;e3ekt $kg !"F'f8%$6n$THIU;, WO 01/9111s PCT/ USO1/ 17222 | MPROVED LAPPI NG
SENSOR FOR RECORDI NG HEADS This application is being filed as a PCT

appl i cati g dyoPEAGATE TECHNOLOGY LLC, a United States natp@pgéoiabshs
resi dent, designating China, Germany, United Kingdom Japan, South Korea

and S Fi el t Inv}@gﬁ&ggﬂg i o hard disc
dri vawmﬂﬂ@%@wﬂ”war&ﬁ;paﬁgﬁ oy, éﬁjp bﬂﬁbﬁ%&ﬁﬁp rolling a
| appi ng lliso as to create a read/wite 10 head that contains a
primary gt oresistive read element with a desired stripe height.
Background of the Chiepplicaiod icbetigfiledas aPdTuapplioation Wi SEAGATE: is a flat,

, circular disc cag&bﬁl)f of 15 retaj ni%t% | ocal i zed rra%:q]eti c.fields,.The data

that are stor&HC PR BhGca Unye Plairsmationyl apt wswlsnia deshenaling 5B t hese
| ocal i zed g j ' - d disc in concentric,
. circul ar pﬂ?hgg{}fﬁ%l\%bggg%‘;%{é%gm’ %n’lagocggl?%g%%nlggne aﬁ)gl%fi el ds can be
detected by a magnetically sensitive head when they are brought in close
proximty to the head. During oper fdo "thb veZQio(lei sc continually rotates,
meani ng that for each rotation, a ven radius fromthe center
of the disc woul d ghizaypk&tior Yeitys lodgad tise drivegndimereipagicdlaalyadgna gi ven
track. A read/wite head 100 capable of reading and witing localized

magnetic fi el appatgivhandiactiod facanelling alapmeprgesss.codg 1o propiea read/ wiite

Conposed Bt AR APRARR by HhabbbesliE kRSN A dpmpipey 12

Conj oi ned to héightbody 102 is a magnetoresistive read elenent and a wite
el enent, shown jointly as 104. The resistance of the magnetoresistive read
el ement 104 changes when introduced to a magnetic field. Generally, the

greater the magnetic field in V‘@BE&%BEd%@tﬂ@%ﬁﬁBESi stive read el ement
104 is imersed, the higher its - +agly, the

magnet or esi sti ve r @helstetagremdivb) foriasdisrsdrivetie adlet, evtular disc edpabledfmagnet i ¢
field stored on.the surface of .t i orienting.the |ocalized magnetic
WO 01/ 91185 PESTILEE 19983 mPgréqtlﬁqﬁ’%aﬁ?ﬁé@@ﬁd‘%ﬂ@%@ﬁ‘?%% ‘ﬁ?f‘dé?fgser ving a
change in thepp\&iRRprésedi@ffod ﬁ%l%h@ﬂ&%-loc-ﬁﬁzéiﬁﬁﬁgﬁeﬁ@ BN UReidatalHE
resistance of the read el enent 104, a constant current is passed through

t he magnet or esiratged ontkadiseinaroneentriqirguldr paths Myvwgsdr®&kacr oss t he el enent
104 i s observed. the resistance_.of the el enmenf, 104 incregses due to the
i nfl uence of a prﬁhﬁ&“@ﬁﬁdﬂ%&nﬁ& fiplds gan ?%@et%?‘{%%nﬁ@?}%ﬂi’ RESEEnent 104
i ncreases pr opoyt,ARAhe) Yre bIoUERt il 16sehaNE ALy B tfaRdad! PSR PehsLNed as a
corresponding rise in %%ﬁage aclrn_oss etcﬂge read el.emgnt 104.go fye const ant
current udkd discdettounlly heates eedaningdhatdgnesch cothiien, ddicad fipedp giyan eatlivshr ough

conductors 10 10 10 jch electrically contact. opposit.e s, of the
magnet or esi st %981 tgFgﬁ‘g?ﬁgg%Bﬁqlscl’W uéio??aﬂ%r{%rresve ??thfﬁ&)%tﬁgn?tbc @a?)&}"ﬁlg@f wre
bonds 110, 112gjvehin@bk.j oi n the conductors 106, 108 to a pair of el ongated
conductors 114,116 that extend the length of the head 100, and join to

det ection ci rcui t r y TeAdwrie keadr 80 papapheoisadingand writiag dpcabzedanagnetiont ai ns
conductors 11 i - . ] - [ £Caraa
magnetic fiel el@%%g&%‘khg%gﬁ?%%mé 1§ lﬁ%ﬁ lgﬂlﬂétsléfl F@'ﬁéﬁ@%or%gd/ %T%u 1gl“so run to
a pair of25 r degiocted $n BKZ,11id 4onstiatied fiom abbddel 60¢vmmised of AIBCYAurhmuam, pai r

of el ongated conductors_ 126, 128 that, extend the | ength of. the head 100,

|
and join to V\I'lritf‘linﬁ_ﬁl ad Carbidp)watsomajsrial [rayginegioghe pody i0&kisg nagnified vi ew
of a magnet or ﬁfagﬁgbxteﬁisﬁ@@&a&%ﬁﬁﬁf an%vﬁéselﬁﬂgrﬁgéhngﬁ@ SRRy aLHoan THG 2, the

bottom edge 200 o e nmagnetoresistive rea
resistance of the magnetoresistive read element 104 changes when introduced to a

magnetic field. Generally, the greater the magnetic field in which the
30 magnetoresistive read element 104 is immersed, the higher its resistance.
Accordingly, the magnetoresistive read element 104 is used to detect a localized

magnetic field stored on the surface of the disc by orienting the localized magnetic
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104 extends to the air bearing surface of the slider. The air bearing
surface functions to create a "cushion" of air upon which the read/wite
head 100 {y@pdts1as it is positioned over a rotating disc. ghguiqpse89e of
the magnetoresistive read elenent 104 is identified by 25 reference nuneral
204. The di stance between the bottom edge 200 and the top edge 204 of the
magnet or esi st ifiekl ureadthe readeriem&t4 04 snd ebservingla cthangs in b ¢laheitlsd 0hei ght . "
The stripe height of a nmagnetoresistive read el enment is an inportant

vari abl e, as F‘?Slstﬁaé]tcﬁ'r m nes the sensitivity of the magnetoresistive el ement
to a magnetic fiel ¢q JoRRes Bhdnke il MR réihdcRlof tiGead EleRRNMR4JRbonsidie NMOI €
sensitive the magnetoresistive 30 el enent, and vice versa. As shown by FIG
" 3, prior to processspasedthnaughdhonegidonesistiveaaat demapint041:04d theawolteget r i pe

hei ght on the order of 10 0 A The,congductors 106,108 hav r oxi mat el
the oane S gattostihe Pleennll ebaracd  RE ittt Q31 ripmen dgd TRt g ¥
011 91115 PCT/ 4364 thé ZARientSOPLProxirh41€ hRBetlcGTHIE thdv i 1@ e AB@REThe eRcht | Ve
read element's 104 stripe height to that which is shown in FIG 2, on the
order of 5001 10diincheases yrpperdipnatelye ridme dha¢hange g resigiapemigiohservgsbas gor oduct
requi renents. "lLappipng" is.a teen e I | ndi [ Ss in
Wn?ch t he mag ﬁ8¥%55§2ﬁ5}g? Vet ‘éoégl%g Férﬁgsgtth E %ﬁ eifﬁﬁaé n?? gaagfsl%‘gcg{g ghglg%glgnduct ors
106, 108 are hkdédoaeteyt e dovatizetbmagheyic @eldals pdbugated ttdugh cdndiickor heg,desi r ed

