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RECORDI NG REPRODUCI NG SEPARATE TYPE MAGNETI C HEAD, AND
RECORDI‘NG REPRODUCI NG APPARATUS USI NG THEM 5 BACKGROUND OF THE
| NVENTI ON Present invention relates to a magnetic recording
apparatus using a conmputer and an information processor, especially
relates to a suitable newthin filmnmagnetic 10 head and recording

reproduci ng seRpiat oFt mg FRORRTeNhead and magnetic storage playback
equi prent . a storage (recording) apparatuses in an

i nformation apparat uﬁnm FETMC MABAEPFC Sﬁﬁhﬁgwaﬂﬁcéﬁhﬁs REPROHUSING

storage neans are mainly used. Fromthe viewpoi nt access tine the

seni conduct o sEPRRAGE MPIRE | MAURESTE! HEAD, AANDI! %@n@ieraq&mw us,
and froma vi ewpoi nt of | arge capacity ‘and non-vol at | 1ty the nmagnetic

- storage m@@}m@m@egpgmgﬁseﬁggﬁ@a{mgﬁcord| ng apparatus. In the
present, dom nant magnetic nenories are a nagnetic disk 20 and a nmagnetic
tape. In the recording nedia used in them

BACKGROUND OF THE INVENTION

Present invention relates to a magnetic recording
apparatus using a computer and an information processor,
especially relates to a suitable new thin f£ilm magnetic

10 head and recording reproducing separate type magnetic head
and magnetic storage playback equipment.

As a storage (recording) apparatuses in an
informa{:ion apparatus, a semiconductor storage means and a
magnetic storage means are mainly used. From the viewpoint

15 of access time the semiconductor storage means is used for
an _internal storage apparatus, and from a viewpoint of
large capacity and non-~-volatility the magnetic storage
means is used for an external recording apparatus. In the
present, dominant magnetic memories are a magnetic disk

20 and a magnetic tape. In the recording media used in them,
a magnetic thin film is formed on an alu_minum substrate or
on a resin tape. In order to write magnetic information
into the recording med;.a, a function unit having an
electromagnetic convertihg'- function is used. Further, a

25 function unit utilizing a magneto-resistance phenomenon or

a giant magneto-resistance phenomenon or electromagnetic



.=

a magnetic thin filmis formed on an al um num substrate or on a resin
.tape. In order to wite magnetic information into the recording nedia,
“a function unit having an el ectromagnetic converting function is used.
Further, a 25 function unit utilizing a nagneto-resistance phenomenon or
a gi ant magneto-resi stance phenonenon or el ectronmagnetic

I nducti on phenonenon is used in order to regenerate the magneti c

i nformation. Thiafdudtity | Phebdhéfionr 69 Ngséd | @8 order Ntan réfdndrdtidUthe
part called as a magneti.c head. The magneti.-c head and the nedium are

relatively novefhgidtic DA¥SrhaLdhON Thesw | fendlibiet LAitEf (et iRstaNled
arbitrary positions on the nedium and to electrically regenerate

the nmagnetic i nfpr4pidiipas- IRRS it dBSIEd kit Mlagnetid 3ddil a magnetic
di sk apparatus as an exanple, the magneti c head 1s conposed of a

writing-in portprfmdgnd®ic Médd NendNtRBIRRdiem RAird TR dmoved and
regenerating portion. The witing-in portion is conposed of a coil and

magnetic 5 pws feseeiosakby wxatd Qﬂa?ﬁ@tf@Vihﬁékﬂﬁt‘ibﬁ Gqi | afbPrary
upsi de and downsi de. The regenerating portion, a nagneto-
positions on the medium, and to electrically regenerate
the magnetic information as necessary. Describing by
taking a magnetic disk apparatus as an example, the
magnetic head is composed of a writing-in portionfor
10 writing in magnetic information and a regenerating portion.
The writing-in portion is composed of a coil and magnetic
poles magnetically coupled and enveloping the coil from
upside and downside. The regenerating portion, a magneto-
resistance effect element portion and electrodes for
15 conducting a constant current to the magneto-resistance
effect element portion and for detecting resistance change.
Between the writing-in portion ‘and the regenerating
portion, there is provided a magnetic shield layer.
Further,'these function units are formed on a magnetic
20 head main body through a base layer.
The electromagnetic conversion function is utilized in
the recording and the magnetoresistance effect is utilized
in the reproducing, and a reproducing of the magnetism
information is performed by detecting the electromagnetic
25 induction current induced in a coil established in a write

department. In this case recording and a reproducing may



resi stance effect elenent portion and electrodes for 16 conducting a
eonstant current to the magneto-resistance effect el enment portion and
for detecting resistance change. Between the witing-in portion and

t he regenerating portion, there is progided a magnetic shield | ayer.

Further, these function units are forned onva nmagnetic 20 head nmai n body

t hrough a base | ayer. The el ectronagnetic conversion function 1is

utilized in be tpex froomeddiing caved fiuretimyngtaortasi st ance effect is utilized

in the reproducing, and a reproducing of the magneti sm information is
perforned by detecti nBerfiermancer offagnatiorageh agpathatiuson s uieisetmimst deyl
in a coil established in a wite departnent. In this case recording
and a reproducispgedayat input and output operation and storage8 capaciey,
performed in one function part. Per f ormance of a storage
apparatus is daner nimesirdgr to impreveatompptfitdwdnesspoif dher giraductndit
st orage capacity, and in order to inprove conpetitiveness of the
product it 9 5is sinewitdkihd etoé oshbatean thee sooess time and ttw | ineresse
the capacity. In addition to this, reduction of size of
the capacity. In addition to this, reduction of size of
the storage apparatus becomes important from requirement
to reduce weight and size of an information apparatus in
recent years. In order to satisfy the requirement, it is

10 necessary to develop a magnetic storage apparatus which
can write and regenerate much magnetic information in a
single recording medium.

In order to satisfy the requirement, it is necessary to
increase recording density of the apparatus. In order to

15 realize high density recording, it is necessary to make
the size of magnetic domain small. This can be achieved by
making width of the writing-in magnetic pole narrow and
increasing frequency of writing-in current conducted in
the coil 26.

20 In the reproducing head, resolution should be high
in order to realize high recording density, and gap length
and track width need to be narrow in order to make flux
leak in pole tip minimum in the recording head. When the
gap length and the track width become narrow, flux acidity

25 Dbetween the pole tips decreases. In a composite head

provided MR or GMR membrane in a reproducing department, a



the storage apparatus becones inportant fromrequirenent to reduce
wei ght and size of an information apparatus in recent years. |In order
to satisfy the requirenent, it is 10 necessary to develop a magnetic
st orage apparat us which can wite and regenerate nuch magnetic
information in a si ngl e recordi ng medi dm In order to satisfy the
requirenment, it is necessary to I ncrease recording density of the
apparatus. | n aeproduring deplartmemtghaddnsat yreeoodilngg, departmentesseey
to make the size of magnetic domain small. This can be achi eved by
maki ng wi dt h ofcanbdned tiondpe rapyHgirest ito pie mecordimndapparatusr emsloger
frequency of witing-in current conducted in the coil 26. 20
I n the reprodumagmetdad,filas @ fitihen rdootdide depgdrtment i is cutdilized reslaze
hi gh recording density, and gap |ength and track width need to be
narrow i n ordemsshielthierbrane of thekrieprpdueingp deparmmentn gdw. resersy ng
head. Wen the gap length and the track wi dth becone narrow, fl ux
acidity 255bemammfadmmneolprddgss desrepmpbifyed aandnitsican heacklined on
provi ded MR or GVR nenbrane in a reproduci ng departnent, a
the same suspension system. Side fringe and radio
frequency characteristic become a problem with a narrow
track recording head, the minimum track width determined
by the side fringe magnetic field of the former. The
10 problem of the side fringe magnetic field may be prevented
to some extent by notching the lowermagnetic film and
forming a pedestal pole tip. It is shown in Japanese
Patent Laid-open ©No. 7-262519 that the pedestal is
provided on the pole tip in order to reduce the side
16 fringe. Moreover, high saturation magnetic moment
material is provided on the pedestal pole tip layer, and
second schield layer is explained as the material of low
saturation moment of Permalloy. That is, the lower
magnetic film is constructed with two layers of high
20 saturation / low saturation magnetic moment. However, it
is not mentioned about resistivity of the magnetic film at
all. Accordingly when radio frequency recording is
considered, the above invention may not be satisfied with,
T and the resistivity and the saturation flux density become
25 an important matter.

Moreover, according to the above prior art, as the



4 reproduci ng departnent and a recordi ng departnent are conbi ned
to be applied to the recording apparatus. A | ower magnetic filmof the
recordi ng- departnment is utilized as a shi el d menbrane of the

reproduci ng department too. Therby 5 manufacture process is synplifyed and
it can be alined on the same suspensiorf system Side fringe and radio
frequency characteristic becone a problemw th a narrow track

recordi ng head, mhfrefiioi polet widkhwbeétbmes! eatirosd as to (.3 he @i, danlr ithee
magnetic field of the former. The 10 problem of the side fringe nagnetic
field may be preregqueficy is raisede et aiouty IWiMiz hgthéestovayendedisity

filmand formng a pedestal pole tip. It is shown in Japanese

Pat ent Lai d- opesfNo2GE/ 26R5tay ¢ phevide@st Bbweser, whehofugeHe@n hiilgher
pole tip in order to reduce the side 15 fringe. Moreover, hi gh
saturation nagaehsétyMEEhieeded, RiRfdlem S it £ FOE1PREPShal pel e
tip |layer, and second schield layer is explained as the material of
low  satiur abeosmedleAr tRht CReMBiyB¥r déhsityi s nébeattoired.
magnetic filmis constructed with two |ayers of high 20 saturation / |ow
saturation magneti c norEis . @in | includeks nagt bXaed ajeout affect
resistivity of the magnetic film at all. Accordingly when radio

frequency reconghtifact@re technology to narrow magnetic pole width and a
magnetical problem occurred by making the magnetic pole
width narrow. At first a problem to affect manufacture

10 technology will be described. The magnetic pole
constituting a magnetic gap is needed to generate (leak)
magnetic field which 1is necessary in order to .let
magnetization of the  recording media turn over. This
magnetic field is decided by a magnetic parameter called

15 magnetic coercive force of the recording media, and it is
neccessary to be strengthened in a media for high density
recording of late vyears. Accordingly, volume of the
magnetic pole part should not be reduced in order to
provide strong magnetic field. That 1is, thickness of

20 magnetic pole should not be constructed to be thin even if
the magnetic pole width is narrowed.

The material which is generally used as magnetic
pole materials 1is Ni-Fe alloying. As for this material,
dry etching of reactivity is difficult. On this account,

25 the magnetic pole of thick film may not be formed. So it

is fitted in formation of the magnetic pole, and



considered the above invention may not be satisfied wth, and the
resistivity and the saturation flux density becone 25 an inportant matter.
Mor eover, according to the above prior art, as the

5 nagnetlc pol e wi dth beconmes narrqoqw as to 2.5 [err] m and the
frequency is raised to about 90 MHz, the st@rage density of 2Gb/
in[err] may be provided. However, mhen further higher density is

needed, a probl galeaaikiag ﬁéthaalggsusgad it 5 became clear that the
hi gher density 1's not attai ned. - This problem includes a

problem to afhethe gaXRnifixig/rRetR6AN0LEIY A NP M AACRBANRLER RAA st
wdth and a magneti cal probl em occurred by making the magnetic pol'e

Wi dth narrow. Apattegh aithoblwerdrerf f 868 mn@%aqtslr?rovlﬂ uptFHIUAGYely
wll be described. The magnetic pol e constituting a nagnetlc

ap is needed tenlgnenatchel mRnletic pdBINGiFre £het drhbi ehebsriec %i@r Y¥dr"
grger to let gagnetlzatlon of tg% reggédlng media turn over. %

magnetic fief d asglaviangeil iﬁﬁH&g|§u@arﬁﬁﬁb§81ﬁ§hbedlﬁ“%r@@ﬂnﬁﬁ'%orm
coercive force of the recording nedia, and it
minute magnetic pole pattern less than 2 4 m, a regist
pattern needs to be formed by a width less than 2 u m
beforehand.

By the way, thickness of the mask pattern needs to

10 be higher than a galvanizing height in order to maintain
function as the masking in the galvanizing. The
galvanizing masking pattern receiving constraint of
height , width, is formed with an approach exposure method.
However, resolution 1limit of this ﬁethod is about 2 u m

15 (when thickness is about 5 u m), the pattern with less
than this resolution limit may not be formed (expensive
manufacture method of X-rays lithography methods is not
consider here). On this account there is the problem that
cannot produce magnefic head for high density recording in

20 a thing of conventional method.

In configuration .of the above-mentioned magnetic
head furthermore, it is widely known that a magnetic.path
resistance of the gap neighborhood increases when the
magnetic pole width is narrowed. Therefore, as the

25 magnetic pole width is narrowed, magnetic flux flows in

the lower magnetic film from the upper magnetic film, the



neccessary to be strengthened in a nedia for high density recordi ng of

Late years. Accordingly, volunme of the magneti c pole part should not
- be reduced in order to provi de strong magnetic field. That is,

t hi ckness of 20 magnetic pole should not he constructed to be thin even

| f t he magnetic pole width is narrowed. The material which
I's generally used as nagnetic pole materials is NN -Fe alloying. As for

this material, magnetdicy £ield nghb€hr d&ctis/i hgcessary f doast nodn adowr from

account, 25 the magnetic pole of thick filmmy not be fornmed. So it

is fitted in fdired igap aegartmentnetantd @olpecokdreah occurs.

6 gal vani zi ng net hod i s used. In the gal vani zing nethod, it wll

be masked w t h Moamgicster, ifpawritingi tfrégieneyy, Bnd ddisfed | <ngr oxdenp to

sel ectively only on the nmagnetic pole part that the electric pole for

5 a gal vani zi npadxipes esheuhighc cbens ity y recordidg, teo problem aniises eas

magnetic pole pattern less than 2 [err] m a regist pattern needs to

be formed b§ athialt lwitigsing hefifizigpnoy fallwef @®mdtanis, an eddy current is
easy to occur to the magnetic pole department, magnetic
path resistance increases by this affect, and the writing
efficiency falls.

As a cause that the eddy current occurs, at first,
10 the magnetic gap applys only to the metal membrane, and in
the next, the magnetic path may not be formed with a high
resistance membrane or Amorphous membrane which induces a
little eddy current. It is a common weak point of the
conventional magnetic head which makes the magnetic pole
15 with a galvanizing method that the magnetic path cannot be

formed with high resistance membrane or amorphous membrane

generating a little eddy current.

SUMMARY OF THE INVENTION
20 In order to prevent deterioration of recording
performance -in radio frequency recording, an object of the
present invention is to provide a thin film magnetic head,
a recording reproducing separate type magnetic head, and a
- magnetic storage head formed a magnetic film of high
25 resistivity partially to pole end of a magnetic storage

head.



By the way, thickness of the mask pattern needs to 10 be higher than a

gal vani zing height in order to maintain function as the masking in
t he gal vani zi ng. The gal vani zing masking pattern recei ving
constraint of height , width, is forned with an approach exposure

met hod. However, resolution limt of thfs nethod is about 2 [err] m
15 (when thickness is about 5 [err] m, the pattern with |ess t han
this resolution linit mmyanahihke filmedagnsptosihead appliedifather presiemd
of X-rays lithography nethods is not consi der here). On this account

there is the prehveatibat havingamint uppeduce nzggeeticc figad fandhigh lower
density recording in 20 a thing of conventional nethod. I n

configuration ohaghetaBo¥elmearrangddneBpéugh a nonbeagnévit hgapomémbranes
wi dely known that a magnetic path resi stance of the gap nel ghborhood

i ncreases when jBeleast RUN&id Cpapel 6f waddh upper MRegreit filmherelkaid
as the 25 nmagnetic pole width is narrowed, nagnetic flux flows in

the | ower meggnelbgeti Madioric heeidppeisnagonistrivdt®d tWeth two or more
7 magnetic field which it is necessary does not occur from
layers of magnetic films, resistivity of one of said two
or more layers is higher than that of other of said two or
more layers, at least an end part of said upper magnetic
film or said lower magnetic film is constructed with two
10 or more layers of magnetic membrane, and resistivity of
one of said two or more layers of magnetic membrane
arranged apart from said non-magnetic gap membrane, is
higher than resistivity of other of said two or more
iayers of magnetic membrane connected to said non-magnetic
15 gap membrane, and end parts of said upper magnetic film
and said lower magnetic film shape convex, and at least
one part of said upper magnetic film or said Ilower
magnetic film has a resistivity more than 50 4 Q cm.
In a recording reproducing sepérate type magnetic
20 head applied the present invention, .having a recording
head for writing in information, a reproducing head for
reading out the information, and a magnetic shield
provided therebetween, said recording head has an upper
o magnetic film and a lower magnetic film arranged through a

25 non-magnetic magnetic gap membrane, at least an end part

of said upper magnetic film or said lower magnetic film is



t hea gap departnent, and a probl em occurs. .Moreover, if witing
frequency is raised in order to realize the high density recording, a
problemarises as 5 that witing efficiency falls. That is, an eddy
current is easy to occur to the nmagnetic pol e departnent, nagnetic
path resistance increases by this affect, afld the witing efficiency
falls. As a cause that the eddy current occurs, at first, 10

the magnetic gajoruescadlwitld twe okt abreelaywis cfdnadnetic hbémbpane,
t he magnetic path may not be formed with a high resi stance nenbrane or

Anor phous nenbriaasi sihieity NnéEconed of sakdt tvo asklymover aalyerst is Righepon
weak point of the conventional nmagnetic head whi ch nmakes the nagnetic

pole 15 with aigal VHHtZidE Elé® bt edid hewoeghehbte PRaPeLspnpbsbetivity
formed with high resistance nmenbrane or anor phous nenbrane generating

alittle eddy @frefie. of said SHARARDT OmotdE 1R | OF miynetic memboafer
to prevent deterioration of recording performance in radio

frequency rgcorgiifghget aphett Pfohh&aid nbhemaghetivenfdPn membrany,ovige
a thin fil mnmagnetic head, a recordi ng reproduci ng separate type

magneti ¢ head, mithér than"Bgasistifieyagst heathdror 68l gai@grR¥0 Coli | bpé
high 25 resistivity partially to pole end of a magnetic storage
layers of magnetic membrane connected to said non-magnetic
gap membrane, at least one part of said upper magnetic
film or said lower magnetic film has a resistivity more
10 than 50 4  om, and said reproducing head has a
ferromagnetic body and an antiferromagnetic body having a
uni-directional anisotropism connected to said
ferrémagnetic body, at least one part of said
antiferromagnetic body is made of Cr-Mn alloying, and at
15 least one part connected to said antiferromagnetic
substance of said ferromagnetic body is made of Co aor Co
alloying.
In a magnetic storage apparatus applied the present
invention in which a thin film magnetic disk turns with a
20 speed more than 4000 rpm in recording / reproducing and
recording frequency is 45 MHz or more, said magnetic
storage apparatus having said thin film magnetic disk for
recording information, a rotation means for rotating said
o thin film maghetic disk, a recording reproducing separate

25 type magnetic head having a recording head provided on a

floating type slider and writing in information and a



head. 8 In a thin film
magneti c head applied athe present I nventi on having an upper

magnetic filmand a | ower magnetic filmarranged through a

non- magneti ¢ gap nenbr ane, at |east an end part of said upper magnetic
filmor said 5 |lower magnetic filmis tbnstructed with two or nore

| ayers of magnetic filnms, resistivity of one of said two or nore

layers is hi ghe:fepzl‘tﬂhdh? Bbadt ®Ir Ofesdifigt Wutorthe infformatdwal;s.amd a
| east an end part of said upper magnetic filmor said | ower nagnetic

filmis constriedmdifer t hmbdhs 1Edy Bigpobeyeh§ Ohndrgnetdrs f@riidqnesaadd
resistivity of one of said two or nore |layers of nagnetic nenbrane

arranged apart ﬂmm# dt§pa- FAGRRIY CfEAP sAEEP BiAn m&gnetibi @ligsk ! haBaid
resistivity of other of sard two or nore | ayers of magnetic menbrane

connected to satébdedidGOIRehdC hakd afamppuidr apagnelic efidmpaahd of 3ower
upper nmagnetic film and said | ower magnetic film shape convex, and at

| east Gne medrie®ic SEiln UPPfingedBERESEGh &1 hohonaghRétlic | Adghetic gap
magnetic filmhas a resistivity nore than 50 [err] cm
membrane, at least an end part of said upper magnetic film
or said lower magnetic film is constructed with two or
more layers of magnetic membrane,resistivity of one of
said two or more layers is higher than that of other of
10 said two or more layers,resistivity of one of said two or
more layers of magnetic membrane arranged apart from said
non-magnetic gap membrane, is higher than resistivity of
other of said two or more layers of magnetic membrane
connected to said non-magnetic gap membrane, end parts of
15 said upper magnetic film and said lower magnetic film
shape convex, or at least one part of said upper magnetic
film or said lower magnetic film has a resistivity more
than 50 4« Q cm, and said reproducing head has a
ferromagnetic body and an antiferromagnetic body having a
20 uni-directional anisotropism connected to said
ferromagnetic  body, at least one part of said
antiferromagnetic body is made of Cr-Mn alloying, and at
least one part connected to said antiferromagnetic
substance of said ferromagnetic-body is made of Co or Co

25 alloying.



In a recording reproduci ng separate type nmagnetic 20 head applied the
present invention, having a recording head for witing in information,
a reproduci ng head for readi ng out the information, and a nagnetic
shield provi ded t herebetween, said recording head has an upper
magnetic filmand a | ower magnetic filmarrakged through a 25

non- magneti c magnetic gap nenbrane, at |east an end part of sai d upper

magnetic fiIn1oqngekﬁﬁﬁgwehegagnetic filmis

9 constructe two or “nore | ayers of magnetic nenbrane,

resistivity of one of §gi dihu0 PEcHPEEnbAYRESd] SrddbBg to 'R IhRdsdit

other of said two or nore layers, resistivity of one of said two or

more | ayers of RGAGKGNTETR AR adk AAAWIHE AU (HONMS HfdEofi Tn

gap nenbrane, is idhér than resistivity of other of said two or nore

layers of magnel-gEamyang ﬂéﬁ&eﬂeﬁﬁrﬁﬁédwﬂﬁﬂ'Eﬁgﬂﬁk?ﬁucing(ﬁﬁhd such

menbrane, at |east one part of said upper nagnetic | mor said | ower

oty OpoSl YLCOESHl, 1Y I g oFOnchesbnErIpatnd, e
body having a petween the upper magnetic film and the lower magnetic
film, one part of the lowermagnetic film or the upper
magnetic film is made with a dry process such as a
suputtering method or vacuum evaporation coating,
10 preferably resistivity more than 80 #Q cm is provided, a
flame of galvanizing membrane is formed of SiO,, the width
thereof decides a track width for recording, and the
track width is less than 1.5 um.
It is desirable that a magnetic film having high
15 resistivity more than 80 4 Q cm is more than saturation
flux density 1.5 T, the magnetic film end over/under the
gap membrane is processed by RIE, and the width of a
magnetic film over/under the gap membrane is arranged.
Furthermore, it is desirable that the magnitude of
20 magnetostriction constant of a magnetic film having high
resistivity more than 80 4 £ cm is 1 X 1077 or less
furthermore, and the film thickness more than a part of
0.5 # m of top and bottom magnetic film is formed with
high resistivity membrane. It is desirable that a part of
25 the magnetic film of high resistivity is broader than one

part of the magnetic film of the low resistivity relating



uni - di rectional ani sot ropi sm connect ed to sai d ferromagnetic
hody, at least - one part of sai d antiferromagnetic body is
made of Cr-Wh alloying, and at 15 |least one part connected to said
antiferromagnetic substance of said ferronmagnetic body is nmade of Co
or Co al | oyi ng. In a magnet 4 st orage apparatus applied the
pr esent i nvention in which a thin filmmgnetic disk turns with a 20

speed nore thandOffRer RdithA OICAKE NBagnéedE ORETMBY viRktled froneCor Ubbfling
frequency is 45 MHz or nore, said nagnetic st orage apparat us havi ng

said thin fil mgpgeetic disk for recording information, a rotation
means for rotating said thin fil mmagnetic disk, a recording

reproduci ng separate a2ordMpRy Mgnetineréasdndaviory a reaefdeay headrding
provi ded on a floating type slider and witing in information and a

10 repr oducdens fiepd, f ahereadiPbs st at Reerddfy®as Othadnctie recbranager
means for supporting and transfering said floating type slider for said

; Inldmarrlagag i5C dfSéquen®pi B8f thed eRQgAtbicheBENagnd HABeEaBBENetido f wheh
the recording frequency exceeds 100 MHz, the eddy current
loss of the magnetic film becomes large and the recording
characteristic deteriorates. When the track width is 2
# m, the gap length 0.3 &« m, the saturation flux density

10 of the magnetic film 1.0 T, the magnetic field strength
becomes higher as the resistivity of the magnetic film in
a radio frequency condition of 100 MHz or more becomes
higher, and it becomes suitable 8-0 #Q cm or greater. From
this calculation result, it may be understood that a

15 membrane having high resistivity needs to be used for one
part of +the magnetic pole, especiallyan end of the
magnetic film. Furthermore, In order to reduce noise
after writing, and to reduce heat for treatment during
magnetic field to add to the magnetic film in recording

20 head  manufacturing, it is  preferable to  make
magnetostriction constant of the magnetic film 1X 107 or
less. Moreover, in order to make film thickness of. the
magnetic film thin and to prevent saturation thereof
furthermore, it is preferable that the saturation flux

25 density of the magnetic film is 1.5 T or more.

