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FI LMS BY NI TROGEN EXPOSWM T -m"p“ OF THE I NVENTION Field of the
I nvention This inventio ¥ il general to thin filnms for use in

magnetic storage devices, apg, ore particularly to thin filmfabrication
nmet hods and even nore particularly to thin film fabrication nethods for

i ncr easi ngA%orrosi on resistance of netallic thin filns. Description of
Prior Art ORMATIOP OPTA ' tem 10 is illustrated in
Figure 1. In operation thegﬂwgﬁgqﬁ%ﬁi&[}@%ﬁ‘&f@ﬂ ONsMUPBA LEEC THINh e
suspension 13 as it flies dbMS BNNINRGGEN EXPOR netic transducer,
usually called a "head" or "slider" is conposed of elenents that perform
the task of witing magnetic transitions (the wite head 23) and reading
the magnetic transitions (the read head 12). The electrical signals to and
fromthe read and wite heads 12, 23 (collectively "nmagnetic transducer
el enents”) travel along conductive paths (leads) 14 which are attached to
or enbeddeBAOKGR@UNms@E.mm\ﬂﬁqTf%pi cally there are two electrical
contact pads (not shown) each for the read and wite heads 12, 23. Wres
or | eads 14 are connected to these pads and routed in the suspension 13 to
the arm electronics (not shown). The disk 16 is attached to a spindle 18
that is drHisi@nf e IdveaRbmdl € notor 24 to rotate the disk 16. The disk 16
conprises a substrate 26 on which a plurality of thin filns 21 are
deposited. The thin filns.21 include ferromagnetic material in which the
wite head 23 records the nagnetic transitions in which information is
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OOQOOZ Z‘hﬂs%ve%qgﬁ relates in general to thin films for use in magnetic storage devices

more parti larl in fi Ticati o
T¢ particularly to thin film fabrication methods and even more particularly to thin film
fabrication methods for increasing corrosion resistance of metallic thin films

Description of Prior Art

A typlca] prior art head and disk system 10 is illustrated in Figure 1. In operation the

magnetic transducer 20 is supported by the suspension 13 as it flies above the disk 16

The magnetic transducer, usually called a "head" or "slider" is composed of elements that

perfo;m the task of writing magnetic transitions (the write head 23) and reading the
ma.gnetic transitigns (the read head 12). The electrical signalé to and from the read and
write heads 12, 23 (collectively "magnetic transducer elements") travel along conductive
paths (leads) 14 which are attached to or embedded in the suspension 13. Typically there
are two electrical contact pads (not shown) each for the read and write heads 12, 23
Wires or leads 14 are connected to these pads and routed in the suspension 1 e
electronics (not shown). The disk 16 is attached to a spindle 18 that is drive

spindle motor 24 to rotate the disk 16. The disk 16 comprises a substrate 26

3 to the arm
nbya
on which a

plurality of thin films 21 are deposited. The thin films 21 include ferromagnetic material

in whi - Wri i
which the write head 23 records the magnetic transitions in which information is
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encoded. The read head 12 reads magnetic transitions as the disk rotates

under the air bearing surface (ABS) of the magnetic transducer 20. Figure 2
is a mdline section of one type of prior art nagnetic transducer 20 sﬁhjmmzaus
prior to | apping. The substrate 43 of the slider is typically a hard

durable material. The conponents of the read head 12 shown are the first
shield (SlI), surround the sensor 105 which is surrounded by insul ation

| ayers 107, 10(%&3ngmt he second shield (PI/S2). This type of magnetic
transducer icBcagialll dheaeddivader rdagafapage - /o2 | ayer serves as a
shield for ghe. read he 2 and a pc.)%eﬁp?’lgﬁsg“#dg?sﬁ%ed%ﬁ%rrf’sésﬁﬁ% theair-The

yoke al so i Relgd8Eaey Q8 thsdnagnplicicansdire) 20hi ch connects with P1/S2 at

t he back. The P2_, curves down over coil 37 to confront the Pl across the

wite gap | ayer Figurect iaumidling section Qfameajzpetdﬂﬁriali dnt mmﬁqraﬁgcﬁ{ ace, (ABS).

