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OF A CORROSI ON RESI STANT LAYER ON METALLIC THN FILMS BY NI TROGEN
BACKGROUND CF THE | NVI ield of the Invention This invention rel ates
‘in general to thin fi M“MWM’Hn magneti c storage devices, and nore
particularly to thin fi ion met hods and even note particularly to

thin film fabrication nefid#s for increasing corrosion resistance of
metallic thin filnms. Description of Prior Art A typical prior art head and

di sk syst ISyl | r {3 AELqur operation the mgnetic

tr ansducemﬁmgﬁ %e@ﬁgqﬂg&ggémgkqﬁggg OGN MEW@JJIJEO%HINhe di sk
16. The megnetic transdugarMSWBWYNITROGENGXPOSHRRI" or "slider” is
conposed of elenments that performthe 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 "magnetic transducer elenents") travel along conductive
paths (|l eads) 14 which are attached to or enbedded in the suspension 13.

Typi cal | [ contact pads (not shown) each for the
read and %K?ﬁé(ﬁ%%@lﬁ@ qiﬁq’*?éw%f@%" 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 driven by a spindle notor 24
to rot ats}:.%lpe ﬂ}lﬁk 16. The disk 16 conprises a substrate 26 on which a
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pluralit NYSHIRR 21 are deposited. The thin filns 21 include .
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, Th;s invention relates in general to thin films for use in magnetic storage devices, and

mqfe particularly to thin film fabrication methods and even more particularly to thin film

fabrication methods for increasing corrosion resistance of metallic thin films.

Description ofl Prior Art

A typical prior art head and disk system 10 is illustrated in Figure 1. In operation the
magnctic transducer 20 is supported by the suspension 13 as it flies above the disk 16.
The magnetic tfans.ducer, usually called a "head" or "slider" is composed of elements that
perform the task of writing magnetic transitions (the write head 23) and reading the
magnétic transitions (the read head 12). The electrical sigrlais 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 13 to the arm
electronics (not shown). The disk 16 is attached to a spindle 18 that is driven by a
spindle motor 24 to rotate the disk 16. The disk 16 comprises a substrate 26 on which a
plurality of thin films 21 are deposited. The thin films 21 include ferromagnetic material

in which the write head 23 records the magnetic transitions in which information is
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*ACTION* 2 4 JUL 2006 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 arkt4 JUL 2006
‘magnetic transducer 20 shown 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 (SI), surround the sensor 105 which is
surrounded by insulation |ayers 107, 109 and the second shield (Pl/S2).

Thi s type dcolMOMBAd ad hAHISBUERT: o g head" because the
PI/S2 iayer serves as a S?lll efﬁf Trﬁa% ?‘ﬁéd‘a%gu@nﬁw@hggﬁk%ﬁesa" nger e girece f or
the wite hfatog aefaca (B pifche magmetic mahsddes 20. second pol e pi ece (P2) which
connects with PI/S2 at the back. The P2 curves down over coil 37 to

confront the PFigoedssa tidlindstdtRn@RBnd AYEHF frior afl p at the
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nagnet or esppgich i be a nultilayered
structure conitﬁg?lﬁ?lﬁ?lsgdf tvarre?gg%dla% S@?‘%ﬁ%?e tﬁ%ﬁﬁ@ﬂgﬂﬁ?ﬁ)csugﬁgnd the sensor
‘anti ferrofd§ n\émqhas matcmnded by iﬁbﬂaﬁ(hi leyeis 102100 pal %e&b&ﬁx@%hi@{]aegﬁ%?? omagnet ic

materlals,rhgastgl()]‘5 f @r CoFe Wmlﬁgferamc materlas suc

Al -203 are"us ?(ﬂ) gc“ﬁ C Uapdpeerisca erged headpberguserthe PrHSéllaya}s and
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precise-c udgs a ??@"11 eplgtricce GF2)tvrhichseomaents \&BEPMSB iacthe backe Ateqd t he