Comparing the configuration of the floating side



-5 magnetic filmarranged through a non-nmagnetic magnetic gap menbr ane,
at |least an end part of said upper magnetic film or said | ower magnetic
“filmis constructed with two or nore | ayers of nagnetic

menbr ane, resistivity of one of said two or nore layers is higher than
that of other of 10 said two or nore |ayerld resistivity of one of said two
or nore |ayers of magnetic nenbrane arranged apart from said

non- magneti ¢ ggRowBMihamdg. 8 RrDierth8aReadscohifiguyatfion magshgroduced d
two or nore |ayers of magnetic nenbrane connected to said non-magnetic

gap menbrane, gfgreatl§,of 5 DBedchewpiledmgrHdte fHilghernd B3I bf Owde
magneti c film shape convex, or at |east one part of said upper

magnetic ibhgfeeicS &1 Um! swahdrrmeemagnbthm Fd3ma 1r e®ntlaictiedy withe the
than 50 [err] cm and said reproducing head has a

ferromagnetic Paﬁymr&&earﬁléﬁargmw | ed3arbA viaw np a®f 26he magnetic

uni -directiona ani sotropi sm connected to sai d ferromagnetic
body, at 5legstm 8Nand RN madetiSafiim 12 Bolhderemsvanetbm ROHAY dap
made of Cr-WMh alloying, and at | east one part connected to said

anti f err omagnepefibrane dKE 28CeoAtridut iber redmgnet imidiooxaghetdde file1d
or Co 25 alloying.

gradient and the radio frequency characteristic. If all of

the magnetic films mentioned above may be made with high

Bs, high o , low lambda, low Hk and a single layer

10 membrane, the recording head which has a high magnetic

field strength and a good radio fréquency charaéteristic

is provided, however it is difficult to mass-produce a

magnetic film of such a characteristic. Therefore, by

making the magnetic film near the gap neighborhood high Bs

15 and making a part or all of the magnetic pole being remote

_ from the gap the magnetic material of high 0, a magnetic

head having a good recording characteristic may be offered

using the material which can be mass-produced. It is

difficult to form, with a galvanizing method, a thick

20 (about -3 4 m) membrane having high resistivity and high

saturation flux density to be satisfied with these

characteristic, and a membrane which consists of 3d

transition metal having a small magnetostriction constant

(1X107 or less). However, if a suputtering method is

25 wused, a magnetic film to be satisfied with these

characteristic adds oxygen and nitrogen in Fe series, FeCo



(Recor di ng head) In the recording head relating to the present

Lnvention, it

Is desirable as that the | ower magnetic film serves as a

schield nenbrane with a reproduci ng head such 5 as MR or GVR, a gap
menbr ane of non-magnetismis forned bet ween t he upper magnetic film and
the | ower nmagnetic film one part of tl4e | owermagnetic filmor the
upper magnetic filmis made with a dry process such as a

suputtering nmahqgds B FaRECLS sE¥Res|atind lﬁo%édlﬂnes 1Gog¥@Rs alley
resistivity nore than 80 [err] cmis provided, fl ame of gal vani zi ng

menbrane is focoptrel Fxd erﬁl&gné’eesﬂts!é’amn cotd%‘%ra%‘%f Mﬁéjeétﬁekr 3K oy

width for recording, and t he track width is less than 1.5 [err] m

I't is desirabl @1ch@hta mMgnethe fsﬁﬁhhﬁétﬂﬁ higéend® rasi Siééthdﬂ)r%dd}a
80 [err] cmis nore than saturation qu density 1.5 T, the magneti c

filmend over/ ypdelniththay be IRRAEEERAANE Ly £HARDES O BN Eihﬁtla'léyek'h%r

width of a

magneti c f| | m over/under the gap nenbrane is arranged.

Fur t her nor eg | hl'x'éddg.%'y%%b|ﬁl§nh%t1t§1h%ﬂéi%ﬁ‘diﬁcﬁfetl%91 RIS et

constant of a magnetic film having high resistivity nore than 80 [err]
cmis | X 10[epf] P& L88%es, FeCo series or FeNiCo series and with the

10

15

20

25

oxide such as Al203 and S$i0,. It is more difficult than
the case using the galvanizing method method to make
these magnetic films only with the membrane made by a
suputtering method and to form it with the narrow track
(preferably less than 1.5 x# m) furthermore, and it is
more effective to make, with a galvanizing method, the
part which comes in contact with the gap membrane at least
(about 3 times of gap length) of the inside of the upper
part magnetic film (UP) formed on the gap membrane.

The magnetic field strength that is one of the
performance of the recording head becomes higher by making
a part neares.t to the gap in the core into high Bs than
making a remote part from the gap into high Bs.
Especially, as the magnetism charactéristic of magnetic
film nearby the floating side of the gap influences to
the performance effectively, it 1is effective as the
recording head of a narrow track width (less thanl.5 # m)
to have a configuration that a part which came in contact
with the gap membrane from the floating side (the gap

neighborhood) is provided with high Bs, and a part except



furthernore, and the filmthickness nore than a part of 0.5 [err] mof

top and bottom magnetic filmis forned with hi gh resistivity nenbrane.
It is desirable that a part of 25 the nmagnetic filmof high resistivity is
br oader than one part of the magnetic filmof the low resistivity

rel ating to the wdth of the ntiggnetic filnms viewed froma

| oom ng side : According to increasing of a surface

recordi ng [ T=I g T t a e

frequency of the magne%lci% sC u%?tsélﬁir agggagdaélw iu.&ﬂ H @'g{ecordwng

frequency exceeds }t t i &0Y e CEECYatched éﬁgmffff&etﬂggnﬁag il

becomes Iarge an e recordlng aracteri sti eriora

the track widthj lgﬁ{ | mtbﬁngggcga 4 ﬁng% g {iﬁ&f_] mtﬁhe he (9ap

saturation flux cf'ensm e magneticC fi he magne iC

h b t t
Zt ;gglgg frequeﬁcy con%il tion eé’? %go kf\{hféﬁ%%ré'nbecoﬂgggﬁg%%ﬁr%ﬁé ,n'HJ. 3’ i‘t"o
becomes sui t9b| efa%.Qlé gf ]tlfém'ﬁrac% cAldtn. '%hpéﬁ the magnetic film is .formed

with the galvanizing method, the distance of the
galvanizing flame decides the width of the galvanizing
membrane namely the track width, it becomes possible to
form the galvanizing membrane of 0.3-1.5 4 m width.

10 Moreover, in the galvanizing method, Fe, Ni, Co and these
binary or ternary alloying membrane are capable to be
formed easily, and the membrane (CoNiFe alloying, NiFe
alloying) of high Bs (1.5 T or greater) is formed too, the
galvanizing membrane may be applied to one part of the

15 magnetic core which comes in contact with the gap membrane
which decided track width or may be disposed near the gap
membrane. When it was <constituted only from the
ferromagnetism chemical element, the resistivity o of this
galvanizing membrane is 50 4 Q@ cm or so, and the

20 resistivity o in the case of the membrane more than Bs
1.3T by adding ternarj transition metal chemical element
is about 60 4 Q cm and the resistivity © in the case of
the galvanizing membrane more than Bs 0.9T by adding
metalloid chemical element becomes about 100 #Q em. High

25 Bs membrane is necessary for a magnetic film of 1 and 5 in

Fig. 3 as mentioned above, and if the resistivity o0 of the



this calculation result, it may be understood that a 15 nenbrane having

hi gh resistivity needs to be used for one part of the magnetic pole,
especi al | yan end of the magnetic film Furthernore, In order to
reduce noi se after witing, and to reduce heat for treatnent during
magnetic field to add to the magnetic film th recording 20 head

manuf act uri ng, It IS preferabl e to make magnet ostriction
constant of themagrgeteic cELimsn 12 Xahd] & ris diigh valees. ther e@edistivityr der
to make filmthickness of the magnetic filmthin and to prevent

saturation therepfthe madnstiterfiinl and $sdpesfrotbheed hvd béehsghur ghatn
flux 25 density of the magnetic filmis 1.5 T or nore.

Conparing the cifigsreblameobft tthd Imagneyici gole material, the rate of
13 shows in Fig. 3 with the head configuration nmass-produced

currently, | tthdaeigteso mhtérial hehichi gbeupi88 infthéheolume HAEREbEEs
film5 and the magnetic film1l contacted with the gap nenbrane 4 and

“higher resi §tivwilan ptigdttb€ HRgheBisC membrdne 5 kowl phe mEgneidx. fAs sAhdwn
being renote fromthe gap menbrane nake a contribution to the high

magnetic field in Fig. 1, a membrane is formed by the suputtering method

in one part of a lower part magnetic film 11, of high

resistivity (80 u Q om or greater), high Bs >1.5 T, and

magnetostriction constant (magnitude) <1 X107, and a non-

10 magnetic film of 0.1 to 0.2 « m is formed by a suputtering

method thereon as a gap membrane 4. A foundation 3 of the

galvanizing membrane is formed by the suputtering method

in the addition. This foundation 3 may be formed with a

high resistivity membrane. A regist flame 2 is formed on

15 the foundation 3, and the upper part magnetic film is made

with the galvanizing method. The trackiwidth is fixed with

distance between the flames, and it is identified to be

capable to form it without composition fluctuation to 0.5

# m by a flame galvanizing method Furthermore, as a

20 masking it with an upper part magnetic film 1, by a dry

etching method such as milling or RIE (reactive etching)

method, side fringe may be reduced by removing one part

of the foundation 3, the gap membrane 4 énd the lower

T part magnetic film (upper part.screening membrane of MR

95  and GMR) without re-adhesion. Film thickness of high

resistivity membrane may restrain degradation of the



gradient and the radio frequency characteristic. If all of the magnetic

films nentioned above may be made with high Bs, high J[err] , |ow

| anbda, low Hk and a single layer 10 nenbrane, the recordi ng head which
has a hi gh nagnetic field strength and a good radi o frequency
characteristic is provided, however it ¥s difficult to mass-produce a
magnetic filmof such a characteristic. Therefore, by maki ng t he
magnetic fil m npagnekscoapieti g8eeehgel, hitHatBsis 1o agly pekiche arg@didixg
all of the magnetic pol e being renote fromthe gap the nagnetic
material of hi gpekgbimance MBONgt radio fh@pterldyi by Fodaddgr ecOrdisgto 3
characteristic muy be offered using the material which can be

nmass- produced. times or méhéfb£Ukbhet Eifllal Nthidkdess 06t VeRezigap MdMOchne.
thick 20 (about 3 [err] m nenbrane having high resistivity and high

saturation fluxpdang tditFeehtsariomi 9t \Wid, t 19Se the m&NBF&6EET bYerC, amnd
a nenbrane which consists of 3d transition netal having a smal

nmagnet ostri c§ i oanae&su% gap 4d((lll§1ﬂxe&idrt0&xdgﬁ‘%ﬁic f104eVserand idpper CPart
used, {

suputtering nethod is a nmagnetic film to be satisfie

with these maghetaet efilyl i ©) adde Porarid artkRi theJgalvanie isgy infsthdde,Co
recording performance may be raised by making high
resistivity membrane with a membrane being wider and
thicker than that of the lower part magnetic film 5 or the
10 upper part magnetic film 1. For example, it becomes
possible that a high resistivity membrane 12 is formed on
one part of the flame and on the upper part magnetic film
1 by the suputtering method. In this case, the gap
membrane is provided with an electroconductive non-
15 magnetic film (Cr alloying etc.). Moreover flame is made
of oxide such as Sio,, the flame removal production
process 1is not applied as shown in Fig. 1, and a
manufacture method is used as that the flame is just left
on floating side. Regist may be used for the galvanizing
20 flame. Fig. 4 shows a similar configuration as that
in Fig. 1, and thin high resistivity, high Bs membrane 12
is formed on gap 4 by the galvanizing method. Film
thickness is a half to three times of the gap, and if the
film is construcfedlwithin the thickness of this range,
25 the effect of the high resistivity is distinctly arizen in

the recording performance and the galvanizing becomes



14 series or FeNiCo series, and it becones possible to control the
magnet ostriction constant using other alloy elenment. |If the suputtering
met hod i s used, an eddy current may be made small by formng with
multi-layer or 5 mxed layer filmwth the ferromagnetism all oying

menbr ane of Fe series, FeCo series or F&\i Co series and wth the

oxi de such as A1203 and SiJerr]. It is nore difficult than t he case

using the gal V?Bs?éﬂglémtﬂ%' @ﬁh@dh&gn%wtwﬁeysegmﬁwn&Iinaﬁbeahas

wi th the nmenbr made by a 10 suputtering nethod™and to formit wth t

narrow track 13 (pgefqlablerd ks Sigaidelent Sall3bylng) fnwntﬂlea&f@remeﬂadiﬁgls

nore effective to nake, ani zing neth part which

cones in cont aciheiidhi N8 GmTERIA @dlp | 4Sto etc. (about 3 times of gap
| engt h) of the |nS|de of the upper 15 part nagnetic film (UP) formed on

the gap nenbrane. Because 1€ r@”ﬁtl'f?ﬁc'u@.ltd ‘Eﬁé@ngﬁﬂbtﬁ@hb!r%n%”ebeinﬁhe

performance of the recordi ng head becones hlg er by making a part

nearest to shelgi_agq,lgst hq_cﬁpr |nthq g tnlaanl ek Omade || Bes
part from the gap into 1|{gh IgH B Especﬁa‘lvly, as the mag etls?ne

characteri St'Cé%hv‘mrﬁdgC methddsd M “eaf@y §8e boaalibig S'tﬁﬂ Qfs i gé‘ﬂe
I nfl uences to t he performance effectlvely 't 1s effective as
recording head QoA tE¥IrYY et &'t BnbhfSint B3QL- 3 Y 'PrdVide one part
11 of the upper part screening membrane and one partl2 of
the upper part magnetic film with the high resistivity
10 membrane (80 ({Q cm or greater) .
In Fig. 5, the magnetic film 13 and the magnetic
film 14 up and under the gap membrane are made with a
galvanizing method. Bs of the above magnetic film 13 and
14 is higher than Bs of high resistivity membrane (one
15 part 11 of the shielding membrane and one part of the
upper part magnetic film) made by the suputtering methods.
The magnetic field strength from the gap becomes high by
making Bs of the magnetic film near to the gap membrane
high, and the radio' frequency characteristic is improved
20 by high o magnetic film (11,12) made by the suputtering
method. Moreover as shown in Fig. 5, it is a
characteristic that the width of the magnetic film 13. and
gap membrane 14 and magnetic film 14 (when it was watched
from flocating side) is narrower than the width of the
25 magnetic film (11 and 12) apart from the gap membrane 14

further, thereby magnetic field gradient of the recording



to have a configuration that a part which canme in contact 25 wth the gap
menbrane fromthe floating side (the gap nei ghbor hood) is provided
with high Bs, and a part except 15
the high Bs nenbrane is provided with high p (even | ow Bs I s good).
When it was watched fromfloating side, thdS wi dth of the nmagnetic
filmto contact wth the gap menbr ane needs to be forned in a width

correspondi ng tReadScHphBEeCtol B8 mhdekidkgeh. Wien the magnetic filmis
f or med with the “galvanizing nethod, the distance of the

gal vani zing flame decigésotditng fe&d Olin! HrdiMeM fvétion iSEEINARG tRAE ¥

the track width, it becones possible to formthe gal vani zi ng nmenbr ane

of 0.3-1.5 [erriompd HdhdawikhedDEOVRAgnELiENE 190 \GHNi Eh&IgHB! RRbarThent .
Co and these binary or ternary all0ying nenbrane are capable to be

formed easily, ﬁﬁéuhm%rwmhar’&e( %ﬁ?@xahbﬁgbﬂﬂc NWoles dqispdddy! fEkeOlto

high Bs (1.5 T or greater) is forned too, t gal vani zi'ng nmenbrane may

be applied tg opgcRans 8tatb8 aB&velmgnetic core which conmes in contact
wi th the gap nenbrane

Relating to the magnetic pole configuration ofthe
head of the magnetic core in which the above magnetic head
is exposed out in a surface coming close to the recording
media, the upper part magnetic pole has a convex

10 configuration and becomes convex against the lower part
magnetic pole, the lower part magnetic pole has a convex
configuration and becomes convex against the upper part
magnetic pole, and the convex portions of the upper part
magnetic pole and the  lower part magnetic pole are

15 arranged to be face to face, and width center of the
convex part of the upper part magnetic pole and width
center of the convex part of the lower part magnetic pole
are respectively arranged to be on a same line, and it is
desirable to make the height of the convex part low

20 compared with the width of the conve# part.

It is desirable to produce the recording head of the
present invention by following production process.

(1) After having laminating the lower part magnetic
pole material on the magnetic head foundation

25 configuration, the insulating non-magnetic film is

laminated and the material becoming the convex part



whi ch decided track width or may be di sposed near the gap menbr ane.
Wiaen it was constituted only from the ferromagneti sm chem cal

el enent, the résistivity p of this gal vani zing nenbrane is 50 [err]
cm or so, and the 20 resistivity p in the case of the nenbrane nore
t han Bs 1.3T by adding ternary transiti#n netal chenical el enent

Is about 60 [err] cmand the resistivity p in the case of t he

gal vani zi ng nemgonae iRRE nig aBh3SpLr Tolty ﬂ@'\g}ber n%aﬁﬁt ablgalet iehgiIE is

el enent becones about 100 [err] cm High 25 rane i S necessary for
a magnetic f||rnfy}tké@mgfglygmlnatéa g. 3 as nentioned above, and if the

resistivity p of the magnetic filns 12 and 5 is high val ue,
the resistivity p ph)t RegiBENphteelrn! 1L Fmedlaes Hiontet équbPaledh.
That i's, as volune of thé maghetic pole naterial, the rate of t he
high p ”ﬁter'a|ﬂU“ﬂHé‘%Hﬂﬂéf*béftt@@ ﬂﬁéuﬁgpbﬂcbﬁi%e&adiéﬂ¥@1ﬁdkﬁ s tgh
Bs nenbrane (low [err]) material. As 1, a nenbrane is
for med by the s upidkieeniafi nERt £ 'ia‘%&%no%rst al' LN i RAH
film11, ﬁl rae3| st |l\li/&:§?3c/:o(n lgluerr] cm orlng gat éLr\)h%@hl gt?tyBs >1.5 T
and (3) Using the member being convex part of the upper

part magnetic pole the above regist pattern as masks, the
convex part is formed in the lower part magnetic pole by
etching the insulating non-magnetic film and the lower

10 part magnetic pole.

(4) After having formed the member which became a
convex paft by the upper part and the lower part magnetic
pole, non-magnetism and insulating membrane on the entire
surface 1is laminated, and a film having. a thickness

15 exceeding the convex part in a domain except the
convexpart is laminated.

(5) By forming a remaining member constituting the
upper part magnetic pole member, the upper part magnetic
pole is formed to turn the convex part as a valley.

20 (6) non-magnetism and insuiating membrane are
processed to be flat, and one part of the member forming
the convex part is exposed on a flat surface.

(7) The remaining member constituting the upper
part magnetic pole member is formed.

25

(Reproducing head)



magnetostriction constant (magnitude) <1 X 10[err], and a non- 10

magnetic filmof 0.1 to 0.2 [err] mis forned by a suputtering nmet hod

t hereon as a gap nenbrane 4. A foundation 3 of the gal vani zi ng nenbr ane
is formed by the suputtering nethod in the addition. Thi s foundati on
3 may be forned with a hi gh resistivity2lmenbrane. A regist flame 2 is
formed on 15 the foundation 3, and the upper part magnetic filmis nade

with the galvani zi ng #RENOLprtifad e knekd! Nid Sthexqgkedddt  invdntidhceis

between the flanes, and it |s IdentiTied to be capable to formit
wi thout CO”DOSEHdE%EHdﬂédﬁﬂﬁfﬂhtOsgfa ma#ﬁéf&ré%i%téhééa”%f&%k%ﬁ”“@ ?Q
m

nmet hod Furthernore, as a 20 nasking it w an upper part magnetic fi

1, by adry  o1euldtiti,N0 "BoEEI RigRetSsHl | hédBrohe R &&rqe&favqn&ﬁﬁ@wm
nmet hod, side fringe nay be reduced by renoving one part

foundation 3, wbﬁquémma&aahfr a&écifzﬁel e degred’@lih ”ﬁseﬁéticf | £e1q

(upper part screeni ng nenbrane Of and GVR)” wi t hout re-~adhesion. Film
thi ckness of hig-ectjionsetindrads,y Mw%@eﬁﬁtfﬁém P et hoin &f 14 he
17 magnetic field strength, t‘hat is to say, the recording

film forming a free layer may changes 0-180 degrees from
the magnetic field of the magnetic film forming a fixed
layer by magnetic field from recording media.

In the present invention, a magnetic recording

10 apparatus is used, the magnetic head of said magnetic
recording apparatus is loaded the magnetoresistance effect
element using huge magnetoresistance effect as a means
corresponding to high recording density.

As one of the subject of the present invention is

15 that the antiferromagnetism membrane which produces
replacement coupling bias should be developped byldirectly
laminating the magnetism membrane. As means for solving
the subject of the present invention, at f£first, main
component of the éntiferromagnetism membrane is composed

20 with chrome and manganese.

In the second, in order to improve the
characteristic, by adding one chemical element of
platina group, aurum, silver, copper, nickel and cobalt,
or plural chemical elements chosen among them so as to

25 increase <cell <constant keeping body-centered cubic

structure of this configurétion, size of the replacement



performance in a radio frequency by formng it 0.5 to 3 times or nore
of the filmthickness of the gap nenbrane. Being different fromin Fig.
1, the nenbranes over and 5 under the gap 4 (lower part nagnetic filmb5
and upper part magnetic film1l) are formed with the gal vani zi ng net hod,
recordi ng performance nmay be rai sed by maki 28 high resistivity nmenbrane
with a nmenbrane being wi der and t hi cker than that of the | ower part

magnetic film 588%?1136 &Q%Hﬁf’f% PLiaMRARCLKE Elalngb}at 2e %?‘10?5%8 er'l%tlc

becones pos resistivity nmenbr

one part of th da N theHap t I t &iD¥ bke
suputtering rret %ﬁgﬂ?‘g cg{sletﬁtghg:lhﬁ%r 1”{? %ﬁn%dlﬁg&%? ov%éed vat ﬁngn
el ectroconduct i 'chré@f':Lon 1§nﬁ§%ﬂ%€>g in' 'd@éxﬁ?rlﬂq - f eft'ﬁm?
I s made of oxide such as Si rr ane re pro

[ th d :
rethod i s used 228 hapd %, %ﬁggf“i@rfﬁ‘g?g*’g? suba"ﬁ%ﬂcét S dg%;ibgt
may be usedg fortﬂgefgﬁﬂﬁgbﬁéﬂgc %Q)fyf PﬁOVlﬂegl ith LUSLL ét.mcbﬁélt

configuration as th Igh resistivity

menbr ane 12 a}?Ylﬁg E§ggrﬁglngapfoﬁﬁ§¥ dsh& éFian%ﬁbBHeﬁfth%@-Fthﬁ

t hi ckness is a.% to”thr tine gap, an
constructed wi tdy {ufigqt N £kNgSSd Of £6p Sth@"98omposition of the cobalt

alloying when it is used as soft magnetic
material,moreover, Co-Pt alloying is good when it is used

10 as high coercive force material. In the fourth, in order
to harmonize a direction of one direction anisotropism, it
-is heat-treated. In the fifth, especially it is effective
for spin valve type magnetoresistance effect membrane.
The hard magnetism layer  to  contact with the

15 antiferromagnetism layer is constructed with a laminating
body of the hard magnetism layer of three layers or more,
or total thickness is composed to be not less than 3nm so
that heat deterioration of the characteristic of the
magnetoresistance effect may be prevented.

