DESCRI PTI ON SPUTTERI NG TARGET, ANTI - FERROVAGNETI C MATERI AL FI LM FORMED
USI NG THEREOF AND MAGNETO- RESI STANCE EFFECT ELEMENT FORMED USI NG THE SAME

TECHNI CAL FI ELD This invention relates to a sputtering target, an
anti-ferromagnetic material filmfornmed using thereof and a
magnet o-resi stance effect elenent forneqg using the sane. BACKGROUND ART

Until now, as a reproducing magnetic head for high density nmagnetic
recordi ng, a magnetic head (MR heaDESQRIBFION nagnet o-resi stance effect

el enent (hereinafter referred to as MR elenent) is under study. At present
time, for a magneto-resistance effect film (MR film, N 80Fe20 (atomc %
alloy (permalloy) or the |ike, which shows anisotropic magneto-resistance
ef fect (AGBUTTIERIDENETARCET, uBNTI-BERBOMAGNEARVR MATMRIAds 8t RORMER snal
magnet o- resistance change rate as about 3 % (MR change rate), as an

al t er nat i WsSITNG SHEREGDrANDMAGHREOoREEIETANAGEe EETESSt HLEMBNTEEGRNED , an
artificial lattice filmand a spin valve film such as (Co/Cu)n and the

li ke, whi dBINGPIHyY Mt nmagneto- resistance effect (GWR), are attracting
attention. In an MR elenent using an AMR film since the AVR film
possesses magneti ¢ domai ns, Bar khausen noi se resulting

TECHNICAL FIELD
This invention relates to a sputtering target, an
anti-ferromagnetic material film formed using thereof and a

magneto-resistance effect element formed using the same.

BACKGROUND ART

Until now, as a reproducing magnetic head for high
density magnetic recording, a magnetic head (MR head) using
a magneto-resistance effect element (hereinafter referred
to as MR element) is under study. At present time, for a
magneto-resistance effect film (MR film), NiggFe,q
(atomic %) alloy {(permalloy) or the like, which shows
anisotropic magneto-resistance effect (AMR), is generally
used. Since the AMR film possesses such a small magneto-
resistance change rate as about 3 % (MR change rate), as an
alternative material for the magneto-resistance effect film
material, an artificial lattice film and a spin valve film
such as (Co/Cu)n and the like, which display giant magneto-
resistance effect (GMR), are attracting attention.

In an MR element using an AMR film, since the AMR
film possesses magnetic domains, Barkhausen noise resulting

from the existence of the magnetic domains becomes a



fromthe existence of the magnetic domai ns becones a

2. drawback when putting to practical use. Therefore, various neans for
making an AMR filminto a single donain are being studied. As one nethod
anmong them there is a nmethod in which the magnetic domains in an AMR film
is controlled in one particular directien by utilizing exchange coupling
between an AMR film which is a ferromagnetic material, and an

anti - f er r olergnadstaiak vdtear it fihan tAspaacantal uber.r orRgRefbe efBiv@THidud
this case, [err]-Feivn alloy is so far well known (see the specification of
USP- 4, 103, Beens Heor sypdcing cat i AMR of 1 LUBPiht 614, $4nglendiomad rs paad fheiig on
of USP-5, 315,468, for exanple). Besi des, a spin valve film

conpri ses &taskidd.chAisi lome peddusbianprg | tmémat ehetreutsurembahoeld iof a
ferromagnetic |ayer/a non-magnetic |ayer/a ferromagnetic |ayer, and, by

pi nni ng nayhdahy &heomagneinkc féemabagneni anl AY8r fiAMGIR icontotstldiarkdin For
pi nni ng magneti zation of another ferromagnetic layer of the spin valve
film a teCRfoPFRFiarlay Aireekioanae ebiplrhgabersbangsn coupling
anti-ferromagnetic filmand a ferromagnetic filmis generally used. For a
const it uenPs an MR net b iw$b??ohﬁgﬁefp€rﬁﬁ}?§ﬂiegllc matasiRlhiandase,
[err]-FeMnh _alloy.is. generally jn use. | .However, y-FeM alloy is poor
in corrosi 8% %ﬁgﬁ?ﬁékﬁQQﬁgq$%iﬁuT?E%Fé?} films &Agif) @8BEdoded by water
Thus, since an MR elenent utiljzing an anti-ferromagnetic_ material film

consi st i ng "6 AT SN RATRRA 3L BAstIYScEREBdet-FRAN phlevcisasry fakat er
in the air dyni N9 RPCES NhS ' SPecification of USP-4,103,315, the

specification of USP-5,014,147, and the specification of
USP-5,315,468, for example).

Besides, a spin valve film comprises a sandwich film
possessing a laminate structure formed of a ferromagnetic
layer/a non-magnetic layer/a ferromagnetic layer, and, by
pinning magnetization of one ferromagnetic layer, a GMR is
obtained. For pinning magnetization of another
ferromagnetic layer of the spin valve film, a technology
utilizing exchange coupling between an anti-ferromagnetic
film and a ferromagnetic film is generally used. For a
constituent material of the anti-ferromagnetic material
film in this case, y-FeMn alloy is genérally in use.

However, y-FeMn alloy is poor in corrosion
resistivity. In particular, it is easily corroded by water.
Thus, since an MR element utilizing an anti-ferromagnetic
material film consisting of y-FeMn alloy is easily corroded
by, particularly, water in the air during processing step
into an element shape or a head shape, thus, as a result of

this corrosion, the exchange coupling force with an MR film



into an el enent shape or a head shape, thus, as a result of this

corrosion, the exchange coupling force with an MR film

3 tends to gradually deteriorate in tine. For an exchange coupling

filmfornmed between an anti- ferromagnetic material filmand a

ferromagnetic material film fromreligbility view point, an exchange

coupling force is required to be 200 Ce and nore at, for exanple, 393 K

To real i zaardsexohanugedealpy | dgtépioeabkt 200 t@meand nore at 393 K, in

addition to an exchange coupling force at roomtenperature, tenperature

dependency of t Femearhagsharngeiptomyl ingcéiln feqmededbetwessm goodnti-

Concerning the tenperature dependency of the exchange coupling force, a

bl ocki ng tfememetanet bt mhtehisénpelnat and ehdeaxshmgreticoupttengiadr ce

between a ferromagnetic material filmand an anti-ferromagnetic materi al
filmis | dstlm,s feenredl babblbby MighW-ROimich ads qrsdEnge . CHIMbIRE, y- FeMh
alloy is as low as 443 Kin the blocking tenperature, and also the

t enper at urfo RS ehtierrgubFedhkoeRehdffeOcodmd mpTdorde fhereddmpievery

poor . Besi des, in USP-5315468 for exaanI,e, [err]-Mn al |l oy, such as

Ni Mh al | 0y39hdsseds npal 3§ s1al ex¢harasr 608PLiAge forcentod &P &9 Affhal

crystal systen1ise§§ cribed as .an.,anti- ferronagnetic qgterizh film When

an anti - f &3hedh Kt Br fAALELPR EBN &SRS ERTPANIG HPYRTIFI MCEFR 0Tt s

used, it is shown tha% t he gxchan e couplin orce b tvEen the anti -

f er r omagnéet I ¥ et BRFER L FPm ﬁﬂpﬁﬁg PEFr SRRGRAGRE it er§1AF ©xchange
coupling force is required to be good. Concerning the
temperature dependency of the exchange coupling force, a
blocking temperature at which temperature the exchange
coupling force between a ferromagnetic material film and an
anti-ferromagnetic material film is lost is desirable to be

high as much as possible. However, y-FeMn alloy is as low
as 443 K in the blocking temperature, and also the
temperature dependency of the exchange coupling force
thereof is very poor.

Besides, in USP-5315468 for example, 9-Mn alloy, such
as NiMn alloy, possessing a crystal structure of face-
centered tetragonal crystal system is described as an anti-
ferromagnetic material film. When an anti-ferromagnetic
material film consisting of the 6-Mn alloy is used, it is
shown that the exchange coupling force between the anti-
ferromagnetic material film and the ferromagnetic material
film does not deteriorate.

Further, as an anti-ferromagnetic material film high
in a blocking temperature, large in an exchange coupling

force, and excellent in corrosion resistivity, IrMn alloy



fil mdoes not deteriorate. Further, as an anti-ferromagnetic
material filmhigh in a blocking tenperature, large in an exchange
coupling force, and excellent in corrosion resistivity, Irh alloy

4 possessing a crystal structure of face-centered tetragonal crystal
systemis proposed. As anti-ferromagnetiq material filnms possessing the
sane crystal structure, [err]-Mi alloy such as Ptivh alloy or Rhvh all oy

ot her thanpodssdsiald oy ¢syskabwst faeeuldSPo4, ¥a3e3entldIR b, 3o, dd@hal

As descri bed above, M alloys such as IrMh alloy, PtWM alloy, Rhvh all oy,
Ni Vvn al | oy cxiRdiVtalal 4 gt erants Gpdbpoaktoy Aseapkiefeenbmagnedricosiaderial
resistivity and further can be enhanced in the blocking tenperature of the
exchange doums mpdsdessiddushet hayeareyatbilastinng taitesnty-tin ad lary
anti-ferromagnetic material capable of enhancing long term reliability of
the MR el emaieth as PtMmoal lag arnBhModafldoyf othieny tharantiFeMer radiegneits ¢
material film the sputtering nethod is generally used. Using a sputtering
t ar get con&ﬂQﬂﬂujﬁﬁﬁﬁﬂ%ﬁeﬁEﬁQ3mﬁléh UeBnSy Bildr d$8he above described M
all oys, an anti - ferrona%)etlc material filmis fornmed into a filmby a
sputtering met ho®s KHRRSILEhRRENE - f 4R dhhgHet FEChafr TaMn BYLa¥.or ned
into a filmwth conventlonal sputterin tar et tends to forma
nonhormgene?dﬁ@1 a4 %@n%@gﬁlt"f‘%%o}’n Qle‘oF‘gréEPYf'l AR &leoym anrfHCEin

h I f I f etween an anti -f.err.onagneti terlal film
ona O o A aS Shsel T aR | PR SERaRE oy re i Sha R of S Ehes

can be enhanced in the blocking temperature of the exchange
coupling film. Thus, they are attracting attention as an
anti-ferromagnetic material capable of enhancing long term
reliability of the MR element.

Now, as a method for forming an anti-ferromagnetic
material film, the sputtering method is generally used.
Using a sputtering target comprising each element which
constitutes the above described Mn alloys, an anti-
ferromagnetic material film is formed into a film by a
sputtering method. However, an anti-ferromagnetic material
film formed into a film with a conventional sputtering
target tends to form a nonhomogeneous film composition in a
formed film plane. 1In such an exchange coupling film
formed between an anti-ferromagnetic material film and a
ferromagnetic material film, there is a problem that a
sufficient exchange coupling force can not be obtained. In
addition, there is another problem that an MR element and
an MR head which use such an exchange coupling film tend to
be adversely affected on the anti-ferromagnetic material

film from the other constituent films to deteriorate in its



suffici ent exchange coupling force can not be obtained. In addition, there
i.s another problemthat an MR el ement and an MR head which use such an
exchange coupling filmtend to- be adversely affected on the
anti-ferromagnetic material  filmfromthe other constituent filns to
deteriorate inits 5 5 exchange
coupl i ng performance. Further, the conventional sputtering target
tends to eadBangel apgeldapesirtficomeatena ati on between film conposition
sputtered at the initial stage of sputtering and that obtained at the life
end. Such a tenpBuathehangke cbnweetficnalceEmostiariong odfatget tends to
anti-ferromagnetic material filmcan also cause to deteriorate the
exchange coapbeng lpegkocemposition dethiafiontbebyeen &filmhe present
invention is to stabilize a filmconposition and a filmquality of an
anti- fercomnpgRétionnspatitared |ah ddmprinihiah #hadel 6f ERVELEFANT in
corrosion resistivity and thermal property, and to provide a_sputtering
target | esd8nfnthpé @éﬁ&&ﬁQﬁ(ﬂ¥ e ik forfag: t cuHe i Femppyral TRB28EEoONd
object of the present invention is to provide a sputtering target .capable
of forningoﬁjFheréﬁﬂﬁd&QMBQﬁ%%}Qﬂ1%ﬁnqhﬁeﬁ?%hﬁﬁﬁéf?@agﬁﬁFéFiQp%ﬁq%ﬁLﬁ

whi ch exchgnge couplig% force at the room tengeraturﬁ and hi%h t.enper at ur e
region is StaB £§2NafdSPo CANSE it ST EREF r BB gREENBDAG: &P 1A
possessi ng_such erformance. The third object of the present invention is,
by using aﬁeﬁﬁPFmgngOHBQnetic material filmexcellent in

The first object of the present invention is to
stabilize a film composition and a film quality of an anti-
ferromagnetic material film comprising a Mn alloy excellent
in corrosion resistivity and thermal property, and to
provide a sputtering target less in the composition
deviation up to the 1life end. The second object of the
present invention is to provide a sputtering target cépable
of forming with reproducibility an anti-ferromagnetic
material film of which exchange coupling force at the room
temperature and high temperature region is stable, and to
provide an anti-ferromagnetic material film possessing such
performance. The third.object of the present invention is,
by using an anti-ferromagnetic material f£ilm excellent in
such performance, to provide a magneto-resistance effect
element which enables to obtain stable performance and

stable output power with reproducibility.

DISCLOSURE OF INVENTION
The first sputtering target of the present invention

consists essentially of Mn and at least one kind R element



such performance, to provide a nagneto-resistance effect elenent which
enabl es to obtain stable performance and stable output power with
reproducibility. DI SCLOSURE OF | NVENTI ON The first sputtering
target of the present invention consists essentially of M and at | east
one kind R el enent 6 6 selected froma
group of Ni, Pd, Pt, Co, Rnh, Ir, V, Nb, Ta, Cu, Ag, Au, Ru, GCs, C, M, W
and Re, wherdiertd: frsputd egrogptaf gt , codpr Pses Cat, [REgStIgne/,mNtberTa,
selected froma group of an alloy phase and a compound phase forned

bet ween t h€uabd®m descrRbedR eCepeMd, aild BhdaBeat wheastima thpart of the
target texture. The second sputtering target of the present
invention spwidientinestargetl ¢gmprishsant deabtasneomenRest evelectad| ect ed
froma group of NN, Pd, Pt, Co, Rh, Ir, V, No, Ta, Cu, Ag, Au, Ru, GCs, Cr,
Mo, W andfRem vheaziup ehean splio¥rpPhgseanndt @ sompounshgthaseafernéd

target texture, includes at |east one nenber selected froma group of an
al | oy phas®eimeer ddmhARRNPHRSRCFbbatdRbelaBentt BadRMrelaghextt sleastt My, and
oxygen content thereof is 1 weight % or |ess (including 0). The

first and S&ENPLPute rdTit atggtuUBPe further featured in M other than

Lhat const i1t ing, Lhe alloy Biase, (A1 Lhe conpound plase bossessing &

of the pre%%%%fgygﬂgééghtially of Mn and at least one R element
selected from a group of Ni, Pd, Pt, Co, Rh, Ir, V, Nb, Ta,
Cu, Ag, Au, Ru, 0s, Cr, Mo, W, and Re, wherein, the
sputtering target, as at least a part of target texture,
includes at least one member selected from a group of an
alloy phase and a compound phase formed between the R
elements and Mn, and oxygen content thereof is 1 weight %
or less (including 0).

