁs{eg%ﬁ%gﬁ %g%gﬁgggﬁfé?s conducts a
test to determ ne TMagir&RAt infrenticl ie directet ematlaptively esrdng theitfiys qurest p 204,

tsgleeg'? 2 t ;O|m! e&ﬁ%@aﬁ.ngg ,il;[hg,%rttate;[drr;g ﬁ?ﬁgﬁ%&r%glt Qgé‘rﬁ li36 igcrlgée%rbtrearﬁﬂﬁieq‘ont roller
15 150 connected to receive the voltage across MR head 110. Preamplifier 150 is
connected to a read recovery circuit 152 for the disc drive. Read recovery
circuit 152 is ordinarily part of the read channel, but may included in circuit
board 130 in the disc drive. Read recovery circuit includes a clock recovery
circuit 154 that locks onto the data rate to synchronize the clock to the data.
20  Current source 156 supplies bias current to MR heads 110. Table 158 contains
codes associated with incremental values of bias current and provides one or
more selected codes to source 156 so that source 156 supplies a selected bias

current value to each MR head 110.
Preamplifier 150 is responsive to voltage signals from MR head 110 to

25 amplify those signals and provide them to the read recovery circuit. When the
product of the head resistance, Rmr, and the bias current, Imr, exceeds a
predetermined threshold, Vth, associated with the preamplifier, preamplifier 150
will trigger and provide a measurable output signal to read recovery circuit 152.

However, if the product of Rmr and Imr does not exceed the threshold voltage



19 M-A R 2003 a the bias current, Inr, at step 206. At step 208, :
preanplifier 150 determnes if the bias current is adequate to trigger_the
preanplifer. If preanplifier 150 is triggered, the val ue of tﬁcﬂb\ﬁ%&% 200
current Inr is saved fromtable 158 at step 2t0 and the head resistance Rnr
is determned at step 212. Typically, the triggering 5 of preanplifier 150
is determned by testing the voltage at @ digital buffer head voltage
(DBHV) pin of the preanplifier. If, at step 208, the preanplifier is not
triggered, the bias current fromsource 156 is increnented by table 158 at
step 214 to the next higher increnmental current, and the process | oops back
to steps 206 @diRQBeantflifed willtot hrigger,and morougnt td read irecovapr @Rk b2 y
advanced by tabfe 158 at step 214 in the |l oop formed by steps 206, 208 and
214 until theoqemsanplifier is triggered and the value of the bias current,
Inr, at triggeringis i5h BRI PR 2 I9ACuPEAL [5ihat eomainyesds, R, s
cal cul at ed by thegl%ﬁég?ﬁgg}&g%léé?egﬁéﬁz on the basis of the threshold
vol tage of t hasqigadmhitfdiffereanthetdneensalwatites phibiag gurrentifor theMRAgad 15
resistance value is the resjstance,of fhe head : &ftalipsepat which
the tests swer BymieHitabial Siscisee L rﬁq‘é‘éﬁ? &?ﬁ’glrtl@h%% ?H{e?aﬂﬁr esiﬂ)gt aré(ge val ues
for the sel ecgeq, & tHAYEG of Becadmilire] The peatarinvedion iadirseted 216,
whet her the h@§§l$§ﬁﬁﬁg{lﬁast head of the disc drjve. If it.is no@, t he
process | oopstoaiktiagd biascueeninfos cach MRehagd op tha D35S f LIPS with the
process repeating foy. the next, head.t hbas ifdtememntal Biagd head
resi stance valyggIyIHplag ﬁ%”?fg%tal“r‘?gﬁﬁt.he%g&?%gd %{ﬂﬁglraghar%d, i f a deternination
s made at St &frdl FahibBhsddih 1ea8 brribeateshasochoehwith biascurentvalunesc¥es ends at
step 220. As illustrated in FIG 3, step 204 determ nes the presence or
absence ofo t hthehrewgt. under test. If, for some reason, the head is not
present in the 25 dis rlyve, o { ARfhalibh @0 e reéisancelfdrtiee t he
next head and cont &hﬁ&gét‘fl’d&l}{'ﬁr gécﬁaqﬁglged Qon The head resi stance, Rnr,
cal cul ated at siERdfiehefPebishaeds predierd on thedasis cfexpermentahddla may be
det er m ned. The cal cul at ed nmaxi mum bi as currﬁgt val ue E:}E C‘B, ?.rtﬁg agai nst
t he increnent by meabwing the resggignce phgng @ @ore se tel{PMBEES 6 ;m 0 sel ect the
hi ghest bias current val ug | LE thtesidase-@ipeeatanatatient offaai mum
bi as current 9BfARIS Wﬁ?‘e%é% gfct?\gg%%?lgs cur rent “val ue 8% appl i ed. tq current
source 1565t 0paRBEM sRebhadiligUineentithinthe opesatingrangaal WeicAd Witk el ect ed
val ue. Under certain circupstances, it may be ' KieHYaRietabe
sel ected 5 bi.a@&%@ﬁﬁé’ﬁwl%&bﬁtﬁ’ée@)P?%rvéluﬁﬂg?F‘?‘%ﬂeg‘?ﬂ%%g}re:an&gﬁat slggromet he
sel ected maxi ’T:jlm%ﬁ)ér?e%naﬁégﬁ@fé?tonéf béniieashllyesiatia MR acd teadierbibitsiaas cur r ent
in urfe