stripe height is achieved. The purpose of the |apping process is to reduce
the stripdY9nheil§Biviyeh elseingalbneenipcd oprasity endsoffhemagpsioresistyq elementdddper
magneti ¢ sensihi Vi { et SEeRl i . Lble to
directly test %é%@ﬁ&?ﬂ@‘??@sgﬁf@é&%& nagnié%(ngrselgp’\éﬂ%grh?%e{gﬁgﬁénent
during | appi ngondietdrii206,1081o & lpeir pf elpagatakbeuniductoist M 4naL6 thecextachtheved,
through ¢ e gt o Bs hetd 110 radibre oedrisstion BB art pidiey). ( Hegeelr it
direct]y test HElerRach SBIRN okt B HBANPHrUIE vHiliPh Liioad iXasll 1o

el ectrostatic discharge between the naghetoresistive read el enent and the
abr asi ve $bur rgeorda eralgastizeiicld iporsthetsue{aceaifdlat dies t Gondnctiirs tHh 3@ alss rimar nf ul

to the read elenent, .and,it,i ef.ore. desirable to_ mnim ze the

| kel hood of "SABAT 8T BTG eREYERE REA USRI isth M foRwG e 1 Thrlal 8 Bupi g

| appi ng, the reﬁﬁﬂgﬁt%@@&ﬂlu@for@lﬁ@,qgﬂ(ﬁ@ﬂ)éxt_@ﬁcﬁh%tléﬂg% 6f heBeid ﬂ@?aﬂ&jdﬁ@ﬂi tor ed
and used as a proxy for directly nmeasuring the stripe height of a primary

magnet or esi st iWr8ing| cangBitty. (NG¥RiAturddd- r esi st ance of the 20 secondary

magnet or esi stive el t, reaches . redeterm ned Level , | an agsuned
That the stripe helafie: Siofrmeenfel YRRy RaPlPElrali i eld iRt Be RS
appropri ape r amgBe sc@drdn@ PTG teclbtiden €dR00 of tHe MAERorésistive Gealddinént
measur enment by- proxy schene,, the primary and secondary el enents shoul d be

arranged so t Hf exigedsdodhs 3t bearingryincy «fithe slisles rihs aychonEag surfreeJBRAORS vi t y
of the primary, %QG%S'CE&Q&ng{Iagrwlﬂoﬁ%ﬁﬁ'&lsﬂle g%gf‘wésyég%‘gmgﬂ?é@gé §gd, unl apped

waf er 400 contairning two re I'te heads app! ng gui de 406.
Read/ wri t e headsitiGZedomet arotstimg gis¢.mary magnet or esi stive el enent 408, and

| appi ng gui de 40b ntai ns a_.secondary resistive ele t 410, .the

resistance of whi ch?F<R ?fisglsr?é m@‘ﬂ%ﬁs’c"(‘? I @?ﬁ}tg@gﬁ 1@?’_&“@‘?&@1 enent

408. During | apeichle ni&ral 264, STRIERafe Helifoch UORRLY ed RS20l ThlofRBEL 410
204 of the magnetoresistive read element 104 is referred to as the "stripe height."

The stripe height of a magnetoresistive read element is an important variable, as it
determines the sensitivity of the magnetoresistive element to a magnetic field.
Generally, the shorter the stripe height, the more sensitive the magnetoresistive
30 element, and vice versa.
As shown by FIG. 3, prior to processing, a magnetoresistive read element
104 has a stripe height on the order of 100,000 A. The conductors 106, 108 have

approximately the same height. During manufacture, the magnetoresistive head is

2



is nonitored. Wen the resistance of the secondary resistive el enent 410
reaches a certain level, it is assuned that the stripe height of the

primary nagoele§si stive elenent 408 is in its appropriate
| apping is ceased. To ensure that the 3 WO 01/9111a PCT/ ng}%@&?gp

resi stance of the secondary resistive elenent 410 is in known relation to
the stripe hi éifppedt thehebypeduvargthommppatioresistist read ekenemtn 041 &8ipe héight top
edges of the primary and seconda ts ar ed. .Therefore, during

| appi ng, the dhati h’édhiéis_ o¥n P, aﬁ!t@aﬁaerﬁéogeﬁ&ﬁgawéqaéﬁﬁé?rﬁgcesqu d be
SOt oo oo r U BkBOREUPUEcBbet PR E aRnE! STEly Bl ARERYS, RO ¢

~suitable prox e str erg e pri i's solution,
whi ch i s knowgrindidgheodess in whish pheahbg@etoredistiveread eldhentdi0d taad die atsetiatdn t he

primary and secondar lenents 408, 410 js re]atively great er haps 500
. mcrons). %ecé:ﬁgéu%‘?’)sltlﬁ@s{@lﬂé%{“e&q t%ﬂk‘,@, Sct"t‘ib %L AR SIBT’yt'is'FESIﬂE?p edges of
the primary 408 r; l n i : WM
ol er ance. ” Such nl A RSB AEn The fRboRPFOne Piplit jaaRs S itbratb e o,
t he accuracy \sirige height lof tHeenagnetonchintive ressli eddrent uptildire ptopéd Mapneficcat es t he

stripe height of .th ribmatrgr el grrent 408. Thus, the secondary resistive
el ement 410 i SCERUVIRASP56R Eepf®Bxy for the primary magnetoresistive el ement

408. Accordingly thgegiyexivaduid fe fhid RrdiRciif RBFthE 9nsRRGHY GFiRL Y nMeasuring
and controlling the stripe height 15 of a primary nagnetOresistive el ement

wi t hout subj ecnagegtor¢sistist eeadrelement dheing lapkingf scdthatergleenf the praples sensidiyitat i ¢
di scharge. Su

f.the.l [ h h d i
W ih the pr oSORE CFuiHT a B0 E0Ts bPReEs o rENr ERERY B AaiiAl ner

probl ens by anigiapmiaighth®mapRitbresisite RLEsRMeAY aiBRE&AsarJhe ofRE indirdcayol ves
grounding a primary nmagnetoresistive read elenent |ocated on the read/wite

head to be | appsdhe ed elemgntsaesistgneps e likslihepdsefpnielachastatia disekasgriar v
magnet or esi st i\ I that i I it e head.
Capping of & ndegrieidti fadiieniciend oRlra S3R it Ui Ritaltds

comenced.15TheSuchppielkgtroSattodisdhatieds Uadm flal folBe fead kledietit) ahd eépdbkterdforea
desired characteristic. Another aspect of the invention includes a
read/ wite hedgsigbintommimimipgihe Weglhopd peachridirhpigad el enent (used for

reading data duri ng aRGGALIRM e adling1adhikcnl Nl 60 2 LR Algga Wi te

head is palced). The read/wite head als es a secondary
magnet or esi st ireestiveatcnedng vanbe madnitered iandeskdi as aprapafor dvecttyomtdseripg ilrear y

magnet or esi stiye r.ead el.enent and sitioneqd in ptoximty theret 4 WO
01751116 PCT/ U RS 5t § BB aci et st heaniae festsier pf e

advant ageowhisebordBs AedRidréfstiva@ldh &t 8khdsVRBadtQhiMdd levaieitappes ent from a
reading of the follow ng detail ed description and a review of the

associ at ed dr assumessl thErthe stripe beighpef the pomanhmagietmesisfveElement idigpisct s a
e e e e RRE st PR B9 bt s g SRS 8. AR ©
by-proxy scheme, the primary and secondary elements should be arranged so that
there exists a known relationship between the sensitivity of the primary and
25  secondary elements.