The zero t hgRan ; | s.defined as'the point ere first .

t ouches the 1?%&61 lJI?angrHTap éj ﬁé%%%%ﬁ“%@? Phitie Skides istypicallyrebad deiableinygemat ef i al

such as per hed ¢omyponknts ofihy rdud aad ) Shokw uct ure contai ni ng.

vari ous Ia')/ﬁfgs of. ferromagnetic and anti ﬂh(réglrrr%téfﬁlg@i@brréﬁré‘}“ﬂﬂlthﬁSFn%Orshi el ds
e ‘H‘%ﬁ

and pol e pi CCLMgh s sprpy QMé‘!SFlbﬁmlaecliSdD%,,loe.@d,thd\&igmpghie@{ﬁ /%ﬁgi l e
ceram c nat’Hiis 88 of mESHEti@Sran r.. AL.203 ,are ysed for the substrate. Prior
to | apping theg,bmateri%f.bsl grr?gé&g‘%}rlfjﬁlnﬁe ésmﬁfgeﬁ%ad,&lﬁscaéﬁq Gad1/52yayed t he ABS.

As il ustr SFEES 52 shigJd far the tend hemlt 1 andla fo pitdaGof i@k { S plane is
renoved by ais@gp&]ﬁ%shg ‘%’%Hi eYe. e i se _(‘:icl)%t 2ol g?{tlthﬁg&ﬂteg%eéf’ 25 ﬁﬁ‘et}fl‘)}\gesensor
105 (which is c;'ji ed “Fhedpg erﬂ‘%é'f el sonneets with PAiSStanthe®aéir, orad i ZTH t o
the ABS (wehohs dewraveredil B¢o cdnffoq i ! he uncertainty of the saw
pl ane causgg t\’t@ri'a ions in t%e sot ?@Eggﬁg‘% t%e%?ec%pg?ﬁr&foﬂﬂéheo‘f"ﬂ@r of
nmi-crons and i ¢hAWOERATHE susface G BS)nAbe egro dbe heiahi (@I}g%déﬁ_ﬁe@@ﬁ{ﬁgtic

per f or mancpoiinf whet ter 2 86t RtchedBiR 24 143, t rocess. used in the prior art
to achi eve _nuch ti.ghter stritr.:)ee hei%ﬁtliygf)‘n?ﬁ% ensor 0qdncludsspet er range. In

the typi cal"Pgreueddivemateinl isucltdspgrodlion, ﬁd'thmylﬁjaglhﬂﬂﬁﬁy&&?ﬂ&g%%&er s, a large
nunber of cdntAMRE YGRS 18 & sinul t anegusly on a wafer, After the
basic str u;:t ur esg_ar e fo?’rﬁedéﬁ%ﬁlgwg&’f&fm ogpgEciicimaterialuThie shisdldgs r ows or
i ndi vi dual Srldlrlpﬁllf'srﬂﬁ%eé LS. feﬁgmgumuc materials, e.g., NiFe or CoFe whilé ceramic materials -

uch as TiC or AL,0s are used for the substrate. Prior to lapping the matcrial.s'and

. structures at the ABS extend beyond the ABS. As illustrated in Figure 2 the material to

the right of the ABS P]ane is removed by lapping to achieve precise contro] of the length
of the sensor 105 (which is called the “stripe height") and the distance from the ZTH to

the ABS (which is called the "throat height"). The uﬁcertainty of the saw plane causes

variations in the stripe height which are on the order of microns and which would lead to
. ugacceptable variations in magnetic performance if not corrected. Lapping is the process
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 jon 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 aj bearing surface (ABS) of the slider



processing may occur at any or all of these stages. Although saw ng rfamUL 2006
been the typical nethod 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 formthe air bearing surface (ABS) of the slider. 2 4

