1 FERROVAGNETI C TUNNEL JUNCTI ON, MAGNETORESI STI VE

ELEMENT AND MAGNETI C HEAD TECHNI CAL FI ELD

The present invention relates to a ferromagnetic tunnel junction, a

nmagnet oresi stive el ement (hereafter referred to as MR element) which

enpl oys the ferromagnetic tunnel junction as a sensing portion and it also
relates to a magnetic head enploying this elenent.
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heads) that utilize the anisotropi c nagnetoresi stance ereafter referred
to as AWR) effect are ENERPRNEY QM RIOGNEHIONHRA pregnetic heads for  high

density magnetic recording. However, since an AVR head typically enploys
an AMR effect filmsuch as NiFe to constitute the magnetic film its
magnetoresi stive ratio (hereafter referred to as MR ratio) and sensitivity
are low, at approximately 2% and 0.AB4TRAOT respectively. Therefore,

devel opnent of magnetoresistive filns (hereafter referred to as MR fil ns)

with a higher MR Taid ¢nddstién is directed to a ferromagnetic tunnel junction,
an MR element and a magnetic head. A ferromagnetic tunnel
junction is constituted by sequentially laminating & first
ferromagnetic film (211), an insulating film (210) and a second
ferromagnetic film (212). These are laminated on an appropriate
insulating substrate (4). The present invention is characterized in
that the barrier potential of the insulating film (210) is set within
a range of 0.5 to 3eV. A {ferromagnetic tunnel junction with which
a high MR ratio can be achieved with good reproduction

characteristics is provided.
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hi gher sensitivity is required. As a technology that wll neet this
requi renent, a new phenonenon, i . e., the giant magnetoresistance effect
(hereafter referred to as GWR effect), has conme to light in recent years
and since it affords a greater MR ratio conpared to the AVR effect film

in the prior art, nuch research into this phenonenon has been conducted.

In particular, the GWR effect achieved; 92 sutilizing a spin valve (SV) film
has beconme the focus of great interest.”Since a spin

2 valve filmwith a f|In1structure Pptltuted of ferromagnetic filnl

non - magnetic netallic fil T ic filmantiferromagnetic film

degree of sensitivity, at 2t |t is thought to have potential as
Apart fromthe

whi ch creates the GWR effect; .aées characteristics with a high
a reproduction elenent in a ne} on nmagnetic head and further
resear ch has connenced3tomar. v ng [\ X LﬂllZMhtlon t her eof . |
tunnel i ng effectyy whe+ % ing’ \ s\ﬂ dependi ng upon the
relative angl &s magnet i zat £ A %
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ferromagnetic filns in a junction constituted of a ferromagnetic film

/insulating filmferromagnetic film

is of interest and research into

devel opnment of an MR elenent utilizing this phenonena has been in
progress. Since a ferromagnetic tunneling effect film provides an
extrenely high degree of magnetic field sensitivity, it has potential to
be adopted as a reproduction magneticohead in ultra high density nagnetic
recording on the order of 10Goit/inch[err]. In IEEE Trans. WMagn., MAG -
18, 707 (1982), S. Maekawa, V. Gafvert et. al. denonstrated theoretically
and through experinment that the

depends upon the relative angles

ifestatjon of the tunneling effect

THdRet fizati onyof the two magnetic
films in a magnetic filminsulatindefi Tnagnet?% filmjunction.
Japanese Unexam ned Patent Publi il

magnetic head provided with a ferjro
of detecting m nute changes in

of sensitivity and a hi gher
prior art and al so

that the reproduction sensitivit

LKQKAI') No. 42417/ 1992 discloses a
ghetiici tunneling effect film capable
na%n tic flux with a higher degree
resquLHon than an MR head in the

A 3 di scl oses
her i nproved

M(Arb. Units)
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by reducing the junction area to reduce the incidence of pinhole formation
inthe insulating film In addition, Japanese Unexam ned Patent
Publ i cati on (KOKAI) No. 103014/1992 discloses a ferromagnetic tunneling
effect filmthat applies a bias nmagnetic field froman antiferromagnetic
filmto a magnetic filmand a magnetic head enploying this ferromagnetic
tunneling effect film Furthernpre7 T. Myazaki, N Tezuka et. al
report in J. Magn. Magn. Mater. 139 (1995) L231 that an MR ratio of 18%
was achieved at roomtenperature in an Fe/Al[err]Jerr]/Fe tunnel
junction. In addition, M Ponerd® zatdo @ Sloczewski, E. Spiller et.al.
di sclose an Fe/a - Carbon/Fe film There are a nunber of problens
that have yet to be addressed in t hepBari ous types of ferromagnetic tunnel
junctions that have been discliosed Y pfdate Publ i cati ons on the
known art such as Japanese Unexam nef} | Pat emt Publication (KOKAI) No.
42417/ 1992, for instance, discljose §eyeral ineans for detecting m nute
changes in a magnetic flux wt a hiph degriee of sensitivity by enpl oying
an MR element provided wth ajferrofpgnetid tunneling effect filmin order
to achieve a high, stable output. Infjone of}such neans, one of a pair of
magnetic filns constituting gn MR fifjjmw thia nultilayer structure,
nanely, the nmagnetic film se diragtion of\ nagneti zati on changes due to

90 0 0y, 30 FIG 5
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| eak magnetic flux fromthe nedium is required to have a reduced
ani sotropi c dispersion angle and to have a single magnetic donain to
ensure that the nagnetization rotation occurs entirely and at
4 once. To be nore specific, a single nagnetic donain is achieved by
inserting an internediate filmsuch as BN in the magnetic film
However, even with a filmwith a small ani sotropic dispersion angle forned
in this manner, there is still a probl &M2’n that when the filmis
patterned to a size of several [err] mto Qe operated in a high frequency
magnetic field at or abovegsggve tens gf Z1€|sturbance in units of
nd poQﬂEons Ef the finely

N occurs at th

mcrons in the spigidi ng di ectl

patterned film __thdreby i q ‘ wal |, in turn,

disrupts the sung‘@“xréﬁﬁ@¥fé”'Gﬁ%ﬁY@ﬁ%ﬁﬁ?ﬁ?gyan ‘”%%H??; Mr—Bar khausen
noi se and th i ke. Next, in regard to the AVR magnety c head and

the spin valve GVR nagnetic heads in the prior art, a nmethod %or
preventing ar khausen noi se by form ng a magnetic domain control film at
the two end portions of the MRfilmto apply a | ongitudinal bias has been
di scl osed (prior art publications: U S. Pat. No. 5,018,037 and

FIG. {
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Japanese Exam ned Patent Publication No. 21166/ 1996). In these structures,
the magnetic domain control filnms are forned in direct contact wth the
areas of the two end portions of the entire sensing portion, since as an
AMR head or a spin valve GVR head is used wth the current being supplied
in adirection parallel to the surface of the MR elenent, no problemis
posed in practical use, even if the mddAétic dommin control filns are in
contact with the two end portions of the sensing portion. However,
in a ferromagnetic tunnel junction in which a first ferromagnetic film an
insulating filmand a second ferromagnetNc filmare lamnated in the
vertical direction, a change in

_ﬂztynnm
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magnet or esi st ance occurs because sgrrent flowing in the
direction of the |lam nation. Thas, i magneti c | ayers for magnetic
domain control are placed ig contaii/ﬁkfﬁsthe overall end portions of the
sensing portion as in the prsNr artys the upper ap# |ower ferromagnetic
films, which are separated by ™ insulating I m becone electrically
shorted, cutting off the tunnel cb0 consequently, no

magnet or esi st ance change i s achi eved: In order to adopt a shield
type nmagnetic head in high :

10
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density recording / reproduction, it is necessary to reduce the distance
between the shields at the ABS. In a shield type nagnetic head, an
insulating filmconstituted of alum na and so on, for instance, is
normal |y provided in order to maintain insulation between the
ferromagnetic tunnel junction and the shield filnms in addition to the
ferromagneti c tunnel junction between %b§7shields. Consequently, in
order to reduce the distance between thé shields, the thicknesses of the
insulating filmand the ferromagnetic tunnel junction nust be set as snal
as possible. However, if the, electrode filmis nade to be exposed at the
ABS as disclosed in the”pubi\cati o] n the known art, even with the

t hi cknesses of the insul agdngH qgﬁﬁ t he€ferromagnetic tunnel junction
reduced, a certain distangg is sti\l_requifre

and the shield filns, consWitutitigian obs

di stance and, therefore, T
repr oducti on.

which the electrod
runs through{ the Tlerro

bet ween the el ectrode film
& to reduction of the shield
'igE density recording /

e %omm art, the area over
Lk that all current
since it is
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6 necessary to assure resisting voltage equal to or greater than a
specific level between the ferromagnetic tunnel junction and the shield
films, if the electrode filmis nade to be exposed at the ABS taking up a
| arge area, as disclosed in the publications on the known art, dielectric
breakdown due to static electricity tends to occur, and therefore it is
not desirabl e. It is to be noted2%hat the ferronagnetlc t unnel
junction according to the present invention is the sane as the
ferromagnetic tunneling effect filnldescribed above.

DI SCLOSURE OF THE | NVENTI ON obj ect of the present

i nvention to provide a ferronagn@ﬁlta Uhn@? junction that can achieve a

high MRratio while also gehiaving g¢od reppodsction characteristics.
ﬁe esent i nvent fo provide a ferromagnetic

It is a further object of
tunnel junction that, applNe&Thn an ele nagnetlc head or the
like, allows sinplifica == «y§r ‘ . It is a
still further object o the present v=nt|on to prOV|de an MR elenment in
which a sufficiently | arge tunnel cufteht can be supgplied to the

%

ferromagnetic tunnel junction to achj¢ve a high MR rjatio,
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It is a still further object of the present invention to provide an M
el enrent that achieves a good out put waveform w thout distortion.

It is astill further object of the present invention to provide an MR
el enent that is capable of achieving a stable output w thout
7 noi se. It is astill further object of the present invention to

provide a ferronagnetic tunnel juncthﬂ;?ype magnetic head that achieves a
reduction in the distance between the shields and is suited for high

density recording /reprodgfz It is astill further object of
vid

the present invention to a ferromagnetic tunnel junction type
magneti c head that effective Q 1diel ectric breakdown which woul d
occur between the el ectrode A\the shield filns. In order to
achi eve the objects [ v %1 present invention,

in a ferronagnetié\ uentially |am nating
a first ferronagnety 3 seconﬂ &erronagnetic '
film the barrig 1
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insulating filmis set within a range of 0.5 to 3eV. In the case of
the present invention, in which the barrier potential is set wwthin the
range of 0.5 to 3eV, a high MRratio is achieved while al so achieving good
reproduction characteristics. It is assuned that one of the reasons for
this is that by maintaining the barrier potential wthin the range of 0.5
to 3eV, formation of a consistent insghaying film210 with an extrenely
smal | nunber of pinholes is assured. It is assuned that another
contributing factor is a stable antiferromagneticag coupl i ng between the
first ferromagnetic film and the second ferrong 1 gha t he
insulating filmwthin the barrier potential <d ‘above.
Particul arly advantageous results are achj Ner potential
is maintained within

8 »ati o cannot
be achi eved. Although the reason I Sanl It is thought
to be due to the fact that the I ng when the
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When the barrier potential falls below 0.5eV, a high MR ratio, which is
expected of this type of ferromagnetic tunnel junction, cannot be

achi eved. The reason for this is thought to be degradation in the
uniformty of the insulating filmwith an increasing the nunber of

pi nhol es. Now, the stable antiferromagnetically coupling formed
between the first ferromagnetic film apgl/she second ferromagnetic filmuvia
the insulating filmw thin the barrier potentlal range of 0. 5 to 3eVin
this ferromagnetic tunnel junction offers a great advantage when it is
adopted as a read nmagneti ign ersion elenent in a magnetic head.

When antiferronagneticalls2 oupl i ng ?ﬁ generated, the magnetic field -
nmagnet or esi stance curves achfeve 8 hI'ghest values for MRratio in the
area in the vicinity of zero\mgnetig fileld. Consequently, when this
ferromagnetic tunnel junctio \/ S {Ap-oyet- Tor a nagnetlc conversion read
el ement in a magnetic heat] 6= vnes 0

the zero nmagnetic fietd sim ) fE'L_fect vthk&ﬂ having to apply a
bi as magneti c fg-eld—iFh ~ e ghgtic, head can be
sinplified. \\ X I nvention

enpl oys the (e \aska sensing
portion. Conse \m.--v.----:-a ...—...—-.--.-.* ntithat can
achi eve a high Iﬂ?ratlow Zml cati on of20
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9 the structure. The MR el enent according to the present

invention is desirably provided with magnetic donmain control filnms. The
magneti ¢ domain control filnms are provided adjacent to the two end
portions of either the first ferromagnetic filmor the second
ferromagnetic film Since, as described above, the nmagnetic donain
control filns are provided adjacent tg}jyytwn end portions of either the
first ferromagnetic filmor the secon %erronagnetic film there is no
roomfor an electrical short to occur een the first ferromagnetic film
and the second ferromagnetic film areswt, if,n S possible to supply a
sufficiently large tunnel currep . ic tunnel junction.
Thus, a large MRratio is achreved. hernore, with the nagnetic
domain control film the f&gromagnetic film proyded with the nagnetic
domain control film can be s&
This prevents Barkhausen noi se Wi ch causes i stortion in the out put
wavef orm thereby achieving a noi s®s.ess g#fd stable output. It is
desirable that either of the first fe agnetic filmor

12
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the second ferromagnetic film the ferromagnetic filmw thout the nagnetic
domain control filnms is provided with a magnetization pinning film

This structure, in which either the first ferromagnetic film or the second
ferromagnetic filmconstitutes a pinned ferromagnetic filmprovided with a
magneti zation pinning filmand the other ferromagnetic filmis made to
operate as a free ferromagnetic film lgyb@ms the relative angle of the
direction of magnetization of the 10
first ferromagnetic filmand the_direction of magnetization of the second
ferromagnetic fil 2 be charfged 'nply“?y noving the direction of

magneti zation of thefree f werc“film In this case, it is
preferable to set the ™ ng(so that _thggmagnetic easy axis of the
free ferromagnetic fi i gieth-ar ™0 the external nagnetic field

and the nmagnetic &Sy axis Qned —Hexromagnetic filmis parallel to
t he external g e . it
magneti zati o ﬁgiik re€

sets e direction of
il manththe direction of
nagnetization}w

*'In1peraengicular to each ot her
when the exter




is at zero,

Furthernore, since the
ext er nal

the sane tinme,

not i on. The
conprises a slider and at

magneti c

slider is provided with an ait bearing surface at the side facing

t he magnetic recording nediun1
c

an out put waveformw th good symmetry is achi eved.
direction o
ferromagnetic filmis changed in the nmagnetization rotation node by
magnetic field, a high degree of sensitivity is achieved and, at
snoot h magneti zati on reversa
generation of Barkhausen noi se resultidg/ff7omt he

f magnetization of the free

an

I s executed, thereby reducing
magneti ¢ domai n wal |

head according to the present invention
| east one magnetic conversion el enent. The
opposite
magneti c conversion el enent includes

and an electrode film

the ferromagnetic tunnel junc! descri bed above
and is supported by an insul;{_;“_fb haths ¢oRgtitutes a portion of the
?!:der. Coet The ferronaggf.;‘ Xt n\f}gf |nclud$$ ap_:nsu#ﬁtlng
ilm a firs erromagneti.c NG ARE Xeyromagnetic film e
first ferromagnetic filrid%ﬂb%'i I L REdetic filmare
11 | am nated via the insug§§1¢z Rﬁf “N*\\The el ectrode filmincludes
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second el ectrode film with the first electrode filmconnected to the
first ferromagnetic filmand the second el ectrode filmconnected to the
second ferronmagnetic film The first electrode filmand the second

el ectrode filmare provided so that they are not exposed at the air

beari ng surface. It has been | earned that by achieving a structure
in which the first electrode filmand jfig-second el ectrode filmare not
exposed at the ABS as descri bed above, éelectrostatic breakdown becones
less likely to occur at the magnetic shield filnms and the ferronmagnetic
tunnel junction and, in particular, between the first electrode film and
t he second electrode film D OV|ng the resisting voltage
characteristics. since the distance between the

magnetic shield _film a gnetlc tunnel junction that
constitutes the D&enh) B reduced at the ABS, higher density

recording /reproductTt onpared to the~qrior art becones possible.

BRI EF DESCRI PTI ON OF THE \ 1 is a perspective
schematical ly il l{trating funnel junction according to
t he present invention ection along line 2 to 2

in FIG 1; - CFG . 3 show characteristics in the
ferronagnetlﬁ t upAEE—=un« .Q}”’Z




FIG 4 shows the magnetization curves in the ferromagnetic tunnel

junction; 12 FIG 5 shows
the MR ratio characteristics in the ferronmagnetic tunnel junction
according to the present invention; FIG 6 is a perspective
schematically showing the MR elenent according to the present invention;
FIG 7 is a cross section along Iineéﬁi,-ﬁ in FIG 6; FIG 8 is a
cross section along line 7 - 7 in FI é% FIG 9 is a diagram

illustrating the operation of the tunnel junction portion in the MR

el ement shown in FIGS. 6 to 8; FIG 10 is a perspective
schematically show ng anot her dlq?nt of the MR el enent according to
the present invention; FI is a cross section along line 11 -

11 in FIG 10 — \Q5d§§Q§§S§\ Jmatical ly show ng

anot her enbodi ne tpaccorHh present invention;
FIG 13 shows thef ef'c,f'er' d ,( (i,6 chy'adi ristics achieved when
a soft ferronmagnet| c x4 f Io%fd to constitute
the free ferroma ] T
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ferromagnetic filmwth high coercivity is used to constitute the pinned
ferromagnetic film FIG 14 shows the nagnetic field - MRratio
characteristics achieved when a soft ferromagnetic filmis enployed to
constitute both the free ferromagnetic filmand the pinned ferromagnetic
film with a magnetization pinning filmlam nated adjacent to the pinned
ferromagnetic film FIG 15 jgsay7cross section show ng anot her
exanple of the ferromagnetic tunnel junction in the MR el ement according
to the present inventioBi FIG?216 is a cross section along line 17

- 17 in FIG 15; 2 34 13 - FIG 17
is a cross section along |ine 16| G150 FIG 18 is a
diagramillustratijng Thé operat.i STa17 1o e v (Y AV paortion in the
MR el ement shown i . /1/7, I ' §2 section
show ng anot her ex ,e?,: ' ion in the
magneti ¢ head CORUTNON TR i€, ] yent Nor, ; “ ),_,I?QG 20 is a
Cross section Grrg\vl ne 2%, - Z‘JL ! A __:_y______\_,ﬁ___ .
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FIG 21 is a cross section along line 20 - 20 in FIG 19 FIG 22 is
a diagramillustrating the operation of the tunnel junction portion in the
MR el ement shown in FIGS. 19 to 21. FIG 23 is a perspective of the
magneti c head according to the present invention, FIG 24 is an
enl arged cross section of the magnetic conversion el enent portion of the
magneti ¢ head shown in FIG 23; 17/ 25 is a perspective
schematically showing the structure of a magnetic head enpl oying the
ferromagnetic tunnel junction according to the present i nvention;

FIG 26 is a cros§y geetyon yiriUstrariny p-styuctare o~ nmagnetic head
inthe prior art Wigh/ufi i,z'e hé AVR efff gcy; v /' /Bl G 27 shows the
reproducti on chardcteyi gtycg pf/the’ fepriogugtjyon magnets c heﬁfl accordi ng
to the present in enldn ard t'he ANR head’ i/n 't ie/pY'i br art— FIG 28
is an enlarged crgsy segtjoff f the NR Ie ent / poy tro ; FIG 29 is

an enl arged per sp€ ive of /t he MR £ i .30 is a diagram

illustrating the 7‘3 \q \YY \nﬁﬁxf\ae\ur\g \e \Tghit\t h\hea 1gecording to
t he present

FIG. 30
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i nvention; FIG. 31 is a diagram illustrating the nethod for
manuf acturing the nagnetic head according to the present invention,

showi ng a process follow ng the process shown in FIG 30; FIG 32
is a diagram illustrating the mnmethod for manufacturing the nagnetic
head according to the present invention, showing a process follow ng the
process shown in FIG 31; FIG 33 is a diagram illustrating

the nethod for manufacturing the mag@é@i’c head according to the present
i nvention, show ng, a//r}r/g)/c/e/§s follow g t he process shown i n I G 32,

FIG 34 is all-dH pa v 1 e : : Zact uring the
magneti ¢ head accdr\i N\t he ese t i i h n a rocess
followi ng the pro - } - 58N - ) - - di agram
illustrating thej /met od for / mapuf acturd g /t e /mpgpieri £ head accordi ng
to the present inventi or, / sh w'ng a process dl l/ovi fig,’t Ae process shown in

FIG 34, G/ 36/ i's g /di'agrdnf i1fuSthati/ng /the qmethod for
manuf acturi ng t he net/ c’ ead agc r;Jl g’t 'c e /pre;ze t /i nventi on,

showi ng a process {f Ol ohi/hg the prdcégsg sh wh A1y @ 35 FIG 37
is a diagram il raynng . N ing the magnetic

head according tofth bg apt\ hnkent on, \ ‘shon \a pT\o ess—f]0 | owi ng t he

process shown in | &5 N3 ;
FIG. 33
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FIG 38 is a diagram illustrating the nethod for manufacturing the
magneti ¢ head according to the present invention, show ng a process

foll owi ng the process shown in FIG 37, FIG 39 is a diagram
illustrating the method for rmanufacturing the magnetic head according
to the present invention, 15
showi ng a process follomﬁng the procesgg ﬁfpmn in FIG 38; FIG 40
is a diagram illustrating the nethod for manufacturing the nagnetic
head according to the present invention, showing a process follow ng the
process shown in FIG 39; FIG 41 is a diagram illustrating
the nmethod for rpdfufagiuring the nagnetlc head accordlrmgﬁg)the present
i nventi on, shomnn a progesgNION FI G 40;
FIG. 42 is afq . TR ST . %ufacturlng t he
magneti ¢ head accof¥i Rg t h res (| nvanii §n\ \skow g process
follow ng the proc } X enl ar ged
per spective show ng /afior’hgr ‘eXaspfe,/ pf 'gh MR ¢l ¢gngny; FIG 44 is a
cross section alon Ilne 44 44|Jn \&/48/) /) 7/
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FIG 45 is a cross section show ng anot her exanple of an MR el enent;
FIG 46 is a cross section of a ferromagnetic tunnel junction of the

magneti ¢ head according to the present invention; FIG 47 is an
enl arged perspective of the ferromagnetic tunnel junction type magnetic
conversion el enent shown in FIG 46; FIG 48 shows the MR curve

achi eved by a magnetic head provided woyb7magnetic domain control fil ns;
FIG 49 shows the MR curve achi eved by a magnetic head wi thout nagnetic
domai n control filns; FI G 50 shows the output waveform achi eved by
a magnetic head prOV|ded wi th mHdnetic domai nZgontrol fil ns; FI G
51 shows the output @®agef &lrh achi eVedmvaﬂnﬁﬁﬁﬁhtbﬁznhﬁﬂﬁyMAEmgut magneti c
domai n control films_langd ) 4’\\\ ':.\,‘-\,'-\;-\,'-\,'l\,'\'\,' S \; Soseos Sx~ 16

FIG 52 shows th?1guh ] Aéad accordi ng

to the present invengy x\h\kp_%?ctlon
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BEST MODE FOR CARRYI NG OUT THE | NVENTI ON Referring to FIGS. 1 and

2, a ferromagnetic tunnel junction according to the present gRventton is

constituted by sequentially laninating a first ferromagnetid FHICBHEET HABNRFEN

insulating film 210 and a second ferromagnetic film 212. Thgse arBEPLACED

| ami nated on an appropriate insulating substrate 4. The present TTventton
Is characterized in that the 2 grler paetgr¥ial of the insulating film 210
is set within a range of 0.5t 7 In a ferromagnetic tunne

junction, when 3& ext om \ T N st f ﬁ\onagnetic film
211 via the inswéat ' t r ugh\tRe\ s romagnetic film 212
whi | e mai ntaining the ' ol 7 ¥ and 2), the

transmttance of th el’egt y'opt {s/ ternvn d /b sed up 'M% anpl i tude
square ratio of tHe /i nci/den e’ J the ran nlt ed y using a wave

4

function which is deterpm ned yaking/ihnto .cohsi epa i 8n the spin. Its

tunnel conduct ance ,1 ex res d ;  [ér] P2') cos '
[err] In t hi2dlexp A AN G AR NAN A % ARATE ST AN 0 MB(Ki[er] +
Kiferr]) [err],d & Ay e der 1] +
K2[err])] [err]E

Kiferr] , K2 [ l%%\SRQ\N\\Qﬁg\ESSgFEEQJ n a? the %érKéoggL{%él

| evel within the tv
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17 al, a 2: coefficients that are dependent upon the barrier potenti al
hei ght s; P1', P2': effective spin polarizations of the two ferronmagnetic
films 1 and 2 and P1', P2': spin polarizations (fractional portions in
the effective spin polarizations P1', P2" ) of the two ferromagnetic filns
1 and 2. The rate of change [err] G G in tunnel conductance is expressed
as; J[err] GQ& =2 [err] P1' [err] Pg 7 The neani ng of the rate of
change A G GO of the tunnel conduct &%2 is the sane as that of the MR
ratio. Since, when the |evel .6f the barrier potential is small, the
coefficients a 1 and a 2, which a€ dependent upon them are |ow,

resulting in small effectjve spr'n polarizations P1' and P2 in the two
ferromagnetic filnms, th Rratio=is_reduced. In contrast, if the barrier
potential is sufficiently¥high, the eifpefive spin polarizations P1l' and
P2' approach the spingpol ari zati ons#’P¥  and P2, thereby achieving a high MR
ratio. I n thexgagse—af—t h& pfesent invention, in which the barrier




potential is set wwthin the range of 0.5 to 3eV, a high MRratio is

achi eved whil e al so achi eving good reproduction characteristics. It is
assunmed that one of the reasons for this is that by maintaining the

barrier potential within the range of 0.5 to 3eV, formation of a

consistent insulating film210 with an extrenmely small nunber of pinholes
is assured. It is assuned th /g pot her contributing factor is a
stable antiferromagnetically coupliing” between the first ferromagnetic film
211 and the second ferromagnetic film 212 via the insulating film

