; JKe3eO\ LLbp6T\ 36 FORMATI ON OF A CORROSI ON RESI STANT LAYER ON METALLIC THIN
FI LM5 BY NI TROGEN EXPOSURE BACKGROUND OF THE | NVENTION Fiel d of the

| nventi on This invention relates in general to thin filns for use in
hagnetic storage devices, and nore particularly to thin filmfabrication
met hods and even nore particularly to thin filmfabrication nethods for

i ncreasing corrosion resistance of netallic thin filns. Description of
Prior Art A typical prior art head and disk system 10 is illustrated in

Cudpensi of SBFECEIN Bk A TORBORTONRESBIANT Takh N MR T LI ARt

usually called a "head" opFILMKIBFeNITROGCENEIIOSOREE! ements that perform
the task of witing magnetic transitions (the wite head 23) and readi ng

the magnetic transitions (the read head 12). The electrical signals to and
fromthe read and wite heads 12, 23 (collectively "magnetic transducer

el enents") travel along conductive paths (leads) 14 which are attached to
or enbedded in the suspension 13. Typically there are two el ectri cal

cont act K‘dgﬂﬁ E.l%t?lﬁﬁ’ e read and wite heads 12, 23. Wres or
| eads 14p§8‘§ C nn%@pg(gﬁ%r eséer‘?lé)lgjhg and routed in the suspension 13 to the
arm el ectronics (not shown). The disk 16 is attached to a spindle 18 that
is driven by a spindle notor 24 to rotate the disk 16. The disk 16

cepoo) carig s 2. MR 2t "o SRIRAINRL, .

write head 23 records the nmagnetic Ilgg%rgsl tions in which inf«éoetion is
encoded. The read head 12 reads magnetic transitions as the disk rotates
under the_airbeari ng surface (ABS) of the magnetic transducer 20. Figure 2
i s a mdl Theinyewrtiqngglates lrb&réletaiwethwfﬁlpwf@rrusm mAgNEHE Stogage dgyises ard 20 shown
prior to xInQRFHaHQulaII %o BHP B BbRcARnHethdIR afl b\%rmaré hRuGAY It(Yth?nﬁ

durable material . e conponents of the read head Ss hown"are the first
shi el d ( Sabricagign mhvds fardnczensing corodomiesistan¢esofangtalie thde €ilthss i nsul at i on

| ayers 107, 109 and the second shield (P1/52). This type of magnetic
transducer is called a "nerged head" because the P1/52 | ayer serves as a
shield for the read head 12 and a pole piece for the wite head 23. The
yoke al saDeseoptinhesf Paios detond pol e pi ece (P2) which connects with P1/52 at

t he back. The P2 curves down over coil 3? to confront the P1 across the
wite gap layer to formthe wite gap at the air-bearing surface (ABS). The
zero throat height (ZTH) is defined as the point where the P2 first touches
t he gap |Ayﬁﬁcal'ﬂ‘ier acieadand 05k sysednuti@ s iHustmagdéd Biges Bth\@ermberﬁeal such as
per mal | oy may be mul til re structur s layers of
ferrorragrl'@ﬁ'}? “éH&XSzQH?q’ggﬁsr%‘Rﬁ(b'% yég?wﬂisg?'}sﬁ’ln ‘I"‘ﬁétr}b gthﬁ% te pieces
are ferronegngivetic faisdiden) Buall. @lled N'lﬁ@d'ofﬁr "Shdes" WhbhposkdoBlctmeaBiRh i al s
such as Ti C or AL2(B are used fqor the s trate. Prior to Iappl ng the

et er i al sPeAioam e gk ofveking magmEosEnsEions e yairdiad LRkandaendingthe | [ ust r at ed

in Fi gur em2otche uifdifds @he kathbsa fz)ggme efecﬁlh,ﬁs ﬁsl@é ﬁﬂﬁfrbxﬁ thETRY £ DY

