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1INVENTION 1. Field of the Invention The present inventi orPS €l éﬂfé‘s
_to a nagnetore5|stance effect element. 2. Description of the Related Art
In general, information-.recorded on a magnet ic recording medium has been

read out by a met hod of detectlng ﬁ induced in a coil by
el ectromagneti c i nduct i YSACNETORE E§TAWE)}€7| BFECT B BEERT ng nagnetic head

having the coil relatively to the recording medium On the other hand, it
has been known also to use a magnetoresistance effect el ement (herei nafter

‘refefred to as an MR el e ' & fTHrEean]lV@gﬂq information (refer to
I EEE MAG 7,150 (1971) and oK B o) ad using an. MR el enent
_(herei najfter FEEEATSE £Re aBnvérnt NMh head) util | zes a phenomenon t hat

_eI ectric resistance of a ferromagnetic material of sonme kind varies

accordi ng to ThétpRsséyt of nveneXxdrerrelavagnes i fagrledoresistantd ecent
- years, since nmaking a magnetic recording nmedium smaller in size and
' greater effecpaelenemas been pronoted and :
| 2. Description of the Related Art
In general, information recorded on a magnetic recording
mediuﬁ has been read out by a method of detecting a voltage
induced in a coil by electromagnetic induction caused by "
moving a reproducing maénetic head having the coil relatively-
to the recording medium. On the other hand, it has been known
elso to use a magnetoresistance effect element (hereinafter
referred to as an MR element) in case of reading out '
information (refer to IEEE MAG-7,150 (1971) and the like). A
magnetic head using an MR element (hereinaftef referred to as
an MR head) utilizee a phenomenon that electric resistance of
a ferromagnetic material of some kind varies according to
intensity of an external magnetic field.
In recent years, since making a magnetic recording medium
smaller in size and greater in capacity has been promoted and
a relative velocity between a reproducing magnetic head and a
magnetic recording medium when reading out information has
been smaller, people’s expectation on an MR head which can
- take out a great output also in a small relative velocity has
been increased.
As described above, a magnetoresistance effect is a

phenomenon that electric resistance of a ferromagnetic



#a relative velocity between a reproducing nagnetic head and a nagnetic
“recordi ng nedi um when reading out information has been smaller, people's
iexpectation on an MR head which can take out a great output also in a
:smal |l relative velocity-has been increased. As descri bed above, a

‘magnet or esi st ance.ef f ect i henonmgnon_t hat el ectric_ resistance of a
fe?ronagﬂ@FFElag is cgangeg gy gn external magnetic élﬁ%?er?%_ *E?Changed

by an external eti ield, ., and its | ication. has. been studi ed as a
g senepPLereiEalohaf; bSneasdfieq e SRR RLGTT I BTSN
" TOr di ngofaly [EBEOdSHBIL 2 head A3 Loseey stapsral{egla ol though
an ani sotropi ¢ ‘nmagnetoresistance effect Ith a ferrofragneti c
material rept-88btiRgg.i s known, it shows a resistance change ratio of at

nost only a few percentages. On the other hand, since a giant
magnet or esi st asce mhretotEVRS Lttt € he fiEPetSa Dthdligh da sk €6k i SbSro®ic

magneti zation of ferromagnetic conductive | ayers superposed wth a

non- nagnetgoetondaisbantayef fent ef R e dvibet ez nf ¢ trcomagrert ¢ wea tterissl st ance

change ratio exceeding 10 % it is _
itself has is known, it shows a resistance change ratio of at

most only a few percentages. ' On the other hand, since a giant
magneﬁoresistance effect (GMR) which depends on the directions
of magnetization of ferromagnetic conductive layers superposed
with a non-magnetic conductbr.layer iﬁterposed between them
can give a resistance change ratio exceeding 10 %, it ié
expected to be promising as a high-sensitivity magnetic
sensor, particularly a read head_for magnetic recording.

As such a.magnetoresistance effect eleﬁent of a GMR type,
there are an element having a magnetic exchange coupling
between ferromagnetic layers (for example a metallic magnetic
artificial lattice element) and an element having
substantially no exchange interaction (for example a spin
valve element).

In order to detect a weak magnetic field in a read head
or the like, it is necessary to obtain a great resistance
éhange with a weak magnetic field and therefore, both a great
resistance change ratio and a little saturation magnetic field
(2 magnetic field where resistance change caused by an applied
magnetic field is saturated) are required. Accordingly, in a
magnetoresistance effect element of.a GMR type, it is required

for a ferromagnetic layer forming a laminated film to have a



: xpected to be promsing as a high-sensitivity magnetic sensor,
articularly a read head for nagnetic recording. As such a
_nagnetore5|stance effect element of a GWR type, there are an el enent
having a magneti c exchange coupling bet ween ferromagnetic |ayers (for
exanple a netallic magnetic artificial lattice elenent) and an el enent
havi ng §ﬂb%%eﬂﬁ9QﬂﬂsFerQDﬁﬁﬁﬁhge i nteracdion (for .exanple a spin valve

el enent). In order to detect a weak nagnetic field in a read head or
the like, it i RERSHSY atFadft é%haagﬁeétt NSt fc @ToPRENYe Wit Hidlneak
ma et|c<{|eld and t her fore oth a ét %u%!stance %hangi ratio,and a

little satUrtl i'biF hgitth &C ("5’ ECFwRBrE*+8dfsi'a¥cBSchange

caused by]]dw larppééseldstarmeéﬂa hd! a‘ila%l %@tetirf%%d)ca%gtr %%%Er @grloulst .

Accordingly, T1n a ‘nagnetoresi nce effect el ement

requi red cdfi & dry rﬁ?frﬁtﬂﬂﬁif‘a‘éth%){.%@ kMol gm@ nlca i ahed hhivkmat Erba\zema
- soft nagnetic property. In order to aftain such a soft

magnet i ¢ it apedabA, ity wid Ithedmline o%e operafiombgietthe saeeenal., but sone
materials may be low in resistance change ratio itself or cannot bear
vari ous For example, an NiFe alloy (Permallqy or the like), which
has a little coercive force, is a typical soft magnetic
material, but it is low in Curie temperature and poor in
thermal resistance in comparisén with a Co.alloy. On £he
" other hand, a Co‘alloy has a great coercive force and has a
pfoblem in a soft magnetic property, aﬁd its saturation
magnetic field is great. Thus( it has been difficult to
satisfy the properties contrary to each other only by
selecting materials for the ferromagnetic conductor layers.
Next, although an NiFe alloy (a Permalloy alloy) has been
used in a part varying in resistance by sensing an external
magnetic field outside an MR head (which part is hereinafter
referred to as an MR element), however, even a Permalloy alloy
having a good soft magnetic property is at most 3 % in
magnetoresistance change ratio, and is insufficient in
magnetoresistance chanée ratio as an MR element to be used for
a magnetic recording medium which has been made small in size
and great in capacity. Therefore, an MR element material
showing a more high—sensitivity magnetoresistance effect has
been desired.

In order to meet such a demand, it has been confirmed

that a multi-layered film where ferromagnetic metallic films



gondi tions in manufacturing the elenment or nay have a problem in
gurability at the time of operation of the el enent. For exanple, an
NlFe alloy (Permalloy or the like), which has a little coercive force, is
atyplcal soft magnetic material, but it is lowin Curie tenperature and
poor in thermnal resi stance jn corrparlsa;)n Wi the other

hand, a Cd"al Mgy~ ﬂﬁgnﬁtgFeﬁ?t%b%+%l@%}W§n45§ éﬁﬁeﬁﬁétSlYpXBBFBﬁF?ﬁ a soft

t | t t field i t
e been BREFFchl popbih FoRdE{oh Sy sRIRCERE ebFkPpagpdtif nefRdisgni
by “Sel ect{ s nﬁégf' 8Lénf8Enthes %@ré %%ﬁ;aﬁQQQHQK:BEaémﬁié Next,

although an NiFe alloy (a Permalloy a been used I n a-part varying

in resi stanepl bigsentatdidnceXied nal ar@gnetibe fibekdcauksifesapwdRahead
(which part 1s hereinafter referred to as an MR el enent), however, even a
Per mal | oyhwadi¢ oyaghavongs bs tanck saf feamgnditi hapr bpent yepSraédrmBhtSa% I n
magnet or esi stance change ratio, and is insufficient in magnetoresistance
change raaroifscahal MRetipenfiln dovwsed grert magngheresiseancdi agangdi um

whi ch has been made small in size and great in capacity. Therefore, an M
el ement e eiPaPf BABH Bepn Jn%(?e% Ritgtrhee mexE Myt ¢ ShAgHBIBFesR8Yance ef fect
has been deS|red I n d%{ to neet such a denand % has been
confirme t., Vol.61, 2474 (198 ), "Phys. Rev. Lett. 0l1.64,2304 -

(1990), and the like). However, since an artificial lattice
film has.a high saturation magnetic field, generally it is
unsuitable for an MR element. | |

On the other hand, an-example has been reported that a
multilayered film of a sandwich structure of a ferromagnetic
film/a non—magnétic film/a ferromagnetic film in which the
ferromagnetic filmé are not Eoupledlby antiferromagnetic
coupling also has attained a great magnetoreéistance effect.
Namely, one of the two ferromagnetic films having a
non-magnetic film interposed between them is fixedly
magnetized by applying an exchange bias to it and the other
ferromagnetic film is reversed in magnetization by an external
magnetic field (a signal magnetic field or the like). In this
way, a great magnetoresistance effect can be obtained by
changing a relative angle made bétween the directions of"
magnetization of the two ferromagnetic films disposed so as to
have a non-magnetic film interposed between them. A
multilayered film of such a type is called a spin valve film
(see "Phys. Rev. B., Vol.45,806 (1992), "J. Appl. Phys.,

Vol.69,4774 (1991), and the like). Although a spin valve film



ghat a multi-layered filmwhere ferromagnetic netallic filns

{i and non-magnetic netallic filns are alternately |lam nated under a
dertain condition and where the ferromagnetic netallic filns near each

ot her are coupled by antiferromagnetic coupling, what is called an
artificial lattice filmshows a huge nmagnetoresistance effect. It has been
reported VRSt 2afmeddet i‘“é‘igé.‘letpﬁﬁﬁi'-égaf‘?? NFRINAR T2 fred (ARG st ance

change ratio of nore _than. 100 %at the maxi mnum (see."Phys. Rev. _Lett.,

Vol 61 249k 8Ba P T Cigga A Lrdgtti e, El iy L6 S SRl At Mhe | f ke)
Ho er, Si n.artificial,lattic f] h ' . rati.qn netic
field, ge%él?g]%n?; itt% % éc S %r?s 5‘|th gb“é ?‘(a)? %éngﬂl\ﬁ?atzﬁ Z}nrﬁlyn'ig.hsz%ttlio%%t hage')lo er
:hand, an h en hepokted B It'lﬁggg fyi | f; sandwi ch
structur eﬁégggltﬁgr ?grerggﬁet f‘ceg%%lgn?;aia%%%&nlééwneﬁ c fi It%%glf edrg}egr%asgnet ic film
i n which phaceliebhoERIRRL heati LBEngr SusRta CapiN adh e amitinf.er romagnetic

coupling al so has attained a great magnetoresistance effect. Nanely, one
of the two ferpgmageetiag,f ihmanhHERi @fjemen tons ivegretdpd.if Mahvientfaérposed
between themis fixedly magnetized by applying an exchange bias to it and
t he ot herwhere the ferromagnetic films are not coupled by
antiferromagnetic coupling, it is a necessary condition for
impro§ing an element sensitivity, particularly, to improve a
soft magnetic property of the ferromagnetic film to be
reversed in magnetization by an external magnetic field.
However, since a material bringing a great MR change quantity
does not always show a good soft magnetic property, it has ‘
been an important problem to reconcile these'two properties
with each other.
For example, it is known that although a spin valvé film
using a Co film or a Co based magnetic alloy film as a
ferromagnetic film, or particularly a spin valve film using a
crysfaliine Co film or a crystalline Co based magnetic alloy
film shows a good MR change quantity, it is difficult to give
a soft magnetic property to it. 1In general, in Co or a Co
based magnetic alloy, dispersion of magnetic anisotropy.is
generated and a great coercive force H, is generated also in
magnetic hysteresis in a direction of hard axis of
magnetization. Therefore, in case of using as a sensor device
-an MR element having a spin valve film using Co or a Co based

magnetic alloy, there is a problem that it is impossible to

put the sensor device to practical use due to deterioration of



feronagnetic filmis reversed in magnetization by an external nagnetic
field (a signal magnetic field or the like). In this way, a great
nagnet or esi stance effect can be obtained by changing a relative angle nade
bet ween the directions of . magnetization of the two ferromagnetic filns

di sposed so as to have a non-magnetic filgminterposed between them A

mul til ayedéd Bi/Nmretisuchugedybe B@rbhﬁveékan@bﬁﬁsvalve film (see "Phys.
Rev. B., Vol. 45,806 (19.92), "J. Appl. Phys., Vol 69,4774 (199]1), and the
li ke) . AIthougﬁa§t§5Pﬁa€éVvelPi?n?Pl“ valve film, it is desirablée’to .

5 Fas a small net or.esi st ance change,  rati o.i oppar iLsaon wth.an
ATt 1o aloRg: EreetrrRRrLpEe e P oUrPan ot b S kRS ol Baehe P rmARLe P52t ha
1t can SQEﬂﬁﬁEehH@QHSthZﬁBhQHagHe@i+oﬁil ”Eﬁﬂé£kg§%aetétwééﬂr€ﬁéﬂ .
expectation in-practrcal use i pl aced on an ead using such a spin
valve fil fearly perB¥éntR€ulBY. tbNedfh NcRELNEAL tHEI POrd ARGReVBEVEIEIAM

where the ferromagnetic filns are not coupled by antiferromagnetic

coupling, ahl &A annea@sAgr proosss ttonddoso isnpeocysagran eliewenér, when

sensitivity, particularly, to inprove a . soft nagnetic property of the

ferronagngeréotmﬁngteubh an annealing process, a problem happens that
dispersion of magnetic anisotropy becomes greater and its S/N
ratio is deteriorated by Barkhausen noises caused by it and as
a result it cannot be put to practical use.

Thus, in an MR element using é spin valve film, it has
been a problem'to realize a good soft magnetic property in
good repeatability in a spin valve film showing a great MR
change quantity and reduce.a coercive force H, in a direction .
of hard axis of magnetization by suppressing dispersion of |
magnetic anisotropy. And it has been greatly desired to
suppress Barkhausen noises in case of using an MR element

using a spin valve film as a sensor device by reducing a

coercive force H, in direction of hard axis of magnetization.

SUMMARY OF THE INVENTION

A first object of the invention is to provide a
magnetoresistance effect element'whiéh can reduce its
saturation magnetic field also in case of using a material
having a great coercive force as a ferromagnetic conductive
layer.

A second object of the invention is to provide a

magnetoresistance effect element using a spin valve film
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reversed in magnetization by an external magnetic fi-eld. However, since a
material bringing a great MR change quantity does not al ways show a good

: soft nmagnetic property, it has been an inportant problemto reconcile

these two properties wi th each other. For exanple, it is known

t hat al t hough a i ral fil _USi Co fil Co d ti

i oy {ARRS 3¢ b Ty et At G5 MRSy S8R VaPDB il m
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di spersion of magneti c “ani sotropy IS generate a great coercive force

- Herr] igngenet o0 1ahifaditd BN ldnfprlistRy 6515 ddt Fdidnabhaniel hard

~ axis of gneti zation. Therefore, in case of using as a sensor device an

MR el empindia\iiRe & iR, N avaloterfagn®tis Reriducdive Gaykasedpetpgeeti enal | oy,

there is a problemthat it is inpossible to put the sensor device to

practi calheuge réue fler rebslagmietriat icomdafctive llayer, and a second

6 its S/INratio caused by Barkhausen noi ses.
ferromagnetic conductive film superposed on the non-magnetic
~conductive layer and a pair of electrodes ﬁormed on this
laminated film wherein one of the first ferromagnetic
condugtivé layer and the second ferromagnetic conductive layer
is provided with at least a first fer:omagnetic film and a
second ferromagnetic film having a direction of axis of easy
magnetization different from that of the first ferromagnetic
layer.

In the first magnetoresistance effect element, the
ferromagnetic conductive layer composed of plural
ferromagnetic films whose_directions of axis of easy
magnetization are different from one another has an exchange
coupling generated directly between the'ferromagnetic films,
and therefore the ferromagnetic conductive layer acts in
magnetization as one body on the whole.

Since there are ferromagnetic films having directions of
axis of easy magnetization different from each other in this
element, their anisotropic energies cancel each other and a
low saturation magnetic field can be attained as a whole. The
effect of cancellation appears most effectively in case that

the easy axes of magnetization are nearly perpendicular to

each other. Namely, the first magnetoresistance effect



Rarticularly, in a spin valve film it is desirable to make the .
directions of nmagnetization of the two ferronagnetic films having
a non-magnetic filminterposed between them nearly perpendicul ar
to each other in the zero magnetlc fiel d and an anneal i ng process to do
SO IS necessar enrf%[rger}'gc such anneal

.Ho
process, %?8%Feﬁ?h§§%5ﬂgt?ﬁhfed by thatcﬁspersmn néfi* ¢ & sotropy
becomes gégége@aangtﬁgt%h‘ of the flfé‘é'f)effﬁzn%%tn%rdl%r aftﬁqn Ry Barjghausen

noi ses cause I't cannot be put to practlcal
use” second ferFBMEgnéBidns M ed faeida s} ket WMANVed ida®h it has
been a problemto realize a good soft magnetic property in good
‘repeat abi bthgrin a spin valve filmshow ng a great MR change
gquantity and reduce a coercive force Herr] in a direction. of
hard axis of nBgntherameren b@esﬁm@mmwrﬁﬁ@a@@%ﬁffect elememgneti c
ani sotropy. And it has been 8%§atly desired to press

Bar khausehs ne3E8CLArEage BY gthd sl dfgiomagnetic f&éﬂhgsamﬁﬁﬁw

valve filmas a sensor d VI ce by reducjing a cQerci.ve force H err]
in di rect‘?BnC‘Bfoﬁa?dc‘&x‘?l 1oy o n%‘?’r%aé’iﬁgfd: ferromagnetic tilm

SUMVARY OF THE | I st abj ect. of t Qn S
to provi de*t ﬁanged 2 a%&%%e‘?%r’érsl R t-haccete ]T ct® erﬁolélné“r?tgn tl coar?er tce its
saturatiop, gnet ic field also in case of using a materi aI havi ng

a great coercive force as a ferromagnetic conductive
A second magnetoresistance effect element of the

invention is a magnetoresistance effect element of a spin
valve type, which comprises a laminated film in which a free
layer which is composed of a ferromagnetic conductive layer
having an uniaxial magnetic anisotropy given in a direction in
its film plane and.whose magnetization direction is rotafed.by
a magnetic field to be measured and a pin layer which is
composed of a ferromagnetic conductive layer having an
uniaxial magnetic anisotropy given in a direction in its film
plane and whose magnetization direction is not rotated by a
~magnetic field to be measured are superposed with a
non-magnetic conductor layer between them, and which detects a
magnetic field to be measured from variation in electric
resistance of said laminated film depending on an angle made
between the magnetization directions of the free layer and the
pin layer, wherein the free layer comprises at least a first
ferromagnetic layer and a second ferromagnetic film having a
direction of axis of easy magnetization different from that of

the first ferromagnetic layer and keeps an uniaxial magnetic



i:yer. _ A second 'ob'j ect of the invention is to provide a

magnet or esi stance effect el ement using a spin valve film : making it
possible to attain a[err] great MR change quantity and a good soft
magneti c property in goad repeatability. A first magnetoresistance

effect el t. of the inventi. C Pises a |l amnated filmc rising a
first fera?‘(r;i%%&r{eqq% frbo%aﬁpc%cll&relefii ﬁg\geg%hgﬁ_a Sﬂi iwé‘ogoencﬁfcetel \c/ie 4 'erg
super posed on g & dddil fRIIATIIAGLLGREQNIHELEY S 1 Y ;30D a second

f ergomagnetic con?uct Ive "Lﬁ m super posed on the non-nagnetic conductive

| ayer andhafdiderdfzed a6t nadas ther aBdeeRibhi s 4a08 Nt @iy | m wherein one
of the first ferromagnetic conductive |ayer and the second ferronmagnetic -
conduct i vagn@ytdrz a tiorprolyifdad twifelrrahagsasic af { ik sind edheprR@ieaid ¢ fil m and
a second ferromagnetic filmhaving a direction of axis of easy

magnet i z&eromemgignfedrientf ifimorhst heardy phepéendstular romeagreat icf dhegyer.