val ues are st§& r in the disc drive controHT]gr 17(%1[ in the
process il | Ustegét@ibeiol 75108%hmds a0 Gandg resistanpe f0 2RS4 7% Gi Bt bi as
current values (lmax and Imn) 10 _a el ec i fghdeange i s

est abl i shed wiin theabsenegaf MIARGICHE ﬁ&[}fr ?{Fevﬁé?ﬂ‘eeag@?%%?t he Upper limt of
the tuning range and f{he fi.RLpyubicgeecurrent val ue being the lower limt
of the ra%@e. q%&BWaﬁlﬁ%Plga#emﬁ?ngbi as current Inmr within the tuni ng range is
applied to the readriaddtresigtetdedtmr & measured pareahpoot B tHChUANFsy very

circuit 152 fromthe confronti.ng disc,106 (.Fl 2Re bdad
operation, an 1ér'¢1l§mgrvélﬂén8§hed‘é‘f‘g?‘fﬁ &"‘5@’ t&ligggﬁr%%lgﬂ) ralgggalﬁgn t he

wel | known T 00t 0aRS, (SGHAE TudBAGKd vERES Vetoariggetpreamspliias 156r (B
uni

t hrough t he entite g range to derive a set oot .means. s e error
counts. Typi caday residtese Rrosal & givem EMAeEAEE 9 al§§}rt§}[h§.’§' Arceigig o dne

bel | -shaped curve. The contyoller | i fq S GhdredsBdto thadteadent al
bi as cur r et Vf&qsh@phqlﬂ}\?,?gff 5‘8%%6*%@%&‘;&@%{0%3% F?lgg[go?:isat e(::l t he | owest

error rate as ﬁr?gltgﬁe{,@uﬂﬁe, Vi satahé input toyatansplifer 1 ihexcaedsthe dyeshoddl 1y, the
|

controller may ter the results to snooth the curvye. \Were nor e
i ncremental  bi asltagey thetis, Rairuelmra’er‘étfhs%dlea@éﬁ‘%‘l‘ﬁ\g’w&“%\%ﬁgél\é@ﬁ?@r rate,

the controller selects the default bias Leels WitRH Rint= We/paen t he
| owest and hi gﬁ@@tthPmﬁaé‘ﬁﬁﬂgéﬂscﬂrﬁg’m’rv}e;n#crs ﬁg\??neg the | owest error 25

rates. Hence, ;a*a@oéai,ghsiﬁe aRenk QeBalqub) 16w icset teapradateoninedaaiusanditie | ovest
error rates define a“range of acceptable increnental bias current val ues
fromwhich a mdpoint increnmental value is selected. The range of
acceptabl e bias current values is, of course, within the range defined by
Imax and Imn. If the nunber of increnents in the acceptable range is an
odd nunber, that increnental bias



19 MAR 2003 current value at the center of the acceptable range is
selected as the default bias current value. |If the nunber of increnents in
t he acceptable range is an even nunber, then the error ratmm&ci ﬁb(éd
with the increnmental current values inmmediately adjacent | Q and
outside the acceptable range are taken 5 into consideration in selecting
the default increnental bias current value. Mre particularly, where the
accept abl e range contains an even nunber of increments, the error rates
associated with the bias currents just outside the acceptable range are
examned to identify that one bias current value (as between the two bias
current valu | { JTeTeN i ated

W th the | ondare e b Lo g e A el e T

t he accept ablwltags) ¥mnpat thednmewo prramplifier 1 Myend therpreansplifiertaggarsr enent al

bi as current t;e/al ue at_. the ceﬁt er o{ che new acceptabl e range is selected as
the default biBevalugofdypr ay be calgy , for exanple, a range defined by

| max and | nin: contgiethMbmtink tvirdn® What RARETBSH RN fUnR & peddeleeet nvadimam W th
increnents 23 and 26 15 being the | owest and hi ghest bias current val ues
associ at ed wipower Bmakowest error rates defining the range of acceptable

bi as current values. Since the n ;]?Jl%{/ﬁﬁ{rﬁrmnts within the acceptable
range is even, the error rates as omg ed W the bias currents

i medi atel y onHeSkdgt it fien’ @ngRrdd dpalmirblesl SB2o iduntify theiincremenaknpine) ar e
considered. If the read error rate associated with increnental bias 2o
current val udalle 158 tq sshest amaximumebipeadreat fasthe haad ta be gravadesdpydaugce

i ncrenent al hias ,cur# I , j I sdAcrenent 22
o substi tut ador 4 Vol afarbl hekclip i e GHAAn A offeell isdle POUC)
linmt of jphe jngemphtabbias cange established by batds 1 SRithakistbelow the wiculated enent 24
is selected as the default bi'as current. Conversely, if the read error rate
associ at ed Wilf#Xj ncrenental bias current value 25 27 is |lower than that of
incremental bias opfraimia] bigs ddrent, 16id 30 ER ihiAthYMOURnDhaRsdhby rents is
redefined as between increments 23 and 27 and the center increnental bias
current val uao ploduse sebkageto sastaintupetitioawi clogk aecovemyraireuityatudore 19 MAR