" st h OwrPE\dr he ABS (which Il ed
the " Ehr oo her gy AP APACAROR he MM Yl mpinier odosb dhe wakei a1 | ons-

| | n the st B3 thrxdiyhearingisutfacar(ABS). Thezeno desat Gbighi (TP s dRideai @ Woul d | ead

un ac netic_perfornance if not corrected.
Lappl ng |g&9$1‘gp%§(t)hcc?szlsﬁ%ttggc efﬂ‘ tgﬁg layer- ogﬁ%lfet"s?rdloéé‘l*ﬁl‘éi?éa much tighter

f ; [) |r nga{]lemggletouesmmlmatmdl bechna pemRilvY, v B9 be alnﬂllﬁllagcr{a%ﬂ}u% process of
&)%t}nrﬁlng vznous laye(f]snc(?tI tjer(;orglgg%gtsig gncdea{n%lfcn%maggﬁ: material. The shield
shields
and pole pieces are ferromagnetic materials, ¢.g., NiFe or CoFe while ceramic materials -
such as TiC or AL,O3 are used for the substrate. Prior to lapping the materials and
. structures at the ABS extend beyond the ABS. As illustrated in Figure 2 the material to
the right of the ABS plane 1s removed by lapping to achieve precise control of the length
of the sensor 105 (whxch is called the "stripe hclght") and the distance from the ZTH to
the ABS (which is called the "throat height"). The uncertainty of the saw plane causes
variations in the stripe height which are on the order of microns and which would lead to
unacceptable 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 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.



transducers are fornmed sinultaneously on a wafer. After the basic 24JUL 2006
structures are forned the wafer may be sawed into quadrants, rows or

i'ndi vidual transducers. Further processing may occur at any .or all of
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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
target with or without additive 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

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 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
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4,130,847, Head et al. teach the use of a |layer of passivating nmaterial
such as chrom umwhich is sputter deposited over the pole tips of the

transducer gtRmaneVeF THe IENBIoN of the iron-nickel alloy conprising
the pole tips. A portion of the end tips of the pole {gleces and the gap of
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exposed a surface of the netallic thin filmwth a plasma containing
nitrogen. [RAL | BNl j46266.doc:,,vx |) 2 4 JUL 2006 BRI EF DESCRI PTI ON OF
THE DRAW NGS For a nore conpl ete understanding of the nature and Zdvmmtmgps
'of the invention, as well as the preferred nodes of use, reference should
be. made to the following detailed description read in conjunction with the
acconpanying drawings. In the following drawi ngs, |like reference nunerals
designate like or simlar parts throughout the drawings. Figure 1 is a
sinmplified, synmbolic drawing illustrating a magnetic disk drive systemof a
type in which a magnetic transducer in accordance with the present

i nvent i on BRIBFIESCRIATIONIGRITHEDRAWINGISA| i ne sectional view of a type of
prior art magnetic transducer during the fabrication process prior to

| apping. Figure 3 is a mdline sectional view of the air-bearing surface
region of the type of magnetic transducer shown in Figure 2, after |apping
and treat /Rph nRFEIHEHIAG ubderithfling SMBOhatoR anfFadwintgds ofshainbertiogs apkeldf t he
results of an experinment conparing corrosion properties of transducers
treated asdredirefgrredmpps of wee Aefprsncashonld bemads e dollovaeg dedpiled pETAI LED

DESCRI PTI . : &%a% i 4 qR tl?@qa 1BRidssed with any
magneti c ﬁy%cﬁg’gg@geraﬁ)ﬁﬁg@ﬁ@%sﬁ?ruc ureel\g'::t a aB?ﬁﬁgFAéﬁgé met al |lc %dﬁ'lsn films

whi ch ar e deawpings tikbyeférascepuacedsdasfgnste pike at simglat prets shrodghost the doawingee waf er .
The internal structure of the nagnetic transducer elenents 31 in Figure 3

are accor gigge 1 @ 4 sitphAfied) sy@bsliccdiswinpéllwbehing smagnetibdisk dsive systam eba ar e

i ndependent of the invention. Al t,ho%;?)h int hﬁ r ef ertr.ed (glnbodi ﬁent t he
magnet i c YR8 dugy amagnetic yiansdycer ip pesprdageq it 81%tpf%s§? JBVeRIeR £ BgUSed: ¢ e
i nvention, | apBi, ng i.s, not required to obfain the bentef i it;’s of t het.

