; wxe3eh4de| 46T4CK) i uewrm -1 ABNORVAL MAGNETORESI STI VE ELEMENT DETECTI ON FOR
A DI SC DRI VE |11 NAAI ~wA This invention relates generally t‘mm,m’mm‘mmﬂﬂof
magneti c data storage devices, and nore particularly, but f
limtation, to abnornmal 5 magnetoresistive el enment detection fggs@ di SC

drive. Background Disc drives are used f-dr- data storage in nodern
el.ectronic products ranging fromdigital cameras to conputers and network

systems. Typical | \BNORMALVMAGNETORESISTIVE PEENEWNFDEPRCTTON and an

el ectronics portion in the form Oi?(ﬂlﬁrlbﬁ(?ﬁlﬁ'vrli[wit board assenbly that
controls functions of the nmechanical portion while providing

comuni cation interface to a host being serviced by the di SCJM""H’W’H"”W’U"L
a

Typi cal ly, the nechanical portion, or head-disc assenbly, ha

recording surface rotated at a coFsdl@ef tHeda®entioh @ spi ndl e not or *#8BBnbI y
and an 15 actuator_assenbly positionably controlled by a closed | oop servo
system for use in Abicéawnten idkuesgeendlydathe ficlhef megnssic detasieragshl y conmonl y

Gt a1 rom 1 ho ey iengoie BArleBES e BT Wy Rl i) 65 a8RBel o TCaal write

head uses :n maghbreyistiwl Gemait derttiod for @idiscideiver i te data to and a

magnet oresi stive el enent, or 20 reader, to read data fromthe recording
surface. The disc drive market continues to place pressure on the industry
for disc drives with increased capachﬁkgg"nnﬁgher data rates and | ower
costs. A key aspect of achieving |lower cOsts Is an identification of

mar gi nal conponent Pisasirwas drg uasd for detaistarhgel in mddermeleetfomnod proidugls angmess t o
precl ude need rual of additional 25

rewor k oper at hgﬁzdlga‘gﬁ(i Sl Efb?ﬂmlﬂil?fé és E%t.wog QX%];G?I??SE: ;'r Jp%gﬂgg?ﬁtgﬁdarg% go;it !s>c/
O oo ey TRAOE! RREbie oM 8 clentcAFtos b ekt e, passes
costs associ atieshitbaahl sssersblyphacestsals fiartdoneofthe meolmini¢ab porion ovhile

providing a communication interface to a host being serviced by the disc drive.

Typically, the mechanical portion, or head-disc assembly, has a disc with a
recording surface rotated at a constant speed by a spindle motor assembly and an

15  actuator assembly positionably controlled by a closed loop servo system for use in
accessing the stored data. The actuator assembly commonly supports a
magnetoresistive read/write head that writes data to and reads data from the
recording surface. Normally, the magnetoresistive read/write head uses an
inductive element, or writer, to write data to and a magnetoresistive element, or

20  reader, to read data from the recording surface.

The disc drive market continues to place pressure on the industry for disc
drives with increased capacities, higher data rates and lower costs. A key aspect of
achieving lower costs is an identification of marginal components as early as
practical in the manufacturing process to preclude needless accrual of additional

25  manufacturing costs and costly rework operations in subsequent processes.

A critical component of a disc drive is the magnetorestive read/write head.
As each read/write head passes through manufacturing processes in preparation for
use in a disc drive, costs associated with those processes accrue and contribute to
the overall cost of the disc drive. By measuring characteristics of the read/write

30  head throughout the manufacturing process, defective and marginal read/write

heads can be culled from the process before additional costs are needlessly



the overall cost of the disc drive. By neasuring characteristics of the
read/ wite 30 head throughout the manufacturing process, defective and
mar gi nal read/wite heads can be culled fromthe process before additional
costs are needl essly -2 applied. One such characteristic of concern is

t he resi stance of the magnetoresistive efenent relative to a range of
accept abl e resi stance val ues. Hi gh or | ow magnetoresistive el enent
resistance vajy Eﬁ(gd which are not within the range, are 5 consi dered
defective. H gh resistance can indicate a discontinuity in the

magnet or esi st ve Deaigh Ch@&@l@@ﬁlcmf cencegn isi tharesistanee of i snagneteresistivest at i ¢

di schar ge. Lo i G S t he
t ransducer, n% %5 0 tglaegl![II I céa?y%\?/aebrls%?les%g%% 4 ﬁlgﬁgk %’gd testing
met hodol ogi e&nﬁgmtbr@ﬁstﬁbﬂaléﬁﬁn( Renthntleealuds) whichfae¢ act)widiid tHBfavgd, Bregi t al

Buf fer Head Vol tage) nethod have been enpl oyed to cull substandard
read/ writé@ herasidered deierlave fbigh sesistasgeqn indiGatp %%Wn@&tq%ﬁl %®&ch et hodol ogy

has shortcom difications
o the. pr eamareist e ehent R dR By kbl et Bl AR o oo
contribution dlmhmgteheobn xaslsthﬁcecxtdummm hightchrrerteatgerintoithé sansducdrpgndt est i ng,
a substanti aIIy noi se.free bias current is applied to the MR el enent and a
mi d-range fr d&EIQEICHEBBIEEISE the MR el enent is nonitored. Correl ation
between the test r@&%&te%a&&alﬂﬁ%ﬁd%gl@pmh%mwmﬁl HeRr for mance

of the read/wite head in a disc drive environment is tentative. 20 The
DBHV net HOd uBufféredysind DRIAW A Dagital BuffgpHead Vyltag¢q\, mﬂ@ddlaw bednt dmployede