20 In the present invention, as the magnetic recording
reproducing device uses the magnetoresistance effect
element stated above in the reproducing part, high
recording density namely, that is, recording wave length
recorded on high recdrding mediﬁm becomes short, and width

25 of recording track becomes narrow with sufficient

reproducing capacity and recording may be kept well.



25 the effect of the high resistivity is distinctly arizen in t he
recordi ng performance and the gal vani zi ng becones

18 possi ble, too. This high resistivity gal vani zi ng nenbrane 12 is
a ferromagnetism alloying nenbrane including chem cal elenents such
as P, B, 0 etc. Because it is dd¥ficult that the menbrane being
5 hlgh Bs, low Hk, high [err] , and low [err] is nade by these

gal vani zing et hOdS!I’hat|tlsL5 nffiddes isdandisi Bifetle elemestPylnt €€h89
met hod as shown in Fig. 5 to provide one part 11 of the upper part

screeni ng menyadeed 9fifeR8ibh? Gls realiifedPPd’ PEitedBIBEhEC fdd My th
the high resistivity 10 nenbrane (80 [err] cmor greater) I n

Fig. 5. the mepsglicudiddn 181880wits EHANGl ferronddRtit Wy ales st he

gap nenbrane are nade wth a gal vani zi ng net hod.” Bs of the above
magnetic fil mdpg rou 1411§y*ﬂhghebrt hate B&n@iféw&mé@&éﬂé VhlstBRABEaNe
(one 15 part 11 of t he shi el di ng menbrane and one part of upper

par Itdmgtgpg% tch&‘ﬂ%?’n tq%gﬁgg?%ﬂeug]oﬁgﬁx?ﬁrtﬁa BRIHHAYS series Tb@rfr&aa&ﬁéelc

body. Moreover, the hard magnetism layer contacted with

the antiferromagnetism membrane is constituted with the

laminating body of three layers or more of the hard

magnetism layer, for example, Co/NiFeCr/Co, and the total

10 thickness is provided to be in 3nm or more, preferably 3

to 20 nm. Thereby, the spin valve type magnetoresistance

effect element having high resistance variation factor,

large replacement coupling magnetic field, and high

thermal stability is realized, and the magnetoresistance

15 effect element having a good sensibility with reliability,

the magnetic. head and the magnetic recording apparatus
having the high recording density may be obtained.

The reproducing head in the present invention is a

magnetism sensor containing the ferromagnetic body and the

20 antiferromagnetic substance cohering to the ferromagnetic

body, and at least a part of the antiferromagnetic

substance which lets one direction anisotrogism appear in

the ferromagnetic body consists of Cr-Mn alloying and at

least a part which coheres to the antiferromagnetic

25 substance of the ferromagnetic body consists of Co or Co

alloying.



maki ng Bs of the magnetic filmnear to the gap nenbrane hi gh, and the
radi o frequency characteristic is inproved 20 by high p magnetic film

(11,12) rmade by the suputtering nmet hod. Mreover. as shown in Fig.
5 it is a characteristic that the width of the magnetic film 13 and
gap nenmbrane 14 and magnetic film 14 (when2tt was watched fromfloating

side) is narrower than the width of the 25 magnetic film (11 and 12) apart

fromthe gap menbraneydreover, flﬁﬁ@erreﬁbf@d@@i{n@ﬁgﬁé&dc ihel dher agiresientdf
t he recording head capabl e to be made | arge.

Recordi ng headjhfeRt£6RNt iBventéRArasteLsédt Ut Bg coﬁ%i@ixﬁgﬁndw chag
the magnetic filmof the gap departnent mutually with the convex

magnet i ¢ pol esaflt spepLOMAGEELiOM Slipse asSortiaitsh ak@h either of the
Rel ating to the magnetic pole configuration ofthe head of the nmagnetic

core in which xha?na’ewelay_eﬁetwe hegfst andi h€X5@66fdOithghBticslalageof
comng close to the recording medi a, the upper part nagnetic
pole has 5 CgR¥EXerromagnetic body partitioned off by the non-magnetic
metal layer and the antiferromagnetism layer, wherein the
magnetization direction of the_first magnetic layer of the
ferromagnetic body when the applied magnetic field is null,
intersects to the magnetization direction of the secon&
10 layer, and the magnetization direction of the second
magnetic layer is fixed or not fixed, and said
reproducing head in the present invention further
comprises a means for letting the magnetoresistance effect
element produce a current, and a means for detecting the
15 electric resistance variation of the magnetic resistance
sensor occured by a rotation of the magnetization of the
first layer as a function of the detected magnetic field
are provided, wherein the first and the second magnetic
layer are Co or Co alloying and the antiferromagnetism
20 layer is Cr-Mn alloying.

Said magnetoresistance effect element has a
constitution of the soft magnetism layer / the ‘non—
magnetic layer / the hard magnetism 1layer / the
antiferromagnetism layer, and a magnetoresistance effect

25 function arises desirably as that the magnetization of the

soft magnetism layer turns according to outside magnetic



10 configuration and becones convex agai nst the | ower part magneti c
pole, the |ower part magnetic pole has a convex configuration and
‘becones convex agai nst the upper part magneti c pol e, and the convex
portions of the upper part magneti c pole and the | ower part nagnetic
pole are 15 arranged to be face to face, #d width center of the

convex part of the upper part magnetic pole and wdth center of the

convex part of #£ii1d,0veNd PRl EeBODPE| AnBIeCwith tHe naiAGidatelon abf ageed
to be on a sane line, and it is deSirabl e to nake the height of the

convex part |}Mﬁafa)méqygﬁiémiﬂﬂ§é}t&ﬁaﬁ@égj1 of the convex part. It is

desirable to produce the recording head of the present invention by

fol  owing production AROGEI®ying containiny 3 dtor W MRnidadédiribre
| ower part magnetic pol & nmaterial on the magneti c head

foundation 25 fgzondd iireiiMi al1dyitg, Tid &t NeadtobnB@Wldcted fiddh dos,
| am nated and the nmaterial becom ng t'he convex part

1‘28rt her mC)(rJQE]f ;trﬁﬂn,;{tgad,?@gpaﬁﬁ, opt | heqyPRE, RY,! IFBIR iéndRE fFSrthermore
may includes 0.1-30 atom % by total content.

The hard magnetism layer ois constructed with the
laminating body having Co or Co alloying film on both
sides thereof through Co or Co alloying, or Ni alloying

10 £film, and the antiferromagnetism layer consist of Cr-Mn
alloying or Cr-Mn-X alloying, wherein said X is at least
one selected from the group of Co, Ni, Cu, Ag, Au, Pt, Pd,
Rh,.Ru, Ir, 0s and Re and the total content thereof is
desirably 0.1 - 30 atom %.

15 Furthermore, in the preferable embodiment of the
.present invention, said magnetic storage apparatus is
actuated with an atmospheric temperature of 100 °C or more,
the one direction anisotropism which occurs in the
laminating constitution of the hard magnetism layer and

20 the antiferromagnetism layer is about the same as the
direction of the magnetic field occurring from the
electric current flown in the magnetism sensor, and the
polarization process which cools off is performed while
heating by a lower temperature than the blocking

25 temperature as that the one direction anisotropism

disappears and applying the magnetic field.



(2) Regist pattern is forned in a domain equival ent to the convex part
of the upper part magnetic pole on the 5 above |am nating configuration

using a lithography nethod. : (3) Using the nenber being convex
part of the upper part nmagnetic pole the above regist pattern as
masks, the convex part is fornmed in the | ower part nmagnetic pole by
etching the insulating non-magnetic filmand the ower 10 part nagnetic
pol e. (4) Aht efnhdagresdnd "eAvEREISR DSt WAECHASDRAF1 & to be
convex part by the upper.part "and the | ower part -nagnetic pol e,

non- magnet i Sm ajyhd N Rdddt9 JEHHSWE FbllvwitlY Mt ters. Surface is
| am nated, and a filmhaving a thickness 15 exceeding the convex part in a

domai n except g satufPHNSKPELEx! deh8tP2b20said second HaXd BMafRetisd 2
remai ni ng nmenber constituting the upper part magnetic pol e nenber, the

upper part magngder is sRAlfeks thanMathd OsitiiPat {6n CENYRX dRRASH t3S € the
val ley. 20 (6) non- magnetism and insulating nenbrané are

processed tg beifdsdl .ai A NS RYdd Hard GBS sl AdPerd =~ the convex
part is exposed on a flat surface. (7) Thé remai ni ng nenber

constituting the UppekhjckneRdl ofRHE har@Ch&gHBERER 18ybe’ Badng Zhm to
( Repr oduci ng head)
20 nm.
The second hard magnetism layer consists of nickel 50-85
atom %, ferrum 15-20 atom %, and the remainder thereof

10 being selected from at least one of the group of chrome,
vanadium, titanium, copper, aurum, silver, platina family,
tantalum, niobium, zirconium and hafnium, so as to contain
35 % or less in total, and saturation flux density is less
than 0.9 Tesla.

15 At least one of the first and the third hard
magnetism layer consists of the magnetic material having
saturation flux density of 1.0 Tesla or greater containing
Co as the main component

Said Cr alloying antiferromagnetism membrane has a

20 configuration as that the crystal gra'xting of the body-
centered cubic structure or the CsCl type configuration is
distorted in the range of 0.1 to 10 %.

Reat treatment makes said Cr alloying
antiferromagnetism f£ilm distorted.

25 Said Co alloying consists of Co, Ni and Fe, and the

composition thereof is Co 30 to 98 atom %, Ni 0 to 30



The reproducing head in the present invention is constructed with said
fmgnet or esi stance effect type el enent Soft magnetism nenbrane and
hard magnetism menbrane nutual ly decline 90 degree in magnetic field

5 directions thereof, and the magnetic field of the magnetic film
forming a free | ayer may changes 0-180 degd#’ees from t he magnetic field
of the magnetic filmformng a fixed | ayer by nmagnetic field from

recording nedigtom % and Fel 2 66 BESELémi BYENESPEcia1 TRIERL | 85§ @6Or 6l ng
10 apparatus is used, the magnetic head of sai d magnetic recordi ng

apparatus is Iamecktfreermgwwr@%ﬁten%re&aest) to 70clat@mnty UNDA BUES
magnet or esi st ance effect as a means corresponding to hlgh recordi ng

density. 30 atom% OMPFd e toPoe o ¢.he present invention is 15
that the antifer romagnet i sm menbr ane whi ch produces repl acenent

coupling bias shoul dsheqdeys! opPEsly PYg di feCldohsit d2McBt i RY,thee and
magneti sm nmenbrane. As neans for sol ving t he subj ect “of "t he pr esent
i nvention, 5at gddittion® Nelement X, and a total of Co, Ni, Fe is .70 to
98 atom %, and the X is 2 to 30 atom % and is either one
or more of Cu, Cr, VvV, Ti, Ta, Nb, Zr, Hf and platina
family.
Oxide film is formed by a heat treatment, a film formation
10 technology or an ion inplantation etc. on said Cr alloying
antiferromagnetism membrane surface.

Said means to fix the magnetization direction of
the second magnetic layer of the ferromagnetic body is the
second magnetic layer of the ferromagnetic body vaving the

15 higher saturation magnetic coercive force than the first
magnetic layer of the ferromagnetic body.

Said means to fix the magnetization direction of
the second magnetic layer of ferromagnetic body 1is the
antiferromagnetism layer coming in contact with the second

20 magnetic layer of the ferromagnetic body directly.

Said means to fix the magnetization direction of
the second magnetic layer of the ferromagnetic body is the
hard hard magnetism layer which comes in contact with the
second magnetic layer of the ferromagnetic body directly.

25 The magnetization direction of the thin film layer of

individual ferromagnetic body for a direction of the



conponent of the antiferromagneti sm nenbrane is conposed 20 wth chrone

and nmanganese. In the second, in order to | mprove t he
characteristic, by addi ng one chem cal el enent of platina group,
aurum silver, copper, nickel and cobalt, or plural chem cal elenents
chosen anong themso as to 25 increase céBl constant keeping
body-centered cubic structure of this configuration, size of the

repl acenent current is determined so that the Zgnlsotﬁéﬁfélhn%%@g%‘iﬁ c
field and the tenperature characteristic are inproved. I'n thet I n
order to boost Beg€s0ané8eis adiéPCtéORhdN SIBEHIPI S EELELMOE %&'ﬂ&%ﬂo‘i&e
ferromagneti c body and the antiferromagnetic substance, conposition o

5 the ferromagnefi cthe®dynaddhdtioPesiatandd %‘f%b‘t Oéléﬁgﬁoyloccurféélo i‘

conprising cobalt as a main conponent. Co- ng 1's goo

the conpositi onretatiéncebathe magnéti?&tﬂen B@eﬂhe mhgnetsc éﬁxﬁ 0f2%he
soft  magnetic material , noreover, Co-Pt alloying ls goo enit 1s

used 10 as bhi gindpeiguye fefggma@ﬁgfi@Jboap.the_fourth i n order to
har noni ze a direction of one direction anisotropism it

The magnetization direction of the thin film layer
of individual ferromagnetic body for a direction of the
current is determined so that the anisotropism magnetic
resistance is added to the electric resistance variation

10 of the magnetoresistance effect element occurred by a
rotation of the magnetization of the first magnetic layer
of the ferromagnetic body.

The means for letting the produce bias of
londitudinal direction sufficient to maintain the first

15 magnetic layer of the ferromagnetic body in the single
domain condition is provided further.

The means for making the bias of the londitudinal
direction occur has the antiferromagnetism layer coming in
contact directly only in the end domain of the first

20 magnetic layer of the ferromagnetic body.

The means for making the bias of the londitudinal
direction occur has the hard magnetism layer coming in
contact directly only in the end domain of the first
magnetic layer of the'ferromagneﬁic body.

25

BRIEF DESCRIPTION OF THE DRAWINGS



Is heat-treated. In the fifth, especially it is effective for spin

val ve type nagnetoresi stance effect nenbrane. The hard magnet i sm

| ayer to cont act W th the 15 antiferronmagnetismlayer is
constructed with a | am nating body of the hard magnetism | ayer of three
| ayers or nore, or total thickness is @®nposed to be not |ess than 3nm
SO that heat deterioration of the characteristic of the

magnet or esi stance ef fegds Myabeipr eyentsiby 2Diustratidd wéwwaﬁseh are

i nvention, as the nagne |c recordlng reproduci ng devi ce uses the

magnet or esi st aogsws&f etbm a flslaem%at sakeaeg BOYfel &ebb%d&aar due RaiRH T,

hi gh recordi ng density nanely, “that 1s, recordi ng wave I"'ength
recorded on high r dtﬂg rrﬂijwnkasieﬁ%ﬁyorﬁmn%w e %grto‘cof the
recording trac econe narrow wth ficient repfoduci ng
Capac'ty and rf&@éﬂ' Qrﬁaﬁagﬁeﬁfetfmﬁhl _

23 magnef oresi stance effect elenent in the pr esent

R T T e

antiferronagnegigwégbgggﬂcg floating surface of the recording head which
is used the high resistivity £film for one part of the
upper part magnetic film.

Figs. 3A, 3B, 3C show illustration views which are

10 viewed from a floating surface of the recording head which
is used the high resistivity film for one part of the
upper part magnetic film.

Fig. 4 shows a illustration view which is viewed
from a floating surface of the recording head which is

15 used the high resistivity film for one part of the upper
and lower part magnetic films.

Fig. 5 shows a ‘illustration view which is viewed
from a floating surface of the recording head which is
used the high resistivity film for one part of the upper

20 and lower part magnetic films.

Figs. 6A, 6B, 6C, 6D, 6E are sectional views which
are viewed perpendicularly to a floating side of the
recording head which uses a high resistivity film and a
high saturation flux density film for one part of the

25 magnetic pole.

Figs. 7A, 7B, 7C, 7D are sectional views which are



5 of Mh group alloying and the cobalt series ferromagnetic body.
Moreover, the hard magnetism | ayer contacted with t he
antiferromagneti sm nenbrane is constituted with the . |am nating body of
three | ayers or nore of the hard magneti sm | ayer, for exanple,

Co/ Ni FeCr/ Co, and the total 10 thickness i3 provided to be in 3nmor nore,
preferably 3 to 20 nm Thereby, the spin valve type magnetoresistance

effect el ement tfr}l e }%’:ﬁ%r{ﬁ%ﬁ andr:*]aﬁhﬁ’tifr?ftﬁde of tRéYfecording

repl acenment co tic f|e hermal stability i1s

li.zed, d t 5
reall.zed, an H]é%rel | agélﬁrﬁébé aancl?l%ﬂ r@fsﬁ.ﬁ‘ﬁiv%g”?ilnhaféf‘goﬁeg t of

sensibility w ity, e maghetic h and the magnéetic

recordi ng ap'partq,tﬁu net \ﬁ(ﬁ%the hi gh recordi ng density may be obt ai ned.
The reproduci ng | n t e present inventionis a magneti sm sensor

containing the ferror@g_ggt | CaiQOdlesﬁ‘”grEhec%{f@eﬁ?iéﬁ erdl(ygiga@t | ﬁhEHHStﬁ%‘\ﬁ

cohering to the ferr netic ast a part of

antiferromagne i on ani sotropi sm
appear in 9 H??nf errorragnet | ct\g@dy} consi sts ér%%l\/h al l oying and at
least a parf which copepes ot 4t g aatlgs%rfaﬂw{%e% 2 SHEW 2ol erh N

ferromagneti c body cons sts 0
a conventional magnetic head.

Fig. 10 is an 1illustration view to show effect of
the present invention.

10 Fig{ 11 are shematic views of the the magnetic pole
configuration viewed from a siiding surface side of the
conventional magnetic head.

Figs. 12A, 12B, 12C, 12D are views for showing a
manufacture process for manufacturing a main part of the

15 magnetic head in the present invention.

Fig. 13 is a view for showing a manufacture process
for manufacturing a main part of the magnetic head in the
present invention. |

Figs. 14a, 143 show a recording reproducing head

20 which is used the high resistivity film or the high
saturation flux density film for one part of magnetic pole.

Fig. 15 is a perspective view of | a
magnetoresistance effect element sensitive portion of a
spin wvalve type magnetic head relating to the present

25 invention.

Fig. 16 is a constitution view of the spin valve



24 Mor eover, the reproducing head in the present I nvention
S characterized by conpri si ng an antiferromagneti sm | ayer
-contacted with either of the magnetic | ayer the first and the second
magnetic |layer of 5 the ferromagnetic body partitioned off by the

non- magneti c metal layer and the antiféiromagneti smlayer, wherein the
magneti zation direction of the first magnetic |ayer of the

ferromagnetic pogy WREBA! %e@@nﬁﬁmmﬁgaﬁéfédanoyﬁé film '/ﬁ&%s%ts
to the magnetization direction of the second 10 |ayer, “and t

magneti zation tﬂérﬁfggggtoflng@%tlgﬁgond magnetic Iayer |s fixed or
not fixed, and sal reproducing head in the present invention

further conpri Sest%nEﬁs {0 a ! @ohisRq tltq HPOPEdW B2 %@Ci?fﬁf Qallve
el enent produce a curre and a neans for detecting the ectric

resistance vargginoRgicH *\f‘sé@%ﬁibﬁereﬂs'ﬁé Sﬁese ali%gi% OO efichY i

rotation of the nagnetlzatlon of I ayer a“function of the
det ect ed negn ékgggnt 1nv§ﬁ@13 OV|ded mhereln the first and the second
nmagneti c aye are Co allToying and the antiferromagneti sm 20

layer is Cr-M alloyiggy, 18 is a e8h8ti¥RYIBLOr¢éw! ¥CCa &ALt valve

el enent has a
magnetoresistance effect film used 1in the present

invention.
Fig. 19 shows a magnetic disc wunit wusing a

10 recording reproducing head in the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

(Embodiment 1)
15 Figs. 1A, 1B, 1C to Fig. 5 show the structures near
_recording head portions of magnetic heads seeing from a
floating surface. Under an upper shield film 5 there is an
‘MR film or a GMR film which becomes a regenerating head
portion. The substrate is not specially limited, but it is
20 preferable that the substrate has a small surface
roughness (smaller than 5 nm).

As shown in Figs. 1A, 1B, 1C, a film of high
specific resistance (above 80 u Q cm), Bs>1.5 T and
magneto-striction (absolute value)< 1X10~’ is formed in a

25 portion of the lower magnetic film by the sputtering

method, and a non-magnetic film having a thickness of 0.1



constitution of the soft magnetism layer / the non- magneti c

l.ayer / the hard nagnetism layer [/ the antiferromagneti sm

| ayer, and a magnetoresistance effect 25 function arises desirably as
that the magnetization of the soft magnetismlayer turns according to
out si de magnetic 32 25 field, and
a relative angle with the magnetization of the hard magnetism | ayer

For said or-wn 51 Gy fngh T’ TooRRlt fibdhu oy Bl BpifeXer i geeif oo
Au PLPd, RipRiyedd o tﬁ%dd%ﬁ) 'iie) o8 2 ma[ag;yeﬂﬂg:fsfﬁgg Bads 3pyahgm

@6by t ot al conten rd magnetism

with the lad néhéf‘ﬂc@@f'is‘ﬂﬁé‘é ng aC(hﬂjh Cﬂgé&:iﬁﬂ: n&eishh%aeeb%ﬂm can
si des thereof through Co or Co all oylng, alloying 10 film and the

antlferrorragnetbénbbaaeﬁe@onbystadﬁuq Nbx genablroyi itraferCr tdhax ad OYVAAQ,

wherein said X is at | east one ected fromthe group of Co, N, Cu,

Ag, Au, Pt,5Pd,Feco d¢#h, aiRuFelicoCalaog Radamd siohaddilmy amrémtemhens@ings
a strong affinity with oxygen or nitrogen at the same time.

Further, +the magneto-striction constant can be
controlled by adding the other alloy elements, and also
depends on concentration of oxygen or nitrogen. Further, a

10 base 3 for plated film is formed on the high specific
resistance film by the sputtering method.

This base 3 may be a high specific resistance film
and the film thickness is thinner than 100 nm. Resist
frames 2 are formed on the base 3, and the upper magnetic

15 £film is formed by the plating method. The track width is
determined by the distance between the frames, and it has
been confirmed that the upper magnetic film can be
manufactured in 0.5 U m thicknesé without composition
variation through the frame plating method, and a head

20 having a track width of 0.5 to 1.5 4 m has been
manufactured. A resist frame is manufactured by
masking with an oxide such as Sio, through the RIE
(reactive ion etching) method. In the frame plating method,
it is an alloy film formed of the main component of Fe,

T 26 NiFe, CoFe or CoNiFe having a specific resistance smaller
than 60 u Q cm. It is possible to obtain the structure

shown in Fig. 5 by forming a part of the upper magnetic



desirably 0.1 - 30 atom% 15 Furthernore, 1in the preferable
enbodi nent of the present invention, said nmagnetic storage apparatus is
actuated with an atnospheric tenperature of 100 [err] C or nore, t he one
di rection ani sotropi smwhich occurs in the | am nating constitution of
the hard magnetismlayer and 20 the antif& romagnetismlayer is about
the sanme as the direction of the magnetic field occurring fromthe

| ectri s | j , : okarizati
or ocess whi ch coa ipbRatbergBOLH BP SERRE . pRALINAC echofOby 4 *high

heat i
tenperature th%‘pééﬂ.ﬂf_i& Op&s Dt arSe EeMRS BhtBeras thiehaidd h@riﬁ@ can be

direction anisotropism di sappears and applying the magnetict field.
26 lreddiedr bperembiiagt ithie bdsé S3danidr ajHe ?@pbﬁilm_ 4 dome at
| east of one of following matters. The saturation flux density of said

second hard magrett sof the layer magaetlicerfilman thee Wijer adhield | £X1m of
density of the 5 first and the second hard nagnetism | ayer.

