-e3e]iddeg@gh6i Tjihr @i 19 MAR 2003 = METHOD AND APPARATUS FOR ADAPTI VE
UNI NG BI AS CURRENT FOR A MAGNETORESI STI VE HEAD CRCSS- REFEREN‘:IQ WAR 2003
CO- PENDI NG APPLI CATI ON This application clains benefit of Provisional
Application No. 60/151,208 filed August 27, 1999 for "Tenperature
Conpensat ed MR Head Bias Current Tuning".i FIELD OF THE |Mmﬂwmmml’s

I nvention relates to adaptive bias currents for rragnetor lo
read heads and particularly to selecting a bias current for -a#dR head
based on read error rates. BACKGROUND QF ' SHE | NVENTI ON Magnet oresi stive

(MR) heads are enmmmbnmmgmpmﬂ@w@n XPAPPIVIETUNING BTAS™M t he
storage disc. Mre parid G’?@?’ﬁoﬁﬁﬁlgﬁvﬁ 5 el enent whose
C

resi stance changes with c anges |n the onfronting magnetic field. As the
disc rotates adjacent the read head chang| ng nagnetlc flel ds due to
recorded data on the OREOSSIRDEFFERE [ YENEIS! JOATEWN changes in the
resi stance of the MR el enent. A fixed bias current is applled to the head
to generaté a vol taH@s applisation plaimscheachiepfik ég‘é‘ﬁltoaﬂllwllﬁﬁtl‘?m@"data The

vol tage 20 chagges yis fich 1ol a97s i r Sl fhpHsEEd MY Rfths |
representing t I's a contlnui ng need to |ncrease the recording
capacity, and I&mm@an‘etnteTmmgl ty of data recordl ng, on discs. Consistent
with this need, efforts have b e _narrow data tracks and
smal | er track spacing. As trac av YorNnar row and track spaci ng
becormes smal | er, thepi mnhaa%té’s&oahmwb%rmne%%magremreﬁﬁvea@mpt to
extend over the space between the tracks that m ght cause errors due to

si mul t aneolfs rrsadihengls end pewicalarlyntr seletting atbiasckgentor amMRiheadrhgiseshen of t he
MR heads becorre mal | el it becones nore difficult to control the

di mensi onal PAFTONE" 0 a reasonabl e tol erance. Consequently, snaller MR

heads are subj ect to large BAGKGROUND®STERINVENTION

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

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
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90 variations, resulting in wide variations of the resistapgebﬁ& t eads.
As a 19 MAR 2003 2 result, for a given bias current, o Of Rt ds of
the sane disc drive mght exhibit |arge differences in resistance ranges,
resulting in a wide range of power dissipation between the heads. Thus, the
bi as 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 enent has a high resistance, the bias current nust be reduced so

t hat the head does_ not over heat dug é |ncre ed power dj ssipation.

Over heat i ng t Féulidiapa givgn S1as supenty dif rqnuh%ads thesamgalass drive nwghfct. ce to

s appl ed Lo i S ePIESHE i eihden Teq iR AT AR goRas 1oV

char act eri st i dssipattomteaweereitic Apatlst ﬂ“dauhelaﬂjbiaacm'remnmlsdmb mmtehsedtfber li ke

heads for the disc dri However , il e head. matchi ng .sol ves,the problem
of bias curreRtads&hosg elleﬁ’énis'%?dé wﬁ?ﬁlﬁ@f’%‘ﬁﬂ crigp ‘E‘Fee‘h? eSiglhad react to

envi ronnmenj al ﬁtgﬂfjwliaﬁ@ S CQthJré’éi)ﬁ Rt h¥é MR @lchltat hiy aclﬁgﬁl kdsisPlhce, SHE Biags
tenperature, th t alter the resistive characteristics of the heads

may af fect di f:tineemmuswe teductsl softhatitlee ecadulodd st odeiheat diiefté erceeased/, resul ting
in head failure. rese i,nvent i on i te o_an adaptive bias
current syst eRYWHHE ?H?P“PHe ﬁ’seatéllﬁvlgﬁf q‘slg Stoél Vg RiRE- head is adaptively
sel ected for opti rr&'ha@@éérpmerpfuéﬂc@fo rhiteh MR Head¥¥isy £, dglpénla@é dAeESY BNy
surfaces, and hence plural read heads, are enployed within the disc drive,

the bias curr thetsamemiasgurrenRend inenplicd & dpef thahwiswathecd@@ {Thus,ibe head.
Hence, the, pr Egz%ﬁthﬁramé%@{é ehlseagirédagﬁ ﬂ d@%eoxlhbt\éﬁé&' with %kﬂ%ggk%'e bi as

current to the ress mnmanu variances an | uct uati ons
i N magnet or eshé&dds\féer the di%erdhlvesHOﬁveVdfrewhﬂaﬁeadUEattlﬁngBwllvésouha'ﬁfﬁbﬂ?ém ofndi tions,
such as tenperature fluctuatjons. esent, i nventi on addresses these and
ot her probl enBlas spge¢veissatshe Woge méﬂ &?F%f'ggg cseiheadgagiiPor art. Broadly,

the present i ee(ﬁfbg%%@uﬂea dd ?&%s &ffglgggygoeﬁata%bﬁ&hbﬁ%uaa b %ﬁlg%wrent for a

magnet or esi stive or a rive maxi mum an
that might alter the resistive characteristics of the heads may affect different

15  heads of the same disc drive differently, resulting in head failure.

The present invention is directed to an adaptive bias current system
whereby the bias current for a given MR head is adaptively selected for optimal
performance of the head. Where plural recording surfaces, and hence plural
read heads, are employed within the disc drive, the bias current for each MR

20  head is optimally tailored to the head. Hence, the present invention is directed
to adaptively tuning the bias current to the MR heads to address manufacturing
variances and fluctuations in magnetoresistive properties of the head due to
environmental conditions, such as temperature fluctuations.

The present invention addresses these and other problems, and offers

25  other advantages over the prior art.

SUMMARY OF THE INVENTION

Broadly, the present invention provides a method of selecting a bias

current for a magnetoresistive read head for a disc drive. A maximum and a

minimum bias current value for the head are identified, from which a range of bias