JUL 2006 After lapping, features typically called 1lrails" are formed on

Lo doterm ne.the. et odynam pany Caled Rk Ut oS RS Phendiont act ar oa

to determ nf tHe agéo%nam cs of t

shoul d the PEAEIcer 18gmilsimveontitonllybed dsbeto dalinteahd Re5apMit & JFOt at i ng
or when st afhe QR Yind Sope . Cc,conmpon s of GWR heads are“susceptible to
corrosion both ih Hhe fﬁ&ﬁfé%e‘;ﬁ\tﬂcﬁ gﬁﬂgwfd“ ‘i‘ﬁ&%ﬁ.‘i‘ﬂ?%@m@b imenntdcatvith ekat | on

process. V\hl@ndi@h@mm}vﬂem‘t@tir@lﬁrﬁ}feﬁmaﬁbﬁw'mfer the metallic thin filns are
exposed and lapping is typically perforned. Corrosion has typically been

addr essed i n parFhemetddee ' Lve | ayer of carbon or silicon
over the fitlflms af teer | ap %@c&egpgﬁﬁgagk5%?“%8&&'}]@@%0@1%@@@@@}@ | ayer

is that it TRABHEREEY, ring stither fdpﬁaiiﬁlgpxbé&s%%eﬁhﬁr%@%%hgﬁgﬁq or and
- nm

the magnet ivgaffBAL RetallliG Ot D€ overcoat 1s typically about
| ncr eased perfor naﬁglelﬁrtglgg}lé%gmseﬁﬁ?ﬁe And appiag s typicsliyieafospert i Ograsigh t hi nner

overcoats \hA$ tyRically been addessed SepAOBY ARl thel ikt i minatign of the
overcoat i %VQ'QE% ﬁﬁ‘xxl)s,la?t f ﬁr magnet i c ):)erf%r rrancﬂé?tg{:twcalt %eé%]%ﬁ%% SﬁHPn
corrosi on resistance caiPBE8f i draviaek of addiag|theymotestisfelbyer is RGNet i ¢ heads

have the sinteretitiyndi t@fhespacRpbdtibdn thy Qsj so it is possible to
select materials with hi gﬁer Corr oS onmtra %ﬁtlfségé]{ﬁgre@%nhe agnetic madia t

4,904, 543 SARGIRF fercQst isgypicallyeabopt 1@ nih elnaseasedfipeioinidncs RAuALd @hile} ayers in
i A

magnetic  dnisor th inleMaRpRds g e resistance to corrosion and wear. .
nitrogen-free Fe all og t%\%lggbetkl {B@\n&f%%croa ] turn de¢rpase celresimmtchiability.

subj ect ed Egmgﬁggq efrthegvereqat is desirabie fof FREHYMR performance, if alternatives for.
corrosion resistance can be found.

. Not all alloys useful in magnetic heads have the same degree of susceptibility to
corrosion, so it is possible to select materials with higher corrosion resistance. In U.S,
patent 4,904,543 Sakakima, et al,, describe the use of "nitrided-alloy" layers in magnetic
thin film heads to improve resistance to corrosion and wear.. A nitrogen-free Fe alloy
t’grgct with or without addi_tive elements is subjected to sputtering first in an atmosphere
of Ar gas for a time sufficient to form a nitride-free Fe alloy layer on a substrate in a
desired thickness and then nitrogen gas is added to a level of from 0.1 to 50% by partial
L pressure, so that a nitrided-alloy layer is formed on the nitride-free Fe alloy layer.

Baur, et al., have described in U..S. patent 6,436,248 the use of a barrier layer
deposited on the substrate before the underlayer films to increase the corroéion resistance
of metallic substrate magnetic disks. Preferably the barrier layer is deposited by medium
frequency pulsed sputtering at a frequency 0f 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



of Ar gas for atime sufficient to forma nitride-free Fe alloy |ayer ?2 a
substrate in a desired thickness and then nitrogen gas is added to a VAL 2006
of fromO0.1 to 50% by partial pressure, so that a nitrided-alloy layer is
formed on the nitride-free Fe all oy Iayer._z13_aur, et al., have described in