2003 FIGS. 4 and. S are flow ghart.s il | ustrat.i.n e St | oyed in
adaptivel y t R¥HaRe ths ‘é?étagirﬁ('@ﬁtmﬁ'ﬁrm Bﬁafvﬁ}’hglgbg ab%%?@ﬁiegde E{Hg the present
i nventions | '}up?lpefdetB%zrﬁ@c&&H Réuit 152 WALRRS paDof thBréaduhasea fitse per f or ned

by disc drive rmmare when the disc drive is powered up by the user.
Initially, adisrdrate. Thayvoltagers ¢mplogedby elpckrachvemiciuitlé4iests will be

performed (step ,300). ,As i I n , Al Y i -1 he
plurality of SP’B%IHR%‘?ZG m?éeﬁ‘id\ég%#tE‘le?\é\ﬂstﬁf%‘g%m@gr?%%ﬁ?ﬁ%n{g@‘gﬁgél at a

gi ven posi ti Q8 yefsmidlestdaérdaiearal BiagcuermagiccdfionpmblellS8artessatytte, | max, and
a mnimmbias current value, Imn, are identified as described above (step
302). In a propeeats elack scavery cimeit il ad EnpnsRrontZaloR o) ue of 10 Inin is
establ i shed at ma : : - ' kve and is
stored i ?%t he di s?{g’?%ggﬁgﬁ)‘?{gﬁéﬁeﬂ&gf%@ggﬁ néigsisgéﬂgrog?gf%gﬁhyé cal cul at ed
for each headresstestto identifichetidsesistanaee It & dlkerash thpt 2 waddigad 1510 i s
selected for testi

tep. 304).. Typically, d . d dth
process begi rf§°\I\IftiIr:?‘{r§?s°}feB’|5§F“‘)Iqaésﬁd,xai‘?giﬁwg.lomq?hgeg‘{e&p cﬁ?‘? aré’ﬁcoflltn ai nse

plural discs (Jefas 4k QXA dfivdias Shelvé Bisc bedstes whd bt Ibsst owelvered i n sone
sequence for testing (such as 0-11 for the twelve heads i di sc

n a.six:
drive). Voi ceheads I 10L1Bhd proggseofideatifiongrheas resistanes f@&il@d‘eﬁ@%@ftiﬁétsﬁe t ar get
cylinder (step.306).and th [ IS i L (st : joNg range
is defi ne% (Scfrévr?q?é&srﬁ%}h? E%&tr q%r(ﬂlﬁ%rg‘#gi%ﬂrﬁ %ﬁlégbe?gtse%%})’raéﬁ?f{ vanggx and
I min. The bi agsigdhéEidlio bameasurkdr Thiss at hen2(D) onebEtiedwelveheadsishead under

test (step 312% and saved (step 3141. St gg 32 is t f.ortg tih? reater
detail in FI Gel®tedatAtten2® the goatrgHercoagueis  &shioELeriiiRe WeF Fh®®head | ust

tested is the }ast, e tHe doRtrBdr detdimimis I8 IRe | 0OPs back
to step 302, ?e:lnecc egr‘#g%??s Ifef%ng' It"ltggtdﬁe uir%‘é'#ﬁeadtc’%srt epr 318, lar?d the process is
repeated for ddmetedendad hepdsenn;the corteolleptelacts a biinisnun biag currentl Imis forr e

sel ected for



25 all the heads of the disc drive and the process ends at step 320. To
optim ze recording density on a disc 106, many disc drives enploy zone bit
recordi ng by which the disc is mapped into a plurality of co (A A S
and information is recorded at a different frequency in each{lg%&mﬁ'f@tﬁe
optimal bias current value is selected for each head and applied to all
zones. An 19 MAR 2003 12 opti onal vari 8tion of the process described in
FIG 4 separately tunes the bias current to different values for each zone.
This may be acconplished by sinply |ooping the process back to step 300 to
set a neM/targgt cylinder in another zone. This quggback may .occur after

step 314 to tthetbiasnurmeahdmeatstept20p. ddtep 208sprepmpBliemb Odsierainesifer , or
may occur aftgr .ste . S . are ] -} h zone
sequential ly. &’Ier?lﬁn{})mgeégles,a%f: ﬁ%?%&%#ﬁ%ﬂgle Ege%c }l?éerhg f@gﬁrﬁghﬁgr gg)tcl for all
zones. FI G Stridgeted] thatvasuesdfahe Bib8 ciimerg Imaissavekt fraim tabléf1t58rat step 210ni ng

range established by I max and I m n has peen est ished at step 310, the
previ ous bi asandthe headresistance &mugs delfEMInga at Hep ﬁ&;\dfﬂi??éiiy Lhelnggeng st ep