‘i ni'mum bi as current value for the head are identified, frog ﬁ? & azgagge
of bi as 19 MA R 2003 3 current values is derived. A plur M R
operations are iteratively performed using a different bias current val ue
for each iteration over the range. A reag error rate is neasured for the
result of each read iteration. The bias current is selected based on the
read error rates. 5 1n a preferred formof the invention, the bias current
value is increnmentally stepped over the range, and the bias current is

sel ected based on the I owest read error rate. Wiere a single bias current
val ue i s assocPaeRidalies i damired-ofeliralitynf read eneratigne areritpsativelyereriosmes as

current has t tﬁ@lhg e Hrl{]%rr\éﬁ{ e MPEIR ifbrdod R a]{ trélg r%?r{%e.b 'Aafeaﬁ %frr gnt

val ues are assoc west réad error sel@eted bi as i
o current has raﬁte\mineaubadtfbe&m redudt ofi gble sdad arechtibnwahe bis aurrentris e¢lectsdl ues
associated w theL read error rate. In one formof the invention,
where a pl ur alPPied Qgrthgies e’E‘EFrrF‘@Frt val ues are associated with the | owest

read errorsrate, thgWibedd BtmioPelcSRMtish, thi Gis &Hfén?%lué’%ldﬂfﬁémbxﬂaly]e range
defined by the highest and | owest bias current val ues associ at ed

t he | owest r eatépped overrtha emge anddhg bifas eurent fis sdhestadubrsed on $heobd/estt1hgl bi as

current whose val ue e as current val ue c te.re |ghest
oo Toveat Cor st it AR a RROb RS ot Thluel S 4Gr B it The BlyES e

even, the bi agrepfate e sohteRe biss e Hubthet HlﬂQ:uhbﬁtSvaﬁiér VPRére H@hﬁ'ﬂltﬁ@f't er ed
between (a) either the hi ghest or | owest bias current val ue and ) a bias

current val ue biascueaairitalics preaaspesiaset wtth@hezlgwgst inead egtor rae the gﬁi&«td bipd | owest
bi | t t.h bi
current vaPue Pibtdisn e RBdBYRR S BRhord it RS MET bR R B e

for the head. withahblodsesCrighd &fdr rite. t he head |s then varied to identify a
bi as current that 3enerat es a voltage across the head that exceeds a
predet er mi ned t hr edhong fm) ehie in oramh%mpbgalﬁvﬁb&arquemt \Aes@r§ s t hen

cal cul at ed_based ik, RARLeLabed: TR UIABAST indBRd AL Liceg bi as

current and the pre m ned t age I anot her e nent of
the invention vah;laﬂnrthe(ramgerdéﬁmd bylﬂwlaglnesn/aﬂduewess biasl emtrérit valdedassoaiteet i f yi ng

2 el o g, R potel. !l (hE DEas | AVElLeRt S ge g head Lo o
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



‘4 triggers operation of the anplifier. The bias current at i 6N
vol tage across the head triggers operation of the anplifi erwhisg Mﬁl 2093

and the maxi num bias current is cal cul ated based on the predeterm ned
maxi mum power, the identified bias current and the voltage triggering
operation of the anplifier. 51n a prefe?red formof the invention, the

m ni mum bias current value is identified by varying a bias current to the
head fromhigh to low, nonitoring an ability of a read anplifier receiving
a voltage across t he head eneratggkgy the bias current to sustain

operation of %%Pfﬁ:‘l’ﬂe%fﬁﬁ‘ioE therrmplifen Theresi gt at Yhich theeoltpge aeossithe he bi as
current when t WP of the
1 o clock. BRI Eigd %%%S{'S%E&Hg\lli &fthpﬁ M\ﬁ{%@i@d dnd h{?lrg%gﬁlper s%%%:l%r%\g}e Vi ew
of a disc dri veciloulafed dasak pedbs p(ﬁdetleheinpd esamhumnpoevir) the identified pinsct i ced.

FIG 2 is a block diagramillustrating a portion o the bias current 15
generat or and CHIEERY 2p &9\7 thWg%‘?ﬂ”tgé)pg"Iﬂ“%‘Pﬂ{tg?:maP]i‘ “illustrated in FIG 1.
FIG 3 is a flow chantplfeids bl bPehd RGerﬁiroHCﬁr%Sm{thQrﬁttﬁﬁﬂdﬂéﬁg vigags

resi stance of a nagnet or esistive (MR) head according to one enbodi nent of
the present i idestificdhy VG a hiaaedrrentde ¢hef head fodnaihigh tol Ibws moattoning ahe

process of ada e 20 tuning the bias, current,for an a cordi ng
Do the: pr esontBiehd seahampbideen Toe s Eoiapd peskiRc RiaclinstRelon BB vENTs
FIG 1 is a peusafes busmilybsatidh of a@ischraHiiatien 8106k, iald WMehEHyidd e palas ent
invention is useful. Disc drive 100 includes a hou5|ng with a base 102 and
a top cover (Mestbianmurent whensthe maf pmplifier egomesainaplede gertain gperption ofdbk 106,
which is ed on a spindle notor (not shown) by a disc clanp 108.

Di sc pack 106 1 ncludes a plurality of |nd|V|duaI discs whi ch are nount ed

for co-rotati on about cerBRHEF BE has an associ at ed

di sc head-slider 110, which is nount ed todl sC drl e 1 for comruni cati on
with the disc surfa&d@: | Ise pepestivgpew of asliss drivemn \ﬂl@asn%céﬂo%thﬁders 110

i nclude sli dewes%tgg Aol rﬁrgctm 2003 5 suspensions 112 which are in
turn attached'to trac acce g arnms 114 of an actuator 116. Actuator 116
is driven by a voi dTéGcbndabﬂDtlodlang\@llusthg ageneoadf the htas tdBentVoi ce coi l

TP ! SR e S el . 110 cbout @

FIG. 3 is a flow chart illustrating the process of determining head

resistance of a magnetoresistive (MR) head according to one embodiment of the
present invention.
FIGS. 4 and § are flow charts illustrating the process of adaptively
20  tuning the bias current for an MR head according to the present invention.
D ED DE P T
FIG. 1 is a perspective view of a disc drive 100 in which the present
invention is useful. Disc drive 100 includes a housing with a base 102 and a top
cover (not shown). Disc drive 100 further includes a disc pack 106, which is
25  mounted on a spindle motor (not shown) by a disc clamp 108. Disc pack 106
includes a plurality of individual discs, which are mounted for co-rotation about
central axis 109. Each disc surface has an associated disc head-slider 110,
which is mounted to disc drive 100 for communication with the disc surface. In

the example shown in FIG. 1, head-sliders 110 include sliders supported by



-5 head-sliders 110 over a desired information track al ong an‘!gwégzga h
122 between a disc inner dianmeter |24 and a disc outer dianeter . ~Vorce
coil notor 118 is driven by servo electronics supplied by circuit board 130
based on signals generated by one or nnrg heads 110 and a host conputer
(not shown). The heads of head-sliders 110 include a magnetoresistive (MR
read head 1 o having an MR el enent operated by a bias current fromcircuit
board 130. The bias current operates with the resistance of each head to

provi de a voltage sign to circuit 130 representative of data_recorded on
Pher espact | veuteagonoRl2 whih greagctim AR BACK Sctatcms Lig O8apt | vl y
tuning the bi agncihh 86t AbRialdR1162kirvEA byASdidd deatmhétbeE ¢ Bhn 2, Circuit
board 130 includes preanplifier 15 150 Connected to receive the voltage
across MR heageidadlly Br HnpV difd enil he®r il $8 vsateeadtedor Wl 6avitledslattached er y

circuit 152 fqr e. di riye.. Readr very..circyit 152 i rdinarily
bart of the r Oseb-SiemE0 S  pirg" Siae) a8 PPHSH MEFRILREPRTe | n the di sc
drive. Read regQy§liderelIEsNdr aldasitdddRorRatdPEAck BSRVAS M cidté fathti2h 54 t hat