U S. patent 6,436,248 the use of a barrier |layer deposited on the
substrate before the underlayer filns to increase the corrosion resistance
of netallic substrded)Sagateni ¢,130843, Hendfeennlibacht ihe Rards e?rlar?}ei’;%?r aksivatin
deposi ted byn‘i’ﬁg-:ialf@hﬁﬁse yency B l.sed sputtering at a frequency 01‘p i%atog
200 kHz and a pulse feng@}{ &) IBG’YL{Eél 18 HE@‘\’% denesited overths pole; tipsiafthe tradsdot eyum
or chroni um & prevhe the edressi@tlo M &lohaiskel Mo ' r., Additiopal

i hprovenents a g saj{)ﬂ’ tolbe. achi eved when t%@ﬁd&ﬁétpﬁgdegﬁgbé«s@ %%OP&‘C
contains a pr 3% Pt PhifedPioRsersng the 30 of the Sue filig iddulctiod G6nsduderlis eldh &l by a
pat ent 4, 130s@4ter ctdd be ; l.ayer of passivating

mat eri al suchﬁﬁs chrg%‘ﬁme&ﬁ?ﬁ‘ﬁp@?g%ﬁﬁ?@ﬁﬁg%@ﬂ"@ﬁ over the pole tips of
the transducer to prevent the corrosion of the iron-nickel alloy
conprising the pole tips. A portion of the end tips of the pole pieces and
the gap of the thin filminductive transducer is etched by a sputter

et chi ng pr oc8EMMARY QRTHEINS/ENTIONS the chromi um SUMVARY OF THE

| NVENTI ON An aspeck{‘of th ifnvent.i on provides a method for fabricating
magnetic transducefs*®Sihris iy RYFBCR eprevises alepebod i fog fbseatings nofgnbhii n
films includiragdacaretahpiiging thy dftedsid! i : netic.transducer
on a wafer; Gut hgg thebwafger gen%ramdsﬂsge pde%gﬁégafgl?n ?@gf H‘(Sluéiﬂﬂgf%{?ét c
the wafer to é&b efO 3f feps ang magnetia framsditernen ahiafhr; having theenafsebarkagy t 0
be at an ai rpdpeididi®arsy’ tic transducer. and treating the
exposed a s{ref ace of théﬁﬁeggge{:ioghﬁﬁ%@?ﬁ éﬁ)ﬁp\?ﬁ FHirCht %éﬂ?ﬁ tg‘&rélﬁisr}’iflﬁgh have

ni trogen. R P sclegiefifo ba@t aBeirdreatng swrkick of the magnetic transducer; and treating the

exposed a surface of the metallic thin film with a plasma containing nitrogen.
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2 4 JUL 2006 BRI EF DESCRI PTION OF THE DRAW NGS For a nore conplete

under st andi ng of the nature and advantages of the invention, as well as
the preferred nodes of use, reference should be nade to the foll ovvi%\?ﬂ
detailed description read in conjunction with the acconpanying dra HIS.ZUUS

In the following draw ngs, |ike reference nunerals designate |ike or
simlar parts throughout the drawings. Figure 1 is a sinplified, synbolic
drawing illustrating a nagnetic disk drive systemof a type in which a

magneti c transducer in accordance with the present invention can be used.
Figure 2 i el jonal view of a type of prior art nmagnetic
transducerS%glrélpnlgﬁﬁglﬁﬁéyr&éa"ﬁmw&@s% prior to lapping. Figure 3 is a
m dl i ne sectional view of the air-bearing surface region of the type of

magneti c transducer shown in Figure 2, after |apping and treatnment

accordi ng LFQ the invention. Figure 4 is a bar graph of the results of an
exper i ment ‘CHAPENG erIRlete vadirsendinppicht hasreafid aﬂ\faﬂféggsa&Qﬁesi&&frnﬁ]‘é% %gi:or di ng
to the invgggﬂ'&%qﬁ\%ﬁ%n%ésr&at ed .transducers. DETAI LED DES 5 THE
PREFERRED ENBCO 8 O Wfe Fitpraneeshauld e madeitoghe Follomyngrbmysittdi ¢
transducer déveiption std inodoufiBchiditwith iHRGbMHE ligot hip fil s which are
exposed by ,the ﬁrg]((:e% ofjsepar ating '%he sflﬁgg?{sau"?gsoﬁ?pﬁéo W8E. The

i nternal stFUdR&S FHEe pegpralsidesigratn iumrsimibhrparaibsouthobtthEQWifs3  are
accordi ng Fo the prior art and the details of these structures are-

i ndependent 88 + i@ simplified: syarbolindranougyiilustratinga npipaées diﬁ@dﬂ?%?%ieﬂed}ta the
magneti c tfpestwaRh A noRedARRC cePh 2k O bei,nﬂ treated according to the

i nvention, [apping is not required (*SCYAnge Krithihe prsgant inventiont can be used.

i nvent i on. Fib@fe 26X 3%AlEne dokti ocess of separating the transducers from5 2
4 JUL 2006 Eﬂle waf erﬁécogﬁ%tgﬁgg&lgﬁggaWfoieﬁ%rrﬁq Dagetie trarsducerdosingthe t he

need for |aptcatign prdeessipmivetut lagping.

