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METHOD OF THE SAME FI ELD OF THE | NVENTI ON The present lnventlon relat

a magnetoresistive (MR) read head used in a magnetic di sk device,
particularly relatés to a MR transducer with magnetic material nultilayers
known as a spin-valve structure and to almethod of manufacturing the sane.
DESCRI PTI ON OF TWAGRETARESLZRIVA TRANSRDUGCKHR WL TH | SFINrVALHE STRECTERE ANB
been known as it can pr.ovide higher output irrespective of relative speed
W th respedMANGFACTERDNAI METHeD | OFh THR $AMBNventi onal MR transducer, a
magnetic thin filmmade of an alloy of NNFe or NiCo is generally adopted.
Recently, with demand for a higher output head, advanced nmagnet oresi st ance
(MR) properties of magnetic nmultilayers of a magnetic material |layer and a
nonmagnet i CFIELEr OBl THRBYENVERYEONt tracted great attention. Al though a

general NiFe alloy thin filmwll have for exanple a MR ratio of about 2 %

H. Yamanot o et alThe present invention relates to a magnetoresistive (MR)
read head used in a magnetid disk device, particularly relates
to a MR transducer with magnetic material multilayers known as

a spin-valve structure and to a method of manufacturing the

same.

DESCRIPTION OF THE RELATED ART

A MR read head utilizing the MR effect has been known as
it can provide higher output irrespective of relative speed
with respect to a recording medium.

In a conventional MR transducer, a magnetic thin film made
of an alloy of NiFe or NiCo is generally adopted. Recently,
with demand for a higher output head, advanced
magnetoresistance (MR) properties of magnetic multilayers of a
magnetic material layer and a nonmagnetic material layer have
attracted great attention.

Although a general NiFe alloy thin film will have for
example a MR ratio of about 2 %, H.Yamamoto et al.,
"Magnetoresistance of multilayers with two magnetic
components”", Journal of Magnetism'and Magnetic Material, 99

(1991), pp.243-252 discloses that a magnetic multilayers formed



‘“Magnet qresi stance of multilayers with two magnetic conponents”, Journal of
Nhgget!sn1and Magnetic Material, 99 (1991), pp.243-252 discloses that a
magnetic nultilayers forned -2- by alternately layering NiFe alloy thin
films and Co thin filns and by interleaving Cu thin filnms between the
respective magnetic |ayers exhibits a Lgrger MR effect of about 10 % at

room t enpengt WikerNa®1yS 1273 AaiKiNLFe' @didy abiion¥ ilmsgiaavdt Co thin films
magnet or esi stance ‘and antiferronmagnetic coupling in [err] multilayers"”,

Appl i ed Phy$id pyl Qi rSiea@lngdTu Nhih fAlmbambtweehO9he prspr2tiie
di scl oses that a magnetic nultilayers forned by alternately | ayering N Fe

thin filnsapehddd hidydrid mxetity s 1arnfRr R efPeetedimabbtdolftors at
external magnetic field of about 600 Ce. Anpbng various maghetic nateri al

mul ti | ayer §.o53P it e iid UCtAIrRs, Bave rifdragiad foe igneatiesis dil efildon

due to its very high magnetic sensitivity. The spin-valve structures are

for exanpl g dinstl A dtR Oy fitiderrofdgi¥tic coupling in
[NigiFeqg/Culy multilayers", Applied Physics Letters, Vol.60,
No.4, 27 January 1992, pp.512-514 discloses that a magnetic
multilayers formed by alternately layering NiFe thin films and
Cu thin films exhibits a MR ratio exceeding 16 % for external
magnetic field of about 600 Oe.

Among various magnetic material multilayers, spin-valve
structufes have attracted the greatest attention due to its
very hiéh magnetic sensitivity. The spin-valve structures are
for example disclosed in B.Dieny et al., "Giant
magnetoresistance in soft ferromagnetic multilayers", PHYSICAL
REVIEW B, Vol.43, No.l, 1 January 1991, pp.1297-1300, B.Dieny
et al., "Magnetotransport properties of magnetically soft spin-
valve structures (invited)", Japanese Applied Physics, Vol.89,
No.8, 15 April 1991, pp.4774-4779, and Japanese Patent
Unexamined Publication No.4(1992)-358310.

A fundamental spin-valve structure is a multilayered
structure consisting of a ferromagnetic material layer, a
nonmagnetic material layer, a ferromagnetic material layef and
an antiferromagnetic material layer. The magnetization of the

ferromagnetic material layer adjacent to the antiferromagnetic
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nﬁgneforesistance In soft ferromagnetic nultilayers”, PHYSI CAL REVI EW B,
Vol .43, No.1, 1 January 1991, pp.1297-1300, B.Dieny et al.,
"Magnet ot ransport properties of magnetically soft spin- valve structures
(invited)", Japanese Applied Physics, Vol.69, No.8, 15 April 1991,
pp. 4774- 4779, and Japanese Patent Unexantdred Publication No.4(1992)-358310.
A fundanent ahaberhalalarest isich meed sdwe ntd tan ageelange rhiasimagpetict fhgld
of a ferromagnetic material layer, a nonmagnetic material |ayer, a
f erromagnet iapphi ed i Bromatke amtlfereomigretberaymieer tahmtarénl whgreas Thee
magneti zation of the ferromagnetic material |ayer adjacent to the
anti f err omagregnetization naf etheal othgerf ¢xr ghagrelt teana texnia exkbiverectnas
magnetic field applied fromthe antiferromagnetic naterial |ayer, whereas
t he magnet i z&ité@hy ofotébe oddpend tng onpomethie emternal nhagrettanfiebeél y
rotat e dependi ng upon the external- magnetic field applied thereto. Thus,
magnet i zat i capsid ¢dhtingretoi nt Tdsic cdapye tli 24 eiemt swhgeleing Is elutbedueed
the two ferromagnetic '
by different magnetic field between the two ferromagnetic
material layers. The magnetization orientations of the two
magnetic material layers therefore change between in parallel
and in antiparallel with each other so that the electrical
resistivity of this spin-valve structure greatly varies to
obtain a giant MR effect. In the aforementioned document of
B.Dieny et al., "Magnetotransport properties of magnetically
soft spin-valve structures (invited)", Japanese Applied
Physiecs, Vol.89, No.8, 15 April 1991, pp.4774-4779, it is
described that a giant MR effect such as a MR ratio of 4.1 % in
an external_magnetic field of 10 Oe can be obtained by a spin-
valve structure.
General spin-valve structures will have multilayers of
NiFe/Cu/NiFe(or Co)/FeMn. The NiFe layer will be a permalloy
of Ni : Fe = 81 : 19 (at%). Although various kinds and also
compositions of the ferromagnetic material layer have been
investigated, it has been recognized that the above-mentioned
composition is optimum for obtaining good soft magnetic

properties and giant MR effects. As for the ferromagnetic

layer material pinned by the antiferromagnetic material layer,



materi al || ayers. The magnetization orientations of the two nagnetic
material layers therefore change between in parallel and in antiparallel

wi th each other so that the electrical resistivity of this spin-valve
structure greatly varies to obtain a giant MR effect. In the aforenentioned
docunent of B.Dieny et al., "Magnetotransport properties of magnetically
sof:it spin-vaiy eostdncdlles ¢omvaieihd ,Cdapandse WAl icthdhydias NNK . &9, as
No. 8, 15 April 1991, pp.4774-4779, it is described that a giant MR effect

such as a MRd @rdvde 4a IhPgh MR £xi@r nadon@esietian fd el thofF b Qesedntbe
obtai ned by a spin- valve structure. Ceneral spin-valve structures wll

have nul ti| oy sarof 1 e FehagMe TB4 Orayey /deeddy i dhei N e denfaMiré beva = 50
permalloy of NN : Fe =81 : 19 (at%. Although various kinds and al so

conposi tions: g0 therd eI r oFegn edkiei et Big ddnt Bf@fr diedgh disiRn proweett Ped egli1lt
has been recogni zed that the above-nentioned conposition is optinum for

obt ai ni ng gapsd sofpeMmONeAn cufdOperdy&s andftimmaydt efdLndsialAstdor the

ferromagnetic | ayer material pinned by the antiferronagnetic materi al

| ayer, obtaining strong texture with respect to this antiferromagnetic
material_layer has been investigated. For example, R.Nakatani
et al., "Magnetoresistance and Preferred Orientation in Fe-
Mn/Ni-Fe/Cu/Ni-Fe Sandwiches with Various Buffer Layer
Materials"”, Japanese Applied Physiecs, Vo0l.33, Part 1, No.1lA,
January 1994, pp.133-137 reports that forming of fcc metals or
alloy film on metal layer materials of Ta, Hf or Ti, for
example will result strong texture.

Since the FeMn alloy film exhibits poor corrosioﬁ
resistance and igwer blocking temperature, as well as large
thermal dependency of an exchange bias field, another
antiferromagnetic layer materials instead of FeMn are searched.
T.Lin ef-al., "Improved exchange coupling between ferromagnetic
Ni-Fe and antiferromagnetic Ni-Mn-based films", Applied Physics
Letters,.Vol.GS, No.9, 29 August 1994, pp.1183-1185 discloses
that NiMp exhibits high blocking temperature, stable exchange
bias field and improved corrosion resistance. However, in
order to exhibit antiferromagnetic properties, NiMn is required

to take long time annealing process in a magnetic field at high

temperature.
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-4- Co or an alloy containing Co may be used other than NiFe so as to

provide a high MRratio. Conposition of the Fevh used for the

antiferromagnetic layer material is in general Fe : Mh =50 : 50 (at9%.

Feivn exhibiting antiferromagnetic properties will be [err]-FeM. An under

| ayer (buffer layer) material for obtairSg strong texture with respect to

this antiferromafn8viikengtenilal, "§tenthMashbetnreatesengat Bdfefsr ofx Smine,

R Nakatani et al., "Magnetoresistance and Preferred Orientation in Fe-

Mh/ Ni - Fe/ CuvhilvEeMBatdwarers WstingVipirdiousBahtéfetagpmaghatéci Magseriddpanese

Applied Physics, Vol.33, Part 1, No.1lA, January 1994, pp.133-137 reports

t hat form nhapkerslc Abisdracdr odl LegturenatnSpeiak Caperessat ofi dapapkes®a, Hf

or Ti, for exanple will result strong texture. Since the FeMh alloy film

exhi bits poMetedidcsiSoriedyi,sNan®d6and9B6yep .BBAckengrtenpesatnrgalas wel |

as | arge thernmal dependency of an exchange bias field, another

antiferromagnatitalayer usdngr NaMa iassti¢éadaotiFebbomagnstdccheperTmbiterdil .

al ., "lInproved exchange coupling between ferromagnetic N -Fe and

anti f err omagoweveri thiisbdsedmenttndlscApgeisednPyai sgructure of
NiFe/Cu/NiFe/NiMn only and there is no disclosure with respect
to MR characteristics.

Japanese Patent Unexamined Publication No.5(1993)-347013
discloses usage of oxide such as Ni0O as for another
antiferromagnetic layer materials.

As mentioned above, the antiferromagnetic layer material
of NiMn exhibits high plocking temperature and low thermal
dependency of exchange bias field, as well as eXcellent
corrosion resistance. However, in order to obtain good
antiferromagnetic properties, it is necessary for NiMn to
perform a long time annealing process in a magnetic field at
high temperature so as to form € phase. Since the
conventional spin-valve structure is fundamentally constituted
by multilayers of a first ferromagnetic material layer, a
nonmagnetié material layer, a second ferromagnetic material
layer and an antiferromagnetic material layer, the annealing
process has to be performed after the deposition of the

antiferromagnetic material layer, namely after the deposition

) of all the layers of the spin-valve structure. Accordingly,



Letters,. Vol .65, No.9, 29 August 1994, pp.1183-1185 discloses that N M
exhi bits high blocking tenperature, stable exchange bias field and inproved
corrosion resistance. However, in order to exhibit antiferronagnetic
properties, NiMh is required to take long tinme annealing process in a
magnetic field at high tenperature. =%= F.Koi ke et al., "G ant
Magnet or esi sudned Efiffders ionsSwiidl walcue Rl tthieaysatsrfscrgbvimieens the
Antiferromagnetic Material Layers", Abstract of Lecture at Spring Congress
of Japanesenbbialghied i8oanst wecknd Terrog@snetisohatepdnis layspisn-dusl e
multilayers using NNMh as its antiferromagnetic |ayer material. However,

t hi s docunesbluitionood’s Ndnlapda Catt castsing dft sNMRer@¢ANI o/ Kielicenl y and
there is no disclosure with respect to MR characteri.stics. Japanese Patent
Unexam ned Publication No.5(1993)-347013 di scl oses usage of oxide such as
Ni O as for another antiferromagnetic |ayer materials.

SUMMARY OF THE .INVENTION

It is therefore an object of the present invention to
provide a MR transducer with a spin-valve structure and a
method of manufacturing the MR transducer, whereby a giant MR
effect can be stably obtained.