18 210 within the barriergpote ab12ange deszrlbed above. Particularly
advant ageous results are ac% gt L be,bavryer potential is maintained

within a range of 1.5, afrier potential exceeds
3eV, a high MRratig’ & } W the reason for this is
not yet clear, it i 1T qdght & o A he/T,a¢t,that the tunnel current
stops running whe ver Kal /o 15 When t he
barrier potenti 1 FEES ,F yo, which is expected of
this type of ferromaghetl e v/ ang/4 ’ , 7/
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junction, cannot be achieved. The reason for this is thought to be
degradation in the uniformty of the insulating film210 with increasing
t he nunber of pinholes. Now, the stable antiferromagnetically
coupling forned between the first ferromagnetic film 211 and the
second ferromagnetic film212 via the insulating film210 within the
barrier potential range of 0.5 to 3eVin this ferronagnetic tunnel
junction offers a great advantage whet/i27 is adopted as a read nagnetic
conversion el enent iq% magneti c head. FIG 3 shows the magnetic

field - MR rati@tgggér;ﬁéfrﬁrrkq when an antiferromagnetically coupling is
formed. As shown 1 G 3, when antiferromagnetically coupling is
generated, the I ' ! .{\ w\\ \:\; \.\\\; and L2 achi eve
t he hi ghest al SN\ ">\§'=s RN l‘a\\ SRy of zero
magnetic field; . mumg\“&k:\; junction is
enpl oyed for 4 _tmgneii ¢ gopver ki p 3d el p pgnétic head, a
| i near area i? hbt/ai’/ngd /i A t'hél Vi 0 ¢ pgnet field sinply
as a shape eféf: wi Yheuy Haxi g Appl A birag e
19 NCSS TS IR \y—23
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magnetic field. Thus, the structure of the magnetic head can be
sinplified. One exanple of the insulating film210 with which a
barrier potential as described above can be assured is an al um num oxi de
filmconstituted by annealing in air at 40 to 100[err]C. Wth such an

al um num oxide film since no netal - alumnumis partially present in the
film the upper and | ower ferronagneticzﬁdﬁgrs 1 and 2 cannot be bridged
electrically. As a result, a ferronmagnetic tunnel junction provided with
an ultra thin insulating film210 with a high barrier potential is-

achi eved. As anot her exanple of the insulating film a dianond -
like carbon film (hereafter referrqpéﬁ% ﬁﬁig DLC film also achi eves an
ultra thin insulating film210 with a;yhigh barrier potential. In
particular, with a DLC film manufactufed through the plasma CVD nethod, a
good insulating film210 with a high degree of uniformty and no pinholes
is achi eved even when the er thicknpess is extrenely small at several
tens of angstrom I t to bejnoted that the C filmconstituting
the internediate |ayer disclos by M Ponerantz, J. C. Sloczewski, E.
Spiller et.al. is an anorphous - i Ifm manuf actured through the MBE

nmet hod and is different hrough the plasm
CVD nethod. In nore specifgc ternms, whi the anpfphdbde -C filmis
constituted with carbon nol ecul es couf (N a network,

FIG. 48
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carbon and hydrogen

are essentially

i nvention, the
20

in the DLC fil maccording to the present invention,
are coupled in the formof a network, thus the two filns
different from each other. According to the present
coercivity of the first

ferromagnetic film 211 and the «coercivity of the
ferromagnetic film 212 are made to differ fromeach ot her.
t he magneti zati on curve achi eved when ?ﬁézzoercivity Hl of
ferromagnetic film211 and the coercivity H2 of the second ferronagnetic
film212 are made to differ fromeach other to satisfy HlL > H2 (or H2 >
H1). As shown in the figure, the magnetization curve forms a two-step
loop. In FIG 4, the two arrows within the <circles indicate the direction

second
FIG 4 shows
the first

of magnetization in ghe first

magnetization in the| second fe
of magnetization of the first f
magneti zation of thefsec@gnd fer

I

ferromagnetic film211 and the direction of
rromagnetic film 212. The direction
erromagngtic film 211 gnd the direction of
romagnetigc film 212 arg antiparallel to

netic fijeld is larger fihan the coercivity

each ot her when the appl }ied mag
H2 (absol ute val us) and,jlat the
| 2
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same tinme, snmaller than the coercivity Hl (absolute value), whereas they
are parallel to each other when the applied nmagnetic field is larger than
the coercivity HL. The electrical resistance increases when the directions
of magnetization are in an antiparallel state and is reduced when the
directions of magnetization are in a parallel state. Wth the resistance
val ue achi eved when the directions ofy7pmgnetization are parallel to each
ot her assigned Rs and the quantity of change in the resistance when the
directions of magnetization shift froman antiparallel state to a parallel

state assigned AR the MR fatiolis ARRRs.|Wth thig, it |becones possible
to detect an extennally applied mpagnetic f|eld. Next, an
explanation is giyea ih reféerence to enbod ﬁents. Enbodi ment 1

21 The feérrjomagnetic tupnel |[unct)pn ifllustirated in FIGS. | and 2
was achieved by |lgmbpating a firstiferrpfagneticifilmj 211 constituted
of NiFe, an insulatipg{film?210 ¢onst|tutediof jan alum npum oxide film

and a second ferfgqmagnetic fiilm R12 7 nstfituted of |Co on an
insul ating substraye ¥constituted oba 3
|

| ] |

AV MMMLY
| |

QUTPUT a.

FIG. b2
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inch dianmeter glass substrate. The insulating film 210, constituted of an
alum numoxide film was fornmed by perform ng a 24-hour heat treatnent on
an alumnumfilmat 60[err]Cin air. The junction area of the
ferromagnetic tunnel junction was 0.25 to 2500 [err] nferr]. Twent y
ferromagnetic tunnel junctions were prepared, with each of the junction
areas given above, and the barrier potentbq.1 the average value of the MR
ratio and its deviation were checked for “éach junction area. In addition,
the yield was al so checked. Next, the nethod for producing the
ferromagneti c tunnel junction |§“pxpla|qu g? speci fic manner

First, a NFe filmwth a layer thicknes§ of 10imwas forned by RF

sputterlng to gn ;l { e\ t\he NET\ e QMRONETTE Y1 11 on the substrate
4 constituted \ N o'.v5 N \COr Wi Rg BN O\ ay substrate t hen by
using fine machini fgLE ] UGl S T eSSt phote ?391’ aphy, Ar ion
mlling and r83(st+L<sep; __“iv*~w§g¢§?§@ﬁ¥%f<?'<_"“""'“!. orm 0.5 to 50
Lerr] mx 0.5 §{ SERREEEsstaetiayey oy o R oa-S ) csist
patterning maé gerﬂt' paNaRo\aKt&r S\OAAR U AL €-oxli di zed | ayer in
the N Fe | aye 1 I i i -1 by sputter
et ching, an alum uﬁ] frl ] ] i was fornmed through
the electron bea ifi

7-—102
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Qaoz4c
22 The sanple was taken out of the vacuum deposition apparatus .
and then, after performing a heat treatnent for 24 hours at 60[err]Cin "
air, it was formed into an insulating film210 constituted of an al um num
oxide filmwth a dianeter of 3mmby using a |lift - off process.
Next, after perform ng resist patterni ng again, a Co filmwith a layer
t hi ckness of 100nm was forned to constitute the second ferromagnetic film
212 by RF sputtering and after that it wasformed into the second

ferromagnetic %-E%ﬁl(%%é%éﬁ(? f@%@@gu!@f\lqﬁﬁwr E)M %Nﬁé?{?’@gnﬁgr r] mX

0.5 to 50 [err I'Tection perpendi cular 't rromagnetic

film211 by using a |i fELEWﬁTpWE&%gggg\écaHE%%romagnet I ¢ tunnel

junction with a junction area of [err nerr] was obtained.
In addition, for purposes of conparison, a ferromagnetic tunnel junction
constituted of N Fe/alum numoxide/Co with a naturally oxidized al um num

film(left inthe air for 24 hl%tlj r ikt hm formati on), of the type
normal ly used in the prior art, %ﬁ{“ﬁtﬁl%g the insulating film 210, was

al so prepared in ?héi [Eiré&rnt TROOion relates to a ferromagnetic tunnel

junction, a magnetoresistive element (hereafter referred to as MR
element) which employs the ferromagnetic tunnel junction as a
sensing portion and it also relates to a magnetic head employing
this element.

BACKGROUND ART

Magnetoresistive heads (hereafter referred tc as MR heads)
that utilize the anisotropic magnetoresistance (hereafter referred to
as AMR) effect are in commercial production as magnetic heads for
high density magnetic recording. However, since an AMR head
typically employs an AMR effect film such as NiFe to constitute the
magnetic film, its magnetoresistive ratio (hereafter referred to as
MR ratio) and sensitivity are low, at approximately 2% and 0.5%
/ Oe respectively. Therefore, development of magnetoresistive films
(hereafter referred to as MR films) with a higher MR ratio and a
higher sensitivity is required.

As a technology that will meet this requirement, a new
phenomenon, i.e., the giant magnetoresistance effect (hereaf%er
referred to as GMR effect), has come to light in recent years and
since it affords a greater MR ratio compared to the AMR effect film
in the prior art, much research into this phenomenon has been
conducted. In particular, the GMR effect achieved by utilizing a spin

valve (S8V) film has become the focus of great interest. Since a spin



In the enbodi nent and in the Exanple for Conmparison, film formation to
prepare the first ferromagnetic film 211 and the second ferromagnetic film
212 enpl oyed was perfornmed under the following conditions. In addition,
the alumnumfilnms were prepared with the ultimate pressure at 3 x 10[err]
Pa and the deposition speed at 0.05nm ;/sec. (Ferromagnetic layer film
formation conditions) Utimte pressure 1 x 10[err] Pa
23 Target: Ni[err]Fe[err] at % Co (4 - inch dianeter) Sputtering gas
Ar 5sccmvalGpuilnerwith pr é$susguctiredBanstittped | (fd faovsiagnéfieWilmPeposi tion
rate: NiFe 45nmmn, Co 40nm mn Substrate tenperature : water cool ed.
O the sanploes—trihagnesic enetaibiar €dm Mfdrhdbmagnener filrh péirtiferpgnetostesi sti ve
(MR) curves were neasured by enploying the DC four - termnal nethod. It
is to be ndiled whith theatemxtheu@VaDRffcet, deragnstiratest tledrdctbridthg weesur ement

was set at 1kCe, and that after
a high degree of sensitivity, at 2 to 5%,0Oe, it is thought to have
potential as a reproduction element in a next generation magnetic
head and further research has commenced toward achieving practical
utilization thereof.

Apart from the GMR effect, the phenomenon known as the
ferromagnetic tunneling effect, whereby a tunneling effect manifests
depending upon the relative angles of magnetization ~of two
ferromagnetic films in a junction constituted of a ferromagnetic film
/insulating film ~ferromagnetic film, is of interest and research into
development of an MR element utilizing this phenomena has been
in progress. Since a ferromagnetic tunneling effect film provides an
extremely high degree of magnetic field sensitivity, it has potential
to be adopted as a reproduction magnetic head in ultra high density
magnetic recording on the order of 10Gbit/inch?. In IEEE Trans.
Magn., MAG — 18, 707 (1982), S. Maekawa, V. Gafvert et. al.
demonstrated theoretically and through experiment that the
manifestation of the tunneling effect depends upon the relative
angles of magnetization of the two magnetic films in a magnetic
film “insulating film,“magnetic film junction.

Japanese Unexamined Patent Publication (KOKAI) No. 42417,/
1992 discloses a magnetic head provided with a ferromagnetic
tunneling effect film capable of detecting minute changes in leaked
magnetic flux with a higher degree of sensitivity and a higher

degree of resolution than an MR head in the prior art and also



applying a - 1kCe magnetic field, the magnetic field was gradually

I ncreased until it reached + | kCe before it was reset to - 1kCe. In
addition, the barrier potential was obtained by nmeasuring the V - |
characteristics of the tunnel junction and the deviation in the |inear
area was determ ned. FIG 5 shoys a magnetoresistance curve of the
ferromagnetic tunnel junction according to the present invention with a
junction area of 50 x 50 [err] nferr]. Wen the applied nagnetic field is

i ncreased Hiseloses 1k{at, thagrgirbdadtion depvitiviay dakas pghateraimple dd rst
ferromagnetic film211 at + 50e, causing the spins of the first

ferromagnet bg fredumidgl thadjumeicsecned {erircdmegntid dnéidenc? 1 tginhbkcome
antiparallel, and resulting in an increase in the electrical resistance.

The cal cul af@@ndash i @r thet eulatingaflmt 0. 5eV, and a simlar MR curve was
obtained with 16 out of the 20 junctions prepared. The MR ratio was at 6.6

to 8.1 % aver agi ndn7additton, JhpanesdeVnskamindéd Pabentr Btibhcation TKBKAL As

for the ferromagnetic tunnel junction in the Exanple for

24  Conpar Neori080pi g\b8% dibelosed ur Bdriymaxhdiiz etinaklini neffectf film tHatr its
applies a bias magnetic field from an antiferromagnetic film to a
magnetic film and a magnetic head employing this ferromagnetic
tunneling effect film.

Furthermore, T. Miyazaki, N. Tezuka et. al. report in J. Magn.
Magn. Mater. 139 (1995) L231 that an MR ratio of 18% was achieved
at room temperature in an Fe/ALO;/Fe tunnel junction. In addition,
M. Pomerantz, J. C. Sloczewski, E. Spiller et.al. disclose an Fe/a —
Carbon,/Fe film.

There are a number of problems that have yet to be
addressed in the various types of ferromagnetic tunnel junctions that
have been disclosed to date.

Publications on the known art such as Japanese Unexamined
Patent Publication (KOKAI) No. 42417,71992, for instance, disclose
several means for detecting minute changes in a magnetic flux with
a high degree of sensitivity by employing an MR element provided
with a ferromagnetic tunneling effect film in order to achieve a
high, stable output. In one of such means, one of a pair of magnetic
films constituting an MR film with a multilayer structure, namely,
the magnetic film whose direction of magnetization changes due to
leak magnetic flux from the medium, is required to have a reduced
anisotropic dispersion angle and to have a single magnetic domain

to ensure that the magnetization rotation occurs entirely and at



insulating film 210, a barrier potential of only 0.2eV was achieved. In
addition, an MR curve was observed only in 4 junctions, with low M
ratios, averaging only 1.5 %w th deviation fromthe average value
extrenely large at 88% A simlar evaluation was performed on various

junction sizes. The results are presented in Tables | - 1 and | - 2.

Table | - 1 MRR ES
| F JA AV DV Yl (%)

([err] rr[er‘Pr}‘3e To(ebsi) more( wecﬁa(;p@ single magnetic] dompda is agbieyeg0by 0.5
7.6 16 1 TOA 20 x 20 1.0 7.5 8 15
1. 3 Toagnsertlrig)xarlgnterrge@ate fﬂm gugh apeBN] & the maggetic film. 1 -4

TOA 5x 5 0.7 7.9 1-5 TOA 4 x 4
1.2 8 2 1oHoweygr, even vpth 6a fﬂ@\ with 3 x sgall apisptropic 8.4 9
19 Lo 7. TOA 2 . 3.0 8.3 11 15 _ 1-8
TOA 1digpgrsion sangle forr@dg m thjs manper, there is still @ pralham in 0. 5x0. 5
2.3 .5 10 19. . . Table | - 2

VRR hatE@'hen the %lm is g)p\tterneclgpto a sizeapf severpy u myito( b
([err]n{err(lg { M (%9 NOA 50 x 50 0.2
1.5 ergted n a hig re@uenqyomagrmicxflglgl at q;‘ above sevarag tens7g 5
1- 3 EI )éi]t . 1.5 75 1- 4 NOA

5 x 5 ofo_l\é Z, Isl_uifbanceBOn umtg of microns 11115 the sm@mng d;mctlon 0.1
1.8 65 6 1L - 6. NOA ( 2 1 72 6
1. 7 Nofceurs gt 2the end gpoytions of Zthe fmely pajzterned fllm,lthergby NOA

1 x1 f0.1. 1.8 .78 . b . a1 - . NOA 0.5, x 0.5 0.3
50 g5 lormigg a magnetic domain wall, which, in turn, disrupts the single

magnetic domain structure and results in Barkhausen noise and the
like.

Next, in regard to the AMR magnetic head and the spin
valve GMR magnetic heads in the prior art, a method for preventing
Barkhausen noise by forming a magnetic domain control film at the
two end portions of the MR film to apply a longitudinal bias has
been disclosed (prior art publications: U.S. Pat. No. 5,018,037 and
Japanese Examined Patent Publication No. 21166,71996). In these
structures, the magnetic domain control films are formed in direct
contact with the areas of the two end portions of the entire sensing
portion, since as an AMR head or a spin valve GMR head is used
with the current being supplied in a direction parallel to the surface
of the MR element, no problem is posed in practical use, even if the
magnetic domain control films are in contact with the two end
portions of the sensing portion.

However, in a ferromagnetic tunnel junction in which a first
ferromagnetic film, an insulating film and a second ferromagnetic

film are laminated in the vertical direction, a change in



25 In Table I - 1: ES; Enbodi nent sanpl e | F;

Insulating film (heat treated at 60[err] O JA; Junction area
([err]nmerr]) BP; Barrier potential (eV) MRR, MR ratio
AV; Average value (% DV; Deviation (% _ YI: Yield
(quantity) TOA; Thermally oxidf zed alumnumfilm (*):
nunber of ferronmagnetic tunnel junctions out of 20 w th which good MR
characteristics were achi eved. In Table | - 2 EC, Exanple for
Conpar i son smgpktoresistance bEcursnbetzalsendf &i tinddl elirrbmt Qldvbfm in the JA
Junction area ([err]nferr]) BP; Barrier potential (e

MR ratio directioMVof Aner dgmingfioe. (’%ms, if biadPVinaautiat i18fers for
YI ; Yield (quantity)
magnetic domain control are placed in contact with the overall end
portions of the sensing portion as in the prior art, the upper and
lower ferromagnetic films, which are separated by the insulating
film, become electrically shorted, cutting off the tunnel current and,
consequently, no magnetoresistance change is achieved.

In order to adopt a shield type magnetic head in high
density recording /' reproduction, it is necessary to reduce the
distance between the shields at the ABS. In a shield type magnetic
head, an insulating film constituted of alumina and so on, for
instance, is normally provided in order to maintain insulation
between the ferromagnetic tunnel junction and the shield films in
addition to the ferromagnetic tunnel junction between the shields.

Consequently, in order to reduce the distance between the
shields, the thicknesses of the insulating film and the ferromagnetic
tunnel junction must be set as small as possible. However, if the
electrode film is made to be exposed at the ABS as disclosed in the
publications on the known art, even with the thicknesses of the
insulating film and the ferromagnetic tunnel junction reduced, a
certain distance is still required between the electrode film and the
shield films, constituting an obstacle to reduction of the shicld
distance and, therefore, it is not suited for high density recording
reproduction.

In the publications on the known art, the area over which
the electrode film is provided is large to ensure that all current runs

through the ferromagnetic tunnel junction. However, since it is



NOA; Naturally oxidized alumnumfilm (*): nunber of ferromagnetic
tunnel junctions out of 20 wth which good MR characteristics were

achi eved. As Table | clearly indicates, by enploying alum num oxi de
filmformed through heat treatnent at 60[err]Cin air as the insulating
film210, a high barrier potential of 0.5 to 3eV and a high MRratio

26 are obtained with a very little cfewatlon and a high yield is
achieved. The yield is particul arIy hi gh vvhen the barrier potential is

thin th f t f
%amI Rat [ gnéég&frﬁ’o tﬁ)/Raé a%acz:rtegfsl\/rs the Fer'{bgrﬁgﬁf\ée}%%%rfgﬁﬁgl junction
h I f , £d t a,]tHgge
ai II‘CWI 1(:a m ﬁ}'e% @mg&gpugéeﬂ%%# cejc(fq(()ef Ifg%poi.?r%{%% [et%?fl%qu nCﬂ% e altr{]dgu ti ngI film

210, de@”&héﬁ% gﬂtd“%g tacRQ % t'tYBd% ahin? 5SmaRENLY x%&g%ﬁ Li thheagevi ation

and a high reatnment 1s per at 40 to 100[err]C
Enbodi ment r ngt i | -4 u [ it | atin
ta%{m up & OIr&é %E%Q &% GiskidRBe! id uped ;ﬂfbﬂ'{‘;bttfbns S NG g

film210 cons m was forned on strate 4 constituted
known art, dielectric breakdown due to static electricity tends to

occur, and therefore it is not desirable.
It is to be noted that the ferromagnetic tunnel junction
according to the present invention is the same as the ferromagnetic

tunneling effect film described above.

DISCLOSURE OF THE INVENTION

It is an object of the present invention to provide a
ferromagnetic tunnel junction that can achieve a high MR ratio
while also achieving good reproduction characteristics.

It is a further object of the present invention to provide a
ferromagnetic tunnel junction that, applied in an MR element, a
magnetic head or the like, allows simplification of the overall
structure.

It is a still further object of the present invention to provide
an MR element in which a sufficiently large tunnel current can be
supplied to the ferromagnetic tunnel junction to achieve a high MR
ratio.

It is a still further object of the present invention to provide
an MR element that achieves a good output waveform without
distortion.

It is a still further object of the present invention to provide

an MR element that is capable of achieving a stable output without



of a glass substrate. The first ferromagnetic film 211 was constituted of
Co[err]Fe[err], whereas the second ferronmagnetic film 212 was
constituted of Co. The junction area was set at 0.25 to 2500 [err]nferr].
The first ferromagnetic film 211 and the second ferromagnetic film 212
were prepared in a nethod identical to;that enployed in Enbodinent 1. The
DLC filmconstituting the insulating film210 was forned through a plasna
CVvD nethod to achieve a | ayer thickness of 5nmand a dianmeter of 3mm and
patterni ngneie. perfornmed enploying the |ift - off nethod. The conditions
under which the DLC filmwas forned are listed below. (DLC filmformation

condi tions) U tilgdake REES SuFt®er 2biectObBRR¢ frasedtnireatiked tgagovids hane
5sccm Gas pressure : 3.5Pa RF power: 50W

27 Sel & Bdrasmeehktigetunidd GVvinctioRepPsd trh@sdtid Gread OtHyY Athieves SUbstrate
tenperature: no heating and no water cooling.

reduction in the distance between the shields and is suited for high

density recording /reproduction.

It is a still further object of the present invention to provide
a ferromagnetic tunnel junction type magnetic head that effectively
prevents dielectric breakdown which would occur between the
electrode film and the shield films.

In order to achieve the objects described above, according to
the present invention, in a ferromagnetic tunnel junction constituted
by sequentially laminating a first ferromagnetic film, an insulating
film and a second ferromagnetic film, the barrier potential of the
insulating film is set within a range of 0.5 to 3eV.

In the case of the present invention, in which the barrier
potential is set within the range of 0.5 to 3eV, a high MR ratio is
achieved while also achieving good reproduction characteristics. It is
assumed that one of the reasons for this is that by maintaining the
barrier potential within the range of 0.5 to 3eV, formation of a
consistent insulating film 210 with an extremely small number of
pinholes is assured.

It is assumed that another contributing factor is a stable
antiferromagnetically coupling between the first ferromagnetic film
and the second ferromagnetic film via the insulating film within the
barrier potential range described above. Particularly advantageous
results are achieved when the barrier potential is maintained within

a range of 1.5 to 2.5eV.



In addition, as an exanple for conparison, a Co[err]Fe[err] / alum num
oxide / Co ferromagnetic tunnel junction enploying a naturally oxidized
alumnumfilmfor its insulating film 210 was prepared. The
results obtained when the sanples in the enbodi mrent and the exanple for
conpari son described above were neasured to determne their M _
characteristics by enploying the DC 4 - termnal nethod are presented in
Tables Il - 1 and Il - 2. Table 11- 1

?/RFer Inferr] )ES When 'tﬁe barri EIA pot%xtlgf excee%éb‘\'%eV QDEtgﬁ(l I\/g%) rat%% 12
18.9 12 cann@a@ be acl'nev%d Aﬁth% t?e 21%3%1%%05 thif is noé%e? 401&%Lét

2 - 3 DLC 5 X 5

1.0 195 Othodé'xt tol‘(’oe due to thﬁSfSac@L%%t tié %Eénei c}ggent st858§ 12

14
2 x 2 1ll"u§mlr%g ‘Zrﬂeﬁ thzel?baé’rleﬂ[*lg%)tent%} Se%c)?e%cfss 3@%’?3 1 X1 2.7

19. 3 20.5 10 19
ﬁ/I%R EC When ItEe barri\e}xA potentﬁ%gﬂaﬂsl Ibeg\%v 0 ]§\‘7V' aYPi%};)MR

ratio, which is expected of this type of ferromagnetic tunnel
junction, cannot be achieved. The reason for this is thought to be
degradation in the wuniformity of the insulating film with an
increasing the number of pinholes.

Now, the stable antiferromagnetically coupling formed
between the first ferromagnetic film and the second ferromagnetic
film via the insulating film within the barrier potential range of 0.
5 to 3eV in this ferromagnetic tunnel junction offers a great
advantage when it is adopted as a read magnetic conversion element
in a magnetic head.

When antiferromagnetically coupling is generated, the
magnetic field — magnetoresistance curves achieve the highest values
for MR ratio in the area in the vicinity of zero magnetic field.
Consequently, when this ferromagnetic tunnel junction is employed
for a magnetic conversion read element in a magnetic head, a linear
area is obtained in the vicinity of the zero magnetic field simply as
a shape effect without having to apply a bias magnetic field. Thus,
the structure of the magnetic head can be simplified.

