MAGNETORESI STANCE EFFECT ELEMENT _ BACKGROUND OF TZ?"“*S >
NMWENTION 1. Field of -the Invention The present invention

& magnet oresj stance effect element using a spin valve film 2. :
Description of the Rel ated Art mf{glr mation recorded on a

magneti ¢ recording WWW%E%éﬁANQEd%gEf%EEyE&E% Hod of detecting a

vol tage!induced in a coil by electromagnetic induction caused by -noving a

reproduci ng magnetic head having the coil relatively to the recording
medi um On the other handBA ker hSE e MR BB © Use a
gnetore5| stance effect red to as an MR

el ement) 4 %q]d s heRdirpgefliohnformation (refer to | EEE MAG 7, 150
(1971) and the Tike). A nmagnetic head using an MR el enent (here| nafter

referred to aspman ;J\A%siée&d)m%wtubasralalabeneaeaomat;hatoebeagutancees| st ance
of a ferromagnetic material of sone kind varies according to intensity of
an ext ergHect@ianent wdlithg a spinl nadeeefiilypears, since making a magnetic
recording nediumsmaller in size and greater in capacity has-been

pronot ed Zand Deswetigitiion wdl ddiet RellettedeArs reproduci ng nagnetic head and a
magneti c recordi ng nmedi um when reading out information has been snaller,
peopl €' s expediratdenenad ardnformasienrecrrded oake Bagngtéfeat out put al so

in a small
recordlng medium has been read out by a method of detecting

a voltage induced in a coil by electromagnetic induction
caused by moving-a reproducing magnetic head having thé coil
relatively to the recording medium. On the other hand, it
has been known also to use a magnetoresistaﬁce effect
element (hereinafter referred to as an MR element) in case
of reading out inforﬁation (refer to IEEE MAG-7,150 (1971)“
and-the like). A magnetic head using an MR element
(hereinafter referred to as an MR head) utilizes a
phenomenon that electric resiétance 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 héad which can take 6ut a great output also in a small
relative Velocity has been increased.

Hereupon, an Ni-Fe alloy, what is called a
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relafive velocity has been increased. Her eupon, an N -Fe all oy, what

i s—Cal.led a Per mal | oy-system al |l oy has been used in a portion
warying in resistance by sensing a magnetic field outside an MR head
(hereinafter referred to as an MR elenent). However, even if a

Per mal | opegmatia@yaldy@tens aAn o3l Iheys haenf@seddaada portiongweryingr eperty,

It is at nost 3 %in magnetoresistance change ratio and therefore it is

I nsuf f i ciredst sitanoeg byt Gersisigarc maghetde fdeld astshd®RaneMBnbeadt o be used

for a magnetic recording medi um which has been nade small in size and
| ar ge i n (bepadnaf teie aafdimgd) to @asmagndfocdemendlce Hpweverpae¥ehal of
hi gher sensitivity has been desired as an-MR el enent material . I n

order toifeéd P&y ldyorfdfden @IHQY Heedncsdfliovnbavingat gorditil ayered
filmwhere a ferronmagnetic netallic film and S non- magnetic netallic film
are al t eSR4t géﬁd-%e@rmyfa iterdSaiat 8GFE i niBnd where the
ferromagnetic. netallic fil near__each oth are coupl ed_by

ant i f or r SREGSEATE RS ANy CHATEE o taR PAT ReXPECFECRAl 181 at tice film
shows a ' - e Lepqrt at an
artificig#gﬁgﬁ??gggg{ﬁﬁﬁzﬁgagﬁﬁﬁg%ggﬁanﬁ%bE%%gﬁgé?gféﬁcggcﬁgn%g rati o of

[TgLe t ha 1330 alo HRE udBRKIFRIML %fag;nel%més rROdihgt hediMRl whAicR4R4s(1988),
ys. Rev. Lett., Vol.64,2304 (1990), and the I1Ke). However, since an
artifici decnitadee srid M Ras 3 A48 FhdSAlaltgat i@ capacity. Accordingly,

a magnetofesistance effect material of higher sensitivity

has been desired as an MR element material.

In order to meet such a demand, it has been confirmed
that a multilayered film where a ferromagnetic metallic film
and a non-magnetic metallic film are alternately stacked
under a'ceftain condition and where the ferromagnetic
metailic films near each other are coupled by
antiferromagnetic coupling, what is called an artificial
lattice film shows a huge magnetoresistance effect. It has
been reported.that-an artificial lattice film shows a great.
magnetoresistance change ratio of more than 100 % at the
maximum (see "Phys. Rev. Lett., Vol.61,2474 (1988), "Phys.
Rev. Lett., Vol.64,2304 (1990), and the like). However,
since an artificial lattice film has a high saturation
magnetic field, it is unsuitable for an MR element.

On the other hand, an example has been reported that a
multilayeréd film of a sandwich structure of a ferromagnetic
film/a non-magnetic film/a ferromagnetic film in which the

ferromagnetic films are not coupled by antiferromagnetic



magnetic field, it is unsuitable for an MR el enent. On the ot her
hard, an exanpl e has been reported that a nultilayered filmof a sandwi ch
structure of a ferromagnetic filma non-magnetic filma ferromagnetic film
in which the ferromagnetic filns gre not coupled by antiferromagnetic

coupl i ng chaplalingP nald aired s t@igRld R greker aaignkabeesektaate ehagety, one
of the two ferromagnetic filnms having a non-magnetic filminterposed

bet ween mNammliys faneedfy theagwet ifzaddmagaetliyi fidlas drelhagge bias to it and
the other ferromagnetic filmis rotated in magnetization by an external
magnet i ¢ noneimédgre tsiiqy fdl Lmrdgrietriposieide bg toreenh ghep lk8) fikadili s way, a great
magnet or esi st ance effect can be obtained by changing a rel ative angle nade
bet ween fRENSHHFRS bre@rBlydng s exchamge X%aﬁeftpo gABdi Ehej pEBerdi sposed
so as to have a non-magnetic filminterposed between them A nultilayered
filmof SEIFRAGNRTIC T dF otefied J& pegpptizatden pEyan Rev. B.,

Vol . 45,806 ,(1992), "J. . .. .Phys., Vol ..69,4774.(1991 and_t he |ike).

Al t hough SX"§F# aﬂqg?qﬁ#ﬁﬂﬁﬁﬁg4g(§w§Pﬁ@FlnEGH8F5F%S?%Fiﬁc8r Ehﬁnge ratio in
conparisqn,w,th ntdficial lattice fil It .l it or..an

el ement t lgf\r%Qs' tglnnt ﬁ:a 18 " dn @ ?;et?ﬁ:a ggfrla%r?é:telgzlgt%fag’#ei %Qggf:gwcﬁggﬁgﬁ c

field AdiiealneRPUiddhg b HAUGA aiyile haBbiB8luBARRER Nead using

such a spin valve film
magnetized directions of the two ferromagnetic films
dispoéed 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),
"3. appl. Phys., Vol.69,4774 (1991), and the like).
Although a spin valve film has a smaller magnetoresistance
change ratio in comparison with an artificial lattice film,
it is suitable for an MR element thanks to that it can
saturate magnetization in a low magnetic field. A great
expectation in practical use is placed on an MR head using
such a spin valve film.

By the way, in an MR element using the above-mentioned

spin valve film, it is said to be important to improve a
soft magnetic property of the ferromagnetic film by
improving its crystal orientation. For example, in a spin
valve film using a Co-based ferromagnetic material such as.
Co or a Co-baséd alloy as a ferromagnetic layer, to form a
Co-based ferromagnetic layer directly on an amorphous
material lowers its crystal orientation and deteriorates its

soft magnetic property.' Thereupon, it has been studied to



the way, in an MR elenent using the above-nentioned spin valve film it
| aid to be i nportant ‘to inprove a soft magnetic property of the
ferromagnetic filmby inproving its crystal orientation. For exanple, in a
spin . valve filmusing a Co-based ferrq ngnetic material such as Co or a
Co- based ialgryweastire ferryswlgatiientatien Hyo floammbng aCmeltaddédcf €ddmragneti c-
| ayer directly on an anorphous material lowers its crystal orientation and
det eri or dteasing san sidfd awmyEt=l s tpnopemntey asTlee baffer, layefragndeen studied to
4 inprove the crystal orientation by formng a netallic film having an
fcc crystisirmina@ ffe-hesed Hgmonagngdrigdaysroon is oetpddde
ferromagnetic layer on this netallic buffer |ayer. However, in case
of usiru;Q? i ic material such as an NiFe alloy or the like as the
above- nenti oned nmetallic buffer t her di ffysion easily ha%pens

otaen the. " et CHRR G5 HORg A Ao MEGRET e NS IR

mat eri al , and t magnet or esi st ance effe I S deterlorated n Ithough
it has béh sq I‘peF a‘(‘:}'llnlod"to ft}‘r mrla%c% éarro%&}ﬁgnéato —Imayer gdro t%ﬁ

magnet i Z%# 2 IaéﬂaxeXt\f}{éﬁﬁal RIEL i 'e(%sq.l?rn RE et ik @ﬂert‘ﬁ%at | ayer

corrposed magneti c nateri a case a
nmagnet or e i aih A € Gla dSr il P e Colded tﬂé&fﬂma n@itfilusi on Wm ch

happens between the ferromagnetic |ayer and the nagnetlc under coat | ayer.
material, and the magnetoresistance effect is deteriorated.
And although it has been studied also to form a
ferromagnetic layer to rotate magnetization by an external
magnetic field on a magnetic undercoat layer composed of
various soft magnetic materials, in such a case also, the
magnetoresistance effect is deteriorated due to thermal
diffusion which happens between the ferromagnetic layer and
the magnetic undercoat layer.

Since a heat treatment is indispensable in a process of
manufacturing an MR element using a spin valve filp, the
above;mentioned deterioration of the magnetoresistance
effect caused by thermal diffusion is a serious problem. In
éuch a way, an MR element having a conventional spin valve
film has a problem that it is poor in thermal stability

(heat resistance), and it has been a great problem to

improve the thermal stability by suppressing the thermal

diffusion.

SUMMARY OF THE INVENTION

The present invention has been performed for the



Since a heat treatnment is indispensable in a process of manufacturing an
| ement using a spin-valve film the above-nentioned deterioration of
t-he magnet oresi stance effect caused by thermal diffusion is a serious
problem In such a way,” an MR el enent having a conventional spin valve
film has panposis efi tdegting sz:}'pmmw5ra tphreblen,stadi Bnt pbjehtavfr ehiest ance),
and it has been a great problemto inprove the thermal stability by
suppr essiimyerntd . arhdrangio- pticfigls @n high-performance magneSoNRBRRYtERCEHE
| NVENTI ON The present invention _has been perforned for the
pur pose GELassi md-amant steitda ifr scehleatd ian thsread stabhéitynbEntion is
t o- provi de a hi gh-performnce etoresi stance effect elenent which is
excel | entSHPY hak ?Wq‘g%fsfd‘&d'roé‘ssi ng the thermal diffusion.

ATirst nagnetAorfeiin %;JF grér:%cg%eq'gr ﬁs{is%a%%%nte feV%EP%le&n@\ﬁ%n%EO@hieS a

magnet or esi st ance e e provide a spin valve filmhaving a

first m |G sl re f rﬂgai : ' fhe , d magnetic
| ayer, a%glggﬁﬁdgﬁﬁes r%n- ﬁ%ﬁ%ﬁ%@#ﬁ %tfg;égfgs%&leg‘éﬁ&egﬁot%ﬁgg?i rst and ,
second NRGRAL L dEANE a1l vl o iBlinD MV iHPH Fidish! WRlgAR thar ﬂb?@r kaymeahavi ng

~an average thickness of 2 nmor less’is forned in the inferface between
sai d net ¥ i naddiarid piFfanddre, & ooy m@ghetliay@byer, and a-
middle non-magnetic layer interposed between the first and
second magnetic layers, wherein an atomic-diffusion barrier
layer having an average thickness of 2 nm or less is formed
in the interface between said metallic buffer layer and the
first magnetic layer.

The first magnetoresistance effect element is
furthermore a magnetoresistance effect element provided wifh
a spin valve film having a first magnetic layer coﬁposed of
a ferromagnetic material containing Co which has been formed
on a metéllic buffer layer having an fcc‘crystal structure,
a seéond magnetic layer, and a middle non-magnetic layer
interposed between the first and second magnetic layers,
wherein an atomic-diffusion barrier layer having as the main
component at least one kind of material selected from an
oxide, a nitride, a carbide, a boride, and a fluoride is
formed between said metallic buffer layer and the first
magnetic layer.