352. The priofehi . : [ 491 G@SsS i s
aborted anscrzl r%{%rre @P%ﬂér{l@%lrs ;&gérep‘g}daeg b?ﬁ%’sﬁgﬁttﬁhvgﬁﬁage:ﬁf;?g qg} @gg&r}ﬁ may al so
be useful to ealvRei(DBHV psinoftiiepreamplifier. hi story for maintenance and .
di agnosi s purposes, At st 354, the.pias current i et to redet er m ned
val ue, such as 1ni Fﬂa&ﬁ?mg&%ﬁ%@ EWS%‘PPBE%&‘S Bi?frtf‘gﬁ?re‘i’stg%E’[aélﬂ’frgﬁtefgmf‘n st ep
354, the testsdlﬁéea1§d‘i§fin&5ﬁeme§'b?waéi%ls sté Bl 4 foakknékt digiead (step 356)
and an error rate 1s neasured (step 358) based on the success of the read
operation. A ihetementalzuitont, asd thegwodess oopsbak taistaph 306 and20BsHeneps t

conpl eted_ use he | ast jncrenmental, bias curren e.i . | ng range
(e.g., 1nEk) S‘F 1qsrpéxrr[eggimqﬁsdnq{8qxew§€y P@‘?PC?CL@F ék&ﬁ% atﬁfegtsﬁgd{rlrﬁgént val ue,

the process ,Zfaob%’rmemﬁ&e O264, 208 38d2 VO@KE thdpreRinBEfi6iE téggerédadbeenent ed
to the next incfenental” value. The process is repeated through the entire

tuni ng range taitewefthe bidsrcuaredt, Inmeoat triggesing isheaved st seredt®l Tha beadcurrent s

have been tested with the head, ,a .result,arr .S, .C 62

provi di ng t hefsSHgFe Yalpe s ggswa‘eﬁga éﬁ%ﬁ?ng%llﬁ?gssli%ﬁir&g%@hsaﬁﬁg 0gver t he
tuni ng range. thAhidasAd vBREs6XaKe predmplifiendrd the davetbéasaurmyt. i Bhd savedie form
of an inverse bell curve. Next, the optimal bias current vaé.ug i s selected
fromthe & ralesistange gplug iuthe sesigiaragiod tha Read @k thejteyaneraiyss at WRICRRGEStS| v, t he
bi as current x,%%euc%%}luagai ng the lowest error rate are identified, and if
nore than one Bias current value is associated with the |owest error rate,
the bias current valficetld sipocurtenh andieend resistainiegtaduss forthie lsolgeied headgre 19 M

AR 2003 13 current values having,the |o error rate js . selected. .If the
nunber of incF%ﬁ@ﬁbﬁFo%‘f‘é?r@ﬁFFé‘H’Fs Isi?\é\?i%nwf‘ﬁgerééﬁéﬁda’ﬁlt% F&‘ﬁbeé‘g% an
even nunber, {he;laae i1fiddhsiS Rbrost Rbs bk dHdTRGEmehtshb Bfe ot I ent

val ues in the acceptabl e range i's an odd nunber, as previously described.
The sel ect®d hemisat stepr2d 8t with thhproSessaenesting furtherpext AFadioxsgve therkint val ue of
the acceptable ran

sel ecting a bF‘éEe"(t,gg‘? 8%{??3{5&38%%@1'}‘}%%/%?@{5&?%{( ? e%%f g@%hgggﬂ%%g‘ﬁ?g?daogi sc

drive 100, i ng@bingiRafo®thaaratkicps 1SR4t el lavtcHede had beex, tested] the piooessum bi as
current value, Imn, for the head for the head are identified to define a

range of bi aseedsrateiep 2281 WessillugtrasediinIG: ¥, B5p 2UhEeteUBRNE PFSHECSYs are
iteratively perfo | kdd.e @ 5eaSHH, iBOheMalk HEt et her ange
for each iter g?ﬁegéne@%hgzlg lé’?dreglrtésg'a{fgf%itrg%rrga%aur e’o‘ 358 f or elggh bi as current
val ue, angsa Bisadrioe,thepiodess epethtaghistpedi 8dn themext beall andreontinuesess.
Conveniently, the read operations are perforned by applying increnentally
st epped bi as described. val ues to the head. The optimal bias current value is
sel ected by identi bﬁh&g ﬂﬂﬁzﬂeﬁd%s‘?ﬁarﬁ@fﬁﬁﬂtca%@ldﬂéﬂ fstepani’s for sschtead.ent

val ue associated with the |owest read error rate, and selecting the bias
current basedammaximem bientuféntdnxamay be determingdudse caleulgpddan@HENIbne bi as
current value |s associated with the lowest err r . i rent is
sel ect ed frombPias CHEER YA ¥ CPHWG’éedoafga\?imgéncﬁ%‘Fév)\’gaéln&%‘%g lﬁ%ﬁ%gﬁgﬁgl owest

bi as current val ues associated with the |lowest read error rate. Mire




20 particularly, if the acceptable range of values contains an odd nunber
of increnental bias current values, the selected bias current is equal to
the bias current value centered in the acceptable range. |f 4tQe | e
range is contains an even nunber of increnental val ues, the1rgnB@ER§TBG@
adjusted to include one additional increnent fromoutside the range and the
selected bias current is equal to the bigas 25 current val ue of the adjusted
accept abl e range. The maxi mum bias current, Inmax, is identified using a

pr edet er mi ned maxi num power for the head. In one enbodi ment, the bias
current to the head is varied to identify the incremental bias current

val ue that g SahidGn RRAGIEXEA GO Ehr2xBERRE er i ned

t hreshol d vo??gggﬁgiH%gﬁg%%ggﬁgﬁggﬁﬁngﬁg,na 1SI%£R 2003 14 fixed bias
current is appdxifdmttdad herdneaslut.oThatrseleated biascameantwaluiesigappléedtor ead
anplifier 150, and the threshald voltage is adjusted from high .t ow until
the read vol Fﬁﬁ’énté%’@édégtt%épﬁlw Mﬂﬂ'&w&%ﬂri Jﬁdﬁ?&%& thgs%l_f"&f‘#]e
anplifier. | QaRRl UrREPOH AP umdtilftedTiindy B Beskablelth Féiiice Yl dtfeotéd

cal cul ated fromthe 5 predeterm ned maxi num power, the bias current and the
t hr eshol ds vobiagarrehtrbyoore dranoneaidditionali increments from the selestedURTEMER cur r ent ,

