. e3elLd THOD OF MAKI NG LOW STRESS AND LOW RESI STANCE RHGD)
(R LoD o 7€ ' WVENTION 1. Field of the Inventiom AEART004

present invgptdon relates to a method of making |ow stress and | ow

resi stance rhodi um (Rh) | eads and, nore particularly, to a nmethod of naking
such | eads by oblique ion beam sputteri nglof ol | owed by annealing 2.
Description of the Related Art The heart of a conputer_is as 8 |y that
is referred to asMEFHEROEMAKINGLOW STW@S%@%LQW% a&"ﬁ@ ncl udes a
rotating magnetic disk, a slidRHOPAUM@EhWWEADSNd read heads, a

suspensi on arm above the rotating disk and an actuator that sw ngs the
suspension armto place ther i ected circul ar
tracks on the rotating di skBA%ﬂ(ng{;g%@ﬁség‘riﬁﬁ I Ig{ggéﬁhe slider into
contact with the surface of the disk when the disk is not rotating but,
when the disk rotates, @i e by the rotating disk adjacent an air
bearing surface (ABS) o?‘e'g(}lgﬂélﬁt%‘grlﬁggusi ng the slider to ride on an air
bearing a slight dilst presentf moentioneretaesf fce wikthol eofr pakingnipwdiskskss Mise ow he

slider rides on the air_beari ngethe wite and read heads are%{er;ﬂ(.%ed for
writing . magriesipiened giedium i(Rhyeads aaﬁdmpﬁaﬂfirﬁ@“lﬁ'zﬁbr@tf} mediognefi mpkigg ek  om
the rotating disk. The read and ' | . 1-connected to

processi ng ci lg?:%iiﬁfyr(;&htqH%fongJﬁglrnasp \eq@éfg%cfgﬁg\gﬁdg&{ %nlgglkzllgff‘rput er programto

i npl.enent the witpng a])@!scrrqﬁﬂ,inngtﬁyn@lamngrt The wite head includes a coil

| ayer enbedded in first, second and third insulation layers (insulation
stack), the insul aThoheast olck compuigr saandasneroblydhaids welemed fq &y a amgnecdisk

ol e piece | ayers. ap is fo d be eb the.first and,.second | e \pi.ece
Ioayer E by a n%rhYFagE@?: ?‘?%“@té{;pd'lsgﬁlr"e é’ﬂctl‘\g%saq FOt%ép& ’i“ﬁ%“ei crql%cél ?ﬁﬁg@mgfh%f' he
wite head. T@ﬁté)%cﬁfeg%l %Qdé, V&5 Senioh ARANRGE @tk RftatmgRASK a8BRn aClh I Miat

conducted to the col ayer ‘induces a nmagnetic field into the pole pieces
that fringes aeingsshd hespgaorbetwee plachehqoled gpidersts ldads lezerABE ctefiharcufarnge

field wites the aforenentioned sjgnal fields i.n tracks, on novin dj a,
such as in ci Fesksan the Bixnegisly ﬂb‘i HSPRitI ARy biases he é‘dﬂmtﬁc‘i‘ﬁﬁg-“rﬂﬁh@er ead
head i ncl Udefssﬁ{a%grbzqfle YRt whéh gﬁct‘ﬁgqu Bt Y&zﬁ&én&ﬂm@@ﬁq;@ Gisk! Bds Gl kY
insul.ative first and second read gap layers and the first and second read
gap | ayers ar ewiridaiyete hedingetisk efjacemagnet barihgrsstia@ndBocb it diderdadsing

| ayers. hl recent read heads a spin valve sensor is enployed for sensing
magnetic fiel & flidshia fide Péta&tﬁlhgeaﬁ’é‘@r?e’fli%?t disdgnce frpmn gg’n%%gu? Rt fsqatating
nonmagnetic c uGgtiveql.ayar, -hereinafter. r o r ,
andn ched bofter P e Ma TS GRRF b Beuhsl BEN AR, hld B ARE T R
referred to agrawgtinggfadret€rsignandersfibemd ading hhgisdtic anghas drddsdfrbmats ar e
connected to the spin val ve sensor fox conducting a. sense cuirent,

t her et hr ough. rathéngrdighet Thardad g wiitsehqsidn e conpeled ite PEPGsHBRE SBFEERdPuI ar
to an air bearin urfage (ABS). of e el §inBONEN t he
free layer i s °PBESE &t C?)rg'rn If%e? (‘toglptu%eg %Eé% u?p g Péfé%ﬁltegpg%t gtr%ngg@eysesg{r? eto
t he af orenent ifgngdnsi gnal fields. The nagneti zation of the pinned |ayer is
typically pinned by exchange coupling with an antiferronmagnectic |ayer.
Rotation of the nmaghetwoterhersninchides mecdit daver gynbeddes) #t ifigd. sepopfeng; thirdd

| ayer changes .the resistance of the spin valve sensor..A sense.cyrnrent |s

i s conduct ed ﬂWW@ﬁ@Hﬁ?Hﬁsggﬁg%PmESMP aﬁm?ng?§3?5Eﬁ%é@“@h%ﬁbggiggd§§m%n
potential chang@snineld@ }ﬁ)ﬁ@ﬁi@é@l@&érgn_@\dgz&{ RIERSIANGCEICHE FiF ahd 38EcoRl Pole
processed as playback signals. The spin valve sensor is characterized by a
magnet or esi st ipiee (liyerd &) acoefbgoitiergapdayeRat wheirebedring surfire (AN gé tienwrite
resi stance of th in val ve sensor and is the resjstance of the spin

val ve sensor B@F@r ig‘? Ale Bifshfers Béfc%ﬁ%‘é"lg‘ b lﬁ‘ﬁﬁ(%lﬁdbblf”é' &8“‘%"6"(ﬁh(° G ol
resi stance) a ' . i an. ki Y 84y al
for the aforerl ﬁ%?§%§59$??§?8§ﬁ3ﬁ§2§%ﬁ%lfgg §@%ﬁg%ig§§%é%§%§g?£%ﬁi%ﬁﬁﬁ%f
read sensor. RU¢ pold@Phdded Muhe AW NTlusk@ga Seldondids tierafbremdstiored wenel figdesent s
a problemdue to nodule formation of the gold at the ABS. This is due to
pressure and Hragks pemesingtoeds sugh ¥ in ctrAdlanieadds Qurirpgtinpeikt i ng condi ti ons
of the read head within a magnetic disk drive. The operating tenperatures
can vary between 80C - 120C. Pressure on the |leads increases with an

i ncrease | e due to expansion of layers adjacent the |eads such
as the fimemmHmm m&mmd read gap layers and the first and second shield

| ayers which gge,adjacent the read gap layers. Wth pressure due to the

af orenenti oned tenperatures the gold (Au), which is soft, is squeezed out
of the leads at the ABS of the read head causing the aforenentioned

nodul es. The nodul es can short the leads to the first and second shield

| ayers or short - 5 MAR 2004 -3across edge portions of sensitive el enents

Y o o B Y ~ - Y "




A further need exists to provide a nethod of meking an electrical L -
4128 2004

a :; ' device which has reduced stress and | ower resistance. Still
need exists to provide a nmethod of naking rhodium (Rh) |eads for a read
head whi ch have reduced stress and | ower resistance. - 5 MAR 200g -s

SUMVARY A method is provided for formng, ow stress and resistance rhodi um

(Rh) conductor |eads for read . sensor. In th r | i ng
system has a sput ?ﬂ'ﬁi ﬁ‘ij’dcﬁﬁfﬁgé’t’d Sch ﬁeélgoratﬂfagr%e?&g%ht Eglwr%g]?el??lal é%& e

sputtered, n%%lﬁ’caﬂ? AdubEvE BR) and@scuistcaalop Bypp@and itrgfirat aelf secondyead iy ch
t he rhodium (Rh) leads are to be forned and an ion bea};?lgfegﬁs ich directs

an i on beam dayeos améoqasnddw@wmnrfe@@mgnéﬁp figpt @ﬂ@)ﬁﬁ"&ﬂﬁl e FS R R
target onto the,wafer %}ﬁ%‘b‘eg F,‘%}Kgﬁﬁt {este&#}%(}gya‘d%m&{sh YRLSRE WidldSHén Qetb@ling

for drawing 4°9%taSRT inserting an inert gas, such as argon

(Ar), into thgagleashssk |The bespr ambues i nwmenmagnetic henductivacleyyl deeesnadier t he

target and the substrate are orient e&?"?t zcai angl e.Wth resgecgg to one..

anot her whi chefemrsditosasi i sppear Iryery sandighed: betyEgs fiFsh sand, SEERICE AT ARENSHE,

beam sputteri iof PR b 16k ekt Fhd Rike 1586 SFibY andkiédane 1dads
1%?@1@5%%%8%&@ (@hs b Pl b il

beam sputteri annealing the | eads at a high tenperature
for a predet erraicosatoper fooifie apit vatee s¢ngor fre dordyatingq %1S%Puﬁ%l§n@?’iegu?%’d and
wite heads the annealin N t.ake .pl ace LAG; esi st
| ayers to for qlﬁg%ﬂeglz?tboﬁ‘ q%zlg/eel?lgn?d(}rgyetrﬁ%p%ﬁ%}uﬁ{?ﬁﬁ&@? glé Eﬁgg%{cwgl §l?¥ae
head. Accor di @gB3$)ofahd heasitandapeatagodtictthementvd tiie fove layrsrieldcgted pamaligety the

nmet hod of makin n electrical |ead conprising.the s reylydi n

waf er subst ra‘f‘@gt E‘&\tt Pf’f‘i’ﬁstoa et Hh!resfﬁ?ﬁeaéoe%ib? g‘rqoer?mF %ﬁo%]x@%gﬁéna?hg%l?gm ?Eﬁ)

| ead on the V\ﬁiagﬁeti%mﬁ% 5RME (HRNERAN fafdrng Fhiealist sipnaal by exchbrgaeamplingerith an
depositing rhodifrum (Rh) material on the wafer __sub.stratte_ a& aﬂq angle.to said
noni nal sur f awdifgremegnetindryannBatatieng of the magsgliumomeatol Ge fisp favenfeptive
electrical |egd. .Accqrdi t : RfatBecdsByY eRtdeQt EHRLEIJ 8
provi ded a rre@’ﬁc%m}?? q??&ﬁigﬁagng? Sé\?\rlseslgﬁgggc&aﬁﬁrﬁggpd? ?nagngtsi cr egd .headg V\S/Ih_ler ein
each magnet i ccarelacich eadudiathe fsbisst sathdt thecendandashinges CRISE pelcatitlrdhaagesiidads

conprising the steps of: providi.ng a o SUDS ' oxLhal sykface
pl ane; forni ngwr %gmgﬂtdmc?glﬂfﬁ?%s% c1‘meﬁrl§/fra %‘énag‘%j?gc?%s?%}t% ?thgil(g\ lquers on the
waf er substraggin vaherseRgr (ovarandized by ansagiktonamtme M) copbnwonduis: vhere
first read gap layers on the rows and col ums of the .first, shi rs;
forming rows &nht %SICBW'P&P ’8fre?‘é‘ﬁﬁ“s@'g“érsgmoﬁll\feh%fmFo \Ae}snda% g@}) %lﬁﬁ%ﬂ%% 811tfyll&re st
read gap |ayeglﬁ_hvalvesélsw}ﬂef&eaﬂ@éhangéa form ng-rows and col unms of first

and second rhodium (Rh) leads on the first read 9ag Iagggaa wi th each of1 sai d
first and second | Esemise ohhiehtcenducnge (louiFadistanes) ARk EFSBENSS 10 CURBIPs BRI t he

steps of provigding 2 LEAUHE mald N the UToRBRMIEH, firdt kit gedondfleddsotitinme( Rh)
connected to the read sensor. Pure gold (Au), when used as conductor leads, however,
presents a problem due to nodule formation of the gold at the ABS. This 1s due to
pressure and high temperatures within the head during operating conditions of the read
head within a magnetic disk drive. The operating temperatures can vary between 80°C
- 120°C. Pressure on the leads increases with an increase in temperature due to .
expansion of layers adjacent the leads such as the first and second read gap layers and
the first and second shield layers which are adjacent the read gap layers. With
pressure due (o the aforementioned temperatures the gold (Au), which 1s soft, 1s
squeezed out of the leads at the ABS of the read head causing the aforementioned