| ocks onto the data rate to synchronize the clock to the data. 20 Current
source |56 supgiwass aslispsingerrdiameter R4AvRdredispsouteridiamatab] 26. 1%@ceenil ai ns codes
associ ated w th increnment al, val ues, of hjas._cursy.ent. a roM~des pne or nore
el ect ad- codedmy" ST LR YE Rl RS i B CHORECRE B ae
current val ue signaRaeherdddbasie bt thoréheadsml 0 hndd hdsh GomputeLGidO WD, t O

vol tage signals from MR head 110 to 25 anplify thaose signals and provide

them to the rddgheadspfdegd-siidess i 10 inglde a ppagnefprsgistive OMRY rradheadl r esi st ance,
Rnr, dt I . i Vit h,
Rosoctat eddw fhAPgAH MR Hemenfboer i BEADA AREUHGH ABRFoOIIIA2MHE V10 e
a neasur abl e bidsputrest qeadtes witl thedesigawearf vadi readitd prbSitle aH@itagesignalf t he

product of Rnr and | does not exceed the threshold voltage 19 MAR
2003 6 Vth, tﬁ%%%hﬁﬂ IPIcRFLgIeIo dgle rewrigﬁieqn t%aﬁ?fpﬁ%wa@esaﬂlt%t o read
recovery circult 151%e§ﬁ€s€ﬁ§invé‘iﬁr%n9§ &r&dd t!o%Eﬂlfx‘e%ﬁiﬁ?'tﬁ’é’ﬁia@cdrﬁ&'ﬁ&p table
| 58 that contains codes associated wth different” increnental val ues of

bi as current fMR behd]l MR AedtistriedywpFial2l gircuitdisiasd 1¥Binckdesprdamplifierr ead

retry algaqrit that i.ncrenental |y step t i a reent ot event of a
ead fai e, IReoRRelD ToRpaE wiakt Shob A 4 St PER L E) 8 °Chr ren
for each MR heagnffedtba rBabietowy Birdthii JIUBH MRdid¥ dHvel Rehd Aovdtyr ent val ue
for the head and selecting an increnental bias current value based on read

error rates asyoui 462t axilinarilyipagt of g ead channele butgnay inchided sgjecuitThe fir st
step in the proc i.s . the determnation of .the.resjistance for the head.

Vexi mum head PeSap SR Boe it Rad res Ve TS aelekR@Yen daca by
measuri ng t he ciregit $5athaelozks Oite tify daidiate palyaciratizé trREIGkitbEiRsdand.t hi n t he

operating paraneters of the MR head. The resj ﬁ*t?ance-terggerature gradi ent of
an 15 MR R8ad Gusreat st oaupplissi asqurmznt teiMRhsadsoldr diablegl 584088105t ¢ he
head, with th j VAL AL toARR nper at ure
and a high vaﬁjaaegs;%ﬁ%&ﬂ%gﬁg? H%[dé%geé#r&glt ure. ogqggg{(l)%@r{é?gﬁl g{olvsdezlsa\?g? Ibgbl e MR
read head exhinirt selacted sodsts dmsmired 1500600batshure 466 Suppliand selected bigs ance of

80. 24 ohns at 70 C B;Oth igh%&e a;laslggce of a magnetic field. Hence, that
head has a re§|"1_§rF%thé‘ eig ep l_%ﬁ re gradi ent of 0.145 S2/C. The head
resistance RiT is rreamysiatkr D50 & leffnsiOt td V8ltalol SignAld ¥Ren MIBeddMOlty i NY
varying the bias current Inr to trigger preanplifier 150 and the other

i nvol vi ng Xar wmndify Hwse pigaalh endipripyidedlgm  the repdire¢ayger cippuitanPherr ther 150.
The head resi C i l s Vth/] According to
the 25 firar PR GLBe P ater o REY BulS SHHHE, furbitesla o °7C

i ncreased to tphedefgainadnhidshdlBeVihphdsagieted With, thapreainglifien pteatnplifieebstpl i f er

| 50 exceeds the_threshold voltage; t ?t is, R Inr > Vth. The head

resi stance RmWildjgsdE a@ﬁﬂ’&‘?ﬂ‘%ﬁ%ﬂ“’ﬁ“&%?ﬂ‘gpﬁ%@} tOFept EeSOYSY FBRHI 1391 | where
Vnr exceeds Vil = }Qq,}fl i l Inr is
set to a pr ede@%?%’égthgﬁéded%ﬂf t gﬁ&t@ga&ﬁé%%@&@ﬁ%&ﬁ%@»@gﬁ age is

| owered until the threshold voltage Vth is smaller than the voltage, Vnr,
at the input to preanplifier 150, and the preanplifier triggers. The val ue
of Rnr may be cal cul ated. The maxi mum current Imax is then derived froma
presel ected maxi num 5 power Pnax



‘I max=(Pmax/Rnr) | ~2 The result is then conpared against table |58 to
identify the increnental Inr in table 158 to select a maxi num ARNZ{}GB
for the head to be provided by source 156. As will becone apparent
hereinafter, the maxinmum bias current is _an 10 increnmental bias current
established by table 158 that is bel ow tRe cal cul ated | max. The nini mum
bias current, Imn, is the mninmum bias current necessary to produce a
voltage to sustain operation of clock recovery circuit 154. More
particularly, the voltage, Vnr, input to preanplifier 150, is anplified and
15 suppl i ed t oYthetig preasanidiey will petfriggersandpn HPYLdo pradireesvenn@rquitdd2channel
of the disc drjxg.s That voltage is enployed by clock recovery circuit |54
to synchronize the read clock to the data. The m ni mum bi as current val ue,
Imn, is the snal | €Bie preseneimeaitain dnpsysciovkap tabdé 83 thdt fomaing edilee 158

necessary to operate clock recqvery circuit 4 to synchronization. 20 FIG
3is aflow diaagqcmwrtﬁétffemtﬁ@crf entslr‘@i%ﬁgtaéﬁgrrem tghibe MR hged - pr ocesses
to identify h ; i NGS.j i lﬁp‘gggb Ra9n itS, Provi ded
for each d?scegg)rléaglg’et%it)% g?sls(':hgolerd lvﬁtéﬁl\%g%ré(? I rtlt?ﬁglt—l%rtlge, lélﬁ%fﬁ’s%&pack 106

has si x di scs,the¢ hias dirgent g itheeevimtoftawedd/ildies I hs présanicdsventidnas diressest t wel ve

d heads 110, The. f i.denti{yind h i for the heads of
he di s 25 arPoEenu feeng T rerant W Badh s bR & S360muPband n. at

step 200, a haamhimh@Ras Qsiet vlGEor thellfkal GndBASHINE @n iddetfentallbigd ep 200, one
of the twelve heads is selected. At step 202, the controller conducts a