application specjfi.c. integrated., ci i sc.dri

conparing a ntg hts‘é t?”@?’f‘%@@&/ &'H%f%e?af thﬁS& H@t08§se %vfeiv\‘?E i p %ﬁi@ﬁ?oq 0 a
pre-set trip éé@lll}@%dogquﬁs shodéaminggat i on error inherent in the

measur enment nethod, a probl em of inaccuracy arises with use of the DBHV

met hod. Typically, ThdiéHBlmthstbodqlw ﬂeﬂuwmxmswgm@gﬁcaélbnbmhﬁ hee- st eppi ng

of roughly 6rr usi uant i. | 0SS, As. suc [emain
ond o Soen oIy b fhestf pis BRRNASNRR 1008 e PO T IS B "na
predi cting opgrcalts othe Rt ASHIY. IDirptesting! £ adtisvintiby hisissifed binovethanis t he
di sc drive manufacturing process. It is to this and other features and

advant ages seapplied tonthﬁ elemenhandemisiiransn fisqwmey Fespprsssditie MR leprin ar e
30 di _rect ed. ? o}(e og%?atloﬂ\ﬁg%éeg Qhéot%g%&'@ Io'f He%ﬁmﬂrr?étﬁ&{o?%
e p es stive el®nen

enbodi nent s, resen Invention provi magnet Or esi

measur enent  candcidtual patdrirgucest the feaﬂhaﬁa hear@nraechscsdmmvuonﬁemﬁs a
magnet or esi stive el enent biased by a current source is disclosed. In a
preferred enbiaRHERt , t he magnet oresi stive el enent neasurenent circuit

i ncl udes e mgnew]gﬁw BUROBLEITERL: col e NpiSpTRRIR A il xed

current that biases the nagnetoresistive e on activation of at
| east one curapplitatinnspesiiis igegratet ciscuihASIE hétheidisoudrive, for nempaningent

t t th the b t t t
Cl actrcal paPBLEH RUAES SEPRPORe YT RASCTRY She Poprdt P Wt Dl

through the ngasgagiRMonadl ﬁﬁlefenm th@nfetdréAstt Mebthad, RipASHIEM
magnet oresi stive el enent. Included in the neasur ement circuit is an

anal ogue vol tingecutisyecisey withuse dfiths DBiBamethed. (Tiypically tthgé-bitceting in the bi ased
agnet or % st (}it%ge allows the stepping of roughly 6mV, causing the quantization loss.

As such, challenges remain and a need persists for effective techniques for
identifying, testing and predicting operating characteristics of read/write heads
throughout the disc drive manufacturing process. It is to this and other features
and advantages set forth herein that embodiments of the present invention are
30 directed.

Summary of the Invention
As exemplified by preferred embodiments, the present invention provides a

magnetoresistive element measurement circuit configured for measuring resistance



10 elenment with the nmeasurenent resistor switched out of the circuit and
then neasures the voltage of the circuit with the neasurenent circuit
switched in the circuit. Each of the neasured voltages in conbination with
t he neasurenent resistor are factored together to determ ne the resistance
of the magnetoresistive elenent. The deté&r-nmi ned resistance of the

magnet oresi stive elenent is conpared 15 to a resistance range, if the

det erm ned r esf Shageforesistivieldidrierlt BRasEEHPE clifiéht RBEOS1sAifIdsell] Mea €l enent s
in an operative state. However, if the determ ned resistance is outside the
range the nmagprefesied sibofipeens|thermagngteresiptive glemenspesasuremenieizeuid incipdese and

various ot her,features and advantages. which characterize th r.esent
nvent i on, i F TRENSREAPHNe SFPBH 2% Plnent ibites PSS st S B PREE 20
description ahd niagheistedintioé clehRna IFm atiestidl ¢t f@st onBloufrtntdepadsi pti on of
t he Draw 2§gs FIG 1 is a top plan view of a disc drive that incorporates a
read/ wite wi $Witch Witlyn dhcoriecditss measuseraeht mesiterronimtcates with fhetiased a

pr edet er mi ned f i HSAQL L A8 8152 an Ericd b Glrlrfliofl! 396 ALLOLuidhy

enbodi nent of "a®nmeasurenent circuit used to con e resisStance of the
nmagnet or esi st splies idefiewd thefugh ftiee mieasuradieny eesisforfwiile chntinuihg tobiadiihe t he
Erbodi ment | of ASHGISHFBIRAITGY. eRlsin DedasasreRsAl PIH IR RS tance of
t he magnet or egiisol ' 16 It Isifd Nt he
pr edet er m ned%lﬁ%ggﬁtgﬁg?@ﬂggﬁnﬁ%&%ﬁh? go gargf ?égwg%haerbt%sg rﬁé%rlgeigfe\sﬂtsgﬂ%e

measur enelt neleient With theeassuicmgnt fesistoe swisthed oat of the kicuibgmcthen esi st i ve

el ement of FIG 1. - tai.l.ed.Description Refernng to th r.awi ngs in
Gener al , Cand TSPUTG5ARE LA DF 1 croRR ctitihe Sigvero R CUPH FRtEhedh (A o of a
disc drive 108rc@¥ Fach of Blenfhshied BT SeD ifSorRbiARich Wil lRABeAfeheRt _
constructed in accordance with the present invention. Nunerous 5 details of
and vari at i onesistor atehfactorpdgogaiberito detefminh ¢hediesistanied ofdhd M@ grateresistivd ncl uded
in the follow,n escription as such are well-known. to,.those skilled in the
art and. bel | BORRG rhne oo Feg e B e Bearcl PRI AT Rbtngrl ot

