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BACKGROUND OF THE | NVENTI ON : 'Qﬁnl ca I e dé;ﬁ-igN The present

i.nven2ion relates in general to conductor | ead structures in a

magnef, or esi st i ve 413_&‘ l?\r_n.d n particular to a nulti-Ilayered conductor

| ead tructure of ‘art ‘ﬁ% ﬁb&refractory and conducting layers in a
magnegor esi stive sensor. : Description of the Related Art: A
magneti c transducer, often referred to as a magnetoresistive (MR) sensor

head,5is utilized 4@ presenbinvanien raistes ingenesaldoapnducton lead siiusturesdna.
T neee donel ¢ DeBRBReSsfle S6Rte dnd ¥ Pl AR AT HY BrElaledd o

changes of astrer&ﬂ:reldrmmam@erefraom  ameocsriductihigIayere ined Aidgrietoresistive
functjon of -t he anobunt and direction of nmagnetic flux being sensed by the

el enéht . Sensof.n addition to the magnetoresistive material, the MR

sens has conductive | ead structures connected to the MR fil mwiich sense
the resistance variations that occur while reading out data. Typically, a
const@nt cur @ent iDesoriptidrhod tyd RelatedRAH:| m and t he vol tage variations
caus&i by the changing resistance is neasured via these | eads. : The
preferred material for constructing these leads is a highly conductive
mateqgal such as 3 feidHetic! Fatdick R8I efeRted 5\ds2aRhb n%ﬁéro?as.sﬂ\meg@n)
materials face muc e stringent requi rement's when conpared to ot her
i nt et onnect sensor- head, is utilized as part of a magnetic data storage and recording

14 media. An MR sensor is capable of reading data from a magnetic surface at
15 high linear densities. it detects magnetic field signals through the resistance
16  changes of a read element made from a maghetoresistive material as a function
17 of the arrlount and direction of magnetic flux being sensed by the element.
18 |
19 In addition to .the magnetoresistive material, the MR sensor has
20  conductive lead structures connected to the MR film which sense the resistance
21 | .variations that occur while reading out data. Typically, a constant current is
22 sent through the MR film and the voltage variations caused by the changing
23 resistance is measured via these leads.
24 | |
25 : ' The preferred material for constructing these leads is a highly conductive |
26 material such as a metal. In the MR conductor lead application; these materials
27 face much more stringent requirements when compared to other interconnect
28 condut:tors, such as for semiconductor devices. This is because the conductor
29 lead, as well as the MR thin fim, is expos'ed at the head's air bearing surface
3! (ABS). The lead- has lrttle protection from the severe mechanical environment
31 where head drsk contact occurs frequently, and from the severe corrosion
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cond ucfors, s gﬁﬁrﬁrﬁnéﬁﬁ“ wggr@t ﬁ?ﬁl\/ll?l{g{ ﬁarﬁﬂﬁ{éf&mﬁ§ ol Hﬁrihé ﬁ@&éé@ﬁg = also in

~conductor ‘| ead, as well A i's exposed at the head's air
beari ) surf agetughBs} whEne the dvirdrment mayengtr be eellicontfalleth t he severe
mechanj cal environment where head-di sk contact occurs frequently, and from

the severe corrosion ~environnent where chem cal attack occurs
both during processi MheagdtyaRchedtsawbitabrigatet@sifgipise PYold nestarigyayd not
be well controlled., - The early MR heads were fabricated using

pure ol d net atheshighly senduetive matarials 8% thrilaad eongudier.aHoweayer.ndug taithe

condugf or. Ho { . e t i i . e
cort Eerais nodpre gt O boi Rifite nibed Lt Beta? BRRAR pRleR fpiabithy
snmear i7ng and riskl ubfe efectrortigrtion,l wagedritiyy \emd indduRd Y6aHation.a JuNgstaidsiad ut e
due tq its nechanj cal, properties of being very hard and its good el ectrical
condu& i vity ‘RECAHCRE &S/ gRidsuRstityte dus fa its Mechanicahprapenies-afineing yem
The i rfroducty t; : maele ; ' : l.Ssues
associ@tat ed w ?ﬂ‘q ﬁédldéggé ér%{é ('jﬁquﬂé%;% %uego{éggﬁ’éépng%qgﬁri gﬁﬁ%&‘?%%&dﬁa- :
pr obl1®m at t heolanrcrndathingfilmufofmace during the | appi ng process. The
conbi@ation of magnesiumiron as an exchange |ayer (highly corrosive in
acid 'solution) and tungsten as the conductor |ayer (highly corrosive in
basi ol utions) l4a! ' [ '

cont i nati on. - Thi opaultdoR 7 (RYHER 1ol ABNURCEEERS seived e ireefuhied

Al t hd8gh t he issuesassaaiatedovitiyihelead meatalluigy bidposéd @ moye sesaus sprrosion

SeneaBPanrs ok 0B A ERBREbD e o BBl

MR 15 of magnesium-iron as an exchange layer (highly corrosive in acid solution) and
16 ' tun'gstenl as the conductor layer (highly corrosive in basic solutions) would
17 require a neutral lapping solution free from ion contamination. This has been
18 proven to be near impossible to maintain.
19 . _ _
20 Although the current technology has provided satisfactory results,
21 'developn"ient of MR heads capable of reading magnetic disks of'signiﬁca.nt!y
- 22 denser data is being puréued. The higher the bit density to be read by the MR
23 head, the thinner the MR thin film must be; for example, future MR heads with
24 nickel-iron (NiFe)' thin films will have thin-film thicknesses of 250A or less. The
25 processes for making the thin film materials that comprise the active sensing
26 region of the MR head are producing thinner and thinner sensoré. |
27 - |
28 The problem with current lead condur;tor méteri_a!s, such as titanium- |
29 - tungsten/tantalum, when used with these modern thin-flm MR heads, is that
30 . given their minimum _resi_stivity values of 20 micro-ohm-cm or more, their
31 thickness must be around 2000A in order to achieve acceptable sheet
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head, 1t he t hirasigtariceevalist dfiles iHem TBBhrRE isdf. oWnenanglrelatifel lﬂlﬁl@kl‘tﬁaﬂﬂ@ﬁds
with nickel-iron N| Fe%ﬁlthl n filn wll have thin-fil mthicknesses

250[ efr] or [tgRgst 'mé“ YRdsads areuseskwith hiak bitdensiy thinrdlres iof| 250A&ar
conpr4se the | and
SAPaRe e 166 Mgt BOLRIIY iR, AR ISR CIAde IBASK P
such @s ti tarhhe:MRﬂmagsten/tant alum when used with these nodemthin-film
"MR heads, is that given their mninmnumresistivity values of 20 m cro-ohmcm

or. note, their thi ckness must be around 2000[err] in order to achieve
accepgabl e sheet Aoreover, when the MR rea hea  merged wi h an mlduct%e V\Elte
resi st ance values | 'ess - ohns 2] re atl1ve

titanfum t inegsh smme:admg lalyefsaattt;leavraelltmad ametdeﬂmsgbdh:ver ttEnMR glentems

Luge® o1 ho e SoBlushf Bicsto SR Wil Pebd Hie Wbl S iheionhy e
read diead i s capsed dﬂr\ﬁ@m%ﬂeWé%ddfﬁe‘ﬁdlé@oﬂﬂé%mé%?’ééﬁﬁhﬂ &4 fiighler t he

wite head are deposited over the MR el ements and conduct or Ieads tdo form
the W ite he#gRd eryerirategfor she MR &eadpogr aphy causes a curve in the two

I nd Ive poles of the wite head, resulting in a higher read error rate
for e MR head. To elimnate the topography, stitched | eads
proctzses have beqyp. éﬁmiazéeﬂueambcbgrabayfemuﬁsﬁewh@éaﬁsx Rotesubst INagknBeen at
the ABS is 1200[err]. ver, even further reduction in |ead thickness

per hts down deyelpped, aﬂ% lm@lqm&rﬁad fiergithe Igad thisksesy atthe ARR mmﬁoza

thinfilmt hiﬁ%v%%?‘eévé?{ erﬁﬁe? rbBa8icrP i @%B]thnckWB§§°E!8r'hap5tddv§n%%OA is

deswableto I M na e extra
15 . - required for high bit-density MR heads with MR thin film thicknesses of less
18 than 250A. - Moreover, it is also ‘desirable to eliminate the extra
17 photolithographic and deposition steps required by stitched leads.
18 | |
19 _ Therefore, it would be desirable to provide an MR conductor leads
20 structure which approximates the thickness of the active region of the MR head
21 to minimize surface topography, while maint_aining acceptable resistance values.
22 Moreover, it would be desirable for this MR conductive leads structure to have
23  enhanced mechanical strength and stabiliiy in order to resist nodule growth and
24 smearing. '
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hot o} i t hogr aphi ¢ and 0sSi t¢ r i sfjtched | eads.
_‘Fl)'here1 ore, gi tpvvoul d be dgsi ra%ﬁ@"@éﬁygﬁegéém&&guct or leads structure
whi che appr oxi mates the thickness of the active regron of the MR head to
mninze surface topography, while maintaining acceptable resistance .
val ued. Moreover, 'ﬁ'ﬁ‘aﬁiﬁ?‘ageo‘én%@?l%ﬂ ¢he gresent invertientaurrovigde a vegysthin
strucure Lo g fighi AHRAARE MR Eanasdive" Halis?Bul P! that *hals" eRhfied ©
resi'st nodul e gro and sneari ng: =4-