The first and second sputtering target are further
featured in Mn other than that constituting the alloy phase
and the compound phase possessing a grain diameter of 50 um
and less.

The third sputtering target of the present invention
consists essentially of Mn and at least one kind of R
element selected from a group of Ni, Pd, Pt, Co, Rh, Ir, V,
Nb, Ta, Cu, Ag, Au, Ru, Os, Cr, Mo, W, and Re, oxygen
content thereof being 1 weight % or less (includes 0).

In a sputtering target of the present invention, it
is further preferable that carbon content is 0.3 weight $%

or less (includes 0) and its relative density is 90 % or

more. The sputtering target of the present invention



consi sts essentially of M1 and at |east one kind of R elenent selected
froma group of N, Pd, Pt, Co, Rh, Ir, V, Nb, Ta, Cu, Ag, Au, Ru, GCs, Cr,
Mo, W and Re, oxygen content thereof being 1 weight %or |ess (includes
0). In a sputtering target of the present invention, it is further
preferable that carbon content is 0.3 wgight % or less (includes 0) and
its relative density is 90 %or nore. The sputtering target of the
present i mvemricmes, for example, 30 atomic % or more of MmonpiThses, for
exanple, 30 atomic %or nore of Mh. The sputtering target of the present
i nvent i on spart farrirertangeipréetlae peasenbnényearsmn s@reciuttfeom a group
of Be, Ti, Zr, H, Zn, Cd, A, Ga, In, Si, G, Sn, and N An

anti - f err oot atmtkeast onenebément pedseted ifmpantd @rrdup fefnBe, in a
filmby sputtering the above described sputtering target of the present

i nventionTi, Zr, The ndnetd- rdti sfancénef fact Gelreant a3fd thhe present
I nvention is featured in conprising an above-descri bed anti-ferronmagnetic
material film oAt R&trdaamonagratiomateriaka§héioofedinst MFES Y ect
el enment of, the present _invention caonprises, for exanple, the above
descri bed RGNt IR DrbgRed cliaRef Fal PYI FPUE M 5 ds¥nt3R9NRntion and a
LTS B oL b CRIPLEL e Bl e ormnel e
e gabove desor el n BN PTRONEL Ce ELRC UL 2 WA BN
invention is featured in comprising an above-described
anti-ferromagnetic material film of the present invention.
The magneto-resistance effect elemént of the present
invention comprises, for example, the above described anti-
ferromagnetic material film of the present invention and a
ferromagnetic material film exchange coupled with the anti-
ferromagnetic material film. Further, the magneto-
resistance effect element comprises the above described
anti-ferromagnetic material film of the present invention,
a first ferromagnetic layer exchange coupled to the anti-
ferromagnetic material film, and a second ferromagnetic
layer stacked with the first ferromagnetic layer through a
non-magnetic iayer. The magneto-resistance effect element
of the present invention can be applied in, for example, a
magnetic head. The magneto-resistance effect element of
the present invention can be used in a magnefic recording
apparatus such as a MRAM, and a magnetic sensor.
In the present invention, the R element is

distributed in a sputtering target as an alloy phase or a

compound phase formed between Mn. By distributing the R



ferromagnetic material film and a second ferronmagnetic |ayer stacked with
the first ferromagnetic |ayer through a non-magnetic |ayer. The

magnet o-resi stance effect elenent of the present invention can be applied
in, for exanple, a magnetic head. The magneto-resistance effect el enent of
the present invention can be used in a gagnetic recording apparatus such
as a MRAM and a nagnetic sensor. In the present invention, the R

el enent ieledestriibutedanyet Sprititwre rgs tthgeal hsyaphabkoprplilise or a
conpound phase formed between Mh. By distributing the R

8 el emencompoandaphese danmas asitihdiml | dycphpeseibiophwitbdmdined phase
formed wwth Mh, a conposition within the target can be nade honobgeneous.
Further, tR&E9E&r gan beextage hamrIgreobe. Mt thenpptbachatgfbnogeneous
state. In particular, when a total conposition of a target is rich in M,
by di stri BaEtHgSt FErRad|Smdrf ®ade Heo 2PRYopRhsd BPMOgRE Oy SR Phase
formed between My, the conposition and the texture can be enhanced in
hormogenei . Particuggm.nathemna deritd bl FPRRODkY 48R EonBefrigfta 1SsdutGteri ng
target to be 1 i ght, % or, | ess, even_when the spuhteria target possesses
a target &8nfBsi PYoRHSTEHIHENE the of SLRRERFCaPi GRSt R géff PAF DL ®asily

attained. ., Reduction of .the o en,content of the sputtering.target, and
densi 1 cabPn CRBPARE IRARS |f FaRTd i BUVESTR Hlr i F)FnGOmRaF it SHidiily | ow
t he oxygen.content of an a}oneti'- magnetic material filmformed

f
{her ow T hEPELPEREMES Gl B Rh el N chRAREEREREYSt f11m quality and

film Further, by controlling oxygen content in a

sputtering target to be 1 weight % or less, even when the
sputtering target possesses a target composition rich in Mn,
high densification thereof can be easily attained.

Reduction of the oxygen content of the sputtering target
and densification thereof largely contribute in purifying
and in making low the oxygen content of an anti-
ferromagnetic material film formed therewith. Further,

they contribute in enhancement of film quality and film
composition (deviation from the target composition) of the
anti-ferromagnetic material film.

By forming a sputtering film of an anti-ferromagnetic
material by sputtering the above described sputtering
target of thé present invention, an anti-ferromagnetic
material film excellent in homogeneity within its film
plane can be obtained stably. Further, by homogenizing the
composition and the texture of the sputtering target, the
composition can be effectively suppressed in deviation from
the initial stage of the sputtering target to the life end

thereof. The reduction of the oxygen content of the



conposition (deviation fromthe target conposition) of the
anti-ferromagnetic material film By formng a sputtering filmof an
anti-ferromagnetic material by sputtering the above described sputtering
target of the present invention, an anti-ferromagnetic nmaterial film
excellent in honogeneity within its film plane can be obtained stably.

Furt her, by honobgeni zing the conposition and the texture of the sputtering
target, tleputcoempiosgttangetanahd bfifhactiewnsliyf iswyipres sdtetep flevaat hanef r om
the initial stage of the sputtering target tothe |ife end thereof. The
reduct i on tdfe tsmmexgfBactont ent of the

9 sputtering target and high densification thereof can have the sane

ef fect. As“&jeibﬁﬁctlb?'é@gmvebbeshﬁgnghéhgp@@nJé:rtieigrt%rfwg@ﬁ of he
present invention, an anti-ferromagnetic material film excellent in
stability @ {IHee$enn toWpBEiPRenads apdli- fey rampgrmiolyemeatgrbalt fdlmi I m
conposition within its film _plane can be obtained with reprodUC|b|I|ty By
f or mi ng a@XQ9&%@R®e1%oﬁbﬁPhblelﬁftﬁh@uéﬁlmaﬁQWﬁQ%ﬂﬁkﬁns@%hwgk afbi
ferromagnetic material filmwth, for exanple, a ferromagnetl c_.material

film perfidt MERRIRREFYeRE FRe Sdi crmiesdiditings dotipl 1y F5HBe, good

corrosi on o res stixify, heat rasiativil. Andiha 1ike an he.obtalned
exchange coupling film through lamination of such an anti-
ferromagnetic material film with, for example, a
ferromagnetic material film, performance excellent in
sufficient exchange coupling force, good corrosion

resistivity, heat resistivity, and the like can be obtained

stably.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a cross sectional view showing a structure
of one example of an exchange coupling film using an anti-
ferromagnetic material film of the present invention.

Fig. 2 is a cross sectional view showing a structure
of one example of a magneto-resistance effect element of
the present invention.

Fig. 3 is a cross sectional view showing a
modification of the magneto-resistance effect element shown
in Fig. 2.

Eig. 4 is a cross sectional view showing a structure
of another example of a magneto-resistance effect element |
of the present invention.

Fig. 5 is a cross sectional view showing a structure



Fig. 1 is a cross sectional view showing a structure of one exanple of an

-exchange coupling filmusing an anti- ferromagnetic material filmof the
present invention. Fig. 2 is a cross sectional view showi ng a
structure of one exanple of a magneto-resistance effect elenent of the
present invention. Fig. 3 is a qmposs sectional view show ng a

nodi fi cati on of the magneto-resi stance effect elenment shown in Fig. 2.

Fig. 4 isof onesexamepflicond avirewrshiomt rgead sis g ua emagheanet her exanpl e of
a magnet o-resi stance effect element of the present invention. Fig. 5
is a crosseséstronal efifewtskkdwnmenta of riiee upeesent invention.

10 of one exanple of a magnetic head using a magneto- resistance effect

el enent of the Pigseft iBneentioss. sectior@ly. vigew sskowingsosect i onal vi ew
showi ng one nodification exanple of a magnetic head shown in Fig. 5.

Fig. 7 ismadgfapghtdponiexgmedrepost td dnam@h@lelhwdoashowcnangégeo%pl ing
force of anti-ferromagnetic material filnms fornmed in filns using
sputtering targBig-fdrkeda gEaphdishPic e mstRaEhiian ofepprdpreyert

i nvention. Fig. 8 is a graph showing results of corrosion

resi sti vi BfChagfeoroMipd IO HtgeE Sty FerrPRampredc matrgdalnto fil ns
using the _sputtering target,s obtained according to enbodinent 7 of the
present | AYOREI SREMEA 1n RS 619 Ung SRULReLHB haTREASUESETSUl (s of
exchange bi.as L9nS°e et REIEY% FOHRL T DR LLLE $2TBLE S on.

Fig. 8 is a graph showing results of corrosion
resistivity test of the exchange coupling film samples
formed into films using the sputtering targets obtained
according to embodiment 7 of the present invention.

Fig. 9 is a graph showing measured results of
exchange bias forces of the exchange coupling film samples
formed into films using the sputtering targets formed
according to embodiment 7 of the present invention.

Fig. 10 is a graph showing measured results of
blocking temperatures of the exchange coupling film samples
formed into films using the sputtering targets obtained

according to embodiment 7 of the present invention.

MODE FOR CARRYING OUT THE INVENTION

Embodiments for implementing the present invention
will be described in the following.

As a first example of a sputtering target of the
present invention, one consisting substantially Mn and at
least one R element selected from a group of Ni, Pd, Pt, Co,

Rh, Ir, V, Nb, Ta, Cu, Ag, Au, Ru, O0s, Cr, Mo, W, and Re,



formed into filns using the sputtering targets forned according to
enbodi nent 7 of the present invention. Fig. 10 is a graph show ng
measured results of blocking tenperatures of the exchange coupling film
sanples forned into filnms using the sputtering targets obtained according
to enbodi nent 7 of the present inventiom1 MODE FOR CARRYI NG QUT THE

| NVENTI ON Enbodi nents for inplenenting the present invention wll
be descri bedn e kd tfead | oMM@nti-ferrdmagnétistmeramphe dfila sputtering
target of the present invention, one consisting substantially M and at

| east one RowipansinedMctadidy ohoamgdoiup of fAilm Beinkt a2 GputtRyidg, V,
Nb, Ta, Cu, Ag, Au, Ru, GCs, C, M, W and Re, can be cited. An
anti - f er r ovegestt ©hethe ipttesentn inveptienngaRvnbyl lepineatied iit avftih m
using a sputtering target of the present invention can, by lamnating it
with vari d@g oy degrmagneiernrateriahsfidasusdbe ased @s, Sanpl e, an
exchange coupling film In a sputtering target of the present

i nventi on, eXAMHSUgRIMEXSR IR %%%Pgénapﬁiéﬁriately set based on a
conmbination with_the R elenent, M content is preferable to be set at

| east at 10 atonil® & SPUREingIREFRE WE Ebat BAESPELt 48VESNIO®¢cel | ent

exchange couypl.ing.force can not be obtained. On the contrary, when the
content of éﬁﬁém%hew@he?ﬂnﬁ%mf 0P ORE BBPFEBFSA LRt SELRAFARRE 40

combination with the R element, Mn content is preferable to
be set at least at 10 atomic % or more. When the Mn
content is too low, excellent exchange coupling force can
not be obtained. On the contrary, when the content of the
R element is too low, corrosion resistivity tends to
deteriorate. Thus, Mn content is preferable to be set in
the range of from 10 to 98 atomic %. The present invention
is particularly effective for a sputtering target
comprising a composition rich in Mn, such as 30 atomic % or
more of the Mn content.

A more preferable range of the Mn content is set
based on a selected R element. For example, when the R
element is Ir, Rh, Au, Ag, Co, Ru, Re, it is preferable for
the Mn content to be set in the range of from 40 to 98
atomic %, and more preferable to be set in the range of
from 60 to 95 atomic %. An RMn alloy including above
described R element generally stabilizes in a crystal
structure of a face-centered cubic crystal system in the
above described composition range. Since an RMn alloy
comprising a face-centered cubic crystal structure portion

as a part thereof possesses a particularly high Neel



deteriorate. Thus, M content is preferable to be set in the range of from
J0 to 98 atomc % The present invention is particularly effective for a
sputtering target conprising a conposition rich in M), such as 30 atomc %
or nore of the M1 content. A nore preferable range of the M content
is set based on a selected R elenment. fpr exanple, when the R elenent is
lr, Rh, Au, Ag, Co, Ru, Re, it is preferable for the Mh content to be set
in the rangepdrdtnone 40the B8mpatratruce¥whame mmw enrieffaatimadgmetbicset in
the range of from60 to 95 atomc % An Rvh alloy including above
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composition range where the_crystal structure stabilizes,
namely 30 to 70 atomic % of Mn content. When the R element
is Cr, the RMn alloy takes a body-centered cubic crystal
structure and a body-centered tetragonal crystal structure,
and the Mn content is preferable to be set in the range of
from 30 to 70 atomic %. When the R element is Pt, both a
face-centered cubic crystal structure and a face-centered
tetragonal crystal structure can be excellent in thermal
stability. In this case, the Mn content is preferable to
be in the range of from 30 to 98 %, and more preferable to
be in the range of from 60 to 95 %. |

A sputtering target of the present invention can
include, other than the above described R elements, at
least one kind of element (A element) selected from a group
of Be, Ti, Zr, Hf, Zn, Cd, Al, Ga, In, Si, Ge, Sn and N.
Although an anti—ferromagnetic material film composed of an
RMn alloy can, based on the above described composition
range and the crystal structure, show an excellent
corrosion resistivity compared with conventional FeMn alioy,

by including such additional components, the corrosion



structure and a body-centered tetragonal crystal structure, and the Wn
content is preferable to be set in the range of from30 to 70 atomc %
When the R elenment is Pt, both a face-centered cubic crystal structure and
a face-centered tetragonal crystal structure can be excellent in thernmal
stability. In this case, the Mi content1Bs preferable to be in the range
of from30 to 98 % and nore preferable to be in the range of from60 to
95 % refispurieyi agnt begétirtherivo ngr egdrandeentiowewsan ihctheled
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between the R element and Mn and a compound phase formed
therebetween. |

A sputtering target obtained by combining the R
element and Mn is generally difficult in densifying it
with a powder sintering method and the like, further more
difficult in uniformly distributing the R element against
Mn. When Mn rich composition range is employed, the
distribution of the R element particularly tends to deviate
from homogeneity.