test to det er rAuFEnitrdeeased prread|caer exfestassasiated with biastcurrent vales sverp 204,
the contraller,determnes that the selected head is present, the controller
selects a mninmum®Bras current Imn for 19 MAR 2003 8 the bias current,
Int, at step 206. Arhesfirepstaid, thopoaeglis fheletetfhatien of fheResstardcetfiethbi as
current is adequate to trigger the prearnplifer. If preanplifier 150 is
triggered, theogd| Yaxynumheadresistange isgredictad on thedhpsis @f pxrsmimental datpsg ot
step 210 and t i.Si: i t ] . Typi cal |y,
the triggeri ngﬁg}éngﬁ%ag?%g%ﬁ%@?%% a?%e {)limg%tsge%eﬁz%n%a@éegﬁ lﬁég%lﬁe vol t age
at a digital hypkfaingpeashetat bihe MPBEA]. Tharesibtahdreteppertgrt igtddient of &n  at

step 208, the eanplifier | ot triggered, the bias current from source
156 is incre I‘é&g&s ppaial g msgr %ftt%gt OB THNE TS e PP RS erment al
current, and tr@ﬁstﬁﬁ&%%ﬁné BORTeN AT Rfﬁ’luéfaﬁé)ﬁ)wzﬁﬁxg@&%rg%d aﬂsﬁ%h%luelé% the

bias current Inr is increnmentally advanced by table 158 at step 214 in the
| oop formed by ighgrderRp@atupd Ounmebrhdrciablyiavaildbée MRetaphedd exhibits a ri gger ed
and the value of. the hi cyrrent , Jnr, at. triggering.is ed at step 210.
The head res: SEMaR 0 dhs o103 e Ristate oy Yol R 0T 8o o 20
on the basis aqf thdihsbiic®TaGhabn¥at HaRe Hncd, Rt RERPRARd biStan@nd the saved
bias current. The saved 15 resistance value is the resistance of the head
at the temder demperaqire ghadent 0f@1428YC°.wer e conducted. After the bias

current and head regige t ance.val u%gnf.or t he ‘?FI ect ed .head are saved, the
control | er deterni nB hea resisignes Ranr i mepstied by elthre QW tee B dPSs Pidead of

the di sc driveanvélhingtvabfing e bidst@rRhORGSS thi@RPpreampkifigNs0 HItREBIMES tO the
next 20 head at step 218, with the process repeating for the next head to
save the bias iovelvingtvagriog Hedhreskodd yoltapee/th 40 tresgef preamplifiereb0. Adgd. On t he
ot her hand, if,_a.determ nation is de_ al st t hat, the.| ast, head has
been oot ed, e BREATE AR en BBl SRS Y Ru sk SRipP 'S e
204 det er msnesfirshieclifi@ss tteebiay curizaeproeided by beurbe 88 isnnletaste@sd thelhkad f or some
reason, the head_is not present in the 25 disc drive, the process | oops

t hrough step 2ugilthe vollegninr, abHe Ionvd topisemplies 1 & exreeds thpdueshslded on the
head resi st anc I S I . i;mum bi as
carrent . e olabBimatiE bl £ Y SRSl A o Marfe eI 020
is conpared agRbiishe hb&utditigRitteat, Imal wiege Vinrteabdeds 188 RErG Vihv/ikg. VAR 2003

According to the second technique, Imr is set to a predetermined value and the




‘9 2)' to select the highest bias current value in the table that does not
exceed the maxi mum bias current value. That sel ected bias QLngwR\ng]aa is
applied to current source 156 to apply the bias current, Inr,; to the head
havi ng the sel ected value. Under certain_circunstances, it may be desirable
to reduce the selected 5 bias current by ‘one or nore additional increnments
fromthe sel ected maxi num bias current. The head resistance and maxi num
bias current values are stored in a buffer in the disc drive controller for

use in the process illustrated in FIGS. 4 and 5. After the_rmaxi mum and
ni ni num bi as étc}'fe?]é‘ﬂfi V95‘I‘35’é§ﬁc(wfﬁﬁ3<“‘§ﬂdhq threshold yolfage Yty is smaler tharetheyni ng

range is estahlj A/ Lkl ]{gl?la(llgag. B u | I he upper
limt of the tuntlﬁ%% rﬁgﬁget ggtgpt ebm njn%‘?r‘ﬁbsi%hgsx{d?ﬁ%P%e/e%tn%\i}gPﬁfé@ggfshg t he

| ower |imt ofThehaluearfdmr may be calculetednt al bias current Int within the
tuning range is appljed to the re head to, performa read operation with
read recovery circutde @%@W%quﬂgprﬁwg?ﬁ%qeﬁﬁe‘& s alﬁﬁse??—qtﬁomix‘ﬂur‘?:or each
15 read opsratgoe Pafaxerror rate is determned by circuit 152 based on the
wel | known root neans square nethod. The read opgrati ons are perforned

through the entire tuning range tdmisr(RreaxiRmeX "~ of root nmeans square error

counts. Typicall hese results incrementally. var S.an inverse.

bel | - shaped cﬁll;l\%és 18 OO ragﬁl(ﬁlétnt?ﬁﬁlgg t%'ﬁj(?&é%lt %{ngr%eﬁeﬁilwynenem al
bias current vablyess kdelech b aiixAAuMMUseutRHt fob Be Helid BSISOFoAded bl Beurtowest
error rate as the default bias current value for  the head. Optionally, the
control | er mayt30i IAsevilkhssome apparentihgreinadier.ihe maxigpny bias pwaend it ¢ or nor e

i ncrement al, bi; ; [ ne ror rate,
the contr gllol erlﬁérg g{é{aisa&%%éﬁjrdﬁe]? gﬂﬁlﬁgﬁgy%g?% %%ttﬂgtlpgélgn%cﬁﬁ%x\%ﬁlgtg?men t he
| owest and hi dhest i ncrenental bias currents having the | owest error 25
rates. Hence, the h’lfheSt and .| onest bias. current values having the | owest

error rates define er‘BW@‘Eu’é‘f(Li%&“d’é‘ﬁf“a HL I50F SHBIFIUAR D135 GUTRIi DEERSary ol ues
from whi ch a i, dpQiRL a B4 hin\RkGoh 8f SBLIERL if f

accept abl e bi as%cﬁarur%ﬁtv vaﬁ}gghlﬁsl?\b?% cgur sil, W tﬁ%ﬁy}-ﬁgmr gsr}gg\dgeefi ned by