Another object of the present invention is to provide a MR
transducer with a spin-valve structure and a method of
manufacturing the MR tfahsducer, whereby a high MR ratio can be
obtained.

Further object of the present Iinvention is to provide a MR
transducer with a spin-valve structure and a method of
manufacturing the MR transducer, whereby a large exchange bias
field can be applied from an antiferromagnetic material layer.

Still further object of the present invention is to
provide a MR transducer with a spin-valve structure and a
method of manufacturing the MR transducer, whereby a high
blocking temperature and a low thermal dependency of exchange
bias field, as well as an excellent corrosion resistance.

According to the present invention, a MR transducer with a

spin-valve structure formed on a substrate is provided. The

spin-valve structure has at least an antiferromagnetic material



As nentioned above, the antiferromagnetic |ayer material of N M exhibits
hi gh bl ocki ng tenperature and | ow thermal dependency of exchange bias
field, as well as excellent corrosion resistance. However, in order to
obtain good antiferromagnetic properties, it is necessary for NNMWh to
performa long tinme annealing process in-a-magnetic field at high

tenperature Byas h&dé 054 4 EN{Nn PABESy, Sk NEEr 4 hef SOrminofial Ftdr Val ve
structure is fundanentally constituted by multilayers of a first

ferromagnet i xay@t era abohdygiie t Be NAACRENEL | Tay@tt ednd@la | Sy@Ind of S@ESMgnetic
ferromagnetic material |ayer and an antiferromagnetic material |ayer, the

anneal i ng prgeessi ABS1LiPebes @iént 1ET Af d€pod Necdlepostid umdtidee in this
antiferromagnetic material |ayer, nanely after the deposition of all the

| ayers of ther&g nN-val ve structure. Accordingly, -6- nutual diffusions
will occur at the interface between the nonmagnetic and second

ferromagnetic matgré@l ASYSF&ifFetd otlrdl piéSenOf iV e@itbiU £ US| figansGudsr

ratio to reduce.
with a double spin-valve structure formed on a substrate is
provided. The double spin-valve structure has at least a first
antiferromagnetic material layer made of a NiMn alloy, a first
ferromagnetic material layer, a first nonmagnetic material
layer, a second ferromagnetié material layer, a second
nonmagnetic material layer, a third ferromagnetic material
layer and a second antiferromagnetic material layer
sequentially-deposited.on the substrate in this order.

Since the antiferromagnetic material layer (first
antiferromagnetic material layer) made of the NiMn alloy is
disposed on the substrate side with respect to the nonmagnetic
material layer (first nonmagnetic material layer} and the
second ferromagnetic material layer, this NiMn alloy layer can
be deposited and annealed in a magnetic field before
depositions of the nonmagnetic material layer (first
nonmagnetic material layer) and the second ferromagnetic
material layer.' Thus, even If a long time annealing process in
a magnetic field at high temperature 1s performed in order to
obtain gpod antiferromagnetic properties from the NiMn layer,

‘ no mutuél diffusion will occur at the interface between the



SUMVARY OF THE INVENTION It is therefore an object of the present invention
to provide a MR transducer with a spin-valve structure and a net hod of
manuf acturing the MR transducer, whereby a giant MR effect can be stably
obt ai ned. Anot her obj-ect of the present invention is to provide a MR
transducer with a spin-valve structure affit a met hod of nmanufacturing the MR
t ransducer, nerersgne ol hingtaR alatlay ean e sob trednmedgnefuira eyt egtdjadctlagfert he
present invention is to provide a MR transducer with a spin-valve structure
and a net hocirof tiienSeming | far tdmadviR tramsthardal desreghy whilcdr gel ek ctengge
bias field can be applied froman antiferromagnetic material layer. Still
further objette MR trreet o esenteduneent iAm 4 sesigr,oda @R dridR sduaresdustbly t h
a spin-valve structure and a nmethod of manufacturing the MR transducer,
wher eby a hiegthiiiiockig@ tastgretr MRref faak acdmid heravdldeade parantinpfto the
exchange bias field, as well as an excellent corrosion resistance.
Accor di ng t erdeen cégemntiventi on, a MR transducer with a spin-val ve
structure formed on a substrate is provided. The spin-valve structure has
at | east an anti fAArsonegimete cthmtNiMmlalloy is used for the
antiferromagnetic material layer (first antiferromagnetic
material layer) instead of FeMn alloy, an exchange bias field
from this antiferromagnetic material layer can be made large.
Furthermore, a MR transducer with the antiferromagnetic
material layer exhibiting a high blocking temperature and a low
thermal dependency of exchange bias field, and with an
excellent corrosion reSIStance can be provided.

In the double spin-valve structure, since the NiMn alloy
which can provide good antiferromagnetic properties is used for
the first antiferromagnetic layer material, possible
disturbances of the pihned magnetization orientation due to the
magnetic field produced by the sense current can be effectively
brevented. Of course, the double spin-valve structure can
stably provide a larger MR ratio than that by means of the
fundamental spin-valve structure.

It is preferred that the traﬁsducer has a

magnetoresistance ratio of 3.0 % or more and an exchange bias
field of 100 Qe or more.

Preferably, a layer thickness of the antiferromagnetic



- - Iéye( made of a NNMh alloy, a first ferromagnetic material |ayer, a
nonmagnetic materiat |ayer and a second ferromagnetic material |ayer
sequentially deposited on the substrate in this order. A so, according to
the present invention, a MR transducer with a double spin-valve structure
formed on a substrate is provided. The de®bl e spin-valve structure has_ at
|l east a firseateridbriaveyntthe fbretiantifgeromagrebic mafenial |byyen) is
first ferromagnetic material layer, a first nonmagnetic material |ayer, a
second ferropgPedisngateenal | ayer, a second nonmagnetic material |ayer, a
third ferromagnetic -material |layer and a second antiferromagnetic materi al
| ayer sequenti al | It déposlsedroefeheed ublsat ag¢zch nof hilze of tiest Bidceecomd
antiferromagnetic nmaterial layer (first antiferronmagnetic nmaterial |ayer)
made of the féeMomigwgtic matpotall bayehe 6tibstfihtst siskcond haméspietrdt o
t he nonmagnetic material |ayer (first nonmagnetic material |ayer) and the
ferromagnetic material layers) is made of an alloy containing
at least one of Ni, Fe and Co, and that a layer thickness of
the first ferromagnetic material layer is 15-150 Angstrom.
It is further preferred that the nonmagnetic material
layer {(each of the first and second nonmagnetic material
layers) is made of at least one of Cu, Ag and Au, and that a
layer thickness of the nonmagnetic material layer (the first
nonmagnetic material layer) 1s 15-50 Angstrom.
By using these materlals and layer thicknesses, a MR
transducer with a high MR ratio can be provided.
Preferably, the spin-valve structure (double spln-valve
structure) has an under layer deposited on the substrate as a
lowest layer of the spin-valve structure, and the under layer
is made of a metal of at least one of Ta, Hf, Cr, Nb, Zr and
Ti.
Particularly, using a proper under layer will cause the
“double spin-valve structure to stably provide a larger MR ratio
than that by means of the fundamental spin-valve structure.
Also, this causes the double spin-valve structure to reduce a

resistance between its electrodes. Furthermore, the double

: spin~valve structure with a proper under layer can prevent



second ferromagnetic material layer, this NiWvh alloy |ayer can be deposited
and annealed in a magnetic field before depositions of the nonmagnetic
matefial |ayer (first nonmagnetic material |ayer) and the second
ferromagnetic material layer. Thus, even if a long tinme annealing process
in a magnetic field at high tenperature-ig-perforned in order to obtain

good anti f ergeeined | C1 ProPedices &f othd heiiidd maptast 1 430t ot und i sl 4 tisen
will occur at the interface between the -8- nonmagnetic material |ayer

(first nonnegpetts twé afaghetByefieBdbidRusat and f1as raumgnadieramet eri al
| ayer, which wll cause the MRratio to reduce. As a result, a M

transducer stabl yacoduding ngo atlge apteddh ©f fregdn €Rsh beruy e sk &AC CoO il Figod O
the present invention. A so, since the Nivh alloy is used for the

anti f er r omaggethon il SEuR ng a MR (£F48ddwddrt Fef £1OMRAEtd -GrdBESrd Bhud 8é ) is

I nstead of Feiwnh all oy, an exchange bias field fromthis antiferromagnetic

materi al | aypfoepdede NBEE héf9Sd includes a deposition process for
depositing thin-film layers on a substrate and an annealing
process of annealing the deposited layers in a magnetic field.
The deposition process has steps of sequentially depositing at
least an antiferromagnetic material layer made of a NiMn alloy,
a first ferromagnetic material layer, a nonmagnetic material
layer and a second ferromagnetic material layer on the
substrate in this order. The annealing process is performed
before the depositing steps of the nonmagnetic material layer
and the second ferromagnetic material layer.

Also, according to the présent invention, a method of
manufacturing a MR transducer with a double spin-valve
structure is provided. The method includes a deposition
process for depositing thin-film layers on a substrate and an
annealing process of annealing the deposited layers in a
magnetic field. The deposition process has steps of
sequentially depositing at least a first antiferromagnetic
material'layer made of a NiMn alloy, a first ferromagnetic
material layer, a first nonmagnetic material layer, a second

ferromagnetic material layer, a second nonmagnetic material

layer, a third ferromagnetic material layer and a second



Furthernmore, a MR transducer with the antiferromagnetic material |ayer
exhi biting a high blocking tenperature and a | ow t hermal dependency of
exchange bias field, and with an excellent corrosion resistance can be
provi ded. In the double spin-valve structure, since the Nih alloy which
can provide good antiferromagnetic propertjes is used for the first

anti f err onagaeti et PYRAHEE 86 i BhtePOSE PApesi SITHOaiGRSa Ping Nor HL8HE1 s
magneti zation orientation due to the nagnetic field produced by the sense

current can perebfRedi ¥eFyror eNENEEFos L1 8OUEEEps LB €lRaIbf Br SV HoNBA¥Retic
structure can stably provide a larger MR ratio than that by neans of the

fundanent al BRptEr VAl VEaper USHAT Ehe | Seébndl LéLFondehded c tietéF paBdusperhas a
magnet oresi stance ratio of 3.0 % or nore and an exchange bias field of 100

Ce or nore. Prefergbty, phetaypsdt Bhe¥NEES ShnédLiddtpicEEO8BIHELI Sroces-

material |ayer (thelfirst antiferromagnetic material |ayer) is
for forming & phase of the NiMn, and 1s performed before or
after the depositing step of the first ferromagnetic material
layer. |

Since the antiferromagnetic material layer (the first
antiferrbmagnetic material layer) made of the NiMn alloy is
deposited and annealed in a magnetic field before depositions
of the nonmagnetic material layer (the first nonmagnetic
material layer) and the second ferromagnetic material layer,
even if a long time anmealing process in a magnetic field-at
high température is performed in order to obtain good
antiferromagnetic properties from the NiMn layer, no mutual
diffusion will occur at the interface between the nonmagnetic
material layer (first nonmagnetic material layer) and the
second ferromagnetic material layer, which will cause the MR
ratio to reduce. As a result, a MR transducer stably
exhibiting a high MR effect can be manufactured according to
the present invention.
Further objects and advantages of the present invention

will be apparent from the following description of the

preferred embodiments of the invention as illustrated in the

accompanying drawings.