Thi ckness of t MR hewr dGMBYnwiitbhoutayeativaichdngnrbhimough the milling method

or the RIE method with masking by the upper magnetic film

1. In a case of using the RIE method, it is possible to

etching nearly vertically with masking by the upper

magnetic film by optimizing the kind of gas, the gas

10 pressure and the etching rate. By setting the film

thickness of the high specific resistance film to 0.5 to 3

times as thick as the film thickness of the gap film, the

recording performance at high frequency can be suppressed

to be degraded. The film thickness of the upper magnetic

15 film is 2 to 3 um, and it is difficult to form all of the

upper magnetic film by a high specific resistance plated

film. The reason is that the plating bath is difficult to

be controlled since a plated film satisfying all the

characteristics has a large film stress and consequently

20 various kinds of additives for high resistance and an

additive agent for stabilizing the plating bath are used,

and that the magneto-striction is more difficult to be

adjusted than in the sputtering method. However, it is

possible to manufacture the recording head having a

T 25 structure shown in FIG. 5 where a part of the upper

magnetic film is formed of a high specific resistance film.

As shown in Figs. 3A, 3B, 3C, it is possible that



20 nm The second hard magnetism | ayer consists of nickel 50-85
atom % ferrum 15-20 atom % and the remai nder thereof 10 being sel ected
fromat | east one of the group of chrone, vanadi um titanium copper,
aurum silver, platina famly, tantal um niobium zirconi um and

haf nium so as to contain 35 %or less¥in total, and saturation flux
density is |ess than 0.9 Tesla. 15 " At least one of the

first and thenet hfiths Nahd the upPereiide |@n®r iA0RHet Fowér t B denggie C
mat eri al havi ng saturation flux density of 1.0 Tesla or greater

contai ni ng upperadnddifetic NfEDMPANGMd the lower Iigheélial foymng) of
antiferromagneti sm nenbrane has a 20 configuration as that the crystal
grating of thethedgap 4 aremanefactiredsbyuther platinge métBlod:,y@nd. the
configuration is distorted in the range of 0.1 to 10 %
Heat  treat nehigh speicdfic resigtance film |1@yiisy manufaghirast ey r@Ettsm
filmdistorted. 25 Said Co alloying consists of Co, NN and Fe, and
t he codposift i bhet Haamst apdcemothe Jppepmmagngtig tHibp 1 by the
sputtering method. In this case, the gap film is a
conductive non-magnetic film (made of a Cr alloy or the
like). The frame is made of an oxide such as Si0O2, and
there is no frame removing process as shown in FIG. 1, and
10 accordingly the frame remains on the floating surface as
it is. Further, the height of the frame may be a value
near the thickness of the upper magnetic film 1. The
thickness of the upper magnetic film 1 and the lower
magnetic film 5 is thinner than 3 times of the thickness
15 of the gap film.

As a recording head having a similar structure to
that of Figs. 3A, 3B, 3C, as shown in Figs. 2A, 2B, after
forming the gap 4 and the base 3 through the sputtering
method, the frame is formed by an oxide such as SiO2, and

20 a low specific resistance ferromagnetic film is formed as
the upper magnetic film through the plating method, and
further the high specific resistance film 12 is formed on
a part of the frame and on the upper magnetic film 1
through the sputtering method as similar to in Figs. 3A,

- 25 3B, 3C. In this case, since the width of the .lower

magnetic film 5 is wider than the width of the upper

magnetic film 1 (the track width), the side fringe becomes



27 atom%and Fe 2 to 50 atom % especially Co 85 to 95 atom %
Fe 5tol5 atom% or Co 50 to 70 atom% N 10 to 30 atom % and Fe 5
to 20 atom % Said Co alloying is consit of Co, Ni, Fe and 5
additional elenent X, and a total of Co, Ni, Feis .70 to 98 atom %
and the Xis 2 to 30 atom % and is either &he or nore of Cu, Cr, V,
Ti, Ta, No, Zr, H and platina famly. xide filmis fornmed by a

heat treatnentlafﬂéfIEhgﬁrﬂa¢$H@ otlfet SROERLQYY ©Or an ion inplantation etc.

on said C all oyl antifterromagnett sm nmenbrane surface.

Sai d means to fix th@rﬁ@@éﬁﬂ@@if@%ﬂ' Fegli an i@f simildheacseerad 6@9?&5‘ c
| ayer of the ferronagnetic body is the second nmagnetic |ayer of the

ferromagnetic podpu¢ava ngnie hilgh hsgaéifiat Yedlilstandoneiif 49ersd vaigerce
than the first magnetic | ayer of the ferromagnetic body.

Sai d means t0 fb¥médcofingRat igapt I4orbydlgswix9$ wéthod. THE 2eERANEnTRRALLKC
| ayer of ferromagnetic body i's"the antiTerromagneti smlayer comng in

contact witsh tg aeso% iotma@eascﬂrﬁw & theef sk emOnpld & WREY the
directly. aid neans to fix the magnetization dlrectlon of

the second magpgimc tﬁy@;en@ést@s.fw&mgnesm% bedhdes tBEfect B dphghd

nagnetlsn1layer whi ch cones in contact wth the
specific resistance can clearly appear in the recording
performance and it can be manufactured by the plating
method. The high specific resistance plated film 12 is a

10 ferromagnetic allot film containing elements such as P, B,
0 and so on. Further, as shown in FIG. 5, it is possible
that a part of an upper shield film 11 and a part of the
upper magnetic film 12 are formed by high specific
resistance (above 80 & { cm) film through the sputtering

15 method.

Fig. 5 is a configuration of the recording head
looked at from the floating side, and the configuration of
the surface which cuts off this head in a vertical
direction from floating side is shown in Fig. 6E.

20 The lower part magnetic pole and the upper part
magnetic pole are constructed to be a multilayer
configuration, and top and bottom magnetid films 13,14
that came in contact with the gap membrane 5 may be
provided by the galvanizing method.

25 The top and bottom magnetic film 13,14 are the membranes

added 3d transition metal chemical element to NiFe



second magnetic layer of the ferromagnetic body directly. 25 The

pagneti zation direction of the thin filmlayer of I ndi vi dual
ferromagnetic body for a direction of the ' )

28 current is determned so that the anisotropi smnagnetic
resistance is added to the electric resisté8hce variation of the
magnet or esi stance effect el enent occurred by a rotation of the

aiied : i ST ‘ .
Dagyet! zation £ dind AN ifed VR, Bd) Miloying bE QLMGYLAS VIKRESE! | ©
i ndi vi dual ferromagn iecr%yméﬁf)réngi &) 1 B8 HadeCusin ‘fﬁéﬁl@ntscﬁ s

a gdn ed ?o

determ ned so that the troplr smnagnetic resistance 1s a

the electric rtg(%; %’@?ﬁl@&* %é%toinjcoogﬁ%# he magnet oresi stance effect

el enment occurr r ot e magneti zation of the first

magnetic |ayer g&@%g%ﬁg?ﬁm%@ﬁ & -of to and.bJ@@oxPPflﬁégﬁﬁFigg

letting the .producie)]‘fa . l'ondi tudinal direction su cre
ot e U5° ARl 58 1 maetae dugtalohln e0r AR LLELbORY b bt
than 60 #£Q cm, Hk of less than 20 Oe and magnetostriction
constant (lambda) of 1X10-5 or less.
Film thickness of the top and bottom magnetic film
13,14 is 3 times or more of the gap membrane respectively,
10 and the film thickness of the gap membrane is 0.1 4 m.
The gap membrane is made of non-magnetic electrical
conduction membrane such as CrNi alloying, CuCr alloying,
NiW alloying or noble metal membrane.
High resistivity magnetic film 11,12 may be
15 provided by a suputtering method, and it is a laminating
layer of NiFe and Al,0, membrane, a mixed layer of NiFe
membrane and Al,0, membrane, or a mixed layer of NiFeN and
Al,0, or a multilayer membrane of NiFeN and Al,0,, thereby
composition and ﬁembrane constitution thereof are
20 controlled so that the resistivity of the membrane becomes
to be higher than that of the top and bottom magnetic film
13,14. |
As the technique of the multilayer or mixed layer
is used in order to make the resistivity high, the
25 saturation flux density ofthe membrane falls and becomes

smaller than that of the top and bottom magnetic film made



The means for nmeking the bias of the |onditudinal . direction occur has
the antiferromagneti smlayer comng in contact directly only in the
.end dormain of the first 20 nagnetic |ayer of the ferromagnetic body.

The means for neking the bias of the | onditudinal " direction occur has
t he hard magnetism | ayer coming in con8act directly only in the end
domain of the first magnetic | ayer of the ferromagnetic body. 25

BRI EF DESCRI PTI T 29
Figs. |A 1B, Pgwtgﬂ:ew%ﬁ‘@s?ﬁw r?‘%ifhe?/\%’ whi ch are viewed from a
floating sur f anh%Q% rié]e L15& %ﬂ#@aﬁf&gj f‘ﬁ]'lf hdens:.i: yEeehé h@o?' Shd bgttom

resistivity f|In1 ohe par ower par magnetic Ti

Figs. 2A %ﬁ&% d LR T %ﬁ Pfﬁg§%§§i| %héﬁﬂtaéfew1th ﬁhé“&gﬁfbéabﬁes

floating surface e recor e IS used the
o e i Y ety e« ™

In order to make the magnetic field strength on the
gap of the floating side higher, the high saturation flux
density membrane had better be disposed to the gap
membrane neighborhood as in the embodiment stated above.

The film thickhess of the high resistivity membrane

10 12 is about 3 g m.

Moreerr, the width of the high resistivity upper
part magnetic film 12 and the high resistivity lower part
magnetic film 11 is larger about 0.5 to 1 4 m than the
membrane of the top and bottom magnetic film 13,14, and

15 the width of the top and bottom magnetic film is about 0.5
M m.

Except that flame of SiO, is used in the galvanizing,
the regist flame is used and the regist is removed after
the galvanizing, and a part except the top and bottom

20 magnetic film 13,14 is covered with protective film (Al,0,
and Si0 etc.), and a high resistivity hard magnetism
membrane of large width is formed on the top and bottom
magnetic film and the protective film.

A colil consists of two layers in Fig. 6E, however

25 one layer is capable to be used.

A sectional view in a vertical direction of a



10 viewed froma floating surface of the recordi ng head which I's used
the high resistivity filmfor one part of the upper part magnetic

film " Fig. 4 shows a illustration view which is viewed from’
a floating surface of the recording head which is 15 used the high
resistivity filmfor one part of the upper 38 and | ower part magnetic
filns. Fig. 5 shows a illustration view which is viewed

froma floati nalia&hacsueffa&aeoEeﬁﬁédkeeohaaﬁgwﬂbaa i8 shownUsfadrils.hieah
resistivity filmfor “one part of the upper 20 and |ower part magnetic

films. 6B, btysepbAsEbB, 6C, 6D, 6E are sectional views which
are viewed perpendicularly to a floating side of the recordi ng head

which uses a high respstsvityalil mgnd gc, 6p) dhepat peapbetive ? deykgd v
filmfor one part of the 25 magnetic pole. Figs. 7A, 7B, 7C, 7D

are sectional xibepgoWanCliew8 corresponding to Figs.l1a, 1B, 1C, Fig. 33,
vi ewed perpendicularly to a floating side o0f the recording head which
uses a highs regp$t giigtyshi,! BB 0BCONPigary,ofig. s.

In Fig. 6A, the upper part magnetic film consists
one layer of the magnetic film, the lower part magnetic
film consists of two layers of the magnetic films, and the
magnetic film near the gap membrane 56 of the lower part

10 magnetic film is high resistivity membrane.

The coil 55 is disposed between the insulation
membranes on the gap membrane 56, and the magnetic field
is generated from the floating side by flowing an electric
current in the coil.

15 1In the configuration shown in Fig. 6B, the lower part
magnetic film consists one layer of the magnetic film, the
upper part magnetic film consists of two layers of the
magnetic films, and the magnetic film near the gap
membrane 56 of the upper part magnetic film is high

20 resistivity membrane is a high saturation flux density low
resistivity membrane 51.

The high saturation flux density low resistivity
membrane makes it with gilt method is made by the
galvanizing method and width of the magnetic film defines

25 the track width.

The high saturation flux density low resistivity



t he magnetic pol e. Figs. 8A, 8B are conception diagrams which
show 5 magnetic head in the present invention. Fig. 9 is an
illustration view to show a problemin a conventional magnetic head.
Fig. 10 is anillustration viewto show effect of the present

I nvention. 10 Fig. 11 are shematic v3%ws of the the nmagnetic pole
configuration viewed froma sliding surface side of the conventi onal

magnetic head. membrane idi fiSrmdd oniy n%l%ﬁe 482315 ﬁ%;v's%.‘% ¥ chow,

manuf acture process for nanufacturing a in part of 15 nmagnetic ead
in the present 'p%‘i@txhé’éhetlc film, ahd9-thl3 wHdfnVbEWthy £8tdratj on

manuf act ure process for manufacturing a nmain part of the magnetlc

in the Presaiix i AeABLEEYN low resistivity mdibraitP $1eWed ' £E6M!
reproducing head 20 which ?2 used the high t?%& st|V|ty filmor tﬁ ﬁ

saturation flux fdeyatitng f idifd Orlé)”‘%é}?}féwéif %}?t '&@Olﬁ%SI resmtvfﬁégt

15 is a perspective Vview magnet or stance e

el ement sensgti &?&g@fé’ﬁl@rfﬁfm &2 as %ry %hWnV‘int ¥AG megnet ic head rel ating

to the present nvent i on
The configuration shown in Fig. 6B is more suitable

to construct narrow track easily than the configuration
shown in Fig. 6A.

In Fig. 6C, the lower part magnetic film and the

10 upper part magnetic film consist of two layers of the
magnetic films.
The lower part magnetic film consists of the high
saturation flux density low resistivity membrane 51 and
the hard magnetism membrane 54 thereunder, and the upper
16 part magnetic film consists of the high saturation flux
density low resistivity membrane 51 and the high
resistivity magnetic film 52.
the high saturation flux density low resistivity membrane
51 and the gap membrane 56 are made by the galvanizing
20 method, and the high resistivity magnetic film 52 is made
by the suputtering method.

In the configuration shown Fig. 6C, Fig. 6E, the
saturation flux density low resistivity membrane is used
on and under the gap membrane 56, the width viewed at from

25 the floating side may be made narrower than the width of

other magnetic films, it is a configuration effective for



Fig. 16 is a constitution view of the spin valve

31 fil mwhich used chrone - manganese alloying film /N Fe in t he
present invention. Fig. 17 is a constitution view of the spin
val ve filmwhich used chrome - nanganese alloying film/Co in 5 the
present invention. Fig. 18 is a4@onstitution view of a spin
val ve magnetoresi stance effect film used in the present

I nvention. record:.nﬁ thedd 3{%@ @ ChhtreksSCtHabk, Uséﬁlg él:helo high
recordi ng reproduci ng head in the priesent invention. : Al LED
DESCRI PTI ON_ OFs d £ FRESERREHRYEVAMEY membraneETh8di gBag 1:ﬁor 1%he gap
Figs. A 1B, 1Cto Fig. 5 show the structures near recordi ng head
portions of nBgagbhLolRssd, SeehBFbe®, 2 the [hogiéd- SUEiats. Wdemah
upper shiel d flln$5 there s an . O MR film or éE%EEQfl | m whi ch becorfes a

regenerating hgg€omes higher, and radio frequency characteristic is good,
5 too as using the magnetic film of high resistivity.

Fig. 6D shows the high saturation flux density
membrane 51 forming the whole magnetic pole on and under
the gap membrane 56. |

If only floating surface is formed to be the narrow

10 track shown in Fig. 4, the process which only the floating
side side is formed by the galvanizing method needs not to
be used.

Fig. 6E shows a similar configuration as Fig. 6C,
and the high saturation flux density low resistivity

15 membréne is used to came in contact with gap membrane 56,
and the high resistivity magnetic film 52 is used for the
magnetic pole material apart from and over and under the
gap, and the radio frequency characteristic thereof is
excellent, and the track width is capable to be less than

20 1.0 um.

In respective Fig. 6A, Fig. 6B, Fig. 6C, Fig. 6D,
Fig. 6E, the high saturation flux density low resistivity
membrane 51 has higher saturation flux density than that
of the magnetic pole material used for other parts in each

25 recording head, and the resistivity thereof is smaller

than that of the material of other magnetic pole parts.



portion. The substrate is not specially limted, but it is 20 preferable
that. the substrate has a small surface roughness (snaller than 5
nm. As shown in Figs. 1A, 1B, 1C, a filmof high specific
resi stance (above 80 [err] cm), Bs>1.5 T and magnet o-striction

(absol ute value)< 1X10[err] is formed in a4l25 portion of the |ower
magnetic filmby the sputtering nmet hod, and a non-nagnetic film

having a thickness ofad).$he material used for the high saturatios2flux
to 0.2 [err] mis fornmed thereon by the sputtering nethod to be used

as the gap fildedsi¥p AoWediriistivity smémbiahe®951, fdhcefAmpBE} ctoNLFes,
a high specific resistance film can be obtai ned by addi ng oxygen or

nitrogen to angFroyfflg, 5 Ni¥e0 Q116%ikgNdz0 8hbko\maiet ial1sowRdehnadied! sgent
havi ng a strong affinity with oxygen or nitrogen at the same tine.

Further, the negdes Dtbdhl fetd) CONGhARE] C@lel®nt inCeRkbel |£thdyimgdare

the other alloy elenents, and al so depends on concentration of oxygen

or nitroges. FRusdédner, a 10 base 3 for plated filmis formed on the high

specific

As the gap membrane 56, the non-magnetic electrical

conduction membrane when making it by galvanising method,
oxide such as Al,0, or Si0, when making it by other methods,
or even nitride, carbide or any mixing material thereof

10 may be used.
Configuration examples of the recording head which is
similar to the configurations of Fig. 6A, Fig. 6B, Fig. 6C,
Fig. 6D, Fig. 6D are shown in , Fig. 7B, Fig..7C, Fig. 7D.

In Fig. 7A, a magnetic film is provided on and

15 vunder the gap membrane 56 and apart therefrom as the high
resistivity magnetic film 52, the hard magnetism membrane
54 having smaller resistivity than that of the high
resistivity magnetic film 52 is disposed in the magnetic
gap side.

20 The volume of the high resistivity magnetic film 52
is larger than the volume of the hard magnetism membrane
54 having the low resistivity, and the radio frequency
characteristic is improved than that in the case that
there is not using the high resistivity membrane.

25 In Fig. 7B, the magnetic f£ilm which cames in

contact with a gap membrane and other gap membrane is



resistance filmby the sputtering nethod. This base 3 may be a
hi gh specific resistance film and the filmthickness is thinner than
100 nm Resi st frames 2 are formed on the base 3, .and the upper
magnetic 15 filmis formed by the plating nethod. The track width is
determ ned by the distance between the frama#2, and it has been
confirmed that the upper nagnetic filmcan be manuf actured in

[err] mthi Ck“eiérﬁ%tﬂ t§§ To'wortl.rackt : agklt%fe W@ﬁ:ﬁ@%%ﬁ? tflfé%:‘@%gx

pl ati ng net hod, "an

ore] m has DeENconstrRRMEGH hthe highrdsdBhibs tgﬂﬁ‘;;]n R SR 52

manuf actured b an OXI such as

"t is an a1 oy FRFRCP e M‘*‘% c%'%gé‘ﬂ?f AR SRR ?W‘gooreé‘l&

CoN Fe havi ng aféB&ﬁhﬁbgt %ﬁéhﬁ&@@iisﬁ%' & mdy be Ef&@i‘gdm [err] cm

possible to obtain by forn1ng a part of

ﬁrgﬁu?ggtetrjr g??ﬁ?oﬁgfﬁ'g[ hi s bl aPI ng l:noaél aﬁnert]:lc fllm peci ?f%s}:gszésﬁ?aer?ce

film Further, iQ?e?bgefﬂérHEbcﬁngfane 56 is made at a flat part, the
magnetic film that width is narrow is provided thereon,
and the high resistivity magnetic £film 52 is formed
through the magnetic film.

10 The hard magnetism membrane 54 having the Ilow
resistivity is provided on the high resistivity magnetic
film 52, the magnetic field strength of the floating side
is capable to be high by making the saturation flux
density of the hard magnetism membrane 54 having this low

15 resistivity, higher.

The confiquration resembled to Fig. 7C 1is a
recording head shown in Fig. 7D, and the upper part
magnetic films consists of the three laiyers the hard
magnetism membrane 54 of the low resistivity is provided

20 on a part near the gap membrane 56 and the high
resistivity'magnetic film 52 is provided on a part being
far from the gap membrane, thereby the saturation .flux
density of the material of the gap neighborhood is capable
to be higher than that in Fig. 7C, and the head that the

25 magnetic field strength is high may be offered.