A second magnetoresistance effect element of the
invention is a magnetoresistance effect element provided

with a spin valve film having a first magnetic layer



The first magnetoresistance effect element is furthernore a
iet or esi stance effect el enent provided with a spin valve
first magnetic |ayer conposed of a ferromagnetic material c
whi ch has been formed on a netallicgbuffer layer having an
st ruct ur eéomppsast Ol arekpimatadyfdlm ofd ag maggeitd cnyndragrat
I nt erposed between the first and second magnetic | ayers, wh
at oni c- didus cfr?%mqg}eq%e\aﬁ?d’vi iy S&E mﬁﬁif‘ﬁtlé’oﬁﬁgﬁémt

kind of material selected fraogman .oxide, a nitride car.bi
and a f1 dodak i%"snT"&?r‘-’rPe%tlﬁiaﬁxﬁé@i‘ JReTHas #’Etlfﬁ’&f*?‘eih?aﬁlif

filmhaving a
ontai ning Co
fcc crystal
i dayayer
erein an
agfl Peast one
de, _a boride,
sgnﬂnghe first

ragnet i ¢ sle?:.yoenrd %agq_lré%tidé Sfacoer}:ds'nn‘«g?%gn{neeinﬁa%% %c‘?-h‘l%ggg%gm”ﬁﬁkgﬁfért he

invention1s & oresi st ance enent pr ovi
filmhaving 4. fﬂéﬁnt_{'eﬂ{'e&w}&d Rhickness of 2 nm or less is
conposed %g’a |'am nat e f||ﬁ1é&ya magneti c un&ercoat ﬁayer

ferromagng! ithd affer fa & AMNAdEHI RIIEC nadRicicARddercohddh gy
| ayer interposed between the first and second magnetic |aye

at om c- didtHdI S erdiddrietic | Bwesr havi ng an aver age thi ckness
is formed in the interface between said magneti c under coat
ferromagneti c ey esecond maghiest amsdratamgn etfdfeet sllemeatefite
furthernore a nmagnetoresi stance effect el ement provided with
fil m havifurtheimaene rmageagratargads tangsosffestt element provi

a spin valve film having a first magnetic layer comp
a laminated film of a magnetic undercoat layer and a
ferromagnetic layer containing Co, a second magnetic
and a middle non-magnetic layer interposed between t
and second magnetic layers, wherein an atomic-diffus

barrier layer having as ‘the main component at least

Spin val ve

formed 6
and a

genafagneti c
rs, wherein an

of 2 nmor |ess
| ayer and the
ct elenment is

a spin valve
ded with

osed of

layer,
he first
ion

one kind

of material selected from an oxide, a nitride, a carbide, a

boride, and a fluoride is formed in the interface between

the magnetic undercoat. layer and the ferromagnetic 1
In the first magnetoresistance effect-element,

atomic-diffusion barrier layer as described above is

ayer.

since an

provided in the interface between the metallic buffer layer

-and the first magnetic layer, it is possible to pref

erably

suppress, atomic cross-diffusion between the metallic buffer

layer and the first magnetic layer in heat treatment and to

obtain an effect of improving the first magnetic layer in

film guality by the metallic buffer layer. Therefore, it is

possible to stably obtain a good magnetoresistance effect

after heat treatment and at the same time it is possible to



a lamnated filmof a magnetic undercoat |ayer and a ferromagnetic |ayer
céﬁféining Co, a second -magnetic layer, and a m ddle non-magnetic |ayer
inhterposed between the first and second magnetic | ayers, wherein an
atom c-diffusion barrier |ayer -having as the main conponent at |east one
kind of osbt®inad ged@ciefit fmarpeti oxprtepertyni tride, a carbide, a boride,
-and a fluoride is forned in the interface between the magnetic under coat
| ayer and t he Amdrbmaghet $ecomy enagnetoresdistdned igffieataglemendsi st ance
effect elenent, since an atom c-diffusion barrier |ayer as described above
i s provi ¥ERCe R heteht erdhEfupieondaartirr nkavay ias. kel besdy ébovend t he
first magnetic layer, it is possible to preferably sugfress at om ¢

ite Y netic

cross- di fFRIsPERVEREAetR the HRtertace heiesen themagnf

| [ t t t t _and t [ ffect of ' t.he fi t
mgneti ¢ FSgRF #90 PRE FERAPIRgREOte R ol i NSRS (RYerE or ef or e, i
[ [ [ t | ' { i . t ft heat
treat montbase 818 £8 SR RLRLY, $O00-ER0 IR QP IR FedEton 21 ET NC

7 obtain @er?é’QnSEﬁ% Hg%gﬂ&;fi& WEEELS AL layer L é}i&e e Rt ic

magnet or esi st ance e enent, Since atom c-di ffusion barrier |ayer

as descri Pﬁfeﬁbﬁf{eheéﬁ Prextasst | nThEEf it fAC 8 Hgiomanild e

under coat ayer and the ferromagnetic layer, in the sane way it is
possi bl e ¢tPiRf &rabdbd HRaGREESEedi SR RcErOtfedt fdftd®medietireatnidin .

magneti c undercoat |ayer and the ferromagnetic
BRIEF DESCRIPTION QF THE DRAWINGS
Fig. 1 is a sectional view for showing the structure of
the main part of an embodiment of the first embodiment of
the invention.
Fig. 2 is a sectional view for showing the structure of
the main part of an embodiment of the second embodiment of

the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments of the invention are described in the
following. | |

First, an embodiment of the first magnetoresistance
effect element (MR element) of the invention is described.

Fig. 1 is a sectional view for showing the composition
of the main part of an embodiment of the first MR elemént.
In Fig. 1, reference number 1 is a first magnetic layer,
number 2 is a second magnetic layer, and a middle

non-magnetic layer 3 is interposed between the first



Iayer in heat treatnent. Therefore, it is possible to stably obtain a good .
nﬁgﬁetore5|stance effect after heat treatnent. BRI EF
PESCRI PTI ON OF THE DRAW NGS Fig. 1 is a sectional view for show ng
the structure of the nmain part of an_enbodi ment of the first enbodi nent of
the invemiaigeretic laydd Q. ahd The s@@z?n@na‘hgmeem/cf 0ay8poRL NgThEgesSt ruct ure
of the main part of an enbodi nent of the second enbodi nent of the

i nvent i omagnetic lajieih NEFRANIFEICHGZT @\ l@minkEcBREEERRED &VBODI VENTS

Enbodi ments of the invention are described in the follow ng. - First,
an enbodinpentcoafp iate tiipes twirthgndt dredgigs conpdedefitbt eatbnehhegrMRyel enent )

of the invention is described. Fig. 1 is a sectional view for show ng
t he conp@ﬁﬁwﬁﬁ?rQﬂa9ﬂﬁ$Mﬁmq¢qﬁ%ﬂﬁgbf an enbodi nent of the first MR el enent.
In Fig. 1, reference nunber, 1 is a first nagnetlc numher 2 is a
second nmagnet iZ@9hyRd thé‘ndf%ﬁﬁ MR ticn aygRedi E‘npa BP gerenflnt er posed

bet ween the first petic layer -1 and

the secofff IS iteYey & 1P cAmresed ofn ek Fa§8F§°Tagﬂagécforn1a
| am nat .e?nefﬂe!xrﬂacif contlih ‘ﬁ%_‘"@oecéé YRE Whi20Wt BeRIRGaHR! ﬁgg}%wceaCh ot her

by antiferromagnetic cou
alloy, or such a ferromagnetic material as an NiFe alloy or

the like. Among them, as a ferromagnetic material
containing Co, it is preferable to use a Co—based magnetic
alloy which can make great an interfacial effect as well as
Barkhausen effect having particularly a great influence upon
the MR change ratio and can bring a great MR change ?atio
thanks to this.

As such a Co-based magnetic alloy as described above,
an alloy obtained by adding one or two or more of Fe, Ni,
Au, Ag, Cu, Pd, Pt, Ir, Rh,.Rﬁ, Os, Hf, and the iike to Co
is mentioned. An amount of elements to be added is
preferably 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 Barkhausen effect is not
sufficiently increased, and conversely when the amount of
added elements is too much, there is a possibility 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 ratio.

And it is preferable that the first magnetic layer 1

and the second magnetic layer 2 have a thickness of 1 to 30



ch.of the first magnetic layer 1 and the second nagnetic layer 2 is i
cgﬁposed of such a ferromagnetic material containing Co as Co al one or a
Co- based nmagnetic alloy, or such a ferromagnetic material as an N Fe aIon
or the like. Among them as a ferrogagnetic material containing Co, it is
pref erablnt Wwhitse carCerikas ed grR@teM chahbeyrwhiichaﬁdncanksugpfassan'
interfacial effect as well as Barkhausen effect having particularly a
great i nfdamnuengof tHerkiRuseangeisasi.o and can bring a great MR change

ratio thanks to this. As such a Co-based nagnetic alloy as descri bed
above, an al I'lliye cﬁ?tlzﬁmé@%y?tadﬁlhﬁg’e@né ef the éboﬁ_ﬁr@eetl%ele . Au, Ag,
Cu, Pd, Pt, Ir, Hf, and the like to IS nentioned. An anpunt

of el enmedagnedise Jﬁi@?ﬁ |ls ang & disatfioymed; gnsg &?Bﬁ%llﬁnhuf’rﬁ?E bRELE! abl y
f . 8.,to.20 aton t hat t of added
el ement s s A0sh TR, 53 R4y (0. Ear o PRETSELChOETeEf FB ont 1y
. added t h,
ther e o ettt Sy QOO B2 TdT b Bhen PEEYs B CEERRERLE, | 0 ™
decr eased it AU L i4P oobleP TRl 134 bl GUrRbhdgnbtibSmAEELeRabl e Lo use

Fe in or to obtain a great MR change ratio I's preferable
that the d‘dr{t%hx{mﬂj\@d Gad ¥ crli beNARe FeeoRfemrgRatl fiabA¥eic2 have a

t hi ckness of 1 to 9 nm whi ch can give

a great NRehange areatﬁme afet 20A S MRUPERSS layer 4, a metallic material
having an fcc crystal structure such as an NiFe alloy, an
NiFeCo alloy, an alloy whose resistance is made higher by
adding such an additive element as Ti, V, Cr, Mn, Zn[ Nb,
Mo, Tc, Hf, Ta, W, Re or the like to these alloy of an fcc
crystal structurg can be mentioned. Among them, an NiFe
alloy, an NiFeCo alloy or the like functions also as a
magnetic undercoat layer as described later. And in case of
using é ferromagnetic material such as an NiFe alloy or the
like as the firét magnetic layer 1, Ta, Ti, Cr, Cu, Au and
Ag, and an alloy of them and the like can be used as the
metallic buffer layer 4. The first magnetic layer 1 is a
magnetic layer whose magnetization is.rotated by an external
magnetic field such as a signal magnetic field, what is
called a free magnetic layer.

And an atomic-diffusion barrier layer 5 is formed in
the interface between the first magnetic layer 1 and the
metallic buffer layer 4, and this suppresses thermal
diffusion of atoms between the first magnetic layer 1 and

the metallic buffer layer 4 in heat treatment. That is to



occurrence of Barkhausen noi ses. The first magnetic layer 1 of the
abeve- nentioned nagnetic layers 1 and 2 is formed on a netallic buffer
l.ayer 4, and thanks to this, the first nmagnetic layer 1 is inproved in

filmaquality by inprovenent of its1 rystal orientation. In case of using a
f erromagnaeiy ¢ biRtMIiking Y & UM -] fEusdescC baked eab@uget06,t he fiisr st

magnetic layer 1, as the netallic buffer layer 4, a netallic materi al

havi ng arpdsstikelrey stal sugpnessurde tsudilvras izm MfFéhel magnednreliiB&@ocel | oy, an
al l oy whose resistance is nmade higher by adding such an additive el ement
as Ti, Veffectvcaumed Nty tharmaic difffusigon wndRréopimpevei Ra MB t hese al | oy
of an fcc _crystal structure can be nmentioned. Anong them an N Fe all oy,
an N FeCEkaneit okn tthermade stakitigie alrddhough thegadordcordéfugdrn ayer
as described J|ater. And in case of usin ferro neti,c material such as
an Ni Fe R3054% e]["ﬁéer 13 Keeds 4o by rti’teﬁ%&a'r]r& st PPl SYRPTRSS o
Au and Ad...and an alloy. of the nd . the.li n e, netallic
buf f er Ié%%?“5ﬁ ﬁﬁﬁ??T#%&éﬁﬁﬁﬁﬁigé%W%Sfé%hf %EI%% ﬁ%%ﬁ%?ﬁg ?3?%% %hose

magnet | Z-aaHd;l”tdi;es SR AL B AL LAl IRl Whel! 8k 13UEB02%na oY gnal

magnet i c at a tree ragnetic |ayer.

at om c- di f{dIheth PRI IRIF A Sayer 4 (QMRA ivringhan eifgekacesbet ween the
first magnetic layer 1 and the™ netallic buffer "layer 4, and this

SUPPr eSS esnpherament dirf fSIONef] iadyms thatsiers itthe 10 ket nakeneti asl ayer 1

and the nmetallic buffer layer 4 in heat treatnent. That is to
thin as possible within a range where a bad influence does
not happén upon an effect of suppressing the atomic
cross-~diffusion. Accordingly, the average thickness of the
atomic~diffusion barrier layer 5 is set at 2 nm or less.
However, sincé a funqtion as an atomic-diffusion barrier is
deﬁeriorated when it is too thin, it is preferable that its
average thickness is 0.5 nm or more. |

As a material for the atomic-diffusion barrier layer'S,

a thermally stable material such as an oxide, a nitride, a
carbide, a boride, a fluoride and the like can be used, and
they can be used not only in the form of a single material
alone but also in the form of a mixture, a composite
compound, or the like. Among them, a self-oxide film, a
surface-oxide film, a passive film and the like which are
particularly easy to form and excellent in suppression of.
atomic diffusion are preferably used. The atomic—diffusion.
barrier layer 5 composed of such compounds can be formed by

forming a metallic buffer layer 4 and then once exposing its

surface to the air or an atmosphere containing oxygen,



10 say, by formng the atomic-diffusion barrier layer 5, it is possible to
stypptess deterioration of the magnetoresi stance effect caused by thernal
diffusion and to inprove an MR elenent in thermal stability. Al though the
atom c-diffusion barrier. layer 5 negds to be thermally stable and suppress
atom ¢ CpHa% éﬁlﬂﬁdﬁbqutWQ&@nthE1h shemagneheclikger Andant ¢cae netallic
buffer layer 4, since when it is too thick the netallic buffer |ayer 4
cannot bhenglanm ddred ¢y usimgowandon injectipguaethod ¢r expgeéingable to
make it as thin as possible within a range where a bad influence does not
happen ugdn tan pdfefsset of thepdiddkesi ng the atomic cross-diffusion.
Accordingly, the average t hi ckness of the ataom c-diffusion barrier_layer 5
is set at 2 nit stomraynd fqedng the ﬁ@@méchhéfPﬁh°Hs AR LBENT-eY8Ff Pusi on
barrier is deteriorated when it is able that its

averagedf??%kﬁﬁ%%~W%YQ)§?lhﬂWﬁ'Qnﬁ¥910 lomekﬁécﬁaﬁﬁtgggﬁ;e%Sr t he

at om c-di b h | |

ox de. o SHUBISIE LGN A5 (IGHE ot B e Lon PR DR ARG PRER ke can Do
used. ang additte aaphab%? HPagk N9 qpla¥no'r"§htol&% ERLELOl BushhghfoRa!, Cthgl

mof a mxture, a composite conpound, or the

i ke. ”‘H’c@kbrﬁl Pft?ﬁc;n Q6 i [ 1Byet 55WCkaACHveXheeel kbMunapasgiyve film

and the are particularly easy to formand excellent in
Suppr essi iyt t}?é s er b famsi e At aingice balfiferudegerThebatomag- di f f usi on

barrier layer 5 conposed of such conpounds can be fornmed by forming a

met al | i ¢ dusfd:erit aprera 4 agubrithiaruonc st@teosunl assa state where
pinholes are formed or where an oxide, a nitride, a cabide,
a boride, a fluoride or the'like is formed in the shape of
islands. It is more preferablé that there are pinholes to
such a degree that they may not have a bad influence upon an
effect of suppressing atomic cross-diffusion. The reason is
that there is a possibility that an effect of improvement in
film quality and a magnetic coupling are reduced.
Considering the above points, it is preferable that the
average size of pinholes is nearly equal to or less than the
distance between pinholes adjacent to each otherl