50-500 Angstrom It is also preferred that each of the first and second
ferromagnetic material |layers (the first, second and third ferromagnetic
matefial layers) is made of an alloy containing at |east one of Ni, Fe and
Co, and that a layer thickness of the first ferromagnetic material |ayer is
15-150 Angstrom It is further preferredjbhat the nonmagnetic materi al

| ayer (each of the first and second nonmagnetic material |ayers) is nade of
at | east one of Cu, Ag and Au, and that a | ayer thickness of the

nonmagnet i C BRILER iGESCRFRTIEN hor fTHE tDRAWIENGSet i c material layer) is 15-50
Angstrom By using these materials and | ayer thicknesses, a MR transducer
with a high MR ra&tig. cani beapretvi thpte ¥ et oomdll Wi dves Qpaniatisdalel 36 t S Liti @
(doubl e spin-val ve structure) has an under |ayer deposited on the substrate
as a | owest d gyart adf tdiepsef drved venlsddimdnt exf anR e ansircdmystcdisd ivagle

of a netal of at |east one of Ta, H, C, Nbo, Zr and Ti. Particularly,
using a propss thelgréseret imvénthase t he doubl e spin-valve structure to
stably provide a larger MRratio than that by nmeans of the fundanent al
spin-val ve structfiig. 2 is a flow chart illustrating an example of
manufacturing processes of the embodiment shown in Fig. 1;
Fig. 3_is a flow chart illustrating an another example of
manufacturing processes of the embodiment shown in Fig. 1;
Fig. 4 1s an oblique sectional view schematically showing
a part of an another embodiment of a MR transducer according to
the present invention;
Fig. 5 is a flow ¢hart illustrating an example of
' manufacturing processes of the embodiment shown in Fig. 4;
Fig. 6 is a flow chart illustrating an another example of
manufacturing processes of the embodiment shown in Fig. 4;
Fig. 7 is a graph illustrating X-ray diffraction patterns
of a NiMn film in an example with a spin-valve structure shown
in Fig. 1;
Fig. 8 is a graph illustrating MR response curves in an
example with a spin-valve structure shown in Fig. 1;
Fig. 9 1is a,graph illustrating thermal dependency of
exchange bias field in an example with a spin-valve structure
shown in Fig. 1; and

Fig. 10 is a graph illustrating MR response



Ahso,'tth causes the doubl e spin-valve structure to reduce a resistance
between its el ectrodes. Furthernore, -the double spin-valve structure with a
propér under |ayer can prevent -10- possi bl e disturbances of the pinned
magneti zation orientation due to the nagnetic field produced by the sense
current. According to the present inventiag@r, furthernore, a nethod of

manuf act ur i ngharafter dstiicseinwinhezasple-whtlea sspletvakve ssprectded. sipen
met hod i ncludes a deposition process for depositing thin-filmlayers on a
substrat e antinafignnbathdgwptbcasshape anieblangte hthaepoiaededhyMRs in a
magnetic field. The deposition process has steps of sequentially depositing
at | east an brensdueermgnetic naterial |ayer nmade of a Nivh alloy, a first
ferromagnetic material |ayer, a nonmagnetic material |ayer and a second
ferromagnetic material |ayer on the substrate-in this order. The annealing
process is perfornmed before the depositing steps of the nonmagnetic

mat eri al | ayRESGRIUPTHEN sek ofdE f BREBERGFR t EMBORIMENES | ayer.

In Fig. 1 which schematically shows a part of a preferred
embodiment of a MR transducer according to the present
invention, reference numeral 11 denotes an under layer
depositéd on a substrate (not shown). On the under layer 11,
an antiferromagnetic material layer 12, a first ferromagnetic
material layer 13, a nonmagnetic material layer 14, a second
ferromagnetic material layer 15 and an antioxidant protection
layer 16 are sequentially deposited in this order to form a
layered spin-valve structure.

As 1is known, in a layered spin-valve structure, transport
electrons are scattered and thus its MR value increases, if a
magnetization orientation in its first ferromagnetic material
layer differs from that in its second ferromagnetic material
layer. The maximum magnetoresistance is attained when the
magnetization orientations of the first and second
ferromagnetic material layers are just the opposite with each
other. In the concrete spin-valve structure according to the
embodiment shown in Fig. 1, the magnetization orientation a; of

the first ferromagnetic material layer 13 is pinned by means of

the antiferromagnetic material layer 12, whereas the



Al:so, according to the present invention, a nmethod of manufacturing a MR
transducer with a doubl e spin-valve structure is provided. The nethod

i ncludes a deposition process for depositing thin-filmlayers on a
substrate and an annealing process of annealing the deposited |layers in a
magnetic field. The deposition process khdd4~-steps of sequentially depositing
at | east a magyietaidation comberetaciomtley iaf tleyeveqmack ffrromdgdvetald oy, a
first ferromagnetic material layer, a first nonmagnetic material |ayer, a
second ferrampgneid Taper DS 1ayfreely sseonikdalemgnting uiremagndayer, a

third ferromagnetic nmaterial |ayer and a second antiferromagnetic

mat eri al | ayfirel d heex el 1n gapp hived sther ey f aamie ch dasdfratimgliye, degdokgh i ng

steps of the first nonmagnetic material |ayer and the second ferromagnetic

materi al | aynsitives NR edfect ¢dmtbé hebfaairesd i ng process is a process for

formng [err] phase of the Nivh, and is perfornmed before or after the

depositing step din tihigf i stiietheammogne] i£ dintexrtiadn lafyeaxternally applied
magnetic field d; and a flowing direction of a sense current eg
are 1llustrated. Pinned magnetization orientation ai is in
parallel with the direction of externally applied magnetic
field dy, but the sense current flows toward a direction ej
perpendiculér to these direction a; or d;. An easy axis of the
second ferromagnetic material layer 15 orients perpendicular to
the direction of externally applied magnetic field dy. Thus,
magnetization switching will occur along a hard axis with
reduction of coercive force resulting a good linearity of MR
responsé curve to achieve. This also results reduced noise in
case that thils spin-valve structure is used as a MR transducer
of the magnetic head. In general, the MR response curve is
represented by a MR ratio along the axis of ordinates versus
externally applied magnetic field along the axis of abscissas.
The MR ratio is defined as A p /p s, where ps is the minimum
resistivity and A p 1is a changed amount of the resistivity.

Various materials can be used for each layer of the spin-

valve structure according to this embodiment. For example, it

is preferred that the antiferromagnetic material layer 12 is

made of NiMn, the first and second ferromagnetic material



Sknce'thg antiferromagnetic material layer (the first antiferromagnetic

material |ayer) made of the Nivh alloy is deposited and annealed in a

magnetic field before depositions of the nonnagnetic nmaterial |ayer (the

first nonmagnetic material |ayer) and the second ferronagnetic nmateri al

| ayer, even if a long tinme annealing progsss in a magnetic field at high

t enper at ure 1syees f DB nExdi D5 oaflermade obf aam foDsly acdnteinim@oetieast one

properties fromthe NiMh | ayer, no mutual diffusion will occur at the

i nterface besfaen, tihe amdnegnethe nommsgmdti @ymatdfialbtlapeawraphel $ cnade of

material |ayer) and the second ferromagnetic material |ayer, which wll

cause the Manmntometof reduckg #sdadunesult,ia pfefeansdiudest stappysition of

exhibiting a high MR effect can be manufactured according to the present

i nvention. Rhdé¢ etMobiecis andnadvamt agee Odt%he paesbailarveriion Mhl+ be

apparent fromthe follow ng description of the preferred enbodi nents of the

I nvention as: 36 utdt®) ed Thet her st cOepaoma fge ti awmmagsrial layer 13 is
preferably made of Co or an alloy containing Co so as to
achieve a higher MR ratio. The second ferromagnetic material
layer 15 is preferably made of a material exhibiting good soft
magnetic properties, particularly made of a permalloy with
composition of Ni : Fe = 81 : 19 (at%).

The antiferromagnetic material layer 12 is made of NiMn
because it exhibits a high blocking temperature and a large
exchange bias field, as well as an excellent corrosion
resistance. 1In order to obtain good antiferromagnetic
properties from the NiMn layer, however, it is necessary to
form 6 phase in the NiMn layer by performing a long time
annealing process in a magnetic field at high temperature. If
the annealing process is performed after the deposition of all
the layers of the spin-valve structure, mutuél diffusions will
occur at the interface between the nonmagnetic material layer
14 and the second ferromagnetic material layer 15 due to
solution of Ni and Cu, causing the MR ratio thereof to reduce,
as mentioned before.

Therefore, according to this embodiment, after the NiMn

) layer 12 and the first ferromagnetic material layer 13 are



-12- BRIEF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is an oblique sectional view
schematically showing a part of a preferred enbodi ment of a MR transducer

accdrding to the present invention; Fig. 2 is a flowchart illustrating an
exanpl e of manufacturing processes of the enbodi nrent shown in Fig. 1; Fig.
3is aflowchart "illustrating an anot heggexanpl e of manufacturing

processes ofdelps ie/dmditIRNtL Wi nd) ahindallingFipgocsisS 1aN a0 Rlalghled 196 atiicangl
view schematically showing a part of an anot her enbodi nent of a MR

transducer @QcCHiGhN e dnp ittt driPaild®ORo Fiodm ThieS @ PhAWeChAting an
illustrating an exanpl e of manufacturing processes of the enbodi nrent shown

in Fig 4, BingiferromddddiCpaidpdrtust ahenWiMh aRgleten 2exampen Ofthe
manuf act uri ng processes of the enbodi nent shown in Fig. 4; Fig. 7 is a

graph ill ustsigifiare % ahdiffiffsAC tiedt oirlgh@®tie QayRrNilgh ifdl lech® dar e pairalfs,
with a spin-valve structure shown in Fig. 1; Fig. 8 is a graph illustrating

g_/R response thlé G- flat AN Al etctifttera thidl rewliva ngt NdSlewse othame ishin-o.
| valve structure are sequentially deposited thereon. The
thickness of the deposited first ferromagnetic material layer
13 before the annealing process and a removing thickness of the
layer 13 will be optionally determined in accordance with a
finally desired thickness of this first ferromagnetic material
layer 18.

Referring to Fig. 2, manufacturing processes of the
layered spin-valve structure shown in Fig. 1 will now be
described. Firét. at step S20, the under layer 11 is deposited
on the substrate (not shown). Multilayers of Ta and NiFe will
be utilized as the under layer 11. The Ta layer is used for
smoothing fhe interface, whereas the NiFe layer with the fecc
structure is used so that the NiMn layer to be formed thereon
can easily constitutes a fct structure. The under layer 11 can
be made of one of Hf, Cr, Nb, Zr and Ti other than the above-
mentioned composition. Then, at steps S21 and S22, the
antiferromagnetic material layer 12 of NiMn and the first
ferromagnetic material layer 13 are deposited in sequence. At

the next step S$23, a long time annealing process in a magnetic

field at high temperature with respect to the multilayers is



Fi.g. 9 is a graph illustrating thernmal dependency of exchange bias field in
an exanple with a spin-valve structure shown in Fig. 1; and Fig. 10 is a
graph illustrating MR response -13- characteristics in an exanple with a
spi n-val ve structure shown in Fig. 1 and with a shape simlar to that of a
real MR transducer. DESCRI PTI ON OF THE PRREERRED EMBODI MENTS In Fig. 1

whi ch schemapee@blredh®os farmard ehasepbef Nimadagmbedi nEhenof a8 MBeps S24
transducer according to the present invention, reference nuneral 11 denotes

an under |ayeb ggpgsithednonmagaehstr aheernal shoen) 14OnthBesynend | ayer 11,
an antiferromagnetic material |layer 12, a first ferromagnetic materi al

layer 13, a pepwBgAghktichbatealiahayayet4is5aandcend hariognganti proveeriah

| ayer 15 and an anti oxi dant protection |ayer 16 are sequentially deposited

in this ordegayerf 2smazel 8kguedtiniNyvakyesstedCil €his order to form a
layered spin-valve structure.

The annealing process in a magnetic field can be carried
out before the deposition of the first ferromagnetic material
layer 13 on condition that it is done after the deposition of
the antiferromagnetic“ﬁaterial layer 12 of NiMn. Referring to
Fig. 3 which illustrates this manufacturing processés. first,
at step S30, the under layer 11 is deposited on the substrate
(not shown). Then, at step S31, the antiferromagnetic material
layer 12 of NiMn is deposited on the under layer 11. At the
next step S32, a long time annealing process in a magnetic
field at high temperature with respect to the multilayers is
performed to form €& phase of NiMn alloy. Then, at steps S33
to 8§36, the first ferromégnetic material layer 13, the
nonmagnetic material layer 14, the second ferromagnetic
material layer 15 and the antioxidant protection layer 16 are
sequentially deposited in this order to form a layered spin-
valve structure of the MR transducer.

Fig. 4 schematically shows a part of an another embodiment
of a MR transducer according to the present invention. In the

figure, reference numeral 41 denotes an under layer deposited

on a substrate (not shown). On the under layer 41, a first



As: islknomn, in a |layered spin-valve structure, transport electrons are
scattered and thus its MR value increases, if a magnetization orientation
inits first ferromagnetic material layer differs fromthat in its second
ferromagnetic material l[ayer. The nmaxi mnum nmagnet or esi stance is attained
when the magnetization orientations of th®-first and second ferromagnetic
mat-eri al | ayantifeerpnagnedcoppdsrielwlalecadh, oehéirstnfenconagneéie
spin-val ve structure according to the enbodi ment shown in Fig. 1, the
magnet i zati onaterénlalpyar| é8r] aofirké hpppaghetiomngherial nhagerat4l ager
13 is pinned by neans of the antiferromagnetic material |ayer 12, whereas
t he -14- fegendi farromagneéicampéariadr lagert A8, secepgondr nonwgaBeitdc
material layer 15 is freely rotated depending upon magnetic field
external |y appterdialhéages, 46ndaatbordi Bgryomagheghcseateriad Myeff 4@t ean
be obtained. In Fig. 1, furthernore, a direction of externally applied
magneti c fi ebdcprdrintihfiearbimegnatidi meterdalolazeseh8eandrapnantioxidant
protection layer 48 are sequentially deposited in this order to
form a layered spin-valve structure. Namely, in this
embodiment, the MR transducer has a double spin-valve
structure.