Fig. 8 A shows a section of the magnetic head



reduced by renoving the base 3 and the gap film4 and a part of the
l.ower magnetic film (the upper shield film of 5 MR or GVR) wit hout

‘reattaching through the mlIling nethod or the RIE nmethod w th nasking
by the upper magnetic film 1. In a case of using the RIE nethod, it is
possible to etching nearly vertically ¥ th masking by the upper
magneti c filn1by optim zing the kind of gas, the gas 10 pressure and the
etching rate. 'ﬂghtJBhfl JdP tlontiﬁ(#ﬁgf edthe dibetit shieci fi C
resi stance fil nlto . d tﬁ mes as t %ﬁés t%#“%4ﬁlﬂ t hi ckness of
the gap film the r&ﬁcr dmglaerﬁzwmaae Béthesh thedquewer Hr®ecore
suppr essed to be degraded The filmthickness of the upper nagnetic
15 filmis 2 t25 arddErtdénuppel ipatts cbiéizy) tand éonsists ¢f Abeor cu of
upper magnetic filmby a high specific resistance plated film The
reason i s that dhiekrdesds rigumath is difficult to be controlled since a
plated filmsatisfying all the characteristics has a large filmstress
and consequéntly 20 wariinsuldtudsy ohatddialveéd faf bhgh noesimstgete samdian
addi tive agent for stabilizing the plating bath are used, and that the
magnet o- stri ct ifoidl lied nee dwithcuan t obiject thderétaltmarthm t@kectric
sputtering nethod. = However, 9‘_{‘)ﬁ(;ssmle to manufacture the
recordi ng head ¥Enkatien 2’5‘-thsttr1{ﬁ:tqme1 id £91es 25 3dthere a part of the
r
uppe A coil 26 is enveloped between the lower core 25
and the upper core 27. The coil 26 is formed of an Al or
10 Cu film having thickness of 2 A m. A non-magnetic and
insulating material 31 is filled between the coil 26 and
the cores 25, 27 to electrically insulate between them.
'The magnetic head in accordance with the present
invention is characterized by that magnetic pole members
15 32, 33 and an insulatiﬂg and non-magnetic film 10 are
inserted between the upper core 27 and the lower core 25,
and a magnetic gap (or recording gap) is formed by these
members. Further, another characteristic point is that
magnetic path members 41, 42 are provided between the
20 upper core 27 and the lower core 25, This structure is not
a necessary structure to realize the present invention.
The magnetic path members 41, 42 are preferable to flatten
the upper core 27, and have an effect to reduce stress
(magneto-striction) remaining after manufacturing. By
- 25 forming the members together with the magnetic pole

members 32, 33, increase in manufacturing cost can be

prevented.



magnetic filmis formed of a high specific resistance film As
.shown in Figs. 3A 3B, 3C, it is possible that

34 the films in the upper side and in the | ower side (the upper
magnetic film21 and the | ower magnetic film5) of - the gap 4 are

manuf actured by the plating nmethod, and t héd hi gh specific resistance
film1l2 is manufactured on a part of the frame and on the upper

magnetic film1 by tQﬁggn85”%gtfr*?gwn§hb?inglQﬂéﬂﬁ% ’ctﬁﬁh@a?eéi?g"s

a conducti ve non- etic fi made of a”“Cr allo

The frane is i Ofndnupplete cuseh 8946l Ode 2kh be hhaéestaoao fHaTethe

renovi ng process as shown in FIG 1, and 10 accordingly the franme renains

on the floatirgigur P&ceisds woundi tid Sa FEpikal. sh&pdei WHe Olcdie Heanesnay
be a val ue near the thickness of the upper magnetic film21. The

t hi ckness of tdunneutasd negnahi eleckrodeardd t{®id OVWeR) in anﬁﬂ:ﬁﬂiadtfhém5
Is thinner than 3 tinmes of the thickness 15 of the gap film As

a recordi n§ hesgid Havrtiger, sthel apperr woirer 27 coand thbeaflowkrFicgere 37§ 3B
3C, as shown in Figs. 2A, 2B, after
connected in a magnetic contact hall 35. The magnetic
contact hall 35 is constructed including the magnetic path
members 41, 42 described above.
The insulating and non-magnetic film 10
10 characterized by the present invention is placed at a
position in the ends of the upper core 27 and the lower
core 25, and the structure of the members seeing from the
direction «a is as shown by the Fig. 8C. That is, the
magnetic pole members 32, 33 having a narrow width are
15 interposed between the upper core 27 and the lower core 25,
and further the insulator non-magnetic film 10 is placed
between the members. The magnetic pole members 32, 33 are
magnetically integrated with the .ends of the magnetic
poles of the upper core 27 and the lower core 25,
20 respectively. Therefore, the gap portion is formed by the
magnetic poles respectively having the projecting portion.
Further, Fig. 8C agrees with the magnetic pole
structure seeing from a plane of the magnetic head
accessing to the recording medium, and it can be
* 25 understood from the figure that the upper magnetic pole
has a projecting shape and the projecting portion is

formed toward the lower magnetic pole.



formng the gap 4 and the base 3 through the sputtering met hod, the
frame is formed by an oxide such as SiQ2, and 20 a | ow specific resistance

ferromagnetic filmis formed as t he upper nmagnetic filmthrough the
pl ati ng nmet hod, and further the high specific resistance film12 is
formed on a part of the frane and on tH& upper nmagnetic film1

t hrough the sputtering nethod as simlar toin Figs. 3A, 25 3B, 3C. 1In

this case, since the ﬁ"ﬁﬂ{ﬂbr,o‘c B Ilﬂj/ve][ |8an f_ng(sl?ﬁgﬁl e L‘hﬂvﬁﬁ?"& d‘f:ha.t

than the width of the upper magnet1C e trac t he side

fringe becomes poth of the magnetic poles have a profecting |k t Bag
I n the other nethods. J The s?tructure of Fipg.ﬁéfis sglmlgir%’to t hat

Tor e on (e ERPEISILENTY Ikt SR o e presertim 1 igkpat, one
tinmes as thick appéhamaghetiie gaile ienneagly equddl ntéhichknesisitls oft khe
this range, effect of high specific resistance can clearly appear in
the recordi g projeetingnportiondoftthenlowenemagmeticepobg.the pl ating
met hod. The high specific resistance plated film1l2 is a

Furthermore, in the case of the present invention,
the height of the projecting portion is set to
approximately 0.8 xm, and the width of the projecting
portion is set +to approximately 1 4 m. From this

10 relationship, the height of the projecting portion is
lower than the width of thé projecting portion.

The structure disclosed by the present invention
can be reduced the resistance of the magnetic path as the
same as that of Japanese Patent Application Laid-Open

15 No.7-296328. Description will be made, referring to Fig. 9.
The figure is a cross-sectional view of a conventional
magnetic head which does not have the magnetic pole
members 32, 33. The figure shows the magnetic gap put
between the lower core 25 and the upper core 27. Writing-

20 1in magnetic flux to a medium 61 is conducted as a path
indicated by £ . However, when the width of the gqap
(magnetic pole width) of the end side of the upper core 27
is narrowed, the magnetic path resistance is increased and
by this effect the magnetic flux becomes to flow through a

. 25 path indicated by a in a region 50 where the magnetic path

resistance is increased. Thereby, an amount of the

magnetic flux conducted to the gap end portion 51 is



10 ferromagnetic allot filmcontaining el enents such as P, B, 0 and so
on. Further, as shown in FIG 5, it is possible that a part of an upper
shield film1l1l and a part of the upper magnetic film 12 are forned by
hi gh specific resi stance (above 80 [err] cn) filmthrough the
sputtering 15 nethod. Fig. 5 is4& configuration of the _
recordi ng head | ooked at fromthe floating side, and the configuration

of the surd@ckeybédhantt & %%géé&ﬁ%ﬂohﬂt%‘f%ﬁ Bric £1 ”SSBJA@IQC

fromfloating side is shown in Fi elower part nmagne

pol e and the upperePeficted FRANCERE | Enaghér i PoidPdmek, to be a
mul til ayer configuration, and toﬁgﬁgdﬁ%d??on1n§§§et#c films 13,14

that came in contact Wi hthideother TREREINGD d0¥abe of N \alptebic t H8ad
gal vani zing nmethod. 25 The top and bottom magnetic film 13,14 are the

menbr anes heddinyy Sthe rmagnetbo polel membeirsal32gl @Bshdwn NfeFig. 10,

36 all oyi ng, CoNi Fe- (Pt, Pd) alloying or alloying thereof.

' 5 there are the magnetic pole members 32, 33 between the
upper core 27 and the lower core 25. Therefore, the path
a can be increasgd by thickness of the members (the non-
magnetic region can be widened). By this effect, it is
possible to suppress the amount of magnetic flux flowing

10 through the path a even if the magnetic path resistance is
increased by narrowing the width of the magnetic poles.

The above-mentioned effect can be observed in a
writing-in frequency above 150 MHz. This is an effect of
the present invention obtained by using the insulator non-

15 magnetic film in the magnetic gap. Further, in a case
where an amorphous high electric resistance magnetic film
such as CoTaZr or the like is used for the magnetic pole
material, the writing-in frequency can be increased up to
200 MHz.

20 In the structure disciosed in Japanese Patent
Application Laid-Open No.7-296328, since the trench
structure forming the projecting portions is made of a low
electric resistance material, eddy current is easily
generated in this portion and accordingly the upper limit

25 of the writing-in frequency is iimited to 100 MHz.

As shown in Fig. 8C, the width wl of the magnetic

pole members 32, 33 is narrower than the width of the



The gap nenbrane may be made using flanme sane as top and bottom
magnetic film Magneti sm characteristic of top and bottom
magnetic- 5 films 13,14 are Bs of nore than 1.0 T, resistivity of less
than 60 [err] cm Hk of less than 20 Ce and magnetostriction const ant
(lanbda) of 1 XlO[err] or |ess. £ I mthickness of the top and
bott om nmagnetic film 13,14 is 3 tinmes or nore of the gap nenbrane

e e haSERS R i | f'tsi_fd}r@@efe?iﬁnﬁ%%b?ﬁd%?ﬁ%{ﬁ“%ﬁiﬁérs r@%‘r)lnoﬁﬁ bn
Tetal memr ane oLe 257 TRV e CHE MYl che pRoePii bold Fad TihS

b 15 i d ; i L] s@m I.Ng s+, o laver
of N Fe and ALSSS oIt poidl B D0 SPERhE b EmBTWRARdI0 Lt in B

menbrane, or andedetd BHf Vhatl £8d MAgnetic A1hLg" kOl Rnden¥rat @ i | AYET
menbrane of Ni FeN and Al[err]O[err], thereby conposition and

menbrane  §ongptrotjelcitdmg pbeteehs Spos e caiy I ehbhd sehbhat e ore,
resistivity of the nenbrane becones to be higher than that of the top

and bottom magmader fia mconditi®nldthat the mamdtie tetiwidiueEdm t Nehe
mul tilayer or m xed | ayer Is used in order to make the resistivity
high, the 25 prateckiingn poxixierndst yadjusted mepbrasetbaldgremdwhenhonsse
magnetic field necessary writiné-in by adjusting the coil
current (writing-in current), writing cannot occur in the
10 region except for the projecting portion (in the region
where the gap dimension becomes wide). Therefore, track
width to be written can be brought to agree with the width
of the projecting portion.
Further, in the present inventioﬁ, only the
15 projecting portions may be made of a high electric
resistance and high saturation magnetizing material, and
thereby a strong magnetic field can be generate in the
region corresponding to the width of the projecting
portion. By this effect, the writing-in track width can be
20 efficiently limited to the width of the projecting portion
even if the magnetic pole has the projecting shape.
Further, since the height of the projecting portion
is lower than the width of the projecting'portion, the
width of the projecting portion can be made smaller than 2
Tt 25 Mm by a process to be described later. By this effect,
the width of writing in a medium can be easily reduced to

2 um or smaller.



smal l er than that of the top and bottom nagnetic film made _
37 by the gal vani zi ng net hod. That is, the saturation flux density
of the top and bottom magnetic film 13,14 coning in contact with the
gap becones hi gher than the high resistivity nenbrane. 5 In
order to make the magnetic field strength on4d he gap of the floating
si de higher, the high saturation fl ux density nenbrane had better be

di sposed to the gap Fuﬁmﬁegﬁgeiiqhbas%geﬁsésokn éﬂ@.@%@&&g@ﬁﬁ@ﬁ@,

above. The filmthic ss of t Igh resistivity nenbrane
12 is about 3 [efirnceénthe width ofVRAERVHA{g- ey d&ée?ﬁ.ﬁh@& !yggh'.he width
resistivity

resistivity upper part magnetic film™2 and the hig ower
part . magnetof fthe llprejdaiinf apewtiBny t GtHed&! lism thdn hieed to

menbrane of the top and bottom magnetic film 13,14, and 15 the w dth of
the top and bot tpantiayisily fidmdws tHwwidtlb of thd eipgerMcore 27 and the
Except that flane of SiJerr] is used in the gal vani zi ng,

5 width of the lower core 25 in order to realize high
density recording. By this effect, the necessary magnetic
field can be efficiently conducted to the magnetic pole
end portion (the gap portioh) without increasing the
magnetic path resistancé.

10 In the case of the conventional magnetic head using
an insulator non-magnetic film in the magnetic gap, the
shapes of the magnetic heads can be roughly classified
into three kinds as shown in Fig. 11 when the magnetic
poles are seen from the sliding surface side. That is,

15 they are a magnetic head constructed by magnetic peoles 27,
25 having different length as shown by Fig. 11A, a
magnetic head constructed by magnetic poles 27, 25 having
the same length as shown by Fig. 11B, and a magnetic head
having a projection in one of the magnetic poles 25. The

20 magnetic head Fig. 11B is an improved one of the magnetic
.structure of Fig. 11B, and has a characteristic of smaill
magnetic field leakage in the track width direction since
the lengths of the magnetic poles are equal to each o£her.
Therefore, it is advantageous in writing for a narrow

M 25 track. However, this structure has a disadvantage in that

the magnetic pole 25 cannot be also used as a shield layer

to a magneto-resistance effect element. A countermeasure



the regist flame is used and the regist is renoved after t he
gal vani zing, and a part except the top and bottom 20 magnetic film 13,14

is covered with protective film (Al[err]O[err] and SiOetc.), and a
high resistivity hard magneti sm menbrane of large width is forned on
the top and bottom magnetic filmand t48e protective film A
coil consists of two layers in Fig. 6E, however 25 one layer is capable to
be used. of theAdiﬁﬁabeiéhgé' 12 tﬂeas’lé%{:&tﬁi‘le ghoRAt ELH”F% allc.

38 sliding surface of the récording head is shown in Figs. 6A 6B
6C, 6D, 6E. InFi@fder 6/co 6Pealbfe €Re ﬁErrbﬁSp%th‘ke' ¥n Show

sectional views corresponding to Figs.1A, 1B, 1C, Fig. 2A, 5 2B, Fig. 3A
3B, 3C, Fig. 4stfuetube shown in FigFi A1GA thlee wpeh parheedgneteo c e | M

consi sts one |l ayer of the magnetic film the |ower part magnetic
fil mconsists narroweldayetThepéfohe, maghet i eriitling-iandmhlgretic nmfgut i ds
filmnear the gap nenbrane 56 of the Iower part 10 magnetic filmis high
resistivitys nedecuaased due to increase of the magnetic path resistance
shown in Fig. 9. Accordingly, it is impossible to write
high density information at a high-efficiency.
Since in the structure in accordance with the
present invention the width of the writing-in gap portion
10 is 1limited by the width of the projection portion,
spreading of the ieakage magnetic field toward the track
width direction is small as similar to in the magnetic
poles shown in Fig. 11B. Therefore, the structure in
accordance with the present invention is suitable for high
15 density recording. Furthér, since the width of the lower
core is wider than the width of the projecting portion,
there iS no problem in that the lower core is also used as
a shield layer to a magneto-resistance effect element.
As having been described above, the magnetic head
20 structure in accordance with the present invention has no
problems in connection to high density recording which are
problems in the conventional magnetic head. A
manufacturing process of the magnetic head capable of
realizing the excellent performance will be described
T 25 Dbelow, referring to Fig. 12.

The figure shows features of forming the end of

magnetic pole of the magnetic core seeing from the



The coil 55 is disposed between the insulation menbranes on the gap
menbrane 56, and the magnetic field Is generated fromthe floating side
by flowi ng an electric current in the coil. 15 In the configuration
shown in Fig. 6B, the |ower part magnetic filmconsists one |ayer of
the magnetic film the upper part magn®tic filmconsists of two |ayers
of the magnetic filns, and the nagnetic filmnear the gap menbr ane

56 of the uppefifwitidtRonekic showhi Snhigig. 2@p.erisd | prb¥esBBRI afiEL1 Sba
hi gh saturation flux density | ow resistivity menbrane 51.

The hi gh sat ursiquntiial ylelssdribedv Below] ireterring reuTiumnes fgkes. it with
gilt nmethod is nmade by the gal vani zi ng net hod and wi dth of the magnetic
filmdefines 25 theInrerhe vpriddess shown in Thighi §RAgabumeEgmetid ukilm
density low resistivity 39

menbrane is fdt3redompbging ttte f lowerngnagnitisf pbdeupiserlaminapedt on a
magnetic film and the width of the high saturation flux density | ow
resistivity mauhshrats oo 4 rkase Kkayer or a base structure) 74. As the

magnetic film, a Ni-Fe alloy is used. The thickness is set
to 2 u#m. On the magnetic film 73, an alumina film 72
having a thickness of 0.3 u4m as an insulator non-magnetic
film is laminated and further a Ni-Fe magnetic alloy film

10 72 having a thickness of 0.8 um is laminated. After
completion of laminating, a resist pattern 71 having a
width of the projecting portion (corresponding to the
writing-in track width) is formed through a photo-
lithographic method. The thickness is set to 1 um.

15 Next, in the process shown in Fig. 12B, the
magnetic alloy film 72 is etched by an ion milling method
with masking of the resist pattern 71 to form a portion to
be formed in the projecting portion-of the upper magnetic
pole. Then, the alumina film is etched by a chlorine and

20 fluorine reactive gas with masking of the resist pattern
71 and the projecting portion of the ﬁpper magnetic pole
formed by the etching. After that, a projecting portion is
formed in the lower magnetic pole by etching the lower
magnetic pole through the ion milling method with masking

- 26 of the member to be formed in the projecting portion of
the upper magnetic pole. In that time, tﬁe-depth of the

etching is set to 0.8 um. By etching the lower magnetic



floating side is narrower than the high resistivity 5 magnetic film52 as
ta shown in Fig. 2. The configuration shown in Fig. 6B is nore
sui tabl e to construct narrow track easily than the configuration

shown in Fig. 6A In Fig. 6C, the |lower part magnetic film and
the 10 upper part magnetic filmconsist of §wo | ayers of the magneti c
filns. The | ower part magnetic filmconsists of the high

, £l : St L . '

Paoness oo rent 42 SR S Y MRy o RGBT, e
. ninl : [ : _ |

rcrgzglr ZE}Z C)f51t h:nd t rfz hirtgéhI édrj)élsr} stfrlzeviﬁ y jrmé%‘tnler%f\éﬁ?ﬂ mlgzéf/ the R

hi gh saturation nfdgtﬁeﬁiesﬁSbeel,owat_eSﬁt ipdd s BIRIDRRNE form éﬁ?g[piréf@cﬂﬁpg

menbrane 56 are made by the gal vanizing™ 20 nethod, and the

resistivity magpeldtidnsd nhaving thée same DEngbR YHpdditld Ngo "eLREd other.
In the configuration shown Fig. 6C, Fig. 6E, the saturation flux

density | ow §esiTitiisvi iy mefifeabives tsedessen oBspIRAdindEr ofhetBap Te W
56, the width viewed at from 25 the floating side nmay be nade narrower
than the w dth gegnetist hEiehdgdet ithéi tmack twidtla ddrkcgioati eamdef iectdawe
For important element for functioning the present invention.
In the process shown in Fig. 12C, after laminating
a non-magnetic and. insulating film 76 all over the surface,
10 the 1laminated non-magnetic and insulating film is
flattened and a part of .the member 72 to form the
projecting portion is exposed. This process can be
realized by applying a fluid thermo-curing insulator used
in manufacturing of semiconductors (so-called spin-on-
15 glass), and performing the necessary heat treatment, and
then mechanically lapping the surface of the substrate. As
the other method, it is possible to use thermo-fluidity of
the resist.
It is a necessary condition for realizing the
20 present invention that the member 72 to form the
projecting portion is exposed from the insulator layer. If
a process can realize the necessary condition, the
flattening process of the insulator layer is not required.
For example, even if the thickness of the insulator member
T 25 76 exceeds the thickness of the member 72 to be formed-in

the projecting portion, it has been confirmed that the

present invention is not affected. In such an extreme case



40 recordi ng head having the narrow track, and the high

saturation flux density nenbrane is used for the gap nei ghbor hood.
Therefore, the magnetic field strength beconmes hi gher, and radio
frequency characteristic is good, 5 too as using the nmagnetic film of high
resistivity. Fig. 6D shows the Hgh saturation flux density
menbrane 51 form ng the whol e nagnetic pole on and under the gap

nenbrane 56. (a conditidn Owh&ré! eakl thivknede of thenifsudater! heenlasr ow
10 track shown in Fig. 4, the process which only the floating si de

side is fornmed7by exiteegis e Ahirkmédbhcele nesbép 72 tobdeutwtmed 1in
Fig. 6E shows a simlar configuration as Fig. 6C, and the high
saturation fl utheepgiojedinng gurtion X,y aniSundubatibeni §supedducedarim itthe
contact with gap nenbrane 56, and the high resistivity magnetic film
52 is used forupper magneddcetpalednd nitereanltpain them Abhe orgjenting
under the gap, and the radio frequency characteristic thereof is
excel | ent, BndPPEEiPnaEXLftE: HN Shexsiamressed arddon.nFhis structure is

to be described in another part.
In the last process shown in Fig. 12D, the other
members composing the upper magnetic pole member is formed.
A Ni-Fe alloy film is used for the upper magnetic pole as
10 the same as in the conventional magnetic head.
By the processes described above, the magnetic
structure shown in Fig.'sc can be formed. Although the NI-
Fe alloy film is used for the material - for the magnetic
pole in this embodiment, the magnetié head in accordance
15 with the present invention can be formed by using the
other soft magnetic film through the same process as in
this embodiment. Particularly, by using a high electric
resistant soft magnetic film, writing-in under a high
frequency condition can be realized. It is a
20 characteristic of the present invention that the soft
magnetic film can be formed depending on the eletroplating
method, and by this effect it is possible to perform
writing at a high frequency exceeding that of the
conventional magnetic head.
.. 25 A structure of the uppei' magnetic pole having a
depressed portion will be described below. The structure

can be manufactured through processes of manufacturing a



20 1.0 [err]m In respective Fig. 6A, Fig. 6B, Fig. 6C, Fig. 6D
Fig. 6E, the high saturation flux density |low resistivity menbr ane 51
has hi gher saturation flux density than that of the magnetic pole
material used for other parts in each 25 recording head, and the
resistivity thereof is smaller than th&8 of the material of other
magneti c pol e parts.

_ 41
fosi otivity morBianceif Hel HECLAdiNG Ao nlatt he FELEOHING Hrosess:
or the material pubbepeedRdwiill be ﬂa@Aziﬁéﬁ?cfﬁigalt&hﬁfgpaizehen%&hiilar

these alloying are 5 used. the gap nenbrane 56, the
non- nagneti c eIegtthéabrevioﬁgndﬂﬁlggatﬂgﬁbrane when making it by
gal vani si ng net hod, oxi de such as Al[err]O[err] or Sigerr] when naking

it by other nmethods, As @howwmenini tFigle, 1Qa,bi déter abymimatiggnwt elower

thereof 10 may be used. configuration exanples of the recording head

which is 5 simagnetio thatenidl gu?ht ioms f Hase GArdatmre5B74Fi g¢f 6€he
magnetic head, an insulator non-magnetic film 75 is
laminated and further a material 72 composing a part of
the upper magnetic pole is laminated.

Then, a resist pattern 71 is formed in a region

10 corresponding to the projecting portion of the upper
magnetic pole through a lithographic method.

Then, as shown in Fig. 12B, a projecting portion is
formed in the lower magnetic pole by etching the insulator
non-magnetic film and the lower magnetic polé with masking

15 of the resist pattern 71 and the member to be formed in
the projecting portion of the upper magnetic pole.

After that, as shown in Fig. 12C, after forming
members to be formed in the projecting portions in the
upper and the lower magnetic poles, a non-magnetic and

20 insulating film 76 with a thickness exceeding the
projecting'portion is laminated over the region except for
the projecting portion. Although the figure shows that the
surface of the insulator non-magnetic film 76 and the
surface of the projecting portion (the surface of 72) seem

N 25 to be in the same level, in this embodiment the thickness
of the insulator non-magnetic film 76 exceeds the surface

of the projecting portion (the surface of 72).



Fig. 6D, Fig. 6D are shown in, Fig. 7B, Fig. 7C, Fig. 7D In
Fig. 7A, a magnetic filmis provided on and 15 under the gap nenbrane 56
and apart therefromas the high resistivity magnetic filmb52, the hard

magnet i sm nmenbr ane

54 having smaller resistivity than that of the high

resistivity magnetic film52 is disposed in &he nmagnetic gap side. 20

The volune of the high resistivity magnetic film52

| f the hard i 4 ' | a4
T e TR TR, 106 N e 17

and the radi o frequency

case that

In Fig. 7B t

Is larger than the

hg‘%‘i:e df fRé UPHQ% \A%é{?&%a@ié-t }r?éinblér”%@r@ﬁ@wn_ 28 Fig.

magneti c i contact with a dap

nenbrane and ot hop,gaphdedP@eliveé magnetic pole shape of the magnetic

42 formed with the narfow trackand the magnetic filmthereon S
constructed w t hehlfle i ganufacsuicedty nmagnetic film 52, t her eby good
recordi ng head of narrow track and radio frequency characteristic may

be offered. 55

10

15

20

In Fi gfigC, 1de sippwes pehie megymestic f ipoheorstiagies tdff eche
magnetic head manufactured through the manufacturing
processes including at least the above-mentioned process.
The figure clearly shows the éhape of the upper magnetic
pole 77 having the .pro-jecting portion in the depressed
portion. '

It should be added to describe that this shape is
highly efficient for efficiently conducting the magnetic
flux of the upper magnetic pole into the projecting
portion.

The magnetic head in accordance with the present
invention is formed on a wafer obtained by machining a
sintered body of alumina and titanium carbide. Then, after
performing desired machining, a magnetic head slider is
manufactured.

According to the above-mentioned processes, the
width of the projecting portion determining the writing-in
track width is determined by the width of the resist
pattern. However, by making the height of the magnetic
pole projecting portion of the present invention lower
than the width of the projecting portion, a resist pattern
having a thick film thickness is not always necessary.