FIG. 4 shows an undiced, unlapped wafer 400 containing two read/write
heads 402, 404 and a lapping guide 406. Read/write head 402 contains a primary
magnetoresistive element 408, and lapping guide 406 contains a secondary resistive
element 410, the resistance of which is in known relation to magnetoresistive

30  element 408. During lapping, the resistance of the secondary resistive element 410
is monitored. When the resistance of the secondary resistive element 410 reaches a
certain level, it is assumed that the stripe height of the primary magnetoresistive
element 408 is in its appropriate range, and lapping is ceased. To ensure that the

3



FIG 3 depicts a magnified view of a magnetoresistive read elenment prior to
10 | apping. FIG 4 depicts an undi ced, untapped wafer containing two

read/ writ qudgpsigiand a lapping guide. FIG 5 depicts an unpappest/f-ead/ wite
head in accordance with one enbodi nent of the present invention. f FIG 6
depicts an untapped read/wite head in accordance wi th anot her enbodi nent
of the presentesistaneadf the sedan@ary7resisiivectlement 40 i sipad wnerakition id the lsieipd i n

d ith .embodi t af .th t. | ti FIG 8 depict
- unt appod r DRARUTHDEPHEAD PASSHATEN CAIRCRerir VRl Fc0ees SHEBRRERL of ¢ no
present | nvenihPgkcofidd ef%n%ﬁ&‘ &t §lé§1eﬂ?tﬂ%fd}é, cﬁﬂﬁgfléﬂﬂli:fll%%h@sghﬁé)ﬂéig}ﬁ dpr ocess

_used in conjunction with the enbodinents depicted’in hr otugh 8.
Det ai | ed Desc thegringary 28d Aecondpryelavertagpulicdeaguilaleans, and liheresidtabge of the

i ncorporating a secondar toresisti.ve el ement .into r.ead/ write head.
By virtue bf  FRSMEYSITER ST RS rulBe P i e heightiorlhe
magnet or esi st tha@l &18mBht. (’Mﬁ@éfblﬁt@h,m@ﬂiiﬁﬂnm&ﬁl iy &HDE’asQﬁ@lﬁl_@ﬁlfs,%Wéﬁ/eﬂ he
di sc drive), the secondary element is located in close proximty to the

primary el enedbe distange betingen thesrinaryand secondary elementsed 18 Al Gis relptivdy r el at i ng

Lhe top e09es ol (IR ST BRY. SREANIREHELEIENL e R BABN oy 5

secondary nmgretoresistive e t nore ré Serves as roxy for the
primary el emeeligesQpthieqitithiry 408had sevndagelentengytioaicesdsatiipias avédent may be
fashioned with WO 01/9111s PCT/ USQL/ 17222 identical  di nmensions as the
primary el@nmefrleranes. auichg widp dlpraners dpdesiabley bespuseatdeteagisifam et to the
primary el eme i £eg LG . i n
unt apped r ead? é&u?%cg @Y%ggﬂ ﬂ{fgéﬁ? %éégg co (&j%hsﬁgg \?\}e{r{?}ﬁojn]}eb 2 %(%;f ar ﬁe@ﬁsﬁpé)%cﬁe? %‘Ihg
present i nvenbf the.prifsary alendzat 468 NTHusptheed@ndary redigivieedaent 4l @ isemad 500 has
a primary magnet Si st vtg?a)br ead, el enent 502, gnd a sec

r dar .
magnet or esi st 9% léﬁemy ﬁ%ewrsmwf:@reﬁﬁeﬁ%ﬂsms%ﬁ@& v%%P@é‘EﬁlléF}@FFent 502

i's interposedcbeiWeREd N0 HORAUSET &rcara_?é?fmeéﬁﬁn ThE cSRFANAAMS stripe height
magnet oresi stive elenment 504 is also inter poseg bet ween tWwo conductors 508,

510. The pfi maf ¢ primgriemegretdrssisties ¢lementovithophsubiiing e ¢léreerd de thedisk pf
magnet or esi stive egénegﬁ 04 10 sq%&e one conductor S08. The primary
magnet or esi st FFR4EIHLTRNAUSHABCIAEE t he secondary magnet or esi sti ve

el ement 504 have their top edges aligned in a collinear fashion. In an
al ternate enbodi nent, their respective top edges are in any other known
relation to each other. A third éﬂmngenuﬁghgﬁgﬂmﬂ&251o, 512 directly
contact each other i ne of nduct or s bei ng.shared w t he
cecondary 15 mgnet s Bt b ol AR BEE R hEBichy BT Bict L
may be pagsed thiduferdgiantiomdyibblemB@fid ofRE prodRms byegpharasi i inhetiod Kad

el ement 504, and conductor._510._ The resulti ngi vol t age between cqonductor 508
and conduct or PEeseptpdherely dieipethed Bvglves groupding 3 pEmiasy MARBEIOFSBRVLSAG ct ed

| the same opgpahi BRaEbs (REfhAREN B! R i stive
read el enent 5%%‘.?6 I)?J gecon arye mgnet%h?gzg?éti%pp\?e e enté?\t?&ggggﬁggl?%s I oned
identically t dhrohgh psdcondary megnetomsessive tdad eleneatithat mratvotlo&A&] orathd | f

conductor 510 is,fashioned identjcally to conductor S06, then that voltage
To the same. THOVIREE G ebEuihe uiRecuee pogen e e S e of
the condugs or goRaRRncddl OrhellBshin 8T hnAReR Wil Hi%est SpARCAhLIFBANRGH&Y esi stive
el ement 504, and the
characteristic.
Another aspect of the invention includes a read/write head with a primary
magnetoresistive read element (used for reading data during operation of the disc
drive into which the read/write head is palced). The read/write head also includes a
30  secondary magnetoresistive read element, dimensioned in proportion to the primary

magnetoresistive read element and positioned in proximity thereto.



25 resistance found in the junctions between the conductors S08, 510 and
the secondary el enent 504. Lappi nhg can be ceased when the voltage between
conduct or ;PP 3yxd 510 reaches a predeternined threshol d, i@ﬂhﬁﬁh%ﬁﬁ t hat
the primary nmagnetoresistive read el enent 502 has been | apped to the proper

stripe height. A current may be Rg&zed t hrough cqgnductors 510 and 512. The
resul ting 30 vol t ag8cHAde@HoRH piEss 3¢ wel gg adyantages which @ygragteize at i ve

of their conbi SR AGES : i oned
identically t:t)l{%teiﬂeegeggirrll%ct or Sll%l%%p%%%g?@ﬁ&ﬁégﬁ%?%g%?ﬁeﬂ %Cr?\?, %g?iﬁlfaﬁé&]

magnet or esi st deeripgadaed & petidw 60Re atdoeiatedl dragimgs.o devel oped i s indicative
of the resistance of those conductors 506, 508. Thus, the 6 V1' O 01/9111S
PCT/ USOL/ 17222 vol tage between conductors 506 and 508 may be subtracted
fromthe vegltage between condugfioffe i8R aipiswviggat e the effect of
conductor resistance. By so d ) ' he magnet oresistive
el ement 504 itsel f F{@i 1 Hepitts ahreaddwidtechend kidvamrethe privhart.conduct ors 508, 510)
can be the determ pnging.factor in.the.cessation 5 of .|apping. L ing can
o consed when t hel dPof SUBCS B AR HER Bhe bretoratiyS FRa R bRt
threshol d, ingy ﬁltgl ng that the primary nmagnetoresistive read el enent 502
has been | apped to the proper stripe height. FIG 6 depicts an enbodi nent
of the present invEHG Ddenietsamaghifiddeview phamagneigresistiversiad element paat tel enent
600 is inﬁﬁrp?sed bet ween two conductors 602, 604, 10 neither of which are
shared by the aé’gg@hdary magnet oresi stive el enent 606 or the pair of
conductors 608, 6l@IGUsaehitt aneadided, thRppEDWERE Etainafi thoadawrilyhdadod! at i ng
the primary magnetoresistive read el enent 600, ifs capacitance is reduced,