i nventi onts The Liesistaféd raBge @Othe detetifiasd feshitmed ackitHid ZhStappOftei Ng vari ous
data storage device conponents, including a spindl e notor assenbly 104 t hat
supports one Bagndonegptevegleraentys w angperptive siateaflaweyies dEthedsterminging a di sc
stack assenbly 1f . di ' . - S y two,
recordi ng sur %@5% a%glciﬁg)%&&%‘l] tgg 5%1%‘8‘ tt %g%%é&ést%@%%gesngée}l&ﬁ 1?} q%)g 'ollbguéxﬁ ead

stack assenbl satk1Theq) Bd vatidbey sthek fegtufes afd adeintiges wiidiselibdcydrizehing pi vot s
about a bearing assenbly 112 in a rotary fashion, The actuator assenbly 110
i ncl udes an aPHesY ivention, Wilj bepparens fram a seadingof thetplloping deaileghi ch in turn
supports re I q:ﬂ%at‘é ; i : the rotatabl e recording
surface 109. @%@%‘%‘%’ﬁ a evﬂeé}g%t’;\t%%sgﬁ@gﬂrg gghgv{bL%SQ is divided into concentric
information tracks 120 (only one depicted) over which the read/wite head

118 is positionably | ocated. &P,e i)nf ornatign tracks 120 accommodat e head
position control information RAEEPEsFrinsionpitheDEa¥mMes, 20 sectors (not

separately depi ct egiG, 1B8WeSPlah RRVESDLHLE B vEMYONSAPbRAKSE aFeal/HatAwRECE O S
used for storing data in the formof bit patterns. The read/wite head 118
i ncl udes a r eatagnebrssisiive ¢lawentoopirmedioybeshitvin p poddetasmineddhrgshold and
| ateral ly grom a witer elenent (not separately shown). The witer el enent
wites da%a t B1¢fre concentric information tracks 120 while the reader
el ement controls tIRGPRS 4 ¢tirdtittHagtmQf ah BRILbEAIGS 4 RichRRemdnt 8irb@t at i ve to
the concentric information tracks 120 during wite operations. During read
operations t heseddagenfia) basenistanea@f theanagretasesistive elerrnenf the discririor @bt i on
tracks 120 fOg @3584S, iifin udlderlMfheaiiIaTlgé! Ced by the disc drive 100
and for use by a servo contr system

FIG. 3 is a circuit diagram of an alternate embodiment of a measurement

30  circuit used to confirm the resistance of the magnetoresistive element of the disc
drive of FIG. 1 to be within the predetermined threshold range.
FIG. 4 is a flow chart of a resistance measurement method for measuring

the resistance of the magnetoresistive element of FIG. 1.



The term "servoing" or "position-controlling,"” as used herein, neans 30

mai ntai ning control of the read/wite head 118 relative to the rotating
recordi ng surface 109 during operation of the disc drive 100. Wen servoing
10 or servoing on a selected information track 120, the actuator assenbly
110 is controllably positioned by a voicd-coil notor assenbly 122. The

voi ce coil notor assenbly -5 122 includes an actuator coil 124 inmersed
in a mgnetic field generated by p.pRRAIesesiphibh! ¥ 126. A pair of steel

pl ates 128 (pol e pi eces) nounted above and bel ow the actuator coil 124
provi des a magnet i Refeiringe theadiowvings inugengead fanflonorg pamignlatlydo EIGclui t of the
voi ce coil notor igz.. Dur})ngv.o‘perfatio of lh@e di Sf dr,i VﬁgS. 100,d urrent
passes throu OVRe"AEPIXE P BT I° iﬂfc Hi ¥ 1& eé’&?fitl% §H]e%fsiac teld,

whi ch i nt er acdérapéd ddvidd)Con¥Baoed irfadebidatéd with theifeséat BOenl NRA&bOus 22,
causing the actuator coil 124 to nove relative to the nmagnet assenbly 126.

As t he actBuatdstails@fand yariatione for theeonguueioned thesdisgdiive W0mrenotoneludgsbut t he
b i | . ing. it h
ot at abl o r cabile Rl RAREA R AhAPHE NIRRT id head

118 to inter aliewd dhnbb@sarpffer thepiuposd sfatekaibidgthelprésest ineaniodi ng surface
109. To provide the requisite electrical conduction paths between the

read/wite head 11BhesHer drieed/Ofrineladesiarbasedeek 102 synpertingsvarigns Jata sigeages hown)
d/wite heag:wi : iy L i 8
[oadluel e NeSicpoRdRk SEIRNAN B G P RS AR BYS, 30

130 i s rdét ednbreaxidlyalignatirotatabld discsal (nfgrhing aadiscstsickrassenmbl§ 108,a¢ach i nt o a
flex circuit gontainment channel 132 d secured to fl connect or body
134. The fle l%ﬁé@tv%% t‘1@43@%‘%&%’“9’%"%&8&S‘B‘?%ﬁﬁ’b-mo during
passage through thgghasedr e kARSI P01 | j ' with a
printed circuit boarjd asse ?CS/SQ( PC%%) B(T%Ot ssﬁ%ﬁv%?%%(%ktﬁf/égﬁggjl f@jq?ggnt ed to

t he under si deefsiretl he abasateatér as8dnblyhthaf pivets about aiteatngassembbnitl 2ahannel 132

al so ort ead/ Wit ignal circyjtry.including a preanplifier/driver
Cor eanp) " 256 e shiopo s ersAor ekt 110 iffie e RuuBurpdiada "t he
read/ wri t1g Ciéuﬁﬂ&r’tsré/loﬁﬂ‘dnﬁh%,r\@lﬂ@ﬂ i’i{tiuh?sﬁbﬁéﬁs Jrilé%d/_vﬁﬂ@h%d I‘ESed circuit board