From this effect, patterning resolution is easier compared



| ayers, the gap nenbrane 56 is nade at a flat part, the magnetic film
tthat wwdth is narrow is provided thereon, and the high resistivity
-magnetic filmb52 is formed t hrough the magnetic film 10 The
hard magnetism nmenbrane 54 having the |ow resistivity is provided
on the high resistivity magnetic film5& the magnetic field strength
of the floating side Is capable to be high by making the saturation
flux densi t h LS : kN ' 0

ﬁ'g%gtﬁ.l_lé gebicd %Q%%Eh IBMfQ‘Elﬁé RA¥kN Pttt i‘é&_m%5the

resistivity, hi he configuration®resenbled to Cis a

recording head GHan df i) prdlec¥ithd PS8 te maaddiielier 'EhaR 2

consists of the three laiyers the hard magneti sm nmenbrane 54 of the

| ow resistivityyig, preywi ¢ads 2ohdract@eistiear & hnagagtienient wgedndréhe
hi gh resistivity magnetic filmb52 is provided on a part being far
fromthe gap natdrmw tidek elyn the agilamaiufdetared. density of the

mat eri al of the gap nei ghborhood is capable to be higher than that in
Fig. 7C, an@ the headByhamplioying5 ardopaet igl idext dconpasad o f sthe ghagngt be
of f er ed. Fig. 8 A shows a section of the magnetic head

head, it is possible to attain high density recording of a
track width smaller than 2 4 m. By this effect, it is
possible to realize a high density magnetic recording
apparatus of 5 Gb/in’ or more which has been thought
10 impossible to be realized. This is an effect that the
ﬁagnetic flux can be efficiently conducting up to the end
portion of the magnetic pole, and the effect is produced
by that the ends of the magnetic poles are constructed by
the magnetic poles respectively having the projecting

15 portion.

{Embodiment 2)

Fig. 14 shows an example of a recording reproducing
head in which the high resistivity membrane as shown in
20 the embodiment 1 is used for the recording head and the
recording head is combined with a reproducing head as

shown in the following.
A huge magnetoresistance effect membrane 104 is
te used for the reproducing head, an electrode 105 to flow an
25 electric current contacts with the huge magnetoresistance

effect membrane 104 electrically.



43 havi ng new configuration in the present invention. A coi
26 is provided between the | ower part core 25 and the upper part core
27, and consists of Al or Cu of . t hi ckness 2[errlm 5 An
insulating material 31 of the non-magnetismis filled up with an
object to maintain the electric i nsul &ifi on with the coil 26 and cores
25, 27. A coil 26 is envel oped between the | ower core 25 and

the upper core 27. Thonege! 135 drieidlPch OlodlrAbatt shle1Giid | Mdiitidife

t hi ckness of 2 [err] m .A non-ffagnetic an insulating material 31 1s

filled betweenjpge Qpidugtf 8RE lowerd h afer%t%gzﬁner&?réﬁeehﬁab&i @ ddtrode

I nsul at e bet ween t hem gnet’i ¢ head in accordance wth the

present | 18N NAN the m@@aﬁsgg;&%%emfsm%m&%&c meRbe amRgss 15

32, 33 and an insulating and non-mmagnetic film 10 are i nserted between

the upper core 27 andpt giggo‘i‘aersi‘é%ri%i%@ lqwer Jpéiré ﬂgﬁﬂéﬂét %g?m( 908 is

recording gap) is forne t hese menbers.” Furt ano

ootvan the SHERRBeHE 44\ pp ROBRELCoRSLASTI"hn et MBCRH Hgoc

a necessary st gl ephPtl 65ap ZGdnbiraiESoH LAY MG  magnetoresistance
effect membrane 104, and the high resistivity lower part
magnetic film 108 consists of one part of the lower part
magnetic pole of the recording head.

10 By constituting one part of this high resistivity
lower part magnetic film 108 with the high resistivity
membrane, the radio frequency characteristic of the
recording head may be improved.

The width of the gap membrane 102 of recording head

15 is equal to that of the magnetic films disposed on and
under the addition, and the high saturation flux density
membranes 101,103 on and under the gap are desirable tc be
constructed with a material of higher saturation flux
density than that of other magnetic pole parts.

20 A high resistivity upper part. magnetic film 107
having a larger width is used on this high saturation flux
density membrane 101.

An electric current is flown in the coil 109 of the
recording head, and the recording media 110 is recorded by

25 a magnetic field from the recording head.

In addition to above, a head of the different



The magnetic path nmenbers 41, 42 are preferable to flatten t he upper
core 27, and have an effect to reduce stress (magnet o-striction)

remai ning after manufacturing. By 25 formng the nmenbers together with the
magnetic pol e menbers 32, 33, increase in manufacturing cost can be
prevent ed. 57 44 Fig. 8Bis
a view show ng the magnetic head seeing fromthe upper core side. It

b q : . . . ral
coll 26 ts | ConENedton needd o hakd Ol L ln S aRhER ndHbEARe AIF
5 34. Further, ﬁ@qlﬁff%écg%?e &é‘ﬁxd Qg core 25 are connected in

a magnetic contact gnetic contact hall 35 is constructed

i ncl udi ng th tiGpat he 1 e - :
%Eg uding the magneti gipaths 1s'Hﬂ§§¥E%§ '8 ]fyﬁ%§;$$§baQPV€he magnetic

i nsulating and non- magnet characteri ze y the

e b Ponad  (BhecSgadon) yaifEr 4 WA AT Haghet bEcliRtEpE

the 5 effect membrane in the present invention.

MR sensor in the present invention has a
configuration which sticks the second magnetic layer 22 of
first magnetic layer 45 of soft ferromagnetic body, non-
magnetic metal layer 21 and ferromagnetic body, on an

10 appropriate substrate 43 as .glass or ceramic.

In the yhard magnetism layer 45 and 22, individual
magnetization directions thereof become to cross with
about 90 degrees angle differential when the magnetic
field is not applied.

15 Magnetization direction of the second magnetic
layer 22 is fixed to the same direction as a magnetic
field direction of the magnetic media.

The magnetization direction of the first magnetic
layer 45 of the soft ferromagnetic body when the magnetic

20 field is not applied inclines 90 degrees to the magnetic
field direction of the second magnetic layer.

A magnetization rotation occurs with the first
magnetic layer 45 responding to the applied magnetic field.

The firét magnetic layer 45, the non-magnetic metal

25 layer 21, the second magnetic layer 22 and the

antiferromagnetic substance layer 23 explained in the



direction a is as shown by the Fig. 8C That is, the magnetic pol e
nenbers 32, 33 having a narrow width are 15 interposed between the upper

core 27 and the | ower core 25, and further the insulator non-nmagnetic
film10 is placed bet ween the nenbers. The magnetic pol e nmenbers 32, 33
are magnetical ly integrated with the en& of the magnetic pol es of

the upper core 27 and the |ower core 25, 20 respectively. Therefore, the
gap portion is éfbo@iméytt BE the TREHINE PAVEBtienPaeki \pablavity wbe a
proj ecting portion. _ Further, Fig. 8C agrees with the nmagnetic

pol e structpegbfgee NJcdbhobitupiene 85 tBRemayaninatifngd configaeatiog
to the recording nedium and it can be 25 understood fromthe figure that

the upper nagneihéwRObg latepapig.plejegiglglghapd #id.tNne8,paeidecmbigover

portion is formed toward the | ower magnetic pole.
45 Fagt hie thia@d@ Findgnéf€ismt ILéyebe amdecsioodr] hat,, cCopotdyof
t he magneti c poles have a projecting shape, and particularly the wi dt h

of the projectipg, (23d,) Pimadf Bhaused. upper nagnetic pole is nearly equal
to the wdth of the

These Fig. 16, Fig. 17 and Fig. 18 show the first .

magnetic layer 45 in this embodiment and a membrane

constitution equivalent to the second magnetic layer 22

and those magnetic field directions are formed same as the

10 said article.

Before adhering the first magnetic layer 45 of the soft
ferromagnetic body in this embodiment, an appropriate
lower part membrane 24, for example, such as Ta, Ru or CrV
is stuck on a substrate 43.

15 An object to stick the lower part membrane 24 is in
optimizing formation, grain size number and a form of the
layer stuck later.

The form of the layer is very important to get
suitable MR effect.

20 Furthermore, it is because the a very thin distance piece
layer of the non-magnetic metal layer 21 may be utilized
by the formation of the layer.

In order to make affection by a branch minimum
furthermore, a high electric re#istance is preferable to

25 be used as the lower part layer.

The lower part layer may be used as a reverse



5 projecting portion of the |lower nmagnetic pole. Furthernore, in

.the case of the present invention, the height of the projecting
portion- is set to approximately 0.8 [err] m and the width of the
proj ecting portion is set to approximately 1 [err] m Fromthis 10
rel ati onship, the height of the projecting®portion is | ower than the
wi dth of the projecting portion. The structure disclosed by the
present inventbffiiguration A€ meftisofdedhaboesi.st ance of the magnetic path
as the sane as that of Japanese Patent Application Laid-Qpen 15

No. 7-296328. Descri mgulostiate o8 HBdamadecief rangufgi€ientOhigh elBmdiicgure
IS a cross-sectional view of a conventi onal magneti ¢ head whi ch does

not have the paghgthacpolsnd a ﬁmaﬁ‘eerﬁxﬁ& and Tihe ddar ofshupprdprdate
magneti ¢ gap put bet ween the | ower core 25 and the upper core 27.

Witing- 20 cikgstalnetdtoridtiiicrd,0 atRedi Ubwal | Spagtdugieptbmmer P2Lh is

I ndi cated by [err] . However, when the width of the gap (magnetic
pol e wi dttp ohnhbeegBsdrgi.de of the upper core 27 is narrowed, the
magneti c path resistance is increased and by this effect the magnetic

flux becomes to flowas heRegbigst Zhagaebitndagatedshymean Fore@rodudingere

the magnetic path resistance is increased. Thereby, an anount of the

magnetic fluxacaidisct &l a0 1dwed Dewd Bidll pdildeetidh ifts used in order to
maintain a single domain condition in a direction to be
parallel to this page.

10 As the means for producing the bias in the londitudinal
direction, a rigid hard magnetism layer 47 having
characteristics of high saturation coercive force, high
right angle degree, high electric resistance is used as
well.

15 The rigid hard magnetism layer 47 contacts with a domain
of an end of the first magnetic layer 45 made of the soft
ferromagnetic body.

Magnetization direction of the rigid hard magnetism
layer 47 is parallel to this page.

20 The first antiferromagnetism layer contacts with
the domain of the end of the magnetic layer 45 so as to be
stuck, and a necessary bias in a londitudinal direction
occurs.

The antiferromagnetism layer is preferrable to have

25 a blocking temperature which is sufficientry different

from that of an antiferromagnetism layer 23 which is used



46 decreased and a necessary anount of magnetic flux cannot be
extracted fromthe gap (magnetic pol e) ends. On the other hand,
in a case of the nmagnetic head havi ng the magnetic. pole nenbers 32, 33
shown in Fig. 10, 5 there are the magnetic pole nmenbers 32, 33 between
t he upper core 27 and the |ower core 2560 Therefore, the path acan
be increased by thickness of the nenbers (the non- magneti c regi on can

be widened). By jhicradd a6d . 16t tﬁe magnBQi%th@nt@1%%@%&%%565“%Kﬁn§ﬁﬁo&ﬁ
magnetic flux flowing 10 through the path [err] even if the nmagnetic path

resistance is magrigtGiceased 2N HadeWdH tee ferdidhadhndtie UifG iy es.

The above- nentloned ef fect "can be observed in a writing-i frequency

above 150 MHz. This istan ehéeglexd, a cgﬁﬁlﬁ?h SEdfed NYRNdd OBfObEﬁ.én%&.y

using the insulator non- 15 nagnetlc filmin e rmagnetic gap. Further,

a case UNeresas LAHE N9 Nlagh P4 POIEOIC ERMPIENC IS b pe
such as CoTazr or the like is used for'the magnet pol e materi al, e
witing-in fequenek oM ale ICRERSAPpeR bart of +%e MRZsensor.
An electrode 28 is provided, and a circuitry is formed
between tﬁe MR sensor structu;e, the current source and
the detection means.

Fig. 16 to Fig. 18 respectively show a membrane

10 constituting a magnetoresistance effect element in the
present invention formed in stead of each membrane of the
non-magnétic metal layer 21, the second magnetic layer 22
and the antiferromagnetic substance layer 23 shown in Fig.
15, and it is formed by a radio frequency magnetron

15 suputtering apparatus as follows.

In the atmosphere of Ar 3 mm torr, following
materials are successively laminated on a ceramics
substrate of a thickness 1 mm, a diameter of 3 inches. |

As a suputtefing target, tantalum, nickel -20at %

20 ferrum alloying, copper, cobalt, chrome -50at $ manganese
are used.

In order to .manufacture a chrome - manganese allo&ing
membrane, a chip of 1 cmX1 cm of an additional element is
arranged on a chrome - manganese target top, and number of

25 the chip is increased or decreased so as to adjust the

composition thereof.



20 In the structure disclosed in Japanese Patent

Application Laid-Open No.7-296328, since the trench structure formng
‘the projecting portions is made of a | ow .electric resistance materi al,
eddy current is easily generated in this portion and accordingly the
upper linit 25 of the witing-in frequency8ls linmited to 100 M.

As shown in Fig. 8C, the wwdth w of the nmagnetic pol e nenbers 32, 33

is narrower than the Woledvedr,! hthen Co-Fe-Ni layer is made as the hard
47 upper magnetic pole 27 and the width of the | ower magnetic

pol e 25. This imadreetasenchdiranes mMtgeechdppobf Naschie 1 cm wd) adtkeg,
portion. By the effect of this shape, it is no need to say that the

magneti c flux ifexnsehsr aredngedt ba the pobiadd itygrgey ttapstopadsuse the
each other. Therefore, under a condition that the magnetic field from
t he proj ecdongopitiown is adjusted so as to agree with the

magnetic field necessary witing-in by adjusting the coil current

(witing-inscurrent), RacH i Maye@nnosf OCEHe | Namifatlitg €0 idin exLept fbemelhe
projecting portion (in the region
successively by generating Plasma in the apparatus by
applying a radio frequency electric power on the cathode
arranging each target, and opening and shutting a shutter
_arranged in every each cathode.
10 In the film formation, applying a magnetic field of
about 30 Oe in parallel to the substrate by using a
permanent magnet one axes anisotropism is provided, and
the direction of the replacement coupling magnetic field
of the chrome-manganese film is guided to a direction of

15 theapplied magnetic field, and an example of the formation

condition stated above is shown by a table 1 as follows.

[ table 1 }
Layer Ar gas pressure rf output Forming speed
Ta: 0.8 m Torr 300 W 0.25 nm/s
NiFe: 3 m Torr 350 W 0.17 nm/s
Cu: 3 m Torr 150 W 0.2 mm/s
CrMnPt: 8 m Torr 350 W 0.5 nm/s
) Co: 3 m Torr 250 W 0.13 nm/s

20




where the gap dinension becones w de). Therefore, track width to be

written can be brought to agree with the width of the projecting
portion. : Further, in the present invention, only the 15
proj ecting portions nmay be nade of a high electric resi stance and high
saturation magnetizing material, and t#%ereby a strong magnetic field
can be generate in the region corresponding to the wdth of the
projecting portian. 1Emhats.ngffﬁ1m t he WhkhtDgreatédacknWw gt hvgagume
20 efficiently limted to the wdth of the projecting portion even if
the magnetic palhas tiedtinimcld pﬁi’é‘ﬁeafter being flofmid®r, since the
hei ght of the projecting portion | ower than the width of the

projecting portion, thgfe heat d@fe&éméxbe PisP] Qelrifitfmee t bgn Eaﬂsbﬁg_
smaller than 2 25 [err]mby a process to be described later. By t

ef fect, t N eigtiratireV ip | Foln thdBEbol EafipBeatase! % rpﬁél&eéehﬁmed 2
[err]n1or smal | er.

Furthernoreg i Rdnperadsh&f ibe péf&;@@iel PsNtE QN and aﬁé}.eehbhalwgdtth@f
witing-in is detérm ned by t he w
temperature for a predetermlned time, for example one hour,
cooling off to a room temperature.

In total process of the temperature raising,

holding and cooling, the magnetic field from 2 to 5 k Oe
10 is applied in parallel to the surface of the substrate.

A direction of the above magnetic field is parallel
to the magnetic field applied by the permanent magnet when
forming the film.

Formation of the element on the substrate is

15 performed by a photo resist production process.

After that, the substrate is processed by a slider,
and is loaded in the magnetic recording apparatus.

Fig. 16 1is a figure comparing characteristics
before the heat treatment and after the heat treatment the

20 spin valve film which has the xmagnefic laminating body
using the antiferromagnetism film of 45 at % chrome -45
at % manganese -10 at % platina/81 at % Ni-19 at % Fe film.

The coupling magnetic field by one direction
anisotropism appear as a shift quantity of a right side

25 loop of the figure.

The coupling magnetic field before heat treatment is 300



of the projecting portion, there is no need to particularly
narrow the width of the upper core 27 and the 5 wdth of the | ower core
25 in order to realize high density recording. By this effect, the
necessary magnetic field can be efficiently conducted to the magnetic
pol e end portion (the gap portion?3 W thout increasing the
magnetic path resistance. 10 In the case of the conventi onal
magneti ¢ head assji 250 °C ,arands3igaver afdernsgret heati treatment nefjnehree
gap, the shapes of the nagnetic heads can be roughly classified

into three ki rmmms. shown in Fig. 11 when the nmagnetic pol es are seen
fromthe sliding surface side. That is, 15 they are a nagnetic head
construct ed byormgidsgringotks fhickness2ofhald nbe dlafereand esigt hs bse sbewn

by Fig. 11A a magneti ¢ head constructed by magnetic poles 27, 25

havi ng t ithes amagnetdiziatdionshowh his Fisame 18jizandvithraghet i dikeadion
having a projection in one of the magnetic poles 25. The 20 nmagnetic head
Fig. 11B i § arshown auectlememior hertnagneti c structure of Fig. |1B, and
has a characteristic of small magnetic field | eakage in the track
width direction sinc@ig. 1t7he ilsengd hsfbjutde compatingpotharaceeedstlicso
each ot her. Therefore, it is advantageous in witing for a narrow 25

track. Howeverhefidrie the uhéatetbeatmerntsandarifagy ithd Medat treatment of
the spin valve film which has the magnetic laminating body
using the antiferromagnetism film of 45 at % chrome -45

10 at % manganese -10 at % platina/ Co film.

The coupling magnetic field before the heat
treatment is almost similar to that in the case shown in
Fig. 1 with 300 Oe,
after the heat treatment for three hours in 250 °C, the

15 coupling magnetic field becomes 600 Oe, about two times
than before.

Considering the thickness of the Co layer and the. size of
the magnetization, it is size of about two times of the
coupling magnetic field shown by Fig. 1.

20 Fig. 18 is an other constitution example in the
present invention using a magnetic laminating body as the
spin valve magnetoresistance effect film,

The antiferromagnetism film 30 (45 at % Cr-45 at %

- Mn-10 at % Pt) and the hard magnetism layer 65 sticking
25 thereto respectively consist of a Co layer 111 directly

connected to the antiferromagnetism film 30, the soft



the magnetic pole 25 cannot be al so used as a shield |ayer to a
magnet o-resi stance effect el enent. A counterneasure

49 of the disadvantage is the structure shown in Fig. 11C. _
In order to realize the narrow track in the structure shown in Fig.
| 1C, the width Wneeds to be narrowed. ¥herefore, the witing-in

magnetic flux is 5 decreased due to increase of the magnetic path
resi stance mayerism FlgyeP. 112 chadingl ¥, gbbdi magnpesisinbbharactertistic
hi gh density information at a high efficiency. : Since in the

structure in aco®r dagsces Wik 1dheat $ préygntandivantdonlaperwixith dfirkBely
witing-in gap portion 10 is limted by the width of the projection
porti on, speRehaging twetheakhge mowralagnetiiel d Taywar d 6he {cagk: and

width direction is small as simlar to in the magnetic pol es shown in

Fig. 11B. Ther epsducidg idgeahadwetdresist@nes depfectd th the present
I nvention is sultable for high 15 density recording. Further, since the

width of th@ | ayer founda®iéni S fdilger gHranishetiedt FEinddtEdif Oj BES¥éPg for
portion, there is no problemin that the |ower core is also used as
controlling orientation and crystal grain size of other
film, and a soft magnetism layer 63 (81 at % Ni-19 at %
Fe) is a free layer.
The Co layer is arranged at a joint portion with
10 the antiferromagnetism film and a jointportion with the
non-magnetic film, however the magnetism characteristic of
the hard magnetism layer 65 as the fixed layer is not
deteriorated, and thickness and characteristic of the hard
magnetism layer 65 may be held without increasing the
15 magnetization quantity of the total layer.

Accordingly, the soft magnetism layer 112 is
desirable to have a good magnetism characteristic and to
have a smaller saturation flux density than those of the
1ayérs 113 and 111 éonsisting of Co, for example, Ni 81 Fe

20 19 film of the saturation flux density of 1 Tesla.

Furthermore, the saturation flux density may be
fallen to be even 0.5 Tesla or so, and for example, NiFe-
Cr film is suitable, too, this NiFe-Cr film consists of
NiFe alloying containing 0 to iO at % Cr, and this NiFe

25 alloying consists of 75-95 at % Ni and remainder Fe.



a shield layer to a magneto-resi stance effect el enent. As havi ng
heen descri bed above, the magnetic head 20 structure in accordance with
the present invention has no probl enms in connection to high density
recordi ng which are problens in t he conventional nagnetic head.
A manuf act uri ng process of the nagneticmhead capabl e of reali zing
the excellent performance will be described 25 below, referring to Fig.

12. (Exbddimernt Sows features of forming the end of magneti c
pol e of the magnetic core seeing fromthe

50 direction " [gdgl. '19 ds0wn tiotdl Eidifre UE thoausgest it [dide unit
sequentially described below, referring to the figure. In the

process shown iusifig). theA recordingi crépidducing 7 3ecwigomingpakeelravweliead
magnetic pole is lam nated on a 5 substrate (or a base |ayer or a base

structure) 74. shouwrhein the rexprlinedt 129 a Ni-Fe alloy is used. The
t hi ckness i s set to 2 [err] m On the magnetic film 73, an al um na

film72 5 havi ng arebbgiiiags reprodiciey |separatiing iypd aiiadwet IR gReid C
filmis lam nated and further a Ni-Fe magnetic alloy film
201 is controlled a location on a recording media 203 by
head positioning frame 202 on the recording media 203 as a
magnetic disk turned by a motor, and the recording
reproducing separating type magnetic head 201 is

10 connected with a regenerative signal processor 204.

This apparatus consists of a DC motor for turning
the magnetic disk, a magnetic head to write in information
and to read it, a positioning apparatus ta support the
magnetic head and to change a location thereof to the

15 magnetic disk, that is an actuator and voice coil motor,
and an air filter to keep the apparatus inside cleanly.

The actuator consists of a carriage, a rail, and a
bearing, and the voice coil motor consists of a voice coil
and a permanent magneto.

20 In this figure, eight pieces of magnetic disk are
installed in a same rotation axis, an example which
thereby has a big storage capacity is shown.

Magnetic disk is constructed with a good surface

b having . surface roughness R MAX of 100 A or less,

25 preferably of 50 A or less.

The magnetic disk has the magnetic recording layer



10 72 having a thickness of 0.8 Amis |am nated. After conpl etion
of lamnating, a resist pattern 71 having a w dth of the projecting
portion (corresponding to the witing-in track wwdth) is fornmed

t hrough a phot o- | it hographic nethod. The thickness is set to 1
[err]m 15 Next, in the process %hown in Fig. 12B, the
magnetic alloy film72 is etched by an ion mlling nethod w t h maski ng

of the resist p@biged b hovheatmafidhmt feimation methodobiedhe siiface of
projecting portion of the upper magnetic pole. Then, the alumna film
is etched by a ghkonhapa saBst2Atéluorine reactive gas with masking of the

resist pattern 71 and the projecting portion of the upper nmagnetic

pol e formed by thehet gaignetisf tEhihhailm® REO) WSdd NFoRorthen magnetic
formed in the | ower magnetic pole by etching the | ower magneti c pol e
t hrough the ionratbkdnggnehfred.wi th masking 25 of the nmenber to be forned
In the projecting portion o t he upper magnetic pole. In that tine,

tﬁgengtef)tc h of5 the Bésdisw | theet £o1M. 8 difidinasBy eichi tet hendghdic
’ recording layer formed by the vacuum film formation method
is 0.5 ;L.m or less, the surface condition of the hard

substrate is just reflected as that of the recording layer.

Accordingly, one having the surface roughness R MAX

10 of 100 A or less is used for the hard substrate.