In such a combination between the R element and Mn,
the R element of the present invention is distributed in a
sputtering target as an alloy phase or a compound phase
formed between Mn. When, for.example, Ir is employed as
the R element, IrMn,; can be cited as a compound phase
therebetween. By distributing the R element into the
target texture as an alloy phase or a compound phase rich
in Mn and thereby reducing the R element existing in a
single phase down to the minimum level, a composition among
the target can be made homogeneous. Further, the target

texture (metallurgical texture) also approaches to a



t her ebet ween. A sputtering target obtained by conbining the R
el enment and Mh is generally difficult in densifying it wth a powder
sintering nethod and the like, further nmore difficult in uniformy
distributing the R el ement against M. Wen M rich conposition range is
enpl oyed, the distribution of the R elepent particularly tends to deviate
from honogenei ty. In such a conbination between the R el enent and
M, the Rhelmegpnteais tdieape eselm pawehdnbar swHeat thbuwddlien a sputtering
target as an alloy phase or a conpound phase fornmed between Wnh. Wen, for
exanpl e, | rcompasidlioyedofisthe heaRyetementrichr Wn3 Mrgn dye i gtedi kast angonpound
phase therebetween. By distributing the R element into the target texture
as an al | orhshdseelgment oapoandaphagephiask oirn aMecoapd urite dimse efuched t he
R elenment existing in a single phase down to the mninumlevel, a
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texture (nmetallurgical texture) also approaches to a
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compounds formed either between respective R element and Mn,
or between two kinds or more of R element and Mn. For
example, when Ir and Rh are selected as the R element, any
one or more of binary alloys or binary compounds formed
between Ir and Mn, Rh and Mn, and tertiary alloys and
tertially compounds formed between Ir and Rh and Mn can
exist. |

In addition, Mn other than that forming the above
described ailoy phase and compound phase can exist as a
single phase of Mn. In the present invention, although a
part of the R element can be allowed to exist as a single
phase, a proportion thereof is, from above described
reasons, preferable to be suppressed as small as possible.

Further, other remaining Mn than that forms the above
described alloy phase and compound phaée is preferable to
possesses a grain diameter (grain size) of 50 um or less.
When a diameter of Mn grain remaining in a single phase is
large, it can be said that Mn is segregated from a
microscopic view point. To remove nonhomogeneity of the

composition and the texture caused by such a segregation of



conpounds formed either between respective R elenent and M, . or between
two kinds or nore of R elenent and WMh. For exanple, when Ir and Rh are
selected as the R elenent, any one or nore of binary alloys or binary
conmpounds forned between Ir and Mh, Rh and Mh, and tertiary alloys and
tertially conmpounds formed between Ir awl Rh and Mh can exist. In
addition, M other than that form ng the above described alloy phase and
conmpound pmas@rcaraEin sExbst Bngsinghesphgie phable. ilsn pdef guradslantto
invention, although a part of the R element can be allowed to exist as a
single phassess whopandxiomuh héienétes, offr 55 amove dese.i bdd adedddrs:,
preferable to be suppressed as small as possible. Furt her, other

r emmi ni ng avh averadehadidnrpert e Mbogsaidedsr pyed exlabdye gradee avl Eloepound
phase is preferable to possesses a grain dianeter (grain size) of 50
[err] m or Hagege ofiNarora 10 abet €@ @h.Mh grain remaining in a single phase is
| arge, it can be said that My is segregated froma mcrqQscaqpic view point.
To remove nonhoMedemdl tp GFraie dtyppbert féneand PREtLSGTd Ycaused by such
a segregation of, o , #E; My, Mh grain

exi sting if G oAk FRrYeEf EPEBPEITd ONpdSsdls & me AR EE anet er
of 50 [err].mor less. In addifion, .an averaq% di,anet er of N?%%éain IS

pr ef er abl SHEDHELFIEhCOPENYE BRY 1 LBAF 2G50 240 & AMRTage ALFRKFRE Mh

grain dianet . f10e 15 parscuhaily 181 fec e Wi 2 45748 gegposition i
average diameter at 10 um or more. It is more preferable
to set the maximum diameter of Mn grain at 30 pum or less.
Here, the grain diameter (grain size) of Mn means a
diameter of the minimum circle surrounding Mn grain.

"By forming an anti-ferromagnetic material film using
the above described sputtering target of the present
invention, the anti-ferromagnetic material film excellent
in homogeneity of film composition in a film plane can be
obtained stably. Making homogeneous the composition of the
sputtering target and the texture thereof is also effective
in suppressing composition deviation from the initial stage
of sputtering to the life-end. As described above, by
employing the sputtering target of the present invention,
an anti-ferromagnetic material film excellent in stability
of the film composition can be obtained with
reproducibility. The obtained anti-ferromagnetic material
film is further excellent in homogeneity of the film
composition in a film plane.

A sputtering target of the present invention is

further preferable to include 1 weight % or lesé (including



si nce oxygen content may increase if the average dianeter of M grain is
too small, it is preferable to set the average dianeter at 10 [err]mor
nore. It is nore preferable to set the maxi num di aneter of M grain at 30
[err]mor less. Here, the grain dianmeter (grain size) of M neans a
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processability, the target tends to cause crack during
sputtering. More preferable oxygen content is 0.7 weight %
or less, 0.1 weight % or less is more preferable.

Further, if a carbon content in a target is too large,
defect such as crack tends to occur during sintering and
plastic forming. In addition, such performance as an
exchange coupling magnetic field and a blocking temperature
of the obtained anti-ferromagnetic material film
deteriorates. Therefore, the carbon content in the target
is preferable to be set at 0.3 weight % or less (including
0). More preferable carbon content is 0.2 weight % or less,
and 0.01 weight % is further preferable.

In particular, by reducing the oxygen content and
carbon content in a sputtering target, even if the target
composition is rich in Mn, the target can be densified
easily. Further, making the sputtering target low in
oxygen content and low in carbon content contributes in
enhancing high purification, film quality, and film

composition (deviation from the target composition) of the



may cause deterioration of performance of the anti- ferromagnetic materi al
film Further, if the oxygen content is large in the target, densification
of the target becones difficult. Further, in addition to bad
processability, the target tends to cause crack during sputtering. Mre
pref erabl e oxygen content is 0.7 weight 9 or less, 0.1 weight %or less is
nore preferable. Further, if a carbon content in a target is too
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forming. In addition, such performance as an exchange coupling magnetic
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material film deteriorates. Therefore, the carbon content in the target

i's pref er abine exshse getcaup DL18y wed ghe t ¥ of ikéds ofi bleudintg - 0). More
preferable carbon content is 0.2 weight %or less, and 0.01 weight %is
further préegrgpagnetic mayeriaktftlnaandby bééa&nng tteopenagarreont ent
and carbon _content in a sputtering target, even if the target conposition
is rich intherecfe target can be densified easily. Further, making the
sputtering target |ow in en content and |ow in carbon content
contributes in énﬁ&ﬁ@#ﬁé’ﬁﬁé RursayteeeTorg karacguafi the BEEsEntm
conposition QgeV|at|on fromthe target con805|t|on) of the

17  anti - f ePVEREGRR i'S RES§EAL e I i Be e ox PPF#]@%%ﬁ?tQRatQﬁnnterlng

t ar get Thes an i nprove suc erformapnce.as an exchange couplin
nag%etlc fF& & &Wﬁjﬁ% (% E‘%he sputtering target % ge %ené%ty

of the sputtering target is too low,.particles tend to
occur during sputtering due to irregular discharge at
defective portions. If the particles is dispersed in the
anti-ferromagnetic material film, in addition to
deterioration of the performance, yield can also be
decreased. More preferable relative density is 95 % or
more.

In addition, in the sputtering target of the present
invention, by satisfying anyone among constitution in which
a part of the target composition is formed in the alloy
phase or compound phase, and constitution in which the
oxygen content is reduced to 1 weight % or less, at least
desired effects can be obtained. However, it is
particularly preferable to satisfy both of these
constitutions.

For manufacturing the sputtering target of the
present invention, both of a sintering method and a melting
method can be applied. However, when considered
manufacturing cost and raw material yield, it is preferable

to employ the sintering method.



ferromagnetic material filmand a bl ocking tenperature thereof. A
density of the sputtering target of the present invention is preferable to
be 90 % or nore based on the relative density of the sputtering target. If
the density of the sputtering target is too low, particles tend to occur
during sputtering due to irregular dischpgge at defective portions. If the
particles is dispersed in the anti-ferromagnetic material film in
addition to det @&hieor algpdryiofg titee pethioe mhngemeyhebd inamaaufadisiring
decreased. More preferable relative density is 95 %or nore. In
addi ti on, iof tthee ssuiteerimggtaageet obft hbeppessent iimmanttion, bfisstlgfyi ng
anyone anong constitution in which a part of the target conposition is
fornmed in the abainiphaseherakovpodadcphbed, taxgedosy¥ttung on i n which the
oxygen content is reduced to 1 weight %or |less, at |east desired effects
can be obt dimedil Hovgleal textyrepwhirbulcampy igest aldisie RpsataRdy bot h of
these constitutions. For manufacturing the sputtering target of the
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appl i ed. However, when considered _manufacturing cost and raw nateri al
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18 When applying.the sintering nmethod i n nmanufact rin%1 of the
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the R element powder, such as fine Ir powder, and fine Mn
powder, homogeneous mixture state can be obtained prior to
sintering and reaction between the R elements and Mn can be
enhanced. These contribute for increasing production
guantity of the alloy phase and compound phase formed
between the R elements and Mn during sintering. Further,
it is effective in making fine the grain diameter of Mn
remaining as a single phase.

However, when the particle diameters of the
respective raw material powder of the R elements and Mn are
too small, the oxygen content in the raw material stage
increases to cause increase of the oxygen content in the
target. In particular, since Mn tends to absorb oxygen, it
is desirable to set the particle diameter considering this.
Considering these, it is preferable to set average particle
diameters of the raw material powder of the R elements in
the range of from 20 to 50 pum. Besides, average particle
diameter of Mn raw material powder is preferable to be set
at 100 pm or less, particularly preferable to be set in the
range of from 40 to 50 pm.

Next, the raw material powders of the above described



for obtaining the above described target texture (netallurgical texture
whi ch conprises alloy phase and conpound phase), raw naterial powder as
fine as possible (respective raw nmaterial powder of the R el enents and Wnh)
is preferable to be enployed. For exanple, by enploying the R el enent
powder, such as fine Ir powder, and fine;§h powder, honpgeneous m xture
state can be obtained prior to sintering and reaction between the R

el enents arl Menait Hean@mmansed. cdhpseandedt rithat @ feate iemiiaasd ng
production quantity of the alloy phase and conpound phase forned between
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fine the grain dianmeter of Mh remaining as a single phase. However ,
when t he pagerdteich anftehs péwt heteréspepowde msgwveatienisalt posslerfof the R
el ements and Mh are too small, the oxygen content in the raw materi al
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particular, since Mi tends to absorb oxygen, it is desirable to set the
particl e dicmmsteyedtonsitderhig) ehse. 1tohnsi depph§ankese, siet MG erable to
set average particle diameters of the raw material powder of the R
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[err]m Next, the raw paterjal powders of _the above descri bed
19 quantity. Concerning the oxygen in the raw material powder,

in order to further reduce it, a small quantity of carbon
can be employed as a deoxydizing agent. However, since
carbon itself can cause performance deterioration in a film
form anti-ferromagnetic material film, as described above,
it is preferable to set the condition that the carbon
content in the target is at 0.3 weight % or less.

Fof example, when ball milling is employed, in order
to avoid contamiﬁation from metal impurities, a container
and balls composed of resin (Nylon, for example) or an
inside lining by friendly material such as same material
with the raw material powder are preferable to be employed.
In particular, it is preferable to employ material
identical in quality with the raw material powder. Further,
during mixing, to prevent adsorption or absorption, by the
raw material powder, of gas components confined in the
container from ocgurring, the inside of the mixing
container is preferable to be a vacuum atmosphere or an
atmosphere replaced by an inert gas. When a mixing method
other than the ball milling method is employed, the

identical preventive methods to avoid the contamination



R elements and M are conpounded at a predeterm ned proportion, and are
fully m xed. For executing m xing operation of the raw material powders,

various types of known m xi ng nmethod such as ball mll, V-m xer can be
enployed. In this case, it is inportant to set mxing condition so as to
avoid contamnation fromnetal inpuritidees as well as to avoid the increase
of oxygen quantity. Concerning the oxygen in the raw naterial powder, in

order to fwowhéher ddynerittien smlprefanably b bar bowlepemtssi.enpl oyed as
a deoxydi zi ng agent. However, since carbon itself can cause performance
deterioration i Ehg filkingf eumadritan fieg rapreeer etehyesell accerdiag to
descri bed above, it is preferable to set the condition that the carbon
cont ent |ﬁhﬁh@uﬁngam63ﬁqﬂ,(ﬂ@pwk|@%vde@oquaé§sty, MixingoCAARHNE when
ball mlling is enployed, in order to avoid contam nation from netal
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met hods t%&?”Eé%ﬁﬂ%%}“%ﬁéﬂ“&&&iﬁ& operation is executed with the
'ball milling method under a condition of a mixing container
of 10 litter capacity and 5 kg of inputted powder, the
mixing duration is appropriate to be set at around 48 hours.

Next, a target raw material is obtained by sintering

the mixed powder between the raw material powder of the
above described R elements and the raw material powder of
Mn. The.sintering is preferable to be executed with a hot-
press method or a HIP method thereby a sintered body of
high density can be obtained. Although the sintering
temperature is determined according to the type of the raw
material powder, to enhance the reaction particularly
between the R elements and Mn, it is preferable to be set
in the range of from 1,150 to 1,200°C which is immediately
below the melting temperature of Mn (1,244°C). By
sintering the mixed powder under at such a high temperature,
quantity of the alloy phase or the compound phase formed
between the R elements and Mn can be increased in the
sputtering target. That is, the R elements existing in a

single phase can be reduced. The pressure during hot-



20 fromthe inpurities are preferable to be inpl enented. The m xi ng
duration is appropriately set according to the m xing nethod, input powder
guantity, m xing container capacity, and the like. If the m xing duration
is too short, honogeneously m xed powder nmay not be obtained. On the
contrary, if the mxing duration is too 2png, the inpurity quantity tends
to increase. Thus, the mxing duration is appropriately determ ned
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in which the alloy phase or the compound phase between the
R elements and Mn exist and the oxygen content and the
carbon content are reduced, can be manufactured stably. In
addition, there is another advantage that, when the
sintering method is used, yield of rare metal raw material
is higher than when the melting method is employed.