On the other hand, the second magnetic layer 2, whose

magnetization is fixed as being given a bias-magnetic field
by an antiferromagnetic layer 6 composed of an IrMn film, an
FeMn film, an NiO film or the like, or a hard magnetic layer
composed of a CoPt film or the like, is what is called a pin
magnetic layer. The second magnetic layer 2 as a pin
magnetic layer is.not limited to a layer obtained by fixing

magnetization of the ferromagnetic layer by means of an



surface to the air or an atnosphere containing oxygen, ni trogen,"
caron, boron, fluorine or the like. And it can be also fornmed by using an
Lon injection nmethod or exposing it to plasma or the |ike. A
conpound form ng the atonic-diffusiog barrier layer 5 does not have to
have a sheitGfleaomaghaltiy degetrabeor %hpoﬂkéoms adels dotlsedoabbweebud have a
neat crystal lattice, and nay be in an anorphous state. Furthernore, the
at om c- dichhudbieod iraatilyr domperse8 dfes hardhmegnebianlayewr forcover the
surface of the metallic buffer layer 4 but may cover it in a discontinuous
st ate suehkxampl®.state where pinholes are forned or where an oxide, a
nitride, a cabide, a boride, a fluoride or the like is fornmed in the shape

of islands. Henes ddr dsprardexgpde; ket kefRr Ehgr BagRARbFER9t 0 such a

degree that they may not have a bad influence upon_gn ffect of
suppr essidiFeatdnne &b ﬁU%FFﬁ§iHﬁ9n?ﬁécr a¥5h 'sanghg?gtﬁgggngs a

possibility that an _effect of inpr me ' ' uali n nétic
coupl i ng "%?%é‘ert%éﬁug@é’er %?!nsf?)d:e_rel é“%}ti%é %6@%“‘6%?16%9 ?Jt) %écgrgﬁgreggﬁe t hat
the averge Yl Ll HYres éxsche'}%%rl' haGreRlict 951814l e8S-bbanihhe distance
bet ween pinhhol'es adjacent to each other. On the other hand, the
second mMgRRld Gd awfircie WIPMR JIRERAL 2at 19Aehs kb¥ponae.besaghgaven a

bi as magnetic field™ by an antiferronmagnetic |ayer 6 conposed of an IrM

film anmagnetized state can be obtained by applying an annealing
process shown in the following, for example. That is to
say, (1) after keeping a sample at a temperature of about
523K as applying a magnetic field of about 1 kOe to the
sampie, (2) the process cools the éample to.a temperature of
.about 483K in a magnetic field of about 1 kOe és it is, and
(3) turns the direction 6f the applied magnetic field by 90°
when the temperature has reached about 483K and cools the
sample to the room temperaturé. An orthdgonally magnetized
state can be stably obtained by such an annealing process
(hereinafter referred to as an orthogonal annealing
process). As concrete magnetizing directions, it is
preferable that magnetization of the first magnetic layer 1
is in the track-width direction and magnetization of the
second magnetic layer 2 is in the vertical direction to the
medium faging surface perpendicular to the magnetizing
direction of the first magnetic layer 1.

And an annealing process to be applied to the first

magnetic layer 1 and the second magnetic layer 2 is not

limited to the above-mentioned orthogonal annealing process



FeMh film an NNOfilmor the like, or a hard magnetic layer conposed of a
Cbe‘f!Inlor the like, 'is what is called a pin nagnetic |ayer. The second
nagnetic layer 2 as a pin magnetic layer is not limted to a |ayer
obt ai ned by fixing nmagnetization of the ferromagnetic |ayer by neans of an

12 anti fggrtog‘ggggggcpggﬁsggéd%nt Bealitkeo asngdeses i bed ebeye hadneess be
ed of *a har

di rectly~conpos magneti c | ayer tor exanple. re, it is

pref erabhg Lo ﬁeﬁﬂdtQﬁeWEQG%hHZhagneéiéeﬁéyéﬁSZOintbﬁyﬁtasliﬂﬁgﬁetiC | ayer
1 and the Second nmagnetic layer 2, for exanple, perpendicular to each

other innathliat @a¥esr @hehanashaingl piregaesi tsfperfiormedeab an order to
I nprove an MR elenent in |linear response. Such a nmagnetized state can be
obt ai ned dempapjaltyired ofn abonealliong toph00Es Soshawhine ofieaboitolhi ng, for
exanple. That is to say, (1) after keeping a sanple at a tenperature of
aﬁgutrOggggugigﬁprﬁLMguasrag?etictfield of about 1 kCe to the sanple, (2)
el of abouflhe RUSMS MPR-SAdResLc( SRYEE dodt RRORPACERFORoBI-(PRe appl | ed
The s amprda adne o B Hona i Af SPPRAGGRaPFy SnRARGHFIBaE S at e can_
e o A A R A BRI AR R O SRR EL T L
'tis material, a épin glass material, or the like. Concretely,
for example, Cu, Au, Ag, a parémagnetic alloy containing
them and a magnetic element, Pd, Pt, and an alloy containing
them as its main ingredient are mentioned. Here, it is |
. preferable to set the thickness of the middle non-magnetic
layer 3 in a range of about 2 to 5 nm. The middle
non-mégnetic layer 3 cannot give a sufficient resistance
change sensitivity when its thickness is more than 5 nm, and
it is difficult to make small enough the exchange coupling
between the magnetic layers 1 and 2 when its thickness is
less than 2 nm. |
. The spin valve laminated film 7 is composed.of the
above-mentioned layers, and in an MR element provided with
such a spin valve laminated film 7, since the magnetizing
direction of the first magnetic.layer 1 is rotated by an
external magnetic field while the magnetizing direction of
the second magnetic layer 2 is fixed, a magnétoresistance
effect is obtained by that the relative angle between the

magnetizing directions of the two magnetic layers 1 and 2

which are disposed so as to have the middle.non-magnetic



preferabl e that nagnetization of the first magnetic layer 1 is in the _
track-wi dth direction and magnetization of the second magnetic layer 2 is
in the vertical direction to the nediumfacing surface perpendicular to

the magnetizing direction of the fjrst magnetic |ayer 1. "And an
anneal i Nngape@C8s§ntterpesappbeedebn themfis sthampahetic |ayer 1 and the
second -maghetic layer 2 is not |limted to the above-nenti oned orthogonal

anneal i ng prodasan MR element of said embodiment, sinde &ut is al so
performed in order to inprove the first nagnetic layer 1 and the second
nmagnet i c alteydc-giffusipst baricherylayen §heempesed ehammekd®ng® process is
perfornmed at a tenperature of about 100 _to 400K for a tj of about 1

m nute t ®it@ideur @ carbideyna RPadfer ndnf HRYHEEP OF SRE BHHR shbsed bet ween

the said magnetic | 1 d ' . Of ' '

ad amlgmn%dﬁ&ﬁéa;%yi@ﬁr;%?sf BeEARERnE T ct et SHAISC R optHog B
materi al , _ar e |like..Co tely,.  f [
1 oy CoRPE g MG SnEUA TSR HBYPE b ckents RRFHRIY eqardppg Srmanetic
cont ai ni i f. i ' t : hdt d
preferab%gﬂéggggfﬁﬁéﬁﬁm?%%%gégg%?qkﬁghn?%gwggﬂo%?%ggﬁg%?gﬁaggig%é3 in a
range of jaRout 12 Ay THEMetR 17cd8Le fePONayBENL! iWheh ¥BpLPiIRGNART Ui ve a

sufficient "resistance change sensitivity when its thickness is nore than 5

nm and JitHoydHdlf issifdalliagpkecessl hseaesghibée ekohange anupling
annealing process for improvement of crystallinity. And an
effect of improvement in film guality by the metallic buffer
layer 4 can be sufficiently obtained by making the average
thickness of the atomic-diffuéion barrier layer 5 be 2 nm or
less. 1In such a way, according to an MR element.of said
embodiment, since an effect of improvement in film quality
by the metallic buffer layer 4 can be sufficiently obtained
and deterioration of a magnetoresistahce effect caused by
thermal diffusion can be suppressed, it is posSible to
attain a high performance and furthermore improve a thermal
stability.

Next, an embodiment for implementing the second
magnetoresistance effect element (MR element) of the
invention is described in the following.

Fig. 2 is a sectional view for showing composition of
the main part of an embodiment of the second MR element. In
Fig. 2, reference number 1 is a first magnetic layer, number

2 is a second magnetic layer, and a middle non-magnetic

layer 3 is interposed between these first and second



bet ween the magnetic Iayers 1 and 2 when its thickness is |less than 2 nm
The/spln valve lamnated film?7 is conposed of the above-nentioned |ayers,
and in an MR el enent provided with such a spin valve lamnated film 7,
since the magnetizing direction of the first magnetic layer 1 is rotated
by an exfgphal; dreangd4s f iggl mhi lrhSsee maggeet bz lagedisr @Chndn 20foxihe
second magnetic layer 2 is fixed, a magnetoresistance effect is obtained
by that theadngimited Bigh obai weendouwpl imagnepezivhighdutebeiogs of the two
magnetic layers 1 and 2 which are disposed so as to have the mddle

non- nagnetdupled by an antiferromagnetic couplimng.| ayer 3 interposed between
themis changed. In an MR el enent of said enbodi nent, since an

at om c- di f f usiBre bbkrsermagnatiics Wﬁ&oéed’fofth&ﬁeoﬁ‘ﬁ‘ﬂéetéc ARYETGe L

carbi de, a borlde a fluoride or. the like i, g in the |nterface

bet ween t3Rd {2 rk% W?‘% 9hyRerl ai“lna'ﬁ?dt ﬁé—slﬁ'ef-’gl R FeBEPPRENERY& 4, it s
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i mproverent in film

quality by orgggsé@t&lfl g&ié eéo?].t a?’ eﬁl@%ﬁ%ﬂl&flfs' Ci afidny @Nen Rawk by

maki ng th erage ness atomc-diffusion barrier |ayer 5 be 2
nmor | eﬁérréxﬂa&h‘élﬂlé‘ Y&Yer aFF Of i Q) dyerart IR oplteTiteditos @ d

magnetoreéistance effect and the magnetic undercoat layer 12
is a layer to improve the ferromagnetic layer 11 in soft
magnetic property. Here, since among said ferromagnetic
materials, particularly it is difficult for such
ferromagnetic materials containing Co as Co or a Co-based
alloy td attain a good soft-magnetic property by themselves
alone, they ére materials for which_a magnetic undercoat
layer 12 is desirably formed in particular.

The magnetic undercoat layer 12 may be cdmposed of a
soft magnetic material film composed of one kina of soft
magnetic material and may be composed of a soft magnetic
material laminated film composed of two or more kinds of
soft magnetic materials. As a component material for the
magnetic undercoat layer 12, én NiFe alloy, an NiFeCo alloy,
an alloy whose resistance is made higher by adding such an
additive element as Ti, V, Cr, Mn, Zn, Nb, Mo, Tc, Hf, Ta,
W, Re or the 1ike‘to these soft magnetic alloys, an alloy
made amorphous by adding the same additive elements as

described above to Co, for example, an émorphous CoNbZr



eanginent, since an effect of inprovenent in filmaquality by the netallic
bxfer |ayer 4 can be sufficiently obtained and deterioration of a '
pagnet oresi stance effect caused by thernmal diffusion can be suppressed, it
is possible to attain a high perfornaﬂge and furthernore inprove a therm
stabilitglloy andNeke, lakeephndbeeméntoonedpl ementing the second
magnet or esi stance effect elenent (MR elenent) of the invention is
described in The féstwinagnetic lapey. 12compasedcet ohalamiraEredrEsHBwi ng -
conposition of the main part _of an_enbodi nent of {he second elenent. In
Fig. 2, péfshenéermompeneticslayerr it ﬁﬁﬁn%tm%g?%§%$,u?gkﬁﬁﬁaggi?¥eﬁ second

magnetic | ayer, and i ddl on- i is i
thgse fiﬂgt{gn&rggegggngo t%agoghgagggéégagkggfé fa&ér'fi%@%?ﬁ@%ng fgeen

| ayers 1 and 2. These gneti.c layers_1 apd 2 | am L1 f

$ﬁ2-??$ngH§aF§F§1%?tﬁg%tmﬁgfﬁﬁ n§8ﬁBPEHe ?ca%égég}%grr%g%g§%§€c{%ozkfing.
. _nmagnet.i,c I ese. 2 1
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| ayer 12 ( various soft magnetic materials. Anong themthe
ferromagR@idaG nl @y Yrebk MR @haayer rh@ibQNt AhULe iS5 desigbEéOotosmakaence

effect and the magnetic undercoat layer 12 is a layer to inprove the

f er r omaggire® 13y alaghktiitaddfit an exchange coupling between the
ferromagnétic layer 11 and the magnetic undercoat layer 12
and make them act.as one body in magnetization when seen in
the film thickness direction. This firs£ magnetic layer 1
is a magnetic layer whbse magnetization is rotated by an
external magnetic field such as a signal magnetic field or
the like, what is called a free mégnetic layer.