assenbly provides the data storage device read/wite circuitry 25 that
control s t he eopgspandimng tofthe tetatztde thicardingsuntagel 109 8Therotatable rezordinger

interface and n . ClLr.euj L faor the disc.driv To_assur

cont 1 nual 1y CREBRe | & isAiied il eqrStatiE Ry Prioliatls Mt onPeriipihedd | o
provi ded to egef fBichhé tdadivarite heqin 181ie pbeitienabdy loesed aThéhfemation gt whi | e
the disc drive 100 is in an operating node. To preclude nmigration of

particl es i nt Z0zgcemmorate headposiiprayeniraliniaryiation Hisitien taembgdded vervo 140
o . |
betveon the. i SRl dpatl Aohoblf FRTEALRE ciBeadd spBO TGRS SO

exterior to tdeetoes wed dor sterinkQiita in théfdrm of bitrpaitems e The rdaddirite hieadi 1 &
magnet or esi stjve el enent neasurenent circuit (neasurenent circuit) 150 of

FIG 2, a pailpclyflesaepdsiclomsms fuot separately shawy) ofésst radiplly ang faferglly figm

measur ement  re$}isdk Qlemenf(1d éﬁ’aﬁ’t VI j ' b t age
nmeasurenents are taLeen. %nfté a oggg %ﬁ?&’tg ettexgéci%%ﬁﬂti’g%ﬂ,é@?ihrgéat/mﬁeasur es 5
t he vol t age asomosrgriainfomsation nmgkset 20 ekilsthe veadet elemment cdB8olswhe positioming
measur e t resjstor, 154 sw i ched .ou f the asurenent cirgyjt. 150 and
Chen. meach ecoiherepirtg et (Uefaif o s conronlil Bl AL LTGks 1P EHERE 158
W th the nmeasyriRopetatiofs Dhfhig &4l bp&iforisthé feallfie]éTRa T Yé48RRHa o tel t 150.
Wth the neasurenent resistor |54 switched in the neasurenent resistor 154
and the bi asewnaenjrieindemestionitsagks) R0:foe nassagelts @ hogh@at shwsvn) egrivised by then
parallel to aibi&?s L rerélt source 160. E 0{11 OI t he neasured voltages in
conbi nati on V\ﬁif‘h Ye rgeaél Lf?rel?‘%r}?tyarsggfos%o 0153t e fact ored together to
determ ne a resi stERCRrmfsdriiingB@TPositioRicohtrdEng a8BMd hbkdn, Mé@sdet er m ned
resi stance of the magnetoresistive element 158 I's conpared to limts of a
resi stanc¥® t Hragtiniag contral Réthsaead/writedipad d 48 selativsdoithe ipfatimgaecpsdinge |inits,
t he magnet or egi.&t. &h,ﬁ{ge S . aty . if the
determ ned r e%%r%tE%K@e 'S ocg#gal]fﬁg OF ﬁleel 4}?%‘% %{Ohév P@g%é%ﬁ%&@ﬁ?@{né enment
158 is in a nana sgientat infernmatien grack 1205 theraefuatoradseartidy il Oisrtontroksbilygt ance of

t he magnetoresi stive, element |58 is naqg tH oygh use QE a "du

resi stance” rRASHICRPY RVOIG GOl FRPIFRASTRBINJAL: 30° KPIPE 6OH mPIRS STRIOY n ¢ he
measurenent circuit |50, the resistance of the magnetoresistive el enent 158
is represented by the resistor Rm while the resistance of the neasurenent
resistor 154 is represented by R dR represents the variation of the

measur enent resistor 154. The two bias current switches 152 are designed to
selectable switch in or out the neasurenent resistor |54 during a voltage

o S o —— o o R N A=~ "



In determ ning a resistance of the magnetoresistive el enent 158 each bias
current switch 152 is selected and placed in an open state in preparation
for a first 30 neasurenent of voltage VI, which is expressed as: Equation
1) Next, each bias current switch 152 is selected and placed in a cl osed
state in preparation for a first measurefrent of a second voltage YZ, which
IS expressed as: Rir \R+ OR) VZ =1 A Equation (2) R+ OR+ Rmr Rar ~R ~'

~ - R R -~ OB2wWidtidesBnhcfdltor cBIN 24 mmsrstdih £inbgedtic Heldgeneratétety #0i ng 5
parallel with R Taking the ratio x of equation (2) and 1), equation 3

i s obtained amgnekgssensblyd26n A prir ¢isteel plates 12§£pole preas) gm(uptqd appveand OR +
Rt Fquat i on b(eigo)w éﬁ%t thuatol B9 tl%‘ R}qu]&eF %%?arg%lgtrsi%%llg%rﬂ‘{léa%})e? 1?)? f)a%h dr\?lOT r t The

rati o xhas renove e variratto

cancel s of f trh&gnetiacigcuitaithe asis€cbibiotdra22i Pating opératidn bf thd@iss drike, r can be
calculated as: Rr = ( 1 - )(R+~R) (1 - 1)R+ (.1 - 1)OR Equation
(4) K K K315 0P, quregbpasses thraugh the achistqrapiliR4 fompag 9@ elegiromagnetic dighd,

resi stance of,;t:he: | st ve: g ' f iyl " - ( K-
L i i e e O
measur enent raetuated coil 12460 moes shdtiviet thretrhagnet assemblysli2ét Asche adtudtbe

I St I t 158 b lcul ated f uation (4) and its
g? ? (r;(rat ;);ez |efs ic:q\égfﬁ Ir.r(lacg%gé{l? gmu;gtglg] z}sseemt?lg l(ild p?vo(tas aboru'? trﬂe%%ar?ng assen(lbl)y 112,

causing the read/write head 118 to move over the rotatable recording surface 109,
10  thereby allowing the read/write head 118 to interact with the information tracks
120 of the recording surface 109.