In the first magnetoresistance effect elenent, the ferronmagnetic

conduct i Fecrafe SIFHATFSNE GIC Fildral

Further a third magnetoresistance effect element
comprises a laminated film comprising a first ferromagnetic
conduétive layer having an uniaxial magnétic anisotropy given
in a direction in its film plang, a non-magnetic conductor
layer superposed on the fifst méin surfacé of the first
ferromagnetic conductive layer, a second ferromagnetic
conductive layer which is superposed on the non-magnetic
cqndu;;or layer and has an uniaxial magnetic anisotropy given
in a direction in ité film plane, and a magnetically fixing
film which is superposed on the second main surface of said
first ferromagnetic conductive layer and is composed of an
antiferromagnetic material; and a pair of electrodes formed on
the laminated film wherein the second feriomagnetic conductive
layer comprises at least a first anq a second ferromagnetic
film whose directions of an axis of easy magnetization are
different from each other and keeps an uniaxial magnetic
anisotropy in a specified direction as said whole second
ferromagnetic conductive layer.

The third magnetoresistance effect element is,
furthermore, characterized by that the direction of axis of
easy magnetization of the first ferromagnetic layer is nearly

perpendicular to that of the second ferromagnetic layer and



flerromagnetic films whose directions of axis of easy nmagnetization are
gifferent fromone another has an exchange coupling generated directly .
bet ween the ferromagnetic filns, and therefore the ferromagnetic
conductive layer acts in. magneti zation as one body on the whol e.

Since there arg ferrona tic fil hawuion lrections of _axis of.easy
magnet i zat %oen RS q&?@rﬁ’@a&f?fﬁé’r gflanghﬁggkégg %t ?n?hgfrs% so%(r opi ¢
ener gi es . . I sat: ur at.j ' ' be

o tarned R SRR A An AU BB bR RaE b ahe AL FE Ve

in case thafg de Gaecds of ANl zakiORaghetneatiynP8EPERdi gYLaE tO
each other. Nanely, the first magnetoresiStance effect

8 el ement fis-rhi@ritld zeshductivel laferdarecheapdyoinaphgabiel e@syh

magneti zation of the first ferromagnetic filmand the second ferromagnetic
filmare rmah yoyghependi cul ar to each other. Furthernore, the first
magnet oresi stance effect elenment 1is characterized by that the first
ferromagnetic fin raliss thdde magnedogesistangp| effant sipwentr st

ferromagnetic filmis arranged so ai to, be in contact with a non-pagnetic
conduct or furthermore, it is preferable that the second ferromagnetic

conductive layer is applied a bias magﬁétic field which is so
intenge that its magnetizatidn direction can be rotated by an

" external magneticnfield and which is in a direction |
perpendicular to the magnetization direétion of the first
ferromagnetic conductive layer.

A method for manufacturing one of the first to third
magnetoresistance effect elements, namely, a method for
manufacturing a magnetofesistance effect element céﬁprising a
laminated film member which comprises a first ferromagnetic
conductive layer} a non—magnetic’conductive layer superposgd
on the first ferromagnetic conductive layer, and a second
ferromagnetic conductivé layer superposed on the non-magnetic
conductive layer and which shows a magnetoresisﬁance effect,
wherein at least one of the first and second ferromagnetic
conductive layers comprises at least a first and a second
feFromagnetic films whose directions of axis of easy
magnetization are different from each other, the method for
manufacturing a magnétoresistance.effect comprises a heat
treatment process comprising the steps of heating the
laminated film to alfirSt temperature and keeping it as

applying a magnetic field to it in a first direction for a



gayer. A second magnet oresi stance effect elenent of the invention is
i magnetoresi stance effect elenment of a spin valve type, which conprises a
liami nated filmin which a free layer which is conposed of a ferromagnetic
conductive layer having -an uniaxial nmagnetic anisotropy given in a
directionin its filmplane and whose magneti zation direction is rotated

by a magrf@§ed sl ¢ imse hE Rt dF df 8 5GP FEMPREREHERs2S chAPRLERY of a
f ' dycti | ' I axi.al ti | spt

i ven | o2 reaetd e Hamhied Eel L bR e rratef bR LR i on
s not rotaf gd By g @%¥E§ﬂi 48 & Rihe %@agﬂ&ﬁgwﬁ%ﬁ ﬁgpﬁggogggnmnth_a
non- magneti ¢ conductor 1 ayer between‘them an ich defects a nmagnetic

field to RYIRAWLEHI PV dldrPeriat leethd ©o00185gSERNES Bhe SAbEM
I am nated fil m depending on an angl e nmade between the nagnetization

di rect i ongepipeldaa e d ayeri sgndndnaehue pelrdyemingher @eltt Beedtfént ayer
conprises at least a first ferromagnetic |ayer and a second ferromagnetic
filmhavi g &o diivecdidifesferaxid refctdang wigaatiisz atfi easgi hbgnent zdtioon t hat
of the first ferromagnetic |ayer and keeps an uni axi al nagnetic

to the first and second ferromagnetic films.

And in the above-mentioned manufacturing method, an
orthoéonalizing heat treatment is preferable which turns the
second magnetic field direction by about 90 degrees from the
first magnetic field direction. | |

Furthermore, in the manufacturing method, it is
preferable to perform a heat treatﬁent so that the total of
the aﬁisotropic hagnetic fields of.the first and second
ferromagnetie films may be 10 Oe or less in intensity.

As described aboﬁe, in said first to third
magnetoresistance effect elements, a ferromagnetic conductive
layer composed of plural ferromagnetic films whose directions
of axis of .easy magnetization are different from each other
has an'exchange céupling gene?éted directly between the
ferromagnetic films, and the ferromagnetic conductive layer
acts in magnetization as one body on the whole. Siﬁce there
are ferromagnetic films whose directions of axis of easy
magnetization are different from each other in this element,
theixr anisotropic energies cancel each other and a low
saturation magnetic field can be attained as a whole. The

effect of cancellation appears most effectively in case that

the easy axes of magnetization are nearly perpendicular to



g% anisotropy in a specified direction as the whole free | ayer. The
kecond magnet oresi stance effect element is characterized by that the
‘Eirection of axis of easy magnetization of first ferronmagnetic film and
the second ferromagnetic filmis nearly perpendicular to that of the
second ferromagnetic film Further ,a third magnetoresi stance effect
el ement e@shpAtde@r-a | ami nat ed filn1con£?ising a first ferromagnetic
conductive |l ayer, having an uni axi al nagnetic anisotropy given in a

di Regtion in TS itSmIRGTE LY MAF SR o Sttt oF SIPAFECSs ifePEsed on
the first, mai.n surface of the first ferromagnetic conductive |layer, a
second ngPgﬁﬁgﬁétic conductive | ayer which is superposed on the

non- magnet| ¢ agontuchol: %yigu@quﬁg, Fra13Yed! JTAANRLLCrARRRRLEODY Ofven

in adirectioninits fi ane, a magnetically fixing m whi ch is

super posegnancls 986 IRidhd W fHGE 16fyesaid add Fotrmbar bamageebksérate.
conductive layer and is conposed of an antiferromagnetic material; and a
pai r of al.ecMagehes ifeartiech @f tdhies lpam Natyed fiisl Hiwedr ®iynanhe second
ferromagnetic conductive |ayer conprises at least a first and a second

f er r omagnetiid e rfidmagnisdsie diidect(inets idflust ratied Josuchspsmagn&eMpafidn are
different fromeach other and keeps an uni axial nmagnetic anisotropy in a
speci fi edodi PEAIMPIR -as A Aad iued] €lesdgipgles are provided on this

laminated film (not illustrated).

This free layer 2 is composed of a first ferromagnetic'
film 2-1 and a second ferromagnetic film 2-2. For example, a
film which is in contact with the non-magnetic conductor layer
3 is set as the first ferromagnetic film 2-1.

In a magnetoresistance effect element of a sbin valve
type, since its pin layer 4 is fixedly magnetiéed, it is not
required to have a soft magnetic property in particular. It
is only the free layer that needs to have a soft magnetic |
property. Therefore, it will do to realize a multilayered
structufe and a state of conflicting magnetization so thét
only tﬁe free layer 2 may.be improved in soft magnetic
property. However, it is a matter of course that the pin
layer may be also made multilayered_aécording to demands.

In case of a GMR type, the interface between a
non-magnetic layer and a magnetic layer has a great influence
upon the magnetoresistance effect. Therefore, in case of
using Co or a Co alloy which has a great resistance change
ratio and an excellent the:mal resistance, it will do to make

a layered structure in the . free layer 2 so that a Co film or a



ferromagneti c conductive |ayer. The third nmagnetoresi stance effect
elenment is, furthernore, characterized by that the direction of axis of
easy nmgnetization of the first ferromagnetic layer is nearly

per pendi cular to that of the second f;gr omagnetic | ayer and t he

di recti orcowfalondy fif lneagy] &kl HABgoetd 2at i oie of i ddeiwfcsttdet fwiBh the
ferromagnetic filmand said second ferromagnetic film and the direction of
axi s of ewwy-megeticasonducebrt heyeérr 3t (at ethenbipnet | Leooragnévic| ayer are
neacty in parallel with each other. In the third magnetoresistance
effect elfer¥ht2-1fSid®ernore, it is preferable that the second

ferromagneti c _ conductive I aéer i ng$$l i ef a bi as mignel ic field ich is

so intense tHatMAIEYEGTECT2AEPOR BRTIELACHE FOr RS 5/ ext er nal
ti ield which is.i i ' i cul to_t

magnet | Ao A &Y Sexind B Pib T B B LB et 12 SR g oY

B oL T SEiesrD 9980kt £ Bind et g o TBRIFIGERSL S ance
first ferromagnetic film 2-1 made of Co or a Co alloy and a
second ferromagnetic film 2-2 made of Permalloy or the like,
and tﬁen making the directions of axis of easy magnetization
of the first and the second ferromagnetic films, for example,
perpendicular to each other.

Such é sﬁate of conflicting magnetization can be realized
by performing a heat treatment in a magnetic field.
| _ The first and second ferromagnetic films are composed of
different materials from each other and are superposed in'a
lamination structure. - In a process of cooling a superposed
film of them from a high temperature, a direction in which a
magnetic field is applied is turned.by 90 degrees for example.
The temperature at which the directibn of the applied magnetic
field is changed depends upon a film composition (varies
according to such various conditions as a combination state
and a laminated state of the first and second ferromagnetic
films).

By setting a proper temperature, for example, the
direction of axis of easy magnetization of the first
ferromagnetic ﬁilm is turned to the first magnetic field

direction and .that of the second ferromagnetic film is turned

to the second magnetic field direction.



:}i
ﬁ'anuf acturing a magnetoresi stance effect elenent conprising a |am nated
fii | m menber which conprises a first ferromagnetic conductive |ayer, a
non- magneti ¢ conductive | ayer superposed on the first ferromagnetic
conductive |layer, and a second ferronag etic conductive | ayer superposed
on the non- nagréseing cdvel wdtdlee flidyer aandn idok il siecyree ta arsgristodmegiystiance
effect, wherein at |east one of the first and second ferronmagnetic
conduct i velHarduceh iy ithes ddtracsaon affexiy ehdasyk aanetizatiomagfetd ¢
filys whose directions of axis of eas; magneti zation are different from
N

each ot herf 1 FhINRHYF dihe PRAFCAEPRY i bR 5 MelftRY Hleing acd Sef is
conprises g heat .treatnent. .process conprising the ste f I ng the
| am nat ed qolvferﬁrfeod ak?3¢ %bbet rk{’lelﬁb‘e”?’éfﬁr ésgﬁﬁei%%%ilnrb 9 tpraogdsucgtpﬁl}si%%‘ a
magneti c fi Q. gt d I ' 1.0 'y s | f. tJ e,
cooling i tmteéoeq‘aglg: coonﬂdqt‘%nfﬁdéa@{eﬁgléggggtege%é %tét%lelmne}:ghﬁé}?%%% &“S’dé%{pﬁ? ed

to it, turdyinpdsine dek ifd ¢lidi1qt o a second direction at a point of tine
when it has been "cooled to the second tenperature and cooling it to the

room tenperat Wesutind that aheé sBusn@eféorsmaighet edilin @@bdmis SO as to
gi-ve different directions of axis of easy magnetization
magnetization of the laminated film made by laminating the
first.and second ferromagnetic films, the direction of axis of
easy magnetization of the second ferromagnetic film becomes
the direction of an uniaxial magnetic anisotropy of this
laminated film. Accordingly, it results in being directed to
~the direction of axis of easy magnetization of the second
ferromagnetic film in the no magﬁetic field state of the first
ferromagnetic film. ”

This situation is shown in Figure 1B. This shows a state
where the direction of axis of easy magnetization of the pin
layer 4 coincides with the direction of axis of easy
magnetization of the first ferromagnetic film 2-1 and is
perpendicular to the direction of axis of easy magnetization
cf the second ferromagnétic film 2-2. The second
ferromagnetic film 2-2 governs the anisotropic direction of
the whole free layer 2 and as a result, anisotrbpies
perpendicular to each other are respectively introduced in the
free layer 2 and the pin layer 4.

A spin valve type film often uses an antiferromégnetic
film for fixing magnetization of a pin layer. A layer

configuration in this case is as shown in Figure 2 for



fi the first and second ferromagnetic fil ns. And in the
above-nentioned manuf acturing nmethod, an orthogonalizing heat treatnent is
preferable which turns the second magnetic field direction by about 90

degrees fromthe first magnetic field djrection. Furthernore, in the
manuf act uréxeppke hod, it is preferable i% performa heat treatnent so that
the total of the anisotropic magnetic fields of the first_and second
ferromagnetic f¥3TRlymytives 16 Ge ManesoFesistanenspEyect elempgtdescri bed
abowe; in said first to third - net or esi st ance effgct el enents, a

f er r omagnetTRPTHHRRZ 1T VA 88d 3o fUpPLrafref étr onmgnetic fil ns
whose directio of axisS o sy magnetization_are_.different, from each
nﬁ'l i]amlnastlﬁg{ fel%.HYC g&’§tlsgé a gllrlsy Bgf‘ﬁglgﬁg{lﬁglc

other has an eXtha ge co iMmg ge ed drrec

ferr omagnetd gy ddd 1 %g%yrt NG rPagB0R9Y] fiaGRRGUSHI ¥R1LAYEY mgﬁ}ééﬁgé?i c

magneti zati on as one Since there are ferro

films whosg didedpPnpidn @6 S ofiredtionMgnetbzathAnpahRedi fferent from
each other in this el'ement, their anisotropic energies cancel each other
and a | ownsainggid o ragriRidtd vid dlage@an3beupeirposed as ahwhoiestThe

effect of cancellation appears nost effectively in case that the easy axes
of magnet i fentaregret e dndysdriyendiayelcar at eecond ferromagnetic

conduétive layer (free layer 22) which is superposed on the
non-magnetic conductive layer and has an uniaxial magnetic
anisotropy given in a direction in its film plane, and a
magnetically fixing film 25 which is superposed'on the first
ferromagnetic conductive layer 24 and is composed of aﬁ
antiferromagnetic film; and a pair of electrodes 26 formed on
this laminated film, wherein séid second ferromagnetic
conductive layer comprises a first fefromagnetic film 22-1 and
a second ferromagnetic film 22-2 whose directions of axis of
easy magnetization are different from each other and keeps an
uniaxial magnetic anisotropy in a specified direction as said
whole second ferromagnetic conductive layer.

The same anisotropy as shown in Figure 1B is introduced
in this second ferromagnetic conductive layer. In this case,
a plane in parallel with the paper plane is the recording
medium facing surface.

In the structure shown in Figure 2, a hard magnetic layer
27 such as a CoPt alloy layer for giving a bias magnetic.field
to a free layer 22 is formed so és to be in contact with the

free layer 22. Although the hard magnetic layer 27 is not



AW»W

Pach ot her. ' 12 This is described nore concretely
With reference to the dr awi ngs. As shown in Figure 1A, a free Iayer
2, a non-magnetic conductor |ayer 3, and a pin layer 4 are forned on a
substrate 1. Magnetization of this pin %ayer is fixed by an

anti f er r onmgnepéashbhae, (net ikl bﬂéféﬁ&l@ﬁé tSaIcdplSy ah Pielh mhigher itoF iexanpl e.
A pair of electrodes are provided on this lamnated film (not

il lustrated)the freeThagetra@ iayerdérlsacumﬂu&ewaﬁkhaukenshoﬁeesonagnet|c
fil\m2-1 and a second ferromagnetic film2-2. For exanple, a_filmwhich is
in contad?h%n@hr?ﬁElﬁBnOﬁBQHE§lEléﬁwmﬁﬁﬂQﬁlqaﬂﬂﬁid is §nsemrad lehewhithst
ferronagnetlc fil . nggnetore5|stance ef f ect elenent of a
spi n vaIv%het?bﬁecgfﬂﬁeoft§hﬁian%§%ﬁ zF?%P?ﬁ%fé@W¢sﬁ§§ﬁ€W|?édt Bt freenot
required {9 % lave a soft magnetic property in particular. It is only the
free |l ayer 8YTat needs to have a soft magnetic property. Therefore, it wll

do to realize &M&ithéﬂ&ﬁegheséié’&%@e@% & %tr%v@.tieﬁoew Leting
magnetization so that only the free layer 2 may "be inproved in soft
magnet i C 1M 0petéy . LApUBVER, this | SthudBide) ey @laRs Bet BabyviBeapi n
between the substrate 21 and the lamina£ed film or between the
hard ﬁagnetic layer 27 and the laminated film.
Furthermore, since generally an antiferromagnetic film is
poor in corrosion resistance, a protective fiim ﬁay be formed
on the antiferromagnetic film 25. .
| In general, an uniaxial magnetic aﬁisotropy of a free
layer is set in parallel with the surface of a recording
medium and an uniaxial ﬁagnetic aﬂisot;opy of a pin layer is
set perpendicularly to the surfacé of the recording medium.
Accordingly, in the heat treatment in a magnetic field, it
will do to set the first applled magnetlc field as the
direction of an uniaxial magnetic anisotropy of the pin layer
and set the second applied magnetic field as the direction of
an uniaxial magnetic anisotropy of the free layer. For
example, the direction of axis of easy magnetization of the
first magnetic film forming the free layer is the same as.the
direction of axis of easy magnetization of the pin layer, and
the direction of an axis of easy magnetization of the second
magnetic film forming the free layer is perpendicular to the
direction of axis. of easy magnetization of the pin layer.