| apping to achieve precise control | eng of the sensor 105 (mhlch

i s cal | edwriteheadst ¥2, gé(qq)élﬁ@mln"mgmettcneanm@@raﬁimem&"bm\tqhelozgppnctuctnrce ABS
(which is t fei | ane
causes vati ggt(:le%gss) ]iqﬁmf%ﬂ;&gtg{t?cggd g’efﬁhbea/\%(a ﬁﬂlgggépglﬁﬁ{)%}ag T%p gal%? mgcrons
and whi charwtmab cletteiadd cbnlaa:trmdsc(mpts;hbim) varhifort thoread amd wegniehd<1)@8f or mance i f
not corre cess. used in t ior,art to achieve nmuch
(Pohter siiear aRplde bmpelrd IR 2R Sing vt intfe Sibotiich b fyevea
process Oélecftﬂnlﬂl’dsQﬁdtlsﬁtﬁvﬁ)hl’ITBefiiskIIBr@dlfi@ﬁdontars}%ﬂ&]Glngliafé is dhdearbga nunber of
transducers are fornmed simultaneously o fer. After the basic

st r uct ur esPigdempior 26 dp fotate thedisk 1ﬁaﬁhbélsgé®@ampmeé a gubitraerioon whigha or

i ndi vi du t o r of these
st ages. ij) I'P La(l)l g g@\?\{lﬁs 2 er (Egéasrl]tg? h’gﬁ‘?@g{]@a (ﬂ&dé ff Hgmgé%g?zqﬁ% t he

waf er s inhlovflicidtheNdUaheaslIZBdmds the mapidtig trraea’ocnnsvnawhmh isfoohativg i€ R E) or deep
reactive ion etching (DRIE) with a flourine containing plasma has been
used. The surfaces of the sliders perpendicular to the surface of the wafer
that are exposed when the wafers are cut formthe air bearing surface (ABS)
of the slider.

1



2 After | apping, features typically called "rails" are formed on the ABS
of magnetic transducer 20. The rails have traditionally been used to
determ ne the aerodynam cs of the slider and serve as the contact area
Shoul d the transducer cone in contact with the nedia either while rotating
or when stationary. The netallic conponents of GVWR heads are susceptible to
corrosion both in the file environnment, and during slider fabrication
process. When the rows are cut fromthe wafer the nmetallic thin filnms are
exposed a pi i i . . Si: i ly been
addr essed%ﬂﬁédgg'r tﬂ%y’éaz’cl‘%?%f gelab %{nﬁ%ﬁlgﬁﬂgﬁﬁl?/ng% F g}&ec'rlﬁgrfo p‘lg%rug}c‘)% tgg?glgl i con
over the fhehrimy sattaer (ABR)f iig. magnetichrasbacek 20f addi ng the protective | ayer
is that it inherently adds to the spaci ng between the magnetic sensor and

the nmagnetic mpghiude 2 il ARILNE SeclYR bESRIUypSofipridh 87! hipmeBOHnsdacer 2N | ncreased
performance requires smaller sensor to nmedia spacing arid thinner overcoats

whi ch in tshewn prerrte dappingo rlhe sibistratedBiod Hhel sliger is Bipiqsily athardriugble meterieler coat

is desira | C 8 j.f nakiyves. for rrosion

rasi ot ance tEnputeRRR A ieRFhed 1TRRR alen Qb idd (S RlBlo fBERERRED. ¢ e
sane degr 465 ethichus sefrinnbed byt msilationdiyeps103) 10% and theisscqndshield @1192).sel ect
materials with higher corrosion resistance. In U S patent 4,904, 543
Sakaki ma, 144 tgpe 9&3@&% ansdper issalleta et %fe’ld_- hedapdping BY/SELYER nagnet i c
thin fil mheads £ Midld R MeSresERdad12R6€ a hOle PRICE Bt tREOWARChMNE RS, The yoke
nitrogen-free Fe alloy target with or without additive elenents’is

subj ect ed alsg irghudes as¢qegd pplepicce (PHwhighheoopents with P1/82 agthe back. Bheth2re
sufficien Ik kb des e l.n a

dosi rod 1t FIEER ARy Uit B CEinbSh BTt haNH: P BBV 1 (o
50% by parghp af thpaiebsating, susfacet (ARS)a The Lero dedatdieighy (ATaY)ds définel @s thed on t he
nitride-free Fe al .ayer .. Baur t al have cribed in U S patent

6, 436, 248 ppngEgrg t}b&%}lgg}qupl&st ea%?Bﬁay&épgg‘Fts‘érﬁoﬁ lﬂ%l“&%‘st rate before the
under | ay emaghétbesikGve MstELASECH LGebRilloyshRndyafel Shalfitseell si®iak! | ¢ substrate
magneti c disks, Preferably the barrier |ayer is deposited lg[yhﬁrredl um

; y . ¢ 3 !