Imn, is identified by.varying.a bias,curtrent .to f i to | ow,
and nonitori ﬁbﬂstwge?teg]a‘eﬁggg\‘i%@mﬁe?ﬂﬂﬂaxfg‘fntbéas(fgprgrr{n?aﬁl‘gesvﬁg%?oﬁdggcI ock
recovery cir gUjyifel Bfithe YiseiMve@ohQoldtTofiseih ffe prbeessl ithatraled ik FEG§AI . to

Al t hough the present invention has been described with reference to
adaptively t@andi@g the bias current for an MR head in a magnetic disc drive,

those skilled int t W i s S Wi may be
practiced in ot heﬁ%%?%%‘f‘é%mﬁg{r}@@%p%c%&r@%@?%ﬁ( VR el@nrrent may
be adapt ijyel wrd seneebd, Mertanerangttis kstablivhed withnhé maxinasn bascuctestcr i bed i n
association with a 15 disc drive _having a pl ur(glit . of di.sc surffces and a

dri
li ke pl ural i tplugbeingdhe upperdimisoEiheitemnpsanes and, theminmppmMHas IR y 2 singl e
MR el ement i oo It . 0 : DOMgR rous
characteri st?8@3’%8‘%53Lﬁ%g‘é‘?‘%m@gé‘fé&?éﬁ ogﬁn?reé{ﬁztﬂsbtl of thgpg?}gsent

i nvention hawdtHie i taring ranges appliddeo tlor regdheng td psdfoinpairead opetajismher wit h

details of the structure and 2Q nction of varipus i s of, the
i nvention, tAih GF‘%EE_I°8§‘EWé"i°§“i1I51IZ&W@Fi"% g, %b"%ﬁi gggr};r?éfa%% made in
detai s, x?spggadg@e%/woﬂ, SPL LS Sitelk defeFHEEabY cABSlt 857 BABGOR e WEILPAr tS Wi thin

the principl e present invention to the full extent indicated by the
broad gener aknowanmbstgnedns isipeare evetisod. T hetreachopeationp prenisforaied thrsugh e

expressed. For exanple, the paxi mum and. m ni num bi nt val ues may
be det er mi ned*H§AtER nétpgtgnggpqéqriyecﬁsepg@ﬁﬁp% s,sgg%%ﬁa%%rggﬁrggeset for one
or more of thgphaadshede efiatsuntrementally 98ty Bandeieesabeiieshapedioene. dhéy with
the sanme circuit or b aral | [

éliq' V. p el circuitry dependi n&lo? tlffn B.articular
appl i cati on wonhellar idensifies png sele@nihahmcespsnial fing cupeit alyy Ippdraf esent
invention, T I . f QrRbt WHihye, or
19" VAR 2083 1018478 BRF iRYoeR e 19GER erdl bl AP Reicuid it

nodi fi cat i ongoete hehd Ofimnatiylahekodtmiter tepditer thg résudtste bmoetbdhecwmer spirit

of the present invention. ) . . -
P Where two or more incremental bias current values are associated with

the lowest error rate, the controller selects the default bias current at a midpoint
between the lowest and highest incremental bias currents having the lowest error
25 rates. Hence, the highest and lowest bias current values having the lowest error
rates define a range of acceptable incremental bias current values from which a
midpoint incremental value is selected. The range of acceptable bias current
values is, of course, within the range defined by Imax and Imin. If the number

of increments in the acceptable range is an odd number, that incremental bias



.19 MAR 2003 16 WHAT IS CLAIMED I S: 1. The nmethod of claim 10, wherein step .

(d) is perfornmed by 5 (j) increnentally step
ping the bias c® e
over the tuning range, and (k) for each step of the bias currgnt valgge3

applying the bias current to the head. 10 2. The nethod of claim11,
wherein step (f) is perforned by (g) identifying the bias current vaI ue of
each bias current value associated with ¥he | owest read error rate, and 15
(h) selecting the bias current based on the identified bias current values
3. The nethod of claim2, wherein step (h) includes 20 (i) identifying -
whet her nore than one bias current value is associated with the | owest read
error rate, aggrdit valuk aotHeyCenteeoBtlmsacccptatdmangaIlm@l¢0§edaa$§b%ﬂ%ﬁaté’d bigsth t he

| owest read e t I
one. 25 bi as cenmekyabEl dehegumtgsof ety ¢ SerBPEitdds i vl o 1 0e

associ ated w th the L Otx3e
an accept abl ehrahgéﬂ%g\gg% %é\lel?%g%fdgaaéésc?wggéhﬁlg%g%&g?as ctﬁ??gjr?% ng :ngsng