The MR element according to the present invention employs
the ferromagnetic tunnel junction described above as a sensing
portion. Consequently, it is possible to provide an MR element that

can achieve a high MR ratic while also achieving simplification of



( [err]lnferr]) (eV) (% (% 2 -1 NOA 50 x 50 0.2
3.3 82 5 2 - 2 NOA 20 x 20 0.2 1.6 75

2 - 3 NOA 10 x 10 0.1 1.5 60 5 2 - 4 NOA
X 5 0.2 1.7 55 4 2 -5 NOA 4 x 4 0. 05
1.8 77 5 2-6 NCA g 3x3 0.1 1.5 55

2 - 7 NOA 2 x 2 0.4 2.2 60 6 2 - 8 NOA
1 x1 0.3 1.8 70 7 2 -9 NOA 0.5 x 0.5 0.4
2.0 60 the strlicture. In Table Il - 1: ES; Enbodi nent sanpl e
IF, Insulating film JA ; Junction area ([err]nferr]) BP;
Barrier potenti alTHee\WWIR element MBord¥Rgr abi dthe present AMiveAtiehade val ue
(9 DV; Deviation (% YI; Yield (*); nunber of
f er r omagnediegsirdblpnptoviided twithsmaghetit dfnaini tbntebl ¢hmgoTtheMRagnetic
characteristics were achieved. IN Table Il - 2 EC, Exanple for

Conpar i sondsmaapt eontrol filmbkFare psovided ngdjhcémd to the twdAlend Javitionen area
([err]nmerr])

of either the first ferromagnetic film or the second ferromagnetic
film.

Since, as described above, the magnetic domain control films
are provided adjacent to the two end portions of either the first
ferromagnetic film or the second ferromagnetic film, there is no
room for an electrical short to occur between the first ferromagnetic
film and the second ferromagnetic film. As a result, it is possible to
supply a sufficiently large tunnel current to the ferromagnetic
tunnel junction. Thus, a large MR ratio is achieved.

Furthermore, with the magnetic domain control film, the
ferromagnetic film provided with the magnetic domain control film
can be set in a state of a single magnetic domain. This prevents
Barkhausen noise which causes distortion in the output waveform,
thereby achieving a noiseless and stable output.

It is desirable that either of the first ferromagnetic film or
the second ferromagnetic film, the ferromagnetic film without the
magnetic domain control films is provided with a magnetization
pinning film.

This structure, in which either the first ferromagnetic film
or the second ferromagnetic film constitutes a pinned ferromagnetic
film provided with a magnetization pinning film and the other
ferromagnetic film is made to operate as a free ferromagnetic film,

allows the relative angle of the direction of magnetization of the



29 BP ; Barrier potential (eV) MRR, MR ratio AV;
Average value (% DV; Deviation (% Yl; Yield (quantity)
NOA; Naturally oxidized alum numfilm (*) ; nunber of ferromagnetic
tunnel junctions out of 20 w th which good MR characteristics were

achi eved. As Table Il clearly ithdicates, by using the DLC film
prepared through the plasma CVD nethod as the insulating film210, a high
barrier potgnti

devi ati on Wth?‘%‘l{g&({aﬂ?@?gcg%w arnegzi& e?hgrteg’aégi,g ?m\émﬁégté%gééh{)ql’égé‘gr epar ed
with the junctigon, area at 50 X 50 [err] err] iLn this enbodi nent, a good
MR curve m%ecogghif%r\;ggxqggeilg : |E4£,b% eh g™y ugyf GFOYHE MRCratio
10 B et St ol Eaaiotien of i ol @il Rt A 29 g, e i
oL Lozt S S SoRBa] som. Lrhe, Lk ormanelic unnel dngiien I

axis of the free ferromagnetic film is perpendicular to the external

magnetic field and the magnetic easy axis of the pinned

ferromagnetic film is parallel to the external magnetic field. Since

this sets the direction of magnetization of the free ferromagnetic

film and the direction of magnetization of the pinned ferromagnetic

film perpendicular to each other when the external magnetic field

is at zero, an output waveform with good symmetry is achieved.

Furthermore, since the direction of magnetization of the free

ferromagnetic film is changed in the magnetization rotation mode by

an external magnetic field, a high degree of sensitivity is achieved

and, at the same time, smooth magnetization reversal is executed,

thereby reducing generation of Barkhausen noise resulting from the

magnetic domain wall motion.

The magnetic head according to the present invention

comprises a slider and at least one magnetic conversion element. The

slider is provided with an air bearing surface at the side facing

opposite the magnetic recording medium. The magnetic conversion

element includes the ferromagnetic tunnel junction described abeve

and an electrode film, and is supported by an insulating film that

constitutes a portion of the slider.

The ferromagnetic tunnel junction includes an insulating
film, a first ferromagnetic film and a second ferromagnetic film. The

first ferromagnetic film and the second ferromagnetic film are



oxidized alumnumfilmfor its insulating film 210, the barrier potential

was | ow overall, with only 5 sanples denonstrating an MR curve and the MR
rati o average value was low at 3.3 %with the deviation very large at 88
% Next, the relationship between the junction area and the

magneti zation reversal field is explaimed. It has been reported that the
smal ler the junction area is, the fewer defects such as pinholes in the
insulating film210 result, achieving a higher yield. As Tables
30 | andlaminated caige the imsylaingvHilmati o and a hi gher yield are achieved
as the junction area is reduced in the ferromagnetic tunnel junction in
t hese enbodi ment stha relpetrode ufidm, includeshe Harsti elecpodentfilat andhian  a
range of 1.5 to 2.5eV, the yield becones higher. In addition, it has been
| ear ned t haecarie etasiraste; &ilm, evidh Hete ShrstwelectredeGlils doneectethéo timgnetic
field where the magnetization of the first ferromagnetic film 211 becones
reversed, &St tferromagneticeddm waddithecsdacond elactrpde t fibul connasheh tohe
junction area is smaller than 10 [err] nferr] and the barrier potential is
at 1.5 to Misesecopde fpmpmeagnatid onkn of Théefifstr stlectfede ofibgnetnide thiel m 211
and the second ferromagnetic film 212 are

second electrode film are provided so that they are not exposed at

the air bearing surface.

It has been learned that by achieving a structure in which

the first electrode film and the second electrode film are not exposed

at the ABS as described above, electrostatic breakdown becomes less

likely to occur at the magnetic shield films and the ferromagnetic

tunnel junction and, in particular, between the first electrode film

and the second electrode film, improving the resisting voltage

characteristics.

Furthermore, since the distance between the magnetic shield
films and the ferromagnetic tunnel junction that constitutes the
sensing portion can be reduced at the ABS, higher density recording

/reproduction compared to the prior art becomes possible.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a perspective schematically illustrating the
ferromagnetic tunnel junction according to the present invention :-
FIG. 2 is a cross section along line 2 to 2 in FIG. 1:
FIG. 3 shows the MR ratio characteristics in the
ferromagnetic tunnel junction :

FIG. 4 shows the magnetization curves in the ferromagnetic

tunnel junction ;



antiparallel at zero magnetic field. This indicates that an
antiferromagnetically coupling force is induced between the two nagnetic

| ayers. It is assuned that a high MRratio and a high vyield were achi eved
when the junction area was snmaller than 10 [err] nierr] because
antiferromagnetically coupling was i nduced between the two nmagnetic |ayers
by enploying an insulating film210 wi'th a high degree of uniformty and
very few pinholes and also by reducing the junction area. In addition, as

nmbodi t 1t d di 2 8 d t,r at if.the.b i
;e)otgnlt .m:lp i S g?eﬁt@?‘ ?ﬁgﬁs‘)‘f’{vgg&?’eev_RﬁR\mE%q‘?RZijr%ﬁaeﬁ?ﬁmﬁ_r 25‘ ?;trh:eg;s t han
Lo raunet Fetoiragatic b adie TR defdrdinte °R Rk e Bnf kG fon ot veen the

A di to th tic t | j ti i ted i RlL.gS. 1 and
21 i 8 obvi ous HIG-pPovedd: aReiReE Shedt vRANCRR ShoREee oMk MR rati o
whil e al so fichi Vi n(g1 g;{gltl fi ﬁat ion of .the t'St ructure. Next, specific
exanpl es of GHEVECET t1%d 8r8r|eﬁ8mi i 101?)r'esent i nvention are

| ai ned. . . . 34 . FIG 6 i
géﬁe?r:atniec per spedtivd dF Elr%oﬁfRs@FBﬂEn?longcgng?n_gét%l HHE Sriesent >

invention, FIG s cross section along 1o 7 7 in FIG. 6;

FIG. 9 is a diagram illustrating the operation of the tunnel
junction portion in the MR element shown in FIGS. 6 to 8;

FIG. 10 is a perspective schematically showing another
embodiment of the MR element according to the present invention ;

FIG. 11 is a cross éection along line 11 —11 in FIG. 10;

FIG. 12 is a cross section schematically showing another
embodiment of the MR element according to the present invention ;

FIG. 13 shows the magnetic field — MR ratio characteristics
achieved when a soft ferromagnetic film with low coercivity is
employed to constitute the free ferromagnetic film and when a hard
ferromagnetic film with high coercivity is used to constitute the
pinned ferromagnetic film ;

FIG. 14 shows the magnetic field — MR ratio characteristics
achieved when a soft ferromagnetic film is employed to constitute
both the free ferromagnetic film and the pinned ferromagnetic film
with a magnetization pinning film laminated adjacent to the pinnc-d
ferromagnetic film.

K1G. 15 is a cross section showing another example of the
ferromagnetic tunnel junction in the MR element according to the
present invention ;

FIG. 16 is a cross section along line 17— 17 in FIG. 15;



line 8 - 8inFIG 6 and FIG 8 is a cross section along line 7 - 7 in
FIG 6. As shown in the figures, the MR el enent according to the present
invention is provided with a ferromagnetic tunnel junction 21 and magnetic
domain control films 214 and 215. The ferromagnetic tunnel junction 21
includes an insulating film 210, a fiést ferromagnetic film 211 and a
second ferromagnetic film212. The first ferromagnetic film 211 and the
second ferromagnetic film 212 are |lam nated at either side of the

insulating film ﬁg: 17hese %Pgﬁolsggﬁ&gtaqg?%rli?% Iraragprzl%zrhilapﬁ-éilggul ating

support base 4. magneti C main con and are provided

adj acent 1o the g 18N8 BOHiada%h Hiudtfrbk! Ble LBLFAMPRE ife thhfR211l. An

explanation is given in refer e Is-e a structure in

which the sfidiih TRLBARANCHC MR fbmbht | shdifdled F168N351 toitey 2 free

ferromagneh ose direction of magnetization changes freely

relative to a wegfgexbernial gRAReldfiohl ShdwAd dilnseatholbept ARNEL | C

. ! sh neti c
film212 is nade to constitute a pinned ferronagnetic ose direction

of maanet | 244 0gheltel RRrNGARIBA VRS it Qe BB YoBKARENT) 1TRINCL | o

field. ( net i mal n contro Is type o enent, the
ferronagneb}é‘sehyrm%nﬁjoﬂncti on 21 is forned as a fine rectangul ar pattern.
In such a “pattern, a nmagnetically unstable region is formed at the end

portions of thepnal oer i faStioss Nbetion' BodgXifRY ben-of f AENAY c domain.

FIG. 21 is a cross section along line 20 —20 in FIG. 19;

FIG. 22 is a diagram illustrating the operation of the tunnel
junction portion in the MR element shown in FIGS. 19 to 21

FIG. 283 is a perspective of the magnetic head according to
the present invention ;

FIG. 24 is an enlarged cross section of the magnetic
conversion element portion of the magnetic head shown in FIG. 23 ;

FI1G. 25 is a perspective schematically showing the structure
of a magnetic head employing the ferromagnetic tunnel junction
according to the present invention ;

FIG. 26 is a cross section illustrating the structure of a
magnetic head in the prior art which utilizes the AMR effect ;

FIG. 27 shows the reproduction characteristics of the
reproduction magnetic head according to the present invention and
the AMR head in the prior art;

FIG. 28 is an enlarged cross section of the MR element
portion ;

FIG. 29 is an enlarged perspective of the MR element ;

FIG. 30 is a diagram illustrating the method for

manufacturing the magnetic head according to the present
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i's assuned that when

the applied magnetic field His at zero, the direction of nmagnetization M
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the magnetic field Hto be applied. The
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manufacturing the
showing a process
FIG. 33
manufacturing the
showing a process
FIG. 34
manufacturing the
showing a process
FIG. 35
manufacturing the
showing a process
FIG. 36
manufacturing the
showing a process
FIG. 37
manufacturing the
showing a process
FIG. 38
manufacturing the
showing a process
FIG. 3%

manufacturing the

magnetic head according to the present invention,
following the process shown in FIG. 31 ;
is a diagram illustrating the method for
magnetic head according to the present invention,
following the process shown in FIG. 32 ;
is a diagram illustrating the method for
magnetic head according to the present invention,
following the process shown in FIG. 33 :
is a diagram illustrating the method for
magnetic head according to the present invention,
following the process shown in FIG. 34 :
is a diagram illustrating the method for
magnetic head according to the present invention,
following the process shown in FIG. 35:
is a diagram illustrating the method for
magnetic head according to the present invention,
following the process shown in FIG. 36 ;
is a diagram illustrating the method for
magnetic head according to the present invention,
following the process shown in FIG. 37 :
is a diagram illustrating the method for

magnetic head according to the present invention,



changes by, for instance, an angle O, while the direction of nagnetization
M2 of the pinned second ferromagnetic film 212 remains unchanged. Thus,

t he magnetoresi stance effect is generated. Wth such nagnetic
domain control films 214 and 215 provided adjacent to the two end portions
of the first ferromagnetic film 211, ;4here is no room between the first
ferromagnetic film211 and the second ferromagnetic film 212 where an

el ectric short could occur. As a result, a sufficiently |arge tunnel

current caghdwingUBPbr6sksst RlidWeinketho Braneds showaneh Funcdg on 21. Thus, a
large MR ratio is achieved. Furthernore, the first ferronmagnetic

film211 provideBiW.thM0 is a diagram illustrating the method 33r the
magneti c domain control films 214 and 215 can be set in a state of single

magneti ¢ degBufactifing Phe \RAEStIe MRAA ARBrdihgBeay khausesentndiventidi,ch causes
distortion in the output waveform thereby achieving noiseless, stable

output.  showingHar $ré&isk OfEWInieC the | process 8Rbivhein OREYegic films may be
used to constitute the magnetic domain control films 214 and 215. It is

desirabl e to user@rd 4ler rignagnetiagram mallutrBtiagCoeke€i vinkthoequialr to or
greater than 1kCe to constitute the nagnetic domain
manufacturing the magnetic head according to the present invention,
showing a process following the process shown in FIG. 40 ;

FIG. 42 is a diagram illustrating the method for
manufacturing the magnetic head according to the present invention,
showing a process following the process shown in FIG. 41 ;

FIG. 43 is an enlarged perspective showing another example
of an MR element ;

FIG. 44 is a cross section along line 44 — 44 in FIG. 43 ;

FIG. 45 is a cross section showing another example of an MR
element ;

FIG. 46 is a cross section of a ferromagnetic tunnel junction
of the magnetic head according to the present invention ;

FIG. 47 is an enlarged perspective of the ferromagnetic
tunnel junction type magnetic conversion element shown in FIG. 46;

FIG. 48 shows the MR curve achieved by a magnetic head
provided with magnetic domain control films ;

FIG. 49 shows the MR curve achieved by a magnetic head
without magnetic domain control films ;

FIG. 50 shows the output waveform achieved by a magnetic
head provided with magnetic domain control films :

FIG. 51 shows the output waveform achieved by a magnetic

head without magnetic domain control films; and



control films 214 and 215 in order to prevent a disturbing influence of an
external magnetic field. There are no specific restrictions inposed upon
the filmthickness of the hard ferromagnetic filns or the material used to
constitute them However, it is necessary that the product t [err]Br of
the filmthickness t of the hard ferrogagnetic filmand the residual
magnetic flux density Br be at a specific level 1in order to generate a

bi as nmagnetic field of a specific magnitude. Because of this, it is

desirable to use EGCo 52! | g8 Ctaestddtghe therBioARd. adhhe R t bgUl @fe  COPt,
CoPt Cr, CoPtTa, CoCrTa, CoPtTaCr and t |i ke are preferred since high

coerci Vi ty mhamgid eNad eéf@d@)r tdethd | brBskAi CARSSIONS &fBldying a In

addition, a base |ayer %orned In order to increase the coercivity

of these fé}@-bﬂlagﬁl Elgomt 51fnctfdri ms. The hard ferromagnetic filnms each
has a close - packed hexagonal crystalline structure with the magnetic

easy axis being the C axis. Thus, it is desirable to set the Caxis in an
in - plane direction to efficiently apply a bias magnetic field in a

direction w thi pegire MbBEE FOR IOARRYING QUY THE NINVERFEONSOME type of
buffer |ayer may be provided. By formng a buffer |ayer, the coercivity
can be further irRdfeasged. to FIGS. I and 2, a ferromagnetic tunnel junctidh
according to the present invention is constituted by sequentially
laminating a first ferromagnetic film 211, an insulating film 210 and
a second ferromagnetic film 212. These are laminated on an
appropriate insulating substrate 4. The present invention is
characterized in that the barrier potential of the insulating film 210
is set within a range of 0.5 to 3eV.
In a ferromagnetic tunnel junction, when an electron e passes
from the first ferromagnetic film 211 via the insulating film 210
through the second ferromagnetic film 212 while maintaining the
direction of its spin (see FIGS. ! and 2), the transmittance of the
electron e is determined based upon the amplitude square ratio of
the incident wave and the transmitted wave by using a wave
function which is determined taking into consideration the spin. lts
tunnel conductance G is expressed as:
G =Go (1 +PlI'+P2) cos @
In this expression ;
PI' = [(K11-K1}) / (KIt+ KiI{)] el
P2’ [(K21-K2|) / (K21t+ K2|)] a2

GO’ : constant determined the wave number K1 %, K1}, K21, K2

} of the electron and the barrier potential level within the two

ferromagnetic films



It is desirable to constitute the buffer layer wwth a material whose

| attice constant is approxinmately the sanme as that of the Co alloy used
for the ferromagnetic films and, in particular, C, M, W Ta, Zr and

al | oys thereof are desirable because of their body - centered cubic
structure. When antiferromagnetj,c filnms are used to constitute the
magneti c domain control filns 214 and 215, an exchange bias magnetic field
i s generated through exchange coupling with the first ferronmagnetic film
211. I n order otly @eRetcdfeicientaritat exehdd@adbhfupotB e baeribt @dcddentihl | S
essential that a high degree of flatness is achieved at the interface of
the ferromagesthie ;| ayer and the antiferromagnetic [ayer and that the

formation of a mxing layer be prevented. The antiferromagnetic
materi al s thaPl'mpg’ peffigeide Ssinugelarizatiahticf th@t@bl freomagtetic dXingle
materials . Desirable metallic antiferromagnetic materials include Wnh

al | oys such jagnde®haadd N Mh and Cr alloys such as CrAl and Cr Sbh.
Desirabl e oxide ferronmagnetic materials include NNO CoO and

Fe[err]  err] PI'TR2 napin stearizatibes (Factiondl pottidrey (rorhgneféctivensgid al
since it achieves a |arge exchange bias magnetic field. However, there are

al | oys that potatzditorenPy’, @7 a) nefd thé rtowg ferepiriagxietit filrostinagd 2. The

ferromagnetic filmwith a face - centered cubic structure such as N Fe

anong M rate of change AG./G0 in tunnel conductance is expressed as ;
AG/GO = 2.P1'- P2

The meaning of the rate of change A G/G0 of the tunnel
conductance is the same as that of the MR ratio.

Since, when the level of the barrier potential is small, the
coefficients a¢ 1 and a 2, which are dependent upon them, are low,
resulting in small effective spin polarizations Pl and P2 in the two
ferromagnetic films, the MR ratio is reduced. In contrast, if the
barrier potential is sufficiently high, the effective spin polarizations
P1' and P2’ approach the spin polarizations Pl and P2, thereby
achieving a high MR ratio.

In the case of the present invention, in which the barrier
potential is set within the range of 0.5 to 3eV, a high MR ratio is
achieved while also achieving good reproduction characteristics. It is
assumed that one of the reasons for this is that by maintaining the
barrier potential within the range of 0.5 to 3eV, formation of a
consistent insulating film 210 with an extremely small number of
pinholes is assured.

It is assumed that another contributing factor is a stable
antiferromagnetically coupling between the first ferromagnetic film

211 and the second ferromagnetic film 212 via the insulating film
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is thought to be due to the fact that the tunnel current stops
running when the barrier potential exceeds 3eV.

When the barrier potential falls below 0.5eV, a high MR
ratio, which is expected of this type of ferromagnetic tunnel
junction, cannot be achieved. The reason for this is thought to be
degradation in the uniformity of the insulating film 210 with
increasing the number of pinholes.

Now, the stable antiferromagnetically coupling formed
between the first ferromagnetic film 211 and the second
ferromagnetic film 212 via the insulating film 210 within the barrier
potential range of 0.5 to 3eV in this ferromagnetic tunnel junction
offers a great advantage when it is adopted as a read magnetic
conversion element in a magnetic head.

F1G. 3 shows the magnetic field — MR ratio characteristics
when an antiferromagnetically coupling is formed. As shown in FIG.
3, when antiferromagnetically coupling is generated, the magnetic
field — magnetoresistance curves L1 and L2 achieve the highcét
values for MR ratio in the area H in the vicinity of zero magnetic
field. Consequently, when this ferromagnetic tunnel junction is
employed for a magnetic conversion read element in a magnetic
head, a linear area is obtained in the vicinity of the zero magnetic

field simply as a shape effect without having to apply a bias



t he applied external magnetic field is at zero. The follow ng two
means nmay be enployed to set the directions so that the nagnetic easy axis

of the first ferromagnetic film211, i.e., the free ferromagnetic film is
perpendicular to the external magnetic field and the magnetic easy axis of
the second ferromagnetic film212, i.e., the pinned ferromagnetic film is
parallel to the external magnetic fi¥®ld. In the first neans for

magneti zation pinning, a soft ferromagnetic filmwth |ow coercivity is

used to constityute, the first,  ferromagnetjc film 21 i.e, the free

f er r omagn&R3EEHQ nﬁl%}ad By the nﬁﬁH%ttuigﬁ P* I ﬁhemf{l?ﬁ%]% RS SAN tKF i's used
to constitute %h second ferromagnetic film212, i.e., the pinned

f er r omagn&tBlifiem FIG 13 shows the magnetic field -

magnet or esi st anc MR rati o characteristics at..are.achi eyed .when the
fi ?st means for Sné ex)ample ofothe insulating Hlm 2£ with which. a %ﬁg‘d?‘%t i zation

DL, SRS ST, b SRR B8 o SRR A SR
erromongtie CLLBUADN G CoRLei M L U52th o EOWRA' M e P e
aluminum oxide film, since no metal — aluminum is partially present
in the film, the upper and lower ferromagnetic layers 1 and 2 cannot
be bridged electrically. As a result, a ferromagnetic tunnel junction
provided with an ultra thin insulating film 210 with a high barrier
potential is achieved.

As another example of the insulating film, a diamond — like
carbon film (hereafter referred to as a DLC film) also achieves an
ultra thin insulating film 210 with a high barrier potential. In
particular, with a DLC film manufactured through the plasma CVD
method, a good insulating film 210 with a high degree of uniformity
and no pinholes is achieved even when the layer thickness is
extremely small at several tens of angstrom.

It is to be noted that the C film constituting the
intermediate layer disclosed by M. Pomerantz, J. C. Sloczewski, E.
Spiller et.al. is an amorphous — C film manufactured through the
MBE method and is different from a DLC film manufactured through
the plasma CVD method. In more specific terms, while the amorphou-s
—C film is constituted with carbon molecules coupling in a network,
in the DLC film according to the present invention, carbon and
hydrogen are coupled in the form of a network, thus the two films
are essentially different from each other.

According to the present invention, the coercivity of the first



shown in the circles indicate the direction of magnetization of the first
ferromagnetic film 211 and the direction of nagnetization of the second
ferromagnetic film212. When the applied nagnetic field His gradually
increased starting at a value that is |lower than the magnetic field |evel
(- H2), a mmgnetization reversal of theg free ferromagnetic film211 with
| ow coercivity occurs at a nagnetic fle?d | evel (+ Hl). When the applied
magnetic field His further increased, nmagnetization reversal of the

pi nned fer r@?{a&ﬁ]%.héﬁ_él | i R12 9 t hyp B gla%poecrog%&{, %, ogﬁur gﬁgnetl C

field | evel kew se, "when the applie netic |eI

gr adual 1y I GluGRICHLAL NG Bi2 o Hhdie %gaﬁg sy 1§£cm3£1§§;'ﬁé's' d | evel

H2, the magnetiza e ferromagnetic 2 are reversed

respecti Vel shabs tﬁa@exﬂ?g%%fzhﬁoh' Blfvd GRleved l%)en Bk [grdRagec Ji! el d

| evel (- raneover ich the applie ITB.gI’]tICer|dH

satisfi es ﬂheH%irEt Tezl'xlo e{g tid filmt 81 AP ehé WeRfiviPIRSt bZ 3hk okkcghdt he
[ d tL éf @

first ferromagnetic f 11 an rection o nagnetlzatlon of the

second fe”fé'i‘?&\?}ﬁ ﬁné f'il% %]1% édé‘ ntd l?@rtﬁﬁe?'fr&?x @Q&{‘ rt? ?as in

t he range over t he applied nagnetic |estat|s |es H and

H>| H | g ﬂtﬂe}},@' (GCHDNs [i).t RS ShdRINs! Itﬁﬁtflglg]i‘éirtﬁe H?arg%kab%t ibR each

other. The electric resistance i s high when fectionS o

TRl 2ot LS Sl 81 ABLBAIRSL B M6, ohd SuPMepabenkly gt o
val ue Rs whgpcib§e @idi@abi ofife ofgifReRel | 88t i @lgnetization in the first
ferromagnetic film 211 and the direction of magnetization in the
second ferromagnetic film 212.
The direction of magnetization of the first ferromagnetic film
211 and the direction of magnetization of the second ferromagnetic
film 212 are antiparallel to each other when the applied magnetic
field is larger than the coercivity HZ2 (absolute value) and, at the
same time, smaller than the coercivity H1 (absolute value), whereas
they arc parallel to each other when the applied magnetic field is
larger than the coercivity H1l. The electrical resistance increases
when the directions of magnetization are in an antiparallel state and
is reduced when the directions of magnetization are in a parallel
state. With the resistance value achieved when the directions of
magnetization are parallel to each other assigned Rs and the
quantity of change in the resistance when the directions of
magnetization shift from an antiparallel state to a parallel state
assigned AR, the MR ratio is AR/Rs. With this, it becomes possible
to detect an externally applied magnetic field.
Next, an explanation is given in reference to embodiments.