nodules. The nodules can short the leads to the first and second shield layers or short



and sai d wafer substrate wherein the target has a nom nal surface -pﬁaMaé\R 2[][]4
orienting the nom nal surface plane of the wafer substrate and the nom nal
surface plane of the target at a substrate/target angle with respect to one
another; and directing ions fromthe ion beamgun onto the target to

spgttelr rhodi um (Rh) atons therefromontg.the wafer substrate; formng rows
and col ums of nongagnet.i ¢ nconduct | SQCc : IeS; r ows
and col ums 8fT°F§ P&° P%Q&“Sg%sef%ﬂ%? glfehl;éﬁtg O?g%%ea{ﬁ%@gsoo? %ﬁ%ééﬁ%g @gﬁg (§)trfts{'l ?eand

thg r0\|/vs and (&Qlneans of first and second rhodium (Rh) |eads; formng rows

and colums of ferromagnetic second shield |ayers.on the ro and col ums

of second read gapBecayserod theaprgblgmseayith E‘Plﬁi(ﬁ@)’ﬁ%ﬁda h,ag@éeegdaa%e\gfrgﬁﬁgntglpn}i rst

and second r iu | eads. anneal j OWWR. cAl _ i

(R T eads ¢ oTPorPoes dRa Ry I siuPint b, RGLAL (e R
el ectrical '%fﬁﬁ%&ﬂﬂ?% 1R6 rdsiitaRk thanOysd aad) waldimesuiefinTagesed hoisead theads.
According to a third aspect of the invention there is provided a nethod of
maki ng rows aeadl dehdinndessf thengnetmiess oéatle ataotalun t @ahdaats layers inatheeased.

substrate with first and second rhodi um ectrical | eads. connected to
each respect iUrfortenpdelpeadnersagsn élilPﬂﬁl%%@(t@héﬂg Ilaé’F'fs BHES iSHPR 63130%15] refid

substrate with a nam.nal surface pl : ' r ﬁn‘g |5y fowhi

ferr omagnet i C°PIYF svic'in_lhlmeel '§P #‘éayeecfb 8‘%51? %Lleetlﬁlgl%%%gu@gﬁ te;tﬁ?(;#}gly%ﬁr\g%h and
col ums of noppRER&! he W@?@PWQE& weitd hdadittonradirgdp Tldy & Rn@mn tih éher ovas and
colums of the first shiel ayers; formng rows and col ums of read,
sensors on t heriteogep @mhtersl andriguess thhavrite head toeuttegapvadaiageiciIBIRSHIgNs ows
and colums af first and second rhaodi wm | e fi p
layer with edlf BFoSat'd® f9'PL1E 3}?&“%&%1%(‘{ﬁgc_}a{]dgreg{(i)t%%gga[dtegftaoéegééretilgg%ﬂ?ge
read sensor CQIIH SIcRGst NEniSlaRRs O redREH B 0@ RaghafHaerwiMtl Rg@des @nldeam
gun, a target of  rhodium (Rh) and said wafer substrate wherein the target
has a nom nal steupé eapacipt alitbe magnetls AARIRGOg - Sb ori enting the nomi nal

surface plane of the wafer substrate and the noni nal rf I th
é arget at a substraQt¥rs Palﬂl}j%%mélﬁ&!eéalw(f‘ﬁ‘dre@gpﬁ%@%%arfiﬁgg%ﬁg@ﬁ%&"%gﬁ’ﬂo(%’ ©
irecting ion r I ] falaf

(Rhy atons ¢ RSPEFRER P09, hRNBEAT, BB, B ottt FDIE bR, R BBl o

nonmagnet i ¢ ngeen@duckion pratandcauead gamessayyenponnme bhelgeowdacmdf eblleadns of

first read gap | ayers, the rows and colums of sensors
at the air bearing surface. Ruthenium (Ru) sufEers ?rom severe contamination due to

D,

particle generation during conventional sputter deposition. Conventional sputtering is
any sputtering without an ion beam gun. Molybdenum (Mo) has a high corrosion at
the ABS. Rhodium (Rh) does not suffer from the formation of nodules, corrosion at
the air bearing surface or contamination, but has a relatively high stress and resistance
during conventional sputtering in its as deposited state which is not improved with
annealing. European Patent Application No. 93300239.6 with Publication No.
0552890A2 published July 28, 1993 teaches that annealing rhodium(Rh) leads at
250°C for up to 7 hours does not reduce the as deposited resistance. This means that
the microstructure of the rhodium (Rh) lead has not changed which indicates that the
as deposited stress has not changed. It would be highly desirable if rthodium (Rh)
could be employed for leads with lower stress and resistance. The lower resistance
would enable the leads to be employed with less resistance generated noise and/or

thinner leads so as to reduce write gap curvature. The high stress can cause the



and the rows and columms of first and second rhodi um (Rh) | eads; r*SfMﬁﬁR@QO4
rows and columms of ferromagnetic first pole piece |ayers on the rows and
colums of second read gap | ayers wherein each pole piece | ayer has a yoke
regi on between a pole tip region and a badk gap region; formng rows and
colums of wite gap |ayers between rows and columms of pole tip regions of
the pole piece |layers: formng rows and colums of insulation stacks

wher ei n_eackhqdiumi(Bhj lsad daysesdo separate Apna the seRsorgausing a epasotircuitabasdestroys

bet ween rom§¥ﬂ£gdﬁg&ynﬂs of yoke regions of the pole piece |ayers; '
connecting the rows and colums of first and second pol e piece |ayers at

their back gap redhosis need@xnistterprodderingrosal Bad yersaola eeddusahsor by foenidlg

first and second, y hodi u Rh) l.eads, annealing .the rows and col ums of
rhodi um ( Rhghq IE%IQ‘YFTS "f‘g;r ﬁgﬁll‘z'}ﬁémg]?ﬁi‘nﬁﬂ“&ﬁﬁ-é"pS%tl% frnedtingnd second
rhodi um (Rh) el eciapofiRk nb&PESstE BPRBYIR FhdRuRARH) 'lé%g’?aﬁégfdi%l ek §erf§5rt ﬁhich .

magneti c read heads. According to a fourth aspect I nvent | on ere is
provi ded anhavetradnredsirese and ecsissanseiasicompared toahediupvRIg) lead tayew| formed by
conponent s; ﬁofﬁ?quﬂthh) | ead interconnecting said at |east two

el ectrical gonponents; and said rhodi um (Rh) having been obliquely ion beam
sputtered fol | owed fuytharmezdlekisg toprovidieis metiodes snakirg aredlectiodl¢eaddbr & he

rhodi um (Rh), l.ead,.Agcordjng.to a fifth aspect of the invention there is
provyi ded a ﬂ%‘ﬁ"ei’vfn&h&@éée‘h‘@g‘h“%ﬁﬁ?d&’iwﬁém tanged sensor; first and second
l'ead |ayers el ect StifiahbihefRAéede%Is&tolpRovilla hRAHIVTREKing ﬂiﬁgﬂfﬁﬁgg?{)gﬁaéis fora

nonconductive first and second read gap |ayers; the read sens

first secontaddgad whickrhavpe¢duged sftass aufl loaenesasistange first and second read
gap | ayers; - 5 MaR 2004 -Sc the | ead | ayers being conposed of a .
nonmagnetic netal; and the nonmagnetic netal having been obliquely ion beam
sputtered foll owed by annealing to reduce stress and resistance of the | ead
| ayers. According to a sixth aspect of the invention there is provided a
magneti ¢ head assenbly having a read head and a wite head and an air
bearing surface (ABS) conprising: the wite head including: first and
second pol e piece |layers; each of the first and second pol e piece |ayers
havi ng a yoke portion



| ocat ed between a pole tip portion and a back gap portion; a nonrragrﬁetMAR 2004
wite gap | ayer |ocated between the pole tip portions of the first and

second pol e piece layers; an insulation stack with at |east one coil |ayer
enbedded therein | ocated between the yokesportions of the first and second
pol e piece layers; and the first and second pole piece |ayers being

connected at their back gap portions; and the read head including: a read
sensor; first and second |ead | ayers electrically connected to the read

sensor; nonmagneti c nonconductive firsggg gcond read gap | ayers; the
read sensor and the first and second rs being | ocated between the

first and second reasethed it Previded forefdrisk lAY estiesd @ha dreSiORARES EBbdMma(Rh)
nonmagneti c netal ; agéj H}e nonmagneti ¢ netal havi ng been obljquely ion beam
sputtered fGPll“iﬂ%‘H I59ds, it e rpadysangor: oy dhe prosendsmethad ra spudtesingesysten has Pead

| ayers. Accgg&ge?ﬁ thaﬁﬁlbéﬁmmh RASPRELet O q@gaatéﬁﬁﬁ% bg@ LGEE dandly MYdAGH 2
magnet ic dis ri \ge avl ng at east ne slider that ag an dl r all ng
surface (ABSRh), alssbsitateisuppsrtpigor wafier updn Whinh ttheorhediveg (Rh) leadsead tabs éorhiey

t hat i1 ncludes,a_r.ead head anéi%ﬁ dwrite heac[i), t he, di.sk dri\fe conpr.i si,ng. the
wite head PRCPRPHGoAH &g W @ LSS 48 150 P& OBt thealEgel ot sputferipg rhadiym - o
and second gRhyEatbine G tkeirget\ditd (e a0 KEhePhitérdip élﬁﬁ%?%rpﬁﬁll%ﬁ@ alfoRf ©

tip portion_and a back gap portion; a nonmagnetic wite gap | ayer [ocated
bet ween t he I¥girawing peputmosngd a3y inlet fory inpesting, aw InsElCEASISYSHI a6 ABEWLEAD),ciptor the

- 5 MAR 2004pansskrany ' ' t Il edded
therein | ocg!tl_ed gép\?\etgﬁ 5%6%&#§§K§ﬁ%§b?%ﬁgacgfp.lérﬁg%?itfr?egfa rgér?]cf!n g et@%%%bsgrgﬁeﬂg

pi ece | ayer orienied af g angle withnrespest dodnp cinethei educh agsslts ibeving is oefesed dd at

t hei r back. - nart | : he T head.i ncl udi ng: read s - flrst
and second gglgl ?_tg{/éérjéﬁ% ug(r:l?? I%gagp Isﬁ'ﬁg%w%'egﬁ@&?%g{%edrtﬁﬁéﬁ%‘g%m? leads by
nonmagnet i ¢ obliqueaion bedrh sputtdringtis Hbwedbyntinstiag teaRadoter igh tdipdrftag HLASOr
and the first and se&ond Ie?.d, I ay&rﬁs b&)ng Joc%t ed between the first and
second r ead PEIptermipsd peripd of | timgy HeAtey fgnpenstig read and, yisite gaadsi the

netal ; the ppRUARASEAH akEBladt upVihBUnkaEAe pr?ﬁcﬁb&%kﬂét 1a&ts ??ﬁmnsiﬁkﬁl%}ﬁfnelg ers
foll owed by annealing to reduce stress and resistance of the [ea ay%rs;
f er r onagnet £ the insulagen stack pEiie writehead.

According to a first aspect of the invention there is provided a method of making
an electrical lead comprising the steps of:

providing a wafer substrate that has a nominal surface plane;

forming a rhodium (Rh) lead on the wafer substrate comprising the step of ion
beam sputter depositing rhodium (Rh) material on the wafer substrate at an angle to said
nominal surface plane; and

annealing the rhodium lead to form said electrical lead.

