14 AUGUST 2006 -' ABNORVAL MAGNETORESI STI VE ELEMENT DETECTION FOR A DI SC
DRIVE Field of the Invention This invention relates generally to the field
of magnetic data storage devices, and nore particularly, but not by way of
limtation, to abnornal 5 magnetoresistive elenent detectiofy {REyst 28b6C
drive. Background Disc drives are used for data storage in nodem

el ectronic products ranging fromdigital- caneras to conputers and network
systens. Typically a disc drive 10 includes a nechanical portion and an

el ectroni cs port\@NORMANIEMACNEPDRESISTIVE ELEMENT DEDBETEONSssenbl y t hat
controls functions of the nechagigiah p&dbRrvVeRhil e providing a

comuni cation interface to a host being serviced by the disc drive.

Typical Iy, the mechanical portion, or head-disc assenbly, has a disc with a
recording surface rotated at a constant speed by a spindle notor assenbly
and an 15 actuator assenbly podgidd ohthigllpvensienrol | ed by a cl osed | oop servo

system for use i .accessin . mﬁn tuat senbl
comonl y supportgT 3 lrlrlﬁ%nﬁlé) 5%%%?%“?{?29?%%%% \%vrﬁlqtfe e%g dt?lﬂaast?&%\%%istes leta to
andd; ea_dts dﬁa@gz‘eg,@ﬁdtﬂm pmﬂm'd i, bug netbyf weayeof livoitateh) ty abadimahmagnet or esi sti ve
read/ wite head uses an inductive elenent,. or witer, to wite data to and
a rragnet05resWé%T}e?Péeséﬁ“@ﬁﬁ]lefmtd%eﬁbonr@éﬂgﬁc 4% read data fromthe recording
surface. The disc drive market continues to place pressure on the industry
for disc drives with increased capacjties, higher data rates and | ower
costs. A key aspect of achieving B3fksToBBdt s is an identification of

mar gi nal  conponenys. gSvesatd tbedfor dRth 3okdge & mbllerh BRCHEIIHBEIY faignPr OCESS 10O
precl ude needl ess accrual of additional 25 manufacturing costs and costly

(r]I ewor k oper afroonggifahcametasde oempulep é@‘b@%‘é@r.k spsterps ¢ T Pagall¥ 698K of a di sc
e, EH g ALAR SRR L o e e e
circuit board assembly that controls functions of the mechanical portion while
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



use in a disc drive, costs associated with those processes accrue and
contribute to the overall cost of the disc drive. By neasuring
characteristics of the read/wite 30 head t hroughout the manufacturing
process, defective and marginal read/ wite heads can be cu%%ggegg he
process before additional costs are needl essly 14 AUGUST 20 =2 appri ed.
One such characteristic of concern is-tthe resistance of the

magnet oresi stive elenent relative to a range of acceptabl e resistance

val ues. Highagiichow nagnetoresistive el ement resistance values, which are
not wthin the range, are 5 consi dered defectjve. éﬂ h resistance can

i ndi cate a di sconPpagHehgharactensiic ofeRIRE At BE FSISIAPES ¥ EHBATCIYEIREE by

el ectrical oygrShiBRAvOL &bl asleflhblE restitmeH168. Higorf16wi st ance coul d
cause high current surge into the transducer, and |ead to electrical

overstress. Reguftewsistivelsisannt isistang vabien odéihaes eef vaientha SRABOFF (Read Head
10 Buffergd) c%ﬁe@%fe@&&'ﬁig}lx reoifah&d ca 240l 3i$c9)ﬂ?imm§/tih% have been

enpl oyed "to"cCu standard read/wite heads fromthe process, However,
i n appl i cat i ongneaedistiveteleostol, ogpsedizselsdtneal cvartregsor cldstrofRMBUFF met hodol ogy

requi res extensive difi.cations . .to the. pre- Li f.1 ecial bias
circuits, Wnﬁléa’af ' V“trﬁﬂ‘c‘t%ﬁescglﬁgg?ﬁsfa ?’%’t%‘%ﬁm? g%%“{té]g{et%aaggiué S&Ld?r cuits to
the test resuhi o elédfidahgver@®kd.Nng, a substantially noi se free bias current

is applied to the element and a _m.d-range. fr response of the MR
el ement is nonitdf ,“%FardéF%Plgé‘?Ft}l?él?\Rﬁ@ﬁg{CHé‘s ?@ﬁﬁﬁ%@ﬁf@%# t he RHBUFF
met hodol ggy B@HQe@)‘%nHQJBI-W‘I’(Ib%KtQHMfﬁ:r ofead Weltdgepmbmbd haveheadehflogeddi sc drive
environnent is tentative. 20 The DBHV nethod utilizes. a conparator,

typi cal |y i niomdsrbstandardiready write heads 98] the groceys: Sl9@EYsi 8 2PRi8EP At ed circuit

ASI C of the di §6,Mii¥Rey b shERMRARENY @ neasured vol tage across the
magnet oresi stive e ene§¥ to a pre-Set trip voltage. Do to a quantization

error inherent i nThaRHBYEE urethodnlogyreaghives, cxtenpivomlogdifcafons to the pre-

amplifier and special bias circuits, which lower the noise contribution from the bias

15  circuits to the test results. During testing, a substantially noise free bias current is
applied to the MR element and a mid-range frequency response of the MR element
is monitored. Correlation between the test results of the RHBUFF methodology
and actual performance of the read/write head in a disc drive environment is
tentative.