SUMRY OF Tlriedhdviidal Skength and stébiliigs’nTdﬂﬂeﬂbcreeist)ﬁed@bjgicwtménd bmepringent
invention to provide a very thin and highly conductive MR conductive 1 eads
strucﬁlure t hat has enhanced nechani cal strength and stability in order to
resi nodul e gr oy; | : " ' Qb £

br esent | nvent Lon 13 eI TR e present inVer2ndBrBTke H A} cSalcter
appr dXi mat es leduds sthictireashich appreximatés/therthigknesdf thieeadtie hegidntod the MRY ze

sur.fgce topogra . Whi)e j nt ai ni n ccept abl e resi stance | ues.
The oy egor nheBB mibitnize SARRRD FeRPGaPRY. WBIE FATIAG SoASEPE e e
preseyt i nveRgjfed, a magnetoresistive sensor includes a nagnetoresistive

material, formed on a substrate, and having a first edge and a second edge.
A fitkt nultilayered conductive lead structure is electrically connected to

the {é rst edge,. aq‘g\eafo?eegco?rrllg o jééS‘ langé}/ S{:ﬁigvgg %gulg tn'o\\/fvedées?c?r%e% chC:égrrd?ngl fo
3

el ectgicall

1 yth_e present invention, a magnetoresistive sensor includes a magnetoresistive
14 material, formed on a substrate, and having a first edge and a second edge;
15 A first multilayered conductive lead structure is electrically connected to the ﬁrsf
16 edge, and a second multilayered conductive lead structure is electrically
17 - .connected to thé second edge. The first and second conductive lead
18 .strucﬁ:res are constructed of multiple layers of thin film materials that alternate
19 between at ieast one layer of a thin film of a refractory metal interlaid between
20 at least two thin film layers of a highly conductive metal. |
21 | R
22 The above as well as'additio_nél obj'ects, features, and advantéges of the
23 - present invention will become apparent in the following detailed 'wriﬁen
24 description. | '
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cbnnepted to the secon j ' j ve | ead

structures are constr ugt ﬁgs %ﬁ#%{@lpicgg?ggw&qﬁg mat eri al s that

alterdate between at | east one layer of a thin filmof a refractory netal
filmlayers of -a highly conductive

inter] aid bet vveeng%t Iea?g t wot hi_’% 5 .
metal® Thé NEHRME! IRAMHERS believed Rharamaristisoplthesinveation 268 sehfrith
advang ages ofn {HiappERES clditeN TI8 ifliehltioR RSB RCARRAF C8L Wl 4418 ftdrAvd no

detailed witten description. - 5-
BRI EF DESCRI RRdenoforsa, HErtberobees and advantéges noerelof f willthest bebehdergtabd

characteristic of the jnyention. are set forth jn the appended claips. The
Cnvedt on 1+t buiPlersig b HRtoIONinG Gediey HBreibton ol TbRTatNE empadiBRnt

objets and heArteadas ddmuirRon with the8EtorRBaiifg 'dreRfthMuerbp ence Lo the

followi ng detailed description of an 1l ust rent en read in
conj dhction with the acconpanyi ng draw ngs, wherein: Figure 1

Tendd Tn’a magnet EIQrRcl BrBIRE R MAGnEE 58K shrBon by Rtam copfing ut-ayer
enbory ment  oboAdGetBf RERI inl & YedinedBresistive headfih érc?aﬁ’(%)w&hsthg gﬁgeﬁtléd c

enbodi nent of one type of a magnetoresistive read transducer a
Fi gikle 3 depeabodimentobthe present imvestion;ons nade with the conducti ve

12

13 Figure 2 depicts -.a specific embodiment of one type of | a. .
14 magnetoreéistive read transducer assembly; | ' '

15 I |

16 - Figure 3 depicts the electrical connections made with the conductive

17 lead structures for a S’peciﬂc embodiment of a magnetoresistive read transducer

18 assembly; |

19 -

20 Figure 4 depicts the multi-layers which comprise the active region of an
21 _ MR head as deposited using an ion beam induced sputtered deposition
22 process, as required for the _ﬁrst étage_in the processing of an MR head
23 | according to a preferréd' embodiment of the present invention;

24

25 Figure 5 shows photoresisf and PMGl layers overlaying the active region
26 as used in the etching step for processing the MR head according to a
27 - preferred embodiment of the present invention; - '

28 R o

29 ' 'Flgure 6 depicts the multi-layered MR sensor strudure after the etching
30

process.has been compieted;
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| ead sstructures f L ':trﬁpﬂp@p' f Latd #F‘&ﬁ ;
trans1ducer- assenbﬁg,&r S-P%b{d%f:l gure %%la%5%%%r$5ﬁg§?réﬁ I C ng
conprd se t hethecbiaging aga onultflayer ddrduetst l8ad denetirecacesrding ton ai prefdresdn

i nduced sputtered,deﬁosition process, .as required for the first stage in
the ptocessi RRPOHIBAMA RS BreseEbiWeRiPRo a preferred enbodi nent of the
present invention; Figure 5 shows photoresist and PM3d | ayers
overlaying the active region as used in the etching step for processing the
MR héad accor di ngFigure §rdepicts eth MFfbsehsorrtiaviig ehmufi-leyered comductootgad
T e PLElub 3ePbrihg 18" Pe TrebEnt Fanton Ha? the pistbisiSnd PAIGT

Fi gure 7 dephg‘fesbgFﬁ iBgsgpsor after the processing step of depositing the
bi asing and nulti-Tayer cofdductor |ead structure according to a preferred
enbod nent of the present invention; _ Figure 8 depicts an MR sensor -
havi a multi-layered cqonductor |ead structu ccqording.to.the present

i nvertion after t ‘Hﬁo?8?%@55'?%@%J%%mgﬂaaﬁ%gmﬁwgme presant’
Figuie 9 depjngbstich;mer ged read/write MR head according to the present

i nvention; : :

11

12 - Figure 10A graphs the hardness of the multi-layer conductive lead

13 structure as a function of the pe_'rcent of tantalum in the multi-layers of tantalum

14 and gold according to a preferred embodimenf of the present invention; |
15 . | .

16 ~ Figure 10B is a table providing the thicknesses in angstroms of the gold

17 - and tantalum layers used in the multi-layered structure tested for hardness in

18 Figure 10A; | | S

19

20 E | Figure 11 depicts a graphicél relationship between conductor lead

21 hardness and the number of tantalum layers interlaid between gold conductive -

22 structures in a preferred embodiment of the conductor lead structure of the

23  present invention; | |

24

25 . Figure 12 depicts a graphical relationship between sheet resistance of

26 the conductor lead and the number of tantalum inner layers interlaid between

27 gold conductive layers in a _prefefre'd -embodiment of the conductor lead

28 structure of the present invention; |

23 .