- f r equency “PRPRIENG vapoes layqrhgf ferromaghedg qachastiteromegnedc potsripl i hasbieldspul se

| ength toaﬁalk,élsp&ee@f'}ef ghétRThaterlald, .l Nifte o ACHIL W Qrarfi HR MR are the
preferred materials for the barrier layer. Additional |nprovenents are said
t o be achisesheas Tifeon AlbQs agwseddor thg spbstratss Prignto lappingthamaterialsomdr t i on of
oxygen and/ o L L 3 - S, ppat t. al . teach

t he use og (“é&\llj%étrtﬂ%?‘gge% tsein\(}ﬁ{: J(‘ﬁ‘é' L&lrrf%sftmeg'rgi gl%q@ﬁéﬁéggn E’%rz{)enil_%%g‘\ﬁ%r%ﬁéoi S
sputter depadght efithe\ABS plase g edmoveld by layipirigite athievesmiedsr cohfolufevelehgth he

corrosion Qf the i -ni.ckel all oy comri si,| e le tips ortion of
She. ond-t ohtespron LRSS ik Bnrtael i 3pd e sBance ko R 2rfRt | vo

t ransducerhd ABS{(whieh isalled g Utkr&dt heihth). Tie Rh&e@ESy GF thO©sawt laktegdasdst | on of
the chrom um SUMVARY OF THE I NVENTION A first enbodi ment of the invention
provi des FaFaHomdin the strips beightavhigkareeq tha orden ol arisione erdwhishpopldilend tohe st eps
of : deposmﬁa&gp@blsremfldohfgiﬁ rﬁhg?\efi& bclﬁfcfrﬂxﬁn&tif h&f%:laﬁea&ﬁ hﬂ@gg‘gtig fhelptcresducer;

and treating a surface of the netallic thin filmwt asma

used in the prior art to achieve much tighter stripe height control in the nanometer range.

In the typical process of fabricating thin film magnetic transducers, a large number of
transducers are formed simultaneously on a wafer. After the basic structures are formed
the wafer may be sawed into quadrants, rows or individual transducers. Further
processing may occur at any or all of these stages. Although sawing has been the typical
method for separating the wafers into individual sliders, recently reactive ion etching
(RIE) or deep reactive ion etching (DRIE) with a flourine containing plasma has been
used. The surfaces of the sliders perpendicular to the surface of the wafer that are

exposed when the wafers are cut form the air bearing surface (ABS) of the slider.



contai ning nitrogen. A second enbodi nent of the invention provides a
magneti c transducer conprising: a plurality of thin filns including at

| east one nmetallic thin film the plurality of thin filns having

approxi mately copl anar end surfaces which are coextensive with or parall el
to an air-bearing surface; and the netallic thin filmhaving a first region
at the end surface which has nitrogen incorporated therein and a second
region further away fromthe air-bearing surface which does not have

ni trogen i r at h KR TR ' ty. 0 j.nvention provides
a data st éq%g%Bﬁggifggu%eﬁgpgcéﬁﬁaéleﬁaéaﬁ tlﬁgt} ér%‘i&%f??fgl ﬂée ISr?]:a%g%Zfﬂagmﬁlrcansducer W th
a plurali tngducdrR0n Thelrfits Han€ traditiomaligbet et todeerfBiatht h€rolytamids dfm t he
plurality of thin filnms having approxinmately copl anar, end surfaces which

. are par al theslifder and sgrve as,tbe epmiert atsa sheudd thedensdyserrome) ip centagiiwithithe m havi ng a