According to a second aspect of the invention there is provided a method of
making rows and columns of magnetic read heads wherein each magnetic read head has
first and second rhodium (Rh) electrical leads comprising the steps of:

providing a wafer substrate with a nominal surface plane;

forming rows and columns of ferromagnetic first shield layers on the wafer
substrate;

forming rows and columns of nonmagnetic nonconductive first read gap layers
on the rows and columns of the first shield layers; |

forming rows and columns of read sensors on the rows and columns of first read

gap layers;



the first and second read gap | ayers being | ocated between the fi rg hi ebg
| ayer and the first pole piece |layer; a housing; a magnetic disk =+ &EAE 04
supported in the housing; a support nounted in the housing for supporting

the magnetic | ead assenbly with its ABS f%&i ng the magnetic di sk so that

t he magnetic head assenbly is in a transducing relationship with the

magnetic disk; ' spindle notor for rotating the magne'gic di sk; an actuator

means connect ed t OMHBS sAppand colymnswiifitet andeseaensh méRb) keadeabithe figst

Cti bl C Al \ ; i
Conneot od S ERCIafl With REEC ohd A3} End BEOEY 1Enc; lipedRE 1S TERETTE e
act uat or f oserserémmngyising thegtepsof:iwi t h t he magnetic head assenbly, for

controlling novenment of the,magnetic disk and for controlling_the position
of the magnetic head as?%‘?ggé%aﬂgebﬁ’ PGB t@pggy\pﬁéodmm ®pp R

2004 -6Fig. 1 is andbdadwif@WubdtrabwReethe g BANShomindl SlerdE blkge; FI 9. 2 i's
an end view of a slider wth a magnetic head of the disk drive as seen in

plane 2-2; Fig. 3 is anCHPing thsnnomingl sarfageeplang ndtthe wafek substiase wndrtbe n

mul tiple disks ang,hBaPeLd | ' . ric

Il lustration of aﬂo exe?rpglltlﬂgc;? E%%?ﬁ@?%ﬁ%@@%*@? Hasrégtp%’ﬁe?‘%bth? %g%stlt? §8F
and nmagnetic headandther; asd i s an ABS view orthe nagnetic head taken al ong

pl ane 5-5 of rig. 2; Fi ﬂ Ez IS a éarthal vi ew of the slider and a pioggyback
magneti c head as seen i AUffHngdoRs Gomythe-jqn beam gunonte thestarget i snuffier thodiynp f

the slider and a gﬁ%mpﬁdﬁoﬂga@geﬁafémum@; plane 7-7 of Fig. 2; Fig.
8 is a partial ABS view of the slider taken along plane 8-8 of Fig. 6 to

show t he read andforpiing: reweaadt eolemns 1of neingpghetick neragndudtivehsesdnd Feagl g8p i s
a partial ABSeM &ithe ' -9 of i how
the read an \?vri te glrg&,rr%%\%gc%l’l @Eéf%%g%3%3%£%’ﬁ@§§;anaicé)i [%E)S ‘gfsstegso\%? ew
t aken al ongapd thegowsandcaliimps gEfirs6amt sezond thedimid (Rhptleadsal above t he coi l
tration of a read

| ayer and | eads r ved: Fig..1LlL is an dsonetri.c ABS il

head whi ch enpl oygo HENOW %‘%ﬁ&gﬁ’lﬂﬁ og‘atlpggmeg\%lc Seorng; S;hléﬁg}?y‘fﬁ Opstﬁg rows
schemati ¢ i hhdisdlumhs ofiseabndireatl @ap ke st t eri ng system wherein surface
pl anes of the subsirate and the target are parallel with respect to one.

anot her; Fig. 13 fgr Hige8a1g fOVS 30d cq s @t Brst aad $peandnshodiving KR leads

same as theannealing the rows and columns of rhodium (Rh) leads to form rows and columns of said
first and second rhodium (Rh) electrical leads connected to said rows and columns of
magnetic read heads.

According to a third aspect of the invention there is provided a method of
making rows and columns of magnetic read and write heads on a wafer substrate with
first and second rhodium (Rh) electrical leads connected to each respective read head
comprising the steps of:

providing a wafer substrate with a nominal surface plane;

forming rows and columns of ferromagnetic first shield layers on the wafer
substrate;

forming rows and columns of nonmagnetic nonconductive first read gap layers
on the rows and columns of the first shield layers;

forming rows and columns of read sensors on the rows and columns of the first
read gap layers;

forming rows and columns of first and second rhodium (Rh) leads on the first
read gap layer with each of said first and second leads connected to a respective read
sensor comprising the steps of:

providing a chamber with an ion beam gun, a target of rhodium (Rh)

and said wafer substrate wherein the target has a nominal surface plane;



sputtering systemin Fig. 12, e~;cept the surface planes of the substm
and the target are al an angle with respect to one another; Fig. I4vi 2004
schematic illustration of an ion beam gun, target and substrate; Fig. 15 is

a view taken al ong plane 15-15 of Pig. 145b- Fig. 16A is an edge view of a
first exanple of a rhodium (Rh) lead after a first step of sputtering; -

5 MAR 2004 _7_ Fig. 16B is an edge view of the first exanple of the rhodium
(Rh) lead after a secon@rientilg Bre pemial isudacei plang of the wafer sybstratewndfthe

Fro 176 1o an eaBemyPE SRl e Jrafe et i a b huabihel whf e de

after a second st epothdr; ahdil eal ing; Fig. 18A is an edge view of a third
exanpl e of a rhodi um(RB%i | ead affer first ,- - step of s%ttering;.Fig.
18B is an edge view of HREeCUNR;1pRs KoM he tondrcamngun, onteithy farget knyputienthodiumer a
second step of an (el diéis thetddrond Sfitoithe FafcFditRmYlecW Of @ fourth exanple of a
rhodium (Rh) lead after a first step of sputtering; and Fig. 19B is an edge
vi ew of the fourt foravagnsews andt ¢epdumhd @if nenpRighetice noncantiective sseonddest gpp of

anneal i ng. P I FERRE Magnet. c.Di sl c. Drivc
Ref en-i ng no& {o nttﬁg%}y%qq g%g#‘%gfa %ﬁ%@%@gﬁcﬁo"% rRENREE SRS
| i ke or si nmahdithepaws and tolomgh ofifirst el seevit tbdiune{®h) Idddgs. 1-3 illustrate a

fagnetic disk dri=~e,30. The drive 30_includes, a ss?i ndl e 32 that supports
and rotates a magfRIRE FVEansicoltmus of ferromagnetic frst geler Risceolpyers Opi therews
motor 36 t hahd bSlumARbF 9bdoRd rbad &% vaRRiA Rhdeho1dPi ' i
conbined read and wite r?agr{etigaﬁglggd 40 _ar%d isheg%g Bercté\é§€%§g§aa§é§€2€%‘?%n
44 and act ubetwieemp poledin tegioniand adwack g4p segionsi ti oned by an actuator 47. A
plurality of disk j |, QNS | oyed in.,a |arge
capacity direct aﬁ“gg?? %fﬁg%éﬁgéqm%ﬁaﬁéyggg\%ﬁp RN and Co\hﬁggs of
suspensi on peledgipdegionsiaf the palerpiets layees;noved by the actuator 47 to position

the slider 42 so that the nagpetic he 40 is i.n.a transducjing rel ationship
with a surface of £W@%%F'?‘E 0812“%830%%“?@@% packsi whersin ?@hrléﬁlﬂﬂtéﬁl Bock he
spi ndl e Nt edntdifls b oS Mo WritS cSiHRPEs betidRA RSl aRd calubhd b yokd Righdis!of the S
MAR 2004 g .0OS ~ln) cushion of air (air bearing) between“the surface of
the di sk 34PURPICCREYErS bearing surface (ABS) 48. The magnetic head 40 may
t hen be enpl oyed o 4 iaf funtH3 i i . ).t he
surface of the di ésdlzﬁfgglv,{dgtagle\%gfv? agg rEPor r e%fg?%&?dngc??rr%? ?%%l?%eefrag%rglﬁnﬂ%r
Processi ng biokgapregiompaedkchanges signals, representing such information,

with the head 40, ' [ t drive. signals for .rqtati t
magnet o di ok 34, “Sdbisiag a0 o BiilopChtiels BisPRRLRbR el B9 seang
the slider #meuling thasows anksoluns bf choditini (Rh)sleadias féith dowssh@voliprdadid 0 a
suspensi on 4t The co glgg.nt s&ﬁhe)s ri beq lheJ ei nabovqe ma% be nmounted on a
frame 54 of M5! ABGSPIORd QAR (D) peqififal lsadsgannedteq to s3id Aps \and gofpmps,ef
slider 42 amdgidie rempmpis.c head 40. The slider has a center rail 56 that
supports the' magnetic head 40, and side rails 58 and 60. The rails 56, 58
and 60 extend froffferdingde 3 spurthsaspegy of theeyention theroisaprayideds ant plgctrical
magneti ¢ di gvicdoont k;ir%r:oss rail 62 is at a |eading edge 64 of the slider

0

and the magnetic heac is at a trailing edge 66 of the slider.
at least two electrical components;

a thodium (Rh) lead interconnecting said at least two electrical components; and

said rhodium (Rh) having been obliquely ion beam sputtered followed by
annealing to reduce stress and resistance of the rhodium (Rh) lead.

According to a fifth aspect of the invention there is provided a magnetic read
head comprising:

a read sensor;

first and second lead layers electrically connected to the read sensor;

nonmagnetic nonconductive first and second read gap layers;

the read sensor and the first second lead layers being located between the first

and second read gap layers;



Fig. 6 is a side cross-sectional elevation view of a piggyback nmagnetic

head 40, which includes a wite head portion 70 and a read head .p%'lMAR ZBB}'_
the read head portion enploying a spin valve sensor 74 of the present
invention. Fig. 8 is an ABS view of Fig.-%.- The spin valve sensor 74 is
sandw ched betv~een nol unagnetic electrically insulative first and second
read gap layers 76 and 78, and the read gap |ayers are sandw ched between
ferromagnetic fi rthe leaddaxers being spmppspd of paogmagneticanetal; andy r esponse to
external magneti cuf. i [JRNT i V.

changes. A sense gltﬁrr?dg%tﬁgflgﬁggﬁgﬂg@g%@ftﬁfgfghaﬁﬂgﬁggrl%%%l s@gﬂ%@é%%ogéeed by
resi st ance esimealimgsto rediee stress dndaesistance qfdheslend Hyershanges. These potenti al

changes are then processed as_jeadbagc ignals by the processing circuitry
S0 shown 1n Flg. BeScrfibbipia Sxihemmeart fo v znien tisoraighien & Hearrtagen
includes a g@bhblyaReving%a Sed¥dvesd Add DLEWRE Mdall! &id 3R his Vel IspFHtATARR)

| ayers 86 and 88.. A third insulation |layer 90 may be enpl oyed for

pl anari zi ngCAIARINBEId to elimnate ripples in the second insulation |ayer
caused by the coi ﬁe'wﬂﬁ't@%e;?cf‘incﬂaﬁgﬁ rst, second and third insulating |ayers

are referred to inthe art as an-'insulation stack”. The coil |ayer 84 and
the first, second and tfitst and sesohdpolopidcaynes; 86, 88 and 90 are sandw ched

bhet ween first and - 5 R 2004. -9 econd pol e piece |layers 92 and 94.