20 The DBHV method utilizes a comparator, typically incorporated within the
application specific integrated circuit ASIC of the disc drive, for comparing a
measured voltage across the magnetoresistive element to a pre-set trip voltage. Do
to a quantization error inherent in the measurement method, a problem of
inaccuracy arises with use of the DBHV method. Typically, the 7-bit setting in the

25  voltage 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. Itis 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



i naccuracy arises with use of the DBHV nethod. Typically, the 7-bit setting
in the 25 voltage allows the stepping of roughly 6nV, causing the

guanti zation |l oss. As such, challenges remain and a need persists for
effective techniques for identifying, testing and predicti g
characteristics of read/wite heads throughout the disc drlﬁ‘:\%ﬁ@%ﬁobg
manuf acturing process. It is to this add other features and advantages set
forth herein that enbodi nents of the present invention are 30 directed.
Sunmary of tdéfe rhapnetdsitvdaemxe mpsed byededmenpsoatoers disclesethobhi ament s, t he

present inventjon provj.des magnet aresi stive el enent, neasur nt circuit
confi gur ed fRthleffE%g'BP‘i’ e’?te&e % ‘E%re?fﬁwﬁf%fiﬁt BERFEremest Clr&uﬁ énC?urE%s

nmagnet or esi s MAckaaRalveRlcaRat AYurfent Sdur& Prowadsa kel Sutés claobiasks 1 n a
preferred enbodi nent, the magni ctoresistive el enent nmeasyrenent circuit

i ncl udes t hbe mageriqrevigse slemzat. dyropagtivatian ofiptgast oneYrTER BYPHSi des a fi xed

current thato bi-A58%in thb CirdBY D fleDuBThel te¥Biof LEARDAicatbPRIh e biaal | on of at
| east one current bypass 5 switch within the circuit, a measurenent

resi stor conmgreoxsstverlementieabeleeiver! prraliel configsition Jae Bxedpent n an
el ectrical paral L gur.at | i inSRdilspand flows
t hrough the Sﬁégsa h&gﬂggpﬁ Er)‘%g{itg% }g(ré)&\‘/l\ﬁﬁégt ljg%lﬁttg ?gﬁ%ﬂ{]%o%? %mg? as 1t he

magnet or esi shignetoedsstien¢lementc Inetialdd imthe neasveosant einrttis ari analdgte i s an

TG ORER AT I S R S,

bi ased magnet € neasurement-resrstor swtched
out of the cdléngadk tvithmiek hERGremdBRslistasswifeRedv@it bathe cofuit 4nd tiodor cuit Wit h t he

measurenent circuit swtch inthe circuit. Each of th asured vol t ages
i n combi nat iBFSHHEE Wet"\é\?éawggl?r"é‘ﬁ’é‘ﬁwth F@é??F‘HFmS?té?‘rF'é}&f‘%‘FCE‘Bg?‘ot Bther to

det erm ne t NG hieSERhITAR REastrbe voBIREhRbABInstibyRith Ble@iRAlremddie det er ni ned
resi stance of the nagnetoresistive elenent is conpared 15 to a resistance

range, if tHesidetas fciosd toeathastaddeanine he Fasisioeerf hamgeetogesistive
magnet or esi §hidpy & ORI RMmimed r&isthc OPEh& ayfetdrbditlre eléﬁi@ﬁt"i@'&@m%a{re& he

determ ned resistance Is outside the range the magnetoresistive elenent is
i n a norlSopdo atgsistance range, if the determined resistance is within the range the

magnetoresistive element is in an operative state. However, if the determined
resistance is outside the range the magnetoresistive element is in a non-operative
state. These and various other features and advantages, which characterize the
present invention, will be apparent from a reading of the following detailed

20  description and a review of the associated drawings.

Brief Description of the Drawings
FIG. 1 is a top plan view of a disc drive that incorporates a read/write with
a magnetoresistive element confirmed to be within a predetermined threshold
25  range.
FIG. 2 is a circuit diagram of an embodiment of a measurement 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. 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.



state. These and various other features and advantages, which characterize
the present invention, will be apparent froma reading of the follow ng
detail ed 20 description and a revi ew of the associated draw ngs. Brief
Description of the Drawings FIG 1 is a top plan view of a fj 86cGdri268st at
incorporates a read/wite with a nmagnetoresistive el ement con??r rreg to be
within a predeterm ned threshold 25 radge. FIG 2 is a circuit diagram of
an enbodi rent of a nmeasurement circuit wused to confirmthe resistance of
the magnetoresistive el enment of Dhétsilddi B&ceptive of FIG 1 to be within the

predeterm ned threshold range. FIG 3 is a circuit diaqgr of an alternate
enbodi nent of a nRHEHRS RthE draydngsiip genefal fad oY HPEY ?rf)%]o?ﬂeé. Fesi stance of

the magnet or ggiatthatsin & £IIBMewdds dtdi@ v 00, Alsb \¥6feRéd foltereinlastaddpe Wi thin the
predeterm ned threshold range. FIG 4 is a flow chart of a resistance