regi on at n{eﬁﬁ.eﬁﬂgxﬂﬂfefrﬂﬁﬁnw&ﬁbn iog;lrg,r ogen incorporated therein; and

means for noving the nagnefic nedia in‘relation to the magnetic transducer

to wite and read etic itd:ans on ic nmedia.. A process is
descri bed for ?E%'lnlgt?g icﬂ}élpﬂéleél%g(ﬁ%ﬂd?&éeﬁ(gsaaﬁ%ggc‘\gm%?%et%rétg lé{?ﬁllncf;ﬂ‘fqllfnnllﬂfi ilms with
a corrosi fife én®romhéaniand dufing slider frbricaidnpyoyp ONhérgtht Fevd 41 Butffidnithet 0 a
nitrogen gas in a pl.asm _chanber. The expqsure to the nitrogen is believed
to i ncr ea®@fer the mepltie thin flmsare exposedansklappipg isdypically perfaimeds iGasosiop causi ng
nitrides i i r I ol Lent t he
thin fil mlhrﬁ)rse{y Eé“yol%}cgaﬁgggr%eeﬁﬁcﬂ at r narggﬁl g? h‘é‘#@" t%érue%glt% df %{aﬁnﬁiﬁgﬁﬁgen gas
after bei nyerdha filins@afitet lappingf ©ne drawbhekpfeddinZ yisi prafectinstlayes istbatdt i n nagneti c

transducers . ar ' F . NE I " films may be
further  pidRofeadiio pkSMing berGrenipb BabactC3bFoR MY GERRBeie IR son o
carbon. sitd it ofdr&EARisHYpicl yChoutHE7 RAWSfsasddqrerfarmaice reirpd @hadler
under st andi ng of the nature ‘apnd advant ages .of .the,invention, as well as the
r ef er r od ST TR pacing piL{PERELOCHIAAVHEH AU dogrer R FoRBRPRIRAR et ai | cd
descri pti ®finfifdidn bPthe 90érdo tid @Bir¥1s for @naRCGRMBARMICEOIS SicMMtNeSfor | N t he
follow ng drawi ngs, like reference nunerals designate |like or simlar parts
-t hr oughoutcomepiongegstpncgsan ke fpupd 1 is a sinplified, synmbolic draw ng
illustrating a magnetic disk drive systemof a type in which a magnetic
transducer in HNetdldlee ssofplimmageetir K@éﬁhawerﬁhﬁewme&ﬁg@aﬁf piscepsibiity O gure 2
is a mdli CLd i o'l . j ducer
during ¢ neOReiir 44 ERlesttbth ech rkblsSotDlibfl Bl FRABHAE, BB (1172
sect i onal petemw, Wi, 548 Sakikimhed pl.,nlgsaibe tleaese o€ iitedhlloyidateypin nodgnatignet i ¢

t ransducer, .s in Figure 2. after | apping.,and treatnment .acgcording to the
aont 1 on i A Redd] ot einPiced oo Pl L A RMEEL GRS R i

conpar i ng tazgdét fxashi od vithooditive slefents iosubiidans sjutteds gfirsaimcmratthophée t he

i nvention gl th utnt reat ed_transducers, ,%E%J;AI JgEg[fl QESCRI PTI Cﬂ}l OF . THE PREFERRED
EVBODI MENPEATES 1PHY Eme seificteniodarm,a airidg-free Beafloxdanenen & syhsipedier (head)
structure gbhRl tifEksdna tﬁatxﬁdrdageﬁ ghisndlidd 1% 1Rl 6Hfreth ©. 160 BOgES) fividihe

process of separating the sliders fromthe wafer. The internal structure of
t he magnetrassure, an stz aitridqdeaiondayenis fprmad; o thenitriderfeeckecbloyilaygt-t o t he pri or
art and the details of these structures are independent of the invention.
Al t hough in t hBayxy etfaby havg desasibed indaS. patent SeiFaad$ thetusepbaibrrderdayare | apped

prior to laﬁg]dgg J&?@E ?lgasﬁ‘gt%%r Biré]gnenxﬂgérﬁgelj tﬂ}{ﬁ B8 {iQRa Jtﬂ@pt%rﬂgicjn%e Qlnck€aui 1 ed
to obtain e %ene ITS O tﬁe I nventi on. or exarrp? e, | a process of
separ at i ngf trhalliorsabsdtcceagnefic disks Preferably the barrier layer is deposited by medium

frequency pulsed sputtering at a frequency of 10 to 200 kHz and a pulse length to pulse
pause ratio from 5:1 to 1:10. Aluminum or chromium are the preferred materials for the
barrier layer. Additional improvements are said to be achieved when the sputtering

process gas contains a proportion of oxygen and/or nitrogen



the wafer could be nade sufficiently precise to obviate the need for

| apping, the invention could still be used. Various prior art equi pnment
used in thin filmprocessing which generate a plasma and have at |east two
el ectrodes can be used to create the nitrgpgen containing plasm. For
exanpl e, plasma-cl eaninVD) can be used to treat the netallic surfaces with
nitrogen according to the invention. The formation and use of the plasm