The magnetization orientation ap, and cy of the first and
third ferromagnetic material layers 43 and 47 are respectively
pinned by means of the first and second antiferromagnetic
material layers 42 and 48, whereas the magnetization
orientation by of the second ferromagnetic material layer 45 is
freely rotated depending upon magnetic field'externally applied
thereto, and accordingly, a high sensitive MR effect can be
obtained. In the double spin-valve structure, since both
interfaces of the second ferromagnetic material layer 45
contribute to MR changes, higher MR effect than that in the
fundamental spin-valve structure.

Fig. 4 also 1llustrates a direction of externally applied
magnetic field d, and a flowing direction of a sense current e,
which are similar to these in the embodiment shown in Fig. 1.

The first, second and third ferromagnetic material layers

43, 45 and 47 may be made of an alloy containing at least one



are illustrated. Pinned magnetization orientation [err] is in parallel with
the direction of externally applied magnetic field [err], but the sense
current flows toward a direction [err] perpendicular to these direction
[err] or [err]. An easy axis of the second ferromagnetic material |ayer 15
orients perpendicular to the direction ofgexternally applied nmagnetic field

[err]. Thus,ofagnetFEadn@nCen tESwagen | 1t ofg Wir ef @nged tieatl txé sse¢dmd
reduction of coercive force resulting a good linearity of MR response curve

to achi eve. fidwsomdgwet£SUhiBer EAUCRayei 68 i4 mode dthad ddter Bl n-val ve
structure is used as a MR transducer of the magnetic head. In general, the

MR response exkieiting epoedesdt hygrme R rptomemt g, toer tike sl of 1 vrmadat &8
versus externally applied magnetic field along the axis of abscissas. The

MR ratio is dlejénesh Boy [®Rith, comeseipionist e mmé gy esisd i faty) andTie p

I s a changed anount of the resistivity. Various materials can be used for

each | ayer ofigde spd nthiad veestomgine £l Actoteh gl tatdns £3hatd nentar&or

exanple, it is preferred that the antiferromagnetic material layer 12 is

nmade of N MpréteribIpgtinadd S£CcONF edii CABDSLt¢ont@ieing@ICo so as to
achieve a higher MR ratio. The first and second nonmagnetic
material layers 44 and 48 may be made of any one of Cu, Ag and
Au, but they are preferably made of Cu.

In this double spin-valve structure, the first
antiferromagnetic material layer 42 is made of NiMn, whereas
the second antiferromagnetic material layer 48 1is made of FeMn.
It is preferred that qgmposition of NiMn is Ni : Mn = 50 : 50
(at%).

Hereinafter, influence of a magnetic field produced by
sense current flowing through the first and secbnd nonmagnetic
material layers 44 and 46 will be described. This field can be
lgnored 1f the size of the transducer is large and therefore a
current density of the sense current is small. However, for a
MR transducer of the magnetic head, large influence of the
field will be resulted. The field produced by the current
flowing through the first nonmagnetic material layer 44 orients
to the opposite direction with respect to the pinned

magnetization orientation in the first ferromagnetic material

layer 43. On the other hand, the field produced by the current



-15- layers 13 and 15 are nmade of an alloy containing at |east one of N,
Fe and Co, the nonnagnetic nmaterial |ayer 14 is nade of any one of Cu, Ag
and Au. It is preferred that conmposition of the Nivh is Ni : M1 = 50 : 50
(at%, particularly NN : My = 44 56 (at%pg-The first ferromagnetic
material |layer 13 is preferably made of Co or an alloy containing Co so as
to achi eve arhobgher WRroagho thEheesondnaohmapneagoehatemihdr layekager 15 is
preferably nmade of a material exhibiting good soft nagnetic properties,
particul arl yoradatefl te paenslamey diirkel tionpedithi eespechl to ERe=p8hnedl9
(at% . The antiferromagnetic material |layer 12 is made of N Mh because it

exhi bits a hmnggnlhtaekitiont erpentationaid ahkatherdxcbaprgraphasiti mbderdal
wel | as an excellent corrosion resistance. In order to obtain good

anti f erromagnaye® RI7QpeThiceerren tthe Makheltayatiohoveyentaittiohsinechesary
to formO phase in the NN W1 |ayer by performng a |ong tine annealing

process in athagaetriee rbmalgteati chnghetraapenayetre4 7l i st Beabnveawhegepsothes

is perforned after the deposition of all the layers of the spin-valve

structure, nuwhgaktdizhftiononEivnitation in the first ferromagnetic material
layer 43 will tend to be disturbed.

According to this embodiment, however, since the first
antiferromagnetic material layer 42 is made of NiMn which has a
high blocking temperature and a large exchange bias field, the
magnetization orientation of the first ferromagnetic material
layer 43 can be strongly pinned. In this embodiment, NiMn is
used only for the first ferromagnetic material layer 43
because, as aforementioned, this NiMn requires to be annealed
at a high temperature in a magnetic field for a long time.
Since, disturbance of the magnetization orientation may occur
only in the first ferromagnetic material layer 43, it is
advantageous to form only the first antiferromagnetic material
layer 42 by NiMn which has a high blocking temperature and a
large exchange bias field.

In this embodiment, as well és done in the previous
embodiment of Fig. 1, after the NiMn layer (the first
antiferromagnetic material layer) 42 and the first

ferromagnetic material layer 43 are deposited, the long time

annealing process in a magnetic field at a high temperature is



occur at the interface between the nonmagnetic material |ayer 14 and the
second ferromagnetic material |ayer 15 due to solution of Ni and Cu,
causing the MR ratio thereof to reduce, as nentioned before. Therefore,
according to this enbodinent, after the NiM1 | ayer 12 and the first
ferromagnetic material 'l ayer 13 are -16316eposited, the long tine
anneal i ng prpeessrinedatoagoein ¢hki & dpahski phviagpanaanteéfesrpaagoentd to
formthe 8 phase having an antiferromagnetic property in the N Vh |ayer 12.
Then, the suptaperaly the thier NiMhetagergaet i cThayer the sarehebedft ohpufityt
the surface, and thereafter the remaining |ayers of the spin- valve
structure areegequnaghealicy ldgposdtedst beérhod. tdhpurhfgkhressatfahe, and
deposited first ferromagnetic material |ayer 13 before the annealing
process and gheesa¥itey theckesasnohgt haykayeof18hei Hbubkeoppinrahlye

determned in accordance with a finally desired thickness of this first
ferromagneti gtiatenral arayeeqlidntially deposited thereon.

Referring to Fig. 5, manufacturing processes of the
layered double spin-valve structure shown in Fig. 4 will now be
describe&. First, at step S50, the under layer 41 is deposited
on the substrate (not shown). Multilayers of Ta and NiFe will
be utilized as the under layer 41. The Ta layer is used for
smoothing the interface, whereas the NiFe layer with the fcc
structure is used so that the NiMn layer to be formed thereon
can easlly constitutes a fct structure. The under layer 41 can
be made of one of Hf, Cr, Nb, Zr and Ti other than thé above-
mentioned composition. Then, at steps S51 and S52, the first
antiferromagnetic material layer 42 of NiMn and the first
ferromagnetic material layer 43 are deposited in sequence. At
the next step S53, a.long time annealing process in a magnetic
field at high temperature with respect to the multilayers is
performed to form 6 phase of NiMn alloy. Then, at steps S54
to S59, the first nonmagnetic material layer 44, the second
ferromagnetic material layer 45, the second nonmagnetic
material layer 46, the third ferromagnetic material layer 47,
the second antiferromagnetic material layer 48 and the

antioxidant protection layer 49 are sequentially deposited in



Referfing to Fig. 2, manufacturing processes of the |ayered spin-valve
structure shown in Fig. 1 will now be described. First, at step S20, the
under layer 11 is deposited on the substrate (not shown). Miltilayers of Ta
and NiFe will be utilized as the under layer 11. The Ta | ayer is used for
snmoot hing the interface, whereas the NrE2-layer with the fcc structure is
used so thatchilke o¥iddr [tay doruD aa dyermsrl douwdieorpdan vedsel ¢ tearturalics the
fct structure. The under | ayer 11 can be nade of one of H, Cr, Nb, Zr and
Ti other thaRr tthanddmer .menti oned conposition. Then, at steps S21 and S22,
the antiferromagnetic material layer 12 of Nivh and the first ferronmagnetic
materi al | ayer 13har erdeyadsinge priovessqusnee nadmettiie fdefl dstcam $23,caxrrieny
time annealing process in a nagnetic field at high tenperature with respect
to the nul ticuayéefdre the Hepgsdrtfiemed tthef drimsftefelr rpbags edfi cNimdtealilady .
Then, at steps S24 to S26, the nonmagnetic material |ayer 14, the second
f erromagnet ilayeat &3 an lcayali tiomthathd tartts dondantf terotthet ideposition of
the first antiferromagnetic material layer 42 of NiMn.
Referring to Fig. 6 which illustrates this manufacturing
processes, Tirst, at step 880, the under layer 41 is deposited
on the substrate (not shown). Then, at step S61, the first
antifgrromagnetic material layer 42 of NiMn is deposited on the
under layer 41. At the next step S62, a long time annealing
process in a magnetic field at high temperature with respect to
the multilayers is performed to form ¢ phase of NiMn alloy.
Then, at steps S63 to S69, the first ferromagnetic material
layer 43, the first nonmagnetic material layer 44, the second
ferromagnetic material layer 45, the second nonmagnetic
material layer 46, the third ferromagnetic material layer 47,
the second antiferromagnetic material layer 48 and the
antioxidant protection layer 49 are sequentially deposited in

this order to form a layered double spin-valve structure of the

. MR transducer.

EXAMPLE 1
As for a sample for valuation, a fundamental spin-valve

structure shown in Fig. 1 is deposited on a glass substrate



Iayer'16 are sequentially deposited in this order to forma | ayered
spin-val ve structure. The annealing process in a magnetic field can be
carrted out before the deposition of the first ferromagnetic material |ayer
13 on condition that it is done after the deposition of the
antiferromagnetic material layer 12 of Niddr Referring to Fig. 3 which
il lustrates whtbk amsdkecodir Bngnphesess®he filepesitaonst ape BOrfohmedndar the
| ayer 11 is deposited on the substrate (not shown). Then, at step S31, the
anti f erromaggdass subetraltel byeRFl1Ragheblrivh sputitpoingegndniohebaader | ayer
11. At the next step S32, a long tinme annealing process in a magnetic field
at high tenpsputteeingith Fepgétions offiethal RF| mggnetrenpsputdtardingoater such
[err] phase of NiMi-alloy. Then, at steps S33,to S36, the first
f erromagnet i thatt ani ultingse Yapuumeiﬁoﬁnﬁgﬁe#iEanareleas,layﬁacmum gliethe
second ferromagnetic material |ayer 15 and the antioxidant protection |ayer
16 are sequespittibeyidepdsi sbduitn4thild orBer aoratenps Anygasdfipivnisval secm
structure of the MR transducer. Fig. 4 schematically shows a part of an
anot her enbodndeath BF poWRrt iansd0cW®:. aCondilthgnsoofhéher feenbeamventi on.
In the figure, reference nuneral 41 denotes an under |ayer deposited
sputtering are such that an ultimate vacuum is 5X 10™™ Pa or
leSS, a vacuum at the sputtering is about 1.2x 10”2 Pa, a rate
of Ar gas flow is 7 sccm, an accelerating voltage of a sputter
gun is 300 V and an ion current is 30 mA. The films were
deposited in a magnetic field of up to about 100 Qe.
Sequence of manufacturing processes of this sample is as
follows. As shown in Fig. 2, at first, an under layer 11, a
NiMn film of an antiferromagnetic material layer 12 and a Co
film of a first ferromagnetic material layer 13 are
sequentially deposited in this order on a glass substrate by
 the RF magnetron sputtering, and then the substrate with the
deposited multilayers are taken out from a sputtering chamber.
Then, the substrate with the multilayers is set in a heat treat
furnace and annealed at a high temperature of 250 °C or more in
a magnetic field of 3 kOe for a long time. In this example, a
heat treatment wherein temperéture is kept at the high
temperature for 5 hours and thereafter reduced to room
temperature is repeéted three times. After the annealing

‘ process, the substrate with the multilayers is set in an ion



on a éuQstrate (not shown). On the under |ayer 41, a first - 18-
antiferromagnetic material layer 42, a first ferromagnetic material |ayer
43, *a first nonmagnetic material |ayer 44, a second ferromagnetic materi al

| ayer 45, a second nonnagnetic material |ayer 46, a third ferromagnetic
material |ayer 47, a second antiferronmagn24+c material |ayer 48 and an

ant i oxi dant- beramt esptutdrer imge rd e earske quentsuaiflacedefodittee€a fitllm 9 rider to
forma | ayered spin-valve structure. Nanely, in this enbodi nent, the M
transducer legscheed dybliers mikMalgy et os tprurdtiiyr ehellsanfagret | Tateirea fdrarenttdtd on
a2 and [err] of the first and third ferromagnetic material |ayers 43 and 47
are respect inssiaji mhinpndchstpr syedhsthd i -fialste st udonred aamet isfesrureortdgrielty ¢
material |ayers 42.and 48, whereas the magnetization orientation b2 of the
second f err crepgreditierd nidtearacal . | aoarp ol tiioif roefelther dtidMne d ndegheirsd iexgpmpdon is
magnetic field externally applied thereto, and accordingly, a high
sensitive MRieff &t =<&0 be 50 (at%).