measur enent $iemaodevicsr constastad ingeeordeace widh BeRREEN S1VORHYL MAYREPYT esi st ve
element of Flhdcly Fﬂtfl\édr%igﬂ%n‘%?ogtﬂg @onsfrﬂ’citBﬁtoﬂﬂeQﬁiscl é?@'ib(p&rb %Bt iRal&da 1 ng to the

drawi ngs 1 n genera re particularly to F 1, shown therein is a
top view of ia thi ®UowingdesctipOon a8 such arefnstirkadwhndo thesaskiledgn the@gt and st or age

devi ce, constructed in accordance w . i ion. Nunerous 5
details of a e&l‘e‘\’/eéirq"ﬁ?(ieé)sﬁl?’ @ (r)gqetpﬁreoots:%é]fgﬁe%%?fr%(’)tﬁgﬁrgg?hgl\(,%?}sotlr:l' drive 100 are
not included i n Thediskdrivenhpclescrbapddecn]@ssuppatingvaionetita komgn t o t hose

skilled in the art, and believed unnecessar or. the purpose of describin
the present YSfiFERPTBIRCNtFHIECEE SapPE gy Pl B RREaRe 8. ’
supporting ViableQWmlldatiged t@haBle disdM6aBrgiafRdRe 8lask asseitblyd08igach spi ndl e

not or assenbly 104 that supports one or 10 npre axially aligned rotatable
di scs 106 f ofi#f g havigp atleast arg apdealhy fvor rgordingsyr a%ﬁ%@gloa havi ng at | east

one, and usual |y ApenfBEACALAL SUHAF OB 1§ A%cad RGERLLPLOGEE ST ack
assenbly 108 is a head stack assenbly 110 (al so

referred to as an actuator assembly) that pivots about a bearing assembly 112 in a
rotary fashion. The actuator assembly 110 includes an actuator arm 114 that

15  supports a load arm 116, which in turn supports a read/write head 118
corresponding to the rotatable recording surface 109. The rotatable recording
surface 109 is divided into concentric information tracks 120 (only one depicted)
over which the read/write head 118 is positionably located. The information tracks
120 accommodate head position control information written to embedded servo

20  sectors (not separately depicted). Between the embedded servo sectors are data
sectors used for storing data in the form of bit patterns. The read/write head 118
includes a reader element (not separately shown) offset radially and laterally from
a writer element (not separately shown). The writer element writes data to the
concentric information tracks 120 while the reader element controls the positioning

25  of the read/write head 118 relative to the concentric information tracks 120 during
write operations. During read operations the reader element reads data from the
concentric information tracks 120 for passage to a host (not shown) serviced by the
disc drive 100 and for use by a servo control system.

The term “servoing” or “position-controlling,” as used herein, means

30  maintaining control of the read/write head 118 relative to the rotating recording
surface 109 during operation of the disc drive 100. When servoing to or servoing
on a selected information track 120, the actuator assembly 110 is controllably

positioned by a voice coil motor assembly 122. The voice coil motor assembly



referred to as an actuator assenbly) that pivots about a bearing assenbly
112 in a rotary fashion. The actuator assenbly 110 includes an actuator
arm 114 that 15 supports a load arm 116, which in turn supports a
read/wite head 118 corresponding to the rotatable recordi gaseidraess 109
The rotatable recording surface 109 is divided into concentric 1 nformation
tracks 120 (only one depicted) over which the read/wite head 118 is
positionably | ocated. The information tracks 120 accomodate head position
control i nfor2ahdladesan adthaor dod 1@direndsed mermagn2ice §ad georesat¢dista separ at el y

depicted). Between t edded ryo s, ar.e used for

storing dat dn3&RcE R qﬁ}'ﬁ%f B OESE‘FQ{BPE %gh’ g plgc‘f?)\/\?&fmedﬁ%ggi i ncl udes
a reader el GJEWth@@@that@ﬁ&ﬂlrmqﬂrcyvx@d@@Wfb)gnélfcfaﬁjaperhﬁﬁblaﬂhypahcﬂorlaateral ly from
a witer elenent (not separately _shown% The writer et&lmént wites data to

the concentREReHOFERHRL IN§rYoice Spik B0105 A 2 b Piang ¢pstatign g ISEFEYE control s

the posity 0Wo@gc&énﬂiaséeg%usﬁgl?‘l%él\wﬁa%‘orf&sﬁdziﬂ&m@ aatdlééeomgﬁeheﬁsmncent ric
|nfornat|on tracks 120 during wite operations. lmn@qol ? read operations the

reader el emevhich imtadactoisitiathe magnetiseirceippictBay piFecql gHisIgas 120 for
passage to g, Pogt r:cglppiét t%bl?\%lg‘)relﬁ s ﬁﬁqn.%)ﬂettalgﬁmbqi} 855, Wd h€actPMorand for use

by a servo contro term "servoi ng "posi tion-controlling,
as used her aoil, lzmmmss tlﬁ(}tcnxaionaaemblmdlﬁpwpﬁ@bo‘dﬁhqmﬂn&%ﬁdﬁmblyﬂé? head 118

| at to th f
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track 120, tthﬁelﬁcdlmaﬁmhase%&m{teyhehﬂmlkm interdct with el iyforpaminttiackeed by a voi ce
coi | notor aszse ly 12 Th jce coil notor assenbly 14 AUGUST 2006 -5
122 i ncl udes 28Rt BEtERef Pgi"éaFe 4 imersed in a magnetic field generated by

a magnet assenblry plafde the RAyulsitotleaties comtluafi@spaliddefvpeh ehepeaitesl munt ed
above and below the actuator coil 124 prqvides a nagnetic per nmeabl e
P ot ot

flux path fdreahll§angieaderieiciediiry obe fiﬁ%dvb‘? (gt ghgpp) Duri ng

operation Ofw&égglix&'sﬁ&w rft&d %o %@Qead%té 8814 PRt hYIs 9 RealiR@itact uat or coi |
124 form ng an ectroragnetic field, which interacts with the magnetic