When a sputtering target of the present invention is
produced by employing a melting method, at first, mixed raw
material obtained by mixing the R elements and Mn at a
predetermined proportion is melted. For melting the mixed
raw material, a conventional induction type electric
furnace can be employed. When melting operation is
executed with an induction method, in order to enhance
volatilization of the impurities, it is preferable to be
melted under a reduced pressure (in a vacuum atmosphere).
However, when composition variation due to the
volatilizafion of Mn and the like is desired to be
suppressed, the melting in an inert gas atmosphere can be

implemented. Further, depending on the shape of the raw



21 pressing and H Pping is preferable to be set at 20 MPa or nore

t hereunder the sintered body can be nmade dense. The obtai ned target
raw material is nmechanically processed into a predeternm ned shape. By
bonding this to a backing plate with, for exanple, a low nelting solder, a
sputtering target of the present inventign can be obtained. By

enpl oyi ng such a sintering nethod that satisfies the above descri bed

condi ti ons patle diQIEr AFRNEAGHAT  Nigg COSthotthap anmelleictg oretdesh It lering

described, a sputtering target, in which the alloy phase or the conpound
phase bet wegr HJe cdd e kicaidldh exi st and the oxygen content and the
carbon content are reduced, can be manufactured stably. In addition, there
i s anot her advaniagd nigest obtteeimddievitsh ntieei agowet Hedcird bededhe yhiga of
rare netal raw material is higher than.when the nelting nethod is
enpl oyed. methodMies), aafiper tplasgitcafgeniol e pxegwite i maghawnicakly
produced by enploying a nelting nmethod, at first, mxed raw material
obt ai ned bymticd sapd Hento b epradetantinedatazgelr ShaRS ni Bd B¥SHdt 3 ion i s
nmelted. For melting the mixed raw material, a conventional induction type
electric farimcdeo carvdekibngl byatle Whth AeloWngedifdmst iThideEr ekecuted with
an induction nethod, in order to enhance volatilization of th&ai rrgur(ijti es,
it is pref ambiermpetarget eaf uhher PEeFEREc R VEELQN €37 PG WEIRFA-
at nosphere). However, when conEosi tion variation due to.(ihe . 5
vol ati | i zatBWreRR LA Agdt R emel kéngsmgebodeds 6'sd + Apprae2eiCat ndt i ting
in an inert gas atnosphere,can b i npl enent ed., Further,.. dependj
shape of tkﬁﬁ%eﬁ@ove gescribeg sgnteggng mef%od, a sputterfhg tggggg’the
in which the alloy phase or the compound phase formed
between the R elements and Mn exist and both of the oxygen
content and the carbon content are reduced, can be produced.
An anti-ferromagnetic material film of the present
invention can be, by employing the above described
sputtering target of the present invention, formed into a
film by a conventional sputtering method. The anti-
ferromagnetic material film formed by using the sputtering
target of the present invention is excellent, as described
above, in stability of the film composition and in the
homogeneity of the film composition in the film plane as
well. When it is used as an exchange coupling film by
stacking it with a ferromagnetic material film, such an
anti-ferromagnetic material film is formed excellent in
performance such as sufficient exchange coupling force,
good corrosion resistivity, and good thermal resistance
with stability.

An anti-ferromagnetic material film of the present

invention can be used as an exchange coupling film by



22 material, an arc nelting nethod or an electron beamnelting nethod can
be applicable. An ingot obtained with the above described nelting
method is, after plastic formng for exanple, nechanically processed into
a predeterm ned target shape. By bonding this to a backing plate with a

|l ow nelting solder, a sputtering targetoaf the present invention can be
obtained. By enploying the nelting nethod as well, as identical with the
above describedkshgl efbrgexampdd, aitputd efémpriagmetic natebhiah thémal | oy
phase or the conmpound phase forned between the R elenents and Mh exist and
bot h of theFbyygeniscanténtramd stivericay orhenoait iscd 1 by eonedegeuplearfban

pr oduced. An anti-ferromagnetic material film of the present

i nvent i on cexchengbycenplayignd itlire cidimie etk samp beylingpant anthg t ar get of
the present invention, fornmed into a filmby a conventional sputtering

met hod. Thefentromaghetionughetiia lndtidm 20 f filien poepedt bynuenhgonhe An
sputtering target of the present invention is excellent, as described
above, in seaghangg @PupﬂéngIﬂﬁhﬁnﬁxﬁﬂﬁ@%ﬁlQﬂuﬁ|$Pbﬁérah©nég§ﬁ@9€9365 t he
filmconmposition in the filmplane as well. Wien it is used as_an_exchange
coupl i ng fi#nFbyckedadRilil Oift am B te TR FERRRERE T EC e erapLf FLAM Su@mdhn
anti-ferromagnetic material film.is formed excellent in erfornance such
as sufflC|eﬂtf@?EﬁQﬁgéeEéﬁpm%ﬁ?Q%ﬁ%x;lI@d%d é&ﬁwﬁﬁ%ﬁ#?%sfk%va?V bgnd

%g?grfgﬁrgﬁkﬂ¥§glfhgngﬁggghtggﬂﬁ%r th3% the antf‘fggggﬁggkg%q%gnetlc

material film 3 and the ferromagnetic material film 4 are
at least partially stacked to cause exchange coupling
therebetween.

In addition, if a condition causing an exchange
coupling is satisfied, a third layer can be interposed
between the anti-ferromagnetic material film 3 and the
ferromagnetic material film 4. Further, an order for
stacking the anti-ferromagnetic material film 3 and the
ferromagnetic material film 4 can be determined according
to usage, and the anti-ferromagnetic material film 3 can be
formed as an upper side.

An exchange coupling material film can be formed by
stacking a plurality of the anti-ferromagnetic material
films 3 and the ferromagnetic material films 4.

A film thickness of the anti-ferromagnetic material
film 3 consisting of RMn alloy (or RMnA alloy) is, not
limited to a particular value if it is in the range causing
anti-ferromagnetism, in order to obtain a large exchange
coupling force, preferable to be set at a thickness thicker

than that of the ferromagnetic material film 4. When the



I nvention can be used as an exchange coupling film by

23 stacking, for exanple, with a ferromagnetic material film Fig. 1is a
di agram showi ng schematically one exanple of an exchange coupling film
obt ai ned enploying an anti- ferromagnetic material filmof the present

I nvention. An exchange coupling film2 4ormed on a substrate 1 conprises

a stacked filmof an anti-ferromagnetic material film3 and a

f er r omagnetdr irbter i thadnétid. mIber shackedmf Bl hscatauked ahmstke itheuch a
manner that the anti-ferromagnetic material film3 and the ferromagnetic
material fiddRrbrdgnettic|masérpalt Faliy4st doioed at o icausw iaxeafhige coupl i ng
t her ebet ween. In addition, if a condition causing an exchange
coupling i stemisitedof athdi edchagge canpBéniontfemessand derawekhke hafter
anti-ferromagnetic material film3 and the ferromagnetic material film 4.
Further, ameatderréatmestackhagthhekassis- taerenfyida iRreke@bh® ¥PIRE3 and
the ferromagnetic material film4 can be determ ned accordin t o usage,
and the antin fgre onagget € ﬁﬁ@@rﬁatofﬂﬁnﬂ@hcQWQMQORQNRﬁﬁﬁ%éag.euBﬁePeside.

An exchange coupling material filmcan be formed by _stacking a pluralit
of the ant ise@rabnhgn@mi ermheefial Inf pAgd t30Rnd thige tfhéﬁ%ﬁ}%%e? it eri )a/u

consi st ng SHTFARREREBYO( B CRRRALAHT) & S5 makto [T PR bophs FLEl ar
value if it is in the range causing, £ from 1 to 3 nm. On
point, preferable to be in the range o ro
the contrary, when the anti-ferromagnetic material film 3
is stacked underneath the ferromagnetic material film 4,
the thickness of the ferromagnetic material film 3 is
preferable to be in the range of from 3 to 50 nm, and that
of the ferromagnetic material film 4 is preferable to be in
the range of from 1 to 7 nm.

For the ferromagnetic material film 4, a
ferromagnetic layer of various types of single layer
structures composed of Fe, Co, Ni, or alloys therebetween,
a magnetic multiple layer film and a granular film which
show ferromagnetic property can be employed. Specifically,
an anisotropic magneto-resistance effect film (AMR £f£ilm)
and a giant magneto-resistance effect film (GMR film) such
as a spin valve film, an artificial lattice film, and a
granular film can be cited. Among these ferromagnetic
materials, since, by stacking, particularly, Co or Co alloy
with an anti-ferromagnetic material film 3 comprising RMn
alloy, an exchange coupling film 2 exceedingly high in the

blocking temperature can be obtained, thus it is favorably

employed.



anti-ferromagnetism in order to obtain a |arge exchange coupling force,
preferable to be set at a thickness thicker than that of the ferronmagnetic
material film4. Wen the 24
anti-ferromagnetic material film3 is stacked above the ferronmagnetic
material film4, froma view point of sgability of the exchange coupling
force and the like after heat treatnment, the thickness thereof is
preferable to b&hd redtdreangmgeowplingnf31mo21b6fnrheantover elguwefidsedl e to
be set at 10 nmor less. In addition, the thickness of the ferromagnetic
mat eri al fdxdanmple scan rioen €éhfecténtilyauseideforp@lnmirptefarabfe to be in the
range of froml1l to 3 nm On the contrary, when the anti-ferromagnetic

mat eri al fBdmkigausen snatkedolindbendetriromagnfedriromegrestial nbibni ah &il m 4,

t he thickness of the ferromagnetic nmaterial film3 is preferable to be in
t he range ®H#gnRelPTBesbsbanam edfigcthetl ementt WK alenarfnetoe fererial film
4 is preferable to be in the range of from1l to 7 nm For _the

f err omagneiira iR rofl Magnatdzagione ofoflign e anaEiebic vagtebsalypes of
single layer. structures conposed of Fe, Co, N, or alloys_ therebetween, a
magneti ¢ mAtT pte dRyRFtEfLm ahd Llat§iasuifdld ™ igmaniRi: ExbYef 8+ Bragneti c

G foct 11 HANGURES RRFSCaRE. EhG AR Imbora B RS aA ©T TR0t ELIRnPPONR
(1L Suclhr g 2oPBA0e vabus: LM o Ll A el ool I mopd g
stacki ng, %ﬁ%tﬁﬁuéfé$¥nt§bb8E g% %hg%yapplicable in various ways, for

example, such as in regulation of magnetic anisotropy in

various magnetic circuit such as a magnetic yoke consisting

of the ferromagnetic material film.

Next, an example of a magneto-resistance effect

element (MR element) using the above described exchange

coupling film will be explained with reference to Fig. 2

through Fig. 5. Although the MR element is effective in,

for example, a reproducing element of a magnetic head for

magnetic recording apparatus such as a HDD, or a magnetic

field detecting sensor, it is also applicable effectively

in, other than that described above, a magnetic memory

apparatus such as a magneto-resistance effect memory

(MRAM=Magnetoresistive random-access memory).

Fig; 2 is one example structure of an AMR element 5

in which the exchange coupling film of the present

invention is employed for elimination of the Barkhausen

noise of the anisotropic magneto-resistance effect film

(AMR film). The AMR element 5 comprises as the

ferromagnetic material film an AMR film 6 consisting of a



with an anti-ferromagnetic material film3 conprising Rvn alloy, an
exchange coupling film2 exceedingly high in the blocking tenperature can
be obtained, thus it is favorably enployed.

25 The exchange coupling film2 of the above described exanple can
be effectively used for elimnation of 2Barkhausen noise of the
ferromagnetic material filmin a magneto-resistance effect elenment (M

el ement) ofearmmagnszmpoma&ﬁrﬁaén@ﬂchaﬁ%rﬂwﬁteh@ gBfr Sheghdtiec Wr?dtcé'h al
filmin an artificial lattice filmor a spin valve film However, usage of
the anti-feleoctajoeresistinacealvafilen anpendin®xeharyeatolpl fngmﬁ'dl m 2
using that is not limted to the MR elenent, but is also applicable in
vari ous waystween aedapprcsiosucl @dQQ¢nﬂﬂynQﬁIQﬂ¢o@n@a@n@@GQGEhpsotropy in
vari ous magnetic circuit such as a nagnetlc yoke consisting of the

f er r omagneneBentt efi hhef mpgnetic fiNat | Oan betdmadgoPer Hgmetof reBest ance
effect el enent ﬁNR el enent) using the above descri bed exchange coupling
filmw il MRekplBi RedaRitdnfesrorametis mafeniat nt bk #i §rS5StACKRSugh

the MR elenent is effective in xanpl e, a re| duci n Ienent of a
magnet i c hE%ﬁp?SFlVﬁﬁﬁnet?EeﬁécéwglﬁéigpggﬁéFh§”§ﬁ€ oA tHF a
magnetic field, dit% ﬁ sens is als Ilcabl effgcalvel

ot her than™&hgfiadsEérih 588§ i gtﬁhéﬁbf?& ¢ yCouBhLPgt fd 18 c A

magnet o-1 ogL SLAR° R 9Tk MY ha gV YRENEt L oBhGLLYE R

anti-ferromagnetic material film 3.

In addition, on both edge portions of the AMR film 6,
a pair of electrodes 7 consisting of Cu, Ag, Au, Al, or
alloys formed therebetween and electrically connected to
the AMR film through the anti-ferromagnetic material film 3
are formed, and, through this pair of electrodes 7, an
electric current (sense current) is provided to the AMR
film 6. These of an AMR film 6, anti-ferromagnetic
material films 3, and a pair of electrodes 7 constitufe an
AMR element 5. Further, the electrodes 7 can be formed so
as to form a direct contact with the AMR film 6. Still
further, these constituent elements are formed on one main
surface of the substrate 1 consisting of, for example,
A1203- TicC.

In the above described AMR element 5, by utilizing an
exchange coupling between the AMR film 6 and the anti-
ferromagnetic material film 3, magnetic bias is given to
the AMR film 6 to control magnetic domain, and, by
controlling the magnetic domain of the AMR film 6,

occurrence of the Barkhausen noise is suppressed.