In this case also, since it is the first ferromagnetic



1 ayer may be al so made nultilayered according to demands. I n case of
a GWR type, the interface between a non-nagnetic |ayer and a magnetic
| ayer has a great influence upon the magnetoresistance effect. Therefore,
in case of wusing Co or a-Co alloy which has a great resistance change

rati o ands@rm excatdretict Reriml cHee Sics daghetit Wbhiub8okOf MRKethat | ayer ed
structure in the free layer 2 so that a Co filmor a

13 Co al Igwedtlynamythibuliapased ataghnleeosedestancenéfitéchy t bhéhe
nonioagneti ¢ conductor layer 3 (at the first ferromagnetic film2-1 side).
A magnet @repaet v, offfiadt id diddfticodt be repbambhecdy therfexanpl e, by
{naking a $in | ayer of a Co | ayer or % Co agloy layer ang naking a free
| ayer by JeRRSRRIMEdh Fddh diwer §anf ppsterepFréhBgntyi @d¢ing 928 made of
Co or a Co allpy.and a second. .ferromagnetic fil -2 nmade, of Permal |l oy or
the |ike S thid MAGHY heé idfvebfi gﬁ_EleQ-YéSZ?smc’g? %%gglﬁ'h%%tiza_tion of
D o S R U GRSt o f11 e exarm e perpendcular
realized ° 1t will do that at least one of the first and second
ferromagnetic conductive layers of the invention contains
plurai magnetic films and it is a matter of course that it may
coﬁtain two or more ferromagnetic films.

Heré, a case is explained where the free layer is
composed of a laminated film made by laminating two kinds of
magnetic films, and activation enexrgies of the respective
magnetic films are el and €2 (eV), and an uniaxial magnetic
anisotropy having a littlé dispersion in one direction is
given to the laminated film by a method of forming the film in
a magnetic field or a method of annealing it for a long time
at a temperéture high enough iﬁ comparison with the activation
energy.

Generally, in case of annealing a magnetic film having an
inductive magnetic anisotropy given at a temperature Ta as
applying a magnetic field in the direction perpendicular to
its axis of easy magnetization to the magnetic film, the
anisotropic magnetic field varies according to the following
expression; -

Hy = 2Hy (exp{-A exp(-Be)t}- 0;5), where H, 1s an
anisotropic magnetic field in case of annealing the magnetic

film for the infinite time, A is a constant obtained by an



By performng a heat treatment in a magnetic field. The first and
Second ferromagnetic filnms are conposed of different materials from each
other and are superposed in a lamnation structure. In a process of
cooling a superposed filmof themfromga high tenperature, a direction in
which a neygperiventel d is appatedreatmgnteding  90=deifkBs fBp)exkRpls.
The tenperature at which the direction of the apglled magnetic field is
changed dePeRALtEPBAN CPRS tAMOMFES TR0k S( $8r PBRSLERGr BERPSFRTREEN vari ous
congiti ons as aﬂcogbi atio §§3§%bt%”%e3 Iaging%egxségge oL g?e f#rﬁg and
second ferromaghette 17 1YRE)" By SeftPRg] BrBpEt ERIneF afur 8N PRar
-exanple, t flmdi%efii@P of axis of easy nagnetization of the first
‘ferromagnetic filmis turned to the first magnetic field direction and

that of the secpigufersosmanetd Gdsll® 0% tohBeEingOu! hee BREsetd g
e i s oot orE g ° BEELnG Ont Mo %Seeing t he

whol e fil mcemNetidanémt@y) TRGIREGNC adRkeaQihgPYehferi thifodugedyi fehhe
direction of axis of easy magnetization of a filmgoverning the

ani sot r opyof Ath 59t ¢ opye©didhe vihel anhebling tgneeciseody sbeohdkm which is
greater in a product of the

As apparently known from Figure 3, even in case of
perfofming an orthogonalizing heat treatment at.the same
temperature, when the activation'enefgy varies, the resultant
value of H, varies. And it is known that it is possible to
bring the H, close to nearly zero by selecting a properﬁ
annealing temperature to an activation energy.

In case of annealing a singie film, however, since -
diséersioﬂ of anisotropy haépens, Hy becomes sﬁaller but a
coercive force H, becomes greater and as a result such a
problem that Barkhausen noises appear happens.

On the other hand, in case that a free layer is composed
of a laminated film of two magnetic films and their activation
energies ¢ are different from each other, when performing an
orthogonalizing annealing process on the free layer at a
temperature Ta, the values of anisotropic magnetic fields of
the respective layers become different from each other.

Now, it is assumed that in case of making a laminated
magnetic film of two layers using magnetic materials in which
el = 0;42 (ev) and €2 = 0.52 (eV), the layers are set in

thickness so that the (M; - d) products of both the layers

(where M, is a saturated magnetization and d is a film



dntensity of its magnetization and its filmthickness and the anisotropic
yagnetic field. Assum ng that the second ferromagnetic filmgoverns
magneti zation of the lamnated filmnmade by laninating the first and
second ferromagnetic filns, the directiongqf axis of easy magnetization of
't he secondtheckmmegneatdy He laguadc amwesachhétiere¢tli en19f. an uni-axi al
-magnetic anisotropy of this lamnated film Accordingly, it results in

bei ng directed Theni he diass dfopest oanisgohneasheggnetlizdnigomesit t he
second ferromagnetic filmin the no magnetic field state of the first
ferromagnet¥e2 ey at 200%, dhspf uhe olr YR shRPCPReEi §uf @) B2ndhils Shows

a state ere the direction qf axis of easy magnetization _of the pin

| ayer 4 cofRti it IPeInRes % cﬂpﬁﬁ'oF"gxFéeoFg§H§§a“ﬁa§ﬁ&Pﬁiégi5ﬁ of the
first ferrona.rmgi(ifgde 2-1 %ndvis EerpendicuLar to the direction of axis
of easy megHetFatt on O Yhé s8¥8AA9Fer romagnetic fil m2-2. The second

ferronagnetic fd] g 2404ehiinal NenanL gt LoPLCnLECCLLAR QL. Lite Male free

layer 2 and as a result,_anlsotﬂoples perpendi cular to each ot
respectivelyoentheduagdri 0 H88omds eeldagl@é) Zaddyt R RiNR 1a%RIr 4 A
r

spin valve type filmoften uses an antife ronagné?ic filmfor fixing
magnet i zathexfontds a 40i (0d)gyehd Ahkayebultant value of H, can be made as
small as 2 (Oe) on an average.

And each of the layers has a sufficiently great
anisotropy given to it and has become a film which is a little
in dispersion of anisotropy.

Furthermore, in case of performing an orthogonalizing
heat treatment at 300°C, H, of the layer 1 becomes -16 (Oe) and
H, of the layer 2 becomes 0 (Oe), and the resultant value of H,
becomes -8 (de) on an average. In this case, such a problem.
happens that the anisotropy is turned by 90 degrees as a whple
or a certain coercive force appears on the whole due to
dispersion-qf anisotropy caused by the too much lowered Hy, of
the layer 2. 1In such a case, therefore, an orthogonalizing
heat treatment temperature of about 270°é is the optimal
temperature.

In case that a ferromagnetic conductive layer is composed
of plural ferromagnetic films having easy axes perpendicular
to each other (in the first direction and the second
direction}),

H, (total) = (L, (M, « t « Hy) - I, (M, = t » H))/ I, » (M

- t), where M,: Saturation flux density of each layer



gonfiguration in this case is as shown in Figure 2 for exanpl e.

15 Nanely, this is a nagnetoresi stance effect elenent conprising a
[:ami nated filmon a substrate 21. The | am nated filmconprises a
first ferromagnetic conductive |ayer (pi,n | ayer 24) having an uni axi al

magneti c ani sot rxpy Mhivknhdss @fdieseht lagern its fil mplane, a

non- magneti c conductive |ayer 23 superposed on the first ferronmagnetic
conductive | ayer Ha 8nientirbpiconagmetic ficdddwdt ieaehl dpeer(free | ayer 22)
whilch is superposed on the non-nagnetic conductive |layer and has an

uni axi al magneti &i:afipgofeopy Heveemagnetin riddm davilng tdef ekAspbéneasand a
magnetically fixing film 25 which is superposed on the first ferromagnetic
conduct i vBERE&L z84 1oy iins thenfdsed GLreRtiaMmti ferromagnetic film and a

i f | trod 29 f d t hi | i ed fil wh i n_sai d
DT ommgnbt 6 ognatenyEOF a9 cPertmt R & Kl havdhao tRGreris PE pAsY. |

and a secagnd ferrgzi nﬁki% figgkg%azdg?%ggigurections of axis of easy

. Pa netiza hF . . .
magneti zat1on are erent from éach er-and keeps an uni axial magnetic

ani sotropy in a gpecifigfh HdLtheOWhdieS@edromagnetic film. The smaller
the absolute value of the H, (total) represented by the above
expression is, the better the magnetic film is in soft
magnetic éroperty. In practical use, it is preferable to make
this value be 10 (Oé) or less. Accordingly, a temperature is
selected so as to éatisfy this relation. i

Fe, Co, Ni, and their alloys are mentioned as a
ferromagnetic conductive material to be used in the present
invention. Particularly, to use.Co or a bo alloy is effective
in order to obtaiﬁ.a high thermal resistance and a high
resistance change ratio. For example, a CoFe alloy rich in Co
which contains Fe of 5 to 40 atom% or so is mentioned. Such

‘an additive element as Pt may be added. The film thickness is
about 5 nm to 20 nm.

By using a Co alloy as a magnetic film at the side in
contact with a non-magnetic conductive layer and attaining a
soft magnetic property as a whole through laminating it
together with another magnetic film, it is possible to make
the best uée of its feature such as a high thermal resistance
(reducing diffusion to the non-magnetic layer) and a high
resistance change ratio at the maximum: |

And Cu, Au, Ag, and the like are mentioned as a



ﬁhole second f-erronagnetic conductive |ayer. The sane ani sotropy as
shown in Figure 1B is introduced in this second ferromagnetic conductive
layer. In this case, a plane in parallel with the paper plane is the
recording nediumfacing surface. Iggfhe structure shown in Figure 2,
a hard nagpnetimeghayde cdndsucbras anCoRe shheywhnyethé of i i vilnigclndB s
magnetic field to a free layer 22 is formed so as to be in contact with
theLSLreeiBa?éPUZZS A feu@® nie hard nagnetic Iayer 27 is not

i nd ensable, it is preferable[err] to appl netic field to the
free |ayer 22 FHTEPGEFOES 1 ERfPe BiPkhiG¥Rn %B?SEQ -?ﬁ% HRT KRG iBiPDRT hi s

bi as magnet.i ¢ n_para the direction of the uniaxia

h .
magneti c 3H,§8;}§5§r8ﬁaﬁﬂg ﬁFe@a%Fﬁﬁgﬁ And al t hough the el ectrodes
26 are provided @Bu%th'% H@E%Qe%§¥€éaha LB écétéP&%&§€1oE ”ay be

provi ded between t trate 1 an an1nate Il m or etmeen t he
hard magnehi,enkayar l%7aaﬁaghaeokagweaﬁeeféffréct eleméif INRIVRIR: WBildiEe

generally an antiferromagnétic filmis
a spin valve film comprising a first magnetic layer composed
of a laminated film made by laminating a ferromagnetic film
containing Co and a soft magnetic film on each other, a second
magnetic layer, and a.non-magnetic layer disposed between the
first magnetic layer and the secoﬁd mégnetic layer, wherein
the soft magnetic film is composed of a soft magnetic material
laminated film composed of a soft magnetic material film of a
kind or éoft magnetic material films of two or more kinds, and
when assuming that maéﬁetizatioh of the soft magnetic material
film or.the soft magnetic material laminated film is M,(T), its
thickness is d(nm), and its anisotropic magnetic field is
H,(Oe), the formula of E(M; x d x H,) > 30(Tnm Oe) is
satisfied, where the I (M, x d x H,) value shows the sum of (M
x d x H) values of the respective soft mégnetic material
films.

In a magnetoresistance effect element of the invention, a
soft magnetic material film or a soft magnetic material
laminated film whose I(M;, x d x H;) value is greater than
30(Tnm Oe) is used as a soft magnetic iayer formed in contact
with a ferromagnetic film containing Co. Here, the T(M;, x d X

H,) value of said soft magnetic layer represents a force

suppressing dispersion of anisotropy of the ferromagnetic film



E

jpoor in corrosion resistance, a protective filmmy be formed on the
dantiferromagnetic film 25. In general, an uniaxial nmagnetic
ani sotropy of a free layer is set in parallel with the surface of a
recording nediumand an uni axi al magnetj£ ani sotropy of a pin layer is
set per perintdiaring t@ .t h@yswsfiagesvEht #eSe b oragnRt M dt L WhRsSridithgKy,
in the heat treatnent in a nagnetic field, it wll dg to set Hhe first

A

appl i ed nejrietha vRaRE A8 grReaten ridran i (FnmPeuni &b &5 REGFELIE &Ri sotropy
of .the pin layer and set the second applied nefic field as thi '

i (50t 1 bn SHEBAR <A EASRS Lo RE. ROLSALSOPY OBy DFe {He ettt £
exanpl e, the directi aof axis of tization, of the,_fi : netic
filmfor m‘?ﬂ‘ttaﬁéufr}‘geg&? d;”ergoiog fﬁggggﬁgggg&?he g%iérygjé%)i o#:'o S é%% easy

magnet | zatl o Qludde RIdEAANR £020d. 1L NG AL QoA fAhaT 0 e

magneti zation e secon magnetic filmformng the free layer is

per pendi cyl gy éazf]ahﬁorﬂiorfe%t ir@R rofhagubeiof £ £BRYcoRENBh ikatdéON BSrt he pin
| ayer. T this case al so, sinCe it is the first ferromagnetic

filmin cutagiay tdo thod@r Tegset | Fasebgyucioriéipossate oo eatpyove a.
contributes to a magnetoresi stance effect, the
ferromagnetic film containing Co in soft magnetic property.

A method for manufacturing the fourth magnetoresistance
‘effect element of the invention, namely, a method for
manufacturing a magnetoresistance effect element provided with
a spin valve film comprisiné a first magnetic layer combosed
of a laminated film made by laminating a ferromagnetic film
cpﬁtaining Co and a soft magnetic film on each other, a second
ﬁagnetic layer, aﬁd'é non-magnetic layer diébosed between the
first magnetic layer and the second magnetic layer, the method
for manufacturing a magnetoresistance effect element makes a
spin valve magnetoresistance effect element by forming a soft
magnetic film on a substrate, forming a first magnetic layer
by laminating a ferromagnetic film containing Co on said soft
magnetic film, superposing a non—magnetic layer on said first
magnetic layer, forming a second magnetic layer composed of a
ferfomagnetic material containing Co on the non-magnetic
layer, forming an antiferromagnetic film on the second
magnetic layer, and thus forming a spin valve film, and then
applying an orthogonalizing annealing process on the spin
valve film.

The fourth magnetoresistance effect element of the



Pyoperties, which is difficult to reconcile by the first ferromagnetic
i1 m al one, can be reconciled by adding the second ferromagnetic film as
satisfying the conditions according to the invention. It will do
that at |east one of the first and secon@3 ferronmagnetic conductive |ayers
of the i néWEN¢ddBortargscrpbad af URERFIEIIRE fin eI koWiN% matter of

that it tain t i tic fil . He
case i 5 expl ai feduHffche Phe PPEBIPATE VIR TBLRtN CPY difited 1i1m
se i s explai i " % Akl m
The T oupectrbe e aasnube oo Negfeso BRI Ted o e CRAMS T LIRIGE ™ ©

regnetic RoRlnaPYAK BAbBaLhbht SoflisRerhithd foone i ragtd.an 45 gi ven

to the lamnated filmby a nethod of formng the filmin a nagnetic field

or a nethed refrepreeakinBari 51705 & Sk ddvE, U B LAl WRyddwh enough
I n conparison with the activation energy. Generally, in case of -

anneal i ng layeagnaui ¢sf &l Beband Ngagiet iddustdve dRpRetion - diapyl Hraen at

a tenperature Ta as applying a nagnetic field in the direction

per pendi ctl3an st dntietrpoardsbefweers ythegm izt o taeddred megrettiicc fil m the

ani sotropic magnetic field varies according to the follow ng expression;
layers 52 and 54. Between these magnetic layers 52 and 54,
there'is no antiferromagnetic coupling and a laminated film of
non-coupling type is formed.

Among these magnetic layers 52 and 54! the first magnetic
layer 52 is composed of a laminated film composed of a
ferromagnetic film 52-1 of a ferromagnetic material containing
Co and a soft magnetic film 52-2 of a soft magnetic material
.other than it. Among them, the ferromagnetic film 5241 is a
layer contributing to a magnetoresistance effect and the soft
magnetic film 52-2 is a layer for improving the ferromagnetic
film 52-1 in its soft magnetic property, as described later.

The soft magnetic film 52-2 may be composed of a soft magnetic
material film of a soft maénetic material of a kind, or may be
composed of a soft magnetic material laminated film of soft
magnetic material films of two or more kinds.

The first magnetic layer 52 composed of the ferromagnetic
film 52-1 and the soft magnetic film 52-2 is arranged so that
the ferromagnetic film 52-1 may be_in contact with the
non-magnetic layer. 53. Although they are not always limited

to this arrangement, it is desirable to perform the

above-mentioned arrangement in order to obtain a great MR



5 :
%[err] = 2Herr] (exp{-A exp(-[err])t}- 0.5), where Herr] is an

ani sotropic magnetic field in casée of annealing the magnetic filmfor the
infinite tine, Ais a constant obtained by an

18 experinent, t is a heat treatnent tpge, [err] =1/(kB . Ta), kBis a
Bol t zmannckamge agtanthtly TaAnd Hn jsneslimadpleetpemakar 8. magnetigiere, the
val ue A obtained froman experinment of a CoNbZr filmis 11.6. Fi gure

3 shows at¥elangeofounhipndidbregtehy pedsivendithg fpsronagInasirvAaLil®nsSandr gy

[erv] and an annealing tenperature T means of thjs expression. The
anneal i ng?3¢ n%’?ss‘iéﬁom%‘é‘&n%ﬁb‘é. ilm 5%’%)5/a36péf’eﬁf’f<§ kR8®naFFoif*Fi gure 3,

even i N casenol; . RETLEr 11 NG 21, Off hadanaki glng ieat Lregteat gt the sane
t enper at ur €3 en e actl vatl on “energy varres, he " resulta E- val ue of

Herr] vagheSknedfdqttedsidnown that it is possible to bring the Herr]
close to nearly zero by selecting a proper annealing tenperature to an

activation energys first hdghasiec @ilannealisng Raghaghe Lil8x,heweyeig Since
di spersi on of anisotropy happens, Herr] becones smaller but a coercive
force H eralldmcontseqgrbayer, avhbses magnesikatsaohia rptabednbirhah

Bar khausen noi ses appear happens.