Circuit 16f tftes cirouit E30c G rendtvanite flpp cireuiiUiS0 grouted 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.



actuator coil 124 to nove relative to the magnet assenbly 126. As the
actuator coil 124 noves, the actuator assenbly | 10 pivots about the
beari ng assenbly 112, causing the read/wite head 118 to nove over the
rotatabl e recording surface 109, 10 thereby all ow ng-the re?ﬂé%%ﬁob ad
118 to interact with the information tracks 120 of the recording surtace
109. To provide the requisite electrical conduction paths between the
read/wite head 118 and read/wite circuitry of the disc drive (not

shown), read/ w i tg ahedtred¥ntRAintdAbf SHOMRIoréistivX eldmbm idasurti@ad/ wri t e head
118 are attached to a read/wite 15 flex circuit 130. The read/wrlte flex

circuit 130 disuitgneasuremeniAitchid) 15904 FKF - 8 PET obFusicy! Rasss™iteaasdr2ar m 114 and
into a flex 1{cfligr££nd9rcﬁlrf'5?r1egsrﬁ?§ﬁen@r@ﬂ{b?ll54ﬂ-§t’2th@f?1gasu§c%%f &ftuttQ 58 whilex

connect or body ex connector body 134 supports the flex circuit
130 during p@étsggeeatsmemgﬂa atcrekdna dachmelegaarliagridatentas 18 lirptrmeagpres

communt 031 St Pl BBt bbb RRREpRREEAD Ny EFAhuLApl shown) 20
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18. The priBiger Stifchied in t@ﬂﬁrnﬁba&&&ﬁéﬁi leitcyit 0L deish theencdatranait agsidge devi ce

read/ wite CII‘CUI'[I‘ 25 that controls the operation of the . read/wite head
118, as wel Il é§W6€lFF€rm thetresapuemen] fepistr dnt P‘EFFS‘E%PE ’P?%FGTOB?S‘SPH% di sc drive

100. To @SSWi&néit @W%ﬂp@é@k kokisEdr@Rpatalle B la®ias@pRERbGe B6Vi ronment,, a hepa
filter 138 is provi to extract particles fromthe interior operatl ng

envi ronment whi | é“?ach picthelmsesugad; voliages (n sognhinptign vahdheampafyremsBe. To precl ude
m gration of .partisal eselifa tg’é%iﬁ gﬁo defirffreQ" esqas‘rrc@tomg nERNLLRGEBRL . a top

cover 140 conpresses a gas agal nst the basedeck 102 to form a
hernetic seallenpmt mrifltehktenntned resistagepvafitipnmregnetoresistivhelederid 589 ve 100 and
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15  the limits, the magnetoresistive element 158 is in an operative state. However, if
the determined resistance is outside the limits, the magnetoresistive element 158 is
in a non-operative state.
In a preferred embodiment, resistance of the magnetoresistive element 158
is made through use of a “dummy resistance” method utilizing the measurement
20  circuit 150. Within the measurement circuit 150, the resistance of the
magnetoresistive element 158 is represented by the resistor R, while the resistance
of the measurement resistor 154 is represented by R. AR represents the variation of
the measurement resistor 154. The two bias current switches 152 are designed to
selectable switch in or out the measurement resistor 154 during a voltage
25  measurement procedure. The analogue voltage detector 156 is used to measure an
absolute voltage value when applying an external fixed current J, typically in a
range of 1 or 2 mA, via the bias current source 160.
In determining a resistance of the magnetoresistive element 158 each bias

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

30 measurement of voltage ¥, which is expressed as:

V,=1IR,, Equation (1)



circuit (measurenent circuit) 150 of FIG 2, a pair of current bypass
switches 152, switch in and out a neasurenment resistor 154 of the
measurenent circuit 150 while voltage neasurenents are taken. An anal ogue
vol tage detector 156, first nmeasures 5 the voltage across a;pi g,%gg.zo
magnet oresi stive el enent 158, with the nmeasurenent resi stor 1 ??:hed
out of the nmeasurenment circuit 150 and7 t hen neasures the voltage across
t he bi ased magnet oresi stive el enment 158 with the nmeasurenent resistor
switched i npNgQt R TRASHERNRINch ¢5T BUkblkctdDihd Mcbmlﬂmﬂosmﬂa&wlﬁrrent resi stor
154 switched in the neasurenent resistor 154 and the hia

magnet or esi Pripeeation fasadire measurgmery 96a secqrd Ylags s Mdughys B’H’F%ﬁsTde‘fs to a bias
current source 160. Each of the maasuge%yglég?es in conbination with the
measurenment resistor 154 are fHEgtof t o deqastidn@) a resistance
of the magnetoresistive element 158R ¥ detes ni ned resistance of the
magnet oresi stive el ement 1§8 i's corrpared tolimts of a resistance

threshold, if theR,gu'?elmiﬂ ﬁ&g jS Within 15 the linits, the
magnet or esi SiHeke /il riathieveéfestcdtfa, whioveareg , if the
determned resis ﬁ is ut5|de the limts, the nmagnetoresistive el enent