The first and second po?ag’/ﬁpqtgtggﬁir%@?‘is@?n‘grpa?@ﬁleg‘? yﬁésgﬁ%‘fm%&l YQke st d

at a back gap 96 RastedB¥Svekh apoleAifpsiieRBAd RBAK ddpportish; and 100 which are

separated by a wite gap layer 102 at the ABS. Au insulation layer 103 is

| ocat ed between the sec®Renmagnetig Writg &ep dayen tasated detweent the pole tip pemsionsipfr

92. Since the Secﬂx@qirﬁ% Isgc&)a??%wgceaiggerg.he first pole piece |ayer 92 are
I's head I's kno ’

separate | ayers t as a prggyback head. As shown in Figs. 2
and 4, first and secondasimsuletior staclewithahkagt®hezoi 1dy@Gembadddtthéremdscdtedm

the spin valve sensor 74 to leads 112 .and 114 on the suspension 44, and
third and fourtheQefST"S%‘}6188’85%8?5?18}}%0’%{‘8%gﬁ&néi%“l}@i’f’lﬁd’c‘eq%j%&fﬁ ,.end 122
fromthe coil 84 (see Fihg fir)anliGet@@dsold pibc@ ets b2fhgdbnhb@ed HSBER Palld gap
Figs. 7 and 9 are the sa as Figs. and 8 except the second shield lNayer
82 and the first PRHENHABEe | ayer 92 are a common layer. This type of head
is known as a nergededB@agiddudig@d- The insulation |ayer 103 of the

pi ggyback head in Figs. 6 and 8 s omtted. Fig. | 1 is an isonetric ABS
illustration of the reatiraadaenspR shown 111 Figs. G or 8. The read head 72

i ncl udes the present spj i i ted OL1.all
antiferromagnetic (AFI\/ppﬁ%f %lﬁil S\r%gorfcg@g(?[ai’ég%e%ﬂ#céﬂy8?%1962% it%ﬂ}ﬁrleﬁq %e&scl’rayer in
t he spin val ve sensor Ifymaghetidindreotduckiee fies and bedndhesadigaplidyers; i s pi nned

by the nagnetic spins of the,pinning,l aye 32., The AEM pjnning.layer i
preferably 425 A of nic Slre%(;(isalésof I@%G)&%Ffi?sttangnsﬁc dved h‘é(?’ﬁ g‘f‘ﬁ% IQWqSead
layers 134 and 136etween thefict@he dedopd reddsdapasptrsecond side edges 138 and 140

of the spin val ve sensor. Tgil]le connection is_known in the art as a

conti guous junction andhf deadlayegs brang composed af & Basmagnetiasstalnad U, S,

Patent 5, 0l 8; 037 v~~hi Glfjei SordnHpREROT, e b . e L

hard bias and | ead Iayerg 134 | ngﬁﬁtgdpwgeeﬁgﬁdgﬂﬁdgg{ gé/lgrbe Oséldr%fﬁ%i
first lead |ayer followadlyehacating tmredhes sirelss asl resistaheaaf thalead $aye86 i ncl ude a

second hard bi as |, 44 e 46. The hard bias,.

~layers 140 and 1 @(@g%lgéQ%S%P&gsﬁg‘(é{rogsth?e@%}i@é n@eﬁ]eéﬁgf(fvﬁ%dnaaﬁnla?’etnlc&l%gh
t he spin vadnire lewingmt ldas0orfeaslidet thbi hds anndr Yehangrmagfaee (ABSRthe sisdek beppoiting The
AFM pi nni ng_l,ayer 132 the spin valv ensoy 130 and the first and second
hard bi as aﬁc}e%ggﬂe mg%?tg:etregﬁ aﬁ‘l’&’ﬂ%@’%?@?‘f‘{% &tr%daﬂ * W8 e’illietfilﬁ(

el ectri cal | grivecoulprisi first and second read gap | ayers |48 and 150. The
first and -5 R 200, - 10second read gap | ayers 148 and 150 are, in turn,
| ocat ed between fb Ff‘f)::qgrga IPUEMESt and second shield layers 152 and 154. A
sputtering system 200 ffinst 4rarsetorgl poly piese lfyers; r ead head is shown in Fig.

12. The sputtering syst i udes_a chanper. 202 which.has a,val ve
control l ed outlet 204 a"%gil 2393}é+ \?@tca(‘g1 t%GS?“$quf§tP‘Eﬁ6%‘yﬁé‘aSm& ayokg poftiony o
t he purpose of dr lnskied batweso apels tip portion andrd backagep fiontori;nl et 206 is for the
pur pose of introducing d'nlg@g'n : : st : r.
Mounted within thﬁ_lfcpanagg? IS guésgﬁlgrst% gg&%%@%%‘%&%\%ﬁl gﬁ t%%ngjlgrtt@%gﬁ%%f
210 u1] 011 \~' hic'te firghand seepndimele pigesilak@sd nay be forned. Opposite the

waf er and substrate is a target 212 conposed of the material to be sputter
deposited on tile wafer 210. Al ion beamgun 214 is nounted at one end of
t he chanber 202 for the purpose of directing a beamof ions onto the target
212. Wthin the ion beam gun high energy electrons collide with atons, such
as argon (Ar) or xenon (Xe) atomns, knocking out one of the el ectrons of

o, e .. - T T RN e e



r - . may conprise rotating the target 402 about one or both of tgm g Y.
aces on its nomnal surface plane 406. A preferred range For eith ﬁ G
oc or (3is 5~to 50 . Figs. 14 and 15 show rows and colums O magnetic
heads 410 being forned on the substrate 48d-w th the novel rhodi um (Rh)

| eads. The various |layers are shown in Fig I 1 for the read head and in

Figs. 6-10 for the wite_hea -12T nti.o

first enmbodi nent 500 of aPHés“gﬂ"é?BéF?Pkﬂ’ﬁ EH'tI?aé one;¢ql a&'u%rt‘?ngl?eélée Fhef‘?lniocatf A
and 16B wher ei n i rbetwegn théfole Iliomems ofthefirsobnd soecbad pole pleek 1HR2; laﬁdi been
sputter deposited on a b ﬁ been
sputter deposited on thzﬁjetle}t’? g’ﬁ(ﬁ P%?/B&%Ef’éefe WCB%F%” %8&"&%@@5?@ {}{‘:iegapng.
The tantal um ( Ta) pbetions; #@d2 vas 35/-1 thick and the rhodium (Rh) |ayer 506
was 750 !~ thick. i ar get angle 8 conprised an angle oc of 40
and an angle (3 o %a&ﬂ%@&@h@i’n t hi ckness of the |ayers, excluding the
substrate, was 752 . 8. . aTerd sensasss of the rhodium (R z) |ayer 506 as

deposited was 2.66 x 10 02 and
506 after sputter depos|ﬁtréfiﬁ’g@\§\é/acgﬂg.I@aaqa%&&?léaﬁba‘iw%ﬁe&%%%ogﬁedémo&sto;on t he

| ayers 502 and 506 wer e NOHBAgHEIE doncongdpetg) ﬁrﬁtgang§egq1@maq &aprlagers,las A

1;1 irst s; ]§|to oftﬁnneal i ?gttkmeaatseasézeaﬁtemét Efrﬁ ?Td E%S?f%%d Qa)%@;‘a 'b@ﬁlgofothed
ours. er e firs e nne e stress o e r’hodi um7(

| ayer 506 was 4.1 ﬁtwfﬁ’éﬁ}ﬁ,‘ﬂfé&} ee nﬁrgﬁ«bgqml@yﬁém stance was 1.37 ohms/sq

Accordi ngly, the stressthedsad lagers ddingycompbsadiafa mhnfaghetitndetahie resi stance

vas reduced by .25 0111}15/ Pi B. th Iay re then subje

to a second step of annééel | ?‘é‘ﬁ%\%ﬂegﬁ ngal%% é)%[igﬁle\fltedmf}f eraf%oi&flbefﬁ ter

\me ﬁecond Z B epO ofol hmddda'ld dnngaliriggo redice Smsscand\mthﬁ oéﬂletlzndjla?eﬁs ordms/ sq.
ichis a 4% r educt b @frdR m the as deposited state.

The results of this exa ‘fhé a?éélleslgﬁh?%éﬁqg%&%d?t B herei nbel ow. E~anhle 2

The second exanpl e Q00 37‘3 tirst apd seeond 1edd egp; erssheing dosated: bstween the st

17A and 17B. The sideldnayeexadHecfieOpblé pictdRyegme as the first exanple 500,

except a layer 602 O CI ra.l11tl111 (Cr) was first sputter deposited on

the substrate 504 and a® 3‘5‘/%1?g’0f cobalt platinumchromum (CoPtCr) 304 was
sputter deposited on then@@gnetid dikkfdtéthbly@l])pdmﬁemtlﬁ(libusiﬁge chrom' um (Cr)

B L
layers, excl udi ngasspablyuithr s ABS) faciog 3he: mapneti¢ aljskr so Wt ¢the anagmetié read
obl i quel y sputtergdedblytil i angle p of
20~. After oblique |eon ytoleﬁj?gmﬁﬁﬁg@%ra%&s |onﬁltlf1hee ?él P?J?ﬂﬂ R11) | ayer 506
had a stress of 1.94 x M Eyﬁﬁ%r/f@ﬁ@t%fﬁlﬁtbﬁ@a@etl@lﬂhR 2004 - 13resi stance
was 1.44 QA u7l Sl Sq. Theamaﬂodbmmanﬁﬁﬁnm&dttbeﬂheS;ublbcﬁc'ff@dmb NAe dhdgheti@s

shown in Fig. 17 f ing subj tedthe t 600
to a tenperatur eBh dﬁfﬁéé"g}lyggr%gm leﬁ&'é't?oar{s {gﬁég??mde@a ﬁ(il(simcgt ep of
anneal i ng the stress of aprecepsopdonnecte@hio theymagitetié head asta‘tnbly, to0thedspirellé c P
and the resistanc S co¥ e d by
a factor of 4.7 aﬁlgw?heg{dr gltg?ﬁé%%v{/agﬁr eﬁbﬁ%h% Sléx{%gs %{1&1 ?ﬁ %%Hé&e;%%gl e
600 in Fig. 15B wessemblynfor popelling moyemestelbihg ns%%ptubdlsmn@@n qegtrallingthavas
at a tenperature pdsittof08f thO@magndtRiHead agbmbljpour s. The resistance of the

| ayers was reduced to 1.16 oluns/sq. which was a reduction of 19.4%from
the resistance fromthe as deposited state. The results of exanple 2 are

shown in Chart B herei nbgjpigip m@;ﬁ’ ' ﬁm,ﬁ,; 0 of the present
invention is illustrated in Figs. 1 A@%??Bfﬁ@np e {j" is the sane as

the exanpl e 600 except the tantalum (Ta) |ayer 502 has been omtted. In
Fig. 18A all of the layers 602, 604 and 506 were obliquely ion beam
sputtered with an angle a of 40~ and an angle (3 of 20~. After sputter
deposition the stress of the rhodium (Rh) |ayer 506 was 1.28 x 10 and the
resistance was 1.27 Oull S/ Sq. After sputter deposition the elllbQdllllellt
700 was subjected to annealing as ShOWNI| 111 Fig. 18B. The first step of
annealing was at a tenperature of 232C for a period of 7 hours. After the
first step of annealing the stress of the rhodium (Rh) |ayer 506 was 3.6 ~:
109 and the resistance was |.18 ohns/ Sq. The stress had been reduced by a
factor of 3.5 and the resistance had been reduced by .19 ohm sg. The

enbodi nent 700 in Fig. 18B was then subjected to a second step of annealing
at 270C for a period of 7 hours. The resistance after the second step of
annealing was 1.14 Ohns/ Sq. which was a 10.2% reduction fromthe resistance
in the as deposited state. The results fromexanple 3 are shown in Chart B
her ei nbel ow. Chart A shows the saturation nonent MS, remmant nagnetization
M, squar eness Nr/NB and har d aX|s coerC|V|ty H~ after the aforenentloned
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A fourth exanple 800 of the present in is shown 111 rigs. 19A and 19B. The
exanple 800 is the sane as the exanple 600 in rigs. 17A and 17B ex.cf?apMAQ 2004
chromium (Cr) | ayer 802 has been substituted for the tantalum (Ta) Tayer

502. The chromum (Cr) layer 802 was 35 .8, thick. The total thickness of

the | ayers, excluding the substrate, was 976 A. After the aforenentioned

obl i que ion beam sputter deposition the Stress of the rhodium (Rh) |ayer

506 was 2.2 x 10" Bignksy cplgnaiewy effte exemplaramegnasic dikedrivgyers was 1. 24

ol nns/sqg. Next, the ephodi mept. 80 subj ected to annealing, ,as shown in
rig. 19B. In a fi ‘Eig dafn epd \éﬁW@gﬁ}gﬂaﬂt%flé%ﬁ%hﬁamzh%wg% QEVe8s $6§ha
tenperature of 232 E,or a period of 7 hours. After the first step of
anneal i ng t he™t¥¥ss“of the layers vas 3.8 x 109 and the resistance was