Fig. 2 is one exanple structure of an AVMR elenment 5 in which the exchange
coupling filmof the present invention is enployed for elimnation of the
Bar khausen noise of the anisotropic nagneto-resistance effect film (AWR
film. The AMR el enent 5 conprises as the ferromagnetic material filman
AMR film 6 consisting of a 26
ferromagnetic material such as Nl[err]Fe[err] and the |like which electric
r esi st ance Inaeisesmeteapenti ttge amagmeahgl leibsr sedthberwre Fidnlia et quiylof

el ectric current and a nagnetic nonent of the nmagnetic film On both edge
portions oftheh@ntAvEditonagneinic -hateohagnéiiln Baten dke,f idsvstbwi ein
stacked, respectively. These AMR film 6 and antl-ferronagnetlc mat eri al
film3 con§ﬂ9tuﬁeammpﬁamﬂnﬁﬁﬁcbﬂpfwnglmglhheaadtl-ﬁ@rwbma@m%ﬁmdn16 a
magnetic bias is invested fromthe anti-ferromagnetic material film 3.

| n addi ti oR2ter igdt iddyed pon thlomsAMR £hEMARRLNI Bmséackedpaianisr el ect r odes
7 consisting of Cu, Ag, Au, A, or alloys forned therebetween and
electrical Q%MﬁbéFb@ﬂRﬁaﬂgﬁa9@#3fmﬁgﬁﬁhiguéheﬂﬁeCQ@ﬁﬁdﬁ%ﬂﬂﬂnﬁﬂkm|%,
material film3 are fornmed, and, through this galr of electrodes 7, an

el ectric cUPFERPY sfé’d%‘bl%r@é?ﬁﬁng% %?‘69?—6@6 PetwRenAbResE AR fihese of
an AMR f|In1 nti-ferr netic mterial filnms_3, and a pair of

el ect r odes 2% <ﬁhﬁ|%3H¥a 9@%9%?%%%h@a§erFﬁitﬁéﬁm Phébgiovahy dde&s 7 can be

formed so _as,to forma direct. con ac W|th Pri f|Im6 St|II further,

these consfrtuend e Rfhr e e 1or nCBHEr g‘ursf ac&ofhife C@Rst rat e
1 ConS'St'ggp%Er éy é?ggg¥odes 7 can be partially stacked at both

edge portions of the anti-ferromagnetic material film 3.

When the anti-ferromagnetic material film of the
present invention is used in investment of the magnetic
bias to the AMR film 6 of the AMR element 5, since, as
described above, fundamental performance of the anti-
ferromagnetic material film 3 comprising of RMn alloy and
the like can be fully and stably exhibited and since the
exchange coupling force sufficient at room temperature and
high temperature region can be stably obtained, the
occurrence of the Barkhausen noise can be suppressed with
reproducibility under various conditions.

Fig. 4 shows one construction example of a GMR
element 9 manufactured by applying the anti-ferromagnetic
material film of the present invention for fixing
magnetically the ferromagnetic layer of a giant magneto-
resistance effect film (GMR film). The GMR element 9
comprises, as the ferromagnetic material film, a multi-
layered film of sandwich structure formed between a

ferromagnetic layer/a non-magnetic layer/a ferromagnetic



Al [err]derr] TiC In the above descri bed AVR el enent 5, by
utilizing an exchange coupling between the AMR film6 and the anti -
ferromagnetic material film3, magnetic bias is given to the AMRfilm®6 to
control magnetic domain, and, by controlling the magnetic domain of the
AMR film6, occurrence of the Barkhausg® noise i s suppressed.

27 Investnent of the nagnetic bias to the AMRfilm®6 through the
anti-ferrdragnet i melei+bhyéred 8idan foemeds bsheawadking-ia.s@ini vgl eaent ed
by formng the anti-ferromagnetic material film3 on the AMRfilm®6 in a
stacked ndfinar, imrwhpth aglegthaageebiias ivddgyetviay fde|deromding | Pmgahi | m 8,
t hereby form ng exchange coupling between these AMR film6 and the

anti - f er r @yt fermed dpetiveen| magnehigadgh ontse ofeXdirar)ef oreenagyakicc
field control film8. In this case, a pair of electrodes 7 can be

partial | y Mtk afibash oBdfbepderironadortilfe lansr fatd orRQYnRPRT materi al
film 3. Wien the anti-ferromagnetic material filmof the  present

i nvent i on MAIRREHC | FaYPYesaREnd GMR: hd liadifetSEP i HiNg A1 RV EiEMh 6 of
t he AMR elenment 5, sjnc descri bed above, fundanental performance of

the anti- l??ﬁ%?ﬁmﬁﬁ%ﬁigiﬁai@YFﬁﬁ PMfm 3 conprising of Rvh alloy and the
ke can, e Tul Ly G St apLy, o5 RLLST A0 51 192 (i el g el 00
jvitfﬁ' y obtalngd o 10% GRRVELZATC 198" biS AXHMNPUS L0 961 $8Ne PPy SUPPT essed
This spin valve GMR film 10 possesses a sandwich structure
formed of a ferromagnetic material layer 11l/a non-magnetic
layer 12/a ferromagnetic layer 13, wherein on the upper
side ferromagnetic layer 13 an anti-ferromagnetic material
film 3 is laminated. The ferromagnetic laYer 13 and the
anti-ferromagnetic material film 3 constitute an exchange
coupling film. The upper side ferromagnetic layer 13 is a
so-called pinning layer which is magnetically fixed through
an exchange coupling force with the anti-ferromagnetic
material film 3. Besides, the lower side ferromagnetic
layer 11 is a so-called free layer varying in a
magnetization direction according to a signal magnetic
field (external magnetic field) from a magnetic recording
medium and the like. 1In addition, in the spin valve GMR
film 10, the pinning layer and the free layer can be up-
side-down in their positions.
The ferromagnetic layer 11 can be formed on a
magnetic substrate layer (or non-magnetic substrate layer)
14 depending on necessity. The magnetic substrate layer 14

can be formed of one kind of magnetic film or a laminate



reproduci bility under various conditions. Fig. 4 shows one
construction exanple of a GVR elenent 9 manufactured by applying the
anti-ferromagnetic material filmof the present invention for fixing
magnetically the ferromagnetic | ayer of a giant nmagneto- resistance effect
film(GWR film. The GWR elenment 9 conprgses, as the ferromagnetic
material film a nmulti- Jlayered filmof sandw ch structure forned between
a ferromagiain of aliefferawn- khgdet b€ hayaetdcf €ilawagnepecifically,

28 layer, a nmulti-layered filmformed by stacking a spin valve film in
whi ch el ectrs @ mesjredti g tsulveit rase dépeadi hd, oarnaamoanpdloarsf dryped defween
magneti zations of these ferromagnetic material filns, or the ferromagnetic
| ayer and tiagnedri-c metgetalt dnyer sofhdmagGhRiti mated iednmed s ritpeer
artificial lattice filmdisplaying GWR A GWR el enment 9 shown in
Fig. 4 conperdered QuURi¢|ery$epl nsvalgbuchR Siuch) ar0 Nddigpraskaly a spin
valve film This spin valve GWR fil m 10 _possesses a sandwi ch structure
formed of AifFEGordgheyi cardtbagactiayalloysaafsiedhddaaate Tarieud?2/ a
ferromagnetic | ayer 13, wherein on the upper_ side ferromagnetic |ayer 13
an anti - f erigiy it iaddt keral eiPPANSS| sapakenased - Tﬁérft%rerrandghetth%

| ayer 13 and the anti-ferromgnetic material film,33 constitute an gx%Qange

coupl i ng fﬁ%ﬂufﬁWBQHﬁﬁﬁa%iﬁé_ %?WBHﬁgHéPF@CF&%%'ﬁE T} SOPSILERF | @ _
PO 09,1 et WH o) g TRgnel eahl dcbusd Lol g gpghande cowpling
terromagnetic On both edge portions of the spin valve GMR film 10,
a pair of electrodes 7 are formed of Cu, Ag, Au, Al, or
alloys formed therebetween and from a pair of electrodes an
electric current (sense electric current) is provided to
the spin valve GMR film 10. Frém these of the spin valve
GMR film 10 and a pair of electrodes 7, the GMR element 9
is constituted. In addition, the electrodes 7 can be
formed underneath the spin valve GMR film 10. |

In a spin valve type GMR element 9, when an anti-
ferromagnetic material film of the present invention is
used for fixation of magnetization of one side
ferromagnetic layer, since, as described above, primary
performance of an anti-ferromagnetic material film 3
consisting of such as an RMn alloy can be fully and stably
exhibited, and exchange coupling force sufficient at room
temperature and high temperature region can be obtained
stably, the magnetic fixation state of the pinning layer
beéomes stable and strong, thus, excellent GMR
characteristics can be obtained stably.

Next, one example of a reproducing MR head and a



| ayer "11 is a so-called free layer varying in a magnetization direction
according to a signal magnetic field (external magnetic field) froma
magnetic recording nediumand the like. In addition, in the spin valve GWR
film10, the pinning |ayer and the free |layer can be up- side-down in
their positions. The ferromagneti ggl ayer 11 can be forned on a
magneti c substrate |ayer (or non-nagnetic substrate |layer) 14 depending on
necessity. nld@n&edBetecosdballyake roay@sintd carddl met o nesh@f ushrgki nd of
magnetic filmor a | amnate 29 film
of differenth&t#ds oh waAgort ke MR eienmSpaci fd GMR yelemsnia, nEgnetkample)
substrate |ayer 14, an anorphous type soft magnetic material or a soft
magneti c nabErilaé abowmef describent exathpdiehiics aprstidd swilitthbeedesachbas

Ni Fe alloy, N FeCo alloy, and nagnetic alloys added thereto various kinds
of additioneltkl reBarsncantbeFdgedS Fur tfhey., Gn the figure, nuneral 15
shows a protective filmconsisting of Ta and the |ike be fornmed dependi ng
on necessity. As slgpwipoin Bilge por phopseomatife sspifiacalafe @R il m 10,

a pair of electrodes 7_are fornmed of Cu, AQQFFAU’ Al, or_ alloys forned
t her ebet weetRPHT#FBNPA FAMPOSEde P Prlofas Rpdckhrecliker ehbreyghsen

Che spi n valVELLERERS] LAVES 470 S8 5Aer 1 & BA Tastmenr T T el Rmont o
5 constituped. 10, addiLion, the S8y (88, KRS Lg" [P, undgrneath the
magnetic material is formed.

On the lower side magnetic shield layer 23, through a
lower side reproducing magnetic gap 24 composed of a non-
magnetic insulating film such as A1203, a GMR element 9
shown, for example, in Fig.4 is formed.

Numeral 25 in the figure is a hard magnetic film
(hard bias film) consisting of CoPt alloy and the like
which invest bias magnetic field to the spin valve GMR film
10. The bias film can be constituted by the anti-
ferromagnetic material film. A pair of electrodes 7 are
formed on the hard magnetic film 25, and the spin valve GMR
film 10 and a pair of electrodes 7 are electrically
connected through the hard magnetic film 25. The hard
magnetic film 25 investing the bias magnetic field to the
spin valve GMR film 10, as shown in Fig. 6, can be formed
beforehand on a lower side reproducing magnetic gap 24. 1In
this case, on the lower side reproducing magnetic gap 24
including a pair of hard magnetic films 25, the spin valve
GMR film 10 is formed, and thereon a pair of electrodes 7

are formed.



In a spin valve type GWR el enent 9, when an anti- ferromagnetic materi al
filmof the present invention is wused for fixation of magnetization of one
side ferromagnetic |ayer, since, as described above, primary perfornance
of an anti-ferromagnetic material film3 consisting of such as an Rwvh
alloy can be fully and stably exhibitedg and exchange coupling force
sufficient at room tenperature and high tenperature regi on can be obtai ned
stably, the nagrnatithéi GHMRi ehembate 99f anheppemisigld ayeprodecomngs st abl e
and strong, thus, excellent GVWR characteristics can be obtained stably.
Next, one mxgnptécofjap Eéprodsdistg iR dfead reon-reagnetic insulating

30 nmagnetic_recordi ng/reproduci ng conbi nati on head_ usin t hereof in which
an MR eIen%h%m(éuéﬂRaélé&ege,lFoﬁoéW§ﬁplefurBPthetQﬁ&FﬁgUégbﬂﬂﬁﬁﬂfexanple
is applied will be described wth reference to Fig. 5 to Fig. 6. i As
shown i n Fegdesmagpesae slilelsudisyer o’ asorsﬁb%ﬂrageomacéﬁﬁgs@ég@ﬁtlc
AI[err]C{err%. TiC and the like, through an, jinsulating |ayer 22 consisting
of Al [err]|®pEeE}adndst hermede, QPquﬁMﬂasﬁﬁkﬁ¥%g%ﬁP?chﬁiBﬁédlgﬁer 23
conposed of a soft, magnetic material is formngd. . On the | ower side
magneti c shPBFEIPE}BEA 23, a FEAFGHucinbReadi e FepFbibeFRg-nagnetic gap 24
conposed of a nopn- nmagnetic i,nsulating.filmsuch as, err err], a GWR
elenent 9 showOnfdr TERAAPPEING MECRE 395WqﬂékﬁfnSléﬁinghéggFéF 25 in the
figure is 2 0aid PRgRCtiMi Hedl Jd1278 RlaSrdlAgIngnatsti ndagf Pt alloy

comprising an induction type thin film magnetic head 29 is
formed. An upper side magnetic shield layer 27 of the
shield type GMR head 28 concurrently works as a lower
recording magnetic pole of the induction type thin film
magnetic head 29. On the lower fecording magnetic pole 27
which concurrently works as the upper side magnetic shield
layer, through a recording magnetic gép 30 consisting of a
non-magnetic insulating film such as A1203, an upper
recording magnetic pole 31 patterned in a predetermined
shape is formed.

With a reproducing head comprising such a shield type
GMR head 28 and a recording head comprising an induction
type thin film magnetic head 29, a magnetic
recording/reproducing combination head 32 is constituted.
In addition, the upper recording magnetic pole 31 can be
formed by embedding inside a trench which is disposed on an
insulating layer consisting of-SiO2 and the like formed on
a recording magnetic gap, thereby a narrow track can be
realized with reproducibility. The magnetic

recording/reproducing combination head 32, by shape forming



whi ch invest bias magnetic field to the spin valve GWR film 10. The bi as
filmcan be constituted by the anti- ferromagnetic material film A pair
of electrodes 7 are formed on the hard nmagnetic film25, and the spin
valve GWR film10 and a pair of electrodes 7 are electrically connected
through the hard magnetic film25. The hgrd negnetic film25 investing the
bias nmagnetic field to the spin valve GWR film10, as shown in Fig. 6, can
be formed olresepefrarnd on gpdmateiosiveilepindyciiog smgnelie @ap 24. In this
case, on the | ower side reproducing magnetic gap 24 including a pair of
hard magnesemiftiondsc2®r tdroags s, vadvebe GBBRehetm 10 is formed, and thereon
a pair of electrodes 7 are forned. 3
On the GWR el eneAn Sheashdpgder tyipde GMprivzhti 2@ ofraghetneggapi26 consi sting
of a non-magnetic insulating filmsuch as Al203 is formed. Further,

t her eon anr@Fp&EAing/denrmsiating stombinaayen Readodesstriibgdofina thaf t
magnetic material is formed, thereby a shield type GWR head 28 .
funct i oni n§PRY¥ea eX@FId@uciang 3Rl §xCldngei cavRding forceQang repriguci ng
magnetic head consisting of the shield type GWR head 28, a recording
magnet i ¢ hBi&Ci&&?ﬁpﬁeéﬂpﬁga&W%dfM%na% ypEchangef crrPhagae tfild th ol i s
formed. An _upper side magnetjic shield | ayer 27 of the_ shield type GWR head
28 concurrgﬁgﬁﬁeﬂoﬁ%§ éﬁ%&? OoM3ERt HE N2 haghati E1pBr e WA chhe i nducti on

[ ' j . er _recording _magnetic pole 27
type thin Ebhgkig%%niﬂﬂ:J¥¥g§fngné}kﬁgefeg¥gmaggetic material fiﬂ%

show, can be fully utilized. 1In addition, even when an AMR
element of the present invention is applied in a
reproducing magnetic head, a magnetic recording/reproducing
combination head can be similarly formed.