158 is inan ri-oeative state. In a preferred enbodi nent, resistance of
t he magrlsct 8?@@?5‘}” el enment 158 is made through use of a "dumy

resi stance" nethod utilizing the measurenent 20 circuit 150. Wthin the
measurenent circuit 150, the re e of. the ne#}orem Sti e el ement 158
i s representlefingheige Kabrquation Cﬁﬂﬁegua[tlﬁg H%g‘?}gif‘%l W expiEsye é neasur enent
resistor 154nd g 6presented by R AR represents the variation of the
measurenent resistor 154. The two bias current switches 152 are designed to
selectable switch in or out the rreé(szure tﬁ+r&3§§stor 4 durj gg a voltage
25 neasurenent procedure. The dh e xol B?ye get ect q“i"?)%‘é used to
nmeasure an absol ute voltage value en app yi ng”an external fixed current
1, typiqggl !l Yt RoRd thaPROSrRIIR], Ricarkce ofti @ the bias current source 160, In
determning a resistance of the magnetoresistive el ement 158 each bias
current swtch 1%Beiasiosdiasneryedtiy vptiztinadn the ressswpaents ek add 2pliepar at i on

for a first 30, TRARY IR Moy huskOb) BYGYd curtdhl £Prih, RXRESESED aS:

calculated as:

R =(LoDR+AR)= (L -DR+(=-1AR Equation @)
K K K

15  Itis seen from equation (4) that the variation in the resistance of the

magnetoresistive element is defined as:

1
AR, = (—-1AR Equation (5)
K
AR OR ...
M mr_ - _ l
= Crlim =S T )
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 ¥ and V; are actual values measured by the



V, = IR nm Equation (1) 14 AUGUST 2006 -7 Next, each bias current swtch
152 is selected and placed in a closed state in preparation for a first
g\l;?s;renent 012 2331 second voltage V2, which is expressed as: V2 =1 R-, (R +

qguati on R+ AR+ R-, wher R, (R+ AR) = R, 11 (R e
effect of R, when going e R+tAR+Rnr 5 parallel with R gl'akméﬁ%ﬁééﬁrogﬂ o k
of equation (2) and (1), equation 3 is8abtained and expressed in the form
of (R+ AR) ICV, R+ AR+ RmEquation (3) 10 It is noted that the term
M i s cancehkagd odhf analdpme valtdge ditettas] J6e i eoalogve volagealeieotor il 56 ishe

measur enent s of .V, atdnxé'PféatggH%%gl%%kEC?m t he i naccuracy caused by the

fixed currenfontane ated as: R~ . 1)(R+ ARI)R +
| ) AR Equation (4)By Ih&)vhﬁg RsVgeedVi, ipegstat IRYNof the niab@dtorbhﬁlv\tarl ation | n
the resistance of the netoresi stive elenment is defin ARmM -
| ) AR Equat i oflefng)t 158(@8%’48 yl@ﬁaﬂqtermmeé@t/ CS‘F’WPH(“) (by iss)!mmﬂﬁﬁ% iR TR K 20

Utilizing, the measu tﬁgﬁf& u%t %galgchl?e [Cg ggﬁ‘%h?ggfeqh%r{ esi stance

of the rragne oresi stive can romequation (4) and
its error ig@)defined in equatlon (5).

Magnetoresistive element measurement circuit (measurement circuit) 170
shown by FIG.3 is an alternate preferred embodiment of the present invention. A
primary difference between measurement circuit 170 and measurement circuit 150
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, ¥7 in the form of
V=IR,., and V, in the form Vy=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 I):

R AR
vV R+ AR _
K = —% = (—-—2 - Rmr =—+— Equation (6)
% R K K
AR
where the variation is given by : AR, = P

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.



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 mnent. The voltages V2 and V, are actual

val ues measured by the 14 AUGUST 2006 -8 neans of an anal ogigu&0st 48
detector 156. The anal ogue voltage detector 156 is contained wthin the
preanplifier 136 (FIG 1). By knowi ng-®; V1, and V2, the resistance R,,, of
t he magnetoresistive elenment 158 can easily be determ ned by equation (4)
(by assumi ng (er rBIB=OCshowkhseeps foracesistacy modsutdmenhpasess 800 wid in can al so be

cal cul ated by, applicati on ,of at i ne i BY | nt
neasur enent %leF@%atref‘%géet}?eéﬂgsﬂfuh & ﬁghf‘)&)ugell‘? d(:i]s‘schdtgv‘\’/ﬁ f/ﬁ%l @%g?sgggn
a! ternate prgfesisateibaticnRisistiveleittnepr @6einis 158)v Eliciresistanée pr i mary
di fference between neasurenent circuit 170 ? d neasurenent circuit 150 10