are according to pf . @téntuemﬂuqﬁad-@%%l pteﬁ&ﬂ‘t'he why Gf'a'lﬁyé% o ffésb'ﬁr@tnﬁg
ions and el ectrops

may be as I
frequency (maerlap swh@r&mu@n@ﬁlﬁb lwugt 5 gréfsdn ¥laq1p$iﬁgps,agﬁmansducer
deposi tion ghaewaik thé%ﬁfosﬁ)h‘éfﬁféﬂf&pﬁlbl@él%llép a&npnﬂ theTﬂlﬁe apsol A @RrtRmesTae

forns |on|c eci e no| ecul es .i,n cha nd ni tes

b mn 1 gehanT e B Es M B6 bR optdHE T Rosshe it by
varyi ng OHESpllttembbmgfprdcbﬁ miocedeposnioarétier chramiiim.as: terrper ature, partial
pressures, plasma density, gas flow rate, power frequency, power |evels,

chanber physical geonetry, etc. As is well known in the art, precise
process paraneters for a desired result with a given apparatus are

typically determ ned enpirically. Therefore, the equi pnent and paraneters
used by the%ﬂ%ﬂ?&iﬂ&@&fﬂ@ﬁ bel ow can only be used as an exanple to
suggest starting points to those skilled in the art in working with their
ovvndegui rto[]rent ”akeﬂﬂtstaérﬁb@ﬂﬂerﬁ%ﬁtﬁf et f;\rfogﬁl%§a nhéthédtﬁ)rrfarsﬁdaﬁug Aag aftitlcess
use e applicants, . sma-cl e chanmber S _use r oxi mat e
150-500 vt et appbriaal BE merse depshityt gl gt Hin R Kt ae ”
pressure of maposic GAM3dGED; aifldnreatihg at hefaoe edfetheerdetaﬂiwdnmﬁim tih & hplasnda | m

netal s of par ! ﬁtl 0rrgl eted magnetic transducers are surface treated with
nitrogen pI%t é‘igt t%% Ve been separated fromthe wafer (typically by

sawi ng the wafer into rows) and after lapping. At this point in the |or
art fabricati on pAo@e@th hebeditent eafgéle dhvanbion pidvidesof magneticarisd
are exposedc@fi, grmﬁt Sdﬁtﬁﬁqﬁnﬁsnuhtnugtar Petaacbdenné%u% tBinJilm] BR luraht

ed form has the saneg structure

transducer |%:‘ us%gt ure in enlar
as shown in® avrr%autsgr y Sopfarar fnd shefaces Wiygl armeqsxfensivg vith ¢the
ri ght - hand pardldael@di alrhigHbefring mﬁce,@nmtmﬂ nietalfcahineftim Ivarsy 4 st Afforeatalte érhlough

in the conp| nsducer t hi nder r ot ect oyerce

sUch s car BERC AT BRRAEpedinkeolet Bk 40T & se Bl bR R F A BBl
wer e treat ethejafr- ltdaengusmrrfa@gerhuph mnaothavemgﬁmlmmryteﬁnhmelm nutes. The
treatment is believed to produce nitrides in the surface |ayer of the thin

filmnetals extengiggq Qﬁmadtn%n@ off*ﬂr?e frivbffort ﬁ’ro@ldégﬁtcﬂtté)gtof’ﬁ@ d% Pdlﬁ%z nm

as illustrated in Figure he hatched areas 87 he “sur ace o

films. The gegrf%ént@eét%gre? %éfatl%duﬁ‘?fs“(lﬂhﬁﬂt%ébpéthﬁlt Qtﬂ‘tﬁ’é“ﬂé}%ﬁﬁt fonst

t8 ge film vrhmetalltbacsumﬂhﬁrtgaptur@laptof thit rtmgemavmg rapproihﬂatelwéopmﬁaﬁ érﬁlaetueﬁc@r eas
are not resu eposi ti