30 - ~Figure:13 graphs the resistivity of a AuNi alloy as a function of the nickel

Page -7 - -
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Figurg 10A gr aphs 0, aye ctli ?ﬁé’n rugt ur e
as a ?uncti on of t b@a ﬁ%pi‘fs {h n&%%w ﬁftﬁ@ﬁﬁﬂgy erl‘ an%tfat it
and gpld acccUd;ijeg cbmempreferred enbodi nent of the present i nventi on; .
Figurg 10B is a table providing the thicknesses in angstrons of the gol d
and tdntal um | ayers used in the nulti-layered structure tested for hardness
in Figure 10A; r en
condugtor | ead. har ﬁlelgeslfg%gé @h S%Hl% ﬁr%ﬁl@%ﬁﬁbg{g@%%%hﬁﬁ Qmﬁﬁ lé@wee‘n
gol d sonduct icomtent; aatlures in a preferred enmbodi nent of the conductor |ead
structure of the present invention; . Figure 12 depicts a graphical
rel at Bonshi p between sheet resistance of the conductor |ead and the nunber
of tamtaluminner Vi

pr ef e?r ed enbodi #@M?ﬁs@%@ hgtﬁoé?a e%g&féggpﬁcégggt% ékg??gééﬁeﬂ:éht

i nven8i on;  copper cobtegr e 13 graphs the resistivity of a AuNi alloy as a
function of t he nickel content; - -7-
Figure 4 graphs the reS|st|V|ty of a AuCu alloy as a functlon of the copper -
content; Fi gure 15 graphs the hardness for a AuNi alloy versus the
per cent ni ckel : ' :

>
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content; and Fi e 16_graphs the hardness for the AuCu %Iﬂloy ver sus
t he percent copper Qﬁﬁ%i D DESCRIPTION OF PREFﬁﬁﬂaDL@DmW | ON OF
PREFERRED EMBCDI MENT Al t hough the present imvention is described as
enbodi ed in the nagnetic di sk storage systemas shown in Figure 1, it wll
be ap@arent that tAhoughthe presest invertiondpldesatibed as entoziiedrimghetnagnetic

recordi ng sys such as, a nagnetic. tape recordj system . for exanmpl e.
Refer%l ng ng\/\ﬁ@gﬁ a9 sysies as “f_rh'n[fjgyf?: }ﬁrw-“k Bglaip}é’éf%‘tif,‘a'ébel' 'Bhe
otataple na ' ' ' T ol r

sk oo ve mor oS apibleto SinetRENERE (SEbrBintfiyafeits 2o aq 4 ibghett e
form & an anfegosdingsystem, fof exampist Reterdaganaw & ke fguress Bodrin particlilak
12. t ast ,one,slider 13 i ositioned.on the dis 2, each

st de 13 supgoF(EUEY oAb east PBdOTataRielmaoneti Aisk T aiRRsTisg O Sibglen
rotates, the 44 '&'ﬂrr%tétédaé)ﬂar@¥l@@:ltrﬁgq'géi ryw.nmdmggheﬁe rédBHHidd Rdtfa G 21

may access different porti‘ons of I sk surface contalning the data.
Each & ider 18a¢h disktiadndhetfermrofaan aanular pattero dfycansentricotiata tacks: (Robon

15. suspefsi oyhdes a slight spring force which biases the
sli dl,:llbelS aga%%%’gdgﬁﬁ%#'surface 22. Each actuator arm19 is attached to
an acfjuat or neans 27. The actuator nmeans shown in Figure 1 is a voice coil

motor:- (VCM. The VCMis a coil novable within a fixed magnetic field, and
the didection and Aklasst oneoslidere 18ois| pasitienedt en itbe cdisk r'13.| eechhglidee 13

of did 12 geet ihS BnBRFbbistihe et o/t MRaR 2 i Stk ARtk ence

22. Hae air bsiyerH a3t fresniovedt RIdMalyaiRC8Ad tIR so that the heads 21 may access

15 different portions j0f the disk surface 22 containing the _déta. Each slider 13 is
16 . attached to an actuator arm 19 by means of a suspension 15. The suspension
17 15 provides a slight spring force which biases the slider 13 against the disk '
18 surface 22. Each actuator arm 19 is attached to an actuator means 27. The
19 actuator means shown in Fi_guré 1 is a voice coil motor (VCM).. The VCM is
20 B a.coil movable within a fixed magnetic field, and the direction and velocity of the
21 coil movements is controlled by the current supply. During operation of the
22 disk storage system, the rotation of disk 12 generates an air bearing between
23 slider 13 and the disk surface 22. The air bearing thus counterbalances the
24 slight spring force of the sUspénsion 15 and éupports the slider 13 off the disk
25 surface by small, substantially constant spacing during operation. The surface
26 of heads 21 in contact with thé air "b.earing is: commonly known as the air
27 bearing surface (ABS).
28 .
29 The various components of the disk storage system are controlled in
30 operati_bn by signals generated by t;ontrol unit 29, such as access control
31 signals and interhél clock signals, and Which includes logic control circuits,
Page - 9 -
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s'll I ght spri n%sforce of the suspension 15 and supports the slider 13 off the
di sk Sur f ace FSF20RHNPAFS ARG 3 MIFLARTOCRSHNS ¢ athre §§‘é’(§ ¢niti 2P gRNasBaSAEPIRO! The

sur f age of hesqﬁ]@a ' : ' h@p% . | o @’ﬂ‘ﬂ] S

t he aigr beari ng sls’zugof gggﬁ?%@uﬂﬁﬁg&; g{'(\’/%?%%@ 80@8@2%‘2}%1‘5 e .aﬁsk_
stor age syst dingR3eancbhead positionrcantent signals dry lise 88a Theussrdl isighdly oadingr ol
unit 29, sucggas acgess _cagnt.rol signals ?pd i nterpal clock signals,. and

whi chi ncl ud pg%\{ltge th)\ﬁt_ 88?"'%9’ r%?qtg_,prmes to optimally move and position a

-9-  5St0r ageelRuw SRSt 13 Kb W MeSr8 tkta trHdk driPHd 85sdtBhfed?JisRORE" ﬁ%ﬁ?
control signals to control various systemoperations Such as notor control
si gnadbs on | iand veite sighals:art eammunicated it ant froing reddy write Heads 28, bylireans
contrgol signals on line 28 provide the desired current profiles to :
optinfl Iy nmod rﬁ?ﬁl’dﬁ&?%’?ﬂﬁqg%el ected slider 13 to the desired data track
on thg associated disk 12. Read and wite signals are comunicated to and
fromread/wite heads 21 by nmeans of recording channel 25. ' - The
aboveS descri pt i on The abovpglesariptiog of aitgpidalskagneticdjsk sjaragmsysternland the _
accogpanying illustratia f gt in Figure 1 are for representati on purposes
onl y B 1t shogeaonpany g ilsiration otk inFaue 1566 Ky cparseRtgaupRCT=S i ge
nunbef of di ' t RiZEH e f
sliders. wﬁ&?%‘?ﬁ%@g%&gg@%ﬁ%ﬁgséoﬁﬁ%e féﬁagnettaolrgre |§Pﬁ/bee?read
trantducer asf@igiksyand httustorse sodieasih actustdrymay supppdra huobeni afislidieggir e 2.
The gnetic read head utilizes a magnetoresistive (MR) sensor 30 produced
on a Suitable substrate 31. The MR sensor 30 can be divided into two
regipps, the cent pagpersific #Mmboriiment slone\ietofafibgitoPedistivetredid Warnstuder
acconpl i shed, and passi-ve end regi ons 34. The di stance between the-inner
edget® of cond@gsembly wilhe gescer&e;?baefbema@mummmf&tmezpdma mageetiche

actiye 1egi 0P 3L naxNg" bl magnetoresistive (MR) sensor 30 produced on a suitable

17 | substr_até 31. The MR sénsor 30 can be divided into two regions, the central
18 active region 32, where actual sensing of data is accomplished, and passive
18 -end regibné 34_.' The distance between the inner edges of conductive lead
20 structures 38 and 40 comprise the portion of the active region 32 over which
21 ihe output signal is sensed. The two regions, end region 34 and active region
22 32, should be biased in different manners with longitudinal bias only in the end .'
23 . regions 34 and transverse bias in the active region 32. The longitudinal bias
24 in the end regions 34 is produced by bias layer 35. Bias layer 35 may
25 comprise either an antiferromagnetic material or a hard magnetic material such
26  as CoPtCr. The resultant unidirectional anisotropy develops by means of
27 exchangs coupling across the interface between the MR layer and the hard bias
28 layer and produces a shift of the MH Ibop of the MR layer which is usually
29 - called the longitudinal exchange bias field. This bias field extends parallel to the
30 surface of the magnetic media and parallel to the lengthwise direction of the MR
31 ~ sensor. The fﬁndibn'of the "ldngit-Udinal?ﬁbiés field is to suppress Barkhausen
Page - 10 .
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ﬁQS. o BSt SLAeRe, kﬁ‘%fﬁﬁﬁ =15t fiobT bR RN AR the) M reripr e
only i2h the enansveysebiasid the dcliveoregict 32 nsbpﬁfﬁUc@dtﬂvea ééh'rﬁé‘?ﬁéﬁﬁ film Ber The

| ongi tudi nal . S in.the end regions 34 i's produced bi as Tayer 35. Bias
| ayer ¥35 may tr@?'?@és Sepawted fromthe éﬂﬂdﬁﬁg‘héﬁltﬁl amn nan- roagaeﬂ@rsaacer

magnetg ¢ mat g Ct i ropy
devel tglps by n%g%ls %?Weplggﬁaﬁg@o oupI ﬁdj §§% thqhqit é&fvfcg:gﬁkgﬁ%ﬁgbhg‘ow