(i nvent i on.Figwe 2dsamifline seqtiogal yicyr akatyge oLpHr attmagnetiq iransfuger qurng the ¢ oy g
' 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. Althoﬁgh 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



2 4 JuL 2006 the wafer could be rade sufficiently precise to obviate the

need for |apping, the invention could still be used. Various prior am
equi pnent used in thin film processing which generate a pl asna arqé v@”ﬁat

‘| east two el ectrodes can be used to create the nitrogen containing plasna.

For exanpl e, plasma-cl eani ng chanbers, physical vapor deposition (PVD)
chanbers and chem cal vapor deposition (CVD) can be used to treat the
nmetallic surfaces with nitrogen according to the invention. The fornmation

and use of,the. pla are Acgcardjng to prjor rt techni ques. The pl asma,
which is afh?ﬁ”ﬁch%ﬁgFe mﬁgs‘éﬁaﬂdm&@wg P{’WB&‘ tﬁf‘e"@feéﬁ?féeppd% thegpyspting
energy, sugidatilmediey. frequency (RF) or m crowave energy to a process gas
in the vacuum deposition chanber under the appropriate conditions. The

appl i ed energy .1 Qni ' qhe ol I in the chanber and
ignites the pl a\{safrrrlgp%hdrggtneg‘r@&?m @ggg{@gﬂnﬁl?}a?rggeslﬁﬁg Bvﬁgcg &&“%?‘S@e" Lo may be
cont r ol | ecknd haweant ydastgworedecandaspneboifiset ecrete deatsogarcanBingicspladaeh as:

fr enaency Fobsba sl TR hmhisty SRl yeaskdeotioni BYDAGhARbRBI known
in the archem&ﬁ%ﬁﬁda??ﬁﬁﬁrzgmf&%%%E&l &%@Wﬁéﬁﬂ&%@&g it Vﬂé&l?%c%. gi ven

apparatus are typical _ rmned enpirically. Therefore, the equi pment
and par amgceqrding xthe pyventien. sbhslfonnation andissedd sherplasath dre haardimgntogmioy be used

as an exanpl st.starti oints to tho skilled in the art in
wor ki ng wiPrehfes SR T bR £RHRIS of Bob B Be i msichs Prpgfind ' 11
the parti applgingpnagesuchiseddidyrégbencaiRF) aranicfowate BhaagyR- Cpro@st Bak ighanber

was used. @proxi nat el éOO- 500 tts were .appl.ied to an essentially pure
N2 gas wi tHf cb‘éfPij%ﬂsmoér‘; anbgrandgr tlé%‘%ﬂﬂfol’i’@@-c%g‘"ﬁﬂfoﬂ‘? applied pRergy ef er r ed
embodi mentorntyqonibspecles Ok AloYechles iPME chahbey afPIPRIES BE pHBIARNCH Seneral,
transducers are surface treated with nitrogen plasna af Per hav een

separ at ed T¢acloR fafrs ipalREpa progessesananbaspnyaligdhy vanvingeseser more of thows) and
after | applddg nafimdidds kN e kil f ' l.Qn_nr ss the
out er edges of ptahi n fi?ugqu Emt)ﬁgﬁl{kf Bﬁg‘ﬁﬂ’é"eﬁ&%r"zﬁ@%@gﬁé ’%Jr% ffoﬁvgrafeapped
sur face apowpi fngguerayepower I&etpuclanter filipsical geometry, etc. As is well known in the