1. 20 ohns/sq. Accogdi : : : ~eg: Q. f ; - and
t he resistance msf‘%egﬂ%:éﬂ e?&%“éﬂ“%ﬁ?\%@ééﬁ Eg@glgg)gg?%e“ﬁ%}%ggg{}%@e? r‘uﬁ
subj ected to ﬁlﬁggmcmﬁga@éelﬁ?a%;i ng which was at a tenperature of 270C
for 7 hours. After the second step of annealing the resistance of the

| ayers was 1.1 ohnBigsd. isManclhomesic allnseliohi ahawfexdhpld®y sngprendibe system for
deposited resistance. The results fromexanple 4 are shown in Chart B

her ei nbel ow. supposingile siglgnand megrggheadd Par amet er sExanpl e 1Exanpl e

PEX | 3EX | ) . . . .
45t 1ot ur eTal RhOr / 8PP 65-97rABRRESY ebBr 1enris eadiier Aloneplansi i AEEigr32 agos

/ ~940 ! ~976 AStresg; - - X ohQ I R4 oy . 0 jt-ed
films, dynes/cnRSt rglg's6?§§ ?glra}f%%g/éftﬁe il)fd%%&iaiﬁégyfégé%gglﬁlfé%%&igpgééfdg 7
11r. anneal dypRaé 6 FRig. 2as deposi tedl . 621. 441. 271. 24(011111S/Sq. )R - after
232C-7 hr.1.371.231. 181  2anneal (ollnls/sq.)R - after 270C

-1.291.161. 141. 17 Eiy 7 iard patisledetdfdhe slider R20. A4peQed Yhdpn2dd be@®PaDseeoussi on
The cobalt platllLIIII1l dl1Allluln (CoPtCr) |ayer 604 in exanples 2, 3
and 4 is a maPlepe af7 AfAae %4s typically enployed for the hard bias |layers 140

"o cally a seed Fydrorop i HarieneLets sPUF R bR o e gy

802 in Figs. 1\Spi I | M+ o i r seed | ayer. The
tantalun1(Ta)éﬁﬁ;%@q%%gﬁpaﬁg%éghﬁﬁgﬁxgﬁéi%%g%kgh?%ﬁ%?ﬁﬁﬁggeed | ayer for the

rhodi um (Rh) | ayer Fi0®. isThpartiblodiB8miéRLI)thd sladtr talyearalony plags 9-916AF@nd th6B
is an exanple of a |ead | ayer which can be enployed in any el ectrical

devi ce for i ntleyvetheneat andgvatestanrentstof dleamperssAnweBsismiplees 2, 3 and 4 are
typi cal exanples of. hard bias and |ead |ayers |34 and 6 for..a read sensor
P o T AR o8 Shigotis e Sgus ey SBNE i T H a6 e 18 2Rk aff SAfer

enbodi ment  begays e gl or isolation |ayer between the hard
bi as | ayer 605 angll%oéﬂ?#%(??ﬁ?n%%?g{ﬂ@?g’yer 506 stress - 5 MAR 240g -16and

resi stance are redeged 1GoRRASGRM G NOFXARPBlr&fonlofan@ad heads whiBwinploysGiaaP B,
where a seed | ayer or isolation layer is enployed. As shown by Chart A,
Exanpl e 3 al spinmad spihhvelvef @¥osaisos properties after annealing as di scussed
her ei nabove. Wiile the preferred angles a apd (3 {)or oblique ion beam .
sputtering are set Ff%)rlt2h‘5i%S‘thﬁ@a\é%llﬁﬁffé%?“ Pﬂé“ PE P&} SRUCHRGSYSIBR WA AIof
angl es a and s o~ 1 0~.. The thicknesses of . rs,ln 1t B are
xerp ary and SHBEneh St B8 sy laB et BT Y Al LRih BAEEA  Bur TRl S55c
for a period of 7 Ipurs, j1flRatd RS b Beark aPulEREiREDN VHBICE the3Rie hPhea
period from.5 hr to 10 hr and still receive a noticeable reduction in
stress and respsteamgeysémtindigallerscept thestuniaba plaecsuoiotbe stlosire tet 4@l tht haget
present invention may be enployed for netals other than rhodium (Rh).
Further, the gEni@n analy with rgspest te apglavetheensor or an AMR sensor, as

di scussed herei nabqgve. Further, t gf first land second | eads may gv_er_l_ap t he
top of various |aydt& 141 # Aghegiatis dusifpiion of QR Beala e dA ePHdd suhg @ g or
defining the activesqgion ol PG HENSRHn, THIS drknann in the art as a
conti nuous junction $Sensor as dont rast ed ' fo’the conti guous junction sensor
described herei nabgyg.16# islan ddgt WSS of & A&t EOVGE bONIRBRINE E¥h)18a Paler TRy
f11111 | eads, such as |eads connected to the wite head of a magnetic head
assenbly, | eadepadspdtiied, to the top and bottom of a tunnel

magnet oresi stive (TMR) head or leads in an integrated circuit device.
Clearly, other enbodiments and nodifications of this invention will occur
readily to those of ordinary skill in the art in view of these teachings.
Therefore, this inventionis to be limted only by the foll ow ng clains,
whi ch include all such enbodi nents and nodification cations when viewed in
conjunction with the above specification and acconpanyi ng draw ngs. - 5
MAR 2004 We claim 1. A nethod of making an electrical |ead conprising the
steps of providing a wafer substrate that has a nom nal surface plane;

Y N . o - . Y



surface plane of the target at a substrate/target angle with respec 0. Qne
another; and directing ions fromthe ion beam gun onto the target 45 MA 2004
sputter rhodium (Rh) atons therefromonto the wafer substrate. 3. A nethod

as claimed in claim2 wherein the rhodium (Rh) lead is annealed at a . .1 .
tenperature from 140C to 300C for a peri-é¢d from % hour to 10 hours. 4. A

met hod as cl ai medFign16Bas am 3dydreiewi of thafifht Sxdnple JF el AoaR A0Y! 16, FARRTS Ses
rotating one of the substrate and the target about one or both of x and y
axes W t hi n $cpukerel anaealing, nal surface plane. 5. A method as claimed in
claim4 wherein: {got Z@Aon abgut t he & axis results in angle a between the
noni nal surface pl #nhd&*dhE" PEEaYIEEnCLhEEPPY rEAyPlgef & rhadiipy 1) deashafies a3

bet ween t he ﬁ]@mtaﬂ)f@uﬁgﬁ&% pl anes; and one or both of angles a and ~i
being within a range of 5-50. 6. A nethod as clained in claim5 wherein the

rhodi um (Rn) | eadfigs]@ieal edbeatiea of drpesaiduxenple FIRCHidMuAR RRY iR aRE ?
hours. 7. A nmethod as clainmed in claim6 wherein said angle a = 40 ancf
angl e (3 = Zpsecond step afymnp@og;- is 8. A nethod of making rows and col umms

of magnetic read lea}ggs wherej n each rrﬁﬂnetj c read head has first and second
rhodi um (Rh) el ectPi 6t 1§ BheeeSHh T & Iy AP dgerhadivugy b deaskpfier adiretr
substrate V\,igtép(gspgl@grﬁ%l; surface plane; formng rows and col ums of
fferromagnetic first shield layers on the wafer substrate; form ng rows and
‘col ums of nonnadrigt 188 momcalpdudéw vetlkithisd exanple 9arhe ayeinm ®h) AR /Rpe and
colums of the first shield layers; formng rows and colums of read
sensors on tsﬁ%OIWoV%’(ﬁ%W’ P8&ms of first read gap |ayers; formng rows and

colums of first d > j 3).he n the first d.g | ayer
with cach of said P lr%tg%e)lﬁlg eé%%gfﬁ%f(e%?s““go%%g’é’%e%‘t%glloéf‘?‘Bsz%ﬁ%aéé?‘&%ééd

sensor conprfirststgp dflsputsdrzipsad : provi ding a chanber with an ion beamgun, a
target of rhodi um_(%and sai d waf er substrate wherein the target has a
nom nal surface pli&nB senedes rigw ofdhe forirthakamplefod tee hbdine: @Rh)tiéel afif er
substrate a@gcotng%ter}])oorfi,]&%ﬂi%urface pl ane of the target at a substrate/target
angl e with respect "to oné another; and

DESCRIPTION OF THE

PREFERRED EMBODIMENTS

Magnetic Disk Drive

Referring now to the drawings wherein like reference numerals designate like
or similar parts throughout the several views, Figs. 1-3 illustrate a magnetic disk drive
30. The drive 30 includes a spindle 32 that supports and rotates a magnetic disk 34.
The spindle 32 is rotated by a spindle motor 36 that is controlled by a motor controller
38. A slider 42 has a combined read and write magnetic head 40 and is supported by a
suspension 44 and actuator arm 46 that is rotatably positioned by an actuator 47. A
plurality of disks, sliders and suspensions may be employed in a large capacity direct
access storage device (DASD) as shown in Fig. 3. The suspension 44 and actuator
arm 46 are moved by the actuator 47 to position the slider 42 so that the magnetic head
40 is in a transducing relationship with a surface of the magnetic disk 34. When the

disk 34 is rotated by the spindle motor 36 the slider is supported on a thin (typically,



directing ions fromthe ion beamgun onto the target to sputter rhodium
(Rh) atons therefromonto the wafer substrate; formng rows and.cglngwr
nonmagneti ¢ nonconductive second read gap | ayers on the rows and col um
first read gap | ayers, the rows and colums of sensors and the rows and
colums of first and second rhodi um (Rh)-8t eads; formnming rows and col ums of

f erromagnet i 05spmrdsisbh oF dirl @iteiearing) bdtwedowRe Anfice of UFNGisioB4SARIONE 4ead
gap layers; and after form n2c[J$sai d rows and colums of first and second

r hodi um ( Rh) bpastigssuaiaae GhBRL48.hdhe avegnetindhendl 4thmey dlienr broetiploy¢d=foy vreags to
formrows and _col ums of sajd.first and second _rhodium (Rh) electrical

| eads connect®g™ logaff)dn‘lﬂi‘ﬁb %Wﬁfaédfaﬁgﬁwgné € ﬁ‘ér&?@t‘?qjéﬁ? Sl :Zfbafﬁs‘.’velb.as Aor
nethodascl'a‘g.%i-. i: : in: Ld.substrat e/ target, angl e conpri ses
rotating one?égf elﬁgoﬁxlggetléna?t g@%%ﬁ{ he 1’t;%gzﬁég‘!g gag%%?ﬁrgneﬁo%ag&%g%f SN y
axes W thin geprasp@gs such infoithatdin, WithftAe Beddl £0ProviddsAdpiiile ARMHATE]igha X1 S
results in angle a between the nonm nal surface planes and rotation about
the y axis r&suptaingrthenpdase(a diskt $eemdt provivesicanatrolssigdadc ¢o pheanesator for 5
MAR 200g -19 _and one ar, bot h of angl es and ~i ing. within a range of
5-SO. 10. A ﬂlé)tvﬁl(gdtlﬁgfﬂg?ra'ioﬁ@ﬂ'oil%%@%ﬂ r&”gF\ﬁhgr@F rf?‘g?fe SwdhoyrymeBnigane aof
rhodi um (RN) sdspasiforfde A@ARAAE déscki ] f - Q) a
period from g/(ZS%hou?l to 10 hodjr% s?l 11%0128%?{{%3%@66 @irﬂneéﬁ&?‘rtl&g?lg?%g&)ﬁ%u
wher ei n t he pbambowng, eoshowisindfig.r3hodi um (Rh) | eads are annealed at a
tenperature of 232C for a period of 7 hours. 1 12. A nethod of naking rows
and col ums of nné%geﬁléafl S AKY o the shiferatis anh the megnstic etk 40 aflbewlidér

first d ' tyl t.ed t ti
rend hond comort S e TS e O R T P SRR o8 T

surface pl angiilsf 56, igngnd G0sexedd GohUMEosofrafl €5 OBERtikcif iof RhiatRili 6 fhe
| ayers on the wafer substrate; formng rows and col ums of nonmagnetic

nonconduct i vBagRetst disledd. e cloay exlb 68nistdien leadingandecot wiinise ofiddrhend itest

o 1. 21 RS SELUE P a8 sensors on the rone and

second rhodi um (RRjg, 68&l8ideBrdsf8eckibhdlelevation view of a piggyback magnetic head 40,
which includes a write head portion 70 and a read head portion 72, the read head
portion employing a spin valve sensor 74 of the present invention. Fig. 8 is an ABS
view of Fig. 6. The spin valve sensor 74 is sandwiched between nonmagnetic
electrically insulative first and second read gap layers 76 and 78, and the read gap
layers are sandwiched between ferromagnetic first and second shield layers 80 and 82.
In response to external magnetic fields, the resistance of the spin valve sensor 74
changes. A sense current [s conducted through the sensor causes these resistance
changes to be manifested as potential changes. These potential changes are then
processed as readback signals by the processing circuitry 50 shown in Fig. 3.