t her eby enhané&hhglapPingeiidini dth. FIG 7 depicts another enbodi ment of the

< Tt er posed bot whin T o el APl SRUkIRAMS LBk SRR O S e e

by the secondampodivgnebdiheprssentniavaitienent 706 or the pair of conductors
708, 710, used to account for conductor _resistance. In this_enbodi nent, the
secondarylel enent ¥H8. ¢ depisisenpalppedread/@ritehenddn geeordange dnth angther The
benefit of is b I VinPBE3gt or esi stive read el enment 700 and the
20 secondary (r%%lghglp%rlﬁeg}e%htgipir/%@%ﬁlrelnen{aﬁ‘?OG is that the geonetries of their
respective conduct FIGeT demots-an anbippedueadimitehdad io aocdrdanca shihanether
identically. FI 8 depLcts anot.her enbodi nent of the present invention. In
FIG 8, the pfmgﬁ?]??gghg‘?@?%ms‘f’ywopead el ement 800, the secondary
magnet or esi stive elpgyEg e aﬁ'ﬁﬁlaﬁﬁé&‘re&i/wm@h&aﬂﬂﬂldééd?da%céﬁﬁth'&Sﬁh’éﬁd bet ween
two magnetic shields 804, 806. 25 Magnetic shield 806 has been depicted

wi th dottad | iembediment afiibearesentigventionhas been cut away to pernmit view ng
of the nmagnetoresigtihve ,el.ements, 800, 802.1yi behind it. The shiel.ds 804,
806 protect the. mabid SAERTRAEnGT o senrainbe ehaise pREsevited PripRgRieT of
stray magnet i Gyifhi e s@bo@noisRpRIACnFIGE. 3 theouphigmar y magnet or esi stive

el ement 800 and the secondary magnetoresistive el enent 802 upon the shield
804, 30 aliglnnent of their respective top edges is rendered nore accurate.
The enhanced accuracy stens from t g dfsf piddpiniiofle Prinmary and secondary

el ements are di sposed upon the sa e, presenting a uniform
opti cal affangenmentArfionprpvut lappihg ggide phachiefbd bpimghrgerdtingd stemidatys t he

shi el ds 804, 806 used.i.n conjunction . . . .
magné{oresmtlve el%rrlent into a reaZ/wnte head. By virtue of its location on the

same read/write head as a primary magnetoresistive element (used for reading data
during operation of the disc drive), the secondary element is located in close
proximity to the primary element, resulting in smaller tolerances in aligning or

30 relating the top edges of the primary and secondary elements. Accordingly, the
secondary magnetoresistive element more reliably serves as a proxy for the primary

element. Optionally, the secondary magnetoresistive element may be fashioned with



w0 Ul/91116 PCT/ USO01/ 17222 with the enbodi nent of the invention shown in
FIG 7, the shields 804, 806 may be used in conjunction wth the

enmbodi Nnensy Bforhfie i nvention shown in FIGs. 5 and 6, as we}

enbodi nent s 01J Lﬁ i nvention depicted in FIGS. 5-8 may be ué"sggg_(?lﬁnzzz
conjunction wth the nmethod described in FIG 9. The nethod described with
reference to Hefica dirmynsiensiaspheprandrg ¢ldmenssoas tormtiedhe exbndyrg tlementhe
functionality des vvlth reference.to odied in the
circuitry of F’%chl 3?3*‘ e(rga/&tﬁrggaré%p&glgeﬁésmlw ter or an
oscilloscope) and gy §h§;ﬁct§§n‘ﬁﬂiﬁ Bstidaead RrisChda0A08 if GofiaABe RfthdneONPUL er
that controls such [ aboratory 10 equi pnent. The general structure of the
met hod used i ambodinentof the pyésent inveatienbAdicaehe seendixine FKa 5, mhd&b@Bwn& 8 is

shown in FLG ,9. can be seenfromF with

Shorm i on Booheid SRR RRRY ShenrOREeliss peAd sleenl SR 5 ey

nmagnet or esi st iaendteRdisal e oRMHentS (. ITheWReREy nBen@brekietive Rudtkmehiwo2cBance 15
of an electrostatic discharge between the pri mary read el enent and the

sl urry duri nginterppseddpetwrstt twoj apngicsars éﬁ@ﬁ&ﬁl diesepndarymeagnetoregistivei s passed
through the seg %g9§(¥4 {7[%%%% %éf%éé%gen tltw%nc%% 1 t@ﬂ%obg%ﬂi m”ﬂ}e}?e a??”ﬁnwd in

operatl on 904. n query “oper at germ n ot the

test signal exhighitbfesizti®e Bdad ¥lneentl86) Arfithe bevbadirg mhaphbtofesistive elafengSadhat
t he proper stripe height has been achieved. If 20 the test S|8nal does not

yet exhi bi® t Hearoere eondysios S0%s T heprmpaaemmetaresistive reameéwwréS 2end thed to

operation 902 ng
ceases, as sho?/\cn?]ﬁ?ln opeér %@P %%gmtf“ %d‘@%é/rg(aagg‘ 83856 gﬂu@?dy Jo%%lrg%u on
92@ g an be enfiahioad Ibyin siteinar entiodintent, aheld&spédtlbedoﬁmlgey\areh? alﬁkb”ﬁher

enbodi nent , rati on 902 conpr.i . ses . passi nown 25

vol tage t hr ougﬂ ‘Y‘P}ée%%t&b'i‘?ﬁéfi@o%b gglﬁé’fde&qlrsctf Wég&t%éﬁgnﬁﬁs‘? iregily FoRjact
progresses, t efchro%ﬁélsm%eg}ftﬁe%nmm@sm Haaggﬁﬁe&%ﬁ%e/@ec%ﬁwnt and the

secondary nmagnetoresistive enment 1s I ncreased (because the stTipe height
i s decrea$kd, niagmtpragwavsﬂrlamlearswr 0ss-sectional ar ea for eI ectrical current

to travel through) res It|n a. pr.o sswel ni s rrent.
Therefore, in thiss ?g t%% %‘r‘gaye‘b%ﬁ’aﬁfﬁ tHIQé]@ Ry q(%é@ det er ni ni ng
whet her the t §&bn§ir9@ﬁe\gde§>rés%@#€ %Adtelen@en@sm r286 cBRARIR320! q¥Etesufpingl | arly,

i n anot her ernbodi xnent”, test operation conpri ses passing a signal of

known anper ag¥ oktagedwgheqnn@ndwmrapd mgdwmrSéQus reprasethigvaofithe wltages WO

ori mary mgnet Bt SeLl Rt R b BB R AR B 5 R S PR ot

i's increagsed, Magﬁubfdsngve Fead eunR@t S6X% i If eédpni Ny Ramedgesistvt apmenrsttsis t he
secondary magrf‘letorem stive elenment. Therefore, in this enbadi nent, query

operat i on 906 fasBioped identigalyelothe prmgariipagnetoresivive seed elsmapm P02.@ad s a
desired volt ag@nciu@%?lsmﬁé‘fa)éﬁ n@d‘ﬁ%ﬁ‘tﬁfall? rPasiaiBRE 506, &5dn tﬂ&e\fo%%eoig tl?eoZ.

conprises exposing the secondary magnetoresistive él enent ynam ¢
magneti c fi el damedThasgsliapg sa detegnais mpremmedfﬁmwsmtahcecoﬁth@mdubmmjgh

said el enent. [ enbodlne esi stance .,of the secgndary
magnet or esi st ﬁbg Stépe Agsiftance °f Qi'ﬁlraﬁf mpgRatoresighive clement 504, and the

25  resistance found in the junctions between the conductors 508, 510 and the secondary

element 504. Lapping can be ceased when the voltage between conductors 508 and
510 reaches a predetermined threshold, indicating that the primary magnetoresistive
read element 502 has been lapped to the proper stripe height.