And an atomic-diffusion barrier layer 5 is formed in
the interface between the ferromagnetic layer 11 and the
magnetic undercoat layer 12, and this suppresses thermal
diffusion between the ferromagnetic layer 11 and the
magnetic undercoat 1ayer 12 in heat treatment. That is to
say, by forming an atomic-diffusion barrier layer 5, it is
possible to suppress deterioration of a magnetoresistance
effect caused by thermal diffusion and an MR element is
improved in thermal stability. Although.the
atomic~-diffusion barrier layer 5 needs to be thermally
stable and suppress an atomic cross-diffusion between the
ferromagnetic layer 11 and the magnetic undercoat layer 12,

since a magnetic coupling between the ferromagnetic layer 11



magnetic property. Here, since anong said ferromagnetic materials,
particularly it is difficult for such, ferromagnetic materials containing
Co as Co or a Co-based alloy to attain a good soft-magnetic property by

t hensel ves al one, they -are materials1 or which a magnetic undercoat | ayer

12 is deghhakhy hagmRdicnupakkteHtalayer 12 T9ecHBISEE i whemdeE cpgt |ayer 12
may be conposed of "a soft magnetic naterial filmconposed of one kind of

soft nmageet khidkt elhiitalisagdsizgbhe eonperediofad sRin 4ARgPedsthlant eri al
| am nated fil mconposed of two or nore kinds of soft magnetic materials.
As a conmmdnditn eRtrangel whetet hebadagneéluenveddseoahot ayeppd?, upon Nate
alloy, an Ni FeCo alloy, an alloy whose resistance is made hi gher by addi ng
such an edddicti & suppeessisgTap ¥to®ic dhos@rdifbusion . TcThe¥efdre, W Re
or the like to these soft magnetic_alloys, an alloy nade anorphous by
addi ng t kbesaverags thickaesfenfsthe atenerrdbifapbor PRrTieT f AYRRanpl e,
an anor phoys CoNbZr - 16 all oy and the
li ke canZbdSnméh Gfed MO leffe HPFEVORaghtRFR ?afRPCHiRp®sR of a
| am nated fil.m of. the ferromagnetic,l ayer 11 and magpet | ¢, under coat
ayer 15 PRLAALTFETIED PRAE TERe P oRPERRIRETTES| W0%) 11 HByEHe in  cont act
Wi th thef;ddl g nqR- TRARRLLE1LAYRL ¢ 3cpél é@gk‘&l@e!%h%éﬁ%é@é 8%"‘?{&. limted to
this arrangedent, such an arrangenent as destribed above 1's desirable in
order toatQhidi-AiF fis8@h WBrehardealali §-i4n¢. stnhSofenérabl e to make
A material for the atomic-diffusion barrier layer 5 is

the same as described in the first embodiment and in the

same way as the first embodiment, a self-oxide film, a

surface oxide film, a passive film and the like which are

particularly easy to form and excellent in suppression of

atomic diffusion are preferably used. A method for forming

such an atomic-diffusion barrier layer 5 is also the same as

described in the first embodiment.

A compound forming the atomic-diffusion barrier layer 5

does not have to have a.stoichiometrically accurate

composition and does not have to have a neat crystal

lattice, but may be in an amorphous state. Furthermore, the

atomic-diffusion barrier layer 5 does not have to uniformly

cover the surface of the metallic buffer layer 4 but may

cover it in a discontinuous state such as a state where

pinholes are formed or where an oxide, a nitride, a cabide,

a boride, a fluoride or the like is formed in the shape of

islands. It is possible to obtain a better effect of

improvement in film quality of the férromagnetic layer 11



directly magnetically an exchange coupling between the ferromagnetic |ayer
13—and the magnetic undercoat |ayer 12 and nmake them act as one body in
fragneti zati on when seen in the filmthickness direction. This first
magnetic layer 1 is a magnetic |ayer ose magneti zation is rotated by an

ext er nal ygagpebbetbi-ehdgseeic asowp BB rag atirsd ntlghetic tiheydst ke, what
Is called a free magnetic | ayer. And an atom c-diffusion barrier

| ayer 5 bg fermeflgi it LheaidiscdmceniaisvesrattehetHegr tymefmeting |&yein 11 and-
the magnetic undercoat |ayer 12, and this suppresses thermal diffusion
bet ween aheoheinaooagnetatel ayer 11 and the nagnetic undercoat |ayer 12 in
heat treatnent. That is to say, by form ng an atom c-diffusion barrier
layer 5, it iBarpdsulprdytolnuppiessteldieer Tl igh attly MadidRess st ance
ef fect caused by thermal djffusion and an NR el enent | I mproved in

t her mal SPHBLLNgybererBuihet FRrrAMIFRLLLS f]ﬁ}é‘?’br%]ba?rr}‘feﬁhe? FRI Heeds to
be thernall stable and_suppress an atomc cross-diffusi en the
ferromagHBfléEcPaffe a¥fraﬂ1§'tﬂé ﬂg%?}r@%r%r%ooaﬁoﬁdla le‘?esjllig&é)@%ér,l%e a
magneti c_coupling between t fer t] : '
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i nfl uence does not happen upon an effect of suppressing an atomc
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barrier |ayer
coupling between the ferromagnetic layer 11 and the magnetic
undercoat layer 12, it is preferable also to form the
atomic-diffusion barrier layer 5 out of a ferromagnetic
material or an antiferromagnetic material. As a
ferrqmagnetic material for forming the atomic-diffusion
barrier 1ayér 5, spinel ferrite,'FexN and the like are
mentioned, and as an antiferromagnetic material for forming
the atomic-diffusion barrier layer 5, NiO, MnxN, CoO and the
like are mentioned.

The second magnetic layer 2 is what is called a pin
magnetic layer whose magnetization is fixed by applying a
bias magnetic field by means of an antiferromagnetic layer 6
or a hard magnetic layer in the same way as said first
embodiment. The second magnetic layér 2 and the
antiferromagnetic layer 6 are composed in the same way as
said first embodiment, and the middle non-magnetic layer 3
is also the same as the first embodiment.

An orthogonal annealing process or an annealing process

for improvement in crystallinity is applied to the first:



5 is set at 2 nmor |ess.. However, since a function as an atom c-diffusian
barrier is deteriorated when it is too thin, it is preferable that the
average thickness of the atomc-diffusion barrier layer 5is 0.5 nmor
nore.. A material for the atom c-diffusion barrier layer 5is the

sane.as GRsfidtird laydha fainastchanhedbﬁar’ri%agﬁdtha 1 B9erSsa@nBnWdheasakmde first
enbodi nent, a self-oxide film a surface oxide film a passive film and
the |ike wiy s ahe gadid ifdwsar eybediyeha . f'oanmaadiagc ebhdit ionss wffpr essi on
of atomc diffusion are preferably used. A nethod for formng such an

at oni c- ditffass @redhd eanieapesr desicgibkedoinhgheafirags enbodimead .in t he
first enbodi nent. A conmpound form ng _the atom c-diffusion barrier

| ayer 5 does MdPinvalve H&Vén&t@@oﬁéﬂp‘o&ét LBc&Pmpogedurit &heconpositi on
and does not have to have a neat crystal |attice, but rravy [

;b
anor phou@RYVE e anGd HGYEeTrsyh@ndaiBnfB- ¥Rt PEEMER to RIF] éfiel‘eja%?’g'rt?’g does
not have to uniformX’ cover the s rfaie h the metallic buffer .| ayer 4 but
my covedtiGht . PRI _sac]ﬁ’ﬁt ﬁ'ﬁﬂ‘_d‘t??_t atd ?ug_ a8t a'€ MREPetLs ffol es are
for med Ordi%ecfﬁ.oq{‘ﬂ?“t‘;% 3 % t%gﬁetgccigﬁ(g% 1 isbgrgltg‘%edab dgride or the
e s sl ands.

like is formed in apeo i's pOSsible To obtain a better

ef f ect Ofgxd JHHAV i fildTadudlinky ik hgnbeizemRoRGHettidnelorll ,
18 and a%etter magriet i ¢ coupl 1 ng ofl the first nagnetic layer 1 by form ng
it in a difeYdddiPyagiaatie hhgR Dy fiar #ikadit al hagnetoresistance

effect is obtained by that the relative angle between the

magnetizing directions of the two magnetic layers 1 and 2

which are disposed so as to have the middle non-magnetic

-layér 3 interposed between them is changed.

In an MR element of the embodiment, since an
atomic-diffusion barrier layer 5 composed of an oxide, a
nitride, a carbide, a boride, a fluoride or the like is
formed in the interface between the first magnetic layer 11
and the magnetic undércoat layer 12, it is possible to
stably suppress atomic cross-diffusion between the first
magnetic lafer 11 and the magnetic undercoat layer 12 when
applying an orthogonal annealing prodess as described above
or an annealing process for improvement in crystallinity.

And a good effect of giving a soft magnetic property to the
.ferromagnetic layer 11 by means of the magnetic undercoat

layer 12 can be obtained, since a magnetic coupling between
the ferromagnetic layer 11 and the magnetic undercoat layer

12 is not deteriorated. According to an MR element of the

above embodiment, since an effect of giving a soft magnetic



a continuous state. Particularly, 'in order to keep sufficiently a
magtieti ¢ coupling between the ferromagnetic |ayer 11 and the nmgnetic
undercoat layer 12, it is preferable to positively reduce the area covered
wi th a conpound as descri bed above ggﬂ form the atom c-diffusion barrier

| ayer 5 biropedtit§C @bt kRBOerrohagfet fodlapesr UErbiyomkany 68f theiently a
magnetic coupling between the ferronmagnetic |ayer 11 and the magnetic
under’coamagageicl2ndetrcbatpleyerabRecahsbet suf bigiehelyaobhainddf Audi on
barrier layer 5 out of a ferronmagnetic material or an antiferromagnetic
mat er i al deaeraorbgioonadnet nsgnetereaistancecefifagtt pauaednby- di f f usi on
barrier layer 5, spinel ferrite, FexN and the |like are nentioned, and as
an anti f éhesradnadiféugaear can per sepPrEeA§edy hétalsnPesaibiasten barrier

| ayer 5, Ni O, MixN, CoO and the Iikg are nentioned. The secgnd
magnet i c3t&fdn 2 hdafhReriorpanreqand pf RrthgghereclMpyeyewAosherma
nagnetiza%% n L% fixed by applying a bias magnetic field by neans of an
antiferr8 &fig'layer 6 or a hard magnetic layer in the same: way as said
first enbodinment. The second nmagnetic |layer 2 and the antiferronagnetic

| ayer 6 are conposed in the sane way as said first enbodi nent, and the

m ddl e neRnERARGREhEshayer 3 is also the same as the first enmbodiment.

An orthogonal anneali'ng process or an annealing process for inprovenent in

crystal l'i ni tyNext3dpRbhegete bRBollifEhts of the present invention are
described in the following.
(Embodiment 1)

First, as the magnetic undercoat layer 12, an amorphous
CoNbZr alloy film of 10 nm in thickness and an NiFe alloy
film of 2 nm in thickness were formed one after another on a
thermally oxidized Si substrate by means of a sputtering
method. Here, the NiFe.alloy film acts also as a metallic
buffer layer 4.

After said-NiFe alloy film was formed, the surface of
it was once exposedlto the air, and a passive film was
formed as an atomic-diffusion barrier layer on the NiFe

- alloy film. Examining the state of this passive film by
means of a sectional TEM, the average thickness of it was
about 1 nm and its formed state was discontinuous in the
shape of islands.

Next, a spin valve laminated film 13 (7) was made by
forming one after another a CogFe;; alloy film of 3 nm in
thickness as a ferromagnetic layer 11, a Cu film of 3 nm in

thickness as a middle non-magnetic layer 3, a CogFe;, alloy



19 magnetic layer 1 and the second magnetic layer 2 in the sane way as the
said first enbodi ment. Anneal ing conditions of these are the sane as
described in the first enbodi nent. A spin valve lamnated film13 is
conposed of the above-nentioned Iayggs, and in an MR el enent provided with
such a s@ilwafve Immimattdd ckinesslas “ai seeohdemaggetticzilagerdi2reani on of
the first magnetic layer 1 is rotated by an external magnetic field while
t he magnetnMn rgllaiyr ddtlinofofl0 nive izetbidknmegsetscahayer 2 is fixed, a
magnet oresi stance effect is obtained by that the relative angle between
the nmagrdtiiferyranagnatiishdagyen fe eRE Aadpefidm gfebsni 4Rd 2 which are
di sposed so as to have the m ddl e non-nmagnetic _layer 3 interposed between
themis diHifjerpss as a profecirvel dA¥RE the SiE6datdRY, fdilfc@Man

at om c-di f.f usi on rrier layer 5_cqnposed.of an oxide, a nitride, a

o bl do. WPIRR FHETALS B, FARRIVS: SO PABBRE™ FORIER -t n t ho | nterface
between the fig st IAGNSILE HaRYEr L1, BRHCLOECIRANELLG,1A0S! gaabl ayer 12,

it is possible Yy suppress atom ¢ cross-di on between the first

magnet | ¢ dasivekl ikh Wi FARHLC (HOLRLIAAL haBial Jathen1apRRlxbRO an

ort hogonal anneal ing proce scri above “or an anneal i1 ng process

for inpraaneriad ade/ StaldheNishhe wijdag @fedecpbbaGenf ai vikbgpt soft
magnetic property to the ferromagnetic |layer 11 by means of the magnetic

under coatthdtaydrl the @il okirdi kefsetiund@ed yEghaiedc insude ag vhetmmen t he

ferromagnetic layer 11 and the magneti c undercoat |ayer 12 is not

det eri or athethbefr carthiony: texpas il ehensoirfakcet bd the NiFe alloy film
after it was formed. In the spin valve laminated film of
the comparative example, an atomic-diffusion barrier layer
is not formed in the interface between the NiFe alloy film
and the CoyFe;o alloy film.