| ayer Sand t hemgndt:dnueashamgaacoandwgobeﬂvmm MR yepBetdrd e kohmmagnétie MR
| ayer which is _usually_called the |ongitudinal exchange bias fiel d Thi s :
bi as Bield ex?'@ﬁo‘éy?faﬁgr | &oth bips dayersr ate formed OndgR el inswalpe layRr 41,

paral lzel to t r [ he
Porat Foti no) " SIpOS6S BHeRLANEES I, Bh SHd B contbisd BP Bafdid
-10- 8 noi se, materiah originates fromnulti-domain activities in the MR
sensoP The transverse bias in the active region 32 is produced by a soft
magnetic filmlayer 37 which is separated fromthe M Iayer 36 by a thin
non gnetic spac e tive
cent?gl regi on, aaﬁggﬁéﬁ?gagic @ﬁgéﬁ gﬁggrﬁg%%@ﬁﬁﬂiﬁxﬁ Iay f£€§m§%6
the ddft mag rmnsmmmnsagaa withi7theRad lof lmoadutmneadatmdtmasm andt4pwhich

d | ayer 33,

commies o hape RS TRc Br R Sk S ot e o
out pyg Si Q“a'eﬁa%lb§3%§%%ﬁklﬂg métantsow mgls%ﬂegﬁg@gﬁhe“?e.s f:{aet&rfa X dthte

conductive | ead structures ctri y con

t he NR sensoragdive region3? aa@aﬁ(nmonmfrtlaetrmagmgrwreldsam:eh ardammema:teg byeans
43 tq.determ eres ce changes in the active region 32 as

funcﬁpon of ttﬁg %&%FPE ‘P'J‘sp(ﬁ’ﬂcg‘ﬁ?yafe&qra?grcéé% B‘Bagfﬂ%ﬂq\/ﬁl%@gm@o
fromygr evi.ousdxanipsé OA0GIEs GBLrce A5 c{%;dd

source 45 is al so‘ﬂconnect ed toé)coﬁsdg%tglm\iﬁedn% ﬁ%é%gg)%%@gﬁgc@ge%gg _
supplly a bi asenLifP datsuppica bias cogenpuwbidhin wonjunstion witly softirmagnetic bidsm

oy e 32 QBRI B Rephin BiGUHE 2 platfqrs WE Ay et hieslin Beiaives
19

regions 32, as is known in the art. Typically, sensing means 43 and bias

2 source 45 may be incorporated in the read/write channel cnrcuntry 25 (as shown
21 in Figure 1). ' '

22 | .

23 . According to the present invention, at least one interlayer of a réfractbry

.24 mefa'l is placed within the current carrying highly conductive metal layers of the
25  conductive lead structure. This interlayer provides strength and stability to the
26 ~ lead structure to resist nodule formation. As the number of strengthening
27 layers interlaid between layers of the _highly' conductive metal increases, the
28 structure is further strengthened. However, the incréased strength must be
29 - weighted agai_nst the increased resistance resulﬁng from the greater ratfo of
30 refractory metal io conductive metal in. the lead thickness. Accordihg to
31 ~ another aspect of the p,res"ent invention, low resistivity alloys composed of gold,
Page - 11 -
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source 45 e GBS B8 AL LBaglpnBy Gl oRiLIANOWs thas

shown in Figure'1l). ding to the preselt invention, at |east
one i 8terl aydnetds o s ferotest in retyathin slapers; eshild still maintainjogr2Aewcahest ng
hi ghl’ conduc*rgéi\é tal |ayers of the conductive |ead structure. This
I nterTayer provi Strength and stability to the |l ead structure to resist
nodul-¢ formation. As the nunber of strengthening |layers interlaid between

layers of the highly conductive metal increases, the structure is further’
stren8t hened. HoweAkgordinge to nar gaeferrest rampodimentt dethei PIRSEAt JGHEAEPNt he

o cofduct | v BT SR es PREN L 8 BhBbrRRN Y Bufigeiar el
the present iviviehtaitlematetvetivesn Sayerst ¥f al tetisttegmeraidand lggrd, of a highly
-11- copper and silver are deposited for use as conductjves

This 81 ows t9RNdvstive &atal. pEhe indimilayers:9f tha highby eprdudiiye Dol pvide
ma) nt gi ni ng "ih{a%ﬁfn%ﬁb%?&u#&ﬁ'e%?ﬁ[ﬁ@ﬁﬁemce&%%ﬁ%"&é’rﬁdﬂégﬂéﬁ& PGLRE 86 and |

enbodi ment of "esent i nve ve [ead struciures

are gonstructet] -Olfl'ld_rtéfta'dvdn? mbtad 1aydre Ay piteriaydred with ahe dighlpecovdurctiveyer s
of a refractory netal and layers of a highly conductive rret,&!". The thin
filmilayers deyersetonpepvide stHetusali seppritdo é%wlaﬁvqlxﬁé% iy sFoRAGtye: -

: | _ ; - -
ot ri2tory malS) olnip SEUCRPALRER DRAAICE INY tchant SHEndh af bttty
‘to prn8vide streeded tal overppmetthe conimongirablemlof sméarindagt|nodude guowthie

l'ayers. This structural support provides the nechanical strength and
st abilfi ty -needed to overcane the common probl em of snearing and nodul e

kR, | P t i & : . e |
tg E)O\él\ggcri be a progg%gpmnﬁer@% Eﬂ%%ﬁ‘ﬁ@'@ﬁﬁeﬁy “;:Dre u%%%fg'e!do?gmﬁéefau

pres#8t i nvemirocessvarimaking the conductor lead structure of the present invention within

17 ~an MR head. The following description is not intended to form a complete
18 -proéess flow for manufacturing an MR head. Only so much of the commonly
19 practiced process steps are ihcluded as are necessary for an understanding of
20 the present invention. The ion beam induced sputter deposition process used
21 to produce the preferred embodiment of the conductor lead structures. of the
22 present invention is known in the art. Forming a thin film on a substrate utilizing
23 - ion beam sputtering are described, for éxample, in United States Patent No.
24 4,923,585, to Krauss, et al. Improved ion beam sputtering process as applied
25 to MR sensors and conductor lead materials have been described in United
26 States patent application Serial No. 07/876,603, filed April 30, 1992, and is
27 incorporated herein by reference. '
28 |
29 - ~ Many conventional methods  of depositing layers in cbnductive lead
30 structures for MR heads cannot grow thin-films thin enough for future ultra-high -
31 - density r'g_e__ad/write applications. Me‘ghomjs well- known in the art such as RF or
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anNR ead. T f Lpbtion Is not, intend o for

pr ocesz f1 ow pgcr; r?\éhﬁ%ér?asg é’l’gﬁé‘ﬂﬂpﬂ%ﬁf N dorm Wﬁ? ﬂ?@%‘g%!ﬁ%%ﬁ
practiged prockzo0ksitepe0udle dnethadipg as narPniaC Rssistivity T OF 438 HiRAS R eEH.NY
of the_present_invention, The ion beam i nduced sputter deposition process

used t8 pr oduc‘é‘:‘%‘?‘i@r‘ﬁr@f the gdesamsJavestion.otha hlelncﬁiﬁ'd@@td)raﬂdemtélumjd@!ﬁfés

of thegpresent dtes

subst rat e uti I(‘szﬁlq %‘gﬁ%%ﬁﬁb%%m spy)%] éeatral gntg'(? céﬁré %ree rF g{)é%gaf?% q?é\%@ ﬁng

Uni t edSSt at es pracess. hblngﬁlﬂ'@sZﬁrd&”ss bulkredistvityelaldds of 21F M d-dton- dmaare

sputtering proc?@% S a%;a to MR sensors and conductor |ead materials

have bBen des@G¥RYES: %anﬁmeégsw&pfammrb@lm laersdpy half rgduces the

07/ 8767603, fi e.
Vany chnvent i cogl HHekess 8 e Stuctifient SlictiRtPa etFbaD. Whik FeRiahg

struct8res f orartVIéqluwaMt cmeebtregstamwhl MFHis | alfowshinmuitdayegéd feondudtive elead

uItraglgh densi t ?d{) 1te aRf)Ilcatlons Met hods well known in the a
such a2 RF or Stru ures 1o ebuﬂt at thicknesses between 600t0900 , while attaiping sheet

Magnayfhon SpulrbeistdiRg Séft ﬁ'?a?n OB r{*é'g'] TA Bdsy ?év%ls‘)fﬁtﬁobgnaﬁét\é!?e@ad

1200[err] to 2000[err aV| ng a m mresistivit
m ¢croidhm cm s&nm&urds m:gntbs btk te coseht appucemmatmthetamve regiohi thitkgebs saed’