Embodiment 1



37 are parallel and the change AR in the resistance which occurs when
the state of the directions of magnetization changes fromantiparallel to
parall el constitutes the MRratio, and with this, an externally applied
magnetic field can be detected. I'n the second nmeans for

magneti zation pinning, both the first ferromagnetic film 211 and the
second ferromagnetic film 212 are constituted of a soft ferronmagnetic
film with a magnetization pinning filmlam nated on the second

ferromagnetic fil MTRb2fertbing eyifcldurﬁfév%hht:ﬂbﬁ i!ﬁﬁtfﬁt@&'eﬂx GEoTRgRgt i

film to pin the direction o magneti zation o second erromagnetic

film212. FIS s shaved oyragahbting of dirshRréabiebAEAGHRL | 911 CS

achi eved when the second neans for nmgnetization pinning I's enpl oyed

i.e., when acgkitutd®r bpmmt@tI&nfIxﬁémaﬁngsemnsquen%dnkﬂwteﬁot&f the free
ferromagnetic filmand the pinned ferromagnetic filmwth

magnet i zat i oflurfinif NGHHiEE M g nai@d Adisassid tf@rr%ﬂ?angie@f&edflﬁﬁr rompgnetic
film Magnetization reversal occurs only at the free terromagnetic film

when the magngistitutd®lod €6 GPPIP%hEEkEINS s8b&rand 4t Bsnmea'&afa' gn- of the
pi nned ferromagnetic film which is exchange coupled with t
inch diameter glass substrate. The insulating film 210, constltuted of
an aluminum oxide film, was formed by performing a 24 — hour heat
treatment on an aluminum film at 60°C in air. The junction area of
the ferromagnetic tunnel junction was 0.25 to 2500 u m2

Twenty ferromagnetic tunnel junctions were prepared, with
each of the junction areas given above, and the barrier potential, the
average value of the MR ratio and its deviation were checked for
each junction area. In addition, the yield was also checked. Next, the
method for producing the ferromagnetic tunnel junction is explained
in a specific manner.

First, a NiFe film with a layer thickness of 10nm was
formed by RF sputtering to constitute the first ferromagnetic film
211 on the substrate 4 constituted of a 3 —inch diameter Corning
7089 glass substrate, then by using fine machining technologies, such
as resist photolithography, Ar ion milling and resist separation,
patterning was performed to form 0.5 to 50 um X 0.5 to 50 u m
rectangles.

After this, resist patterning was performed and after
removing the surface oxidized layer in the NiFe layer constituting
the first ferromagnetic film 211 by sputter etching, an aluminum
film with a film thickness of 5nm was formed through the electron

beam heating vacuum deposition method.



magneti zation pinning filmis not reversed. Wen the magnetic field is

I ncreased further until pinning effect can no longer remain in effect

t hrough exchange coupling, magnetization reversal occurs for the pinned
ferromagnetic filmas well. In this case, a high MRratio is achieved with
the magnetic field Hin a range of + Hb < H < + H6. Next, a
specific exanpl e of the means for magné#ization pinning which satisfies
the requirenents descri bed above is expl ai ned.

38 Ei t her.,a hard ferromagnetic fi it [ coercj vity. or an
anti ferromagnetic 9 n??w@?fl%e“(%seg g ncoﬂ‘éJi | Pﬁnt ép‘? é%r‘?HBHét |d§BP§%Wn pi nni ng
film216. Wien a . hard ferromagnetic filmis used to., consti e the

magnet i zat i éﬁpﬁqﬂ'}? n@m% i 1o tereR%rﬁ%TB@%@ug‘F?%érethQ# 2% hours

et 574 TR AL TG e
0,300, £ 1e o980 B, MRAREUERLLAL 2T e oS OBt o ormang g 11 m
ant i ferromag_ne%fl %rééelsm is used to

Next, after performing resist patterning again, a Co film with
a layer thickness of 100nm was formed to constitute the second
ferromagnetic film 212 by RF sputtering and after that it wasformed
into the second ferromagnetic film 212 with a rectangular pattern
of 0.5 to 50 um X 0.5 to 50 um in a direction perpendicular to the
first ferromagnetic film 211 by using a lift — off process. Thus, a
ferromagnetic tunnel junction with a junction area of 0.25 to 2500 u
m’ was obtained.

In addition, for purposes of comparison, a ferromagnetic
tunnel junction constituted of NiFe  aluminum oxide/Co with a
naturally oxidized aluminum film (left in the air for 24 hours after
film formation), of the type normally used in the prior art,
constituting the insulating film 210, was also prepared in a similar
manner.

In the embodiment and in the Example for Comparison, film
formation to prepare the first ferromagnetic film 211 and the second
ferromagnetic film 212 employed was performed under the following
conditions. In addition, the aluminum films were prepared with the
ultimate pressure at 3 X 10°® Pa and the deposition speed at 0.05nm
/sec.

(Ferromagnetic layer film formation conditions)

‘Ultimate pressure: 1 X 10°% Pa



constitute the magnetization pinning film 216, exchange coupling through
the antiferromagnetic film ferromagnetic filmis generated between the
magnetiation pinning film 216 and the second ferromagnetic film
212 , thereby pinning the direction of nagnetization of the second
ferromagnetic film 212 so that it becones a pinned ferromagnetic film

A Co alloy such as CoPt, CoPtCr, CoPtT#® CoCrTa, CoPtTaCr or the |ike may
be enpl oyed to constitute the hard ferromagnetic film. A netallic

antiferromag ' .mt.enial . @ an,, oxide .antiferromagnetic material may
be enpl oyed Pg&lc%eﬁs:mlﬁﬁ 2"t@lte X"ag?in(flerl}%%égq{gme&erﬁi | m An exanple of the
netallic antider netli¢ ,makerial is an Mh alloy. M alloys that may be
used in thiséﬁ%%igg@%t%%'iﬁ& t%ﬁ%n?:eNh, Ni Mh, PtMh, RuMh, RhMh, IrMi, PdMh
and conbi natéﬁg}én&eﬁggrﬁg%swgé(angﬁg of the oxide antiferromagnetic

y pe i n

mat eri al that e oyed’i dde NNO, N CoO Fe[err](err] and CoO

FIG 15 is a S .on not her exanple of the ferromagnetic tunnel
junction 21 i%bgﬁédl\ﬁgﬁ%rghéﬁéwgccordi ng to the present invention, FIG 16

|33 a cross seﬁgﬁgg}tig}ppaqe':i %F%745nr?17/ﬁ1ﬂ1, Co 40nm,/min

Substrate temperature: water cooled.

Of the samples that were prepared in this manner, their
magnetoresistive (MR) curves were measured by employing the DC
four — terminal method. It is to be noted that the maximum applied
magnetic field during measurement was set at * 1kQOe, and that after
applyving a — 1kOe magnetic field, the magnetic field was gradually
increased until it reached + 1kOe before it was reset to — 1kQOe. In
addition, the barrier potential was obtained by measuring the V —1
characteristics of the tunnel junction and the deviation in the linear
area was determined.

FIG. 5 shows a magnetoresistance curve of the ferromagnetic
tunnel junction according to the present invention with a junction
area of 50 X 50 # m? When the applied magnetic field is increased
from — 1kOe, magnetization reversal takes place at the first
ferromagnetic film 211 at + 50e, causing the spins of the first
ferromagnetic film 211 and the second ferromagnetic film 212 to
become antiparallel, and resulting in an increase in the e}ectri-ca}
resistance. The calculated barrier potential was at 0.5eV, and a
similar MR curve was obtained with 16 out of the 20 junctions
prepared. The MR ratioc was at 6.6 to 8.1% averaging 7.6% with a
deviation in the ratio of £ 7%.

As for the ferromagnetic tunnel junction in the Example for



FIG 15, FIG 17 is a cross section along line 16 - 16 in FIG 16 and FIG
18 illustrates the operation of the tunnel junction portion in the M

el ement shown in FIGS. 15 to 17. In the figures, the sane reference
nunbers are assigned to conponents identical to those shown in FIGS. 6 to
8 and their detailed explanation is omtted. In this enbodi nent,
the second ferromagnetic film?212 condtitutes a free ferromagnetic film
and the first ferromagnetic film 211 constitutes a pinned ferromagnetic
film Magnetic domain control filns 2]14 and .21 c!ons.t i tUttj'IEﬁ 1Ihe. magneti c
dormai n cont ¥SMPRFISANaFRIPI9 e theynatHER PR AFed R iy R my £ 1k 1L o HSnd
ferromagnetjc film212. _These fi]lns are , fornmed in a manner that the
magneti c ea‘é’sﬁu{aé%il% éfmt?&&f? r%%rr%rP%??&éﬁgt‘gof‘h rﬂsgé? %’)@?eﬁ‘gge‘ﬁ%\‘?‘al lel to
the externally applied gnetic field H and the magneti.c easy,,axis of the
second fer rBh’é&ﬁéTt“g% 4| ZEQrQF@?dgbﬁ?éVE‘gﬁmﬁgdpg? chﬁé‘s’ &%?‘P\‘%{I ly
appl i ed mag ic field H |In this g, th | rection_ of gnetization M
of the firstit FatPagherPBInE I‘?ﬁd?li?é ﬁ’f‘ﬁﬁegev‘?g@&t it 5@%"%@@& nal
magnetic field H whereas the diregtion,of. netjzation M2 of.the .second

f er r omagnet Y&IUg; ?ﬁrﬁw?%alﬁr%%ﬁgg%%f%?eél §1rpgq?1§teygkla?5>q S REHORRE hagnet i
field H This structure, too,,. acﬁ]jpeves ﬂ%vant ages iéril ary tbq tt}o_%
achi eved i nOR hEARFAEDIUREHOT PiZedst PRIETUR RIGETSPEC 3t 18088 1 i 19 s

a cross secti nlagf anot her exanple of the ferromagnetic tunnel junction
21, FIG 202} % oss section al ong

Table I — 1
MRR
ES IF JA | BP AV [ DV |YI (%)
(urd) | (ev) (%) | (%)
1-1 | TOA {50x50| 05 76 | £7 16
1-2 | TOA [20x20| 10 75 | £8 15
1-3 | ToOA [|10x10| 09 80 | +8 16
1-4 | TOA 55 0.7 79 | =8 14
1-5 | TOA 44 1.2 g2 | 10 | 14
1-6 | TOA 3x 3 15 84 | *9 19
1-7 TOA 2x2 30 8.3 *+ 11 15
1-8 TOA Ix1 2.5 8.3 +6 18
1-9 | ToA [05x05| 23 85 | +10 | 19
Table I — 2
MRR
EC IF JA | BP AV DV |YI (%)
(um’) | (eV) (%) (%)
i-1 | NOA I50x50 | 02 15 | +88 | 4
1-2 | NOA |20x20| 02 16 |+78 | 5
1-3 | NOA |10x10| 005 | 15 | =75 | 4
1-4 | NOA |5x5 0.2 17 | +80 | 8
1-5 | NOA |4x4 0.1 18 |*65 | 6
1-8 | NOA |3x3 0.2 15 | +72 6
1-7 | NOA |2x2 0.3 22 | x74 | 7
1-8 | NOA |1x1 0.1 18 | £70 | 5
1-8 | NOA |[05x05 03 20 | +8 | 6




line 21 - 21 in FIG 19 and FIG 21 is a cross section along line 20 - 20
in FIG 19. In this enbodi nent, the magnetization pinning film 216 is
provi ded on the surface of the second ferromagnetic film 212.

Consequently, the second ferromagnetic film 212 functions as a

40 pi nned ferromagnetic filmwth thezfirst ferromagnetic film 211
constituting a free ferromagnetic film i\lthough not shown, the

magneti zation pinning film 216 nay be provided at the first ferronagnetic
film211l. In that Gfﬂ‘s’fa feh?_f'r_st ferromagnetic film211 functions as a
pi nned ferromagnetic |vavit ‘the second ferromagnetic film 212

constituting a fre%sf.e?%%g“ Csa@r'l;)glg? - FIG 22 illustrates the
junc portion o e

operation of the tunne I'on MR el ement shown in FIGS.

19 to 21 In this ?F@qﬂ%ﬂﬁ@ .%#ﬂﬁﬂ (E}P% ﬁg@alftggd%tn%grm‘%i c field is at zero,

the direction of magneti za I’s magnetic film 211

extends perpendi cylar | d smagnetic field and the direction of
magneti zation M2 o Ath%&%ééﬁﬁﬁggr%ﬂ]agﬁeti c film212 is pinned in the

When t he magnet 6 el Bp 0 Boterialy Y B agnet i oo o o TPPRES
MRR ; MR ratio
AV ; Average value (%)
DV ; Deviation (%)
YI: Yield (quantity)
TOA ; Thermally oxidized aluminum film
(*) : number of ferromagnetic tunnel junctions out of 20
with which good MR characteristics were achieved.
In Table I -2
EC ; Example for Comparison sample
IF ; Insulating film (left in air)
JA ; Junction area (u m?)
BP ; Barrier potential (eV)
MRR ; MR ratio
AV ; Average value (%)
DV ; Deviation (%)
YI; Yield (quantity)
NOA ; Naturally oxidized aluminum film
() : number of ferromagnetic tunnel junctions out of 20
with which good MR characteristics were achieved.
As Table I clearly indicates, by employing aluminum oxide
film formed through heat treatment at 60°C in air as the insulating

film 210, a high barrier potential of 0.5 to 3eV and a high MR ratio



recordi ng nmedi um such as a magnetic disk, the direction of magnetization
ML of the first ferromagnetic film 211 changes by, for instance, an angle
0, while the direction of magnetization M2 of the second ferromagnetic
film212 which is pinned by the magnetization pinning film 216 remains
unchanged. Thus, a magnetoresistance effect is generated. Wth
this, sinply by changing the magnetizat#n direction of the first
ferromagnetic film211, which is the free ferromagnetic film a relative
angl e change is hi eved in regard t he ,directions, of net.i.zat,i on of
the two fer r%ﬁ‘?ag‘%g?}rte‘ifi‘lv 2 1VEhd BE > feviehon. aodea dHEM ARG i easy
axis of the first.,ferronagnetic fil 11, .constituting the fre .
ferromagneti%ChleYEfﬂ'\Aﬁ%Eey{f?‘?elét PEFH rpag%é‘ﬁ%}f‘i‘é’ Po%‘hq\/goa{ﬁ%?ﬁggggefnrt@ély
shoul d be set per.pendjcular to,t " .

41 external lsng’dﬂgpi gh?i ‘éarrtgei-l,"faﬂg {Pe?-REYndRi pAdiLin. dhpsresulish&fsakond
ferromagnetic film, 212 consti i t he pi.nned ferrpmagnetic,.fi|m ose
i recton of HRHB T oRiRoME G ShER i 1Be s B gRREnFur bitndthe
external magnetic fiel.d H This ensures.that since.the .direction o
mmanet | zat | CPTGHOPNAHER S e b AV TRNFRY A6 TEbr AR IETRT rGTOHED 1 ee

Ferromagnetig b atefUSe Caik OwiliiN98 Bmbl%ture range of 30 to 250°C

for the insulating film 210, demonstrate that a high MR ratio is
achieved, with little deviation and a high yield when the heat
treatment is performed at 40 to 100°C.
Embodiment 2
A ferromagnetic tunnel junction with its insulating film 210

constituted of a DLC film was formed on a substrate 4 constituted
of a glass substrate. The first ferromagnetic film 211 was constituted
of CosFes, whereas the second ferromagnetic film 212 was
constituted of Co. The junction area was set at 0.25 to 2500 u m®
The first ferromagnetic film 211 and the second ferromagnetic film
212 were prepared in a method identical to that employed in
Embodiment 1. The DLC film constituting the insulating film 210
was formed through a plasma CVD method to achieve a layer
thickness of 5nm and a diameter of 3mm, and patterning was
performed employing the lift — off method. The conditions under
which the DLC film was formed are listed below. —
(DLC film formation conditions)

Ultimate pressure: 2 X 1072 Pa

Introduced gas: methane 5sccm

Gas pressure : 3.5Pa

RF power : 50W



external magnetic field in the nmagnetization rotation node, a high M
sensitivity is achieved, and that snooth nmagnetization reversal can be

i npl enented, meking it possible to reduce the generation of Barkhausen
noi se resulting fromthe magnetic domain wall motion. (Insulating film
The insulating film 210 provided between,the first ferromagnetic film 211
and the second ferromagnetic film 212 plays an extrenely inportant role in
achieving a high MRratio while also achieving good reproduction
characteristi Gelfangad Rysitdgd | fyijggyt he structure of the MR elenent in a
magnetic head or the like. In particular, when the barrier potential of
the insul ati n@dddstricd Ordte : $@hmWkithn @ range of 0.5 to 3eV, a high MR
ratio can be achieved while also realizing good reproduction

characteri sti GuhztthtaCtureNéradure: i ok IH@N iy N nent
structure, as has been e;m%I ai ned adgg{végpn%?tgg%bingaﬂa?% ol@Oﬁmbgheti zation

pi nni ng and magneti ¢ dad@ition,cast kAl Jexample for rbc;rﬁ'lgaﬁ di;mjry Hel | ustrat ed
in FIGS. 19 to 22, the nmmgnetization pi npni ng film 16&?{;’ Sr ovf(éjeela’)gn t he

and 215 are provided St Re Tnon ER P e Y e R, 2
naturally oxidized aluminum film for its insulating film 210 was
prepared.

The results obtained when the samples in the embodiment
and the example for comparison described above were measured to

determine their MR characteristics by employing the DC 4 — terminal

method are presented in Tables II—-1 and Il - 2.

Table I —1
ES IF A | BP AV MRRDV YI (%)
(um) | (eV) (%) | (%)

2 -1 DLC  |s0x50 | 1.2 189 |+12 15
2-2 | pLC [20x20] 1.0 185 [+15 15
2-3 | DLC 10x10 | 08 18.1 |+13 16
2-4 DLC 5x5 1.0 180 [+ 16 14
2-5 | DLC 4x4 1.2 198 |+12 14
2-6 | DLC 3x3 1.5 204 |+12 18
2-7 | DLC 2x2 1.8 203 |+ 11 19
2-8 | DLC 1x1 2.7 19.3 |+ 11 15
2-9 | DLC |05x05] 23 205 |+10 19



42 211. As a result, the advantages of both the magnetic domain control

and nmagneti zation pinning are achi eved. Next, exanples of a
magneti ¢ head which enploys the ferromagnetic tunnel junction according to
the present invention are explained. FIG 23 is a perspective of

t he magnetic head according to the pregent invention. In the figure, the
di nensi ons are exaggerated. The magneti'c head according to the present
invention in the figure includes a slider 1, a magnetic conversion el enent
(hereafter referred to as a ferromagnetic tunnel junction type nagnetic
conversion elenent) 2 which utilizes { royragneti c tunnel junction and
an inductive magnetic conversion ele .Rqu.qgﬁe slider 1 is provided wth
rail portions 11 anqZ 2 jat fhe sq{face facing oppfite tthe nediumand the
surfaces of the radil™portidhs 1f1 *nd 12 Bonstlitawd Dair |B8&ing surfaces 13
and 14. The nunber_of rdil portj 648101 &Nd 1263 Iné%)lilnited fo two. One
to three rail portions may pr-avi ded t e, sl ijdeg., nay vela flat
surface with no rn?l Eortjg@%i SQ&thdiéﬁ%n. v%?icd%é%ecnegfic forms may be
adopted at the ain 2bearilngNogur 2ace20 herggaf t gr 1.6efler7ed [tosas {he ABS) in
order to inprove thefhyrng—chgractertsticsyang—thet+Re—Fhe| present

J venti on gy be 12-3"1 N R R '8 |60 5 | P

2—-4 NOA 5X5 0.2 1.7 + 55 4
2-5 NOA | 4x4 0.05 1.8 | x77 5
2-6 NOA | 3X%x3 0.1 ib | =55 6
2-7 NOA | 2x2 0.4 22 | x80 6
2-8 NOA | Ix1 0.3 18 | =70 7
2-9 NOA |[05%x05] 04 20 | x60 7

In Table II—-1:
ES ; Embodiment sample
IF ; Insulating film
JA ; Junction area (u m?
BP ; Barrier potential (eV)
MRR ; MR ratio
AV ; Average value (%)
DV ; Deviation (%)
Y1 ; Yield
(%)} ; number of ferromagnectic tunnel junctions out of 20
with which good MR characteristics were achieved.
IN Table I—-2
EC ; Example for Comparison sample
IF¥ ; Insulating film

JA ; Junction area (u m?



adopted in any of those types of sliders. The magnetic conversion
elements 2 and 3 are provided toward the end portion of the direction of
medi um novenent al at either one or both of the rail portions 11 and 12.
The direction of medium novenent al matches the direction in which the air
that is forced around when the nmedium notes at high speed, flows out. At
the end surface of the slider 1 in the &rection of nmedium

43 novenent al, bunps 41 and 42 connected to the ferromagnetic tunnel

junction type magn convers nt 2 and bunps 43 and 44 connected
to the magnetic coﬁ&e‘r:%? 5T e %ﬁeé’gﬂaei Fey)e provi ded. FIG 24 is an

enl arged cross sewrﬁg F—ﬂ‘?{ e rragnetl c conversion element portion of the
magneti ¢ head sho The ferrorragnetl c tunnel junction type
magneti c conversio Vel amen ons tutes a reproduction el enent, whereas
the inductive magngt V@S?‘%*eer P)errent 3 constitute a wite el enent.
The ferromagnetic yj_n . unct @n type nagnetic conversion el enent 2 and
the inductive nagheti U’élré n el ement 3 are |aninated on an
insulating film 10%T ;\%ie?(p (quagtlay)l ded on a ceram c base body 101

NOA ; Naturally oxidized aluminum film

(%) ; number of ferromagnetic tunnel! junctions out of 20
with which good MR characteristics were achieved.

As Table II clearly indicates, by using the DLC film prepared
through the plasma CVD method as the insulating film 210, a high
barrier potential and a high MR ratio are obtained with very little
deviation and high yield. |

For instance, of the 20 samples prepared with the junction
area at 50 X 50 g m® in this embodiment, a good MR curve was
achieved in 15 samples. The average value for the MR ratio was at
18.9% with the deviation of the ratio at * 12%. In addition, as in
Embodiment 1, the yield was particularly high with the barrier
potential at 1.5 to 2.5e¢V. In comparison, in the ferromagnetic tunnel
junction in the example for comparison which employed a naturally
oxidized aluminum film for its insulating film 210, the barrier
potential was low overall, with only 5 samples demonstrating an MR
curve and the MR ratio average value was low at 3.3% with -the
deviation very large at *+ 88%.

Next, the relationship between the junction area and the
magnetization reversal field is explained. It has been reported that
the smaller the junction area is, the fewer defects such as pinholes

in the insulating film 210 result, achieving a higher yield. As Tables



constituting the slider 1. The ceram c base 101 is normally
Alferr]Jerr]- TiC Since Al[err](err] - TiCis conductive,
insulating film 102, which may be constituted of Al[err]Jerr], for
i nstance, 1is formed on top as a neans for achieving electric

| f

the ceram ¢ base 101 provides a higfy degree of insulation,

insulating film 102 may be om tted. FIG 25 is a pers
schematical ly showi ng the structure of the ferronmagnetic tun

type magnet i G PNV 8h8icalke, §|

FI GS. 23 and 24. Abottom %fllmSI and a upper shield

constituted of
t he

al insulation.
t he

pective

nel junction

MR erat &%?1@1 b Miaher TRERELFE diedd,hown in

filmb2 are

provi ded aQQVﬁleb%ﬁbtfd*gea?eé’f st&%ufcsa rﬁﬁ&@@%f@xﬁéﬁﬁeﬂc pnsdii Rhclibn
respectively. 4, a conbined type nagnetic head provided
with the '115‘%%&1: ‘é%ﬁ&ﬂﬂfeh‘té? HPB&%&MQP L eeRd b%rrx%'ﬁd%eﬁﬁ&ﬁ%&l‘ﬁrﬁs a

wite el enent along with the ferromagnetic tunnel junction

conversion gl %T?E of Wi ‘@Z%WStthEU&i%ﬁi BHebSREes MehbPTneh@ARMN, 1§ has
i1l ustrat in the figures.
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magnetic field where the magnetization of the first ferromagnetic
film 211 becomes reversed, shifts in the negative direction. In
particular, when the junction area is smaller than 10 g m? and the
barrier potential is at 1.5 to 2.5eV, the magnetizations of the first
ferromagnetic film 211 and the second ferromagmnetic film 212 are
antiparallel at zero magnetic field. This indicates that an
antiferromagnetically coupling force is induced between the two
magnetic layers. It is assumed that a high MR ratic and a high
yield were achieved when the junction area was smaller than 10 u
m? because antiferromagnetically coupling was induced between the
two magnetic layers by employing an insulating film 210 with a
high degree of uniformity and very few pinholes and also by
reducing the junction area. In addition, as embodiment 1 to 7 and
embodiment 2 to 8 demonstrate, if the barrier potential is greater
than 2.5eV, even when the junction area is less than 10 g m? no
antiferromagnetically coupling is achieved between the two magnetic
layers and the yield, too, is somewhat reduced.