CZ?’LQQI ;h ?hLOlggﬁg‘:dm&a}l«ja@ ncant Imax end Enig ad(outsidestap g@qqppyglearagg%@re(’talfqnem
(i) is perfor HQC i e@a?t oI, ggﬁp?g }\e dg%ﬁﬂﬂgef?{en&h @aﬁ%&x@ent%ﬁfee' n step (i)

an i nt eger I ncr ement al

bias current val uegdrg &Hfbu%ﬁ Whakd the hédegtableaangd containg abevenin
e Siz f
the acceptabl e range to an od}(?enunber mgl as (&jrent val ues ;g@and stgp0

g .h ) f) ii) is pefinoramsmtsnyhe eryjorgaiesassonigted with thebigs inrentid BEOUSIF e o qual s
€ bias current t\agleur%ngg eahGDindd thifenfdy i & ReseRiak Ve Rge. 20

between the two bias current values adjacent and outsxde the acceptable range)
10  associated with the lowest error rate. That one bias current value is then added
to the acceptable range as the new upper or lower limit and the incremental bias
current value at the center of the new acceptable range is selected as the default
bias current value. Assume, for example, a range defined by Imax and Imin
containing sixty-four incremental bias current values, with increments 23 and 26
15  being the lowest and highest bias current values associated with the lowest error
rates defining the range of acceptable bias current values. Since the number of
increments within the acceptable range is even, the error rates associated with
the bias currents immediately outside the range (increments 22 and 27, in the
example) are considered. If the read error rate associated with incremental bias
20 current value 22 is lower than the read error rate associated with incremental
bias current value 27, the bias current value of increment 22 is substituted for
the bias current value of increment 23 as the lower limit of the acceptable range,
and the bias current value of increment 24 is selected as the default bias current.
Conversely, if the read error rate associated with incremental bias current value
25 27 is lower than that of incremental bias current value 22, the range of
acceptable bias currents is redefined as between increments 23 and 27 and the

center incremental bias current value 25 is selected as the default bias current

value.



5. The nethod of claim4) wherein step (m is performed by (o) identifying .
whet her the nunber of bias current values in the acceptable range is odd or
even, and if the nunber is even 25 (i) identifying the one bias current
val ue having the lower read error rate fromthe two bias curr§rf§ M*'AR@OS
that are adjacent the highest and | owest bias current val ues associ ate
with the | owest read error rate and outghde the acceptable range, 30 1 9
MAR 2003 18 (ii) redefining the acceptable range based on the one bias
current value identified in step (0)(i) and the one of the highest and
| owest bias current values having the | owest read error rate not adjacent

the one bias curr val ue. T : | Al ein step {a)
is perforned by (@?%%ﬁﬁﬁ%g"gég‘?gggz%?%“%%‘g#@?ﬁ%ﬁ?% for the head,
10 (q) varyi ndaptivelypsinig the biastonrrehefohemMR hedddeabiding to the peesentr r ent  t hat

generates a voltage across. the_head. exceeding,.a predet.er m.ned-t.h hol d
vol tage, and MiYSRtLR; gbf‘ qufﬁ@efm&%ﬁmw%gtlﬁﬁ&io@ﬁﬁs ‘\s/ragglf&%beéls@r 13%0,[ he 15
predet er ni ne?ﬁﬁg;ﬁ%@%ﬁ thd diSc 460 ipbiveebdRipasy the m&&ntmiaiag%,tdwﬁrget

predeterm ned t . d voltage. 7. The method of claim6, erein step (q)
i s perfor sed cylindexriy selertechwithivetscly thertests wilbbe prsfarowed ($tepRDPbovAs s wilhh untii |

t he vol tage across the head Il ggers operation of a read.annld fier. 8.
The nethod of"EWai H%Jgﬁﬁe‘?eﬁ?ﬂﬁgi’y gge ?léﬁa?ﬁ? ogé?&BTdech?gjsciqgre%%eﬁ ying a
predet er m nedonRSHAAEA REMEI: al giver piiSithRasT thefetddtdr &6 LA Athxdmbindsiacur rent to
the head to generate a voltage across the head, (r) varying a_threshold

vol tage of acugent vayh, {mpsrandragpirimgm hiss qustengeelunilmindseidestifiedas acr oss
the head tri WS HeREOH ds?erﬁ ﬁb).t fifa Bm?érl'efd' f5fm of i invention, the value of

10  Imin is established at manufacture for all of the heads of the disc drive and is
stored in the disc drive table. The value of Imax is preferably calculated for
each head each time the disc drive is powered up. A head 110 is selected for
testing (step 304). Typically, the heads are numbered and the process begins
with the first head, head 0. Where the disc drive contains plural discs (for

15 example six discs), the heads will be numbered in some sequence for testing
(such as 0-11 for the twelve heads in a six-disc drive). Voice coil 118 is
operated to move the selected head to the target cylinder (step 306) and the track
is qualified (step 308). The tuning range is defined (step 310) by the maximum
and minimum bias currents, Imax and Imin. The bias current value, Imr, is then

20  selected for the head under test (step 312) and saved (step 314). Step 312 is set
forth in greater detail in FIG. 5. At step 316 the process determines whether the
head just tested is the last head of the drive. If it is not, the process loops back
to step 302, incrementing the head number at step 318, and the process is
repeated for the next head until the optimal bias current values are selected for

25  all the heads of the disc drive and the process ends at step 320.