| max and | m n.palticuldrly, therdedtage fVmn apetrenprsamplifidrd SAcis apipdified andinge i s an
odd nunber, that increnental bias . A R 2003 .10 current. val ue at the
center of he S&Belé%itt%?aél_ PENGe F‘Ec%t_elljszc‘i’l\ﬂ@@‘ isartd theed F]?a'ﬁfla%&t%r rent
value. If the qudisle. afhat POEER¥splbed KECIBACRRERRY Biré BN oS an even
nunber, then the error rates associated with the increnmental current val ues
i medi at el y adyyadeonizé thexeahdotkiorthedata.olhe mimunebias caprabplieslanne are
taken 5 into coqnsiderati.on in sel.ecting. the. d ul t, i epent al . bi as
current val ue N e B Peep AP ECHIRG {olErehd At 15 BB Rt o s an
even nunber ofopefitd EBEIERovrRRirblit 034 toalyfchrasiganat ed with the bi as
currents just outside the acceptable ranaggare examned to identify that
one bias rrent vaﬁléﬁe:*('%%ﬂﬁé(t‘ﬁ%ﬁmﬂ“‘émta Biegqgocest stepf of\pae 9étheadj acent and
outside the a lie I @t i I rror rate.
That one bi asﬁ%ﬁ%g%ttgb%eﬁﬁﬁeghg ?152%%% 'dgtdg'gl ng’{lﬁEnglgaéB? é\ﬁseearaé{]ge as the
new upper or |poeided farichcladise suréace ncdiscrdnveal 0WFRS. DurHewt, ifdisupadkt t he

center of the acceptabl e range is sel ect.ed as the .default bias gurrent
Vel e, Assune, IO Sk erte 4isf A i ity Fiese A2t Iy EBREBIh ng
SI xt y-four i nqte%a@m@lm Procdst bf ﬁi@htifyﬁ{gtlféﬁd ré¥istdhck BT tREBEHAS o2theatigt 26 15
bei ng the | owest and hi ghest b

ias current values associated with the | owest
error rate¥ dedriveibeginsiby thereapiroder erceiequitadOselsrtang, eUstere?R0, pdieadwhosi nce t he
nunber of i ncr nts wthin th t n i ven, rror rates
associ ated wi tr%g?ﬁgléceblfé%g%ﬁjf: %sélﬁ?cgcﬁjﬁ%b%%g eO@’ %%tdsfi%}&egwﬁlu‘ée }Iriéaagf’ggs (i ncrenments
22 and 27, in dehetedx a0matep)202! tieconBolite cetkluctsa teftdo deRtnide ihethea tie
associated with increnental bias 20 current value 22 is |ower than the read
error rate ass®iacteddwadisnicsent i sten20p; the contrallondetompines that thehe pj as
current val ue | gr?sq; i L far . I fente val ue of
i ncrenent 23 aés%ietchégq‘{egmer rfﬁ’ttﬁeoﬁﬁpﬁgéé%%g%taa {néﬁlpglnﬁéées,aalg%g{ jtnﬁg fgl?/as
current value of increment 24 is selected as the default bias current.
Conversely, if the read error rate associated with increnental bias current
value 25 27 is lower than that of increnental bias current value 22, the
range of acceptable bias currents is redefined as between increnments 23 and
27 and the center increnental bias current value 25 is selected as the
default bias current val ue. ~9 MAR 2003 11 FIGS. 4 and 5 are flow
charts illustrating the steps enployed in adaptively tuning the bias
current for an MR head according to the present invention. In a preferred
formof the invention, this process is perfornmed by disc drive firmware
when the disc drive is powered up by the user. Initially, a target




‘s cylinder is selected with which the tests will be perforned (step 300).
As is well known, a cylinder is defined by the plurality of tga&hg ﬂﬂigon
each disc surface, confronting a head at a given position oft Yh Rt r
arm A maxi mum bias current value, |Inmax, _and a m ninmum bias current val ue,
Imn, are identified as descri bed above ?step 302). In a preferred form of
the invention, the value of to Imn is established at manufacture for al

of the heads of the disc drive and is stored in the disc drive table. The
val ue of | max ggbpreferably cal cul ated for. each head each tine the disc

drive i s powergbighcurrenhdatl, at sigp; 2005 eyt step 248 Rypamplifisri§0 dsteapingp i) |

Typically, th 'ﬁu&§§? : i ; first
head, head O. %ﬁ@rﬁgé%rﬂererﬁll sC rtigg)eﬁggﬁtgi@ﬂfs&%?g%gl Hﬁ?%%éplm%ﬁsq exanpl e
si x discs), tlteggmetshawdlie dithebiabeureeht Imr smavedsomdatde 159 at stgs2ing (such
as 0-11 for the | ve heads in a six-disec drive). Voice coil /118 is
operated o mate IS SRULIES RWIa CHETIHED FERaA A TPy, BECUEENE) and
the track ks qidldafipfifict PSR ddRiBhined BG tésHH%ﬂQ:Jo@t'ﬁ atl SdigR{liaédr hedeep 310)
by the maxi mum and m ni mum bias currents, Trmax and Imn. The bias current
val ue, I nr, i yottheen(DRHYppwmcifdle preamplhfeernead under test (step 312) and
saved (step 314). ep 312 is.set forth.in greate tail in ElIG 5. At
step 316 the pr ocejg ag%tf%ﬁﬂé,ﬁléespm{){ﬁ%?r '} ﬂ%tqﬂg%fﬁe ’d@‘%b‘?%gqréedﬂ f19M he | ast
head of the disbi@e 156 id ihcriefefiRll byltdite PSPALD 1190p thdRkkhigBest €p 302,

i ncrenenting the head nunber at step 318, and the process is repeated for

t he next head iRgempentgl@utispt iapd themregeseloppebackva pigns 204 ands¥)8e Hengesf or 25 al |
t he heads ,qQf i fve. r ﬁqqi ti <5t . TQ optim ze
recordi ng : engl eglg%ﬁﬁ%e%é?%gls%%?ﬁlgéﬁ@ %Iﬁggée ri vegl%elrsrglagsg}e}%g%%tﬁf recordi ng
by whi ch the dogciotmedrbyppeps 206, Q0 amd 2irdadritil yhedireaapiifisttis irigaedaad did
information is recorded at a different trequen%é in each zone. The opti nal
bi as current valugefihs biay @ureal Imprat figgering ihasediatsiam 4100 The hgad zones. An

19 MAR 2003 1%es?§?£rk:9@%iue}’ﬁﬁﬁ,% icBBulQJed%??l?&éo‘?l%ﬁér %&grz"fl%ﬂ tﬁé‘lﬁdzs!is%f 4 _
separately tunes the bias current to different values for each zone. This
may ?e ac;:orrp:t]!lsﬂlmjh@lyl vwltagﬂhqf thopmamghﬂl_nmnrirtbc:md Emslcutrmtstrénp s?fh@ totset a
new target _cylinder in another .zone. i.s | oop back may occur er step
D74 to Peds"Y heiEeg BUETS e o e ot ke A B FREbor oy IS tSFS
occur after stepe 3dfusedthat all the heads are tested in each zone

sequentially. In any case, the optinmal bias current value is set for all
zones. FIG 5 il udficatlesbigs eyredt and heagresmstaniceyelugs for th sedectadhead ard ng

range establishe | max,,and. 1 m n has b stabl.i shed.al st 3 t he
previ ous bi as S%e%cﬁfvﬁrctgﬁ&o%{lqcﬁjgwws’ ﬁ?&teﬂg‘i@ ‘gtﬂettﬁeéélm Begfds {hgslgsggﬁadil%t step
352. The pri orhddissdevd. g is HeY, the précesaloofls batk@aag endrétBerits!t tAE nBXtOCESS 1 S
aborted and return to the prior bias current value is required. It nmay al so

be useful 200 d&ebatstw Didawithihe pigeess spneating for Hianexpheagdp sevathe biasand

di agnosi s pur . : i tAl r.edet erm ned
val ue, such ag Bﬁ%ﬁnénﬁ‘ﬁ]g?%}gegksﬁgé? \g;sl?(%bf?ggéélgﬁ%ﬁ? %Sdéi@%glt %Pasnﬂé %n st ep
354, the test ddtairtahiah isanadeut atep @0 B dex therladthead hadeemteatedgthd pfatesp 356)

and an error rate is sured (ste ) ,based on the success of the read

oper ation. A GBREHSR o LR indOp o) LB oS e Basncr b1

conpl et ed usedpidie bRk hehlE (RIPR il If o Sord/Feason, thealed@ id bt bRRedtunkiRg range
| ast incremental bias current val ue,