Chererore, WP 6 Perkpelie o Bie BB el bt ot GNP BN, hind F Fegionas g

or any ot heﬂiea@pieeurﬁcofwltlh}e hgeaeogep wcotphented gheseluc end means Hougtovimg thegen

is the actiyg I?Atfcnﬁt@ﬁva ot hakidl SR %d@&@fﬁaﬂﬁcﬁﬁgﬁ% | Wrife &Pk &RiMhaei@icl ONY

as they do no% interfere wth the incorporation of nitrogen into § 1h

films. For BRsHANS Ontﬂl*f‘emﬁg%lﬁﬁnfiﬁ’ﬁ’y i ncl ude helium hydrogen and/ or amoni a,

anong others. This allows the nitrogen may be introduced into the chanber

as NZ or it may bg slecdsyas des@iveafot h’eﬁfric@@fg)ma@detiﬁlﬁﬂnsﬂ&ce&nwmirﬁett{‘}ﬁlbQ‘thi |

be ionized ﬁp th charrber to&%ﬂ? &e nit@ogg% i ons.. TH\ hnutgl frtl ms%éhat can

benefit froththd’ Praecé{frﬂ%‘ﬂ?r etRIOLYEEd 0% FERPIIA R SR

which will gidsem egilasynabolmaintwirt T expyere. toTHe nigtogers inbeliévedr @ tnymasrathey

preferred f er,

[ rvh, and P?(f%déﬁﬁfﬂegﬁg}% ﬂéjﬁxe?allfc r{:@ve eenSlltN engttlggso%%}e&l uggtlj@ 8 s%inQ&

ni trogen astegitd cki g pr%fﬁee%ﬁmﬁedleleabtheothar fipp srtelsiof @ @wreélsattanﬁwebere

appl i ed acc@efdé@ithQhd ARroREh @hs Affdr- be‘h’% SR Fonh AR woler QRd % E@STShRACAAR

experiment was.done on nagnetic t thaNl\/E er in rdﬁr to

Conpar ot heUait BREBHERORErS ot NVEnHE e N Cotlt GaEReRd Pt

over coat wamapdic faphén pdtdceedaby thef additéont e pridr amn posteetive. lafdre saxtpas icamboh.

call ed for exposing the magnetic transducers for tw days to 90% rel ati ve

hum dity at 50 degree C. Change in the electrical resistance of the GWR

sensor was used as a neasure of the corrosion. Although changes in the

other netallic filnms such as the shields were not neasured directly, it is

reasonable to believe that the netals of the shields will behave simlarly

to sensor |ayer. The threshold of one Chm change was used as the narker of

the initiation of corrosion activities. The bar graph in Figure 4 which

shows the percentage of transducers |n each of four experr ment aI ]ObS wth

e o, Y "



significant nunbers of transducer falling above the threshold, i.e., from
approxi mately 13 to 29 percent. It is inportant to note that the
nitrogen-treated transducers as descri bed above had no significant change
in the resistance or anplitude values for the GWR stripe. Except where
express materials, thickness values, etc., have been given above, the

| ayers, structures and materials in a slider enbodying the invention are
according to the prior art and are fabricated according to the prior art.
The conpositions given herein have been described w thout regard to snal
anounts of _inpurities that are |neV|tabI¥ present in practical materials as

is well k RIBESGREJIQN OF THE DRARY Al t hough the invention has been

described in a particul ar enbodi nent, the invention is not limted to these
enbodi ments and vari ous changes and nodifications will be apparent to those
skilled in the art which will be wthin the scope of the invention. 8

C ai ns \Whalforiasnark aompleiteiunderdtandingref tlhedathmranﬂaﬂvdmms} oftheryeetiomn; a$ walbsducer s

conpri sing t of . depos taII| il mfor at |east one
magnet i c tﬁséﬁ%ﬂﬁ%gp d mg mofes q r“é%ttr?ftﬁ g §1‘?P te H@r}ﬂliqwgﬂetaﬂ n filmwth
a plasma Cd%@érﬁitx@h PéhdHh ESR8IR%on %nhTﬁbead&Eﬁ]B&iﬁrn&f drsWREI B tlﬁ‘@ﬁﬂl%\vrhgt he treating

step forns nitrides in a'region of the netallic thrn filmincluding the
surface. 3Jirawings,dike meferende naumgrals designatetike og simplar partsghnonghaud tealwiggst eps

executed prior to the
Figure 1 is a simplified, symbolic drawing illustrating a magnetic disk drive system of a

type in which a magnetic transducer in accordance with the present invention can be used.

Figure 2 is a midline sectional view of a type of prior art magnetic transducer during the

fabrication process prior to lapping.

Figure 3 is a midline sectional view of the air-bearing surface region of the type of
magnetic transducer shown in Figure 2, after lapping and treatment according to the

invention.