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 transduéer 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




could still be used. Various prior art equipnment used in thin film

processi ng which generate a plasma and have at | east two el ectrodes can be
used to create the nitrogen containing plasma. For exanple, JUL 2006
pl asma- cl eani ng chanbers, physical vapor deposition (PVD) chanbers and
chem cal vapor deposition (CVD) can be used to treat the netallic surfaces
with nitrogen according to the invention. The formation and use of the

pl asma are According to prior art techniques. The plasma, which is a

m xture of ihenafareuld!be sidde Ik forned. by —applying energy, such as
radi o frequencx (RF). or m cr%f%fégtyy rg?lﬁil{og’gvﬁ‘t%@%@s%gbspmg the Iveentiauum

deposi tion beursetbr t he appropriate conditions. The applied energy
forms ionic species fromthe nolecules in the chanber and ignites the

pl asma. | n generV¥drious pearciri aiphathssed i @ sses may be controlled
by varying gne of more of the procgss pa@%@%@gﬁﬁ lqgsg.c;é?réﬁ‘?ﬂdﬂ%ﬂwr e,

partial preosyrEsitlsastisoeclestindssicpn bymesdite amteaheaxitroiyﬂ%ﬁtafnrir?g?;ﬁ ar POVer
nown in e art

| evel s, chdispex o, plS Aa- etc, As is well ki

precise pr %g%%slsal:ggr Z:r]r??grcgéﬁ @?%@%@?’P@&“%&HW dgposttion (BV D@ changheay @idus ar e

typically Ealfiaperdicpoption @D bBasaf i nt and paraneters
Mo I ot twﬁféﬂgéseﬁgcé’a Wi I4FogsRanpl e

used by th | s descri bed bel ow can on

to suggest %gt&gﬁé ﬁ"g‘%ﬁﬁvﬁ@é"w gﬁ‘{: Aymation pid use of the pldsmaard adcBrdwrtls ipfigr Wi t h
their own erjiichniguds, TheipRising) whigh nce targets. |In the particular
_process used b%%)t he apptroi cant.s,1 ag;?ﬁgﬁs(ﬁrugééﬁgé%ﬂqu Ofh 812y hg formed by

Appr oxi mat SXRIY RSB SYelt asdadie frequeppy (R ot miGbweESaRtdyah 'afr%%ser%'g}%] gas with
a partial theveame &pofiti - mrorr.. In the préferred ermbodl nent the
thin film %e;irtﬂal, s of pg_Sgé?%hb%pg%%gﬁ’&agﬂoﬂréﬂﬁ8?qdé‘1qfhs-aﬂ§dmplé¢dsenarg surface
treated w hlonicogeciesiren e mblearles in avechagB ey ﬁ%ﬁgﬁiﬁg F}Q Fﬁl;{som tlﬂe vaf er

r appinyg:

(typi cal | yreRdtios 3y wafer into rows) and aftt genersls poi nt
in the prirgr grtmflg% ?J(%a HPERFEIFd WAL be poptrofied by vartipgonobr mbievfilid s of t he

t r ansducerioessepaxpadssdudnast RepeARPE Hafial sqllustrated in Figure 3.
| ustrated in Fi urg)aS i%l%gs(ralfeg’rpgl%sdnaf%f'ﬁ‘fﬂaﬁgs Hayeraiame