(e.g., Imax). If the test did not use
t he procegs 2@idcalsiys, thaokocess loopsgtharugh stehail 8 te the nigkthead and epntinuss as

i ncrenented t th% gext i ncrenental value. The process is repeated through
the entire tu eﬁcdl nge between Imn and I nax. After the increnental bias
currents have been B#ed 66l thaitedd i3Rtdnee Rm# chilesldled afktef 18 Sor@actehed, at step
362 providing the error rates for each increnental bias current val ue over
the tuning rarigeaximynylias eyrkad Tggvmay bedsternyned. « Ehe calqydated pagyimum; n t he
formof an in | : Fent ! r t i's
selected fr om\{)?%sz&lglr% ir?g\glalgéfjirs\sétg renB [a\%ézaga gés}q%ér)g%f ousfa?/ Ivglggﬁfrﬁl té@g .15%‘?1?‘
particularly, the bias current values) having the |lowest error rate are
identified, and if nore than one bias current value is associated with the
| owest error rate, the bias current val ue m dpoi nt between the hi ghest and
| owest bi as ~ g MAR 2003 13



-current values having the |lowest error rate is selected. If the nunb f
increnental bias current values in the acceptable range is 4nQe Rn r,
the range is adjusted so that the number of bias current values in the
acceptabl e range is an odd nunber, as pr;viously descri bed. The sel ected
bias current is the 5 center increnental”bias current value of the
accept abl e range. The present invention thus provides a nethod of selecting
a bias current for a magnetoresistive read head |10 for a disc drive 100,
in which a naxi rum bias current value, Inax, and a m ni num bi as current

val ue, Imin, £bioselst thedigheshbissrarcabynalug i theitabls thatedoes Botpapeadtha range of
bi as current ”§®“ . &ﬁ% . I iteratively
per f or med usiﬁ%ka |P@gggﬁ%&%%gé'?%?ﬁen tvalﬁgﬁggéﬁggﬁ%ﬁﬁgﬂgéf¥br each
iteration. A remachteouroe 15@tocapply the dsasrcede@SBnt, 6y the hedd havansg therselected val ue,
and a bias current j5 selected based on the read. error rates. Conyveniently,
the read oper X?lpﬁngna?receﬁéﬁcbﬁcmtaﬂ?sa‘ﬁB}ayﬁ’ﬁéie?‘ %‘i?éﬁ‘li%eltﬁ}e. slegiesed bi as
current val uegjskQuirit bIRAE or idfe ARfifioTR iMki@Sertd froi8 The MR haxiaRhect ed by
identifying the 15 bias current value of each bias current value associated
wi th t he | owebiasceaente The headtesistaneriamslshagmunpbinheurtsnbgalyes are stordskised on
the identified,bias. current .values.,, I1£ nore than one.bias .cu t value is
hssoct ated w PROTRCn BOAET iy Eeitduptlor TR SRR SRR EIGY 407 om an
accept abl e raggesof val ues between the highest and | owest bias current

val ues associated with the |owest read error rate. Mre 20 particularly, if
t he accept abl e randdtesthoyapiiBancaimingsumbiasdarsnindies dimananddmint al  bi as
current val ue e i as.C [ bi urrent

val ue cen?‘ér egrei StﬁQ? ﬁg’ %‘gg‘%“g‘?%g“}“gg }Saelr%{e)ﬁa{efl ‘Y%hhgtﬂgglcaé{%ﬁ% ﬁ’zasr“%‘ﬁ%‘e’gi S contains
an even nunbekalaé being ties@peslimad fulestuningaangerigd themadnugt eds &wrénncl ude one
additional increment from outside the range_and the sel ected bias current
is equal to tNaluppgigeshy loyer amit afdhgengs. Ead ingpuentabbiasewABe range. The
maxi mum bi as gk B %meb & dod B8 101 b t ] . axi mum
power for thewh@g@%mdlgﬁengn%odggnéﬁn{to, h? gHEL:easto ue?f;oglﬂt(?i rtgé)ﬂt)é;bgg dglgd i's

vari ed to i demtithfrgad teeoveny cieerent %2l frdm dise comfroating diat Ue6 (HiGt 1cfmreaties a

vol tage across t.he head exceedin redet er m ne reshol d voltage. In
oot har eRbodTeH PO, ST TORRtS ol RIS L QHER R e WD Led o t he

head to gener ghGyRrdd? dkadOiduatentiBod® TRARAE érhtfiérﬁraréﬁ’&forﬁﬁ@i tltu'aﬁgﬁ hreshol d

voltage is adjusted fromhigh to low until the read voltage exceeds the

t hr eshol d andtherdngjigeiugingpenget to darivd a sdiof sonp mednesquareertasichugsbodi ment's, t he
maxi mum bi as iur{eﬁt va%ug hs.cg qylﬁﬁpqlfr§n1ghe g ﬁﬁqﬁgtgrnigeghnaxiwum
power, the bi <PEG ¥’é}ﬁets ARHE HETPRPEN oY ot 8§g§ P OHR®E ST of *f he

i nvention, theontdliefidentifiesSandueleeRithat indrémentsl bigheoulriehi RudImy,a¥othng a bi as
current to the head fromhigh to | ow, and nDnitorin? t he read recovery

circuit 132 t éablfel thatis agieeiatediihe lowsslerras seig as thedefaulti hiasjonrensvalvapl e to
synchroni ze t chRe i I | i.on has

bgen descri beg&‘r V}AH?‘ %dépgﬁé%%{ﬁ?% cggg%%#\%%ﬁ%ﬁ@r}gs@ﬁgég@ggm@é?%ﬂr‘{? for an
MR head i n a nmagnetWiereivee otimbreancreinestal biks tiuresht valutdwere asdociatdd witlecogni ze

that the present. invention be practiced in other environnents where a
bi s curront - 01 ISHENFRGE Eebe SAolE Ut 1o PGk Ba U RO IBHEO N | e ¢ he
i nvention hasBgREn @RSIeWVeReHd hiphR§HSAGEAEMAILINM sltrddtsiRvligSthe HveiEerdiVi NG @
plurality of disc surfaces and a |ike g_l urality of heads, the invention may
be practiégd waies: dlenckythe highasjland dgvwvest biae aurreng valyesihaving the lowesberrainder st ood