The respective spin valve laminated films according to

the embodiment 1 and comparative example 1 were patterned
.and then annealed at 523K. The MR change ratios of the
respective MR elements obtained in such a way were measured.
The MR change ratios were measured respectively after
annealing of 2 hours, after annealing of 10 hours, after
annealing of 50 hours, and after annealing of 100 hours, and
from the result of these measurements the MR element
aécording to the embodiment and the MR element according to
the comparative example were compared with each other in
thermal stability. Tablé 1 shows the result of measurement

of the MR change ratios after the lapse of the respective

annealing hours.



ahove enbodi nent, since an effect of giving a soft magnetic

20~pgioperty to the ferromagnetic layer 11 by means of the magnetic
undercoat |ayer 12 can be sufficiently obtained and deterioration of a
magnet or esi stance effect caused by thernal diffusion can be suppressed, it
I's possible to attain a high perfngBpégland furthernore i nprove a thernal
stability. ( Enbodi nent s) Next, concrete enbodi nents of the present
invention are described in tirR Enhhewi pgtio( odi nent 1) First, as

t he magndtTc undercoat | , filmof 10 nm
in thickne®sneabing Ni HeCalloy fill#n of R1Am in 3hi ckpé88 wikre fornmed one
after anqgthEre obth@urs her (2% 198PR) di zed S| substirate by nmeang of a -

sputt eri MopnPEs Rdne Herleg she N Fg @l oy %hbnyaq;g)alsg’gs‘# metal lic
vy

buffer | gyer—%: ter—sard—HrFe—=t Ftmrwas—formed] the surface of
it was orjceomppozeiveo thedair, andéal papsSi-9e f{idm was4.Porfred as an

atonic-dif¢&@mbhebhrriér | ayer _onjthe NiFe allloy fil Exalyi ning the state
of this passive filmby neans of a sectional TEM the average thickness of

it was about.1 nmand its fornmed state was discontinuous in the shape of
I sl ands. As known from Table 1, in the comparative example

having no atomic-diffusion barrier layer formed in the
interface between the NiFe alloy. film and the CoyFe; alloj_
film due to the consecutive film forming, although the MR
change ratio immediately after the film forming is as
comparativély good as 6.9 %, the MR change ratio is aBruptly
decreased after annealing of 2 hours. And after that, the
MR change ratio continues to decrease with the lapse of
annealing time and the MR change ratio has decreased to 4.9
% after annealing of 100 hours.. The reason is thought that
since there is not a barrier layer to suppress atomic
diffusion in the interface betweeﬁ the NiFe alloy film and
the CogFe, alloy film, atomic cross-diffusion has
progressed between the layers due to the annealing, and the
MR change ratio has been decreased by this. In such a way,
the MR element of the comparative example 1 was poor in
thermal stability (heat resistance).

On the other hand, in the embodiment 1 having an
atomic-diffusion barrier layer formed in the interface
between the NiFe alloy film and the CogFe ), alloy film by
exposing once the NiFe élloy film to the air after forming

it, although the MR change ratio immediately after the film



Next, a spin valve lamnated film 13 (7) was nade by form ng one after
another a Co[err]Fe[err] alloy filmof 3 nmin thickness as a
ferromagnetic layer 11, a Cu filmof 3 nmin thickness as a mddle
non- magnetic |layer 3, a Oo[err]Fe[Qgrr] al | oy

21 film ebrRifAg Wast NbwkpesRaaStReSeonparatgnet éxahpye; €heaMR |rMh al | oy
filmof 10 nmin thickness as an antiferromagnetic layer 6, and a Ta film

of 5 nm chantbi ekBesSrased p008e0t%veftayeanmaalmtyl\bﬁe2ah¢@ysfi | Bhen

whose surface a passive filmhad been forned. On the ot her hand as a-
conparatreasenamplehmugbtbehatonbarédhqmrhanh%ab¥@§eﬁ¥°¢ﬁ§§n%mBH°V§ spin
valve lamnated filmwas nmade in the sane way as the enbodi ment 1 except
that al | threrespestiweelagasecini ger§tadlipitynandeti®vacuum chanber

w t hout exposing the surface of the NiFe alloy film ter f d.
In the spitAM& éfﬁaﬁ#ﬁatéarrﬁﬁﬁ16PYth§uEBHﬁéﬁﬁ?u98°@k8n6+£%“§ﬁ8n o

N P ol | & ERemingaatene BRLEPPIFEPS MLFE| ogo¥| Fien ARAERBCEopRBIFRD (Ne
n I I d fil d
Z:X’AFEYZ‘ ARPA Si%n?% a'@?T%aﬁﬁ‘é?«ﬁehﬂaﬁnﬁafeeﬁﬁaeﬁ%%%'ﬁ”‘%%mﬁg éﬁgzai ot o
o] e respect b
eF%@ﬁgé%agFgmﬁgg "4 3 nd°LELR ?9 hpf§H§?oﬁ %ﬁytﬂ@f§n€5§?uae The

MR changg respectrve anneal ing o hour s,
af ter an@@%ﬁé@% Q%e %1@%“a§10§fkgﬁm and the CogFe,, alloy film is

suppresse& even after annealing for a furthermore long time.
In such a way, the MR element of the embodiment 1 was
excellent in thermal stability (heat resistance).
(Embodimeni 2) |

First, as the magnetic undercoat layer 12, an amoxrphous
CoNbZr alloy film of 10 nm in thickness and an NiFe alloy
film of 2 nm in thickness wefe formed one after another on a
thermally oxidized Si substrate by means of a plasma mefhod.
Hefe, the NiFe alloy film acts also as a metallic buffer
layer 4.

After the NiFe alloy film was formed, the plasma was
once extinguished and an argon gas having 20 % oxygen mixed
in it was introduced into a vacuum chamber, and an oxide
film was formed as an atomic-diffusion barrier layer on the
surface of the NiFe alloy film. At this time, the surface
oxide film was changed in thickness by controlling the time
and pressure of introducing the mixed gas of oxygen and
argon. The average thicknesses of the obtained surface

oxide films were as shown in the following Table 2. The



anneallng of 50 hours, and after annealing of 100 hours, and fromthe
resul't of these neasurenents the MR el ement according to the enbodi nent
and the MR el enent according to the conparative exanple were conpared with
each other in thermal stability. Table 1 shows the result of measurenent
of the N'%&rﬁ?d‘ﬂ@ti\?é'ék&r@élérz tlme ﬂr@&%ﬁﬁe tHags L SREMdAE oxaeai ;g hours.
22 Tab MR change ratio
(N Anneadimg a tkickness oxﬂ:s:.de te scdpe of MMe grewer(thours (as depo)
Enbodi nent 1 6.2 8.0 80 8.0 80 Conparative 6.9 6.1
5.9 5. dinven®iomexanple 1 As known from Table 1, in the conparative
exanple having no atomc-diffusion barrier layer fornmed in the interface
between the NiFe alloy filmand the Co[err]Fe[err] alloy filmdue to the
consecutive filmform ng, although AP1RR2 change ratio immediately after
the film 9 MR change ratio is
abruptly | decreased aft qgalln of 2 1c nes@n% fte that, the M
change rdtio continues tgnﬁgig a%% 2899 10! nu)" eallng time and
” ng of 100 hours.

the MR c ge ratto—hastaect cabq. "LU L chl allﬂcal
The reasdnEmbodhmeght 2t hat 1si n¢e there |soui a barrier |l ayer to suppress

atomc - diffusion in the in&erfdce bet ween t@g Ni Fe alloy filmand
3 ' 1.0
Comparative 4 3.0

example 2

Thickness of a surface oxide film shown in Table 2 is
an average thickness, and the oxide film having that
thickness is not always uniformly formed. Thereupon,'sample
No.l of the embodimént 2 whose surface oxide film has an
average thickness of 0.3 nm has compératively many pinholes
in the surface oxide film.

Next, a spin valve laminated film 13 (7) was made by
forming one after anofher a CogFep alloy film of 3 nm in
thickness as a ferromagnetic layer 11, a Cu film of 3 nm in
thickness as a middle non-magnetic layer 3, a CogFe,, alloy
film of 2 nm in thickness as a second magnetic layer 2, an
IrMn alloy film of 8 nm in thickness an antiferromagnetic
layer 6, and a Ta film of 5 nm in thickness as a protective
film on the NiFe alloy film on whose surface an oxide film
(passive film) had been formed.

The respective spin valve laminated films according to

the embodiment 2 and comparative example 2 were patterned



the Co[err]Fe[err] alloy film atomc cross-diffusion has progressed
bet«een the | ayers due to the annealing, and the MR change ratio has been
decreased by this. In such a way, the MR elenent of the conparative
exanple 1 was poor in thermal stabi]lity (heat resistance). On the
ot her hagdd kRehh8nfBR2diaNBEt 523Ra¥6HY2aR0uds 0N Chei MRushangbaratees! ayer
formed in the interface between the NFe alloy filmand the Co[err]Fe[err]
alloy fibf bye exppecigvenur themdhEs abtaynédl int sutheaawayaweee form ng
it, although the MR change ratio imediately after the film
23 for m ngasazedoweesphativhdycoipruediatvelyxafper, theefVRn Ehzmgadratio
rised to 8.0 %after annealing of 2 hours. The reason is thought that the
2- hour annéahﬁmqrpﬁaaéséihgppgvédhovﬁéore?ﬁbé?i9e5b8V§r§thr8?V§FaPﬁinity
and the atom c-diffusion barrier |ayer suppressed atomc diffusion in the
i nt er f ac®eBELKEBRNEHQENEPESE | oy filmand the Co[err]Fe[err] alloy film
It is known that the MR change ratio is not decreased from8.0 % and
atomc diffusion in the interface between the NiFe alloy filmand the
Co[err]Fe[err] alloy filmis suppressed gven after annealing for a
gt 2 2 & re—iR=—elerent—=t =Tdinent 1
Nt 2)
2, an _anor pnpus__ CoNbZr @l l oy film

furthernE££= B R—geh—g—at——the—MR-—ala o=t
was excgl | gnbanglet Navemige stiakihédsy |( heatMr efiaiqnatio (@podi
‘First, a§ tlenum@re] of airdefaeat | ay

of 10 nnfli n |t hi cknefsxided £4Im Kne al |wédiately after | After 2-hour
the film forming annealing
Embodiment 2
1 0.3 5.8 6.2
2 0.5 6.1 7.0
3 1.0 6.0 8.2
Comparative example 2

4 3.0 ' 5.0 5.2

In any MR element acco;ding to the embodiment 2, its MR
change ratio rised after annealing of 2 hours, and an effect
of an atomic-diffusion bérrier layer composed of a surface
oxide film was confirmed. - However, although in a sample
wﬁose surface oxide film is thin in thicknesé its MR change
ratio did not rise so greatly and it is assumed that atomic
cross~-diffusion has happened in some degree, in a sample
.whose surface oxide film is 1 nm in thickness a good MR
change ratio has been obtained.

On the other hand, in an MR element according fo the
comparative example 2, although its MR change ratio rised in
some degree after annealing of 2 hours, the initial MR

change ratio (immediately after the film forming) is small



filmof 2 nmin thickness were fornmed one aft'er another on a thermally
oxX-di zed Si substrate by neans of a plasma nethod. Here, the N Fe alloy
filmacts also as a netallic buffer |ayer 4. After the Ni Fe all oy
filmwas formed, the plasma was once étinguished and an argon gas havi ng
20 % oxygaA &exadresulti & gasfﬁnﬁendumagchangearaaiuuhashaqbebeeand an

oxi de filmwas formed as an atom c-diffusion barrier |ayer on the
surface obthhaeeN.FeThel apabohmisAthphgbtt thet aneeffiefFscet thRide fil m was
changed in thickness by controlling the tine and_pressure of ihtrgducing
tBe i xgmagwtmc urggaoatd laygrgend the metradect RnEkREsdeyess CPHE
obtained surface. oxide filnms were as _shown in the foll ow, Table 2. The
24 conpaf@ti P& epiairedz dug tReat 8P thaskasyy P§8e°5%98e¥%ﬂﬂnl gﬁsing a
Tabl o 2 since s surticlehl e orfeRERETBN chiibdonge ke obtained and

nmb f Xj I, ' .
gu er %u%a%%%¢§£%%%ﬁglugb(QQ¥h1Eggggﬁgggggﬁvgndércgat layer‘wag'33 0

exampl € fue off, 11t ARTY fhofetit! BeBoRx e yhE! HetB2BrbRebabhe 3tks an
ge thickneds,” and the oxide fi m havi g that
coercive force Hc was 3 Oe.

According to the invention as described above, since
thermal diffusion between a metallic buffer layer and a
magnetic layer or between a magnetic undercoat layer and a
ferromagnetic layer can be suppressed, a magnetoresistance
effect element which is high in performance and excellent in
thermal stability can be provided.

In the magnetoresistance effect element of the present
invention, a-pair of lead electrodes which supply a sense
current to the element are formed to be connected to the
element. The structure of these lead electrodes and the
connecting method thereof and the like can be realized by
selecting any of known arts depending on the used
'magnetoresistance effect. For example, when the
magnetoresistance effect elemént is used as a spin valve GMR
element which mainly uses spin scattering at the interfaces
between magnetic layers composed of a pinned layer and a
free layer and nonmagnetic intermediate layer interposed
between the pinned layer and the free layer, the lead
electrodes are pfovided at the both side ends of the element

to form electrical connections and thereby a sense current



thickness is not always uniformy formed. Thereupon, sanple No.1l of the
enbedi nent 2 whose surface oxide filmhas an average thickness of 0.3 nm
has conparatively many pinholes in the surface oxide film Next, a
spin valve lamnated film 13 (7) s -made by form ng one after another a
Col[ er r] Fellekis] peldpendficulaef t3 antunfathi ckneashalageferrOompgfieri c | ayer
11, a Cu filmof 3 nmin thickness as a mddle non-magnetic |ayer 3, a
Co[ er r ] FexamplLea! ltay £flbowW @ derzomagnetihi tknesed avrzestctadthaghayes | ayer
2, an Irwh alloy filmof 8 nmin thickness an antiferronagnetic _ |ayer 6,
and a Tadfiremtdfons ofmeagh: Bayemes $has 1aagr sdeetrodess prem BRoVvAdesi #E al | oy
filmon whose surface an oxide film (passive film had been forned.

The respdds vwores Furfiere pad theedoVRENELEER6RIPHgRE SLRBSBbhoBF nent 2
and conparative exanple 2 were patter t hen_anneal ed at

-ned . 25
5§§K_foatéehéﬁﬁfzeﬂﬁ€tﬁﬁd@ﬁaﬁ§@ P&Pyggg-BP Fﬁ@hﬁﬁsﬁgggp$euﬁﬁeglenents
obtai ned in _such a , ti.vely, i di
CE1 m £ or ks 2t ah he Tefexl B3 TP, RALPE. orERrE gECRRG.BPER pREEMT o

measur e t, Of e. Table 3 Sanpl e
Average_nfég‘ldc r?éég:%se mg:eﬁlécrige ratio (% nunber of a surface
oxide film (NPhen dHERHRHRIOEA%ancl b8Feéth@Uement! BE them form ng
anneal i ng Enbodi ment 2

present invention is used as the spin valve GMR element, the
lead electrodes may be formed by iaminating with a hard
magnetic film. This hard magnetic film can suppress the
occurrence of magnetic domain in the free layer, and
provides a longitudinal bias to the free layer. The above--
mentioned longitudinal bias can be allowed by adjacently
forming above the both side ends of at least the free layer
of the magnetoresistance element. Further, it may be
possible by laminating the hafd magnetic film on the side’
ends of the free layer.