According to the ferromagnetic tunnel junction illustrated in
FIGS. 1 and 2, it is obvious to provide an MR element that can
achieve a high MR ratio while also achieving simplification of the
structure. Next, specific examples of the MR element according to the

present invention are explained.



an upper magnetic shield filmfor the ferromagnetic tunnel junction type
magneti c conversion el enent 2, an upper magnetic film32, a coil film 33,
a gap film34 constituted of alumna or the like, an insulating film 21
constituted of an organic resin such as Novolak[err] and a protective film
36 constituted of alumna or the like.zThe front end portions of the | ower
magnetic filmb52 and the upper magnetic film 32 constitute a | ower pole
tip P1 and an upper pole tip P2 that face opposite each other across the

gap film34 with RIGvesyisnmal | sdHentkteSBerspbétive | bE @RET MRONS et
performed at the |ower pole tip P1 and the upper pole tip P2. The yoked

portions ofaccoREinkover tHeagtetdrt inventhoh, afid:. t'hesugpefosgagieiore diohgn 32 are
| i nked to each other so that they conplete a magnetic circuit at the back

gap portiorineMs €18 iis PIGt BeangpP¥:t 8 & @e chésemsdditord aengphhe 7+ p Pl and
the upper pole tip P2. The coil film33 is fornmed in such a manner that it

w nds arourigl FI®. 6.i Aki stgovan eia eiie tthairgokgr MRrdlémsst igecordingl to ithet he
insulating film21l. The two ends of the coil film33 are electrically

cont i nuous gresérte ibuempisod Sisapdodidled Theth nufbaontfgretid suand thgctiomber of
| ayers of the coil film33 are arbitrary. Next, a method for

manuf act urizig tahd magngidtic hdathainl | cwttealt edilms FRGH. &3 t €185 i Thexpl ai ned

bel | ow. First, a Sendust filmwith a filmthickness of 2 [err] m

was for medebsoriXgisgtic ttenned juactionstl timchudesbant isuddting dfifm!| Bi®laon
first ferromagnetic film 211 and a second ferromagnetic film 212.
The first ferromagnetic film 211 and the second ferromagnetic film
212 are laminated at either side of the insulating film 210. These are
laminated on an appropriate insulating support base 4. The magnetic
domain control films 214 and 215 are provided adjacent to the two
end portions of the first ferromagnetic film 211. An explanation is
given in reference to this embodiment of a structure in which the
first ferromagnetic film 211 is made to constitute a free
ferromagnetic film whose direction of magnetization changes freely
relative to a weak external magnetic field and the second
ferromagnetic film 212 is made to constitute a pinned ferromagnetic
film whose direction of magnetization remains unchanged relative to
a weak external magnetic field.
(Magnetic domain control)

In this type of MR element, the ferromagnetic tunnel

junction 21 is formed as a fine rectangular pattern. In such a
pattern, a magnetically unstable region is formed at the end portions
of the pattern resulting in the formation of a magnetic domain. This
causes a partial magnetization reversal to occur in the magnetic

domain wall motion mode, generating noise. To deal with this



an Al[err](err] to Ti C substrate (not shown) upon which an al um na

I nsul ating
45 speci
et chi ng.

Then, a Ta (10nm /Cu (100nm /Ta (10nm filmwas forned

sputtering
patterning
the lift -
constitute
|nsulat|ng
and the

t hi ckness

junction 2
junction i

filmwith a filmthickness of 30 [err] mwas forned. A

fic shape was achi eved by using photolithography and Ar ion
Next, an alumina filmwth a filmthickness of 80nm was
formed through RF sputterlng to constijute a lower insulating film 71.

to constitute a first electrode film?22 after resist

t hrough DC

pr#}%le%st#eh%g?fe%eaéﬂﬁlﬁ CRERIEYEnE SREGhli 215 hakeforyednpl oyi ng

the first ferromagnetic film 211

%fto&{heag\gg[ &hd lporkeihgr &4 tflé | iR ﬁe?rcﬁfnégﬂléﬁd HiigkPessirdlord@nm the

constituted of a DLCfilmwith a filmthickness of 5nm

ﬁogﬂ%‘.is%f 5O tmsgﬂédlénd%lf@aﬁoeﬁt HIRGt Ferromt@pddtianfihd h a film

0 wer e mnated thereby formng the ferromagnetic

bi1. Tﬁﬁeﬁ&ﬂ%ﬁ?@é a6k | xeoﬁ%lln Mndshe214f ess®MRYpetihc thignel

s expl ai First, a Co[err]Fe[err] (10nm

t unnel

| ayer

was formed by, iRt 4% ifendtt RAstiiwd e the first ferromagnetic film 211
after resist patterning,

FIG. 9 illustrates the operation of the tunnel junction portion
in the MR element shown in FIGS. 6 to 8 It is assumed that when
the applied magnetic field H 1is at zero, the direction of
magnetization M2 of the second ferromagnetic film 212 is pinned in
a direction parallel to the magnetic field H to be applied. The
direction of magnetization M1 of the first ferromagnetic film 211 is
controlled so that it is set in a direction perpendicular to the
magnetic field H to be applied by the magnetic domain control films
214 and 215. When the magnetic field H is applied by a magnetic
recording medium such as a magnetic disk in this state, the
direction of magnetization M1 of the first ferromagnetic film 211
changes by, for instance, an angle &, while the direction of
magnetization M2 of the pinned second ferromagnetic film 212
remains unchanged. Thus, the magnetoresistance effect is generated.

With such magnetic domain control films 214 and 215
provided adjacent to the two end portions of the first ferromagnetic
film 211, there is no room between the first ferromagnetic film 211
and the second ferromagnetic film 212 where an electric short could
occur. As a result, a sufficiently large tunnel current can be supplied
to the ferromagnetic tunnel junction 21. Thus, a large MR ratio is
achieved.

Furthermore, the first ferromagnetic film 211 provided with



and then a DLC (5nm) |ayer was forned by the plasnma CVD nethod to
constitute the insulating film210. Next, a Co (10nm |ayer was forned by
RF sputtering to constitute the second ferromagnetic film 212 and a shape
with a width of 1 [err] mby a length of 6 [err] mwas achieved through
the lift - off nethod. Finally,.,a Ta (10nm /Cu (100nm /Ta (10nm
film was formed to constitute a seconsg electrode film 23 after resist
patterning, in the same nmethod as that enployed for formng the first

el ectrode fithenm@dgnétic Véﬁﬁnéﬂi‘ﬁ@oz’i@%h'fﬂﬁﬁ b4 aghy gl’@ c%nsggcéeft it aSsiape

through the lift - off net It 1s to be noted that befo

46 form ngf tﬁ%g@@ﬁﬂgn@ﬂl@cddrﬁ% IR pReveiEd a%?xg?é‘ﬂ}&? éﬁﬁrgﬁggséﬁe like

formed on top of the second ferromagnetic film was renove utter

etching to epsd ewhitd &diaek QﬁétombﬁkriﬁS%hef ohtf@h ess gxf Eﬁ]&%g'c

filmwould be 5nm An alumna filmwith a fil
fornmed on t @phirig®nséisblets fBLWPRGEpyt. Nsul ating fi I m 72. Next, a

Ni Fe filmwith a filmthickness of 2 [err] mwas formed by DC sputterl ng

to constitute an UpRRT feRiophdbrddtlcMiRds WPI &ltitdBSmagnetic films may be
used to constitute the magnetic domain control films 214 and 215.
It is desirable to use hard ferromagnetic films with a coercivity
equal to or greater than 1kOe to constitute the magnetic domain
control films 214 and 215 in order to prevent a disturbing influence
of an external magnetic field. There are no specific restrictions
imposed upon the film thickness of the hard ferromagnetic films or
the material used to constitute them. However, it is necessary that
the product t«Br of the film thickness t of the hard ferromagnetic
film and the residual magnetic flux density Br be at a specific level
in order to generate a bias magnetic field of a specific magnitude.
Because of this, it is desirable to use a Co alloy to constitute them
and, in particular, CoPt, CoPtCr, CoPtTa, CoCrTa, CoPtTaCr and the
like are preferred since high coercivity is achieved even when the
film thickness is small.

In addition, a base layer may be formed in order to increase
the coercivity of these hard ferromagnetic films. The hard
ferromagnetic films each has a close — packed hexagonal crystallfne
structure with the magnetic easy axis being the C axis. Thus, it is
desirable to set the C axis in an in — plane direction to efficiently
apply a bias magnetic field in a direction within the plane of the
films and in this case, some type of buffer layer may be provided.

By forming a buffer layer, the coercivity can be further increased.



then forned to a specific shape by photolithography and Ar ion etching.
Finally, an Cu bunp el ectrode filmwas prepared by plating and deposited
with alumna filmwith a filmthickness of 30 [err] mto constitute a
protective film After that, it was polished to achieve a specific size to
produce an MR head for reproduction wgh a junction area 1 [err] mw de by
1 [err] mlong. In other words, the track wwdth and the MR height of the
head were both 1 [err] m and the distance between the MR shields was 0.27

[err] m (AM3 desiglabl tbecdistRitdathe BXEEP!IByéOWwifOMRamaseidl whose  For
pur poses of conparison, an AMR head in the prior art which enploys an N Fe

| ayer enpl opitfige thmistilt B agpprekhiadtdlp tHOREHet ubethait AVRhki Caon wllbh a track
width at 1 [err] m the MR height at 1 [err] mand the distance between

the MR shi eliglgl dbr @hd Aelkeihdgietas filaltonnd] I PaicdBrwas, BMoswpTapdred. The
met hod for fabricating this AM head is explained below It was fabricated

i n a mannerand denbdy < athdreoft hae Wesirhbler ibesiuisty dfhehéer bodwgnekhterednnel

junction type MR head according to the present invention up to the

formati on ofultibesfrav@ire] nsul ating film71. After form ng the | ower

insulating film71, an NNFeRh film6l, a Ta film62 and a NiFe film

47 When antiferromagnetic films are used to constitute the
magnetic domain control films 214 and 215, an exchange bias
magnetic field is generated through exchange coupling with the first
ferromagnetic film 211. In order to generate a large exchange bias
magnetic field, it is essential that a high degree of flatness is
achieved at the interface of the ferromagnetic layer and the
antiferromagnetic layer and that the formation of a mixing layer be
prevented.

The antiferromagnetic materials that may be used include
metallic materials and oxide materials. Desirable metallic
antiferromagnetic materials include Mn alloys such as FeMn and
NiMn and Cr alloys such as CrAl and CrSb. Desirable oxide
ferromagnetic materials include NiO, CoO and Fe,0;. The most
desirable is an Mn antiferromagnetic material since it achieves a
large exchange bias magnetic field. However, there are alloys that
can be only obtained through epitaxial growth on a ferromagnetic
film with a face — centered cubic structure such as NiFe among Mn
alloys, and if such an alloy is used, it is desirable to employ a
structure in which the magnetic domain control films 214 and 215
constituted of the antiferromagnetic films be provided on and in

contact with the first ferromagnetic film 211 of the ferromagnetic

tunnel junction 21 which should be set in a state of single magnetic



63 were formed by DC sputtering to constitute an SAL film a nagnetic
separation filmand an MR fil mrespectively, then the entire el enent was
processed to achi eve a rectangul ar shape through fine machining

technol ogy. After this, the electrode filns 22 and 23, the upper
insulating film72 and the upper shielqsfiln152 were fornmed through thin
fil mtechnol ogy and fine machi ni ng technol ogy. Usi ng these nagnetic
heads, a recorded signal witten in a nagnetic recording nediumwth a

coercivity abmaR0U RO IHits, 10! 935 AMerndR LRS! SRS HACFIC.O

exam ne the chardcteristics t hese magnetic 27 1llustrates a
conpari son prfgldalect' r rdi shioii884 BRI tiHer ack

wi dt h. The ?%Ur%% L repilreiejltsber{r?l%I%I&)(_TI’JC?1ceaf:1 ar Z%’?e?!;rlg?i Sgno? tﬁe magnetti ¢ head
enpl oyi ng t ¢ 1.0 i jU i rding to the present

i nvention, J\:I‘\l)% gglg gﬁe gﬁrgoeﬂtﬁgp?ilfdgst@?%t%gﬁt 1(i:s(')char acteristics of the AMR

head in the Q\%Qﬂs ghg.mggn% QMoﬁnpﬂnﬁlg)Z?’ with the MR head for
Ing to t

reproducti on accor e present Inhvention, a reproduction output 4

to 5 tines that Of'fﬁehg'négﬁeﬂ&?@sqsﬂa%cé hg’t?&;i%%r%tarthew?&roﬁﬁgh@ﬁ@dtunnel

FIG 28 is an enlarge SS section erromagnet1 ¢ tunnel junction

LD mSELARAY S G ORBIRS QpBR e sogeramaant e
type directions of magnetization of the first ferromagnetic film 211 and
the second ferromagnetic film 212. Consequently, in order to achieve
a high output and a waveform with good symmetry with a very
small magnetic field, as is required in a magnetic head, it is
desirable that the direction of magnetization M1 of the first
ferromagnetic film 211 and the direction of magnetization M2 of the
second ferromagnetic film 212 are not parallel to each other when
the applied external magnetic field is at zero.

The following two means may be employed to set the
directions so that the magnetic easy axis of the first ferromagnetic
film 211, i.e., the free ferromagnetic film, is perpendicular to the
external magnetic field and the magnetic easy axis of the second
ferromagnetic film 212, i.e., the pinned ferromagnetic film, is parailel
to the external magnetic field.

In the first means for magnetization pinning, a soft
ferromagnetic film with low coercivity is used to constitute the first
ferromagnetic film 211, ie, the free ferromagnetic film and a hard
magnetic film with high coercivity is used to constitute the second
ferromagnetic film 212, ie., the pinned ferromagnetic film.

FIG. 13 shows the magnetic field — magnetoresistance (MR)

ratio characteristics that are achieved when the first means for



magneti c conversion elenent 2 includes a ferromagnetic tunnel junction 21
and electrode filns 22 and 23 and is supported by insulating filns 71 and
72, which constitute part of the slider 1. The ferronmagnetic tunnel
junction 21 includes an insulating film210, a first ferromagnetic film
211 and a second ferromagnetic filn121§

48 The first ferromagnetic film 211 %d the second ferromagnetic film
212 are lam nated via the insulating filn1210 The el ectrode filns

25 The t1r SietiBeefoh PRm RS | @fBIcyeT cE iR, B PR M PLRELIAEE 1
film211, whereasut NeySesautlies RELLRAT ddrll géta FE AL LAl Rl second

ferromagnetic film hese e rst

| ectrode f d 2 h
manner t hat [iRegndatenRE feSREMMECHER IR B ol RN Bl 3 Buch @
f d f th
for romngnet LR, Y Dinddl oAl Rim, IRIGLDS, BROYAHOEE Lo
ddi t | gilm23
e R e e e L
ferromagnet kigqf URRRIMASNGEd Mnt 12115 a‘?ﬁls'thboﬁﬁgch@ﬂ & magnetization of

the second ferromagnetic film 212. When the applied magnetic field

H is gradually increased starting at a value that is lower than the
magnetic field level (— H2), a magnetization reversal of the free
ferromagnetic film 211 with low coercivity occurs at a magnetic field
level (+ H1). When the applied magnetic field H is further increased,
magnetization reversal of the pinned ferromagnetic film 212 with
high coercivity occurs at a magnetic field level (+ H2). Likewise,
when the applied magnetic field H is graduvally reduced starting at
a value higher than the magnetic field level H2, the magnetization
of the ferromagnetic films 211 and 212 are reversed respectively at
the magnetic field level (— H1) and the magnetic field level (— H2).

In a range over which the applied magnetic field H satisfies
| HI | <H< | H2 |, the direction of magnetization of the first
ferromagnetic film 211 and the direction of magnetization of the
second ferromagnetic film 212 are antiparallel to each other, whereas
in the range over which the applied magnetic field H satisfies | H1
| > H and H > | H2 |, the directions of their magnetization are
parallel to each other. The electric resistance is high when the
directions of magnetization are in an antiparallel state and is low
when the directions of magnetization are in a parallel state. The

ratio of the resistance value Rs when the directions of magnetization



di stance D1. The ferromagnetic tunnel junction type magnetic
conversion elenent 2 is positioned inside the insulating filnms 71 and 72
between a |ower magnetic shield film51 and an upper magnetic shield film
52. The | ower magnetic shield film51 is provided on the insulating film
102, which is provided at the ceramc Qﬁse body 101, and the insulating
film71 is fornmed on the bottom nagneti'c shield film51. It has
been | earned that by achieving a structure in which the first el ectrode

film 22 andaf'%@:g?%%&ngn&; et {289&%% %f? SRS ?Sﬁ%arggxﬁﬂ&%g o@tt:urtﬁhi\e»g@e:?ﬁ Eg (or

14) as descri ove, Ctros reakdo econes 1'ess
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filmb2 and t erromagne unne I'on magne Oonversi on

el enent 2, o4 . 349,,. a i rticul ar,
bet ween thet?iIr)asliané?l1 e%?r?%ggt?ﬁ Itr]%ezy %naattl%’earslgcgﬁt te}f%’c{a goggt i al1#711%’23,

achi evi ng aap%]ﬁp& oygpRBtic! ﬂe{glih%%ﬁohé @8 ectfSi St ance. Furt her nore,
e

since the distance between t ottom magnetic shield film51 and the
ferromagnetic tunnglHBEldn nfehns Wk Glagnetization pinning, both the first

ferromagnetic film 211 and the second ferromagnetic film 212 are
constituted of a soft ferromagnetic film, with a magnetization
pinning film laminated on the second ferromagnetic film 212, which
will constitute the pinned ferromagnetic film, to pin the direction of
magnetization of the second ferromagnetic film 212. FIG. 14 shows
the magnetic field — MR ratio characteristics achieved when the
second means for magnetization pinning is employed, i.e., when a soft
ferromagnetic film is used to constitute both the free ferromagnetic
film and the pinned ferromagnetic film with the magnetization
pinning film laminated adjacent to the pinned ferromagnetic film.
Magnetization reversal occurs only at the free ferromagnetic film
when the magnetic field is approximately zero and the magnetization
of the pinned ferromagnetic film, which is exchange coupled with the
magnetization pinning film is not reversed. When the magnetic field
is increased further until pinning effect can no longer remain in
effect through exchange coupling, magnetization reversal occurs for
the pinned ferromagnetic film as well. In this case, a high MR ratio
is achieved with the magnetic field H in a range of + H5 < H< +
HS6.

Next, a specific example of the means for magnetization

pinning which satisfies the requirements described above is

explained.



constitutes the sensing portion, and the distance between the upper
magnetic shield film52 and the ferromagnetic tunnel junction 21 can be
reduced at the ABS 13 (or 14), higher density recording / reproduction

conpared to the prior art becones possible. Next, in reference to
FIGS. 30 to 42, a nethod for manufactyging the magnetic head according to
the present invention is explained. First, Sendust was deposited

by the DC sputtering method onto an AlTi C base 101 (see FIG 30) upon
whi ch an al um na gifheyl athag fikb) oWt Bud {hidniBhokngssif oi0gherr] m

had been fornmed, to constitute the bottom magnetic shield fiTm51 with a

Film thickpegfrPbms | gfift;i fg}rgsﬁgf 'Itb\%ouﬁj toNexdstittd GhePsl g?fe@?zﬁﬁf)ﬁeat

treatnent in a nagne rs at approxinmately 450 [err]C

W thin a vagiiim-2 riRechisC wheRe am%aﬁchfe?y&ga twgﬂlmphgt leie{j]h%r aphy
ng. T ITmw t t

and Ar ion etchi en, an alum na afilm i ckness of

100nm was Ot} ' 184t | ti fdilem h jpputtering
met hod (seeac;(I%JI@(E&R(EA:’%&Z)F‘r&:‘:&[ll'?1 tgr@q’tH 1?%1%1&3 i%gﬁi(i?%nﬁ)%/ C?UI%( 1%%%%%{1 g%ngoB§¥%§m film

was formed mrohbd hesSREfiRhdditbiRtfed 1 GereonakhbtE € filfh sl ideplbrileget r ode
film22 (see FI 33). Then, resist patterning was. perforned, and the

L irst el ect padfechl | L2 rﬂ@c@e&%ﬂ%ﬁedpﬁmiﬁgr HRY 2265Pekd  Ithesharenihr ough

r ion etching (see FIG 34).
ferromagnetic film 212, pinning the direction of magnetization of the
second ferromagnetic film 212 so that it becomes a pinned
ferromagnetic film. When an antiferromagnetic film is used to
constitute the magnetization pinning film 216, exchange coupling
through the antiferromagnetic film — ferromagnetic film is generated
between the magnetiation pinning film 216 and the second
ferromagnetic film 212, thereby pinning the direction of
magnetization of the second ferromagnetic film 212 so that it
becomes a pinned ferromagnetic film.

A Co sailoy such as CoPt, CoPtCr, CoPtTa, CoCrTa, CoPtTaCr
or the like may be employed to constitute the hard ferromagnetic
film. A metallic antiferromagnetic material or an oxide
antiferromagnetic material may be employed to constitute the
antiferromagnetic film. An example of the metallic antiferromagnetic
material is an Mn alloy. Mn alloys that may be used in this
application include FeMn, NiMn, PtMn, RuMn, RhMn, IrMn, PdMn and
combinations thereof. Examples of the oxide antiferromagnetic
material that may be employed include NiO, NiCoQO, Fe,0; and CoO.

FIG. 15 is a cross section of another example of the
ferromagnetic tunnel junction 21 in the MR element according to the

present invention, FIG. 16 is a cross section along line 17 — 17 in



50 Next, as a neans for formng the ferromagnetic tunnel junction
21, Co - 50at % Fe (10nm /al um num oxide (5nm /Fe (5nm and its surface
antioxidant film Ta (5nn) were prepared as described below First, the Co
- 50 at% Fe (10nm) /Al (5nm were continuously fornmed through the DC
sputtering nmethod onto the first el ect%ode film?22. After this, the sanple
was taken out and left in the air for 24 hours at approxi mately 60[err] C
for annealing so that the Al (5nm becane therrrally oxi di zed. Thus,

the first der rlgnq;q@etwcus{l I AN ?d%g)e g?on t‘V &an (ﬁ)(? Blﬁ&m num

oxi de (5nm) fITmWwhich wo § CONSt T ani terrre e I'ns rng  film

210 vere for}ﬁgd ?ug: %&es e oPeratloglgf\tt{igrtuh%ls j%ftxc?]he&{ ?ﬁ)g'ﬁﬁﬁheortﬂéa short

circuit pr eventl ng 1nsulatin ar ea tunnel

junction porMFora%rbg?pe f& §0\13r %g }fzt an @gé s% ﬁﬁ?%zafh@l

I nsul ating fi ess nn) was r med Sput r| ng

gftecgﬁtl ng i nsuﬁ&f .rﬁgh?"tefém% 443 %Stsgmgf ° %8@%%%&?%&1 |1?1£;{01?L{P55313 i's
formed to epayne hhatGROG! ng% arft thEM abtiiRd’ BxBhAafoR! e Torhiay the

ferromagnetic tunnel juncti
In this embodiment, the second ferromagnetic film 212

constitutes a free ferromagnetic film and the first ferromagnetic film
211 constitutes a pinned ferromagnetic film. Magnetic domain control
films 214 and 215 constituting the magnetic domain control film are
formed at the two end portions of the second ferromagnetic film 212.
These films are formed in such a manner that the magnetic easy
axis of the first ferromagnetic film 211 extends parallel to the
externally applied magnetic field H and the magnetic easy axis of
the second ferromagnetic film 212 extends perpendicular to the
externally applied magnetic field H. In this case, the direction of
magnetization M1 of the first ferromagnetic film 211 is pinned
relative to the external magnetic field H whereas the direction of
magnetization M2 of the second ferromagnetic film 212 can change
freely relative to the external magnetic field H. This structure, too,
achieves advantages similar to those achieved in the embodiment
illustrated in FIGS. 1 to 3.

FIG. 19 is a cross section of another example of -the
ferromagnetic tunnel junction 21, FIG. 20 is a cross section along
line 21 —21 in FIG. 19 and FIG. 21 is a cross section along line 20
— 20 in FIG. 19. In this embodiment, the magnetization pinning film
216 is provided on the surface of the second ferromagnetic film 212.

Consequently, the second ferromagnetic film 212 functions as a



Next, the sanple was set within the DC sputtering apparatus again,

second ferromagnetic film 212 was fornmed by

(5nm film and a Ta (5nm film(see FIGS. 37 and 38). It is to be

that the Ta (5nm

and t he

continuously formng an Fe

not ed

film constitutes a protective filmwhich prevents the

surface from becom ng oxidized during jhe process. Then, resi st
patterning was perfornmed and after Ar ion etching was perforned, the

resist was taken off to formthe
f err omagnet pindathn@irrgriaghétod Zlm Nexh, thesitgbt pPRirt@nhAghetivasiimpezior ned
again, and followng that, a Ta (10nn) /Cu (100nm / Ta (10nm filmwas
formed. Thegongtituting t a- gfde netfedagwsticisiint AAltheught het SeEowd, eftect r ode

film23.

51

(See FIG 39). Next, an alumina filmwith a filmthickness

of 120nm vasagmtivationy sin@imk $uit 216 ngndiet bed grovidedstatt utie t Hestupper
insulating film72 (see FIG 40). Then, an NiFe (filmthickness 2 [err] m
was forned Bstrrohmgietispfilrhe2] Ndnmehdtodase) thenfitdtt fireohBgnetdP efilm regnet i ¢
shield film52, and following this, patterning was performed to achieve a

speci fi c shépecthynphaisol bt hopaahy femdneiethtiag fitrachpatlpgithe (seond G 41).

ferromagnetic film 212 constituting a free ferromagnetic film.

FIG. 22 illustrates the operation® of the tunnel junction
portion of the MR element shown in FIGS. 19 to 21 In this
embodiment, when the applied magnetic field is at zero, the direction
of magnetization M1 of the first ferromagnetic film 211 extends
perpendicular to the applied magnetic field and the direction of
magnetization M2 of the second ferromagnetic film 212 is pinned in
the direction that extends parallel to the magnetic field H to be
applied. When the magnetic field H is applied by a magnetic
recording medium such as a magnetic disk, the direction of
magnetization M1 of the first ferromagnetic film 211 changes by, for
instance, an angle @, while the direction of magnetization M2 of the
second ferromagnetic film 212 which is pinned by the magnetization
pinning film 218 remains unchanged. Thus, a magnetoresistance
effect is generated.