The write head portion 70 of the magnetic head 40 includes a coil layer 84
sandwiched between first and second insulation layers 86 and 88. A third insulation
layer 90 may be employed for planarizing the head to eliminate ripples in the second
msulation layer caused by the coil layer 84. The first, second and third insulation
layers are referred to in the art as an "insulation stack". The coil layer 84 and the first,

second and third insulation layers 86, 88 and 90 are sandwiched between first and



read gap layer with each of said first and second | eads connected to a

respective read sensor conprising the steps of: providing a chanp M‘ARh%QWf
i on beam gun, a target of rhodium (Rh) and said wafer substrate erein e

target has a nom nal surface plane; orienting the nom nal surface plane of

the wafer substrate and the nom nal surfage plane of the target at a

substrate/target (ﬁnql e.wWth respect to _one another; and directing ions from
PR

the i on beam $EoNbpRle Picse laysis gt andd4s plig st anchegeand pris)piesedmisrs Berrd Phm

onto the wafer substrat.e; fqrmng,rows col ums of nonmagneti.c
nonconduct i ve 8 BREHEH L‘&&O'ﬂi(ﬁ&n?ta€g?cg‘ W%@lcfl&%%ﬁlaa”goﬁeﬁ Pe Ups PRend e qq
gap |layers, t{s wRh af\@psalcddBis \Qifitesgf%paﬁye? 1006t thBABOWAnaRGIARINUERS 108
first and second rhodium (Rh) leads; Torm ng rows and col ums of

f erromagnet i cisflocasdd {mdweenpthe cecohd sbiell apert §eandoths fasidpade pienmayef 9% eSonrd
read gap | ayers wherejn each pole piece | ayer has a yoke regi on between a
po: e tip ][egi '&tﬁ smadallnslsiclﬂyegb tﬂpé@h%ﬁr,st polspﬁp@alaze@z @foSFléﬂfTi‘ieﬁ?feF%f\]w hend f
colums of wrjte gap |ayers ween 1.0 nd €0 S -pol e tip regions o
Che por e pi ecs TradBPs. EPReRrs WiTe ArdRull Bt8 of i d. ARG Schar i

wherein each idpgbdtRht 004 SLBEH6 SRREARI1ERs B B PRI RUW dehSorCAl (b 18491 S and
het ween rows and col ums of yoke regions of the pole piece |ayers;

éonnect i ng t hel4 onstharsdseobiomyst, gindf thirdt angin ugtbcemderpaineegions el llcaget § 18t

their back gap regions; d.after farmng idro and cql.um f said
first and sgc‘gohlﬂe‘gﬁ?ﬁJﬁg?“ﬁﬂ)alzkgréﬁﬂ’%?hea?ﬂﬁe%ﬁs&ﬁﬁFf&'ng%rt%\)&adéﬁawé‘&}ﬁdgﬁé’%*m
rhodi um ( Rh) glgggﬁignq formrows and colums of said first and second

rhodi um (Rh) electrical |eads connected to said rows and col ums .of

magneti c read headBigs1Band\9red thedams ac|Fagsredandn8 exaptithtZebandt dheeld dorpBR si ng
the steps of formng rows and colums of ferromagnetic second shield |ayers
bet ween t he rdikthadigstasleupiecs layer § @sha covmendayst| APerEpapihaafds keswn ana

Ccolation | aysrieeBRifallCiRe MR AR RE I G Rl TR TR p andng

the rows and ge apmedof first pole piece layers. 14. A nethod as clainmed in

claim 12 wherein: said substrat e/tarsg_et angl e conprises rotating one of the
substrate and the Y §bts an1sometric ABS illustration of the read head 72 shown in Figs. 6 or

8. The read head 72 includes the present spin valve sensor 130 which is located on an
antiferromagnetic (AFM) pinning layer 132. A ferromagnetic pinned layer in the spin
) valve sensor 130, which is to be described hereinafter, is pinned by the magnetic spins
of the pinning layer 132. The AFM pinning layer is preferably 425 A of nickel oxide
(N1O). First and second hard bias and lead layers 134 and 136 are connected to first
and second side edges 138 and 140 of the spin valve sensor. This connection is known
in the art as a contiguous junction and is fully described in commonly assigned U. S.
Patent 5,018,037 which 1s incorporated by reference herein. The first hard bias and
lead layers 134 include a first hard bias layer 140 and a first lead layer 142 and the
second hard bias and lead layers 136 include a second hard bias layer 144 and a
second lead layer 146. The hard bias layers 140 and 144 cause magnetic fields to
extend longitudinally through the spin valve sensor 130 for stabilizing the magnetic
domains therein. The AFM pinning layer 132, the spi valve sensor 130 and the first
and second hard bias and lead layers 134 and 136 are located between nonmagnetic

electrically insulative first and second read gap layers 148 and 150. The first and



about one or both of x and y axes within a respective nom nal surface

plane; rotation about the x axis results in angle a between the nom 2004
surface planes and rotation about the y axis results in angle ~i Bmm

t he nom nal surface planes; and one or both of angles a and [3 being within
a range of 5-50. 15. A nethod as clainedjn claim1l4 wherein the rows and

col ums of rhodium (Rh) |eads are annealed at t enper at f 4 t
300C for a peedond reacbgap/&ayerédﬂfite@dﬂéor%&r@.luli’e?ocﬂteﬁr@{eﬁ%%f’w ”8&515511@‘8%# 0

claim15 wherein the ro and | u of rhodium (Rh) | eads are anneal ed at
a tenperatur é"@ﬁe@ggéﬁ?@ﬁaﬁerﬁéﬁ%wnﬁ'? hours. 17. A)n el ectrical device
compri sing: at | eastolWinelsahlh DOBoICRAHARGHR of a read hédiRs 30un 21 Figa 12

rhodi um (Rh) lead intercofinecting said at ‘| east two el ectrical conponents;
and sai d rhodiherpiiRinghgmempiddaciuddsld dueiber 2@hwhishihas purtvercedtrelisd aed by

annealing to reduce stress and resistance o ) di Rh d.. 18.

el ectlri gal d P adag valvaicratol 1alet 296 m e o Fgg‘ﬁ ”ir E‘g ‘bﬁ%ﬁiﬂ# (Okagﬂaa‘flé]&ga i ?n
anneal ed at a tenperatutre from 0 _ _ i y

10 hour o, - 10 Ve gh bbb 3G B0 ROl L' mpdE ol Afkollbf uh Fachls, 10

second | ead |@yehs ASLRCHAT, GRblie GRANRET PRBuhRd Mighid Sadhs@bads a snbsinBgPER i C
nonconductive first and second read gap | ayers; the read sensor_ and the

fir S][ second dr\/]laalfl shpptﬁfd I ssa bedferg2 1 b opde dvibet Wyers efhthefiiepd theagh anayebe dermedad
gap layers; the lea a bej ; )
nonmagnet i ¢ rfePRASIA L ‘H%fg’[)%’élrﬁ?‘ Qf%ﬁtéggﬁp @?g%ﬁ%%goiﬁo%%ﬂ??@?? %frbal Fogb\eeﬁbqﬁtgr the
anneal ing to éﬁgg%ﬁ S [l}%s\%a@p(é.l@.esﬁH&{'%@alﬁfguhr@w RBaglohB¥@ab on@@nd Af the

magnetic rea as Clainmed in claim19 including: ferromagnetic first

and second shiightbet 206 th@papbleeofidifestingindearn of iehsraparthgapabay/ . s Wathimg
| ocat ed between the first and second shield |ayers. netic read

head as cl ai ntbd ibm béﬁllaigﬁlleing@P@rPl‘fq‘F@“ﬁGﬁWﬁﬁ et ewﬁ%]éi é‘iﬁChingsg PRSI A CRn) .
pear i ng. Sur | ABOC AR e 0P TR CRRL, P i AT 80 =11
second pol e pjRBked haes Positive charge. Electrons knocked out of the atoms have high energy
which knock out additional electrons from other atoms which creates a plasma within
the jon beam gun 214. Jonized atoms from the ion beam gun strike the target 212
which causes the material of the target to be sputtered and deposited on the wafer 210.
In the sputtering system 200 the nominal planés of the substrate 208 and the target 212
are substantially parallel with respect to one another. When the nominal planes are
parallel this results in non-oblique sputtering of atoms onto the substrate.
A sputtering system 300 for forming improved rhodium (Rh) leads 142 and
146 in Fig. 11 is shown in Fig. 13. The sputtering chamber 300 is the same as the
sputtering chamber 200 except for the angle of the substrate 208 and the wafer 210.
The difference is that the nominal surface planes of the substrate 208 and the target
212 are oriented at a substrate/target angle 6 with respect to one another instead of
being parallel with respect to one another as shown in Fig. 12. With this arrangement
atoms of the material sputtered from the target 212 are deposited on the wafer 210 at a
sputlering angle 0 to a normal to the nominal surféce plane of the substrate 208, which

angle is also equal to the substrate/target angle 6. While the substrate/target or

spultering angle is shown in the plane of the paper, the substrate/target or sputtering



“each of the first and second pole piece |layers having a yoke porti
| ocated between a pole tip portion and a back gap portion; a nonn-a‘gMRZUUlr

wite gap | ayer |ocated between the pole tip portions of the first and

second pol e piece layers; an insulation stack with at |east one coil |ayer
enbedded therein | ocated between the yoke portions of the first and second
pol e piece |layers; and - 5 MAR 200 -22lkhe first and second pol e piece

| ayer s bei ng angler ¢t e dbcatddedtrany amiglegwithino3¢a” eosyneanigtwigh tieaplahe afl the
including: a read sensor; first and second Ieadﬁda yers el ectri

|1y
connect ed t o Pep& a@éé@‘a‘éﬁén@&ﬂﬂd ﬁbﬁ‘ﬁfd@%@%ﬂeb barie irlpng ofdhe panrer w i ‘%’c‘é?nd
d | f b
oot S ber weseried By PR e AlRLp e (IR Frefkits SRR ¢ R BDe no
conposed of @ QEIARINGIGOC ﬂ?et&]!apb@f\;gfeééﬁ?e &mﬁmﬁ%ﬂrgnmea«boﬁmg@ﬂ PSR

obliquely ion beam sputtered fo d by annealing to reduce stress "and
resi st ance ofargdne(Ark &dyptay@rs or mon @(@ad‘rlnettargetmmfds%éwﬂiwn gh)cl ai ned in

claim 22 incl udl n t he read head furt i ncl udi n a ferr gnetl C econd
shiel d | ayer: %ﬁ&% henddSare selenakis yagr%w lﬂ?g l?@aa&“é&‘&g’ﬂ |lappet 4 ?and
the separatiqp sbl%;é%netaea B% K L%%ﬁat%%ti%“ﬁ ehl"?ov§ %Oaﬁsmﬁér ofl @YPluudfifh N

flrst pol e piece netic as .cla m 22

wherein the ng ren@gﬂqug01§r%@5l cbl%pfi@ﬁbté&[ﬁg(&k@ or %th o¢ ﬂ%gfb@g%dtmﬂl gikd diid ve
having at | east one slider that has an air bearing surface (ABS), the

slider supporstbsitptatOd east oune tetgalat drgl haxed vatwentninat siface nbilﬂgﬁé% and ead

head and a e head, isk driv risi wite | udi ng:
first and sec@hdei?d??té"eb' ér%‘éhelr é%?&orj%?:rha (fmlflﬁfgg?“l Qfgﬁ essrgfz dnﬁgfguepl ece
layers havi ngo@bé’ﬁ'f@ptﬁ@hh%@{bn 1%@15%xb@5\¥ﬁ?6hlﬂla%hﬁzr bf fhe %@ét't@ﬂl@a&ﬂle@opa(:k
gap portion; a nonmagnetic wite gap |layer |ocated between'the pole tip
portions of tthesdlstrate. dHithestheaagdetptil2eorpheswsiralgeild manbd msmltfatlfxbﬂatgcuaqk

with at | east one coil |ayer enbedded therein | pcated bet he oke
portions of tWalgthe §theaﬁd0§1é€édwnskﬂsg Pa&s P foAghiexe 2 ARPER elfl'e ionglpgy of

second pol e pa'n%ﬁa% hl%%%&%\’egl? 6hoe i ﬁﬁﬁéq% s Jl%laﬁiplféaﬂ% 9ARLAVE e Q0Bstraand

404 rotated by angle o about the x axis and Fig. 15 shows the substrate rotated by an
angle 3 about the y axis. In this example the substrate/target angle 0 n Fig. 13
comprises angles o and . Alternatively, or in addition the éubstrate/target angle 0
o may comprise rotating the target 402 about one or both of the x and y axeés on its
nominal surface plane 406. A preferred range for either angle o or B is 5" to 50°. Figs.
14 and 15 show rows and columns of magnetic heads 410 being formed on the
substrate 404 with the novel rhodium (Rh) leads. The various layers are shown n IFig.