As such hard substrate, glass; chemical strengthen
soda-almina silica glass or ceramic are used as a main
component thereof.

Moreover, in case of the magnetic layer made of

15 metal or alloying, it is preferable to provide the oxide
layer or nitridg layer on the surface, or for the surface
with an oxide film.

Moreover, use of carbon protective coat is desirable, too.
By forming the heéd in this way, durability of the

20 magnetic recording layer is improved, and damage of the
magnetic disk may be prevented in a case that it is
recorded and reproduced with a extremely 1low flogting
gquantity, or in a contact, a start, and a stop.

T As a result of having measured performance of the

25 recording head by the present invention (overwrite

characteristic) stated above, even in a radio frequency



pole through the ion mlling nmethod with maski ng of the menber to be
formed in the projecting portion of the upper magnetic pole, it is

- possible to formthe projecting portions having the same | ength
opposite to each other. 5 This is effective to '|essen spreading of

t he | eakage magnetic field in the trafk width direction, and is an

I nportant el enment for functioning the present invention. In the

process shown doindirg.of 240 MH# &dr | RoF&Ata NguperioR Péfording! pérademance
insulating film76 all over the surface, 10 the |amnated non-magnetic

and insul ating dddut 41504B is fgrdvapedl and a part of the nenber 72 to
formthe " projecting portion is exposed. This process can be

realized by applyingaacblrdiidgt N€6MOERLSE | nemboEinet)y oed high | Soercive
manuf act uri ng of sem conductors (so-called spin-on- 15 glass), and

perform ng theggwnesaedyahedt td@nt benrecetded fullienev@shadnl cid Yradpsi ng
the surface of the substrate. As the other nmethod, it is possible to

use thernogfl Lﬁﬁﬂqfl}éxﬁfy domaife ,r efndt MR sensor of| high FERGASSALY is
condition for realizing the 20 present invention that the nenber 72

to form the providéd) eCha®ingor ekeellentxpoged éfpstthephged algy |ener.
| f a process can realize the necessary condition, the flattening

process of therisod@dpism AVRighstopés i884hE€d. effectFOr sl eWediaf
t he thickness of the insul ator nenber
transfer rate 15MB/second or greater, recording frequency
45 MHz or more, high-speed transmitting of the data more

10 than magnetic disk 4000 rpm, abbreviation of access time,
increase of recording capacity, thereby, a magnetic disc
unit with 3Gb/ in’ or greater is provided as surface
recording density.

According to the present invention as stated above}

15 at least one part of the magnetic pole of the recording
head is made of high resistivity f£film, and as the
recording performance is hard to fall imn the radio
frequency, a magnetic storage apparatus of high recording
density is provided.

20 Furthermore, according to the present invention, a
magnetic laminating body which had a sufficient coupling
magnetic field and a high temperature stability may be
provided, thereby, a reproducing head which has a

" sufficient  reproducing capacity and low noise

25 characteristic and a high density magnetic storage

apparatus of high reliability may be provided.



25 7 hi ckness of the nenber 72 to be forned in t he
pr oj ea!ﬁmﬁ‘iﬁmﬂm has been confirned that the present invention is
not ar ke an extrene.case

(a condition where the thickness of the insulator nenber 76
exceeds the thickness of the menber 72 to b&8formed in t he projecting
portion), an undulation is produced in the upper magnetic pole and it

results in thatyhie psorBeaiMEly IS: portion exists in the depressed portion.
This structure is to be described in another part. In the

| ast process shpywn in Fithin 2631 Ra@héeic head"REVEHG QQPPely magnepper
magneti c pol e nenber is forned. A N-Fe alloy filmis used for the

upper nagnetic gpiw and 1§ UbkeraBaqsetict Falgonveringadl thrgagh ca haad-
By the processes descri bed above, the magnetic structure shown in Fig.

8C can be formegaghétdoUdgap hemhbrane, Feaddll o¥hih! NnFismuspdghetithehead
material for the nagnetlc pole in this enbodi ment, the nagnetic head

in accordange Jdfarhéberfedr B5cHhatNventi on can be f or med by using the
ot her soft magnetic filmthrough the, sanme process as in
at least an end part of said upper magnetic film or
said lower magnetic film is constructed with two or more
layers of magnetic films, and

resistivity of one of said two or more layers is

10 higher than that of other of said two or more layers.

2. A thin film magnetic head having an upper magnetic
film and a lower magnetic film arranged through a non-
magnetic gap membrane, said thin £film magnetic head
15 characterized in that at least an end part of said
upper magnetic film or said lower magnetic film is
constructed with two or more layers of magnetic membrane,

and
resistivity of one of said two or more layers of
20 magnetic membrane arranged apart froﬁ said non-magnetic
gap membrane, is higher than resistivity of other of said
two or more layers of magnetic membrane connected to said

non-magnetic gap membrane.

25 3. A thin film magnetic head as defined in claim 1 or

2, wherein
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this icularly, by using a high electric resi st ant
sof t mmmlm Ilrﬁ“ WI’I ti ng I n under a high frequency condition
can be ¢ realw zed. a 20 characteristic of the present

I nvention that the soft magnetlc filmcan be forned depending on the

el etroplating met hod, and by this effec®it is possible to perform

writing at a high frequency exceeding that of the conventional nmagnetic

head. 25 A st rsstiurat idin tfikuxipfens iregnefi cadd onwvofigsaid two or
depressed portion will be described bel ow. The structure can be

manuf act ured t hmotghlayeesssfs naignevidf admbrarge aarranged apart from said
53 magneti c head including at |east the foll ow ng process.

Descri ption w | holremagnet i¢ eigap | ngmbpahey hahfims hlighear residviviey, is
previ ous expl anati on. As shown in Fig. 12A, after lamnating a
| ower 5 magnet smalbéerthan 76hat af belie stheret of esdildotwd hér morenlapérs.

head, an insul ator non-magnetic film?75 is | am nated and further a
mat erial 72%onposing a part of
4. A thin film magnetic head having an upper magnetic
filni and a lower magnetic film arranged through a non-
magnetic magnetic gap membrane, said thin film magnetic
head characterized in that
10 end parts of said upper magnetic film and said
lower magnetic film shape convex, and
at least one part of said upper magnetic film or
said lower magnetic film has a resistivity more than 50 u
Q cm.
15
5. A recording reproducing separate type magnetic head
having a recording head for writing in informétion, a
reproducing head for reading out the information, and a
magnetic shield provided therebetween, said recording
20 reproducing separate type magnetic head characterized in
that
said recording head has an upper magnetic film and
a lower magnetic film through a magnetic gap membrane of
-t non-magnetism, at least an end part of said upper
25 magnetic film or said lower magnetic film is constructed

with two or more layers of magnetic membrane, and

This Sheet Has Been Reﬂlaced
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t he | e i s | am nat ed. Then, a resist pattern 71
|s fmmummﬂuﬂﬁﬂﬂ 10 corresponding to the projecting portion of the

¢ nmagretisc pol e through a |ithographic nethod. Then, as
shomn in Fig. 12B, a projecting portion is formed in the | ower
magneti c pol e by etching t he insul ator Thon-magnetic fil mand the | ower

magnetic pole wth masking 15 of the resist pattern 71 and the nenber to

be forned in theréé@.h&ﬁkﬁﬁ? f t a@n Déasteonepast Magidt i twpoloe. more
After that, as shown in Fig 2C, after formng -menbers to be forned

in the projectilgei® ti®nkigAeth@han thepesfavdheic dPvesidagaet ioxr pRdES,
a non-magnetic and 20 insulating film 76 wth a thickness exceeding

t he proj eqQldyegsportion is | am nated over the region except for

the projecting portion. Al though the figure shows that the surface of
t he insul ator non-magnetic film76 and the surface of the projecting
portion (the surface of 72) seem 25 to be in the sane level, in this

enbodi ment ghe g.hi cknasgecordifly irepriodudidisepratRoNSipe ﬁaéﬂeﬂﬁ: ewELeds
t he surface of the projecting portion (the surface of 72).
having a recording head for writing in informatiomn, a
reproducing head for reading out the information, and a
magnetic shield provided therebetween, said fecording
reproducing separate type magnetic head characterized in
10 that
said recording head has an upper magnetic film and
a lower magnetic film arranged through a non-magnetic
magnetic gap mémbrane,
at least an end part of said upper magnetic film or
15 said lower magnetic film is constructed with two or more
layers of magnetic membrane, and
resistivity of one of said two or more layers of
magnetic membrane arranged apart from said non-magnetic
gap membrane, is higher than resistivity of other of said

20 two or more layers of magnetic membrane connected to said

non-magnetic gap membrane.

7. A recording reproducing separate type magnetic head

-

having a recording head for writing in information, a
25 reproducing head for reading out the information, and a

magnetic shield provided therebetween, said recording

This Sheet Has Been Re;
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“ form ng the other nmenbers 77 remaining part of
Lhe u MH’ ﬂ e nmenber as shown in Fig. 12D, the objective
magnet 1 c polte Qhape t he magnetic head i s manufactured. 5

Fig. 13 shows the nmagnetic pole shape of the magneti ¢ head
manuf act ured t hrough the manufacturing Processes including at |east the
above- nenti oned process. The figure clearly shows the shape of the

upper nagneti c reprdiulcing apgtéhe ér@éonﬁgnmmhéaan dhardteleierb s ef
10 portion. It shou d be added to describe that this shape is

hi ghly efficiengnhdtor efficiently conducting the magnetic flux of the
upper magnetic pole into the projecting portion. 15 The

magnetic head in accosdddceedordinge hefatSdiis an uppeENtmaynétsid OfIEA &Ada
waf er obtai ned by machining a sintered body of alumna and titani um

carbi de. Then, f lewer magfietoem pilmledrethg@t hivhrd@igh? EBORGHLBafRetic
slider is manuf actured. 20 According to the above-nentioned

processes, 5jt h@agneﬁﬂdjgap)fméﬁ]ﬁ'dﬂe),] ecting portion determning the
witing-in track w is determned by the width of the resist
pattern. However, by &mkidhd tfrrtiei ght s@idt GppeRgnalaghetic film and said
lower magnetic film shapes convex, and
at least one part of said upper magnetic film and

said lower magnetic film has a resistivity more than 50 «

10 Qom.

8. A recording reproducing separate type magnetic head

having a recording head for writing in information, a

reproducing head for reading out the information, and a

15 magnetic shield provided therebetween, said recording

reproducing separate type magnetic head characterized in

that

said recording head has an upper magnetic film and

a lower magnetic film arranged through a non-magnetic

20 magnetic gap membrane, at least an end part of said upper

magnetic film or said lower magnetic film is constructed
with two or more layers of magnetic membrane,

resistivity of one of said two or more layers is

- higher - than that of other of said two or more layers,

25 resistivity of one of said two or more layers of magnetic

membrane arranged apart from ‘said non-magnetic gap

i A




*
_

pol e ' LN ortion of the present invention lower 25 than the width
of t*ﬂgﬂuﬁﬂ& ”ﬁlﬁﬂu;ion, a resist pattern having a thick film

t hi ckm h S necessary. Fromthis effect, patterning
resolution is easiel conpared . 55
to the resist pattern of a plating mask patt®rn, and the wi dth of the

projecting portion can be made smaller than 2 [err] m By this

characteristic, nanbRaRRli GsheaGHECh R resifeivO¥yt68Ccktaar BE @aSld Yewo
manuf actured. 5 By enploying a head slider ‘conposed of the magnetic

head, it is posgirblg e 18ledsn o HagHSIH Wil Morifected td s WeHD
smaller than 2 [err] m By this efféct, it is possible to realize a

hi gh density nagaghietitedyli fembranafPad@t Beast odd/ pAker 'df ObafA! GppLh
has been thought “10 inpossible to be realized. This is an effect that the

magnetic flux caaghetgbli ot | YopOnduGld N016Wet 0 Magn@tde £t 1 BRSO 4

the magnetic pole” and the effect is produced ~ by“that the ends of the
magnetic pol®s 268 iePAitYCheFeP¥han 50N% QREMStasapol es respectively

havi ng the projecting
said reproducing head has a ferromagnetic body and
an antiférromagnetic body having a uni-directional
anisotropism connected to said ferromagnetic body, at
least one part of said antiferromagnetic body is made of
10 cr-Mn alloying, and at least one part connected to said

antiferromagnetic substance of said ferromagnetic body is

made of Co or Co alloying.

9. A magnetic storage apparatus in which a thin film
15 magnetic disk turns with a speed more than 4000 rpm in
recording reproducing and recording frequency is 45 MHz

or more,
said magnetic storage apparatus having said thin
film magnetic disk for recording information, a rotation
20 means for rotating said thin film magnetic disk, é
recording reproducing separate type magnetic head having a
recording head provided on a floating type slider' and
writing in information and a reproducing head for reading
out the information, and a transfer means for supporting
25 and transfering said floating type slider for said film

magnetic disk,

This Sheet Has Beep
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15 po (Embodi ment  2) Fig. 14 shows an exanple of a
recor Wﬂ%ﬂg}mmu head in which the high resistivity nenbrane as
‘shown i nent 1 is used for the recording head and the
recording head is conbined with a reproduci ng head as shown in the
fol | ow ng. A huge nagnetoresistaﬂge effect nmenbrane 104 is

used for the reproduci ng head, an electrode 105 to flow an 25 electric
current contacts mnthgdﬁuruggbfamm@tnéealnhan@m uppeﬁﬁﬁaqﬂeﬂﬁﬂbfﬁmﬂ hod

electrically.

Ther e

is provided a |gawelower t ndyritdiong £aRMbr apLanged lﬂﬁcd\hjlougah hba-mayhetpar t

gap nenbrane under el ectrode

menbr ane 104.

105 and the huge nmagnet oresi stance effect
magnetic glphighbianest at thedstein poid pagoedtcshimupperi s

5 di sposed as the upper part shielding nmenbrane through the upper part

gap nmenbrane ommifgebige fIAMNVIOrESidt 26%er magmftfiectf imbisneoh@4ruated
the high resistivity |ower part

5

10

15

20

25

This Sheet H

with two or more layers of magnetic membrane,
resistivity of one of said two or more layers is
higher than that of other of said two or more

layers,resistivity of one of said two or more layers of

magnetic membrane arranged apart from said non-magnetic

gap membrane, is higher than resistivity of other of said
two or more layers of magnetic membrane connected to said
non-magnetic gap membrane,

end parts of said upper magnetic film and said
lower magnetic film shape convex, or at least one part of
said upper magnetic film or said lower magnetic film has

a resistivity more than 50 u« Q cm.

10. A magnetic storage apparatus in which a thin film
magnetic disk turns with a speed more than 4000 rpm in
recording reproducing and recording frequency is 45 MHz or
more, said magnetic storage apparatus having said thin
film magnetic disk for recording information, a rotation
means for rotating said thin £film magnetic disk, a
recording reproducing separate type magnetic head having a
recording head provided on a floating type slider and

writing in information and a reproducing head for reading

[T T



of the By constituting one part of this high
re5|st|V|t part magnetic film 108 with the high resistivity
menbr ane, the rad| o] frequency characteristic of the recordi ng head may
be i nproved. The width of the ga'f)‘1 menbrane 102 of recordi ng head
15 is equal to that of the magnetic filns di sposed on and under the
addi tion, and tdgt hthé daformatdonf,| wndleastransfer mesmsantosr 194ppoBtidng
and under the gap are desirable to be constructed with a material of

hi gher saturatifiyf tednsferifignsdia thbvating eypet heXidemgneorc sl pHalms.
20 A high resistivity upper part magnetic film 107 havi ng a

| arger width i snagstion di‘g]e, hi gh saturation fl ux density menbrane

101. An electric current is flown in the coil 109 of the

recordi ng head, and t lg@ideg@cdrdiniedieadl Iths san eappeed mygnéhia fobmeand
field fromthe recordi ng head. In addition to above, a head of
the differgnt a lower magnetic film arranged through a non-magnetic

magnetl Eﬁnm sts of one part of the |ower part magneti c pol e
L

magnetic gap membrane, at least an end part of said upper
magnetic film or said lower magnetic film is constructed
with two or more layers of magnetic membrane,
resistivity of one of said two or more layers is
10 higher than that of other of said two or more
layers,resistivity of one of said two or more layers of
magnetic membrane arranged apart from said non-magnetic
gap membrane, is higher than resistivity of other of said
two or more layers of magnetic membrane connected to said
15 non-magnetic gap membrane,
end parts of said upper magnetic film and said
lower magnetic film shape convex, or at least one part of
said upper magnetic film or said lower magnetic film has
a resistivity more than 50 #Q cm, and
20 said reproducing head has a fefromagnetic- body and
an antiferromegnetic body having a uni-directional
anisotropism connected to said ferromagnetic body, at
least one part .of said antiferromagnetic body is made of
- Cr-Mn alloying, and at least one part connected to said
25 antiferromagnetic substance of said ferromagnetic body is

made of Co or Co alloying.
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57 configuration used to a hard nmagneti smtunnel nenbrane may be

used for the reproduci ng head. Fig. 15 is a partial sectiona

vi ew of the nmagnetic head (MR sensor) using a spin valve

magnet oresi stance 5 effect nenbrane in the present invention.

MR sensor in the present invention has a configuration which

sticks the second magnetic | ayer 22 of first magnetic |ayer 45 of soft

ferromagnet i ¢ ABSYRUGDNOF THEBUSELOSURBt al | ayer 21 and ferromagnetic

body, on an 10 appropriate substrate 43 as glass or ceramc. In

t he yhard magneti sm |lryeordér ahd pevienti vilkiatecordimgnperfermance from

directions thereof becone to cross with about 90 degrees angle

di fferential wiegradetiegneinc the fradibi strequerppy i evbcoriing, and to

Magnetization direction of the second magnetic | ayer 22 is fixed

to the sane diprovide as fHilmgnagnetic hehdelahdlia erecondihgt hepregueting

medi a. The magneti zation direction of the first nmagnetic

| ayer 45 of t heesbionékr patdgiet i nagneyichdeadewhbomethias ®éAgnétid d podenot

applied inclines 90 degrees to the magnetic field direction of the

second nagnet i widtheless than 2 LA muandt azatlitra rloigh | densityr magniet iiche

first magnetic | ayer 45 responding to the applied magnetic field.
storage apparatus of 10 Gb/ in’ grade, a recording head is

used in which a lower part magnetic film serves as a
shielding film of a reproducing department, a gap film of
10 a non-magnetism is formed during the upper part magnetic
film and the lower part magnetic film, one part of the
lower part magnetic film or the upper part magnetic film
has a higher resistivity more than 80 & Q cm than other
parts, the upper part magnetic film is formed by a flame
15 galvanizing, and a gap department of the lower part
magnetic film or the upper part magnetic film shapes to be

convex.

/ / fced THIS SHEET HAS BEEN
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The first magnetic |ayer 45, the non-magnetic netal 25 layer 21, the

second nmagnetic layer 22 and the antiferromagneti c substance

| ayer 23 explained in the 58
enbodi mrent of the present invention are capable to use a menbr ane
constitution as the | am nating configuration shown by later Fig. 16,
Fig. 17 and Fig. 18, and noreover as 1hd3nhard magneti sm | ayer 47,
Co[err] Cr[err] Pt[err], Co[err] C[err] 5 Pt[err](Zrderr] ) 3 nay be
used. These Fig. 16, Fig. 17 and Fig. 18 show the first
magnetic layer 45 in this enbodi ment and a nenbrane constitution
equi val ent to the second nagnetic Iayeggﬁe Iand t hose magnetic field
directions are forned sanme as the kt Bef or e adheri ng
the first magnetic |ayer 45 of the soft ferrorra%eyz body in this
enbodi nent, an appropriate | owgT € for exanpl e, such
as Ta, Ru or CrV is stuck on a SUJStI’ate 43. An object to
stick the | ower part nenbrang 24 is opti i hg formagl on, grain
si ze nunber and a form of the

11/v\\\\\\\\\\\\\\\\\

4

FIG.1B

1\,.\ j‘? MILLING
LY
.

FIG.1C




| ayer stuck |ater. The formof the layer is very inportant to

get suitable MR effect. 20 Furthernore, it is because the a very thin
di stance piece | ayer of the non-magnetic netal |ayer 21 may be
utilized by the formation of the |ayer. In order to nmake
affection by a branch m ni num furthe ?f’ a high electric resistance
is preferable to 25 be used as the IomengQ | ayer. The | ower
part |ayer nmay be used as a reverse
59 configuration as nentioned above. Substrate 43 is nade
of a sufficient high electric resi stance and a plane fully and in case
of appropriate crystal structurefﬁ! gQFBr part nenbrane 24 s
5 unnecessary. As the first f ayer 45, means for
pr oduci ng a bias in a londitudinal directionlis usedein order to
mai ntain a single domain condition yFRqa directbo? parallel to
thi s page. ~7
-3
4
= 5
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,’\./6

FIG.5
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10 As the neans for producing the bias in the | onditudinal

di rection, a rigid hard magnetism layer 47 having

characteristics of high saturation coercive force, high ri ght angle
degree, high electric resistance is used as well. 15 The rigid hard
magneti sm | ayer 47 contacts with a domain of an end of the first
magnetic | ayer 45 nade of the soft fé345%agnetic body.

Magneti zation direction of the rigid hard nagnetism | ayer 47 is
parallel to this page. 20 The first antiferronmagneti smlayer
contacts with the domain of the end of the magnetic |layer 45 so as to

be stuck, and a necessary bi as inf%l di )%Hnal direction
occurs. The antiferromagnet ifs @5&3 s prefer@able to have 25

a bl ocking tenperature which is sufftegentry diff grepm fromthat of an
antiferromagneti smlayer 23 which i 5 uged 5
60 in order to let the magneti kation directicg/ei/(ﬁe second
-]
i/\,,s
5

1
N /s/
pd
5— ;—z’\/‘t
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_Ls
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magnetic | ayer 22 made of the ferromagnetic body, fixed. In the
next, a capping |ayer made of the high resi stance such as Ta, for
exanpl e, is desirable to be 5 stuck on all of the upper part of the M
sensor. An el ectrode 28 is provided, and a circuitry is forned

bet ween the MR sensor structure, the current, source and t he detection
nmeans. Fig. 16 to Fig. 18 respéc/tﬁ/el y show a nenbrane 10
constituting a magnet oresi stance effect elenent in the pr esent

i nvention fornmed in stead of each nenbrane of the non- magneti c net al

| ayer 21, the second magnetic |ayer 22 and the antiferromagnetic
fsubstance | ayer 23 shown in Fig. 15, ,/,,o'/,’,:;; by g radio
requency magnetr uttering appar ,/,/‘, LAl

t he at nosphere oFLGﬁApt or r51 : »”/’r‘:'//'/l/{!/lﬁ,/g,f%{

successively lamnated on a ¢

ol

f8ss 1

“— —
mm a dianeter of 3 inches. 52 Fpsdo/s ot eeihg trget, tantal um
ni ckel -20at % 20 ferrum all O)g ng, jceBre S Sy %;‘58
manganese are used. "Y' oT dfé manganese
al | oyi ng nenbrane, a chi p % enent i s

arranged on a chrone - nanganese target top, and nunber of 25 the chi pis

i ncreased or decreased so as to adjust the
g
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conposition thereof. 61
Mor eover, when Co-Fe-Ni |ayer is nade as the hard magnet i sm nmenbr ane,
the chip of 1 cmX 1 cm of nickel, ferrumis arranged on the cobalt
target top to adjust the conposition. 5 Each layer of the
lamnating film is forned successi \({H% by generating Plasma in the
appar at us by applying a radio frequeﬁ y'*el ectric power on the cathode
arrangi ng each target, and opening and shutting a shutter arranged in
every each cathode. 10 In the filmformation, applying a magnetic
field of about 30 Ce in parallel to the substrate by using a-

per manent nmagnet one axes ani sotropismis provided, and the direction
of the replacenent coupling magnetic field of the chrome-nanganese
filmis guided to a direction of 15 theapplied_pnpgnet '

ST ok I e 1 t i
54\\: T T

56

FIG.7B =,

54
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Layer Ar gas pressure rf out put For m ng speed Ta: 0.8
m Torr 300 W 0.25 nms - N Fe: 3 mTorr 350 W
0.17 nnis Cu: 3 m Torr 150 W 0.2 nm's

Cr MhPt : 8 m Torr 350 W 0.5 nm's Co: 3m
Torr 250 W 0.13 nm's 20

62 A laminating filmis heat-tr@&t®d in a vacuum t her mal
treat ment equi pnent after being forned. The heat treatnent is
perfornmed by raising the tenperature up fromthe roomtenperature a
predetermned 5 tenperature, for exanple 250 [err]C , and after hol ding

t he tenperature for a predetermned tine, for exanple one hour,

cooling off to a roomtenperature. !:(IQ'QB total process of the

t enper at ure rai sing, hol di ng and codl'YhYy;”“t he magnetic field from2 to
5k C 10 is applied in parallel to the surface of the substrate.