Fig. 7 illustrates X-ray diffraction patterns of a NiMn
film before and after the annealing process. In order to
detect the diffraction patterns, a sample of Ta(50
Angstrom)/NiMn{(500 Angstrom)/Ta(50 Angstrom) 1s used. A peak
of the fct structure is detected and thus 6 phase exhibiting
antiferromagnetic properties is formed after annealing, whereas
peaks of the fce structure are detected before the annealing.

Table 1 indicates_materials of each layer, thicknesses
(Angstrom) of each layer, a MR ratio (%), an exchange bias
field (Oe) and a condition of annealing process after
deposition of a NiMn film with respect to each sample of spin-
valve structures manufactured based upon various conditions.

The materials ml, m2,..., m7 and their thickness til,
t2,..., t7 correspond to the multilayers deposited on the
substrate in this order. Namely, materials of the under layer
11 are indicated by ml and m2 {(layer thicknesses tl and t2), a
material of the antiferromagnetic layer 12 is indicated by m3
(layer thickness t3), a material of the first ferromagnetic

layer 13 is indicated by m4 (layer thickness t4), a material of

the nonmagnetic layer 14 is indicated by m5 (layer thickness



obtained. In the double spin-valve.structure, since both interfaces of the
second ferromagnetic material |ayer 45 contribute to MR changes, higher M
effect than that in the fundanental spin-valve structure. Fig. 4 also
illustrates a direction of externally applied magnetic field d2 and a
flowng direction of a sense current [err]ashich are . simlar to these in

t he enbodi nmenis )shavmdterrial df the ddamid feacamchgmet iidilay drerirsonegnet i
material |ayers 43, 45 and 47 may be nmade of an all oy containing at |east
one -19- amd¥catral and nfe. (lHovway ethidindss el andd waalertita et witk
ferromagnetic material |ayer 45 is made of a material exhibiting good soft
magneti c propaidtierstiqaridyeant ard yi graidel idfateedeiymadd Ayl asdrh thagkecidd av Jof
Nl : Fe =81 : 19 (at%. The first and third f.erromagnetic material |ayers
43 and 47 ar gt efgrablohitideed @0 tife Aad |nplentia Ridl@ddeddmogtinum.
achieve a higher MRratio. The first and second nonmagnetic material |ayers
44 and 46 may be nade of any one of Cu, Ag and



Au, but they are preferably nmade of Cu. In this double spin-valve
structure, the first antiferromagnetic material |layer 42 is made of . N M,
whereas the second antiferromagnetic naterial |ayer 48 is made of Fenh. It
is preferred that conposition of NNMi is N : M =50 : 50 (at%.

Herei nafter, influence of a magnetic fiel®produced by sense current
flowing through the first and second nonmagnetic material |ayers 44 and 46
will be described. This field can be ignored if the size of the transducer

is large and thereforg a curr ent de,gs_Lt_ of {t he senge currert is small.
However, for a MR traphsdyges Of | thesnagheti ¢ head, I ar g& Enfll uence of the
field will be resulted. Ehe§fie| & pgoduced by the current & ljow ng through
the first nonmagnetic naﬁgggal @zéQ 44(orients{to the oppogite direction
with respect to the pj nned ¢ragngti zati op or(ent tiofp in thelfirst
ferromagnetic material |layer 43| On thejothe¢r hand, (the fielid produced by
the current - 20- —_ —_ |~ =~ ~
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fl-owi ng through the second nonmagnetic material |ayer 46 orients to the
sanme diréction with respect to the pinned nmagnetization orientation in the
third ferromagnetic material |ayer 47. Therefore, the nagnetization
orientation in the third ferromagnetic material |layer 47 is stable, whereas
the magnetization orientation in the ficgy_ferromagnetic material |ayer 43

will tend to be digtyibedbeAGaaedsiBoliorkBhsTaRREdL MERATL bﬁéegsmﬂlébnce_the
first antiferromagnetic material layer 42 is nade of N Mh which has a high

blocklng_tenpsaﬁﬁméenaad &-B3r gaieKCAABIEOBNAE byelidpobNeiARIBREI ZaykeB 11
orientation of the first ferromagnetic material |ayer 43 can be strongly

pi nned. In tgbsi8nbeHeiedy, abhWh1iagushe a@Bpysieedt heybrsshtfernogagnetic
material | ayer 43 because, as aforenentioned, this Nivh requires to be

anneal ed at eempebataﬂae&ﬁtarﬁagﬁeelaagmenHCaﬁaetﬂefQAfﬁefosg ibpBsidinge,
di sturbance of the magnetization orientation may occur only in the first

ferromagneti gngetehhdhihgy@hyd48s ekhiibigduabhaBeMrSrheiboantoshyulhe first
antiferromagnetic material |ayer 42 by Ni Mh which has a high bl ocking

tenperature gpehankar 8¢a8xehanas.bi aswbiekd. the FBkereABEJERBED1eassURbN S

done in the previous
no. 4) which is formed by depositing all the layers and then by
annealing at 200 °‘C exhibits a poor exchange bias field (210
Oe). Also, the reference example (sample no. 5) which is
formed by depositing all the layers and then by annealing at
350 °C cannot obtain a good MR ratio because of mutual
diffusions occurring at the interface between the Cu layer
(nonmagnetic material layer 14) and the NiFe layer (second
ferromaénetic material layer 15). It is not essential
conditions to provide the under layer, but the under layer will
be advantageous for increasing the exchaﬁge bias field. Fig. 8
indicates MR response curves of the no. 1 sample which exhibits
the best MR effect.

Tables 2-5 indicate a MR ratio (%) and an exchange bias

field (Oe) with respect to eéch sample which has the same layer

structure as that of the no. 1 sample shown in Table 1 but has

different layer thicknesses or different annealing conditions.



enbodi nent of Fig. 1, after the NiMvh layer (the first antiferromagnetic
material "l ayer) 42 and the first ferromagnetic material |ayer 43 are
deposited, the long tinme annealing process in a magnetic field at a high
tenperature is -21- perforned to formthe [err] phase having an
antiferromagnetic property in the NiM |layer 42. Then, the surface of the
first ferromagnetic layer 43 is etched to purify the surface, and
thereafter the remaining | ayers of the double spin-valve structure are
sequentially deposited thereon. Referring to Fig. 5, manufacturing
processes of the |layered double spin-valve structure shown in Fig. 4 will
now be described. First, at step S50, the under |ayer 41 is deposited on
the substrate (not shown). Miltilayers ®ABEa2and NiFe will be utilized as
the under |ayer 41. The Ta layer is used for snoothing the interface,
whereas the NiFe layer with the fee structure is used so that the N W

| ayer to be fornmed thereon can easily constitutes a fct structure. The

under layer 41 can -
SAMPLE LYAER THICKNESS MR RATIO | EXCHANGE
NO. (A) BIAS FIELD
(tl,t2, t3, t4, t5, t6, t7) (%) (Oe)
6 (50, 50, 20, 45, 25, 100, 50) 0.7 15
{reference ’
example)
7 1 (50,50, 50, 45, 25, 100, 50) 3.0 100
8 (50, 50, 100, 45, 25, 100, 50) 3.8 210
1 . (50, 50, 250, 45, 25, 100, 50) 4.0 350
9 (50, 50, 508, 45, 25, 100, 50) 3.0 370
10 (50, 50, 1000, 45, 25, 100, 50} 1.8 380
(reference
example)
MATERIALS ; {Ta, NiFe, NiMn, Co, Cu, NiFe, Ta)

CONDITION OF ANNEALING PROCESS ; 350°C, 5 hours X3 times



be made of one of Hf, C, Nb, Zr and Ti other than the above- nentioned
conposition. Then, at steps S51 and S52, the first antiferromagnetic
material |ayer 42 of NiMh and the first ferromagnetic material |ayer 43 are
deposited in sequence. At the next step S5%-a long tinme annealing process
in a magnetic field at high terrperatureTAﬁL@h3respect to the multilayers is
performed to form[err] phase of NNMh alloy. Then, at steps S54 to S59, the
first nonmagnetic material |ayer 44, the second ferromagnetic materi al

| ayer 45, the second nonnagnetic material layer 46, the third ferromagnetic

material |ayer 4y, the second antiferromagnetic matprial |ayer 48 and tjhe
antioxi dant protectegpkayer| 49 argygaaneninedd Y deppgifagto | EXCHANGEZ- this
order to forma ayere(Ij“ doub] e spin-val ve structurejof the MR transducef.
The annealing prpcegs in a npgnetic fix)d can be cafried ouf BiAS GIELR he
deposition of the first ferrpmagnetic material |ayef 43 on ¢ondition that
it is done after|the deposit] oftlgt2, t3, t4, tb, t6, t7) (%) (Oe)

11 (50, 50, 250, 10, 25, 100, 50) 2.1 420

{(reference

example)

12 (50, 50, 250, 15, 25, 100, 50) 3.0 400

13 {50, 50, 250, 30, 25, 100, 50) 3.6 380

1 (50, 50, 250, 45, 25, 100, 50) 4.0 . 350

14 (50, 50, 250, 60, 25, 100, 50) 4.2 250

15 (50, 50, 250, 150, 25, 100, 50) 3.9 100

16 - (50, 50, 250, 200, 25, 100, 50) 1.7 40

(reference

example)

MATERIALS ; (Ta, NiFe, NiMn, Co, Cu, NiFe, Ta)

CONDITION OF ANNEALING PROCESS ; 350°C, 5 hours X3 times



the first antiferromagnetic nmaterial |ayer 42 of NNMi. Referring to Fig. 6
which illustrates this manufacturing processes, first, at step S60, the
under layer 41 is deposited on the substrate (not shown). Then, at step
S61, the first antiferromagnetic material |ayer 42 of NiMi is deposited on
the under layer 41. At the next step S62545a long tinme annealing process in
a magnetic field at high tenperature mﬁtﬁ respect to the nultilayers is
performed to form[err] phase of NiMh alloy. Then, at steps S63 to S69, the
first ferromagnetic material |layer 43, the first nonnagnetic material |ayer
44, the second ferromagnetic material |ayer 45, the second nonmagnetic
material |ayer 46, the third ferromagnetic material |ayer 47, the second
antiferromagnetic material |ayer 48 and.ﬂ@gqutioxidant protection | ayer 49
are sequentially deposited in this order forma | ayered doubl e

spi n-val ve structure of the MR transducer. EXAMPLE 1 As for a sanple for

val uation, a fundanental spin-valve structure shown in Fig. 1 is deposited
on a glass substrate

SAMPLE LYAER THICKNESS MR RATIO | EXCHANGE
NO. - (A) BIAS FIELD
(t1, t2, t3, t4, t5, t6, t7) (%) (Oe)
17 (50, 50, 250, 45, 10, 100, 50) 2.1 280
{reference
example)
18 (50, 50, 250, 45, 15, 100, 50) 3.7 310
1 (50, 50, 250, 45, 25, 100, 50) 4.0 350
19 {50, 50, 250, 45, 50, 100, 50) 3.0 - 350
20 (50, 50, 250, 45, 80, 100, 50) . 1.5 350
(reference
example)
MATERIALS ; (Ta, NiFe, NiMn, Co, Cu, NiFe, Ta)

CONDITION OF ANNEALING PROCESS; 350 C, 5 hours X3 times



-23- with a size of 3 inches. The depositions are perforned on the gl ass
substrate by RF nagnetron sputtering and i on beam sputtering. Conditions of
t he- RF magnetron sputtering are such that an ultimate vacuumis 5x [err] Pa
or less, a vacuumat the sputtering is about 4x [err] Pa, a rate of Ar gas
flowis 5 seemand an RF power is 500 wglgonditions of the ion beam
sputtering are such that an ultimate vacuumis 5 x [err] Pa or less, a
vacuum at the sputtering is about 1.2x [err] Pa, a rate of Ar gas flowis 7
sccm an accelerating voltage of a sputter gun is 300 V and an ion current
is 30 mM. The filns were deposited in a magnetic field of up to about 100
Ce. Sequence of manufacturing processes of this sanple is as follows. As
shown in Fig. 2, at first, an under layer 11, a Nivh filmof an
antiferromagnetic material layer 12 and a Co filmof a first ferromagnetic
material layer 13 are sequentially deposited in this order on a gl ass
substrate by the RF nmagnetron sputtering, and then the substrate with the
deposited nultilayers are taken out froma sputtering chanber. Then, the
substrate with the nmultilayers is set HﬂBﬁS%eat treat

SAMPLE MR RATIO | EXCHANGE CONDITION OF ANNEALING
NO. BIAS FIELD PROCESS
(%) (Oe)

21 0.4 20 200°C , 10 hoursX2 times
(reference

example)