: external magnetic field such as a signal magnetic field. 1In
case ﬁhat the ferromagnetic film 52-1 is a crystalline layer
which is good in MR change quantity but is difficult to
magnetize, particularly the invention is greatly effective.

Aé the ferromagnetic £ilm 52-1 in the first magnetic
layer_SZ, Co alone or a Co based magnetic alloy can be used,
but it is preferable to use a Co based magnetic alloy capable
of-ﬁaking great.both an interfacial effect and bulk effect
having an influence upon the MR change quantity and capable of
obtaining a‘great MR change quantity thanks to this. As such
a Co based magnetié alloy, an alloy obtained by adding one orx
two or more of Fe, Ni, Au, Ag, Cu, Pd, Pt, Ir, Rh, Ru, Os, Hf,
and the like to Co. An amount of elements to be added is
?referably 5 to 50 atom%, and more preferably in a range of 8
to 20 atom%. The reason is that when the amount of added
elements is too little, the bulk effect is not sufficiently
increased, and conversely when the amount of added elements is
too much, there is a possibiiity that the interfacial effect
is remarkably decreased. As an additive element,

- particularly, it is preferable to use Fe in order to obtain a

great MR change quantity. And it is preferable that the



3 .
én.the other hand, in case that a free | ayer is conposed of a |am nated
ﬂilnlof two magnetic films and their activation energies e are different
firom each other, when performng an orthogonalizing annealing process on
the free |ayer at a tenperature Ta, thgsvalues of ani sotropi c magnetic
fiel ds of fefRemMPgapEdc Fd lmap@rd BadofbedpPLEr BAENEEbon Beldh ttrerdre

Now, it is assuned. that .in case of king _a | aminated ., nagnetic filmof two
layers usPRG WEGReEPEMdt 8 4Ps tPACKAFER FEPy fI VAewpaint & CheFmed — 0. 52

(eV)ﬁ’"there,'tQié‘ﬂit?r.e & &FQPF%@L%EB%S;%? Eﬂ%t f&pgmé%rg%‘ﬂc fq.)lérp(rj'ﬁld—sl‘lCtS of

both the lNayers where 'S a saturated ragne I'on an afilm

thickness}onpy Receguahick? edal 2bhah (A Lhickness, [§8ibe IvheiASE Gfs
perform ng an orthogonalizing heat treatnent at ZbO[err]C, H err] of the

| ayer 1 beeénmeri8k(Ogheadil[ ar pbsefibillheyl axet 2ubecdmsod@en( Gr)ppedizd t he
resultant value of Herr] becones 14 (Oe) on an average. On the
ot her hantdhatn(tasehef MR beahger eatienisatie2r8ased] ( 2) Hiardhausen ayer 1
beconmes -10 (Ce) and Hk of the layer 2 becones 14 (Ce), and the resultant
val ue of mMrisaa brenddebde to appear due to an antimagnetic field, and

(3) an effect of suppressing dispersion of anisotropy obtained

from ﬁhe soft magnetic film 52-2 is reducéd. More preferably .

it is not greater than 5 nm in thickness. Thickness of the

soft magnetic film 52-2 is described in detail later.

Oon thé other hand, the second magnetic layer 54 is a
ferromagnetic film composed of Co alone or a Co based magnetic
alloy in the same way as the ferromagnetic film in the first:
magnetic layer 52, and it is préferable to use a Co based
magnetic alloy from the same reason as the first magnetic
layer 52. This second magnetic layer 54 is given a bias
magnetic field and fixedly magnetized by an antiferromagnetic
film 55 composed of an IrMn film, an FeMn film, an NiO film or-
the like, or a hard magnétic layer composed'of a CoPt film or
the like which are formed on it. Thié second magnetic layer
54 is what is called a pin magnetic layer.

Thickness of the second magnetic layer 54 is preferably
in a range of 1 to 10 nm where a great MR change quantity can
be obtained. The second magnetib layer 54 as a pin layer is
not limited to a ferromagnetic film fixedly magnetized by an

antiférromagnetic film 56 and the like as described above but

a hard magnetic layer, for example, can be directly used as



{

inall as 2 (Ce) on an average. And each of the layers has a
%ufficiently great anisotropy given to it and has beconme a filmwhich is a
Fittle in dispersion of anisotropy. Furthernore, in case of
perform ng an orthogonalizing heat tregénent at 300[err]C, Hk of the |ayer
1 beconesthaGs¢cendanggnéekioflayer |Hy.er becones 0 (Ce), and the resultant
-val ue of Hk beconmes -8 (Ce) on an avera In this case, such a problem
happens t hat tﬁ%rﬁnié%t%%p®r¢§?§QP%ﬁquQ/ dégretdons gfwhole or a

tad f t he whol t f
S SR T S A ey o «
I t bout
Case. L NCAELRBELc 20, 0L OONEIS! 1 Wl Lo LB ALMRELA Y glyabout |

CO”dUCt'VStﬁéye{n'é £00p0S9M ndfesitidirall R%Ph@%&&“%EdefhhnérH%¥'ES easy
~axes perpendicular to each other (in the first direction and the second

directi onjmprove aﬁkMﬁtéEéﬁént-ﬁﬂfﬂﬁéllﬁhbakrkespbnseH[eBﬁhh a keakk20f

(Merr] . t . H))/ E 2 (M t), where Ms: Saturation flux density of

each | ayemagnetization can be obtained by performing an annealing
process as shown in the following. Namely, the annealing
proceés comprises the steps of (1) keeping a sample at a
temperature of about 250°C as applying a magnetic field of
about 1 kOe to it for one hour, and after this, (2) cooling it
to a temperature of about 210°C as it 'is in a magnetic field
of about 1 kOe, and then (3) turning the directiqn of the
applied magnetic field by 90°C when it has been cooled to a

-ltemperature of about 210°C and tﬁén cooling it to the room

temperature. A state of orthogonalized magnetization can be
stably obtained by such an annealing process (hereinafter
referred to as an orthogonalizing annealing process).

As for a concrete direction of magnétization, it 1is
preferable that the first magnetic layer 52 is magnetized in
the track width direction and the second magnetic layer 54 is
magnetized in a direction perpendicular to the recording
medium facing surface perpendicular to the direction of
magnetization of the first magnetic layer 52.

As a non-magnetic layer.53 disposed between the first and
second magnetic layers 52 and 5S4, Cu, Au, Ag and the like are
mentioned. And these non-magnetic films ﬁay be made of a

material obtained by mixing a non-magnetic material with a

A ]



'.g .
1: Thi ckness of each | ayer Hk: Ani sotropic magnetic field of each
| ayer ~ E: Sumfor a ferromagnetic filmhaving the axis of easy
magneti zation in the first direction [err]2: Sumfor a
ferromagnetic filmhaving the axis of wasy magnetization in the second
di recti on™a@gnetic materialy: symfor the whole ferromagnetic film The

| .th ol ut | t Hk_ (t | ted by th b
o ook on s AR Er B Sril e el U SR R S RS 1
In pvactlpgl sdfCaci b £§ Praferaile hodmke whius o m%{g%}ag%q?(tgg 19y 8SS-

Accordingly, "a tenperatfure Is selected so as to satis atifon.

Fe, Co, Ns3 a8dglBgterathQyss aie IENHHNGRAS & JEFUTRIMNCIL iGRANG! i ve
material to be Used in the present invention. Particularly, to use Co or a

Co all oy thagfbesbh¥etivitpréeindtd mbictivaindd ghrddemEl iresisstiarge and a
hi gh resistance change ratio. For exanple, a CoFe alloy rich in Co which
cont ai ns Ekanf 25nhoidOtlal chkésy, si iis mEftfiiendd. tSuslakeamsmaddi teinoagdl ement
as Pt may be added. The filmthickness is about 5 nmto 20 nm ' By
usi ng a Genatkefange acompghiang dgtivermithehaagingd i lay@msa®? windh 54 -
non- magneti ¢ conductive | ayer and attaining a soft magnetic prqoperty as a
“whol e through gaﬁpﬁgly¢&y¢tlaminated film 57 is composed of the layers,
and in an MR element provided with such a spin valve laminated
film 57, since the first magnetic layer 52 is rotated in
. - magnetization by an external magnetic field while the second
magnetic layer 54 is fixedly magnetized, a magnetoresiéfance
effect can be obtained by variation of a relative angle made
between the directipns of magnetization of the two magnetic
léyers 52 and 54 dispbsed s0 as to have a middle non-ﬁagnetic
lavyer 53 ipterposed between them. In this case, since a
ferromagnetic materiallcontaining'Co, particularly, a Co
based magnetic alloy is used as a ferromagnetic film mainly
forming the first magnetic layer 52 and the second magnetic
layer 54, a great MR change quantity can be obtained.
Here, although Co or a Co based magnetic alloy brings a
great MR change quéntity, it is difficult to attain a good
soft magnetic property by itself and generally its coercive
force H, in the direction of hard axis of magnetization becomes
great due to dispersion of magnetic anisotropy. The
dispersion of anisotropy may be caused sometimes by dispersion

of a crystal magnetic anisotropy and sometimes by an inductive

magnetic anisotropy. Particularly, when performing an



%iogether with another magnetic film it is possible to nake the best use
of its feature such as a high thernal resistance (reducing diffusion to

t he non-nagnetic layer) and a high resi'stance change ratio at the naxi num
And Cu, Au, Ag, and the l'ike are nentigped as a non- magnetic
conduct orerthoghnad dnkngagnnenbiig |pradassk pesslips boat sBinnvedve0 nm
Furthernmore, FeWvh, NNO, IrV, and the |ike can be used as an_

anti f err ofthiRe®f cIRBEELPaf above, Qi SRARSIPNTRENENSFESTOPYNdE diprbde &Penent

of ke invention is a nagnetoresistance effect elenent provided with a
opi 0 val VB (TPRE CORRRT s AEAAIR 14 O RAREG: MEIRETLE BONEBolReoMoRe A nat ed

fi1mmade, by | ambpaghng.a {eLronanet iG d im-caonkalnlad, Lo andea soft -
magneti c FTM on ach 6t her < asetond nagngflc ayer, and 8 nof- magneti c
| ayer diggp§§gtpg%%egg the first magnetic |ayer and the second nagnetic

| ayer, wherein 't spft magnetic filmis conposed of a soft magnetic
material | am fréLeupbh M £OMPRS echwdnta onQf thevgRekicCmABhekial 1kiykm gh a

kind or soft nmagnetic nmaterial films of two or nore kinds, and ~when

assum ng winbéh nhgned tZeéd oin afiagriver isafti omapyetinCc erabenbadl magnetic
field is composed of a laminated film of the ferromagnetic
film 52-1 and the soft magnetic film 52-2, and a material for
the soft magnetic film 52-2 and thickneés of it are set so
that a value of (M, x d x H,) may not be less than 30(Tnm Oe)
when assuming that magnetization of the soft magnetic film
52-2 ié M,(T), its film thickness is d(nm), and ;ts anisotropic
magnetic field is Hg(Oe). In case that the soft magnetic film
52-2 is composed of a soft magnetic material of one kind, a
value of E(M, x d x Hy) is the value of its (M, x d x Hy), and

- in case that the soft magneﬁic film 52-2 is composed of a
laminated film of soft magnetic material films of two or more
kinds, it is the sum of (M, x d x H,) values of the respective
soft magnetic material films.- |
As a result of examining in detail réelation between a

coercive force H, in hysteresis in the direction of hard axis
of magnetization and a magnetic property of the soft magnetic
film 52-2, in a laminated film composed of the ferromagnetic
film 52-1 containing Co and the séft magnetic'layer 52-2, it
has become apparent that there is a definite.relation between

the sum (IZ(M, x d x H,) value) of products (M, x d x Hy) values

each of which is obtained by multiplying magnetization M,(T) of



él | mor the soft magnetic material lamnated filmis Ms (T), its thickness
s d(nm), and its anisotropic nmagnetic field is Hk(Ce), the fornula of
[errJ](Ms x d x Herr]) > 30(TnmCe) is satisfied, where the [err](Merr] x
d x Herr]) val ue shows the sum of (gl\/[err] x d x Herr]) values of the
respective sofftt ma@hRitic MRiyid Alit&AfiTh thicknes8 &(imgNelner ayisst ance
effect elenent of the invention, a soft magnetic material filmor a soft
magnet i ¢ patieotaiopilcamayatesd. d iflimmlwhok €0¢ privy (dfecranpthed ané eakdl) val ue is
greater than 30(Tnm Oe) is used as a soft magnetic layer forned in contact
with a ferFperedivéet ifoxdd M.coandi Anngas®. thierthe [ erd X Mk )xvdlre Hserr])
val ue of said soft nmmgnetic |ayer represents a fofce suppressing

di sper si oftioge &hieSot3F MO )he ther COREGABE] ECFF . in the dipachianngt Co.
By using such a soft magnetic filmwhose %err%(l\/h x. d x Hk) value is
greater tRaR938FEIMBeyiagnetizaldon 5R8 P8 redpprdsst Her sion of
anisotrop¥ ogagg%iﬁerronagnetic film containing Co in good repeatability.
By this, F P8 possﬁgﬁé to reduce a coercive force Hc in the direction of

hard axis of  pRgRel 2L st tOBRIBRLENI AL WHAUAIIN G GO, for
céercive force H, in the direction of hard axis of
magnetization in case 6f varying the (M, x 4 x H,) value by
changing the soft magnetic film 52-2 in composition. As
apparently known from Figure 5, a coercive force H, in the .
_direcpioh of hard axis of magnetization shows an inversely
proportional.dependence upon the (M, x d x H.) value and
decreases with the.increase of the.zug x d x Hy) value. The
reason is that dispersion of anisotfdpy of the ferromagnetic
film 52-1 containing Co is suppressed by an uniaxial magnetic
anisotropy of the soft magnetic film 52-2. Namely, the I(M, x
d x H,) value represents a force to suppress dispersion of |
anisotropy of the ferromagnetic film 52-1 containing Co, and
by using a soft magnetic film 52-2 in which this value is
greater than 30(Tnm Oe), it is possible to reduce a coercive
force H, in the direction of hafd axis of magnetization to 1 Qe
or less for example.

In such a way, by making a coercive force H.,, for example,
not greater than 1 Oe in the direction of hard éxis of
magnetization of the first magnetic layer 52 which is a free
magnetic layer, it is possible to stably suppress occurrence

of Barkhausen ndises in case of using an MR element provided



dexanple, to 1 Ce or less. Nanely, it is possible to inprove a

4f erromagnetic filmcontaining Co in. soft nagnetic property. A net hod
for manufacturing the fourth nagnetoresistance effect el enent of the

. invention, namely, a nethod for manyfacturing a magnetoresistance effect
el ement pgoyhdgdsphhhva@vepl Amived deai THilll 6oMpEi &i sgnaoti deviocmgoétac | ayer
conposed of a lamnated filmnmade by lamnating a ferromagnetic film

cont ai ni ngaGaeand neadf brmageelike fi |Thexefeaeh ot henson devibned haugngtic

| ayer, and a non-magnetic | ayer di sposed between the first magnetic |ayer
and the secgnddnfidNetratipagan, be rebtminesd f&r ifnRGeheFraPlagthat said
magnet or esi stance effect el ement nakes a spi.n . valve nagnetoresistance

ef fect el BfMatx Y * divhi HgLlues8RrELshiRhet i‘i?"F’ilItﬁ'PBnog §L§glst’?a‘?e’f orfi ng a
first magnetic layer by lampating a fe%%roma' nﬁtic fil mggn%g%ggng Co on
sai d soft 304&gRePre £11 HFISTPE? P 8hnRgn@Yi EOFayer Son°sard f1 r st
magnetic |ayer, formng a cond netic | : e f

f er r onagn@P clﬁaﬂérP5F985362?n€#m§%§§é§?'%hggﬁg%Fﬁggﬁgﬁig(ﬂfégé%,xf%ﬁ%ﬁ>ng an

antiferro etic filmaon.the se : L.C : veaRd LRug fogding a
spi n val vgggﬁlpﬁ’] Bﬁr)ldl{\hgﬁdéﬁp% y%ﬁgadlannrgg%t%%goﬁg?%ghg anneal | iy process on
t he spi n.exglniﬁef’i hp< 0.5 odlhe fourth magnetoresistance effect el ement of

e.
t he
A concrete composition of the soft magnetic film 52-2 is

not limited in particular if it satisfies said T(M, x d x H) >
' 30(Tnm Oe), but it is preferable to have at least one layer of
a soft.magnetic material film which has a éood uniaxial
magnetic anisotropy in order to suppress dispersion of
anisotropy of the ferrqmagnetic_film 52-1 and whose
anisotropic magnetic field H, is not less than 5 Oe in order to
stabilize the soft magnetic film 52-2 itself.

As a concrete material for the soft magnetic film 52-2,
an NiFe alloy, an NiFeCo alloy, an alloy which is given a high
'resistancefby adding such an additive element as Ti, Vv, Cr,
Mn, Zn, Nb, Mo, Tc, ﬁf, Ta,.w, Re, or the like to such a soft
magnetic alloy of fcc crystal structure, an alloy made
amorphous by addiné the same additive element as mentioned
above to Co, for example, an amorphous CoNbZr alloy or the
like is mentioned.

Among the above-mentioned soft magnetic materials, an
NiFe alloy, an NiFeCo alloy or the like has a fcc crystal
structure aﬁd contributes to improving thé ferromagnetic layer

containing Co in crystallinity and soft magnetic property, but



3 invention is described furthernore in the foll ow ng. Figure 4 is a
sectional view for show ng the main conposition of a magnetoresi stance

ef fect elenment (MR elenent) according to an enbodi nent of the invention.
In Figure 4, reference nunber 51 is agpubstrate, 52 is a first nmagnetic

| ayer, 54since §btsoadisagnepic hagrmticafdeddntp-imgests dchaayeér 063 its

i nterposed between these first and second nmagnetic |ayers 52 and 54.

Bet wveen t h&sprafgreble rayese LR am@ Semingkefdefidmpnbaninatedr baaghbeirc
coupting and a lami nated fil mof nan-coupl i nghté%/ e is forned.