(FIG 2) is TMeRSUSMERTRGESTIcEHIs &t Higjf ROESSH Fiam £V DINILOBILYRE YROFS  The

remai ni ng Wﬁ%&%ﬁgeﬁxﬁgoma&w&m% cﬁﬂréxﬁ'dwbvitcl-ﬂ-(f@@chaefsQSQ)Qm"fwlhté 0
nmeasurenent circuit | ng he architecture t he neasurenent circuit

170, V, in tdreedsorementresiype(smirasdad) fom the magaetpispigtivesloment 0bPP) R) . when
toggling t herffc?\%ﬁf%%tea&) | AR SlthifB megiélrélnzp%t Ffi‘)'?:@ss Ybh Eé&ﬁges'a!??g)‘éés%r mning the

resi stance o e nmagnet oresi stive el enen is (wwth fixed
current 1): st 206@RthianApplidabn of Fixed ARTEYdeatcsohe repnetayesisiye elghene t he

v L0 o oy T o S PR . Gl e ement
of 1000 10hNEtdp@08} dneanaleasevadiapsdetectsi(aichas 15]@zmea$uresvu fidst Ywdtagmdier st ood t hat
the val ues paE:r%\éé t(lj'le gnavgmnétcr)]rleglstgvréeel nqeef\lts z}ch(cj)gesn 1a£ 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, ¥, 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



are values applicable to a particul ar nagnetoresistive el enent 158
configuration and do not inpose limtations on the present invention. The
val ues given serve to 25 enhance the understandi ng of the present

invention. Wen practicing the present invention it wll bg AngesrShesd
that a test reginmen may include a variety of bias current levels to gain a
nore conpl ete perspective of a presentlO-health"” and future predicted
performance of the particul ar magnetoresi stive el ement 158 over the

oper ati ng | ifhegreforésiveivpalemientdf apanegaedoresd, sthpasitenenéstt 058, 14 AUGUST
2006 -9 FIG 4 s.hO\/vs%sbSeps. for ar bgtgq@ peasurement process 200 used
in sel ecti nyosienan yanabies & RARGTApaa AN 04 5511 for use in a disc drive (such

as 100) based onGéRElIS!RIACFrRimancedgaer opastidyventigene adfeiteh as 158) .

The resi stance measurenent process begins. at star ocess, step 202 and
cont i nui ng al?eaéﬁb%§§§°%“§qdé>de%§9“w?‘1‘?frgaﬁv t@ﬁi‘?‘ﬁ’j%%' E{Ie eé’é%qreﬁ(ﬁe bi as
current syt cheCSueh 1@sicARAhcih@ng 8 Hafilifof AR ISI@ TR, TaS bisdttes( SUCh as
154) fromthlgé?fr?agnet o?@gi gtai f/e g emaﬁét of the read/ wi te,hgad. The

resi stance nosydingheresiginse ot the apgnetenssistiiselonent of fiededd/ Wille 8529506 with an

application fd " Sed PEfORGNRLA G8dsticliuRd €l ement.  The
fixed curren?érlnglepgﬁégﬁc}g%d%gv%edgtﬁéagécar?gnt sourace (ssuch as 160). At

process 10 stagqlog208, seave andlasyioedevslopmget of eraapfapturipg ieeth Mgasu IS treasur es a
first voltage, Vi"st' Cross ch% %%%pn%t oresistive element. Each open bias
current switoH SPUSHGRHRQESS ROl BE*HRasur ement resistor is switched into the
measur emgnt ci r c Udcoidingba reibbdimenis tofithetphmentaigeatior @s dedtaddo@l ement  at

process step 210, The resi stance asyr.enment . oces i,nues at
process stepreﬁitén‘iﬁ“ﬁer"i‘s‘frﬁ‘@er&r‘fHF‘Bbﬁg&\FBILilsg)gu ec&ilé]téegg n(r)l?n"i%l% %gtgrg%& térz}ent of a

second vol t aggumeMdesistits BISMmeitiQucHRg DEY) Of £ sdadiviriteha@lidsrehts i 18) opadat| el
el ectrical comunication with the neasurenent resi st&.g.. @)tt %)rocess step
214, V1, V2,dragdsuchas Y Wrageridange Wih oppgm TeRRAfiPRE BY or are factored

t oget her t%g@%ﬁﬁmsﬂ% LiBReAteR SdsARREe AbashittheABaRE MoasiesitilvRt @leenent . At
process step 6, a conparison is nade between the determ ned resistance

of the nkgnebiay@siestswich 2gck pehEhtsedio avihdn @ed SYifRhRVEH2 FERUEFRF e t hreshol d

range is nadr%sigtgp(sf%h R84 FfEcm HeSReasurement 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.



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, is nade. The
resi stance nmeasurenent process 200 concludes at end process step 224.