22 3.0 195 250°C , 10 hoursX2 times
1 4.0 310 | 300°C ,10 hoursX2 times
23 4.0 400 400°C , 10 hoursX2 times
24 3.8 420 450°C , 10 hoursX?2 times

MATERIALS ; (Ta,NiFe,NiMn, Co, Cu, NiFe, Ta)



furnace and anneal ed. at a high tenperature of 250 [err] or nore in a
magnetic field of 3 kOe for a long tine. In this exanple, a heat treatnent
wherein tenperature is kept at the high tenperature for 5 hours and
thereafter reduced to roomtenperature is repeated three tines. After the
anneal i ng process, the substrate with thejjywultilayers is set in an ion

-24- beam sputterrap1rdegi ehoagdMRheastibbagadobxthenfe bihe 23elfsebghed by
ion mlling to purify the surface. Thereafter, the remaining |ayers of the

spi n-val ve. SVEHﬁbuéesamgléeqweahpablnodepmsahadetmeoe@mthcamﬁesrbn@n of the
Nivh in this exanple is Ni : M 50 : 50 (at9%. Fig. 7 illustrates X-ray

diffraction patitRhBSsek aawahthblahbeﬁgreomadn@tﬁermaberaameahyag R2OE®ISIn
In order to detect the diffraction patterns, a sanple of Ta(50

Angstrom / Ni Mage09 . Angst ekl T&o56bAAAA! ROMhrgsrusgdhafigheBkasfl fibedf Clthe

structure is detected and thus [err] phase exhibiting antiferromagnetic

properties iNifar nasteaf ¥or apecahitn@ervbfhgastic layer tends to slightly
thicker than the FeMn layer. The sample with a too thin NiMn
layer {(no. 6 sample) cannot obtain enough exchange bias field
nor good MR effect. The samples with thicknesses t3 of 50 or
more Angstrom (nos. 1 and 7-9 samples) exhibit exchange bias
fields of 100 Oe or more as well as MR ratios of 3.0 % or more.
Preferably large exchange bias field can be obtained by the
samples with the thicknesses t3 of about 250 or more Angstrom
(nos. 1 and 9). If the thickness t3 increases more than 500
Angstrom, although the exchange bias field gradually increases
but the MR ratio decreases because the NiMn layer itself has no
effect for increasing the MR ratio. Therefore, preferable
thickness of the NiMn layer is about 500 or less Angstrom. In
other words, the thickness t3 of the antiferromagnetic material
layer 12 ié preferably within a range of 50 Angstrom = t3 =
500 Angstrom (nos. 1 and 7-9 samples).

Table 3 shows MR ratios and exchange bias fields of

various samples (sample nos. 1 and 11-18) with different
thicknesses t4 of the first ferromagnetic material layer 13 (Co

layer). The sample with the first ferromagnetic layer 13 with

: the thickness t4 of 15 Angstrom (no. 12 sample) exhibits a MR



peaks-of\the fcc structure are detected before the annealing. Table 1
I ndi cates materials of each |ayer, thicknesses (Angstrom of each |ayer, a
MR ratio (%, an exchange bias field (0Oe) and a condition of annealing
process after deposition of a NNMi filmwth respect to each sanpl e of
spi n- val ve structures manufactured base®3#pon various conditions. The
materi al s nmratly .of ,3n¥ %nd Thwes ;y 1thiicknessféerdred Xhat the/ tdoralasgondt4 ois
the nultilayers deposited on the substrate in this order. Nanely, materials
of the underedwaiertd loarmoradiltat el Angd trom. NPl |[therthikrdawsstes t 1 and
t2), a material of the antiferromagnetic |layer 12 is indicated by nB (Il ayer
t hi ckness t 3ncreasdser iallafgeheMR irastid eraroneymxtpactied,erunttdi § stherdi cat ed
by md (layer thickness t4), a material of the nonnmagnetic |layer 14 is
i ndi cat ed bythxKreyerot 8¢ kiresstrom - @Senp ™ ,nas Tdl emdll D14 he des ot
ferromagnetic layer 15 is indicated by n6 (layer thickness t6) and a
mat eri al of inerqusadcicoitéaineg ddpalsi Iingr cafl exbriduatid gl ajerctitumkness
t7).
However, if the thickness t4 increases more than 60 Angstrom,
the exchange bias field decreases causing unsatisfied pinning.
Furthermore, if the thickness t4 increases more than 150
Angstrom, the MR ratio is extremely reduced. Therefore, the
most preferable thickness t4 of the Co layer is about 45

Angstrom (sample no. 1). In other words, the thickness t4 of
the first ferromagnetic material layer 13 is preferably within
a range of 15 Angstrom = t4 = 150 Angstrom (nos. 1 and 12-15
samples). Since the NiMn layer for the antiferromagnetic layer
exhibits a larger exchange bias field than the FeMn layer, the
Co layer with the NiMn layer can be formed thicker than that
with the FeMn layer causing a higher MR ratio.

Table 4 shows MR-ratios and exchange bias fields of
various samples (sample nos. 1 and 17-20) with different
thicknesses t5 of the nonmagnetic material layer 14 (Cu layer).
The thickness t5 of the Cu layer 14 affects an intensity of
magnetic coupling between the first and second ferromagnetic
material layers 13 and 15 because‘it corresponds to the space
between these ferromagnetic layers 13 and 15. If the thickness

t5 of the Cu layer iIs too thin (no. 17 sample), that sample



The layer thickness in the each sanple is selected in optinmum - 26-
-27- It will be understood from Table 1 that the sanples (sanple nos. 1-3)
which are forned by depositing the layers 11 to 13, then by annealing the
deposited |l ayers at a high tenperature in a magnetic field and thereafter
by depositing the remaining |ayers exhidg4- enough MR rati o and enough

exchange bi gg1fii ekdgbiloweyeor MRe ragfier beeauesanpkaectsiaaplionnos ghewhich
is formed by depositing all the layers and then by annealing at 200 [err]

exhibits a peebnax¢karomakinazill eladetddQ DayerA(NaFet hayeedenrsnecananvamplee
(sanple no. 5) which is forned by depositing all the |ayers and then by

anneal i ng atr3efyl ewiltchaidnet thbtraispeatgeod thB farst fecavmegnbtiut dalyer

di ffusions occurring at the interface between the Cu | ayer
(Co layer) 13. Contrary to this, if the thickness t5 of the Cu
layer is too thick (no. 20 sample), the MR ratio is extremely
reduced due to reduced scattering capability of conduction
electrons. Therefore, the thickness t5 of the nonmagnetic
material layer 14 is preferably within a range of 15 Angstrom
= t5 = 50 Angstrom (nos. 1, 18 and 19 samples), particularly
the thickness t5 of about 25 Angstrom (no. 1 sample) 1is
optimum.

Table 5 shows MR ratios and exchange bias fields of
various samples (sample nos. 1 and 21-24) with different
annealing conditions of the antiferromagnetic material layer 12
(NiMn layer). It will be understood that the higher annealing
temperature, the larger exchange bias field. However, since
the process temperature cannot be kept too high as for
manufacturing a MR transducer, it is preferred that the
annealing temperature is within a range up to 400 °C (mos. 1,
22 and 23 samples).-

Fig. 9 illustrates thermal dependency of exchange bias
field in samples of an example according to the present
invention and of a reference example. The spin-valve structure
of the sample according to the present invention is Ta(50

: Angstrom) /NiMn (250 Angstrom)/Co(45 Angstrom) /Cu(25



(nonnmegnetic material |ayer 14) and the N Fe layer (second ferromagnetic
material layer 15). It is not essential conditions to provide the under

| ayer, but the under layer will be advantageous for increasing the exchange
bias field. Fig. 8 indicates MR response curves of the no. 1 sanple which
exhibits the best MR effect. Tables 2-53sudicate a MRratio (%9 and an

exchange bi asglsit@loth)(/R@Faiilion negReton)yTadch agelkeon)i,chndashehs tyantture
| ayer structure as that of the no. 1 sanple shown in Table 1 but has

di fferent | ayernlhisehipass e diel @i thedHegalricndeCerdpilenss Ta (526-
TABLE 2 SAVPLE : LYAER THI CKNESS MR RATI O EXCHANGE NO.
(A) Angstrom) /NiFe (70 AnRlsA®om)AHeMn (1289 Angstrom) /Co (30
‘Angstroﬁ)/Cu(zs Angstrom) /NiFe (100 Angstrdm)/Ta(SO Angstrom) .
If FeMn is used for the antiferromagnetic layer material, the
exchange bias field will monotonously decrease depending upon
the annealing temperature and will reach to near zero Oe at 150
‘¢ as shown by a dotted line in Fig. 9. On the contrary, if
NiMn is used for the antiferromagnetic layer material, the
exchange bias field is substantially kept at constant even at
200 °C as shown by a solid line in Fig. 9. Namely, according
to the present invention, an excellent thermal dependency can
be obtained.

In order to test corrosion resistance of these samples,
their MR ratios are measured before and after the samples are
exposed in an environment with a high temperature and a high
humidity. The exposing condition is a temperature of 85 °C, a
humidity of 85 % and a period of one week. The spin-valve
structure using FeMn exhibited great deterioration such that
the MR ratio reduces from 2.5 % to 0.5 %, whereas the spin-
valve structure using NiMn could keep the MR ratio at counstant.

An another sample with a similar pattern as that of a real
MR transducer in a MR read head, manufactured by a

photolithography, is provided other than the aforementioned

sample for valuation in which a fundamental spin-valve



TABLE 3 SAMPLE LYAER THI CKNESS MR RATI O EXCHANGE NO.

(A BIAS FIELD (t1,t2,t3,t4,t5,t6,t7) (%
(Oe 11 (50, 50, 250, 10, 25, 100, 50) 2.1 420
(reference exanple) 12 (50, 50, 250, 15, 25, 100, 50) 3.0
400 13 (50, 50, 250, 30, 25, 108¢-50) 3.6 380 1

(50, 50, 250, 4%2rdeti®@. 5@)deposit$d00n a glas§5ﬁu$étrate with a size of 3
(50, 50, 250, 60, 25, 100, 50) 250 15

(50, 50, 250, }3@ne3. 10Qn5ths exam%i%, the splﬁQQalQe structure has a
(50, 50, 250, 200, 25, 100, 5 0 (reference exanpl e)

MATERI ALS attern shape of 3 x: Eiﬂ@mmlﬁg NbWﬁ GQ GUhbli-de magh e €PN By OF
ANNEALI NG P [err] 5 hours times -

and electrode layers formed on its 31de face.

Fig. 10 illustrates MR response characteristics in this
spin-valve structure with the similar pattern as that of a real
MR transducer. In the figure, the ordinate represents output
voltage of fhe MR transducer, instead of the MR ratio. The
spin-valve structure of this sample is Ta(50 Angstrom)/NiMn (250
Angstrom)/Co(45 Angstrom)/Cu(25 Angstfom)/NiFe(lOO
Angstrom)/Ta(50 Angstrom). The measuring condition is a sense
current of 10 mA and an extefnally applied field of + 40 Oe and
60 Hz. As will be apparent from the figure, a substantially
linear MR response can be obtained under application of the
external field within a range between * 40 Oe. Furthermore,
from this MR response characteristics, no Barkhausen noise can
be recognized. This is because possible noise 1s restrained by
using a hard film bias method which is known in the technical

field of the magnetic head.

EXAMPLE 2

As for a sample for valuation, a double spin-valve
structure shown in Fig. 4 is deposited on a glass substrate
with a size of 3 inches. This double spin-valve structure has

a first antiferromagnetic material layer 42 of NiMn and a



TABLE 4 SAMPLE LYAER THI CKNESS MR RATI O EXCHANGE NO.

(A ) BIAS FIELD (t1,t2,t3,t4,t5,t6,t7) (9%
(Oey 17 (50, 50, 250, 45, 10, 100, 50) 2.1 280 (reference
exanpl e) 18 (50, 50, 250,45, 15, 100, 50) 3.7 310 1

(50, 50, 250, 45, 25, 100, 50) 4. 0 -37-350 19 (50, 50, 250,
45, 50, 100,ge¢dnd antdferromadetd@ material l@@@m 9@, odFemid, e 100,

50) 1. 5 350 (reference exanpl e) MATERI A

(Ta, NiFe, NeMosi®idas dMNderfOrndd\DaE G¥1GF a/é'\"}i'éﬁle' NG Fﬁﬁ@ca&%mph%r i, &
hours X 3 tines -31- TABLE 5 SAMPLE MR RATI O EXCHANGE

CONDI TI ON OehdNWEAIdNG@Gubstrate by RF magnetron sputtering and ion beam
sputtering. Conditions of the sputterings are the same as
those in the example 1. Also, sequence of manufacturing
processes of this sample is the same as indicated in Fig. 5.

Table 6 indicates MR ratios (%) of various samples of the
double spin-valve structure (sample nos. 25-27) with different
thicknesses t4 of the first ferromagnetic material layer 43 (Co

layer).