To optimize recording density on a disc 106, many disc drives employ
zone bit recording by which the disc is mapped into a plurality of concentric
zones and information is recorded at a different frequency in each zone. The

optimal bias current value is selected for each head and applied to all zones. An
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value history for maintenance and diagnosis purposes. At step 354, the bias
current is set to a predetermined value, such as Imin. Using the test bias current
15 established in step 354, the test data that are prerecorded on the track are read
(step 356) and an error rate is measured (step 358) based on the success of the
read operation. A determination is made (step 360) whether the test just
completed used the last incremental bias current value in the tuning range (¢.g.,
Imax). If the test did not use last incremental bias current value, the process
20 loops back to step 354 where the bias current is incremented to the next
incremental value. The process is repeated through the entire tuning range
between Imin and Imax. After the incremental bias currents have been tested
with the head, a result array is created at step 362 providing the error rates for
each incremental bias current value over the tuning range. As described above,
25 if plotted, the array is in the form of an inverse bell curve. Next, the optimal
bias current value is selected from the array at step 314, as previously described.
More particularly, the bias current value(s) having the lowest error rate are

identified, and if more than one bias current value is associated with the lowest

error rate, the bias current value midpoint between the highest and lowest bias
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bias current value, Imax, and a minimum bias current value, Imin, for the head for

the head are identified to define a range of bias current values. A plurality of read
10  operations 356 are iteratively performed using a different bias current value over
the range for each iteration. A read error rate is measured 358 for each bias current
value, and a bias current is selected based on the read error rates. Conveniently,
the read operations are performed by applying incrementally stepped bias current
values to the head. The optimal bias current value is selected by identifying the
15  bias current value of each bias current value associated with the lowest read error
rate, and selecting the bias current based on the identified bias current values. If
more than one bias current value is associated with the lowest error rate, the bias
current is selected from an acceptable range of values between the highest and
lowest bias current values associated with the lowest read error rate. More
20  particularly, if the acceptable range of values contains an odd number of
incremental bias current values, the selected bias current is equal to the bias current
value centered in the acceptable range. If the acceptable range is contains an even
number of incremental values, the range is adjusted to include one additional
increment from outside the range and the selected bias current is equal to the bias

25  current value of the adjusted acceptable range.
The maximum bias current, Imax, is identified using a predetermined
maximum power for the head. In one embodiment, the bias current to the head is
varied to identify the incremental bias current value that generates a voltage across

the head exceeding a predetermined threshold voltage. In another embodiment, a
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synchronize the data clock signal.

10 Although the present invention has been described with reference
to adaptively tuning the bias current for an MR head in a magnetic disc drive,
those skilled in the art will recognize that the present invention may be practiced
in other environments where a bias current to an MR element may be adaptively
tuned. Moreover, while the invention has been described in association with a

15 disc drive having a plurality of disc surfaces and a like plurality of heads, the
invention may be practiced where only a single MR element is used.

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 details of the structure and

20  function of various embodiments of the invention, this disclosure is illustrative
only, and changes may be made in details, especially in matters of structure and
arrangement of parts within the principles of the present invention to the full
extent indicated by the broad general meaning of the terms in which the
appended claims are expressed. For example, the maximum and minimum bias

25  current values may be determined by any of a variety of techniques, or may be
preset for one or more of the heads of the unit, and can be determined
sequentially with the same circuitry or by parallel circuitry depending on the
particular application without departing from the scope and spirit of the present

invention. The process may be performed at startup of the disc drive, or
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1. The method of claim 10, wherein step (d) is performed by
5 (j) incrementally stepping the bias current value over the tuning range, and

(k) for each step of the bia§ current value, applying the bias current to the
head.

10 2. The method of claim 11, wherein step (f) is performed by

€3] identifying the bias current value of each bias current value

associated with the lowest read error rate, and

15 (h)  selecting the bias current based on the identified bias current

values,
3. The method of claim 2, wherein step (h) includes

20 (i) identifying whether more than one bias current value is associated

with the lowest read error rate, and

)] if only one bias current value is associated with the lowest read
error rate, selecting the bias current whose value equals the one

25 bias current value, or

(k) if more than one bias current value is associated with the lowest

read error rate,
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4.  The method of claim 10, wherein step (i) (i) is performed by

10 () identifying an integer number of incremental bias current values in

the acceptable range, and

(m) establishing a size of the acceptable range to an odd number of bias
current values,

15 and step (i) (ii) is performed by

(n) selecting a bias current whose value equals the bias current value

centered in the adjusted acceptable range.

20
5. The method of claim 4, wherein step (m) is performed by
(o)  identifying whether the number of bias current values in the
acceptable range is odd or even, and if the number is even
25

@ identifying the one bias current value having the lower read
error rate from the two bias current values that are adjacent
the highest and lowest bias current values associated with

the lowest read error rate and outside the acceptable range,

30
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highest and lowest bias current values having the lowest

read error rate not adjacent the one bias current value.