Al t hough design perineters for the magnetoresistive el ementifdigdgdrobde 25
structure and conposition of the magnetoresistive elenent, which dictates
the level of resistance present in thélelenent, the predeterm ned

resi stance threshold is enpirically determ ned for each specific disc
drive 100 of whaparddimed ar configuration. The resistance |evel, or range of
acceptabl e resistance within which .a particul ar, magrictoresi.stive el enent
of a specific reaglwriyg%géorl%@wlgwqpﬁﬁﬁﬁ o Ogrﬁglaﬁ%?}%re%%bveends on the
structure, conposgitmernt comgrigh@stestdfon vari abl es encountered by the

magnet oresi stive el enent during the marl)ufa turing process. An exanple of a
typi cal accept abl @e?sggpgegﬁ&éol}%gﬁgg%s@r 135¢ H’aﬁ&?%%&f‘ 56658t 10

magnet or egi stive ghiehRita @npdnd fdricemhhicalidiieiiihe bixsemegiclorafivand set of
production variables is in the range of 30 to 90 Chns. Generally, read
performance data of a P&rertcul arly configured read/wite head | 18 are
col l ected over a : ' ' i 5
performance, typi 1'?:la hg%%%icé Inééﬁ’gé%ﬁ?%?l%@ﬁégﬁné%}?mﬁ?%g?ilﬁgd. The
attributes, includi ngitsedmagwitgesiveeleofent he nagnet or esi stive el enent, of
the read/wite heads .fromthe saml e 1 t '

performance are n@eg%nr‘%ﬁg £ lsgg%et(gﬁ%%egrg%g}%%r%%bgééag’gg% bggegce!)%? fé){ﬁlgtevel opmnent
of manuf a@turi ng test ,antfBasud eoteagt measutersdnsst axst i cal process contr ol

systens. 10 Accordingly, .enbodinents. of t resent invention are directed
to a resistance ?‘Pé‘é{’gﬂg%%%te{??’f’ﬁ‘gfefm(ag‘ifc(ﬁ%éeg“i%‘ﬁ Oreﬁ?g&e 'iqﬁm?fgttoe?m ni ng
resistance of a magngfrefetsinticl Y&isehedMrdshdls tcdetamirkihSdpendtiva stagad/ Wi t e
head (such as 118) of a disc drive (such as 100). In accordance wth one
enbodi nent, in additi off thegnigngtorssishHes reti sti ve el ement, the resistance
measurenent circuit includes at |east one 15 bias current switch (such as

152) used to switch in and switch out a neasurenent
15 2. The method of claim 1, further comprising steps of:

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
S. 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.



resistor (such as 154) fromthe neasurenent circuit while voltage
nmeasurenents are nade by an anal ogue vol tage detector (such as 156). Al so
included in the resistance nmeasurenent circuit is a current source (such
as 160), which provides a fixed current to the nagnetoresi §f AYSu§ REBNt S
and the neasurenent resistor during 20 execution of voltage neasurenents.
It wll be clear that the present invent-ion is well adapted to attain the
ends and advantages nentioned as well as those inherent therein. Wile
presently preferred grbaHFaRE Slaihatnbeh thesies ddbed: karfixpdicypases of this
di scl osure, nunerous changes may be made which will readily suggest

t hemsel ves tPPIRINY DHISPMENSQUICH t he art and which are enconpassed in the
appended cl ai ns. 14 AUGUST 2006 11 What is clained is: | . A nethod for
determ ning an operative state of a magnetoresistive,k elenment conprising
steps of: neasurifhg a Themsthodof elaige3.de Mhich the ¢mposent AsYHEISBIEE! ve el ement ;
5 acti vatsi n%ﬁst&%%?&fé%%nfngﬁ Vglﬁg(rmni cation with the biased magnetorestive
el enent; ‘measuring ‘a second voltage across the conponent comunicating with
the biased nmagnetorestive elenent; determ ning a resistance of the
magnet or esi stive el ement bgsed.on. the fjr ond vol t age

measur enents; an 'com‘? Pﬁg’oﬁr‘?é&a‘é’% g’r%wr}%écc?}tﬁr‘ee%ggt a%c@?’%f t he

nmagnet or esi shighetotdsRieElcientaf therde@dahiaingistepds fuetherstasetiom 4 desistaie! d t o
determ ne the operative state .of the nmagnetoresistive elenent. 15 2. The
met hod of cl'@Unof thermpeasyemeRdA#H9si ng steps of: providing a bias current
for biasjgng the magnetoresistive el enment; and biasing the nmagnetoresistive
elenent with the bias current. 3. The nethod of, clairpl, in which the
conponent of the cti JAe imﬁgwd of claim 9, in which the resistance ot 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.



20 step is activated by enabling a switch to engage the conponent in an
electrical parallel configuration with the biased nmagnetoresistive

el enent. 4. The nethod of claim1l, in which the predeterm ned resistance
threshol d of the conparing step is a predeternined range ofJg&8&84r3066
values. 25 5. The nethod of claim4, in which the determ ned resistance of
the napetoresistive el enent predeternﬁhed resistance falls wthin the
predeterm ned range of resistance val ues, the nagnetoresistive elenent is
in an operative state.A s8lgttordfigiveelehmat ro¢aswicaient cdrcuit porppristig: t he det er mi ned
resi stance of the gﬁ(%}(%)etorte5|lst|vte %]enent predeterm ned resistance falls
outsi de the predet BFSHIRESFS"YERGE O “I%si st ance val ues, the magnetoresistive
element is in a nofrepesphis\eitsh adxerollmlymd@gﬂg 200G urentedt résistbhim awet hod of
claim2, in which the bias cur i.s a.fix rre ed by a bias
current source. 8. ThéP CHUH“%?ngQﬁW?%PnWﬁ ¥¥ﬁﬂfﬁ%@¥§ﬁ%%W¥ﬁt is a
measurenment 5 resi st Qlengnt.predeterm ned value, 9. The nethod of claimS8,
in which the resistance of the mgnetoresistive elenment of the determ ning
step is further based on a resistance value of the neasurenent resistor.
10 10. The nethod Of Ch@in ggetoﬂeﬁstm'e%élhﬁeisﬁ%&hﬁa&ﬁltgfclfafﬂelz
magnet or esi stive el ement o etermning step is determned by a ratio
of the neasfurtbet melprla@elsblésa@lﬂ@vté@lurb@/blaﬁv&&@@%ﬂet?qﬁéls?‘@seileﬂe&h&’éthGf t he
measur enent m%%J %ﬁﬁmn15 11. The method of claim9, in which the