N Bl AS FI ELD PROCESS (% (Oe) 21

0.4 20 [err], 10 hours X 2 tinmes (reference exanple) 22
3.0~ 195 [err] , 10 hours X 2 tinmes 1 4.0

310 [err] ,10 hoursX2 tines 23 4.0 400

[err] ,10 hoursX2 times 24 -388 . 420 [err] ,10
hours X 2 tines MATERIALS ; (Ta, NN Fe, N Mh, CoCu, N Fe, Ta) -32- Table 2

shows MR ratios and exchange bias fields of various sanples (sanple nos. 1
and 6-10) with different thicknesses t3 of the antiferromagnetic materi al

| ayer 12 (NiMh layer). In order to obtain a |arger exchange bias field, the
Ni Mh | ayer for the antiferromagnetic |layer tends to slightly thicker than
the Fevh layer. The sanple with a too thin NiMh | ayer (no. 6 sanple) cannot
obt ai n enough exchange bias field

TABLE 6

SAMPLE LAYER THICKNESS MR RATIO
NO. (A)
(t1, t2, t3, t4, t5, t6, t7, t8, t3, t10) (%)

25 (50, 50, 250, 29, 25, 100, 25, 30, 120, 50) 3.6
26 {50, 50, 250, 45, 25, 100, 25, 30, 120, 50) 4.2
27 (50, 50, 250, 70, 25, 100, 25, 30, 120, 50) 3.9

MATERIALS ; (Ta,NiFe, NiMn, Co, Cu, NiFe, Cu, Co, FeMn, Ta)



ner gbod MR effect. The sanples with thicknesses t3 of 50 or nore Angstrom
(nos. 1 and 7-9 sanpl es) exhibit exchange bias fields of 100 Ge or nore as
wel I as MRratios of 3.0 %or nore. Preferably |arge exchange bias field
can be obtained by the sanples with the thicknesses t3 of about 250 or nore
Angstrom (nos. 1 and 9). If the thicknes39t3 increases nore than 500
Angstrom al t houglint kbeedohbigesbiasvhlebdsgradvatbyshowneasesabue she MR
rati o decreases because the NiM layer itself has no effect for increasing
the MR rati omaTheieller ef phefendbreltfieekatsaref Thhandli Nbrkayesayes about
500 or less Angstrom In other words, the thickness t3 of the
antiferromagbeicknaasesi &l hajget2)l2 asmptetdaabby vhéhfpratrange of 50
Angstrom [err] 500 Angstrom (nos. 1 and 7-9 sanples). Table 3 shows MR
ratios and exwhdfigerbhagneitékdiapbrvari dasNsMnplesy¢satpiekness t3anda
11-16) with different thicknesses t4 of the first ferromagnetic material
| ayer 13 (Condtgeidl ¢ﬁethanﬁﬂeswﬁfbrrbmatﬁetlcfbaygnagaeisccbaymayéa W th
the thickness t4 of 15 Angstrom (no. 12 sanpl é) exhibits a MR
thickness t4), a material of the first nonmagnetic layer 44 is
Cu (layer thickness t5), a material of the second ferromagnetic
layer 45 is NiFeé (layer thickness t6), a material of the second
nonmagnetic layer 46 is Cu (layer thickness t7), a material of
the third ferromagnetic layer 47 is Co (layer thickness t8), a
material of the second antiferromagnetic layer 48 is FeMn
(layer thickness t9), and a material of the protection layer 49
is Ta (1ayef thickness t10).

Similar to the example 1, since the NiMn layer for the
first antiferromagnetic layer 42 exhibits a larger exchange
bias field than the FeMn layer, the Co layer for the first
ferromagnetic layer 43 adjacent to the NiMn layer can be formed
thicker than that with the FeMn layer causing a higher MR ratio
{no. 25-27 samples).

An another sample with a similar pattern as that of a real
MR transducer in a MR read head, manufactured by a
photolithography, is provided other than the aforementioned
sample for wvaluation in which a double spin-valve structure is

deposited on a glass substrate with a size of 3 inches. In

this example, the double spin~-valve structure has a pattern



-33- ratio of 3.0 % Thus, it is preferred that the thickness t4 is equal
to or nore than 15 Angstrom I|f the thickness t4 increases, a |arger MR
rati'o can be expected, until the thickness of 60 Angstron1(sanp|e nos. 1
and 12-14), due to increased scattering capability of conduction electrons.
However, if the thickness t4 increases npje than 60 Angstrom the exchange

f Furth t
o, Lo cerkgases st st B ﬂ?ﬁg HREREELD. L87E%: Poftel y
about 45 XES%?%%%%%%“%‘%%% BFREEnShTiee REFRCTebRe i chness 14 or the
ef th
angat rom [err] AistF oRPCRSS. *HEhg Te: H50G n%fli EpLechibTeneb Ao Laper
for the antlégfﬁgggggbkkghlgxgr E%?%QkkfﬁﬁtFﬁﬁggr %éggan g?gtgsgahgld t han

the Fevnh | ayer, the ayer wt ayer - cdn ker than

and exchange bt a8 0H %‘S%Soﬁgééﬁ?sﬁé“'rs%%%? “@@%ﬁ% slogEiBLTE 471565 th

different théfgﬂgﬁégsbiéso%lgﬁﬁ penegRekbs PRLCRIAL:! 2XEL+ 34, gggk%%lg)
layer material, magnetization origntation in the first
ferromagnetic layer (Co layer) 48 will not bé so disturbed even
if field produced by current flowing through the first
nonmagnetic layer (Cu layer) 44 is applied thereto resulting
only a few reduction of the MR ratio. Furthermore, output
voltages per unit resistance of two transducer samples
respectively using NiMn and FeMn which materials exhibit the
same MR ratioc in case that the double sbin—valve structures are
formed on sﬁbstrates with a size of 3 inches are measured. As
a result, the measured output voltage of the transducer sample
using NiMn'is 1.2 times as that of the another transducer
sample using FeMn. As will be understood, using of NiMn as for
the first antiferromagnetic layer material is very preferable
to stabillize the magnetization oriéntations in the first
ferromagnetic layer 43.

Many widely different embodiments of the present invention

may be constructed without departing from the spirit and scope

of the present invention. It should be understood that the

‘ present invention is not limited to the specific embodiments



The thickness t5 of the Cu layer 14 affects an intensity of magnetic
coupling.between the first and second ferromagnetic material |ayers 13 and
15 because it corresponds to the space between these ferromagnetic |ayers
13 and 15. If the thickness t5 of the Cu layer is too thin (no. 17 sanple),
t hat sanpl e -34- will exhibit a poor_MR.ratio because magnetization of
the second fgIigamBaNet4 i als . (NI E r nnpt, bé .freely
switched w td%rs: espect ltﬁo: {tiﬂée%l%ér%slt%fee/ﬁloénrg’gneéfélegyﬁea%/segd%(@ﬁﬁfﬁ )t}l%.
Contrary togdhichadd dgddi ckness t5 of the Cu layer is too thick (no. 20
sanple), the ratio 1s extrenely reduced due to reduced scattering
capability of conduction electrons. Therefore, the thickness t5 of the
nonmagnetic material layer 14 is preferably within a range of' 15 Angstrom
[err] Angstrom (nos. 1, 18 and 19 sanples), particularly the thickness t5
of about 25 Angstrom (no. 1 sanple) is optinmnum Table 5 shows MR'ratios and
exchange bias fields of : '



vari ous sanples (sanple nos. 1 and 21-24) with different- annealing
conditi'ons of the antiferromagnetic material |ayer 12 i Mh layer). It will
be understood that the higher annealing tenperature, mﬁ" Fﬂ Umu ge
bias field. However, since the process tenperature ca c A hi gh
as for manufacturi'ng a MR transducer, i i} preferred that the annealing

t
t enper at urg, i 4t apge up to [eFﬁ] (nos. 1, 22 and 23 sanples). Fig.
9 iIIustréﬁggft%%rggﬁl e%eg%éncy of exchange bias field in sanples of an

AP val ool F R hd n 06, EPSENVo OVANA ML AL A £ SH LADEF. AP fur JE
Ta(50 Al i . =30
Aﬁést ronr'r)g/ |Zgﬂeg(digg Ang&%ﬁ%?%é%éﬁ%wgﬁgé%%%&%ﬁr% iItl%lezaLt

| \ . o . .
Aot T on s Bl bEe AL GREBREL FAAI G 4 81 Tkt AR NS WS TRov
Angstrom /T30 AP G enetic material layer, a nonmagnetic material .

layer and a second ferromagnetic material layer sequentially

deposited on sald substrate in this order.

2. The transducer as claimed in claim 1, wherein said
transducer has a magnetoresistance ratio of 3.0 % or more and

an exchange bias field of 100 Oe or more.

3. The transducer as claimed in claim 1, wherein a layer
thickness of said antiferromagnetic material layer is 50-500

Angstromn.

4. The transducer as claimed in claim 1, wherein éach of said
first and second ferromagnetic méterial'layers islmade of an
alloy containing at least one of Ni, Fe and Co. and Wﬁerein a
layer thickness of said first ferromagnetic material layer is

15-150 Angstrom.

5. The transducer as claimed in claim 1, wherein said
nonmagnetic material layer is made of at least one of Cu, Ag

and Au, and wherein a- layer thickness of said nonmagnetic



If FeMh is used for the antiferromagnetic |ayer material, the exchange bi as

-field will nonotonously decrease dependi ng upon the annealing tenperature

and \wi Il reach to near:.zero Oe at 150 [err] as shown by a dotteﬂ Hﬂﬁe in
S

Fig. 9. On the contrary, if NiM is used for the anm‘m\mﬁ ayer
material, the exchange bias field is suWsstantially i Bl even at

200 [err] as _shown.by ol d 115y s ofEitGomd- Nanel y,” according to the
pr esent inv@ﬁ%ﬁ5ﬁflaﬁ?§f%éﬁﬁe%t therngr dependency can be obtained. In
order to test corrosion resistance of these sanples, their MRratios are

nmeasured before and after the sanples are exposed in an environment with a

hi gh tenper at ur e a2nd (3 Dt JHTd e TR OpPeIiané dQneieiredn sadd spin-
tenperature%df 8§%%é;?f; auhunidity of 85 % and a period of one week. The

spi n-val ve § FGt %rtq.ulé?ug%(ywwic@ﬂp@qs%rse%h deldenr Qrdleirond epuati tdiatornt he
a rom2.5 %to

MR rati o reducCes 0.5 % whereas the spin- valve structure

usi ng Ni M %Q‘ildd eer e MR ratidvealt aenstarty. the apdhhenlsansite udtire,
simlar pattern as that of a real MR transducer in a MR read head,

ﬂanufacturegngyW%GQQQE?Qah%P%&@QHVady%rpﬁgwhé%@ Qifher meltan e at least one
af orenenti oned sanple for valuation in which a fundanental spin-valve

of Ta, Hf, Cr, Nb, Zr and Ti.

7. A magnetoresistive transducer with a spin-valve structure
formed on a substrate, said spin-valve structure comprising at
least a first antiferromagnetic material layer made of a NiMn

alloy, a fifst ferromagnetic material layer, a first
nonmagnefic material layer, a seébnd ferromagnetic material
layer, a second nonmagnetic material layer, a third
ferromagnetic material layer and a éecond antiferromagnetic
material layer sequentially deposited on said substrate in this

order.

8. The transducer as claimed in claim 7, wherein said
transducer has a magnetoresistance ratio of 3.0 % or more and

an exchange bias field of 100 Oe or more.

g. The fransducer as c¢laimed in claim 7, wherein a layer
thickness of said first antiferromagnetic material layer is 50-

500 Angstrom.



-36- structure is deposited on a gl ass substrate wi.th.a size-of 3 inches
In thjs®exanple, the spin-valve structure has a pattern shaie of

[err] as well as a hard magnetic |ayer and el ectrojﬁ“m sl (ﬂl!ﬂﬂlpn its

side face. Fig. 10 illustrates MR respar ?f char act
spin-val ve structure with the simlar ern as that of a real VR
transducer. In the figure, the ordinate represents output voltage ef the M
transducer, instead of the MR ratio. The spin-valve structure of this

sanpl e is Ta($0 Angstom 4bhdbf 259 E095hE @M A O 4 ANISIHAR UL of said
Angstrom /N Fe(100 Angstrom/Ta(50 Angstrom . The neasuring condition is a

sense currentidt 105800 300add €t L4 Ned  Yordbeh & 6 fmﬁ&kﬂ{]{ [fetgféréml@eméag

60 Hz. As will be apparent fromthe figure, a substantial I"I near

response carppenphial Hedeseern app! 4 cafd oo oéné her ey erﬁ@'ar{d etd, VM@' n a

range between [err] 40 Oe. Furthernore, fromthis MR response

charact eri stiifsne 110 Bal &Par SEHt AN EEs RN é)@ic{ SEOad ZMroEHﬁé@i@%éflal
possi bl e noise is restrai ned by

layer is 15-150 Angstrom.