The tran I
structure ag‘fé gﬁgé/umenfyn PORPIy s, shanthce physiahaeometrygers. A% ishal MkWnaHFd Ni N
films at tanteprecighprobad PasidRrbr FHAUES redule 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 puré N3 gas with a partial
pressure of abppt 100-300 mTorr. In the preferred embodiment the thin film metals of
partiall-y 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



are commonly referred to as the ABS even though in the conpl eted transducer
this surface is under a protective overcoat such as carbon. The rows of
magneti c transducers containing the thin filnms were treated in thc&
nitrogen plasma for approximtely five mnutes. The treatnent is eﬁﬂ{ﬁv@g@g
to produce nitrides in the surface layer of the thin 6 2 4 JUL 2006 film
netal s extending down into the filnms to a depth on the order of 1-2 nm as
illustrated in Figure 3 by the hatched areas 87 at the surface of the

films. The $ilmheeds éxtaain@Qods [ i St i | shabl e fromthe remai nder of
the film mep C S&g% wgc:hsingrl\i L inggﬁttﬁenﬁlﬁsiééﬁgﬁh Of’l%.?c orgereofde? e iliuseatt ¢ d
areas 87 ar £ cchnthed ofeat Sieatdrpasiabe onnofinad o d | material and,

therefore, ¥l mgblg\%eq@ t he. snmoot hne_ssi:l of t heﬂﬁﬁ%csg]%%%t&ai‘idrairﬁés hei ght
or any other aspects 9P BIEmngaEetthe Sm whichthasns sigaificant nfikddapupd nitrogen

i's the act iV sHecemntatcdatde 7 aloSiR e resent in the plasma, so
| ong as thetxergg)rrnot interfere wth tE%ﬁﬁﬁgglﬁpdgp%?ﬁl%ogﬁﬂdﬁﬁoﬂ?lmw md) t he

thin 7l ! P Sapiabect hesmootsures ot snticudmeiaticmlgnydpgaen, and o

ammoni a, anepéts JHiEses | Ll ows the nitrogen may be 7 ntro
chanber -as N2 or iﬁm?eﬁgbf%’g}rﬁ éﬁcefr?om anot her conpound such as amoni a

which wll be iy .. the chanber to produce nitrogen ions. The thin
films that can %g‘r}llél?@[ﬂlg?%&lﬁ ﬁ& attveplomant, other cledienty may behReseigHid ON

i ncl ude anylasmsazdo lowyg shhayi dod not ESFSGAlkN with nitrogen. The netals

whi ch are g vpigal I%]ﬁr edﬁ;eﬁg red for . uggxiﬂﬁq%ﬂ’%@t}i Oé{’r‘@gﬂi“m,o tieetiin, Ni Fe,
cobal t, Colfile, coP FEFP et aghaimpy ineludahtkanm,thydrdebh Bnd/b) dBmbaY, %npo%g §
treated byothesoJhisallb®s fetnl Lndicated, one or nore optiona
;protective over?oat ma; lge tg%gflflg bgé’@{%?a%’gm{oaﬁm@rrmemm errit majibe t est t he

corrosi on $@Led ROt eompoundreuch asastbanewkich WRYHE] ducers with a
~ Ni M T ayertol podiice Riirobh foldTPar € the corrosion behavi o;rOlnvF\Zﬁe{ti E}rﬂz]}%c%"%ef hout
ni trogen o

The thin films that can benefit from the treatment according to the invention
include any metal which will chemically bond with nitrogcn. The métals which are
typically preferred fqr use in GMR heads are NiMn, FeMn, NiFe, cobalt, CoPFe,
copper, IrtMn, 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,

T . - .
o test ;hc corrosion resistance an experiment was done on magnetic transducers

with a NiMn layer in order to compare the corrosion behavior with and without nitrogen

eatment. 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 €ach job had typically less