measur enent re5|s s a 1000 Ohmresistor. 14 AUGUST 2006
10
14.  The magnetoresistive element measurement circuit of claim 13
further comprises an analogue voltage detector measuring voltage across the biased
magnetoresistive element.
15 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

20  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

25  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.

30 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



- 13 12. A magnetoresistive el enment neasurenent circuit conprising:

magnet oresi stive el enent; and current bypass switch controllingly engagi ng
a nmeasurenment resistor in an electrical parallel configuration with the

bi ased magnetoresistive 5 elenent. 13. The magretoresistivei£h8808¢2006
measurenent circuit of claim12 further conprises a bias current source

bi asi ng the magnetoresistive element W4h a fixed bias current. to 14. The
magnet oresi stive el ement nmeasurenment circuit of claim 13 further conprises
an anal ogue vol t agendbgec vdtageddedorimygswiistvaliescacrss Biepisedi ased

nmagnet or esi stive el err?n%g‘n&%?es%§¥ JheJregnet oresi stive el enent measur ement
circuit of claim112, in I Ch {he current bypass switch controllingly
engagi ng the nmeasurenment resistor in electrical parallel conmunication

wi th the biased netgresistive elenent, and furt.her [ a bias
current source provi di-ﬂt‘f TAgnPtoreRiSy CAdeTagr} ?‘g?\sturetr%eni %féC%ltr?gggg?g%g?\t resi stor
whi | e bi asi nghichensmreBRihis seitat is uaiebeemrent bypals swiehdsi xed 20 bi as
current. 16. The magnetoresistive el ement nmeasurenent circuit of claim 15
further conprises an anal ogue voltage detector measuring voltage across the
bi ased nmagnetoresistive element with the neasurenent resistor in

el ectrical parallel 25 communication with the biased magnetoresistive

el enent. 17. The magnetoresistive el ement measurenent circuit of claim 12,
in which the current bypass switch is a pair of current bypass sw tches.
30 18. The magnetoresi stive el ement neasurenent circuit of claim12

further conprising: a bias current source biasing the magnetoresistive
element with a fixed bias current; and



14 AUGUST 2006 -14 an anal ogue vol tage detector neasuring voltage across
the biased magnetoresistive elenent. 19. The nmagnetoresistive el enent
measurenent circuit of claimlIS, in 5 which the current bypass switch is a
pair of current bypass sw tches ABNORVAL MAGNETORESI STI VE H EFAGdstdeds&CT! ON
FOR A DI SC DRI VE Abstract of the Disclosure A magnet oresi stive el enent
measurement circuit configured for meaduring resistance of a

magnet oresi stive el enent biased by a current source is disclosed. In a
preferred embodi ABNQRMAL MeGNE EORRSIST IV ELEMENTJYETEGEIONgnet or esi st i ve
el ement, a current source provi HORADISCRRIErrent to the nagnetoresistive
el enent, at |east one current bypass switch controllingly engaging a
measurenent resistor in an elssstraccef thpdiseldsete confi guration with the

bi ased nmagnetoresistive elenent, and an anal ogue vol tage detector

measur i ngsgvol tage first across the biased na n.(?t oresi stive el enent and
then across the ﬁ&@é@t?fﬁﬁﬁgfﬁ}eﬁpg‘f‘?%ge@le%%ﬁ?l Fop ’ggfeég?rrrp%aﬁn%r al | el

conmuni cat i oRgWaidd dr AenJFRASUEIIRHentcabbiadcdby a tigentBosuE Bdisbéaages are
factored with the neasurenent resistor to determ ne the resjstance of the

magnet or esi sa pre&red embedimentyie EEBIFAFNE GirGuaid nedydes dhe MEEVFSEHEY to a
resistance 3008, d dunbhi Blfle bREIdANIRJNBERAO B Highbididuvel ement §s in an
operative state, | outside 't he range t he m:;lgnet ore'S|st|ve elenent is in a
non- oper Ht i vaders¢mtag least ok @urreht bypass switch controllingly engaging a measurement

resistor in an electrical parallel configuration with the biased magnetoresistive

element, and an analogue voltage detector measuring voltage first across the biased

magnetoresistive element and then across the biased magnetoresistive element in

electrical parallel communication with the measurement resistor. The measured

15  voltages are factored with the measurement resistor to determine the resistance of
the magnetoresistive element. The determined resistance is compared to a

resistance range, if within the range the magnetoresistive element is in an operative

state, if outside the range the magnetoresistive element is in a non-operative state.

FIG. 4