- tantal mlayers C ris the cond ct1ve | ead structure are created by an
i on bégm sputt'arqg(}b ﬂb’e@@ h?ﬁ‘fﬁﬁpﬁ ?qﬁ'ocess bul k resistivity val ues of
2.6 mjgro-ohmcmare ach| eved. A reduction in the resistivity of the thin

filmlayers by half reduces the total thickness of the conductor |ead
strucldre by a factRefesingitadigure 1% the fisstrstagedn the processing oheatMR head,

51187 e e SO, M 85 e

resi sygnces offotrRed ddéaranluﬁbéﬂyﬁﬁg régidese MRkeLiAdedyifg GRRIAC 0 caredd a

structures can be built to closely approxi mate the active region thickness

seen 1% high @emrraye Ritrearregppsersaindarlying layers of ther M dejce.o AAmpgnetic,
the & lléSt St a%%.ét& léype'? 5% 898&55}5”91(;02”8&;&@ EsadA dielectric msulatmg layer 60 is

19 formed over magnetic shield 55. . Insulator layer 60 is typically formed in a
20 relatrvely thick metal oxide layer for example 2000A of aluminum oxide (Alzoa)
21 S

2 - Soft film layer 65 overlays insulator layer 60. The soft magnetic film layer
23 6'5 is used to produce the transverse bias field in the ‘active region. This bias’
24 field is normal to the plane of the magnetic media and parallel to the surface of
25 the planar MR sensor. Overlaying soft film layer 65 is spacer layer 70. Spacer
26 layer 70 is a thin non-magnetic spacer layer which prevents magnetic exchange
27 . codpling between the MR layer and the soft magnetic bias layer 65 such as
28 - tantalum.

29 .

30 Overlaylng spacer layer 70 is MR layer 75. MR layer 75 is made of a
31 : magnetoresnsttve matenal such as nickel-iron (NnFe) Cap layer 80 overlays MR

_ ' Page - 13 -
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subst pat e, orreffactomp mietBl fsctnhs astalnti ng | ayers of the MR device. A )
magnetic shield | ayer 55 overlays the substrate 50. A dielectric insulating

| ayer360 is forned over magnetic shield 55. Insulator layer 60 is typically

f [ ' | ati - 1 hi | ide f l.e 2000A of
ormed 1 1 o i o Bl e AR R0 e
insul 8tor | ayiarbebleer ipbotmbsistrtayee9oCand caphRGEIBYEO80 Sn bFaEr i 1duilRataCRist he

transver se bi s@éi eld in the active region. This bias field is normal to
the pPane of @h REQRESE; Wher femOMING photaresist 90 Photanesish Q9 isflaidheutydvarar
MR sepsor. Ougkl gk f [ Ver. 65 i r.layer -Sacerhgler
70 1 57a thi n HenORyBR b OB RS BREG of Rag B i BREnar

coupl Bng bet vgtetotesist Minaskeetheaadtived gegioht oﬂwgéhs?orbuaﬁngaheret@ﬁingpﬁhdas_
tant al.um JOverlaying spacer |ayer 70 is MR layer 75. MR layer 75'is
made 8f a madiRROSHIOS RGCESS fef e condistive deadhstrketures.on (Ni Fe).. Cap | ayer
80 oygrlays MR , : -13- | ayer 75 to
provi de protection. Capping layer 80 is typically conprised of a refractory
nmet alisuch as tantRgure 6 depicts tHReMR rdemgot @fter ahé eetbhing process has been

Pol yginmet hyl gl ut ari nj M3 ) | 85 is fornmed in between photoresi st
| gyg IZgg -aﬁdg@h@%@ fifmégverﬁ) iymggrrmr @"I(‘Pstpé&ﬁli’rtiﬁ%hév& reenipretested guEbgEss
wh ' ! Sy : ' 0 l.d- quf r

il 15T ayer o T RAREARECh ot arid PhbRFiact | Thp pARR "ot T fayer €5,
phot d4esi st repeicer tdyera?0,i MR (3@r 075, 0dnd eappin tiyet UBD Tbtt protedteli by thad

Formed over AV daAB AP R e ATero CRRPing et B iRy PEgl sospited B %

depo%t on prp?'\co?gl%s{s? Eu%RS tﬁg ggcti!w?rtwé \;g?oéees%dhefvterl:lzjecetnurre%sdved. Insulator layer 60

16 - - and shield layer 55 are not affected by.the etching process.

17 _ - |

18 Referring now to Figure 7, depicted is the MR sensor after thin film
19 deposition of the conductive lead structures using an ion beam sputtered
20 - deposition process, for example, éccording to the present invention. First, a
21 - chromium layer 100, which overlays insulétor_ 60, is deposited, and hard bias
22 | layer 110 is laid over the chromium layer 100. Hard bias layer 110 is a thin
23 . layer of a suitable hard magnetic material such as CoPtCr that is deposited in
24 good interfacial contact with the MR layer of NiFe such that the two Iayérs
25 - touch. ' '

26 |

27 The present invention comprises at least ong interlayer of a refractory
28 metal placed within the current carrying 'highly conductive metal layers. These
29 interlayers provide str:ength__.an'_d_ stability to the lead struéture to reéist nodule
30 formatibfh. ‘As the number -:of sfrengthening layers interlaid between layers of
31 the highly conductive metal 'increasés, the structure is further strengthened.
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Fi gures 6 depi en fter. t etchin process has bee _
conpl et ed. Th?‘?a@gﬁg z?n%%{%@fe‘BWB%Cgf%é?%?t \@' oweb s o B’t"géfjeqy R ing

the etZhing prefesssrylagersonmiaeleotal cordiftti 5,
‘spacer_ | ayer 70, I\/Rry?la){er 75, t?’;md capc|:o‘|3 ng Ig er 0 not Eﬁﬁa@ bg‘&l\ %Nﬁ
phot or®si st dGPNAYCMe: 1ayessi nd pretesres Iﬁmmdwent r@nﬂ»@oprelsastnlamrmdray%r

60 ands shieldg r tchln r OCess

Ref er?‘l ng now t |eg°3“r:heg7ﬁ‘ugfe)%¥ct gg&%@&{f‘%&a ﬁq Fg?"p['ﬁﬂg frfq mghfy
deposig i on of cohdua:tmedaynnmn madefsamu Mees xay@rﬁgoa@nuqneb@@my%@habeﬁw
deposition pr e, according to the present invention. First,

si fqr exa
a chr&iumla 80. lanep %ﬁ" e@ pEhodimeat.dhe gefractony dayrrstase, camposed d

bi as l-ayer 11 0 i's
o thi g ayer o tendidhtafy fiq CORIGATR ¥ Emitted B dob RerdtiBiv o
deposi@ed in QGOdsnntemlafdabeahemmﬁ@my otriductie 1afersays0 £fd Misbeirs bedert fnt
the t | ayers touch. present invention conpri ses at | east one

i nter Fayer  of eghangsg é’@f@??ﬁ%@f‘gl temssi%eﬁrmgﬂm of thee canduster dead wtmugtureghl y
condugfive me I I y
to the | ead sP?t‘g?Sbrfgdté rygglﬁ?trbﬁ% dlﬂgg élj%ﬂr?% m%(ﬁé\%hn‘%r}gsgi 35 A!H
strerigt heni ngtheaPMG! B! ewaedet)%tV\menPWea disdoridect ocdry tseratiget oﬁ/ﬁ\e
nmet al_ i ncrease t he sééuct e is further strengthened.

-14- 12 The neP ‘atfﬂrﬁ%iﬁ‘ é’larﬁ‘gr equired to resist nodul growth is pr ovi ded
by thg refractory layers while electrical conduct i vi ty is provided
primarily by the highly conductive layers. A preferred enbodi ment of the
presddt invention Ascemmgllt@(anome! prefarred eyrmmimmd)jdhevwelseaﬂ irsientiohur e

he , hi | a 130 h I 140,
o % P ghi Gt R Etr rh¥eL ISR msnbe Rtrlaid Lok they Hhly
refragtory | ayehdudive mePRyess o 5ﬁat13bl451faﬂﬁert ﬁgﬂh@éﬁ’ﬁ ﬁgﬁih@ M

conposed of gold. Refractory |ayer 140 is interlai
.conddadti ve |a§;@r|d§nmg) featurelL 50Fom exanhple, t ihere could be two refractory iayers in

18 - “between three conductive layers. Such a multi-layered conductor lead structure

19 would be constructed by depositing thinner films of gold at layers 130 and 150,

20 . and then deposiﬁng additional layers alternating between gold and tantalum

21 over refr'actory metal laYer 165. |

22 | | |

23 ' The addition of réfractory layers 160 and 165 in either préferred

24 embodiment, further increases the stability of the structure against nodule

25 growth. Additional_ly, layer 160 creates a diffusion barrier between hard bias

26 layer 110 and the highly conductive Iéyer 130. Refractory layer 165 acts as a

27 protective layer.