11. The transducer as claimed in claim 7, wherein each of said
first and second nonmagnetic material layers is made of at
least one of Cu, Ag and Au, and wherein a léyer thickness of

said first nonmagnetic material layer is 15-50 Angstrom.

12. The transducer as.claimed in claim 7, whereih said spin-
valve structure further comprises an upder layer deposited on
said substrate as a lowest layer of the spin—valve.structure,
and wherein said under layer is made of a metal of at least one

of Ta, Hf Cr, Nb, Zr and Ti.

13. A method of manufacturing a magnetoresistive transducer
with a spin-valve structure, said method including a deposition
process for depositing thin-film layers on a substrate and an
annealing process of annealing said deposited layers in a
magnetic field;

said deposition process comprising steps of sequentially

depositing at least an antiferromagnetic material layer made of



using a hard filmbias nethod which is known in the technical field of the
magnpet i & head. EXAMPLE 2 As for a sanple for val uaﬂlﬂ““ﬂtlmun ﬁ‘ﬂt)l n-val ve
stracture shown in Fig. 4 is deposited on a gl ass 4 si ze of
3 inches. This doubl e spin-valve structure has a fi?stcantiferronagnetic
material layer 42 of NiM and a - -37-_ ggcond antiferromagnetic materi al

| ayer 48 of Jan He1Slepasi 1,008 AL AREMIRA nat il A dong (0 the

exanpl e 1, on the glass substrate by RF nagnetron sputtering and i on beam

sputtering. Condiddons, %aé{&eir%ﬁb‘#ésﬁéﬁ Nas: af esé!b%dsaf?rxaoﬁ]atgthoesﬁé %at@eerjt%lé

exanpl e 1. S0, sequence o acturing processes of thi's sanple 15

same as i ndigatad g Fgh Sl b GAEAR Tald 0s (% of various

sanpl es of the doubl e spin-valve structure (sanpl’e nos. 25-27) with

di fferent thicknesses dhd1ifle flddsd Y HPUSL Gl Y- d Aerq 43 (Co

| ayer).
depositing steps of the nonmagnetic material layer and the

second ferromagnetic material layer.

14. The method as claimed in claim 13, wherein said annealing
process 1s a process for forming & phase of said NiMn, and is
performed after said depositing step of the first ferromagnetic

materia; layer.

15. The method as claimed in claim 13, wherein said annealing
process 1ls a process for forming 8 phase of said NiMn, and is
performed before said depositing step of the first

ferromagnetic material layer.

16. A method of manufacturing a magnetoresistive transducer
with a spin-valve structure, said method including a deposition
process for depositing thin-film %ayers on a substrate and an
annealing process of annealing said deposited layers in a
magnetic field; |

said deposition process comprising steps of sequentially
depositing at legst a first antiferromagnetic material layer

: made of a NIMn alloy, a first ferromagnetic material layer, a



ﬁ38-:TABLE 6 SAMPLE LAYER THI CKNESS MR RATI O NO.

(A) (Ll t2, t3, t4, t5 t6,t7, t8, t9,t10) (% 25 (50, 50, .250,
20,<25, 100, 25, 30, 120, 50) 3.6 26 (50, 50, 250, 45, 25,100, 25,
30, 120, 50) 4.2 27 . (50, 50, 250, 70, 25, 100, 25, 30, 120, 50)
3.9 MATERIALS ; (Ta, NiFe, NiM, Co, Oy NiFe, Cu, Co, FeM, Ta) - 39-

In the doubl i -%ﬁlv ng U gﬁp T m§% ng%&ri% cg qpe under
Iayer 41 are ' Ta arqll(? !al—ggle(slfla&yﬁa t{lrilc n\gs%?es ’t% an(f tf), arr?atazgrr}al of fthe
first a”.t'f%ra;t%%%ri‘?t:ﬂa dAyel s‘gcdzf%i !}‘H\@)a( e TRILEKAGSS 1tader 2 MBLEN !
of the first Terronmagnetic layer I'S ayer :
ferromagnetic material layer and a second antiferromagnetic
material layer; and
said annealing process being performed before said

depositing steps of the first nonmagnetic material layer and

the second ferromagnetic material layer.

17. The method as claimed in claim 18, wherein said annealing
process is a process for forming 6 phase of said NiMn, and is
performed after said depositing step of the first ferromagnetic

material layer.

18. The method as claimed in claim 18, wherein said annealing
process 1s a process for forming 6 phase of said NiMn, and is

performed before said depositing step of the first

ferromagnetic material layer.



thickness t4), a material of the first nonmagnetic layer 44 is Cu (|ayer
thickness t5), a material of the.second ferromagnetic |layer 45 is N Fe
(layer thickness t6), a material of the second nonmagnetic |ayer 46 is Cu
(layer thickness t7), a material of the third ferromagnetic layer 47 is Co
(layer thickness t8), a material of the second antiferromagnetic |ayer 48
is FeMh (layer thickness t9), and a material of the protection |ayer 49 is
Ta (layer thickness t10). Simlar to the exanple 1, since the N M |ayer
for the first antiferromagnetic |ayer 42 exhibits a | arger exchange bias
field than the Fevh layer, the Co |ayer for the first ferromagnetic |ayer
43 adj acent to the Ni M | ayer can be forged thicker than that with the Felh
| ayer causing a higher MRratio (no. 25-27 sanples). An another sanple with
a simlar pattern as that of a real M$rragducer in a MR read head,

manuf actured by a photolrthography, is provided other than the

af or enent i oned MAGNK R ,smawma ATMR) -Sf

is deposited on a glas AND hMA UR MEZE
t he doubl e spin-val ve structure has a pattern

A MR transducer with a spin-valve structure formed on a
substrate. The spin-valve structure has at least an
antiferromagnetic material layer made of a NiMn alloy, a
first ferromagnetic material layer, a nonmagnetic material
layer and a second ferromagnetic material layer

sequentially deposited on the substrate in this order.

Figure 1



<

“40- shape of 3 x 3 [err] as well as a hard magnetic | ayer and el ectrode

| ayers formed on its side face. MR response characteristics in this double
spin-valve structure with the simlar pattern as that of a real M
transducer is measured. Since Ni vh which exhibits a | arge exchange bias
field is used for the first antiferrona?petic | ayer material, magnetization
orientation in the first ferromagnetic V&er (Co layer) 43 will not be so
di sturbed even if field produced by current flowi ng through the first
nonmagnetic layer (Cu layer) 44 is applied thereto resulting only a few
reduction of the MRratio. Furthernore, output voltages per unit resistance
of two transducer sanples respectively using NivMh and Fevh which materials
exhibit the sane MR ratio in case that the double spin-valve structures are
formed on substrates with a size of 3 inches are neasured. As a result, the
measur ed out put voltage of the transducer sanple using Nivh is 1.2 tines as
that of the another transducer sanple using FeMh. As will be understood,

using of Ni Mnh as for
Fig. 1
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the first antiferromagnetic |layer material is very preferable to stabilize
the magneti zation orientations in the first ferromagnetic | ayer 43. Many
wi dely different enbodi nents of the present invention may be constructed
wi t hout departing fromthe spirit and scope of the present invention. It
shoul d be understood that the present i2yention is not limted to the
speci fi c enbodi nents -41- described i“I@9the specification, except as
defined in the appended cl ai ns. -42- WHAT IS CLAIMED I S 1. A

magnet oresi stive transducer with a spin-valve structure fornmed on a
substrate, said spin-valve structure conprising at |east an

antiferromagnetic material |ayer nmr?f a ?\/h al | oy,
g.
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l

DEPOSITION OF
ANTIFERROMAGNETIC LAYER [~ S21
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FERROMAGNETIC LAYER
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ANNEALING PROCESS IN
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l
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NONMAGNETIC LAYER ~ 524

l

DEPOSITION OF SECOND | _ oo5
FERROMAGNETIC LAYER

1

DEPOSITION OF
PROTECTION LAYER

~ 526




a first ferromagnetic material |ayer, a nonmagnetic material |ayer and a
second ferromagnetic material |ayer sequentially deposited on said
substrate in this order. 2. The transducer as clained in claim1, wherein
said transducer has a magnetoresistance ratio of 3.0 %or nore and an
exchange bias field of 100 Qe or nore. 3, The transducer as clainmed in
claim1, wherein a |ayer thickness of saﬁé antiferromagnetic material |ayer
is 50-500 Angstrom 4. The transducer as clainmed in claim1, wherein each
of said first and second ferromagnetic material layers is nade of an all oy
containing at |least one of Ni, Fe and Co, and wherein a |layer thickness of
said first ferronmagnetic nateri al ;ﬂt?“ LS §3~150 Angstrom 5. The
transducer as claimed in claiml1, EijLs Yd nonmagnetic material |ayer
is made of at | east one of Cu, Ag and Au, and wherein a |ayer thickness of
sai d nonmagnetic - 43-

DEPOSITION OF UNDER LAYER p~S30

'

DEPOSITION OF
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1
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l
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material |ayer is 15-50 Angstrom 6. The transducer as clainmed in claim
1, wherein said spin- valve structure further conprises an under | ayer
deposited on said substrate as a | owest |ayer of the spin-valve structure,
and wherein said under |ayer is nade of a metal of at |east one of Ta, Hf
Cr, Nb, Zr and Ti. 7. A magnet or esi stftye transducer with a spin-val ve
structure fornmed on a substrate, said sﬁ&g-valve structure conprising at

| east a first antiferromagnetic material |ayer made of a Nivh alloy, a
first ferromagnetic material layer, a first nonmagnetic material |ayer, a
second ferromagnetic material |ayer, a second nonmagnetic material |ayer, a
third ferromagnetic naterial |ayer and a second antiferromagnetic materi al
| ayer sequentially deposited on said substrate in this order. 8. The
transducer as clainmed in claim7, wherein said transducer has a
magnet or esi stance ratio of 3.0 % or noge sapnd ap exchange bias field of 100
Ce or nore. 9. The transducer as cl sN&H aim7, wherein a |ayer

t hi ckness of said first antiferromagnetic material |layer is 50- 500
Angstrom
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-44- 10. The transducer as clained in claim7, wherein each of said first,
second and third ferromagnetic material |ayers is nade of an all oy
containing at |east one of Ni, Fe and Co, and wherein a | ayer thickness of
said first ferromagnetic material |ayer is 15-150 Angstrom 11. The
transducer as clained in claim7, wherédp each of said first and second
nonnmagnetic material |ayers is made of 49| east one of Cu, Ag and Au, and
wherein a | ayer thickness of said first nonmagnetic naterial |ayer is 15-50
Angstrom 12. The transducer as claigeed i n E;ain17, wherein said spin-

val ve structure further conprises a r yer deposited on said
substrate as a |l owest |ayer of the spin-valve structure, and wherein said
under layer is made of afnetal of at Teast one of Ta, , C, Nb, Zr and
Ti. 13. A nmethod of manu @EPOBWIGN”W‘EUNDERSLMER r wth a
spi.n-val ve structure, sa met hod_including a depositiofg process for
depositing thin-filmlayers on a substrgte and an
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anneal i ng process of annealing said deposited layers in a nmagnetic field;
sai d deposition processconprising steps of sequentially depositing at | east
an antiferromagnetic material |ayer nade of -45- a NN M alloy, a first
ferromagnetic material |ayer, a nonmagnetic material |ayer and a second
ferromagnetic material |ayer on said substrate in this order; and said
anneal i ng process being perforned before @aid depositing steps of the
nonmagnetic material layer and the second ferromagnetic material |ayer. 14.
The nethod as clainmed in claim13, reln s d anneal ing process is a

process for formng [err] phase of and Is perforned after said
depositing step of the first ferronagne c material |ayer. 15. The nethod
as clainmed in claim 13, ereln salrd anneal I ng process TIls a process for

formng [err] phase of s3DEROSBITIONdOF DNDERMMAYER eS80 depositing
step of the first
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ferromagnetic material layer. 16. A nmethod of manufacturing a
magnet or esi stive transducer with a spin-valve structure, said method

i ncluding a deposition process for depositing thin-filmlayers on a
substrate and an anneal i ng process of annealing said deposited |ayers in a
magnetic field; said deposition process €onprising steps of sequentially
depositing at least a first antiferromagn@ic material |ayer made of a N Mn
alloy, a first ferromagnetic material |ayer, a -46- first nonnmagnetic
material |ayer, a second ferromagnetic material |ayer, a second nonmagnetic
material |ayer, a third.ferromagnetic material |ayer @nd a second
antiferromagnetic material |ayer; and said anneal i ng*grocess being
performed before said depositing steps of the first rgnmagnetic materi al

| ayer and the second ferronmagnetic material |ayer. 1%2 The net hod as
claimed in claim116, wherein said annealing =
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process is a process for formng [err] phase of said Ni My, and is performed
after said depositing step of the first ferromagnetic material |ayer. 18.
The nethod as clainmed in claim16, wherein said annealing process is a
process for formng [err] phase of saigd Nivh, and is performed before said
depositing step of the first ferromagng/igc material |ayer.

Fig. 8
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