[ Anong
these nmaghethcaPa§BPEPEouS HENREr 1aid o PLt theg ¢ Madets5anPEheEposed
of alampated filmco sed of a_ferrqomagneti.c.film52-1 of a
er rormorBPF EERabLT| SPORORTaT T ) £l BRaeh BLFECRuaiLey Sofbafed soor 4
soft magngf i er) a{p& : n tnha;m r g film
52-1is agﬁ'%gyg?éc%}ﬁ?%?ﬁg{’?%%% aerjftggrf_éltégraeg\‘ st ncné;tg%‘efe?ter ang [er{he %oft
magnetic &4l 3 5¢s&qi5yaityef. for inproving the ferromagnetic films2-1 in
its soft nmagnetic property, as described later. The soft magnetic film
52-2 may be composedvrfeBemdit JMEM embBBIMENB] $ihede0d a soft magnetic

material of a kind, or may be conposed of a soft magnetic materi al

| am nat edféxrtomadneoi¢ material containing Co is used as the
ferromagnetic film 52-1 of the first magnetic layer 52, a
great MR change quantity is obtained, and since the
ferromagnetic film 52-1 containing'Co is used in a laminated
film lamihated together with the soft magnetic film 52-2 of
Z(M, x d x H,) > 30(Tnm Oe), dispersion of anisotropy of the
first magnetic film 52-1 containing Co is suppressed and a
good soft magnetic property is obtained. In this way, in a
spin valve laminated film 57 of an MR element of the
embodiment, a gfeat MR change quantity and a good soft
magnetic property are reconciled with each other, and
therefore it is poésible to obtain an excellent device
sensitivity and a good S/N ratio by suppressing occurrence of
Barkhausen noises in case of using it in a sensor device.
Namely, it is possible to greatly improve an MR elemént using
a spin valve.film in practicality.

In case of using the first to fourth magnetoresistance
effect elements of the invention as described above as a
reproducing head for mégnetic recording, a structure shown in
Figure 6 can be adopted as a shield type structure.

A lower shield layer 32 composed of a ferromagnetic



1

@agnetic material filnms of two or nore Kkinds. The first magnetic
fayer 52 conposed of the ferromagnetic filmb52-1 and the soft magnetic
filmb2-2 is arranged so that the ferromagnetic film52-1 nay be in
contact with the non-magnetic |ayer 53. Al though they are not al ways

limted hacbbislakcaneeRBatonis sspseSiZabie LadPaRf ﬁkwthilm 34

above-nentioned arrangenent in order to obtain a great

24 changecqmposedyofAadlahihateestinblEf t0 fke layergachba-magabange
coup¥ing directly between the ferromagnetic filmb52-1 and the soft
magneti ¢ £Phdn6go2 aagterdanpke ldneew brtmagnetnmgrldlyi fakiog asgoréibedy when
being seen fromthe film thickness direction. This first nmagnetic
filmb52 i $aernghefPempdyen awkeifey garpdlavayr 33 ceappagdr ofwhdse
magnetization_ is rotated by an external nmagnetic field such as a signal
magneti c $PERY2EPR feagﬁdt%%tt??m}9¥ﬁFcﬁﬁ%%ia;iéyﬁFl3?52-1 is a crystalline
| ayer which i ood in cha uantity byt is diffi.cyult_to, magnetize,
particularly t%egfﬁgeﬁ??%%%f% %%élilﬁffﬁ#%%ﬂ:tfeFﬁe hk f mtﬁg Pgr?onagnetic

‘;: : 21 52- 1h%PdtH§<éﬁé£§& TRPOELES. | AN& e RiiesTB62528€ £8EmBaCRnRBAGH FRANSLIC
y can be used, .
hard magnetic layer 35 or directly on the MR film 34, and an
upper magnetic shield layer 38 composed of a ferromagnetic
material is formed on an upper gap layer 37 composed of an
insulator covering them.

Alumina or the like can be used as an insulator, éﬁd an
amorbhous magnetic alloy such as Permalloy, CoZrNb, or the
like can be used as a fe;romagnetic.material.

In this structure, a magnetic field of a recording medium
enters between the upper and iower magnetic shield layers and
the MR film detects this magnetic field.

In this structure, it is possible also to flatten the
area of the MR laminated film by embedding the electrodes, the
hard magnetic film, and the like in the substrate. And it is
possible also to arrange the antiferromagnetic film at the
substrate side by turning the lamination structure upside
down.

In case of forming a reproducing/recording one body type
head, it will do, for example, to use the upper magnetic
shield also as a recording magnetic pole and form a thin film
coil on this magnetic pole.

And a structure in which a yoke takes in a magnetic field
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;ibut it is preferable to use a Co based nmagnetic all oy capable of naking
sgreat both an interfacial effect and bul k effect having an influence upon
the MR change quantity and capabl e of obtaining a great MR change quantity
thanks to this. As such "a Co based rraagm?etic all oy, an alloy obtained by
addi ng onef & réawroingonedbimFend Nan” MR, £y daked®es, the magneRhc Ru, Os,
Hf, and the like to Co. An anount of elenents to be added is preferably 5
to 50 atofWglarncamobe pledecrdobledn(seeibEied B) +o F2o sxgmplethEhisason

i s\that when the amount of added elenments is too little,, the bulﬁ effect

i s not sulff’r|"1‘:|‘é‘?fﬁﬂ"?/ﬂ?h%ﬁ‘eh%eﬂhl‘éhda%o%%e?%‘?y %\,h‘esn forrednoing ¥Pxgafdd

| t I th Lit t { ffect
s F oo BTG AAR RE s & RESIrSafiaf T her et e, Rl & pEELRuiRY o
pr ef er abl cfﬂuﬁ’s & 4 4 R4 Omgfnéo?gm 2} FerdEdta @9\@}%‘3 f44aBt by cngnd it

IS prefera e 1 hat erromagnetic film and the soft
magneti ¢ fdddppgng Iﬁé@lurﬂoin{:%&ué@@ntﬂr&i% K NeHi glless A aeea Ysewpoi nt of
e

thermal stability. It is preferable for ferromagnetic filmb52-1 to be
not great®Smpddd 1y Nax téing hg kaepsrt sofcehidestidctiwre between the
upper and lower magnetic shields (not illustrated). '

inlthe structure shown in Figure 7A, the recording medium
is moved in the upward or downward direction in the figure.

Furthermore, as shown in Figute 7B, a structure in which
a recording medium is moved in the left or right direcﬁion in
the figure can be adopted by disposing a pair of yokes 403-1
and 403-2 opposite to each other with a magnetic gap 402
interposed between them on a substrate 401 and arranging an MR
part 404 between this pair of yokes.

Any of these structures is excellent in corrosion
resistance and wear resistance, since the MR part retreats
from the medium surface. | |

In case of a reproducing/recording one body type head, a
recording head of induction type can be also stacked.

Without being limited to a head, such an MR element cén
be applied to a magnetic field sensor or can be used as a
recording element (what is called MRAM) instead of being used
as a sensor. For example it can be applied to a system in
which "1* and “0" are recorded according to a direction of

magnetization in a free layer in a spin valve structure and

the information is read out by means of difference in electric



3
3
1

ioo thick, there is a possibility that such a probl em happens that (1) the
MR change ratio is decreased, (2) Barkhausen noises are liable to appear
due to an antinmagnetic field, and (3) an effect of suppressing dispersion
of ani sotropy obtained fromthe soft Hagneti c filmb52-2 is reduced. Mre
preferablyesistascaoiiegedief dpgwn ﬁle% directlbakness mafhetkrassoaf ofthe

soft magnetic filmb52-2 is described in detail |ater. On the other
hand, thetsecbnee nhgyet iand agter Hh ilsayex.f erromagnetic fil m conposed of Co
al oreé or a Co based magnetic alloy in the same way as the ferronagnetic
filmin the fidddithermblyc Itayier smatiry Pl coupsef &habl éheolnyeniico
based nmmgnetic allopy fromthe sanme reason as the first nagnetic__|ayer 52.

Thi s secdrl nRgrRPP+ed R au slensnfeNSing; dsMARRGHELPELFtERGCaRd R Ckedl v
magneti zed b antiferromagneti filmb55 ¢ osed of an IrMh film an
FeMh fil n72% e‘ili FPegRerc t%’é”\ icﬁeé’,en&gr_’& ﬁﬁ?gg%ﬁdﬂgt‘i c layer conposed of a
CoPt filmor the like which are fornmed on it. This second magnetic |ayer
54 is what is called a pin nagnetic |ayer. Thi ckness of the second

magnetic layer 54 is prefg@@pescrRpdrbRNES ffie lIphRAwiAcgEM where a great MR
change quantity can be obtained. The second nagnetic layer 54 as a pin

layer is not pigqii€£diA oA d ydnmmdiet sectibanflli yedly shBgaati aed by an

antiferromagnetic film56 and the |ike as described above but a hard

magnet i ¢ nagrertofesisvans & f feart ledetdienecolfytbheedngention, and Figure
.1B is a figure for explaining the directions of magnetization
of its respective layers. |

Figure 2 is a schematic sectional view of a
magnetoresistance effect element of a spin valve type
acco;ding to the invention.

Figure 3 is a characteristic diagram for explaining the
invention (a diagram for explaining relation among activation
energy of a magnetic film, its annealing temperature, and its
anisotropic magnetic field).

Figure 4 is a sectional view of the main part structure
of an embodiment of another magnetqresistance effect element
of the invention.

Figure 5 is a diagram showing relation between a coercive
force H, in the direction of hard axis of magnetization of the
first magnetic layer and a (M, x d x H;) value of thé soft
magnetic layer. |

Figure 6 is a schematic sectional view of an example of a

magnetic reproducing head using a magnetoresistance effect

element of the invention.



|

ithe second magnetic |ayer 54. 26 Here, it is preferable for the
idirections of magnetization of the first magnetic |layer 52 and the second
:magnetic |ayer 54 to be, for exanple, perpendicular to each other in a
‘state of no external magnetic field in,prder to inprove an MR elenent in
its linear respRAsfs SUChNA staaheeoéchéig@rﬁimwmﬁ:mmm afea by
perform ng an annealing process as shown in the follow ng. Nanely, the
anneal i NnGregfcirSith frgrorsdagt baesbegy ©fpd eddeapiing @ sanpl e at a
tefperature of about 250[err]C as applying a magnetic field of about 1 kCe
to it fomayretonesistahcaf edifechi slefent cblthr) inventelqn + enper at ure of
about 210[err]Cas it is in a magnetic field of about 1 kQGe, and then (3)
turning the direction of the applied magnetic field by 90[err] C when it

has been cooled to a _tenperature of ab 2 eLrr en cooling it to

the room tenperaturlm——gézl%m&f—&ﬂﬁhgggg%&d&q §R§lg§é£i on can be

stably obtain by such._an anneal.i oces | t rege.to as

an orthogonal ﬁ%’?% é:r?ﬁé:éfl#ngeglr%ggéggyeé SF &%%%&gg cﬁl%(ar]{e?%&gi rg%t i on of
: magnetlz%fésc&:'iﬂéd li% the following.

Embodiment 1

What is called a maénetoresistance effect element of a
spin valve type was formed in which the following films were
formed on a silicon substrate having a thermally oxidized film
on its surface one after another in order from the substrate

" side; |

COgoZr¢Nb, amorphous magnetic film: 100A (angst;qm)

NigoFe, £ilm: 20A

CogoFep £ilm: 40A

Cu film: 30A

CogoFe o film: 40A

FeMn film: 150A.

This is a composite laminated film composed of é first
magnetic layer which is a pin layer of a sipgle layer of a
CoFe film and a gecond mégnetic layer whiCh is a free layef
composed of two layers of a CoZrNb film and an NiFe film.

A Ti film of SOA in thickness was sﬁperposed on the FeMn
film as a protective 1ayer.

- The laminated films were annealed under the following
conditions.

(1) This condition kept a sample at 250°C as applying a
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‘preferabl e that the first nagnetlc | ayer 52 is nagnetlzed in the track

§MAdth direction and the second magnetic |ayer 54 is nmagnetized in a
:direction perpendicular to the recording nmediumfacing surface

per pendi cular to the direction of Egnetlzatlon of the first magnetic

layer 52magnetchsf1@moe~frr@gﬁ§éleol %2318 3Rosad betweenohhe frokst and
second magnetic layers 52 and 54, Cu, Au, Ag and the |ike are nentioned.

And”thes%nﬁommm&gn%hactﬁéhnﬁoﬂﬁédbﬁtﬂﬁﬂ&h@fr@omﬁﬁbﬁpbahtﬁbbaaﬂed by m xi ng
a\ngn-magnetic material with a magnetic material . 27
Here, it Keepgimef ahebmagheritheéiabdh-apmgineid ¢ol dager 53 to be set at 2 to 5
nmrin thickness. Wen the non-nagnetic layer 53 is greater - than 5 nmin
th|cknest)aTwuﬁfﬂ@ménFlPESksphn%éﬁﬂuﬂéh@é 28RSt PFi BPPAARASE @be obt ai ned,
and when it is less _than nmin thickness, it is difficult to make snal

enough &ﬁg@ﬁ$ﬁén§ée&8uﬁﬁlﬁgkg%tﬂ%éﬁmiﬁ?mﬁ&ﬁnéPl8“9a9éF§°§2°§n8 58T A
SPLn el o RS ELRSE LF, PO 8 BB BB B B
P?grgthﬁF#%MﬁLg5§gLgﬁaoéﬁ&egukﬁbd”B&D%Hg%%kh%”fQ&lﬁ”b?Xb%rB%'r%%%”et'c
(direction b) at a point of time when the -temperature reached
200°C; and then cooled it as it was.
(3) This condition kept a sample at 250°C as applying a
magnetic field of 1 kOe to the sample in one direction a for
one hour, and cooled it to 150°C as keeping the magnefic field
applied to it, and turned the magnetic field by 90 degrees
(direction b) at a point of time wyen the temperature reached
150°C, and then cooled it as if was. |
For the above-mentioned three examples, Table 1 shows a
result of measuring an anisotropic magnetic field of a free
layer by means of a VSM.
For reference, Hklin case that each magnetic film alone
was formed is élso shown. And the direction of axis of easy

magnetization of each magnetic film is shown by the direction

of a magnetic field applied to it.

Table 1
_ Freé Layer ' Pin Layer
H, (Oe) CoZrNb NiFe CoFe CoFe
(1) 11 7(a) 3(a) 13(a) 300(a)
(2) 3 7(a) 3(a) ~ 11(b) 300(b)
(3) 11 7{a) 3(a) 13(a) 300(b)




magnetic | ayer 54 is flxedly magneti zed, a magnetoresistance effect can be.
obt ai ned by variation of a relative angle nade between the directions of
fragneti zati on of the two magnetic |ayers 52 and 54 di sposed so as to have
a mddl e non-magnetic |ayer 53 inter ed between them In this case,
since a ferromgneaiy cded cramlurdentiainimagneeicpani setkepy Vin aaHed based
magnetic alloy is used as a ferromagnetic filmmainly formng the first
magnet i ¢ IddyractEdmral ware glesondareg fetsiec layeyepnStthe awliplent MR change
quantity can be obt ai ned Here, although Co or a 'Co based magnetic
all oy brings alyreage gt &%ﬁ’g}él@ﬁ’adtll)t'y?li“?el SVAFYffEimtin @ diteR n a good

The. di T oo r8 e ARt o T Fitehbabhee e "
di sper on ro h nj sotr may be
Cauned sonednEY ALY LRI <8 1RTEE BB-Ohed N Sy T0Y O
sonet i mes a%ria@é REUGH e (Méetfllqna@;lh&%kh@eg aﬁ&rﬁxéﬂ’é@ﬁa}’m}d/med}e

performng an orthogonal i zi ng anneallng process peculiar to a spin
val ve filconas ddasd) beshidove, @ grexsl e @f esisotropy is liable to

In case of condition (3), anisotropy of the pin layer is
in thé direction b togeiher with the FeMn layer, but
.anisotropy’of the free layer is uniformly in the direction a
in the same way as condition (1), and the anisotropic magnetic
field is still as great as 1l Oe.

In case of condition (2), on the other hand, the
direction of axis of easy magnetization of the CoFe film in
the free layer where the direétion of an inductive magnetié
anisotropy is easy to turn is perpendicular to the directions
of axis of easy magnetization of the CoZrNb film and the NiFe
film, and as a result an anisotropic magnetic field of 3 Oe
which is so low that the CoFe film may not attain it by itself
-has been attained.

As a result of actually measuring a magnetic field as a
magnetoresistance effect element having a film configuration
according to.the condition (2), a reéistance change ratio
exceeding 10 % could be obtained and a thermal resistance
exceeding 200°C was confirmed.

A value of H, (totai) obtained by said computation was

nearly equal to the measured value H,, and only in case of

condition (2), the value of H, (total) satisfied the condition



Sy

‘be nade great, and in a Co based nmagnetic alloy, the nore an anount of Co
iis, the greater the degree of dispersion of anisotropy is.

-Thereupon, in the invention, the first nagnetic |ayer 52 which is rotated
‘in magnetization by an external magnetic field is conposed of a |am nated
fil'mof blielbeptoregsetic films52-13hd the soft magnetic film52-2, and a
material for the soft magnetic film52-.2 and thickness of it are set so
that a val ue 6bmpgking magnpkpreaishonceecfiacts harh B THIR Ce) when
assum ng that magnetization of the soft nmagnetic film 52-2 is Ns(T), its
filmthi ERAESELVELH( AR CagRdOEt SORAT BbeR ob?l: waaghet i /95 el da%s ¥k(0e).. In
case that the soft magneti¢ fLl 52-2.is conposed of a so nmagnet i

mat er i al CBRdoL&OR; Ad) ¥2Sy Iﬁé g](ofe??ﬁl(ma'?(n}g" xcwéfl"rlsml h&\/é’f ueq%'f ts
(Ms x d x,Hk), .and..in_ca ha h f | .Co fd - 2. 1.5 osed of
a Ianing{g%'fﬁpg16F ¥8Pt%§3%ﬁ€ ?é ﬁ% gr%2§m§¥ﬁ%%§%ﬁléiﬂfﬁgf;ﬂgfﬁgi Inds, it

is the S??bfﬁggwﬁhé qiﬁgggk gﬁgHgstgémghe respective soft magnetic

mat eri al a result of examining in detail relation between a

coercive forcends,i Bcbyshehgsts tRel hevéhtesi | ot ofs heosh axies tof
magneti zati on and a nmagnetiC property of the soft magnetic filmb52-2, in a

| am nat edtthlim aoepdtenaghethe peopenagnettich lad nbddh mredntaitw fge Co and
the soft magnetic layer 52-2, it has becone apparent that there is a
defini t eatthanednupetwesnpw in a Co alloy, and it is possible to obtain
a magnetoresistance effect element which can obtain a great
resistance change with a small magnetic field as making the
best use of a high thermal fesistance and a high resistance
change ratio of the Co alloy.

Furthermore, a similar effect can be obtained also by
using an alloy other than a Co alloy.

As a substrate, in addition to a silicon substrate, for
example, an alumina substrate, an AlTiC substrate having an
alumina fiim attached to it according to- demand, and the like
can be used.

As described above, also in case of. using such a high
coercive force matérial as a.Co alloy, a good soft magnetic
property can be attained and even by using a high coercive
force material, it is possible to obtain a magnetoresistanqe
effect element which can obtain a great resistance change with
a small magnetic field.