To provide the requisite electrical conduction paths between the read/write
head 118 and read/write circuitry of the disc drive (not shown), read/write head
wires (not shown) affixed to the read/write head 118 are attached to a read/write

15  flex circuit 130. The read/write flex circuit 130 is routed from the load arm 116
along the actuator arm 114 and into a flex circuit containment channel 132 and
secured to a flex connector body 134. The flex connector body 134 supports the
flex circuit 130 during passage through the basedeck 102 and into electrical
communication with a printed circuit board assembly (PCBA) (not shown)

20  typically mounted to the underside of the basedeck 102.

The flex circuit containment channel 132 also supports read/write signal
circuitry including a preamplifier/driver (preamp) 136 used to condition read/write
signals passed between the read/write circuitry and the read/write head 118. The
printed circuit board assembly provides the data storage device read/write circuitry

25  that controls the operation of the read/write head 118, as well as other interface and
control circuitry for the disc drive 100.

To assure a continually clean interior operating environment, a hepa filter
138 is provided to extract particles from the interior operating environment while
the disc drive 100 is in an operating mode. To preclude migration of particles into

30 the interior operating environment, a top cover 140 compresses a gasket 142
against the basedeck 102 to form a hermetic seal between the interior environment

of the disc drive 100 and the environment exterior to the disc drive 100.



In a preferred enbodi nent, the neasurenent resistor 154 is presented in a
sem conductor formand in an external discrete conponent formfor an
alternate 25 preferred enbodi nrent. The voltages V2 and Vi are actual val ues
neasured by the g neans of an anal ogue voltage detector 156. The

anal ogue vol tage detector 156 is contai néd within the preanplifier 136
(FIG 1). By knowng R, VI, and V2, the resistance Rm of the

magnet or esi stive qh%g&@ﬁené@&nﬁadlnﬁﬁ%ﬂa/mbgle@&%ﬁﬁtmewiném nfsgtmen (4) (by
assum ng dR=0). The 5 accuracy of the neasured dR',r can al so be cal cul ated
by appl i cati ovircoit (mgarardnaant CBFuit)NIRG 0EFHr ek iagrined cutrentdbypassswitahesndat

circuit (measur. nt circuit) 170 sho F 3 .is an alt.er r.ef erred
erbodi ment - or Uitd T PRE e ibuttrreaR A 4 af ednoePuliel o Bt del i

measur enent  Gjdltapé nedsPerdéifls e AN e PR Unalghé Voltagk?Rickdr (56, Girshedsardshe
presence of a single current q€£gss switch 172. The remai ni ng conponents of
t he measudendhe velfagegcross 7 biagedemagnaierasistyycrpbement d Abrvitle theangasuremgnt Usj ng

t he architectyur; i g -~ ] V1=l Rnr
bng vi i cnatiobl oA SRR SR it e 130 ad bR readhB e 1T
172, are uti lvoltage adrosiehebiaked magrchresistbicslennee 16§ withehemgaataniani stive

el emrent 158. That is, (with fixed current I); ROR X =yz = ~RR~ R~ ~ Rm
- K + K Equatiesiptor gyitehegyin {be aeasigemsntciiciis 4 59.s With 1Bp megsurempnt resistpy, each
enbodi nent of . r j Lo | 20 has
been found folrﬁﬁlgg?{itﬁgﬁggﬁésaﬁ%%&gfr Esi%%roggﬁr#gq?%?lqﬁ?gn%%{soﬁés‘g%ﬁt resistor
154. 1t W0l | dlememdéB appead as teaistarhim paadlleb o pbiey culesht sourbe b6G.he pr esent

description are val ues | i cabl.e to a.partjcular net or esi stive el enent
155 cont 1 gur at  on EAf cidBeestdgelSes iR Earb GRS RTR S BRSEROT nvent | on.

The val ues gipgeos 854 frelfictdred SSHARE B AdISmHALIL FSIBREE BEthe imddnBioRlsREO8 !
i nvention. Wien practicing the present invention it wll be understood that
a test regi meslement 158 The detarmriacd etsistante bf the ntagnetersistive elemenvl Pasn a nore

conpl ete perspectiv f . esent "heal t h" .apd ture pre%i cted rformance
of The parti cammereg e Baretoredinteld i1 i Sgaiadt AU o o
the partiGul ahe MBEREME NREhebicéRIGE BI8RBAt 15385 in arr Spedtive sthtd NAVGerdreips for a
resi stance nmeasurenent process 200 used in selecting a read/wite head
(such as 118)the¢ determiacd resistagice &5 antsidesthe dignits, the mapnptoprststiie elgmeat] Biance of
a magnetoresistive el such as 158). The resistance measurenent
process begi nlzlaa of %ere{mpg)trs%ag:eéss step 202 and continuing at process 5 step
204 with an openi rig Ofrefetrel embbdipitat, Resistarie fof ¢t mSgetabsidtBeclengemt 1582) to
i solate a measurenment resistor (such as 154) from{he nagnetoresistive
el ement of t hié madgdraugh userpfad'dummy resistagees ipathoduialining/hemegswement 200
conti nue t 1 DN Gt | fi current across
t he magne Ogr ecgfc;ﬁft ﬁ\?g e @Hn%ﬁ%%%g& [ xteglpﬁlﬁﬂr@hth%{}esﬁ%?%\?i&gé%dby a bi as
current sour cagretrbsistbrelfdnent AR mropresentedlbsthe pesiid, R,awhiln theagsietanad t age
detector (such as 156) neasures a first voltage, VI, across the |
magnet or esi st 9iBe BeastEsment resisiorobdrs Fpsesentad PE R ARepeesents the weigionall t he
measur enment rgsi i i: b rek UL rall el
W ih the mgnif srafiiehEnIeiEres: Tk Ay Bhe CRAGHSRAER MybbhbiklaRste
measur enent psebectabie AGhan ot bmithe nehsypened sesigoreid42Ringiatvoltape anal ogue
vol t age ggector 15 neasur menfr of second v(gqlta%e, V2, across the
magnet or &8} st PHRSUERSAE RIOCPAHTEA TBY PRAOGICIONARL IRt HInGHS B3rdito MSRFYTR 28 he
measur ement 1 ashidyoltadl vRUOHEA affiTReh bxtotal fiXd cifdhn LNgoioAR lAnCe R of
the neasurenent resistor are tfactored together to determ he thHe resistance
of the magnetangsoft ov2me,emethe bisticupentsessedb@p 216, a conparison is nmade
between the deter rqnn(ﬁager&?nsllng El?ensclzs?an%]; OHL% mngl51 Qt%tré)sﬁs i%lesefelmve%t 158 each bias