Further, the magnetoresistance effect element of the
present invention as a GMR reproducing head can be unitarily
formed with a magnetic recording head. The magnetic
recording head has at least a pair of magnetic poles, a
magnetic gap which separates the pair of magnetic poles at a
plane facing the medium, and a coil for supplying an
electric current field. The GMR head and the magnetic
recording head are laminated on the substrate in order. 1In
case of recording/reproducing separate type head, at least

either of the pair of magnetic poles can be used as a



1. 0.3 5.8 6.2 2 0.5

6.+ 7.0 3 - 1.0 6.0 8.2

Conpar ati ve exanple 2 4 3.0° 5.0 5.2

In any MR el-ement according to the enbodinent 2, its MR change ratio rised

after anpRndid Ofsed 1RAUNSY e%”@:fa'%h‘%‘efcﬁﬁ% held .aN FARE dishf WSisen Jzarri er
| ayer conposed of a surface oxide filmwas confirned. However, al t hough in

a sanpl e ratRRe nyl/ifedr®duUitRy i itypgdinkad) hinkigirtid tpmu?ocfham@e

ratio did not rise so greatly and it is assuned that atom c

cr oss- di ffatsireiintphdaappancdd mssthasiegrepridud mayke ofhade OMF ace
oxide filmis 1 nmin thickness a good MR change rati o has been obtai ned.
On the othead.harfthe imagaretiR eslisrhemcea eddeditn @ ltemerntie o fc dipapateiseatexanpl e
2, although its MR change ratio rised in sonme degree after annealing of 2
hours, tH@viestion 9@ behawgaetdcad Iy wemdiimes yidi dhe mepmodwciad ng) is

snmal | 26 and as a result a sufficient
MR changé’Orkz%i o has not been obtained. -The reason is thought that an
effect of the ti c, under coat Ia er. and t.he alllc. buf f er er could
not be obt ai né['&1 e%[et?da r%drémi PFc &S r‘ije YmUSARg the, é‘é‘

sufficie E.fcc orientation could not be obtained and a nagnetic coupling
with the nagnetlc undercoat layer was cut off, - its soft magnetic property
was deteriorated and its coercive force Hc was 3 Ce. According to
the invention as described above, since



thermal diffusion between a netallic buffer layer and a magnetic |ayer or
betwween a nmagnetic undercoat |ayer and a ferromagnetic |ayer can be
suppressed, a magnetoresistance effect el enent—whi-ch—s—high—mn

performance and excellent in therngg stability In

t he magneiresisstaancaey fiect el enment? of the pres ml! ]'Igm Eﬂ pair of

| ead el ectrodes which supply a sense current to orned to
be connected to the elenent. The structure of these | ead el ectrodes and
the connecting nmethod thereof and the |ike can be realized sel ecting
any of known drts d%pmmla@mnmmcefﬁmal@mtstmd@ge@tth For
exanpl e, when the nagnetoresistance effect elenment is used as a spin valve
GW\R elenent\ﬂﬂ&ﬂiﬂﬂHQﬂﬁﬁlﬁ#&ﬂfﬂﬂqmﬁﬁ%ﬂ%ﬁgﬂng at the |nterfaces bet ween
magnetic | ayers conposed of a plnned | ayer_and a fr 1 ayer

nonnmagneti ¢ i rft driesh Magnelis Lanedr foydred lﬂé’t\ﬁeé‘??ftﬁg rymbfbfaqrayer and the
free Iayejt the lead electrodes are provided at the both side ends of the
el ement t&¥%ormel ectrical connections and thereby a sense current

27 fl ows perpendic %%Jﬁﬁgﬁnﬁrgtaicef lﬁcpqu__r@/;o anple, to
e

flow a ferronﬁbﬁ& ayer dlrec{lon each | ayer,

the | ead I ded at the upper surface and the | ower
Or@ﬁé{lﬁdefaﬁxe pa[rf&’

surface the | ead el ectrodes are provide on either of
the upper 3 gecond magnetic layer formed on said middle

non—magnefic layer,

wherein an atomic-diffusion barrier layer whose average
thickness is 2 nm-or less is formed in the interface between
said metallic buffer layer and said first magnetic layef.

2. A magnetoresistance effect element“as defined in
claim 1, wherein said metallic buffer layer is composed of
metal having an fcc cryétal structure and said first
magnetic layer is composed of a fgrromagnetic material
containing Co. |

3. A magnetoresistance effect element as defined in
claim 1, wherein; said atomic-diffusion barrier layer is
composed of at least one kind of material selected from
groups of oxides, nitrides, carbides, borides, and
fluorides.

4. A magnetoresistance effect element as defined in )
claim 1, wherein pinholes are formed in said
atomic-diffusion barrier layer;

5. A magnetoresistance effect element as defined in

claim 4, wherein
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surface and the | ower surface and on either of the j f the
el\erfent . When t he nmagnet or esi st ance .ef fect el eﬂﬁ}“ﬂ@ﬂmﬁﬂﬂaiﬂ%m
knvention is used as the spin valve GWR el enent, thes" S may
be formed by lamnating -wth a hard gnetic film This hard magnetic film
can suppress e avesager ehiekabsengicsadiddatbinici-difiesivaebhayeer and
provides a longitudinal bias to the free layer. The above- nentioned

| ongi t udilaglexbiizs 0c&n nioe oad mowed by adj acently form ng above the both side
ends of at least the free layer of the magnetoresistance el enent. Further,
it may be po$sibl & pagnetorssisgance rifgctugiemeoti pendedingd dnde ends
of the free |ayer. . Further, the magnetoresistance_effect el enent of
the preSdadn ﬁveﬁﬁﬁﬁﬁlasS&lQNRtP@ﬁFaéaégﬁﬁlﬁ@aéa€§ﬁeﬁeléHFFaF?Iy f or med
with a netic .recordi ng head. ,The magnetic _recqQrdi.ng head has at |east a
pair of Ot NHQUS Y orﬁﬁﬂnépiGhﬁaghﬁﬁﬁcﬁfséﬁinpés the pair of
magneti c pol es, at | ane faci.ng _the Lum _and a.caqil [far pplyi ng an
electric curr?ﬁt f%éﬁ%gnfﬁgr@ﬁﬁs gg&eaﬁggﬁﬁg ﬁ§8H8PFcaSr8€§% %ﬁglﬁead are

| am nat eqiand Be_ salslal galia QRdflic-b £ £6338n0bakeq@tdiagkEeREOdUC NG
separate fype héad, at 1east . either of the pai r of magnetic poles can be
used as @omposed of a meRaTB@A@ieC seal ed |ayer of the GWR head. Further,

in case of “recording/reproducing unit type head, a magnetic pole of the
8, A magnetoresistance effect element as defined in

claim 1, wherein said atomic-diffusion barrier layer is
composed of a ferromagnetic material or an antiferromagnetic
material.

9. A magnetoresistance effect element provided with

a spin valve film, comprising:

a first magnetic layer composed of a laminated fiim of
a magnetic undercoat layer and a ferromagnetic layer,

a middle non-magnetic layer formed on said first
magnetic layer; and.

a second magnetic layer formed on séid middle
non-magnetic layer,

wherein an atomic-diffusion barrier layer whose average
thickness is 2 nm or less is formed in the interface between
said magnetic undercoat layer and said ferromagnetic layer.

10. A magnetoresistance effect element as defined in
claim 9, wherein said ferromagnetic layer forming said first
magnetic layer is composed of a ferromagnetic material
containing Co.

11. A magnetoresistance effect element as defined in

This Sheet Has Been Reilaced
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recordi ng head can be used as a reproduci ng yoke of t

nmagnet or esi stance effect el enent of the present mvetﬁllmtimgmﬂml
fmagnetically combined with the reproduci ng yoke. - *Tha@sethe&ad strsucture
can be realized by using the known rts. What is clainmed is:d
29 claim 9/\w@gneimr%@i@tah@miéidéttueieneh@;rtgnplazéngis a
netallic | ayer; a ferromagnetic layer adjacent to said metallic

| ayer; composednafi-ahgheast PRgekind spbsbateriabi gelertedufmeti c | ayer;

a magnetic | ayer _di sposed opn sai.d non-nmagnetic | ayer; and an

2t oni c- (PFPHRS offf bAFLAEE | BYLFLAPE noSetb AT R cPOELRE « (8% ommgnet | ¢ | ayer
and t he tallic layer, and having an average thickness is in the range of
0.3 nmt %oﬁhées' 2. A magnet oresi stance effect el enent as defined

'}” claim 1, X‘@?rek%é@%%tgfééi%i:&nééygff%ét?ir&ﬂéﬁg 9% &@Efﬂeggai’ﬁ ng - an
cc crystal structure and sard ferromagnetic T'ayer contains . _
A magnet of £84 Sh anGRe L] §Chn CAEARALc 2Bn HEkABSE b sgt@i M 1, wherein said

atom c-di ffusion barrier layer 1s”conposed of at |least kind of materi al

?lel ect gdaféﬁirétagfﬂﬁey@ncsaﬁﬁéfn_gay@f; 9¥i ges At bideorear bi de, boride, and
uori ae.

3.

13. A magnetoresistance effect element as defined in
claim 9, wherein pinholes are formed in said
atomic-diffusion barrier layer.

14. A magnetoresisfance effect element as defined in
claim 9, wherein said atomic-diffusion barrier layer is
composed of a ferromagnetic material or an antiferromagnetic

material.
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“average "t hi‘cknessof

from0.5 nmto -2 nm 6. A mangetoresistance effect elenent as
defined in- claim1, wherein said atom c-diffusion barrier |layer is

di scontinuously formed in the shape of islands. =~ o A
magnet or esi st ance effect elenent as defined in claim1, wherein said
atom c-di ffusion barrier |ayer is conposed 30 of a netal oxide.
8. A.magnet or esi stance effect element as defined in claim1, wherein

sai d atFn1c diffusion barrier |ayer is conposed of a ferronmagnetic
mat:erial or an antiferromagnetic material. 9. A magnet or esi st ance
effect el enent, MAGNpFIRESIRJANCE EFI'_ECTaE el %zl c layer: ga first
ferromagnetic Iayer dISpose!L#J-‘ . : DL SCLQaTH c |l ayer;

non-nmagnetic | ayer di sposed on the first ferro netl elot

second f er r omagnetTRINEERITE]ELANGS SHt 9t erJr(?H‘ ovcldq aahc?pf}l

valve film composed of a first magnetic layer formed on a
metallic buffer layer, a middle non-magnetic layer formed on
the first magnetic léyer, and a second magnetic layer formed
on the non-magnetic layer, has an atomic-diffusion barrier
layer whose average thickness is 2 nm-or less formed in the
interface between the-metallic buffer layer and the first
magnetic layer. Or a maénetoresistance effect element
provided with a spin valve film composed of a first magnetic
layer composed of a laminated film of a magnetic undercoat
layer and a ferromagnetic layer, a middle non-magnétic layer
formed on the first magnetic layer, and a second magnetic
layer formed on the middle non-magnetic layer, has an
atomic-diffusion barrier layer whose average thickness is 2
nm or less formed in the interface between the magnetic

undercoat layer and the ferromagnetic¢ layer.

FIGURE 1



atom c-di ffusion barrier |ayer disposed between said first
f erromagneti c | ayer and said nagnetic |ayer, and having an average

thickness in the range of 0.3 nmto 2 nm 10. A magnetoresi stance
effect elenment as defined in claim9, wherein said first ferromagnetic
| ayer contains Co. 11.. A magnetoresistance effect el enent as defined

in claim9, wherein said atom-c-diffusion barrier layer is conposed of at
| east kind of material selected from/the group consisting of oxide,
nitride, carbide, boride, and fluoride. 12. A magnet oresi st ance
effect elenent as defined in claim9, wherein the average thickness of
-said atomc diffusion barrier lay LKEE hf range fromO0.5 nmto 2 nm
13. A magnetoresistance effect el dne $ delined in claim9, wherein

pi nhol es are forned in said atom c-diffusion barrier |ayer. - 14. A
magnet or esi st ance effect elenent as deflned in 31 claim9,
wherein said atom c-diff >E+ of a ferromagnetic

material or an antiferrorn i i B. ngnet,or eJi st ance
effect el enent as defi ned A J } @gnet il ayer is
in contact with the netg ek or esi 4t ance effect
el ement as set forth in pgﬁagnetic | ayer is

in contact with \R\:\ﬂ\;a\\;F\\x
7/////////////»3
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the magnetic |ayer. - A magnet oresi s

conpri si ng: a—tret a!!'egLayer a

adj acent to sal c and an

| ayer di sposed mmmamw aI lic layer an

said atom c- ving an averag n

enough to reduce an at om c-diffusion bet en spi Ihﬁ@ér @ﬁmﬁﬁld
ferromagnetic layer to 2 nm 18. A magnet of €5 §Fancém3¢iechaeg§§pnt,
conpri si ng: a netallic layer; af rronﬁgnetlc | ayer di sposed’

-OF RAGEPY ua?hoéqq

adj acent tg.the. %Efighh%d Layer; and an

| ayer haV|ng p|n and dlsposed between the netallicC

ferromagnetic |ayer. é???ﬁgForésﬂgﬂgﬁEQr8??@5@” CfefilhifCl ¢ 8*$%f$%§%r

conpri si ng: a met ayer rst erronhgn
adj acent to the gehgkglglhaigyer, a non-magnetic |ayer disposed on the
first ferromagnetic |ayer;

REPLACEMENT SHEEJ ferromagneti@ $g9eRdatightentoest sailianetatli$R038geph the
non- magneti c |ayer so that the non-magnetic |ayer is disposed bet ween t he

first a non-magnetic layer disposed on said ferromagnetic layer;

a magnetic layer disposed on seid non-magnetic layer; and

an atomic-diffusion barrier layer disposed between said
ferromagnetic layer and the metallic layer, and having an average
thickness is in the range" of 0.3 nm to 2 nm.