Figure 4 is a bar graph of the results of an experiment comparing corrosion properties of

transducers treated according to the invention with untreated transducers.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention can be used with any magnetic transducer (head) structure that
includes metallic thin films which are exposed by the process of separating the sliders
from the wafer. The internal structure of the magnetic transducer elements 31 in Figure 3
are according to the prior art and the details of these structures are independent of the
invention. Although in the preferred embodiment the magnetic transducers are lapped
prior to being treated according to the invention, lapping is not required to obtain the

benefits of the invention. For example, if a process of separating the transducers from



treating

sel ect ed
nmet hod of
fromthe
and Pt Mh.
depositin
the thin
3 further
after the

step: depositing a series of thin filnms for at |east one magnetic
transducer on a wafer; and cutting the wafer generally perpendicular to the
surface of the wafer to expose surfaces of the thin filnms which have been

to be at an air-bearing surface of the nagnetic transducer.

4. The

claiml wherein the netallic thin filmis a materi al sel ected

group consisting of Ni M, FeMh, Ni Fe, cobalt, CoFe, copper,
5. The net hod of clai m 3 further corrprisi ng the step of

| r Mh

f h h f f
A eSS o Bricep pPTae Sed H Sne oo “c1 o m

oIl be Rsedt he step of | apping the surfaces of the thin filns

cutting step and before the treating step.
Various prior art equipment used in thin film processing which generate a plasma

and have at least two electrodes can be used to create the nitrogen containing plasma.
For example, plasma-cleaning chambers, physical vapor deposition (PVD) chambers and
chemical vapor deposition (CVD) can be used to treat the metallic surfaces with nitrogen
according to the invention. The formation and use of the plasma are according to prior
art techniques. The plasma, which is a mixture of ions and electrons, may be formed by
applying energy, such as radio frequency (RF) or microwave energy to a process gas in

the vacuum deposition chamber under the appropriate conditions. The applied energy

forms ionic species from the molecules in the chamber and ignites the plasma. In general,

reaction rates in plasma processes may be controlled by varying one or more of the
process parameters such as: temperature, partial pressures, plasma density, gas flow rate,
power frequency, power levels, chamber physical geometry, etc. As is well known in the
art, precise process parameters for a desired result with a given apparatus are typically
determined empirically. Therefore, the equipment and parameters used by the applicants
as described below can only be used as an example to suggest starting points to those
skilled in the art in working with their own equipment, materials and performance targets.
In the particular process used by the applicants, a plasma-cleaning chamber was used.
Approximately 100-500 Watts were applied to an essentially pure N, gas with a partial
pressure of about 100-300 mTorr. In the preferred embodiment the thin film metals of
partially completed magnetic transducers are surface treated with nitrogen plasma after
have been separated from the wafer (typically by sawing the wafer into rows) and after
lapping. At this point in the prior art fabrication process the outer edges of thin films of
the transducers are exposed on the lapped surface as illustrated in Figure 3. The
transducer illustrated in Figure 3 in enlarged form has the same structure as shown in
Figure 2. The coplanar edges of the various thin films at the right-hand side of Figure 3
are commonly referred to as the ABS even though in the completed transducer this
surface is under a protective overcoat such as carbon. The rows of magnetic transducers
containing the thin films were treated in the nitrogen plasma for approximately five

minutes. The treatment is believed to produce nitrides in the surface layer of the thin



7. A magnetic transducer conprising: a plurality of thin filnms including at
| east . one netallic thin film the plurality of thin filnms having
approxi mately copl anar end surfaces which are coextensive with or parall el
to an air-bearing surface; and the netallic thin filmhaving a first
at the end surface which has nitrogen incorporated therein and a second
region further away fromthe air-bearing surface which does not have
nitrogen incorporated therein. 8. The magnetic transducer of claim?7
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therefore, will not affect the smoothness of the surface, the stripe height or any other

aspects of the geometry of the transducers.

Although nitrogen is the active element, other elements may be present in the
plasma, so long as they do not interfere with the incorporation of nitrogen into the thin
films. For example, the plasma may include helium, hydrogen and/or ammonia, among
others. This allows the nitrogen may be introduced into the chamber as N; or it may be
derived from another compound such as ammonia which will be ionized in the chamber

to produce nitrogen ions.