A current may be passed through conductors 510 and 512. The resulting

30  voltage between the conductors 510 and 512 is representative of their combined

resistances. If the conductors 510, 512 are fashioned identically to the conductors
506, 508 surrounding the primary magnetoresistive read element 502, the voltage so
developed is indicative of the resistance of those conductors 506, 508. Thus, the

6



10 magnetic field to which it is exposed and the stripe height to which it
is presently reduced. Thus, query operation 906 conprises determ ning

whet her t{g) 1854155 gnal reaches a desired voltage | evel aspdpas§Hfeshby its
root - nean-square value (RVB). Alternatively, test operation 902 can

conpri se exposing the secondary nmagnetoresistive elenent to a dynamc
magnetic f el wlagdbptresiicgnducsirgfidd arsf 508moanbd Subimatted deomt theyolibgesai d

el ement. Accoyr di ngl uer er.ation 90 0 S det erm ni.n t her the
test signal %ﬁ%&%h%‘é’dﬁf@%s@%ﬁd%ﬁ!?? & et@?%@cﬁ%‘%&o&ﬁw%ﬁeg@ asur ed
by its RVE vajlidife therasRtandd el hemBabefistans elchRif 500G (WRoRARe SQEAr i Ses

exposi ng the secondary nmagnetoresistive elenent to a dynam c magnetic field

and passi ng aregitange oéthe conduaons SOB103 cynld thedeistyingingafaetor Byiha egssation

magnetoresi stiyve elenent.. In this e di ment er ef-at i on onpri ses
detg er ni ni ??'g FRIPE L HAPRIES {:ansli)eg%gfe%g\gl%e%lgﬁg afore e@%ﬁ@@g{f‘?{%%ﬁ rF%C%%‘/%I trrgge
plotted agai ngledétbriBihedMirbshoR, BXdicatihs eHat twlirﬁﬁdi?hidgﬁbﬁbresﬂti% yeadRRE®ik on 906
can conprise determ ning whether the test signal possesses a current
profile (anpeP®geaspicen lapped tpnthasroper stEpe beight- no DC of fset. 25 In yei

anot her enbodi nent i . I : i S : known
vol tage t hrough thgl(ég%%er?gﬁgél? %%g@é%gﬁte(gﬁgﬁnﬁ&gf@%éﬁéﬁgﬁ‘ﬁm? ?{swéﬁg% i ment,
query oper at i magiéresionyy reaé sleserki0dys inttrposaitietasneawiotcgndyctate 682,04 ng

whet her the test signa! drops bel ow a predeterniined |evel of eésqeré rical

current. W t eRsiHer oerichassshasddyahe srroneary ergppiosssiiye slemeyt ¢ Bl of
known 3 O a”pgiiﬁgfc&m%%dsbgb@ QNG Yo P EAEES TN HPRlating
Accordi ngly, query operation 6 conprises seeking a thermal dsperity by
det er mi ni ng whetphtary heaghetstesitignemad elentcage0q, its espaaiiance inrgdnesde therabiyned

t hreshold voltage., 9. WO Qé{/ 9111 PCT/ USQL/ 17222 In yet another enbodi nent,
test operati OFPI’@B?‘HS(SWIWPQ‘@ .ﬂbassi ng an electrical current tlu ough a pair
of conductors usedgpf@r7 Agat hitdhd-ReRlinegk oPiheTRALHCH YN8 Sh $hthGBe and

al so conprises passing a signal of known electrical current through the
secondar yliragpemeryemagidtaresistivereart clementt790ds itdipeliedbatweey e gorsiyetait i on 906

conpri ses det ini,ng .whet her. the diff.erence between t vQl.t a ross the
secondary rrag2@3&183’??%{/%&@{”8&@&8%3?8%P' ﬁlée WSP{I aé%n%?glrl %lgr Si%‘tée %gl?‘l%%of
conduct ors exggEesthe phit o€ shedudioyP1082g 80, uséd W ddcolt fol eatudtbedesislagedriasent
invention is well adapted to attain the ends and advantages nentioned as

wel | as t hosethisnerabediment diceiepondeyi slempitd9 it isplated, py e epndigtasnBtmntent s

have been desgf] for J 2 f t. i r r may
be. made.wni cn o1 {1 eelefP ot 8030 T B ohtlabe MoRE QR MpRe BHTRRA FRREC I0
and whi cho@r eseBaddrp ass@diorddistine elefiehii 10606 tHab ehel geumiRiriennf dierakgretdveand as
defined in the l%ppended clains. 10, WD 01/9111s EH@CLAi MED | NVENTION | S:
PCT/ USOL/ 17229°nfucterreieapgnizcopductos sicyitycap de fpshioped ideotigpliye, the read/wite
head comprising: - apid;!$ hegled BRSRL SRl LF AR fRtRHPRLentBA] IR FREODIKE

magnet oresi stive read el enent, dinensioned 1n proportion to the first
magnet or esi st pumancmdgadtenesistiveanal geowenti etheisacomdanyi magngtoresistive elemrent

802 and each of the conductors are located between two magnetic shields 804, 806.

25  Magnetic shield 806 has been depicted with dotted lines to indicate that it has been
cut away to permit viewing of the magnetoresistive elements 800, 802 lying behind
it. The shields 804, 806 protect the magnetoresistive elements 800, 802 from the
influence of stray magnetic fields. By disposing both the primary magnetoresistive
element 800 and the secondary magnetoresistive element 802 upon the shield 804,

30  alignment of their respective top edges is rendered more accurate. The enhanced
accuracy stems from the fact that the primary and secondary elements are disposed
upon the same planar surface, presenting a uniform optical arrangement for

photolithography. Although FIG. 8 depicts the shields 804, 806 used in conjunction
7



magnet oresi stive read elenent. 10 2. The read/wite head of claiml,
wherein the second magnetoresistive read elenent is the sane size as the

first magrehp(6qistive read element. 3. The read/wite heapc?/fusﬁll/ﬁ.bﬁ 1,
wherein the first and second magnetoresistive read el ements each possess a

top edge, and wherein the top edges 15 of the first and second
magnet or esi st v the anibediereansSthanwentodd shosarin FAG. Tbe stdaelds 804,806 megycbeof

claim1l, wherein the first etoresistive.read el.ement is interposed
between’ a1 v Sro PRI A Sbogitenh BF F ANRHOL BRu MGGt BIEE: st i ve
read el ement L$whit er posed between a second pair of 20 conductors, the
first and second pairs of conductors being dinensioned so as to have

" approxi mat el y i dentlheambiodimesbtsafdbe inyentitmedgpeciet} inH1Gs. 8 aehydfe uskdimm 4,
wherein thg first pair_ of .conduciors.c ri.s.e first .conductor..and a
_ second conﬁucf%’ﬂ?né}?&‘ %ﬁé%l%&ﬁ?‘é&)?%%%ggﬁ&ér é'o?hezgleﬁgﬂ?ﬁﬁ?g’rﬁé “ilori ses
the second copsuehes todNd. 9_ntld(}ili’eq¥1%?ﬂéiﬁéd35 arPautditetl @€iyatdr eThead of claim
Y

4, further conprising a third pair of conductors, the third pair of
conduct or s beingtionaldy desoribediivitb sefeeenee (o F16- Onay o erabodagriingghe elgcuitry of

30 ana second e BE PRI RGP oh BRIPGREED AR 050l 2

read/ write headefibodicaimsdiwad esshiify M€ chbinpsier hat sondiolscoll Lbbaksryconpri ses
a first conductor and a second conductor, and wherein the third pair of
conduct or $0 coRP¥IPEEEL t he second conductor and a third conductor. 5 8. The

read/ wite head of ﬁle%lgﬁ‘%ré]l Sé‘fugﬁlﬁpgfthgﬁ{%ddﬁﬁg‘gin @Onﬁ‘h%ﬁgn mr{ﬁéi c shield;

and a second magnetic ereln Irs second

magnet or esi St emboéinemndepicsdcindiGeri-8 ds dhewnta®IGhe As cat baswn fiwaoRiG. 9,
magnetic shields. 10 9. The. read/ wri head.of .claim 1, further conprising:
a magnet or esi gfq Ipgt Qﬂ%@@&?w @PQPHO’i h@o’t“ﬁg'if‘i%r@? c c@mun&ng the .

magnet or esi st gﬁﬁla?}ll AIEH !étére@i&ﬁvéi'e%@l%ﬁ@n%@?r&u%ed}%g ReiPhfdnliNEcipate! d.