Next, concrete embodiments of the present invention
and their evaluated results will be explained.
Embodiment 1, 2

As raw material powder of R elements, Ir powder, Pt
powder, Rh powder, Ni powder, Pd powder, Ru powder, Au
powder of each average particle diameter of 20 pm are
prepared. Besides, for Mn raw material powder, Mn powder
of an average particle diameter of 40 um is prepared.
After respective raw material powder is compounded
according to the compound ratio (raw material composition)
shown in table 1 respectively, to prevent contamination
from metal impurities, mixing operation is executed with a
ball mill made of Nylon. Respective mixing operation is
executed for 48 hours under a reduced pressure.

These respective mixed powder are sintered under a

pressure of 25 MPa using a vacuum hot press apparatus. The



whi ch concurrently works as the upper side nmagnetic shield I|ayer, through
a recording magnetic gap 30 consisting of a non-magnetic insulating film
such as Al[err](err], an upper recording nagnetic pole 31 patterned in a
predeterm ned shape is forned. Wth a reproduci ng head conpri sing

such a shield type GWR head 28 and a reggordi ng head conprising an

i nduction type thin film magnetic head 29, a magnetic

recor di ng/iepr pdesknepeeakibal ien xeathtFY ist coBEI0tatiethedintaddélown, the
upper recording nmagnetic pole 31 can be formed by enbedding inside a
trench whitcheisetltspgsedmperaturensifi Mrn.ng | ayer consisting of SiJerr] and
the like formed on a recording magnetic gap, thereby a narrow track can be
realized with repenstuttbehit phaFhe wdgretsipe ctristsoralitrainedroaugeng
conbi nati on head 32, by shape formng ‘
32 or sepaaterhglopér anedysed Widimgy ¥ty mhempleith ageXRPopddcedr
process, can be forned. In_the shield type GWR head 28 of the
magneti c EBYBruehjPrHepr Baudi HgSEdihi BaSTOh Uretdarakebbdili St he above
exanpl e, a | arge exchange coupling force and a high bl ocking tenperature
whi ch an e%eRfigeedolpl itAGLMdem PhaRe et EABPARPF- PBRPSNEQREE:
material film which conprises Rvh alloy, and the ferromagnetic materi al
film showSEYReBethEl Ry sdEmMentsy angh Miyai Mo 4§kﬂ?vﬁﬁﬁs P RAYREPement
of the present invention is applied in a re roducing nagnﬁ:ic he?%f a
magnet i c rEEBPARRG PBASEIS iﬁ&e(ﬁﬁﬁﬁgﬁﬁ%Yﬁl REICt e P PR ¥ P hed.
in Table 1. Further, the grain diameter of Mn existing as.
a single phase is investigated with a SEM method. The
grain size of Mn in each target material is 30 pum at the
maximum and 20 um at the average.

Then, after processing the above described respective
target material into a target shape, a backing plate is
soldered thereto to produce a sputtering target
respectively. After setting the respective sputtering
target in a high frequency magnetron sputtering apparatus,
an anti-ferromagnetic material film is formed in a film in
a magnetic field without heating the substrate. The anti-
ferromagnetic material film is formed in a film so as to
form an exchange coupling film.

Specifically, on a Si (100) substrate covered with a
thermally oxidized film, a Ta substrate film of a thickness
of 5 nm, a Co based ferromagnetic material film of a
thickness of 5 nm, and anti-ferromagnetic material films of
various compositions of a thickness of 15 nm are

sequentially formed.

Thus, each exchange coupling film is produced. At



Next, concrete enbodi nents of the present invention and their eval uated
results will be explained. Enbodinent 1, 2 As raw material powder
of Relenents, Ir powder, Pt powder, Rh powder, Ni powder, Pd powder, Ru
powder, Au powder of each average particle dianeter of 20 [err]mare
prepared. Besides, for M raw material poewder, M powder of an average
particle dianmeter of 40 [err]mis prepared. After respective raw nmateri al
powder is Wompoirrizel, tlteoerdchgnge bhescdopmend s atdasyreiv netmrdwdr,
conposition shown in table 1 respectively, to prevent contam nation from
metal i rrpLﬁcgriq%%r}lrhgx? L g B mt ifor T 2nsk et R Ml soh T4 1Mal910694 nade of
Nyl on. Respective m xing operation is executed for 48 hours under a
reduced prsthpet heat trpatmepsgpébe exohiapas smieking cferee efed DAler a
pressure of 25 MPa using a, vacuum hot press apparatus. The

33 hot pRaLRpriredontheisxexghangst Piassdrdq @ MmARA Bteeher BTt he
nmelting tenperature of M. .Constituent phases of respective obtained
target ndteRt Freatmant yabdoendaicdon 9 HiZdfeCnipill #n hemysand OFi a ipmeda

met hod. As result, every target materjal i confirnmed to include alloy
phase and %%nﬂr%hﬁggwgoiﬁegahﬁgt%eéﬁqhﬂgiﬂﬁﬂﬁﬂiﬁns and Mh. Main alloy

Phase and LN OTROYIR PNEAE,SLakle LESPRR bUS SO0 e Rl are Show

I's investigg%ggdﬂ$égta2§FNLg§hh%ge E%%ntical processes except
employing Mn powder of an average particle diameter of 150
pm, sputtering targets of the same composition are produced,
respectively. Each sputtering target according to
embodiment 2 is evaluated as identical with the embodiment
1. The results are concurrently shown in Table 1
(embodiment 2).

Then, the constituent phases of each sputtering

target according to the embodiment 2 are analysed within
its plane with an XRD mehtod and an EPMA method. There
showed up identical alloy phases or compound phases with
the embodiment 1, but, when measured with a SEM method, the
grain size of Mn turned out to be 100 pm at maximum, 40 um
at minimum, and 80 pm at average.

Further, as a comparative example of the present
invention, by using each raw material powder employed in
the embodiment 1 and embodiment 2 and by processing
identically with the embodiment 1 and embodiment 2 except
that the hot preésing temperature is set at a temperature

(1,000°C) where any alloy phases and compound phases are

not formed, each sputtering target of identical composition



grain size of Mnin each target material is 30 [err]mat the maxi mum and
20 [err]mat the average. Then, after processing the above descri bed
respective target material into a target shape, a backing plate is

sol dered thereto to produce a sputtering target respectively. After
setting the respective sputtering targes in a high frequency magnetron
sputtering apparatus, an anti-ferromagnetic material filmis forned in a
filmin aisagneticef] elréspierctidve lhpat Whgnt kacuEnutiteriMhetanget
ferromagnetic material filmis formed in a filmso as to forman exchange
coupl i ng facaprding toSgesphirsdlive exemplst 11D9)anabysedtwitbiarddswith a
thermal |y oxidized film a Ta substrate filmof a thickness of 5 nm a Co
based fer rphagRetisc teatde gonfstimhusnty phaseknbt’ an XRRAnjreghgd and an
anti-ferronmagnetic material filns of _ various conpositions of a thickness
of 15 nm abFBMAsmgtbad,althprieodifedio alloy phpse @hcROBREHBAGRNEESpl ing film
I s produced. At 34 this stage, the
exchange bias force is neasured. However, concerning a Niferr]Mjf[err] film
and a Pd50Mh50 film since, wthout heat treatnent, the exchange coupling
force can not be obtained, their exct@My® bias force are neasured after

heat treat[BRRL [RBw CoNdl [T Fh Y Z%QEEEEQ pATHhry NOUERchSREAIHIRE F¥aLEIeS fare
shown in bLe Mateerhedi|8Bflosk)- |alloy l@Qﬁgguﬂaer gikogdh et yof the present
i nvention InbenhefigsBAt Ziiom th {Ha@skdenbhgsd pPr ocERSES EXBEAL|CoRPREAYTNY
M powder lof alfcidker age |pa¢ td)cl e[ di ametgr of 150 |podi- [ment 2|tive
(at.%) - ment 1 Example 1
1 |Ir22,Mn78 |[IrysMngg [IrMn IrMns 250 180 170
alloy
2 |Ptl8,Mn82 [Pt;gMng, |PtMn PtMnj 190 140 140
alloy
3 Rh20,Mn8O haoMnso RhMn Rth3 210 150 140
alloy
4 Ir20,Mn80 IrzoMngo IrMn IrMn3 260 180 170
alloy
5 [Ni40,Mn60 |NijzgMngg |NiMn NiMn 250 180 180
alloy
6 Pd40,Mn60 Pd40M1’160 PdMn PdMn 180 130 120
alloy ' '
7 |Pt20,Pd20, {Pt,yoPdyg (PtPdMn [(Pt,Pd)Mn | 250 220 210
Mn60 Mngg alloy [compound
8 |Pt20,Ru20, |PtygRuyg |[PtRuMn |(Pt,Ru)Mn | 230 200 180
Mn60 Mngg alloy |compound
9 PdZO,RUZO, szoRUzo PdRuMn (Pd, Ru)Mn 200 170 160
Mn60 Mngg alloy [compound
10 |Aul0,Ptl10, |AujgPtig jAuPtMn [(Au,Pt)Mn | 180 160 160
Mn80 Mngg alloy |compound
11 |Rh10,Rul0, {RhygRu;g |[RhRuMn |(Rh,Ru)Mn | 240 210 200
Mn80 Mngg alloy |[compound
12 [Rh10,Pt10, |RhyoPt10 [RhPtMn |(Rh,Pt)Mn | 240 200 210
Mn80 Mng, alloy |compound

As evident from Table 1, all of exchange coupling
films which include the anti-ferromagnetic material films

formed in films using the sputtering target of the present



[err]m sputtering targets of the sane conposition are produced,
respectively. Each sputtering target according to enbodinent 2 is

eval uated as identical with the enbodinent 1. The results are concurrently
shown in Table 1 (enbodi nent 2). Then, the constituent phases of
each sputtering target according to thgéenbodi nent 2 are anal ysed within
its plane with an XRD nehtod and an EPMA net hod. There showed up identical
al | oy phas@wentompdisel pradesanpehexchangebcgivpdiindg , fdiges whehuseasur ed
with a SEM nethod, the grain size of M turned out to be 100 [err]m at
maxi mum £xqekkent RerfoARANAe ARdd8SPleyedm aPnatdeagentrary, iRurt her,
as a conparative exanple of the present _invention, by using each raw
material paRict2RpPbyRACh nexechangpbserpdingl fddad &g hesitPbovwh@gby
processing identically with the enbodi nent 1 and enbodi nent_ 2 except that
the hot prid<dt MPHEhpetReubdrestsef sPMparatiacattiadP ey, (kY SHhaté any

al |l oy phases .and co Ode 8h%ses are ot Eprned, each sputtering target of
i denti cal g? i% uplin orce can e obtailined. 35 i's

roduced, respectively. When each uttering target according to
(F:)orrp;r ative Zgaﬁﬂl%t’lya} sc%?%gﬁosmpi’ﬁ?ﬁa#tlgn PrEREPES Y S % F t uent

phase wi th_an XRD method and an ., EPMA.net hod, there is no alloy ase or
conpound pigéierlng tIme '0f €ach anti errdmagnﬁﬂﬁqamé%&ﬁ&agagffm

NI Oe LB 6 e RIS BB LA R AR gl COTpoS

Em EMbodiv M Bed. The composition variation is investigated by
measuring the compositions of the anti-ferromagnetic
material film of sputtering initial stage (after 1 hour)
and the anti-ferromagnetic material film formed after 20

hours sputtering with an X-ray fluorescence analysis method.

Their results are shown in Table 2.

Table 2
Sample No. |(Target Deviation of Film
Composition|Composition(at. %)
(at. %) After 1 After 20
hour hours
Embodiment 1 IryoMngg Ir,oMnqgg Iry,.gMnqg. o
1 2 PtigMng; PtigMngy  [Ptig.3
Mngy 7
3 RhygMngg RhyoMngg  |Rhjg, s5Mngg, s
4 IryoMngg LrjoMngg 1r30.3Mn79, 7
5 NigoMngg NigoMngg  [Nigg sMngg, s
6 PdgoMngg PdsoMnsy  |Pdgg,s5Mngg 5
Embodiment 1 Ir,,Mnqg Ir,sMnyg Ir3oMnyg
2
Comparative 1 Iry;5Mngg Iry;1Mnqg Iry,7Mnq3
Example 1

Further, as to an anti-ferromagnetic material film



tion (at. % bodi- ment 2 tive  (at.%

ment 1 Exanple 1 1 1r22,Mn78 Ir[err]Mferr] Irin | rvhn3

250 180 170 al | oy 2 Pt18, M\n82
Pt[err]Mi[err] Ptih Pt Mn3 190 140 140

al | oy 3 Rh20,Mh80 Rh[err]Mferr] RhBn Rhvh3 210 150 140
al | oy 4 |r20,Vn80 Ir[err]MWn[err] IrM I rvn3 260 180 170
al | oy 5(INIA02Mhe9 Kiiflew r Fokrfred [intidvie fiNimviby employipg0a 180 180
al | oy 6 Pd40, Mhn60 Pd[err]Mi[err] Pdivh Pdivh 180 130 120
al | oy 7spwttzerpagotapgp§r BFRererimg mapdecinen PH)af thesgmbodapent 210
Vh60 Mnh[err] all oy conmpound 8 Pt20, Ru20, Pt[ erthu[err] Pt RuMh
(Pt, Ru) Mnl apgpan appi-ferrpggonetiquegerial Mhjbrr[IzMn aliey ééﬁ‘ﬂound

9 Pd20, Ru20 Pd[err]Ru err] PdRuMh (Pd, Ru) Mh 200 170

Mh60 Y L r}n o aa Eeif u@&ﬁﬁb@h&PQRFQQHKHF¥§£He¢m?§rFPPt[err] AuPt Mn
(Au, Pt) Wn 180 gh ) é l { ¢onpound
11 Rh10, Fﬁ?@paFﬁFéV?]RﬁﬁgPﬂF RS QQQPQQﬁﬁiPn Pt lEEElon witha@

Mh80 d 10, Pt 10, Rh Pt RhPt Mh
R ey it Eo56 bapg 35 Thvssd oY, sand Heqdumungit WeLE] Lor L o N
As i dent f bl 1 | | . of h [ i fil h I th
ot Lt o BHBGHEE e Ohn e ia WP RERE Ca o SaF T hepeibhe (EhBORET  afichg
t t of t
d?ggﬁaygd°#§§62E§§%REﬁégtgodgling gBrceéxﬁﬁﬁ) Se%%E%F?en? per%ornggggnlgon
di spl ayedtﬁ)ghcleﬂﬁrgl?n banY: t'o%aﬁ%&aﬁgl}ﬂﬁé)%yegfgn ggﬁa‘igum’rﬂg film

formed enploying each sputtering conpar a exanple only smal
exchange gouphhBE FRLGE+GAARE BRLA N§fl Taple 3. Next, a composi t on
variation acconpanying | apse of sputtering tinme of each anti-ferromagnetic
material film according to the above described enbodinent 1 is

i nvestigated. The conposition variation is investigated by

Table 3

Target Ir Composition at Each Point within
Composi- |a Substrate (at. %)

tion
(at. %) |A point|B Cc D E point
point |point [point
Embodiment | Irp,,Mngg| 22.0 21.8 21.7 21.6 21.5
1
Comparative| IryoMn4,g| 25.0 23.8 23.5 24.1 23.4
Example 1

As evident from Table 2 and Table 3, an anti-
ferromagnetic material film formed using a sputtering
target of the present invention displays a small
composition deviation accompanying the lapse of sputtering
time and is excellent in homogeneity of composition
distribution within a substrate plane.