current switch 152 is selected and placed in an open state in preparation for a first

30 measurement of voltage V;, which is expressed as:

Vi=1IR,, Equation (1)



20 el enent an a pre-determ ned resistance threshold range is made and at
process step 218 a determ nation of whether the read/ wite head is a good
part, shown at process step 220, or a bad part, shown at process step 222,
i's made. The resistance nmeasurenent process 200 concl udes at end process
step 224. Although design perineters for-7-he nagnetoresistive el enent
dictate the 25 structure and conposition of the magnetoresistive el enent,
whi ch di ct at eNekt)8adhWif cubfent Sitcht 1BNGE sdIERSEEA plicet i a @lRE®Sthte ih NE
predeterm ned resistance threshold is enpirically deternined for each

speci fi ¢ di scpparation @ adirstamenstreiment of a sesond yeltage iVorwhith és exprdssedaasc e

| evel , or range of acceptabl e resi stanciwﬁﬁi ni &i ch a particular

magnet oresi stive el enent of a spegific i ead 1 figuration
may have depends on the structur e?/{zcor{pﬁktARmahmq pr odu% Lll%{rgl’nggfi abl es
encountered by the nmagnetoresistive elenent during the manufacturing
process. An exarrpquof(Ra_Ft 'c;gRaccelpl)éab/g%rresistance range for ad - 10f
magnet or esi st | ti H 0S4 1.0n.: set o
producti on var |Ylg 5 &+ARIA R he ra'r'l"(jﬂt(of 30 t)ggg#%eﬁgs%ﬁ&éf}éa ébn,?é]r ead
performance data of a particularly configured read/ wite head 118 are

col | ect ed Hveparalldawipil R. of read/wite heads 118. The desired read 5
performance, typically including a margin of safety, is determ ned. The
attributes, including the resistance of the magnetoresistive el ement, of
the readl wit . ' 3 [ r.f or mance
are moasured AAABAEALS RoreGuaRHT Fuld18), ol oKl Rplifea sl chi el

manuf act ur i ngtHedsim ofreasur ement and stati stical process control systems. 10
Accordingly, enbodinments of the present invention are directed to a
resistance measurenent circuit (such Ks ;SQ(nRJsl'eﬁR n determ ni ng resistance
of a magnetoresistive elenent (su _a§/_158)a O rgad/ writ u such as
118) of a disc drive (such as 100). In'accordance W™ h one enbodi nent, in
addition j@ t qsg&g@?{a@ﬁgs&ﬂme iE'cEr{E‘éﬁédoff.he resi stance neasurenent
circuit includes at |east one 15 bi'as current switch (such as 152) used to
switch in and sw t The futio mhdsaamovahthe ivarigtivngh the tsasarengmitslSid); dnddm tihe
measurenent circuit while voltage neasurenents are nade by an anal ogue

vol t age det ect¥icelsoficthe inacquagy caupedby the|fixgd quirentdndhps Kre 8N neasur enent
circuit is a gHEhgRg source (such as 160), which provides a fixed current
to the magnetoresistive elenments and the neasurenent resistor during 20
execution of voltage ndgasurements. It wWll be cldgar that the present
invention is wel R,adafted l)z&ﬂ't/é' ¥ Ke—enbbR anl—advldt RgeEquaioni(@ned as
wel | as those inherent & herein. Wile ffresently ffreferred enbodi ments have

been descyt beg .  0f vt i ] anges may be
made whi o wi i Ko CaERoR (4 Phan L BEIER # e BUTRBT IPCA% TR O
and whi ch ar enmgnaoesstedelemetitie defipdraded cl ai ns. -11 What is clainmed is:
A nmethod for determ ning an operative state of a nmagnetoresistive el enent
conprising steps of: meazgt?gi ng a filst \(j I ﬁe across a biased

magnet oresti ve el enent; Glri V'Et(n’_?_a_ 3{1% ent for conmByuatidn G with the
bi ased nagnetorestive

. AR OR 1
3 mr — mr —_— — 1
Clim =7 =%z “x )
20 Utilizing the measurement method of the present invention, the resistance

of the magnetoresistive element 158 can be calculated from equation (4) and its
error is defined in equation (5).