10. A method of determning a proper amount of [apping for creation of a 15
read/ wr i t &5 heaflat elettadostativglischprge ratweensitpprinarygeat ¢lomentead thd ey dunng h a

O e o PR N ST 0 AL ) 09 L SEPHOLLAGL e
secondary negaglAkBadsitivy BlchRAC afd RPFIRL id fthmbioel Of Sp&ekiH9G4 Enlg@ed/ Wi te
head; 20 (iii) [apping the primary and secondary nmagnetoresistive read
el ements; andopération 804, iihiaidagrmimed sbhethgropnat g ipstsighabedwhitieang or more
magnet of esi St iy, et Sl ARG Reible md1Fe bORbr SHEPRLPHML Ll uchiedSE fre
20  the test signal does not yet exhibit the one or more desired characteristics, flow is
returned to operation 902, so that lapping and testing continue. Otherwise, lapping
ceases, as shown in operation 908. Test operation 902 and query operation 906 can
be embodied by various steps, as described below.
In one embodiment, test operation 902 comprises passing a signal of known
25  voltage through the secondary magnetoresistive element. As lapping progresses, the
resistance of the primary magnetoresistive element and the secondary
magnetoresistive element is increased (because the stripe height is decreased,
leaving a smaller cross-sectional area for electrical current to travel through),
resulting in a progressively diminishing current. Therefore, in this embodiment,
30  query operation 906 comprises determining whether the test signal is reduced to a
desired amperage level.
Similarly, in another embodiment, test operation 902 comprises passing a

signal of known amperage through the secondary magnetoresistive element. Once
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25 11. The method of claim 10, wherein: step (ii) conprises passing a
signal of known voltage through the secondary read el enent; and wherein
step (iV) wa@pihfes continuing to lap the primary and secop@pi¥oi/17222
magnet oresi stive read el enents until the test signal is reduced to a
desired |l evel of 30 electrical current. 12. The nethod of claim 10,
wherein: 12 agyinGis/@ipldg progiesdeShe taisincs bethe (prinjary oragnétexssispins slemgnia
signal of known el ectrical current through the secondary read el enent. and
whorei n step fT e CERIIATIRIETSIA IR AT KRR e Hrarstsrugyy
nmagnet or esi st ieeakR@doRh QRIS th¥ekbndabE maBidtorekiding elérferte ahBRF0r8, AaRis! ed
voltage level. 13. The nethod of claim10, further conprising: exposing the
secondary nagrabedissnguery apetetior PBreomprises ety whetherdhe test sighal;

wherein step (ii,) conprise assing a signal of known electrical current 10
. tluough t h% sge@S%%faaré}psF‘é‘gﬁoslg%gi%’ﬁF; and wherein step (iv) conprises
continuing to |ap [hgetRhbiles ¥mETHMSRC BROGYatiTADOL cofPBib&idxpesing i el ement s
until the test S|3na is reaches a desired voltage |evel. 14. The nethod of
clai m 10, fi useieadarysrgenpiorasistive slemepbioiartynaméc Bwagnstia el apdgrrstiog asi sti ve
read el ement ' ' | ; | 0..S (L] hses
passing a si g%\%flﬁo(}q@ﬁ{o;\}}w%le\ggg ? gégdgce " L{rhgéﬂ A Smélgl{é%ghg'g?lfﬁ( %dé%%&e%g%%t; and
wherei n step (dsistanceBpthesesondayimaghef@edistive @fenidneispr funetion afftdiistheondary 20
magnet or esj sti ve r_e(glg elements until the_ test . si g?ggll is. requced to_a
desired | &el Megneiceligd fQwhichatis gxposed gnd thqsirnetiqiedt & WRIChilhis Peesertly t her
conprising: e | e SROLY h St fEa
dynam c 25 nage?lag?%dgg%ﬂklmé[ %‘&?g%&%aeﬁr el n gl%lg%gfélie\%ﬂﬁégi#%%te%cont%tﬁsﬁ%ﬁg to
| ap t he pri margachesth dsreddaitage hevghat messsieitinvies metmemi-squant valua(RVS).he t est
signal exhibits a v,oltatge pr of i Ig ivith no direct . .current Qffset. 30 16. The
met hod of cl af eagtively, Exapertiap PP PRy STRY S SECOATr v
magnet or esi st i4gnétBRAIsEYEHBRMEN S a-yHN AR ThEeERE RBkd dnd fpaish 2 8BHa1b3 known

15  voltage through said element. Accordingly, query operation 906 comprises

determining whether the test signal is reduced to a desired level of electrical current
as measured by its RMS value.

In yet another embodiment, test operation 902 comprises exposing the
secondary magnetoresistive element to a dynamic magnetic field and passing a

20  direct current (DC) signal through the secondary magnetoresistive element. In this
embodiment, query operation 906 comprises determining whether the test signal
possesses a voltage profile (voltage plotted against time) with no DC offset.
Alternatively, query operation 906 can comprise determining whether the test signal
possesses a current profile (amperage plotted against time) with no DC offset.

25 In yet another embodiment, test operation 902 comprises passing a signal of
known voltage through the secondary magnetoresistive element. In this
embodiment, query operation 906 comprises seeking a thermal asperity by
determining whether the test signal drops below a predetermined level of electrical
current. Alternatively, test operation 902 comprises passing a signal of known

30  amperage through the secondary magnetoresistive element. Accordingly, query
operation 906 comprises seeking a thermal asperity by determining whether the test

signal voltage rises above a predetermined threshold voltage.



WO 01/9111s PCT/ USOL/ 17222 wherein step (iv) conprises continuing to |ap
the primary and secondary nagnetoresistive read elenents until the test
signal exidod/siis el ectrical current profile with no direcpcfisiignt0f fset.
17. The method of claim 10, wherein: step (ii} conprises passing a signal

of constant voltage thr ouglg t he c?‘siecondary magnet gresi stive read el enent;
and step (iv) conpih¥e<nelist sHbPHG RS teshpperHion A2 AomprisatPseRg Alar v
magnet or esi st i Birfih j i e MVARE d by
detecting thee%gtr{cgst Sl S{r@?u" rdo%%llt é\ﬂgcogg‘?ég(\?lv%ﬁ%@ggﬁ%#léééki%ﬁeﬁpggl current
| evel . 18. Theombictordesidtarelpanth al€h contyerises passing epignal 9f lomvr ¢ledscglassentg a

signal of constant current through the secondar net qresi stive read
el ement; and 1@%&%@‘_%?@21%%?@%@%65&%?{? Ff‘ﬁ‘}}eﬂb Hﬁ%}ﬁ?ﬁ@“’ﬁﬁ W& and
secondary ﬁag%ﬁéﬁfi&%@é b&ﬁ%xfs%ﬁﬁetﬁhﬁfﬁ%g@hé%ﬁ'ér'tﬁe @RAEEBEWRSR Bl iottags Sensed