2. A magnetoresistance effect element as defined in
claim 1, wherein said metallic layer is composed of metal having
an fcc crystal structure and said ferromagnetic layer contains
Co. |

3. A magnetoresistance effect element as defined in
claim 1, wherein said atomic-diffusion barrier layer is composed
of at least kind of material selected from the group consisting
of oxide, nitride, carbide, boride, and fluoride.

4, A magnetoresistance effect element as defined in
claim 1, wherein pinholes are formed in said atomic-diffusion
barrier layer.

5. A magnetoresistance effect element as defined in
claim 4, wherein the average thickness of said atomic-diffusion
barrier layer is in the range. from 0.5 nm to 2 nm.

6. A mangetoresistance effect element as defined in
claim 1, wherein said atomic-diffusion barrier layer is
discontinuously formed in the shape of islands.

7. A magnetoresistance effect element as defined in

claim 1, wherein said atomic-dif r is composed

REP‘ﬁCFJ' T
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and second fie g urgyefs; and an insertion |ayer inserted
bet ween the fﬁtﬂﬁ?tggi Fﬁet{ | ayer and the netallic |ayer, and
conprising at}least one natE jal selected fromthe group consi sting of

Ni O CoO [¢rrdNOCE[H N, | and spinel ferrite.

magnet or esi &t gnce effect el nt according to cIa|n11 re|n t he

I nsertion I%yer has” an averag t hi ckness30in the range ﬂ!ﬁ&l ' Hlﬂmnn
21. A magnétaresi.stance effett el ement accordlng to t he
nmetallic layer is a non-nagnetic |ayer. A nagnetore3|stance
effect el eggnty §q@ndigagd 40 claim 19, wherein the metallic layer is a
ferromagnetic |ayer. 23. A magnetoresi stance effect el enent

conpri si ng: 8. a MRl ahbhetb#¥8istance effeEtréieﬁQPEoggg Ekifieh YR

adj acent to the metal lic | ayer; a non-magnetic layer -di sposed on the

first ferroradmel} ohd@eiai said atomBeSELLREs S RATRARA 1 8yb AV BhpBeggd On
the non-nmagnetic |ayer so that the non-magnetic | ayer is” di sposed between

the first ofnéd Fecwothabtietdeagatierdallayer an andiferromagheti&embicepibhdyer

i nserted between the first ferromagnetic |ayer and the netallic |ayer,
wherei n the insePfti on Raypegnebopesiestantel efifecbnelerknt} edomprbsihge group
consisting of oxide, nitride, carbide, boride, and fluoride, forned in a
conti nuous statea magnetlz4laYArWBgnetore5|stance ef fect el ement according

to REPLACEMENT SHEET
a first ferromagnetic layer disposed adjacent to said

magnetic layer;

a non—magnetic layer disposed on the first ferromagnetic
layer;

a second ferromagnetic layer disposed on the non-magnetic
layer; and

an atomic-diffusion barrier layer disposed between said
first ferromagnetic layer and said magnetic layer, and having an
average thickness in the range of 0.3 nm to 2 nm.

10. A magnetoresistance effect element as defined in
claim 9, wherein said first ferromagnetic layer contains Co.

11. A magnetoresistance effect element as defined in
claim 9, wherein said atomic-diffusion barrier layer is composed
of at least kind of material selected from the group consisting
of oxide, nitride, carbide, boride, and fluoride.

© 12, A magnetoresistance effect element as defined in

claim 9, wherein the average thickness of said atomic diffusion
barrier layer is in the range from 0.5 nm to 2 nm.

13. A magnetoresistance effect element as defined in
claim 9, wherein pinholes are formed in said atomic-diffusion
barrier layer. -

14. A magnetoresistance effect element as defined in



*
b

33 claim 23, wherein the insertion | ayer has an average thickness
range of 0.3 nmto 2 nm 25. A magnet oresi stanc
according to claim 23, wherein the netallic layer is a
26. A magnetoresistance effect elenent according to cl

gﬁ ZLL | gl la% IWHW“"I mr"mrt e ayer tallic | aytzar7 A n a first

. ferromagneti c tayer tadpacent*to the netalllc | ayer; a non- nagnetic
| ayer di sposed on the first ferromagnetic |ayer; a_second

fer romagnepi g hayehy h@r%&%gglanabéé}ﬁé%ﬁﬁ%lféﬂﬁarﬂgﬁrl eat‘ Ea?gr)oﬁgaﬁgtlc

non- magnetic |ayet is di sposed between t rst

| ayers; andf a ferrafabfseiti pAtkaygli B§eéheQnE§§f§@§8m5§'ﬁe{: EShaterial. .
ferromagnetic |ayer and the netallic |ayer, the insert ayer conprising -
a crystalline naberi ah mégnétdbresisoarcsesecéed él@ﬁéﬁ@eaﬂr&éﬁhn&@”fﬁSt'ng
of oxide, nitride, carblde bori de, and fluoride.

magnet or escdaamck, affeasiirekaddnfearamaghayic daydmi® m,cm@ Wittlhethe
insertion | ayer has an average thickness in the range of 0.3 nmto 2 nm
29. A magmetsaléirsiamee-effect el ement according to claim27, wherein the
metallic layer is _a non-magnetic |ayer. 30. A nagnetore5|stance
effect el enent akBer diMguagnetkoresi Stanehaifert el enendl Risc skhyforth an

ferronagnetlc I%ye 31. . A nmgnetoresistance effect el ement
conpri si ngc aim wherein said first ferromagnetic layer is in contact with

the magnetic layer.

17. A magnetoresistance effect element, comprising:

a metallic layer;

a ferromagnetic layer disposed adjacent to said metallic
layer; and

an atomic-diffusion barrier layer disposed between said
metallic layer and said ferromagnetic layer, said atomic-
diffusion layer having an average thickness from a thickness
enough to reduce an atomic-diffusion between said meté.llic layer
and said ferromagnetic layer to 2 nm.

18. A magnetoresistance effect element, comprising:

a metallic layer;

a ferromagnetic lalyer disposed adjacent to the metallic
layer; and

an atomic-diffusion barrier layer having pinholes, and
disposed between the metallic layer and the ferromagnetic layer.

19. A magnetoresistance effect element comprising:

a metallic layer;

a first ferromagnetic layer adjacent to the metallic layer;

a non-magnetic layer disposed on the first ferromagnetic

layer;



a netallic |ayer; a non-magnetic |ayer;
REPLACEMENT SHEET : 34 fREﬂIACEmN?%‘HE@
ferronagne{—kcﬂm,d by the non-magnetic |ayer freh ah—
insertion | ‘)W“sel ected fromthe group consis§ing of oxide,
car bi de, boﬁ‘ﬁm‘i}m\]‘“ﬁm e, the insertjon [ayer being|i s«ig?&CBéQ%m
the first f gnet¥c Yayer and the @hallic | ayer so fhat_the first
ferromagnetic layer is disposed between the non-magnetic|layer and the

| ayer conprising at |least one material selected fromthelgrouwp—consistiing |
of oxide, nitligCselohd! fliordifigrtihi ATdyLEUalEH8sel bh IRChbRORaLAYES o
conpri sing pinholes, whereln the B’l nhol e ﬁave an average SIzZée équal

Lo or Iess1abbans haatl enansa-habneenctivydl BBl apERlelh R R  plper

32. A magneforesistance effect €l enment according to claim erein the
insertion hagesekoddaffe@yomagfethcCkagess;i Aanghe range of 0.3 nmto 2 nm
33. A magnetoresistance effect elenent according to claim31l, wherein the
metal lic layer ianammertEgneayer linperted betwedd theATRHNELOF6Rh§HhaAEE
effect elenent according to claim31l, wherein the netallic layer is a
f erromagneflayelraymd the metalBEr lagempaarel opmprisangaateitast clemmtarial
conpri si ng: a non-mangetic netallic |ayer;

selected from the group consisting of NiO, CoO, Mn,\N, Fe,N, and

spinel ferrite.

20. A magnetoresistance effect element according to
claim 19, wherein the insertion layer has an average thickness
in the range of 0.3 nm to 2 nm.

21. A magnetoresistance effect element according to
claim 19, wherein the metallic layer is a non-magnetic layer.

22. A magnetoresistance effect element according to
claim 19, wherein the metallic layer is a ferromagnetic layer.

23. A magnetoresistance effect element comprising:

a metallic layer; |

a first ferromagnetic layer adjacent to the metallic layer;

a non-magnetic layer disposed on the first ferromagnetic
layer;

a second ferromagnetic layer disposed on the non-magnetic
layer so that the non-magnetic layer is disposed between the first
and second ferromaghetic layers; and

an insertion layer inserted between the first ferromagnetic
layer and the metallic layer,

wherein the insertion layer comprises at least one selected
from the group consisting of oxide, nitride, carbide, boride, and
fluoride, formed in a continuous state.

24, A magnetoresistance effect element according to



a first ferromagnetic | ayer adjacent to the non-magnetic__netallic |ayer;
a non-magnetic |layer disposed on the first ferro”agnet'CRFPEﬂOEMENT QHEET
2y-8 he

second ferrOH?QDELLQ,Layef’dT§EBSed on the non-nmagneti at t
non- magneti c-tayer is di between the first and $edond ferromagnetfc
| ayers; and \‘%\“ mi\ n.insertion |ayer inserfed HPEh199% {i}st
ferromagnetic \“NN“& ron- nagnetﬁﬁilayer the imse¢rtion |ayer
conprising at l+ast bne material selected fromthe gr¢up consisting 0
oxide, nitride, carbide, boride, and fluoride,. 36

gnetOresbihiﬁCQBEf&ﬁéfefﬁe@ﬁ@tlﬁgéfﬁfgﬂmlégéﬁsﬂéﬁ 33 F%gsgetﬂl%ﬂﬁﬁss

I nsertion |ayer has an aver age thi cknes e range o

37. A nagmgtehasrah?acafebfgchmheadZCQﬁprlS|ng a nmagnetoresistance effect
el enent and a pair of |lead electrodes, the magnetoresistance effect film
conpri si ng: 25.a netmagnetbpyeistance effettlsleheht CABANEY1ikg | Byer

adj acent to the netallic |ayer; a non-nmagnetic | ayer disposed on the
first ferrolagnelB¢ whayein the metaliécomdyéer19nagﬁ6h+ﬁa§ﬁ531cdi&g@ﬁ?d on
t he non-nmagnetic layer so that the non-magnetic |ayer 'is di sposed between
the first 26. A magnetoresistance effect element according to

1°%

2=

claim 23, wherein the metallic layer is a ferromagnetic layer.

27. A magnetoresistance effect element comprising:

a metallic layer;

a first ferromagnetic layer adjacent to the metallic layer;

a non-magnetic layer disposed on the first ferromagnetic
layer;

a second ferromagnetic layer disposed on the non-magnetic
layer so that the non-magnetic layer is disposed between the first
and second ferromagnetic layers; and

an insertion layer inserted between the first ferromagnetic
layer and the metallic layer, the insertion layer comprising a
crystalline material of at least one selected from the group
consisting of oxide, nitride, carbide, boride, and fluoride.

28. A magnetoresistance effect element according to
claim 27, wherein the insertion léyer has an average thickness
in the range of 0.3 nm to 2 nm.

29. A magnetoresistance effect element according to
claim 27,'whefein the metallic layer is a non-magnetic layer.

30. A magnetoresistance effect element according to
claim 27, wherein the metallic layer is a ferromagnetic layer.

31. A magnetoresistance effect element comprising:

a metallic layer;

a non-magnetic layer;



and second ferromagnetic |ayers; and an insertion: :

between the first ferromagnetic layer and the netallic |JajRSPLAGEMENT SHEET
conprising at teast—ene—rnmterial selected fromthe group con5|st|ng of
Ni O CoO M| err] e err]N, and’ spinel ferrite. CT 1999
nagnetorelsstan ! ﬁu,uﬂurpr|5|n nagnetoresistarce ef ect

el enrent and a p odes supplying a s¢gnse—et+rept—to-1h
nmagnet or esi st ance effect elenent, t he magnet or esi st ance jeffect el ement
conpri si ng: a netallic layer; . a first ferromagnettc rayer

adj acent to the mahald ishd &¥Rond ferromﬁg%%%i@agggﬁk% 5@ QEa@EﬁPB?EQh%n t he
first ferromagnetic | ayer rromagneti c lTayer
di sposed omdr¥natgietingielier; ladqer so that the non- nagnetlc | ayer is

f.l

1%

di sposed between the first and second ferromagnetic |ayers; and an
insertion |ayer iamsemsettietmdayerhe ff matierfialr seageeldc froay theagsoupe
netallic | ayer, wherein the insertion |ayer conprises at |east one
sel ect ed qumltsté.ny ofipxiglesi sarhidef bodidie, and flderidar, bthe inketritden and
fluoride, formed in a continuous state. 39. . A magnet oresi st ance

effect heada¥§¥pbiedingg insexgrcbotusen: the f bt g cfersamagnetint layeai andf

| ead el ectrodes
he metallic layer so that the first ferromagnetic layer is

disposed between the non-magnetic layer and the layer comprising
at least one material selected from the group consisting of oxide,
nitride, carbide, boride, and fluoride, the insertion layer
comprising pinholes,

wherein the pinholes have an average size equal to or less
than the distance between the pinholes adjacent to each other.

32. A magnetoresistance effect element according to
claim 31, wherein the insertion layer has an average thickness
in the range of 0.3 nm to 2 nm.