28 , _

29 | “Referring now to 'Flgure 8, there is depicted an MR sensor having a

30 - multi-layered cohductér lead structure according to the present invention. This

31 figure shows the sensor after photoresist 90 has been lifted off. A solution of
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DOCKET NO. SA9.-93-044

—_—
This Sheet Has Been R,

R



eﬁhanehard NP r f onduet qr .| ead structures. |
bur ng t he. doneeRgoiBRe By 255068 PG a5o Bl prsidiestaicttf elrahieo,
and tRBe PM3 lead shipetrerayens deposiddiheresh 16 Yy Wwathas Gy, Desavesutols thie
phot Oéesi st 9Q_over Accordi ng to anot her preferred enbodi nent

an
of th® prese Rirﬁ@&‘ﬁﬂ‘?%ﬂ?“%ﬁ?%?foﬂglur?&ractory metal |ayers may be
interhaid into the bulk of the highly conductive netal |ayers 130 and 150
to further. enhance the strengthening and hardening feature. For exanple,
t hereScoul d be t wdRefefrimgchowytol Figere 9, nhéret isedepitivda raergid teaty wrly MR-
Such g rrulti-lqe%gr?d conductor |ead structure would be constructed by - =
deposPting t MEFEPT the RresgntJpventan. | dgsylatorJayend 7056, baillas e eomégrosalt i ng

etal oy PAgNACR Rk ik BAIGhIARL £ haWe IARLRINTLBY MR ALY, |
ei theB pr ef einsdatorbtzd eould typicallerbe e nestak oxide sUdiidsi Blungihuim®xide.

strucfure agg{nst nodul e growh, Additionally, |ayer 160 creates a -
di-ffuéi on ba%:"feé Y !nééll???faﬁpbﬁ E?éf%?@aetgéy&ﬁ 8ohto fargmbpth Hhreisecond

| 130. R - s : ' 3 . '

rol o100 nodupBEhondtthiald 8 b Me frdli M tve ok BT gt ibe vytg hea.

mul t #11 ayer eMagmeticisolatihgaddterial 180 uvarla;@derrdhmgrts!ictlﬁr?rpr ST Mhagmetiially on.
. _

Thi s éigure sh(?vgis *he sensor ]';\fter hot oresi st 90 has been lifted off.” A
sol ut®on of isolate ferromagnetic layer 18{sfrom @{Wﬂ)WIpdf@M@r @A0Ppveriayng ves

her on (o b e e OEERL Yye 0 MeCP et bRt Bk o pIc] Fairhgd

Figut4 8.  of the material aluminum-oxide. Ferromagnetic layer 200 is formed of NiFe and

15 acts as the second inductive pole (P2) of the write head.
- 16 | |
17 o . Figure 9 illustrates, '_ in accordance with another aspect of the preseni_
18 invention, the reduction in severe surface topography that is achieved by using
18 ion beam deposition to form the conductor lead structure of th_e' MR head. By
20 using the ion beam sputtering process, the conductor Iéad thickness much
21 more closely approximates the MR element, thus, reducing the curvature of
22 ferfomagnetic layers 180 and 200. Cons_eque_ntly, the read error rate seen in
23 . the prior art caused by the curvature of P1 and P2 is improved.
24 _
25 According to another aspect of the present invention, the highly
26 conductive layers 130 and 150 are formed of the highly conductive hetals
27 - taken from the group consisting of gold, an alloy of gold and'nickel, and an
28 alloy of gold and copper. The reffac_:to‘ry metal layers of 160, 140 and 165 are
29 formed of a refractory metal taken from the group consisting of tantalum,
30 tur{g.sten, titan'ium,' niobium, and ‘ch?omium. The refractory metals suitable for
31 application in the present invention must have high conductivity, no diffusion at
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Referrlng no 9 here.i 1cted ed read/ ead of
t he present Wﬁ"’%ﬁt %ﬁﬁ@ ngu{‘i‘f%? W@/g}eﬁf‘ﬂ) P‘E' g)e@ﬂéﬁéﬁw k}wmerreod
i nsul @& or | ayahbow&ﬁemmulaé prasleawﬁs/eﬁ@&n &nghfyf&rfcﬁmnaé IHperap30 Mptersairgised
for insulat or 170 vvou typ cal | e a nmetal “oxide such as al um num oxi de.

over | dying i rf ”9 "\eéf?f; kvers 3602740 andol @aredermpdtdt tamtalusdcond
(uppery) magnetic Shl eI d (S2), and the first inductive pole (P1l) of the
wite head. Magnetic isolating material 190 overlays ferromagnetic |ayer
180 t & magneti cal | Refestrighewte Figuredyon aed hemmhéwaﬁdm;alsfﬁdwmmmm

| ayer 200 overla gg %net ic isolating | ayer 190. Magnetic isolating |ayer
190 i & typi cdh yg Rago st t?ﬂ@l%t‘@ﬁh%lmﬂtltﬁyﬂéﬁ}@ndi-@wﬁé@%ﬁ’ﬁgﬁ%{fﬁ @nchyer
200 i s fornme f n gco V. f gt

W i tes,head C&hg hg{td:'%sgugfea? iﬁﬁs%ra es', ﬁngié'(r:%g‘rg ar@gB ?ha(rg %?%eorf Q.EBpect :

of th@ presendtructumnitsan furidiienr sfdtiet percent cfeteatusir afeamm@weﬂ@hYthﬁt
I s achi.eved by using ion beam deposition to formthe conductor |ead .

strucBure of $oRAYFVARLaYErspyeralised wib miiplse innes JayersrofigniaieBesAlsoy @
cond or le I e
Chue T8 e roveriEyek BRSRBARY ORI WePRIMIKAER il Srleh . CFRilire
Consedduent | y, 108 gwmde ¢hickmesses in Aagstrcmstfbe epch taintalum aadsgmlh ta)yet frethe
curvature of P1 P2, is inprove fCt of

e AR " milthBYered $Rustia, g e atalnurebes ok yets i e Aamuss
of 'thg hi o yeipaachel bisBneBls Fia iRl ISR I, 850 4Pa0BE Fi 0104 sﬁ%'w% an

al l oy of gol and oy of gol copper he refractory
met ai14l ayer s thiat tredhartimessiotia ke gotdl 1800 dootiuatardéacdibas ayhardness DhRED

f h | bi
Chr o OrheBpasess AU eiBt 21 & bR gab. the oRlelar BRYAGa ine pie SR
i nveRg on ”“Sé%rﬁ@}iﬁoﬂegﬂ bEPRESBEALY idinateR \ﬁ‘i'tl'fn BHRIrRR2rIA Per and overla er of SOA

-16- | ower than 300[err]C, -have-a high nelting poin ery har d
I n adr ef er r eof tantabgnnerhe aﬂdmamotoﬂ‘@éemnatmgelﬁvemha& ngrﬂgpre@amemffam on

layerg 130 and, d?\ce’sgr However, as interlayers of tantalum are placed within multiple layers

18 of gold and the ratio of tantalum to gold in the muiti-layered structure increases,
20 hardness increases. o

21 | |
2 Referring now to Figure 11, there is dep’icted a graphical relationship
23 . between conductor lead hardness and the number of tantalum layers interlaid
24 between gold conductive layers. The conductor lead structure alternates
25 - between gold and tantalum layers, and includes an underlayer and overlayer
26 of tantalum. The tantalum layers ére formed at a thickness of SOA. The total
27 ‘lead thickness {the sum of all tantalum and gold layers combined) is held
28 between 1150A and 1350A. As shown in the graph, hardness of the
29 conductive lead structure lncreases as the number of tantalum inner layers
30 increases. o | |
31
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f f gold, f 160, 140 and 165 formed qf
Lomtefum 9% 2K S PEidlote Y Sheer Blistice. A9y Tt saara et SNAPLOIRSNYS i s
shown2 bet Weeltarﬁtbﬁ;rﬁﬁ{ MAyRGS irtiredsey. aéylﬂhiaﬂc h@“ el dfﬁ?é?tﬁﬁé%scr‘é@[@ﬁﬁﬂ't&e |

| ead structure and the hardness of the |ead structure. Figure 10A graphs
har dnéss of fesiskhedylegrewil and smeasing with am.eacpeptaém sbeet aamstauae .for ahe

mul tigl ayers. used wi.t.h | ti.pl e I nner ers

of ta%t al um E@aﬂa@ﬁﬁo lFég%'{) atﬁﬁ&%&n\ﬁﬁ_gﬁ eroqf t?ﬂ%@dﬁ??\e’ﬂ@er é?ed :
to the strucichosen Bageteor Bis Qruph. (hehbbIdokE PRtas that MRO§HES b cﬁﬁ?h -

tantalumand gold layer in the nulti-layered structure, and the total

nunmbe® of | ay?@@%#@%ﬂ@&f@!%@b@semf@a ha muli-layetedjeagistiuctyremisnefiedts A