Embodiment 2

First, an amorphous CoNbZr alloy film and an NiFe alloy

film were formed one after another as a soft magnetic layer on



i

:ihe sum ([err](Ms x d x Hk) value) of products (Ms x d x Hk) values each
of which is obtained by nultiplying nmagnetization Ms(T) of a soft
magnetic layer, its filmthickness d(nm, and its anisotropic magnetic

field Hk(Ce) by one another and said__coercive force Hc, and in case that

t he [err]'élvshesrﬁlamylkbxyaw@di§11muré9stdb%&ra@(emm fehnst B¢ goercive force
Hc in the direction of hard axis of -magnetization can be reduced in good

repeat abi sptytering méthode SHer®wthe raauiphook €odbZri aglegr fatlmowaef - a
coeecive force Hc in the direction of hard axis of nagnetization in case
of varyi nghahgefiein] { Mbmxthligkiégs \aaidudowy kdéhdsgifigsehplesf pfnagnetic film
52-2 in conposition. As apparent|ly known fromFigure 5, a coercive force
Hc i n t heaMarpPhens oRolPZhR2 HL ek Sllgs wdgRenMzali BR:sAoWB - aANAnEr 58] \in
proportional dependence upon t@ﬁﬁleG%Jipt X 3 x Hk) .val ue and  decreases
o Oh G he ThiF 3688 GPoEREntar T | (WS ENE NLBR) S4PHet o "4 o SO0H R ot
dispersio%egfa@nbsg$r99yFﬁqcﬁ$g%Jprronggnetic filmb52-1 containing Co is
suppresse y an uni axi al magnetic anisotropy of the soft magnetic film
52-2. Narely, {8gc[ebh]léM® 2oft magnetic layer composed of the soft
| magnetic material laminated film, a CogFe;q alloy film of 3 nm
in thickness as- a ferromagnetic film, a Cu film of 3 nm in
thickness as a middle non-magnetic layer, a CogFe,;, alloy film
of 3 nm in thickness as a second magnetic layer, an IrMn alloy
film of 10 nm in thickness as an antiferromagnetic layer, and
a Ta film of S nm in thickness as a protective layer were
laminated one after another and as a result a spin valve
laminated film was formed.
In the spin valve laminated film as described above, by
the soft magrnetic layer composed of a laminated film made by
laminating an amorphous CoNbZr alloy film and an NiFe alloy
film, dispersion of anisotropy of the CogFe ), alloy film as ﬁhe
ferromagnetic layer adjacent to the soft magnetic layer is
suppressed and an uniaxial magnétic anisotropy is given to the
CogFe,q alloy film as the second'magnetic layer adjacent to the
IrMn antiferromagnetic film.
After this, an MR element was obtained by patterning said
spin valve laminated film, and applying to it said
orthogonalizing annealing process so that the direction of an

uniaxial anisotropy of the CogFe, alloy film as the pin

magnetic layer and the direction of an uniaxial anisotropy of



;d x Hk) value represents a force to suppress dispersion of anisotropy of
ithe ferromagnetic film52-1 containing Co, and by using a soft nagnetic
ifilm52-2 in which this value is greater than 30(Tnm Ce), it is possible
'to reduce a coercive -force Hc in thgdirection of hard axis of
magnet i zatheolCoh¢rel, @d 1oy flidss ihothexfnpéemagneticl hagechmaywag, by maki ng
a coercive force Hc, for exanple, not greater than 1 OCe in the direction
of hard ®erpesdicumdgmetozeatibnovier hisn fandstr rtayrigtproveaydre 55pivhichlve a
fhee magnetic layer, it is possible to stably suppress occurrence of
Bar khauseimigiaged ifalBase bEs ukingprrodRANsEEMaRG B Hetkics to an
30 with a spin valve |amnated film57 as a sensor device of a nmagnetic
head or t&erRe. ™rABRELGr E1etd sensor device having a good S/Nratio can
be obtained. It is _preferabl e that id,.E .x d k) val ue satisfies a
condi tion of & l%’e%gbv?( f_%cg ﬁ%dﬁ%rgnecgfr%%@%?aefét g'aé:fiaSIxffsatotafai n alow
coercive_f . -and_ ity fer ' i ndidion of [err] (M
x d x ijna%h‘é@é?%ﬁﬁ]o&) o’ill ntlltl)?d@ﬁ&f% Zo'%%atﬁ%a%y\tg{é/(%e% ve r*'orce He, for
?X?”pgg1gHEaandSbgechanging/iﬂé”HﬁéﬂﬁhdﬂﬁnﬁaﬁﬂﬁﬂﬂbEﬁo§fﬁifﬁﬁinnagnet|C
ilmb2-2 is - '
thickness was measured. Table 2 shows relation between a (M,

x d x Hy) value of a laminated film of an amorphous CoNbZr
alloy film and an NiFe alloy film in each MR element and a
coercive force H, in the direction of hard axis of

magnetization of each MR element on the whole.

Table 2
Sample Thickness of (M, x d x Hy) | Coercive force
number CoNbZr alloy value (Tnm H, in the
film (nm) Oe) =~ direction of
' hard axis of
‘magnetization
(Oe)
1 3 11.2 2.6
2 5 33.6 |
3 7 64.5 0.6
4 10 102 -

As apparentiy known from Table 2, as thickness of the
amorphous CoNbZr alloy film increases, the IZ(M; x d x H,) value
becomes large and the coercive force H, decreases. And it is

. known that while the sample No.l of 30(Tnm Oe) or less in its
(M, x d x H,) value, namely, a sample having a spin valve film
outside the scope of the invention (comparative example) is

greater than 1 Oe in coercive force, each of the samples No. 2



fot linited in particular if it satisfies said E(Ms x d x Hk) > 30(Tnm

©e), but it is preferable to have at |east one |ayer of a soft magnetic
-material filmwhich has a good uniaxial nagnetic anisotropy in order to

: suppress di spersion of anisotropy of Pe ferromagnetic film52-1 and whose
'ani sotropite HapedhigC gireakdrHkhiaa BOY{TheSGe | hin B(M)exi 4 orHgr waduest abilize
“the soft magnetic filmb52-2 itself. “As a concrete material for the

. soft magneemelfi| m 52mple haviinGeaakbby, valvei Hid@o ofl Ithye, iauvealtliop which is
gi'wen a high resistance by adding such an additive elenment as Ti, V, Cr,
M, Zn, Néemppdimentyf isTaotwgrratesrthde }ide i cofawiyesdrrcemiignet In
alloy of fcc crystal structure, an alloy made anorphous by adding the same
additive &héfeleYasan@RPAofRdt BBENELIS RIPPYIGHY Senhice OP4R 1876 PNous

cof 1 magneESuedn: Ik Sa Ritbd &1 PRYTRAOR Foch ol TP 1 T s
oo et oo RRRE ERAPR RS I B MRSyt | e
31 as large as 7 % or more.

And MR heads of the same structure were made by using MR
elements of said samples. The heads were made on an AlTiC
substrate of 3 inches in diameter and 800 heads were obtained
from one substrate. A manufactured head was built in an
actual disk drive and the number of heads in which Barkhausen

noises happened was confirmed for every heads of each sample

number. The result is shown in Table 3.

Table 3
Sample Thickness of CoNbZr | Number of heads
Number film (nm) where Barkhausen
- noises happened
1 3 380
2 5 65
3 7 10
4 10 6

From Table 3, it is known that the greater thelZ(Ms x d x
H,) value is, the less Barkhausen noises happen.
Embodiment 3

A spin valve laminated film of the same structure as the
embodiment 1 except using an (Ni,g)Fe;C0,0)¢sCrs alloy film as a
soft magnetic layer instead.of using a soft magnetic layer

composed of a laminated film made by laminating an amorphous



i

since its anisotropic magnetic field Hk is less than 5 Ce, it is
preferable to use it as a lamnated filmlam nated together wth an

anor phous CoNbZr alloy or the like. And as another preferable enbodinent,
a filmof an N FeCo al |l oy conposed so  that its anisotropic nmagnetic field
Hk may notoksziess1bPapi tm Sﬁdlénw%%&rdﬁeﬂifl-m in thel BmBBdMRegkegeNt Of
this enbodinent, since a ferromagnetic material containing Co is used as
the ferreaagnehu€atthred?- laofthhe finest trEgNeidse bdyehe52, a great MR
cherige quantity is obtained, and since the ferromagnetic filmb52-1 .
cont ai ni ngNCaFespCrseds¢ns @ llayi fafladasf then $oht meagktiogdidysr wiash t he soft
magnetic filmb52-2 of [err](Ms x d x Hk) > 30(Tnm Qe), dispersion of

ani sot r opghange@east shavnnagndapkefii m 52-1 containing Co is suppressed and
a good soft magnetic property . is obtained. In this way, in_a spin valve

| ami nat ed fil Mi8¥tof PANPA/REGTRIRGESHFD (SRIN VoG FEACKed §idm amR Ehange

gquantity and. a.good soft nmagnetic property are . reconciled with each other,
and  therSolEiTY FaS j3RRe P EoRes T Lt e SG0SE B PABGREE “SofBFLi vity
and a goog N £ 8kt 0 bé’o%@“%%%hﬁ‘%f&%g{tr %%e.o%ftaiﬁaﬁ‘fh?‘gs% PRy 3&S 1 N

a evi ce. mely, it 1S p |6t

case of using 1t In sensof 0ssi 0 greatly -

| nprove apo MR e BNt HeSiditect i9RI BFVARYE Eki9 60 REHLLCAEidh, on thd D
case of using the first to fourth nagnetoresistance

- whole, of each of these MR elements was measured. The result

is shown in Table 4.

Table 4
Sample Thickness of o(M, x d x.H) Coercive force
number (Ni;oFe (CO40)9sCrs | value (Tnm Oe) H. in the
alloy film (nm) direction of
hard axis of
magnetization
(Oe)
5 3 24
6 5 - 40 0.8
7 7 56
8 10 | 80 : 0.5

As apparently knowﬁ from TaBle 4, also in case of using
an (Ni;oFe|sC0.0)9sCrs alloy film as a soft magnetic layer, as
thickness of the filﬁ'increases, the (M, x d x Hy) value
becomes large and the coercive force H. decreases. And it is
known that samples No.6 to 8 (embodiment) whose L(Mg x d x Hy)
values exceed 30(Tnm Oe) are 1 Oé or less in coercive force Hv
In this way, a good soft magnetic property can be obtained by
satisfying T(M, x d x H,) > 30(Tnm Oe).

Examining MR change ratios of said samples, any of them
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bffect elenents of the invention as described above as a r epr oduci ng head
for magnetic recording, a structure shown in Figure 6 can be adopted as a.
shield type structure. A lower shield |ayer 32 conposed of a
ferromagnetic ' 32 material is formed
on a subssaatef@ingangdMank MR f it 8430(:‘13:11%@30@@;1 sifowed amvelws 43 | anje a
free layer/a non-magnetic conductor |ayer/a pin |layer/a magnetically
fixing megmeli ¥edr mayer iandloMRebleads aveomeradgapn dher 3&ecomosed of an

i isdl ator formed on the | ower shield | ayer 32. A bias magnetic field
is given eMLORAEMERES 2} npBd £ a réswlt mfyrtaniningewhegherplaacinaddes 36 are
formed through the hard magnetic |ayer 35 or directl]y on the MR film 34,

and an u%‘b’é ‘f‘r‘é@ﬁ%t Neighfe EIPP%’S‘/%‘? 3’8tc"f?rﬁ) igmeg vty r?é:éﬁ’r’éfﬁeélce
mat eri al n_an_u ap,, COJmaSs i.nsul at
cover| ng ?ﬁe gr]gﬁauge mr)nlgg org‘t1 he" I 1 lz:easns dgplusg: sges ogfg ulsnsu.ﬁ St OSIR and

amrp@?éﬁeﬁ@%ﬁ&é& é‘bé?&ﬁé‘c%f’ée PIS”E@' hoye GRZiBBs or the Ilike can be

used as erromagnetic materi al In thi's structure, a magnetic field
of a recordi ndagegésftribed above, according to a magnetoresistance

effect element of the invention, it is possible to obtain a
great MR change quantity and a good soft magnetic property in-
good repeatability. Accordingly, a magnetoresistance effect
element of a spin valve film can be greatly improved in

practicality.



enter L“mmﬂﬁ MII MF and | ower magnetic shield layers and the MR film
det ec iel d. - In this structure, it is possible also

to flat'tefi the "area of the MR | ani nat ed filmby enbeddi ng the el ectrodes,
the hard magnetic film "and the like in the substrate. And it is pOSSIb|e
“also to arrange the antiferrgmagnetic ffimat the substrate side by
turning the [ am nation struchﬁgM psi de down. In case of formng a
repr oducilng/ r acmaghagopasi sahcd Wilemdadomdr iwilng:do, for exanple, to use
upper magnetic shield also as a recording nmagnetic pole and forma
thin film copl laninated nhighetineysliag And a structure in which a
yoke takes in a magnetic field of a recording nediumand an MR
filmdetects PhélﬁﬁbnE?FE?mﬁgQﬁﬁiQxﬁ?qﬁ¥9%¥¥§ ddyRed (see F|gure 7A) For

le, this_ i t whi I\/R t 42 is f k
A1 brovi ded i PAMGMRPOF ERt | SHECE Bt P 10 SEORRAFh Feca g s radh o

si de and %p?ﬂk§%9%£%ﬁ4go é¥¥€% heg&gﬁg%lg field of the recordlng medi um

i nt roduce I ST yoke
a second ferromagnetic conductive layer superposed on the

non-magnetic conductive layer, saia laminated film having a
magnetoresistance effect; and |

a pair of electrodes fqrmed on this lamination-structured
member

wherein at least one of said first and second
ferromagnetic conductive layers comprises at least a first
ferromagnetlc layer and a second ferromagnetlc film whose
dlrectlon of axis of easy magnetization different from the
direction of easy axis magnetization of the first
fefromagnetic film.
2. A magnetoresistance effect element as defined in claim 1,
wherein the directions of axis of easy magnetization of said
first and second ferromagnetic films are nearly perpendicular
to each other.
3. A magnetoresistance effect element as defined in claim 1,
wherein said first ferromagnetic film is made of Co or a Co
alloy, and said first ferromagnetic film is arranged so as to
be in contact with a non-magnetic conductor layer.
4. A magnetoresistance effect element comprising a laminated
film in which a free layer which is composed of a |

ferromagnetic conductive layer having an uniaxial magnetic
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corrposH“lI ?lu rI rlu ﬂﬁl’a part of this structure between the ‘upper and | ower
magnet'ik I «1llustrated). In the structure shown in Figure

. 7A, the recording nedium is noved in the upward or downward direction in

‘the figure. Furthernore, as showst in Figure 7B, a structure in which

a recor diarg. sesiapy icivieovéa endikhectién b ktghilln rlaneomnch whege figure
can be adopted by disposing a pair of yokes 403-1 and 403-2 o0 JSFPSi te to
each ot hgingatich migmagnetdzption isnfetatRdlra \W&Pqtﬁe‘fn%‘ré sihstrate

4Q1 and arrangi ng a part 404 between this pair of yokes. Any of
t hese st rll?ct“ifrae‘%gﬁe?néggelal et ilﬁyﬁ’ér‘?'%’sﬁ?}bnls reRIHe LAt wear resi stance,
since the MR part retreat k | S £ase of a
reproduc;afrﬁegr/rragncaé’rn |tnlé: g%g%ﬁlggﬁggy%gﬁﬁggg,&?é%{orglanﬁl%lee{n(f%l} I nducti on

type can at}ﬁs%gﬁ%;? i’@%a%%i in a diYeLhosh Deings |4k gsh dite aadieashogaich an MR
e applie

el enment can 0 a magnetic field sensor or can be used as a

recor di n@ i¢leRiBIn O #agnetéabkedn MRAM ot nsiilesichrod i 4161 yngrarssckd dsy aa sensor .
For exanple it can be applied to a systemin which "1" and "0" are

recor ded nee@tdidn ileQ da tdi bechmeasupéd argnbmizadterh witla dree layer in a
spin valve structure and the information is read out by neans of
di f f er enc@n-magnedtird conductor layer interposed between them, said -
magnetoresistance effect element detecting variation in
electric resistance of said laminated f£ilm on the basis of an
angle made between the directions of magnetization of said
free layer and said pin layer,

. wherein said free layer comprises at least a first and a
second ferromagnetic film whose direction of axis of easy
magnetization are different from each other and keeps an
uniaxial magnetic anisotropy in a specified direction as said
whole free layer.

5. A magnetoresistance effect element as defined in claim 4,
wherein the directions of axis of easy maénetization of said

" first and second ferromagnetic films are_nearly perpendicular
to each other.
6. A magnetoresistance effect element as defined in claim 4,
wherein said first ferromagnetic film is arranged so as to be
in contact with a non-magnetic conductive laye;.
7. A magnetoresistance effect element Comprising:

a laminated film including:

a first ferromagnetic conductive layer having an uniaxial

magnetic anisotropy given in a direction in its film plane,
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134 res) lIMo upon the directions of magneti zation of the free

I ayerfu“mmlm“ﬁﬂm‘ﬁlmr Additionally, it is a matter of course that.

‘the inventioh "ar® bé¢ applied to an el enent using a nagnetoresi stance

effect caused by nmagnetiC spin dependgnt scattering.

BR| EF DESCRI PTI Q- Ofa BHE (RRAYLUGE superpddiiicn Ihd St £ ieiihl isuusetdd onal
ec

vi ew show ng a magnetoresistance ef el enrent of the invention, and
Figure 3B ikpearfiirgur ¢ci@bngynb8isi PgLhhe directions of magnetization of

i ks~ respective | ayers. " Figure 2.is a schematic sectional view of a
magnet or esi st angecehtieterebargnetdt cosguet ivad via Y8mes uprumrsHdA Pt cchde
I nventi on. Figure 3 is a characteristic diagramfor explaining the

i nvent i onopamdigagtam tondexplizenilayger eted | AV HMD RN dthianidloMadRtyy of a
magnetic film its annealing tenperature, and its. anjsotropic nmagnetic
fiel'd). anisotEogyrgizensia ge8irefhioni By bs thelMaf it 2" ricture  of
an enbodi ment of another nagnetoresi stance gf(;rtlactt_hglseerrgé}'{d n%fir;[ he
i nvent i oagnetically fixing layer superpose
surface of said first conductor layer and is composed of an
antiferromagnetic material; and

é pair of electrodes formed on the laminated film,

‘wherein said second ferromagnetic conductive layer
comprises at least a first ferromagnetic film and a second
ferromagnetic film whose direction of axis of easy -
magnetization is differént from the direction of axis of easy
magnetization of said first ferromagnetic film and keeps an

‘uniaxial anisotropy in a specified direction as the whole
second ferromagnetic conductive layer.

8. A magnetoresistance effect element as defined in claim 7,
wherein the directions of axis of easy magnetization of said

. first and second ferromagnetic films are nearly perpendicular
to each other, and the direction qf axis of easy magnetization
of one of said first and second ferromagnetic films is nearly
in parallel with the direction of axis Qf easy magnetization
of said ferromagnetic conductive layer.