With this, simply by changing the magnetization direction of
the first ferromagnetic film 211, which is the free ferromagnetic film,
a relative angle change is achieved in regard to the directions of
magnetization of the two ferromagnetic films 211 and 212. In this
case, the magnetic_ easy axis of the firsti ferromagnetic film 211
constituting the free ferromagnetic film whose direction of

magnetization M1 changes freely should be set perpendicular to the



After this, the processes that are required to achieve the magnetic head
shown in FIGS. 1 and 2 were executed, and in addition, by perform ng wafer
cutting and nmachining /polishing along line X1 - X1 in FIG 42, the
ferromagnetic tunnel junction 21 was exposed at the ABS. In this nmanner, a
magneti c head provided wth a ferromagnetic tunnel junction 21 with a
junction area of 1 [err] mx 2 [err] m#junction height 1 [err] m
junction width 2 [err] m was obtained. For purposes of

conparison, a_ferr netj.c nction type nmagnetic head with its
el ectrode fi SFHLCE ?dﬂg@%tl‘éx%ége ﬁpg e MESNALS caPE Gy efath second
(Eval uati Onm% char ac é‘sl i?e El ectrostatic breakdown tests
wer e performed’ ‘Wﬁ%? “ha% t§AsHiEytisep the apisdeds feraoragneticaidve

mounted to a hea i nbal . For e. el ectrostatic breakdown tests,
a metal plat éf‘%a(gﬁ ﬁlfacﬁi% h %ﬁf“?é@@nvﬁ@ b?@ﬁ"d’i’eélds Aldohe rses epredehas

connect ed to the netal plate
and a nmagneti®® HB8d SHRTE aCREMHIG Hield) JHe. Thigy teﬁlstlﬁ%s niiptetsieCee e
connected to {he round, the relation

directi magnetization %hlﬁle first ferromagnetic film 211
constituting the free ferromagnetic film is caused to change by the
external magnetic field in the magnetization rotation mode, a high
MR sensitivity is achieved, and that smooth magnetization reversal
can be implemented, making it possible to reduce the generation of
Barkhausen noise resulting from the magnetic domain wall motion.
(Insulating film)

The insulating film 210 provided between the first
ferromagnetic film 211 and the second ferromagnetic film 212 plays
an extremely important role in achieving a high MR ratic while also
achieving good reproduction characteristics and in simplifying the
structure of the MR element in a magnetic head or the like. In
particular, when the barrier potential of the insulating film 210 is
set within a range of 0.5 to 3eV, a high MR ratio can be achieved
while also realizing good reproduction characteristics and achieving
a simplification in the MR element structure, as has been explaincd
above.

(Combination of magnetization pinning and magnetic dorr_xain
control)

In the embodiment illustrated in FIGS. 19 to 22, the
magnetization pinning film 216 is provided on the second
ferromagnetic film 212 and the magnetic domain control films 214

and 215 are provided at the two ends of the first ferromagnetic film



bet ween the resistance between the magnetic head and the netal plate and
the voltage applied to the netal plate was exam ned. The results of
the tests indicate that with the magnetic head in the prior art with its
el ectrode filns 22 and 23 exposed at the ABS, the resistance increases
radically when the applied voltage is at 50V, causing an electrostatic
breakdown. In contrast, with the magnefdc head according to the present

i nvention, el ectrostatic breakdown did not occur until the appl i ed vol t age

reached ap Xi matel 50V, denpnstra a.voltage,.wthstand t a IS
appr oxi mat elpiﬂ Fﬁatﬂq? rﬁ‘f"f?ggﬁ%eggné b@ hehg Wg%ﬁgcp‘ﬁ‘?rﬁ?maf:?ngo

The insul ati ng f| Il m 210 ovi.ded bet wee the first ferromagnetic film 211
and the secdi f@?ﬁ’ﬁfﬁ%\@’i&q PIRNNR 219 Ffg¥ed-an extrenely inportant role in
achi eving a high ratio while also achieyi ng g{ﬁod r.epr oducti on
characteristics and® ﬁxﬁﬁmlﬁll Ry endnagmgiiet Neddhe Xiich  GRIRIPES fthe
particul ar, when the barrier ntlal of thelnsula g.film210 is set
Wrthin a T ad§E RegIetS tuRgel RGN ARROTIRE ofoc SPE LGSR BUEATION PES al s
real i zing good,r.eproduction characteristics and achieving a sinplification
in the magnétPeREdd structure. This point is explai ned bel ow.

Fer omgnet ??' 1 HC-541 B Agperspectife dinane { BB HERER ta?z’?%h%?%. 2 the
insulating film210 .the. barri oentlal an 0.5t Vin
this ferro epre(’sep)émrmgpnfiaﬂmln% Figurg 2 difensions are exaggerate
The magnetic head according to the present invention in the figure
includes a slider 1, a magnetic conversion element (hereafter referred
to as a ferromagnetic tunnel junction type magnetic conversion
element) 2 which utilizes a ferromagnetic tunnel junction and an
inductive magnetic conversion element 3. The slider 1 is provided
with rail portions 11 and 12 at the surface facing opposite the
medium and the surfaces of the rail portions 11 and 12 constitute
air bearing surfaces 13 and 14. The number of rail portions 11 and
12 is not limited to two. One to three rail portions may be provided
or the slider may have a flat surface \;'ith no rail portions. In
addition, various geometric forms may be adopted at the air bearing
surface (hereafter referred to as the ABS) in order to improve the
flying characteristics and the like. The present invention may be
adopted in any of those types of sliders.

The magnetic conversion elements 2 and 3 are proviaed
toward the end portion of the direction of medium movement al at
either one or both of the rail portions 11 and 12. The direction of
medium movement al matches the direction in which the air that
is forced around when the medium notes at high speed, flows out.

At the end surface of the slider 1 in the direction of medium



offers a great advantage when it is adopted as a read nagnetic conversion
el enment in a magnetic head. 53

As shown in FIG 3, when antiferronmagnetically coupling is generated, the
magnetic field - magnetoresistance curves L1 and L2 achieve the highest
values for MRratio in the area Hin theg vicinity of zero magnetic field.
Consequently, when this ferromagnetic tunnel junction is enployed for a
magneti c conversion read element in a magnetic head, a linear region is

obtai ned i n trhevathehni 4y, Gumpe 4Zesmd ma@nedhsectéd! tb st ferasnagsdtape
effect without having to apply a bias magnetic field. Thus, the structure

of the magnetiuenbEddncHon bepes imdgndticcdohbessidn @emeBt ahdartP)bumps 43
According to the present invention, the coercivity of the first

f erromagnet i and dhneordibttedand thehmagaesc doniveysionfeletbat 3Sacomaovided.
ferromagnetic film212 are nmade to differ fromeach other. Wen the
coercivity HlL of theldir3 {sranmeghetged fdrdoss 2idctémd bhie theoenagnetiy H2 of
the second ferromagnetic film212 are made to differ fromeach other to
satisfy Hl > ddaveadgiohi2elemidh) , pasicgh@finthd madetld Gead, slidven nimgiiGlL 28t i on

curve forms a two - step | oop.

The ferromagnetic tunnel junction type magnetic conversion element
2 constitutes a reproduction element, whereas the inductive magnetic
conversion element 3 constitute a write element. The ferromagnetic
tunnel junction type magnetic conversion element 2 and the
inductive magnetic conversion element 3 are laminated on an
insulating film 102, which is provided on a ceramic base body 101
constituting the slider 1. The ceramic base 101 is normally
constituted of ALO; — TiC. Since ALO; — TiC is conductive, the
insulating film 102, which may be constituted of ALQO, for instance,
is formed on top as a means for achieving electrical insulation. If
the ceramic base 101 provides a high degree of insulation, the
insulating film 102 may be omitted.

FIG. 25 is a perspective schematically showing the structure
of the ferromagnetic tunnel junction type magnetic conversion
element 2 employed in the magnetic head shown in FIGS. 23 and 24.
A bottom shield film 51 and a upper shield film 52 are provided
above both sides of the ferromagnetic tunnel junction 21,
respectively.

In FIG. 24, a combined type magnetic head provided with the
inductive magnetic conversion element 3, which constitutes a write
element along with the ferromagnetic tunnel junction type magnetic

conversion element 2 which constitutes a reproduction element is



The direction of magnetization of the first ferromagnetic film 211 and the
direction of magnetization of the second ferronmagnetic film212 are
antiparallel to each other when the applied magnetic field is |larger than
the coercivity H2 (absolute value) and, at the sane tinme, smaller than the
coercivity Hl (absolute value), whereas they are parallel to each other
when the applied magnetic field is larder than the coercivity HlL. The

el ectrical resistance increases when the directions of nagnetization are

I TR ST T N AR S
when the di ol hsigka W'Y 1GAL il b8! vkg SRENsOLNST 208 aned
0, e 1 SIAGG ARG EIHE A 000 o1 WIPBRSHHAZHARR SIS ARRRLAT |
A D e mbdnBRE RS RSRR! Mo 02 e Shodl SLSIRE hipoam! b
ROTeL I O 0g 257 BRF, B SIPORRS G R A BB B 11,

insulating film 21 constituted of an organic resin such as Novolak®

and a protective film 36 constituted of alumina or the like. The

front end portions of the lower magnetic film 52 and the upper

magnetic film 32 constitute a lower pole tip Pl and an upper pole

tip P2 that face opposite each other across the gap film 34 with a

very small thickness, and write operations are performed at the

lower pole tip P1 and the upper pole tip P2. The yoked portions of

the lower magnetic film 52 and the upper magnetic fiim 32 are

linked to each other so that they complete a magnetic circuit at the

back gap portion, which is on the opposite side from the lower pole

tip P! and the upper pole tip P2. The coil film 33 is formed in such

a manner that it winds around the linking area of the yoked

portions in a coil, in the insulating film 21. The two ends of the coil

film 33 are electrically continuous to the bumps 43 and 44. The

number of coils and the number of layers of the coil film 33 are

arbitrary.

Next, a method for manufacturing the magnetic héad
illustrated in FIGS. 23 to 25 is explained bellow.
First, a Sendust film with a film thickness of 2 um was
formed by DC sputtering to constitute a bottom shield film 51 on
an ALO; to TiC substrate (not shown) upon which an alumina

insulating film with a film thickness of 30 u m was formed. A



ferromagnetic film 211 alone, the direction of the first ferromagnetic
film211 relative to that of the second ferromagnetic film 212 can be nade

parall el or antiparallel. Next, a magnetic head according to the
present invention and an AMR head in the prior art are eval uated.
(Magnetic head according to the presents i nventi on) A magnetic head

whi ch enploys the Co[err]Fe[err] / DLC/ Co ferromagnetic tunnel junction
in the Enbodi nent 2 was produced, the recorded signal witten in a
magnet i ¢ r especdinghapdi waswashieveddo uisiag dphétlitepgreghet iznd fensoti vity
and reproduction output were exam ned to be conpared with those of the AWR
magneti c hetaldinga the prior art. The ferromagnetic tunnel junction 21 in
the magnetic head according to the present invention was 1 [err] min
wi dt h and 1 [err]Next,naheaiiminal filot heithwar @i$m thizkiness kofwi8dhm ofrag he
magneti c head was set at 1 [err] mand its MR height was set at 1 [err] m
The MR shi dlodmgdp tldrosigdn & vermitteringttoOc@stitete |a fowet AMBubaguetfilen head i n
the prior art: Exanple for Conparison) For purposes of conpari son,
an AMR magri@t iThdreaal Tan @Bam)pyiCu (460nmhi A actiflroys &ilmNivies fotrmedn t he
SAL bias nmethod to constitute its MRfilm with its track width set at 1
[err] m MRhiteught DC sputtering to constitute a first electrode film 22 after
resist patterning. It was then processed to achieve a specific shape
by employing the lift — off method.
Then, the first ferromagnetic film 211 constituted of a Cos
Feso film with a film thickness of 10nm, the insulating film 210
constituted of a DLC film with a film thickness of 5nm and the
second ferromagnetic film 212 constituted of a Co film with a film
thickness of 5nm were laminated, thereby forming the ferromagnetic
tunnel junction 21. The method of actually forming the
ferromagnetic tunnel junction is explained below.
First, a CosFes (10nm) layer was formed by RF sputtering
to constitute the first ferromagnetic film 211 after resist patterning,
and then a DLC (5nm) layer was formed by the plasma CVD method
to constitute the insulating film 210. Next, a Co (10nm) layer was
formed by RF sputtering to constitute the second ferromagnetic film
212 and a shape with a width of 1 xm by a length of 6 £y m was
achieved through the lift — off method.
Finally, a Ta (10nm) Cu (100nm) /Ta (10nm) film was
formed to constitute a second -electrode film 23 after resist
patterning, in the same method as that employed for forming the

first electrode film 22. It was then machined to achieve a specific

shape through the lift — off method. It is to be noted that before



55 set at 1 [err] mand MR shield gap distance set at 0.27 [err] mwas
also fabricated. The fabricating nethod is explained below It was

manuf actured in the sane manner as that enployed for producing the
ferromagnetic tunnel junction type MR magnetic head according to the
present invention up to the formation ofgits lower insulating film After
the lower insulating filmwas fornmed, an NiFeRh film a Ta filmand an

Ni Fe filmwere first forned by the DC sputtering nethod to constitute the

SAL film thRringgetheC seRRd aldctrvdel filthaBdsurfd® bRidd ldpdrespecihevBEky, and
then were patterned to achieve a rectangular shape by fine machining
technol ogy. #rirRE bhitdp bhaheedeebhd Oderdrigotid MemURPRIwas SYhiveddbyi | m an
the upper shield film were formed through thin filmtechnol ogy and fine
nmachi ning  tgafifed egvhing to ensbd Nhathese fmgnahickiieads! the ereoded
signal witten in a magnetic recording nediumw th a coercivity of 25000e
and a film fehit@kagsstiof fibdnrroild beptadiced tauexXas fignt heitthar afilreri stics

of these nmagnetic heads. The magnetic head enploying the
f erromagnet i thi¢mre! of] 90einh ORvaRC Clrtiedd dro tdpe 1 eseititutyeati eppphoned
the sanme characteristics as the curve L3 illustrated in FIG 27, whereas

the AMR heaghstiintide finh of2.art showed the same characteristics as the

Next, a NiFe film with a film thickness of 2 um was formed
by DC sputtering to constitute an upper shield film 52, which was
then formed to a specific shape by photolithography and Ar ion
etching. Finally, an Cu bump electrode film was prepared by plating
and deposited with alumina film with a film thickness of 30 um to
constitute a protective film. After that, it was polished to achieve a
specific size to produce an MR head for reproduction with a junction
area | um wide by 1 zm long. In other words, the track width and
the MR height of the head were both 1 ¢y m, and the distance
between the MR shields was 0.27 g m.

(AMR Head in the prior art: Example for Comparison)

For purposes of comparison, an AMR head in the prior art
which employs an NiFe layer employing the SAL bias method to
constitute an AMR film with a track width at 1 g m, the MR height
at 1 um and the distance between the MR shields at 0.27 um as
shown in FIG. 26 was also prepared. The method for fabricating this
AMR head is explained below. It was fabricated in a manner
identical to that for fabricating the ferromagnetic tunnel junction
type MR head according to the present invention up to the
formation of the lower insulating film 71. After forming the lower

insulating film 71, an NiFeRh film 61, a Ta film 62 and a NiFe film



curve L4 illustrated in FIG 27, and with the ferromagnetic tunnel
junction type magneti c head according to the present invention, a
reproduction output 4 to 5 tines that of the AVR magnetic head in the

prior art was achi eved. In addition, in the ferromagnetic tunnel
junction type magnetic head according 0 the present invention, the
ferromagnetic 56 tunnel junction

21 may be provided with nmeans for nmagnetic control at the first
ferromagnet i63 fwdrg Zddmed be BECcopettéEngonagoetdtitute | an A2 fhe, such
means i s achieved by pinning the direction of nmagnetization of either the
first ferromagpedtic dogamafddd Gilnt hnd s&coMR f Himoregpeetivelyf,i ther?2 1¢he and
anot her neans is achieved by inplenenting nagnetic donmain control to the
f erromagnet iegitfrel ¢temeht ohas precédsed thi achietera osstgngtilar fhidpa 2Arbuwh t he
second ferromagnetic film 212 whose nmagneti zation i s not pinned. These
means ar e ndim@lchackinhligtechnologpniifieat this, thrukeldcheylentiimal 20 dmel 28sed

i ndependent | y. FIG 43 is an enlarged cross section of the
ferromagnetithe uppsel insuletingnfityipd2nagdetthe appsrerstiield dilemed Rerd-| G 44
is a :

formed through thin film technology and fine machining technology.

Using these magnetic heads, a recorded signal written in a
magnetic recording medium with a coercivity of 25000e and a film
thickness of 50nm was reproduced to examine the characteristics of
these magnetic heads. FIG. 27 illustrates a comparison of
reproduction output and recording density ﬁer unit track width. The
curve L3 represents the characteristics of the magnetic head
employing the ferromagnetic tunnel junction according to the present
invention, whereas the curve L4 illustrates the characteristics of the
AMR head in the prior art. As shown in FIG. 27, with the MR head
for reproduction according to the present invention, a reproduction
output 4 to 5 times that of the AMR head in the prior art was
achieved.

FIG. 28 is an enlarged cross section of the ferromagnetic
tunnel junction type magnetic conversion element 2 and FIG. 29 is
its enlarged perspective.

As these figures show, the ferromagnetic tunnel junction type
magnetic conversion element 2 includes a ferromagnetic tunnel
junction 21 and electrode films 22 and 23 and is supported by
insulating films 71 and 72, which constitute part of the slider 1. The
ferromagnetic tunnel junction 21 includes an insulating film 210, a

first ferromagnetic film 211 and a second ferromagnetic film 212.



cross section along line 44 - 44 in FIG 43. The ferromagnetic tunnel
junction type magnetic conversion elenent 2, enploys a structure for the

ferromagnetic tunnel junction 21 which is essentially th
enployed in the MR el ement shown in FIGS. 6 to 8. In oth
ferromagnetic tunnel junction type nmagneld c conversion
a ferromagnetic tunnel junction 21 and electrode filns

e sane as that

er words, the

el ement 2 includes
22 and 23 and is

supported by insulating filns 71 and 72, which constitute part of the
slider 1. Therﬁ@rﬁmaﬂﬁ%ﬂn‘égh@ﬂeeﬁlml 20C terfn tRe geeéﬁ&ld@?r@fﬂa%ﬁé% atijpg film
il

210, a first ferromagnetic

211 and a second ferronmagneti

c film212.

The first ferzi@mageckinginatdd idlihanfsiiBgngee@md2fgr romagnetic film 212 are

lam nated via the insulating film210. Magnetic domain

control films 214

and 215 are. provi dedecagicatont flﬁné heret Y)@nﬁ'i‘ﬁlt@&réﬂ @ngiref dib@rbiié stiim

ferromagnetic film 211. The el ectrode filns are

constituted of a

first el ectrae ddd @ second electrode film 23. The first electrode $ilm 22 ignd a

second electrode film23. The first electrode film22 is

connected to the

first ferronagnelected itbmtBd lfirsthdegamddietisetomd 21¢| echsreds fid Meddnd s

connected to the second ferromagnetic film 212.

films, e., ditgrdde filnel3x s ed@nbideth 82 tABdsdcbBd ferromagnetic film 212.

These electrode films, ie., the first electrode film 22 and the
second electrode film 23 are provided in such a manner that they
are not exposed at the ABS 13 (or 14). As a specific means for
ensuring this, in the embodiment, the front end surface of the
ferromagnetic tunnel junction 21 is positioned at the ABS 13 (or 14)
and, in addition, the first electrode film 22 and the second electrode
film 23 are far from the ABS 13 (or 14) where the front end
surface of the ferromagnetic tunnel junction 21 is positioned, by a
distance DI.

The ferromagnetic tunnel junction type magnetic conversion
element 2 is positioned inside the insulating films 71 and 72 between
a lower magnetic shield film 5! and an upper magnetic shield film
92. The lower magnetic shield film 51 is provided on the insulating
film 102, which is provided at the ceramic base body 101, and the
insulating film 71 is formed on the bottom magnetic shield film 51.

It has been learned that by achieving a structure in which
the first electrode film 22 and the second electrode film 23 are not
exposed at the ABS 13 (or 14) as described above, electrostatic
breakdown becomes less likely to occur at the bottom magnetic
shield film 51, the upper magnetic shield film 52 and the

ferromagnetic tunnel junction type magnetic conversion element 2,

These el ectrode



second el ectrode film 23 are provided in such a manner that they are not
exposed at the ABS 13 (or 14). As a specific nmeans for ensuring this, in

t he enbodi nent, the front end surface of the ferromagnetic tunnel junction
21 is positioned at the ABS 13 (or 14) and, in addition, the first

el ectrode film22 and the second electypde film23 are far fromthe ABS 13
(or 14) where the front end surface of1 the ferromagnetic tunnel junction
21 is positioned, by a distance Dl (see FIG 46). The

ferromagnet ity tiﬁ”ﬁﬂtidtﬂ&ﬁt 'é%we%xpg}elr@rggme%t VeI 99 aRl §ABNecdndS

positioned i nside the insulating 71 and 72 between a bottom magnetic

shield filmy g P whihe Si elighdboiBen?. ihhethot emsgragnetic
Shield 11 eiggrBe ora (2 o Repevihg atilngﬂ PoneR o dn e veraEs L ded
at the ceragdeqh body 101, and the insulating film71 is forned on the

bot t om magnet C'Ss ield fil m51. FIG 45 shows another embodi ment of
the ferromagnet i Cputtiiforo] UAEL! (R ditiifce BBORGH he ARG SHARneaL erent

In this enbodi nent, erromagnetic tunnel junction type nagnetic

conversi on ghefentiid TPl L¥s @estfre%&hﬁgeneftw il efurRIRANeL] C wHigRNel

junction 21 that 1s essentially the same as that enployed in the MR

el ement shoywhdttuFdSPhe lersthd ortiBnOkREr tNOIdstankBebetiichOfRONAIdes t unnel
junction 21 includes an insulating film210, a first ferromagnetic film

211 and a sgGoRdtiteshRIPOARKI 62 Bhd tiHel Ferrohigeddtics ttuhaer gumeniehi ¢1film 211
and the second ferromagnetic film
can be reduced at the ABS 13 (or 14), higher density recording /
reproduction compared to the prior art becomes possible.

Next, in reference to FIGS. 30 to 42, a method for
manufacturing the magnetic head according to the present invention
is explained.

First, Sendust was deposited by the DC sputtering method
onto an AITIC base 101 (see FIG. 30) upon which an alumina
insulating film 102 with a film thickness of 30 u m had been formed,
to constitute the bottom magnetic shield film 51 with a film
thickness of 2 um (see FIG. 31). Next, after performing heat
treatment in a magnetic field for two hours at approximately 450°C
within a vacuum, a specific shape was achieved through
photolithography and Ar ion etching.

Then, an alumina film with a film thickness of 100nm was
formed to constitute the insulating film 71 by the RF sputterfng
method (see FIG. 32). After this, a Ta (10nm) /Cu (100nm) Ta
(10nm) film was formed by the DC sputtering method to constitute
the first electrode film 22 (see FIG. 33). Then, resist patterning was
performed, and the first electrode film 22 was achieved by forming

a specific shape through Ar ion etching (see FIG. 34).



58 212 are lamnated via the insulating film 210. Mgnetic domain
control filns 214 and 215 are provided adjacent to the two end portions of
the second ferromagnetic film 212. FIG 46 is an enlarged cross
section of the ferromagnetic tunnel junction type nagnetic conversion

el ement 2 provided with the magnetizatijon pinning film216 and FIG 47 is
an enl arged perspective of the sane elenent. In the figures, the sane
reference nunbers are assigned to conponents that are identical to those

in FIGS 28 to 3qyand Lbeir gxphanfyd %m%ngmtﬁé eéerrb&agﬂbﬁcerm%brrent

the ferromagnetic tunnel junction type magnetic conversion el enent

enpl oys a sty e2f oCoi-L 50h€¢ 908k C Inunt NGI-igd a I‘és
essenti al | ygllgéettril?&lgcal tg thatﬁép{ﬁeow)e }éﬁg{r%fﬁnshom |1n F%;Gls , V to 21.

In other wo (éﬁm t hgnd b QURGRE AftibHnagt filpcra Qﬂnwp%eﬂ@aﬂf’éﬁdrﬁd cgver si on
el ement 2 includes a ferromagnetic tunnel junction 21 and electrode filns

22 and 23, aGcriSed WO ! ESkshYthd UL 801 21961 B TB0h) aDAAT A 5ph chwepnsti tut e

part of the slider 1. The ferromagnetic tunnel junction 21 includes an
i nsul ati ng Ebhﬁhu%ﬁ@lf Forhleds thfF Qg Mg e Cshhttpiddl nditflod $8€8Nthe

ferromagnetic fil
first electrode film 22. After this, the sample was taken out and left
in the air for 24 hours at approximately 60°C for annealing so that
the Al (5nm) became thermally oxidized. Thus, the first
ferromagnetic film 211 and the Co /50 at% Fe (10nm) aluminum
oxide (bnm) film which would constitute an intermediate insulating
film 210 were formed (see FIG. 35).

After this, in order to form a short circuit preventing
insulating film 213, the area other than the tunnel junction portion
to be formed was covered with resist and an alumina insulating film
(film thickness 50nm) was formed by the RF sputtering method.
Then, the resist was lifted off to form the short circuit preventing
insulating film 213 (see FIG. 368). The insulating film 213 is formed
to ensure that no tunnel current runs in areas other than the
ferromagnetic tunnel junction 21.

Next, the sample was set within the DC sputtering apparatus
again, and the second ferromagnetic film 212 was formed by
continuously forming an Fe (5nm) film, and a Ta (5nm) film (see
FIGS. 37 and 38). It is to be noted that the Ta (5nm) film
constitutes a protective film which prevents the surface from
becoming oxidized during the process.