Pointy 1 in “ﬁﬁ q{%@ Fi gure 10A shows that the hardness of a pure gold
1800[err] conduct or id -has a hardness af 0.80 GPascals. At point 2 of the

grapl8 the conductor |ead again is a pure gold conductor |ead but has been
| am nated wi th an underl| ayer and overlayer of 50A of tantalum The addition
of th® | ani nati ngAnagisraative pisfesias: embasiraent ot the presentdinvestioramesea, as

I nt ayers P old n he
10 51 5 Shribs B Ty BAPURES ol M Ao BBl et el s

har dftess mcheadamnductlve Iead?sh‘recturelgf the\ptesent (rwentibh, THeyecallsysigmisted a
gr aphj cal b}tlon '% t wee nduct or | ead, hardness and the nunber of -
DLnTH U 1 oy b O5Sat Pepfantal i Slev oL mnpatias er 'F@(}End?fnmﬁ@ asshRIBceEy

| ea tructu SER n a&tr‘aé S an
undgﬁayer ar ove dgégﬁaoafé% E antaogﬁéh}ﬁeétnrgnta Hanye éﬁjal?’gg& @’g&‘@?

t hi ckhess of pESperredmpdsition ¢o aptimizeimekhakicak elgdtieal and ciieraical propertiosn and
gol d,J ayers &}rgtﬁ g@ﬂ) i s, hel et ween 1150[err] and 1350[err]. As shown in
the graph, h gMR e4d,2PpliaRBt i ve | ead structure increases as. the
nunbgy of ‘tantaluminner |ayers increases.

-17- As seen in Figure 12, sheet’ reS|stance al so increases as the
nunbdtr of tantal uﬁefameg ncuyéasFlguce%aﬁebe @ynveatianel RE-dibdel eorsputtéring

har dféess reak chn?q:.}e% were used to generate a series of AuNi and AuCu alloys of various

19 compositions as depicted in the graphs. Figure 13 graphs the resistivity of the
20 AuNi alloy as a function of the nickel content. Figure 14 graphs the resistivity |
21 of the AuCu alloy as a function of 'the t:oppér content. For MR head
22 applications, afilm resistivity below 20 micro-ohm-cm is desirable for good track
23 definition and low overall head noise. Therefore, as indicated by Figures 13
24 and 14, a gold binary alloy of up to 50% Cu or 15% Ni should be used as the
25 ~highly conductive metal i in the mum-layer structure.

26 _

27 Figure 15 graphs the hardness for the AuNi alloy versus the percent
28 nickel content. Flgl'Jre 16 graphs the hardness for the AuCu alloy versus the
29 percent copper content. For the AuNi alloy, the hardness is at least 5 times
30

that of p_p"i‘._é_'gold ir; the réng_e from 10-15% nickel. The hardness of the AuCu -
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parti dul ar MR Brf SRR it bR RERO RO AR fidnd) TRt
be ch@sen basapproactids SO%.aph. It should be noted that the types of

ref ragt ory and conductive materials chosen for the nulti-Ilayered |ead
structure also effects this bal ancing. An alternative preferred

enbodignment of ‘the L i i .Ser,es b E I qQys for
t he h?ghl'y conductﬁgéﬁg%% sPé@Eﬁ;%rﬂ?tﬂHftﬁig%?ﬁefg %%a;?gﬁgméét@g’a@@k&re&c?ure
of thé presermultiiayartion beamhepetteredagold orhadid libyieant tirtaidmrerbeture akednd

ana bhsi ¢ enyBr GRNEHELT TeARS CARPIERU i 3o MH Bedd ARSI o ebatk

SO em T T e . D ¢
TheTVE head HesistityTUEASPGORIIAS lorkl Wit S Fflinsfey HATEGAY YA BbLBEs | O
conveBti onal guodishest conduystance whil tesititing)tessurtace im@ra_phgmmmt@vest_

ar aphd. *Fi quiastieyebialees, B adia Ry oo erayem FidpiAg deprstedn o
the gpckel coAtRMveeritoin MimlhyBFRBh §oldenkidifdest dtibility, Rtrehh ﬁﬁlerdnnﬁﬂdn%s as a

function of the copper contenf. For MR head applications, "a

resi 3tivity sichthad neduleofasmatiom by thee slativelye soft cancvetive dayerd aifi goldiisn

and I1 w over%lﬁ%&a& noi se. Therefore, as indicated by Figures 13 and 14, a
gol d'Di nary i3 Gl up to 50% Cu or 15% Ni shoul d be used as the highly
condygtive netal in the nulti-layer structure. . Figure 15 graphs the
hardness for the AuNi alloy versus the percent nickel content. Figure 16

graph® the har dneWhilethe Haventon Bes Beenepadisulanly phrowend sigssribednwitnt
F AuNi j . ti f i
Foyhe AN a5 PR TRy ke o il S

18 W@\T |.S Cithé RDtHabvatious ohamgesdn domms ianti detaib emsobeonapeitherdin without a

magnet or esi st |ve .matferri al fornmed gn a substrate, having a first edge and a
secomfl edge; departing from the spirit and scope of the invention. |
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-aflrsf hard RQyEAT I3V g2 second hard bias | a first
mul til ayered conducltglt\gl ME[als’tructure formed over he first hard bias

| ayer @l ectrically connect ed to the first edge; and" a second
nul tilpyered qondu Lve ad séructure f orned over a second hard hias | ayer

el ect rl cal ly conne E}?g{‘S QRS BHP A FPHHBBei n the first and second
conduos { v 1 ead St abghetraseneIRBicrdriBAngl b sLBLAic Pl figudd | m

materials, wherein the |ayers alternate between a thin a refractory
metal Sand a t BN & seend edgel ghl y conduct i ve netal , and further wher ei n the

(LSt g Second, CYhiRybAR IS HISH AR A Bl AR S

respe@ively, fimtédgeyandt | east a second refract ory layer int erI ayered-
between two | ayers conposed of the highly conductive netal. 2. A
magnethr esi sti ve haagpconcsmiiiiayesed spadHgtiveoleadzstrctyrenslectioally feonnected

{1 taniim  ni ol el SeeeRERlae) et il @4PadREedid Bihduot B R b 8RB "

accorfi ng to a:psm&ed\dﬁmlﬂhmleﬂmrﬁ of i filer ynafeﬁah wheigi tted layers altﬂernateA
magnetoresi stjve head a e according to I m 1 wherein the hig

conducti ve nmePgiween ?éﬂ'@ A f@f@%@'&fdﬁ‘etﬁi r?ﬁds@ ﬂ'ﬁ@ fim ofa highiy, C@T‘F‘le@f
| d d k |
%gad 1?;se%lcymacaclg? I'ng v@/er@f'\ tﬁ@lﬁ\%’%er ein t ‘%‘}VBC !)é% 1 cﬁ-‘rﬁ@‘gﬁeﬁ‘f v%t | ve .

gol d.13 .at least one layer of a refractory metal mterlayered between two thin film layers
14 composed of the highly conductive metal. |
15 | |
16 - 2. A magnetoresnstxve head assembly accordmg to Claim 1, wherein the
'17‘ refractory metal is taken from the group consisting of tantalum, tungsten,
18 titanium, niobium, and chromium.
19 : e
20 . 3. A magnetoresistive head essembly according to Claim 2, wherein the
21 refractory metal is tantalum.
23 4, A magnetoresistive head assemoly according to Claim 1, wherein the
24 'highly conductive metal is taken from the group consisting of gold, an elloy of
25 gold and nickel, and an alloy of gold and copper.
26 . : .
27 5. - A magnetoresistive head assembly according to Claim 4, wherein the
28 highly conductive metal is gold.. |

(1

\“
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the highly conductive S a go I nar ( e range from zero
(0) ta2fifty hghlyeandpens metabisa golipiranyiatioy in the range fromemenet(0) tafillyi ve
‘head senbl y | t -ai, m 6 erein the highly conductive nmetal is
a gol ?bi narypgfﬁ?%d@a%#lp&ef i(g]ﬁ) E@%@ﬁt (45% copper (Cu) content. 8.
A magngt oresi stive head assenbly according to daim4, wherein the highly

conductive netal is a gold binary alloy in the range from zero (0) to
fifteed percert (1%vgnagnskeresisivg headtassembly awcordingriaghleintaswbereir the ad

Goi d Bonary. oy spAeiilsihttal & ¥ agdbinasial Sy sy dua geyert @5 coppe
nmagnetpr esi st i(gg) eoatentssenbl y according to Caim1, wherein the

refractory metal is tantal umand the hi-ghly conductive material is gold,
and f8rther wherein the ratio of tantalumlayer thickness to gold |ayer

thickngss is g ess i LELA Gt per %) - .
magne[%r esi st |8\'/e h&ﬂ%&%#ét'%%b§§8|ﬁﬁ%§ﬂg%%%§{ qlﬁg t\?h]élrag?'r?"t‘ﬁ%erelﬂém% of
tant alom | ayehigHly Congsstived nitalds| & \yoid Uindiynsliy insther eaigyr frofinete0) to
percent (10% . 12. A magnetoresistive head assenbly according to Claim
11, whtrein t fiteen percant il P%y) ickeh(Nik gostents thirty-five Angstrons _
(35[e{é]) and the gold layer thickness is two hundred Angstronms (200A).