11 for the read head and in Figs. 6-10 for the write head.



- 5 MAR 2004 - 23 the read head including: a read sensor; first and second
| ead | ayers electrically connected to the read sensor; nonmagnetic
nonconductive first and second read gap | ayers; the read sensor ar'rdStMAR 2004
first and second | ead | ayers being | ocated between the first and second
read gap | ayers; the | ead | ayers being conposed of a nonnmagnetic netal; the
nonnmagneti ¢ netal havi ng been obli quel y‘]izon beam sputtered foll owed by
anneal ing to reduce stress and resisThadeventionhe | ead | ayers; a
ferromagnetic first shield layer; and_the first and second read gap | ayers
bei ng | ocated between the first shiel &:XF‘HUQ‘?land the first pole piece

| ayer; a housing; a net k.c dj : . oW kg,
support nounted ir¢‘ P%ZQW%(gﬁmﬁg{ ?d(?r&{s%h%%%%n?{ ﬁéjét <SeH frsrgg%éel{&iléghﬁelg%y?g gga%d?y
with its ABS|EBGVRGeihS FIRABALA Grsdliagk SQaiithiain (Tag S0BYACDED spater dgpoeidd y i s
in a transducing relationship with the magnetic di sk; spindle notor for
rotating the onmgstsiratediOdkandam rmdturatBh) HyemOtchambsshsppuiter dapesiseshpithe f or

and e o oo e ; t
oV e e e S aEaLY Lo LLS POELL LN SRSk
assenbly, to sshenLsRIandl S I'EQErlTiglfn @D 1dy8r $05BwRACT 308A @Hficlt OThEBRRNG/ Argesdnghal S

wi.th the nagnetic head asse y, for controlling novenent of the magnetic
di sk and for ocaipridbd bngnglbe @A didm afgld fef ddgildeitetahbadnessditht layerzs. A

tic disk dri: imed in glaim25 jncluding th head furth
ol udi ng: 2 SKERHBRGR ELPRTR AT Chivel 4 28% Ot h dARCHTE ‘B Eetos £l 1y
i nsul ative S‘?i%g:?%t'e{i Qs 296K ?10‘a’&%és%ﬁf%ﬁ&?ﬁe%&i@t@néeﬁdﬁﬁe Rotm0b @natsed ket ween

t he second shi ayer and the tirst pole piece layer. 27. A magnetic disk
drive as cl aispetteridepoaditimgrwas 1 \6Reheisrsqt Heftan spuiteg depdseionetha llayiess HodidupRq Rh) .
: ﬁ]y _ Enég Eldés Qggg?A alﬁ)JéljtleYd @)' é?\ﬁlézﬁ{n% aAsHstlio'e\erll' iﬁ\' *ig.yl'()@l.z ' & ﬁ?“@été?\a (')Af[a'n'ﬁéﬁiné) \'S‘asA étpz‘i A
=twi {11111 of ?LZ% . c h i ajc
aj ca} cal c(a] %ég?é(}g cal ca g(g}rogg}p%g}“gg cg(](lg%i] %ﬁf@%gﬂ%ﬁ%ﬁ gg?%&('% ?%]LS)%%\%S)C) ]&*(5
* DF K* * +Qt++> of  the shodium gREPDYyarsFicdwz] d4d] caPcdreatwi ped leajesalanad vafdalca) ca
cajcal]ca]lca]ca]calc(a]ca]lca]lca]calca]cal]calcalcalca cal.cal 00031111Vv2222
735330144 CPBAD GEOTNTI BOY S WS PG LA B5 P B0 O Say o e a] ca
ca] ca] ca] ca a : Al &ak q8hCRLGRBEBPO: +:
? - ] : @5{ : ] <<] ﬁ%&g@i@?lﬁf‘]&%ﬁ&@ﬁﬁlﬁgﬁ?l@ﬁi‘}:ﬁ?]&‘g‘?ﬁﬁﬂﬁhcg}Ca] cajcajca]c
a] ca] ca] ca] calfcaiedligahahcahc aJ¢ 6] talac parjaciadlc d]walsc aldist d¢bg eedosd] den PPE~EE
5FbF, GGl vidl 1] JJJ. K+KKKKCLLL \ snjd_Z]cal.ca b .cal ca] ca
}ca] ca] ca] ca] 36‘&]3&‘3{]%(:' P ESance é’]aéé%@ﬁf% gﬁ Ezlyfﬁﬂllélsg]d\é'aﬁcggf Slazﬁgla/c %%ﬁg%%al?@}g] CL] c
al N<Q C00?PVREPRECBXI R0 the as deposited state. The results_of this example are set forth in
R RURRR/ SI S\ Sr SSS?WIWNWYZQZ[ [ } xsni d_Z] ca] ca] ca] ca] ca] c(a] c(a] ca] ca]ca]ca]ca
] ca] ca] ca] ca]ChdrtBlhesidz]cwa] ca] ca] ca] ca] ca] c*a] ca] ca] ca] cal ca]cal [ % y\\]~ ™"
“cecce&fj'jjkLI glwloopssuvyzvz}zz}xsnid Zhlcal] ca] ca]ca] ca] ca]ca] c&a] ca] ca]c
a] ca] ca] ca] ca] ca] ca] ca] c(a] ca] ca] ca] cg#‘%ﬂ]‘ 5] c(a)Jca]ca]calca]ca]lca]calzzzz=

{I{\{f{{}} &l ~7DXbr de@ond example 600 of the present invention is illustrated in Figs. 17A and
zt oi d*Yni d_Z] cal] ca] calU] ca] caU] ca] ca] ca] ca] ca] ca{ cé&al caL{L ca] cal ca] caU; cajc
a] ca] ca] ca] cal B3] thy sapehpeimiles)tia]teniase as the first example 500, except a layer 60

ooy L ERE LeLiunl T d U ealoal e saleathedlepd eeelealei e o2
FSLc*. >Di v platinum chromium (CoP(Cr) 304 was sputter deposited on the chromium (Cr) layer
602. The chromium (Cr) layer 602 was 35 A thick and the cobalt platinum chromium
(CoP(Cr) layer 604 was 250 A thick. The total thickness of all of the layers, excluding
the suﬁstrate, was 995 A, The layers were ion beam obliquely sputtered at the
aforementioned angle o of 40" and angle B of 20°. Afier oblique ion beam sputter

deposition the rhodium (Rh) layer 506 had a stress of 1.94 x 10" dynes/cm?® and the



}xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c(a]ca]ca]calc
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A third example 700 of the present invention is illustrated in Figs. 18A and
18B. Example 700 is the same as the example 600 except the tantalum (Ta) layer 502
has been omitted. In Fig. 18A all of the layers 602, 604 and 506 were obliquely 1on
beam sputtered with an angle o of 40° and an angle f3 of 20°. After sputter deposition
the stress of the rhodium (Rh) layer 506 was 1.28 x 10'® and the resistance was 1.27
ohms/sq. After sputter deposition the embodiment 700 was subjected to annealing, as
shown in Fig. 18B. The first step of annealing was at a temperature of 232°C for a
period of 7 hours. After the first step of annealing the stress of the rhodium (Rh) layer
506 was 3.6 x 10’ and the resistance was 1.18 ohms/sq. The stress had been reduced
by a factor of 3.5 and the resistance had been reduced by .19 ohms/sq. The
embodiment 700 in Fig. 18B was then subjected to a second step of annealing at
270°C for a period of 7 hours. The resistance after the second step of annealing was
1.14 ohms/sq. which was a 10.2% reduction from the resistance in the as deposited
state. The results from example 3 are shown in Chart B hereinbelow.
Chart A shows the saturation moment Ms, remnant magnetization M,
squareness M,/M; and hard axis coercivity Hc after the aforementioned annealing steps

in Fig. 19B. It can be seen that there is little change in Ms, squareness M/M; and Hc

after the annealing steps which shows that Example 3 is very desirable for magnetic
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Chart A

Properties M;s (memu) M, (memu) Sq. (M,/Ms) Hc (Oersteds)

As deposited | 3.79 1 3.54 0.93 1490
0 | 232°C 3.71 3.49 0.94 1459
~ anneal 7 hrs -

270°C 3.76 3.5 0.93 1463

7 hr. anneal

Example 4

A fourth example 800 of the present invention is shown in Figs. 19A and 19B.
The example 800 1s the same as the example 600 in Figs. 17A and 17B except a
chromium (Cr) layer 802 has been substituted for the tantalum (Ta) layer 502. The
chromium (Cr) layer 802 was 35 A thick. The total thickness of the layers, excluding
the substrate, was 976 A.  After the aforementioned oblique ion beam sputter
deposition the stress of the rhodium (Rh) layer 506 was 2.2 x 10" dynes/cm? and the
resistance of the layers was 1.24 ohms/sq. Next, the embodiment 800 was subjected to
annealing, as shown in Fig. 19B. In a first step of annealing the embodiment was
subjected to a temperature of 232°C for a period of 7 hours. Afier the first step of
annealing the stress of the layers was 3.8 x 10” and the resistance was 1.20 ohms/sq.
Accordingly, the stress was reduced by a factor of 5.8 and the resistance was reduced
by .04 ohms/sq. The embodiment 800 was then subjected to a second step of
annealing which was at a temperature of 270°C for 7 hours. After the second step of
annealing the resistance of the layers was 1.1 ohms/sq. which was a reduction of

11.3% from the as deposited resistance. The results from example 4 are shown in
Chart B hereinbelow.
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L Stress - as 2.66 x 10" | 1.94x 10" 1.28x 10" | 2.2x10%
{ deposited films

dynes/cm®

Stress - after 232°C | 4.1x 10° 4.1x 10° 3.6x10° 3.8x10°

- 7 hr. anneal

dynes/cm?

R - as deposited 1.62 1.44 1.27 1.24

(ohms/sq.)

R - after 232°C-7 hr. | 1.37 1.23 1.18 1.2

anneal (chms/sq.)

R - after 270°C - 1.29 1.16 1.14 1.1

7 hr. anneal

% reduction in R 20.4% 19.4% 10.2% 1 11.3%

Discussion

The cobalt platinum chromium (CoPtCr) layer 604 1n examples 2, 3 and 4 is a
material that is typically employed for the hard bias layers 140 and 144 in Fig. 11. The
chromium (Cr) layer 502 therebelow is typically a seed layer for the hard bias layer.
The chromium (Cr) layer 802 in Figs. 19A and 19B is typically an isolation and/or
seed layer. The tantalum (Ta) layer 502 in Figs. 16A and 16B 1s simply a seed layer
for the thodium (Rh) layer 506. The rhodium (Rh) lead layer in Figs. 16A and 16B is
an example of a .lead layer which can be employed in any electrical device for
interconnecting a pair of components. Examples 2, 3 and 4 are typical examples of
hard bias and lead layers 134 and 136 for a read sensor as shown in Fig. 11. Example
3 in Figs. 18A and 18B is a preferred embodiment because without a seed layer or

1solation layer between the hard bias layer 604 and the rhodium (Rh) layer 506 stress



10hh 10hh 10hh! 0" 23" 10%h& () -s! & 23" 109%Mh& ()-s' " 23" 109638 ()- s I?ﬁ%ﬁ
& ()-s23"10% & () - sBBCKCCCCaBK=/ 10hh 10f - 2004
109%& ()-f!14°10% B. B& ()-z10%& ()-z 109B& () -

10988 () - 109B& () - CDDDE?E~E{ Y: K=/ 10hhYs10%B& ()-!  (10% & ()-!’