, by detecting the test sig rising above a threshold voltage |ever. 19.
The net hod of actoas tine s€gonflanytrhagnetoeriativs iclemenPandiths yohageaacress gt paiino]
current through i rst i r.of conductors having an i npedance equal to
that of a jsec_gﬂlé‘ﬁﬁgﬂr? e’bclﬂg%o%%ﬁfiﬁsv 88%een v~Thich the pri mary

nmagnet or esi stive r gagiiEbedIBRthdt $hd presinp B5/88kior 18 VeBiMapie 4 kA0 (1R oi@d t age
across the first pair of conductors; wherein step (ii)_conprises passing a
signal of knownd afestageemieniéencdanvellzstibse inierank hesein.oNdeitepresently

magnet or egh S i¥gek oAl IERL nal RLANLRRSTNS B A0 NG AGLASS the
secondary ‘fagfietorési stive read elenent, an rern step flvs) conpri ses

conti nui ng t o numerdusehfigesaiay bambdeaddcidwily readidgneioestabemsdius té these el enent s
until the difference between the voltage across the secondary

magnet or esi st iSkidled @ndeartand yhighare epeompastaiga thaspirioftheinventian disgleseds 30

conductors ex i ) Aread/wite head for use in a disc
drive, the regﬁ??ﬁ9?ﬁe“%§3’gg’%gd8hpg’¥ﬁgicﬁag‘?’s'14 WD 01191115 PCT/ USOL/ 17222 a

first magnetoresistive read el ement having electrical properties; and

10



a neans for determning by proxy the electrical properties of the first

magnet oresi stive read elenent. 15 . As. Ae. A

.e. AAsy. A 5 Ahy. AAy. AUs. A Ale. Ahy. A Aa H $m

[ he| wr ?/rhc’\‘mggg] ?g] ca]/ca] >c/a] caj cg]/ca] caj cé] cg]/ca] ca] cal ca] cg(]7 Py 1(/:1671 2czea] cajc

"a] ca] ca] ca] c™a] ca] ca] ca] c*aU] ca] c<al] ca

e!l | ot w6, 4+eRENE IATVMER BNYEAMIONEH:ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢

a] ca] ca] ca] ca] cal] ca] ca] ca] caV]ca]ca]ca]calca]cal,)]|;

PV #K#A#HAASROE &&&+' n' s ) (M((({vgl gb\W ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca]

;z?] ;za] ca] ia] cﬂga]Lq a] cgy f&hﬁ@h@%&ﬁ]&ﬁl&ﬁ]ﬁw &dleC HeGRAGRLESNGal ca! () W)
*rE*x+Hp+++, L, --50 0L

" 3MmB3{vql gb] X]p]com]aual]lga] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] c’\a] caJ ca] ca

] ca] ca] ca] a] caj ca] %ctv] 1 339445(6W6670777H88888: :

: <o<<<" =M ’>P’>’>’>L@a e}c]rﬁ ]cg]rﬁjad]%?%ff%l 1% ca] ca] ca] ca] ca] ca] ca] caJcalc

‘ E}:C&] ca] ca] ca] ca] C%]s@@dxﬁ%&gﬂeﬁc&%&@iv@&&ﬁaélﬁﬂéxﬁ%iﬁﬁhﬁ&héc@‘ﬁﬁ&ﬁﬁﬁ&ﬁd@ﬁ@a EEEFa

GWHHI VI | | (J_Kikstengenetopesisiive roddugleragrs and npsitiqned jie aloxipiy e Hedtytca) ca] ca ca)
ca] cal ca] ca] cal]é:g%]st%{ggs{:s%],gaéagae]e%a]ncaU] ca] ca] ca] ca] ca] ca] ca! vVLLMBONNN&O~-OPQ X
0 :

Rc RSS#Us UUVVWWXNXXYTYYYYYY{ vqgl gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca
] ca] caj ca] ca] ca] ca] ca] ca ca] ca] cal.ca] calca] calca]ca] ca] cal cal! YZNzzzzZ[ : [[ |

VA1 AR AN 20 ap&fl]a@a c‘éi]“?fﬁ‘]lcth eecrnd MagBeiPesTEY] cal ca
I bb6cYdd

thot B It of ??]g‘*@*‘d‘:&%fﬁgfh‘f?ﬁ %.Lf?'?}s }aFFLqELtﬁfﬂ*&n#‘f%bﬁ%éa CAHEEIC3] cal cal cal ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] caU] ca] ca] ca] ca] ca]ca]ca] ca]ca]c

Lvkkkl ZIEnlt 11 * Fq. sryrr” "

2] ca) cal ca) cal cal ca ca) AA G LA Bl PE Bia AR aals Biitahy cespbd] call oa] oal

ca] ca] ca] cal C%ao%let%fe%%a% %éahkeﬁ &4 eééeaoa @?@H?é:%ﬂm&}xﬁ fheSbyEdgae" Y111 c

a] ca] ca] ca] ca] cd] cal ca] ca] ca] ca] ca] Ca] ca]ca cal ca] ca] ca] ca] cal ca]]cal

ca] ca] ca] d&] caijf ¢tz firal] avel delcord- :RagBUBLLIJtive read elements are collimear.

MLOY&' ()-2109%&' ()- 109& ()-Y"109%& ()-yl0%& ()-'s10%& ()-

$m ha?- & 109 63! 109%&' ()-'3!10% f& ()-'1S

109 () - &310%& () - G10%& ke8I ¥Bite Heal oXclainMBhherein the first magnetoresistive

10Y: 109%&' ()-!f3!10%& ()-!a3!10%& ()-!k3! 109%& ()-!a3l10%& ()-!; 31 10%y& ()-

32nN/ ° 10%& (Fad elenng’ig intarpossg Leiween adsPafr)of yonduggs, (mm the 10 10-r

[185321/ 0 1(]3%3:% maﬁloébmgégga%to%s%s%%@%‘ea(d)elelhllzéh(?(i)/é*)ﬁ‘te{fﬁose& ﬂi%gh gl)sec!'on&%ﬁ?&f 0-1

émb (10%28& ()condkidhke fiyst Shd 624884 HRirs@FLOfiIR dr} beihg AUMASndigned sd @SS E-€! | d

109 ° 6s10%b& 3pproFingokyddentical ipgwgdances- 1 10008&' () - &F+z10%& () - L) 10%& () -0
gr st 6bC

5. The read/write head of claim 4, wherein the first pair of conductors
comprises a first conductor and a second conductor, and wherein the second pair of

25  conductors comprises the second conductor and a third conductor.

6. The read/write head of claim 4, further comprising a third pair of
conductors, the third pair of conductors being in electrical contact with each other
and being dimensioned to as to have approximately identical impedances as the first

30  and second pairs of conductors.
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109 s310% & ()-"10% & ()- 109% & ()- 10b 10b 10b;
s10%& ()-" 910%& ()-6, dEbC 10% s

109% & @o%g & 109% & -sF10% & 10% & ( 109% 9
10‘V§ & (3 s ﬁé‘@ 0 S3y 1%% f&') ()- soli 10(% &'S( ) - 34 10(% & ()- ((93 1%)(3)? Eg‘q@%debc
10% 9. MLO% & () 2 10% & () - S&310% & () -
$1094 & () - SSH10% &7 ) - S TheWadnitehendi EDEAIN 696 bEBRTAOGR! p)ir sHABEEOLS) -
5110% & 3109% & llO(V & 9010% &'
0% S100ek () SOMBEUBE TP CoTdeR) Iia PROA b ARd pdksin fhedbizd po of () -
| 1 #k##dEbC 9100/6}& -
}10%3&' ()_###A%%SEIS’LQ 9 Lmé&é%ﬁ&? %ﬂﬁ%@é% (§ hé’fq’ g&/%%;a(&') ()- 0
" 10%0% () -, #109%0%' () - ! 10%0& % &&&+ n' p' q' r' dE:/ 100 100,

0908 Ls6410%0% % %08 ( t 10%0& () -

0100/@&(%) 5 e s ) (R E%(xérhﬁ %%%&E??“m )ﬁ’hﬁe”"mpns g

10%& () - L10%& () 3 la¥ghRa@edtit shid@V®d () -s: ! 10%& ()- 10Q())Wc)))dE:/
100L10%¢& () -F10%& ()-f @0%& ()-10%& ()-L, 10%& ()-10%& ()-)*)*r***+dE:
/ 100LL! 10%& () - 16%p@nd)magesb shieh, whermiar thy theifpehraidsecond magnetoresistive
310%h& +H+ +++

10%8& (Qg*@ ks)arimilﬁ‘g}é“gb?‘}”ee‘&%%ﬁ 30q SEPPEIBEEN e ()L, --5.. .. ..
xnbC 10010%& ()- 10b 10b 10b” 710%& ()-  L610%& () - 4- .
10%& ()-L3.410%& ()-...?// UL1dEnbC 100 ! 10%& ()-9

10% & () - 9809%b&’ () 99 @ 0%%heread watedmakof glain 1.gugker qonpyising:

a magnetoresistive shield, wherein the the first and second magnetoresistive

elements are disposed upon the magnetoresistive shield.