Then, resist patterning was performed and after Ar ion

etching was performed, the resist was taken off to form the



The first ferromagnetic film 211 and the second ferromagnetic film 212 are
| am nated via the insulating film 210. Magnetic domain control filns 214
and 215 are provided adjacent to the two end portions of the first
ferromagnetic film 211. A magnetization pinning film 216 is provided on
top of the second ferromagnetic film 2%2. The electrode filns are
constituted of a first electrode film 22 and a second el ectrode film 23.
The first electrode film22 is connected with the first ferromagnetic film

211, wher eaferirbmageetiod twglrett rjadetién | M123 NextGonpget edavidrhidghe vegcond
ferromagnetic film 59 212 via the

magnet i zat i parformednggdin, mndl Golldveig that, exalpOrim) wGeh(i0dem)
ferromagnetic tunnel junction according to the present invention is
adopt ed i n Fanti@meh pr#kh sty efokireth Mhea, thgridt i-coffiemdthdds veapused eid.
(Enmbodi nent 3) An MR head for reproduction that enploys the
Ni [ err] Fe2[ ésmh the tshesmdhldlyctoadedifidied 28. uiSeeumIGi B8).Co ferromagneti c tunnel
junction in Enbodinment 1 to constitute its nagnetoresistive film provided
with a magneti c ddvmditn acostumind ifilm anithaamfigmethickhess ofot 20pmowraded wit h
t he magnetic domain control filmwere fabricated, and
formed by the RF sputtering method to constitute the upper
insulating film 72 (see FIG. 40). Then, an NiFe (film thickness 2 u
m) was formed by the DC sputtering method to constitute the upper
magnetic shield film 52, and following this, patterning was performed
to achieve a specific shape by photolithography and etching
technologies (see FIG. 41).

After this, the processes that are required to achieve the
magnetic head shown in FIGS. 1 and 2 were executed, and in
addition, by performing wafer cutting and machining , polishing
along line X1 — X1 in FIG. 42, the ferromagnetic tunnel junction 21
was exposed at the ABS. In this manner, a magnetic head provided
with a ferromagnetic tunnel junction 21 with a junction area of 1 g
m X 2 g m (junction height 1 g m, junction width 2 £ m) was
obtained.

For purposes of comparison, a ferromagnetic tunnel junction
type magnetic head with its electrode films 22 and 23 exposed at
the ABS was also prepared.

(Evaluation of characteristics)

Electrostatic breakdown tests were performed with the

magnetic heads prepared as described above mounted to a magnetic

head gimbal. For the electrostatic breakdown tests, a metal plate

with a polished surface was prepared. A power source was connected



recorded signals witten in magnetic recording nedia were read out to
conpare their reproduction characteristics. In this enbodinent, the first
ferromagnetic film 211 was constituted of Ni[err]Fe[err] film the
internediate insulating film 210 was constituted of a thermally oxidized
alum num filmand the second ferromagnetic film 212 was constituted of a
Co filmwith the individual filmthickfgsses set at 20nm 5nm and 5nm f or
the Ni[err]Fe[err] film the thermally oxidized alumnumfilmand the Co

L e=Pe Y MR ak P o SR, (i, BAUCLRO hoopRanet e
2 S O T R0 OB Wbt S, BRSBTS, ©
ol om e e aldrg ! LIAR L0t DGSIERS o 2Rad i, Al e,
LM 0 ol S RUBLE ST Spkgh 0oL e IR Sl
11 Lo constt{ el e AU al! BRI Bl e g peit | o
(10nm _ /Ta £n1Q?1@ prifoir‘I D¢ \Wifhfl% ”&&é%ééd?chﬁx?é“éze rainang% Oexposed at the

ABS, the resistance increases radically when the applied voltage is

at 50V, causing an electrostatic breakdown. In contrast, with the

magnetic head according to the present invention, electrostatic

breakdown did not occur until the applied voltage reached

approximately 150V, demonstrating a voltage withstand that is

approximately 3 times that in the magnetic head in the prior art.

The insulating film 210 provided between the first
ferromagnetic film 211 and the second ferromagnetic film 212 plays
an extremely important role in achieving a high MR ratio while also
achieving good reproduction characteristics and in simplifying the
magnetic head structure. In particular, when the barrier potential of
the insulating film 210 is set within a range of 0.5 — 3eV, a high
MR ratio can be achieved while also realizing good reproduction
characteristics and achieving a simplification in the magnetic head
structure. This point is explained below.

Now, the stable antiferromagnetically coupling forrried
between the first ferromagnetic film 211 and the second
ferromagnetic film 212 via the insulating film 210 within the barrier
potential range of 0.5 to 3eV in this ferromagnetic tunnel junction
offers a great advantage when it is adopted as a read magnetic

conversion element in a magnetic head.



constitute the first electrode film22. After that, a specific shape was
obtained by the lift - off nethod. Then, a ferromagnetic tunnel
junction 21 constituted by lamnating the first ferromagnetic film 211
constituted of an Ni[err]Fe[err] filmwth a filmthickness of 20nm the
intermedi ate insulating film 210 constituted of a thermally oxidized
alumnumfilmwith a film thickness of 5nm and the second ferronmagnetic
film212 constituted of a Co filmwth a filmthickness of 5nmwas forned.

In order to form pBesh@whOMRANEL T &vﬂ@ﬂ%nﬂlfé}%magneﬁcaﬂ&utéd%{pﬂﬂ@/ g4 ectron
beam deposition conbined filmfor mat i on apparatus, which is capable of

cont i nuous| ygdreraiedy the spaghefiedfitid » @an SLoREREBINtE Corfrivied I t AYAIL2
exposing themto the atnosphere, was enployed. Now, the formation of the

f err omagnet iachiewonefhe Utighesin vaAueXplori MR. ratio in thér 8fea AL @ {ESi St was
patterned on the first electrode film22, an Nf[err]Fe[err] film((film

thi ckness 20rigjnitwsoff aroedagiei St Consdgently, & HRORE ferfimh 3
constitute the first ferromagnetic film 211. After that, an aluminumfilm

with a fil mtuninekreastioh BnomMsyed B6imed nughidtiruessersiid hoad Qupesing t he
films to the atnosphere through an el ectron beam deposition nethod.

Fol | owi ng tHhnsa rheghetit Meadranliny@s r@gbholsnBtaifediin e FREGHY ]S tiw 24
hours, and then it was subjected to a lift - off process, whereby the

i nsul ating faetonrdd@netdoitld teiredy ofs a dHagenstfést wiihdiuz eehdhgmdupply | m was
formed. Then, resist patterning was perfornmed over its entire surface
except for taheblas magnetic field. Thus, the structure of the magnetic head can

be simplified (See FIGS. 28 and 29).

According to the present invention, the coercivity of the first
ferromagnetic film 211 and the coercivity of the second
ferromagnetic film 212 are made to differ from each other. When
the coercivity H1 of the first ferromagnetic film 211 and the
coercivity H2Z of the second ferromagnetic film 212 are made to
differ from each other to satisfy H1 > H2 (or H2 > H1), as shown
in the FIG. 4, the magnetization curve forms a two — step loop.

The direction of magnetization of the first ferromagnetic film
211 and the direction of magnetization of the second ferromagnetic
film 212 are antiparallel to each other when the applied magnetic
field is larger than the coercivity H2 (absolute value) and, at the
same time, smaller than the coercivity H1 (absolute value), whereas
they are parallel to each other when the applied magnetic field is
larger than the coercivity HI. The electrical resistance increascs
when the directions of magnetization are in an antiparalle]l state and
is reduced when the directions of magnetization are in a parallel
state. With the resistance value achieved when the directions of

magnetization are parallel to each other assigned Rs and the



areas where the magnetic domain control filns 214 and 215 would be forned
and superfluous Ni[err]Fe[err] (20nm) / thermally oxidized
61 alumnum film(5nm was renoved by Ar ion etching. Then, a buffer
| ayer Ti[err]Werr] (5nm /hard ferromagnetic layer Co[err]Pt[err] (15nm
was formed by DC sputtering to constitute the magnetic domain contro
filnms 214 and 215, and the resist was r¥nmoved by the lift - off nethod to
formthe magnetic domain control films 214 and 215. Next, resist was
patterned again,..and followed by Al iaqn etchin nd esi st _renoval ., the

{ the WS B

first ferro Stye of | fiande (e PRt JFRSHRTIE. | iGTRHRS18% and t he
Spaci 11 ¢ snapesnfBldl sl e felBh BN oR ¥ B R °
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Lorred, | andoahkeey o LAGA 2 M08 Akl Bgd 11 m (1aver i ckness
215 vas provi ded 10 SRaun SKEhBls 86 PCilor of B HeRypaath Yt B T
second ferromagnetic film 212 is pinned. With this, simply by
changing the direction of the magnetization of the first
ferromagnetic film 211 alone, the direction of the first ferromagnetic
film 211 relative to that of the second ferromagnetic film 212 can
be made parallel or antiparallel.
Next, a magnetic head according to the present invention
and an AMR head in the prior art are evaluated.
(Magnetic head according to the present invention)
A magnetic head which employs the CosFes,”DLC /Co
ferromagnetic tunnel! junction in the Embodiment 2 was produced,
the recorded signal written in a magnetic recording medium was
read out and its reproduction sensitivity and reproduction output
were examined to be compared with those of the AMR magnetic
head in the prior art. The ferromagnetic tunnel junction 21 in the
magnetic head according to the present invention was ! g m in
width and ! #m in length. In other words, the track width of the
magnetic head was set at 1 um and its MR height was set at 1 U
m. The MR shield gap distance was set at 0.27 4 m.
(AMR magnetic head in the prior art: Example for Comparison)
For purposes of comparison, an AMR magnetic head in the

prior art which employs an NiFe film in the SAL bias method to

constitute its MR film, with its track width set at I um, MR height



woul d run in areas other than the ferromagnetic tunnel junction 21 by
formng the ferronmagnetic tunnel junction 21 at a specific size and to
achi eve insulation between the first electrode film22 and the second
electrode film 23 and insulation between the first ferronmagnetic
film 211 and the second ferromagnetic film 212. Next, resist was patterned
to formthe second ferromagnetic film»12, and a Co filmwith a film

t hi ckness of 10nmwas formed by RF sputtering in a nagnetic field to

constitute the second ferr gnetic film Then th ond ferro netic
film212 we€tfaha #Wa@ﬂﬁiem nge}dt gaP| flisfance, st tﬁ%&”ﬂf YA? s&ggage t he

ar ;C;,ggnsgf{ab%gg 0L C ehbseating PBndthSa" s Ui STRRAG. TR T QERgnet ! ©

e et R aniaL 08 BB o e el Sop B 1%,
25, the oxi @€ reyeraesripnuTut AREBR P MR TP eUR R L ARG A HE second
T OMOnCtl S ol B HTRNET BY SPULL Sl LGN 16, RSV AR,
PEMY (150 il TGN Be /1ower (200N Wnd W08 s0bnbd) Y8SNiFeRn film, a

Ta film and an NiFe film were first formed by the DC sputtering

method to constitute the SAL film, the magnetic separation film and

the MR film respectively, and then were patterned to achieve a

rectangular shape by fine machining technology. After this, the

electrode films, the upper insulating film an the upper shield film

were formed through thin film technology and fine machining

technology.

Using these magnetic heads, a recorded signal written in a
magnetic recording medium with a coercivity of 25000e and a film
thickness of 50nm was reproduced to examine the characteristics of
these magnetic heads.

The magnetic head employing the ferromagnetic tunnel
junction according to the present invention showed the same
characteristics as the curve L3 illustrated in FIG. 27, whereas the
AMR head in the prior art showed the same characteristics as the
curve L4 illustrated in FIG. 27, and with the ferromagnetic tun-ncl
junction type magnetic head according to the present invention, a
reproduction output 4 to 5 times that of the AMR magnetic head
in the prior art was achieved.

In addition, in the ferromagnetic tunnel junction type

magnetic head according to the present invention, the ferromagnetic



formed continuously by DC sputtering. The lift - off nmethod was enpl oyed
to achi eve the PtVn nagneti zation pinning |layer 216 and the second

el ectrode film23. It is to be noted that the Ta (10nm was used to forma
| ayer to prevent oxidation during the process. Next, an al um na
filmwith a filmthickness of 80nm was 6form&*d by RF bias sputtering,
thereby form ng the upper insulating %1 m 72. Then, an NiFe film (film
thickness 2 [err] m) was forned by DC sputtering to constitute the upper

magneti ¢ shiighdof %ﬁﬁ@tﬁﬁno%@d ah/hgg apﬂofméeﬁ%mw%éﬁsnﬁs} nle@mefhb&ieo] 2

specific shape toli1tho and etching technologies. Lastl
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e b Sestspte AR by Fotby Sl Pl snag and an
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performed to achieve a specific size and the f netic tunnel junction
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area of 1 [errf min w min was achieved In this
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19 [err] mueSRectihY¥e ¥agnetic domain control to the ferromagnetic film
which is either first ferromagnetic film 211 or the second
ferromagnetic film 212 whose magnetization is not pinned. These
means are normally employed in combination, but they may also be
used independently.
FIG. 43 is an enlarged cross section of the ferromagnetic
tunnel junction type magnetic conversion element 2, FIG. 44 is a
cross section along line 44 — 44 in FIG. 43. The ferromagnetic tunnel
junction type magnetic conversion element 2, employs a structure for
the ferromagnetic tunnel junction 21 which is essentially the same
as that employed in the MR element shown in FIGS. 6 to 8. In other
words, the ferromagnetic tunnel junction type magnetic conversion
element 2 includes a ferromagnetic tunnel junction 21 and electrode
films 22 and 23 and is supported by insulating films 71 and 72,
which constitute part of the slider 1. The ferromagnetic tunnel
junction 21 includes an insulating film 210, a first ferromagnetic film
211 and a second ferromagnetic film 212. The first ferromagnétic
film 211 and the second ferromagnetic film 212 are laminated via
the insulating film 210. Magnetic domain control films 214 and 215
are provided adjacent to the two end portions of the first

ferromagnetic film 211.

The electrode films are constituted of a first electrode film



63 The magnetic head w thout nmagnetic domain control filnms is
produced by first achieving a specific shape for the first ferromagnetic
film211 and the insulating film 210 through the Iift - off nethod and
then form ng the short- preventing insulating film 213 in a manner
identical to that described earlier. Prmcesses performed other than these
are the sane as those taken when providing nmagnetic domain control filns.
The MR curves and the output waveforns of the MR heads for reproduction
produced i n 2Z2hendarneecoted celebieddabfilre 28r &heexXast nddcirbi&, fik8 2Bovs t he MR
curve (measuring magnetic fields: 400e) of the magnetic head provided
with the nagpahnectedotmi the dorstr fdrrémlagredodfifhG21 49 vdieress tihe bEcand ve of
t he magnetic head not provided with the nagnetic domain control filnms. As
the figures eléoichdeatdm BBi ise cohreatagntet ithe heeadng rieviatesigwetich filhe Zigneti c
domain control filnms achieves a snoboth MR curve, the nmagnetic head not
provi ded wi th the Tregeetiectrdaafiimsomd.r the flidstrelettnodes tfilat &2 and thmest abl e
MR curve, with hysteresis and step changes. FIG 50 shows the
out put wavefsecondcdiedvede Hyin 28 aragpesvidedeind spcova dednwer thiehetlmagnet i ¢
domain control films and FIG 51 shows the output waveforns achi eved by
t he magneti @rbeadt ewpospdoat déw iiBS thdomdbet As dospecificomeanl for ns.
FIG 51 denonstrates that the nagnetic head w thout the nagnetic donain
ensuring this, in the embodiment, the front end surface of the

ferromagnetic tunnel junction 21 is positioned at the ABS 13 (or 14)
and, in addition, the first electrode film 22 and the second electrode
film 23 are far from the ABS 13 (or 14) where the front end surface
of the ferromagnetic tunnel junction 21 is positioned, by a distance
D1 (see FIG. 46).

The ferromagnetic tunnel junction type magnetic conversion
element 2 is positioned inside the insulating films 71 and 72 between
a bottom magnetic shield film 51 and an upper magnetic shield film
52. The bottom magnetic shield film 51 is provided on the insulating
film 102, which is provided at the ceramic base body 101, and the
insulating film 71 is formed on the bottom magnetic shield film 51.

FIG. 45 shows another embodiment of the ferromagnetic
tunnel junction type magnetic conversion element. In this
embodiment, the ferromagnetic tunnel junction type magnetic
conversion element 2 employs a structure for the ferromagnétic
tunnel junction 21 that is essentially the same as that employed in
the MR element shown in FIGS. 15 to 17. In other words, the
ferromagnetic tunnel junction 21 includes an insulating film 210, a
first ferromagnetic film 211 and a second ferromagnetic film 212.

The first ferromagnetic film 211 and the second ferromagnetic film



control filnms only achi eves an unstabl e output waveformw th a high |evel
of noise with variations in its baseline and output anplitude. In
contrast, as denonstrated in FIG 50, by providing the nagnetic donain
control filnms, a stable output waveformis achieved. As the results
descri bed above indicate, by providing §he

64 nmagnetic domain control filns, an MR curve and a waveformthat are
stabl e and noi sel ess are achieved. (Enbodi nent 4) Next, the

characteri sti@s avt tldeinmedetiis tleadnagkeird NGk 0210 hevipgesent dbmyant i on
and an AMR head in the prior art are exam ned. (Mgnetic head according

to the preseshtiolvéittisoRl4 and 215Aar@ghielidedherlfaddmat t& Mo Visvd hendCoFe /
DLC/ Co ferromagnetic tunnel junction in Enbodinent 2 in its

magnet or esi giortiensi dintihvessqopdu tegomadnitis figar eMRIcti on sensitivity and
reproducti on out put were exam ned for conparison with those achieved by a
magneti ¢ head t hatF¥hpiByis aam Nerflerddd roro#8VRiection ohethy | ferransghdtic
constitute its magnetoresistive film The film
tunnel junction type magnetic conversion element 2 provided with
the magnetization pinning film 216 and FIG. 47 is an enlarged
perspective of the same element. In the figures, the same reference
numbers are assigned to components that are identical to those in
FIGS. 28 to 30 and their explanation is omitted. In this embodiment,
the ferromagnetic tunnel junction type magnetic conversion element
2 employs a structure for its ferromagnetic tunnel junction 21 that
is essentially identical to that of the MR element shown in FIGS. 19
to 21. In other words, the ferromagnetic tunnel junction type
magnetic conversion element 2 includes a ferromagnetic tunnel
junction 21 and electrode films 22 and 23, and is supported by
insulating films 71 and 72 which constitute part of the slider 1. The
ferromagnetic tunnel junction 21 includes an insulating film 210, a
first ferromagnetic film 211 and a second ferromagnetic film 212.
The first ferromagnetic film 211 and the second ferromagnetic film
212 are laminated via the insulating film 210. Magnetic domain
control films 214 and 215 are provided adjacent to the two end
portions of the first ferromagnetic film 211. A magnetization pinning
film 216 is provided on top of the second ferromagnetic film 212.
The electrode films are constituted of a first electrode film
22 and a second electrode film 23. The first electrode film 22 is

connected with the first ferromagnetic film 211, whereas the second

electrode film 23 is connected with the second ferromagnetic f{ilm



structure of the ferromagnetic tunnel junction includes the first
ferromagnetic film 211 constituted of Co - 50 at % Fe, the second
ferromagnetic film212 constituted of a Co filmand the internediate
insulating film 210 constituted of a DLC film The filmthicknesses were
set at 15nm 20nm and 5nmrespectively fgr the first ferromagnetic film
211, the second ferromagnetic film 212 and the internediate insulating

film 210. Next, the method enployed for producing the magnetic hﬁag
i s expl ai nedpighe; Is FUOCE]ON S duced i e._nmet ho
enpl oyed in I%rlrgogiﬁhg\}{eog,ﬁ ggﬁ%léﬁtaﬁrﬁhﬁn@ \Aféirrg %ﬁd&%&g l"‘{lﬁn%tx ﬁ@%grﬁan manner

as i n Enbodi 3 : ' o] npanet i, shi_ film
The fi1mthi chnns F (REMERneteT L ity Wﬁmlgl@ 4: g "Bk
whereas the tj - i clkn : | {i | S t

e eas w e iAo AnasseRl i P HRRRIOFANHY Hifh th I hagtRfic hlad

di st ance Seti@ﬁa&ﬂé@wh?rr] m In addition, the track width and the MR
hei ght of the ferromagnetic tunnel junction type conversion elenent were
set both at 1(EgHoliMent 3) Then, as shown in FIG 24, an inductive
magneti c conversion

An MR head for reproduction that employs the NigFexn,”

gap

thermally oxidized aluminum film,/Co ferromagnetic tunnel junction
in Embodiment 1 to constitute its magnetoresistive film provided
with a magnetic domain control film and a magnetic head not
provided with the magnetic domain control film were fabricated, and
recorded signals written in magnetic recording media were read out
to compare their reproduction characteristics. In this embodiment, the
first ferromagnetic film 211 was constituted of NigFex film, the
intermediate insulating film 210 was constituted of a thermally
oxidized aluminum film and the second ferromagnetic film 212 was
constituted of a Co film with the individual film thicknesses set at
20nm, 5nm and 5nm for the NiwFe, film, the thermally oxidized
aluminum film and the Co film respectively. Next, the method
employed for producing the magnetic heads is explained.

First, a Sendust film with a film thickness of 2 u m was
formed by DC sputtering to constitute the bottom magnetic shield
film 51 on an ALO,— TiC base 101 (not shown) where an alumina
insulating film 102 with a film thickness of 30 ¢ m had been formed,
and a specific shape was patterned by photolithography and Ar ion
etching after subjecting it to heat treatment in a magnetic field.

Next, an alumina film with a film thickness of 80nm was

formed on top of this to constitute the Jower insulating film 71 by



el ement was fornmed on the upper magnetic shield filmas a wite elenent. A
magneti ¢ head enpl oying the ferronmagnetic tunnel junction to constitute
its magnetoresistive filmwas produced in this nmanner. (AVR Magnetic head
in the prior art: Exanple for Conparison) For purposes of
conparison, a magnetic head enploying aeN Fe filmwth an SAL bias to
constitute the magnetoresistive film with a track wwdth set at 1 [err] m
the MR height set at 1 [err] mand the MR shield gap distance set at 0.26
[err] mwas R epoatiedinsdandhtéenrefieodresistpmadupaitemesing Beedldmmexyl ai ned
bel ow. The magnetic head was produced in the same manner as was the
magneti ¢ hea@u i08nmded, W4 H 10hen ) erfilmagmst formetnesy Dlnepubterageorodi ng to
the present invention up to the formation of the |lower insulating film
71. AbnsthitutbetHeofiest ehwtdaglei fitmf 22.nAfter ihat,f orspedificashape was
Ni[err]Fe[err]Rh[err] film(filmthickness 10nn), a Ta film(film
t hi ckness 8noptaiaad Noy ethd lifEe2€fff meth¢d.i | m t hi ckness 17nm) and a Ta film
(filmthickness 5nn) were sequentially |am nated by DC sputtering to
constitute an SAL Thdm aa fengmedgretiepamatal ojuddtion 2ah bEhdtitutedndya
protective film respectively, and a specific shape was achi eved by
phot ol i t hogr &hinatargl tbechirstgfertomagnatidi filen rd \W eomdtittdehradf ACoNasePt [ err]
(50nm) and a Ta (10nm /Cu (100nm /Ta (10nm were formed by DC sputtering
to constitut élmagrith i fldondhoclomss rall 20nmehanihtetmedintalénsulbting film

210 constituted of a thermally oxidized aluminum film with a film

thickness of bnm and the second ferromagnetic film 212 constituted

of a Co film with a film thickness of bnm was formed. In order to

form the ferromagnetic tunne! junction, a sputtering “electron beam

deposition combined film formation apparatus, which is capable of

continuously forming a sputtered film and a deposited film without

exposing them to the atmosphere, was employed. Now, the formation

of the ferromagnetic tunnel junction is explained.

First, after resist was patterned on the first electrode film 22,

an NipFeyp film (film thickness 20nm) was formed by RF sputtering

in a magnetic field to constitute the first ferromagnetic film 211.

After that, an aluminum film with a film thickness of 5nm was

formed continuously without exposing the films to the atmosphere

through an electron beam deposition method. Following this, heat

treatment was performed in air at 60°C for 24 hours, and then it

was subjected to a lift — off process, whereby the insulating film 210

constituted of a thermally oxidized aluminum film was formed. Then,

resist patterning was performed over its entire surface except for the

areas where the magnetic domain control films 214 and 215 would

be formed and superfluous NigFen (20nm) thermally oxidized



66 respectively and they were machined to achi eve a specific shape by

the lift - off nmethod. The subsequent steps starting with the formation of
the upper insulating film72 are the sane as those taken when producing

t he magnetic head enploying the ferromagnetic tunnel junction according to
the present invention. Usi ng the, magnetic heads thus prepared,
signals were recorded and reproduced on a magnetic recording nediumw th a
coercivity of 25000e and a filmthickness of 50nm and the resulting output

wavef or ns WepRirRiAFh 8ln (5AHS 'in%?su}‘éxaxgevé@'bgth?r %npét"nﬁxﬁ{é efhéh Lifarea?;

i ndicate that wth the magnétic h according t resent invention

enpl oyi ng thg e?e‘T'LW?og&?ﬂﬁa? }/‘1‘1%?8} fdri-B‘rﬁééfHé‘mc %9@;‘)%%‘5’{ OIghAY Bt

distortion is” achie he netic he accord ing to the

erbod ert s, g an g b il e
(see FIG 2fiiths 214 and 215, and the resist was removed by the hft—'off
method to form the magnetic domain control films 214 and 215.
Next, resist was patterned again, and followed by Ar ion etching and
resist removal, the first ferromagnetic film 211, the intermediate
insulating film 210 and the magnetic domain control films 214 and
215 were processed to achieve a specific shape.
Next, in order to form a short — preventing insulating film
213, a resist cover was formed at the area of the ferromagnetic
tunnel junction 21 where the insulating film 213 would be formed,
and after forming an alumina insulating film (layer thickness 50nm)
by RF sputtering, the resist was lifted off, thereby forming a short
— preventing insulating film 213. The short — preventing insulating
film 213 was provided in order to ensure that no tunnel current
would run in areas other than the ferromagnetic tunnel junction 21
by forming the ferromagnetic tunnel junction 21 at a specific size
and to achieve insulation between the first electrode film 22 and the
second electrode film 23 and insulation between the first
ferromagnetic film 211 and the second ferromagnetic film 212. Next,
resist was patterned to form the second ferromagnetic film 212, and
a Co film with a film thickness of 10nm was formed by RF
sputtering in a magnetic field to constitute the second ferromagnetic
film. Then the second ferromagnetic film 212 was finally achieved by
the lift — off method. At this stage the direction of the magnetic field

applied to form the second ferromagnetic film was set perpendicular
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t unnel

CLAI M5 1. A ferromagnetic
junction constituted by sequentially lamnating a first

ferromagnetic film (21 1), an insulating film(210) and a second _
ferromagnetic film (212), wherein: the barrier potential of said
insulating filmis within a range of 0. to 3eV. 2. A
ferromagnetic tunnel junction according to Claim1, wherein:

barrier potential of said insulating filmis within a range of 1.5 to

2. 5eV.
wher ei n:

ot her.
wher ei n:

ferromagnetic

film

sai d

to the Aifeetivamagnehich tthBngbplidd Gha@tac edi Rast &tChaidn 1,
the coercivity of said first ferromagnetic filmand the

coercivity othsalitkts éroothabeetiontitielae fdrimpdare different from each

4. A ferromagnetic tunnel junction according to daiml,

Ndxt, Fesist Wy parrepnrt i drilémaTdrsatik $e58Mization

on the surface of the Co film constituting the second ferromagnetic
film was removed by sputter etching to achieve an ultimate film
thickness of 5nm for the second ferromagnetic film 212, and then,
a PtMn (15nm) /Ta (10nm) / Cu (100nm) /Ta (10nm) film was
formed continuously by DC sputtering. The lift — off method was
employed to achieve the PtMn magnetization pinning layer 216 and
the second electrode film 23. It is to be noted that the Ta (10nm)
was used to form a layer to prevent oxidation during the process.