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



treatnment. An overcoat was not applied to any of the test transducers. The
experinment ca.1ll ed.for exposing the nagnetic transducers for two days to
90% relative humdity at 50 degree C. Change in the electrical resi §t4ame2006
of the GWR sensor was used as a neasure of the corrosion. Although changes
in the other netallic filns such as the shields were not neasured
directly, it is reasonable to believe that the netals of the shields wll
behave sim | arlfy to sensor |layer. The threshold of one Chm change was used
as the mar lkegnifafant tuenber dfitAhddARer i1 [ activities. The bar graph in
Figure 4 whigh Zgows t he per centrgzglgﬁ%?got%gﬁegtaﬁééqlé’ lien fEose RppoXfraaiely
experi nent al jt‘b PAFe™¥: greater than one Chm change. The nitrogen treated
group of transduge_'rs in each job had typically |l ess +thain one percent
falling above t hé 13 mpostant| td notehhdt €hetrlio deni ntrol ,groups had 7 2 4
JUL 2006 s}nggﬁigjﬁifﬁ%gt nunbers of trans uce{eggg?lﬁﬁdglcéar%@g&m@dtWPé%WI d,
i.e., from appFoxi tcgﬂgei%thﬁéewﬂﬁé%mlitudetvaﬂ@sifcmmzfGﬂ,a,mSt}ige.note that the
nitrogen-treated.transducers as descri bed above had no significant change
in the resistance 6Pt ¥ 1’F’ERH‘EF@mﬁéﬂf@bsthioknesSNeluay&cgth@{,@geen%mggi%o‘ypﬁ{ee
expr ess nutlayérsystructifel vial etc have been given above, the
| ayqrs, strugt ﬁ’r es anggﬁﬁggfﬁg grpifﬁidgr %’PP@é’fngetﬁ%B’dﬂth@ arheccordimntoithn ar e
accor di ng tRI¥ AE anghptedpbrivated ancbraingtof thb pii6itde AR AL ILNG,L & L he prior art.
The conpPoSifakvOBSendi n haye beoh descr bagripbsifidhs etpe nt Il

! .nQieE’%eE%rit'ﬁ”}c ag%e_ een descri bed W thout® 0 sna
anounts of inpurities that araca¥bieismalamoupisef enpurities passiciigaditap@t er i al s
as i s wel | presonininpoactibud sategialsl ds @y d I hhough the —invention has
been descriped.in arppar i cul ar, enbé()lglfﬂr?gﬁlttg'tﬁ({sﬁgluhﬁ‘s’éﬁp‘?G‘Fr fthongh thé nited to
fhe’se enbodi MENT'S “BiGR deFHted ie  andioelanembaviidédt] hakiveRgonis hbt BGi@ARAT €Nt t o
hose - ski ItheselemBodifientdbhd WHoGH ci¥nbls H8 mvgdtlﬁéaploﬁshvsillsb%%%gargit tE) t]?osze rventton:

8 2 4 JUL 2%96 . .
skilled in the art which will be within the scope of the invention.



) . - - - - - he
- i . nmet hod for fabricating magnetic transducers conprising tt
s'?egsa:);m éepési.ti ng a series of thin films including a me';]al i ]? ';2n4 Uit 2oopn
for at |east one magneti c transducer on a wafer; cutting the WgurGf sces of
general |y perpendicular to the surface of thie wafer to expose faces of
the thin filnms which have been selected to be at an alr-bearln? tsﬁe

the magnetic.fransducer; and treating the exposed a surfa_(l:_ﬁ o] the o
metal lic thi nC "M with a pl asna cont ai ni ng nitrogen. 2. The Pethe

claiml wherein the treating step forns nitrides in a reg:conI oirnI et ei n
metallic thin filmincluding the surface. 3. The nethod of cla

. . g~ : - { sting of
the metallic khin 4 methe far febrieatire ms@@cthﬁgagc%@ﬁ2@@$ﬁstwb 3 of

a1 turher - sorepBifing Fakfes SERRS et indluding o meipils thin ke foo aeioemone
claiml further ngﬁm'aéh onhewsfer:f aces of the thin films with the plasma
2]:);'?; ;ihﬁgSt ﬁﬁgrnogen 5. Ckgl’he method of claim| further conprising the step
of |apping the sur cutting the wafer gengrallyerpeadisiiaeto tieeswritct iofghs Waerad Gxpose

before the tsedides®f$Hicein films which have been selected to be at an air-bearing surface of the
magnetic transducer; and

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

2. The method of claim 1 wherein the treating step forms nitrides in a region of the
metallic thin film including the surface.

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

the group consisting of NiMn, FeMn, NiF e, cobalt, CoFe, copper, IrMn and PtMn.

4, The method of claim 1 further comprising the step of depositing a protective

overcoat after the step of treating the surfaces of the thin films with the plasma containing
nitrogen.

5. The method of claim 1 further comprising the step of lapping the surfaces of the
thin films after the cutting step and before the treating step.