10. A method of determining a proper amount of lapping for creation of a
15  read/write head containing a primary magnetoresistive read element with a desired
stripe height, the method comprising:
@) grounding the primary magnetoresistive read element;
(ii)  passing a test signal through a secondary magnetoresistive read
element that is located on the read/write head;
20 (i)  lapping the primary and secondary magnetoresistive read elements;
and
(iv)  continuing to lap the primary and secondary magnetoresistive read

elements until the test signal exhibits a desired characteristic.

25 11. The method of claim 10, wherein:
step (ii) comprises passing a signal of known voltage through the secondary
read element; and
wherein step (iv) comprises continuing to lap the primary and secondary
magnetoresistive read elements until the test signal is reduced to a desired level of

30 electrical current.

12. The method of ¢laim 10, wherein:
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3MB3394dENhC 1009, #10%8&' () - 9! 10%&’ () - IMLO%& () - LY10%& () -
10%& () - 9FGLO%E () - 9445( 6wW667dENDC 1009110%& () - 9010%& () - L. 10%& () -
" 10%8&! ()“Q; A& () -$81 10% () - 70777HBBBBBAE: / 10b 10bys
S10%& () - L9§'10‘%1) ()-L810%& ()- 9610%& ()- 4g Bemuson
10% & () L3s10%& ()-8888: ::#;uVv// 10S10% u& ()-
10% u@ () - | *3M 109k il i@tbpniste haskinig 0%henal ¢f)knbObeleintdal curbin fhrevghdtic=aB7/

10! 10% u& () - 10% u& &510% U& ()-& 10% U& ()- 3Y10% u& ()-
11110% u- u&' (§°° ﬂaﬁxm OF+Z10% u& () - &) 10% u& ()-' Y10% u& () - & &

10% ué&' $ 10% g%ﬁﬁﬁ% mﬂiﬁ)o/e &
L641(L)I% l(.l)&' ()-4 18%&'%%%/119%&%15&/5%) 110% Eg{la : %%B B%S(C%%& ne O

10910%&' () - mmm(epstm@%&el(emem il 1(hy fesgy s;gualls)rqache(galﬁesned voltage level.
$10% u&' () CCOr EEEFdEbC 10910%& () - &FMLO%& () - 10%&' () - 910%& () - &
&109%& () "L 10%8&! () - FaFF GWHHI dEbC

109f &GLO%&' () - $! 109H&' (The heliHes clalm 100kt ¢ & ()-910%& ()-1VI1I(
J_KKAEbC 104' 1 10%& () - 9. MLOY&' é) 3" 10008& () - &F+10%& () - 9)

10%& () - L( ML0%&: ¢Xposiagehe sasondary magneieresistipeseadelement g dymsmiob:

s10%& ()-L9 Aigﬁ?e%oﬂ , 810%& ()-L610%& ()- VLLMONNN&OJENDC

109- 10% ué& () G9bUE ()-910% u& ()-y10% u& ()-9

10% u& () -1 " 10% u&wheresOste@)QbfpE kuxlafassing a signal of known electrical current
10! f 10% u&' () -L10% u& ()-9L10% u& ()-10% u& ()-9F10% M&' ()- 10% u& ()-Q
Rc RSS# Us UHEnbthrough the secondary read element; and

wherein step (iv) comprises continuing to lap the primary and secondary

magnetoresistive read elements until the test signal is reaches a desired voltage level.

14. The method of claim 10, further comprising:
15 exposing the secondary magnetoresistive read element to a dynamic
magnetic field,;
wherein step (ii) comprises passing a signal of known voltage through the
secondary read element; and
wherein step (iv) comprises continuing to lap the primary and secondary
20  magnetoresistive read elements until the test signal is reduced to a desired level of

electrical current.

15.  The method of claim 10, further comprising:
exposing the secondary magnetoresistive read element to a dynamic
25  magnetic field; and
wherein step (iv) comprises continuing to lap the primary and secondary
magnetoresistive read elements until the test signal exhibits a voltage profile with no

direct current offset.

30 16. The method of claim 10, further comprising:
exposing the secondary magnetoresistive read element to a dynamic

magnetic field; and
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510% & (’)‘V-I’Las’%d&)%u&' ()- 95610% u& ()- VXnXXYTYYE = 031

10! &’ 310908 () - L10%0& ()-f 10%0& () - 10%0& () - &L0%& () - L10%& () - YYYYYYYYZb
C 10!al "10%0& () - = whesdmstép (E0MRPr{ses cdr@iui@@o 1:49QBe primary and secondary

10908 () - Fyl1l0%& () -2ZNzzzzZ7[.: [ dEbC . . _ .

10! a° y(l)O(V@&y(ﬁn-agli‘?Sg}ﬁ?l%t(i‘}Q 1ga I )upgl&@lg@t ér)gnal exhibits a electrical current

| 10%08" () - OLLQUSR. ()t obs [ Ao FOggeA0! a9 10908 () - 310908 &
1090 (leom @lt}}{%{%ﬁ(c}l}i@. 10(??15% ?) \>]1] ’\§\|2\’\dEbC 10!(ZisF+Y10%D&' ()-9)

10%0& ()-sy& 10%08 ()-$ "10%0& ()-s@10%08 ()- !, 10%0& ()-"r+ dE: /
100 100, 10%0& ()- 4, 10%&' ()-SL310%0& () - s110%08& ()- 980" 10%% () -
L 810908 ()~ " +a -auvﬁ)ﬁe%.ﬁt’éfé&&%ﬁ'lg wherein:

\"M 10%K c& ()- 97 109% &&L0YOR! T109608 () - !
0% ()-! 109 (Imageaoryiddveisahyement; an

10! I L. mLO%O08' () -, L0%&: () -! L( 10%008. ()~ !a’ M. 1090ChO&: ().-!a’ M 10%h& ()-!,"
M 1098B3B& () - %f B ﬁ%&‘%ﬁ?@?#ﬁ@%‘g tpdeR B%-P(L}@%w i’%ﬂﬁ/ée)ﬁ%n Y 100 100( )100,
109 () - 9, 818UERetbiesistiM AVEIReh)s vhtiDABRaaaEspty is sensed by detecting the

10! 1 f10% u& ()-10% u& ()-10% u& (t)- 10% u&' () - LMLO% u& () -
10 test signal dropping below a threshold electrical current level.

10908 () - 109%%: () - Etle%?/f’&@%ﬁeﬂéé&iﬁ%@ﬁg@t é&’éﬁ&h&t)mlt%%ﬁ/ﬁ%&@ﬁﬁﬁ&&é&% 10tL

18. The method of claim 10, wherein:
step (ii) comprises passing a signal of constant current through the secondary
magnetoresistive read element; and
15 step (iv) comprises continuing to lap the primary and secondary
magnetoresistive read elements until a thermal asperity is sensed by detecting the

test signal rising above a threshold voltage level.

19.  The method of claim 10, further comprising:

20 passing an electrical current through a first pair of conductors having an
impedance equal to that of a second pair of conductors between which the primary
magnetoresistive read element is interposed, thereby producing a voltage across the
first pair of conductors;

wherein step (ii) comprises passing a signal of known electrical current

25  through the secondary magnetoresistive read element, thereby producing a voltage

across the secondary magnetoresistive read element; and

wherein step (iv) comprises continuing to lap the primary and secondary
magnetoresistive read elements until the difference between the voltage across the
secondary magnetoresistive read element and the voltage across the first pair of

30  conductors exceeds a desired level.

20. A read/write head for use in a disc drive, the read/write head
comprising:
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