19- 16 & oD HRIASLS LR RIS REERIA 18, R A ndrerAsg i 1

13 9. A magnetoresistive head assem_bly according to Claim 8, wherein the
14 highly conductive metal is a gold binary alloy_bf ten percent (10%) nickel (Ni)
15 content. ' '
16 . .
17 .10. A magnetoresistive head assembly according to Claim 1, wherein the -
18 refractory metal is tan’falum and the highly conduc’tive_' material is gold, and
19 further wherein the ratio of tantalum layer thickness to gold layer thickness is
20 less than thirty-three percent (33%): |
21 | o
22 11. A magnetoresistive head assemb_ly according to Claim 10, wherein the
' 23 ratio of tantalum layer thickness to gold Iayér thickness is greater than ten
24 percent (10%).
25
26 12. - A magnetoresistive head assembly according to Claim 11, wherein the
27 tantalum laYer thickness is thirty-five Angstroms (35A) and the gold layer

thickness is two hundred Angstroms (200A).

/’

28
29
- 30
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shiel @ | ayer magnetoresigine) matedisitis @omprised of: an insul ation Iayer
overl qying the shield Ia a soft filmlayer overlaying the

i nsul & i on | ayer; s?ueld layerqueriaying ‘E‘Baiiﬁ}s"laé@/-er overlaying the soft
filmlsayer; K he spacer |ayer;
and 4 ~ a tant aI um cap 'dye?%g\ég%ﬁ:l?qﬁg Sb%éd %Cet'd -iron layer.

14. & magnet or esi st i vealsaftdilasiayebbyedaying dhe insutationdayert, wherein the

first and second conductive |ead structures are further co rised of: . a
chronfum I ayer overl ayi ﬂéa?tﬁlé”g FReceqtayer m&ﬁaymg the soft ﬁmanigﬁﬁ?'d- bi as

mat er al overl ayi ng the J{ggrgém, ,e()ve Wé&{ﬁb gﬁ%ﬁg ta;n\ﬁe | ead

structure overl ays the teria foresistive head
assen®Bly according to C}aaarmalmn capclagenovériayling mdonm:kehmrellayﬁr is

cobal t,- pl ati num chronmi um - -21- 16. A
magnet’i ¢ storage system conpri sing: - a magnetic storage nmedium having a
plurgpity of {4.ackgnidinet6fedislivBtheall 448kaiblyPaecording to Claim 1, wherein the first

11 and second conductwe lead structures are further comprised of:

12 . _ a chromlum layer overlaying the substrate; and

13 B a hard-bias material overlaying the chromxum layer, wherein the |

14 conductive lead structure overlays the hard-bias material.

5 | | | o

- 16 15. A magnetoresistive'heéd assembly according to Claim 1 4; wherein the

17 hard-bias material is cobalt-platinum-chromium; '

18

19
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amag etic trgnsd L.nt.ained in cl osel.y. spaced position relative to

t he rrggnetlc @?orégg{ar%bgrﬁ%{%%ﬁyﬁxﬁma‘fqmen%gem t- between the magnetic
transa8lucer and the magrethagaéws Wa@édkﬂé&urﬁnﬁa\ﬁﬁg at pruraktgnef uesiksf fort her
i ncl udi ng: netoresi stive material, formed on a substrate, having

a,
a firdt edge rﬁﬁ?@%%&ﬁﬁ@ @dﬂjia a first hard bias |ayer; a second

Pg; (rjre%j)l g\s;er ll?%:rfl rst har (?q)l as ci#ﬂ:éhﬁ%pfa&rﬁ%"ﬁ §:¢§@%ﬁ%&é&fhﬂ&@l rst

“edge;5 - arsktiveitd thel magagtic stbrsg@dwamm@drmgde@tmmwmémbavbeenahet he
second hard bias layer electrically connected o the second edge, wherein

the fPrst andnQQN&IGy gueer vand cthe Jnagaetia atorags dﬁﬁgtl-'m-cttﬁﬁ B12gRetici pl e
| ayerg of t hiyrsiiliBerRirfi tein the layers alternate between a thin
filmof a refragtlé'?a)’/ rretaer-%ag%gfhi n fil.lmof a highly conductive netal, -
and f&8irther wherein tha fagakteresistivs Aiderafdnnbd\oh & sathstriate)Havirgsa fisste a
first refrac':eé{g\é er forned ir1 contact with the first and second

bi ased | aye g&% 8SECPBALUAGRd have at | east a second refractory |ayer

i nt ey ayered between t rlsﬂﬁ r;ga fetad
actuat or nmeans coupl ed\gtqi Gﬁ’ﬁa&fe‘?&?’ ‘?‘F‘cgfr‘{gq uce ‘?ghbérr%%eﬂ%%g (\égnrragngétji C
tranttucer t dodle firstedige; acks on the nmagnetic storage medi um and

mean coupled bet ween the first d second Jultilayered conduc e | ead
str uﬁ% ures for,detecti Ry SEEONEk éﬂ@&%ﬁ&r‘?@&?”pﬁm‘% 'ﬁéénéfrb‘ﬂé’é?s? ically

mat ef3 al 1 esp@nRbMRd!D HBIMIdHY b4 IRhERIN BEEHstbhueseioriifbanBidtive'18sar ded
In the magnetic storage nediumi ntercept ed by the layer of nagnetoresistive -

mat et4 al . 17 structuies are copstovelgd ofymultiplaalayershofthirc Blon anatgrials, wherein tbe
V"herf'é n the rlé‘i;erg%hgmétg%te%eéﬁ 4 ﬂ#‘ﬁ ?lé\r&”étrgﬁa&o%}' Rhetal and a thin film of a

16 highly conductive metal, and further wherein the first and second conductive
17 lead structures have at least one layer of a refractory metal interlayered
18 between two thin film layers composed of the highly conductive metal;

19 actuator means coupled to the magnetic transducer for moving

20 | the’ magnetic transducer to selected tracks on the magnetic storage medium;
21 ‘and | | |
22 _ means coupled between the first and second mulilayered
23 coriductive lead structures for detecting resistance changes in the
24 magnetoresistive material responsive to magnetic fields representative of data
25 bits 'r'ecord.ed in the magnetic storage medium intercepted by the layer of
26 magnetoresistive material. - | -

27 |
28 17. A magnetoresnstlve head assembly according to Claim 16, wherein the
29 | refractory metal is ‘taken from the group consisting of tantalum, tungsten,
30 titaniurn, moblum and chromlum
31
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222- gonsisti of, tanpal um. t.ungsten, titaniu Fgbi .and chron

157 a2 MR A B bRt 16 R
conduc2i ve nitighly dondubfNethetdl i® takenPomahe U otpnsarisisting 6f gaia! en aidy dfl oy
of gog:g and ni ckel, and an alloy of gold and copper. 19.” A nagnetic

storag?® syst efd4e @FAdNRIEl: 3ndrpi oyl gRldasnichcepper ef ractory netal is

tantal gm and the highly conductive material is gold, and further wherein

the ratio of tantalum |l ayer thickness to gold |ayer thickness is in the
range %et ween 18en. pemagmetdréSitliverhdati issbintly aeeoming eo tCI&F3 B, whereik the
magnetjc stor stemaccording to Claim19, wherein the tantalumlayer

age s
thickrss is g&?‘ft&}f F“\Ria‘Aﬁg'@f‘FM nd thaNrighlyeendutivgomateria) ds qald.candss
i's twoz hundr edy,AREISihedn {t@%t_id%\ﬁahtalum layer thickness to gold layer thickness is

8 in the range between ten percent (10%) and thirty-three percent (33%).

9 o | . -
10 20. A magnetoresistive head assembiy according to Claim 19, wherein the
11 tantalum layer thickness is thirty-five' Angstroms (35A) and the gold léyer
12 thickness is two hundred Angstroms (200A).

-
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