5
6.  The method of claim 10, wherein step (a) is performed by
- (p) identifying a predetermined maximum power for the head,

10 (@  varying a bias current to the head to identify a bias current that
generates a voltage across the head exceeding a predetermined
threshold voltage, and

() calculating the maximum bias current value based on the

15 predetermined maximum power, the identified bias current and the
predetermined threshold voltage.

7. The method of claim 6, wherein step (q) is performed by varying the bias
current to the head from low to high until the voltage across the head

20 triggers operation of a read amplifier.

8. The method of claim 10, wherein step (a) is performed by
(s) identifying a predetermined maximum power for the head,
25
® setting a bias current to the head to generate a voltage across the
head,
(y) varying a threshold voltage of a read amplifier from high to low
30 until the voltage across the head triggers operation of the amplifier,

and
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) calculating the maximum bias current based on the predetermined

maximum power, the identified bias current and thé threshold

voltage at which the ampliﬁer triggered.

5
9. ° The method of claim 10, wherein step (b) is performed by
(w)  varying a bias current to the head from high to low,

10 (x)  monitoring an ability of a read amplifier receiving a voltage across
the head generated by the bias current to sustain operation of a
synchronization clock, and

) identifying the value of the bias current when the read amplifier

15 become unable to sustain operation of the clock.

10. A method of selecting a bias current for a magnetoresistive read head for 2
disc drive, comprising steps of:

20 (a) identifying a maximum bias current value for the head;

(b) identifying a minimum bias current value for the head;
(c) defining a tuning range of bias current values based on the

25 maximum and minimum bias current values;

(d) iteratively performing a plurality of read operations with the head
using a different bias current value for each iteration, the bias

current values extending over the tuning range, each iteration

30 producing a result;
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(e)

®

(®

(h)

()

measuring a read error rate associated with bias current values over
the tuning range based on the respective result produced during the

respective iteration;

identifying the bias current value of each bias current value

associated with the lowest read error rate;

identifying whether more than one bias current value is associated

with the lowest read error rate; and

if only one bias current value is associated with the lowest read
error rate, selecting the bias current whose value equals the one

bias current value, or

if more than one bias current value is associated with the lowest

read error rate,

» defining an acceptable range based on the highest and

lowest bias current values having the lowest read error rate,

and

(ii) selecting a bias current value in the acceptable range.

11. A method of selecting a bias current for a magnetoresistive read head for a

disc drive, comprising steps of:

(a)

identifying a maximum bias current value for the head by

@ identifying a predetermined maximum power for the head,
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(i)  varying either a bias current to the head or a threshold
voltage of a read amplifier, between a high and low, until a
voltage across the head generated by a bias current triggers

operation of a read amplifier, and

(iii)  calculating the maximum bias current value based on the
predetermined maximum power, the bias current at which
-operation of the amplifier triggered and either a
prec_l__etemﬁhed threshold voltage or the threshold voltage at
10 which the amplifier triggered;

(b) identifying a minimum bias current value for the head;

(©) defining a tuning range of bias current values based on the

15 maximum and minimum bias current values;

(d) iteratively performing a plurality of read operations with the head
using a different bias current value for each iteration, the bias
current values extending over the tuning range, each iteration

20 producing a result;

(¢)  measuring a read error rate associated with bias current values over
the tuning range based on the respective result produced during the
respective iteration; and

25
® selecting a bias current based on the read error rates.

12. A method of selecting a bias current for a magnetoresistive read head for a

30 disc drive, comprising steps of:
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(a)  identifying a maximum bias current value for the head;

(b)  identifying a minimum bias current value for the head by

@) varying a bias current to the head from high to low,

(i)  monitoring an ability of a read amplifier receiving a voltage

across the head generated by the bias current to sustain

10 operation of a synchronization clock, and

(iii)  identifying the value of the bias current when the read

amplifier becomes unable to sustain operation of the clock;

15 () defining a tuning rang of bias current values based on the

maximum and minimum bias current values;

(d) iteratively performing a plurality of read operations with the head

using a different bias current value for each iteration, the bias

20 current values extending over the tuning range, each iteration

producing a result;

(e) measuring a read error rate associated with bias current values over

the tuning range based on the respective result produced during the

25 respective iteration; and

€3] selecting a bias current based on the read error rates.

30
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13. 24. Apparatus for selecting a bias current for a magnetoresistive read head for a

disc drive comprising:

(a) a threshold circuit identifying a maximum bias current value for
5 the head, and a minimum bias current value for the head to define a
tuning range based on the maximum and minimum bias current
values, the tuning range containing a plurality of bias current
values; '
(b)  acurrent generator iteratively operated by the threshold circuit to

10 apply different bias current values selected from the tuning range

to the head;

(c) a read recovery circuit performing a read operation with the head
using each applied bias current value to produce a result for each
15 iteration of bias current value, the read recovery circuit measuring

a read error rate for each read operation; and

(D) a controller responsive to the read recovery circuit identify the bias
current value of each bias current associated with a lowest of the

20 read error rates for all the read operations and

if more than one bias current value is associated with the lowest read error
rate, the controller identifying an acceptable range based on the
highest and lowest bias current values having the lowest read error

25 rate and selecting a bias current value within the acceptable range,

and

if only one bias current value is associated with the lowest read error rate,

the controller selecting the bias current whose value equals the one

30 bias current value,
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the controller operating the current generator to supply the selected bias

current value to the head.