(109ZBZB& ()-!" (10% & ()- (10% &'() “f 109B& () - f ~EE5FbFnFF, G~] K=/

10hh! V' f S109BB& () - @[ " f S10%J U& () - @

Vf S10%PP& () 3@11%’8‘&“99 asel@@i@&d(qmn}:{afabd)@/&gslgg&nmlys g ?@@cé HE | BPwhUR\ERrPE;

10.hh 108 .108 oA 10%8 (}) | D& (e?l 0% l? P 14T % Example 3

B& ()-!L# 1097 14Y5%68 ‘j"géﬁ%l YEhIT P19 g}o (% 0@'%%(} P

}_8?06&& ((& ) - ( ;I.Oosﬂblggz%}g gaé( %@F@&%&R%bge%%@ﬁ e(zf%-eaéoﬁtgbﬂmg aglﬂligéﬁfsgd héfbove.  While

910% &' () - 10%he& fryfertbClang et MIGRE: 3 T@hdblique 10n beam sputtering are set forth in the

108#10% &0 gan%i/((a)s&lth(e)prg'fgsﬁaf ;agnge %o?oé%c i (()f) an\é ego(/g z;:ﬁld([% 3 00/556 ( )Fhe thic 1eL,\é|>:lsl\ld =PE
of the layers in Chart B are exemplary and can be varied as desired. While a preferred
annealing is 232°C for a period of 7 hours, the annealing can be between 140°C to

( ) 300°C for a period from .5 hr. to 10 hr. and still receive a noticeable reduction in stress
and resistance of the layers.

It should be understood that the present invention may be employed for metals
other than rhodium (Rh). Further, the sensor may be a spin valve sensor or an AMR
sensor, as discussed hereinabove. Further, the first and second leads may overlap the
top of various layers of the sensor with a space between the leads for defining the
active region of the sensor. This is known in the art as a continuous jurnction sensor as
contrasted to the contiguous junction sensor described hereinabove. Still further, the
invention applies to any thin film leads, such as leads connected to the write head of a
magnetic head assembly, leads connected (o the top and boitom of a tunnel
magnetoresistive (TMR) head or leads in an integrated circuit device.

Clearly, other embodiments and modifications of this mvention will occur
readily to those of ordinary skill in the art in view of these teachings. Therefore, this
invention is to be limited only by the following claims, which include all such

embodiments and modifications when viewed 1n conjunction with the above

specification and accompanying drawings.
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forming a rhodium (Rh) lead on the wafer substrate comprising the step of ion
beam sputter depositing rhodium (Rh) material on the wafer substrate at an angle to said
nominal surface plane; and

annealing the rhodium lead to form said electrical lead.

2, A method as claimed in claim 1 wherein the step of ion beam sputter depositing
comprises the steps of;

providing a chamber with an ion beam gun, a target of rhodium (Rh) and said
wafer substrate wherein the target has a nominal surface plane;

orienting the nominal surface plane of the wafer substrate and the nominal
surface plane of the target at a substrate/target angle with respect to one another; and

directing ions from the ion beam gun onto the target to sputter rhodium (Rh)

atoms therefrom onto the wafer substrate.

3. A method as claimed in claim 2 wherein the rhodium (Rh) lead is annealed at a

temperature from 140°C to 300°C for a period from ¥ hour to 10 hours.

4. A method as claimed in claim 3 wherein said substrate/target angle comprises
rotating one of the substrate and the target about one or both of x and y axes within a

respective nominal surface plane.

5. A method as claimed in claim 4 wherein:
rotation about the x axis results in angle o between the nominal surface planes
and rotation about the y axis results in angle 8 between the nominal surface planes;

and one or both of angles o and p being within a range of 5°-50°.

6. A method as claimed in claim 5 wherein the rhodium (Rh) lead is annealed at a

temperature of 232°C for a period of 7 hours.

7. A method as claimed in claim 6 wherein said angle a = 40° and angle B = 20°.
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8. A method of making rows and columns of magnetic read heads wherein each
magnetic read head has first and second rhodium (Rh) electrical leads comprising the
steps of:
providing a wafer substrate with a nominal surface plane;
forming rows and columns of ferromagnetic first shield layers on the wafer
substrate;
forming rows and columns of nonmagnetic nonconductive first read gap layers
on the rows and columns of the first shield layers;
forming rows and columns of read sensors on the rows and columns of first read
gap layers;
forming rows and columns of first and second rhodium (Rh) leads on the first
read gap layer with each of said first and second leads connected to a respective read
sensor comprising the steps of: '
providing a chamber with an ion beam gun, a target of rhodium (Rh)
and said wafer substrate wherein the target has a nominal surface plane;
orienting the nominal surface plane of the wafer substrate and the
nominal surface plane of the target at a substrate/target angle with respect to one
another; and
directing ions from the ion beam gun onto the target to sputter thodium
(Rh) atoms therefrom onto the wafer substrate;
forming rows and columns of nonmagnetic nonconductive second read gap
layers on the rows and columns of first read gap layers, the rows and columns of sensors
and the rows and columns of first and second rhodium (Rh) leads;
forming rows and columns of ferromagnetic second shield layers on the rows
and columns of second read gap layers; and
after forming said rows and columns of first and second rhodium (Rh) leads
annealing the rows and columns of rhodium (Rh) leads to form rows and columns of said
first and second rhodium (Rh) electrical leads connected to said rows and columns of

magnetic read heads.

9. A method as claimed in claim 8 wherein:

said substrate/target angle comprises rotating one of the substrate and the target
about one or both of x and y axes within a respective nominal surface plane;

rotation about the x axis results in angle a between the nominal surface planes

and rotation about the y axis results in angle p between the nominal surface planes;

7004
10
10
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10. A method as claimed in claim 9 wherein the rows and columns of rhodium (Rh)
leads are annealed at a temperature from 140°C to 300°C for a period from ¥ hour to 10

hours.

11. A method as claimed in claim 10 wherein the rows and columns of rthodium (Rh)

leads are annealed at a temperature of 232°C for a period of 7 hours.

12, A method of making rows and columns of magnetic read and write heads on a
wafer substrate with first and second rhodium (Rh) electrical leads connected to each
respective read head comprising the steps of:
providing a wafer substrate with a nominal surface plane;
forming rows and columns of ferromagnetic first shield layers on the wafer
substrate;
forming rows and columns of nonmagnetic nonconductive first read gap layers
on the rows and columns of the first shield layers;
forming rows and columns of read sensors on the rows and columns of the first
read gap layers;
forming rows and columns of first and second rhodium (Rh) leads on the first
read gap layer with each of said first and second leads connected to a respective read
sensor comprising the steps of:
providing a chamber with an ion beam gun, a target of rhodium (Rh)
and said wafer substrate wherein the target has a nominal surface plane;
orienting the nominal surface plane of the wafer substrate and the
nominal surface plane of the target at a substrate/target angle with respect to one
another; and
directing ions from the ion beam gun onto the target to sputter rhodium
(Rh) atoms therefrom onto the wafer substrate;
forming rows and columns of nonmagnetic nonconductive second read gap
layers on the rows and columns of first read gap layers, the rows and columns of sensors
and the rows and columns of first and second rhodium (Rh) leads;
forming rows and columns of ferromagnetic first pole piece layers on the rows
and columns of second read gap layers wherein each pole piece layer has a yoke region

between a pole tip region and a back gap region;
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forming rows and columns of write gap layers between rows and columns of
pole tip regions of the pole piece layers;

forming rows and columns of insulation stacks wherein each insulation stack
contains one or more write coil layers between rows and columns of yoke regions of the
pole piece layers;

connecting the rows and columns of first and second pole piece layers at their
back gap regions; and

after forming said rows and columns of said first and second rhodium (Rh) leads,

i
\

annealing the rows and columns of rhodium (Rh) leads to form rows and columns of said
first and second rhodium (Rh) electrical leads connected to said rows and columns of

magnetic read heads.

13. A method as claimed in claim 12 further comprising the steps of:

forming rows and columns of ferromagnetic second shield layers between the
rows and columns of second read gap layers and the rows and columns of first pole piece
layers; and

forming rows and columns of isolation layers between the rows and columns of

second shield layers and the rows and columns of first pole piece layers.

14. A method as claimed in claim 12 wherein:

said substrate/target angle comprises rotating one of the substrate and the target
about one or both of x and y axes within a respective nominal surface plane;

rotation about the x axis results in angle a between the nominal surface planes
and rotation about the y axis results in angle B between the nominal surface planes;

and one or both of angles o and f being within a range of 5°-50°.

15. A method as claimed in claim 14 wherein the rows and columns of rhodium (Rh)
leads are annealed at a temperature from 140°C to 300°C for a period from % hour to 10

hours.

16. A method as claimed in claim 15 wherein the rows and columns of rhodium (Rh)

leads are annealed at a temperature of 232°C for a period of 7 hours.

17. An electrical device comprising:

at least two electrical components;
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the read sensor and the first second lead layers being located between the first

and second read gap layers;
the lead layers being composed of a nonmagnetic metal; and
the nonmagnetic metal having been obliquely ion beam sputtered followed by

annealing to reduce stress and resistance of the lead layers.

20. A magnetic read head as claimed in claim 19 including:
ferromagnetic first and second shield layers; and
the first and second read gap layers being located between the first and second

shield layers.

21. A magnetic read head as claimed in claim 20 wherein the nonmagnetic metal is
rhodium (Rh).

22, A magnetic head assembly having a read head and a write head and an air
bearing surface (ABS) comprising:
the write head including:
first and second pole piece layers;
each of the first and second pole piece layers having a yoke portion
located between a pole tip portion and a back gap portion;
a nonmagnetic write gap layer located between the pole tip portions of
the first and second pole piece layers; |
an insulation stack with at least one coil layer embedded therein located

between the yoke portions of the first and second pole piece layers; and
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23. A magnetic head assembly as claimed in claim 22 including:
the read head further including:

a ferromagnetic second shield layer;

a nonmagnetic electrically insulative separation layer; and

the separation layer being located between the second shield layer and the first

pole piece layer.

24, A magnetic head assembly as claimed in claim 22 wherein the nonmagnetic
metal is thodium (Rh).
25. A magnetic disk drive having at least one slider that has an air bearing surface

(ABS), the slider supporting at least one magnetic head assembly that includes a read
head and a write head, the disk drive comprising:
the write head including:
first and second pole piece layers;
each of the first and second pole piece layers having a yoke portion
located between a pole tip portion and a back gap portion;
a nonmagnetic write gap layer located between the pole tip portions of
the first and second pole piece layers;
an insulation stack with at least one coil layer embedded therein located
between the yoke portions of the first and second pole piece layers; and
the first and second pole piece layers being connected at their back gap
portions; and
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spindle motor for rotating the magnetic disk;
an actuator means connected to the support for moving the magnetic
head assembly to multiple positions with respect to said magnetic disk; and
a processor connected to the magnetic head assembly, to the spindle
motor and to the actuator for exchanging signals with the magnetic head
assembly, for controlling movement of the magnetic disk and for controlling the

position of the magnetic head assembly.

26. A magnetic disk drive as claimed in claim 25 including:
the read head further including:
a ferromagnetic second shield layer;
a nonmagnetic electrically insulative separation layer; and
the separation layer being located between the second shield layer and

the first pole piece layer.

27. A magnetic disk drive as claimed in claim 25 wherein the nonmagnetic metal is
rhodium (Rh).