Embodiment 3

With an identical method as the embodiment 1, IrMn

targets, RhMn targets, PtMn targets of various compositions

are produced respectively. With each from IrMn target,



measuring the conpositions of the anti-ferromagnetic material film of
sputtering initial stage (after 1 hour) and the anti-ferronmagnetic
material filmformed after 20 hours sputtering with an X-ray fl uorescence
anal ysis method. Their results are shown in Table 2. :
Table 2 Sanpl e No. Target 38 Deviation of Film
Conposition Conposition(at. % (at. % After 1
After 20 RhMn target, PtMn target of these valdaius composhiduirendnbaai nent
1 Ir[err]MJerr] Ir[err]MJerr] Ir[err]Mferr] 1

2 Pt [eerahavijeeradquplimy [ BithMhfemahufaPtpeed with identical

Mnh[err] 3 Rh[err]M[err] Rh[err] M| err]

Rh[err] M[ samner as the embodiment 1. Excheng¢Mipepiling florjcer dfvh| err]
Ir[err]MJerr] : 5 Ni[err]M]err] Ni[err]M][err]
Ni [err] Mn[ @&dh exchange couplingefilm ispupesulred,emrnd com%ithwﬂerr]
Pd[err] Mh[err] Enbodi nent 1 Ir[err]Mi[err]  Ir[err]Miferr]

| r[ err] vn[ &eferdamsipphite exchange couplippefomas drs |[investiggte¢dn] err]
Ir[err]Mierr] Exanple 1 . Further, as to an anti-ferromagnetic
material filhf result is shown in Fig. 7. 37 (lIrvh alloy film
formed into a filmby epploying a ,sputtering target accordi ng to speci nen
1 of the enbodi nét eWE@ﬁﬂfzﬁFébﬂFlger7onh5ngFiEnaﬁFéFPQQ'ﬁq @&WNh al | oy

fil f d.int fil i a ttering target ,of the conparative
exanpl e 1, TR0 bHIG LEMEPREH RiE A ATt heA Gt e

i i gated., Th . d Si |
01 nt (A O Sl EothetCFBEN PAFRLS (HLICHOD o DALY  Copd AraiSEem
from the cantral ;ngé%%t% g%@\_’zgnw?%hpﬁ‘irsiél%‘%”%uqf'ﬂ%%%%ts-eJé}?am%’t ai ned

results are shown i
coupling force in a broad composition range.

Embodiment 4

With an identical process as embodiment 1 except that
Mn powder possessing average particle diameter shown in
Table 4 is used, a sputtering target respectively different
in the particle diameter of Mn as shown in Table 4 is
manufactured.

Oxygen content of obtained each sputtering target is
measured and, after forming into a film as identical manner
as embodiment 1, the exchange bias force is measured.
Further, with the identical method as that of the
embodiment 1, the composition distribution within a film

plane is investigated. The results are shown in Table 4.



Table 3 Target |r Conposition at Each Point within

Conposi- a Substrate (at. % tion (at. %9 A point B
C D E poi nt poi nt  point point :
Enbodiment Ir[err]Miferr] 22.0 21.8 21. 7 21.6 21.5 Conparative
Ir[err]Mferr] 25.0 23.8 23.5 24.49 23.4 Exanple 1 As
evident fromTable 2 and Table 3, an anti- ferromagnetic material film
formed using a sputtering target of Thelprdsent invention displays a small
conposi t i op—eey-at-oR—ageeRpaRyRe .thc —aps ' '
excel | ent ﬁmﬁ"‘j‘;r;cxfggﬁei t rrag g i}?l%ﬁ'e di | 1 TS g.l%‘t | A28 subgtr at b

pl ane. EnfBd8i fE Fa rt\g entj cal °g’%%ﬁ’8' 38 Ind Sﬁﬁ%to‘? 9%
IrMh targePs, Tﬂ ?rc S qﬁ% 3Gt ous conp05|t|onsEﬁ§Fg
produced respe¢tivefy’ zlél:r?é aFg‘?n arget ore

38 RhMWh thrget, PtMh t4ggpget o aVRES e
coupling fjl mis manuf adpswrd W3ER id
Exchange cpupling force gjm, each exch ing fi I mis measured, .
composi i oft T TPPEITRTICY 107 1§ [RT§™NHe COUph Blp1 U7 67 o1 TBY L 5 Y565
The resul t H-s—sho¥n 1 F'ﬂ SV Elgl 7 HW{ 13§
under st ood t%atlﬁaﬁ?mex chaﬁ%e c80pl i ngOfil @?c@n%%i%izﬁq%a%lj 21.6] 250
anti -ferrohegneltg,Mmmt ¢ri aBofi| g0f orpdd in22.3 22]07!12!25'2;{3}‘38 2puD{ e2b0g
IF

target of FUTETPEERAI, 1[MVEGHT O[Tggl SPI1EGS S 0258 [28%S 23.4| 240

Ctiols, df e A
BF Pt HReish %&t ?
bd, an

—— TV

As evident from Table 4, the film compositions formed
into films employing the Mn grains large in the maximum
size and average size display large variations in their
substrate planes, thereby it can be understood that these
targets cause problems in massproduction. On the contrary,
the films obtained by using the sputtering targets small in
their maximum grain size and average grain size do not show

" ' problem as to the composition variation in their substrate
planes, but their exchange bias forces tend to decrease.
Embodiment 5

Each sputtering target shown in Table 5 is
manufactured employing the sintering method identical with
the embodiment 1 and with, other than that, the melting
method, respectively. Processability and gas component
concentrations (included gas concentrations of both of
oxygen and carbon) of each sputtering target are
investigated. Further, after forming the exchange coupling
film with the identical way as the embodiment 1, the

exchange bias force and the blocking temperature of each



coupling force in a broad conposition range. Enbodi nent 4 Wth an

i dentical process as enbodi nent 1 except that M powder possessi ng average
particle diameter shown in Table 4 is used, a sputtering target
respectively different in the particle dianmeter of Mh as shown in Table 4
is manufactured. Oxygen cont ent 49f obt ai ned each sputtering target
is neasured and, after formng into a filmas identical manner as

enbodi nented¢chahgeexohphgegbifdd nf ermee nies szl edhedRrteselt s ¢het he
identical nmethod as that of the enbodinent 1, the conposition distribution
within a fshewnpian8abdei fvesingardddtiphe tésulaonsridugiivehasqabpé 4.

39 Tabl e 4 Sam Tar get Average Grain size

|r Conposi¢aeh apukheninBxtagigetCafnerdin®diq jemeodiment 3 arpoint within
a Substrate change No. sition Di anmeter Particle in (at.%

Bi as (h@en%FaloWlRﬁwth'P&eg@tf (t[l"@r rqmﬁodlment 1. For ce

Material aver- nmaxi- A B (x Powder age
num  poi nt p0|h¥e%bﬁﬁ§'p6?n? EBWRPrQF#We %Famn%%n%]www29$]Prese&é <10

<10 22.0,21.7 21.6 21.7 21. 200 2 %% % £ % é ﬁo

22.0 21.8 a&vgnﬁioe 283§ fwttfrm etrarlj nuf eturé withotheyy
22.0 22.2 21.8 22.0 2 Vh

755 24 1 Sxnhefsyg method” iR ‘}H%bﬁ’g EhetﬁBO?’Fl deet g’sﬁ i ons
f d t | Vh | th d
aver age S SOH éwgﬁf"%%gép Do o vgrrﬁa'“i”%%l?ai ConderarsTRtately Mty
it can be Hd85§58 dlhE%F a&fﬂ y u§?ﬁ%f?£é8bgg &Q Hgssproductlon

On the contrary, alne e spuftering~targets snal
In operation is executed in air. Further, each sputtering

target is manufactured with the melting method identical
with that of the above described embodiments except that
raw material powder relatively rich in carbon impurity is
employed and degassing time during melting is set short
than those of the embodiments. As to each sputtering
target according to the comparative example, the
processability, gas component concentrations, and the
exchange bias force of the exchange coupling film are

measured. These results are also shown in Table 5.



their maxi mum grain size and average grain size do not show problemas to
the conposition variation in their substrate planes, but their exchange
bias forces tend to decrease. Enbodinent 5 Each sputtering target
shown in Table 5 is nmanufactured enploying the sintering nethod identical
with the enbodinment 1 and with, other4than that, the nelting nethod,
respectively. Processability and gas conponent concentrations (included
gas concentrations of both of oxygéhﬂéhﬂ %arbon) of each sputterlng t ar get
are invests gatTe T JARL TiTC. CXCH trmwi t h
the idenfical way 3§9Fﬁe gﬁﬁ@g%ﬁbntgfst¢%?p%W%Nén£§ﬁh%&9 orggoﬁhanp e

bl ocki ng tenperatGPEPSF & ing oncentration (Bias eMpgG -
exchange|coupl i ngStittePar FeFE28ur ed| (Withe®e resul t s|EH%Ce showj2ERTFabl ¢ 5.
In additifon, the |§8&st)tuent phasesiof _each sputt et P t ar gqt°@kcordijng to

embodi meft_3 are | i denticlal w th thpssygent|eadrm@iimnt 1. Besi|des,
as a co laddie [Exapphes [Bindediag @seU0 |i Ovenni pn, 280h sput tz290 ng
target i gmembubacitured wijMathieel siptering |method {dentical With that jof
the abov¢ descri bed, @ADOMTRALY eXFeRioXdal of 8ysMht erpap powdersg@ragi vel y
rich ig car bon |npur|ty %%Q@&kfy i 5 enpl oyled and M xing opgration is ]
executedjin air T t- ST factioregnitH t he
mel ti ng et hod id|§ ﬂ? pz §Ta§i§3ﬁ# (ﬁ'%gga agoggidﬁscrl gd enbog?%g%ts
except that Faw jrat-eri-aHaSemes at-lvald ricoh L h ca;bgn—LpngLLg—L%
PtigMng,|Melting | 0.025°] 0.005 180 40
Method
Compara |Ir;;MnyglSintering | 3.120 | 1.010 180 210
tive Method
Example |Ir,,Mn4g{Melting 1.580 | 0.980 180 200
2 Method
PtigMng;,|Sintering | 2.140 | 1.220 130 350
Method
Pt1gMng,[Melting 1.760 | 0.790 130 360
Method

As evident from Table 5, by employing the sputtering
targets of the present invention in which both of the
oxygen content and the carbon content are reduced,
performance of the exchange coupling films comprising the
anti-ferromagnetic material films formed using thereof can
be enhanced.

Embodiment 6

In this embodiment, with an exchange coupling film
formed between an anti-ferromagnetic material film, which
is formed into a film using an identical sputtering target
as the example 1, and a ferromagnetic material film,
respective GMR element comprising respective spin valve
film shown in Fig. 4 or Fig.6 and magnetic heads using

thereof are manufactured.



enpl oyed and degassing time during melting is set short than those of the
enbodi nents. As to each sputtering target according to the conparative
exanple, the processability, gas conponent concentrations, and the
exchange bias force of the exchange coupling filmare neasured. These

results are also shown in Table 5. 42 41
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Conpo- turing In aRimtyapkve gfMB film IRppEpgoFe; Tilmst9Hn Met hod
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be enhance nmbod enbodi nen an exchange

coupling film fQf mRehNEiNLEN-GP BALT mhGHELTRIBELSE YIIL I Aled 1147 é{"“' ch

laminate film formed between a CosgerNb7 film of a

thickness of 10 nm and a NiBOFe film of a thickness of 2

20

nm is used, for the electrode 7, a Cu film of a thickness
of 0.1 nm is used, and, for the protective film 15, a Ta
film of a thickness of 20 nm is used, respectively.
Further, for the hard magnetic layer 25, a C083Pt17 film of
a thickness of 40 nm is used.

Film formation of the ferromagnetic layers 11,13, the
non-magnetic layer 12, and the anti-ferromagnetic material
film 3 is executed in a magnetic field, further, by heat
treating them in a magnetic field thereafter, a uniaxial
magnetic anisotropy is given to the exchange coupling
between the ferromagnetic layer 13 and the anti-
ferromagnetic material.film 3. In addition, the magnetic
substrate layer 14 is also heat treated after film
formation in the magnetic field and is invested a uniaxial
magnetic anisotropy, and, by magnetizing the hard magnetic

layer 25, the uniaxial magnetic anisotropy is further



is formed into a filmusing an identical sputtering target as the exanple
1, and a ferromagnetic material film respective GVR el enent conpri sing
respective spin valve filmshown in Fig. 4 or Fig.6 and nagnetic heads
using thereof are manufactured. 42
In the spin valve GWR film 10, Co[err]Hg err] filnms of respective
thickness of 3 nm 2 nm are used for ferronagnetic |ayers 11, 13

respecti vehjanaad.CuFinainlgt by phlioclesssinfti® reddment hacpondagnédi c

| ayer 12. Each Co[err]Fe[err] filmnow formed into a filmconprised a
crystal 8tcooventiohad fsapdcomdurtear aveessystaFMByslenenkorngna
anti-ferromagnetic material film3, each anti-ferromagnetic material film
(flIn1thlngé§§l§fhsaﬁwﬁﬁmﬂﬂnhhﬁreﬂﬁxﬁfﬁr@FO@@C@ﬁe above descri bed

enbodi nent 1 or_ enbodi nent 3 is used. In addition, for the magnetic
substrate | ayerWhileaappaiiagt @0 Sxheraaedagnekn BLEhH ef FPTr [err] No[err]
filmof a thickness of 10 nmand a Ni[err]Fe[err] filmoof a thickness of 2
nmis useBUtpéret ke &hscPTueirmeptomirrhictiaethpERAESENIot 0t m i s

used, and, for the otectlve film15, a Ta % of a thickness of 20 nm
i s used, PE?SSBFH? l“\?lﬂtt'hérhe%rm&l%e%?d hﬁg]ﬂeif?épf’&;’?&r 25, a

ol e 1Pt 2h b Rt il 5800 AR LA Sl covat gbbytor e on
ot e gmanetie, TLen ) L (NS Lacrenuotuin 8 etk (LSl Ge
used in the anti-ferromagnetic material film can be
obtained. 1In addition, no Barkhausen noise due to magnetic
wall shift is detected. Furthermore, compared with the GMR
element in which y-FeMn alloy is used for the anti-
ferromagnetic material film, due to excellent corrosion
resistivity of the anti-ferromagnetic material film, in
addition, due to high blocking temperature of the exchange
coupling film and large exchange coupling force, a highly
sensitive GMR element, in which stable output can be
realized, can be manufactured with high yield.