9. A magnetoresistance effect element as defined in claim 7,
wherein said second ferromagnetic conductive layer is given a
bias magnetic field which is so intense that its magnetization
can be rotated and which is in a direction perpendicular to

the direction of magnetization of said first ferromagnetic
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Fi gure H!Ilwmmil H} lmo'wi ng relation between a coercive force Hc in the
directi I *™f magnetization of the first magnetic |ayer and a

[err](Ms x d x HK) value of the soft nmagnetic |ayer. Figure 6 is a
schematic sectional view of an exanple of a nagnetic reproducing head
usi ng a negnetotesesiapee.effect el emen#?of the invention.
35 Figures 7A and 7B are schematic views of exanples of a

pr.oduci h@y/ rebomdgngtonesbaﬂqncceyp@fm alsmegtahanaggetospsnsvahwe ef f ect
elie-mant of the invention. DESCRI PTI ON OF THE PREFERRED
EVMBODI MENTSSIm comprggingeoncret e embodi ments of the present invention are
described in the _foll ow nlg;?E Enpodi nent 1 calle

What i
magnet or esi st ahcELEFF eBRIRPEHENT2VET aco’gfﬂsﬁdvglfvé 39B'é:naé§df Srlﬂr’é’dolfnamhl ch
the follo enlt_gofl Irrlrgttm@rgl%rgocr:gegapr? rf%sd I [ ccan sgggtr%ég havi ng ther mal |y
S

oxi di zed surfacé one a ano her ~n rom% e’substrate
si de; a second magnetic layer, and

a middle non-magnetic layer disposed between said first
magnetic layer and said second magnetic layer,

wherein said soft magnetic.film is composed of a soft
magnetic material laminated film composed of a. soft magnetic
material film of a kind or soft magnetic material films of two
or more kinds, and said soft magnetic material film or.said
soft magnetic material laminated film satisfies (M, x d x H)
> 30(Tnm Oe), when designating their magnetization as M_(T),
their thickness as d(nm), and their anisotropic magnéfic field
as Hy(Oe).
11. A magnetoresistance effect element as defined in claim
10, wherein said soft magnetic film has at least one soft
magnetic material film whose anisotropic magnetic field H, is
not less than 5 Oe.
12. A magnetoresistance effect element as defined in claim
10, wherein said first magnetic layér is disposed so that said
ferromagnetic film containing Co is in contact with said
non-magnetic layer.
13. A magnetoresistance effect element as defined in claim
10, wherein said ferromagnetic film containing Co and said
soft magnetic film have a magnetic exchange coupling between

them and act as one body to.an external magnetic field.
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iCo[err]Z mm us magnetic film 100A (angstrom

'-§Ni[err]FLI I"I“mmuglm Co[err]Fe[err] film 40A . Cu film 30A
Co[err] Feferf] fil'm *40A FeMn film 150A. This is a conposite
| am nated filmconposed of a first n&gnetic | ayer which is a pin |ayer of

a singl e jlsayen ahqRetoRE8ikkhAtandsfeeCONEmERYNES idet yed Whickhais a free
| ayer conposed o? two layers of a CoZrNo filmand an NiFe film ATi
filmof 50A wWhetrkiigkRhesdiaecsiipar ppseagnet t bt Fenhof f$did abizstprot ective
EVE The lanminated filnms were anneal ed under the foll ow rg

condi ti omagnetiy Tayercendi thendkepet sosaphl BagnevEal ke ChsSahl ying a
magnetic field of 1 kGCe to the sanple in one directjon a for . ong hour, and
-t hen coolsegond ﬂ@gﬂﬁélFoéﬁV?€nﬁé?af‘ﬁ?Eliéspeﬁ%%’b‘i'ihﬁ“i"ﬁ’é FRGTRTE © %Teelfd

applied tq it (2) T003.590dhELon KeRE &1 SRORLC8tadPOLES 1 &Pa ApP! Ying 2
10,-wherein said ferromagnetic film containing Cd is not less
than 1 nm and not greater than 10 nm in ﬁhickness.

16. A method for manufacturing a magnetoresistance element
having a laminated film including a first ferromagnetic
conductive layer, a non-magnetic conductive layer superposed
on the‘first ferromagnetic conductive layer, and a secdnd
ferromagnetic conductive layer superposed on the non—méénetic
conductive layer, said laminated film showing a
magnetoresistance effect, wherein at least one of said first
and second ferrémagnetic conductive léyers comprises at least
a first ferromagnetic film and a second ferromagnetic film
whose directions of axis of easy magnetization is different
from the direction of axis of easy magnetization'of said first
ferromagnetic film,

said method comprising a heat treatment process
comprising the steps of;

keeping said laminated film at a first temperature as
_applying a magnetic field to it in a first direction for a
specified time,

cooling it to a second temperature as keeping the
magnetic field applied to it, and

turning the magnetic field to a second direction at a

point of time when it has been cooled to the second
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% gnetlcflﬂ l the sanple in one direction a for one hour, and
"':.‘tgol ed it | Mﬁ IL“I Mﬂmeepl ng the magnet ic field applied to it, and
turned the fraghet'ic™ié&l d*by 90 degrees "(direction b) at a point of tine
when the tenperature reached 200[err]C, pod then cooled it as it was. (3)
Thi s condiemprriépreaasdnpbel ttg 250[ & rjl@ xeEppienprRratusmdietit ¥5el d of
1 kOe to the sanple in one direction a for one hour, and cooled it to

150[ er r ] Cth§*RE¥pi ng the nmagnetic field applied to it, and turned the

magnetic field by _90 de rees direction b)_ at oint of {ti when t he
t enper at ur e reﬁﬁ\ﬁéarmi% %I’tll ‘?fg et T r}"c%oolaesd 4'S revvape"rretlveefy For the

above- mengi; ggggekgrgffgéﬁ SOf Tapl & %fayer r{&sllﬁattfgn n@j'isll:l{é ng an

ani sot r opl & imgheti ¢ a free ans of a VSM For
ref erenceg i, Qnﬁa§8c5mtf§ﬁ9&né@r9@€£é cflfln{sm alone was forned is also
shown. And the direction of axis of easy immagnetization of each magnetic
filmis shewn RymbbBBodi &£ m&MufHE tdr iveg e triayrid ek sippidreck tef fect

Table 1 Free Layer Pin Layer
Hk ( Ce) eCedehe as 8kFened in claofe 16, wheBoHe saiqd leat trqument lS?(a)
3(a) 13(a) 300( a) (2) 3

11(b) an 3®®bbyona1(8;ng heat Jfireatmenty(w)ich turéﬂzﬂhe secq@qa)
300(b) magnetic field direction by about 90 degrees from the first

magnetic field direction.
18. A method for manufacturing a magnetoresistance effect
element as defined in claim 16, wherein said_heat_trea#ﬁent is
performed -so that the total of anisotropic magnetic fields of
said first and second ferromagnetic filmé become 10 Oe or
less. ”
19. A method for manufacturing a magnetoresistance effect
element having a spin valve film comprising a first magﬁetic
layer composed of a laminated film of a ferromagnetic film
containing Co and a soft magnetic film, in which said soft
magnetic film is composed of a soft magnetic material film of
a kind or soft magnetic material films of two or more_kinds, a
second magnetic layer, and a non-magnetic layer disposed
between said first magnetic layer éhd said second magnetic
layer,

said method comprising the steps_of;

forming a soft magnetic film on a substrate,

forming a first magnetic layer by superposing a

ferromagnetic film containing Co on said soft magnetic film,
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137 L"limmlu Hlllﬁ!'lum axi al magnetic anisotropy in the direction a
:was gi venrogary s on the whol e. In case of condition (1),

‘'since every filmin a free | ayer has an anisotropy in the direction a,

the anisotropic magnetic field of tis® whole free | ayer becones a sinple

average of thd@(iMedAads ial ponhmaRResiCahayRtgpRt $25€i bhrakemagreshifder ed),

which is_as great as 11 Ce. In case of condition (3), anisotropy of

the pin H8Y&%«s in the direction b together with the FeMh | ayer, but

aniksot r opy offthe.free ayer. In the dirgc on a in the sane
[ f

I S uniEor t]
way as conditlgﬁmfff,aaﬁﬁ Pﬁg SAPE5 }Sg?%yﬁﬁgﬁ%T?%se Peld is still as
great as e} Ghagnetic nbRefdst BbneQRihioRo(2) o 0t S, OhiSHepaRT, the
direction of afﬁ?egfcéggee%gggegl%a??on gfe?he C%%g f|$%1|n8 the free | ayer
where the,dit-echipgn of an inductive magnetic anisotropy is easy to turnis
per pendi cufar to the directions  of axis of easy nmagnetization of the
CoZrNo fil m agdrifitigNaheantiifBrrandgastacr £sUht oRNs&Nd SO&E SR CmAgFEELEC
field of 3 Ce which is so lowthat the CoFe filmnmay not attain it by
itself hagelkeemhetredyn€drming a spin valve film, and
applying an orthogohalizihg annealing process to said

spin valve film.

20. A method for manufacturing a magnetoresistance effect

element as_defined in claim 19, wherein said soft magnetic

film forming process comprises the steps of forming an

amorphous alloy film containing Co on a substrate and then

superposing a soft magnetic material film containing Ni on the

amorphous alloy film.

21. A method for manufacturing a magnetoresistance effect

element as defined in claim 19, wherein values of

magnetization M,(T), film thickness d(nm), and anisotropic

magnetic field Hy(Oe) of said soft magnetic material film or

said soft magnetic material laminated film are selected so as

to satisfy (M, x d x'Hk) > 30(Tnm Oe).
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§As a result of-actually nmeasuring a magnetic fleld as a nmgnetoresistance
‘effect el ement having a filmconfiguration according to the condition (2),
“a resistance change ratio exceeding 1@,% coul d be obtained and a thernal
‘resi stance exceedlngp@@ﬂ&qmmkgzwaancen%FFﬁem ELEMENTA val ue of Hk (total)
obt ai ned by said conput at i BSHR O3 SLLOSPURhe neasured val ue HK,
and only in case of condition (2) the value of Hk (total) satisfied the
condition magn@ﬁo;gSéptpégg effect element is Pr°V1d€9nﬁ&F g
magnet or esi st ance effect whil e the nsitiv case of condition (2)
was 1.6 SRBENACRe Tidn Eﬁhahwancmr)’owﬁ & s irhe 2ritenagnel Londi ¢ on
(3) was C S | ndi tion
(2) was gﬁﬁgﬁl hggtlggg “ﬁén Qgéﬁééqﬁié%k aé%gg %E@b& %hggrh@g%%ion it
I S possi Qheth@ £kl @eérémgfﬁng@%eﬂﬁnprmﬁrat Bée‘@%'nﬁh f@@%o?ﬁ%ﬂe'ﬁ'l%bl e to be
attained up to nowin a loy, and it is possible to obtain
magnet or gghghancecelibgel ehpaepbsali &b wan mt—&ia@n@tgbe@bndhe&b&{ ance
change with a small nagnetic field as making the
layer, and which is provided with a pair of electrodes formed

on the laminated film, wherein at least one of the first and
second magnetic conductive layers comprises at least a first
fefromagnetic layer and a second ferromagnetic film, for
example, Co alloy films whoee directions of axis of easy
_magnetization are different from each other. Furthermore,
this eiement is a magnetoresistance effect element provided
with a spin valve film having a non-magnetic layer disposed
between a first magﬁetic layer composed of a laminated film of
such a ferromagnetic film as a Co based magnetic alloy and a
soft magnetic layer, and a second magnetic layer, wherein the
soft magnetic layer is composed of a soft magnetic material
laminated film of a soft magnetic material film of one kind or
soft magnetic material films of two or more kinds, and values
of their magnetization M,(T), film thickness d(nm), and
anisotropic magnetic field H,(Oe) satisfy (M, x d x H,) >

30(Tnm Oe).

Fig. 1



best use of a high thermal resistance and a high resistance change ratio
of the Co all oy. Furthernore, a simlar effect can be obtained al so
by wusing an alloy other than a Co all oy. As a substrate, in addition
to a silicon substrate, -for exanple, an alunina substrate, an AITiC
substrate having an alumna filmattached to it according to demand, and
the like can be used. As descri bed above, also in case of using such
a high coercive force material as a Co alloy, a good soft magnetic
préperty can be attained and even by using a high coercive force material,
it is possible to obtain a magnetoresiélance effect el ement which can '
obtain a great resistance change with a small nagnetic field. Enbodinent
2 First, an anorphous CoNbZr alloy filmand an NiFe alloy filmwere
formed one after another as a soft magnetic |ayer on

39 a thermally oxidized STRC DS T a] eND n sputtering nethod.
Here, the anorphous @wa\wwe\y\ 4

3
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changed in filmthickness and four kinds of sanples of anorphous CoNoZr
alloy films of 3 nm 5 nm 7 nm and 10 nmin thickness were nade. And the
Ni Fe alloy filmwas constantly set at 2 nmin thickness. Next, on
the soft magnetic | ayer conposed of the soft nagnetic material |am nated
film a Co[err]Fe[err] alloy filmof 3 nm in thickness as- a ferromagnetic
film a Cu filmof 3 nmin thickness as a mddl e non-magnetic |ayer, a
Co[err]Fe[err] alloy film of 3 nmin thickness 'as.a second nagnetic | ayer,
an\M alloy filmof 10 nmin th2élness as an antiferronagnetic |ayer,
and a Ta filmof 5 nmin thickness as a protective |layer were |am nated
one after another and as a result .a spin valve lamnated filmwas forned.
In the spin valve lamnated filmas described above, by the soft magnetic
| ayer conposed of a laminated fil mmade by |amnating an anmorphous CoNbZr
alloy filmand an NNFe alloy film dispersion of anisotropy of the '
Co[err]Fe[err] alloy filmas the ferromagnetic. |ayer adjacent to the soft
magnetic | ayer is suppressed and an uni axi al nagnetic ani sotropy is given
to the Co[err]Fe[err] alloy filmas the second magnetic |ayer adjacent to
the IrM antiferromagnetic film After this, an MR el enrent was
obt ai ned by patterning said spin valve |am nated é|ﬁ] and applying to it
said orthogonali zing ann%@llng process so that th% direction of an

£ ANISOTROPY OF
//// THE RESPECTIVE
o5 { LAYERS .
24 - ©
_ 25?3'51 5
-1—~¢/ /
27
27
21

DIRECTION OF THE BIAS MAGNETIC FIELD

FIG.2



uni axi al anisotropy of the Co[err]Fe[err] alloy filmas the pin magnetic

| ayer and the direction of an uniaxial anisotropy of

40 the Co[err]Fe[err] alloy filmin the free nmagnetic |ayer may be

per pendi cul ar to each other in order to inprove the spin valve |amnated
filmin its linear response characteristics to an external magnetic field.
A coercive force Herr] in the direction of hard axis of nagnetization, on
t he whol e, of each of the MR el enents obtained by changi ng the anorphous
CoNoZr alloy filmin thickness was3frtasured. Table 2 shows rel ation
between a [err](Ms x d x Hk value of a lam nated filmof an anorphous
CoNbzZr alloy filmand an NNFe alloy filmin each MR el enent and a
coercive force Hc in the direction of hard axis of nmagnetization of each
MR el enent on the whol e. Table 2 Sanpl e

Thi ckness of [err] (M5 x d X Hké Coercive force _nunber CoNbzr al | oy
val ue (Tnm Hc in the NTOURi DM\GRAM OF Hge) :

direction of hard axi s of
magneti zati on (Ce)

16 -12-84 0 4 8 12 Hk = 16(Oe)

.

300

. 250

200

150 |

' TEMPERATURE (C)

100 — .
0.40 0.44 048 . 052 056 06

ACTIVATION ENERGY (eV)

FIG.3



1 3 - 11.2 2.6 . 2 5
33.6 0.9 - 3 7 : 64. 5

0.6 4 10 102 - 0.2 As
apparently known from Table 2, as thickness of the anorphous CoNbZr all oy
. filmincreases, the [err](Ms x d x Hk) value becones |arge and the

. coercive force Hc decreases. And i «Ls known-that while the sanple No.1

- of 30(ThmCe) or less inits [err] x d x Hk) value, nanely, a sanple

- hayimg a spin valve film outside the scope of the invention (conparative
exanple) is greater than 1 Ce in coercive force, each of the sanples No. 2
41 to 4 being greater than 30(Tnm Ce) in [err](Ms x d x Hk) value, nanely,
a sanple having a spin valve filmof the invention (enbodinment) is not
greater than 1 Ce in coercive force Hc. In this way, a good soft magnetic
property can be obtained by satisfying [err](Ms x d x Hk) > 30(Tnm Qe).
Furt hernore, exam ning MR change ratios of said sanples, any of them
showed a value as large as 7 % or nore. And MR heads of the sane
structure were made by using MR

57
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el ements of said sanples. The heads were nmade .on an Al TiC substrate of 3
inches in dianeter and 800 heads were obtained fromone substrate. A
manuf act ured head was built in an actual disk drive and the nunber of
heads i n which Barkhausen noises happened was confirmed for every heads of
each sanmple nunber. The result is shown in Table 3.

Table 3 Sanmpl e Thi ckness of CoNbZr Nunber of heads Nunber
“film(nm wher e Barkhausen : ‘
" noi\ses happened 1 5/7 3 380 2
5 65 3 7 10
4 10 - 6 From Table 3, it is known
that the greater the [err](Ms x d x Hk) value is, the | ess Barkhausen
noi ses happen. Enbaodijrent 3 A spin valve |am nated filmof the same

structure-as the e¥odi nent 1 except using an (Ni[err]Fe[err]Co[err])95C5
alloy filmas a soft jragnetic |ayer instead.of using a soft magnetic |ayer
conposed of a lamnatgd filmmade by | am nating an anor phous
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42 CoNbzr alloy filmand an NiFe alloy filmin the enbodi nent 2 was

manuf actured. At this tine, thickness of the (N [err]Fe[err]Co[err])95C5
alloy filmas the soft nagnetic |ayer was changed as shown in Table 3.
Next, by patterning said spin valve stacked filmand then applying the
sanme orthogonalizing annealing process as the enbodinent 1 to it, an MR

el ement was obtained. A coercive force Hc in the direction of hard axis of
magneti zati on, on the whole, of each of these MR el enents was neasur ed.