t hat even though rous characternistics and. advant.ages ef vari pus
o wont & oF e T TR A A AL B ERonP B UGB SARRs Bom RBLRE ¢ o ng
descri ption, hdggdifeihcrhichtatieilaé isseRbtel NEhe tanigs bbhcepiabledad diid@hi on of

vari ous enbodi nents of the invention, this disclosure is illustrative only,
and changes naglupeispefrourss, withiathe range defined by, imax apd dmay. oIf gie mipbest ure and

s e oS rag gie IRt ure an
Ful 1 oxtont i RENETentt bt adcoall v Afihh B ot ndfr g Rtom BT BIaE 1 /0 1)

t he appended cl ains are expressed. For exanple, the maxi mum and m ni mum

bi as 25 current values may be determ ned by any of a variety of techniques,
or may be preset for one or nore of the heads of the unit, and can be
determ ned sequentially with the same circuitry or by parallel circuitry
depending on the particular application w thout departing fromthe scope
and spirit of the present invention. The process may be perforned at
startup of the disc drive, or 19 MAR 2003




15 periodically during operation of the drive. Other nodif |1:@ MAR ?803al so
be made wi thout departing fromthe scope and spirit of the present

i nvention. 19 MAR 2003 16 WHAT IS CLAIMED IS: 1. The nethod of claim 10,
wherein step (d) is perforned by 5 (j) iracrerrentally st eppi ng the bias
current value over the tuning range, an& (k) for each step of the bhias
current value, applying the bias current to the head. 10 2. The nethod of
claim11l, wherein step (f] is perforned by (g) identifying the bias current

val ue of each bias current val ue.associated with the |owest. read.error
rate, and 15 (’WTergé(F‘E‘EtaF CFWQr?)ﬁ'SE a%??éﬁtra‘%s‘éaeléﬁeq %mﬁFdﬁﬁPﬁ%“’éd bi as

cur rent val uegyrch vEIue. hDAmér il Binds MG ShcbpblRirabl) s schiles 20 (i)

i dentifying whether nmore than one bias current value is sociated with the
| owest read enumben thtes theagrdor(rpfes adfsoantey wothathd inmsenoental entrematalieesi s

associated wth the | owest ad error. rate, .selectin he bi as current
whose val ue ewglaf%gﬁ?ﬁ?nggn% 3&’.&;‘_1815‘? ?‘é‘#}?ﬂté}aF h@,acﬁ?pg?hi? Iange ﬁf?rt@klet%an one
bi as current uab bensiderfondfiisdlb@hgthé BefbleidcRiRmtal bRAGuREhtO/alueat €, 19 MAR
2003 17 (i) defining an acceptabl’e range based on the highest and | owest

bi as current val uedaiapatiguiery, Whske e aceenable rapge eentains amaven qumbersel ect i ng
a bias curr en%lf i)\ﬁ%xlie:rjxfenlisg e ??ﬁgsgﬁsgé)éiaitﬁc[ ?r%?he déellﬁsi %rq;hgeln dhqﬁoqﬁtﬁ{ieetgxl aim 10,

wherein step performe | r nunber
of i ncrement ahcdep@ableqtfigendit exahidedto iderdttTy tiag egpbiabarérangre (&nd (M

establishing a size of the acceptable range to an odd nunber of bias
current val ueBetween the two bias current values adjacent and outside 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.



+ 15 and step (i) (ii) is perfornmed by (n) selecting a bias current whose

val ue equals the bias current value centered in the adjusted t %PI 03
range. 20 S. The method of claim4, wherein step (m is perfo ﬁgaﬁgy éﬁ%

i denti fyi ng whet her the nunber of bias i%rrent val ues in the acceptable
range is odd or even, and if the nunber “i's even 25 (i) identifying the one
bi as current value having the lower read error rate fromthe two bias
current values that are adjacent the highest and | owest bias current val ues

associated with the_| owest read error te and outside f{he acceptable
range, 30 19 MARFM@D3* and 7 preylloppeharts W&afl%thﬁéﬁﬁﬁﬁﬁﬁioé(eﬁiélhge based on

the one bias GUIficBly iyt BIENIriderfl MR Bad Rkbldingnt BRsgite Of the

hi ghest and | o i'as current val ues aV|ng t error rate
not adj acent fhventore nisawefemed dorm oftheevebtith, thik pravesshie derddrmeiddiyrdisO,

wherein step (.a) i.s perforne | denti pr edet.er m ned Xi mum
pover for ¢ he s rmBa hefiihs it WBve saemarndrunty B Moo Al coHent | 1y
bias current ¢ degﬁ‘srk%reaieaavlﬁl wﬁich@lgaeteagwggeb&%mqst@ 86@1 Alisavell
predeterm ned threshold voltage, and (r) calculating the maxi mum bi as

current val uekbawe,ca Mmt-ihels dstipaddyyethe phiralgy Oﬁﬁmkﬁmepmmch dispeutfagent i fi ed
bi as current an m ned t.hres t hod of

oo e e B aRRgEAT hE BB Bodi T EOIRE Seitit AT A xR B OY OF

head from | owctierftivalueUtidx, afid® mishivagBiageiess vhine, Ihﬁﬁ,ohremehﬁﬁag@sr s
operation of a read anp lifier, 8. The nethod of cIa|m10 wherein step (a)

i s perforned Bgscgigyd P‘?fé/ﬁt(ﬁtﬁglﬁﬂ@ dn gpeefered formed theiveriipnpthgdiele®f t he head,
25 (t) setping g 1*3'&:9@%&‘”%?1{%&1& %tﬂxgefﬂggﬁohﬂeﬂ o?tt}?e dsc’ &J%\;eaa(?l‘a jgcross the

head, (r) varying a res a read anplifier fromhigh to | ow
30 until the gwkddkigehadicodtvd fablendhd value@d &msx Beefatabbncaddulitbe fanpl i fier,

and 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. Ifit 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