33. A magnetoresistance effect element according to
claim 31, wherein the metallic layer is a non-magnetic layer.

34. A magnetoresistance effect element according to
claim 31, wherein the metallic layef is a ferromagnetic layer.

35. A magnetoresistance effect elemetn comprising:

a non-mangetic metallic layer;

a first ferromagnetic layer adjacent to the non-magnetic
metallic layer;

a non-magnetic layer disposed on the first ferromagnetic
layer:

a second ferromagnetic layer disposed on the non-magnetic

layer so that the non-magnetic layer is disposed between the first

and second ferromagnetic layers; and



*

for supplying a sense current to the mangetoresistance effect~—alenent, the
magnet or esi st ance effect el enent conpri sing: a netfal
a first ferromagnetic |ayer adjacent to the netallic |aygr;
non-magnetic layer disposed on the first ferromagnetic Ifayers

second ferromagn ﬁ d on the non-magnetic {I
non- magnet i ¢ |ay3:|||ﬂ||||ﬂi1]|lﬂ m"mrween tB& first and sefo
| ayers; and i hseftibn A ayer di sposed between the first
ferromagnetic | ayer and the metallic layer, the insertion ayéer—eespalsiy

a crystalline ”BatrPihéérE’Ioﬁ‘tla ?iné’é‘ﬁ:??io‘é‘f:hggnft{rf@fﬁszge(}%glag%%scl sting

of oxide, nitride, carbide, and uor i

magnet OreSIFatyft!EﬁnafEl‘i‘étndiﬁ-@tﬁg@@ﬂird $5pgr2 tH@&B%%%hSi &y Cu?r&)?:&[SJ.tng t he

el enent. and a pair of |ead el ectrodes for supplying a se
magnet or esist asastSienbteel SIBRULedthRl FRENALY §8baH VHi it ‘i‘-% of TR,

conpri si ng: a netallic |ayer; a non-rtagnetic
| ayer; nitfidest carbisi;omdriele,omp@ghaliwdidears separated by the
non- magneti c | ayer; and an insertion layer of material selected from

the group consis$6.ng &f megnetoreistisitdacecarfifiede, clemene, acadriliugrtde, the
claim 35, wherein the insertion layer has an average thickness
in the range of 0.3 nm to 2 nm. |

37. A magnetoresistance effect head comprising a
magnetoresistance effect element and a pair of lead electrodes,
the magnetoresistance effect film comprising:

a metallic layer;

a first ferromagnetic layer adjacent to the metallic layer;

a non-magnetic layer disposed on the first ferromagnetic
layer;

a second ferromagnetic layer disposed on the non-magnetic
layer so that the non-magnetic layer is disposed between the first
and second ferromagnetic layers; and

an insertion layer inserted between the first ferromagnetic
layer and the metallic layer, and comprising at least one material
selected from the group consisting of NiO, CoO, MnN, FeN, and
spinel ferrite.

38. A magnetoreisstance effect head comprising a
magnetoresistance effect element and a pair of lead electrodes
for supplying a sense current to the magnetoresistance effect
element, the magnetoresistance effect element comprising:

a metallic layer;

a first ferromagnetic layer adjacent to the metallic layer;

a non-magnetic layer disposed on the first ferromagnetic



insertion |ayer being inserted between the first ferr .c__layer and
the metallic layer so that the first ferronmagnetic | G?EPLA%M@WQQE
bet ween the non-nmagnetic |layer and the |layer conpris et—haast

R

mat eri al sel ect, T 1 ~ consisting of oxidd, |nijride, carbifdd,
boride, and fi L‘M“Hlﬂ"]mwmmrtl on layer conprising i 8 GET 1999
wherein the pin @s Rhave an a’ver!age siz3§__equal to on lless__than the

di stance between the pinhol es adjacent to each other. 41.

magnet or esi stance effect head conprising a nagnetorcsrstarece-cifect
el ement angygepair of lead electrodes for supplying a sense current to the
magnet oresi stance effect elenent, the nagnetoresistance effect el enent
conprising:. a sécod-f@Rtaldgheticallhiyer! @YSposed on thd ﬁbﬁsﬂlagnetic
ferromagnetic | ayer adjacent to the non-magnetic netallic |ayer;

non- nagnet lLayeayss tHaspdsedonAmbhretic Siaviedr 1 SREGIRIJe bé BYEER the Firse
second ferromagnetic | ayer disposed on the non-magnetic |ayer so that the
non- magnet and| ageendsfdrspoaguebit wbayerse a&ndst and second ferromagnetic

| ayers; and an insertion layer inserted between the first
ferromagnetic |apdnsgydiomelayer ingestied betywaen the fiinsdr fepnohagretic
conpri si ng at |l east one nmaterial selected fromthe group

consi sti ngl8¥ebxfRe, the metallic layer,

wherein the insertion layer comprises at least one selected
from the group consisting of oxide, nitride, carbide, boride, and
fluoride, formed in a continuous state.

39. A magnetoresistance effect head comprising a
magnetoresistance effect element and a pair of lead electrodes
for supplying a sense current to the mangetoresistance effect
element, the magnetoresistance effect element comprising:

a metallic layer:;

a first ferromagnetic layer adjacent to the metallic layer;

a non-magnetic layer disposed on the first ferromagnetic
layer;

a second ferromagnetic layer disposed on the non-magnetic
layer so that the non-magnetic layer is disposed between the first
and second ferromagnetic layers; and

an insertion layer disposedbetween the first ferromagnetic
layer and the metallic layer, the insertion layer comprising a
crystalline material of at least one selected from the group
consisting of oxide, nitride, carbide, boride, and fluoride.

40. A magnetoresistance effect head comprising a
magnetoresistance effeét element and a pair of lead electrodes
for supplying a sense current to the magnetoresistance effect

element, the magnetoresistance effect element comprising:



nitride, carbide, boride, and fluoride. 42. A magnetic storage
system conp netic nediumand a nagnetic reproducing head for

repr oduci ng netic signals firomthe magnetic nediu : h

r epr oduci ng- l ﬁ" magnet or esi st ance effec EMEMEND@{EE i hg:
a netallic I ﬁﬂ“"l"("" ﬂmﬂ st ferromagnetic |ayer adfacemnt—teo—ih ?
metallic Iayer "a hort magnetic Lé&er di sposed ¢n Izy 369
ferromagnetic | ayer; a second ferronagnetic | ayp ékﬁs on} the
non- nagnetic |ayer so that the non-magnetic |ayer is,d pased between ft he
first and secon BYNEL L& layers and an insertion | ayer

I nserted betmeengt%g£§|rst ?$$r%nagnet|c | ayer and tne HbLalliC’!°¥QLJ and

conprising at ShoRDRagRé €1t al ays£} ected fromthe group consisting of
Ni O CoQ I\/h[errfN Fe[err]N, andy spinel ferrite. 43. A magnetic

storage system Cﬁmaétsaﬂ@ %@@ﬂ@eféﬁroﬁ@?imém&nlhﬁef@%@éaﬁaﬁﬁprwl&iélg
head from reproduci ng magnetic signals fromthe magnetic nmedium the

magneti c raphefldghegibeddyerncandi ng a magnet oresi stance effect el ement
conpri si ng: a netallic |ayer; a first ferromagnetic |ayer
adj acent to the aetaéhsertiagelayer of matenialhesmbecited afeom dilspasesuwn t he
first ferromagnetic |ayer; a second ferromagnetic | ayer di sposed on
the non- magABEietingyaf ozddenanitrideocarkysieai boraagr and dlypsdde,behewcen

the first and second ferronmagnetic |ayers; and
insertion layer being inserted between the first ferromagnetic

layer and the metallic layer so that the first ferromagnetic layer
is disposed between the non-magnetic layer and the layer
comprising at least one material selected from the group
consisting of oxide, nitride, carbide, boride, and fluoride, the
insertion layer comprising pinholes,

wherein the pinholes have an average size equal to or less
than the distance between the pinholes adjacent to each other.

41. A magnetoresistance effect head comprising a
magnetoresistance effect element and a pair of lead electrodes
for supplying a sense current to the magnetoresistance effect
element, the magnetoresistance effect element comprising:

a non-maghetic metallic layer;

a first ferromagnetic layer adjacent to the non-magnetic
metallic layer;

a non-magnetic layer disposed on the first ferromagnetié
layer;

a second ferromagnetic layer disposed on the non-magnetic
layer so that the non-magnetic layer is disposed between the first
and second ferromagnetic layers; and

an insertion layer inserted between the first ferromagnetic

layer and the non-magnetic layer, the insertion layer comprising



an insertion layer inserted between the first ferromagnetifco g Attt Gn
netallic | ayer, wherein the insertion |ayer conpri sRE EQMT SMEET

sel ected Wﬂp——&ﬁﬂﬁ:sti ng of oxide, nitride, carbijde, borl ae,
fluoride, In a contjnuous state. 44. A magneti ¢tee E"

system conpr “u“\g medi um ang a magnetic reprodugi ng head
r epr oduci ng mg\\ from t he netic nedi um t je TEgTette
ad ¢

reproduci ng he i hel'lding a magnet or esi stance effect el grent conpri sing:
a netallic |ayer, a first ferromagnetic | ayer adjacent to the

metal lic lay Y/ Teast one maRePQA1BINEIL&d rayare il 5?8&5%&{&;\5}6 d btloxide,
ferromagneti c ayer; a second ferromagnetic | ayer |spose on ‘the
non- magneti oe ridy ereSibiddt B dn-dmdnetidridyer is di sposed between-the
first and second ferromagnetic Iayers and an insertion |ayer

di sposed bet weera2 he A milgredtircommgtaige system comgpriilad ngetaakdaighieltdyer, the

I nsertion |layer conprising a crystalline nmaterial of at |east one sel ected
fromthe gnedium cowkiasinaggebicaxepioducing deadhfbirdeepboducing areyridtuiar i de.
45. A magnetic storage system conprising a magnetic nedium and a nagnetic
repr oduci refigresks finom Shecdaghatiamgdiyn, thiegmapsetion epreodugieg iread

medi um the magnet i ¢ reproduci ng, head incl udi n a magnet oresi stance effect
el enent Coq;ﬁ;ﬁ]r W a magnebprgsigtance @%ﬁect ement comprising:

a metallic layer;

a first ferromagnetic layer adjacent to themetallic layer;

a non-magnetic layer dispbsed on the first ferromagnetic
layer;

a second ferromagnetic layer disposed on the non-magnetic
layer so that the non—-maghetic layer is disposed between the first
and second ferromagnetic layers; .and

an insertion layer inserted between the first ferromagnetic
layer and the metallic layer, and comprising at least one material
selected from the group comnsisting of NiO, CoO, MnN, FeN, and
spinel ferrite.

43. A magnetic storage system comprising a magnetic
medium and a magnetic reproducing head from reproducing magnetic
signals from the magnetic medium, the magnetic reproducing head
including a magnetoresistance effect element comprising:

a metallic layer;

a first ferromagnetic layer adjacent to the metallic layer;

a non-magnetic layer disposed on the first ferromagnetic
layer; |

a second ferromagnetic layer disposed on the non-magnetic
layer so that the non-magnetic layer is disposed between the first

and second ferromagnetic layers; and
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a non-magnetic |ayer; first and second ferrorragnet{#-'e—-La-yeLc
REPLAGE

separ at ed by m%wyer; and 40 MBKEIrSHEG

| ayer of material selecte romthe group consisting of jo Tt dey,
car bi de, bori dg, I G st N€ i nsertion | ayer being in t Ween
the first ferrgmgul,’J'ﬂﬂ,madllLHdt he Zggal l'iclayerso that h?‘?r@ %
ferromagnetic | ayer® its #i sposed betwe he non-magnet i

| ayer conprising at | east one material selected fromthg group consistin
of oxide, nitride, carbide, boride, and fluoride, the insertrromtayet—--—-

conprising pinhole$nsertioniffeéd tnkbet Ll BatheneNe firllsﬁvﬁﬂﬂﬁnaﬂrﬁ&l ual

to or less than the distance "between the pinholes adjacent to each other.
46. A ma ¢f SHAee MMSAENM EAPFdSi Ng a nagnetic nedi um and a magnetic
reproduci ng head for reproducing magnetic signals fromthe nagnetic

medi um the magngieseiephedimsativmadayenctampnigses oS s eabSelweterf f ect

el emrent conpri si ng: a non-magnetic netallic |ayer; a first
f er r omagnefram [tineeg r audp awersti std nghe f mri-deggnitridepatatbide | bgpeide, and a
non- magneti c | ayer di sposed on the first ferronmagnetic |ayer; a

second ferfbaeghdei cférmed ih sposentinueds skatemgnetic
' 44, A magnetic storage system comprising a magnetic
medium and a magnetic reproducing head for reproducing magnetic
signals from the magnetic medium, the magnetic reproducing head
including a magnetoresistance effect element comprising:

a metallic layer,

a first ferromagnetic layer adjacent to the metallic-layer;

a non-magnetic layer disposed on the first ferromagnetic
layer;

a second ferromagnetic layer disposed on the non—-magnetic
layer so that the non-magnetic layer is disposed between the first
and second ferromagnetic layers; and

an insertion layer disposed between the first ferromagnetic
layer and the metallic layer, the insertion layer comprising a
crystalline material of at least one selected from the group
consisting of oxide nitride, carbide, boride, and fluoride.

45, A maghetic storage system comprising a magnetic
medium and a magnetic reproducing head for reproducing magnetic
signals from the magnetic medium, the magnetic reproducing head
including a magnetoresistance effect element comprising:

a metallic layer; |

a non-magnetic layer;

first and second ferromagnetic layers separated by the

non-magnetic layer; and
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| ayer so that the non- magnetlc | ayer is disposed between the" Hfré'"t"'T SHEET
second ferro an insertion |ayer inser{gtd betweenThe
first ferromagnetic |a and the non- magnetic |ayer, the | §F£*ﬂo§m% ler
conpri sing at I”mm I’Eulmulﬂl sel ected fromthe gro

oxi de, n|tr|de and quorlde

an insertion layer of material selected from the group
consisting of oxide, nitride, carbide, boride, and fluoride, the
insertion layer being inserted between the first ferromagnetic
layer and the metallic layer so that the first ferromagnetic layer
is disposed between the non-magnetic layer and the layer ‘
comprising at least one material selected from the group
consisting of oxide, nitride, carbide, boride, and fluoride, the
insertion layer comprising pinholes,

wherein the pinholes have an average size equal to or less
than the distance between the pinholes adjacent to each other.

46. A magnetic storage system comprising a magnetic
medium and a magnetic reproducing head for reproducing magnetic
signals from the magnetic medium, the magnetic reproducing head
including a magnetoresistance effect elemeht comprising:

a non-magnetic metallic layer;

a first ferromagnetic layer adjacent to the non-magnetic
metallic layer;

a non-magnetic layer disposed on the first ferromagnetic
layer;

a second ferromagnetic layer disposed on the non-magnetic
layer so that the non—-magnetic layer is disposed between the first
and second ferromagnetic layers; and
an insertion layer inserted between the first ferfomagnetic layer
and the non-magnetic layer, the insertion layer comprising at
least one material selected from the group consisting of oxide,

nitride, carbide, boride, and fluoride.