A direction of the above magnetic field is parall el - 41
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to the magnetic field applied by the permanent nmagnet when formng the

film Formation of the elenent on the substrate is 15

performed by a photo resist production process. After that, the
substrate is processed by a slider, and is |oaded in the magnetic
recordi ng appar at us. Fig. 16 isazhéigure conpari ng
characteristics before the heat treat and after the heat treatnent
the 20 spin valve filmwhich has the magnetic |am nating body usi ng
the antiferromagnetismfilmof 45 at % chrone -45 at % manganese - 10
at % platina/81 at %N -19 at % Fe film The coupling magnetic
field by one direction ~ani sotropi smappear as a shift quantity of a
right side 25 |loop of the figure. ,Iq?:;quling magnetic field before
heat treatnment is 300 . 63 Ce, 250
[err]C, and 3800e after the heat treatnment of three hour s.

Consi dering the thickness of N6lFe |ayer and the sizg7of t he

magneti zation, it is same size{wth the di nension

N

(PRIOR ART)
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5 shown in the prior art. Fig. 17 is a figure conparing
characteristics before the heat treatnent and after the heat treatnent
" of the spin valve filmwhich has the nagnetic | am nating body usi ng
the antiferromagnetismfilmof 45 at %chrone -45 10 at % manganese - 10
at % platina/ Co film The cogﬁ{ém)nngnetic field before the
heat treatnent is alnmobst simlar to at’ in the case shown in Fig.
1 with 300 Ce, after the heat treatnment for three hours in 250 [err]C,
the 15 coupling magnetic field becones 600 OCe, about two tines t han
bef ore. Consi dering the thickness of the Co |ayer and the size of

the magnetization, it is size of about two tines of the coupling
magnetic field shown by Fig. 1. 20 Fig. 18 is an other
constitution exanple in the present invention using a magnetic

The anti for romiodeh G 1A%0 (45 ol #G- 1143 o6 - FibhGo kel Crt) ana

the hard magneti sm | ayer 65 sticking 25 thereto respectively consist of a

Eﬁelgg${ 111 dire:;l §S§ connected to the antiferromagpgti sm film 30,
\,§ 25
N A 4
§ 2 3 3
N
\
LS B

- (PRIOR ART) (PRIOR ART) (PRIOR ART)
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64 magneti smlayer 112 having a good magneti sm characteristic (81

at %N -19 at %Fe), and a Co layer 113 directly contacting wth the
non- magnetic layer 62 (Cu) and produci ng huge magnet or esi st ance
effect. 5 A foundation film®64 is the foundation |ayer for

controlling orientation and crystal grain size of other film and a
soft magnetism|layer 63 (81 at % N -19 at 94 13 Fe) is a free | ayer.
The Co layer is arranged at a joint portion with 10 the antiferromagneti sm

filmand a jointportion with the non- magnetic film however the
magneti sm characteristic of the h ) AMm | ayer 65 as the fixed
Iager i's not deteriorated, and th?tﬂxggg1§? hargcteristic of t he
har d magneti sm | ayer be hel d w t hout Feasing t
magneti zation quantity of S%%_éﬁtal Iayeré;;;:g; Accordimdty, the sof t
magnetism | ayer 112 is e tism.
characteristic and to have e Smatter—atdratT6n ||u ,deﬂ%lﬁy t han
t hose of the | ayers 113 angl 111 caonsisting of Co, exanple, N 81
Fe 20 19 filmof the saturatiop flux density of 1 Tesla./,‘d/74
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Furthernore, the saturation flux density may be fallen to be even 0.5
Tesla or so, and for exanple, N Fe- Cr filmis suitable, too, this

Ni Fe-Cr filmconsists of Ni Fe alloying containing O to 20 at % Cr, and
this NiFe 25 alloying consists of 75-95 at % N and remai nder Fe.

65 (Enmbodi nent 3) Fig. 19 iﬁ a total figure of the magnetic
di sc unit using the recording reproduc? é1§ectional pattern head

shown in the enbodinent 2. 5 Recor di ng reproduci ng separating type
magneti ¢ head 201 is controlled a | ocation on a recording nmedia 203 by
head positioning frane 202 on the recording nedia 203 as a magneti c

di sk turned by a notor, and the recordi r oduci ng separating

type magnetic head 201 is 10 conELGd M)Iaa regenerative signal
processor 204. ' Thi s apparatus consists of a DC notor for turning
t he magnetic di sk, a magnetic head t ' in information and to read

it, a positioning appangy to magneti ¢ head and to change
a location thereof to the 105

QN

107

110

FIG.14B




15 magnetic disk, that is an actuator and voice coil notor, and an
air filter to keep the apparatus inside cleanly. The actuator
consists of a carriage, a rail, and a beari ng, and the voice coi

not or consists of a voice coil and a pernmanent magneto. 20 In
this figure, eight pieces of magnetic disk_ are installed in a sane
rotation axis, an exanple which thereBQ/H§s a big storage capacity is
shown. Magnetic disk is constructed with a good surface

having surface roughness R MAX of 100 A or less, 25 preferably
of 50 A or |ess. The magnetic di sk has the magnetic recording

| ayer f:7(35ﬁlfi fornmed by a vacuum
filmformati on nethod on the surface of * ard substrate.

The magnetic thin filmis ed for the magnetic recording layer. 5
Because the film thgckp } recordi ng |ayer forned
by the vacuumfilmfo mor |ess, the surface
condition of the hard

FIG.16
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.-substrate_is just reflected as that of the recording |ayer. _
Accordingly, one having the surface roughness R MAX 10 of 100 A or less is

used for the hard substrate. As such hard substrate, gl ass,

chem cal strengthen soda-almna silica glass or ceramc are used as a
mai n conmponent thereof. N@é? yer, in case of the magnetic

| ayer nade of 15 netal or alloying, it IS greferable to provide the oxide
| ayer or nitride |layer on the surface, or for the surface with an
oxi-de film Mor eover, use of carbon protective coat is desirable, too.

By formng the head in this way, durability of the 20 nagnetic recording
| ayer is inproved, and damage of the negtx di sk may be prevented in
o7 (et

a case that it is recorded and rep a extrenely |ow floating
guantity, or in a contact, a start __and a stop As a result of
havi ng neasured performance of the} 25 reg ,thg hegd by the present
i nvention (overwite characte_LsLL;E_EEaLed_abcve, even in a radio
frequency 67
Cr4s Mn4s Ptio (30°nm)
Co (1.5nm)
Cu (2.5nm)

NisiFe1s (Snm)
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. T

domain of 40 MHz or nore, a superior recording performance as about
-50dB i s provided. According to this enbodi nent, for high
coercive force nedia, it can be recorded fully even in the radio 5
frequency domain , and MR sensor of high sensitivity is provi ded,
havi ng excell ent MR effect based on the lgE‘)f;;lgiasotropismrnatgnetoresistance
effect, such as nedia transfer rate 1§ /stcond or greater, recording
frequency 45 MHz or nore, high-speed transmtting of the data nore 10
t han magnetic di sk 4000 rpm abbreviation of access tine, i ncrease of
recordi ng capacity, thereby, a magnetic disc unit with 3&/ in[ferr] or
greater is provided as surface recgrrtsg.ﬂ sity. Accor di ng
to the present invention as stated abovk, | east one part of the
magneti c pol e of the recording head is made of high resistivity film
and as the recordi ng performance is hgb to fall in the radio
frequency, a nmagnetic storage apparatus o 0 density is

provi ded. 20 Furt hernore, according te qvention, a

magnetic | am nating body which had a suffici ¢ i pAgnetic field
and a high tenmperature s2@bility
r epr oduci ng head whi ch has
|l ow noise

§5¥ be , a
ficient ¢ capacity and
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25 characteristic and a high density nmagnetic storage appar at us of

high reliability may be provi ded. 68
VHAT IS CLAIMED | S: 1. Athin filmnagnetic head havi ng an upper
magnetic filmand a | ower nmagnetic filmarranged through a non- nmagnetic
gap nenbrane, said thin filmmagnetic head characterized in that at

| east an end part of said upper magneti€ F$lsm or said | ower magnetic film

is constructed with two or nore | ayers ofmagmeti ¢ nmenbrane, and
resistivity of one of said two or nore |layers of magnetic menbrane

arranged apar {THY F L MABETRG HEAD ANR REGORDING: REPRODUGING t han

resistivity of__qther of said_ tw or nore |ayers of magnetic nenbrane
connected to PRATE) THEh MARETIC REMD oD MAGNETIC RECORDING m nagnetic

head as defingdJbridANE ArraraTus UsING THENM

ABSTRUCT OF THE DISCLOSURE

In order to prevent the recording performance from
degradation in the radio frequency recordiné, and to
provide a film magnetic head and a recording reproducing
sectianal pattern magnetic head which has magnetic pole
width less than 2 4 m and a ultra high density magnetic
storage apparatus of 10 Gb/ in? grade, a recording head is
used in which a lower part magnetic film serves as a
shielding film of a reproducing department, a gap film of
4 non-magnetism is formed during the upper part magnetic
film and the lower part magnetic film, one part of the
lower part magnetic film or the upper part magnetic film
has a higher resistivity more than 80 x Q cm than other
parts,- the upper part magnetic film is formed by a flame
galvanizing, and a gap department of the iower part
magnetic film op t_?;e Ypper -part magnetic film shapes to- be

convex. L

FIG. 1A
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, V\,herel 69 : saturation
flaux de ﬁlﬂ'm M| of said two or nore | ayers of nagnetic
merrbran A Hﬁ””" rom sai d non- magneti ¢ gap menbrane havi ng
higher reS|st|V|t'§/, Ss* smal l er than that of the other of said two or

nore | ayers. 3. Athin film magnetdac head havi ng an upper nagnetic
filmand a | ower nagnetic filmarranged through a non-magnetic nmagnetic

gap menbr gpgr 33 €riltMir idgn magnetic head characterized in that end
parts of said upper nagnetic filmand said | ower nmagnetic film shape
convex, and at |east one of said end parts is constructed with two or nore
| ayers of magnetic - rrenbrane and resistivity

of one oftsaid gwp nLQ}G'? f ;, g}& art from
sai d non-magnetic rrerrbrane has aé¢ cglg SB/ %8‘?3 es[si ﬁm e cm and
ST St Vigihap! ahe 1 H8bed” &&d&% méfr$ﬁé‘§&st‘?fro'ﬁ‘?ﬁxne$ %ofa'é”bfa“e
has a resistivi

magnetic gap membrane, said thin £film magnetic head

characterized in that at least an end part of said

upper magnetic £ilm or said lower magnetic film is
\/ constructed with two or more layers of magnetic membrane,

and

resistivity of one of said two or more layers of

magnetic membrane arranged apart from said non-magnetic

gap membrane, is higher than resistivity of other o said

two or more layers of magnetic membrane connected to sald

non-magnetic gap membrane.

2. A thin film magnetic head as defined in claim 1

\/ e wherein
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| ess than 70
4.. %‘ |ng separate type nmagnetic head havi ng a
recordlng in information, a repr oduci ng head for

r.eadi ng out the i nfor rrat | on and a magneti ¢ shield provided

t her ebet ween, said recordlng reproducighg separate type nagnetic head
characteri zed I n that sai d recordi ng head has an upper
magnetic film and {(P‘ggeélc film rranged throg non- nagneti c
magneti c gap nembr aﬁéura’cmn t4PRSIEY aR eﬁ&lﬁ!ar?“%fo aF‘é-‘-Qp&é’P or
magnetic filmor said_|l ower mggnetic filmis constructed with two or
nor e | ayiSe ok2¥RE T ePE c PRIRST é-% memhrane arrangedsAparyi fFos sohe of
said two or nore Iar}/ers of mgnetlc menpr ane arranged apart from said
non- magnet i @oR-mag etic gap membrane having higher res:.st:.v:.ty, is

smaller than that of the other of said two or more layers.

3. A thin film magnetic head having an upper magnetic
£ilm and a lower magnetic film arranged through a
\_ non-magnetic magnetic gap membrane, said thin film
magnetic head characterized in that
end parts of said upper magnetic film and said lower
m-agnetic.film shape convex, and at Jeast one of said end
i ted with 1 ] . .
membrane, and

or more layers of magnetic membrane zrranged apart from
said non-magnetic membrane has a resistivity pelehd

N less than 50 uQcm angd resistivity of the other of said
less than 50 uQcm.
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gap nenmbrane, is higher than resistivity of other of said two or nore
-l ayers rane connected to said non- magneti c -gap
nenbral‘mmmmm ﬂlﬂﬁmrm ng reproduci ng separate type magnetic head
‘having & recdrdi®ngshead for witing |n6¢nfornat|on a reproducing head for

“r‘eading out the information, and a maghetic shield provided therebetween,
said recording reproducing separate type magneti c head characterized in

71 t hat said recordi ng head has an upper magnetic film and
-a lower magnetic film arranged through a non-nagnetic magneti c gap
menbr ane, end parts of said upper magnetic filmand said | ower
magnetic fil mshapes convex, and at |east one of said end parts is
‘constructed with two or nore | ayers of magnetic and

resistivity of one of said two or nore |ayers of magnetic menbrane
arranged apart from sai d non-magnetic menbrane has a resistivity not

| ess t han 50 [err] cmand resistivity of the other of said two or nore

Iayers of 4magnet Ac reconding Iteprodwsingi sepgrate type magnetic head
having a recording head for writing in information, a
reproducing head for reading out the information, and a
magnetic shield provided therebetween, said recording
reproducing separate type magnetic head characterized in
that

said recording head has an upper magnetic film and
a lower magnetic £ilm arranged through a non-magnetic
magnetic gap membrane,

at least an'end part of said upper magnetic film or
said lower magnetic film is constructed with two or more
layers of magnetic membrane, and

resistivity of one of said two or more layers of
magnetic membrane arranged apart from said non-magnetic
gap membrane, is higher than resistivity of other of said
two or more layers of magnetic membrane connected to said

non-magnetic gap membrane.

5. A recording reproducing separate type magnetic head
having a recording head for writing in information, a
reproducing head for reading out the information, and a

magnetic shield provided therebetween, said recording

reproducing separate type magnetic head characterized in'*
REPLAGEMENT SHEET
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| ess than 50 rr A recording reproducing separate type

ragnet i c % Hmmﬂ” ng a recordl ng head for witing in information, a
reproduc ing out the information, and a 15 magnetic

shi el d provi ed" t her ebet’ ween, said recording reproduci ng separate
type magnetic head characterized in 71 that said

recordi 31? head has an upper nagnetic filmand a |lower magnetic film
arrange fough a non- magnetic 20 magnetic gap nenbrane, at |east an

const ruet 25 Saégi%pﬁ?%ﬁ%‘*sr@%@ﬁyfe' o"y¥e gl e e R P EL LR Wad" S
resistivitly Qe PGned fot 0L PR @ffan‘@’@&sﬂﬁrough a 'Hehemd fae i@t

n
of ot her of salg two or nore |ayers

REPLACEWNE:&'EEE gap membrane, 72 25 resistivity
of one of said two or nore |ayers of magnetic menbr ane arranged apart
from said non- mgnptalmtgaqaf sanshiwpper madqnghdrc thabhm andts ¥itdylofwent her

of said two nore | ayers of nmagnetic nenbrane connected_to sajid non-
magnet i cméaﬁ‘%ﬁfﬁr £l m % hppAs SREVIRE ¥ %Wﬁ%&nm or

Sald|QV\E pon EE Eflll[ﬂhaslgi ith 1 ] £ g

membrane,

L\, and
i > I » 4 ! E : E : E saj d ;!la

said non-magnetic membrane has a resistivity not
less than 50 wQcm and resistivity of the other of said
two or more layers of magnetic membrane has a zesis<ivity
less than S0 «QOcm

6. A "recording reproducing separate type magnetic head

having a recording head for writing in information, a

reproducing head for reading out the information, and a

-/ 15 magnetic shield provided therebetween, said recording

| reproducing separate type magnetic head characterized in

that

said recording head has an upper magnetic film and

a lower magnetic f£film arranged through a non-magnetic

20 magnetic gap membrane, at least an end part of said upper

magnetic film or said lower magnetic film is constructed
with two or more layers of magnetic membrane,

resistivity of one of said two or more layers 1is

higher than that of other of said two or more layers,
REPLACEMENT SHEET
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ha:sr:S m““mglm ﬂ‘ﬂm ngg ° Cmanangnt i ferromagnZ?: g rgg{jgduﬁiﬂ\??ngeag

uni - di re'ct iconal " ani sot ropi sm connected to said ferromagnetic body, at
| east one part of said antlferrorragnetlg body is made of 10 Cr-M
al'l oying, and at |east one part connect ¢ to said antiferromagnetic

subst apse olesI@tdviitly QBOEé i 6£bedydi two or nmiee olayersrofomagheging.
7. A magnetic storage apparatus in which a thin film 15 nagnetic di sk

turns w t h pRrieed m).igraﬁ 40Q@arr|tm | from  saddor ciow-mametiici ngaand
recording f g% or égarﬁ- : i g ti
n( rt ﬁlhr? £ l‘Mnt:'f;}’g n%% i %tlaiégk f" nggr@'gc&%’ (? I ng

storage appar at us aV| ng S

| nfor mati on,p gud A ?4&8‘% 57 O 208t 9& &8&3&5?& 38hA ol b 3@?2%&4-

di sk, a recor ng Separate type nagnetic ving a
recordlng rﬁgﬂ# ti t lig
I nformati on dég regggdum ng lggd ?& %/gg%;éng%g QQQEt ot e m?or tél}"on
and a ”a”ﬁﬁ é‘?ﬂ{'s Eﬁmsugg_ortgggd 2510»%1" tﬁﬂgﬁ%‘éf ikng Saigl fhoating type
slider for safd film gnet |
§ resistivity more than 50 x#Q cm, and
said reproducing head has a ferromagnetic body and
w an antiferromagnetic body having a uni-directional
anisotropism connected to said ferromagnetic body, at
least one §art of said antiferromagnetic body is made of
10 Cr-mMn alloying, and at least one part connected to said

antiferromagnetic substance of said ferromagnetic body is

made of Co or Co alloying.

7. A magnetic storage apparatus in which a thin £ilm

15 magnetic disk turns with a speed more than 4000 rpm in

o recording reproducing and recording fregquency is 45 MHz
or more,

said magnetic storage apparatus having said thin

film magnetic disk for recording information, a rotation

20 means for rotating said thin f£ilm magnetic disk, a

recc;rding reproducing separate type magnetic head having a

recording head provided on a floating type slider and

writing in information and a reproducing head for reading'

out the information, and a transfer ﬁeans for supporting

20 and transfering said floating type slider for said film
REPLACEMENT SHEET
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sai d recordl ng head has an upper magnetic film and a

.| ovver mﬂ "' Il 'uﬁnged t hrough a non-nmagnetic magneti c gap
menbr a d part of said upper magnetic filmor said

] ower nmagnetic filmis constructed 5 wath two or nore | ayers of magnetic
‘nmenbr ane, re5|st|V|ty of one of said two or nore | ayers is

hi gher than that ,of other said two or

| ayers, resi stivi tSR% Bﬂ%QB‘Fl%Sl Beﬁﬂo hps nﬁFeuPafé'r smacgnetl.c n%b%tf‘ﬁd
rrerrbrane arranged apart from sai d non-magnetic ap nenbrane, is, higher
than resisti v9WeHf RAGRSCIF Lile armagges r?&ré’q eﬁs peOnBaGBEFiC
menbrane connected to said non- magneti c gap nenbrane, end
parts of SBRANEHPEr FARaGERETAMS | Atanbeagtdan eqdomr‘iwﬂ%%e??édf}‘?ﬁ?§hape
convex, or at |least one part of @15 said upper. netic filmor said

| ower ragneRgBetifmiidp or §a#-€5|1é-‘1"{ﬁﬁt‘93%¢519ha‘-ﬁ- }er FpRghFucted 8.
A magneilc storage apparatus in which a thin film magneti c di sk turns
wi th a %pe¥dthoFuot RANNAGEO LayRrEn O L2 gnaHUIRPREMDduci ng and recor di ng

frequency is 45 MHz or
resistivity of one of said two or more layers 1s

higher than that of other of said two or more

layers,resistivity of one of said two or more layers of

magnetic membrane arranged apart from said non-magnetic

10 gap membrane, is higher than resisfivity of other of said

two or more layers of magnetic membrane connected to said
non-magnetic gap membrane,

end parts of said upper magnetic £ilm and said

lower magnetic film shape convex, or at least one part of

15 said upper. magnetic film or said lower magnetic film has

a resistivity more than 50 x£Q cm.

8. A magnetic storage apparatus in which a thin film
magnetic disk turns with a speed more than 4000 rpm in
20 recording reproducing and recording frequency is 45 MHz or
more, said magnetic storage apparatus having said thin
film magnetic disk for recording information, a rotation
means for rotating said thin £film magnetic disk, a
recording reproducing separate type magnetic head having a
25 recording head provided on a floating type slider and

writing in information and a reproducing head for reading
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nore, said | apparatus having said thin filmnagnetic
di sk for rﬁ‘wm g‘lﬁ ﬂ‘ml on, a rotation means for rotating said thin
filmmagnet¥ ) s +recordi ng reproduci ng separate type magnetic head
having a 25 recording head provided on 3 floating type slider and
witing in information and a reproducing fead for readi ng
74 out the information, and a transfer nmeans for supporting and
transf eri ng @at dtheodnfarmation/ i ard fRortrmisifdr | means fagnetippaditsing
said recordi ng head has an upper magnetic filmand 5 a |ower magnetic film
arranged t hrangh txansferigeget $aid floadimg ctype sdikeanefomt shédstfidm end
part of said upper magnetic filmor said | ower magnetic filmis
construct ed magnetit dieker nore | ayers of nmagnetic nenbrane,
resistivity of one of said two or nore layers is 10 higher than that
of other of saidaidwrecerdimgechead hagern ngpext | wagpedficorfd lof asai d
two or nore |ayers of magneti ¢ nenbrane arranged apart fromsaid
non-magnéti ca lowem magnetis ifilm gheranged r ehrsughi ty cfomimeemetficsai d
magnetic gap membrane, at least an end part of said upper
magnetic film or said lower magnetic film is constructed
with two or more layers of magnetic membrane,
resistivity of one of said two or more layers is
10 higher than that of other of said twoe or more
layers,resistivity of one of said two c¢r more layers of
magnetic membrane arranged apart from said noan-magnetic
gap membrane, is higher than resistivity of other of said
two or more layers of magnetic membrane connected to said
15 non-magnetic gap membrane,
end parts of said upper magnetic film and said
lower magnetic film shape convex, or at least one part of
said upper magnetic film or said lower magnetic film has
a resistivity more than 50 £ Q cm, and-
20 said reproducing head has a ferromagnetic body and
an antiferromagnetic body having a uni-directional
anisotropism connected to said ferromagnetic body, at
least one part of said antiferromagnetic body is made of

Cr-Mn alloying, and at least one part connected to said

25 antiferromagnetic substance of said ferromagnetic body is

made of Co or Co alloying. REPLACEMENT SHEET
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two_or nore |ayers of magnetic nenbrane connected to said 15 non-magnetic

* gap_nenbr ane, end parts of said upper nmagnetic filmand-said
| ower magnetic filmshape convex, or at |east one part of sai d upper
magnetic filmor said | ower magnetic film has a resistivity nore than
50 [err] cm and 20 sai d reprodycing head has a ferromagnetic body
and an antiferromagnetic body having a uni-directional
ani sotropi smconnected to said ferromagneti c body, at | east one part of
said antiferromagnetic body is nmade of Cr-M alloying, and at | east one

part connected to said 25 antiferromagnetic substance of said

ferromagnetic Fe]dGl EA made of Co or
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