In a preferred embodiment, the measurement resistor 154 is presented in a
semiconductor form and in an external discrete component form for an alternate

25  preferred embodiment. The voltages V> and V; are actual values measured by the



el ement; measuring a second voltage across the conponent communicating with
t he bi ased nagnetorestive elenent; determ ning a resistance of the
magnet or esi stive el enent based on the first 10 and second volt age
measurenents; and conparing the determ ned resistance of the

magnet oresi stive elenment to a predeterm-fd resistance threshold to

determ ne the operative state of the nagnetoresistive elenent. 15 2. The
nmet hod of cl aniads off dirdnBRigu€ VbR HeteBtos | SPSTRE analsguivaithge detdthd¥Sl 564§ I ent

for biasing the nmagnetoresistive elenent; and biasing the magnetoresistive
el ement with comaippdwithiiythe preanmphierBhEFdGol). cl aim 1, in which the
conponent of the agt| | 2 i t i d abl i .sSwtch to
engage t he conpone%&k:ﬁﬁ&g Ié’l g’c?‘é‘??&ltﬁ%geglas*a}l‘g‘%ﬁﬁbél)%hgglragﬁtgﬁs\%“ﬁ t he

bi ased nagnet glffeht!IidVanhSRERY detdmirdicoyRfubosh Qf) (6y &stitning AR=PNI T t he
predeterm ned resi stance threshold of the conparing step is a predeterm ned
range of r¥si stcanasy of thameasur@ AR, The alse bh calcafited [byiappUcation ofikquationhe

det erm ned reﬁ stance of the nagnetoresistive el enent predeterm ned

resi stance fa )s wi thin the predeterm ned range of resistance val ues, the
nmagnet or esi stive eheigRBordsfitive cldhefPREAutoneens tiddiet (ntdsitemEnecirerith e of
claim4, in which the determ ned resistance of the magnetoresistive el ement
pr edet er ni nedshave by EKe 3 i an #ltereade prefaredrembodinent of thermaesentingentioh. A

LS5 stance l‘z’a'pH%%fy SR TRIBGHAL S RleRrdiRert BRI 70 Sud MeRuRBn? BELAT 1 56°

10  (FIG. 2) is the presence of a single current bypass switch 172. The remaining
components of the measurement circuit 170 are common to measurement circuit
150.
Using the architecture of the measurement circuit 170, ¥; in the form of
V=IR,, and V, in the form V=I(R+AR), when toggling the current bias switch
15 172, are utilized in determining the resistance of the magnetoresistive element 158.
That is (with fixed current 7):

R + AR — R AR
K = ZL = (—-—-—) = Rmr =—+— Equation (6)
4 R,, kK K
AR
where the variation is given by : AR,, = K‘

In each embodiment of the measurement circuit, 150 and 170, a preference
20  has been found for a resistance value of 1000 Ohms for the measurement resistor
154.

It will be understood that the values provided within the present description
are values applicable to a particular magnetoresistive element 158 configuration
and do not impose limitations on the present invention. The values given serve to

25  enhance the understanding of the present invention. When practicing the present
invention it will be understood that a test regimen may include a variety of bias
current levels to gain a more complete perspective of a present "health" and future
predicted performance of the particular magnetoresistive element 158 over the

operating life of the particular magnetoresistive element 158.



7. The nethod of claim2, in which the bias current is a fixed current
supplied by a bias current source. 8 The nethod of claim3, in which the
conponent is a nmeasurenment 5 resistor of predeterm ned value. 9. The net hod
of claim8, in which the resistance of the nagnetoresistive el enent of the
determning step is further based on a ¥8sistance val ue of the neasurenent
resistor. 10 10. The nethod of claim9, in which the resistance of the

magnet or esi stive elIgMBRhowd stbkefofl & t@istardE RtasireBentpré@ke200 iRd iy a ratio
of the measured voltages factored by a value of the resistance of the

measur ement rselectinga readhvrite headhsueheasnld®) &r use i arflige drive (uekeps 10 based

measur enent 1.eSkalohed o Aot BB CRESRIRS Plouch o5 %) 1 3ne ATRGREE OF eSi Sti ve
g. a

3for .
el enent neasuremnrent circu &COI’TDI’I S| ng. gnet or esi SFIVG el"enent; and a

current bypasfiedsutchieht F100éss dkbing 6f y@ﬁﬁ@@&s@@tpazomaubﬁmg itgRocEkOr in an
el ectrical parallel configuration with the biased magnetoresistive el enent.

13. The migneten i with gropsnéng:efiat Msslsunediwsraurent sitah (s4chasdidd todsqlafet her
conprises a b g8, Gl fesRRIF GRS 354 Horh e HBGRESRLENidn{ne BEBIXENT W LH a

fixed bias current.
read/write head. The resistance measurement process 200 continues at process

step 206 with an application of a fixed current across the magnetoresistive element.
The fixed current is provided by a bias current source (such as 160). At process

10  step 208, an analogue voltage detector (such as 156) measures a first voltage, 7,
across the magnetoresistive element. Each open bias current switch is closed and
the measurement resistor is switched into the measurement circuit in parallel with
the magnetoresistive element at process step 210. The resistance measurement
process 200 continues at process step 212 with the analogue voltage detector

15 measurement of a second voltage, V>, across the magnetoresistive element in
parallel electrical communication with the measurement resistor. At process step
214, V,, V,, and the resistance R, of the measurement resistor are factored together
to determine the resistance of the magnetoresistive element. At process step 216, a
comparison is made between the determined resistance of the magnetoresistive

20  element an a pre-determined resistance threshold range is made and at process step
218 a determination of whether the read/write head is a good part, shown at
process step 220, or a bad part, shown at process step 222, is made. The resistance
measurement process 200 concludes at end process step 224.