The thin films that can benefit from the treatment according to the invention
include any metal which will chemically bond with nitrogen. The metals which are
typically preferred for use in GMR heads are NiMn, FeMn, NiFe, cobalt, CoFe,
copper, ItMn, and PtMn. After the thin films have been treated by exposure to nitrogen as
indicated, one or more optional protective overcoat may be applied according to the prior

art,

To test the corrosion resistance an experiment was done on magnetic transducers
with a NiMn layer in order to compare the corrosion behavior with and without nitrogen
treatment. An overcoat was not applied to any of the test transducers. The experiment
called for exposing the magnetic transducers for two days to 90% relative humidity at 50
degree C. Change in the electrical resistance of the GMR sensor was used as a measure
of the corrosion. Although changes in the other metallic films such as the shields were
not measured directly, it is reasonable to believe that the metals of the shields will
behave similarly to sensor layer. The threshold of one Ohm change was used as the
marker of the initiation of corrosion activities. The bar graph in Figure 4 which shows
the percentage of transducers in each of four experimental jobs with greater than one
Ohm change. The nitrogen treated group of transducers in each job had typically less

than one percent falling above the threshold, while the untreated control groups had



thin film the plurality of thin filnms having approxi mately copl anar end
surfaces which are parallel to an air-bearing surface; and the netallic
thin filmhaving a region at the end surface which has nitrogen

i ncorporated therein; and neans for noving the magnetic nedia in relation
to the magnetic transducer to wite and read magnetic transitions on the
magnetic nedia. 12. The data storage device of claim1ll wherein the
magneti c transducer further conprises an overcoat over the end surfaces.
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have been described without regard to small amounts of 1mpur1t1es that are inevitably

present in practical materials as is well known to those skilled in the art. Although the

invention has been described in a particular embodiment, the invention is not limited to

these embodiments and various changes and modifications will be apparent to those

skilled in the art which will be within the scope of the invention.
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Claims

What is claimed is:

1. A method for fabricating magnetic transducers comprising the steps of:
depositing a metallic thin film for at least one magnetic transducer;
and

treating a surface of the metallic thin film with a plasma containing nitrogen.

2. The method of claim 2 wherein the treating step forms nitrides in a region of the

metallic thin film including the surface.

3. The method of claim 1 further comprising the following steps executed prior to the

treating step:

depositing a series of thin films for at least one magnetic transducer on a wafer;

and

cutting the wafer generally perpendicular to the surface of the wafer to expose
surfaces of the thin films which have been selected to be at an air-bearing surface of the

magnetic transducer.

4. The method of claim 1 wherein the metallic thin film is a material selected from the

group consisting of NiMn, FeMn, NiFe, cobalt, CoFe, copper, ItMn and PtMn.

5. The method of claim 3 further comprising the step of depositing a protective overcoat

after the step of treating the surfaces of the thin films to a plasma containing nitrogen.
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films after the cutting step and before the treating step.

7. A magnetic transducer comprising:

a plurality of thin films including at least one metallic thin film, the plurality of
thin films having approximately coplanar end surfaces which are coextensive with or
parallel to an air-bearing surface; and the metallic thin film having a first region at the
end surface which has nitrogen incorporated therein and a second region further away

from the air-bearing surface which does not have nitrogen incorporated therein.

8. The magnetic transducer of claim 7 wherein part of the nitrogen is bonded with a metal

forming nitrides.

9. The magnetic transducer of claim 7 further comprising an overcoat over the end

surfaces.

10. The magnetic transducer of claim 7 wherein the metallic thin film is a material
selected from the group consisting of NiMn, FeMn, NiFe, cobalt, CoFe, copper, IrMn and
PtMn.
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a magnetic transducer with a plurality of thin films including at least one metallic

thin film, the plurality of thin films having approximately coplanar end surfaces which
are parallel to an air-bearing surface; and the metallic thin film having a region at the end

surface which has nitrogen incorporated therein; and

means for moving the magnetic media in relation to the magnetic transducer to

write and read magnetic transitions on the magnetic media.

12. The data storage device of claim 11 wherein the magnetic transducer further

comprises an overcoat over the end surfaces.

13. The data storage device of claim 11 wherein the metallic thin film is a material
selected from the group consisting of NiMn, FeMn, NiFe, cobalt, CoFe, copper, IrMn and
PtMn.
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