Thé_yesult is shown in Table 4. Table 4
Sampl e Thi ckness of [errgf® x d x HK) Coercive force nunber
(Ni[err]Fe[err]Co[err])95Cr5 value (TnmQCe) Hc in the- al | oy
film(nm di rection of :
hard axi s of : magnet i zati on
(Ce) 5 ' 3 24 1.5 6 '
5 40 0.8 7 7
56 0.7 8 10 80 _
0.5 As apparently known from Table 4, also in case of using an
(Ni[err]Fe[er]rCo[e ] alloy filmas a s ic layer, as
t hi ckness of the fi I péregasey, the [err](Ms x d k) v becones
| arge and the coercYve/Tor'c decreases. And ijA 0 sanpl es
No.6 to 8 (enbodi ne efenr](Ms x d x Hk) u ceed 30(Tnm Ce)
are 1 Ce or less in v r _
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In this way, a good soft magnetic property can be obtained by satisfying
[err](Ms x d x HkK) > 30(Tnm Ce). Exam ni ng MR change ratios of said
sanpl es, any of them satisfying [err](Ms x d x Hk) > 30(Tnm Ce)
showed a value as large as 7 % or nore. And MR heads were made in the sanme
way as enbodinment 2, and as a result of exam ning whether or not

Bar khausen noi ses happened, it was confirnmed that occurrence of Barkhausen
noi ses can be suppressed in case of using an MR el enent whose coercive
fokce Hc is 1 OCe or |ess. As degcri bed above, according to a
magnet or esi stance effect elenment of the invention, it i's possible to
obtain a great MR change quantity and a good soft magnetic property in
good repeatability. Accordingly, a magnetoresistance effect elenment of a-
spin valve filmcan be greatly inproved in practicality.
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1.-?’._;A oY=ty effect elenment conprising: a lamnated film
isncl udinlem @yEﬂIEﬂ@['iﬁrr@omgnet i ¢ conductive |ayer, a non-magnetic
conduct | ve " sed on the first ferromagnetic conductffebayerq
and a second ferromagnetic conductive |ayer superposfe '
magnetic conductive |ayer, said |am nated4ilm having a
effect; and a pair of electrodes fornmed on the | am rfjatjed film

wherein at |east one. of said first econd ferromagngtifc @ '
LS, i

| ayers conprises at |least a first r'romagnetic filman seco
ferromagnetyl ¢ ‘Hin?g‘ﬂ%@&zf’esﬁtﬁﬁ&ébﬂﬂcipéleﬁf@n%cﬁfn Hgmegnet I ZarTom—+s
~different froma direction of axi's of easy magneti zati ol Qf the first
- ferromagneti c 4 ldMinated filtn iBEldiwg esi stance effect el enent as defT ned—r
~claim1l1, wherein the directions of axis of easy magnetization of said first
~and second f erg fimsgferromatnetie canducies lyygrer pendi.cul ar to each ot her. 3.
A magnet oresi stance effect elenment as defined in claim1, wherein said
first ferronmaghspnemighaticsonductive layxersuperposed ¢myhe fnst fearamagnetic
ferromagnetic filmis arranged so as to be in contact with said

non- magnet cendueidve {ayen a9ér. 4. A magnetoresi stance effect el enent
conprising a | am nat film . sai.d lLamnated fil mgo | Si ng: a
free |ayer V\hi%ﬁe‘foéuﬁfﬂ?ﬁ%@égnﬁ?m&opgwtﬁ% S MPELRAS r{{/@‘qﬁ T having a
uni axi al. ' ' LV [ I hreet | 10 ey

45 pl ane g%éggce%ﬂ%weg%y%? ’ %g% %%P?’%éaéﬁdgﬁnhﬂsh a&ﬁ%ggﬁé%@ét?%%dﬁe Pe
field to bgﬁgg@}gﬁ d; and a pin layer which is conposed of a _
ferromagneti c conductive | ayer having a uni axial magnetic anisotropy given

i n‘e’second dig pair efeledtrolies farnied on the laminated film,

wherein at least one of said first and second ferromagnetic conductive
layers comprises at least a first ferromagnetic film and a second
ferromagnetic film whose direction of axis of easy magnetization is different

from a direction of axis of easy magnetiz_étion of the first ferromagnetic film. .

2. A m’agnetoresi_stance effect element as defined in claim 1, wherein the
directions of axis of easy magnetization of said first and second

ferromagnetic films are nearly perpendicular to each other.

3. A magnetoresistance effect element as defined in claim 1, wherein said
first ferromagnetic film is made of Co or a Co alloy, and said first
ferromagnetic film is arranged 8o as to be in contact with said non-magnetic

conductor layer.

4. A magnetoresistance effect element comprising a laminated film
said laminated film comprising:
a free layer which is composed of a ferromagnetic conductive layer

having a uniaxial magnetic anisotropy given in a first direction in its film



'p‘l”-ane and whose direction of magnetization is not substdnREBLACEMENT a8HEETD

”. m 3 asured, said pin |ayer being | m:n'a't-ed'-'vw-'.t-h—a-_—mv
m m Hmlmlml nt erposed between said free | yf,r&:‘g&l’}aﬁg%k- |

a magne_]

magnet i
| ayer,

in electric resistance of said lamnatgd filmon the bagi
bet ween the directions of magnetization of said free |ayer and said pin

| ayer,

f err omagnets

¢ wher 8i n®saf d magnet oresi stance effect el enept |d
: an_angle

13!

plane Ia]‘i\@g%\%h& aﬁigénﬁﬁ of nd Ftiz%g{mf {s5%%aidld B

ose directronsof axis of easy f‘igﬂ@? zatl on are

different fyomegattedtdi and keeps the uniaxial magnetic anisotropy in the

first direction as said free | ayer.

5. A magnetoresi stance effect el enent.

as defined in ci gﬁmlzﬂyer\hbhfchi 18 cofifpoded of tal feRforRdgwetic coidrtbie lagepet i zation

of said first an

second ferromagnetic filnms are nearly perpendicular to

each ot her .havifig a vnimxiglanhagnesiic anisotrayf given éhensscbndsdivadtioneih its fithmai m 4,
wherein said first ferromagnetic filmis arranged so as to be in contact

with sai d rmianesagrwhpee diraciion of magnesizationzis noh sihgtantialdy retased by ef f ect
el enent conpri sing: a lamnated film.includi ng: . (iafirst
ingdgminate

19 !
f er r omagnetpagneiia field e be measuxad, sajd pindaxey he

with a non-

ferrom adeld jabe ensed i ninist bringdgmin |
non- magnot FRAPBRL coreRePr eyt nbempset RomSen siid et IR B grid pid

conductivelgg%Er, a second ferronmagnetic conductive | ayers superposed
dnetic co

on t he non-

nductive | ayer and having a uni axial magnetic

ani-sotropy gi Veghbfeift sa8d eRbribtbRisidtancs Bifebfelohldnttlctb&s withtion in @ ,
magnetically fixing | ayer superposed on the second ferromagnetic conductive

| ayer and clegreivessitance efsaifldandnmatpiefiln oty badis ofiad angle neadwi r  of

el ectrodes formed on the lamnated film

between the directions of magnetization of said free layer and said pin layer,
and

wherein said free layer comprises at least first and second
ferromagnetic films whose directions of axis of easy magnetizatidn are
different from each other and kéepsthe uniaxial magnetic anisotropy in the

first direction as said free layer.

5. A magnetoresistance effect element as defined in claim 4, wherein the
directions of axis of easy magnetization of said first and second

ferromagnetic films are nearly perpendicular to each other.

6. A magnetoresistance effect element as defined in claim 4, wherein said
first ferromagnetic film is arranged so as to be in contact with said non-

magnetic conductive layer.

7. A magnetoresistance effect element comprising:
a laminated film including:

a first ferromagnetic conductive layer having a uniaxial magnetic



wherein said first ferromagnetic conductive |ayer conprises at |east a

fsi r st ferlﬂmmmuummmnd a second ferromagnetic filmwhose direction of
axis'of e is different froma direction of axis of easy '
magneti zati"onof“sdl d i st :ferronagnetic fil mand keeps the uniaxi al
magnetic anisotropy in the first direggion as the first ferromagnetic

conductive | ayer. 8. A magnetoresistance effect elenent as defined in

| ai , wher.ei he.di izons [0f ' [ i f id fi
and Second THRVBRRY RS e dReciingte ARRBIAREL or “To ach other. and

the direction of P%ﬁiﬁaggfﬁéﬁé’n&‘&&%ﬁ lea?@%m %%lﬁeﬁ}os%ﬂ%anhfg}é% féf{oﬁa%ébq% gcond_ |

ferromagnetic fil'ns ne y In para € secon I rection
axis of eapyndR@HRekilg@d on of said second ferromagnetic conductive |ayer.
9. A magnetoresistance effect elenent as defined in claim7, wherein said

first ferromagngkbeombfadranhgnetiayendudtivi gerastpaposadoatthe Kie! d whi-ch
IS so intense that its magnetization can be rotated and has a direction

per pendi culmaghetit kendectivedlayier eqidi lnaving aranisxtiialzapignetio famsotdome gived
ferromagnetic conductive_| ayer. ' 47
10. A magndng segondadizection inxitsdllanplanehandng a spin valve film

conpri si ng: a first neti.c | ayer co sed.of a laginated fi]J mof a
ferromagnetic f§ W@ﬁﬁ%@gﬁ%&n&;aﬁlﬂg@wg&ﬁﬁﬂﬁgﬁS@"‘P’i.“igrmmagneéms econd
magneti c | ayer nd a, mddl e nop-magnetic | aver,. di sposeq bet ween sai d
(7ot nagnebnauelyE Javer it Rbofed OF H AR rom REc mARORRE AR 000 °2
magnetic filmi Plysax| ' -ﬂgaLEr' lamnated film
conposed of a s%ipt(:‘;i mgngﬁgaﬁ%ﬁ%@%ﬁ%@la ?rﬁdﬁ%r a soft magnetic
matveri al | am nagBdrdinl si@ EirbterbbRdEnefic tohuctdiel i Gotfifrisd B a
material lamnated filmsatisfies [err] (Ms-x d x Hk) > 30 (Tnm Ce), when
desi gnat ed fisstiferrongigicticdilnoands décopd)fertoneagndtic fikneshosesdirection of

axis of easy magnetization is different from a direction of axis of easy

magnetization of said first ferxomagneti_c film and keeps the uniaxial

magnetic a_nis_otropy in the first direction as the first ferromagnetic

conductive layer.

8. A magnetoresistance effect element as defined in claim 7, wherein the
directions of axis of easy magnetization of said first and second ‘
ferromagnetic films are nearly perpendicular to each other, and the
direction of axis of easy magnetization of one of said first and second
ferromagnetic films nearly in parallel with the second direction of the axis

of easy magnetization of said second ferromagnetic conductive layer.

9. A magnetoresistance effect element as defined in claim 7, wherein said
first ferromagnetic conductive layer is given a bias magnetic field which is
so intense that its magnetization can be rotated and has a direction

perpendicular to the second direction of magnetization of said second

ferromagnetic conductive layer.
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d(_nn.), and thej isotropic magnetic field as Hk (Ce). - 11. A
magnet oresiH Eﬁ]%iHE JH'&ment as defined in claim 10, wherein said soft
magnetic fill Lty sone soft magnetic material film whose _

ani sotropic magnetic field Hk is not less than 5 Ce. 12. A _
magnet or esi stance effect elenment as defined in claim 10, wherein said first
magnetic layer is disposed so that deid ferromagnetic filmcontaining Co is
in contact with said m ddl e non-magnetic | ayer. 13. A magnetoresi stance
effect elenment as defined in claim10, wherein said ferromagnetic film

contai ni ng g %%@e@o&%ﬁ&aﬁ%@@ﬁ%&%ﬁeﬁeﬂtfiﬁ‘r{{gﬁléﬁa’%@ﬂ%i@Iﬁteiﬁgf‘”ge coupl i g .

bet ween them a as one y to an exter netic
48 14. A megugiesiest stance effect el ement as defined in claim10, wherein a
direction of nmagnetization of said first magnetic layer and a direction of
magneti.zati on of fizst thappetiedagagenhpesddeofes lanimated filin ofd fardhcigntict 0
each ot her. 15. A magnetoresi stance effect elenent as defined in claim
10, wher ei filsacontaéningn@greexd & séftimagnetiafibhng Co is not less than 1 nm and
not greater than 10 nmin thickness. 16. A nethod for manufacturing a
nmagnet or esi st ant eeeofdemyagarctigdayemaning a | aninated filmincluding a first
ferromagneti c cond ifi]ve | ayer, non- magng e conduc{{i)ﬁe | ayer superposed

on the first fe? BORTREERRHRIATEE dismnsed betean seud st BRERREnet | o
conducti veLaver. supefposed on th on-magneti c conductive | ayer, said
| am nat ed fl%ly %ﬂ%\fﬂgﬁgg cor?gglﬁggg?gg ?as‘feé‘hce effect, wherein at |east one of
said first and Sfrad L4G ' a first
magnetic film aﬁg&g&igesfgg%g magﬁ tél)tgc *iﬁiﬁ]é\%ﬁ%?emé‘? raggtsﬁgtn{n%gﬁ%&?s of easy
nmagret | zat inatdrialdabdifaesy fil B piediof QCdofPth dpnedit! hatdrif196m BRANEKdzat | on
of said first ferromagnetic film : :
or a soft magnetic material laminated film of two kinds or more, and said
soft magnetic material laminated film satisfies T(M,x dx H,) > 30 (Tnm
Oe), when designated their magnetization as M, (T), their thickness as

d(nm), and their anisotropic magnetic field as H; (Oe).

11. A magnetoresistance effect element as defined in claim 10, wherein
said soft m’égnetic film has at least one soft'magnetic material film whose

anisotropic magnetic field H, is not less than 5 Oe.

12. A magnetoresistance effect element as defined in claim 10, wherein
said first magnetic layer is disposed so that said ferromagnetic film

containing Co is in contact with said middle non-magnetic layer.

13. A magnetoresistance effect element as defined in claim 10, wherein
said ferromagnetic film containing Co and said soft magnetic film have a
magnetic exchange coupling between them and act as one body to an

external magnetic field.
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- effect el enen

sal d rret heat treatnent process corir'pn[;q_mgmgma Q-;Egps' of .
keepi ng I!GWEHH mat a first tenperaturejwi

magneti c nated filmin a first dife¢tion for specj fied
time, cooling the lamnated filmto a second 1erp@r%tMP|R9%l el keepi
ng the magnetic field applied to the lamnated film Land turn ng the
magnetic field to a second direction aﬂ8a point of Jtime when the |anj nated

filmhas begn cpol ed t he seco tur ]
[ im to.t ¥ odnmemmseeianes Riben s Rent o R e ATt Wheadihan o
as to give I
49 directi %‘g&%@%ﬁﬁ/@aﬁ?@g&éﬁ&ﬁ@gﬁ%ﬂ %Eftl magnetn% %ag'efr arnsdt a dn‘d‘a cg’l é)(l:1 o%fd
ferronagnetma%ﬁédli@uon of aidsdBhd AhdiUtidRYEE 386 Weh Py FerpRafiudaLEd St ance
as defined in claim1l whereln said heat "treatnent is an
ort hogonal icach®theat treat ment which turns the second magnetic field
direction by about 90 degrees fromthe first magnetic field direction.
18. A nethod for manufacturing a magnetoresi stance effect el enent as
defined in cIa|m16 wherein said heat treatnent is perfornmed so that the
total ani sd®r oft magnghencststanes qﬂeﬁfelwatasrdgﬁn@ddngdemdos stheypiynet i c
films become% Ce or les 19. .A nethod fo cturin
magnet or esiS&t gogqqgg@pcgjlg}@qﬂtamg 18 1g ksg‘aﬂ Nnrﬁ’&‘gﬁ’ﬁf; BLSRHET o :
first magn er. sed of a lamnated filmof a ferromagnetic film
cont ai ni ng%&ﬁm %ﬁﬁ%#étlc film in which said soft magnetic filmis
conposed of a soft magnetic material filmof a kind or soft magnetic
material films of two or nore kinds, a second magnetic |ayer, and a
norsragnet 16, | aygietHbé wm&nmammﬁamhéﬂét&emneé effebE¥RmMetd sai d
second magnetic | ayer, said nmethod conprising the steps of;
form ng t htaviig artagrianted fillnncluding abfitst fexromagneticondugtivi dajrélr, st
magnetic | ayer by superposing the ferromagnetic filmcontaining Co on said
sof t rragnetnocl-malgmtm condugiive layergupezposad ¢mthefirst feayamagnetiai d first
magnetic | aye

nduct1ve layer, and a second ferromagnetic conductive layer superposed
on the non-magnetic conductive layer, said laminated film showing a
magnetoresistance effect, wherein at least one of said first and second
ferromagnetic layers comprises at least a ﬁrst magnetic film and a second
magnetic film whose direction of axis of easy magnetization is different from '
the dlrectlon of axis of easy magnetization of said first ferromagnetlc film,
said method comprising a heat treatment process comprising the steps |
of:
keeping said laminated film at a first temperéture while applying a
‘magnetic field to the laminated film in a first direction for a specified time,
cooling the laminated film to a second temperature while keeping the
magnetic field applied to the laminated film, and
turning the magnetic field to a second direction at a point of time when
the laminated film has been cooled to the second temperature and cooling
the laminated film to the room temperature, thereby

performing a heat treatment so as to give respectively different



form ng the second magnetlc Iayer conposed of a ferromagnetic

REPLAC
ant i fgr:mﬂmuugnmmmm “Sad second mgnetic layer. o o CUENT SHeeT
50 thereby foridy & S[5I n valve film and applying an o thggﬁ;@%hfw

anneal i ng process to said spin valve film 20. A nethod for
a magnet oresi stance effect el enent 49 defined in claiml19,
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anor phous I"m~Co on a su en Ssuperposrmhyg—tire

soft nagne}-éﬁ.oﬁdagtﬁegﬁrﬁmgl ng N| on the anorphous alloy film 21. A
met hod for nmanufacturing a magnetoresistance effect el ement as defined in

claim 19, wherein values of magnetization Ms(T), filmthickness d(nn), and
ani sotropic nagnetic field Hk(Oe) of said soft magnetic filmor said soft
magneti ¢ mi7er Aainethod fort manfifactuzing & chegatdresistance eﬂ‘eaﬁ elemerdtarsr] (Ms X
d x Hk) > 30 Tnm Ce) .
efined in claim 16, wherein said heat treatment is an orthogonahzmg heat
treatment which turns the second magnetic field direction by about 90

degrees from the first magnetic field direction.

18. A method for manufacturing a magnetoresistance effect element as
7 defined in claim 16, wherein said heat treatment is performed so that the
total anisotropic maghetic fields of said first and second ferromagnetic films

become 10 Oe or less.

19. A method for manufactﬁring a magnetoresistance effect element:
having a spin valve film comprising a ﬁrét magnetic layer composed of a
lamii;ated film of a ferromagnetic film containing Co and a soft magnetic
'ﬁlm, in Which said soft magnetic film is composed of a soft magnetic
material film of a kind or soft magnetic material films of two or more kinds, “
a second magnetic layer, and a non-magnetic layer disposed between said
first magnetic layer .and said second magnetic layer,

said method comprising the steps of;

forming the soft magnetic film on a substrate,

forming the first magnetic layer by superposing the ferromagnetic film
containing Co on said soft magnetic film,

laminating the non-magnetic layer on said first magnetic layer,

forming the second magnetic layer composed of a ferromagnetic
material containing Co on said non-magnetic layer, and

forming an antiferromagnetic film on said second magnetic layer,
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- thereby forming a spin valve film, and

applying an orthogonalizing annealing process to said spin valve film.

20. A method for manufacturing a magnetoresistance effect element as
defined in claim 19, wherein said soft magnetic film forming procesé
comprises the steps of forming an amorphous alloy film containing Co on a
substrate and then superposing the soft magnetic film containing Ni on the

amorphous alloy film.

N\ 21. A method for manufacturing a magnetoresistance effect element as
defined in claim 19, wherein values of magnetization M(T), film thickness
d(nm), and anisotropic Ihagnetic field H,(Oe) of said soft magnetic film or
said soft magnetic material laminated film are selected so as to satisfy

- S(M, x dx Hy) > 30(Tnm Oe).