Further, in a magnetic head comprising such a GMR
element, when an IrMn based anti-ferromagnetic material
film highly resistant in corrosion is employed, 0.1 um
depth, which was impossible due to corrosion when FeMn is
employed, was made possible, thus, a large reproducing
output can be obtained.

‘Embodiment 7

Sputtering targets are manufactured with an identical

process as the embodiment 1 using IrMn alloy and IrMn

alloys respectively added with one additional element from



magnetic anisotropy is given to the exchange coupling between the
ferromagnetic layer 13 and the anti- ferromagnetic material film3. In
addition, the nagnetic "substrate layer 14 is also heat treated after film
formation in the magnetic field and is invested a uniaxial magnetic

ani sotropy, and, by magnetizing the hardd magnetic |ayer 25, the uniaxial
magneti c ani sotropy is further 43
enhanced. GEj nalil,y Gaby Adr,odessiify tdm, elenent according to a conventional
sem conductor process, a GVR el enent and a magnetic head using thereof are
pr oduced. Wirhhl eagppispiutd eani nex ttayraat rdyretoktaived, f adverout side to
the GWR el ement manufactured according to the present enbodinment, their
magnet i c hpand acésyamee eqsdy faghanee seuphtedediluuspuprlst a8itd &n equal

| evel or nore than that of a GVR elenent in which a [err]-FeWh alloy is
used in t hdeagdicalemedhnshats PP LR £anCBELTOFRLR FES LIt VAdd ti on,
no Bar khausen noise due to nmagnetic wall shift is detected. Furthernore,
conpar ed WPEh tife SEIRUIEERICITH VPRI S - Felh BR$ 05FEC84ER for the anti -
ferromagneti ¢ material film due to excellent corro%ion resistivity of the
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anti-ferronagne&hcagﬁﬁ%&%@’ as comparative example to the present

invention, samples employing anti-ferromagnetic material

'films comprising of (Feo.sMno_s)89.51r10.5 alloy and FesoMn50
alloy instead of IrMn alloy are exposed to an identical
corrosion resistivity test. The results are shown in Figq.
8.

As evident from the results of the corrosion
resistivity test shown in Fig. 8, by addition of other
elements to the IrMn alloy, it is found that incidence of
the corrosion pit are reduced.

In addition, in Fig. 9 and Fig. 10, measured results
of the exchange bias magnetic field and the blocking
temperature of each sample are shown. As evident from Fig.
9 and Fig. 10, both of the exchange bias magnetic field and
the blocking temperature are enhanced.

According to a sputtering target of the present
invention,_an anti-ferromagnetic material film comprising a
Mn alloy excellent in corrosion resistivity and thermal

performance can be stabilized in its film composition and

film quality. Therefore, an anti-ferromagnetic material



filmhighly resistant in corrosion is enployed, 0.1 [err]m depth, which
was i npossi ble due to corrosion when Feivh is enployed, was nade possi bl e,
thus, a large reproducing output can be obtained. Enbodi nent 7

Sputtering targets are manufactured with an identical process as the
enbodi nent 1 using IrVh alloy and IrMh 48l 1 oys respectively added wth one
addi tional elenent from 44 Ce, Si,

Ga, A, zZrfilsf, izZr whHich suffigiehteeskhspget e@oupd itrgy gairadusambvai ned
after manufacturing each exchange coupling filmsanple with an identica
met hod as aie@ igrasbdiatnt v 1, caor besrealiesds wiliht yepresiugidoiekieyit ed on each
sanple. In the corrosion resistivity test, after inmersing above obtai ned
each sanpiuch pmartifierpgmagnesici pettedied fllebrafosih presenhs
nmeasured. The results are shown in Fig. 8. ~ In addition, as

conpar at i V@ SHMAR N the pPRséAd eif%@@ﬁtlw@rl,y s @REMN QY ng
anti-ferromagnetic material filnms conprising . of (Fe )
[err] Mi[ eri99isrdN5¢ [FFFChl BoSMERE RPBPet 1 FREEHP G nRSERF BRI r vh
all oy are exposed to an identical %grrosigp resistivity test. The . results

are shown % Fifpangto-resistancg, piérCt FdfMend RIRAILIY The@RbETosi on

resistivity test shown in ig. g, bﬁ ad%i%ion of other, elenents to the
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stable performance as well as output can be obtained with

reproducibility.
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In addition, in Fig. 9 and kFig. 10, neasured results of the exchange bias
magnetic field and the bliocking tenperature of each sanplekﬁgg%qyp
evident fromFig. 9 andRig. 10, both of the exchange bi as etic
t he bl ocking tenpeﬁéﬂure are enhanced. According to a _
sputtering target of théﬁﬁgesent invendgon, an anti-ferronagnetic materi al
filmconprising a M alloy excellent in corrosion resistivity and thernal

and

performance can be stabilitzed in its filmconposition and

Therefore, aapn@sd i -ferromagnetic materi al _ _
I n which sufficient exchange coupling force can be obtained
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one

kind of R el ement ected froma group
texture, the sputtering target comprises at “least one

member selected from a group of an alloy phase having the
R element and Mn and a compound phase formed between the R

element and Mn.

2. The sputtering target as set forth in claim 1,
wherein oxygen content of the sputtering target is 1

weight % or less (including 0).

3. The sputtering target as set forth in claim 1,
wherein oxygen content of the sputtering target is

0.7 weight % or less (including 0).

4. The sputtering target as set forth in claim 1,
wherein oxygen content of the sputtering target is

0.1 weight % or less (including 0).

5. The sputtering target as set forth in claim 1,
wherein oxygen content of the sputtering target is

0.025 weight % or less (including 0).

6. The sputtering target as set forth in claim 1,
wherein the mwaximum diameter of Mn grain other than
that constituting the alloy phase and the compound phase

is 50 pm or less and average grain diameter thereof is in

the range of from 10 to 40 km.  [REDIACEMENT SHEET
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Ni, Rd, Pt, Co, Rn, Ir, V, Nb, Ta, Cu, Ag, Au, Ru, Gs, Cr, Mo, W and Re,
“wherein, at least as part of target texture, the sputtering target
conprises at |east one nenber selected froma group of an alloy phase
having the R el ement and Mh and a conpound phase fornmed between the R

el enent and Mh. 2. The sputtering target as set forth in claiml,
wher ei n oxygen content of the sputtering target is 1 weight %or |ess

(i ncluding 0). 3. The sputtering target as set forth in claima1l,

wher ei n Oﬁyge”Tﬁ@”éﬁﬁEtQilﬁQetéfgéEeéb”SeEaESEEh'§n0cfa¥ﬁ'ﬂht %or |less
(i ncluding 0). he sputtering target as set forth in claim1,

wher ei n oxygenWbeneent asfrhdre sputenti mf t bhgetspukt@ring| ghrg%'—orlﬂ ess
(1 ncl udi The utterin argeégas set forthin claiml

wherein xyg we%%ﬁFeﬁtOEf %ﬁ% gbﬂ??%él fget is 0.025 weight %or |ess

(i ncluding 0). 6. The sputtering target as set forth in claiml,
wherein the maxi mum di aneter of Mh grain other than that constituting the
al l oy pha8e andheh8PubhpBLNd BABIR §55§efeﬁ?¥ﬁ¥o%nlﬁ§§l@nﬁraverage grain

di aneter ther eghoksih dfibdiAngBnelal " AF 1Pnb0 I carger is

47 7. The sputtering target as set fort aim1 erein carbon
content of. Ehwesghtt&rongleasgéinckudlﬁgm&)ght % or less (including 0).
8. The sputtering target as set forth in claima1l, wherei n carbon
content of the sputtering target is 0.2 weight %or |less (including 0).

9. The sputterhagspatgetring e8tgéerab k8rCEerthlin cla¥heLgin carbon
content of the sputtering target is 0.01 wejght %or less (including 0).
wherein carbon content of the sputtering target is

0.01 weight % or less (including 0).

10. The sputtering target as set forth in claim 1,
wherein carbon content of the sputtering target is

0.005 weight % or less (including 0).

11. The sputtering target as set forth in claim 1,
wherein the R element is at least one kind of element

selected from a group of Ir, Pt, and Pd.

12. The sputtering target as set forth in any one claim
of from claim 1 to claim 11,
wherein the relative density of the sputtering target

is 90% or more.

13. The sputtering target as set forth in any one claim
of from claim 1 to claim 12, wherein 30 atomic % or more

of Mn is comprised therein.

iy

REPLACEMENT SHEET
04 AUG 1999

T



10. The sputtering target as set forth in claiml, wher ei n carbon
content of the sputtering target is 0.005 weight %or |less (including 0).
11. The sputtering target as set forth in claiml1, wherein the R
element is at |east one kind of element selected froma group of Ir, Pt,
and Pd. 12. The sputtering target a48set forth in any one claim of
fromclaiml tg claim]ll, . V\/ner%i n the rel ati; e .density of tge.
sputteri myttarfd® PRUEBSFLRInbPEIt P8 Sfb SBAFPerthf%r§BE £43d% forth
in any one cl ahm oforhr@mcha nd dxaghaign 12, wherein 30 atomic %or nore
of Mh is conprised therein. 48 14. The
sputtering tarferther sceomprising @&ty deasd aone kigd f odm element to

8 12 gl P AR B o4, OB, Nutd ol elagEThgeckctod o

SputterinpnjfasietGes sef dmdtd. in claim1l, Wherein the sputtering
target is obtained by a sintering nethod. 16. The sputtering target as
set forth in claima1l, Wherein the sputtering target is obtained by a

mel ting rpd hodrhe ddut Al AY | edRIONBINGL CedBlieridlcfdidn{ ormed into a
filmby a sputtering nethodwth the sputtering target as set forth in any

one clai mof fWherelmi ntlet osphbteriBgg tasgel nhgnebbtmdvedt abye @f f ect
el enent conril)ri sing an an%i -ferromagnetic material filmas set forth in
claim17.5% l'lg 9%t resi stance effect el ement conprising an
anti-ferromagnetic material filmas set forth in claim17 and a
ferromagnetic material fi] mexchange coupled to the antj-ferromagnetic

material %1 mThe BpubtexineRTIRE QAR S9N @ ™ conpri sing an
anti-ferromagnghdfe Bt efpdl £phorasisgt £2E48ci nigl abBrdined by a

melting method.

17. An anti-ferromagnetic material film formed into a
film by a sputtering method with the sputtering target as

set forth in any one claim of from claim 1 to claim 16.

18. A magneto-resistance effect element comprising an

anti-ferromagnetic material film as set forth in claim 17.

19. A magneto-resistance effect element comprising an
anti-ferromagnetic material film as set forth in claim 17
and a ferromagnetic material film exchange coupled to the

anti-ferromagnetic material film.

20. A magneto-resistance effect element comprising an
anti-ferromagnetic material film as set forth in claim 17,
a first ferromagnetic layer exchange coupled to the anti-
ferromagnetic material £ilm, and a second ferromagnetic

layer stacked with the first ferromagnetic layer through a

non-magnetic layer. REPLACEMENT SHEET
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a first ferromagnetic .| ayer exchange coupled to the anti- ferromagnetic
material film and a second ferromagnetic |ayer stacked with the first
ferromagnetic |ayer through a non-magnetic |ayer.

49 21. The mmgneto-resi stance effect elenment as set forth in any one claim
of fromclaim18 to claim 20, whedaein the anti-ferromagnetic materi al

filmhas a filmthickness in the range_of from3 to 15 nm 22. The
magnet o (ki st ARIPER - EFHATATSR SELSFhr ShOPRRE| APnPSE, EOTthNIT o n the

filmthi cdessnoOfcBimnds £ GBietie deterdah o) mis 10 nmor less.
23. The magnet o-resi stance effect elenment as set forth in claim19 or claim

20, Wher eiwherrin ethenngnkl  Eerponagnetic| mabastiadgefadmpleart @ t he
anti-ferr ' rial _fil f t.hi s.in the range of from
PIRRNA GaIBLET 1ol | ias & T Ll ehngss,

1to 3 nm nagneti nprising a o-resi stance effect

el ement as set forth in any one claimof fromclaim118 to claim 23. 25. A
magneti c recordi ng apparatus conpri si ng a magnetic head as set, forth in
cl ai m 24.22- 26?hQ'Héa%%‘F@T¥%S¥%%‘F‘6‘F ng %%‘B’ér%ﬁ@e% a8t spEr ERTER dMai m 25,

Wherei n the, {@getic recording apparatus conprises a HDD. 27. The
magneti c nenory apparatus conprising a nmagneto- resistance effect el enent
as set forth iWhemginmnghel fiof thigknekai mfl8ano agitdiHez3omagnetic

50 material film is 10 nm or less.

23. The magneto-resistance effect element as set forth in

claim 19 or claim 20, |
Wherein the ferromagnetic material film exchange

coupled to the anti-ferromagnetic material film has a film

thickness in the range of from 1 to 3 nm.

24. A wagnetic head comprising a magneto-resistance
effect element as set forth in any one claim of from claim

18 to claim 23.

25. A magnetic recording apparatus comprising a magnetic

head as set forth in claim 24.

26. The magnetic recording apparatus as set forth in
claim 25,

Wherein the magnetic recording apparatus comprises a
HDD.

27. The magnetic memory apparatus comprising a magneto-
resistance effect element as set forth in any one claim of

from claim 18 to claim 23.
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28. The magnetic nenory apparatus as set forth in claim?27, VWherein
the magnetic menory apparatus conprises a magneto-r esi stance ef f ect menory.
29. A magneto sensor conprising a magneto-resistance effect elenent as set
forth in any one clains of fromclaim18 to claim 23.

REPLACEMVENT SHEET -

50

28. The magnetic memory apparatus as set forth in claim
27,
Wherein the magnetic memory apparatus comprises a

magneto-resistance effect memory.

29. A magneto sensor comprising a magneto-resistance
effect element as set forth in any one claims of from

claim 18 to claim 23.
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