art, precise process parameters for a desired result with a given apparatus are typically
determined empiﬁcally. Therefore, the equipment and parameters used by the applicants
as described below can only be usc.d. 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 N, gas with a partial
pressure of about 100-300 mTorr. In thc preferred embodiment the thin film metals of
partially compléted 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
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as shown in Figure 2. The copl anar edges of the various thin filnms at the
ri ght-hand side of Figure 3 are commonly referred to as the ABS
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overcoat such as carbon. The rows of magnetic transducers containing the
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The thin films that can benefit from the treatment according to the invention
include any metal which will chemically bpnd with nitrogen. The metals which are
typically preferred for use in GMR heads are NiMn, FeMn, NiFe, cobalt, CoFe,
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.

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 m 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
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control groups had 7 4 JUL 2006 significant nunbers of transducer falling
above the t hr edherR Whereeexprdss owtesplsy thicknat ehlyies] 3tct, BavOb R ghRAGbovel tHeS

i mpor t ant he nitrogen-treated transducers as described above
had no silIi n"#]?%gcrg‘%ljgg%]%%@%te?ﬂs "r]zgs‘?ipérs‘?”élioé'ﬁ@@ the Inyeiontaggieccordingte theor t he

GWR stri peprioEaxtepd aretishrizaed RERSENIRURE pddrart. tﬂie%ﬁ?gﬁ YA PN A o have
been given above, the layers stfuctures and mate DEILas; glven hefein o ¢
enbodyi ngr}‘t“ﬁ“e Semeser S%W&X‘é“‘a%@&'@ismﬂtamopn@ of fmpuwities tiat anadncazliteblzabri cat ed
accor di ng prsxehtif H . Ltlons gi.ven. herein ave Dbeen

prédeht tpih"ch@arl nﬁfe{rralsgg?ﬁ\fam%wntté?lg e?‘hﬁffrﬂqﬁ%@'t ﬁgp

descri bed wi thout regard to snall anoun oughdhe nevi t abl y

present | AYsREeR hasdieemdaseribedlia 2 particslanahbodimentht tviehasitis ki fitfgh don t he

art. Alth . ,.on h been describhed in a particul ar enbodi nent,
t he inven%ﬁelﬁjis}gdr?gf ?ﬁﬁi %'aend) U gﬁang?fe‘g‘g gl beappargnt to those hanges and

nodi fi cat iskiled i the atevhighpwitleetwithin the espe of MiclihRgltibn the art which will be
within the scope of the invention.




82 4 JUL 2006 -9 Claims 1. A nethod for fabricating magnetic transducers
conprising the steps of: depositing a series of thin filns incl uai4njija2[mﬁ
metallic thin filmfor at |east one nagnetic transducer on a wafer;
cutting the wafer generally perpendicul ar.gto the surface of the wafer to
expose surfaces of the thin filns which have been selected to be at an
air-bearing surface of the magnetic transducer; and treating the exposed a
surface of tHaimgetallic thin filmwith a plasma containing nitrogen. 2.
The met hod of claim| wherein the treating step fornms nitrides in a region
of the netallic thin filmincluding the surface. 3. The nmethod of claim!]
wher ei n t he lnet al |A methbd forf fabrivatiaganapabes ir@isdﬁ@ér@@élﬁﬁﬁiiﬁ%ﬁle sk o@r oup

consi sting of Nilvg Fc—iIVh, N Fe, t;:t?lbali, CoFe, copper, Irvnh _and Pth. 4. The
met hod of cl ai m | SFRASTHIE 2 STHESrofshiy fiite including,p raetallisi thim§lm for ot lsesti ane
overcoat af hegnétherrsis@ice®bntarv@dth Ng the surfaces of the thin films with the
plasma containing nitrogen. 5. The nethod of claim ! further conprising
the step of |appi Rgtingéhewefesesserelly prependinilar to thessuaface of tiewa s th Rgpsdeep

and before §iye,def 6AIHWirSHAR 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, NiFe, cobalt, CoFe, copper, rMn 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.