©19 MAR Q003 19 (v) calculating the maxi mum bias current based on the
predet er mi ned maxi num power, the identified bias current a d t %@ﬁ@old

voltage at which the anplifier triggered. 5 9. The nethod of Cc

wherein step (b) is perfornmed by (w) varélng a bias current to the head

fromhigh to low, 10 (x) nonitoring an |Iity of a read anplifier
receiving a voltage across the head generated by the bias current to

sustai n operation of a synchronization clock, and (y) identifying the val ue

of the bias current when the read anplifier 1 econe unabl e to sustain
operation of PREONY ¥Rnation®! the praeess SGFLECE’I"&IE aéel%\arﬂlslé(st%rth%h‘tasf or a

magnet or esi st faead i e ﬁngg j : 0 (a)
i dentifying abl\r{rlgilfﬁnﬁﬁﬁf bi as V%ﬁgsr %rr]f[é h%o{f}g ?grrsnt? e hdecggxﬂgl(l%ﬁeal%gesﬁgyl ying a
m ni mum bi as tepimgthe peicass Haok td $tep Bl se(mmevdwrgmicym@rﬁmanmgerrzange of

bi as current | yes ed on the, 25 mum.bi as current
valves: () i SBIOTR B T fshri e oit At et e b GPHE aPder SR wi th t he
head usingsa gefdedr &tndbY, BEmaY bEQR aft¥RdtsE3 f64o BACH tht BEALsiaftestedtn DI as
current val ues extending over the tuning range, each iteration 30 producing
a result; 1eaghvone reqpenErIbO Inany sesestie ongmal bianeireant walue istset fossbci at ed
with bias cury, %Q% val ues over the tuning range based on the respective
result produce uring the respective iteration; 5 (f) identifying the bias
current value of ealxh &ilmStrawstepﬂslzlmlgr&tas&mi Afest theé tuidghangowest read
error rate; (g) (ﬁ ng whet her nore than one bias current value is
associ at ed W pﬁa‘qlwge anchlmig hag,peen gsiablished at gfep A1 0,ithe prgvipus h@s bi as
current vajue [ ecting the
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rate, (i) defini an accept abl e r.ange based e hi ghest and | owest bias
current val ueB'f nl%pq@xr{q%v B?\éserq‘PEfgd?@F‘%Pls? ;gse bljo sAYe the bjascurrerti i ng a

bi as current V@lheﬁlstd?ytfmnﬁﬁfcﬁm%tahedra@ﬂaﬁspl?ﬁéosie; A/t\sfegtz;h@%@fna@el ecting a
bias current for a magnetoresistive read head for a c drive, conprising

steps of 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 (e.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



‘(a) identifying a maxi mum bias current value for the head by 30 (i)

I dentifying a predeterm ned maxi num power for the head, 19 ﬁﬁ @03
(ii) varying either a bias current to the head or a threshol dval a
read anplifier, between a high and low, (yntil a voltage across the head
generated by a bias current triggers operation of a read anplifier, and 5
(ii1) calculating the maxi mum bi as current val ue based on the predeterm ned
maxi num power, the bias current at which operation of the anplifier
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current val ueifc@émédifl HigAshirehtyalelRfih @ ceptiBle tahge P ef hulibas tikdir r ent
val ues based on the 15 maxi mum and m ni num bi as current val ues; (d)

iteratively p&gsinadiasted 5 Whatthe nymber ofdbias cypentaralunsdn teragoentableead using a
different bia r. for | her.af i t i C al ues
ext endi ng ove?a é£ ﬁ%‘?‘yn‘gd‘}r@eﬁg%prg‘gg‘%ﬁ’ {lgsrc g@%dggnfoég %rc %Sﬁzﬁsn"é;‘%ﬁ%éﬁ/uﬁ t; (e)
measuring f reatecht@mentl biassseit ¥ukd oftHelucbéptsbletahgent val ues over the

tuni ng range based on the respective result produced during the respective
iteration, and 25 (1} PEESFRICIVER{IOR tBRsBroyvisies érffletg%éegseéwup&é BigSQPIERY or

rates. 12, A TRAEMo SRR RO A0S e v W00 BARR RORS g Ve T ead
ead for a 30 disc drive, conprising steps of ~'g M AR 2003 22 (a
i denti fyi ng abmmaximennviiuasimey areiy muainum Hias curtest vedegl 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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current foy arRBEBRliREERLSHuMEpIVRRGhSBIBS Rt shddhsthrdhbMR oI i sing: (a) a
threshold circuit identifying a maxi mum bias current value for 5 the head,

and a m ni num bi asIncenerferm of tieuevention, ttheemindmgmt lhasdainient Imin, imidengifrednge

based on the paxi mum and m ni bi,as.current val ues,, the tuni r gnge
containing a B M?‘éﬂ‘%gt%/&&? CW%w%r}beﬁg %\%ﬂ Elgb;to ?‘B‘)’ %{{dchP?lwgg}E%é‘?aat or
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recovery ci r ctvinghignize gerdatpgrleckstgngl operation with the head using each
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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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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 @) 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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5 (ii) selecting a bias current value in the acceptable range.

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

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

10 (qQ)  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

(r)  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
t) setting a bias current to the head to generate a voltage across the
head,
(9] 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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maximum power, the identified bias current and the 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 a
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;



1000 1000 1000! @ T 10%0G0& ()-!1) T 109808C& ()-! 10% 'é)Msl@ 03
10930G0% () - 3z 109%0% () - MUUUVOWKXA ?MP1, 10Q0Q0 |, 10%4&'()-3!?( AR 20
10% (& ()-3@10% & ()-m @10% (& ()- 0% & ()-$, 109% & ()-ZX5zZ[\ X]]}[ <MP1,
10Q0Q0 ) 109 ()- '@) 10% ( (& ()- ! 109%& ()-1!; ! 10% (& ()-I

109 & ()-m ( 10% (& ()-nj ~MAMAE “uSL 6%z 10%=& ()-!1z

1098080 ()-109%0% ()-" 109%0% ()-F 1020 + 10.+. + 10.+ +IN ) 10% +. +& () -
*abPcddf z[ 9uSl, ! 6% 1) 10%38&'() m 10%&'() FI; 1 109B0BO% ()-F 109& ()-mi,

10980B0&' ()-m z 1 ©08! 6*'1' o/

10%& ()- 100 100 R 0o micis }t%g'%?g ? &Sﬁcwﬁ%ﬁv@?ﬁa%%yf@{éivgw&%
10%<& ()-s! D 10%8<8<& (e tahifykdEwAsed dn) the resp@itivé’rdshit produtPGisiig(the
10%&' () - nNooppppppr $4, llo%)& () -#10%& ()-m 108<8< 108<8< 108<8<! D (
1098<8<& ()- ( 109%& ( Yespegive l@%oar <& ()- prLrisstyu}[9rS4,!116
109%PbPb&' ()-!, 10%Cbe&' ()- 10%& ()-!'1 109%KbKb&' ()- 10%-& ()-!1
10%<bKb&' () - yuuWww. x_y yayby}"SH=,1! 10b 10b 10b 110%h& ()-9% 10%& () -
9% 16%bUb& ()-:! @% 10dabintsg (he-bidskiededt ajuemfiegchbiavcurrenkvd@; ! |

o/R' -
1010%& () - | associated with the lowest read error rate;

(2 identifying whether more than one bias current value is associated
with the lowest read error rate; and
10
(h) 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

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

read error rate,
i) defining an acceptable range based on the highest and
lowest bias current values having the lowest read error rate,

20 and
(ii) selecting a bias current value in the acceptable range.
25 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

30 6)) identifying a predetermined maximum power for the head,
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voltage across the hea 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
predetermined threshold voltage or the threshold voltage at
10 which the amplifier triggered;

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

(c) 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;

(e) 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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5
i) varying a bias current to the head from high to low,

(ii)  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 (c) 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

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

30
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(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)  acontroller 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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