Next, an alumina film with a film thickness of 80nm was
formed by RF bias sputtering, thereby forming the upper insulating
film 72. Then, an NiFe film (film thickness 2 # m) was formed by
DC sputtering to constitute the upper magnetic shield film 52 and
then it was opatterned to achieve a specific shape by
photolithography and etching technologies. Lastly, after a bump
electrode film constituted of Cu was formed by plating and an
alumina film with a film thickness of 30 u m was laid over it
constituting a protective film. After this, machining and polishing
were performed to achieve a specific size and the ferromagnetic
tunnel junction 21 was exposed at the ABS. An MR head for
reproduction with a junction area of 1 um in width and lum in
length was achieved in this manner. In other words, the track width,
the MR height and the MR shield gap distance in the magnetic

head were set at 1 um, 1 #m and 0.19 u m respectively.

filmare antiferromagnetically coupled via said insulating
pifning lereroBb§reid ahkbusiehd] sleetroas fgeozdli e bRidd yarl,



wher ei n:

formati on.
wher ei n:
car bon

said insulating filmis constituted of an al um num oxi de
film formed through heat treatment at 40 to 100[err]Cin air after film
6. A ferromagnetic tunnel junction according to Claim1l,

said insulating filmis constituted of a dianond -
68 film 7.

ferromagnetic tunnel junction accordi n963to Claiml, wherein:
area of tunnel junction is at or less than 10 [err]m[err]

i sti r netl t.unnel
function i nel udi ng! %%‘?ﬁ%%ﬁ?t"? hﬁéd”?«f%outamspgﬁmfcﬁw Hagewel fiiisnd a

second ferr
second ferr
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barrier pot eanfahe?floéadrfa 'tﬂgﬁjli%["ljnﬂgg thgrgﬂo%twprevgntmg insulating film

213 in a manner identical to that described earlier. Processes
performed other than these are the same as those taken when
providing magnetic domain control films.

The MR curves and the output waveforms of the MR heads
for reproduction produced in the manner described above were
examined. FIG. 48 shows the MR curve (measuring magnetic fields :
*+ 400e) of the magnetic head provided with the magnetic domain
control films and FIG. 49 shows the MR curve of the magnetic head
not provided with the magnetic domain control films. As the figures
indicate, while the magnetic head provided with the magnetic domain
control films achieves a smooth MR curve, the magnetic head not
provided with the magnetic domain control films demonstrates an
unstable MR curve, with hysteresis and step changes.

FIG. 50 shows the output waveform achieved by the
magnetic head provided with the magnetic domain control films and
FIG. 51 shows the output waveforms achieved by the magnetic head
not provided with the magnetic domain control films. FIG. 51
demonstrates that the magnetic head without the magnetic doméin
control films only achieves an unstable output waveform with a
high level of noise with variations in its baseline and output
amplitude. In contrast, as demonstrated in FIG. 50, by providing the
magnetic domain control films, a stable output waveform is achieved.

As the results described above indicate, by providing the

i ke
A

t he
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ai d
arrier

sal d



range of 1.5 to 2.5eV. 10. A magnetoresistive elenent according to

Claim8, wherein: the coercivity of said first ferromagnetic
filmand the coercivity of said second ferromagnetic filmare different
fromeach other. 11. A nmagnetoresistive elenment according to
Claim 8, wherein: said first ferromagnetic filmand said second
ferromagnetic filmare antiferromagnetically coupled via said insulating
film 12. A negnetoresistive elenment according to Caim 8,
wher ei n: magne$iel ohfshl &rdthdl il b9 GPRSLLL §AJOE %v‘%k&’ﬁ} NgyRtoxi de
film formed through heat treatnent at 40 to 100[errjiC|n air after film
formation. are stable and noiseless are achieved. 69 13. A
magnet oresi stive el enent according to Caim8, wherein: _ sai d

i nsul ating fi{mmbsdeeast ighuted of a dianmond - like carbon film

Next, the characteristics of the magnetic head according to
the present invention and an AMR head in the prior art are
examined.

(Magnetic head according to the present invention)

A  magnetic head that employs the CoFe . DLC / Co
ferromagnetic tunnel junction in Embodiment 2 in its
magnetoresistive film was produced and its reproduction sensitivity
and reproduction output were examined for comparison with those
achieved by a magnetic head that employs an NiFe film (AMR) in
the prior art to constitute its magnetoresistive film. The film
structure of the ferromagnetic tunnel junction includes the first
ferromagnetic film 211 constituted of Co — 50 at % Fe, the second
ferromagnetic film 212 constituted of a Co film and the intermediate
insulating film 210 constituted of a DLC film. The film thicknesscs
were set at 15nm, 20nm and b5nm respectively for the first
ferromagnetic film 211, the second ferromagnetic film 212 and the
intermediate insulating film 210.

Next, the method employed for producing the magnetic head
is explained. The ferromagnetic tunnel junction was produced in the
method employed in Embodiment 2, and other films were produced
in the same manner as in Embodiment 3 up to the formation of the
upper magnetic shield film. The film thickness of the lower
insulating film 71 was set at 100nm whereas the film thickness of

the upper insulating film 72 was set at 120nm, with the MR shield
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oresistive el enent according to Claim38, wherein:
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el junction is at or less than 10 [err] nferr]. 15. A

tive elenent according to Caim@8, futher conprising:

omain control filmprovided adjacent to both end portions of

first ferromagnetic filmor %aid second ferromagnetic fi
oresistive elenent according to Claim1l5, wherein:
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c domain control filmis constituted of a hard ferromagnetic
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ai m15, erei'n sai d magneti c domain control

ed of &Pheﬁnéé fsﬁﬁwrﬁrd. CZZJI ialnminductive magnetic conversion

element was formed on the upper magnetic shield film as a write
element. A magnetic head employing the ferromagnetic tunnel
junction to constitute its magnetoresistive film was produced in this
manner.

(AMR Magnetic head in the prior art: Example for Comparison)

For purposes of comparison, a magnetic head employing a
NiFe film with an SAL bias to constitute the magnetoresistive film
with a track width set at 1 um, the MR height set at 1 ym and
the MR shield gap distance set at 0.26 y m was also produced. The
method of production employed is explained below. The magnetic
head was produced in the same manner as was the magnetic head
provided with the ferromagnetic tunnel junction according to the
present invention up to the formation of the lower insulating film
71.

After the lower insulating film 7! was formed, a NisFesRhq
film (film thickness 10nm), a Ta film (film thickness 8nm), an Nig
Feyp film (film thickness 17nm) and a Ta film (film thickness 5nm)
were sequentially laminated by DC sputtering to constitute an 'SAL
film, a magnetic separation film, an MR film and a protective film
respectively, and a specific shape was achieved by photolithography
and etching. Then, a TioWs (10nm) ,/CosPtn (50nm) and a Ta
(10nm) /Cu (100nm) /Ta (10nm) were formed by DC sputtering

to constitute magnetic domain control films and electrode films

film



70 20. A magnetoresistive elenment according to Caim19, wherein:
said antiferromagnetic filmis constituted of either a netallic
antiferromagnetic material or an oxide antiferromagnetic material.
21. A magnetoresistive elenment according to Caim 20, wherein:
said netallic antiferromagnetic materiat is a M alloy. 22. A
magnet oresi stive el enent according to Caim2l, wherein: said M
alloy is constituted of at |east one alloy selected fromFeMi, N M, PtM,
RulMh, RhMh, réspebiivelgMandr tley abéreymachiaredoto achieve a 8Becific nelgpet byesi sti ve
el ement accordi n_g to daim20, wherein: sai d oxi de
ant i f er r omatjreet (i€t mao8r | slethed cofisd | subsedueht astegseasttiring ofithi @QheNi CoO or
Fe[err](err]. 24. A magnetoresistive elenment according to C aim 8,
wher ei n: formation of the upper insulating film 72 are the same as those
taken when producing the magnetic head employing the
ferromagnetic tunnel junction according to the present invention.
Using the magnetic heads thus prepared, signals were
recorded and reproduced on a magnetic recording medium with a
coercivity of 25000e and a film thickness of 50nm and the resulting
output waveforms were examined.

The results, which are presented in FIG. 52, indicate that with the
magnetic head according to the present invention employing the
ferromagnetic tunnel junction, a good waveform without distortion is
achieved.

The magnetic head according to the embodiment described
above achieved an reproduction output 4 to 5 times that achieved

by the magnetic head employing the AMR film in the prior art (see
FIG. 27.)



the direction of magnetization of said first ferromagnetic film and the
direction of magnetization of said second ferromagnetic film are not
parallel to each other when an applied external magnetic field is at zero.
25. A magnetoresistive elenment according to Claim 24, wherein:

said direction of magnetization of saidgirst ferromagnetic filmand said
direction of magnetization of said second ferromagnetic film are

per pendi cul ar to each other. 71

26. A magnetoresistive el ement accordiQdalives Cl ai m 8, wherein: a
magnetic easy axis of said first ferromagnetic filmand a nagnetic easy

axis of said second ferAonmighiehiagrkticm angnsiot jpacdabhel cohstinaed otdyer .
27. A magnetoresistive elenment according to Claim8, wherein sai d

magnet i ¢ easyequdrgially daminétingta ffatt dononeidretic fitmai2dl),sa dnsulgneld ¢ easy
axis of said second ferromagnetic filmare

film (210) and a second ferromagnetic film (212), wherein :

the barrier potential of said insulating film is within a range
of 0.5 to 3eV.

2. A ferromagnetic tunnel junction according to Claim 1,
wherein :

said barrier potential of said insulating film is within a
range of 1.5 to 2.5eV.

3. A ferromagnetic tunnel junction according to Claim 1,
wherein :

the coercivity of said first ferromagnetic film and the
coercivity of said second ferromagnetic film are different from each
other.

4. A ferromagnetic tunnel junction according to Claim 1,
wherein :

said first ferromagnetic film and said second ferromagnetic
film are antiferromagnetically coupled via said insulating film.

5. A ferromagnetic tunnel junction according to Claim I,
wherein :

said insulating film is constituted of an aluminum oxide film
formed through heat treatment at 40 to 100°C in air after film
formation.

6. A ferromagnetic tunnel junction according to Claim 1,

wherein :

said insulating film is constituted of a diamond — like carbon

TR 0 AR



per pendi cul ar to each other. 28. A magnetoresistive el ement
according to Claim8, wherein: of said first ferromagnetic
film and said second ferromagnetic film either one has a nmagnetic
easy axis extending perpendicular to an applied external magnetic field,
with a magnetic easy axis of another fegronagnetic film extending parallel
to said applied external nagnetic field. 29. A magnetoresistive
el enent according to Claim8, wherein: of said first
ferromagneti fitmtilm and said second ferromagnetic film the _ _
ferromagnetic filmnot provided with said nagnetic domain control filmis
a hard ferromagneti7c Ai lfernuntdgreeticc aghelVi junchiogh@kcdldangt be CRaRci vity of
said ferromagnetic film provided with said magnetic domain control film

30. A magnet ermseisti ve el enent according to Claim15, wherein sai d
magnetic easy axis of said ferromagnetic film provided
72 the area of tunnel junction is at or less than 10 y m2

8. A magnetoresistive element comprising :

a ferromagnetic tunnel junction including an insulating film,
a first ferromagnetic film and a second ferromagnetic film, with said
first ferromagnetic film and said second ferromagnetic film laminated
via said insulating film, the barrier potential of said insulating film
being within a range of 0.5 to 3eV.

9. A magnetoresistive element according to Claim 8, wherein :

said barrier potential of said insulating film is within a
range of 1.5 to 2.5eV.

10. A magnetoresistive element according to Claim 8,
wherein :

the coercivity of said first ferromagnetic film and the
coercivity of said second ferromagnetic film are different from each
other.

11. A magnetoresistive element according to Claim 8,
wherein :

said first ferromagnetic film and said second ferromagnetic
film are antiferromagnetically coupled via said insulating film. =

12. A magnetoresistive element according to Claim 8,
wherein :

said insulating film is constituted of an aluminum oxide film

formed through heat treatment at 40 to 100°C in air after film

formation.
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wi th said magnetic domain control film extends perpendicular to the
direction of said applied external nmagnetic field. 31. A

magnet oresi stive el enent according to daim15, wherein: of said
first ferromagnetic film and said second ferromagnetic film said
ferromagnetic filmnot provided with saigd nagnetic domain control filmis
provided with a nmagnetization pinning frim 32. A magnetoresistive
el enent according to Caim31, wherein: sai d nmagneti zation pinning

filmis constitutedgof g hagShethfIEANRIN elmze @il ; 33147
magnet or esi stive el enent acc%? ing to d g?m , é@\%g}l&gn:to Clatth sga'i d
magneti zati ogyk&ipi-ng filmis constituted of an antiferromagnetic film

34. A magnetoresistive elenment according to Caim31, wherein: of

sald first ferromagngiiaibl! Mm AMMonstSHiE 1oF Wl frL AUBORGHE 11 m

said magnetic easy axis of sard ferromagnetic m provi de id
magneti c dongim, control filmextends perpendicular to a direction of said
appl ied external magnetic field, whereas said nagnetic easy axis of said

ferromagnetic filmiprow deghgnetoresistive element according to Claim 8,
wherein :

the area of tunnel junction is at or less than 10 y m2

15. A magnetoresistive element according to Claim 8, futher
comprising :

a magnetic domain control film provided adjacent to both
end portions of either said first ferromagnetic film or said second
ferromagnetic film.

16. A magnetoresistive element according to Claim 15,
wherein :

said magnetic domain control film is constituted of a hard

ferromagnetic film.

17. A magnetoresistive element according to Claim 16,

wherein :

said hard ferromagnetic film is constituted of a Co alloy.

18. A magnetoresistive element according to Claim 17,

wherein :

said Co alloy is constituted of at least one alloy selected

from CoPt, CoPtCr, CoPtTa, CoCrTa and CoPtTaCr.

19. A magnetoresistive element according to Claim 15,

wherein :

said magnetic domain control film is constituted of an

g

antiferromagnetic film.



wi th said magnetization pinning filmextends parallel to said direction of

said applied external magnetic field. 35. A magnetic head

conpri si ng: a slider with an air bearing surface at a side thereof
facing 73 opposite a magnetic
recordi ng nmedi um and at | east gne magneti c conversion el enent

having a ferronagnetic tunnel juncti on’” said ferromagneti c tunnel junction
including an insulating film a first ferrorragnetic filmand a second

for romaonet | ¢ {11 nPbei hg TaAPReratsyie IR, frea bR T SERECIRE o

potenti al Ofwﬁ@#}e‘%n' nsulating filmbeing wt h| n a range of 0. 5 to 3eV.
36. A magnetic head according to Caim 35, wherein: said barrier

potential of said | Oé]ﬁ“éﬁ‘ﬂ%é}g%rﬁq%gﬂgﬁ ff%gé ncv% stﬁ@&%eo?feiﬂhé %ngtzﬁ

37. A magnetic head accor erei he-¢oer ci vi ty

of said fir Et&néf‘eﬁ.m argﬂé}gé CrbideBr 8P NGiaé gﬁerﬁgfﬁ?‘f&r?{aget?@'rga&?%ﬁnd

ferromagneti f'erent” from eac
21. A magnetoresistive element according to Claim 20,

wherein :

said metallic antiferromagnetic material is a Mn alloy.

22. A magnetoresistive element according to Claim 21,
wherein :

said Mn alloy is constituted of at least one alloy selected
from FeMn, NiMn, PtMn, RuMn, RhMn, IrMn, PdMn or an alloy
thereof.

23. A magnetoresistive element according to Claim 20,
wherein :

said oxide antiferromagnetic material is constituted of at
least one of NiQ, NiCoO or Fe:Os.

24. A magnetoresistive element according to Claim 8,
wherein :

the direction of magnetization of said first ferromagnetic film
and the direction of magnetization of said second ferromagnetic film
are not parallel to each other when an applied external magnetic
field is at zero. -

25. A magnetoresistive element according to Claim 24,
wherein :

said direction of magnetization of said first ferromagnetic
film and said direction of magnetization of said second ferromagnetic

T

film are perpendicular to each other



38. A magnetic head according to Caim35, wherein: said first

ferromagnetic filmand said second ferromagnetic filmare
antiferromagnetically coupled via said insulating film 39. A
magneti ¢ head according to C aim35 wherein: said insulating film
I's constituted of an alum numoxide film fornmed through heat treatnent at
40 to 100[err]Cin air after film forndti on. 40. A magnetic head
according to C aim 35 wherein: said insulating filmis constituted

Cl ai m 35, wherein: unné s at or Tess’'than 10
[err] nferr] o | 42. A
magneti c hegvdh%‘g%:%mi ng to Claim35, futher conprising: an electrode film

having a first el egtn eiélégs. ng A 386 n&l fiFéteetrPrg jai fi 'tgn& |d first
i ¥R B PrgepFiit A

el ectrode fil mconnec 0 sard erromagne sai d second

el ectrode Ti] mcaM0ea55 %40 s2bsla SR6AA%RIMLIRANE Hifh b Rot paratlel

to each other.

of a dianond - |i k%_ca)&bo&agﬁéjco??gaﬁg? telerﬁgnilt Qgﬁrr%gﬁgééc tgeaéla%co§gi ng to
74

27. A magnetoresistive element according to Claim 8,
wherein :

said magnetic easy axis of said first ferromagnetic film and
said magnetic easy axis of said second ferromagnetic film are
perpendicular to each other.

28. A magnetoresistive element according to Claim 8,
wherein :

of said first ferromagnetic film and said second
ferromagnetic film, either one has a magnetic easy axis extending
perpendicular to an applied external magnetic field, with a magnetic
easy axis of another ferromagnetic film extending parallel to said
applied external magnetic field.

29. A magnetoresistive element according to Claim 8,
wherein :

of said first ferromagnetic film and said second
ferromagnetic film, the ferromagnetic film not provided with said
magnetic domain control film is a hard ferromagnetic film with a
coercivity higher than the coercivity of said ferromagnetic film
provided with said magnetic domain contro! film.

30. A magnetoresistive element according to Claim 15,
wherein :

said magnetic easy axis of said ferromagnetic film provided

I



43. A magnetic head according to C aim 35, wherein: said first
el ectrode filmand said second electrode filmare provided so that neither
said first electrode filmnor said second electrode filmis exposed at

said air bearing surface. 44. A magnetic head according to Caim
43, wherein: said ferromagnetic.junnel junction is exposed at said
air bearing surface. 45. A magnetic head according to Cd aim 35,
further conprising: an inductive magnetic conversion el enent.

46. A magnet bv‘itkh%@ﬂi %&%{&53@0%19 &iﬁﬂ‘ﬁ%ﬂ&%’?{e&ﬁb n[.lgefr%endmu r 8o Rt oM

magnetic shield fil an upper magnetic sh sai ferromagnetl C

tunnel junct§Rac-06hNGr %g &ﬁg Q?I F%]%Hﬁ?gg%na% teaymagnetic shield film

and said upper magnetic pper nagnetic shield film being

constituted of a magnep) Cnfdgld&or%%f&‘tﬁ'v@e%léheﬁ?' debdidiied | 6 r@}%}gt'l“é

conversion el ement. . Amagnetic head according to i m 35,
wher ei n: whereig :magnetic dOfTB.I n pinning filmis provided at either said
first ferromagnetic filmor said second ferromagnetic film 48. A

magnetic head accopgi ngafo Giadtm ‘f@rﬁyﬂ?e[g%e@m film and@l dafPIN&idbRddonai n
pinning filmis constituted of a hard

ferromagnetic film, said ferromagnetic film not provided with said
magnetic domain control film is provided with a magnetization
pinning film.

32. A magnetoresistive element according to Claim 31,
wherein :

said magnetization pinning film is constituted of a hard
ferromagnetic film.

33. A magnetoresistive element according to Claim 31,
wherein :

said magnetization pinning film is constituted of an
antiferromagnetic film.

34. A magnetoresistive element according to Claim 31,
wherein :

of said first ferromagnetic film and said second
ferromagnetic film, said magnetic easy axis of said ferromagnetic
film provided with said magnetic domain control film extends
perpendicular to a direction of said applied external magnetic fi.eld.
whereas said magnetic easy axis of said ferromagnetic film provided
with said magnetization pinning film extends parallel to said
direction of said applied external magnetic field.

35. A magnetic head comprising :

a slider with an air bearing surface at a side thereof facing
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75 ferromagnetic film 49. A magnetic head according to Claim47,

wher ei n: said magnetic domain pinning filmis constituted of an
antiferromagnetic film 50. A magnetic head according to C aim47
wher ei n: of said first ferromagnetic film and said second

ferromagnetic film a ferromagnetic fil mdw thout said nmagnetic domain
pinning filmis provided with a magnetic domain control filmat both ends.

51. A magnetic head according to C aim50, wherein: sai d nagnetic
domai n cont r &PPPFiten § sMESASECt raceddia Mmeaddva ; famd omagnetic film
52. A magnetic head according to C ai m50, wherein sai d magnetic

domai n control fil Ml sleasist Pheit onasnetinn comversipnonelgmarntc heving sd t hat
exchange coupling is formed bettween said first ferromagnetic filmor said
second ferr oA8igRBIagNetiq iusmgl dncdioant saidr ferngrasmaticf i fumnel junction

including an insulating film, a first ferromagnetic film and a second
ferromagnetic film with said first ferromagnetic film and said second
ferromagnetic film being laminated via said insulating film, the
barrier potential of said insulating film being within a range of 0.
5 to 3eV.

36. A magnetic head according to Claim 35, wherein :

said barrier potential of said insulating film is within a
range of 1.5 to 2.5eV.

37. A magnetic head according to Claim 35, wherein :

the coercivity of said first ferromagnetic film and the
coercivity of said second ferromagnetic film are different from each
other.

38. A magnetic head according to Claim 35, wherein :

said first ferromagnetic film and said second ferromagnetic
film are antiferromagnetically coupled via said insulating film.

39. A magnetic head according to Claim 35 wherein :

said insulating film is constituted of an aluminum oxide film
formed through heat treatment at 40 to 100°C in air after film
formation.

40. A magnetic head according to Claim 35 wherein :

said insulating film is constituted of a diamond — like carbon
film.

41. A magnetic head according to Claim 35, wherein :

the area of tunnel bonding is at or less than 10 g m2
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42. A magnetic head according to Claim 35, futher

comprising :

an electrode film having a first electrode film and a second
electrode film, with said first electrode film connected to said first
ferromagnetic film and said second electrode film connected to said
second ferromagnetic film.

43. A magnetic head according to Claim 35, wherein :

said first electrode film and said second electrode film are
provided so that neither said first electrode film nor said second
electrode film is exposed at said air bearing surface.

44. A magnetic head according to Claim 43, wherein :

said ferromagnetic tunnel junction is exposed at said air
bearing surface.

45. A magnetic head according to Claim 35, further
comprising :

an inductive magnetic conversion element.

46. A magnetic head according to Claim 45, comprising :

a bottom magnetic shield film and an upper magnetic shield
film, said ferromagnetic tunnel junction being provided between said
bottom magnetic shield film and said upper magnetic shield film,
said upper magnetic shield film being constituted of a magnetic film
provided at said inductive magnetic conversion element.

47. A magnetic head according to Claim 35, wherein :

a magnetic domain pinning film is provided at either said
first ferromagnetic film or said second ferromagnetic film.

48. A magnetic head according to Claim 47 wherein :

said magnetic domain pinning film is constituted of a hard

U Y AR



75

ferromagnetic film.

49. A magnetic head according to Claim 47, wherein :

said magnetic domain pinning film is constituted of an
antiferromagnetic film.

50. A magnetic head according to Claim 47 wherein :

of said first ferromagnetic film and said second
ferromagnetic film, a ferromagnetic film without said magnetic
domain pinning film is provided with a magnetic domain control
film at both ends.

51. A magnetic head according to Claim 50, wherein :

said magnetic domain control film is constituted of a hard
ferromagnetic film.

52. A magnetic head according to Claim 50, wherein :

said magnetic domain control film is constituted of an
antiferromagnetic film so that exchange coupling is formed between
said first ferromagnetic film or said second ferromagnetic film and

said antiferromagnetic film.
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