Although design perimeters for the magnetoresistive element dictate the

25  structure and composition of the magnetoresistive element, which dictates the level
of resistance present in the element, the predetermined resistance threshold is
empirically determined for each specific disc drive 100 of a particular
configuration. The resistance level, or range of acceptable resistance within which
a particular magnetoresistive element of a specific read/write head 118

30 configuration may have depends on the structure, composition and production
variables encountered by the magnetoresistive element during the manufacturing

process. An example of a typical acceptable resistance range for a



10 14. The magnetoresistive el ement measurenment circuit of claim13 further
cohpri ses an anal ogue voltage detector neasuring voltage across the biased
magnet oresi stive elenent. 15 15. The nmagnetoresistive el enent neasurenent
circuit of claim112, in which the current bypass switch controllingly
engagi ng the neasurenment resistor in eletbrical parallel comunication with
t-he bi ased nagnetoresistive el enent, and further conprises a bias current
source provi dinagndlodebi¥@et eradnt @ apaRiculad sirit@urdbesnipRiRtandesi st or whil e

bi asi ng the magnetoresistive elenent with the fixed 20 bias current. 16.
The magnet or eBiodugtinn variables s indhesignsheinio oi%0hms.of claim 15 furt her

conpri ses an anal o I g?ﬁ or I I I agross. t.he biased
magnet or esi sti ve e%gﬁeq% y’\tf\n e? ﬁ)@%%%cgsdﬁpag%gaﬁarﬁ%sl% téoor %%Hre(edlrg Fg’al

paral | el 25 chenduniscied eslleciwdiohet heaniplaseadmahehaidedil 8t Thedadiearsid. 17. The
magnet oresi stive el enent neasurenent circuit of claim12, in which the
current bybasBeréumapes, typicallydn¢luding @ marginiofisyists i defgrmingds The@ttriButeghe
magnet or esi st | SHE s iR ' i : i .
conpri si ng: ah%ﬁla@{ cur ?éés}lt sgg?ce |gggdlo%swtuﬁgg%@h@?ﬁ%ﬁféﬁb&%ﬁ%ﬁent W th
a fixed bias fomrthasampladhat deliverahthadasiredyperfonhimgaradmesutedrandeasur i ng

vol tage across the pbiased nagnetoresi stive el enent. 19. The
magnet or esi st F%}%‘%?‘E‘t‘?e‘ﬁ{"er?é&%&Feeﬁcﬁ)’éﬁ'?v“i‘?l’rné‘?ﬂt of grenglagiupng fest, meagieRRN he

current bypas %@%ﬁsﬁ'ﬂaﬂp?o@cs?@érftro?@ys@éfﬁsr. ent bypass switches. .A A . A

.AN. AsN. A(y. ANLA A T.AC. A Y. Au. A(,~ AH3I T' seR UJ5

10 Accordingly, embodiments of the present invention are directed to a
resistance measurement circuit (such as 150) used in determining resistance of a
magnetoresistive element (such as 158) of a read/write head (such as 118) of a disc
drive (such as 100). In accordance with one embodiment, in addition to the
magnetoresistive element, the resistance measurement circuit includes at least one

15  bias current switch (such as 152) used to switch in and switch out a measurement
resistor (such as 154) from the measurement circuit while voltage measurements
are made by an analogue voltage detector (such as 156). Also included in the
resistance measurement circuit is a current source (such as 160), which provides a
fixed current to the magnetoresistive elements and the measurement resistor during

20  execution of voltage measurements.

It will be clear that the present invention is well adapted to attain the ends
and advantages mentioned as well as those inherent therein. While presently
preferred embodiments have been described for purposes of this disclosure,
numerous changes may be made which will readily suggest themselves to those

25  skilled in the art and which are encompassed in the appended claims.
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providing a bias current for biasing the magnetoresistive element; and

biasing the magnetoresistive element with the bias current.

3. The method of claim 1, in which the component of the activating
20  step is activated by enabling a switch to engage the component in an electrical

parallel configuration with the biased magnetoresistive element.

4, The method of claim 1, in which the predetermined resistance

threshold of the comparing step is a predetermined range of resistance values.

25
5. The method of claim 4, in which the determined resistance of the
magnetoresistive element predetermined resistance falls within the predetermined
range of resistance values, the magnetoresistive element is in an operative state.
30 6. The method of claim 4, in which the determined resistance of the

magnetoresistive element predetermined resistance falls outside the predetermined

range of resistance values, the magnetoresistive element is in a non-operative state.
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value of the measurement resistor.

10
10. The method of claim 9, in which the resistance of the
magnetoresistive element of the determining step is determined by a ratio of the
measured voltages factored by a value of the resistance of the measurement
resistor.
15
11. The method of claim 9, in which the measurement resistor is a 1000

Ohm resistor.
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fixed bias current.

14.  The magnetoresistive element measurement circuit of claim 13
further comprises an analogue voltage detector measuring voltage across the biased

magnetoresistive element.

15.  The magnetoresistive element measurement circuit of claim 12, in
which the current bypass switch controllingly engaging the measurement resistor
in electrical parallel communication with the biased magnetoresistive element, and
further comprises a bias current source providing a fixed bias current to the
measurement resistor while biasing the magnetoresistive element with the fixed

bias current.

16.  The magnetoresistive element measurement circuit of claim 15
further comprises an analogue voltage detector measuring voltage across the biased
magnetoresistive element with the measurement resistor in electrical parallel

communication with the biased magnetoresistive element.

17. The magnetoresistive element measurement circuit of claim 12, in

which the current bypass switch is a pair of current bypass switches.

18.  The magnetoresistive element measurement circuit of claim 12
further comprising:
a bias current source biasing the magnetoresistive element with a fixed bias

current; and
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